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Preface

Information Technology and Career Education contains the contributions presented at the 
2014 International Conference on Information Technology and Career Education (ICITCE 
2014, Hong Kong, China, 9–10 October 2014). The book is divided into two main topics: 

– Information technology
– Vocational technology.

Considerable attention is also paid to electric power, data mining, vocational education 
and physical education. The book will be significant for professionals and academics in infor-
mation & vocational technology, electric & electronic engineering and education science.
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An insight on the health data mining for power equipment

Laifu Zhang, Min Jiang, Yun Tian, Hong Yang & Tianzheng Wang
Electric Power Research Institute, State Grid Shanxi Electric Power Company, Taiyuan Shanxi, China

Wangping Guo
Shanxi Zhenzhong Electric Power Co. Ltd., Taiyuan Shanxi, China

ABSTRACT: Along with the continued development of power systems, power  equipment 
has also undergone repeated updating. Scientific maintenance of power equipment has 
become an area of interest for all power institutions. This paper evaluates the relation between 
power equipment physical monitoring data and power equipment prediction indexes based 
on the application of data mining technology, describes how equipment health is assessed, 
and  demonstrates the method using hydropower equipment as an example. Besides, it also 
includes an outline on how data mining is employed in the load prediction,  equipment 
 condition-based maintenance, and power marketing of a power system, with a view to 
 providing theoretical reference for the healthy service of power equipment.

Keywords: health data; physical monitoring; prediction modeling; prediction index; data 
information

1 INTRODUCTION

Power systems are a pillar energy source for China that has great implications on the nation’s 
social stability and economic development. Cai J. (2013) noted that identifying an effective 
and efficient assessment system for equipment health conditions that allows comprehensive 
assessment of the health conditions of power equipment and keeps equipment managers 
updated about equipment behavior is essential to the operational security of the equipment[1]. 
Wang B. et al. (2014) tried to establish a public information model that evaluates the health 
conditions of transformer equipment following the CIM modeling standard, based on the 
practical health condition assessment of the transformer equipment at the 500kV Shenzhen 
Substation. This model integrated the “lifeline” information of transformer equipment and 
covers descriptions of how OM information, service test information, and static information 
are prepared [2]. In practice, the CIM model of Wang B. et al. gives a final description of the 
equipment health conditions by mining power equipment data and has contributed to the sci-
entific, health service of power equipment. Liu P. et al (2014) incorporated data mining into 
equipment health management and described how this technology applies to the construc-
tion of the PHM platform. This is proof that data mining technology has been widely used in 
power systems. Its realization is achieved in a variety of ways and it is quite mature.

As such, deep mining of power equipment health data has become a challenge for related 
authors. On the basis of previous findings, this paper looks at the process of data mining and 
the relation between prediction indexes of power equipment and their physical monitoring 
data, with a view to providing a method for ensuring normal equipment service as well as 
providing theoretical reference for further development of China’s power systems.
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2 APPLICATION OF DATA MINING TECHNOLOGY

Data mining plays a great role in the informational construction of the power industry. Its 
work process includes problem definition, data collection and preprocessing, data mining 
algorithm execution, model interpretation, and knowledge pattern extraction, which are 
closely linked to each other and processed in a progressive manner. Figure 1 describes how 
data mining is processed.

Algorithms using data mining for power applications include correlation analysis, time 
sequence, clustering, categorization, and exception analyses. Correlation analysis is designed 
to measure the relation between data mined and is one of the gray theory methods. Time 
sequence analysis is a statistical method that allows dynamic data processing and is a method 
based on random process theory and mathematical statistics. Clustering analysis is the proc-
ess of grouping a set of data objects into multiple groups or clusters of similar objects, with 
the purpose of collecting categorized information of data on the basis of similarity. Categori-
zation analysis studies the categorization method of related information and mainly includes 
categorization of predicted discrete variables, regress of predicted continuous variables, and 
categorizations methods widely used in data mining. Exception analysis looks for outlier 
information from data.

3  APPLICATION OF DATA MINING TECHNOLOGY 
TO THE HEALTH DATA ANALYSIS OF POWER EQUIPMENT

Health condition monitoring of power equipment provides primary basis for equipment 
maintenance. Predicting the equipment health pattern from monitoring data is one of the 
areas of interest for all power institutions today. This section studies the health prediction 
of power equipment, elaborating on the process of health data mining, the assessment index 
system for health condition prediction, and the heath condition modeling for power equip-
ment, with a view to providing theoretical reference for the health data mining of power 
equipment.

3.1 Data mining process for power equipment

Figure 2 shows the roadmap of the health data mining process for power equipment.
Jiang X.W. (2013) suggested that, after identifying the features of physical examinations, 

it is important to design concrete physical examination items and determine their physical 
monitoring quantities. That is, the sensor must be configured before system hardware and 
software are designed as required for building the platform. As technology advances, more 
physical examination items will be incorporated for power equipment. The analysis and 

Figure 1. Sketch showing the close linkage among data mining processes.
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diagnosis software should therefore be modular and independent with open database inter-
face protocols [4]. Data analysis following database and interface protocols is the data mining 
process for power equipment as well as the real purpose of monitoring software. This is to 
identify performance and functional requirements of each piece of equipment using informa-
tion process flow as the main roadmap and targeted at securing the final diagnosis conclu-
sions and to provide basis for establishing maintenance strategies for power equipment.

3.2  Health condition prediction and assessment system for power equipment 
and prediction modeling

Wang G.B. et al (2013) noted that a fault is the deterioration of a part of parts or a condition 
of a part of parts that may cause failure to the machine [5]. In predicting the health conditions 
of power equipment, first, prediction indexes are selected. Then, the relation between the 
prediction indexes and their physical monitoring quantities is established. Finally, a health 
prediction model is constructed.

Many failures in power equipment vary significantly from one another. If  each prediction 
index is to correspond to one fault, the relation between prediction indexes and physical 
monitoring quantities can be expressed as (1):

 F = f (a1, a2, …) (1)

Here, F is a prediction index, and ai(i ∈ N) is its physical monitoring quantity. In other 
words, the essential of establishing health prediction indexes is to mine out fault information 
contained in the condition data. Table 1 evaluates the relation between faults of hydropower 
equipment and their physical monitoring quantities. These quantities allow the assessment of 
the health prediction indexes of equipment in question.

To build a health prediction model for power equipment, first, the fault mechanism is 
clarified and correlated to each other. Data are mined according to these correlations. The 
analysis and diagnosis of each of the prediction data end up with a diagnosis report. Gao J.J. 
(2003) suggested from a practical perspective that health conditions may be predicted using 
both qualitative and quantitative measurements. He also included the components consti-
tuting a qualitative prediction model: data, structure, and parameters [6]. As to quantitative 
prediction, however, the following three fundamentals are mandatory:

1. Availability of usable historic information.
2. Availability of observable and measurable key information that has to provide very small 

error rate.
3. Assumption that the prediction indexes are continuous. That is, a model based on historic 

data can extend into the future.

Figure 2. Roadmap of the health data mining process for power equipment.
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It is a common practice to describe the approximate trend of something with smooth 
curves, which are also how data mining results are presented. The equation from quantitative 
analysis of trend prediction is expressed by (2):

 Yi = f(t, θ) + εi (2)

Here, Yi is prediction object i and εi is the prediction error of prediction object i. In practi-
cal model analysis, the trend curve of the equation derived is fluctuated. The mechanism of 
correspondence between prediction indexes and their physical monitoring quantities decides 
the varying effect of different physical monitoring quantities on the prediction results and 
can serve as a function of equipment health conditions.

4 APPLICATION OF DATA MINING TECHNOLOGY IN POWER SYSTEMS

Data mining extracts the knowledge pattern through the characterization of power equip-
ment monitoring data. This not only provides an insight on the health conditions of the 
equipment, but also applies to load prediction, condition-based maintenance of power 

Table 1. Health prediction indexes for hydropower equipment.[4]

No. Physical monitor. qty Symbol Index
Physical monitor. 
qty ID

 1 Upper guide throw A Turning gear state 1, 2, 3
 2 Lower guide throw B Mirror plate waviness 1, 2, 3, 4
 3 Turbine guide swing C Bush oil film thickness 1, 2, 3, 4
 4 Mirror plate axial vibration D Rotor magnetic pull unbalance 1, 2, 5, 6
 5 Upper frame vibration E Turbine headcover 

vibration behavior
12, 8. 9, 3, 10, 
13, 11, 14

 6 Lower frame vibration F Stator distorted 15
 7 Pressure pulsation 

behind guide vane
G Rotor loosed 15

 8 Flow H Upper frame center 
displacement

5

 9 Headcover vibration I Stator center displacement 19
10 Pressure pulsation 

in draft tube
J Pressure pulsation 

in turbine
12, 7, 14, 10, 13

11 Guide vane 
servomotor travel

K Lower guide bearing 
bush gap

2

12 Pressure pulsation 
under headcover

L Coordinated relation 11, 21. 3, 9, 6, 
5, 12, 7

13 Pressure pulsation 
at volute inlet

M Rotor bend 1, 2, 3
N Thrust block unleveled 1, 2, 3, 4

14 Pressure pulsation in 
turbine labyrinth seal

O Mirror plate to shaft verticalness 1, 2, 3, 4
P Rotor mass unbalance 1, 2, 5, 6

15 Circumferential 
multi-point air gap 
monitoring qty

Q Turbine hydraulic 
unbalance

3, 7. 8, 1, 2, 
9, 10, 11

R Generator air gap 15
16 Head S Rotor distortion 15
17 Active power T Unit efficiency behavior 8, 16, 17, 18
18 Generator efficiency U Lower frame center 

displacement
6

19 Rotor seat vibration V Stator core loosed 20
20 Stator core vibration W Upper guide bearing bush gap 1
21 Blade servomotor travel X Turbine guide bearing bush gap 3
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Table 2. Summary application of data mining in power systems.

Application Description

Load prediction Yao Y.P. (2012) suggested that the power dispatching department has always 
played a critical role in the operation of a power system; power load 
prediction is one of the most important tasks for the power dispatching 
system. Power load prediction results will provide data guarantee for power 
plants when planning power production for their generating units. The 
accuracy level of the prediction results directly determines the productivity 
and economic performance of a power supplier [7]. Users’ power load, on the 
other side, varies with the time and grows as their living standard upgrades. 
Hence, analysis of monitoring data or data mining is needed. How data 
mining is used in power load prediction has a great implication on the 
power sector.

Condition-based 
maintenance 
of power equipment

Traditionally, condition-based maintenance of power equipment is the regular, 
empirical planning of maintenance strategies based on historic experience. 
This leads to considerable deviations and thus unnecessary waste of 
maintenance cost. The health conditions of power equipment is closely 
related to their respective physical monitoring quantities. Health conditions 
of the equipment mined from their monitoring data may also provide more 
scientific plans for specific maintenance programs, as well as laying good 
foundation for the optimum configuration of the maintenance cost.

Supporting 
power marketing 
strategies

Power marketing typically includes comprehensive assessment of power use 
degree, tariff  recovery and arrears risk control, tariff  rating and customer 
subdivision, all performed on the basis of historic data record. This 
provides the activities with certain continuity and thereby extension toward 
future. If  time-based trends are mined from data on power use degrees, 
tariff  recovery, historic tariff  rating, and historic customer sets, these will 
to some extent support the planning of power marketing strategies. That 
is why we say data mining has an important role in supporting power 
marketing strategies.

equipment, and power marketing strategy support. Table 2 presents how data mining is used 
in these applications.

5 CONCLUSIONS

Health data mining for power equipment plays an important role in power equipment main-
tenance. The health conditions of power equipment correspond to their respective physical 
monitoring data. It is right on this basis that the author proposes data mining for predicting 
and assessing the health conditions of power equipment, demonstrates the relation between 
equipment prediction indexes and their physical monitoring quantities, and discusses the 
workability and suitability of data mining application, which provides theoretical reference 
for mining the knowledge pattern of the health data of China’s power equipment.
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The design and implementation of spatial integrated information 
system based on the DSP+FPGA framework

Jingshu Cao, Xiangyu Hu, Tian Jin & Wenxin Li
The Physical Institute of Lanzhou Space Technology, Lanzhou, Gansu, China

Bin Wang
Xiamen Road and Bridge Information Engineering Co. Ltd., Xiamen, Fujian, China

ABSTRACT: Based on the DSP+FPGA framework, a comprehensive information system 
suitable for spaceflight equipments is developed in this paper, being able to achieve such functions 
as 1553B bus communication, TCP/IP network communication, real-time refresh of communi-
cation data, online interjection of application program, interface operation with dual backup of 
button and touch screen, voice broadcast, and etc. Its real-time performance and man-machine 
efficacy are also verified and analyzed in this paper, being able to meet the requirements of existing 
spaceflight instruments for such functions as display, voice, light, manual manipulation, commu-
nication, etc. This system is composed of DSP, FPGA, liquid crystal display, 1553B bus, infra-
red light-emitting circuit and other modules. Outputting and operating tips can be given out in 
forms of sound, light or screen display after the processing of input data. Hardware and software 
structures of the system and operating states of relevant equipments are presented in this paper.

Keywords: DSP6415; FPGA; integrated information system; memory management

1 INTRODUCTION

With the further development of the manned space flight technology, there are more and 
more tasks requiring manual operations of astronauts. Thus, it is imperative that a set of 
easy-to-operate integrated information system with strong functions should be provided for 
astronauts. It can be seen from the current developing trend that information display devices 
and manual control devices are required to develop from the distributed and multi-machine 
controlled pattern to the integrated pattern of all-in-one design. That is to say, functions pro-
vided by multiple machines should be integrated as a whole, which means developing at a 
higher level. In order to solve problems of communication, data processing, video, figure and 
image display, manual control and sound-light alarm, a cooperative accessing framework of 
DSP+FPGA is proposed in this paper to achieve dual-core communications of a large amount 
of data and provide operational support for astronauts by means of sound, light, image, etc.

A variety of communication interfaces and function interfaces are required due to the 
complexity of the system task. Through the EMIF interface of DSP, FPGA provides a vari-
ety of peripheral expansion interfaces and hardware drives for DSP. Main tasks of DSP are 
complex functions and algorithms like protocol analysis, data decoding, and management of 
display, voice and documents. The maximum transmission speed of dual-core data between 
DSP and FPGA reaches 480 MBps.

2 OVERALL DESIGN OF THE SYSTEM

The structure of the integrated information system based on DSP+FPGA is shown in 
Figure 1. System cores are DSP and FPGA, being integrated with liquid crystal display, 
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infrared touch screen, flash storage, operation buttons and multiple standard external com-
munication interfaces.

The allocation principle of system resources is as follows:

a. Tasks of DSP are mainly complex functions and algorithms like protocol analysis, data 
decoding, and management of display, voice and documents.

b. As the peripheral bridge of the whole system, FPGA is connected with DSP and oper-
ates in accordance with the unified interface mode. Relevant sequential operations and 
repetitive and high-speed operations are conducted by FPGA. Interface management of 
peripheral devices includes 1553B_BC, 1553B_RT, Ethernet, RS422, LVDS communica-
tion, audio driver interface, alarm light driving, buttons scanning, touch screen scanning, 
3-modular redundancy, FLASH page driving, refresh of data display and data accelera-
tion. It assists the host processor to manage peripheral devices.

The initialization process of electrified spatial integrated information system is that FPGA 
procedure codes are loaded for operation after the restoration of FPGA. Then, the restora-
tion of protocol chip 65170 of DSP and 1553B bus is achieved by FPGA, during which DSP 
is in the state of locked restoration and unable to respond to communications or operation. 

Figure 1. The structure of the integrated information system based on DSP+FPGA.
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Later, both DSP and 65170 are in the state of unlocked restoration. The procedure BootLoader 
begins to load application codes of integrated display unit software into RAM area in the 
form of 3-modular redundancy, which means BootLoader should read application programs 
stored in three flashes respectively and load the rest procedure codes (after reading 2 out of 3) 
into RAM area. After the loading of application program, the procedure skips to _c_int00 
and starts to execute application codes, including initialization of DSP interface, initializa-
tion of 65170 protocol chip and initialization of other peripheral devices.

PROM of 32 Kx8bit is used for curing bootstrap. Flash of 16M*16bit is used for stor-
ing application programs and configuration management programs, including data files and 
voice library. In the process of bootstrap, it can be determined by buttons whether to boot 
application programs or configuration management programs, the latter of which can be 
used for online injection of data.

3  HARDWARE DESIGN OF THE INTEGRATED 
INFORMATION SYSTEM BASED ON DSP+FPGA

There are large quantities of transmissions of display data and audio data between DSP 
and FPGA in the operating process of the dual-core integrated information system based 
on DSP+FPGA. It is the key factor for the performance of the whole system that a high-
speed, efficient and reliable data transmission channel should be established between DSP 
and FPGA for real-time transmission of large amounts of data. So, FPGA is designed in bus 
architecture of master-slave mode. There are two buses in FPGA, namely peripheral bus and 
the memory bus. Function modules of FPGA are connected to the bus in forms of master 
module and slave module to realize data communication.

According to the functional requirements of integrated information system on FPGA, it 
can be divided into 14 modules:

• DSP interface module. It constructs EMIFA interface of DSP and data interface of 
peripheral bus to realize the access to peripheral bus from modules, and constructs EMIFA 
interface and data interface of memory bus as the master device to realize the access to 
memory.

• Judging module of data storage. It provides data storage judging service of 3-modular 
redundancy for DSP and serves as the slave device providing peripheral bus interface and 
interface register.

• 1553B interface module at BC port. It constructs the interface of 1553B protocol chip at 
BC port to provide peripheral bus interface and 1553B interrupt at BC port.

• 1553B interface module at RT port. It constructs the interface of 1553B protocol chip at 
RT port to provide peripheral bus interface and 1553B interrupt at RT port.

• Ethernet interface module. It constructs the interface of Ethernet controller chip to pro-
vide interfaces of register and peripheral bus as well as

• Ethernet interface module. It constructs the interface of Ethernet controller chip to pro-
vide register interface and peripheral bus as well as Ethernet interrupt.

• Voice interface module. It constructs two interfaces (voice data DA and volume DA) to 
realize driving in line with its timing sequence and controlling on voice switch. It serves 
as a slave module to provide peripheral bus interface, interface register, and voice requests 
interrupt.

• Touch screen interface module. It transmits control signals to transistors of the touch 
screen, receives data from the touch screen DA, and provides touch screen interrupt.

• Buttons interface module. It transmits signals to light-guide plate, receives information of 
buttons’ state, and provides buttons interrupt.

• SDRAM interface module. It constructs 64-bit SDRAM interface, realizes driving in line 
with its timing sequence and provides memory bus interface.

• LCD interface module. It constructs data interface of LCD module and transmits graphic 
information of LCD in line with the timing sequence of LCD module display, including 
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16-bit color, field synchronizing, data enabling, and synchronous clock signal. It serves as 
the master module to provide memory bus interface and requests data from memory.

• Memory control module. With SDRAM as the display cache, it realizes functions of pad-
ding, block copying and monochrome block writing in line with instructions of peripheral 
bus through operations on memory bus. It serves as a slave module to provide peripheral 
bus interface and interface register, serves as a master module to provide memory bus 
interface.

• Interrupt management module. It manages and controls interrupts of the above-mentioned 
modules in line with instructions of peripheral bus and generates four interrupt signals of 
external DSP. It serves as a slave device to provide peripheral bus interface and interface 
register.

• Peripheral bus management module. It conducts management on read data and control 
signals of all slave modules connected to peripheral bus so as to achieve the data commu-
nication function of peripheral bus.

• Memory bus management module. It arbitrates read-write operations of memory of all 
master modules connected to memory bus so as to achieve the data communication func-
tion of memory bus.

According to the above framework design and module division, the FPGA structure and 
peripheral interface of integrated information system is presented in Figure 2.

3.1 Memory design

In the most important memory circuit of the system, two 32Mx32bit SDRAMs of 3DPLUS 
are applied in constructing 64 bits wide memory, the derated read-write speed of which is 
100 MHz. FPGA and LCD graphic interface contain 16bit color data, line synchroniza-
tion, field synchronization and data validity. In addition, FPGA provides LCD module with 
signals of clock synchronization and asynchronous reset. The output resolution of LCD 
graphic signals is 1024*768, the refresh rate is 60 Hz, and typical value of clock frequency is 
65 MHz. Line and field synchronization of signals and features of pixel clock are consistent 
with VESA standard. The standard interface level is LVDS_33. Signals are transmitted in the 
form of differential signal pairs. In the meantime, graphic acceleration control interface is 
also provided in order to increase the speed of display.

3.2 Audio design

In this system, voice broadcast can be conducted in the form of sound to operators. Two 
channels provided by FPGA are respectively connected with two audio outputs. One audio 
output is connected to audio data DA (digital analog converter), and the other audio output 
is connected to volume DA. The data sampling rate of audio data DA is 11.025 KHz with a 
16 bits storage format.

For audio data DA, at the peripheral bus port, audio data transmitted from bus are pressed 
in FIFO of audio buffer register successively through the audio interface module. At the 
peripheral port, data in audio buffer register are transmitted to audio data DA at the fre-
quency of 11.025 KHz. Audio request for interrupt will be triggered when the number of 
remaining data in audio buffer register is smaller than 16. For volume DA, data are trans-
mitted by DSP to volume control register. Once there are changes, data in volume control 
register will be transmitted to volume DA.

3.3 Touch screen design

Considering the convenient double operations of button and touch screen as well as the 
complexity of spatial environment, infrared touch screen is selected for touching operation. 
Besides, infrared touch screen is highly reliable and insensitive to vacuum environment, tem-
perature and pressure.
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Working process: Driven by proper circuit, infrared light-emitting tubes are controlled 
by FPGA, emitting infrared successively. If  there is no block from touching, the infrared is 
received by the receiving tube. A voltage signal is outputted through filter circuit, collected 
by AD converter, and then transmitted to the host FPGA. After that, FPGA transmits the 
voltage to the host processor and determines whether there is a touching operation through 
calculation.

After being electrified, FPGA adjusts the sampling AD before collecting data. AD677 
is used for touch screen sampling AD, which is 16-bits. Data collection stage: Firstly, turn 
off  all transmitting tubes, turn on all receiving tubes successively, and record background 
values collected by AD. Then, scan pair tubes of axis Y successively, during which the inter-
val between turning on transmitting tubes and data collection is 200us. Touching operation 
can be judged then through the comparison between data collected and background values. 

Figure 2. The diagram of FPGA structure and peripheral interface of integrated information system.
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If there is a touching operation, pair tubes of axis X should be scanned successively. The 
interval between turning on transmitting tubes and data collection is 200us likewise. Record 
the data collected and generate touch screen interrupt.

4 SOFTWARE DESIGN OF INTEGRATED INFORMATION SYSTEM

The main software functions of the system include receiving data from bus, displaying data 
on LCD after data analysis, and driving voice devices for voice prompt and light flickering. It 
supports online data injection and modification, realizing PAL_D image display switching. 
Most of the functions are achieved by the display of LCD, so GUI is selected as the graphic 
support software for display processing. Besides, there are large quantities of display infor-
mation, binding parameters and audio files in software, especially the storage of injected data 
and parameters editing results. Thus it requires management on all kinds of files, including 
reading, storage and deleting of data files. The software architecture is shown in Figure 3. 
The flow chart of software program is shown in Figure 4.

Management on screen display information should be carried out in a window, which con-
tains all the contents displayed on screen. It is the “father-son” relationship between the top 
window and controllers such as textbox, editing box, menu and button, and it is the “brother-
hood” relationship between controllers in a same window. The data structure of controllers 
in the window is as follows:

struct WinCtrl
{
 Uint16 Id; // each controller in the window has a unique id number
Uint16 State; //current state of controllers, being displayed or not
struct WinCtrl *up; //father node
 struct WinCtrl *down; //child node
 struct WinCtrl *left; // elder brother node
struct WinCtrl *right; //younger brother node
Int16 x0,y0,x1,y1; //display range of controllers
char *p; //display content
Uint16 attribute; //identifying properties of controllers
 void (*fun)(void); //pointer of processing program
 Uint16 back; //backup interface for future program extension
}

In window creation, nodes should be connected together according to relationships of 
father-son and brotherhood, and draw the window in line with properties of controllers till 

Figure 3. The software architecture.
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the last node is empty. Refreshes of display content are transmitted in the form of messages, 
such as whether buttons are pressed or data in editing box are modified. Display content is 
refreshed according to message type and id numbers of controllers.

5 SYSTEM IMPLEMENTATION AND RESULTS 

In this paper, traditional instruments are designed in an integrated form. With the joint 
designing scheme of DSP and FPGA, DSP’s defect of possessing only a few interfaces is 
made up and the control on memory is conducted through the high-speed property of DSP, 
forming an integrated information system combining display, voice, manual control opera-
tion and online data modification together. The display interface of the electrified system is 
shown in Figure 5. Relevant page can be displayed by pressing the “spaceship” through the 
button or the touch screen. Display data in relevant system can be examined by pressing rel-
evant buttons. Data displaying window of power supply system is shown in Figure 6.

Figure 4. The flow chart of software program.
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In practical work, the dotting speed of the system reaches 106/s with the display padding 
of 16-bit color and data communication of 1 Mbps. Based on the bus architecture between 
DSP and FPGA, displaying and communicating tasks of large amounts of data are achieved 
successfully by this system. Key variables are designed in the form of 3-modular redundancy. 
Thus the system is able to realized caching, processing and displaying of high-resolution data 
reliably as well as voice and light control.
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The application of management and control platform based 
on acceptance standard system in electric transmission and 
transformation equipment acceptance

Jinquan Zuo
Guangyuan Power Supply Company, State Grid Sichuan Electric Power Company, 
Guangyuan, Sichuan, China

ABSTRACT: In electric power system, it is obliged to conduct routing inspection for equip-
ments at fixed time and places and to keep a record of operating state and all parameters, for 
the purpose of ensuring safe and stable operation of electric transmission and transforma-
tion equipment. And a scientific standard system and an integrated information platform of 
management and control are needed for the acceptance stage of equipment. In this paper, the 
author mainly researches the condition evaluation of electric transmission and transforma-
tion equipment, aiming at laying a foundation for the establishment of acceptance standard 
system and providing a basis for information management platform data acquisition of inte-
grated management and control.

Keywords: integrated management and control platform; electric transmission and trans-
formation equipment; condition evaluation; evaluation management

1 INTRODUCTION

With the constant development of  power supply enterprises in China, higher requirements 
are put forward for the safety of  electric transmission and transformation equipment. The 
safe operating state has become an important indicator of  power grid safety in China. State 
Grid Corporation has issued Condition Based Maintenance Management Standards and 
Working Standards of Power Grid Equipment in 2011, which stipulates the inspection, test 
and evaluation of  operating state of  electric transmission and transformation equipment in 
detail. In addition, conducting evaluations on the reliability of  power system is also an effec-
tive way of  ensuring safe and reliable operation of  power system. Based on the feature that 
the reliability of  electric transmission and transformation equipment is of  great importance 
for grid operation, people pay more attention to management technology of  the accept-
ance stage of  equipment. In this paper, the author carries out a study on the acceptance 
standard system of equipment for the purpose of  laying a foundation for the information 
management of  integrated management and control as well as the rational design of  thee 
platform.

Lots of people have made efforts in researches of condition evaluation of electric transmis-
sion and transformation equipment. Xueliang Wu, et al. (2013) give a brief  introduction about 
the classification of condition evaluation of electric transmission and transformation equip-
ment, discuss evaluation methods, summarize the reliability of electric transmission and trans-
formation equipment, and propose measures of improving the reliability, so as to provide a 
theoretical guidance for the improvement of management level of equipment operation [1]. 
Zhongqiang Zhang, et al. (2008) develop a standard operation management system based on 
the combination of GPS and PDA, which is not only able to complete the generation, down-
load and acceptance of tasks but also able to generate maintenance report automatically. 
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Its management platform has such functions as equipment and personnel management and 
inquiry statistics. Tasks of data uploading and downloading can be  fulfilled by GPRS with a 
handheld routing inspection instrument [2]. Fuxin Qin, et al. (2014) put emphasis on analyzing 
the application of on-line monitoring technology of electric transmission and  transformation 
equipment based on its applications and characteristics, and forecast the development trend 
of on-line monitoring technology. Practices have proven that the application of on-line moni-
toring technology is of great practical significance for ensuring reliability and safety of elec-
tric power system operation [3].

Based on previous studies, the author carries out a research on the acceptance standard 
system of electric transmission and transformation equipment and summarizes management 
methods for equipment condition evaluation, aiming at providing a reference for the rational 
application of the integrated management and control platform of electric transmission and 
transformation equipment.

2  AN OVERVIEW OF MANAGEMENT AND CONTROL PLATFORM OF 
ELECTRIC TRANSMISSION AND TRANSFORMATION EQUIPMENT

The production process control system is the basis of integrated platform of management 
and control. Through processing, analyzing, optimizing, integrating, storing and distributing 
information like production management and process control, a comprehensive system cov-
ering production management and basic automation can be established with modern produc-
tion management mode at this platform.

Acceptance is an essential link of the installation and trial process of electric transmission 
and transformation equipment, so it is necessary to conduct further research on standard sys-
tem of equipment acceptance in order to complete the acceptance perfectly and  accurately. 
In this paper, the author proposes and elaborates the management and control platform of 
equipment information, aiming at laying a foundation for improving the quality of electric 
transmission and transformation equipment acceptance and providing a reference for the 
application expansion of management and control platform.

With equipment management and operation management as the main line, produc-
tion index management as the leading factor, equipment accounts record as the core, and 

Figure 1. The programming of integrated management and control platform.
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Table 1. The list of symbolic meanings in Figure 1.

Symbol Meaning Symbol Meaning Symbol Meaning

R1 Duty 
management

R11 Technical supervision S9 Three pursuits and one 
implementation

R2 Team 
management

R12 Production performance 
management

E1 Equipment management

R3 Working order S1 Rate of fault E2 Defect management
R4 Shift 

management
S2 “Two measures” 

management
E3 Project management

R5 Regular work S3 Emergency plans 
management

E4 Working order management

R6 Operation 
order

S4 Outsourcing personnel 
management

E5 Spot inspection 
management

R7 Operation log S5 25 counter measures T1 IT operating and maintaining 
service management

R8 Routing 
inspection 
management

S6 Safety management T2 Operating and maintaining 
supervision management

R9 Energy-saving 
management

S7 Special equipment 
management

T3 IT operation and 
maintenance management

R10 Operation 
account

S8 Safety incident 
management

T4 Unified identity 
management

management of safe production as the foundation, the information platform of integrated 
 management and control guides enterprises transform from regular management to sophisti-
cated closed-loop management. In order to analyze the application mode of the information 
platform of management and control and provide a reference for the standard acceptance of 
electric transmission and transformation equipment, the programming of integrated man-
agement and control platform is firstly put forward in Figure 1.

Symbolic meanings in Figure 1 are presented in Table 1.
As shown in Figure 1, the management and control platform is a closed-loop management 

and control system of production equipment, which consists of five major modules, namely 
physical equipment management, defect management, preventive maintenance, working 
order management and spot inspection management.

1. Core-equipment; Leading factor-project; Link-working order.
2. Analysis on output level, degradation trend and service life of equipment can be carried 

out in accordance with on-line operation data and account of equipment.
3. Equipment management and control can be realized in structured standards by acquir-

ing real-time data of equipment through SIS interface and deeply combining static and 
dynamic data of equipment.

3  CONDITION EVALUATION OF ELECTRIC TRANSMISSION 
AND TRANSFORMATION EQUIPMENT

Fan Zhu, et al. (2014) point out that the distribution area of power grid continually extends 
and the number of electric transmission and transformation equipment increases with the 
expansion of the power grid scale. Meanwhile, with the reformation of electric power  system 
in China, electric power enterprises not only improve the service quality and guarantee the 
power supply reliability but also make reducing operation cost as their main purposes [4].

The key of analyzing the acceptance accuracy of electric transmission and transforma-
tion equipment lies in equipment condition evaluation. The equipment condition evaluation 
indexes are derived from real-time measuring technology of on-line monitoring.
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3.1 On-line monitoring technology

A fault diagnosis method based on eigenvector is usually adopted for the diagnosis of equip-
ment failures. Hairui Wang (2013) proposes the following methods of equipment failure 
diagnosis.

1. Amperometry: Monitor load current magnitude and waveform, and carry out spectral 
analysis, so as to diagnose such failures as breakage of rotor winding, eccentric air-gap, 
malfunction of stator winding, rotor imbalance, etc. [5].

2. Vibration diagnosis: Process and analysis on vibration signal [5].
3. Insulation diagnosis: With the help of various electrical tests and special diagnostic meth-

ods, judges can be made on insulation structure, working performance and existence of 
defects, and predictions can be made on remaining insulation life [5].

4. Temperature diagnosis: Temperature test on each part of the equipment or IR test [5].
5. Vibration sound diagnosis: Collect vibration signals and noise signals of diagnostic object 

at the same time [5].
Objects of electric transmission and transformation equipment monitoring are mainly 

transformer, power cable and breaker. On-line monitoring methods for the three objects are 
shown as below:

1. Transformer: It is the most important equipment in substation. Common problems 
mainly include local overheating, partial discharge, insulation aging, core grounding, etc. 
There are also mechanical problems like winding deformation and on-load tap changer 
fault. Measuring methods for local monitoring are electrical measuring and non-electrical 
measuring. The advantage of non-electrical measuring is that it is not affected by on-site 
electrical measuring and the location of power supply can be determined with high signal-
noise ratio. Yet the disadvantage is that the discharge capacity cannot be determined due 
to its weak sensitivity. Gas chromatography, being able to conduct on-line and continu-
ous testing on components of transformer oil, is one of the effective monitoring meth-
ods, which can be replaced by the on-line continuous monitoring on hydrogen content of 
transformer oil. The on-line monitoring of transformer winding is conducted on the basis 
of short circuit reactance value of transformer winding.

2. Power cable: Monitoring methods of XLPE cable insulation include direct current 
method, power frequency method, low frequency method, and comprehensive judgment. 
Direct current analysis is applicable to cable monitoring of middle and high voltage class. 
Through direct current superposition, it is able to measure the current on cable insulation 
and calculate the insulation resistance of cable so as to realize on-line diagnosis of power 
cable. On account of insulation state and statistic dispersion of characteristic parameters, 
there might be erroneous and missing judges when only one method is used for insulation 
diagnosis. The correctness of diagnosis can be improved by composite diagnosis through 
the coordination of several methods.

3. Breaker: Failures of this equipment contain insulation failure, arc extinguish chamber 
failure and mechanical failure. Therefore, on-line monitoring of breaker can be classified 
as monitoring of breaker insulation state, on-line monitoring of arc extinguish chamber 
failure, and on-line monitoring of mechanical failure of breaker. There are two methods 
of insulation state monitoring, namely on-line monitoring of AC leakage current and 
measuring of loss factor. Arc extinguish chamber failure is related with breaking working 
current, especially size and number of short-circuit current. Thus, the damage degree of 
arc extinguish chamber and contact terminal and be measured by monitoring size and 
duration of breaking current. The contents of on-line monitoring of mechanical failures 
include state inspection of divide-shut brake, duration of divide-shut brake and accelera-
tion curve monitoring, vibration analysis, and acoustic diagnosis.

3.2 Evaluation methods and classification

Safe operation of electric transmission and transformation equipment is the foundation of 
the construction of strong power grid. Safety management of equipment exists  throughout 
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the whole life circle of equipment. According to the features of time nodes when electric 
transmission and transformation equipments are put into operation, evaluations can be 
divided as evaluation before operation, evaluation during operation and evaluation after 
technical reform. In order to be fully aware of equipment state, the above-mentioned three 
links of electric transmission and transformation equipment need to be evaluated.

The whole life circle of electric transmission and transformation equipment contains 
design and type-selection, manufacturing, on-site installation and debugging, acceptance, 
operation management, maintenance, technical supervision, counter measures reform, tech-
nical reform, demolition and scrapping. Three links are classified as follows according to 
time nodes when equipments are put into operation.

1. Evaluation before operation: Conduct analytical evaluations on technical indexes, per-
formance parameters and control condition of processes such as design, type-selection, 
purchase, manufacturing, supervision, installation and debugging, acceptance, etc.

2. Evaluation during operation: Conduct evaluations on control condition of daily opera-
tion, including exposure condition of defects, position of defects, defect elimination con-
dition, problems found and handled in periodic maintenance, defects found and handled 
by technical supervision, etc. The main purpose is to master installation condition of 
equipment in operation, control condition of operation management and technical main-
tenance management, changes of main performance parameter and normative manage-
ment condition.

3. Evaluation after technical reform: Conduct evaluations on technological and economic 
effects of targeted anti-accident reform or technical reform, examine the correctness of 
technical reform basis and direction, take different anti-accident measures for different 
degrees of defects and potential safety hazards of electric transmission and transformation 
equipment in operation, and modify equipments, so as to eliminate potential safety haz-
ards and improve reliability. Evaluation after technical reform should be conducted after a 
certain period of time of technical reform, which is three or six months or one year.

3.3 The implementation of evaluation

The flow chart of condition evaluation of electric transmission and transformation equip-
ment designed in this paper is presented in Figure 2.

1. Establish organizations and intensify the leadership: There is a wide range of condition 
evaluations of electric transmission and transformation equipment, as well as associated 

Figure 2. The flow chart of condition evaluation of electric transmission and transformation equipment.
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professions. Organizations of company level should be established to be responsible for 
leading and implementing evaluations.

2. Formulate evaluating process and distribute task: Companies should adopt normalized 
evaluations instead of sudden evaluations, combine evaluations with daily production 
management, and integrate evaluations in routine work. As an important link of produc-
tion management, evaluations on equipment before operation should be carried out by 
department of production technology and departments of capital construction, safety, 
operation and maintenance. Evaluations after maintenance should be carried out first 
by maintenance department, preliminary evaluating results of which should be handed 
over to departments of production technology management and technology transpose for 
reevaluation. Then evaluation results from comprehensive evaluation should be examined 
and approved by the chief  engineer.

3. Combines overall and partial evaluations so as to highlight the key point of evaluation.
4. Improve the efficiency of evaluation with information means. Evaluation of electric trans-

mission and transformation equipment is not only a test for basic management work but 
also a comprehensive appraisement for current status of equipment. Relevant data are 
numerous and complex, so it is quite necessary to adopt information means like computer. 
According to evaluation criteria of electric transmission and transformation equipment, 
companies develop an evaluation management system for electric transmission and trans-
formation equipment, which makes full use of existing resources.

4  COMPREHENSIVE EVALUATION AND EVALUATION MANAGEMENT 
OF PRIMARY ELECTRIC TRANSMISSION AND TRANSFORMATION 
EQUIPMENT

4.1  Comprehensive evaluation of primary electric transmission and transformation 
equipment

Yujia Zhang, et al. (2014) indicate that intelligent components and other equipments con-
tained in primary electric transmission and transformation equipment should be applied in 
the comprehensive evaluation system in order to evaluate equipment state objectively and 
guide maintenance plan scientifically and reasonably. Conduct dynamic evaluations on the 
current operating status of equipment through such information of network operating plat-
form as interaction parameters, status and control instructions. With the combination of 
equipment condition reported by operating maintenance departments, tracking and report-
ing analysis on state of various power supply facilities can be conducted by the comprehen-
sive evaluation system of power supply facilities, so as to realize comprehensive evaluations 
of primary electric transmission and transformation equipment [6].

Working process of the comprehensive evaluation system of primary electric transmission 
and transformation equipment is presented in Figure 3.

There are four kinds of implementation strategies of the comprehensive evaluation system 
of primary electric transmission and transformation equipment, namely multi-dimensional 
analysis based on statistics, evaluation method and maintaining strategy of poor working con-
ditions, consultative evaluation on special power supply guarantee, and consultative evaluation 
on suspected familial defects. The above-mentioned four strategies are expounded as follows:

1. The multi-dimensional analysis refers to classified statistics on evaluation results of pro-
vincial and municipal single grid equipments in accordance with different dimensionalities, 
such as operating unit, voltage class, profession, type of facility, manufacturer, transformer 
substation, time range, evaluation result, etc. Pay attention to abnormal facilities in sta-
tistical results, especially those in serious defects and abnormal states.  Conclude and clas-
sify the main point deduction basis and state variables of facilities in serious defects and 
abnormal states, which should then be sorted according to the frequency of occurrence. 
Then, conclude and classify the point deduction basis of facilities in state with attentions. 
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And finally, carry out year-on-year analysis and sequential analysis on statistical results so 
as to observe the overall trend of evaluation results. Put forward relevant technical coun-
termeasures in accordance with analytical conclusions of statistical results.

2. Poor working conditions of power supply facilities include overload, over-excitation, over-
voltage, external insulation, temperatures of equipment and environment, operation times, 
etc. As for the definition of characterization parameters of power supply facilities’ poor 
working conditions, electric current can be taken for equipments of series connection, 
insulation for equipments of parallel connection, frequency for mechanical fatigue, creep 
distance for unlimited equipments, and temperature for external environment. Every time 
when power supply facilities are in poor working conditions, relevant data of essential ele-
ments of information are sent to comprehensive evaluation in manners of manual filling, 
system import and data sharing. Technical personnel comprehensively analyze such infor-
mation of a facility as basic data, historical inspection, test report, historical poor working 
condition and historical maintenance before diagnosis, providing a test description of the 
current state of this facility instead of scores.

3. As for requirements of special power supply guarantee, the power tracing function of 
power grid GIS topology can be applied in comprehensive evaluation system to draw 
the scope of power supply facilities involved in this power supply guarantee. Then, in 
the comprehensive evaluation system, evaluation requirements are sent to each operating 
unit in the form of OA commission so that condition evaluations can be conducted in 
time. Finally, compose evaluation report of comprehensive diagnosis based on evaluation 
results of single equipment.

4. As for suspected familial defects shown in evaluation results, namely frequent defects or 
faults of a certain dimensionality of the same manufacture or type, the equipment com-
prehensive evaluation center should carry out special evaluations for reviewing and assess-
ing defects of these facilities, and then submit consultative evaluation report.

Figure 3. Working process of the comprehensive evaluation system of primary electric transmission 
and transformation equipment.
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4.2  Management of the comprehensive evaluation of primary electric transmission 
and transformation equipment

Condition evaluation of electric transmission and transformation equipment is a long-term 
work. Although there is a unified standard, different companies have different current situa-
tions. Standards of evaluation should be constantly improved and specifics standards of each 
company should be formulated accordingly. It is supposed to attach importance to different 
points at different stages so as to fully reflect the advancement and rationality of evaluation 
standards.

1. Adjust score proportion of different part reasonably in order to avoid distortion of evalu-
ation results. For example, as for insufficient evaluations on equipment in operation and 
incomplete resources caused by historical reasons, score proportions can be reduced to 
avoid excessively low scores. For companies with advanced management, strict evaluation 
standards can be set and higher requirements can be put forward so as to avoid excessively 
high scores, prevent potential risks and hazards from being covered up, and highlight 
important problems.

2. Highlight key points of evaluation in different stages. Overall inspection of safety can be 
combined together to highlight the part of evaluation management and technical supervi-
sion management and to look for the deficiency of equipment and management, which 
means to eliminate hidden dangers of equipment and management and realize PDCA cir-
culation of equipment evaluation through the combination with other basic management 
work.

3. Attach importance to basic management and team construction of evaluation, and pay 
attention to the accumulation of original resources in evaluation. Part of evaluation results 
can be utilized for the general evaluation and former evaluation results can be used as a 
reference for the next evaluation. In evaluation work, attentions should be paid to staff  
training and the cultivation of evaluation team, for the purpose of avoiding perfunctory 
attitude.

5 CONCLUSION

Based on an overview of the information management and control platform of electric trans-
mission and transformation equipment, the author concludes that the key of realizing the 
information management and control platform lies in correct evaluations on equipments. For 
this reason, according to the on-line monitoring technology, methods and classification of 
evaluations, analysis on the implementation of evaluations and the example of comprehen-
sive evaluations on primary electric transmission and transformation equipment, the author 
formulates the working process of the evaluation system, proposes a method for the manage-
ment of comprehensive equipment evaluation, and provides a theoretical reference for the 
formulation of acceptance standard of electrical equipment.
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Triangular grid sonic computerized tomography for structural 
concrete

Runze Liu & Jianqing Zhang
Changjiang Engineering Geophysical Exploration Wuhan Co. Ltd., Wuhan, Hubei, China

ABSTRACT: Two main problems of a sonic computerized tomography occur when detect-
ing the complex structural concrete using a rectangular grid model. One is that a rectangu-
lar grid insufficiently simulates the velocity interfaces, and another is that the ray path may 
be outside the concave polygon area or pass through the reserved inner cave. A triangular 
grid sonic computerized tomography is investigated in this paper. The model triangulation 
is based on an optimal criterion of a Delaunay triangulation combined with a wavefront 
method. The first arrival time is calculated and the ray path is traced by using a global algo-
rithm of a triangular grid ray tracing method based on a wavefront minimum travel time 
unit. The model velocity distribution is obtained by inverting the governed equation of a 
computerized tomography using an algebra reconstruction technology. Numerical results 
and case studies show that the triangular grid sonic computerized tomography is flexible for 
model parameter and highly accurate for describing velocity interfaces, highly ray tracing 
reliable. The inversion image has a high resolution and more closed to the exact structure. 
The proposed method is suitable for detecting the quality of concrete with complex bound-
ary and complex inner structure.

Keywords: structural concrete; triangular grid; ray tracing; wavefront unit zone; computer-
ized tomography

1 INTRODUCTION

Concrete, as one of the most important structural materials in engineering, can bring the haz-
ard to the whole structure. Because of its potential safety concerns that arise from the design-
ing, the quality of construction, structure aging, and natural disasters, inevitable deficiencies 
exist in the process of construction, such as segregation and cells and holes. Thus, we usually 
need to use some non-destructive geographical methods, such as acoustic tomography.

For the detection of acoustic CT, we often encounter this kind of complicated concrete, 
which has an irregular geometric external boundaries, and complex internal structures, 
such as “T-shaped,” concave polygon boundary geometry, reservation hole, and embed-
ded  component. All of them demand higher requirements for the acoustic CT detection 
 technology. The sonic CT detection method, in general, used in the detecting process, is 
mainly based on the tomography imaging technology in a rectangle unit model. This rec-
tangle unit model cannot simulate the complicated structure efficiently, and may also result 
in the failure of forwarding and inversion, when it comes to a concave polygon boundary or 
reservation empty holes. Aiming at these drawbacks, we use the triangle unit model instead, 
which would be more flexible, highly accurate on speed section description, and easier prior 
information obtaining (embedded components of external and internal geometries, proper-
ties, for insurance.), and it also can deal with the problems of detection structure efficiently.

In this paper, we introduce a triangular element subdivision method, the general principle 
of “a global algorithm of triangular grid ray tracing based on wavefront minimum traveltime 
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unit,” the process of image reconstruction algorithms, and numerical simulations. And also, 
we illustrate the application of the sonic tomography detection.

2 TRIANGULAR MESH SUBDIVISION METHODS

The grid generation technique derived from a finite element method in 1950s, and the auto-
matic map meshing algorithm is the earliest method. And then, other methods developed, 
such as mapping mesh method, Delaunay method, QuadTree method, laying method, and 
front waving method. A Delaunay triangle method has been widely used in mesh generation, 
due to its good properties. The properties and algorithm of this method also were studied 
(Lee and Schachter, 1980; Lawson, 1986; Cavendish, 1974; Shaw and Pitchen, 1978; Watson, 
1981; Deng, 1994).

2.1 The principle of Delaunay Triangle discretion method

1. Empty Circum Circle Principle. For each two-dimensional point set, no other points 
within the confine of the triangle circumcircle for every Delaunay triangle element. To 
illustrate this more clearly, let us consider the example shown in Figure 1. In this example, 
ΔABD, ΔBCD for instance, fulfilling this order, can be regarded as the optimal triangle, 
and ΔCDE which contains the point B, is not.

2. The Maximum of Minimum Angle Principle. For each two-dimensional point set, the 
varieties of domain triangle discretion are infinite. In each triangle element, we can find 
the smallest angle. But there is the smallest angle which is the largest in all of them. This 
principle can avoid the appearance of the pathological triangle, and appropriate to the 
equilateral triangle automatically.

2.2 The formulation of domain discretization

According to the complex structure of concrete in two-dimensional domain, and the princi-
ple above, we illustrate the outline of this algorithm as follows:

1. Data organization. During the process of discretization, often a large number of data 
exist, and we have to choose appropriate structure to make relationship between these 
elements, such as the points, lines, and subdomains. In practice, we divide the background 
into large number of points, boundary lines, and subdomains. And then, we describe the 
background range from points, lines, to the whole filed.

2. The unit scaling confine. Generally, we simply need to set the scale of background ele-
ment nodes to control the discretion of the subdomain boundaries and cell scale, based 

Figure 1. Optimization rule of circumcircle.
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on the velocity model and the requirement of forward and inversion problems. However, 
for some special structures that appeared in the structural concrete, such as wave bellows, 
and sheet components, we need to create some special density function to control the unit 
scale.

3. Background boundaries discretization. Although the borders of the model background 
are formed by some property nodes, they cannot discrete into element directly. We need to 
separate them finely, and ensure the consistency of added nodes, through the background 
data and density function.

4. Element meshing. We can divide each subdomain into many Delaunay triangle subdivi-
sions one by one, and then form the triangle mesh model. During this process, we can also 
use the wavefront method.

5. Triangle network optimization and encryption. The forming triangle mesh that relies on 
the above principles generally approximates the integral mesh. There is no need to be fur-
ther smoothed. But sometimes the internal boundaries have the effect on the mesh, and 
can cause morbid triangle. In such case, if  we want to get higher quality mesh, we need to 
smooth (Deng, 1994), or encrypt, the mesh.

3 THE METHOD OF TRIANGULATION RAY TRACING

The traditional ray tracing method contains the test-tracing method that connects with an 
initial value problem, and the bending method that relates to a boundary value problem. Many 
other methods emerged, such as, finite difference method, principle of Fermat and Huygens 
wavefront reconstruction method, seismic ray simple symplectic geometry algorithm, Graph 
theory, and Fermat and Huygens’ principle-based shortest path algorithm (minimum travel).

The shortest path algorithm is one of the most popular methods in the study of ray trac-
ing, because of its flexibility, stability, and convenience in a complex structure description. 
This method was first investigated by Nakanishi in 1986 (Nakanishi and Yamaguchi, 1986), 
and then this method was studied by many researchers (Moser, 1991; Fischer and Lees, 1993; 
Klimes and Kvasnicka, 1994; Liu et al., 1995; Wang et al., 2000; Zhao et al., 2000; Van Aven-
donk et al., 2001; Zhang et al., 2003; Zhang et al., 2004; Zhang et al., 2006a, b; Lu et al., 
2009). However, all of them used a rectangle discrete method. This method has low accuracy 
in the description in the velocity discontinuity interface. In order to overcome the difficulties, 
we use the “go-based wavefront smallest unit of global triangulation ray tracing algorithm” 
(Liu et al., 2013).

3.1 Principle of the algorithm

In Figure 2, the principle of Huygens-Fresne wavefront propagation shows that the wave-
front for each time tΣD surface (inner circle thick line) can be regarded as a new source of 
vibration dΣ center which emits the secondary wave. The vibration of a point in space is 
the coherent stack of all these sub-waves, and it develops into a new envelope— wavefront 
Σ′(cylindrical thick line) through Δt time. Huygens principle is generally used in the dis-
cretization of the velocity model. During this process, we use the element to estimate the t 
moment source points in the wavefront. And we define nearby vibrated element as wavefront 
element. The point of Huygens principle which refers the grid cell macroscopically dissemi-
nates vibration to its adjacent unit at the center of wavefront element, and then disseminates 
vibration to each own adjacent internal nodes through the Fermat principle of minimum. 
Adjacent node cells are common, and thus transfer unit and internal nodes to achieve a 
vibration transfer between units. Triangulation is specific to the wavefront triangle unit, and 
the vibration transmission between A0 and adjacent triangular element A1 to A12 (Fig. 3). 
The vibration transmission mechanism inside this unit is the first unit based on the algorithm 
to achieve. The key points are to locate the wavefront minimum vibration unit, and to build 
the wavefront unit zone automatically through vibration transmission of wavefront mini-
mized unit for facilitating searching the minimum travel unit.
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Figure 2. The triangular approximation of Huygens-Fresnel principle.

Figure 3. Adjacent triangle units.

The outline of this method is as follows:
First, compute the minimum traveling time and secondary source location. According to 

creating the wavefront triangle unit domain, from the first triangle element which includes 
the source node, we can calculate the minimum traveling time and secondary source location, 
by the vibration transmission between each adjacent element and the like.

Second, pick the ray tracing path. By using the minimum traveling time and second-
ary source location, we can get the ray tracing path from the receiving point to the source 
point.

3.2 Numerical simulation

Figure 4 illustrates the result of triangulation, the wavefront, and ray path. Ω0 denotes the 
background section of this concrete. This model contains five subdomains: Ω1, Ω2, Ω3, Ω4, 
and Ω5. Ω1 denotes the artificial tunnel-type hollow, Ω2 and Ω4, indicate the simulated pre-
stressed bellows, and Ω3 and Ω5 represent the concrete in the corrugated tube. The velocities 
of each subdomain (except Ω1) is 4500 m/s, 1000 m/s, 4500 m/s, 1000 m/s, and 3500 m/s. 
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Figure 4. The ray path of preliminary wave and wavefront of a concave model.

We set the source at the top right side of this model, and the receivers at the left and down 
boundaries.

Figure 4 shows a typical concave domain model. By using the based-wavefront the small-
est go unit triangulation ray tracing algorithm, we can make the trace of wave in this com-
plex structure clearly, which plays an important role in organization of such complex model 
detection and the effect of inversion. Compared with the traditional rectangular mesh, the 
advantages of the triangulation ray tracing are as follows:

1. This method makes the domain discretization more flexible, and it also improves the accu-
racy of description in the discontinued interface, and the precision in ray tracing, for 
details in the literature (Liu et al., 2013).

2. This method can make the ray tracing more reliable and lower risk.
3. It can deal with the direct tracing problems that exist in the complex concave domain. The 

tomography generally uses both the curved and direct rays. When it comes to the complex 
concave domain, the drawbacks of a rectangular tracing method maybe manifest. Under 
such circumstance, the ray may get through the main field or trace into the inner empty 
holes. But in the process of triangle ray tracing, we can use the result of model initializa-
tion after tracking instead. There is the difference between the direct ray tracing tomogra-
phy in complex concave domain and the simple concave domain.

4 TRIANGLE NETWORK TOMOGRAPHY METHOD

The tomography imaging techniques can be roughly divided into two types. One is the image 
reconstruction, which is based on the ray theory, the other is the scattering or diffraction tom-
ography based on the wave equation inversion theory. According to successive linearization, 
the ray tomography problem under consideration can be recounted as a problem that solves 
a large, sparse, and ill linear equation. There are many methods to deal with this problem, 
such as Algebraic Reconstruction Technique (ART) (Herman, 1980),  Simultaneous Iterative 
Reconstruction Technique (SIRT) (Humphreys and Clayton, 1988), truncated SVD method 
(Golub and Reinsch, 1970), the Conjugate Gradient Least Squares Algorithm (CGLS) 
(Scales, 1987), and the iterative least squares algorithm (LSQR) (Vlaar et al., 1988). Now, we 
will introduce the triangulation tomography equations, Algebraic Reconstruction Technique 
(ART), and Simultaneous Iterative Reconstruction Technique (SIRT).
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4.1 Setup of the mathematical model

Based on the ray theory, the acoustic wave traveling along a path R satisfies (1)

 

ds
t

R v( )
=

( )v∫R
 (1)

where, R(v) denotes the path between the launch point to the receiver, as the function of 
speed v(r); v(r) denotes the model of regional medium speed; r denotes the position vector of 
the region; ds denotes the ray path R(v) of the distance increments; t denotes the measured 
travel time.

During the process of tracing, the ray gets through n triangle elements. For a linear triangle 
element, we consider the corresponding velocity. We denote the slowness as ( , , , ),x, xn1 2, x,  
and the i-ray meets (2)
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where aij denotes the i-rays pass through the length of the j-th unit.
When there are more than m-rays get through the model region, we can get a matrix equa-

tion on tomography inversion, which relates to the x j nj ( ,j , ..., )2,

 Ax T=  (3)

where A denotes the known square matrix, A = ×( )ij m n× , T denotes a column vector, 
T = …( , , ,… )t tm

T
1 2, , x denotes a column vector of unknown slowness, x = …( , , ,… )x xn

T
1 2, .

4.2 ART and SIRT Algorithm

1. ART algorithm
ART algorithm is an iterative method. In (3), the i-th equation can be written as:

 ( , ) ( 1, 2, ..., )i x, i(i(( m1, 2, ...,=ii  (4)

where (⋅, ⋅) denotes transvection, ai denotes the i-th row vector of the transposed A, ti denotes 
the ith component of the vector T. In the (4) every single equation represents a hyperplane 
in n-dimensional space, and the ai denotes the normal vector of the hyperplane. If  we get x(k) 
after k iterations, for each constant i must satisfy (5)

 x x a( ) ( )) (
i+x( )x( βa  (5)

Eq. (5) shows that x(k+1) can be achieved by x(k) through normal direction, in the i-th hyper-
plane, and the x(k+1) should satisfy:

 ( , )( )x,i it=  (6)

We put x(k+1) in (5) into (6), and get:
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And then, ART algorithm can be written as (9):
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where mod(k, m) denotes the reminder of k divided by n. λ λk kλλ )λkλλkλλkλ  denotes the relaxa-
tion factor.

The main features of this method are as follows:

1. We define the process which begins from the first equation to the last equation as the loop; 
during this time we only change vector x.

2. The meaning of (9) is very obvious. We regard each equation in (3) as a hyperplane in 
n-dimensional space, and then we can get the projection in (9) from initial value x(0) one by 
one. (λkλ = 1)

3. When the equation (3) is underdetermined or overdetermined, Eq. (9) converges, if  it is 
compatible. But the result relies on the initial value x(0), and is the same as the minimum 
norm least squares solution.

2. SIRT method
By comparing with ART, if  we only correct an equation in (3) each time in ART, we need 

to correct all equations in SIRT. The algorithm is as follows:
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where Mj indicates the number of non-zero element in the j-th column of A.
The proprieties of this method are as follows:

1. It can make the residual of the equation decreased.
2. By adopting the average correction, we can eliminate some interferences and random test-

ing errors.
3. Although the speed is slow, the reliability of this method is good.
4. For limited data, the quality of image reconstruction is still good relatively.

4.3 Numerical simulation

Figure 5 shows the numerical velocity model of a part section of one aqueduct project and 
ray tracing result by triangulation network algorithm based on wavefront minimum unit. 
The speed of subregion of Ω0, Ω1, Ω2, Ω3, Ω4, and Ω5 is 4500/m, 3500/m, 2500/m, 4500/m, 
2500/m, and 3500/m, respectively. Ω2 and Ω4 simulate two sylphon bellows (which have bore 
diameter of 70 mm and external diameter of 87 mm), Ω3 and Ω5 simulate concrete inside 
the sylphon bellows. The simulation net is shown in Figure 4, whereas subregion of Ω1 shall 
be enhanced. The best wavefront and ray path show when the source point lies in left down-
side corner.

In order to test the effects of triangular mesh tomography, we use 29 source points to cover 
all the left side, spacing 5 cm interval between each point. And space 90 receiving points in 
another 5 boundaries, following the same order. By tracing the ray in the velocity model to 
forward, we can get the traveling time at each point. According to these traveling times, we 
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can construct the image by inversion tomography. Figure 6 shows the result of SIRT algo-
rithm after 6 iterations. The outlines of low speed subdivision and rounded corrugated pipe 
appear clearly. During this process, we use the ray tracing of direct lines and curved beam 
alternately to reconstruct the image, and the direct ray path shows in Figure 7.

By comparing Figure 5 with Figure 6, we can see that the subdomains Ω3 and Ω5 simulate 
the effect of the quality of concrete density or undensity. However, the results of tomography 
inversion in Ω2, Ω3 and Ω4, Ω5 show the similar performance. According to Figure 5(b), due 
to the effect of Ω2, Ω4, the ray chooses the Ω2, Ω4 subdomains to get through, rather than 
Ω3, Ω5, when the wave passes the Ω3, Ω5. Thus, the ray brings no information about Ω3, Ω5. 
The results of inversion in these subdomains are similar. It also indicates that this method 
has little effect on the pipe-thick internal concrete. But if  we regard the plastic pipe as the 
deficiencies in the concrete, this method would get a good performance on the deficiencies.

Figure 5. The velocity model and the result of ray-path.

Figure 6. Computerized tomography inversion result.
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Figure 7. The ray path of preliminary wave and wavefront with the initial velocity at 4500 m/s.

Figure 8. Vp image of sonic CT detection at a basement of shiplift cylinder.

5 APPLICATIONS

Figure 8 shows a horizontal map of one part of a ship lift cylinder. The irregular boundaries 
are ABCD and EF. During the detection, we use the RS ST01C acoustic instrument and 
15 kHz plane transducer, belonging to Wuhan Rock Company. And we space the source point 
in ABCD, and receive the information in EF. The distance between the source and receiver 
is 10 cm. Figure 8(b) indicates the result of Vp of the concrete reconstructed by sound wave 
CT. There are some errors in the middle and bottom sides. By comparing with Figure 8(a), the 
errors denote the four diameter approximately 15 cm cavity reflection which reserves in the 
base. This figure also reflects the results of the sonic CT images. This method can inverting 
information about three empty holes clearly, and for the fourth also has indication. And if  we 
improve some perimeters or conditions such as using 40 kHz or 100 kHz flat transducers and 
reduce the distance between each receiver point to 5 cm, the result would be improved.

6 CONCLUSIONS

By using sonic CT images based on the triangle domain discretion, the domain discretiza-
tion could become more flexible and accurate, and it can also improve the reliability and 
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 effectiveness of triangular ray tracing method. Meanwhile this method can get rid of the 
problems efficiently that exist during the process of direct ray tracing, and can avoid the ray 
shooting into the empty holes or outside, in complex concave territory or internal cavity, and 
we can add some prior information into the triangular tomography inversion, which can 
improve the effect of imaging. So using the acoustic tomography based on triangulation is 
more fitted to detecting the concrete structure with geometric boundary and a complex inter-
nal structure. Further improvement and research on triangulation is meaningful.
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XenVLab: Virtual laboratory based on Xen for network security 
teaching and training
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ABSTRACT: Network security experiment is an important part of network security courses. 
In order to meet the demand of self-directed learning and performing network security experi-
ments, we design XenVLab, a virtual laboratory based on Xen for network security teaching 
and training. Utilizing XenVLab, we perform three types of network security practice subjects: 
teaching demonstrations, confirmatory experiments, and confrontational experiments. Practices 
show that XenVLab can provide highly authentic practices like that in real Internet, and effec-
tively improve students’ interests and abilities of self-directed learning of network security.

Keywords: network security; virtual machine; virtual network; experiment environment

1 INTRODUCTION

Network security experiment is an important part of network security courses. Experiments 
can effectively help students understand network security theories and technologies and 
improve practical abilities. However, network security experiments, especially experiments 
associated with botnet and worm, often require large network test environment, which is dif-
ficult to meet the requirements by simply using the physical devices.

In recent years, with the help of virtualization technology, researchers can emulate lots of 
computers, routers, and switches to organize a virtual network. In a virtual network environ-
ment, we can perform network security experiments with fewer physical devices. Moreover, 
because of excellent emulation skills of virtualization technology, students can get almost the 
same practice experiences with that on physical devices. Utilizing virtualization technology 
to build network security teaching/training environment can effectively address the problems 
in experimental teaching of network security. In this paper, we propose XenVLab, a virtual 
laboratory based on Xen for network security teaching and training, and perform network 
security practice subjects based on this virtual laboratory.

2 RELATED WORK

Long time ago, researchers had tried to build experiment platform for network security 
teaching. In 2003, G. Vigna proposed network security experiment platform based on physi-
cal devices, and designed a variety of practice subjects, for instance teaching presentation, 
red-blue confrontations, and flag races[1].

In order to improve utilization of physical devices, virtualization technology began to 
be involved in experiment platform. For example, Velnet[2] proposed by B. Kneale, which is 
based on VMware Workstation, can create many virtual machines and software routers to 
build virtual target network. Furthermore, Velnet provides a friendly user interface, which 
can help students perform experiments better.

Similar to Velnet, ONL[3] proposed by J. DeHar is another virtual experiment platform. By 
arrangement of data sensors on virtual machines, ONL can collect all network traffic data for 
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further analysis. Based on ONL, T. Wolf researched on evaluation methods for network security, 
and proved the advantages of virtual network security experimental environment compared to 
physical network environment[4]. Similarly, D. Schweitzer[5] also got the same conclusions.

In recent years, along with rapid growth of virtualization technology, researchers continu-
ously study on the application of virtual technology in network security teaching and training. 
G. Ke[6] analyzed the problems in network security practice teaching, solved these problems with 
virtualization technology, and proved the effectiveness of virtualization technology with three 
specific teaching cases. Similarly, Q. Hua[7] built virtual network security experimental environ-
ment with VMware ESX, and discussed the advantages of virtual experimental environment.

At present, the application research of virtualization technology in network security prac-
tice teaching is abundant. But there are still two problems:

1. Most of exiting platforms are based on commercial virtualization software systems, such 
as VMware and Virtual PC. Although these commercial software systems are mature and 
stable, we can’t optimize them according to virtual platform’s demands, because source 
code is not public. Furthermore, the operating efficiency of commercial virtualization 
software systems is lower than open source systems such as Xen.

2. In most of exiting virtual experiment platforms, experimental data is obtained by inter-
cepting traffic in switches, while the internal state of virtual machines can’t be obtained. 
This design is not conducive to the analysis and evaluation of experiments.

Aiming at above problems, we present XenVLab, a virtual laboratory based on Xen for 
network security teaching and training.

3 XENVLAB

In this section, XenVLab will be presented. First, we will explain why we select Xen as the 
basis of the experiment platform, and then the architecture of XenVLab will be introduced.

3.1 Choice of the virtual machine software

There are three principles when choosing the virtual machine software: 1) It must be able to 
effectively utilize hardware resources; 2) It can provide abundant network virtualization sup-
ports; 3) We can easily manage virtual environment and get experimental data from it.

First, which kind of virtualization software systems shall we choose: commercial systems or 
open source systems? Although commercial systems are mature and stable, and provide com-
plete management functions, we can’t conduct secondary development on them[8].  However, 
based on open source systems, such as Xen, we can easily overcome the above issue: add the 
network management module, data sensors, and other necessary modules into virtualization 
software. So we choose Xen as the basis of virtual laboratory.

Xen has two basic virtualization modes: paravirtualization and full virtualization. The 
former is high-performance, but the virtual machine OSes (Operation Systems) must be 
modified. Considering that some network security may have something to do with OSes, the 
virtual machine OSes would not be modified. So paravirtualization is not suitable for our plat-
form. On the other hand, the full virtualization mode can get high-performance;  meanwhile 
it doesn’t need to modify the virtual machine OSes. So Xen works in full virtualization mode 
in our platform. Figure 1 shows that Xen works in full virtualization mode, when virtual 
machine Domain n tries to execute privileged instructions, VMExit arises, VMM takes con-
trol of hardwares, at this time privileged virtual machine Domain 0 can manage Domain n. 
With the help of VMExit, administrators can manage all virtual machines.

3.2 The architecture of XenVLab

We design the architecture of XenVLab with two considerations: 1) The architecture can 
support a large-scale experimental network, and has good scalability; 2) We can easily get 
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Figure 1. Xen works in full virtualization mode.

experimental data, including network traffic and node state. So XenVLab has following two 
unique designs.

3.2.1 Centralized-Distributed Structure
Centralized-Distributed Structure is just shown in Figure 2. All virtualization servers which 
are used to create virtual machines and virtual routers, are linked to a high performance 
switch. We only need to increase the number of virtualization servers; the size of the experi-
mental network can be increased easily. Also with the help of VPN, XenVLab can be control-
led by remote commands, and multiple laboratories in different locations can be united to 
conduct a larger scale experiment.

Figure 3 shows the software architecture of XenVLab, except hardware. XenVLab can be 
divided into three levels: user interface layer, lab management layer, and resource control layer. 
Administrators operate XenVLab with the help of user interface layer. Under user interface 
layer, lab management layer can be divided into four units: 1) Remote unit, which connects to 
other similar laboratories through VPN, receives or publishes remote commands; 2) Script unit, 
which stores experiment scripts; 3) Command unit, according to the administrators’ commands, 
releases resource management commands or scenarios build commands to resource control 
layer; 4) Data unit, which collects experimental data. Resource control layer, which is formed by 
VMMs on all virtualization servers, is used to actually manage virtualization servers.

Figure 2. Centralized distributed structure.
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3.2.2 Built-in VMM sensor
As pointed out above, in most of exiting designs, experimental data is obtained by intercept-
ing traffic in switches, while the internal state of virtual machines can’t be obtained, which is 
not conducive to the analysis and evaluation of experiments. On the other hand, if  data sen-
sors are set inside virtual machines, the sensors will greatly increase system complexity, and 
some destructive experiments may affect sensors in virtual machines. In order to resolve this 
dilemma, our solution is embedding sensors into VMM. With the help of VMExit, network 
traffic and internal state of virtual machines can be obtained as shown in Figure 4.

Administrators obtain experimental data from Domain 0. For the network traffic, we set 
that VMExit occurs when virtual machines try to access network adapters, so that the VMM 
will capture network traffic through network adapters before virtual machines. For the inter-
nal state of virtual machines, which is mainly referred to CPU and memory utilization, when 
Domain 0 needs to check the internal state of other virtual machines, it will order VMM to 
force the specified virtual machine to exit. After the specified virtual machine exit, the cor-
responding data structures in its memory space will be explored by VMM; VMM will get the 
internal state of the specified virtual machine and send it to Domain 0.

Through these two unique designs, XenVLab can utilize hardware resources efficiently and 
have good scalability. Moreover, we can easily get experimental data.

4 NETWORK SECURITY PRACTICE SUBJECTS BASED ON XENVLAB

Through these two unique designs above, XenVLab can utilize hardware resources efficiently 
and have good scalability. Moreover, we can easily get experimental data.

Figure 3. The software architecture of XenVLab.

Figure 4. Built-in VMM sensor.
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Figure 5. Understanding the principle of network scan through protocol analysis.

Figure 6. CPU and memory usage of a target host.

4.1 Teaching demonstrations

The aim of teaching demonstrations is deepening students’ understanding of network secu-
rity knowledge. The principles of performing teaching demonstrations are: 1) Biased towards 
principle display; 2) Simple and intuitive; 3) Heuristic. Therefore, for every attack and defense, 
we carefully the most representative cases as experiments which can reflect knowledge in 
network security courses for instance network protocol analysis, principles of operating sys-
tems and programming design. Under the simple configuration, typical tools are applied, so 
that students can understand network security knowledge easily and can perform follow-up 
autonomous learning and experiments better.

For example, in the network security scan experiment, we use graphical scan tools, for 
example, Superscan, to scan target hosts. At the same time we use Ethereal to collect packets 
sent by scan tools, analyze scan principle of these tools by contrasting packets with scan 
results, which is shown in Figure 5.

4.2 Confirmatory experiments

The aim of confirmatory experiments is helping students to understand network security 
knowledge through independent practices. According to different types and characteristics 
of attacks, we set these experiments:

Experiment 1: Network security scan
Experiment 2: Password attack
Experiment 3: Buffer overflow attack
Experiment 4: Scripting attack and defense
Experiment 5: Trojans attack and defense
Experiment 6: The use of firewall and IDS
Experiment 7: DDoS attack
When students are performing experiments, the teacher can view the experimental situa-

tion and guide students. For example, when students are performing SYN Flood attack, the 
teacher can look into CPU and memory usage of target hosts, which is shown in Figure 6.
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4.3 Confrontational experiments

The red-blue confrontation can effectively improve students’ practical ability of network 
security. In confrontation experiments, students are divided into two groups, and they per-
form unbound confrontation. Meanwhile the teacher takes charge of setting experiments and 
rules and adjudicating.

Before confrontation, both sides configure their network by means of software provided by 
platform’s website, and open network services, for example, Web, FTP, and mail. After that, 
within the period specified, both sides protect their own systems and services, and attack enemy 
services, then submit evidences that can prove the attacks succeed to platform’s website.

In the confrontation, data sensors record both sides’ correlated data; the referee program in 
teacher’s computer will check services’ availability of both sides in real time. The teacher shows 
real-time situations of the two sides in platform’s website according to services’ availability.

After the confrontation, the teachers mark for both sides according to attack evidences. 
For evidences disputed, they will be judged by the teacher according to experimental data 
obtained by sensors. At last, the teacher will give both sides’ evaluation and summarization.

5 SUMMARY

XenVLab, which can provide students experimental experiences highly consistent with that 
in the real network environment, meets the requirements of network security courses. For 
teachers, XenVLab can help them control experiments better, and effectively improve utili-
zation of existing physical devices. For students, XenVLab can help them perform network 
security experiments independently, and heighten their interests on network security. In short, 
XenVLab can greatly enhance the effectiveness and quality of network security courses.

In the future, we will develop more network security experiments based on XenVLab, and 
further improve the quality of network security courses. At the same time, we also expect that 
XenVLab can be applied in more universities.
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ABSTRACT: Nowadays, the creation and education is a significant method to cultivate 
high quality talents for creation and innovation, thus the scientific evaluation to the effect 
of creation and innovation education can improve the quality of creation and innova-
tion  education. With the arrival of the era of big data, education generates corresponding 
changes. Therefore, the paper introduces the effects on education because of big data and the 
connotation of creation and innovation education. Then, this paper uses the fuzzy analyti-
cal hierarchy process to analysis and to evaluate the evaluation index system of creation and 
innovation education which has been instructed in the paper. Last but not least, the paper 
provides theoretical guidance and recommendations for the development of creation and 
innovation education.

Keywords: creation and innovation education; big data; fuzzy analytical hierarchy process; 
theoretical guidance and recommendations

1 INTRODUCTION

With the emergence, development and application of high-tech, innovation and entrepre-
neurship education appears which adapts to education model in era of knowledge economy. 
Innovation and entrepreneurship education means the aim which cultivates talent who has 
awareness of Innovation and entrepreneurship, ability of innovation and entrepreneurship 
and personality of innovation and entrepreneurship.[1] The education mode is supported by 
universities, governments, and social companies, which can help undergraduates become 
aware of entrepreneurship, inspire the entrepreneurship spirit, grasp entrepreneurship knowl-
edge, and improve entrepreneurship ability. Innovation and entrepreneurship are inseparable, 
which is the best approach to achieve educational informationization.[2] In 2014, there were 
7.27 million graduates, which has been an uncharted territory. Therefore, innovation and 
entrepreneurship is a burning method which must be carried out.

In recent years, the storage of data has been expanded gradually; also the data flow has 
improved significantly. Correspondingly, the method which analyzes the data has become 
advanced. Data have the characters which are as follows: visibility, maneuverability, and 
availability, which can reflect message more accurately, comprehensively, and timely. So it can 
be used to reflect minds, behaviors, emotion, characters, and law of development.[3] We can 
take it to improve our productivity and perfect quality of life. As a result, it has a significant 
effect on education.

Different universities have different education levels, training objectives, and entrepre-
neurship education system, in order to avoid wasting education resource and overlapping 
functions of entrepreneurship education. On one hand, it can make educated on entrepre-
neurship education results have reasonable expectations. On the other hand, it can make 
comparisons and promote entrepreneurship education educational exchanges with foreign 
universities, so the quality of education in the promotion of entrepreneurship education need 

FRANKIC_Book.indb   43FRANKIC_Book.indb   43 3/6/2015   9:58:41 AM3/6/2015   9:58:41 AM



44

to be  reasonable evaluation, in other words, an applicable entrepreneurial education quality 
evaluation system needs to be found.[4]

2 THE EFFECTS OF BIG DATA ON EDUCATION

A comprehensive summary of the impact and practical experience of large data generated for 
education has been made as follows:

1. Promoting the culture of making decisions based on data and empirical education
Whether at the macro level or at the micro level, big data promotes cultural education in 
educational decision-making based on data and evidence. As data can be more compre-
hensive and truly reflect the characteristics and presentation of things and development 
and the law, so data-based decision making in general is more objective, scientific, effec-
tive, and reasonable compared with decisions based solely on personal experience and 
intuition.[5]

2. Better understanding and predicting students’ individual behavior
During the process of assessment and prediction, knowledge tracking model is widely 
used as shown in Figure 1. In this model, there are four key parameters: P(F0), which rep-
resents the probability that people who answer the first question before the probability of 
mastery of knowledge; P(A), which represents the probability that people who answered 
the question given the mastery of knowledge; P(G), which represents the probability that 
who have the right answer by guessing instead of grasping knowledge; P(M), which repre-
sents the probability that who get the wrong answer when grasping the knowledge. Based 
on the performance of students answer questions P(G) and P(M) are taken into consid-
eration. And we can estimate the degree of mastery of knowledge, when P(T) is up to a 
certain limit, then we can start next one Ki+1.[6]

3. Educational data become more various
In the breadth and depth, educational data make its best to cover each factor with study. 
In the subdivision, the effects to measure big data can compare with microscope. How to 
effectively and easily aggregate multi-layer data for analysis is the critical problem of data 
hardware and software design in the current education. Multilayer data mining has become 
one of the development priorities of education corresponding data mining methods.

Besides, there are various education data collection channels and ways in current situation. 
Unstructured data has covered an increasing proportion. Traditional data analysis generally 
based on structured data for each data attribute are clearly defined for the object, while the 
internal structure of unstructured data has no clear definition of the division, including text, 
images, audio, and video.

Figure 1. Schematic knowledge tracing model.
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3  THE DESIGN OF INNOVATION AND ENTREPRENEURSHIP EDUCATION 
EVALUATION SYSTEM

Innovation and entrepreneurship education is a cooperative education systems engineering 
operation that includes government, schools, and community groups. There are many factors 
that can influence innovation and entrepreneurship education such as faculty, social sup-
port, practice chances, and terrace. So the mechanism of innovation and entrepreneurship 
education is complex and complicated. In order to obtain reasonable index system line, this 
paper follows the five indicators of design principles, which is the principle of completeness, 
scientific comparability and operability.[7] Existing studies show that under the small consist-
ency innovation and entrepreneurship education, when selecting the evaluation indicators 
and evaluation methods, it must be combined with level, objectives, content, structure, and 
teaching methods of the university innovation and entrepreneurship education.[8] Further-
more, it should consider the impact of the student’s personality, family background, and 
school entrepreneurial environment effect on innovation and entrepreneurship education. 
Therefore, innovation and entrepreneurship education curriculum, schools, society, students 
are in four areas of the main line. Then divide content of innovation and entrepreneurship 
education into eight categories and forty indexes.

1. Core curriculum
Core curriculum means the courses that closely linked with innovation and entrepre-
neurship, narrow range and the concise and pragmatic content. Some domestic schol-
ars summarize innovation and entrepreneurship courses as business awareness courses, 
entrepreneurial knowledge courses, entrepreneurial ability and quality courses, and practi-
cal operation of entrepreneurship courses. In this paper, we integrate existing study and 
divide it into five categories, which can be seen in Table 1.

2. Schools
The school is the main body for implementing innovation and entrepreneurship education 
and also is the main unit and place of implementation of innovation and entrepreneurship 
education. Foremost, it includes the schools to develop a positive and innovative entre-
preneurship education, educational planning, and educational philosophy. Next, schools 
set up a special innovation and entrepreneurship education management institutions and 
the establishment of appropriate management systems. Nurture innovation and entrepre-
neurship education teachers and increase investment in the establishment of appropriate 
educational facilities and practices supporting base are what schools need to do.[9]

3. Society and Government
Government plays a significant role in innovation and entrepreneurship education. It 
shoulders the responsibility of increasing funding, the introduction of relevant policies, 
and preferential measures to guide students to innovation and entrepreneurship actively. 
It also can take effective management for innovation and entrepreneurship education, for 
example, developing tax incentives or credits and financing policies.

Table 1. Categories and content of innovation and entrepreneurship education core curriculum.

Category Content

Quality Stimulate creativity, information search, business opportunities 
judgment, leadership skills, adaptability, etc.

The creation and 
management of 
company

Looking for business opportunities, the opportunity to evaluate the new 
company’s founder, innovation strategy, organizational design, supply 
chain management, marketing, venture capital, capital markets, etc.

Circumstance Environmental protection, environmental capital, capital market system 
practices, government policy, economic and other electronics etc.

Entrepreneurship Social responsibility, social connotation of entrepreneurship, social 
entrepreneurship, etc.
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4. Students
Successful entrepreneurs have some common qualities. Some of them have innate talents 
such as strong body, emotional stability, and innovative spirit. Others are acquired to 
develop such as responsibility, decision-making, leadership, creativity, self-reliance, the 
ability to adapt, and the motivation of catching up with others.[10] We take this factor into 
consideration to satisfy needs of the times.

The aim of innovation and entrepreneurship education is to nurture talents who adapt to 
the development of the knowledge economy. It can improve in students the ability of innova-
tion and entrepreneurship, so the action of students is the direct manifestation of the con-
sequence of manifestation.[11] Therefore, research capabilities, innovation, entrepreneurship 
rate, and practical experience are the indexes we can calculate.

4  THE FUZZY MATHEMATICAL MODEL OF INNOVATION AND 
ENTREPRENEURSHIP EDUCATION QUALITY EVALUATION

This paper is under the relevant theory of fuzzy math, establish a quality multi-level fuzzy 
comprehensive evaluation model of innovation and entrepreneurship education.

1. Establish evaluation index system of innovation and entrepreneurship education
2. Determine the evaluation index weight vector

First of all, construct indicators judgment matrix of F layer.

F =

⎡

⎣

⎢
⎡⎡

⎢
⎢⎢

⎢
⎢⎢

⎢
⎣⎣

⎢⎢

⎤

⎦

⎥
⎤⎤

⎥
⎥⎥

⎥
⎥⎥

⎥
⎦⎦

⎥⎥

1 1 4 5 3
3 1 7 5

1 7 1 1 4
1 5 3 1

/

/ /5 1 /
/ /4 1

Secondly, decide the right to all levels of evaluation index weight distribution as 
follows:

Among Fi, weight distribution can be expressed as Dn = (Xi1, Xi2, ... Xin), also, Fij can be 
expressed as Fij = (Xij1, Xij2, ... Xijn).

3. Establish evaluation set
In this paper, we use five grades which are as follows: index weights of F are as follows. 
Excellent (>90), good (80–90), medium (70–80), poor (60–70), particularly poor (<60=).

Table 2. The evaluation of innovation and entrepreneurship education.

First grade index Second grade index

Core curriculum (F1) The rate of core courses F11
The rate of interdisciplinary courses F12
Entrepreneurial knowledge penetration in existing courses F13
Practical courses hour F14

Schools (F2) Faculty F21
Hardware facilities F22
Campus environment for innovation and entrepreneurship F23

Society & Government (F3) Reputation F31
Atmosphere F32
The support of corporate social organization F33
Policies and preferential measures F34

Students (F4) Research capacity F41
Venture rate F42
Entrepreneurial achievements F43
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4. Establish a single factor evaluation matrix
Among Fij, affiliation membership of each evaluation matrix composed can be expressed 
as follows: 

R

R
.
.
.

R

ij

ij1

ijn

= . =
.

...⎡

⎣

⎢
⎡⎡

⎢
⎢⎢

⎢
⎢⎢

⎢
⎢⎢

⎢
⎣⎣

⎢⎢

⎤

⎦

⎥
⎤⎤

⎥
⎥⎥

⎥
⎥⎥

⎥
⎥⎥

⎥
⎦⎦

⎥⎥

r r r
r r

ijrr ijrr ijrr n

ijrr ijrr
11 12 1

21 2222 2

1 2

...
.
.
.

.

.

.

.

.

.

.

.

.
...

.
r

r r1 r

ijrr n

ijnrr ijnrr ijmrr n

⎡

⎣

⎢
⎡⎡

⎢
⎢⎢

⎢
⎢⎢

⎢
⎢⎢

⎢⎣⎣
⎢⎢

⎤

⎦

⎥
⎤⎤

⎥
⎥⎥

⎥
⎥⎥

⎥
⎥⎥

⎥⎦⎦
⎥⎥

rijmn is membership functions.
5. Determine the fuzzy evaluation matrix

Calculated according to the above steps, we get Table 3.
6. Fuzzy comprehensive evaluation model

According to S = WTR, it can be normalized as S’Fij T•RFij. Therefore, the membership 
vector of F layer is as follows:
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A
A

F =

⎡

⎣

⎢
⎡⎡

⎢
⎢⎢

⎢
⎢⎢

⎢
⎣⎣

⎢⎢

⎤

⎦

⎥
⎤⎤

⎥
⎥⎥

⎥
⎥⎥

⎥
⎦⎦

⎥⎥

′
′
′
′

F j

F j

F j

F j

1

2

3

4

Comprehensive evaluation model S = WF′T × RF, then it can be normalized as S′ = (0.0069, 
0.3371, 0.3217, 0.1403, 0.1940).

At last, according to F = S × K, we can calculate the result to be 61.018. The figure shows 
that the quality level of innovation and entrepreneurship education of the university we choose 
is poor. First of all, government should improve policies and measures for all the students. 
Besides, it should increase capital investment and take support from all aspects of the society.

5 CONCLUSION

In this paper, under the influence of big data based on education, then build a correspond-
ing evaluation index system of innovation and entrepreneurship education. The use of fuzzy 

Table 3. Fuzzy calculation evaluation form.

Evaluation Evaluation factors

Number Fi Weights Number Fij Weights

1 F1 0.3634 1 F11 0.2175
2 F12 0.4650
3 F13 0.1622
4 F14 0.1553

2 F2 0.4638 1 F21 0.5370
2 F22 0.1583
3 F23 0.3047

3 F3 0.1550 1 F31 0.4015
2 F32 0.1649
3 F33 0.2606
4 F34 0.1550

4 F4 0.0178 1 F41 0.6650
2 F42 0.1175
3 F43 0.2175
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analytic hierarchy process was carried out to make a comprehensive evaluation of empirical 
analysis. But the indicator system still needs to continue to improve and change, so we should 
give more research on it that can provide more theoretical basis for our innovation and entre-
preneurship education.
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Research and implementation of recommendation system 
of vocational education course based on neural network

Jingzhi Chen
Chongqing College of Finance and Economics, Chongqing, China

ABSTRACT: Vocational education has a direct impact on the transformation of economic 
development pattern and the implementation of the strategy of reinvigorating China through 
human resource development. It is of great importance for economic and social develop-
ment. For this reason, relevant departments and institutions are supposed to pay attention 
to vocational education. In this paper, the author carries out a study on the course recom-
mendation system of vocational education, proposing a course recommendation system of 
vocational education based on neural network. The author firstly summarizes the principle 
of vocational education courses and course recommendation and then selectively analyzes 
the structure of course recommendation system and the theoretical model of neural network. 
In the end, the author designs a model of recommendation basis based on neural network 
and makes a comparison between experimental simulation results and expert recommenda-
tion results, concluding that the course recommendation system based on neural network 
is of great applicability. With the research theory and method presented in this paper, the 
author aims at laying a theoretical foundation for course construction of vocational educa-
tion in China.

Keywords: course recommendation; neural network; basis of recommendation; expert rec-
ommendation; network training

1 INTRODUCTION 

Recommendation system is derived from network system. With the development of compu-
ter technology and network technology, many scholars use these technologies for reference 
and apply this thought of technology to other areas. This tendency occupies a considerable 
proportion in current scientific and technological development. The importance of voca-
tional education is self-explanatory and course selection has certain influences on learning 
effect. Course selection would be convenient and fast for learners if  there is a scientific and 
reasonable course recommendation system. In this paper, the author makes a study on course 
recommendation system of vocational education, aiming at providing a theoretical basis for 
the sustainable development of vocational education and offering a reference for educational 
reform.

In recent years, domestic scholars have made certain efforts on researches of recommen-
dation system, the result of which is that the recommendation technology is being applied 
in various areas and plays a role in the development of relevant areas. Haiyan Wang, et al 
(2014) points out that recommendation system makes great success in terms of solving infor-
mation overload at the same time when there are problems like data sparseness and cold 
boot. It has become an urgent problem for recommendation system that how to acquire 
satisfactory recommendations in the case of scoring data sparseness. Introducing trust into 
recommendation system is an effective way for solving the above-mentioned problem [1]. 
Directing at the problem that users are difficult to obtain interested book resources due to 
added digital library resources, Mo Li, et al (2014) puts forward a recommendation system 
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model of book combination based on label and association rules mining, and proposes that 
combining recommendation model and algorithm are superior to other algorithms of book 
recommendation through experimental results with high accuracy for recommendation [2]. 
Ning Wang (2009) indicates that recommendation system is an auxiliary means for users’ 
convenient online shopping. By recommending interested items automatically, recommenda-
tion system can save users’ search time and increase website sales. Ning Wang puts forward 
an instant online e-commerce recommendation system based on BP neural network, which 
collects users’ recent shopping information secretly and conducts classification and judgment 
on users’ recent interest in shopping through BP neural network [3].

Based on previous studies, the author conducts an analysis on course recommendation 
problems of vocational education, aiming at exploring a more reasonable and reliable course 
recommendation system and making a contribution to the development of vocational educa-
tion in China.

2  AN OVERVIEW OF COURSE RECOMMENDATION OF VOCATIONAL 
EDUCATION

According to course theory of vocational education, course is a scheme, a system, a means as 
well as a dynamic process. It can be divided into statutory course, course of professional core 
skills, course of professional skills and comprehensive practice course in accordance with cat-
egories. There are both theoretical course and activity course for course of professional core 
skills and course of professional skills, while activity course is a key link of comprehensive 
practice course.

Jianshe Wu (2004) points out that course of professional core skills is the designing and 
constructing scheme of cultivating students’ key ability as well as the educational process of 
achieving educational purposes and course objectives [4]. The author believes that vocational 
and technical education science is an interdisciplinary branch of technical science and educa-
tion science. Related theories of education science and deep technical science should also be 
taken into account in studies of vocational education theory. Technology is a combination 
of multiple factors. Any viewpoint emphasizing only one factor would be regarded as one-
sided. According to literature materials, technical factors and correlation are presented in 
Figure 1.

Wei Pan (2009) indicates that the phenomenon of information “overload” in the network 
becomes more and more serious with the rapid development of computer technology and 
internet technology. Information of users is just a drop in the information “ocean”. It requires 
a large amount of time and energy for users to search their own suitable information [5]. Wei 
Pan makes an analysis on the recommendation system of personalized courses that mainly 

Figure 1. The schematic diagram of technical factors and correlation.
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involves network resources, while the author of this paper studies course recommendation of 
vocational education. There are differences between the two in terms of objects, but the two 
are equally satisfactory in results.

The principle of course recommendation is to recommend information by searching 
for matched information in line with user model or searching for user group with similar 
 interests. It is substantially a service mode of “searching by information”, which makes a 
contribution to the improvement of browsing efficiency by reducing users’ time of searching 
information.

In this whole course recommendation system, recommendation technology is the core 
part, which decides advantages and disadvantages of system performance to a great extent. 
At present, primary recommendation approaches include content recommendation, collabo-
rative filtering recommendation, recommendation based on association rules, utility recom-
mendation, knowledge recommendation and combination recommendation. Each of the 
above-mentioned approaches has its own applicability in a certain period or in a certain envi-
ronment. Based on previous studies, the author concludes that there are two forms for learn-
ers to evaluate vocational education courses, namely the explicit form and the implicit form. 
As for the former, learners grade a certain course in the form of numerical value and judge 
the popularity degree in line with scores, which is then taken as the basis of course recom-
mendation. The latter is generally derived from data resources, such as browsing time, brows-
ing history and custom record of learners. And explicit evaluation information is mapped 
in this information data mode. Therefore, the core content of recommendation technology, 
namely the key link of course recommendation, is recommendation basis, which relies on 
course evaluation.

The recommendation basis is achieved through artificial neural network in this paper. The 
theory of this approach is a frontier domain rapidly developed worldwide in the middle and 
late of 1980s. It is an emerging information science of learning from human brain. Being one 
of the artificial neural networks, BP network is a multilayer feed-forward network, which can 
not only fully approximate any complex nonlinear relationship but also model the nonlinear 
process without causes of data generation. Two forms of recommendation basis of voca-
tional education course, namely the explicit one and the implicit one, have their own advan-
tages and disadvantages. However, disadvantages of the implicit mode can be compensated 
with the aid of BP neural network. Trained neural network can be used as an effective tool 
both qualitatively and quantitatively to make comprehensive assessment on object system 
except from the sample mode. And then, course recommendation can be conducted accord-
ing to numerical values of evaluation results.

To sum up, the key link of vocational education course recommendation system is rec-
ommendation technology, while the core part of recommendation technology is recommen-
dation basis. The author holds that recommendation basis is the value of comprehensive 
evaluation on courses.

3 THE STRUCTURE OF COURSE RECOMMENDATION SYSTEM

The system structure designed in this paper consists of three major modules that are respec-
tively ability diagnosis module, course recommendation module and course association mod-
ule. The structural diagram of course recommendation system is shown in Figure 3.

Symbolic meanings in Figure 3 are presented below:
1. User interface
2. Learner database
3. Learners with no records of optional course
4. Ability diagnosis module
5. Course recommendation module
6. Test paper database
7. Course association module
8. Course selection record of learners

FRANKIC_Book.indb   51FRANKIC_Book.indb   51 3/6/2015   9:58:43 AM3/6/2015   9:58:43 AM



52

The ability diagnosis module can be divided into two categories, namely learners with 
course records and learners with no course records. For learners with course records, the 
ability diagnosis module firstly finds out course selection grade from learner database before 
users’ access to user interface of the system, and regards course grade as the ability of learn-
ing, the result of which is then delivered to the course recommendation module. For learners 
with no course records, a test paper is designed by the knowledge base and classified test 
evaluations can be carried out according to learners’ choice of tests. This evaluation grade 
can be taken as the ability of learning, the result of which after the test is delivered to the 
course recommendation module and processed in terms of course recommendation.

A course association table is generated by the course association module in the way of 
rule-based reasoning, which is mainly responsible for finding out learners’ course selec-
tion records from learners’ database over the years. With the algorithm of association rules, 
courses and rules of courses can be dug out and course selection records of students can be 
analyzed, so as to form the association table of courses.

The course recommendation module includes two mechanisms, namely course recommen-
dation mechanism and feedback mechanism. For course recommendation mechanism, learn-
ers with or without records of optional courses can be found through the ability diagnosis 
module, and then relevant courses are recommended to learners. Test papers classified in 

Figure 2. Neural network model.

Figure 3. The structural diagram of course recommendation system of vocational education.
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line with various majors of students are provided to obtain evaluation grades, which can be 
taken as the learning ability indicator of learners. For the other mechanism, learners with 
course records can be found through the ability diagnosis module, and relevant courses are 
recommended to learners. Finally, with the method of weighting that combines objective 
experts’ weighted values and learning ability, an intelligent course recommendation system 
with sequence can be introduced to learners.

4 THEORETICAL BASIS OF BP NEURAL NETWORK

Zhenyu Fan (2011) suggests that BP neural network is short for neural network of error back 
propagation, which consists of an input layer, one or multiple hidden layer, and an output 
layer. Each layer is composed of a certain amount of neurons that are interconnected just 
like nerve cells of human being. Information processing modes of BP neural network include 
distributed information storage and parallel information process, which are characterized by 
fault tolerance, self-learning, self-organizing and adaptability [6].

The learning process of BP neural network is that link weights of the network are con-
stantly changed under the stimulation of external input samples so that the network output 
can be gradually close to the expected output. The essence of learning is dynamic regula-
tion of connection weights. Learning rules refer to the regulation specifications of weights 
changes of network neurons in the process of learning. It is a type of learning with tutors, the 
core idea of which is to back propagate output errors in some form gradually from the hidden 
layer to the input layer. Learning is a process from forward propagation to back propagation 
of error. The forward propagation is:

Input samples → input layer → hidden layer → output layer.
The back propagation period will be started when real output of the input layer does not 

conform to expected output. Back propagation of error is presented in each layer in some 
form so as to correct the weight of each layer. In the network structure, the input layer has n 
neurons, the hidden layer has p neurons, and the output layer has q neurons. Variable defini-
tions are given to neurons of each layer, which are shown below:

Input vector = ( )…1 2 n  Input vector of hidden layer hi = ( )…1 2 p
Output vector of hidden layer ho = ( )…1 2 p
Input vector of output layer yi = ( )…1 2y 1 2 y q
Output vector of output layer yo = ( )

q
( …1 2y y q

Expected output vector do = ( )…1 2 q
Connection weight of input layer and intermediate layer wih
Connection weight of hidden layer and output layer who
The number of sample data k m…, , ,  Threshold value of each neuron of hidden 

layer bh
Threshold value of each neuron of output layer bh Activation function f(•)

Error function e d yoo oy
o

q

d
=

1
2

.
2

1
(k( )kk ( )k⎡⎣⎡⎡ ⎤⎦⎤⎤∑

An activation function generally includes the threshold function shown in Formula (1), the 
piecewise function shown in Formula (2), and the Sigmoid function shown in Formula (3). 
With its smoothness, gradualness and monotony, Formula (3) is the most commonly used 
nonlinear function.
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= (
1

1 e+ xp
 (3)

BP neural network is characterized by its nonlinear mapping ability, parallel and distrib-
uted processing approach, self-learning and self-adaption ability, data fusion ability and mul-
tivariable system. Standard steps of neural network algorithm are shown as below:

STEP1. Network initialization; set initial weight, error and the largest number of learning.
STEP2. Random selection of the kth input sample and corresponding expected output.
STEP3. Calculation of input and output of each neuron in hidden layer.
STEP4.  Calculation of the partial derivative δo ( )k  of  error function to each neuron in output 

layer in accordance with real output and expected output.
STEP5.  Calculation of the partial derivative δhδ ( )k  of  error function to each neuron in hidden 

layer in accordance with the link weight between hidden layer and output layer and 
δo ( )k of output layer.

STEP6.  Correction of link weight w kho ( )k  in line with δo ( )k  of  each neuron in output layer 
and the output of each neuron in hidden layer.

STEP7.  Correction of link weight and calculation of global error through δhδ ( )k  of  each 
neuron in hidden layer and the input of each neuron in input layer.

STEP8.  Determining whether network errors meet requirements. The algorithm ends when 
errors reach the preset accuracy or the number of learning is larger than the preset 
largest number, and goes back to STEP3.

5 EMPIRICAL ANALYSIS

5.1 Preparation of experimental samples

For course recommendation basis of vocational education, namely system evaluation on 
courses and learners, data are processed in the following way:

1. Because students are required to grade courses and the number of students is quite large, 
averages are obtained in this paper through eliminating 5 highest scores and 5 lowest 
scores, which are taken as input index values of students for each course.

2. After the selection of suitable samples, sample data are input to BP network for normali-
zation processing shown in Formula (4). This is because index value dimensions of data 
collected are different and the numerical difference is quite large.

 
x

x x
x xi

i* min

max min

=  (4)

An evaluation data sample shown in Table 1 can be acquired through the evaluation data 
on a certain course of students from a vocational and technical college.

5.2 Experimental procedure

Matlab software is applied in this paper to achieve the evaluation process of course recom-
mendation basis. Various kinds of functions are provided in the neural network toolbox of 
this software. The experimental procedure designed in this paper includes four steps, namely 
the establishment of network, initialization, network training and network simulation. 
Detailed operations are shown as follows:

1. The establishment of network: This step is realized by function newff. The number of neu-
rons in output layer will be automatically determined by the software according to sample 
data. The number of neurons in hidden layer, the number of hidden layers,  transformation 
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Table 1. The table of evaluation data sample.

Samples

Symbols of evaluation index
Evaluation 
objectivesX1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

1 0.91 0.88 0.89 0.84 0.90 0.91 0.90 0.83 0.94 0.91 0.90 0.88 0.90
2 0.73 0.71 0.60 0.56 0.64 0.80 0.55 0.63 0.70 0.63 0.90 0.80 0.73
3 0.80 0.85 0.81 0.82 0.81 0.85 0.84 0.74 0.60 0.83 0.86 0.85 0.83
4 0.72 0.60 0.55 0.71 0.70 0.65 0.74 0.45 0.80 0.55 0.60 0.67 0.62
5 0.65 0.61 0.71 0.73 0.75 0.81 0.75 0.86 0.72 0.67 0.75 0.71 0.70
6 0.57 0.45 0.82 0.63 0.57 0.62 0.70 0.90 0.75 0.85 0.84 0.75 0.73
7 0.84 0.90 0.81 0.67 0.77 0.65 0.75 0.81 0.84 0.76 0.77 0.82 0.82
8 0.42 0.75 0.50 0.55 0.70 0.45 0.64 0.75 0.60 0.65 0.80 0.52 0.61
9 0.61 0.60 0.67 0.70 0.65 0.55 0.50 0.62 0.51 0.61 0.60 0.74 0.65
10 0.65 0.85 0.81 0.73 0.50 0.75 0.60 0.65 0.70 0.80 0.80 0.70 0.72
11 0.54 0.63 0.71 0.67 0.60 0.76 0.61 0.64 0.67 0.63 0.80 0.65 0.72
12 0.54 0.42 0.48 0.81 0.20 0.40 0.62 0.57 0.70 0.75 0.55 0.80 0.52
13 0.78 0.61 0.74 0.55 0.61 0.60 0.45 0.60 0.80 0.50 0.70 0.75 0.60
14 0.70 0.50 0.65 0.63 0.65 0.56 0.50 0.51 0.65 0.50 0.70 0.45 0.55
15 0.60 0.61 0.72 0.51 0.71 0.75 0.55 0.78 0.51 0.61 0.72 0.72 0.65
16 0.65 0.53 0.59 0.56 0.73 0.71 0.54 0.62 0.65 0.70 0.53 0.65 0.65
17 0.72 0.62 0.67 0.55 0.71 0.70 0.55 0.67 0.59 0.61 0.71 0.70 0.68
18 0.74 0.81 0.56 0.83 0.55 0.57 0.64 0.61 0.65 0.66 0.67 0.72 0.65
19 0.71 0.71 0.56 0.58 0.62 0.65 0.75 0.68 0.58 0.71 0.71 0.74 0.65
20 0.80 0.65 0.71 0.65 0.52 0.72 0.76 0.57 0.61 0.69 0.81 0.75 0.74

functions of hidden layer and output layer, and the training algorithm function are deter-
mined by users according to their own situations.

2. Initialization: This step is realized by function init. The initialization function init will be 
called when the function newff is creating network objects, the init ( ) instruction of which 
is shown below:
NET = init (net),

Here, NET is a returning function, representing the neural network after  initialization. 
And net stands for the neural network needed to be initialized. Initializations of link 
weights and threshold values of network are realized by the function init ( ) according to 
default parameters. The weight is expressed with net.intFcn, and the threshold value is 
expressed with net.intParam.

3. Network training: This step is realized by function trainlm, which is the training function 
of LMBP. The network is trained in accordance with input vector P and target vector T 
of samples and parameters of preset training function.

4. Network simulation: This step is realized by function Sim. Simulating calculations of test 
data are conducted according to the pre-trained network.

Errors of the network meet the requirements of the system after 9 times of training under 
the training function trainlm. Training results and error curves of the network are shown in 
Figure 4.

The function trainlm is applied in the network training process shown in Figure 4. 
The learning algorithm of this function is the back propagation algorithm of Levenberg-
 Marquadt. The advantage of this training function is that the convergence is quite fast. 
Different functions have influence on the network performance, such as convergence speed, 
network promotion ability, etc.

Output errors of the network are relatively large after 2000 times of trainings under the 
function traingd. Besides, the convergence of network error is quite slow. Training results and 
error curves of the network are shown in Figure 5.
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The function traingd is applied in the training process shown in Figure 5. This function 
is a simple gradient descent function, the training speed of which is relatively slow. It is very 
likely to be caught in a local minimum.

Goals of the network are still not satisfied after 2000 times of trainings under the func-
tion traindx. The convergence of the network training process is also quite slow, the training 
results and error curves of which is shown in Figure 6. The learning algorithm of this func-
tion is the gradient descent momentum method. The learning speed is self-adapting during 
the process of training.

5.3 Results analysis 

It can be known from the above experimental procedures that the network convergence is the 
fastest and the training error is the smallest when function trainlm is used for network training.

In order to verify the advantage of  network training with function trainlm, the author 
designs a comparison table of  expert evaluation results and neural network evaluation 

Figure 5. Training results and error curves of the network.

Figure 4. Training results and error curves of the network.
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Figure 6. Training results and error curves of the network.

Table 2. The comparison table of expert evaluation results and course recommendation results of 
vocational education based on neural network.

Sample 
No.

Expert 
recommended 
value

Neural 
network 
recommended 
value

Expert 
recommendation 
results

Neural network 
recommendation 
results

Recommended 
value difference 
of expert and 
neural network

1 0.90 0.9031 0.0031
2 0.73 0.7271 −0.0029
3 0.83 0.8404 0.0104
4 0.62 0.6142 −0.0058
5 0.70 0.7136 0.0136
6 0.73 0.7365 0.0065
7 0.82 0.8223 0.0023
8 0.61 0.6109 0.0009
9 0.65 0.6540 0.004
10 0.72 0.7303 0.0103
11 0.72 0.7215 0.0015
12 0.52 0.5101 −0.0099
13 0.60 0.5926 −0.0074
14 0.55 0.5465 −0.0035
15 0.65 0.6566 0.0066

results, which is shown in Table 2. The table shows that course recommendation results 
of  vocational education based on neural network are extremely similar to expert evalua-
tion results, reflecting the feasibility and practicality of  the research method of  this paper 
indirectly.

By inputting the prepared five groups of test data to the trained neural network, simulation 
results and expert evaluation results shown in Table 3 can be obtained through simulation. It 
can be known from data comparison that simulation results are quite similar to recommen-
dation results from experts. Therefore, the basis of vocational education recommendation 
system based on BP neural network is feasible.
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6 CONCLUSION

Firstly, the author obtains the structure of vocational education course recommendation 
system based on the overview of vocational education courses and course recommendation. 
The following conclusions can be drawn through the analysis on the structure of recommen-
dation system:

1. The key link of vocational education course recommendation system is recommendation 
technology. And the core part of recommendation technology is recommendation basis.

2. Recommendation basis is rooted in the ability of learners, the difficulty of courses and 
association degree of courses.

Secondly, the author elaborates the theoretical basis, features and general algorithm steps 
of BP neural network, providing a theoretical basis for the core part of vocational education 
course recommendation system.

Finally, with data samples of actual evaluation data in a vocational and technical college, 
the network is trained through function trainlm, function traingd and function traingx. After 
exploring the superiority of function trainlm, the author acquires expert recommendation 
results and neural network recommendation results. The results suggest that neural network 
recommendation is extremely close to expert recommendation. It is a preferable course rec-
ommendation algorithm.
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Table 3. The comparison table of expert recommendation results and simulation evaluation results.

Sample 
No.

Expert 
recommended 
value

Neural 
network 
recommended 
value

Expert 
recommendation 
results

Neural network 
recommendation 
results

Recommended 
value difference 
of expert and 
neural network

1 0.65 0.6594 0.0094
2 0.68 0.6534 −0.0266
3 0.65 0.6639 0.0139
4 0.68 0.6706 −0.0094
5 0.74 0.7221 −0.0179
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The study and reasoning of medical prescription based 
on data mining

Wenxin Ma & Yuqiu Li
School of Basic Medicine, Shandong University of Traditional Chinese Medicine, Jinan, Shandong, China

ABSTRACT: Prescription plays a decisive role in the process of treatment. Medical pre-
scription includes selection of medicine, dosage of medicine, and matching of medicines. 
Different prescriptions can be given to different patients with the same disease, and different 
prescriptions can be also given to the same patient with different diseases. The change of 
prescription varies in accordance with actual situations. The importance and the multilateral 
nature of prescription have drawn the attention of relevant departments and scholars. In 
this paper, the author carries out a study on the data mining technology of medical pre-
scription, proposes a data mining method of medical prescription and medicine association 
based on Apriori algorithm, conducts an empirical analysis on 47,132 copies of sample data, 
and concludes the association rule of antibacterial medicines and other medicines of medi-
cal prescription, providing a theoretical basis for the medicine association data mining of 
medical prescription. In addition, the author puts forward a constructional plan for dynamic 
prescription database that is to the advantage of prescription data mining, and elaborates the 
calculation rule of prescription evaluation process.

Keywords: medical prescription; medicine association; Apriori algorithm; data mining; 
dynamic prescription database

1 INTRODUCTION

The application of data mining technology in medical prescription provides data references 
for clinical treatment. There are different prescriptions for different patients and diseases, but 
there is a certain association rule in differences, which is reflected not only in medicine types 
but also in the matching of medicines. Studies on this rule help to improve treatment effect. 
Based on this concept, the author conducts mining on data of medical prescription so as to 
lay a foundation for clinical experience through reasonable data mining technology.

Efforts have been made in researches of prescription data mining by lots of people. Jian-
guo Ge (2014) analyzes six prescriptions of subarachnoid hemorrhage, a neurology disease, 
for the purpose of analyzing the treatment concept from different perspectives [1]. Yuejuan 
Zhang, et al. (2014) discuss outpatient prescriptions and improvement measures, where 
12,000 outpatient prescriptions of People’s Hospital of Shaoxing, Zhejiang, from January 
to December of 2012 are randomly selected as research samples for analysis, obtaining pro-
portions of unqualified prescriptions, male patients, female patients, and people age over 50 
and concluding that outpatient prescriptions of this hospital need to be qualified, medicine 
use needs to be more rational, prescription analysis needs to be carried out regularly, and 
prescription evaluation ability of medicine personnel should be improved, so as to make sure 
the significance of rational medicine use [2]. Erxin Shang, et al. (2013) point out that data 
mining technology has become an indispensable and powerful tool for prescription research 
of traditional Chinese medicine, put forward the principal and basic requirements of data 
mining, introduce main methods and research process of data mining technology, and sum-
marize applications of data mining technology in medicine pair researches in recent years 
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from aspects of characteristics of medicine pairs based on diseases and applications, dose–
effect relationship, and attribute relations of medicine pairs in prescriptions of contemporary 
famous doctors [3].

Based on previous studies, the author analyzes data of medical prescription, mainly studies 
the data mining technology of prescription medicine association, and researches association 
rules between specific medicines and other medicines through an empirical analysis, so as to 
explore a scientific and reasonable data mining system for prescription medicine association.

2 OVERVIEW AND STATUS EVALUATION OF MEDICAL PRESCRIPTION

Generally speaking, the use of medicine is prescription. Xiang Fu, et al. (2011) point out that 
unreasonable use of medicine would cause waste of medical resources and adverse events, 
which have direct influence on diseases and patients as well as on the credibility of medical 
institutions [4]. Medical prescription is an important category of all medical prescription cat-
egories. Prescription Administrative Policy was firstly implemented in 2007, making a lot of 
regulations and requirements on the quality of prescription.

Maoping Tian, et al. (2011) carry out an investigation on 22,839 unreasonable medical pre-
scriptions of outpatient service and emergency treatment in children’s hospital of Guiyang, 
Guizhou, from October to December in 2009, drawing conclusions as follows [5]: There are 
many variables causing problems of prescription, which would give rise to mistakes of medi-
cine selection, medicine dose, and medicine matching in different degrees. The content of this 
paper is the study and reasoning of medical prescriptions with the algorithm of data mining, 
and the aim is to provide theoretical basis for the improvement of prescription accuracy.

The premise of data mining of medical prescription is to determine the purpose of the 
analysis. Then, extract relevant data from case database, and complete data and remove 
repeating data. And finally, carry out analysis of common medicines as well as analysis of 
interval statistics and discrete point statistics. There are two purposes of data analysis. One 
of the purposes is to analyze the frequency of medicine usage of clinical prescription data. 
The other purpose is to the frequency of clinical common medicines of being distributed in 
each interval and discrete point.

3  MEDICINE ASSOCIATION DATA MINING OF MEDICAL PRESCRIPTION 
BASED ON APRIORI ALGORITHM

3.1 Apriori algorithm

Xiaohui Zhou, et al. (2009) suggest that Apriori algorithm is the most influential algorithm 
of mining the frequent item set of Boolean association rules, which uses an iterative method 
called searching layer by layer. The item set k − is used for exploring the item set ( )k + − [6]. 
According to Ming Zhu (2002), firstly find out the frequent item set 1−/, which is taken as L1, 
used for finding L2 of the frequent item set 2−. L2 is used for finding out L3. The search goes 
on until the frequent item set k − cannot be found. The database needs to be scanned every 
time when Lk is found [7].

3.2 Modeling of data mining

In this paper, Apriori algorithm is adopted for the data mining of association rules of medi-
cal prescription medicines. It can be known from the above algorithm; the mining task of 
association rules is to find out the strong association rule with the minimum support and the 
minimum confidence given by users in transaction data. Therefore, there are two steps for 
solving association rules that are shown below:

1. Find out all the frequent item sets from database that are larger than the minimum 
support.
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2. Formulate association rules in line with the frequent item set and the minimum confidence 
threshold.

The basic model diagram of association rules mining is presented in Figure 1.
As shown in Figure 1, data association refers to a category of knowledge that can be found 

in database. It can be called association that there is a certain rule in values of two or more 
variables. Association rule refers to finding the association of different items in the same 
event. There are three important concepts in association analysis, namely the support degree, 
the confidence degree, and upgrade degree. The three concepts are elaborated as follows:

1. Support degree: It refers to the percentage of X contained in transactions. Rules with low 
support degree are likely to be accidental phenomena.

2. Confidence degree: It refers to the percentage of Y contained in transactions, which also 
contains X, shown in Formula (1).

 
Confidence

Support
Support

( )X Y⇒ = ( )X Y∪
( )X

 (1)

The confidence degree in Formula (1) reflects the certainty of finding rules. The higher 
the confidence degree, the higher the probabilities of Y in transactions that contain X.

3. Upgrade degree is shown in Formula (2). When lift 1ff  in Formula (2), X and Y are mutu-
ally independent. The larger the value, the more likely to reflect that it is not an accidental 
phenomenon that X and Y exist in the same transaction and the larger the effect of X on 
the possibility of Y.

 
Lift

Confidence
Support

( )X Y⇒ = ( )X Y⇒
( )Y

 (2)

Apriori nodes of the data mining software PASWΔ Modeler is used in this paper for 
modeling. The number of rules is reduced through gradually increasing the minimum sup-
port degree and the minimum confidence threshold.

3.3 An empirical study on medicine association of medical prescription

Forty-seven thousand one hundred thirty-two medical prescriptions of outpatient service are 
obtained through sampling. There are altogether 101,284 categories of medicines contained 
in prescriptions, 5,132 of which are prescriptions of systemic antibacterial medicines and 
42,000 of which are prescriptions that do not contain systemic antibacterial medicines. The 
number of prescriptions of the above two categories, respectively, take 10.89% and 89.11% 

Figure 1. The basic model diagram of association rules mining.

FRANKIC_Book.indb   61FRANKIC_Book.indb   61 3/6/2015   9:58:47 AM3/6/2015   9:58:47 AM



62

of the total amount of samples. Through data processing of relevant nodes of modeling soft-
ware, the basic condition summary of two kinds of categories is presented in Table 1.

Besides, it can be known from the modeling software that there are differences between 
two kinds of prescriptions in terms of average medicine number. The test value of one-way 
variance F is 2.033 and the significance probability P<0.001. There are differences in terms 
of average ages of patients. The test value of one-way variance F is 1012.284 and the sig-
nificance probability P<0.001. There are also differences in terms of patients’ gender of two 
prescriptions. Statistic values of the chi-square test results are: 2χ  = 10.72, df = 1, P = 0.001. 
Consumption categories of patients are also different. Statistic values of the chi-square test 
results are: χ 2χ  = 1156.627, df = 1. P<0.001.

Medicines of the top 20 occurrence frequency in research samples that are categorized 
in line with ATC are presented in Table 2. The number of research samples is 47,132 like 
Table 1, including 1001 kinds of medicines. There are altogether 222 categories according to 
ATC codes of the third layer. The total number of medicine categories with top 20 use fre-
quency takes 50% of the total. Conclusions shown as follows are drawn from Table 2:

1. Top ranked medicines are mainly antithrombotic drugs (B01A), calcium antagonist 
(C08C), hypolipidemic drugs (C10A), antagonist of angiotensin II (C09C), oral anti-
diabetic drugs (A10B), and other drugs for chronic diseases like high blood pressure and 
hyperglycemia.

2. There is only one antibacterial drug, namely antibacterial drug of β lactam (mainly cepha-
losporin), which takes 2.63% of the total number and ranks the eighth. The number of its 
prescriptions ranks the sixth and the association with other medicines is medium.

3. The association diagram of top 20 medicines in the research sample is shown in Figure 2.

Association rules between antibacterial medicines and other medicines of medical pre-
scription are presented in Table 3.

The following conclusions can be drawn from Table 3:

1. There are evident associations between expectorant (simple recipe), antibechic and com-
pound expectorant, Chinese patent medicines for clearing heat and removing toxicity, 

Table 1. Basic condition of outpatient prescriptions.

Categories

All prescriptions

Prescriptions 
with antibacterial 
medicines

Prescriptions 
without antibacterial 
medicines

Number
Percentage 
or other Number Percentage Number Percentage

Number of prescriptions 47132 100% 5132 10.89% 42000 89.11%
Ethicals
Total number of medicines 101284 100% 14452 14.27% 86832 85.73%
Total number of antibacterial 

medicines
5561 5.49% 5561 5.49% 0 0%

Average number of medicines 
in single prescriptions (SD)

2.149 1.147 2.816 1.308 2.067 1.098

Average age of patients (SD) 57.38 18.46 49.72 19.83 58.31 18.06
Patients gender
Female 24473 51.92% 2550 49.69% 21923 52.20%
Male 22633 48.02% 2571 50.10% 20062 47.77%
Unknown 26 0.06% 11 0.21% 15 0.03%
Consumption categories
Military medical reform 3948 8.38% 1021 19.89% 2927 6.97%
Medical insurance 33732 71.57% 2872 55.96% 30860 73.48%
Standard 9430 20.00% 1238 24.13% 8192 19.50%
Unknown 22 0.05% 1 0.02% 21 0.05%
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Table 2. List of top 20 medicines in the research sample categorized in line with ATC.

Categories of 
medicines A B C D E F G

D-1 B01A  4094 4.04  1 3771 8.00  1
D-2 C08C  3509 3.46  2 3445 7.31  2
D-3 Z13A  3320 3.28  3 3161 6.71  3
D-4 A02B  3137 3.10  4 2605 5.53  7
D-5 A10B  3016 2.98  5 2137 4.53  8
D-6 C10A  2898 2.86  6 2825 5.99  5
D-7 C09C  2875 2.84  7 2865 6.08  4
D-8 J01D  2659 2.63  8 2657 5.64  6
D-9 G04B  2110 2.08  9 1657 3.52 12
D-10 Z04C  1967 1.94 10 1846 3.92 10
D-11 Z13D  1907 1.88 11 1895 4.02  9
D-12 C07A  1667 1.65 15 1663 3.53 11
D-13 B03B  1600 1.58 13 1579 3.35 13
D-14 D01A  1532 1.51 14 1411 2.99 16
D-15 M01A  1519 1.50 15 1346 2.86 18
D-16 Z13B  1467 1.45 16 1422 3.02 14
D-17 S01A  1462 1.44 17 1039 2.20 23
D-18 V03A  1418 1.40 18 1418 3.01 15
D-19 M02A  1414 1.40 19 1357 2.88 17
D-20 A10A  1352 1.33 20 1237 2.62 19

44885 44.32

Note: A-ATC classification code; B-number; C-percentage of number; D-ordering in line with number; 
E-number of prescription; F-percentage of prescription; G-ordering in line with number of prescription; 
D-1: antithrombotic drugs; D-2: calcium antagonist; D-3: Chinese patent medicines (promoting blood 
circulation and removing stasis); D-4: medicines for peptic ulcer and gastroesophageal reflux; D-5: 
oral anti-diabetic drugs; D-6: hypolipidemic drugs; D-7: antagonist of angiotensin II, simple recipe; 
D-8: antibacterial drugs of β lactam (cephalosporin); D-9: medicines for urinary system, including 
antispasmodic; D-10: Chinese patent medicines (clearing heat and removing toxicity); D-11: Chinese 
patent medicines (nourishing blood and promoting blood circulation); D-12: β receptor retardant; D-13: 
vitamin B12 and folic acid; D-14: local antifungal drugs; D-15: anti-inflammatory and anti-rheumatism 
medicines, non-steroidal; D-16: Chinese patent medicines (activating blood circulation); D-17: anti-
infective medicines for ophthalmology; D-18: other medications; D-19: local treatment medicines for 
arthralgia and courbature; D-20: insulin and similar drugs.

Figure 2. Association diagram of top 20 medicines in the research sample.

other compound medicines for cold and other medications and “other antibacterial drugs 
of β lactam (cephalosporin)”.

2. The association rule 1 means that 710 prescriptions, which take 1.53% of the total, con-
tain expectorant; 29.86% of the 710 prescriptions contain “other antibacterial drugs of β 
lactam”. And the positive association coefficient of the two medicines is 5.22.
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3. The association rule 2 means that 764 prescriptions, which take 1.65% of the total, contain 
other compound medicines for cold; 25.13% of the 764 prescriptions contain “other anti-
bacterial drugs of β lactam.” And the positive association coefficient of the two medicines 
is 4.39.

4. The association rule 3 means that 1418 prescriptions, which take 3.05% of the total, con-
tain other medications; 21.16% of the 1418 prescriptions contain “other antibacterial 
drugs of β lactam.” And the positive association coefficient of the two medicines is 3.70.

5. The association rule 4 means that 1846 prescriptions, which take 3.98% of the total, con-
tain Chinese patent medicines for clearing heat and removing toxicity; 20.75% of the 1846 
prescriptions contain “other antibacterial drugs of β lactam.” And the positive associa-
tion coefficient of the two medicines is 3.63.

6. The association rule 5 means that 802 prescriptions, which take 1.73% of the total, contain 
antibechic and compound expectorant; 20.57% of the 802 prescriptions contain “other 
antibacterial drugs of β lactam.” And the positive association coefficient of the two medi-
cines is 3.59.

4 THE CONSTRUCTION OF DYNAMIC PRESCRIPTION DATABASE

The expected process of constructing dynamic prescription database goes in this way: Doctors 
make and print prescriptions at HIS medical workstation for patients and electronic prescrip-
tions are uploaded through local area network to HIS system server for storage. Prescription 
evaluation system server reads new prescriptions in HIS server periodically and incrementally 
through prescription reading tools, stores in local servers, and associates medicine informa-
tion in prescriptions and system medicine database, so as to generate the dynamic prescrip-
tion database. In the meantime, evaluation results are pre-stored in prescription evaluation 
system server through prescription evaluation program [8].

Main technical links of the above-mentioned expected process of constructing dynamic 
prescription database include the establishment of medicines information database, dynamic 
prescription database, and prescription evaluation program. The prescription evaluation pro-
gram is specifically elaborated in this paper, which is shown below:

The prescription evaluation is programmed with Microsoft Visual C sharp, the computa-
tional rules and codes of which are presented in Table 4.

In the meantime, setting functions of evaluation conditions should be added in the evalu-
ation program in order to meet different requirements of evaluation. For example, keywords 
can be selected for fuzzy search or multiple selection and screening of prescriptions, such 
as prescribing department, charge category, prescriber, pharmacy, date interval of treat-
ment, age of patient, specific name of medicine or category of medicine, diagnostic message, 
range of prescription amount, category of prescription medicine, and gender. Categorize all 

Table 3. Association rules between antibacterial medicines and other medicines of medical prescription.

Serial number 
of rules 1 2 3 4 5

Latter J01D other antibacterial drugs of β lactam (cephalosporin)
Former B05C 

expectorant
R05X other 

compound 
medicines 
for cold

V03A 
other 
medications

Z04C 
Chinese 
patent 
medicines

R05E antibechic 
and compound 
expectorant

Examples 710 764 1418 1846 802
Support degree 1.53% 1.65% 3.05% 3.98% 1.73%
Confidence degree 29.86% 25.13% 21.16% 20.75% 20.57%
Upgrade degree 5.22 4.39 3.70 3.63 3.59
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Table 4. The table of computational rules and codes.

Symbols Meanings
Computational 
rules

X The number of prescriptions in evaluation /
A The total number of medicines (total number of medicines 

in one prescription)
/

B The average number of medicines in prescriptions A/X
C The number of prescriptions containing antibacterial /
D The percentage of using antibacterial C/X
E The number of prescriptions containing injection /
F The percentage of using injection E/X
G The total number of basic medicines in prescriptions 

(total number of basic medicines in one prescription)
/

H The percentage of basic medicines in prescription medicines G/A
I The total number of medicine common names in prescriptions 

(total number of medicine common names in one prescription)
/

J The percentage of medicine common names in prescription medicines I/A
K The number of prescriptions containing Chinese patent medicines /
L The percentage of using Chinese patent medicines K/X
M The total amount of prescriptions (the amount of each prescription) /
N The average amount of each prescription M/X

 prescriptions or prescriptions of any number in a certain period of time through a prescrip-
tion list, and carry out prescription evaluation and statistical operations under such condi-
tions as excessive charge, multiple departments, and multiple medicines [8].

5 CONCLUSION

In this paper, the author elaborates the current situation of  medical prescription after giv-
ing an overview, concludes that it is very necessary to establish a standard and scientific 
prescription management system, and puts forward a flow diagram of  prescription data 
analysis. It can be known from document literature that the core content of  data mining of 
medical prescription is medicine association. For this reason, the author proposes the algo-
rithm flow of  medicine association data mining of  medical prescription, carries out a mod-
eling of  support degree, confidence degree, and upgrade degree through PASWΔ Modeler 
software, and empirically analyzes 47132 copies of  outpatient medical  prescriptions. The 
empirical results show that this algorithm has strong applicability, which can be popular-
ized in different medical institutions. And in the end, for the convenience of  data mining 
of  prescriptions, the author puts forward the construction method of  dynamic prescrip-
tion database and specifically analyzes the computational rules of  prescription evalua-
tion program, so as to provide a theoretical reference for the normalization of  medical 
prescriptions.
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ABSTRACT: A Mobile Ad hoc Network (MANET) is comprised of a group of wireless 
mobile hosts which communicate with each other by relaying packets through intermediate 
nodes in the network. MANET breaks through the limitation of wired networks and can be 
applied in many scenes. As the most popular MANET routing protocol, Ad Hoc On-Demand 
Distance Vector (AODV) routing protocol attracts a lot of attention due to its suitability for 
different situations in MANETs. Practically, the use of AODV routing protocol may incur 
many problems, such as security, inefficiency etc. Thus, many different kinds of modified 
AODV came up aimed at alleviating such problems. In this paper, we present the character-
istics of AODV, especially its demerits, and analyze four main kinds of the current modi-
fied AODV protocols, including Modified AODV for Wireless Mesh Networks (WMNs), 
Secure AODV, Energy-conserving AODV and Modified AODV based on route mobility. 
These modified AODV protocols show great potential for commercial use by improving the 
spectrum efficiency, energy efficiency, or the security of the MANETs. Through analysis of 
AODV and AODV-based protocols, a protocol selection criterion is proposed for an actual 
MANET scenario.

Keywords: MANET; AODV; route mobility; security; energy-conserving

1 INTRODUCTION

A Mobile Ad hoc Network (MANET) is comprised of a group of wireless Mobile Hosts 
(MHs) which communicate with each other by relaying packets through intermediate nodes 
in the network [1]. Communication between these wireless terminals does not rely on any 
support of control centers or fixed infrastructure. In other words, each mobile node not 
only serves as a host but also as a router. For the reason that the traditional wired routing 
protocols cannot satisfy the requirement for MANET, a large number of routing protocols 
specially designed for MANET have been proposed in the past decades. Routing protocol 
plays a vital role in MANETs. To give a general understanding of MANET, its characteris-
tics, applications, and study issus are detailed as follows.

MANET has attracted a lot of attention over recent years as it breaks the limitation of 
wired networks and be able to access and share information anywhere in the world. It is char-
acterized by self-organization, multi-hop, dynamic topologies, non-centralized entity [2].

Because of the characteristics of MANET, its applications can be mainly categorized into 
the following several types [3]: (1) military communication (2) urgent rescue missions in the 
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disaster (3) sensor network (4) remote district or forest industry (5) temporary occasions such 
as academic conference (6) personal area network.

The research issues and future challenges [4] in MANET are analyzed below.

• Scalability is a significant problem related to the network capacity. The practical data rate 
will decrease with the increase of the number of nodes. Especially, a large quantity of con-
trol overhead introduced by the mobility of nodes and link changes causes a great waste 
of the capacity.

• Lack of a centralized entity and the wireless transmission make MANET susceptible to 
malicious behaviors and security threats. Security is a crucial problem which should be 
solved for the widespread use of MANET in the future.

• It is critical to extend the lifetime of the node battery and the whole network. The goals 
can be accomplished by developing better batteries and better transmission/reception 
technologies.

2 ANALYSIS ON AODV

As the most popular routing protocols in MANETs, Ad Hoc On-Demand Distance Vector 
(AODV) is widely researched due to the requirement for various applications. AODV con-
tains two stages of process: route discovery process and route maintain process [5].

2.1 Route discovery

When a source node (S) needs to send a message to a destination node (D) to which there is 
no valid route in its route table, or the route breakage occurs, it starts a route discovery proc-
ess shown in Figure 1. S broadcasts a route request (RREQ) message to its neighbors, and 
then if  the neighbor does not have a fresh enough route to D, it will record the route infor-
mation and broadcast the RREQ. The forwarding of RREQ will end when it reaches D or a 
certain intermediate node which has a valid route to D. For the reason that the intermediate 
nodes have recorded their own precursor lists, a reverse path can be established along which 
a corresponding route reply (RREP) message is sent back to the source. The use of sequence 
number ensures that the freshest routes are chosen, and route loop is avoided. S will choose 
the path with the first arrived RREP as the optimal route which has the least hops.

2.2 Route maintain

Due to the change of network topology, HELLO messages of each node are broadcast peri-
odically to its neighbors to discover the route breakage and repair route timely. When the link 
or path is found broken, route error (RERR) message depicted in Table 3 is sent or forwarded 
to inform the relevant nodes of route breakage. If  the broken route cannot be repaired by the 
corresponding strategy, S will restart route discovery process.

Figure 1. Route discovery process in AODV.
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2.3 Characteristics of AODV

AODV is designed for MANETs with mobile nodes ranging from dozens to thousands. It can 
deal with low to relative high speed and various levels of data communication. AODV can 
response quickly and timely to the changes of network topology. It can choose the optimal 
(the least hops) route and avoid loop by using sequence numbers.

However, AODV also has some demerits described in the following:

• It is assumed that in AODV all mobile nodes are authentic, such as in a network with 
predefined key or without malicious invasion node. However, in real application scenarios, 
MANETs suffer from many malicious attacks, such as message tampering attack, data 
dropping attack, message replay attack, which may paralyze the network.

• With the growth of network size or the node mobility, routing control overhead will 
increase. The bandwidth resource in MANET is scarce, so routing control overhead should 
be restricted within a certain range.

• AODV chooses the route path with the least hops as data transmission link, which may 
give rise to some defects. For example, for the network with quick topology changes, the 
link stability should be taken into consideration as selecting the optimal route path.

• AODV operates based on the assumption that all the wireless links are symmetrical. How-
ever wireless links in practical network are usually asymmetrical.

• Broadcast by flooding is frequently adopted in AODV. However, broadcasting is very inef-
ficient and can produce redundant message which consumes limited and precious node 
energy and bandwidth [6].

3 MODIFIED AODV PROTOCOL

AODV is extensively used and researched in regards to its characteristics and suitability 
for various network demands. We analyze research hot spots and share different ideas for 
improving the AODV protocol in the following sections.

3.1 Modified AODV for WMNs

As a promising technology for next generation, Wireless Mesh Networks (WMNs) can better 
serve various internet applications due to its characteristics, such as self-configuring, self-
healing, low cost in equipment and deployment. WMNs have flexible network types accord-
ing to the requirements of specific application. Three main types are presented as follows:

• Infrastructure mesh. The mesh is constructed by several routers, and client to client com-
munications can be achieved through these routers.

• Client mesh. The mesh is formed of several clients.
• Hybrid mesh. It is the hybrid of infrastructure mesh and client mesh.

AODV is widely applied in WMNs. However, as a special form of network, the use of 
AODV in WMNs inevitably causes some problems, such as safety and efficiency.

One idea for improving AODV in WMNs is making full use of its special architecture pat-
tern, in which there is no constraint on power consumption for the relative static mesh router 
backbone. A novel route maintenance technique was proposed depending on the character-
istics of mesh routers. With such technique link breaks can be quickly repaired [7]. For WSNs 
with static router backbone, a novel E-AODV (extended AODV) was put forward, in which 
route path with one hop between two mobile clients [8] are abandoned. The flowchart of this 
method is shown in Figure 2. The Mesh Router Count (MCR) variable in Figure 1 is saved 
in the reserved bits of AODV header and increases each time the static router forwards a 
RREQ. Multi-Radio extensions to AODV (AODV-MR) can make better use of the spectrum 
under high traffic load [9]. For Multi-Interface Multi-Channel (MIMC) WMNs, multi-target 
PREQ (Path REQest) technique, PREQ prediction and sender assignment algorithms [10] are 
adopted in OM-AODV (optimized MIMC AODV) to enhance performance.
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WMN can be regarded as a special case of multi-hop MANET which has flexible infra-
structure and requires high data throughput. Thus, AODV should be modified to be more 
suitable for WMN. Multi-Radio extensions to AODV can satisfy such requirements for 
WMN. However, the problems of AODV in MANET still exist in WMN, such as the mobil-
ity of nodes, spectrum efficiency, energy efficiency and security. The difference is that mesh 
client to mesh client communications can be achieved through mesh routers which are rela-
tive static and have sufficient energy supplement. Therefore, the challenge of WMN mainly 
relies on mesh clients. It is an effective approach to mitigate the common problems of AODV 
by making full use of the characteristics of mesh routers.

3.2 Secure AODV

Security in AODV is one of the most important topics. Nature of MANET, i.e. the collabora-
tive operation, open shared wireless medium, and absence of central management may incur 
some security risks, such as message tampering attack, data dropping attack, message replay 
attack. Another type of attack comes from the external network. So AODV protocol should 
incorporate some security mechanisms to mitigate these security threats [11].

Many proposed protocols are designed for preventing different types of attacks. SAODV [12] 
is one of the proposed secure routing protocols, which can weaken the message tampering and 
data dropping attacks effectively. Specification based intrusion detection is adopted in a pro-
posed secure AODV to differentiate the misuses of routing messages [13]. A modified AODV 
was designed for removing the common black hole attack in which fake RREP may be sent 
to S [14]. When the security mechanisms are applied to AODV, the control overhead should 
not increase too much for the sake of maintaining the performance of network. A secure 
AODV is put forward which can improve both the performance and the security factors [15]. 
In Secure efficient AODV (SEAODV) [16], one-way hash function and classical Hop-by-hop 
Efficient Authentication Protocol (HEAP) are used to protect the sequence number and hop 
count in control packets, which lead to a small increase on control overhead.

An effective security mechanism without too much increase of route overhead was pro-
posed in [17], in which nested message authentication is employed to efficiently protect AODV 
from most frequently attacks. Besides, the key pre-distribution technique is adopted to mini-
mize the overhead introduced by the sharing of the pairwise key between nodes at the runt-
ime. In this method, the Hop count Based Key Selection (HBKS) technique is applied for 
selecting keys according to the hop count value extracted from the control packet.  Flowcharts 
of secure message generation at S and integrity check at intermediate node using these tech-
niques are depicted in Figure 3.

In order to secure the AODV routing protocols, an effective security mechanism should 
be applied which can detect and prevent the common attacks from both real MANETs and 

Figure 2. Route discovery process of E-AODV.
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Figure 3. (a) Message generation at source node (b) integrity check at intermediate node.

external network. In many authentication techniques, keys or certificates should be distrib-
uted to each node to signify the authority of the router for participating in the exchange 
of data. One of the challenges of these techniques is that the overhead of distributing the 
keys or the certificates may lead to a reduction of throughput. Also, the requirement for too 
much processing power is another problem under the condition of limited battery power in 
MANET. Therefore, another key point of designing secure AODV is to control the overhead 
and the complexity of encryption and decryption within an acceptable limit.

3.3 Energy-conserving AODV

Due to the battery constraint of each mobile node in MANET, it is very necessary to add 
some energy-conserving and energy-management mechanisms in the original AODV proto-
col to maximize the lifetime of the whole network. For example, the node with more residual 
energy should be preferentially chosen as an intermediate node.

Energy-efficient route discovery method for AODV was proposed using the expanding ring 
search technique, in which redundant rebroadcasting of RREQ can be efficiently avoided [18]. 
There are four kinds of power related schemes to choose the optimal energy-minimum rout-
ing path, such as Minimum Total transmission Power Routing (MTPR) scheme,  Minimum 
Battery Cost Routing (MBCR) [19] scheme, Minimum Maximum Battery Cost Routing 
(MMBCR) scheme and conditional Max-Min Battery Capacity Routing (CMMBCR) 
scheme. Mounir puts forward an optimal-CMMBCR model for AODV to manage the resid-
ual energy and balance the traffic load of nodes [20].

Actually, the ideas of reducing the protocol control overhead can alleviate the energy con-
sumption of each node. An energy multi-path AODV was proposed in which multiple route 
replies are sent to avoid the power consumption caused by the link failure and the metric 
“residual energy of node” is incorporated in the process of choosing the route path [21]. In 
general, some techniques can be adopted to reduce the route control load or use some mecha-
nisms to manage residual energy of nodes to prolong the network lifetime.

We make a detailed description of a typical energy-saving mechanism for AODV applied in 
wireless sensor network. It was called AODV-ECA [22] which prolongs the lifetime of network 
by reducing and balancing the energy consumption in the route construction. In AODV-
ECA, energy conservation is achieved by switching nodes’ states between sleeping and work-
ing based on the Cellular Automata mechanism (CA). According to the state transition rule, 
the state of a node at present time changes following the states of this node and its neighbors 
at last time. The transition rule is depicted distinctly in the flowchart in Figure 4, where 
avr_energy denotes the average energy of the node and its neighbors at last time.
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Generally, lifetime of the network can be prolonged in two aspects, one of which is to save 
the energy consumed by the network, and the other is to balance the energy consumption of 
each node. One of the energy-saving mechanisms is to dynamically adapting the transmission 
power to the channel state, the packet size, or the neighbors of the node. In another respect, 
balanced energy consumption is preferred because if  the nodes with low residual energy are 
continuously selected to forward the package, the network will die fast. Thus, various next-
hop-node selection algorithms can be put forward to balance the energy consumption in the 
network.

3.4 Modified AODV based on route mobility

In high mobility MANETs, AODV will produce high control overhead due to link failure 
caused by highly dynamic topology changes. An effective solution for this problem is to 
choose the most stable route path. However, original AODV selects the path having the least 
hops to the destination as its route. In R-AODV, the destination chooses the path with the 
first arrived RREQ as the main route for data transmission and the path with the subse-
quently arrived RREQ as a back-up path which is used to transmit data when the main 
path breaks [23]. The stability of routing protocols can be predicted by some parameters of 
mobile nodes. MAODV (Modified AODV) uses Two Ray Ground model to predict link sta-
bility [24]. Stability parameters can be calculated by exchanging hello messages among mobile 
nodes, and then such parameters are attached to RREQ packet. The destination receives 
all RREQ packets during a short time, calculates the route stability factor and chooses the 
most stable path [25]. AD-AODV [26] introduced a new metric M combining hop number and 
average mobility of a route path in order to select the optimal path. The point of this kind of 
modified AODV is how to estimate the mobility of a path effectively and accurately. Another 
effective solution is to obtain the information about absolute mobility of nodes by using GPS 
(global positioning system). GPS can determine the geographical location of each node so 
that it is beneficial for limiting the flooding area of AODV and greatly controlling the mes-
sage overhead [27]. Another advantage is that by employing GPS, the mobility of route path 
can be more accurately predicted.

The detailed depiction on AD-AODV is given in Figure 5. It is known that the original 
AODV only considers the route hop in the route selection. However, the mobility of each 
node, which determines the stability of a route, has a great impact on the throughput of 
MANETs. Therefore, the route hop and the average mobility of a path are combined by a 
weighting factor, composing a new metric M. Such a new metric is employed to determine 
the route path in the route discovery process. Route selection in route discovery process is 
show in Figure 5.

In most of the mobility based AODV protocols, mobility is quantified by a certain value. 
The path with low mobility is preferred, because such path is more stable and can maintain 
for longer time until it breaks when one of the nodes moves outside the communication 
range. In such a case, mobility is considered to be disadvantageous because it will cause 
breakage of the route path such that a new route discovery process is reinitiated and the 

Figure 4. State transition rule based on the cellular automata mechanism.
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Figure 5. Route selection in route discovery process.

throughput of the network is reduced. However, we can also take advantage of the mobility 
to achieve several useful functionalities. For example, a mobile node can be viewed as a data 
mule when it moves from one place to another, or we can benefit from a location-dependent 
service when the location of the node is known [28].

4 CONCLUSION

Recently, interest in potential commercial applications for MANETs is rapidly growing. So 
far, MANET has been mostly deployed for the simulation based applications, rather for 
the commercial use due to various challenges, such as scalability, energy constraint, QoS, 
and security. To solve or alleviate these problems, routing protocols should be well designed 
or improved based on the previous ones. As the most popular MANETs routing protocol, 
AODV is widely researched for its suitability for different MANETs. In practical network and 
applications, the use of AODV routing protocol causes many problems, such as security, inef-
ficiency and so on. Therefore, a large number of researchers have been conducted in order 
to improve the performance of MANETs by designing the improved AODV. Given the inse-
curity of MANET, security mechanisms such as the detection of abnormal behaviors and 
the authentication techniques can be employed to protect the network from many attacks. 
Considering the limited battery power of each mobile node, energy-saving mechanisms and 
energy-balancing mechanisms should be applied to AODV to prolong the lifetime of the 
network. To handle the mobility of nodes, nodes with high mobility should be avoided in 
the route path selection to maintain the stability of the route. In spite of a large amount of 
research on the routing protocols of MANET, more effective protocols should be developed 
for its widespread use in commerce.

Issues of AODV which need studying further in the future are presented in the following:

• Methods for objectively evaluating or exactly selecting suitable improved versions of 
AODV for specific MANETs are required. Generally, many modified versions of AODV 
only focus on alleviating one aspect of problems. When choosing an improved AODV for 
actual MANET focusing on one or two aspects of problems, some effective improvement 
of these methods is really needed while the performance of AODV in other aspects should 
not be greatly affected.

• The modified AODV which can efficiently improve the overall performance is in need. 
Effective improvement of AODV performance may be achieved by SEAODV, AD-AODV 
approaches, while route control cost increment must be restricted within a reasonable 
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range. Regarding specific requirements of a practical MANET, several aspects of modi-
fied AODV, such as network scale, mobility, cost, security etc., should be considered for 
the overall performance improvement.

• It is a trend that parameters in AODV are dynamically adapted to specific MANETs scale, 
bandwidth and so on. By adding an intelligent function, modified AODV can quickly 
estimate some values in practical network and tune protocol parameters. This kind of 
mechanisms can greatly enhance the performance of MANETs.
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ABSTRACT: In order to improve the matching speed of Automated Fingerprint Iden-
tification System, the GPU fingerprint recognition technology is mentioned in the paper. 
By discussing the speed bottleneck of AFIS, the GPU technology is introduced. Through 
analyzing the advantages of GPU, it can be well applied on the AFIS. Then, the speed ratio 
data are given through the comparison examination of GPU and CPU fingerprint matching. 
Finally, the conclusion is given.

Keywords: GPU; CUDA; fingerprint technology; AFIS

1 INTRODUCTION

Automated Fingerprint Identification System (AFIS) has been used since 1990 in China. 
At present, all provinces have established AFIS. In 2005, the country had more than 
30  million people’s Fingerprint records and this data rose to 70 millions in 2010. At present, 
Beijing police has local fingerprint data stamped about 3 millions and more than 2800  million 
other provinces’ data.

There are two reasons for the rapid growth of the Fingerprint records: on the one hand, 
the capacity of the fingerprint system database was expanded every year; on the other hand, 
fingerprint application model has been further expanded, previous fingerprint identification 
system is used only by fingerprint technicians, and now non-professional police officers are 
also flexible and easy to use. In addition, with the ongoing urbanization in China, the number 
of crime committed by floating population is increasing every year. This leads to the demand 
for the inter-provincial fingerprint query more and more. We can see starkly, with the capac-
ity of fingerprint database growth, business development needs, the growing number of que-
ries, fingerprint query speed must be faced with higher requirements.

2 DEVELOPMENT STATUS OF AFIS

One of the most important fields of AFIS is the fingerprint matching. The speed ratio on the 
performance of traditional has been dependent on computer hardware. In recent years, with 
the increase of the quantity of fingerprint database, and more and more query task, there is 
a much higher demand of the speed of data query. The single way of fingerprint cannot be 
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satisfied with the needs of the modern query requirement. While multi-computers parallel 
alignment can improve the matching speed, it also has a lot of bottleneck.

First, there are difficulties in data updating; second, multi-computers occupy large area 
and the power consumption is also big. So the AFIS needs to be more integrated.

3 DEVELOPMENT OF GPU TECHNOLOGY

In recent years, due to the manufacture technology development is slow, the development of 
the clock frequency encountered bottleneck. The running speed of single-core processor is 
partially restricted and the clock speeds raised slowly. Single thread processing is dictated by 
these factors. Moore’s law can provide hundreds of millions of transistors for processing. But 
in order to run a single thread, the vast majority of these transistors are used to manufacture 
the cache (Cache). While this method can put the processor power control in the reasonable 
scope, it also hinders the further performance improvement.

Because CPU is suitable for the general program, so it not contains specialized hardware 
for special function.

In addition, the CPU programming model is serial; in the program the data parallelism 
cannot be well used. CPU hardware reflects this programming model that CPU handles only 
one task at a time. GPU (Graphics Processing Unit) can effectively use the resources of a huge 
number of transistors. Due to the highly parallel graphics rendering process, the performance 
of the GPU is growing exponentially. The graphics rendering requires high-density parallel 
computing. So GPU doesn’t like CPU use more transistors into the data cache and flow 
control; GPU uses the vast majority of transistors in data processing (for example, GeForce 
GTX 280 has 240 stream processors). Such graphics rendering functions can be used in many 
other fields; many stream processor of GPU can be used to solve the requirement with high-
speed parallel processing and can greatly reduce the computational complexity.

With the development of GPU technology the update speed of the graphics hardware is 
becoming more and more faster. Since GPU proposed in 1999 by NVIDIA, its development 
speed is three times more than the CPU. Parallel computing previously has been limited in 
the large-scale server clusters and supercomputers field. Standard CPU architecture is suit-
able for the management of a plurality of discrete tasks but some tasks can be subdivided 
into a number of smaller units and can be parallelized. GPU through the single instruction 
and multiple data types of instructions to support the data parallel computing, in this way 
the calculation ability is amazing.

GPU can provide special hardware for special duties which efficiency is much higher than 
CPU.GPU is suitable for following application: 1. big datasets; 2. high parallelism; 3. low 
data coupling; 4. high density calculation; 5. less interaction with CPU.

The dawning nebulae, based at the national super-computing center in Shenzhen, China, 
has achieved a sustained computing speed of 1.27 petaflops—the equivalent of one thousand 
trillion mathematical operations a second—in the latest semiannual ranking of the world’s 
fastest 500 computers. The dawning nebula uses NVIDIA Tesla C2050 GPU to assist to 
handle the program and composed of 4640 calculating unit. This efficient heterogeneous col-
laborative computing mode makes the speed of computing improve a lot.

4 GPU TECHNOLOGY IS USED IN AFIS

CPU is the leader in serial computing, whereas GPU is the leader in parallel computing. The 
rapid development of parallel computing technology has brought about new opportunities to 
us. GPU technology has become a major direction in parallel computing. The application of 
GPU is not as easy as CPU. We have to modify the application code according to the parallel 
feature of GPU for higher efficiency. For this reason, we develop new fingerprint matching 
algorithm by using NVIDIA’s CUDA technology which has been achieved faster computing 
with GT200 Series graphics of the NVIDIA.
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4.1 Fingerprint matching algorithm based on GPU technology

Under the framework of CUDA, thread is the smallest unit of graphics chips in running 
time. Multiple threads form a block which can access the same piece of shared memory. The 
thread of CUDA is lightweight, according to this, we make every finger characteristic points 
corresponds to one thread which performs calculations associate with the feature points, and 
all the threads of each block will to complete a whole fingerprint points calculation.

The memory chips of CUDA are made up by constant memory, global memory, share mem-
ory, and texture memory. The capacity of global memory is most that can be used for storing the 
characteristic points which are waiting for been calculate. The capacity of constant memory and 
share memory are 64 K and 16k, respectively; they are both applicable to store the computed 
result which is not fully completed. Because of the full use of constant memory and share mem-
ory we can improve the speed of data accessing and improve the efficiency of the program.

4.2 Implement in the host

The host of the system controls the whole flow of the program and data management that 
mainly includes the following parts:

1. Data initialization
This part will make the crime scene fingerprint and fingerprint record to generate uchar3 
and uchar4 data array according to the CUDA data format. The CudaMallocHost func-
tion distributes the data of host and the CudaMalloc function distributes the data of 
Device. For the data of fingerprint records been stored in the separate memory which 
include information such as pattern, center, triangle and the number of feature points.

2. Data copy
In this part we use CudaMemcpyToSymbol function to make data structure of the scene 
fingerprint feature points to copy to the constant memory structure of CUDA which is 
used by the device. Then we use CudaMerncpy function to make data structure of the fin-
gerprint records feature points to copy to the corresponding memory structure of CUDA 
which is used by the device.

3. Texture binding
In this part we use CudaMallocArray function to allocate the CUDA array and cudaM-
emcpyTOArray function to copy the fingerprint records feature points array to CUDA 
array then use cudaBindTextureToArray function to make the CUDA array and texture 
to bind.

4. Kernel function called
Because of the memory limit of the GPU device we cannot load all query fingerprint 
database into the GPU device memory. So, we have to match data to complete multiple 
iteration process outside the kernel according to the BLOCK_NUM.

5. Return the value of result
Using cudaMemcpy() function to copy the result of GPU device to the host.

6. Free space
When we use cudaMalIocHost function to allocate the memory of host we have to use 
CudaFreeHost function to free the space. We use cudAFreeArray() function to free the 
space of CUDA array and use CudaUnbindTexture() function to unbind the texture.

4.3 Program procedure in device

See Figure 1.

4.4 Fast matching algorithm of fingerprint based on the Tesla architecture

At present, single-precision performance of GPU is better than double-precision perform-
ance. Aiming at the second generation product architecture limits of NVIDIA, we use the 
resources in a reasonable way, take full advantage of constant memory, global memory, share 
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memory, and texture memory. We store the fingerprint of the scene in the constant memory 
then make the query fingerprint database to bind with texture memory, in this way, we can 
take full use of the share memory to store the intermediate calculation results to avoid read 
data from Bank conflict.

4.5 Three level comparison of fingerprint

In first level we use GPU to complete a rough matching under very high speed which screen-
ing rate can achieve at 1%. In second level we use CPU to calibrate the results of first level 
which accuracy can achieve at 10%. In the third level we use accurate matching algorithm 
to get the final matching results. The test shows that this strategy can make the accuracy of 
final matching results achieve at 98%. That means for the database of millions of people the 
precise matching is only required to complete the 10000 person’s fingerprints feature points 
calculation. This strategy not only improves the matching efficiency but also improves the 
matching accuracy that makes full use of GPU rapid parallel computing function.

5 EXPERIMENT

Comparison of the computing time of GPU and CPU is based on the same data. Random 
scene fingerprints and suspect fingerprint database were used for testing. The fingerprint 
matching computation time is relate with suspect fingerprint database size and number of 
fingerprint feature points, therefore, respectively according to the different suspect fingerprint 
database scale and scene fingerprint feature points number for testing. The test environment 
includes CPU: Intel core i5 dual-core processor, 2.67 GHz; memory: 4 GB; GPU: GeForce 
GTX 580. This GPU is Fermi architecture, 1.5 GB memory, 16 SM (Stream Multiprocessor), 
512 SP (Stream Processor).

5.1 Test 1: Different archive fingerprint database scale (scene fingerprint point number is 15)

Test result is shown in Table 1.
Through Table 1 data, we can obtain the speedup ratio of CPU.

Figure 1. Diagram of program procedure in device.
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Table 1. The test result of different suspect fingerprint database scales (unit: second).

Type

Archive scale

1000 10000 50000 200000 390000 780000 1170000

CPU 0.640 5.531 26.688 108.844 216.687 432.906 645.859
GTX580 0.865 2.229 4.282 8.336 11.900 24.036 35.762
Speedup ratio 0.74 2.481382 6.232602 13.0571 18.20899 18.01073 18.05992

Table 2. The test result of different scene fingerprint point numbers (unit: second).

Type

Feature point number

6 10 15 20 30 50 70

CPU 205.390 212.062 216.687 277.343 301.078 274.937 384.343
GTX580 10.009 10.65 12.072 14.665 17.056 20.837 29.572
Speedup ratio 20.52053 19.91192 17.94955 18.9119 17.65232 13.19465 12.99686

It can be seen that with the increase of data size, speedup ratio gradually increased. It is 
linear after 390000. Because GPU memory capacity is limited, the template data is submitted 
circularly every 390000 in development. If  the data cannot be divided into the entire length, 
it will be filled empty data.

5.2  Test 2: Different scene fingerprint point number (suspect fingerprint database scale 
is 390000)

Test result is shown in Table 2.
By the data in the Table 2, it is concluded that the speedup ratio using different number of 

feature point.
It can be seen that speedup ratio decreases gradually with the increase of feature points 

number. The number of feature points is between 10 and 30 usually, speedup ratio is steady in 
this area. Analyzing the main reason of speedup rate drop is: the CPU algorithm is a serial, in 
the process of coarse matching, when it find a target fingerprint is not in conformity with the 
conditions, it will no longer compute next steps. The anticipation will increase when feature 
points increase. But GPU parallel computing is a target for all the fingerprint feature points, 
cannot achieve the condition judgment between threads. So the GPU computing time signifi-
cantly longer with the increase of feature point, it cause speedup ratio decrease.

Although a single test data have certain limitations, the above test data can quantitatively 
reflect the GPU computation advantages compared with the traditional CPU computation.

6 CONCLUSION

For the first time in the world, GPU graphics computing technique is applied in the million 
level fingerprint matching calculation of fingerprint system successfully. The CPU matching 
rate is 4000 per second. But the core matching speed can reach 200000 per second when the 
matching algorithm is running in the NVIDIA GeForce GTX 275 and Tesla C1060. And it 
can achieve at 370000 per second when the algorithm is running in GeForce GTX 480 and 
Tesla C2050.

With the development of computer technology we will do further research of high perform-
ance CPU and GPU parallel programs which are used for AFIS. We believe that  application 
of GPU computing technology will solve crimes quickly and produce more and greater social 
benefits.
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An analysis on electrophysiological instrument in psychological 
information feedback and its application in researches of teenagers 
patriotism

Lihua Niu & Dongjie Wang
Psychological Teaching and Research Section, Langfang Health Vocational College, Langfang, Hebei, China

ABSTRACT: With the development of information technology, a variety of measuring 
instruments become active in our life, and electrophysiological instrument is one of them. It 
combines physical instruments and biological researches reasonably and carries our record 
and measurement on bioelectricity characteristics with the principle of electrophysiology.

In this paper, the author analyzes the application of electrophysiological instrument in 
psychological information feedback and emphatically studies the influence of electrophysi-
ological instrument on teenagers’ patriotism from the entry point of the principle of electro-
physiological techniques and its main technical classification as well as development process. 
Firstly, the author emphasizes the superiority of electrophysiological techniques and the 
comprehensive application based on the theoretical basis of electrophysiological techniques. 
Secondly, from the perspective of numerical analysis, the author specifically analyzes the 
development prospect of electrophysiological techniques and the application in psychological 
information feedback, especially in the cultivation of teenagers’ patriotism. And finally, the 
author finds out that electrophysiological techniques play a key role in promoting the study 
of psychological problems. In the example of teenagers’ patriotism, the contribution rate of 
electrophysiological techniques in psychological information feedback is relatively high.

Keywords: electrophysiological techniques; information feedback; teenagers’ patriotism

1 INTRODUCTION

With the coming of Big Data Age, there are some organizations in the society, who bewitch 
adolescent by disseminating bewitching information so as to fluctuate our adolescents’ patri-
otism. In this paper, from the feedback of teenagers’ psychological information through elec-
trophysiological instrument, the author knows the psychological tendency of adolescents in 
China, which helps to establish correct patriotic value.

Based on relevant literature, Yanru Hu visits many experts of neurophysiology and 
concludes in her paper (Application of Nerve Electrophysiological Techniques in Exercise 
Physiology) that nerve electrophysiology has a history of nearly one hundred years so far 
since scholars began their studies. And now, nerve electrophysiological techniques are rela-
tively mature. The next question is how to apply nerve electrophysiological techniques to our 
daily life. In this paper, the author suggests that this technique can be applied to exercise 
physiology, especially the information feedback of teenagers’ patriotism, because nerve elec-
trophysiological techniques provide an accurate technical support for it.

In his paper, An Empirical Study on the Current Situation and Influence Factor of Teen-
agers’ Patriotism, Dongliang Zhou finds out that teenagers have the access to a great deal 
of information with the population of TV, computer and mobile phone, and some of the 
malicious information might hinder the establishment of our teenagers’ patriotism. This 
kind of information seriously threatens the growth of teenagers. If  corrections cannot be 
given to these teenagers timely, our national security might the severely threatened in future. 
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Based on these studies, the author gives suggestions in establishing teenagers’ patriotism, 
which are worthy thinking deeply.

In her paper, A Study on Teenagers’ Patriotism from the Psychological and Physiological 
Perspectives, Lingling Li discusses teenagers patriotism through psychology of adolescence 
from the aspect of teenager mental activities and concludes that teenagers aged between 13 
to 18 are vulnerable to outside interference. They have poor control over their own behaviors. 
Thus, teenagers at this stage should arouse people’s attention particularly. This is also a 
critical stage for teenagers to cultivate patriotic value. For this reason, our country should 
intensify patriotic educational activities for teenagers at this stage, so as to cultivate excellent 
patriotic talents. Our country can become more powerful only in this way.

Based on a great deal of references, the author visits authoritative experts of psychol-
ogy, pedagogy and patriotism, specifically analyzes influence factors of the establishment of 
teenagers patriotism, and reflects their psychological changes through electrophysiological 
instrument, laying a solid foundation for the establishment of teenagers patriotism.

2 MODEL ESTABLISHMENT

2.1 Theoretical introduction of electrophysiological instrument

2.1.1 The principle of electrophysiological instrument
Electrophysiological techniques are techniques of measuring, recording and analyzing elec-
tric phenomena (bioelectricity) and electric characteristics of living organisms, which are 
stimulated in various forms of energy (electricity, sound, etc.).

The basic principle of biological electric measurement technology goes like this: lead the 
weak bioelectricity out of organism through electrode and then amplify it through bioelectric 
amplifier so as to display the waveform in displayers like oscilloscope. Further analysis can be 
conducted through careful record, observation, and data measurement, analysis and storage. 
The biological electric measurement technology is frequently used in measuring parameters 
of resistor, capacitor and inductor of organism.

2.1.2 Development of electrophysiological techniques
Electrophysiological instruments are widely used in many areas. In 1849, Dubois Raymond 
mentioned electrophysiological techniques in his paper, namely A Study on Animal Electricity. 
He mainly studies stimulation technique (induction coil) and records the development of this 
technique, which is the basis of electrophysiological techniques.

In 1922, Erlanger use cathode-ray oscilloscope to record biological electricity. In the 
process of this application, the invention of electronic valve amplifies the weak biologi-
cal electric signal in organism for the convenience of observation. These are precursors of 

Figure 1. The basic principle of biological electric measurement technology.
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electrophysiological techniques, marking the beginning of electrophysiological techniques. 
At the preliminary stage of electrophysiological techniques studies, it can be only used in 
recording synchronized electric activities of large quantities of cells. Afterwards, electrophys-
iological techniques gradually make progress in both microscopic and overall aspects.

Microscopic aspect: In 1949, G.Lenin recorded electric activities of cells by inserting 
microelectrodes to micro cells. This was when electrophysiological techniques were upgraded 
from the initial stage to cell level. In 1976, E.Nell observed the electric activity of single ion 
on cell membrane by stripping membranes. This was when electrophysiological techniques 
were upgraded from cell level to molecular level.

Overall aspect: With the development of computer, electric activities of small groups of 
cells deep inside bodies of human beings or animals can be also perfectly recorded. Although 
these kinds of activities are weak, they can still be measured by advanced computer technolo-
gies without damage to human body.

2.1.3 Classification of electrophysiological techniques
Electrode can be divided into two categories in terms of leading bioelectricity, namely large 
electrode and micro electrode. Normally, large electrodes are metal wires or sheet metals, the 
area of which is only a few square centimeters. Bioelectricity can be acquired by putting a 
large electrode at the measuring place of the organism. It can be seen from recorded data 
that the bioelectricity is formed by electric activities of multiple cells (such as an organ). 
For example, electrocardiogram, an essential physical examination, can be used in examining 
various diseases of body. The electrocardiogram can be obtained by putting large electrode 
near the heart, showing electric activities of heartbeat and knowing the function of heart.

Figure 2. Development of electric physiological instrument.

Figure 3. The micro and electrophysiological techniques.
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Biological amplifier is used in amplifying weak bioelectricity inside the body of organism. 
The bioelectricity energy in cells of organism is extremely low, which can be only observed 
with biological amplifier. Biological amplifier with large electrode features low noise, low 
drifting and strong ability of restraining electrical interference from both outside world and 
the inside of organism, while biological amplifier with micro electrode has extremely high 
input resistance and is able to reduce the compensating circuit of input capacitance so as to 
amplify bioelectricity energy with fidelity. The influence of amplifier’s grid current on cell 
excitability must be prevented in the process of recording by microcircuit in cell body.

Common displays and recording instruments include tape recorder, pen recorder, XY 
recorder and oscilloscope. All these instruments are key equipments for recording infor-
mation of bioelectricity and physiological indexes changes in the process of bioelectricity 
measurement. For bioelectricities that change slowly (such as electro-cardio, electroencepha-
logram, etc.), pen recorder can be used for direct recording. For bioelectricities with low fre-
quency or direct current, tape recorder can be applied for recording. For bioelectricities that 
change frequently (like peak-shaped discharge of nerve cell), oscilloscope is commonly used. 
Frequently used displays and recording instruments become more and more advanced with 
the development of technologies. For example, the recorder pen of XY recorder can move 
along both X axis and Y axis, which stand for two different parameters respectively.

The telemetry technology is commonly used in recording and measuring free activities and 
strenuous exercises of human beings or experimental animals or bioelectricity from distant 
space. The principle of this technology is like this: amplify signals, modulate signals, and 
then transmit signals through radio wave. In receiving radio waves, the original bioelectricity 
is displayed and recorded through amplification and modulation. The telemetry technology 
is able to measure distances from a few meters to thousands of kilometers. Therefore, it is 
extensively applied.

Figure 4. ECG.

Figure 5. Observation of cell biological amplifier.
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2.2  A discussion on development prospect of electrophysiological instruments 
based on time sequence model

Trend extrapolation prediction is one of methods of time sequence, the main idea of which is 
to find out the general rule of development on the basis of development process and practical 
documents so as to predict the development trend over a period of time in the future. Main 
steps of the prediction method are presented in Figure 7.

Commonly used mathematical models of trend extrapolation prediction include exponen-
tial curve, modified exponential curve, logistic curve (growth curve), envelope curve, etc. The 
development prospect of electrophysiological techniques can be predicted by trend extrapo-
lation prediction of time sequence.

The development of everything has a certain limit. The method of modified exponential 
curve overcomes the defect of exponential curve that the predicted value increases unlimit-
edly over time in the process of prediction, so that the prediction is more close to the real 
change rule. The mathematical model of modified exponential curve is:

 ˆ t
ty K abˆ = +t  (1)

Here, K, a, b are determined by historical data.
Electrophysiological techniques involve a wide range of fields, including electrode, bioelec-

tric amplifier, display, recording, telemetry technology, etc. Besides, the biological electrical 
properties measuring technique is widely applied as well.

The above-mentioned electrophysiological techniques can be described by time sequence. 
The main establishing steps of the model are as follows:

Modified exponential curve is used to describe this phenomenon:

1. Rapid growth in early stage and the growth rate decreases gradually afterwards;
2. When b0 0a <a 0 1b< <, ,0a <a , t b→ , 0abt → , that is ˆty Kˆ →t .

Figure 6. Common display and recording instrument.

Figure 7. Trend extrapolation prediction steps.
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When the value of K is determined, parameters of the model can be also determined 
through least square method. If  the value of K cannot be pre-determined, the method of 
three sums can be applied.

Divide n observed values of the time sequence equally into three parts, and each part con-
tains m periods, namely n = 3m.

First part: y1, y2, y3, …, ym;
Second part: ym+1, ym+2, ym+3, …, y2m;
Third part: y2m+1, y2m+2, y2m+3, …, y3m.
Here, the trend sum of each part equals the related sum of observed values, and parameter 

estimation is thusly obtained. Steps of the three sums method is presented as follows:
The sum of each part of observed values is:
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Here: ( )( ) 12 1 =) −)()( bm) =))( b .
Therefore, conclusions about the development prospect of electrophysiological techniques 

can be drawn through modified exponential curve of time sequence:
All kinds of scientific technologies become gradually mature with the development, including 

electrode, bioelectric amplifier, display, recording, telemetry technology, biological electrical prop-
erties measuring technique, etc. Different technologies have different contributions to biology. 
The biological electrical properties measuring technique is the most frequently used one.

2.3  A study on the application of electrophysiological instruments 
based on teenagers’ patriotism

It can be known from the above introduction that electrophysiological instruments have great 
influence on psychological information feedback. Teenagers are the hope of a nation and 
their psychological problems are always the key point of teenager education.

Figure 8. Classification of electrophysiological techniques.
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Teenagers’ patriotism is of great importance for the cultivation of teenagers’ sense of 
responsibility. For this reason, the study is carried out on the contribution rate of electro-
physiological instruments in cultivating teenagers’ patriotism.

There are various ways of solving contribution rate. The solution of contribution rate can 
be also taken as the solution of weights, so several different methods can be applied here, 
including variation method, fuzzy comprehensive evaluation, analytic hierarchy process, goal 
programming method, etc. Here, variation method is applied in the solution of contribution 
rate of electrophysiological instruments in cultivating teenagers’ patriotism.

Variation method is a classic mathematic method of solving problems of functional 
extreme value, which is widely used in different fields. In variation method, the principle of 
extreme value and Hamiltonian function are very important. The principle of the maximum 
(minimum) value is:

Suppose the controlled system is

 ′x f t x u x t x0( , , ). (, , ). ( 0′ = =( ) ( )) ( 0

The entire control strategy u(t) constitutes the bounded set U, and solve u(t) ∈ U. 
 Performance index

 
J t t x u dtf fx
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tft
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reaches the maximum (minimum) value.
The principle of the maximum (minimum) value: f(t, x, u), ϕ(tf, x(tf)), F(t, x, u) are continu-

ously differentiable. u*(t) and x*(t) are determined by the following essential conditions.
The Hamiltonian function is:
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As the function of u(t), the optimal strategy u*(t) should satisfy
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With the instructional idea of the variation method and under the limitation of teenagers’ 
patriotism, the contribution rate equation of electrophysiological techniques is constructed 
as below:
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Figure 9. Effects of electric physiological instrument for teenagers’ patriotic sense.
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It can be obtained from the solution that:

 
u t*( )t .

. .= ≤ ≤t{1 0 9 8.
0 9 8 2t≤ ≤tt 3 5.

The above result is the contribution rate of electrophysiological techniques under the limi-
tation of teenagers’ patriotism. Thus, it can be known that electrophysiological techniques 
are of certain significance for psychological information feedback in the process of cultivat-
ing teenagers’ patriotism. So, electrophysiological techniques can be applied to observe and 
measure teenagers’ patriotic feeling.

3 CONCLUSION

The study of this paper is carried out on the basis of electrophysiological techniques. Through 
the introduction on the principle of electrophysiological techniques, main technological clas-
sification, development process and basic theoretical foundation, the author lays a founda-
tion for the research on its application, especially in the cultivation of teenagers’ patriotism.

Firstly, a comprehensive discussion is given on the basic principle and development process 
of electrophysiological techniques. Through systematic analysis and theoretical research, the 
author finds out that electrophysiology is to lead out weak bioelectricity from organism 
through electrode and amplify the bioelectricity with bioelectrical amplifier so as to display 
the waveform on displayers like oscilloscope. This technology is widely used in biological 
world and is of great significance for clinical research. The technology has become mature 
gradually since the discovery of stimulation technology. Various kinds of electrophysiological 
techniques, such as bioelectrical amplifier, telemetry technology, etc., are also being widely 
used in different researches and experiments.

Secondly, according to the method of numerical analysis, the author also specifically ana-
lyzes the development prospect of electrophysiological techniques and its psychological infor-
mation feedback, especially the cultivation of teenagers’ patriotism. It can be found from 
numerical comparisons that the application of electrophysiological techniques in biological 
field has been spread to researches of human psychology. This study has bright prospects and 
deserves to be learned and used for reference in psychological researches.

REFERENCES

[1]  Lu, X.Z. (2002) A brief  introduction on the development status of electrophysiological instruments. 
Medical Equipment.

[2]  Wang, Y.S. (2011) A research on dress contact comfort based on electro-neurophysiology. Donghua 
University.

[3]  Liu, S.S. (2011) The application of physiological instruments in language rhythm research. Journal 
of Northwest University for Nationalities.

[4]  Hu, Y.R. (2013) Application of nerve electrophysiological techniques in exercise physiology. Chinese 
Journal of Rehabilitation Medicine.

[5]  Peng, S.Y. (2013) Application of multifocal visual technology in visual function evaluation. Journal 
of Forensic Medicine.

[6]  Shang, Y.Z. (1992) A study on detecting antifeedant effect of plant pheromone through 
 electrophysiological techniques. Progress in Natural Science.

[7]  Zhou, D.L. (2011) An Empirical Study on the Current Situation and Influence Factor Of Teenagers’ 
Patriotism. Shanghai: Shanghai Normal University.

[8]  Li, L.L. (2011). A Study on Teenagers’ Patriotism from the Psychological and Physiological 
 Perspectives. Shanghai: Shanghai Normal University.

FRANKIC_Book.indb   90FRANKIC_Book.indb   90 3/6/2015   9:58:52 AM3/6/2015   9:58:52 AM



Information Technology and Career Education – Shao, Shu & Tian (Eds)
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02781-7

91

A study on the application of data mining in vocational education
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ABSTRACT: With the rapid development of modern information technology, communi-
cations technology, and computer technology, the application of data mining technology, an 
important branch of computer technology, becomes wider and wider. At present, the number 
of higher vocational students increases sharply, bringing a huge pressure to education admin-
istrators. This pressure comes from such aspects as student management, curriculum design, 
and teaching evaluation. A large amount of data in vocational education needs to be discov-
ered and studied in order to solve these problems scientifically. Data mining technology is a 
perfect tool. In this paper, the author carries out a study on association rules and classifica-
tion technology of data mining and applies data mining in the connection of middle voca-
tional courses and higher vocational courses as well as in teaching evaluation of vocational 
colleges, so as to provide guidance for the vocational education of China. Here, the author 
mainly studies the process of text mining technology and decision tree classification based 
on C4.5 algorithm, and conducts an empirical analysis on it. It can be known from the result 
of the empirical analysis that the widespread application of data mining technology plays a 
positive stimulating role in vocational education.

Keywords: vocational education; data mining; text mining; relevancy; decision tree

1 INTRODUCTION

It is now the age of information with various sources and huge amount. People become less and 
less interested in acquiring information while pay more and more attention on the extraction 
technology of useful information. Data mining technology plays a very important role in all 
kinds of areas. However, the application of data mining in education management is not deep 
enough, especially in vocational education. In recent years, the state vigorously advocates the 
development of higher vocational education and the number of students in higher vocational 
college increases year by year. There are higher requirements for teaching management meth-
ods with the change of teaching management model. In this paper, the author discusses asso-
ciation rules of data mining and the application of data classification in vocational education, 
so as to lay the foundation for improving the teaching level of vocational colleges in China.

Many people have made efforts in researching applications of data mining in  education. 
The application of data mining technology becomes wider and wider because of these 
efforts. Meanwhile, they also accelerate the pace of education reform. Zhengjun Wang (2014) 
presents the necessity of introducing data mining technology in higher vocational educa-
tion research and proposes the research idea of conducting personalized analysis on higher 
vocational students’ learning process by effectively using data mining technology and busi-
ness intelligence tools. On this basis, an overall framework of personalized learning analysis 
system of higher vocational students is put forward. It has such functions as data integration, 
data modeling, data analysis, and data expression [1]. Maoli Wang (2013) points out that it has 
become the objective of the integration of higher vocational education that key competences 
of employees are consistently required by job field. Based on features of regional economy 
and the AHP analytic hierarchy process of data mining, a method of analyzing weighted 
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 values of students’ key competences is explored in order to provide a scientific reference 
for the integrated cohesion of higher vocational education and formulating the integrated 
personnel training mode of connecting middle vocational education and higher vocational 
education [2]. Xianfang Wang (2013) indicates that conditions of using data mining technol-
ogy in vocational guidance are quite mature. It is able to obtain lots of valuable information 
by researching relevant data of vocational guidance with such methods as association analy-
sis, clustering analysis, factor analysis, and time series analysis, so as to effectively improve the 
pertinence and effectiveness of vocational guidance [3].

Based on previous studies, the author analyzes the connection of middle vocational courses 
and higher vocational courses as well as teaching evaluation of vocational colleges through 
data mining for the purpose of providing guidance for effective management of colleges and 
the improvement of students’ vocational skills.

2  AN OVERVIEW OF THE APPLICATION OF DATA MINING 
IN VOCATIONAL EDUCATION

Data mining, also known as knowledge discovery in database, means that interesting knowl-
edge can be extracted from large database or data warehouse. These are implicit, unknown, 
potential, and useful information. Extracted knowledge can be generally expressed in forms 
of concept, rule, law, mode, etc [4].

There are normally three methods of data mining, namely search, model representation, 
and model evaluation. Search refers to the process of looking for required information and 
knowledge in database through keywords or certain rules. Model representation is a lan-
guage describing modes that can be discovered. But this representation is limited too much 
to generate a clear model. Model evaluation refers to the quantitative description of meeting 
the target of data mining in a particular mode. For example, test data is frequently used in 
expressing the prediction accuracy. Availability, accuracy, inventiveness, and intelligibility of 
the prediction can be comprehensively evaluated in the description of model [5].

The application of data mining in vocational colleges can be mainly reflected in terms of 
curriculum design, teaching evaluation, score analysis, students’ ability analysis, etc. The main 
research content of this paper is the application of data mining technology in course connec-
tion and teaching evaluation of vocational colleges. Here, the former refers that vocational 
colleges are in an organic combination state, which is labor-divided and mutually connected 
without repetition, in order to realize their training objectives and blend courses together 
with the smallest teaching consumption. The purpose of the latter is to help colleges in micro 
and macro statistics, analysis, integration, and reasoning of data through data mining; find 
out unique pattern and tendency that are frequently appeared in vocational education by 
establishing and applying data mining model; discover implicit rules and features in educa-
tion process; and provide decision makers with correct basis in education reform, department 
adjustment, and course adjustment.

Association analysis and classification analysis are two main applications of data mining 
in vocational education. The purpose of association analysis is to explore the relation of data 
and provide a reference for the implicit practical meaning of variables. The purpose of classi-
fication is to discriminate different classes or levels and lay the foundation for taking targeted 
measures. An overview of the application of data mining in course arrangement, teaching 
quality monitoring, and online education is presented as follows, in order to lay a basis for 
the research purpose of this paper.

1. Applications of data mining in course arrangement: Courses in vocational colleges are 
arranged in line with special requirements of different majors, and courses are correlated 
mutually. Under normal conditions, students choose their basic courses according to 
majors and then choose professional courses. It might have an effect on subsequent learn-
ing if  leading courses are insufficiently learned. Teaching administrators are difficult to 
find the direct relation between leading courses and subsequent courses, so that there 
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might be deviation between teaching program and students’ practical accepting condition. 
Data mining technology can be applied here to arrange courses perfectly.

2. Applications of data mining in teaching quality monitoring: The real effect of teaching 
activities is directly reflected by teaching quality. Good teaching evaluations are able to 
promote, guide, stimulate, and regulate teaching quality. Teaching evaluation is an impor-
tant part of college management as well as a main means of teaching work. As for voca-
tional colleges, teaching evaluations should be conducted in every semester, thus producing 
a large amount of survey data from practical teaching management. The current teaching 
evaluations are mainly reflected by numerical calculation. Unified evaluations on students 
are comprehensively analyzed and the results of evaluations are taken as the main basis 
of teachers’ assessment and promotion without further consideration. Relations between 
factors of teachers’ gender, age, education background, title, and teaching quality can 
be mined through data mining technology so as to find out the main factors influencing 
students’ scores and help teachers change their teaching methods in time.

3. Applications of data mining in online education: Online education breaks through the 
time and space limit of traditional teaching mode. With multimedia and its features of 
large amount of information, strong interactivity, and wide coverage, online education 
becomes an essential teaching method in universities and colleges, which allows students 
to share learning resources. By combining traditional data mining with Web, it is able to 
extract potentially useful patterns and implicit information, in which students are inter-
ested, from Web document or some Web applications as the basis for providing students 
with personalized teaching services. Online education can be served better through opti-
mization of site construction of online education and promotion of site effectiveness. The 
Web flow of online education can be analyzed in order to process Web cache and access 
balance. The system performance of online education can also be improved so as to find 
out logical relationship of some pages, directly connect to frequently visited pages, and 
improve the site construction of online education.

Yanling Liao (2013) indicates that computer technology has penetrated in all aspects of 
social life, bringing an important effect on vocational education. With the advancement of 
educational information, large amount of complex data are generated thusly. In the face 
of such a huge data resources, it is an important problem for data mining on how to find 
implicit and useful knowledge from large amount of education data to guide education more 
effectively. With the continuous development and improvement of data mining’s application 
in education, people pay more and more attentions on this technology and the application 
in education becomes wider and wider. Besides, it also plays a positive role in promoting the 
reform and development of education [6].

3 APPLICATION OF TEXT MINING IN COURSES CONNECTION

3.1 The data mining method applied in courses connection

There are mainly two difficulties in courses connection of middle and higher vocational 
education:

1. Majors in middle and higher vocational education cannot be effectively connected and the 
relationship is not one-to-one, so that middle vocational students are unable to go for their 
higher vocational education, which means courses cannot be effectively connected.

2. Objectives of original course arrangement in higher vocational colleges are high school 
graduates of the current year. Basic courses are too difficult for middle vocational stu-
dents and there are repeated major courses.

Based on the above-mentioned two difficulties, instructions can be provided through data 
mining technology. The following two problems need to be solved firstly:

1. Make clear course relevancy of different majors in middle and higher vocational educa-
tion, so as to provide an accurate scientific basis for interdisciplinary connection.
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2. Make clear the relevancy of the same teaching content in middle and higher vocational 
education, so as to provide an accurate scientific basis for teaching hours allocation.

Text mining, an important branch of data mining, is specially centered on analyzing and 
searching text data, integrating many knowledge and techniques of various disciplines such 
as database, statistic analysis, machine learning, and pattern recognition. From the realiza-
tion of text mining, there are two main methods, namely analytical prediction and descrip-
tive statistics. The above-mentioned two problems are solved in this paper with text mining 
technology. The text mining process of large quantities of document collections includes 
data pre-processing, feature extraction, structural analysis, text summarization, text classi-
fication, text clustering, rational analysis, distribution analysis, and trend prediction. The 
general process of text mining is shown in Figure 1.

The process of text mining can be mainly divided into three links: text pre-processing, min-
ing analysis, and mode evaluation. Task objects of the three links are presented below:

1. Text pre-processing: Text pre-processing refers to selecting task-associated text and con-
verting the text into an intermediate form that can be processed by text mining tools. 
Pre-processing technologies mainly include segmentation, feature representation, and fea-
ture extraction. Compared to structural data in database, text are limited by structures 
or even without structures. In addition, the content of text is the natural language of 
human.  Connotations can be hardly processed by computers. The technology of data pre-
 processing is more important in text mining because of the particularities of text informa-
tion source.

2. Mining analysis: Mining analysis is to extract knowledge or patterns with specific appli-
cation targets through machine learning, data mining, and pattern recognition after text 
pre-processing. Common text mining analysis methods include text structure analysis, text 
summarization, text classification, text clustering, rational analysis, distribution analysis, 
and trend prediction. Methods of text similarity analysis, text clustering, and text associa-
tion analysis can be adopted in the connection of middle and higher vocational courses.

3. Mode evaluation: Mode evaluation and representation is the last link, where acquired 
knowledge and patterns are evaluated by defined indicators. If  the evaluation result 

Figure 1. General process of text mining.
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 conforms to the requirements, the pattern is then stored for user’s access. Otherwise, it 
returns to a certain former link for readjustment and improvement, waiting for a new 
round of discovery.

3.2 An empirical study on text mining in course connection

According to Specialties Catalogue of Middle Vocational School (Revision of 2010) issued 
by the Ministry of Education, the author conducts a correlation analysis on 56 instructional 
plans of middle vocational education developed by the education department of a certain 
province and the instructional technology and personnel training plan of marine engineering 
technology in a certain higher vocational college. Relevant data are shown in Table 1.

Conclusions can be drawn as follows from data and the histogram in Table 1:

1. Marine manufacturing and maintaining major of middle vocational education and marine 
engineering technology major are well-matched majors, which can be drawn from the 
comparison of relevancy.

2. Welding technology major of middle vocational education has certain correlation with the 
major of hull direction while less correlation with the other two majors.

3. Relevancies between machine manufacturing technology major of middle vocational edu-
cation and the other three majors are relatively balanced.

4. Electromechanical technology major and electric operation and controlling major of mid-
dle vocational education are more inclined to marine engine and electric directions.

5. Relevancies between tourist service and management major of middle vocational educa-
tion and majors of transmission engineering technology are not obvious.

The matching relation between majors of middle and higher vocational education can be 
drawn from results of the above analysis. However, the repetition degree of specific courses 
cannot be determined. As everyone knows, the higher the correlation between higher voca-
tional majors, the more similar courses are. The degree of similarity of courses can be ana-
lyzed by mining the content of courses, so as to instruct course arrangement and class hour 
allocation. In this paper, the author analyzes major courses with examples of marine man-
ufacturing and maintaining major of middle vocation and marine engineering technology 
major of higher vocation, results of which are shown in Table 2.

In Table 2, H stands for higher vocation and M stands for middle vocation. H1 to H9, 
respectively, stand for welding basis, marine chart, marine lofting, marine assembling opera-
tion, marine construction and maintaining, production design, gas cutting, interior decora-
tion material, and safety introduction; M1 to M10, respectively, stand for machine design, 

Table 1. Relevancy of marine engineering technology major in higher vocational education and other 
majors in middle vocational education.

Majors in middle 
vocational 
education

Majors in higher vocational 
education

H1 H2 H3

M1 0.725 0.619 0.591
M2 0.302 0.197 0.205
M3 0.283 0.290 0.283
M4 0.198 0.388 0.491
M5 0.119 0.241 0.322
M6 0.091 0.101 0.124

Note: M1: marine construction and maintaining; M2: application of welding technology; M3: machine 
manufacturing technology; M4: application of electromechanical technology; M5: electric operation 
and controlling; M6: tourist service and management; H1: direction of hull; H2: direction of marine 
engine; H3: electric direction; M: middle vocational education; H: higher vocational education.
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 electrician basis, structural drawing, marine principle, welding technique, structural 
strength, building and repairing technology, computer lofting, marine CAM, and safety 
management.

High relevancy between courses of  middle and higher vocational majors suggests con-
tents with more repetitions. The following conclusions can be drawn from data results in 
Table 2:

1. In higher vocational education, five courses of marine major—structural drawing, weld-
ing technology, building and repairing technology, production design, and safety intro-
duction—are excessively correlated with courses of middle vocation. This is repetitive 
learning, requiring course exemption or class hour reduction.

2. It is of great application value to apply data mining technology in the connection of mid-
dle and higher vocational courses. It helps to analyze course data rapidly and accurately 
so as to acquire correlations of different majors and courses in large quantities of texts, 
provide data basis and scientific support for course arrangement, and finally enhance the 
decision-making efficiency of course arrangement.

3. With the development of data mining technology, more mining technologies will be intro-
duced in various areas of vocational education, improving the overall quality of vocational 
education.

4  APPLICATION OF CLASSIFICATION TECHNOLOGY IN TEACHING 
EVALUATION

Data classification is one of the important tasks of data mining. Input data are generally 
analyzed in line with classified objectives of practical problems. An accurate description or 
a model of each category can be found through features of collected data. The classification 
technology adopted in this paper is based on decision tree, and this algorithm is applied in 
the teaching evaluation of vocational education. Students’ scores are important indicators of 
teaching evaluation. The content of this section is to carry out data mining on scores man-
agement system with the classification technology of decision tree.

4.1 Classification based on decision tree

Decision tree provides a method of  such rule that what value can be obtained under what 
kind of  condition. As shown in Figure 2, it is a decision tree established for solving a cer-
tain problem. It can be seen that the decision tree consists of  decision nodes, branches, 
and leaves. Each node of  the tree corresponds to a non-categorical attribute. Each branch 

Table 2. Correlation results of marine manufacturing and maintaining major of middle vocation and 
marine engineering technology major of higher vocation.

M

H

H1 H2 H3 H4 H5 H6 H7 H8 H9

M1 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
M2 0.08 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.03
M3 0.13 0.52 0.23 0.00 0.01 0.01 0.08 0.08 0.00
M4 0.03 0.02 0.00 0.00 0.03 0.08 0.02 0.02 0.00
M5 0.53 0.09 0.03 0.01 0.16 0.07 0.06 0.06 0.21
M6 0.07 0.07 0.03 0.00 0.00 0.09 0.03 0.03 0.00
M7 0.03 0.11 0.24 0.19 0.61 0.00 0.13 0.13 0.00
M8 0.05 0.20 0.41 0.00 0.10 0.09 0.02 0.02 0.02
M9 0.06 0.09 0.01 0.07 0.19 0.79 0.04 0.04 0.32
M10 0.10 0.01 0.00 0.01 0.06 0.08 0.02 0.02 0.58
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Figure 2. Diagram of the decision tree.

corresponds to possible values of  the attribute and each leaf  node of  the tree stands for a 
category.

There are many kinds of algorithms based on decision tree classification, such as CLS, 
ID3, CHAID, CART, FACT, C4.5, GINI, SEE3, SLIQ, and SPRINT. The most typical algo-
rithm is ID3. The algorithm of decision tree classification applied in this paper is C4.5, an 
improved algorithm of ID3.

C4.5 algorithm starts from all the training samples of root nodes of the tree, which are 
distinguished by an attribute. Each value of the attribute generates a branch and the cor-
responding sample subset of branch attribute value is moved to newly generated child node. 
This recursion of the algorithm is applied to all child nodes until all samples on nodes are 
classified in different categories. Each path to leaf nodes of the tree represents a classification 
rule. The critical decision of the generating algorithm of decision tree from top to bottom 
is the selection of attribute values of nodes. Different attribute values will cause different 
subsets, influencing the growth and the structure of the decision tree as well as the quality of 
rule information.

The attribute selection basis of algorithm C4.5 is to have the smallest information entropy 
contained in nodes of the decision tree, which means the information gain is the largest. 
Information gain is the core of algorithm ID3, the value of which can be acquired through 
the minus of the expected information entropy of test attribute from the information entropy 
of sample space. If  ( , , , )X, X pX1 2, X,  is the totality of element p, sample data can be obtained 
as X x xn[ ,x , , ]1 2x, .

In sample data, x x x i ni i i ix pix x i( ,xixx ), , , ,1 xix, 1 2 …iix pi ), , , , two training subsets of X, namely PX 
and NX, can be called positive example and negative example. Numbers of the positive exam-
ple and the negative example are, respectively, p and n. So, the information entropy of sample 
space ( )p n,  can be expressed in Formula (1).
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If  the random variable Xi is taken as the test attribute of the decision tree root, Xi has k 
discrete values v vk1 . X is divided into k subsets. Suppose there are pj positive examples and 
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nj negative examples in jth subset, the information entropy of which is I(pj, nj). The expected 
information entropy E(Xi) of the test attribute Xi is shown in Formula (2).
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Therefore, the information gain Gain( )j  of  root node Xi equals Formula (1) minus 
Formula (2). The information gain ratio can be used as the basis for the selection of test 
attributes. Information gain ratio Gainratio is shown in Formula (3).
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The attribute selection strategy of algorithm C4.5 is to select the attribute with the largest 
information gain ratio as the test attribute. This algorithm can be applied to solve problems 
with the following features:

1. Results are discrete, namely the results belong to the predefined outputs.
2. Data type of input attribute can be discrete as well as continuous.
3. Data of input attribute can be incomplete.
4. There can be many kinds of input attributes as well as attributes that are unrelated with 

output.

4.2 Modeling of decision tree of score analysis

According to the principle of algorithm C4.5, the following four steps are taken in this paper 
to construct the decision tree.

STEP1. Calculate the information entropy required by the given sample.
The sample volume in this paper is 360, of which the sample volume of Y is 120 and the 

sample volume of N is 240. According to Formula (1), I I 0 918I .( )S S1 2SS S2SS ( )120 240,120 = .
STEP2. Calculate information gain ratio of each attribute.

Firstly, information gain ratio of  “theoretical scores” attribute should be calculated. 
There are three attribute values, namely superior, good, and bad. As for “theoretical” 
equals “superior,” the sample volume of  Y is 60 and the sample volume of  N is 54. From 
Formula (1), it can be obtained that I I 0 998I .( )S S11SS 12SS,S12SS ( )60 54,60 = . As for “theoretical score” 
equals “good,” it can also be calculated in a similar way that I 0 782.0( )S S21SS 22S,S22SS = . As for “the-
oretical score” equals “bad,” I 0 821.0( )S S31SS 32SS,S32SS = . Secondly, the expected information entropy 
required by the given sample of  “theoretical scores” can be calculated with Formula (2), 
which is 0.863. And finally, the information gain ratio of  “theoretical scores” attribute can 
be calculated with Formula (3), which is 0.035. With the above-mentioned methods, infor-
mation gain ratios of  A “file management” attribute, B “file input” attribute, C “WORD 
typesetting” attribute, D “WORD table” attribute, and E “EXCEL operation” attribute 
can be calculated as shown in Table 3. F stands for the information gain ratio of  “theoreti-
cal scores” attribute.
STEP3. Determination of test attributions.

It can be known from Table 3 that “EXCEL operation” attribute has the largest informa-
tion gain ratio, thus it is selected as the test attribute to release a node. Mark the “EXCEL 
operation” attribute and extract a branch of each attribute value. The classification process 
of sample is shown in Figure 3.
STEP4. Divide branch nodes further with the above method so as to get a complete decision 

tree, which is shown in Figure 4.
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Table 3. Calculation results of information gain ratio of all attributes.

Relevancy of information 
gain ratio A B C D E F

E 0.858 0.901 0.867 0.904 0.764 0.821
Gain 0.060 0.017 0.051 0.014 0.154 0.055
Spliti 0.841 0.286 0.495 0.192 1.389 1.583
Gain ratio 0.071 0.059 0.103 0.073 0.111 0.035

Note: A is the attribute of “file management”; B is the attribute of “file input”; C is the 
attribute of “WORD typesetting”; D is the attribute of “WORD table”; E is the attribute of 
“EXCEL operation”; F is the attribute of “theoretical scores”.

Figure 3. Diagram of the classification process of decision tree.

Figure 4. A complete decision tree.
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The greatest advantage of decision tree is that classification rules can be directly extracted. 
The student score management system studied in this paper aims at knowing factors influ-
encing students’ scores. Therefore, percentage rules of “Yes” are mainly considered as extrac-
tion rules.

5 CONCLUSION

Based on the overview of applications of data mining in vocational education, the author 
mainly studies the application of association rules of data mining in course connection of 
vocational colleges as well as the application of decision tree of data mining in teaching 
evaluation of vocational colleges. Conclusions drawn are as follows:

1. The connection of middle vocational courses and higher vocational courses is one of the 
main factors bringing difficulties to middle vocational schools. Instructional ideas can 
be provided to course design in higher vocational colleges through relevancy analysis of 
courses.

2. The key of course connection is the technology of mining text keywords. Text mining is an 
important technology of data mining, which is normally divided into three links, namely 
text pre-processing, mining analysis, and pattern evaluation.

3. Indicators can be provided to course design through relevancy analysis on marine engi-
neering technology major in higher vocational colleges and relevant courses in middle 
vocational colleges. Text mining technology adopted in this paper has certain typicality, 
which can be popularized in course design of other disciplines.

4. Data application of data mining technology is widely used. The classification based on 
decision tree is an intuitional method for classification, which is simple and practicable. 
The decision tree is of great significance of characterization.

5. Algorithm C4.5 is an improved version of algorithm ID3. The difference is that the 
attribute classification standard of algorithm ID3 is the smallest information entropy, 
while the attribute classification standard of algorithm C4.5 is the largest information 
gain ratio.

6. Decision tree classification based on algorithm C4.5 can be perfectly applied in student 
score management system, having a positive impact on students’ classification and spe-
cific guidance for different students.
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ABSTRACT: Operation and physical monitoring of electrical equipment generate param-
eters of operating state, the data mining technology of which provides a reference for equip-
ment repairing and maintenance. A large amount of data would also be generated in the 
operation of distribution transformer. In this paper, a study is carried out on health data 
mining theory of transformer in order to explore a scientific service life prediction of trans-
former’s main devices. The fuzzy comprehensive evaluation model is used in this paper to 
evaluate indexes of equipment health condition comprehensively. The Weibull distribution 
of two-parameter is applied in the prediction of equipment failure probability and the com-
bination forecasting model based on cross entropy theory is used in calculating index weight. 
Besides, arithmetic steps of weight determination are also proposed so as to provide theoreti-
cal basis for operation.

Keywords: transformer; health data; data mining; service life prediction; cross entropy theory

1 INTRODUCTION

Xiaozhen, Li (2012) points out that, as one of the important electric transmission and trans-
formation equipments, transformer is the hub of power system and the reliability of its opera-
tion is directly related to the safety of power system [1]. Operating states of transformer’s main 
devices, factory parameters, and historical data are the main basis of reflecting equipment health 
 condition. It helps to not only prolong the service life of equipment but also lay a foundation for 
the improvement of power supply quality if a scientific risk evaluation algorithm of equipment 
health condition can be found. Data mining technology is applied in health data of transformer 
and a prediction is carried out on the service life of equipment in this paper, so as to provide 
theoretical basis for equipment maintenance and formulation of power supply plan.

Efforts have been made to studies on health data of transformer’s main devices, results of 
which contribute a lot to high quality power supply. Xigui, Li et al. (2012) conduct an analysis 
on factors affecting the evaluation on transformer’s remaining service life and determine the 
information amount for this evaluation based on testing information. According to existing 
research findings, arithmetic formulas of health index and remaining service life of trans-
former’s condition reflected by current information are derived and constructed with the 
combination of health index formula. Health index and remaining service life of transformer 
are analyzed and calculated through the model combined by living examples. Results are 
verified and evaluated to be consistent with real situation of equipment [2]. Hongbo, Cheng 
(2012) indicates that timely and accurate evaluations on health condition of power supply 
system help to guarantee the safety of its operation. By using the immune principle of bio-
logical system for reference, a layered immune monitoring model is proposed in this paper. 
Health condition of the system can be evaluated quantitatively with the antigen of equipment 
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sensor output through monitoring on condition of track power supply system conducted by 
immune agent and weights of different layers determined by AHP [3].

Based on previous studies, health data and service life of transformer are summarized, and 
health condition evaluation model and service life prediction model of transformer’s main 
devices are explored in this paper, in order to make a contribution to the improvement of 
power supply quality in China.

2  AN OVERVIEW OF HEALTH DATA AND SERVICE LIFE 
OF DISTRIBUTION EQUIPMENT

There are many physical monitors conducting data monitoring on equipment in power distri-
bution system. Various and large amounts of data are generated in equipment maintenance 
due to the fact that types of monitoring data need to be added with the maintenance of 
equipment on the basis of keeping original data setting. It has become a concern how to mine 
the key data reflecting health condition of distribution transformer from multifarious data. 
There are also new requirements for the healthy service life prediction of equipment when 
people are focused on the health data mining technology. This is because the service life of 
equipment might be shorter or longer than the given period of factory parameter. It is able 
to provide a reliable guarantee for the formulation of power supply plan if  a scientific and 
reasonable prediction can be carried out on the service life of equipment.

Lixi, Yang (2010) points out that there might be various forms of fault or fault symp-
toms of transformer with the increase of operating life and changes of operating states. 
Transformer’s life evaluation is conducted integrally on transformer’s operating safety from 
a macroscopic aspect based on important factors of operating state [4]. Data collection of 
transformer can be carried out from aspects such as operating life, historical load rate, all 
previous analysis and tests of oil chromatography, analysis and tests of oil quality, electrical 
tests, data of detections, historical defects, and fault recording. Index of transformer’s state 
can be theoretically calculated through Formula (1) in accordance with these data.

 
CI CI B CI B fLiff

i

n

1 1II C 1
1

( )nn ( )0 ( )0
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⎝⎝ ∑e p eCI1II ( )0B )f f fLff Lnfffff+fLff 1⎡⎣⎡⎡ ⎦⎤⎤ = xp
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⎠⎟
⎞⎞⎞⎞
⎠⎠

 (1)

In Formula (1), as a constant, CI 1( )0  stands for the original state index of transformer; B is 
the aging rate of transformer, which is determined by the service life of transformer’s insulat-
ing material; fLiff  is the load correction coefficient of ith year, and i is a positive integer, which 
is smaller than or equal to n.

Health conditions and remaining service life of transformer’s main devices are closely related 
to relevant data of iron core, winding, oil tank, solid insulation, liquid insulation, bushing, tap 
switch of voltage regulation, cooling system, and other components. For iron core, physical moni-
toring objects are grounding current and physical fault; for wilding, the degree of winding defor-
mation; for oil tank, the degree of tank body deformation; for liquid insulation, objects include 
water content in oil, oil dielectric loss, hydrogen content, acetylene content, absolute and relative 
gas generation rate of total hydrocarbon; for bushing, grounding dielectric loss of bushing’s end 
screen and bushing capacitance; for tap switch of voltage regulation, insulation resistance value 
and operating state; for cooling system and all the other components, operating state.

3  HEALTH DATA MINING AND HEALTH CONDITION PREDICTION 
OF DISTRIBUTION TRANSFORMER

3.1 Fuzzy comprehensive evaluation index system

The basis of health data mining of transformer is health evaluation indexes. Those within the 
comprehensive index range can be considered as healthy, while those with different range  values 
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can be considered as different health degrees. Health condition prediction of distribution trans-
former refers to seeking more accurate index values with reasonable methods. Therefore, an 
evaluation index system of transformer shall be firstly established. The evaluation method in 
this paper is fuzzy comprehensive evaluation, the system of which is shown in Figure 1.

According to the algorithm of fuzzy comprehensive evaluation, it is required to form a 
set of evaluations, which should be defined and valued. The value of the set of evaluations 
defined in this paper is shown in Formula (2).

 V { }v v v v = { }v v  (2)

The comprehensive evaluation matrix R is determined on the basis of determining the weight 
set. The algorithm of fuzzy comprehensive evaluation is demonstrated in Formula (3).
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The algorithm of comprehensive evaluation results HI is shown in Formula (4).
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3.2 The algorithm of health condition prediction

The Weibull distribution of two-parameter is applied in the function of equipment failure 
rate as well as the function of failure probability density, shown in Formula (5).
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Focusing on the remaining service life prediction model of distribution transformer, the 
author applies weight fusion and cross entropy theory to determine the weight of combined 
prediction model of remaining service life [5]. The probability distribution algorithm of dis-
crete random variable and continuous random variable X is shown in Formula (6).
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Entropy calculation of two probability distributions is presented in Formula (7), including 
the discrete one and the continuous one.
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Figure 1. Health condition evaluation system of distribution transformer.
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With the global optimization, cross entropy is applied in solving main problems, such as 
forming the cross entropy objective function by the failure probability density function and 
solving weight coefficient by iteration. The failure probability density function of distribu-
tion transformer f ( )t  is shown in Formula (8).

 
f

dF
dt

dR
dt

( )t = ( )t
= − ( )t  (8)

In Formula (8), R( )t  is the reliability function and F ( )t  is the cumulative failure probability 
function.

3.3 Arithmetic steps
In this paper, the service life of transformer is predicted through the fuzzy comprehensive 
evaluation system and the combined prediction model of cross entropy, with a view to mak-
ing certain operating state of equipment. The unit of predicted time is required in this algo-
rithm. In this paper, the unit is set as 0.5 year and the interval between two time nodes is also 
0.5 year. Arithmetic steps are illustrated in Figure 2.

As for step 7 in Figure 2, health index value of each algorithm can be converted into failure 
rate according to Formula (9). For the kth algorithm, the Levenberg-Marquardt method can 
be applied to estimate parameters in early failure period, random failure period, and wearing 
failure period, obtaining the failure probability density function fkqff ( )t  of  the three failure 
periods, which is shown in Formula (10).

 λ = ⋅( )−⎡⎣⎡⎡ ⎤⎦⎤⎤K C⎡⎡⎡p  (9)

Figure 2. Arithmetic steps.
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The support vector of STEP5 in Figure 2 is proposed in the way shown in Formula (11), 
of which the density function is f dtqff ( )t = ( )q∫ 1(q =q  and A S Sk KA S KS
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The objective function is presented in Formula (12), the constraint condition of which is 
that fqff ( )t  and fkqff ( )t  belong to the same distribution class.
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5 CONCLUSION

Based on an overview of health data and service life of power equipment, the author pro-
poses a theoretical algorithm of transformer’s condition index; establishes a fuzzy compre-
hensive evaluation system containing functional layer, reliable layer, and maintenance layer; 
and conducts a discussion on the comprehensive evaluation model of transformer’s health 
condition values, providing theoretical basis for the algorithm and its implementation. In 
order to obtain more accurate index weights, the Weibull distribution of two-parameter is 
taken as the failure function of transformer. The combined prediction model of remaining 
service life is determined through weight fusion and cross entropy theory. In addition, imple-
mentation steps of the algorithm with the predicted time unit of 0.5 year are put forward, 
laying a foundation for scientific computer operating of this algorithm.
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ABSTRACT: To strengthen the research and application of microgrid will greatly drive the 
enhancement of automation and intelligence of operation and management of power grid 
system and is the first choice for the state to improve and provide operation and manage-
ment efficiency of power system. The article conducts simple analysis on the modeling of 
TEC61850 microgrid information and deeply explores the development of communication 
device software from the perspective of IEC61850 in three aspects of communication device 
design, communication device document, and software design. And detailed analysis is made 
on the final application test in the end.

Keywords: IEC61850; microgrid; power grid communication

1 INTRODUCTION

In order to better realize automation and intelligence of operation and management of power 
grid systems of power enterprises in China, on the basis of smart power grid, relevant schol-
ars propose the construction idea of microgrid. IEC61850 standard is the only global general 
standard in the field of power system automation and serves as the best measure to solve the 
difference and low compatibility of equipment between different equipment manufacturers. 
For a long time, IEC61850 standard sees major application in the research on digital substa-
tion, but currently, along with the continuous development and improvement of smart power 
grid and microgrid technology, it is also gradually applied in the research on microgrid. Next, 
the article, from the perspective of IEC61850 standard, makes detailed analysis on the micro-
grid communication.

2 MODELING OF IEC61850 MICROGRID INFORMATION

2.1 Information analysis

The microgrid system mainly covers primary electrical power system, communication sys-
tem, and auxiliary equipment. Its specific structural composition is shown in Table 1.

In order to ensure normal operation and working of microgrid and realize its automatic 
and intelligent control, information of all parts in the microgrid needs to be exchanged. See 
Figure 1 for the specific exchange.

Seen from Figure 1, in the microgrid system, the information exchanged is mainly energy 
information, operating information, dispatching information, metrical information, price 
information, and trend information. Each kind of information has different exchange mode 
in the microgrid and different functions. See details in Table 2.
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Table 1. Structural composition of microgrid system.

Structure of microgrid system

Electrical power system Distributed power supply Wind power generation, marsh gas power 
generation, solar power generation, fuel-
cell power generation, etc.

Load unit Sensitive load
Non-sensitive load

Energy storage unit Chemical energy storage and physical energy 
storage

Communication system Communication gateway
Switch
Other communication facilities, etc.

Auxiliary equipment Management system
Sensor technology
Power electronic technology
Other auxiliary equipment, etc.

Figure 1. Sketch map of information exchange in microgrid.

Table 2. Exchange information of microgrid system.

Exchange information Information content Information function

Energy information Energy use information of power, 
heat, etc.

As the remote impulse data of 
electrical power system

Trend information Information of voltage, frequency, active 
power, reactive power, power quality, etc.

As judge for remote measuring 
data of electrical power system

Operating information Information of protection, control, 
system state, climate, etc., of the 
operating microgrid

As remote signaling and Sequence 
Of Event (SOE) record data of 
electrical power system

Dispatching 
information

Control signal of energy supply unit, 
energy storage unit and load unit

As remote controlling, remote 
dispatching and value fixing 
data of electrical power system

Measurement 
information

Related information of watt hour meter, 
heat hour meter, etc.

As the measurement data of 
electrical power system

Price information Information of power generation cost, 
energy storage cost, and electricity 
usage cost

For calculating electricity usage 
cost of users and assisting in 
managing electricity usage cost
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2.2 Modeling of microgrid data

In microgrid system, there are many micro power supplies, and because the energy conver-
sion, electric generation mode, and equipment of distributed power supply as well as informa-
tion in different electricity generation systems are different, during the modeling of microgrid 
data, the system equipment required and modeling details that need to be paid attention to 
are different and should be treated cautiously[1].

During the process of  modeling in this study, photovoltaic power generation system 
is taken as an example. The logic nodes are elaborated for data modeling. Besides, the 
reference standard is IEC61850-7-420 standard. The photovoltaic power generation sys-
tem is divided into power generation model, controller model, power electronic converter 
model, auxiliary equipment, measurement model, control model, and DER ECP electric 
connection point information modeling, etc. The specific modeling structure is shown in 
Figure 2.

IEC61850 standard stipulates that, in the microgrid system, energy conversion equipment 
should have two models of power generation and controller. Power generation model mainly 
contains photovoltaic component characteristic (DPVM) and photovoltaic array characteris-
tic (DPVE) logic nodes, and the controller model mainly covers photovoltaic array controller 
(DPVC) and sun-chasing tracking controller (DTRC) logic nodes. In the photovoltaic power 
generation system, control over the sun chasing mainly relies on photovoltaic array, but the 
realization of maximum power tracing technology (MPPT) technology mainly depends on 
the photovoltaic inverter in the system.

In the photovoltaic power generation system, photovoltaic inverter is the power electronic 
conversion equipment, mainly including inverter (ZINV), measuring equipment of output at 
AC side (MMXU), measuring equipment of output at DC side (MMDC), power generation 
protector, and other logic nodes. Besides, through the stipulation of IEC61850 standard, in 
the photovoltaic inverter that meets the requirements, basically all have the logic nodes with 
protection functions of overcurrent (PTOC), overvoltage (PTOV), undervoltage (PTUV), etc. 
And even during the construction process of microgrid system, based on the  requirements 

Figure 2. Structural map of data modeling of microgrid under the standard of IEC61850.
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for the operation safety of microgrid system, some owners still require that the manufactur-
ers place the functions of preventing countercurrent and low voltage ride through into the 
photovoltaic inverter during production.

In the microgrid system, the main function of the control equipment is to accept and 
deal with the commands from the system protector or monitoring center, and its logic nodes 
mainly are breaker (XCBR), disconnecting switch (XSWI), and other logic nodes of switch 
equipment and control logic node (CSWI) defined by the IEC61850 standard.

ECP mainly contains control logic node of operating mode (DOPM) and ECP state infor-
mation logic node (DPST). The former mainly sets up the operating mode of distributed 
power supply of PQ and VF, and the latter mainly reflects and records related information 
of electric connection point.

The function of DER is to adjust the working mode and generating capacity of distributed 
power supply on the basis of the consideration of economic factor. Thus, DER mainly has 
economic dispatching parameter logic node (DCCT).

3 Communication Device Software Development from the perspective of IEC61850

3.1 Communication device design

See the structure design of communication device based on IEC61850 standard in Figure 3.
Seen from the above figure, the entire communication device supports various communi-

cation modes of RS485, IEC61850, MODBUS, and IEC60870-5-104. The ports of all com-
munication modes are shown in Table 3.

Based on the above features, during the design of communication device, sufficient serial 
ports should be equipped to guarantee normal communication. But in the photovoltaic power 
generation system, in order to realize timing and dispatching of communication device, two 
optical serial ports and two power grid ports should be added [2]. What’s more, the normal 
operation of communication device in the microgrid and the operation setting of person-
nel for communication device also require the configuration of sufficient ports of human–
computer interaction interface, mouse, USB, keyboard, etc., and as for the configuration of 

Figure 3. Structure design of communication device.
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Table 3. Ports of all communication modes in communication device.

Communication mode Port

RS485 RS485 is taken as communication bus, and dedicated 
485 port should be used.

MODBUS The protocol uses serial port for communication and 
most ports are RS232 or RS485.

IEC61850 The standard realizes communication through mapping 
of MMS protocol stack and the port is Ethernet port.

IEC60870-5-104 Same as IEC61850 standard, all ports are Ethernet ports.

other hardware, specific configuration shall be made based on detailed requirements for the 
operation of communication device, so as to ensure that it satisfies the operating require-
ments of communication device.

3.2 Design of communication device document

CID document is the main document of communication device. So, the design communica-
tion device document mainly focuses on the design of CID document. But as CID docu-
ment is mainly formed by adding device communication information on the basis of ICD 
document, building ICD document is the key point for design of communication device 
 document. Figure 4 shows the sketch map of configuration procedure of CID document on 
the basis of building ICD document.

In ICD document, besides the description for information model and service of com-
munication device, it will configure database, control model, report control block, constant 
value model, GOOSE, etc., so as to ensure its smooth completion of MMS protocol stack 
mapping in the case of meeting EC61850 standard, and also ensure the correct analysis of 
MMS-EASE Lite for all configuration information in communication device, and then avoid 
the failure of communication.

3.3 Design of communication device software

Software design is the most important part of the communication device design of the whole 
microgrid system, as well as the basis to ensure the normal communication of communi-
cation device; thus it plays a crucial role for the whole communication device. During the 
design of the communication device software, the uppermost is to ensure that the clients of 
microgrid system can normally receive the data transmitted from different protocols, and 
that the server of the system can sort up and analyze the data received from client side, and 
select the effective information and data [3] that satisfy the normal operation of microgrid 
and give the supervising role into full play. Then, the frame of communication device will 
read the communication information configured in database, and load the various commu-
nication protocols configured in the device, apply the corresponding protocol to transmit 
the extracted communication information to microgrid monitoring center or the remote dis-
patching center, so that the role of microgrid can be given into full play. The concrete struc-
ture of design of communication device software is shown in Figure 5.

Seen from Figure 5, the design of communication management device software mainly 
includes database information management part that manages the required data and infor-
mation of the whole microgrid system, frame module that reads the information in database, 
104 protocol stack (or MMS protocol stack, different protocols will be adopted according 
to different demands of system operation) that supports the relevant communication proto-
col and standard, monitoring center that monitors the power grid operation (or dispatch-
ing center that dispatches the power grid operation) and data extraction tool that processes 
the data transmitted from the various protocols (or engineering configuration document 
that directly configures the data). The communication device software shall be designed in 
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Figure 5. Software design structure of communication device.

Figure 4. CID configuration procedure.

accordance with design structure, and the specific requirements shall be changed in accord-
ance with the requirements of microgrid operation [4].

3.4 Final application test

The main objective of final application test is to make judgments on the rationality and 
accuracy of construction of microgrid model, and test the application in the communication 
of smart power grid. In case the test result has no problem, it proves that the model can be 
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applied in the power grid; in case there is a problem, it indicates that the model cannot be 
applied or smoothly applied in the power grid, and it should be changed until the test results 
show that there is no problem. Next, the test of simulation master station, a part of the final 
application test of microgrid model of the study, will be given as an example to analyze the 
final application test of microgrid.

Simulation master station plays a major role in supporting associates, contents, data read-
write, control, report, constant value and other services for client and server. Therefore, 
during the design of stimulation master station, the main test method is to collect device 
configuration information of master station in a static way, then sort out and analyze the 
information and data collected, and judge the reasonability and applicability of master sta-
tion’s design.

Firstly, use Configtool of communication management machine to deploy the communi-
cation and data point of simulation master station; secondly, adjust TransView to the mode 
of dummy source and after deployment by Configtool, TransView will display the data of 
communication and data point. Finally, place the data displayed by TransView into data pool 
through the preset refreshing mode.

After the above operation, open the simulation master station of the model built on the 
basis of IEC61850 standard. If the refreshing interface shows lots of data information, it 
means that the configuration document has been analyzed successfully by simulation master 
station and the next step can proceed; without information display, it means that the configu-
ration document has not been analyzed successfully by simulation master station and the next 
step can proceed only after adjustment. After the configuration has been analyzed successfully 
by simulation master station, TransServer can be operated, IEC61850 standard and stipula-
tion can be loaded, and the data from data pool shall be delivered to simulation master station 
based on this [5]. If  the log output window of simulation master station displays words of 
 “successful data refreshing” and “successful access to network A,” it indicates that the simula-
tion master station has been successfully associated to communication management machine 
and it is designed successfully and can be applied; without words displayed, it signifies that the 
association fails and the simulation master station needs to be adjusted or designed again.

4 CONCLUSION

The development of power grid automation and intelligence inevitably leads to the appear-
ance of microgrid, which greatly promotes the automation and intelligence of power grid 
management and operation. Compared with developed countries, China stays at the initial 
stage in terms of microgrid research and application. Therefore, China should pay more 
attention to the microgrid research and application and continuously facilitate the microgrid 
application and development by taking corresponding measures, such as constructing micro-
grid system based on IEC61850 international standard to conduct simulation run. Hence, 
the gap between China and developed countries can be narrowed constantly and world-class 
level can be achieved as soon as possible.
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A study on online condition monitoring and evaluating diagnosis 
of high-voltage circuit breaker
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ABSTRACT: The status of high-voltage circuit breaker is becoming more and more impor-
tant in electric power system. It not only controls the switching of high-voltage power system 
but also protects the whole high-voltage power system. The breaker is required to control the 
whole system timely no matter when the system is in load condition, or in light condition, or 
even in open circuit fault. The breaker is able to react in time when the system is in certain 
emergencies. Therefore, the operating condition of high-voltage circuit breaker has direct 
impact on the safety of the whole system.

Keywords: high-voltage circuit breaker; condition monitoring

1 INTRODUCTION 

With the gradual improvement of the basic construction of our power system, intelligent 
power grid and power automation system develop rapidly and the advantage of high-voltage 
power supply system becomes more and more prominent. The security of high-voltage power 
supply system is another difficult problem for us to solve. High-voltage circuit breaker is 
thusly emerged for the integral control of the security and switching of high-voltage power 
supply system. The breaker is required to control the whole system timely no matter when the 
system is in load condition, or in light condition, or even in open circuit fault. The breaker 
is able to react in time when the system is in certain emergencies. Therefore, the operating 
condition of high-voltage circuit breaker has direct impact on the safety of the whole system. 
It is of great significance to carry out studies on the condition monitoring technology of 
high-voltage circuit breaker. In this paper, the study mainly involves the monitoring of two 
parameters, namely time and speed of the moving contact of high-voltage circuit breaker.

2  INTRODUCTION OF ONLINE CONDITION MONITORING 
AND EVALUATING DIAGNOSIS SYSTEM FRAMEWORK 
OF HIGH-VOLTAGE CIRCUIT BREAKER

Install various kinds of sensors to monitor condition signals of high-voltage circuit breaker, 
such as amperage, voltage, route of moving contact, and mechanical vibration frequency of 
moving contact, and make conversions and comparisons of operating signals, so as to con-
firm whether the high-voltage circuit breaker can operate normally. The logic structure of 
online condition monitoring system of high-voltage circuit breaker is shown in Figure 1.

The online condition monitoring system of high-voltage circuit breaker mainly includes 
four subsystems. First, signal transmitting subsystem of operating site of  high-voltage cir-
cuit breaker. The major function of  signal transmitting subsystem is to transmit signals 
to data acquisition module through relevant sensor. Second, subsystem of signal preproc-
essing and data acquisition. Signals collected by sensors are preprocessed through signal 
processing chip and then effectively transmitted through data transmitting part. Third, data 
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transmitting part. This part mainly conducts real-time transport of  converted data through 
wireless or wired network. Fourth, data processing and diagnosis system. It mainly carries 
out timely processing and diagnosis on operating condition data collected by the former 
three parts and confirms the operating condition of  high-voltage circuit breaker through 
diagnosis results. Meanwhile, it can also enable staffs to determine the level of  equipment 
operation fault, thusly providing an effective and safe guarantee for high-voltage power 
supply system.

3  A STUDY ON THE PRINCIPLE OF TIME AND SPEED MONITORING 
OF MOVING CONTACT OF HIGH-VOLTAGE CIRCUIT BREAKER

When high-voltage power supply system is in short-circuit fault, it is required that the high-
voltage relaying system should react quickly with the action of open circuit protection so as 
to protect electrical equipment in high-voltage power supply system timely. However, it might 
affect functions of high-voltage circuit breaker that moving contact is dropped out instantly. 
And there can be also problems like incomplete closure of high-voltage circuit breaker or 
incomplete contact of moving contact. If  there are problems in high-voltage power supply 
system, there will be the phenomenon of instant as strong electrodynamic force when high-
voltage circuit breaker is in closure. The moving contact cannot be completely contacted 
under this circumstance, and there will be strong and sustained arc between moving contacts. 
This sustained arc is of great capability of destruction, causing severe damage to high-volt-
age circuit breaker or even explosion.

High-voltage circuit breaker not only reflects the mechanical flexibility of moving contact 
through its operating time, but also calculates the operating speed and acceleration of mov-
ing contact through its operating time. The speed and acceleration of moving contact at 
the moment of switch-on and switch-off  has direct impact on the operation safety of high-
voltage power supply system. For this reason, monitoring on operation time and speed of 
moving contact provides a crucial basis for the operation of high-voltage circuit breaker. The 
monitoring framework is shown in Figure 2.

Data acquired by rectilinear sensor and angular displacement sensor are encoded through 
the photoelectric rotary encoder to form a time waveform. And then the operating speed 
and acceleration of moving contact can be calculated through real-time data on the time 
waveform.

Operation speed of moving contact is not only related to time but also to the rotation angle 
of the principal axis. For this reason, it is necessary to install a precise angular displacement 
sensor on the principal axis to monitor the rotation angle.

 
Δθ =

( )−
U

s

reU fe

0 ⋅ A  (1)

Figure 1. Framework of online condition monitoring system of high-voltage circuit breaker.
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The corresponding relation between linear displacement and angular displacement of mov-
ing contact can be determined by a series of experiments. Moving waveforms are recorded 
through an oscilloscope that is able to read two sensors at the same time, respectively form-
ing moving curves of the moving contact of switch-on and switch-off. It can be drawn from 
experiments that curves of linear displacement and angular displacement are basically con-
sistent. Corresponding relation between the two has also been performed well. Therefore, it 
can be determined that the corresponding relation between curves of linear displacement and 
angular displacement is perfect and the high-voltage circuit breaker is also in good operation 
condition. If  the corresponding relation is in disorder, the high-voltage circuit breaker is in 
fault as well.

In the above experiment, it can be found that high-voltage circuit breaker has two main 
working conditions, namely switch-on and switch-off. Both of the two conditions have to go 
through three stages. The switch-on process can be divided into three stages. First, tripping of 
contactor. This stage has to be quick and thorough. Moving and fixed contacts are separated 
and tripped out quickly when the short-circuit current of high-voltage power supply system 
is greater than the fixed current. Second, the moving contact that is tripped out connects 
control buffer. Third, quick control on moving contact through upper control. The switch-
off  condition of high-voltage circuit breaker can also be divided into three stages. First, mov-
ing contact quickly trip out of upper control. Second, contacting stage of moving contact. 
Third, moving contact is pressed by spring.

Through multiple times of the above experiment, the expression of fitting relationship 
between linear displacement and angular displacement of the principal axis can be deter-
mined as follows:

 p b b x b xnb n( )x , ( )= b −
1 2b bbbb 1 <m n<  (2)

 

δ
δ

Qδδ
bδδ

Q P x y
ibb i

n

=
=
∑0 2

1

, [QQ ∑ ( )x ]  (3)

Figure 2. Time characteristics monitoring framework of high-voltage circuit breaker.

Figure 3. Operation time curve of moving contact.
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In this formula, (X, yi), i = 1, 2…, n. These are all original data. b1, b2 …, bn are coefficients 
of the fitting polynomial. P(x) is the fitting polynomial and m is the order of the fitting 
polynomial. In order to increase the fitting precision of curve, the value of m has to be added 
continuously. The fitting degree of curve is completely decided by the value of m. Figure 5 
presents the fitting degree when m is 20.

Operating data of linear and angular displacement of moving contact can be concluded 
from the above experiment, through which the fitting polynomial can be acquired for judging 
operating deviation and acquiring buffer data of switch-on and switch-off. Data from the 
above experiment can be then used to calculate operation speed and mechanical characteris-
tics of moving contact.

4  THE MOTION ACCELERATION CALCULATION OF MOVING CONTACT 
OF HIGH-VOLTAGE CIRCUIT BREAKER

It is generally acknowledged that the description of external force in physics is:

 F = ma (4)

Figure 4. Moving curves of moving contact.

Figure 5. Polynomial fitting of corresponding relation curves.
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In the formula, F stands for the external force on object [N]; a stands for the moving accel-
eration of object; m is the mass of the object itself. In the process of bearing forces, not only 
a pushing force F but also a resistance Fz will be exerted. Normally, there are several resist-
ances instead of a single one. So, formula (4) can be converted as:

 F − Fz = ma (5)

The instantaneous acceleration of moving contact of high-voltage circuit breaker can be 
calculated through the above formula, which directly affects the performance of high-voltage 
circuit breaker.

5 CONCLUSION 

It is of great significance for improving the reliability of high-voltage power supply system 
that working conditions of high-voltage circuit breaker are monitored timely. Researches 
on operating time and speed of moving contact of high-voltage circuit breaker are not only 
related to the operating condition of the whole high-voltage power supply system but also the 
basis of studies on other parameters of high-voltage circuit breaker.
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A research on English teaching quality in ethnic colleges 
and the application of BP neural network
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ABSTRACT: With the deepening of  reform in China, educational reform is also strength-
ened constantly. Ethnic education has become the focus of  the reform. In ethnic colleges, 
the quality of  English teaching is a hot topic now. Based on this, the author applies BP neu-
ral network model to the research on English teaching quality in ethnic colleges. Through 
the analysis on features of  English teaching in ethnic colleges and the nonlinearity and 
complexity of  relevant issues of  teaching quality, BP neural network model is introduced 
to construct the evaluation system. The author takes English teaching quality as the input, 
evaluation value as the output and the English teaching condition of  a certain college in 
Xinjiang as the sample, which are input in the neural network, and verifies the validity and 
rationality of  the algorithm according to the relatively reasonable errors that are finally 
obtained.

Keywords: English teaching in ethnic colleges; BP neural network; evaluation system

1 INTRODUCTION

Since the 18th CPC National Congress, especially the Third Plenary Session, China has 
undergone deep reforms under the leadership of the general secretary Xi. The comprehen-
sive national strength of China is enhanced constantly, having a significant influence on both 
neighboring countries and the whole world. Educational reform has made a great progress 
and is now faced with huge challenges in the meantime. English teaching in ethnic colleges 
has become the focus of the reform. It is the criterion for the success of reform that whether 
teaching quality is improved or not.

Many scholars have carried out series of studies on English teaching with certain results. 
For example, Tianhong Zhang points out that there is a trend that English teaching in China 
is now being ignored in terms of cultural difference of English teaching. Cultural difference 
is a main influence factor for the ignorance. The cross-cultural importance and correspond-
ing theoretical teaching model can be acquired through the comparative analysis on English 
teaching in China and abroad. In teaching quality evaluation of neural network, Mianmian 
Cai carries out a systematic analysis on teaching quality through neural network, establishes 
the evaluation system of teaching quality, and verifies the reasonability of the model by liv-
ing examples.

Based on previous researches, the author carries out a systematic evaluation on English 
teaching quality in ethnic colleges through methods of questionnaire survey, literature review 
and BP neural network, and applies methods with living examples, so as to lead a new path 
for researches on English teaching quality evaluation of ethnic colleges.
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2  A STUDY ON ENGLISH TEACHING EVALUATION OF ETHNIC 
COLLEGES BASED ON BP NEURAL NETWORK

2.1  An analysis on the adaptability of BP neural network in English teaching quality 
of ethnic colleges

In order to improve the comprehensive quality of all ethnic groups and realize the great unity 
of all ethnic groups, ethnic colleges have become cradles for talents of ethnic minorities. 
However, teaching quality must be improved in order to improve education quality, of which 
the relatively difficult one is English teaching. An effective way of improving English teach-
ing quality is to improve English teaching evaluation. Teaching evaluation is a comprehensive 
and dynamic teaching process. There are many influencing factors, and evaluation results are 
complicated nonlinear expressions, which bring huge difficulties to evaluations on English 
teaching quality of ethnic minorities. The traditional way of evaluation is the fuzzy evalua-
tion after weighting. There is a large deviation in results due to the elimination of influence 
from all kinds of randomness.

With the development of  science and technology, model of  solving complex problems 
are also enhanced. Neural network, as a new technology, has made its extraordinary con-
tributions in various fields. It also leads a new path for English teaching quality evaluation 
in ethnic colleges. BP neural network provides English teaching quality evaluation in eth-
nic colleges with effective ways by unwittingly acquiring features of  relevant rule through 
data.

2.2 Establishment of model

The reasonability of applying BP neural network in English teaching quality evaluation in eth-
nic colleges can be concluded from the above analysis. Based on this, the author designs two 
corresponding models of comprehensive network and subsystem network. Each indicator of 
level one is input and analyzed in the subsystem of its indicator of level two. Afterwards, data 
in each subsystem are output so as to obtain evaluation results of English teaching quality in 
ethnic colleges at both input and output layers of the comprehensive neural network. Results 
are divided into several different levels in line with scope.

The evaluation index system of optimizing English teaching quality in ethnic colleges, as 
well as the corresponding evaluation system model of neural network, can be established 
through the combination of previous studies and investigations. Eight subsystems constitute 
the input network of comprehensive evaluation. Evaluation results of corresponding subsys-
tems are shown in Figure 1.

Times of corresponding network training will be reduced if  the structure of network 
model is appropriately selected. In problems of English teaching quality evaluation, evalua-
tion indexes of teaching quality should be regarded as input objects and the final evaluation 
results should be regarded as output objects of English teaching, so as to constitute a non-
linear mapping model.

According to the above framework of evaluation system of English teaching quality in 
ethnic colleges, it is divided into a comprehensive neural network and a subsystem neural 
network. The subsystem neural network takes indicators of level two as subsystems. Cor-
responding weights can be obtained through network training of each subsystem. And then 
evaluation results of subsystems can be acquired by indicator scores of subsystems provided 
by teachers, students, experts, etc.

As for comprehensive neural network, the above-mentioned output values of the subsys-
tem are taken as input values of the comprehensive neural network. Evaluation results of 
English teaching quality in ethnic colleges are output after learning and the range of values 
can be thusly determined as shown in Table 1.

Evaluations can be acquired in accordance with above situation. The model of ethnic Eng-
lish teaching quality is a three-level neural network model with the input layer of eight nodes. 
The output layer is the first layer, the corresponding scope of which is between 0 and 1.
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3 APPLICATION OF THE MODEL

According to the above structural model, the author takes the neural network subsystem of 
ethnic English learners’ evaluation on teachers as the research object and applies the algo-
rithm of BP neural network.

3.1 Neural network index system in ethnic colleges

In accordance with the principle of being accurate and comprehensive, English teaching con-
dition of a certain ethnic college is taken as the object of evaluation Corresponding indica-
tors of level two of four aspects, namely English teaching effect, English teaching methods, 
English teaching contents and English teaching attitude, are respectively expressed with 
x x1 1x 2  through network indicators of the English teaching quality evaluation. The design of 

Figure 1. College English teaching quality evaluation system framework of artificial neural network 
diagram nation.

Table 1. Comparison of output values and levels.

Level (A excellent∼D pass, E fail) Output values of neural network

A 0.9 to 1
B 0.8 to 9
C 0.7 to 8
D 0.6 to 7
E Below 0.6
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this framework determines influencing factors of the network structure of English teaching 
quality evaluation model in ethnic colleges. Specific process of analyzing the neural network 
model of English teaching evaluation with this theory is presented below:

1. Indicators of level one and level two are taken as the input layer of evaluation network 
through input layer of each node. Determine the twelve evaluation indicators in line with 
the number of nodes of relevant threshold value.

2. Within the scope of 0 to 1, the above-mentioned results are output layers of the network, 
which are set as a relevant number of nodes.

3. Determine the hidden layer. Because of the complexity of hidden layer, it can be only 
solved by tentative ways. According to relevant experience, it can be concluded that:

 m n l a= +n  (1)

 m nl  (2)

 m nlog2  (3)

It can be determined from the above formulas that the number of hidden layer is 10. 
Through experiment one by one, it can be sure that the corresponding number of node in 
relatively good hidden layers is 7.

4. Choose the tangent function of hyperbolic curve as the tangent function. The average out-
put value of evaluation results in the database is obtained through normalization process-
ing, so the numerical value varies between 0 and 1. The corresponding functional form is:

 
f x

e x
)x =

+ −

1
1

 (4)

5. The relevant BP neural network structure can be determined through the above process, 
which is shown in Figure 2.

In the above network, the corresponding weight between the hidden layer and the out-
put layer is W w w( ,w , , )1 2w, 7 , input vector X x T( ,x , )x1 2x, 12 . The weight of input 
layer from i to h is W w( ,w , )w ,11 12 12 7  and the weight of output in the hidden layer is 
Y y y y(y )1 2y y,yy 7 . However, the actual output of the network is O net( )Y . Desired out-
put of training sample is expressed by T ( )t , and node numbers of input and output in 
the hidden layer are expressed with h and s, corresponding output formulas of which are 
respectively:
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7

θ⎞⎞
 (6)

6. According to original values of BP neural network linking threshold in nonlinear system 
and the corresponding weight, there is a close relationship between local minimum of 
network learning and convergence. The status value of neural network approaches zero 
when the original weight is input. So, the number of neural network in accumulation 
approaches zero and the weight in the whole process exists in a random form. The cor-
responding weight is relatively small so that each nerve cell will be formed on the transfor-
mation function with the largest area.

7. In order to optimize BP neural network, the optimization algorithm of LMBP is introduced 
in this paper, convergence precision and speed of which are more perfect than that of the 
traditional BP neural network. Searches are carried out in line with the direction that each 
time of iteration is a deterioration of the results. Thus, thresholds are voluntarily adjusted 
by the algorithm. Speed and precision of convergence can be improved in this way.
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3.1.1 Learning process of the algorithm
In the training process of the algorithm, the rate is μ = 0 001. . Suppose the error of a certain 
step is not diminished, relevant steps would be repeated after multiplying μ with 10 so as to 
keep the decline of its value. The specific processes are:

 1.  The structure of the network can be acquired by initialization of the weight in each layer. 
Each threshold θ  and weight coefficient W are defined randomly within the scope of 
[ ]− . Suppose the time of iteration is T = 2000 and the target value of error is set 
as E;

 2.  If  μ = 0 001. , the learning sample of input is XP x x T= ( ,x )1 2x, 12…  and the output result 
is TP p= ( )t ;

 3.  Suppose the actual output error of each layer calculated through the above process is EK;
 4.  The Jacobian matrix calculated through the above process is J;
 5.  Calculate weights by formula W W J eK KW WW W T

K Ke−−W [ ]J J IT
K KJ + 1WKWW WKWW ( )WKWW ( )WKWWII ;

 6.  Set EKE +1 as the relevant error;
 7.  If  EKE +1>EK, μ μ= ×μ 10 , go back to the previous step;
 8.  If  the target of error is larger than the error EKE +1, go to the next step;
 9.  If  μ μ= ×μ +0 1 1. ,1 W W=K KW WW W , go back to the fourth step;
10.  Through the above iteration, errors of solution can be controlled within permitted range. 

Meanwhile, the time of learning reaches the largest. The following samples continue to 
learn in this way repeatedly until all samples are trained.

The algorithm of the above process is presented in Figure 3.
Appropriate English class evaluations are taken as sample values of the research according 

to the above algorithm. Data are processed in methods of maximization and minimization. 
The transformation formula is:

 
x

x x
x x

i* min

max mx in

=  (7)

Figure 2. Students’ English teaching evaluation system neural network model.
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Figure 3. Algorithm training process.

Table 2. Statistics of evaluation data.

Sample

Evaluation index
The 
goalX1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

1 0.62 0.51 0.61 0.60 0.65 0.55 0.50 0.61 0.60 0.67 0.70 0.74 0.65
2 0.65 0.70 0.80 0.80 0.50 0.75 0.60 0.65 0.85 0.81 0.73 0.70 0.72
3 0.74 0.60 0.83 0.86 0.81 0.85 0.84 0.80 0.85 0.81 0.82 0.85 0.83
4 0.51 0.65 0.50 0.70 0.65 0.56 0.50 0.70 0.50 0.65 0.63 0.45 0.55
5 0.60 0.61 0.72 0.51 0.71 0.75 0.55 0.78 0.51 0.61 0.72 0.72 0.65
6 0.65 0.53 0.70 0.53 0.65 0.65 0.54 0.62 0.65 0.59 0.56 0.73 0.71
7 0.72 0.62 0.61 0.71 0.70 0.68 0.55 0.67 0.59 0.67 0.55 0.71 0.70
8 0.74 0.81 0.66 0.67 0.72 0.65 0.64 0.61 0.65 0.56 0.83 0.55 0.57
9 0.71 0.71 0.71 0.71 0.74 0.68 0.75 0.68 0.58 0.56 0.58 0.62 0.65
10 0.80 0.65 0.69 0.81 0.75 0.74 0.76 0.57 0.61 0.71 0.65 0.52 0.72
11 0.64 0.67 0.63 0.80 0.60 0.76 0.61 0.54 0.63 0.71 0.67 0.65 0.72
12 0.57 0.70 0.75 0.55 0.20 0.40 0.62 0.54 0.42 0.48 0.81 0.80 0.52
13 0.60 0.80 0.50 0.70 0.61 0.60 0.45 0.78 0.61 0.74 0.55 0.75 0.60
14 0.45 0.80 0.55 0.60 0.70 0.65 0.74 0.72 0.60 0.55 0.71 0.67 0.62
15 0.86 0.72 0.67 0.75 0.75 0.81 0.75 0.65 0.61 0.71 0.73 0.71 0.70
16 0.90 0.75 0.85 0.84 0.57 0.62 0.70 0.57 0.45 0.82 0.63 0.75 0.73
17 0.81 0.84 0.76 0.77 0.77 0.65 0.75 0.84 0.90 0.81 0.67 0.82 0.82
18 0.75 0.60 0.65 0.80 0.70 0.45 0.64 0.42 0.75 0.50 0.55 0.52 0.61
19 0.83 0.94 0.91 0.90 0.90 0.91 0.90 0.91 0.88 0.89 0.84 0.88 0.90
20 0.63 0.70 0.63 0.90 0.64 0.80 0.55 0.73 0.71 0.60 0.56 0.80 0.73
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In the above formula, xmax represents the largest value of input data while xmin is the smallest 
value. xi stands for input data. The following data (Table 2) can be obtained on the basis of 
the calculation process and students’ class evaluation of a commercial college in Xinjiang.

The above data are processed with matlab software. Relevant results after 2000 times of 
circulation are shown in Figure 4.

Corresponding error curve of the above figure is presented in Figure 5.
It can be concluded from the above results of  calculation that the convergence speed 

of  the neural network adopted in this paper is very fast and the error is relatively small. 

Figure 4. Training results.

Figure 5. Error estimation.

Table 3. Comparison of neural network evaluation and expert evaluation.

Number 
of samples

Evaluation values 
of neural network

Evaluation values 
of experts

Evaluation results 
of neural network

Evaluation results 
of experts

1 0.5491 0.55 E E
2 0.6437 0.68 D D
3 0.7531 0.74 C C
4 0.718 0.76 C C
5 0.8124 0.80 B B
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 Corresponding results can be acquired through network training, which are shown in 
Table 3.

It can be known from the comparison of expert and neural network that errors of results 
calculated by BP neural network are relatively small and the precision is relatively high, indi-
cating that BP neural network is of great validity and rationality for English teaching quality 
evaluation in ethnic colleges.

4 CONCLUSION

In this paper, the author carries out a systematic research on English teaching quality evalu-
ation in ethnic colleges and evaluates the BP neural network model. Experimental results 
verify that the accuracy of evaluation can be increased through neural network model and 
the speed of calculation can be greatly improved as well. In the meantime, errors are also 
diminished. It indicates that this method is practicable in the evaluation of English teaching 
quality, providing a new tool for English teaching quality evaluation in ethnic colleges.
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Conceptual design of nuclide identification system based on SoPC
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ABSTRACT: According to the functional requirements and the collaborative design 
mode of software and hardware of nuclide identification based on SoPC (System-on-a-
Programmable-Chip), the author proposes a comprehensive design scheme with a view to 
practical applications, divides design modules in software and hardware, and formulates 
on-chip hardware and software design schemes from the starting point of real-time and 
structural functional modules. This scheme is designed in the mode of modularization with 
state machine, being convenient for debugging and modification. It is of excellent nature 
of scalability and expandability, which is beneficial to upgrade and maintain the nuclide 
identification system based on SoPc.

Keywords: SoPC; Microblaze microprocessor; impulse amplitude analysis; nuclide 
identification

1 INTRODUCTION

The application of portable γ spectrometer is widely applied. IAEA and IEEE (Institute 
of Electrical and Electronics Engineers) make demands on portable (handheld) radionu-
clide detection and identification instruments. Some examples include the handheld identi-
FINDERNaI(Tl) spectrometer of Target company, the handheld PM1401 K-identifierCsI 
spectrometer of Polimaster company, the handheld Detective-ExHPGe spectrometer of 
Ortec company, the pocket-size CdZenTe spectrometer developed by the Lawerence Ber-
keley national laboratory, and the handheld InSpector 1000 LaBr3:Ce spectrometer of 
CANBERRA company. Each company has developed their corresponding portable energy 
spectrum analysis software. China has also made a great progress in analysis technology of 
portable γ spectrometer. Chemical Defense Research Institute has designed a digital and 
portable LaBr_3(Ce)γ spectrometer based on embedded FPGA, which is used for qualitative 
or quantitative analysis of radionuclide and air dose rate measurement [1]. Huazhong Uni-
versity of Science and Technology has developed a digital and portable γ spectrometer based 
on OMPA processor [2], which is able to achieve functions like radionuclide identification 
and radioactive intensity analysis. In order to increase the flexibility of the system design and 
reduce the size of hardware [3], the author introduced a design scheme of the framework of 
nuclide identification system based on SoPC. SoPC is embedded with a microprocessor that 
is able to complete a great deal of mathematical analyses. Use IP (intellectual property) core 
to collect pulse wave for primary handling and analyze data of spectrometer with the embed-
ded microprocessor, so as to improve the efficiency of digital signal processing and system 
operation.
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2 ANALYSIS OF SYSTEM FUNCTIONAL REQUIREMENTS

The objective of nuclide identification system is to identify nuclide category through analyz-
ing spectral data collected by the multichannel pulse amplitude analyzer. The design content 
includes spectral data collection process and nuclide identification process. The following 
systematic functions are designed to be achieved in line with the objective and factors of 
human–computer interaction.

1. Data acquisition: Extract effective peak to form γ spectral data through digital processing 
of nuclear pulse signals.

2. Data processing: Qualitative analysis on γ spectral data, including energy calibration, 
spectral data smoothing, peak searching, nuclide identification, etc.

3. Data storage: Read and storage of γ spectral data and waveform data.
4. Working status display: Display the system operating condition by periphery LED lights.
5. Data communication: Transfer and display the collected spectral data and nuclide identi-

fication results in upper computer.
6. Others: Add GPS positioning information.

3 SOFTWARE AND HARDWARE DESIGN OF SoPC

The collaborative design technology of software and hardware is the core of the development 
of SoPC. The essence of SoPC hardware design is the redistribution of gate array inside 
FPGA and the construction of the hardware platform inside FPGA, including customizing 
and adding peripheral IP core, microprocessor, locating and wiring, etc. After the construc-
tion of hardware platform, SoPC software based on this hardware platform can operate 
in the microprocessor. Here, it is necessary to clarify that the following content, including 
adding standard IP core, designing IP core independently, and address assignment, belongs 
to hardware design of SoPC. The hardware and software design structure based on SoPC is 
shown in Figure 1[38].

Figure 1. Hardware and software design structure based on SoPC.
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Locating and wiring of SoPC and the hardware physical connection method of PCB 
(printed circuit board) are essentially the same. Locating and wiring of SoPC is the connec-
tion between microprocessor and IP core or between IP cores inside FPGA through specific 
bus way. Therefore, there are also two descriptions, namely the hardware platform based on 
SoPC and board-level hardware platform.

4 HARDWARE DESIGN SCHEME

Construct the on-chip hardware structure of nuclide identification system based on SoPC in 
accordance with design requirements. The structure diagram is shown in Figure 2.

The processing core of the nuclide identification system based on SoPC is a 32-bit Micro-
blaze processor. Add a Microblaze processor and configure parameters in the construction of 
SoPC platform. The application software of nuclide identification operates in the Microblaze 
processor. In the meantime, construct corresponding instructions, data storage BRAM, and 
dedicated debugger, namely Debug module, for the Microblaze processor.

The function of data acquisition is accomplished through the acquisition of the independ-
ently designed nuclear pulse signal waveform and the preprocessing of IP core. Procedures 
like logical control on ADC conversion, digital nuclear pulse signal acquisition, pulse screen-
ing, accumulation and judgment, peak extraction, and waveform sampling are completed by 
this IP core.

Three bus ways are adopted in data communication, namely PLB (processor local bus) that 
connects the Microblaze processor and standard IP core, LMB (local memory bus) that reads 
storage instructions of the Microblaze processor, FSL (fast simplex link) bus that connects 
the Microblaze processor and customized IP core. In the construction of IP core, sequence 
of communication control is automatically generated. The anticipative data interaction can 
be realized by adjusting input ports in design.

The logic control function is achieved through the peripheral 4-direction LED lights con-
version controlled by GPIO (general purplse input output) module, which marks the current 
operating state of the nuclide identification system. The hardware system operates with the 
assistance of serial port, interrupt controller, and timer.

Extended function refers to data interaction between the Microblaze processor and GPS 
receiver through the IP core of GPS communication control.

Figure 2. Structure diagram of on-chip hardware design of nuclide identification system based on 
SoPC.
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5 SOFTWARE DESIGN SCHEME

According to the requirements, software design includes five functional modules: main pro-
gram control module, acquisition control module, interrupt processing module, data process-
ing module, and data transmission control module. The software design structure of nuclide 
identification system based on SoPC is shown in Figure 3.

Main program control module is used to control transformation between modules and 
analyze status flag bit for subroutine call.

Acquisition control module sends command through serial port and controls the opera-
tion of nuclide identification system. The echo of working condition displays running status 
parameters of the current nuclide identification system.

Interrupt processing module sets the priority in advance, analyzes interrupt signals from 
module of nuclear pulse signal acquisition and preprocessing, GPS module, serial port com-
munication and timer, and responses with interrupt operations.

Data processing module is a difficulty as well as an emphasis of this design. Data process-
ing module outputs data to IP core of nuclear pulse signal acquisition and preprocessing for 
pulse amplitude analysis so as to form γ spectral data, which are then analyzed by nuclide 
identification module for the judgment of nuclide category.

Data transmission control module transmits γ spectral data, waveform data, GPS informa-
tion, dose rate information and nuclide identification results to upper computer according 
to operating mode.

Figure 3. Software design structure of nuclide identification system based on SoPC.

Figure 4. Operation process of software.
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The overall operation process of software is presented in Figure 4. The operation mode 
of system default is data acquisition mode. System judges mode state in the operation of 
software. In data acquisition mode, the system collects spectral data and GPS information 
after parameter setting, and save data information. When the collection stops, the system 
judges the flag bit of spectral analysis mode again. In spectral analysis mode, spectral data 
are analyzed to obtain the results.

6 ACTUAL MEASUREMENT OF SYSTEM

In this paper, nuclide identification system based on SoPC is verified and four radioactive 
sources of laboratory, namely 22Na, 60Co, 137Cs, and 241Am, are tested by nuclide identification. 
This system is also able to identify single radioactive source. Results of two kinds of nuclide 
hybrid tests, 22Na and 137Cs, 137Cs and 60Co, as well as the hybrid test result of three nuclides, 
241Am, 22Na, and 137Cs, are provided in data analysis for the verification of nuclide identification 
function of the system based on SoPC. Spectral data transmitted by the system from serial port 
to personal computer and nuclide identification results are presented in Figures 5, 6, and 7.

Nuclide identification result of 22Na and 137Cs is shown in Figure 5, containing information 
of peak position. The peak position information is expressed in 8-bit hexadecimal numbers. 
22Na has two characteristic peaks, namely 000000d3 and 000001ae, which are channel 211 and 
channel 430 after transformation. The characteristic peak position of 137Cs is 000000ff, which 
is channel 255 after transformation. Nuclide identification result of 137Cs and 60Co is shown 

Figure 5. Nuclide identification result of 22Na and 137Cs.

Figure 6. Nuclide identification result of 137Cs and 60Co.
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in Figure 6. The characteristic peak position of 137Cs is 000000fd, which is channel 253 after 
transformation. Characteristic peak positions of 60Co are 00000191 and 000001ba, which are 
channel 401 and channel 442 after transformation. Nuclide identification result of 241Am, 22Na, 
and 137Cs are shown in Figure 7. The characteristic peak position of 241Am is 0000004f, which 
is channel 79 after transformation. 22Na has two characteristic peaks, namely 000000d1 and 
000001a9, which are channel 209 and channel 425 after transformation. The characteristic peak 
position of 137Cs is 000000fd, which is channel 253 after transformation. Experimental results 
show that this nuclide identification system can accurately identify these radioactive sources.

6 CONCLUSION

The core of nuclide identification system based on SoPC is to acquire, analyze, and process 
output signals of energy spectrum detectors and provide results of nuclide identification. 
Starting from the analysis on functional requirements of nuclide identification system of 
portable instruments, the author designs both software and hardware based on SoPC with the 
combination of collaborative design features of SoPC software and hardware.  Modification 
and upgrade are extremely convenient and the overall structural framework is reasonable if  
function modules are embedded in SoPC system in the form of IP core. In the end, based 
on the actual measurement of the system, the author verifies the results by transmitting data 
from serial port of SoPC hardware to upper computer. The experiment proves that the sys-
tem is able to meet the requirements of portable nuclide identification system.
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ABSTRACT: The paper presents the required capacitance of maximum transmission 
power in the series-series wireless power transfer system. We analyze from the current on the 
resistive load. There are three analytical solutions of matching capacitance. The first solution 
is commonly accepted and the system has a higher transfer efficiency under the first solution. 
But the system can obtain higher transmission power under the second or the third solution 
than the first one. The second and the third solution can be useful in many applications.

1 INTRODUCTION

The development of electromagnetic technology provides a powerful tool to rid humanity 
of wire constraints. The scene of cars no longer needing refuel and household appliances no 
longer needing cumbersome wiring is coming.

Since Marin Soljacic and his team conducted the experiments of wireless power transfer[1], 
it became more and more popular. Ever since, the transmission efficiency and transmission 
power of wireless power transfer reach a relatively high level.

There are three kinds of wireless power transfer implementations: electromagnetic induc-
tion, also the basic principle of the voltage transformer, short-distance transmission; electro-
magnetic coupling resonance, the principle of the experiment of Professor Marin, mid-range 
transmission; microwave, transferring power taking advantage of the strong direction of 
microwave, long-distance transmission.

Microwave transmission is mainly used for large-scale long-distance power transmission. 
Electromagnetic coupling resonance and electromagnetic induction are mainly used in rela-
tively short distance, in which electromagnetic coupling resonance technology has a optimum 
distance and can efficiently transfer considerable energy without magnetic core. This paper 
studies the electromagnetic coupling resonance.

Transmission efficiency and transmission power are vitally important for wireless power 
transfer. In the applications such as household appliances power supply, vehicle charging, 
and microwave power transmission of wireless power transfer, efficiency would be given 
 priority. When in the implantable medical device, transmission power would be essential for 
minimum threshold power of the device.

In the case of electromagnetic coupling resonance, transmission efficiency and transmis-
sion power are associated with multiple parameters, e.g. distance, coil shape, intermediate 
medium, the frequency, and matching condition. Benjamin L. Cannon proposed regulating 
capacitors to improve the efficiency of the one to multiple receivers wireless power transfer 
system in the paper [2]. Ada S. Y. Poon optimized the frequency in the wireless power trans-
fer of biological tissue and proved frequency above 1GHz is better for small receiving coil, 
which laid a solid foundation for the implanted device miniaturization [3]. Sanghoon Cheon 
analyzed with an equivalent circuit model to obtain the coupling coefficient and the distance 
required for optimal efficiency [4]. There are also studies on the transmission medium, for 
example, J. Choi and C. Seo proposed using a structure of negative magnetic permeability 
metamaterial as intermediate medium to create high efficiency wireless power transfer [5]. 
Yaroslav Urzhumov and David R. Smith put forward a slab of anisotropic medium between 

FRANKIC_Book.indb   135FRANKIC_Book.indb   135 3/6/2015   9:59:10 AM3/6/2015   9:59:10 AM



136

two coils, which could lead to an order of magnitude greater efficiency than free space [6]. 
Bingnan Wang and his team members proposed the use of metamaterial to enhance the 
evanescent wave coupling and improve the transfer efficiency of the wireless power transfer 
system [7]. Different from the above of using metamaterials, Jin Wook Kim proposed an inter-
mediate resonant coil between two coils to improve system efficiency and transfer distance [8]. 
There are also systematic studies of these parameters. Lee J. and Nam S. proposed transmis-
sion efficiency is a function of distance, frequency, and input impedance [9]. Fotopoulou K. 
and Flynn B. W. proposed a single mathematical expression addressing the effects of coil 
misalignment and geometry. Both the circuit theory and the coupled mode theory are used 
in theoretical analysis. TakehiroImura and Yoichi Hori analyze with circuit theory [11]. Mehdi 
Kiani and his team members compared the advantages and the disadvantages of the circuit 
theory and coupled-mode theory [12].

We start the analysis directly from the current on the load, different from the analysis 
that begins with resonance peaks of input impedance and frequency [13]. After derivation the 
required capacitance value of wireless power transfer systems is presented.

2 MATCHING CAPACITANCE OF MAXIMUM TRANSMISSION POWER

2.1 Equivalent circuit model

Series-series structure is adopted in the wireless power transfer systems. Uin in Figure 1(a) is 
an equivalent voltage source of actual measurement.

The circuit can be described as
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According to the Thevenin’s Theorem, equivalent circuit of load side is deduced as below.

Figure 1. Equivalent circuit model of wireless power transfer systems.
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Open-circuit voltage
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Equivalent impedance is
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2.2 Matching capacitance for maximum transmission power

The current in secondary equivalent circuit can be obtained as follows:
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The size of current is
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Substitute variables in Equation (6) with
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Hence the formula in the brace of Equation (6) becomes
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When Equation (8) reaches the extreme value, Equation (6) gets the extreme value. It 
requires
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From analysis, we get one of solutions,

 

H
J

=
={ 0

0  (10a)

When H ≠ 0 or J ≠ 0, other solutions are deduced as follows
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In summary, there are three solutions:
Solution 1:
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Solution 2 and Solution 3:
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Solution 2 has a plus sign behind the equal sign, when solution 3 has a minus sign.
From equations (1) we can get equivalent impedance of primary side
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Equivalent impedance Zt and Zeq are both purely resistive under three solutions and that 
means they are all resonant solutions. Thus the primary voltage Uin has the same phase as the 
primary current It under three solutions. Derived from Equation (2) and (5) Uin lags behind 
the secondary current I by a half  pi under solution 1. Under solutions 2 and 3 Uin lags behind 
I by π/2 ( )a cta 11 .
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3 MAXIMUM TRANSMISSION POWER

3.1 Solution 1

Its corresponding current modulus value and transmission power is:
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3.2 Solutions 2 and 3

Its corresponding current modulus value and transmission power are:
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Equation (16) demonstrates P2,3 keeps an advantage over P1. According to the theoretical 
derivation above, the second and the third solution achieve maximum transmission power.

Compareing P2,3 with P1, there is
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4 CONCLUSIONS

Equivalent circuit model of series-series wireless power transfer system is established in this 
paper. Three matching capacitance are deduced when the load achieves its maximum received 
power. Through theoretical analysis we obtain the following conclusions:

The load achieves its maximum received power under the matching capacitance of solution 2 
and 3. This could apply to the circumstance where the load needs maximum voltage or current.

The system achieves larger efficiency under the matching capacitance of solution 1. Using 
this matching capacitance could save energy.
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Key technology analysis of communication middleware for smart 
power grids
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ABSTRACT: The article mainly analyzes the key technology of communication middle-
ware for smart power grids, summarizes communication technology of smart power grids, 
and elaborates on the mapping method of intelligent substation IEC61850 of real-time data 
exchange and data communication of intelligent microgrid DDS/IEC 61850, thus relevant 
people can acquire a more direct understanding of the technology and the smart power grids 
are better improved.

Keywords: smart power grids; communication middleware; key technology

1 INTRODUCTION

Based on the current research reports at home and abroad, the smart power grids mainly 
consist of four parts:

1. Advanced distribution operations, ADO
2. Advanced metering infrastructure, AMI
3. Advanced transmission operations, ATO
4. Advanced asset management, AAM.

For different communication demands of these four components, the communications 
technology for smart power grids has become the hot spot of research.

Disunity of communication standards gives rise to the difficulty for the equipment of 
different manufacturers to assess to the same substation system, and increase in cost and 
difficulty of substation automatic integration and expansion. International Electro-technical 
Commission (IEC) released in 1997 IEC60870-5-103 “Standard on information interface kit 
of relaying protection equipment” based on all parts of IEC60870-5 “telecontrol equipment 
and system—Part V: Transmission stipulation”. The standard is used for internal communi-
cation of the substation system, and has achieved wide application in many countries. But 
it adopts no advanced network technology, only suitable for the communication between 
two equipments with permanent connection access, and it only defines the communication 
between wall equipment and substation equipment, involving no process level equipment. 
In addition, since the standard has defects in semantic agreement and semantic definition, 
though the equipment with IEC60870-5-103 can be connected, manual configuration is 
needed to realize interoperability. Thus, integration of information and communication tech-
nology is gradually applied in the smart power grids, which has greatly increased efficiency 
of electrical power system, and also the sustainability and reliability of smart power grids. 
During the continuous development of smarter power grids, the power grids of a new genera-
tion integrating automation and informatization are able to effectively support integration 
of new energies.
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2  TECHNOLOGY ANALYSIS OF COMMUNICATION MIDDLEWARE 
FOR SMART POWER GRIDS

Making heat preservation specification (MMS) is also ISO standard. This set of the standard 
can guarantee that the computer or intelligent electronic equipment in the network can real-
ize data and information link. IEC91850 is also based on such mapping. The feature of MMS 
is to give industrial system independence and interoperability. This specification is only suit-
able for dedicated communication system, and is used by user to create a general information 
environment for independence and equipped with high interoperability. The file object of 
MMS provides a set of simple transmission, renaming and deletion services. Services such 
as FileRename, FileDirectory, and FileDelete are adopted in the ACSI and MMS mapping 
process respectively for file renaming, returning to file and deleting the catalog located.

IEC61850 mapping to MMS is actually the core ACSI mapping to MMS. It has certain 
relation with ACSI information model and service. In the MMS mapping, IEC61850 opera-
tion module and information service module can be mapped into different regions. See 
Figure 1.

2.1 Construction of parameter mapping service

GOOSE refers to generic object oriented substation event. It can satisfy the requirement 
of quick message in automatic system of IEC61850 standard. This mechanism can realize 
the monitoring function and information exchange between protection and jointly estab-
lish model and compose network with protection system, sharing one unified platform. This 
method can improve the reliability and safety of secondary system. When changes occur, the 
intelligent electronic equipment can take advantage of the changes to report. GOOSE service 
parameter is shown as follows (see Table 1).

2.2 Representation of IEC61850 mapping of CORBA

CORBA is mainly provided based on object management organization, a technical speci-
fication for request agent program structure that is able to solve interoperability problem 
between different objects. It is to realize that the objects can formulate program framework 
and accept application of these contents as upstream invocation. During the process, invoca-
tion of ORB and object adaptor can be realized. See specifications in Figure 2.

Figure 1. IEC61850 mapping to MMS.
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Table 1. GOOSE service parameter mapping.

DL/T860.72 parameter Parameter name Request Direction

Parameter (argument) Parameter (Argument) M M(=)
Destination Address U U(=)

Data Set (DatSet) Data Set (datSet) U U(=)
GOOSE Mark (GolD1) GOOSE mark (golD) U U(=)
GOOSE Control Block 
Reference (GoCBRef)

GOOSE Control Block 
Reference (GocbRef)

Time (T) Time (t) U U(=)
Status Number (StNum) Status number (stNum) M M(=)
Sequence Number (SqNum) Sequence number (sqNum) U U(=)
Time Allowed to Live Time Allowed to Live U U(=)
Test Test U U(=)
Configuration Revision (ConfRev) Configuration Revision (confRev) U U(=)
NdsCom ndsCom U U(=)
GOOSE Data Number of Data Set Entries 

(numDatSetEnries)
All data (allData)

U U(=)
U U(=)

Time Allowed to Live U U(=)

Figure 2. ORB adaptor system structure.

In the series of standards of IEC61850, method of formulating ACSI is not clarified. Only 
mapping SCSM for specific communication service is described. ACSI service and CORBA 
object management model have many similarities. IEC61850 server’s logical nodes can form 
visible self-information description out of the system. The method does not need transfer 
handling and it ensures seamless connection of heterogeneous system.
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2.3  Data communication of active power distribution network for determining 
DDS/IEC 61850

Based on the work report of  related working groups, comprehensive distributed energy con-
figuration power grid can be adopted and the network technologies can be flexibly applied 
to realize effective management of  trend. This distributed energy can support reasonable 
monitoring environment and access rules. Substantially speaking, the active power distri-
bution network makes use of  advanced information, communication and power electron-
ics technology to actively manage the power distribution network with large-scale access. 
The active management method can actively adjust and control interval new energy and 
energy storing device, positively absorb renewable resources and guarantee the safe opera-
tion of  network. The effectiveness of  active power distribution network requires applica-
tion of  many technologies, such as global optimization technology, layered and distributed 
coordination and control technology and cost-benefit analysis technology and the active 
power distribution network requires more communication technologies for advancement 
and innovation.

2.4 Formation of data communication simulation platform of smart power grids

The real-time data communication architecture design of smart power grids is to screen the 
programming of underlying communication mapping through DDS network communica-
tion middleware in the network communication link, and flexibly include data source, and set 
data for making source in the receiving end. For example, if  a power company only empha-
sizes the data of wind power plant, then the receiving end can be designed. Thus data from 
solar power plant cannot be received. Only data of wind power plant is received. With such 
monitoring system, the monitoring of data can be achieved, and the database can be matched 
with Web page server. See specific method in Figure 3.

Based on such real-time communication system architecture, the main production links 
of the system mainly deploy the communication network of Ethernet, and the mobile client 

Figure 3. Real-time communication system architecture.
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Figure 4. Overall structure of data communication platform.

end can access to the platform communication network through 3G and WiFi. The commu-
nication of each end adheres to the substation IEC61850 standard and uses DDS mapping 
of IEC61850 abstract communication service interface to guarantee the unification of com-
munication interface, thus reaching the goal of interoperability of all equipment. The overall 
structure of data communication platform is shown in Figure 4.

3  ANALYSIS PROCESS OF COMMUNICATION MIDDLEWARE 
FOR SMART POWER GRIDS 

3.1 IEC61850 protocol

IEC61850 protocol is the basis for domestic new substation automatic system. Compared 
with the traditional communication protocol, the technology adopts the protocol for object-
oriented modeling, and describes and divides the communication structure through various 
means and methods, beneficial for the development of communication technology and bet-
ter guaranteeing the interoperability of systems, which cannot be satisfied by the traditional 
communication protocol. The protocol provides a set of information functions, such as data 
report, record, and control data, but it only belongs to an abstract interface, and cannot sat-
isfy the data transmission of application layer protocol.

3.2 Flow of progress of mapping problem

In the actual mapping, the abstract data in IEC61850 protocol should be mapped in the 
standard communication protocol, thus it can be guaranteed to be really implemented. Even 
though MMS boasts many technical advantages, its data structure only has two levels com-
pared with IEC61850, and cannot provide accurate communication services in most cases. 
Thus the application of IEC61850 can effectively change the situation.

FRANKIC_Book.indb   145FRANKIC_Book.indb   145 3/6/2015   9:59:15 AM3/6/2015   9:59:15 AM



146

The mapping of IEC61850 Protocol into MMS and Generic Object Oriented Substation 
Event (GOOSE) can take advantage of gateway design and ensure its application in electric 
power telecontrol communication, thus the difficulties and key problems of developing the 
protocol are solved; from the perspective of network framework and specific communication 
data service, it can realize the mapping problem of communication protocol; if  IEC61850 is 
mapped into the real-time event services of CORBA-TAO, it can thus realize the control and 
electric power monitoring of dispatching center and substation WAN. Table 2 provides the 
specification of mapping from ACSI to MMS.

3.3 Empirical analysis of exchange service of communication service

According to characteristics and requirements of electric power production process, IEC61850 
standard can summarize the information transmission network necessary for electric power 
system, and also define the independent application layer and abstract information service 
port. Through Specific Communication Service Mapping (SCSM), it can map the abstract 
object, communication service and parameter to the specific application layer. The mapping 
gradually changes with the network communication technology. Some abstract ports cannot 
support all mapping. ACSI’s mapping is shown in Table 3.

ACSI communication service of IEC61850 has two types: one is to adopt the form of C/S 
to control and read data; the other is to adopt the mode of peer-to-peer communication to 
apply it in the situation with higher requirements for time. The specific mapping can be seen 
in Figure 5.

In IEC61850 Protocol, seven messages are required to be transmitted, and quick message, 
original data message, business tripping message, etc., have the highest demand for time. In 
order to reduce the transmission time, they are directly mapped to Data Link Layer (DLL) 
generally. And for other message transmission, they are mapped to MMS. It shows the Net-
work Time Protocol (NTP). The original data message adopts SV for transmission and rapid 
message and tripping message adopt GOOSE for transmission.

3.4 Real-time data communication for smart power grids from the perspective of DDS

DCPS model is a kind of information exchange model, and includes three basic elements, 
respectively publisher, subscriber, and theme. DDS service centers on data; for the nodes, 
their data transmission is conducted in the distributed network through subscribing and pub-
lishing, and they are established and connected under the control of service quality strategies, 
and then spontaneously make configuration and find parameters.

Data Distribution Service (DDS) is a real-time data distribution agreement published by 
Object Management Group (OMG), and its communication model centers on data. Smart 
power grids pursue reliable and uninterrupted electric power supply, during which the reli-
able and real-time communication is realized. High voltage and strong current will disturb 

Table 2. Specification of mapping from ACSI to MMS.

Category ACSI Name of object class MMS object class mapped

ACSI node Logical device Domain
Logical node Variables (such as variable of 

logical nodes) (Named Variable)
Data set Named Variable List

ACSI service Grouped setting control
(For example: request/response service, 
request/non-response service/distributed 
generic substation event and distributed 
sampling and measuring value, etc.)

One MMS data object
(A MMS Data Structure 
Component within a MMS)
Variable (for example, logical node 
variable) (Named Variable)

Log Log Journal
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Table 3. Mapping of ACSI object model and 
MMS object model.

IEC 61850 MMS object

Server VMD
Logical Device (LD) Domain
Logical Node (LN) Named Variable
Data Set Named Variable List
Data Named Variable
Association Application
File File

Figure 5. ACSI’s mapping.

the operation of electric power industry, so the strong capacity of resisting disturbance 
and impact resistance are required for communication. The unattended digital transformer 
substations are increasing in China, and communication network becomes more and more 
complicated, with wider coverage, so relevant personnel should ensure high flexibility of 
communication and operation during design.

4  COMPARISON OF THE TECHNOLOGY METHOD IN THIS PAPER 
WITH THE MAINSTREAM METHOD

Two sets of draught fans of the same model and data collection plates, as well as three com-
puters with the same configuration and a set of 10/100M Ethernet switch. There is certain 
restriction on scale of computers. It sets up a real-time data communication hardware simu-
lation platform for the development of development programs. The design of development 
environment is of great importance for the development of data monitoring platform. The 
development of monitoring system is mainly based on Data Distribution Service (DDS) soft-
ware application. Reasonable software configuration should be made in computers. For exam-
ple, environment variables, installation of RTI Monitor, and configuration of RTI RTC.

DDS middleware can greatly shorten the development time for network programming. 
Before data structure is made, the parameter variables required for power grid monitor-
ing should be known, and the restriction on transmission bandwidth should be taken for 
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 reference, so as to reduce the space as much as possible. During the transmission, voltage, 
power and wind speed and other variables are defined in this IDL file. And the application of 
all RTI DDS middleware development will conduct data transmission based on the variables 
defined in IDL file. This method is simple and convenient. Only by defining IDL file of data 
structure can it be transported through DDS middleware.

Designing real-time data requires the collection of system Simulink models. The data col-
lection equipment of draught fan monitoring system is dspace, which can send data to real-
time network through connection with RTI DDS data transmission procedures. It creates 
data collection port through Simulink model, and also serves as the supporting software 
application of dspace. The development data transmitting end of RTI DDS middleware can 
rapidly gain these data, and then send the corresponding data package through conversion 
and calculation. Its data transmitting end is shown in Figure 6.

Web server provides users with the monitoring functions of draught fan functions, and 
obtains relevant data from Web pages through the distribution network. This method is of 
apparent advantages. First, Web server has strong cross-platform functions, and users can 
access to it through different devices. Then data monitoring can be conducted in the place 
with access to network, so that the monitoring system can be better applied.

5 CONCLUSIONS

Through the application of key technologies of communication middleware of smart power 
grids above, it can be concluded that smart power grid is mainly based on grid structure, takes 
communication information platform as the support, adopts intelligent control to regulate and 
control the various links of electric power systems, and then realizes the integration of power 
grids. Currently, the data communication of smart power grid is highly centralized, with the 
configuration structure of star-typed hierarchical structure. But it is because of the apparent 
defect of this structure that control center is likely to be collapsed in case of a large number of 
data, and the use of communication middleware can effectively solve this problem.
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Figure 6. Data transmitting end.
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A study on the assistant decision-making system of distribution 
network planning based on GIS

Yunfeng Shao, Jiangwei Zhao, Decai Yuan, Hui Yun & Jin Wang
State Grid Lvliang Power Supply Company, Lvliang, Shanxi, China

ABSTRACT: Studies on assistant decision-making system of distribution network plan-
ning based on GIS platform can effectively guarantee the normal operation of distribution 
network. Based on GIS technology, the system in this paper is guided by advanced planning 
theories and methods to realize share and exchange with other basic power system database, 
which features advanced technologies, high intelligence, and practical flexibility. Practical 
applications in Lvliang Power Supply Bureau indicate that this system can effectively improve 
planning work in terms of science, practicability, and timeliness, providing a visual operating 
platform for management and decision-making of distribution network planning.

Keywords: GIS; distribution network planning; assistant decision-making system; operat-
ing platform

1 INTRODUCTION

Power network planning is an important part of power system planning, the task of which 
is to determine the optimal power network composition in line with load growth and the 
scheme of power supply planning so as to meet the requirement of economic and reliable 
power supply. Being located at the end of power system and directly connecting with users, 
power distribution network is a crucial link of connecting power source and users in power 
system. The construction of assistant decision-making system of distribution network plan-
ning applies computer networking technology, GIS technology, modern database technology, 
and computer software technology and integrates various basic data required by distribu-
tion network planning to realize visual management on the current power grid graphics and 
provide accurate and comprehensive data support for decision-making of distribution net-
work planning. In order to improve the construction of assistant decision-making system of 
distribution network planning, it is very necessary to develop an assistant decision-making 
system of distribution network planning based on GIS data platform, featuring reasonable 
structure, friendly interface, and strong expansibility. The assistant decision-making system 
of distribution network planning for Lvliang Power Supply Bureau introduced in this paper 
is developed for solving limitations of traditional planning software.

2 TYPES OF SOFTWARE PLATFORMS

Information of optional system software are shown in Table 1.

2.1 GIS platform

The ArcGIS platform of ESRI company adopted by the GIS construction project of the 
State Grid Corporation of China is applied in this system as the graphic platform for power 
grid space, data modeling, power grid analysis, and Web applications.
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The ArcGIS platform embodies experiences of GIS platform development of ERSI com-
pany (Environmental Systems Research Institute, Inc.) for the past 30 years. It is an essential 
technology of IT that comprehensively contains COM technology, distributed database con-
cept, multi-tier architecture, open technology, object oriented technology, WEB technology, 
and JAVA technology. It follows general international standards with unity, exclusiveness, integ-
rity, and expansibility. Its flexible structure of combining C/S and B/S provides more improved, 
more open, and more expandable solutions for multi-layered application requirements.

2.2 Database platform

In this system, Oracle database is suggested to be used as the data management platform 
to satisfy requirements of multi-users, great deal of data and effective control on data secu-
rity and integrity. Oracle is a database management software system, the centered manage-
ment data of which are relationship-based and object-oriented. It is widely used in fields 
like management information system and enterprise data processing, featuring supporting 
multiple users, large deal of transaction processing, distributed data processing, and strong 
 portability. Given its excellent performance in data security and integrity as well as the data 
operation ability in cross-operating system and cross-hardware platform, Oracle is now used 
as the processing system of application data by more and more users.

It can be known from the above analysis that GIS platform, with its visibility and operabil-
ity, is more applicable in graphic platform applications like power grid data modeling, power 
grid analysis, and Web applications. Therefore, GIS platform is used in assistant decision-
making system of distribution network planning for Lvliang Power Supply Bureau.

3 SYSTEM STRUCTURE

The structure of the system is C/S (client/server mode) structure, shown in Figure 1, includ-
ing four layers: data storage layer, platform layer, application layer, and presentation layer.

Data storage layer: Oracle database is used by server.
Platform layer: The platform layer is mainly the GIS platform at the bottom of client side. 

The GIS platform is ArcGIS platform with CIM port.
Application layer: Application system is located at the upper system structure. Client inter-

face orients at final users. Practical functions of server side are realized in the form of func-
tional module.

Presentation layer: The whole system is composed of multiple sub-modules, including con-
sole, data acquisition, high-voltage status analysis, load prediction, capacity of transformer 
substation, high-voltage network planning, power source management, and economic 
evaluation.

4 SYSTEM FUNCTIONS

According to the process and features of planning, system functions can be divided into 
five functional modules: data acquisition of distribution network planning, status analysis, 

Table 1. Platform information.

Platforms Types Notes

GIS platform ArcGIS9.3 version 
and above

Based on servers, used for enterprise-level GIS applications 
and services with centralized management, multiple users 
and advanced GIS functions.

Database 
platform

Orcle10.2.3 version 
and above

ArcGIS should be supported by Oracle 10.2.0.3 version 
and above.
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 assistant decision-making system of distribution network planning, evaluation and manage-
ment of planning scheme, and system management. The structure is presented in Figure 2.

Most planning functions of the system inherit advantages of previous planning software: 
Complete planning functions, covering the initial data acquisition to the final text genera-
tion; advanced theoretical model that is convenient for man-machine coordination planning. 
As for traditional planning functions, the high-voltage planning data acquisition module of 
this system integrates all information systems of Lvliang (GIS, SCADA, production MIS, 
etc.) to the largest extent with flexible data interfaces (CIM, SHAPE, CAD, SVG, BPA, etc.). 
The function of summarizing the system planning results is able to automatically generate 
planning texts from final results and save labors.

The system contains a series of improved functions like information inquiry and manage-
ment of distribution network planning that are convenient for planners to manage plan-
ning data. Technological and economic evaluations of various planning schemes objectively 
reflect the practicability of planning projects and make the planning more scientific.

Besides, given features of network distribution in Lvliang, functions of the system, like 
fast and practical automatic N−1 verification and “3T” wiring verification, are specifically 
developed in line with the planning for the convenience of planners in verification of network 
distribution status and the security and rationality of network distribution system, largely 
easing the work load of planners.

In addition to functions of traditional planning software, this system also includes in city 
planning information with the combination of features and trend of power grid development 
in Lvliang so as to guarantee the coordination between network distribution planning and 

Figure 1. System structure.
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city planning, win more strategic resources in city planning, make network distribution plan-
ning more practicable, and accord with the inevitable trend of network distribution planning 
development. The pipeline resource planning module realizes practical functions of power 
pipeline inquiry and management as well as planning scheme evaluation and management. 
With the help of GIS visual technology and the integrated management of graphic features, 
information that cannot be seen previously like underground pipeline scale and laying can be 
directly displayed on computers, which significantly improves digital management of pipe-
line resources and lays a good foundation for pipeline resource planning.

5 SYSTEM FEATURES

5.1 Distribution network planning combined with city planning

The system combines distribution network planning and city planning on the data platform 
of distribution network planning and carries out effective management on reserved sites and 
pipelines of planning through reasonable utilization of city resources, so as to avoid the waste 
of city resources and power grid resources and make distribution network planning and city 
planning more coordinate with practicability and economical efficiency. Through this sys-
tem, city planning information (land property, land area, plot ratio, etc.) can be recorded in. 
The effective combination of distribution network planning and city planning information 
platform can be truly realized through the combination of city planning information and 
power system planning information, such as load prediction, transformer substation distri-
bution, pipeline planning, etc.

5.2 Planning results display platform based on GIS

The system provides planners with a set of visual platform of recognition and operation 
through plentiful means of displaying views. Two kinds of visual and mutual display modes 
of the same set of planning data, namely geographic connect graph and electrical connect 
graph, are provided by the system, realizing the function of automatically generating electri-
cal connect graph from geographic connect graph. It is able to satisfy the requirements of 
different levels of analytical decisions in planning area and normal planning work. Besides, 
the comprehensive data display platform is also developed in this system to display various 
results of planning analysis. Analytical results in various forms of focused areas and all kinds 
of results of planning analysis can be checked with the help of this platform.

Figure 2. Module division of system function.

FRANKIC_Book.indb   152FRANKIC_Book.indb   152 3/6/2015   9:59:17 AM3/6/2015   9:59:17 AM



153

In a word, the power grid planning system based on GIS graphic operation interface pro-
vides a visual platform of recognition and operation and displays information of analytical 
decision on geographic map in the form of “what you see is what you get”, so that planners 
are able to directly know about changes of grid information and realize scientific and effec-
tive management on grid information so as to provide grid planning with strong technologi-
cal support and assistant decision-making basis.

5.3 Automatic N−1 verification

N−1 is a criterion for power system security, which is widely used by power companies at 
home and abroad. On account of  the complex adjustment of  grid operation mode after 
N−1 fault of  high-voltage grid, currently used grid analysis software and planning software 
can only realize the verification function of  manual N−1 (it means that planners should 
determine the operation mode after the fault of  N−1 element). The work load is massively 
huge.

In accordance with features of power distribution network of Lvliang, this module real-
izes the fast and practical automatic N−1 verification function (when N−1 element is in fault, 
the system would automatically determine the operation mode after fault in line with certain 
rules without manual determination of planners) that satisfies planning requirements on the 
condition of a series of preprocess on the distribution network, significantly reducing the 
work intensity of planners. 35 kV circuit and 10 kV circuit in the distribution network are 
generally the open-loop radial operation, which is relatively common in distribution network 
of Lvliang. For this reason, in this module, the estimated N−1 verification is carried out on 
radial networks of 35 kV circuit and 10 kV circuit in line with certain rules without load flow 
calculation.

5.4 Comparison of planning schemes

Comparison of planning schemes in terms of technological economy of different planning 
schemes objectively reflects advantages, disadvantages, and feasibility of planning schemes, 
which contain aspects such as power grid size, technological parameters (load flow, trans-
mission losses, short circuit, N−1 verification, etc.), and equipment investment estimation. 
Complexity and uncertainty of planning work determine that its essence is a process of com-
paring multiple schemes, containing longitudinal comparison of different years in the same 
area as well as horizontal comparison of different planning schemes of the same area in the 
same year. Planners obtain the feasibility of planning projects from longitudinal comparison 
and obtain advantages and disadvantages of different schemes from horizontal comparison. 
This function assists planners to make decisions about planning schemes, reducing work load 
of planners and improving the scientific nature of planning.

5.5 Open data interface

Open data interface means that the system can realize data conversion with other grid infor-
mation systems through interfaces of various formats. At present, the system mainly con-
tains interfaces of CIM, SHAPE, CAD, SVG, BPA, and other formats. Basic data required 
by the planning of grid information system (such as GIS, SCADA, and production MIS) are 
automatically extracted through CIM interface. Plots (background of geographical wiring 
diagram) are automatically generated through files of SHAPE or CAD format. The system 
can also realize function of graphic (AutoCAD, jpg, etc.) output of planning results, genera-
tion of thematic analysis diagram and generation of GIS thematic map (displaying planning 
results with GIS map and other satellite maps). In accordance with successful applications 
of BPA program in Shanxi province, seamless invocation between the system and BPA is also 
realized. Flexible and open data interface effectively integrates all kinds of resources of dif-
ferent information system of Lvliang distribution network, enhances share of planning data, 
and expands application scope of planning results.
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6 CONCLUSION

Compared to traditional database platforms, the assistant decision-making system of distri-
bution network planning based on GIS platform studied in this paper has more advanced 
planning theories, which is able to not only improve the effectiveness of planning decisions 
and normal management level but also realize the organic combination with current infor-
mation system of Lvliang Power Supply Bureau. It is the fourth generation of the most 
advanced planning software in China. This system is now applied in Lvliang Power Supply 
Bureau with preferable effects, which significantly increases the technological content and 
working efficiency of distribution network planning and truly realizes digital and informa-
tion process of distribution network planning. Specific advantages are shown as follows:

1. Improve the effectiveness of planning decisions. Combine distribution network plan-
ning and city planning on the distribution network planning data platform, utilize city 
resources reasonably and carry out effective management on preserved sites and pipelines 
of planning, and avoid waste of city resources and power grid resources, so as to make 
distribution network planning and city planning unified and coordinated with more fea-
sibility and economical efficiency.

2. Establish the distribution network planning platform based on GIS. With the help of 
GIS platform, the system can simultaneously display power grid planning information of 
multiple years and multiple schemes, being able to satisfy the requirements of different 
planning levels, data analysis of different levels of details and normal planning work.

3. Increase the level of daily management of planning. Combining features of local distri-
bution network, the system realizes such functions as fast and practical “automatic N−1 
verification” and “3T wiring verification”, planning schemes comparison, and automatic 
generation of planning report, etc. It largely improves the working efficiency of planners 
and satisfies needs of planners for daily use.

4. Construct a unified power grid planning platform. With the help of flexible and open 
data interfaces (CIM, etc.), the system is perfectly embodied in the information system 
of power grid company, integrating resources of the whole information system effectively, 
solving difficulties of planning information and normalization in terms of basic data 
acquisition, and providing power grid planners with a unified work platform.
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Practical application of computer automatic control technology
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ABSTRACT: Of the sustainable development for social economy, automatic control tech-
nology is widely applied in production of enterprises and agriculture and is gradually devel-
oping as the trend for current scientific development. For emerging discipline fields in China, 
the automatic control technology has become an indispensable technology, for example, on 
firearms manufacturing; meanwhile, on instrument manufacturing, computer automatic 
control technology is developing rapidly. Therefore, the wide application of automatic con-
trol technology can fundamentally improve industrial production’s efficiency, safety, and eco-
nomic benefit, as well as lay foundations for industrial and agricultural development.

Keywords: computer; automatic control technology; practice

1 INTRODUCTION

The automatic control mainly refers to a technology that under operator-free condition 
applies computer and other equipment to make production equipment or other production 
line to be processed as operators’ basic desires.[1] With advancement of science and tech-
nology, the automatic control technology has been widely applied in industry and agricul-
ture and played a critical role in these fields. In addition, the automatic control technology 
has exerted certain effects on service industry. In course of continuous development of the 
tertiary technology reform, the automatic control technology gets rapid development and 
advancement, such as on missile technology and machinery parts production. Through long-
term research and development, superiorities of automatic control technology are gradu-
ally manifested, which not only improve production efficiency, but also increase safety on 
construction, further, under the premise of securing product quality, at certain extent, the 
economic benefits are improved.[2]

2 BASIC OVERVIEW ON COMPUTER AUTOMATIC CONTROL

2.1 Main characteristics of computer automatic control

Computer, based on its enhanced logical judgment function, information storage function, 
and other superiorities, plays a significant role on computer control technology, which effec-
tively promotes the advancement of industrial production technology and realizes tasks that 
cannot be resolved through routine control during an enterprise’s production. In general, 
characteristics of computer automatic control system include the following: First, compared 
with other design characteristics, its control rule is characterized by flexibility, diversification, 
convenience in modification, etc.; second, in course of design and application, it effectively 
combines enterprises’ production management, so as to further promote degree of atomiza-
tion; third, it facilitates to operate computers by means of instructions to realize the system’s 
high efficiency, low investment, high returns, and other characteristics.[3]
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2.2 Components of the computer automatic control system

The computer automatic control system carries out its operation based on a structure that is 
properly coordinated and with stable performance. The computer automatic control system 
generally includes: controlled object, actuator for automatic control, as well as measuring 
process, digital regulator, input and output channel during the system’s operation process. 
First, the controlled object refers to devices or equipment to be controlled; in course of 
representation by transfer function, the computer automatic control system will carry out 
the description through amplification coefficient and inertia time. Second, of the computer 
automatic control system, the actuator is the most crucial part, which can change linear 
displacement of input and output, and can reach the basic target of controlling produc-
tion process. Third, of the computer automatic control system, measurement relief  can con-
vert controllable parameters into various signals. Fourth, digital regulator, input and output 
channel can take the computer prepared program as the center and then realize diversified 
development based on such center.[4]

For example, in heating-supply management system for commercial building, computer 
automatic technology can control the heating supply system for unoccupied housing and 
warehouse that are unnecessary to supply heating; meanwhile, along with the promotion 
of housing occupation, proper statements system shall be established, so as to provide the 
system with data support. While for the application of computer automatic control program, 
they can produce various orders, which, combined with physical situation can realize recover 
of temperature data, further, can realize automatic control target.

3 COMPUTER APPLICATION IN THE CONTROL SYSTEM

Figure 1 shows a digital control computer system, in which the control computer mainly 
includes the following hardware: (1) sensor input, (2) processor, (3) control output, (4) com-
munication hardware, (5) real time clock.[5] In this system, during overhead control input, 
data can be simulated, so as to form a good signal; meanwhile each input hardware and 

Figure 1. Digital control computer system.
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software can be integrated. For example, in case of the water level sensor in the liquid solu-
tion, when liquid level exceeds certain water level, the sensor will switch to close; while dur-
ing control calculation, the sensor will judge whether liquid level reaches certain height and 
whether the pulse signals at specified position. For example, the photoelectric detector on 
the conveyor belt can produce corresponding signal while getting through goods and gears; 
by applying computer automatic control technology, the pulse quantity can be counted and 
rotating speed of the machine can be determined.

In addition, the control output also contains the above items. By employing binary system, 
common motor driven relay and motor can be controlled. Pulse output are fundamentally 
adopted in motors, during control, corresponding output signal can be obtained.

At present, with the development of science and technology, computer control on indus-
tries is required for mainly modern systems; therefore, communication hardware is the most 
indispensible part in computer automatic control system. Meanwhile, since the system gener-
ally will control various control processes and reliable interrupt processing is required, such 
that the computer automatic control system shall include various control software.

4 DISTRIBUTED HIERARCHY SYSTEM

Prior to emerging of computer technology, single or dual computer hardware were mainly 
adopted for industrial controls. However, numerous operation systems and processes are 
needed during the software system development, so in such an enormous software system, 
reliability of hardware was a big issue; meanwhile, the intrinsic potentials of computer can-
not be fully released.

With the development of computer, the structure of modern control system also changes, 
in which single chip controller has gradually been employed in the computer control system 
and arranged in relevant control equipment, which not only reduces faults occurred in the 
computer system, but also when fault is occurred in the computer system, other machineries 
can coordinate to complete tasks until such fault are removed.

Figure 2 shows a typical hierarchy computer control system, which mainly includes com-
pany stage, plant management stage, and control stage, and the lowest level of control system 
refers to the pre-set value and command of relevant controlled procedures during computer 
control. Computer operation is required for production equipment of each plant; mean-
while, during pause of computer instruction, relevant unit of controlling computer will carry 

Figure 2. Distributed hierarchy computer control system.
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out their works, although the work efficiency is good enough, but they can optimize and 
develop controlled data. In addition, relevant data obtained through controlling computer 
can reflect basic conditions of the computer control unit and can provide primary data for 
computer design optimization, as well as analyze and study on computer management and 
related liabilities, so as to increase productivity and efficiency.[6] The plant stage computer 
can form a relatively high-staged controller that mainly is responsible for the whole produc-
tion’s dispatch, data processing, as well as analyzing and summarizing of report during the 
 production. In general, the plant stage control can be treated as a host, which can acquire 
data and information from the company stage computer, stipulate proper program during 
data-based optimization design, deal with overall accounting pattern of the company stage 
computer, learn plant stage information received on raw material resources, transportation, 
and capacity, and provide optimum strategy for optimization and development of the com-
pany based on relevant issues.

In short, a relatively complete distributed hierarchy computer control system requires mul-
tiple stages computers, while for lower stage computers, functions are required to be specified 
and their time for operation is much shorter.

5 THE APPLICATION OF COMPUTER IN AUTOMATIC CONTROL SYSTEM

5.1 Sequential operation control

Sequential operation control is the most important constituent part of computer used in 
automatic control, the main function of which is to monitor and control the production 
processes involved in the productive process.[7]

The typical example under sequential operation control is the manufacture of semiconduc-
tor integrated circuit chip, the whole manufacturing process of circuit chip, which not only 
contains slicing, test, packaging, but also involves more than 100 separate production proc-
esses, which mainly include equipments for gumming, degumming, and diffusion. Relevant 
equipments shall be stopped and the sealed cover shall be opened in time, and the chip shall 
be transferred promptly to the next process; therefore, for this complicated operation, the fast 
and accurate control can only be completed by means of computer.[8]

In addition, another example of sequence of sequential operation control is the automa-
tion of occupational industry. In order to classify different drugs produced by the same phar-
maceutical equipment, computer is needed to store the formulations and setting the machine 
program of a variety of pharmaceuticals, and finish feeding, mixing, heating, and stirring 
according to basic control of formulations.

5.2 Traffic management control

Normally, when the aircraft is under in-and-out airport control, the traffic management con-
trol can be implemented by using air traffic controller, wherein the staff  of control center 
need to command the takeoff and landing of near aircraft according to traffic information 
provided by the controller, and with the help of the controller, the real-time information can 
be known through flight plan and flight direction transmitted by radio navigation, and the 
traffic volume of the airport could be judged according to the form and scope of the infor-
mation at the most extent.

In recent years, with the development of China’s society and economy, our traffic volume 
gradually increased, and the acquisition, processing, and display of all kinds of information 
need advanced systems. In the past 10 years, many modern airports have used computer and 
electronic equipments in processing data and statistics to meet their requirements. The traffic 
control system of modern control is capable of storing data of thousands of aircraft, and 
the basic data of the aircraft can be used for determining the main position of the aircraft, 
and when the two aircrafts are gradually approaching or dangerous state arises, warning mes-
sage is to be issued, the in-and-out sequence provided by the aircraft is strictly in accordance 
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with, which fundamentally guarantee the aircraft flying in the safety state use the airport 
facilities.[9]

The computer automatic control technology has not been only used in air traffic control 
systems, but also widely used on highways and railways. In 1987, the AMTRAK had used 
ATCS of the control system earlier, and used it in railway system by using computer to ana-
lyze the running status of trains and report lines to drivers at all times.[10] At the same time, 
the use of computer systems make the further understanding of basic situation on the train 
is possible, and the information can be transferred to the microprocessor in the locomotives, 
and the radio transmitter in locomotives can report to the central computer timely. And that, 
the railway system shall adopt computer automatic control timely, because its advantages can 
improve the reliability and safety of trains, and can designate running schedule of trains and 
duty table of crews, and save a lot of manpower and fuel.

5.3 CNC machine tools

In the automatic control of industrial manufacture of computer, the most important field is 
CNC machine tools. For small batch production of complex and nonstandard parts, it plays 
a very important role, after all, the production in artificial control is time consuming, and the 
passing rate is relatively low.

Essentially, in the device numerically controlled by computer, the control program in each 
control circuit stored in the ROM can be automated, in the tape prepared in advance, number 
could be read in accordance with relevant information, the main contents of which would be 
understood, and which can drive the servo motor of the machine tool according to pre-set 

Figure 3. CNC system structure diagram.
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instructions, which could control the smooth running of the machine tool fundamentally. 
Figure 3 is a typical CNC system, in which the stored program is ROM, the store instruction 
data is RAM, MID is controlled data input processing loop, and DI and DO are main input 
interfaces connected to the machine tool. Therefore, all control systems can transmit data via 
connection with data bus, address bus, and control preference.

The usually available machine tools are generally divided into three types of CNC: (1) CNC 
device in lathe, which is capable of generating pulse signal at the part connecting with the spin-
dle, and can cut straight line and arc, and also can generate spiricle instructions, and determine 
and modify the position of props; (2) CNC device in milling machine, which can cut in the x, y, 
z, and can issue a fixed loop command;[11] (3) CNC device in drilling machine, which can posi-
tion x and y axes, and drill at appropriate time, and then issue relatively fixed loop command.

The main advantages of using CNC devices in CNC machine tools include the  following: 
(1) As long as the control program is replaced, it is possible to control a variety of machine 
tools. (2) Under the control program, the control can be optimized according to the require-
ments and indicators proposed by the user. (3) The processing is very flexible, while the 
operator can change the running program of the props by modifying it on the tape, and can 
produce parts with different shapes and requirements on requests. In the CNC system, when 
processing the CNC machine tool, the computer terminal needs to be typed into the compu-
ter, to promote the industrial production using control signal.

6 CONCLUSION

The technological development has brought wide application of computer automatic con-
trol system; however, the long-term development history doesn’t ensure very mature tech-
nological level, with more potential to tap and develop. Besides, despite the wide application 
of computer automatic control technology in many fields, there still stands large space for 
development in emerging industry and fields, such as telephone communication automatic 
switch, automatic control system for national defense arms, and household electromechani-
cal equipment. Moreover, the computer automatic control has incredible prospect.
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The selection methods of Niblack’s correction coefficient

Yong Zhang, Shu Wei & Hang Hu
School of Instrumentation Science and Opto-Electronics Engineering, Beihang University, Beijing, China

ABSTRACT: The new method of choosing correction coefficient was proposed based on 
traditional Niblack’s method. This method can solve the Niblack’s deficiency and its cor-
rection coefficient uncertainty problems. New techniques which can calculate the correction 
coefficient were obtained. The correlation between local areas and the estimated information 
was gained by changing the gray scale. The appropriate method which introduces the adap-
tive standard deviation was proposed for improving the accuracy of the threshold selection. 
The experimental result shows that the correction coefficient is successfully calculated by 
improved algorithm, and it’s better than traditional Niblack’s method.

Keywords: Niblack’s; correction coefficient; binarization

1 INTRODUCTION

With the rapid development of computer science and the continuous improvement of automa-
tion level, image segmentation has become one of the key research content in pattern recognition, 
image processing, computer vision, and many other fields [1–5]. As one of the basic techniques of 
image segmentation, the binary is an important pretreatment process in image processing and 
pattern recognition [6]. It is an important means of separation of target and background. It is 
necessary for target recognition, image analysis, and many other processings [7].

The local threshold method has been widely used under the influence of illumination and 
mobile in image capturing, distortion imaging process, and industrial field such as experimen-
tal environment. As one of the classical local threshold, the biggest advantage of Niblack’s 
is detecting the target area for low contrast images [8]. In this field, scholars have conducted 
in-depth research [9–10]. Shen et al [11] combined with Niblack’s and wavelet packet for the gun 
number images. As a threshold, the low pass image is used for binarization processing to fuse 
with the binary image obtained by Niblack’s. This method retains the characteristic features 
so as to improve the effect of low contrast image binarization. Wu et al [12] combined with four 
pieces of the advantage of local average method and Niblack’s method. In order to reduce 
the palm image pseudo-noise block of meridians and broken lines, two kinds of threshold 
have been calculated by their weighted value. On the basis of Niblack’s dynamic threshold 
segmentation, Cheng et al. [13] make a combination of morphological opening and closing 
operation to smaller vein image distortion. Killingbeck [14] re-examines the Niblack’s iterative 
algorithm, and calculate according to the Nigam matrix eigenvalue extraction of feature vec-
tor. This method is applicable to the calculation of complex energy state. Although the above 
algorithms in their respective fields have achieved good results, they are easy to introduce 
background noise, and do not have universality. It is unable to get the correction factor from 
the theoretical significance.

2 NIBLACK’S METHOD

In 1985, Niblack’s method was proposed by Niblack [15]. The threshold of each window over 
the image is calculated by the following formula:
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 T mean t k( )t ( )t ( )t= ∗mean k(t σ ((  (1)

where mean( )t  is the mean value, σ ( ) is the standard deviation value of the pixels inside the 
window, and k is correction coefficient. Within the scope of the migration of pixels can be 
regarded as the same kind of pixels.

Although Niblack’s method can handle light unequal phenomenon, there are still some 
deficiencies: (1) The ability to eliminate noise is enhanced as the k value increases; this will 
lead to the loss of the details and make the image blur. Therefore Niblack’s method has a 
must attach importance to weakness: A lot of noise is easy to produce in background area [16]. 
(2) The selection of correction coefficient of Niblack’s method is achieved according to the 
experience, and there is no accurate calculation method. This will lead to a kind of image 
correction coefficient which often couldn’t apply to another image. (3) Regional threshold of 
Niblack’s method is independent: The choice of threshold is only related to the mean value 
and standard deviation of the current region. This ignores the content in other area that is 
associated with the global information which could guide the segmentation information. For 
each small threshold, there are always white pixels and black pixels. It retains the unnecessary 
details, containing the pseudo-noise in the background.

To improve Niblack’s deficiencies, the proposed method will combine local information 
and global information of the image. In order to get a satisfactory effect of binarization, we 
choose the correction coefficient for its theoretical significance.

3 SELECTION OF NIBLACK’S CORRECTION COEFFICIENT

The image is divided into child windows for size N N  to process. σi is the standard deviation 
for each window. We choose an integer value between σmin and σmax as σi.

At this point, the histogram is divided into two categories σi < σΤ and σi > σΤ. From equa-
tions (2) and (3) calculate the variances of the two types:
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where Pi is the probability of standard deviation σi. w P t0 P{ }Tt< <min t< , w P t1 P{ }T t<T < .maxt <  
There are more obvious distinguish between the two kinds with the growth of D T( )TT . For an 
image, the part of σi < σΤ shows that there are only target pixels or background pixels in the 
current area; the part of σi > σΤ shows that there are both target pixels and background pixels 
in the current area. Therefore, the value of k is:

 
k T=

σT

σ σ−maσσ x mσ in

 (4)

It describes that the deviation of a pixel in a range of 0 ∼ k  could be considered as target 
pixels or background pixels. The final judgment for what kinds of pixel depends on the mean 
value of the current window.

To further increase the associated local features and global information, and to improve 
the control ability of standard deviation for the selection of threshold, the standard deviation 
of each window will be normalized from zero to maximum gray value, instead of the local 
standard deviation in equation (1). This could enhance the accuracy of threshold selection:

 
σ

σ σ
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 (5)
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where σ(t) is the standard deviation for the current window t. Maxgray is global maximum 
gray value. σ normal ( ) is normalized standard deviation for each window.

Combining with the equations (1), (4), and (5), we can obtain:

 
T mean Maxt

gray( )t ( )t
( )t

max min

min

max min

= ∗ ∗+ σ t

σ σmax −
σ σ( )(t −
σ σmax −

 (6)

Based on the principle of the value selection, the proposed method of concrete implement 
binarization algorithm is as follows: the size of the image is divided into child window to 
dispose; standard deviation is obtained by integrating all windows standard deviation histo-
gram. In order to find maximum variance of classes σi < σΤ and σi > σΤ, we take the standard 
deviation σ(σ σmiσσ n mσ σ ax≤ ≤σσ ). Then the mean value and the normalized standard deviation of 
each window will be calculated. The adaptive thresholds of each window were determined 
using the formula (6). If  the center pixel gray value is less than that of current window, the 
current point assignment is 0; otherwise, the assignment is 255.

4 THE EXPERIMENTAL AND RESULTS

In accordance with the above method, using the c # language, the 10 images of pollution and 
300 character images which were collected from industrial field are used to calculate correc-
tion coefficient selection and binarization. The result is used to compare with Niblack’s and 
its improved method in ref. [12].

Figure 1 shows that due to the lack of overall characteristics during image threshold selec-
tion in each region, Niblack’s method contains a lot of background noise in results. Improved 
Niblack algorithm overcomes the problem of pseudo-noise to some extent, but followed by 

Figure 1. The contrast figure for pollution image.
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fracture phenomenon is the emergence of the characters. Meanwhile, the proposed method 
in effectively separate characters and background information at the same time, keep the 
good character traits, inhibit the interference of background noise. The effect is better than 
the other two algorithms.

The polluted images are evaluated by using classic image quality assessment standard such 
as MSE and PSNR[17–19]. Among them, the evaluation standard of MSE is based on the Mean 
Square Error (MSE). It is a measure of the difference image. PSNR is based on a meas-
ure of the peak signal to noise ratio. It is a measure of the reconstruction image loyalty [20]. 
 Therefore, image deviates from the original values decrease with the increase of MSE. As 
PSNR increased, the smaller the peak signal to noise ratio is, the better quality of the image. 
As shown in Table 1, the MSE value of proposed method is minimum in all the methods, the 
PSNR is the largest. Therefore, from the subjective evaluation and objective data shows the 
effectiveness of the correction coefficient selection.

Select 300 character images collected from industrial field for binarization. In order to 
accurately measure the effects of different methods, the same recognition algorithms of 
character recognition were provided. Figure 2 shows the results of Niblack’s method, its 
improved method, and the proposed method. It can be seen in Table 2; the proposed method 
of character recognition accuracy is higher than other two algorithms.

5 CONCLUSION

In the light of the uncertainty of classic Niblack’s correction coefficient and the algorithm 
itself  easy introduction of pseudo-noise problem, this paper presents a method of choosing 
correction coefficient. Combine local statistical characteristics and global information of the 
image to select modification coefficient. And the local standard deviation will be  normalized, 

Table 1. Data of MSE and PSNR.

Niblack’s 
method

Niblack’s 
improved method

The proposed 
method

Average of MSE 6256.3887 2359.5409 497.0595
Average of PSNR   66.7408   70.9757  77.7399

Table 2. The recognition rate of three methods.

Niblack’s 
method

Niblack’s 
improved method

The proposed 
method

Recognition rate 66.73% 87.69% 95.36%

Figure 2. The contrast figure for industrial image.
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to realize the gray image binarization process better. Comparing with Niblack’s and its 
improved algorithm, the proposed method can effectively calculate the correction coefficient; 
overcome the adhesion, break problems; improve the results for complicated edge blur, noise, 
and low contrast images. From the data obtained by the classical image quality evaluation 
standard and the recognition rate, correction coefficient calculated through the theoretical 
method has obvious advantages.
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A study on power supply and utilization technology for high-risk 
customers

Suhua Zhang, Cuimian Liu & Shanling Huang
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Sichuan, China

ABSTRACT: The safety of power supply and utilization has a significant impact on per-
sonal safety and enterprise benefits of high-risk customers. With the aim of designing a 
safe power supply plan for high-risk customers, a nonlinear evaluating model with multi-
ple attributes of dynamic evaluation system is proposed in this paper, establishing the index 
system for safe power supply. Based on risk evaluating model and algorithm of safe power 
utilization, a pre-warning mechanism for risk of power utilization is designed, guaranteeing 
the safety of power supply and utilization.

Keywords: safe power supply; high-risk customers; index system; risk evaluation; pre-
 warning mechanism

1 INTRODUCTION

Chen Ying (2012) points out that the requirements, as well as the dependency, of customer 
for power supply are becoming increasingly high with the social development, especially in 
terms of power reliability for high-risk and important customers, economic operation of 
embassies, people’s life, and social stability [1]. Aiming at designing a preferable pre- warning 
mechanism of power utilization risk for the safety of customers, Liu Yan et al. (2011) estab-
lish an evaluation system involving five subdivided indicators, namely “man, machine, mate-
rial, environment, and method,” based on the current situation of safe power utilization in 
China [2]. Focusing on the professional management model of safe power utilization for high-
risk and important customers, Yuan Hongbo (2013) sums up the experience of safe power 
utilization in recent years, strengthening communications with the government and custom-
ers, and building up a harmonious and win-win relationship of power supply through the 
total value of “services, technical indicators, and win-win situations” [3].

The focus of this paper is the technology of power supply for high-risk customer. An 
analysis, which mainly concerns the task of safe power supply technology, risk evaluation of 
power supply and utilization safety, and the design of power utilization pre-warning mecha-
nism, is carried out so as to provide a reference for power sectors and high-risk customers in 
taking safety measures.

2 TASK ANALYSIS OF SAFE POWER SUPPLY TECHNOLOGY

As an important pillar of our national economic development, electric power resource pro-
vides the most fundamental guarantee for people’s life. The power utilization of important 
high-risk customers is now being generally concerned by the whole society. In order to pro-
vide excellent technical support and preventive measures for safe power utilization of high-
risk customers, tasks of safe power supply are analyzed in this section to make targeted 
preparations for adopting technologies and measures.
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Table 1. Descriptions and analysis of tasks of safe power supply technology.

Types Task description Task analysis

Precautions 
against electric 
shock

Electric shock would bring complex damages to human 
body. It is very likely to cause electric shock accidents 
in practical work due to improper installation or 
maintenance of electrical equipment and staff’s negligence 
or violation of operating procedures. It is obliged to take 
electric shock precautions and first-aid measures in order 
to prevent electric shock accidents effectively.

Through analysis on damages brought by electric shock to human body 
and environmental features of high-risk customers, precautions against 
electric shock and fist-aid measures are presented. Electric shock is 
generally caused by negligence or electric leakage of equipment. There 
are precautions against being shocked or injured by electricity, such 
as avoiding contact with electrified conductors and high voltage for 
equipment use, setting ground protection and leakage protection devices, 
and strictly prohibiting direct grounding of transformer neutral point.

Precautions 
against electric 
leakage

In electric power system, the electric current led into 
the earth would increase to a certain degree when the 
insulation resistance of a conductor to ground reduces 
to a certain degree, which means there is a leakage fault in 
this system. Leakage protection devices must be selected, 
installed, used, and maintained correctly in order to avoid 
grave consequences brought by leakage fault.

Specific measures of selecting, installing, using, and maintaining leakage 
protection devices shall be determined through studies on electric 
current of electric shock and current in different environment with the 
combination of an analysis on the importance of leakage protection 
devices.

Ground 
protection

It has a lot to do with the normal and safe operation 
of power supply system and prevention of electrical 
accidents that electrical equipments and parts of circuit 
shall be connected with the earth properly.

Grounding types, such as working grounding, protective grounding, anti-
lightening grounding, anti-static grounding, and multiple grounding, can 
be concluded from the specific demands of power supply systems for 
power supply modes and the basic requirements of working environment. 
Features and functions of each type of grounding can be further analyzed. 
It is of great importance for installation, maintenance, and repairs to 
ensure the normal functioning of protective grounding devices.

Over-voltage 
protection

The abnormal increase of equipment voltage for a certain 
reason can cause insulation breakdown or damage of 
flashover when the value is much higher than the rated 
voltage. Different electrical equipments and buildings 
shall be protected by relevant over-voltage precautions.

Select and install devices of preventing atmospheric over-voltage and 
internal over-voltage for electrical equipments by analyzing causes of over-
voltage and specific conditions of electrical equipments and buildings.
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Four tasks of safe power supply technology are mentioned in this section: precautions 
against electric shock, precautions against electric leakage, ground and neutral protection, 
and over-voltage protection. Descriptions and analysis of the four tasks are as shown in 
Table 1.

From the aspects of politics, economy, safety, and environmental contamination, Liu Jian-
grong et al. (2010) define high-risk and important customers as those who play an important 
role in the country’s economic life and who might endanger the national, public, and personal 
safety and bring about significant political influence, severe environmental contaminations, 
and great economic losses due to the interruption of power supply [4]. Six kinds of circum-
stances as shown below are regarded as serious potential safety hazards, responsibilities of 
which shall be claimed by high-risk and important customers:

1. Being unable to provide duplicate or dedicated power supply in accordance with the safety 
technical requirements.

2. Being unable to meet the safety technical requirements in terms of configuration, operat-
ing management, and switcher application of emergency power supply.

3. Being unable to meet the requirements in terms of non-electric safety precautions and 
emergency plans.

4. Uncoordinated automatic device and setting value of protection.
5. Severe lack of electricians and employment without certificates.
6. Management of electric facilities and substation operation with long-standing problems 

that have never been rectified.

From the above task analysis of safe power supply technology, it can be inferred that the 
key of the technology lies in the design of pre-warning mechanism for power utilization. A 
nonlinear evaluating model with multiple attributes of dynamic evaluation system is pro-
posed in this paper, establishing the index system for safe power supply.

3  INDEX SYSTEM ESTABLISHMENT AND RISK ASSESSMENT OF HIGH-RISK 
CUSTOMERS’ SAFE POWER UTILIZATION

3.1 Index system establishment

With risks status of high-risk customers’ safe power utilization as the targeted level, an index 
system of which is established in this paper under the guidance of five elements, that are 
human resource allocation, power supply configuration, operating equipment, working envi-
ronment and execution of rules and regulations.

As shown in Table 2, corresponding descriptions of indexes and symbols are specially 
made for the convenience of producing the structure chart of the index system.

3.2 Algorithm of risk assessment

In this paper, the risk level of high-risk customers’ safe power utilization is assessed based 
on analytic network process, which permits decision-makers to take into account the interac-
tions of elements in complex dynamic system, thereby making decision problems be more in 
line with practical situations. As shown in Table 2, elements of the control layer are A, B, C, 
D, and E, while elements of the network layer contain Xij (X = A, B, …, E, i, j = 1, 2, 3, 4, …). 
Decision-making steps based on ANP are as shown below:

STEP 1. Make a comparison between any two elements based on the interactions of ele-
ments in the network model.

STEP 2. Obtain the normalized eigenvector value with eigenvector method and put it into 
the hyper-matrix column vector so as to determine the unweighted hyper-matrix based on 
the judgment matrix of any two elements.

STEP 3. Determine the weight of each element group on the basis of guaranteeing that each 
column is normalized.
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Table 2. Corresponding descriptions of indexes and symbols in the structure chart of the index system.

Symbol Index Symbol Index Symbol Index Symbol Index

Q Risk of power utilization A32 Safety education C16 Electric reactor D5 Environment & ventilation
A Human resource allocation A41 Time of response C17 Grounding device D6 Personal accidents prevention
B Power supply configuration A42 Professional skill C18 Substation cable D7 Mal-operation prevention
C Operating equipment A43 Service attitude C21 DC system E1 Daily operation management
D Working environment B1 Power supply C22 Protective relaying E2 Technical management of equipment
E System implementation B2 Emergency power supply C31 Static compensation E3 Contract execution
A1 Personnel allocation B3 Dedicated circuit or not C32 Emergency power supply E11 Working order
A2 Quality of personnel C1 Primary equipment C33 Substation power system E12 Operating order
A3 Educational training C2 Secondary equipment C34 Voltage compensation E13 Circuit inspection rules
A4 Personnel specialty C3 Other equipments C35 Resonance eliminating device E14 Environmental cleaning system
A11 Electricians allocation C11 Main transformer & 

high-voltage motor
C36 Stimulated operating panel E15 Watch system

A12 Electrical management C37 New type of monitoring E16 Emergency plan
A13 Matched management C12 Mutual inductor D1 Fire proofing E21 Test switching
A21 Qualities of electricians C13 High-voltage switch D2 Rain & snow proofing E22 Defect management
A22 Qualities of electrical 

management
C14 Low-voltage switch D3 Waterproof & flood prevention E23 Non-electric security

A31 Skill training C15 Capacitor D4 Proofing of small animals E24 Archives management

Note: Q is the target layer, while A–E are criterion layers. Secondary indicators are Ai, Bi, Ci, Di, and Ei. Tertiary indicators are Aij, Bij, Cij, Dij, and Eij. The control 
layer is composed by the target layer and criterion layers. Secondary indicators and tertiary indicators can be collectively referred to as the network layer.
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STEP 4. Calculate the weighted hyper-matrix.
STEP 5. Calculate the limit of the hyper-matrix. Evaluate the hyper-matrix to the power of n 

till each column vector of the matrix keeps unchanged.

Each element wij  in the hyper-matrix W is a normalized eigenvector obtained from the 
judgment matrix of any two elements. The column sum is 1, while W is not a normalized 
matrix. Therefore, with control elements A–E as criteria, matrix A composed by normalized 
ordering vectors, as shown in Formula (1), can be acquired by comparing the importance of 
control elements.
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A weighted hyper-matrix can be obtained by multiplying matrix A and matrix W. In the 
analytic network process, a stabilizing treatment is required by the weighted hyper-matrix W 
in order to reflect the dependent relationship between elements, namely the limit calculation 
shown in Formula (2), which intends to sorting vectors.

 
lim
N

k

k

N

N→∞
=

∑1
1

W  (2)

4 PRE-WARNING MECHANISM DESIGN OF SAFE POWER UTILIZATION

Relative weights of indicators in Table 2 can be obtained by using the professional software 
Super Decision of ANP. Acquire standard points of the five criteria when the total point of 
the index system is set as 1000, and get the total point of safety risk assessment in the form 
of scoring item by item.

The pre-warning mechanism of safe power utilization for high-risk customers can be estab-
lished thusly. This mechanism follows the closed-loop principle of “evaluation–pre-warning–
control–re-valuation,” the detailed process of which is shown in Figure 1.

As shown in Figure 1, safety precautions of power supply for government departments, 
power supply enterprises, and customers are concluded in the flowchart of risk pre-warning 
mechanism of safe power utilization.

First of all, government departments should give full play to the role of regulation; assign 
relevant work for regulators, government sectors, and power supply enterprises; require each 
sector to fulfill their obligation; and communicate with each sector regularly and actively, so 
as to learn about and analyze problems in safe power supply of high-risk customers as early 

Figure 1. Flowchart of the pre-warning mechanism.
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as possible. In the meantime, the government should also vigorously publicize safety aware-
ness such as the importance of safe power supply.

Secondly, power supply enterprises should strengthen their safety management. For exam-
ple, they should record details of customers, update contact information of high-risk and 
important customers timely, strictly follow the procedure for examination and approval of 
the government, increase capital and manpower investment in safe power supply inspec-
tion of high-risk and important customers, and improve professional qualities of staff  
comprehensively.

Last but not least, customers shall be required to enhance safety awareness in order to 
guarantee their safe power utilization. Safety education on power utilization should be car-
ried out vigorously among the masses, and power supply enterprises shall also design a strict 
examination system for staff  management. Phenomena like unprofessional operation should 
be rectified with large efforts so as to kill power supply accidents in the cradle.

5 CONCLUSION

Aiming at analyzing the safe power supply technology for high-risk customers, it is required 
to make clear tasks of the technology and conduct evaluations targeted at tasks on power 
supply and utilization index system of electric power sectors, power supply enterprises, and 
customers, namely the risk assessment index system of safe power supply in this paper, which 
improves the safety of customers’ power utilization from three aspects and provides precau-
tions for power supply accidents. A pre-warning mechanism of power utilization is designed 
in this paper after the analysis on risk evaluation system of safe power utilization, in order to 
create a safe, stable, and harmonious power supply environment for the social and economic 
development of our country.
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Sound localization system design based on the teaching application

Jiagao Xia, Wenxin Li, Jingshu Cao & Taiguo Li
The Physical Institute of Lanzhou Space Technology, Lanzhou, Gansu, China

ABSTRACT: Sound localization system based on the teaching application is designed to 
improve engineering practice ability of students. The design has some advantages such as 
intuitive and accurate localization image, simple structure, and low cost. The software and 
hardware design in this system is important and innovative, which makes it easy to carry and 
rebuild, and its software code facilitates teaching demonstration.

Keywords: teaching application; sound localization; software and hardware design

1 INTRODUCTION

Sound localization is a hot research topic recently, and has wide application in video confer-
encing, medical treatment, robots, and military fields[1–3]. Sound localization algorithm based 
on the microphone array also gradually becomes mature. Students choose sound localization 
as their research subject and mainly study algorithm and simulation which cannot improve 
practice ability in engineering, and hence the teaching objective is far to reach. Two reasons 
are given to explain the above result. On the one hand, the price of acoustic equipment is 
rather expensive, and students always are away from the equipment to ensure its safety. On 
the other hand, acoustic equipment is a mature commercial product, and its internal struc-
ture is completely encapsulated. Students just do the experiment and need not have any theo-
retical analysis according to the established plan and program, which cannot stimulate their 
scientific research enthusiasm.

Therefore, sound localization system based on the teaching application is designed. And 
the system is a simple structure, of low cost, easy to carry, and completely open in software 
code. Students can build the microphone array according to their own thoughts and design 
the relevant software code. So the system fully provides an autonomous learning opportunity 
for our students.

The sound localization system is composed of two subsystems of hardware and software. 
Hardware system is mainly to complete the design of microphone array and data acquisition 
system. And the software system contains implementation of localization core algorithm, 
design of human–computer interface and communication interface.

2 HARDWARE SYSTEM

The hardware system mainly has the microphone array, data acquisition system, and the 
computer. The microphone array is made up of  several sound pressure acquisition mod-
ules, a holder, breadboards, and a power supply system. And the power of  sound pressure 
acquisition modules comes from the independent power supply system. The data acquisi-
tion system whose power is from the USB port of  the computer consists of  a minimum 
system (STM32) and a communication interface module. Figure 1 is the hardware system 
structure diagram.
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2.1 Design of microphone array

The microphone array is composed of some sound pressure acquisition modules, a holder, 
breadboards, and a power system. The sound pressure module mainly consisting of the 
electret microphone and the operational amplifier can change the faint sound signal into a 
larger voltage signal collected in the subsequent process. Figure  2 is schematic diagram of 
the sound pressure module.

In Figure 2, MK1 is the electret microphone and uses the two-terminal access. VCC sup-
plies a DC power supply to MK1 and R1 divides the voltage to drive MK1 into work. C1 
is a signal coupling capacitor. The amplifying circuit uses a two-stage inverting amplifying 
structure. The amplification factor in the first stage is about 20 times, while the second one is 
adjustable and more than 10 times which is completed by adjusting potentiometer R5. And 
the total amplification is about 200 times. The advantages of adopting two-stage operational 
amplifier are minimum distortion and adjustable gain. Dual power supply (±5 V) is applied 
into the sound pressure module. The assembled sound pressure module must be carried on 
the electrical function test and parameter adjustment to make the module work in an appro-
priate sound pressure level field.

All sound pressure modules are installed on the attached breadboards with an equal length, 
and the whole setup is fixed on the holder which can tune the height of microphone array. 
A battery power supply is chosen to meet the mobility of microphone array. So the negative 
power supply circuit made up of ICL7660 is put to use in the power supply system. The 
established microphone array is given in Figure 3.

2.2 Data acquisition system

The data acquisition system is composed of STM32 and USB-RS232 communication mod-
ule in Figure 4. The core device is STM32F103ZET6 which is the enhanced ARM Cortex-M3 
core processor[4] and has an excellent performance but low cost. The working frequency of 
the clock is 72 MHz, flash memory is 512 KB, and SRAM is 64 KB. Three 12bit ADCs 
whose conversion channels are 21 at most and conversion time is 1us can accomplish data 
acquisition technology designed. The USB-RS232 communication module whose master 
chip is PL2303HX has a reliable communication and an easy program.

The input voltage range is ±5V and sample rate is 50 KHz per channel. The sample rate 
of data acquisition module must be tested to verify the accuracy of sample rate in the 

Figure 1. Block diagram of hardware system structure.
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designed system. Every AD conversion channel is put into the output of standard signal 
generator which can generate the 1 KHz square signal. Then STM32 module starts to collect 
data. If  every square-wave cycle has 50 sample points, the design requirement about sample 
rate can reach 50 KHz.

In Figure 5(a), the sample data is collected with sample rate error in the course of testing 
and every square-wave cycle has 52 sample points. In Figure 5(b), the sample data is collected 
after sample rate is corrected using the time-delay method and every square-wave cycle has 
50 sample points, which shows that the sample rate is 50 KHz and can satisfy the design 
requirement.

Figure 2. Schematic diagram of the sound pressure module.

Figure 3. Microphone array.

Figure 4. Data acquisition system.
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3 SOFTWARE SYSTEM

The application software is developed based on Visual C++6.0. The application programs of 
sound localization contain serial communication, data acquisition, signal process, and sound 
localization programs. The serial communication program is realized by the standard control 
named Mscomm that is easily operated and does not need rich communication knowledge. 
And the chief operations are setting the serial port, opening and closing the serial port, and 
sending and receiving data. The upper computer sends the data collection command, and the 
lower computer performs that command and then sends the data to the upper computer by 
the serial port in data acquisition program. The upper computer saves the collected data at 
last.

The signal process includes acoustic pressure signal filtering and beam forming  algorithm. 
Signals from microphone are not only different sound source signals but also some white 
noise which can interfere with the phase information of  signals and must be coped with 
by filter. Low-pass FIR filter is introduced to make the filtered signals without phase 
distortion[5].

The relevant sound localization systems developed successfully on the basis of  beam 
forming algorithm[1,6] illuminate that beam forming algorithm has a good robustness. So 
beam forming algorithm is used in our designed system. Figure 6 is the beam forming 
diagram. The horizontal axis expresses the incident angle of  sound wave and the verti-
cal axis is the power or sound pressure or other parameters. When the beam forming 
value is the maximum, the corresponding horizontal axis is the incident angle of  sound 
source.

Figure 5. Data acquisition analysis. (a) Sample data with error. (b) Sample data corrected.

Figure 6. Beam forming diagram.
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4 SOUND LOCALIZATION SYSTEM TESTING

Sound localization system testing has the function test and the location test. The function 
test is mainly to jointly test the hardware and software in system to ensure regular work. The 
location test is to verify feasibility of the algorithm into real system.

In Figure 7(a), in a smaller reverberation environment, one loudspeaker is placed in 
1 meter distance from the center of the microphone array and is with the incident angle of 
120°, while, another one is placed in 1.4 meter distance from the center of the microphone 
array and is with the incident angle of 50°. The two loudspeakers are both playing different 
songs. Then, the sound localization system is put into positioning and the result is shown in 
Figure 7(b). The searching result by the designed system is basically in line with the actual 
condition, which indicates that the sound localization system is feasible.

5 CONCLUSION

A sound localization system based on the teaching application has been designed. The system 
is mainly composed of hardware collecting data and software achieving position algorithm. 
The experiment shows that the system can carry out sound localization, and the positioning 
image is visual and precise. The microphone array in system is convenient to take with and 
reconstruct. The software code is also easy to demonstrate in teaching. Moreover, students 
can assemble the microphone array and modify the software code according to the individ-
ual needs, which will motivate their learning interest and promote their engineering practice 
ability.
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Figure 7. Sound localization system testing. (a) Experimental scene. (b) Sound localization result.
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A study on industrial carbon emission from the perspective 
of scale-structure-technology

Yanqiu He
School of Economic Management, Sichuan Agricultural University, Chengdu, Sichuan, China

ABSTRACT: The control of total carbon emission is the final goal of carbon emission 
reduction. And industrial carbon emission is the elementary unit of total carbon emission. 
Based on existing studies, the author combines input-output analysis and factors distribution 
method and chooses more comprehensive technical progress indicators compared to previ-
ous studies, being able to cover utilization efficiencies of such various intermediate inputs as 
energy products and non-energy products. Through this analysis, the author obtains not only 
the influence of various factors on industrial carbon emission but also the influence of differ-
ent industries on national carbon emission, providing a theoretical basis and data support for 
the total national carbon emission from the perspective of industrial emission reduction.

Keywords: carbon emission; coefficient of complete carbon emission; input-output; factors 
distribution; industrial structure

1 INTRODUCTION

With the progress of human beings and the rapid development of economy, carbon emission has 
reached the peak in the fastest pace historically. According to the National Assessment Report of 
Climate Change issued by six departments, including the Ministry of Science and Technology 
of China, Weather Bureau, Chinese Academy of Sciences and others, the average temperature 
of China in future is likely to rise 2 to 3 degrees. Through various hazards brought by climate 
warming, such as sea level rise, crop failure and frequent extreme climate, countries of the world 
have now realized the importance of reducing greenhouse gas emission. As a developing country 
with the fastest economic growth in the world, China obviously features “highly carbonized” 
and becomes the focus of emission reduction internationally. China is now facing huge pressure 
of emission reduction. In the meantime, China has to realize emission reduction in order to 
achieve the sustainable development of economic society and environment. Therefore, emission 
reduction has become an important goal for our country to realize. The current emission reduc-
tion goal of China is to reduce the carbon intensity. Actually, the function of carbon intensity 
reduction in emission reduction is quite limited when the economy grows rapidly. Thus, it will 
eventually transit to the control of total carbon emission. As an important elementary unit of 
the total national carbon emission, industries are of great importance in emission reduction. So, 
studies on influencing factors of industrial carbon emission need to be further strengthened.

2 RESEARCH STATUS AND INNOVATIVE POINT OF THE PAPER

There are large numbers of researches on influencing factors of China’s carbon emission at 
present, most of which divide influencing factors into economic factors, demographic factors, 
energy factors and technical progress factors [1]–[7]. However, there are some deficiencies in the 
selection of measuring indicators of factors. Industrial added value is generally selected as the 
measuring indicator of industrial structure factor [8] [9], but this industrial structure  division 
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is too generalized. In fact, influences of industries on carbon emission are more reflected in 
industrial structure inside industries. For technical progress factors, energy utilization effi-
ciency is generally taken into account [2] [3] [5] [9]. As a matter of fact, technical progress factors 
include not only energy utilization efficiency but also intermediate input efficiency of non-
energy products. Research methods of influencing factors of carbon emission mainly include 
index decomposition, structural decomposition and econometric model [5]–[15]. These methods 
have their own advantages and disadvantages. Applications of index decomposition are most 
confined to the KAYA equation, factors decomposed from which are largely identical but with 
minor differences. Weighted average decomposition proposed by structural decomposition in 
cross-terms combination is rarely used in practice due to excessive workload, and polar decom-
position is quite imperfect theoretically. In addition, postulated conditions in econometric 
models are not argued by most scholars yet, results of which are questioned largely. There are 
some scholars who carry out studies on influencing factors of China’s carbon emission from 
the angle of input-output [16]–[19], yet rarely involving more detailed analysis on industries.

In order to carry out more detailed analysis on industries and strengthen the operability 
of carbon emission reduction measures from the perspective of development planning of dif-
ferent industries, the author combines input-output analysis and factors distribution method 
and divides influencing factors of industrial carbon emission into three aspects, namely 
scale, structure and technical progress, obtaining not only the influence of various factors on 
industrial carbon emission but also the influence of different industries on national carbon 
emission as well as providing a theoretical basis and data support for the total national car-
bon emission from the perspective of industrial emission reduction.

3  CALCULATION OF INFLUENCE RATE OF SCALE, STRUCTURE 
AND TECHNOLOGY

3.1 Formulas of calculating industrial carbon emission

The formula of total national carbon emission is:

 coe EX EEE Y E B y GsEXE Y−( )I AA 1  (1)

coe is total carbon emission; E is the row vector of industrial direct carbon intensity; X is 
the column vector of industrial gross output; Y is the column vector of industrial end-use; 
(I – A)−1 stands for Leontief  inverse matrix that is expressed with B ; ys is the column vector 
of the structure of end-use; G is the scale of end-use. In the formula, the product of E and 
B  stands for the coefficient of industrial complete carbon emission that is expressed with 
E , which can be regarded as the comprehensive technical progress caused by various input 
products with efficiency change. Therefore, formula (1) can be simplified as

 coe E y Gs  (2)

End-use consists of final consumption, investment and net export. Formula (2) can be 
expressed like this:

 coe E y C E y I E y MsC sI sM+E y C  (3)

coe is national carbon emission; C, I and M respectively stands for final consumption scale, 
investment scale and net export scale; ysC ysI and ysM respectively stands for the column vector 
of final consumption structure, the column vector of investment structure and the column 
vector of net export structure. The calculation formula of carbon emission of industry i can 
be derived from formula (3),

 coe E y C E y I E y Mi iE sC C EE sI i iI E sM i+E y CiE C, ,yi i sI ,  (4)
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coei is the carbon emission of industry i; E–i stands for the ith element of vector E– in formula (3); 
ysC,i, ysI and ysM,i respectively stands for the ith element of vector ysC, ysI and ysM in formula (3).

3.2 Calculation of influence rate of scale, structure and technology in industries

Absolute influence value of scale factor:

 N NscalN e ill C iNN I iN M iN, ,i C , ,i M+NC iN  (5)

Nscale,i stands for the absolute influence value of scale factor on carbon emission of industry 
i. Nc,i, NI,i and NM,i respectively stands for absolute influence values of scale change of con-
sumption, investment and net export in formula (4) on carbon emission of industry i.

Absolute influence value of structure factor:

 N N NstructurN e i y iN smN iscy,i yy ,+Ny iN  (6)

Nstructure,i stands for the absolute influence value of structure factor on carbon emission of indus-
try i. N Ny yN N iscyy i syy i, ,  and Nsm,i respectively stands for absolute influence values of structure change of 
consumption, investment and net export in formula (4) on carbon emission of industry i.

Absolute influence value of technological factor:

 
N N N NECN i EN I iE EMN itechnologyNN i, +NECN i, ,i EIEE ,  (7)

Ntechnology,i stands for the absolute influence value of technological factor on carbon emis-
sion of industry i. N NECN i EN I iE, ,i EIEE  and NEMN i,  respectively stands for absolute influence values of 
complete consumption coefficient change of consumption, investment and net export on 
carbon emission of industry i.

Influence rate is the proportion of absolute influence values of three major factors in 
industrial carbon emission change, the formula of which is:

 
n

N
Ni

iNN

industrNN yr

=  (8)

ni (i = scale, structure, technology) stands for the influence rate of scale, structure and technol-
ogy of industry i. Ni (i = scale, structure, technology) stands for the absolute influence value 
of three major factors. Nindustry is the total change amount of industrial carbon emission.

3.3 Calculation of the overall influence rate of industries on national carbon emission

The proportion of three factors’ absolute influence values in changes of total national carbon 
emission is the influence rate of industries on national carbon emission, the formula of which is:

 
m

N N N
Ni

scalN e ill structurN e i

nationalN
=

+NscalN e iltechnologyNN i, ,scalelli ,  (9)

In this formula, mi is the influence rate of industry i on national carbon emission;
Ntechnology,i, Nscale,i and Nstructure,i respectively stands for three factors’ absolute influence on carbon 

emission of industry i. Nnational is the absolute value of change of national carbon emission.

4 ANALYSIS ON CALCULATION RESULTS

The author carries out an empirical analysis and merges some industries by using national 
input-output tables of 2007 and 2010 with the combination of industrial data in China’ 
energy statistical yearbook.
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4.1 Analysis on scale influence rates of industries

It can be known from Table 1 that scale influence rates of three high-carbon industries, 
namely extractive industry, petrochemical industry and metal smelting industry, are negative, 
indicating that the shrinkage of scale leads to the reduction of industrial carbon emission. 
Petrochemical industry is the most significant one. Consumption scale influence rates of 
industries are positive, mainly the primary industry and the production and supply industry 
of electricity, heat and fuel gas. Both the two major industries are closely related to produc-
tion and living. Investment scale influence rates of industries are also positive, ones with large 
influence rate of which are construction industry and equipment manufacturing industry. 
As an important downstream industry, construction industry mobilizes a large number of 
upstream industries by its prosperous development, contributing a lot to China’s economic 
growth. And as the core part of the manufacturing industry, equipment manufacturing 
industry provides a strong and powerful support for national economy and national defense 
construction. Therefore, increased investment in these two aspects gives rise to a significant 
increase in industrial carbon emission. There are both positive and negative influence rates of 
net export scale in industries. Ones with negative trend are petrochemical industry and metal 
smelting industry, indicating that there is a certain degree of reduction in net export scale. 
Ones with positive trend are textile and garment industry and tertiary industry, undertaking 
too much international carbon emission.

4.2 Analysis on structure influence rates of industries

It can be seen from Table 2 that structure influence rates of primary industry, tertiary indus-
try, extractive industry, textile and garment industry and construction industry are negative, 
which means their proportions in industrial structure are reduced, leading to the reduction 
of industrial carbon emission. Industry is still the main factor of China’s carbon emission 
increase. Internal structure adjustment of industry also becomes an important channel 
of carbon emission. There are both positive and negative influence rates of consumption 
structure in different industries. The one with the most significant negative trend is primary 
industry, and ones with positive trends are petrochemical industry, production and supply 
industry of electricity, heat and fuel gas, and other basic industries. There are both posi-
tive and negative influence rates of investment structure in different industries. Proportions 
of extractive industry and production and supply industry of electricity, heat and fuel gas 
decrease to some extent, but those of petrochemical industry and metal smelting industry 
still increase. There are also positive and negative influence rates of net export structure in 
different industries. Industries with positive influence rates are mainly three industries of 

Table 1. Scale influence rates of industries.

Industries

Consumption 
scale influence 
rates (Unit: %)

Investment 
scale influence 
rates (Unit: %)

Net export 
scale influence 
rates (Unit: %)

Scale 
influence 
rates (Unit: %)

Primary industry 255  35 −27 263
Extractive industry  16  12 −54 −25
Food manufacturing and 

tobacco processing industry
103   7 29 139

Textile and garment industry  32   1 143 176
Petrochemical industry 135  14 −757 −608
Metal smelting industry   1   5 −111 −105
Equipment manufacturing industry  13  88 −42 59
Production and supply industry 

of electricity, heat and fuel gas
349  40 14 402

Construction industry   1 142 1 143
Tertiary industry 109  19 136 264
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Table 2. Structure influence rates of industries.

Industries

Consumption 
structure 
influence rates 
(Unit: %)

Investment 
structure 
influence rates 
(Unit: %)

Net export 
structure 
influence rates 
(Unit: %)

Structure 
influence 
rates 
(Unit: %)

Primary industry −191 −12 −3 −206
Extractive industry −23 −20 −38 −81
Food manufacturing and tobacco 

processing industry
34 2 −24 13

Textile and garment industry −1 1 −46 −46
Petrochemical industry 52 3 506 561
Metal smelting industry −1 14 151 164
Equipment manufacturing industry 2 20 30 52
Production and supply industry 

of electricity, heat and fuel gas
51 −30 −011 11

Construction industry 3 −18 0 −15
Tertiary industry 11 −5 −85 −79

Table 3. Technology influence rates of industries.

Industries
Technology influence 
rates (Unit: %)

Primary industry −157
Extractive industry 6
Food manufacturing and tobacco processing industry −52
Textile and garment industry −30
Petrochemical industry 147
Metal smelting industry 41
Equipment manufacturing industry −11
Production and supply industry of electricity, heat and fuel gas −413
Construction industry −28
Tertiary industry −85

high carbon  intensity, namely petrochemical industry, metal smelting industry and equip-
ment manufacturing industry.

4.3 Analysis on technology influence rates of industries

It can be known from Table 3 that technology influence rates of petrochemical industry, metal 
smelting industry and extractive industry are positive, indicating that technical progress is 
not yet effective in industrial emission reduction. Technical progress has relatively noticeable 
effect in carbon emission reduction of primary industry, tertiary industry and production 
and supply industry of electricity, heat and fuel gas, while nothing in carbon emission reduc-
tion of all the other industries.

4.4 Analysis of the overall influence rate of industries on national carbon emission

Table 4 shows that only primary industry and extractive industry inhibit national carbon 
emission, while all the other industries increase national carbon emission in different degrees. 
Equipment manufacturing industry, construction industry and tertiary industry have the 
most obvious accelerating effect on national carbon emission. They are the main force of 
China’s carbon emission increase.
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Table 4. The overall influence rates of industries.

Industries
Overall influence rates 
of industries (Unit: %)

Primary industry −2.06
Extractive industry −8.1
Food manufacturing and tobacco processing industry 3.63
Textile and garment industry 7.04
Petrochemical industry 1.9
Metal smelting industry 6.32
Equipment manufacturing industry 33.65
Production and supply industry of electricity, heat and fuel gas 2.82
Construction industry 30.59
Tertiary industry 16.45

Table 5. Major influence factors for carbon emission increase of different industries.

Industries
Major influence 
factors for scale

Major influence 
factors for structure

Influence of 
technology

Primary industry Expanded scale 
of consumption 
and investment

– –

Extractive industry Expanded scale 
of consumption 
and investment

– Insufficient 
technological 
progress

Food manufacturing 
and tobacco processing 
industry

Expanded 
three scales

Increased proportion 
of consumption 
and investment

–

Textile and garment 
industry

Expanded 
three scales

Increased proportion 
of investment

–

Petrochemical industry Expanded scale 
of consumption 
and investment

Increased three 
proportions

Insufficient 
technological 
progress

Metal smelting industry Expanded scale 
of consumption 
and investment

Increased proportion 
of investment 
and net export

Insufficient 
technological 
progress

Equipment manufacturing 
industry

Expanded scale 
of consumption 
and investment

Increased three 
proportions

–

Production and supply 
industry of electricity, 
heat and fuel gas

Expanded 
three scales

Increased proportion 
of consumption

–

Construction industry Expanded 
three scales

Increased proportion 
of consumption

–

Tertiary industry Expanded 
three scales

Increased proportion 
of consumption

–

5  ANALYSIS ON FACTORS OF CARBON EMISSION INCREASE 
IN DIFFERENT INDUSTRIES

It can be seen from results in Table 5 that increased net export proportions of extractive 
industry, equipment manufacturing industry and metal smelting industry is an important 
reason for carbon emission increase. These industries should be regarded as key industries in 
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export structure adjustment. Increased investment proportion of food manufacturing indus-
try and textile and garment industry is one of the main factors for industrial carbon emission 
increase. Utilization efficiency of intermediate input products of extractive industry, petro-
chemical industry and metal smelting industry still needs to be improved.

6 POLICIES AND SUGGESTIONS

6.1  Reduce net export scale of industries with low added value, including textile 
and garment industry, food manufacturing and tobacco processing industry, etc.

Large-scale export of industries with low added value boosts China’s economic development 
to some extent, but China undertakes too much international carbon emission. For this rea-
son, it is necessary to cut down the investment proportion of these two major industries and 
restrain mass production on the one hand, and add environmental cost to export price on 
the other hand.

6.2  Cut down the net export proportion of petrochemical industry, metal smelting 
industry and equipment manufacturing industry

Although scale factors of three major high-carbon industries restrain carbon emission to 
some extent, the effect is so trivial that its proportion in net export structure is still rising. So, 
this should be taken as the key of net export structure adjustment. The proportion of net 
export should be reduced as much as possible and domestic production should be gradually 
replaced by import, which is helpful not only to our emission reduction but also to the reali-
zation of industry upgrade.

6.3  Strengthen the technical transformation of extractive industry, petrochemical 
industry and metal smelting industry

Complete carbon emission coefficients of these major industries are still increasing when 
most industries reduce their complete carbon emission coefficients and improve production 
efficiency. On the one hand, the government should provide some financial support and con-
duct strict supervision on technological transformation so as to reduce carbon emission. On 
the other hand, high-polluting industries of this kind can be gradually moved abroad.

6.4  Pay attention to the development of industries with consumption sensibility, 
including production and supply industry of electricity, heat and fuel gas, 
construction industry and tertiary industry

Opening to the outside world boosts the rapid development of our economy and allows a 
large number of permanent residents to come to China as well. These three major indus-
tries undertake too much international carbon emission, because overseas demand occupies 
domestic demand. We should make great efforts to transform overseas demand into domestic 
demand.
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Fitting and quantitative analysis of city skyline taking the east 
coast of Xiangjiang River in Changsha as an example
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ABSTRACT: Skylines of cities in rapid changes are becoming increasingly blurred, making 
it hard for people to recognize. Traditional analytical method of skyline is mainly qualitative 
analysis. It is likely to cause deficiencies of skyline evaluation due to diversities of subjective 
perception of different people, which is to the disadvantage of the control and protection 
of city skyline. In this paper, the author proposes five parameters of skyline curve from a 
quantitative angle, namely effect E, section ratio S, peak ratio P, wave crest degree A, and 
wave trough degree B, to discuss the internal quantitative relation of skyline conforming to 
aesthetic principles and seek applicable rules of skyline control. And finally, taking the east 
coast of Xiangjiang River in Changsha as an example, the author puts forward optimization 
measures of the skyline through curve fitting method.

Keywords: skyline; curve fitting; east coast of Xiangjiang River

1 INTRODUCTION

Bacon pointed out in Design of Cities that city skyline has long since been an important fac-
tor in design of cities. Skyline is also called city contour line. It is the contour line or sketch 
consisting of one or a group of buildings and other objects with the background of the sky. 
Traditional studies on skyline are carried out in this way: sketching skyline through established 
buildings and facades of other objects, controlling and evaluating with aesthetic principles, so 
as to conclude methods of improving skyline. However, in the period of rapid urbanization, 
urban high-rise buildings are inundated with skylines. The traditional way lags far behind 
the protection of skylines, easily giving rise to a situation where skylines are out of control. 
Due to the lack of quantitative descriptions on skyline forms, emotional intuitive judgment 

Figure 1. City skylines (Source: http://image.baidu.com).
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on skylines will inevitably cause obscure evaluations on skyline. In comparison to traditional 
qualitative analysis, the author proposes a quantitative model, judging the variation trend of 
future skyline through quantitative database of skyline, so as to effectively control the height 
of buildings under construction and protect skylines in rapid development.

2 GENERATION OF SKYLINE CURVE

2.1 Observation and selection of skyline

Skyline is a superimposed image of visual urban space, which is influenced by observation 
direction, observation angle, observation speed, climate, etc. Skylines of Shanghai are shown 
in Figure 2.

In the present academic world, the difficulty of studies on skyline is the selection of skyline 
observation point, which is majorly influenced by the above-mentioned factors. In fact, it 
cannot be guaranteed that skylines observed from different points are all vivid and beautiful. 
Some graceful and beautiful skylines that we normally see are selected from a certain obser-
vation point, which are taken as the skyline for reflecting city characteristics. There is a corre-
sponding relation of “see” and “be seen” in the process of skyline observation. It is a relation 
of static observation and dynamic observation, namely one-to-one or one-to-many “see” and 
“be seen.” Static observation is a one-to-one observation with a single point, while dynamic 
observation is a continuous observation with multiple points, forming a one-to-many linear 
observation.

Observation point is a large-scale concept. For the selection of observation point, unshel-
tered broad visions are generally selected as skyline’s static observation points, from which 
skyline’s main characteristics can be observed, such as mountain top, overhead viaduct, high-
rise building top, and other urban high spaces or public places for viewing and crowds. For 
linear observation, paths from which main characteristics of skyline can be observed con-
tinuously are generally selected, such as entrance paths of cities, streets with city features, 
roads with landscapes, and waterfront region.

2.2 Selection of skyline control points

It is required to extract skyline formations after obtaining skylines with urban characteristics 
in accordance with observation points. Firstly, select intersecting points of tops and bottoms 
of skyline’s buildings or natural elements and connect these points with straight lines so as to 
form original skylines. The skyline formed initially is serrated up and down. In fact, people 
are more accustomed to replacing the floating jagged line with a smooth curve. In order to be 
in line with public view and be convenient for skyline analysis, it is necessary to convert this 
initially formed jagged line into a smooth curve.

In traditional geometry, curves are regarded as lines formed by the continuous change of 
moving directions of  points. So, it is necessary to select a group of  control points that stand 
for the floating curve of  skyline. According to environmental psychology, human beings 
cannot perceive all objects at the same time but only a few, which is the center of   attention. 
The method of  function extremes can be adopted for components of  skyline’s “image” 

Figure 2. The comparison of skylines in Shanghai (Source: http://image.baidu.com).
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in accordance with the concern extent of  human vision. Select critical control points of 
skyline’s fluctuation, namely the point of  local maximum (Pmax) and the point of  local mini-
mum (Pmin), to form a simplified curve, the fluctuation of  which is controlled by three con-
trol points.

The point of local maximum (Pmax) refers to the control point at the visual center of the 
“image” of skyline. It is located on the wave crest of skyline, the left and the right of which 
are in a downward trend. It is normally a landmark building with city characteristics or 
a regional iconic construction. The point of local minimum (Pmin) is located on the wave 
trough of skyline, majorly reflecting the lowest construction (structure) or natural element of 
skyline’s rising trend.

2.3 Simplified fitting of skyline

There is no unified standard of skyline curve in this study yet. Various results are obtained in 
different studies by different people. For this reason, from the angle of curve fitting, the author 
selects the top 20 beautiful city skyline at home and abroad as examples according to aesthetic 
principles and constructs a quantitative database of skyline curve fitting. Curve fitting is a data 
processing method that functional relation represented by discrete points on plane is approxi-
mately described or assimilated through a continuous curve. The core is the construction of 

Figure 3. Sketch map of skyline observation (Source: painted by the author).

Figure 4. Sketch map of skyline curve generation (Source: painted by the author).
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the fitting model y = f (x, c), reflecting the mapping relation between x and y. In this formula, 
c = (c1, c2, … cn). These are undetermined parameter. At present, interpolation curve fitting 
and approximation curve fitting are the main methods of curve fitting in computer graphics. 
Interpolation curve fitting connects all the points with one curve while approximation curve 
fitting simulates the fluctuation trend of points instead of connecting all the points. Compared 
to interpolation curve fitting, approximation curve fitting reflects the change rules of skyline 
better. Bezier curve is the most common curve. Therefore, the author chooses Bezier curve as 
the best function of skyline fitting. Suppose there are altogether n+1 control points:

Pk = (Xk,Yk), 0 ≤ K ≤ n, where P stands for coordinate vector.

So, the Bezier function path from P0 to Pu is:
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3 SKYLINE FITTING ANALYSIS

3.1 Fitting parameters extraction

Obtain corresponding coordinates of key skyline control points and construct the Bezier 
curve of skyline in line with the principle of considering the general trend and ignoring trivial 
fluctuations. In this paper, the author selects five parameters of skyline curve: effect E, sec-
tion ratio S, peak ratio P, wave crest degree A, and wave trough degree B.

Effect E is the ratio of peak height and effect region, representing the influence of skyline 
wave crest. The larger E is, the more prominent the landmark building is. This kind of skyline 
is visually dominant. In the formula E = H/W, H stands for peak height and W stands for the 
section influenced by wave crest.

Section ratio S is the ratio of left and right sections of the peak. The larger S is, the more 
uncoordinated the peak is. There will be a visual balance of the peak when S approaches 1. 
In the formula S = ΔLLeft/ΔLRight, ΔLLeft stands for the length of influenced section on the left 
of the peak and ΔLRight stands for the length of influenced section on the right of the peak 
(ΔLLeft + ΔLRight = W).

Peak ratio P is the ratio of two peak heights on skyline curve. Constructions with main 
peaks of the same skyline become less and less prominent when P approaches to 1. The larger 

Figure 5. Sketch map of skyline magnitude (Source: painted by the author).
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P is, the more prominent the skyline is. In the formula P = H1/H2, H1 stands for the height of 
the first peak and H2 stands for the height of the second peak.

Wave crest degree A, or wave trough degree B, is the opening angle at wave crest or wave 
trough. It is the angle formed by straight lines between the highest and the lowest point, 
which can be used to the stretching degree of skyline’s opening. The larger A or B is, the more 
stretched the skyline is. The smaller A or B is, the tighter the skyline is.

3.2 Comparisons of fitting parameters

Skylines of 18 top ranking cities of the world are selected as objects of statistics, including 
New York, Toronto, Hong Kong, and Shanghai, firstly, to construct the Bezier curve of 
skyline and respectively calculate five quantized values, namely effect E, section ratio S, peak 
ratio P, wave crest degree A, and wave trough degree B. The skyline structure of Seoul and 
Beijing is the structure with three wave crests; the skyline structure of Chicago, Tokyo, Dubai, 
Shenzhen, Frankfort, Shanghai, and Hong Kong is the structure with two wave crests; the 
skyline structure of other cities is the structure with one wave crest.

Analyze all kinds of data with SPSS with statistics of Table 1.

3.3 Fitting parameters analysis

It can be found through the comparison of skyline contours of cities at home and abroad 
that the maximum, the minimum, and the average of effect E are, respectively, 0.55, 0.15, and 
0.29. With the combination of fluctuation core area of skyline effect E in Table 1 and the 
balance and coordination of human visual perception, it can be determined that the skyline 
effect E with aesthetic principles is between 0.2 and 0.3. The maximum, the minimum, and 
the average of section ratio S are, respectively, 1.33, 0.6, and 0.99. With the combination of 
fluctuation core area of skyline section ratio S in Table 1, it can be determined that the sec-
tion ratio S of beautiful skyline is between 0.8 and 1.2. The maximum and the minimum of 
peak ratio P are 1.97 and 0.48, respectively. Visual impacts of landmark buildings at wave 
crests are equivalent when peak ratio P approaches 1, while visual effect becomes more prom-
inent when P deviates from 1. With the combination of fluctuation range of peak ratio P of 
city skyline in Table 1, it can be determined that balanced peak ratio P is between 0.9 and 1.1, 
while imbalanced peak ratio P is between 1.5 and 2. Maximums, minimums, and averages 
of wave crest degree A and wave trough degree B are about 150°, 120°, and 135°. With the 
combination of fluctuation range of skyline wave crest degree A and wave trough degree B in 
Table 1, it can be determined that the proper angle of stretching degree is between 130° and 

Figure 6. Simplified curves of skylines of different cities (Source: painted by the author).
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Table 1. A comparison of parameter values of skyline curves.

Effect E Section ratio S Peak ratio P
Wave crest 
degree A

Wave trough 
degree B

Chicago 0.29, 0.25 1.02, 1.04 1.16 133°, 135° 144°
New York 0.21 0.95 1 146° –
Toronto 0.18 0.89 1.86 148° –
Seoul 0.32, 0.28, 0.28 0.92, 1.19, 1.07 1:1.11:0.97 135°, 144°, 142° 141°, 150°
Tokyo 0.26, 0.22 0.81, 0.98 0.97 143°, 148° 153°
Shenzhen 0.31, 0.27 1.06, 1.09 1.97 127°, 142° 136°
Dubai 0.33, 0.32 0.81, 0.99 0.63 131°, 124° 131°
Frankfort 0.26, 0.26 1.12, 0.98 0.95 137°, 138° 138°
Seattle 0.24 0.98 1 138° –
Sydney 0.15 1.11 1 153° –
Pittsburg 0.24 1.01 1 136° –
Dallas 0.26 0.84 1 136° –
Beijing 0.38, 0.41, 0.42 1.21, 1.33, 0.76 1:1.51:1.19 137°, 127°, 131° 134°, 129°
Shanghai 0.55, 0.35 1.16, 0.60 1.21 111°, 134° 124°
Hong Kong 0.31, 0.32 0.86, 1.14 0.48 154°, 134° 150°

Note: Skylines in this paper are selected from:
(1) http://jandan.net/2007/07/03/the-most-beautiful-18-skylines-in-the-world.html
(2) http://photo.huanqiu.com/gallery/2013–05/2692020_24.html

Table 2. A summary table of skyline curve parameters.

Minimum Maximum Average
Standard 
deviation

Effect E 0.15 0.55 0.29 0.08
Section ratio S 0.60 1.33 0.99 0.16
Peak ratio P 0.48 1.97 1.12 0.37
Wave crest degree A 111.00 154.00 136.73 10.15
Wave trough degree B 124.00 153.00 138.91 9.67

Figure 7. The triangular diagram when wave crest is 130°.

140°. When the angle is 130° in a balanced distribution and the section ratios is 1, the effect 
E is 0.23. This conforms to the above-mentioned balanced coordination.

4  SKYLINE FITTING OF THE EAST COAST 
OF XIANGJIANG RIVER IN CHANGSHA

4.1 Research range

Both sides of Xiangjiang River in Changsha are the important regions for displaying the 
city skyline and the city image. City skylines of the two sides form unique city scenery lines. 
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In this paper, the author takes the 3.5 kilometer riverside section from Yinpenling of the east 
coast of Xiangjiang River to the Orange Isle Bridge as the main research object. As shown 
in Figure 9, the detailed range includes the region from the north side of the east coast of 
Xiangjiang River to the Yinpenling Bridge, the region from the east side of the east coast of 
Xiangjiang River to the east 300 meters of the centerline of Xiangjiang Avenue, the region from 
the south side of the east coast of Xiangjiang River to the Orange Isle Bridge, and the region 
from the west side of the east coast of Xiangjiang River to the scenery belt along the river.

4.2 Skyline fitting of the east coast of Xiangjiang River

Dynamic points along the river are selected as the control points in this research. Through 
the 3D simulation technology, contour lines and heights of buildings along the east coast of 
Xiangjiang River (the region between the Yinpenling Bridge and the Orange Isle Bridge), as 
well as city skyline characteristics along Xiangjiang River, can be clearly seen in the virtual 
scene of research range.

Through the analysis on contour lines of 3D simulation buildings, it can be found that the 
highest skyline point of the east coast of Xiangjiang River is located at the south end of the 
research region and the north of the Orange Isle Bridge, being distributed intensively (Wanda 
Plaza of Kaifu District, 192m; Chaozhongyuyuan Mansion, 146m; etc.). The overall trend 
is increasingly rising from the left to the right, while the central part is full of low points 
(7–27m). According to the local maximum point (Pmax) and the local minimum point (Pmin) 
selected from the whole elevation drawing, choose Kaile International City, Gold Palace, and 
Fule Riverview Towers as the maximum of the left side and choose Wanda Plaza of Kaifu 
District and Chaozhongyuyuan Mansion as the maximum of the right side. Take the two 
ends, Huasheng New Bund and Dadijinshu Mansion as local minimums, and construct a 
skyline fitting curve according to the general trend.

Calculate, respectively, five parameters, namely effect E, section ratio S, peak ratio P, wave 
crest degree A, and wave trough degree B, that are shown in Table 3.

Figure 8. Research range of the east coast of Xiangjiang River (Source: screenshot from Google earth).

Figure 9. An elevation drawing of the east coast of Xiangjiang River (Source: 3D platform of  planning 
information service center in Changsha).
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4.3 Skyline analysis of the east coast of Xiangjiang River

It can be found from the analysis on skyline parameters of the east coast of Xiangjiang River 
that the effect E is 0.09 and 0.14. Influence ranges of the two wave crests are relatively wide. In 
fact, according to human visual observation, layers of skyline of the east coast of Xiangjiang 
River are not obvious enough. Space between high-rise and low-rise buildings lacks the tran-
sition of multilayer and medium high-rise buildings. Through the comparison of beautiful 
skylines at home and abroad, it can be found that: (1) The Oriental Pearl Tower is 468 meters 
high, which is about 3 times the height of surrounding buildings. The proportion is 1:3. (2) As 
for Chicago skyline, the height proportion of high, medium, and low buildings is about 4:2:1. 
The height of buildings on skyline’s crest is normally 2 to 4 times the height of surrounding 
buildings. It is likely to cause image partition from surrounding buildings if  it is more than 
5 times, which is to the disadvantage of the continuity of overall fluctuation. And the skyline 
approaches the horizon line if  it is about 1 time. There is no continuity for the east coast of 
Xiangjiang River, because the height of high-rise buildings is basically 5 times the height of 
surrounding low-rise buildings. And there is no sense of layers, because the proportion of 
building height at the high-rise building area is close to 1:1.

Section ratios of two fluctuations are 0.72 and 1.30, which are not in the range of beautiful 
skylines’ section ratio S, namely 0.8 to 1.2. Thus there is a visual effect of left-right devia-
tion. The peak ratio P of two wave crests is 0.53, which becomes 1.88 through oppositional 
conversion. It indicates that the skyline of the east coast of Xiangjiang River is an imbalanced 
skyline, which is able to protrude buildings on the right crest, namely Wanda Plaza of Kaifu 
District and Chaozhongyuyuan Mansion, etc. The wave crest degree and the wave trough 
degree are around 150° and 160°. The skyline is with high extension, the angle of which is 130° 
to 140°. The skyline is relatively flat with a visual effect of stretching transition horizontally.

4.4 Skyline optimization of the east coast of Xiangjiang River

The above analysis indicates that the skyline of the east coast of Xiangjiang River remains to 
be optimized so as to achieve an experience of graceful and beautiful skyline.

The following methods for optimization are proposed in this paper:

1. Add space layers of the skyline to achieve a continuous visual effect. Set three zones with layers 
at 50 meters, 100 meters, and 150 meters away from the Xiangjiang River. Superpose buildings 
of various heights at different zones with layers. Construct multilayer and medium high-rise 
buildings between high-rise and low-rise buildings so as to keep the overall continuity.

2. Transform the skyline with two wave crests into the skyline with three multiple wave crests, so 
as to form a tight layout pattern. Reduce the W value of each wave crest to increase the value of 
effect E. In the meantime, adjust wave crest degree and wave trough degree to a proper range.

3. Set new landscape buildings to form the overall stretching trend longitudinally. Increase 
the value of effect E and decrease opening range between wave crest degree and wave 

Figure 10. Skyline fitting figure of the east coast of Xiangjiang River (Source: painted by the author).

Table 3. Skyline parameters of the east coast of Xiangjiang River.

Effect E
Section 
ratio S

Peak 
ratio P

Wave crest 
degree A

Wave trough 
degree B

East coast of 
Xiangjiang River

0.09, 0.14 0.72, 1.30 0.53 166°, 153° 164°
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trough degree with the increase of H. The height of new landscape buildings should be in 
coordinate with buildings at the original wave crest. 

The skyline of the east coast of Xiangjiang River will be optimized in terms of five param-
eters after being adjusted in the above-mentioned way, which is more close to acknowledged 
cases of excellent skyline. Thus, it is of guiding significance for urban construction. For 
example, it is able to determine the height of buildings in the medium part of the skyline. 
Meanwhile, it highlights the visual impact of medium landscape buildings so as to construct 
a structural pattern of one primary building and two secondary buildings.

5 CONCLUSION

In this paper, the author not only analyzes beautiful skylines at home and abroad in terms of 
five parameters, namely effect E, section ratio S, peak ratio P, wave crest degree A, and wave 
trough degree B, but also analyzes value properties of skylines that conform to human visual 
aesthetics. The author applies these properties in the analysis on the skyline of the east coast 
of Xiangjiang River in Changsha so as to provide guidance for the skyline construction of 
the east coast of Xiangjiang River and improve the quality of city image and landscape of 
Changsha. The drawing of simplified skyline in the paper is determined in line with the prin-
ciple of considering the general trend and ignoring trivial fluctuations. Different people often 
obtain various shapes and assignments, despite which the proportion difference of skyline’s 
values is quite less. A feasible method of analyzing city skyline quantitatively is proposed in 
this paper, which is of practical significance for guidance.
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Figure 11. Skyline fitting of the east coast of Xiangjiang River after adjustment (Source: painted by 
the author).

Table 4. Skyline parameters of the east coast of Xiangjiang River after adjustment.

Effect E Section ratio S Peak ratio P
Wave crest 
degree A

Wave crest 
degree B

East coast of 
Xiangjiang River

0.22, 0.33, 0.23 0.73, 0.96, 0.95 1:2.17:1.45 144°, 129°142° 144°, 138°
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ABSTRACT: The GARCH method is adopted in this paper to evaluate the real exchange 
rate volatility of the yuan against the yen. Based on the expanded gravity model, the author 
gives an empirical study on the impact of exchange rate volatility of the yuan against the 
yen on China–Japan trade of agricultural products from the two-dimensional perspective 
of exchange rate and relative volatility. Results indicate that the exchange rate volatility risk 
of RMB has a significant negative impact on the export of Chinese agricultural products 
to Japan while negative effects of RMB appreciation are not significant. In addition, both 
the growth of Japan’s GDP and the increase of first industries in our country are playing 
a significant role in promoting the export of agricultural products to Japan. The technical 
trade barrier of Japan has a prominent inhibitory effect on the export of Chinese agricultural 
products.

Keywords: exchange rate volatility; GARCH model; co-integration analysis; export of agri-
cultural products; Japan

1 INTRODUCTION

China has begun implementing a managed floating exchange rate system from July 21, 2005, 
which regulates on the basis of market supply and demand by referring to a basket of curren-
cies. RMB is no longer so closely related with USD only. The deepening reform of exchange 
rate system makes the RMB exchange rate more flexible with larger floating range. The RMB 
exchange rate generally remains rising trend after the reform. The monthly average rate of 
the yuan against the yen was 6.268 up to August 2008, realizing the cumulative apprecia-
tion of 17.4%. Affected by the financial crisis after 2009, the exchange rate of the yuan 
against the yen presented a two-way fluctuation trend of rise and fall, and the exchange rate 
volatility range became larger. Researches show that exchange rate risk brought by exchange 
rate volatility has different effects on various industries of export. Compared with manufac-
tured products, agriculture has a more specific nature of industry. There is a large difference 
between impacts of exchange rate volatility on trade of agricultural products and on mass 
manufactured products industry. Compared to other departments, exchange rate volatility 
has a more significant effect on trade of agricultural products (Gue Sheldon & McCorriston, 
2002) [1].
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Although the China–Japan relation experiences ups and downs and even goes through tit-
for-tat situations due to historical problems, Japan’s basic national condition of large popu-
lation with relatively little land decides that it is highly dependent on agricultural imports. 
Having the advantage of low cost, agricultural products in China are quite competitive in 
Japanese market. Japan has become the largest export destination country of agricultural 
products in China for years. In general, the export amount of China’s agricultural products 
to Japan has been increasing from 2002 to 2012 in spite of volatilities. The export volume has 
being increases from $5.72 billion in 2002 to $13.1 billion in 2012. The export tendency of 
China’s agricultural products to Japan from the first quarter of 2002 to the fourth quarter of 
2012 is shown in Figure 1.

China’ agricultural products export to Japan remains in a surplus situation in spite of the 
fact that China’ foreign trade of agricultural products has entered an era of deficit on the 
whole, and the surplus scale shows an expanding trend. Apparently, frequent fluctuations of 
RMB exchange rate will exert an influence on China’ agricultural products export to Japan. 
Based on this, the author chooses Japan, the largest export country of agricultural prod-
ucts in China, to study the effect of exchange rate and fluctuation risk of RMB on China’s 
agricultural products export to Japan. China is a developing agricultural country and the 
agricultural income still occupies a considerable proportion of farmers’ income. The impact 
of RMB exchange rate on agricultural products exports will be eventually spread to farm-
ers’ income. In the general background of frequent exchange rate fluctuations and slowly 
increased incomes of farmers, it is undoubtedly of great practical significance to study the 
impact of exchange rate volatility and risk on agricultural products export.

2 LITERATURE REVIEW

Schuh (1974) [2] started researches on the impact of exchange rate volatility on agricultural 
trade. He believes that exchange rate is a neglected significant variable for agriculture. Quan-
titative analyses are carried out on the impact of exchange rate volatility on agricultural 
trade through a large number of research results after Schuh’s pioneering studies. There are 
generally two aspects of influence of exchange rate on international trade. On the one hand, 
exchange rate appreciation or depreciation promotes or hinders export by influencing prices 
of export products. Studies of Mckinnon and Kenichi Ohno (1999) [3] suggest that exchange 
rate volatility is weakly correlated with trade volume. On the other hand, risks brought by 
exchange rate volatility are able to increase or reduce export volume by influencing decisions 

Figure 1. The quarter tendency of China’s actual export amount to Japan from 2002 to 2012.
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of export manufacturers. This influence depends on the attitude of manufactures towards 
exchange rate risk. According to different attitudes of manufactures towards exchange rate 
risk, the impact of exchange rate risk on agricultural products export can be divided into three 
categories: positive impact, negative impact, and neutral impact. Most previous studies are in 
favor of negative impact of exchange rate volatility on agricultural products export. Studies 
of Ethier (1973) [4], Taufiq and Choudhry (2005) [5] indicate that most export manufacturers 
are risk averters. High exchange rate risk will trigger high profit risk. Manufacturers always 
reduce export in order to avoid the uncertainty of future earnings. Based on export demand 
function, Susanti (2001) [6] carries out a study on the impact of exchange rate volatility on 
agricultural products export in Indonesia through co-integration test and error correction 
model, the result of which is that there is a significant negative effect of exchange rate volatil-
ity on five kinds of agricultural products and the sum of all agricultural products. The regres-
sion analysis of Gue Sheldon & McCorriston (2007) [7] based on gravity model indicates that 
the uncertainty of real exchange rate has a significant negative effect on agricultural products 
trade. Compared to other departments, this negative effect is more prominent. Abdulkudos 
(2003) [8] makes an empirical study on the impact of USD exchange rate volatility on four 
kinds of typical agricultural exports in America, the result of which is that the four kinds of 
agricultural products are negatively correlated with exchange rate but levels of sensitivity to 
exchange rate volatility are different. Gervais, Larue & Olivier (2004) [9] construct a theoreti-
cal framework of the relation between pork export and exchange rate, exploring the influence 
of lagging production and market reaction on the relation between pork export and exchange 
rate. The result of the empirical study suggests that the real exchange rate fluctuation has 
a statistically prominent nonlinear influence on pork export in Canada. Mathew Terry & 
Agapi (2006) [10] estimate the influence of trading partner’s income and real trade-weighted 
exchange rate on U.S. agricultural export. The result shows that relative appreciation of USD 
not only has negative effects on U.S. total agricultural export but also has similar effects on 
12 categories of agricultural products. De Grauwe (1988) [11] believes that manufacturers with 
risk preference regard exchange rate risks as highly profitable opportunities, which would 
increase trade volume on the contrary. The study of Sauer & Bohara (2001) [12] indicates that 
exchange rate risk will stimulate international trade and increase export volume. Silvana Ten-
reyro (2004) [13] suggests in the research that exchange rate risk might not have a significant 
impact on international trade.

Domestic researches mainly involve calculation of the exchange rate flexibility of agri-
cultural products import and export and J curve effect, through which the relation between 
currency devaluation and trade of agricultural products can be analyzed. Fang Cai (1994) [14], 
Huanzhang Gu, Yueyun Li, Funing Zhong et al (1994) [15] calculate the exchange rate flex-
ibility. Yan Zheng (2000) [16] calculates that the short-period price of agricultural products 
export demand of China lacks flexibility and believes that it is undesirable to increase exports 
through depreciation. Haiying Song (2005) [17] empirically verifies that there is a J curve effect 
for the influence of the depreciation of RMB on agricultural products export. Taking China’s 
agricultural products trade with Japan as an example, Xiaomei Zhu, Xianliang Tian and 
Hongling Wang (2006) [18] carry out an empirical study and find that RMB exchange rate 
volatility has actual effects on import and export volume of agricultural products but the 
so-called J curve effect is not prominent in export. Longjiang Chen (2007) [19] conducts an 
empirical evaluation on monthly data of bilateral exports of China’s agricultural products 
to Japan, the result of which indicates that the appreciation of RMB has double negative 
effects on agricultural products to Japan: the negative effect of appreciation and the negative 
effect brought by exchange rate risk. Longjiang Chen (2007, 2011) [20] [21] empirically analyzed 
the influence of RMB exchange rate volatility on agricultural products exports of Zhejiang 
province and Guangdong province. The result shows that both exchange rate and exchange 
rate fluctuations have impact on agricultural products exports of the two provinces.

Although various empirical analysis methods are adopted in existing researches at home 
and abroad and there are also differences in selection of exchange rate variables, almost all 
the results unanimously confirm that exchange rate volatility has significant negative effects 
on agricultural trade. However, some researchers suggest that the influence of exchange rate 
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volatility on agricultural trade varies from region to region, which means that it is necessary 
to carry out more detailed researches in different countries and regions.

3 MODEL CONSTRUCTION

3.1 Structure of basic model

Gravity model is frequently adopted in the analysis of international trade issues. This model 
was firstly used by Tinbergen (1962) and Poyhonen (1963) to describe the trade pattern 
between two countries. Based on this model, the author takes into account several variables, 
including Japan’s GDP, which is used for measuring Japan’s demand for China’s agricultural 
products, China’s agricultural production (expressed with added value of primary industry), 
which is used for measuring China’s supply capacity of agricultural products, Japan’s techni-
cal barriers to China’s agricultural products, which is mainly used for measuring the degree 
of non-tariff  barriers, the exchange rate of the yuan against the yen, which is used for meas-
uring changes of exchange rate absolute level, and the relative volatility of exchange rate, 
which is used for measuring the relative fluctuation range of exchange rate. The concrete 
regression equation of this study is presented as follows:

 EX F CHY TBT REERt tX F t tYY t tR= ( ,JPYJ tJPYYJJ , ,TBTtTBTT , )VOLtVOL-1

Here, EXt stands for the value of China’s agricultural products trade to Japan of the tth 
quarter; JPYt stands for Japan’s GDP of the tth quarter, which positively influences trade vol-
ume; CHYt stands for China’s added value of primary industry of the tth quarter, positively 
influencing trade volume; TBTt−1 is the degree of lagged technical barriers, negatively affect-
ing trade volume; REERt (indirect quotation) is the real exchange rate of the yuan against 
the yen of the tth quarter, negatively influencing trade, which means the increase of exchange 
rate (appreciation of RMB) reduce export and the decrease of exchange rate (depreciation 
of RMB) promote export; VOLt stands for the fluctuation range of the real exchange rate 
of the yuan against the yen of the tth quarter, the influencing direction of which cannot be 
determined due to the double effect of exchange rate volatility on export. A general process-
ing method for time series data is to take the logarithm so as to reduce the volatility and 
assign elastic meaning to coefficients. With this method, the author takes logarithms of all 
the other variables except the variable of technical barriers TBTt−1, which are expressed with 
lowercases. The empirical model is set as follows:

 ex jpy TBT volt tjpy tTBTT t tvoll t= + + +β β+ β βh +chy β βreertrr +reertrr εt1ββ+ 2 3tβ ββ βchyt +chyt 1 4+ ββ 5β-  (1)

3.2 Measurement of exchange rate volatility risk

The model of GARCH (m, n) is applied in this paper to measure exchange rate volatility risk. 
GARCH (m, n) is presented as follows:

 ex ext tex k t k t= + + + +−α+ α μexk tex k tt+−k t1αα+ 1  (2)

 
VOLt tL

p

m

p
p

n

t p= +
= =

∑ ∑p t p +t pσ δt = pp t γ μp tσσ
1 1

2μ
 

(3)

4 DATA SOURCES AND EMPIRICAL FINDINGS

4.1 Data sources

The sample range is selected from the first quarter of 2002 to the fourth quarter of 2012 in 
this paper. The reason is that China–Japan agricultural products trade has been developing 
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rapidly after China’s accession to the WTO in 2001. Besides, China has gone through the 
exchange rate regime reform in 2005 and the financial crisis in 2008, so it is of great signifi-
cance for the sample research. In this paper, top 24 categories of HS code are taken as catego-
ries of agricultural products. China–Japan agricultural trade data is from Monthly Statistical 
Report of China’s Import and Export of Agricultural Products issued by the Ministry of Com-
merce Ministry of Commerce, and the amount of China–Japan quarterly agricultural export 
is acquired through data organization. Data of Japan’s quarterly GDP is from the OECD 
macro monthly database of China Economic Information network, which is dollar-denomi-
nated after exchange rate adjustment. Data of the added value of China’s primary industry is 
from China’s macro monthly database of China Economic Information network. Quarterly 
data is obtained through data organization, which is dollar-denominated after exchange rate 
adjustment. Based on the availability of Japan’s trade barrier data, the author uses existing 
research results for reference and takes Japan’s quarterly report number of agricultural and 
food technology TBT from 2002 to 2012 as the measuring indicator of TBT degree of Japan’s 
agricultural trade, data of which comes from the website of China’s Technical Measures to 
Trade. China–Japan actual monthly exchange rate is obtained from nominal rate through 
China–Japan price indices adjustment, data of which comes from macro monthly data-
base of OECD. Quarterly actual exchange rate is averagely acquired from monthly actual 
exchange rate through the calculation of each quarter. Quarterly exchange rate fluctuation 
is averagely acquired from monthly actual exchange rate fluctuation through the calculation 
of each quarter. Monthly actual exchange rate fluctuation is expressed with the conditional 
variance of GARCH model composed by equation (2) and equation (3) through exchange 
rate volatility risk. The estimated result of the optimal model is shown as follows:

 
reert trr eer t+reertreerr= −1 001016
           (0 .000837

1 μt
)

 
σ μt tσ σσ tμ2σσ 1

2 2μμ0tσ 1
20 σ tσ 1
2σσ0 −000312 0 3 1818 .2757685

      (0 .00013)  (0.1722248)     (0.1719173)  ((

The estimated result shows that both ARCH and GARCH are prominent at the level 
of  1%. ARCH-LM verification indicates that the model does not have autoregressive con-
ditional heteroscedasticity. The conditional heteroscedasticity sequence of  this GARCH 
(1, 1) model can be adopted to measure China–Japan actual exchange rate volatility risk. 
China–Japan quarterly actual exchange rate volatility can be acquired through organiza-
tion (See Fig. 2).

4.2 Test of variable stability

See Table 1.

Figure 2. Changes of quarterly actual exchange rate risk.
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4.3 Model estimation and result analysis

In this paper, the EG-ADF method put forward by Engle and Granger (1987) is adopted for 
co-integration test of regression results. The method is implemented in two steps. Firstly, esti-
mate co-integration coefficient with OLS method; secondly, ADF test for residual sequence 
so as to make sure the stability. Co-integration relationship exists among regression variables 
if  the residual sequence is stable. The estimated co-integration relationship stands for the 
long-term equilibrium relationship among variables. Regression results of the first step are 
presented in Table 2.

Extract the residual sequence from OLS regression of the first step for ADF test, results of 
which is shown in Table 3, suggesting that the residual sequence is stable at the significance 
level of 1%.

Table 2. Regression results.

Variables B S.E P

jpy  0.4912038*** 0.1748803 0.008
chy  0.1234561*** 0.0454028 0.010
TBT −0.0150193* 0.0084825 0.085
reer −0.0853156 0.2095848 0.686
vol −0.1092202* 0.057849 0.067
CONSTANT −3.003655* 1.686196 0.083
N = 43 R2 = 0.6464 F (5,37) = 13.53

Note: ***, ** and * respectively stands for significance levels of 
1%, 5% and 10%.

Table 3. Test results of residual unit root.

Variable Test form T statistics Test result

Regression residuals 
of the first step

(c, 0, 10) −3.391***
(−3.702)

Stable

Note: *** stands for the significance level of 1%.

Table 1. Test of variable stability.

Variables Test forms T statistics Test results Variables Test forms T statistics Test results

ex (c, t, 4) −2.056
(−2.961)

Unstable D.ex (c, 0, 2) −6.426***
(−3.648)

Stable

jpy (c, t, 5) −1.189
(−2.964)

Unstable D.jpy (0, 0, 2) −3.383**
(−2.958)

Stable

chy (c, 0, 5) −0.222
(−2.964)

Unstable D.chy (c, 0, 6) −3.721***
(−3.675)

Stable

TBT (c, t, 0) −5.610***
(−3.628)

Stable D.TBT (c, t, p) −12.180***
(−3.634)

Stable

reer (c, 0, 0) −1.142
(−2.950)

Unstable D.reer (c, 0, 0) −6.152***
(−3.634)

Stable

vol (c, 0, 0) −4.783***
(−3.628)

Stable D.vol (c, 0, 0) −9.190***
(−3.634)

Stable

Note: (c, t, p) stands for ADF test form. c means that there are constant terms and t means that there are 
trend terms. 0 means that there are no constant terms or trend terms. p stands for lagged order, which is 
determined by the principle. *** and ** respectively stand for significance levels of 1% and 5%.
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The result of EG-ADF test indicates that there is a stable long-term equilibrium relation-
ship among variables. Co-integration parameters are determined by regression coefficients 
of the first step. The co-integration equation of China’s agricultural export to Japan can be 
expressed like this:

 ex chy TBT reert tjpy t tTBTT trr= −3.004 491j 123 0.015 0.085 0.10+ − −TBT0 015 −0 0jjpy491jjj +jpyjpy.491jjj 1- 99voltll

The influencing direction of all variables on agricultural export is consistent with the 
theoretically expected direction. Specifically, Japan’s GDP stands for Japan’s demand for 
agricultural products in China. This factor significantly and positively influences China’s 
agricultural export volume to Japan. The elastic coefficient reaches 0.491. Every 1% increase 
of Japan’s GDP will boost the agricultural growth in China by 0.491%. The overall supply 
capacity of China’s agricultural products is measured by the added value of primary industry. 
The results of measurement suggest that the added value of primary industry has significant 
positive influence on agricultural export, the elastic coefficient of which is 0.123. It means 
that every 1% increase of China’s added value of primary industry will boost the agricultural 
export to Japan by 0.123%. Japan’s technical trade barrier inhibits the agricultural export 
to Japan at the significance level of 10%, the elastic coefficient of which is 0.015. That is to 
say, every 1% increase of Japan’s technical barrier will decrease china’s agricultural export to 
Japan by 0.015%. Exchange rate level has negative effect on agricultural export, the elastic 
coefficient of which is 0.085. That is to say, every 1% increase of exchange rate (appreciation 
of RMB) will reduce China’s agricultural export volume by 0.085%. But model results reflect 
that this negative effect is not prominent. Exchange rate volatility has a significant adverse 
impact on agricultural exports, the elastic coefficient of which is 0.109. It means that every 
1% increase of exchange rate volatility will reduce agricultural export by 0.1%. This conclu-
sion verifies once again the theoretical perspective that exchange rate volatility goes against 
international trade.

5 CONCLUSION AND SUGGESTIONS

China’s agricultural export to Japan takes 1/3 of the total amount of China’s agricultural 
exports, playing an important role in China’s “three rural” development. It is obliged to pay 
attention to negative effects of exchange rate risk and other factors on agricultural export. 
With the quarterly data from the first quarter of 2002 to the fourth quarter of 2012, the 
author introduces real exchange rate and real exchange rate risk variables calculated by 
GARCH model and mainly analyzes the real exchange rate of the yuan against the yen and 
the effect of its volatility on China–Japan agricultural trade by constructing an expanded 
gravity model. In the meantime, the author also inspects effects of Japan’s GDP, China’s 
added value of primary industry and Japan’s technical barriers on our agricultural exports. 
Results indicate that the volatility risk of RMB exchange rate has a significant negative effect 
on China’s agricultural export to Japan but the negative impact of the appreciation of RMB 
is not prominent. The increase of Japan’s GDP and China’s added value of primary industry 
has a significant role in promoting agricultural exports to Japan, while Japan’s technical trade 
barriers have an obvious inhibitory effect on China’s agricultural export.

The conclusion of this paper suggests that exchange rate risk has a negative effect on agri-
cultural exports to Japan. Political authorities tend to pay more attention to the influence of 
exchange rate depreciation or appreciation on price competitiveness and ignore the stability 
of foreign exchange market and the negative effect of exchange rate risk when examining and 
weighing exchange rate policies of trade, leading to the result of overestimating or underesti-
mating policies. Exchange rate risks increase significantly in the adjustment of RMB appreci-
ation, so it is extremely important to keep stable fluctuations of exchange rate. Otherwise, the 
agricultural products export environment of China would be deteriorated, bringing a serious 
impact to China’s agricultural export. Meanwhile, relevant departments should provide risk-
averse manufacturers with instructions and financial instruments of foreign exchange for 
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avoiding exchange rate risk, so as to stabilize and promote China’s agricultural export. In 
addition, it is necessary to boost the development of agriculture and significantly increase the 
added value of primary industry, so as to strengthen the supply capacity of China’s agricul-
tural export. In order to deal with the negative effect of Japan’s technical barriers on China’s 
agricultural products export trade, it is obliged to accelerate the construction of agricul-
tural products quality engineering, gradually improve TBT risk pre-warning mechanism, and 
implement the strategy of diversifying export target markets.
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Research and realization of logistics supply chain scheduling 
based on evolutionary algorithm

Hui Zhang
Henan Industry and Trade Vocational College, Zhengzhou, Henan, China

ABSTRACT: The evolutionary algorithm applied in this paper is an effective way of 
obtaining the optimal solution. Evolutionary algorithm is to improve the solution of the 
original problem, obtain an optimized solution, and then conduct a further improvement 
according to the solution. Starting from a set of initial solutions, evolutionary algorithm first 
judges the set of solutions and then filters initial solutions for the basis of iterative solutions 
repeatedly until all the results meet the requirements. The problem of logistics supply chain 
scheduling is the problem of optimal solution. Cost saving, acceleration and other effects in 
the process of scheduling can be realized by the scheme of obtaining the optimal solution of 
logistics supply chain scheduling based on evolutionary model.

Keywords: evolutionary algorithm; logistics supply chain scheduling; chromosome; population

1 INTRODUCTION

It can be seen from the current situation of China’s logistics supply chain construction that 
there are still logistics enterprises in the process of constructing logistics supply chain. Long 
resting period and delivery time cause high logistics costs. Therefore, it is a universal phe-
nomenon that logistics cost is high in China. Distribution processes of logistics are mainly: 
the forward distribution process of required products from manufacturing works to logistics 
distribution center; the forward distribution process of required products from distribution 
center to client; the reverse distribution process of returned products from client to distribu-
tion center; the reverse distribution process of returned products from distribution center to 
manufacturing works. The four distribution phases can simply and comprehensively sum-
marize the basic work of logistics supply chain.

Table 1. Research content of logistics supply chain.

Research content of the 
logistics supply chain

CODP 
positioning

Theories of scale and 
scope economies

Establishing the CODP 
positioning model

Research direction 
of queuing theory in 
operational research

Simplified CODP 
positioning model

Supply chain 
scheduling 
model of large 
formulation

Production scheduling 
theory, coordination 
mechanism of supply 
chain

Establishing supply 
chain scheduling 
model

Transportation problems 
in operational research

Game theory Guaranteeing the 
realization of supply 
chain scheduling
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Logistics supply includes home logistics, internal logistics, organization logistics, etc. A 
reasonable logistics industry chain can be established through the organic combination of 
these logistics organizations, and a logistics supply chain is then established by satisfying 
requirements of customers and manufacturers. It is able to effectively save time and cost 
of logistics supply chain scheduling by formulating a reasonable and optimized route. At 
present, the research content of logistics supply chain can be classified into the following 
categories, which are shown in Table 1.

It can be known from the research content of logistics supply chain establishment in Table 1 
that it will lead to the fracture and termination of logistics supply chain if  cost reduction is 
taken as the only objective of logistics supply while problems of transportation, queuing and 
scheduling are neglected in logistic process.

2 ESTABLISHMENT OF MODEL

2.1 Evolutionary algorithm

The flow chart of solving the scheduling problem by evolutionary algorithm is shown in 
Figure 1.

Evolutionary algorithm can be applied in many models. Classifications of present typical 
problems in scheduling process are shown in Table 2.

Figure 1. Flow chart of solving the scheduling problem by evolutionary algorithm.
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Table 2. Classification models of multi-objective, undetermined and dynamic scheduling.

Static Dynamic

Determined Determined scheduling –
Multi-objective Multi-objective scheduling Multi-objective scheduling
Undetermined Undetermined, random 

and fuzzy scheduling
Undetermined, random and 

fuzzy scheduling
Multi-objective and 

undetermined
Multi-objective and 

undetermined scheduling
Multi-objective and 

undetermined scheduling
Completely undetermined – Real-time dynamic scheduling

2.2 Definitions of variables

The following assumptions are given in this paper:

1. The number of clients, product demand quantity, and recyclable product quantity can be 
obtained directly;

2. Topological structures acquired through the supply chain are consistent.

The type of products is defined as L. Suppose the set of L is L = { }1 2, . When L = 1, logis-
tics products in this paper are original factory products. When L = 2, logistics products come 
from reproduction.

Definitions of products costs in this paper are as follows:
sj is the cost of daily operation of distribution center;
vli is the per unit cost of production of L;
tcj is the per unit cost of transportation for client c to distribution center j;
oj is the construction cost of distribution centers;
rji is the per unit cost of transportation for the logistics center from distribution center j to 

the designated place c;
gi is the construction cost of factory i and the operational cost of its enterprise;
ajiL is the per unit cost of transportation for product L from manufacturing or distributing 

factory i to distribution center j.
According to the above definitions of variables, the development and adaptation of all 

services in terms of time consumption and value-adding capacity can be acquired, which is 
shown in Table 3.

2.3 Definition of evolutionary algorithm

2.3.1 Population initialization
20 chromosomes are selected as the initial population in this paper. 6 chromosomes with ini-
tial feasible solutions can be obtained through greedy heuristic algorithm so as to  accelerate 

Table 3. Percentages of time consumption and value-adding of supply chain.

Service types of supply chain Time consumption (%) Added value (%)

Service type design of products 11 22
Quantity demanded by clients  5 15
Target cost management 10 10
Partner relationship management 11  9
Goal programming of joint development 15  7
Management of supply order 11 10
Inventory management 15  8
Transportation management 14  7
Purchasing management  8 14
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the convergence of genetic algorithm. The six chromosomes are respectively presented as 
follows:

1. Distribute clients to areas of distribution centers according to the principle of minimum 
shipping costs.

2. Distribute clients to areas of distribution centers according to the principle of lowest 
delivery costs.

3. Set fixed costs according to distribution centers in ascending order, and randomly col-
locate clients downward gradually from the top until goods are delivered to clients on 
schedule.

4. Arrange capacities of distribution centers in descending order and randomly match with 
clients until the requirements of clients are satisfied by distribution centers.

5. Arrange operating costs in ascending order and randomly match with clients until the 
requirements of clients are satisfied by distribution centers.

6. Arrange set operating costs in ascending order and randomly match with clients until the 
requirements of clients are satisfied by distribution centers.

Then, select chromosomes.
A relatively direct classification process of logistics system is presented in Table 4.

2.4 Definitions of parameters in algorithm

1. The definition set of warehouse locating is J;
2. The definition set of clients is K;
3. The definition set of factory locating is I;
4. Di is the annual production capacity of factory i;
5. Wj is the annual circular flow of logistics distribution center j;

0–1 variables of integer programming are defined in this paper. zj is the variable of distri-
bution center establishment. 1 stands for the establishment while 0 means it is not established. 
pi is the variable of factory establishment. 1 stands for the establishment while 0 means it is 
not established. yki is the variable of logistics delivery from distribution center to client.

2.5 Establishment of evolutionary model in logistics supply chain

In this paper, constraint conditions are set in accordance with cost of supply chain establish-
ment, cost of setting up factory, cost of production and reproduction, cost of distribution 
center, transportation cost, etc.

The programming of this paper is conducted in line with the following constraint 
conditions.

 

minC p z s d y

b t
i ii

j
j

j js
ijk

kldd kj

kjb
kj

kj

+p zj

+ +b tb kj

∑ ∑gi ip +g pi p ∑ ∑v xli li +∑ ∑∑∑
∑∑

ij
kjl

ijk
kjl

jil
tji

ijt

c q

a fjil ij

∑ ∑hjh ii jirji∑
∑∑∑+

 (1)

Table 4. Structure of logistics system.

Manufacturer

First supplier 3PL Retailer
Secondary supplier Warehouse 1 Retail center Distribution center
Third supplier Warehouse 2 Indirect distribution
⋅⋅⋅n⋅⋅⋅ ⋅⋅⋅n⋅⋅⋅ Terminal distribution center
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Here, the constraint condition is

 
z Jj

j
∑ ;  (2)

 q d j k lkjt kdd t ky jk ∀d y jjkd t y ,jj , ;l  (3)

 
q j l

i
kjl

k
∑ ∑fijtff ∀q jjkjl ;l  (4)

 
n y W zl

jk
kj kt kj j jW z∑∑ ≤( )d bktd kjbbkjb ;  (5)

 
m x it lx i

t
i ip∑ ≤ ∀D piD p ;  (6)

 
f x j lijtff

j
li∑ ∀x jjli ;l  (7)

 
p Ii

i
∑ ;  (8)

 h b y i kjih kjb kj ∀b ykjb , ;k  (9)

 zj = { };}  (10)

 pi = { };}  (11)

 ykj = { };}  (12)

 x q i j kli kji≥ ∀0 0≥qkjiq ikji ∀0qkji ≥qkji , ;k  (13)

 l = { };}  (14)

Then, solve in line with the above 13 constraint conditions.

2.6 Solution of evolutionary algorithm

In this paper, according to the integer programming model, the author solves the problem 
of logistics supply chain scheduling based on the genetic algorithm of phased coding of 
priority.

Figure 2.
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Table 5. Classification of logistics pipelines.

Classification basis Types of pipeline Definitions

Processing mode Node pipeline Internal nodes of logistics; each logistics function 
is conducted in production line

Pipeline between nodes Consists of two or more than two nodes and 
connects each distribution center together

Function Single function pipeline Each pipeline provides a function for fixing
Multi-functional 

pipeline
Different functions are realized through different 

logistics lines in different times or the same time
Connection of 

functions in the 
same time

Static pipeline Fixed and single connection mode; realize one 
fixed function

Dynamic pipeline Multi-functional logistics lines are connected in 
different modes to try various functions

The coding progress goes like this:
The author segments the problem of logistics supply chain scheduling in the form of 

phased coding. The progress can be divided into four phases.
The first phase is a forward distribution process that logistics products are delivered from 

manufacturer to logistics distribution center;
The second phase is a forward distribution process that logistics products are delivered 

from distribution center to client;
The third phase is a reverse distribution process that returned products are recycled from 

client to distribution center;
The fourth phase is a reverse distribution process that returned products are recycled from 

distribution center to manufacturer.
The coding procedure is shown as below:

 1. t = 0
 2. Initial population: p(0)
 3. Evaluation of initial population: p(0)
 4. Terminal condition is not satisfied in the process: do
 5. Restructuring operation: p(t) = r(p(t))
 6. Mutation operation: p(t) = m(p(t))
 7. Evaluating operation: p(t)
 8. Selecting operation: p(t + 1) = s(p(t)UQ)
 9. t = t + 1
10. End

2.7 Lengths of chromosomes

Suppose |L| is the number of products, |K| is the number of starting points of chromo-
some, |J| is the number of important point of chromosome, so the length of chromosome is 
|L|(|K| + |J|).

The programming results can be obtained through solution in line with MATLAB.

3 CONCLUSION

In this paper, evolutionary algorithm first judges the initial solutions of logistics distribu-
tion and then filters initial solutions for the basis of iterative solutions repeatedly until all 
the results meet the requirements. The author solves logistics supply chain with evolution-
ary algorithm based on the principle of facilities’ and clients’ requirements, and obtains the 
optimal logistics supply chain based on the principle of positive and reverse demands. The 
classification of logistics pipelines is presented in Table 5.
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Parameters self-adaptive PCNN binarization method

Yong Zhang, Hang Hu & Shu Wei
Department of Instrument Science and Opto-Electronics Engineering, Beihang University, Beijing, China

ABSTRACT: For the purpose of image binarization, by studying parameters of iterative 
cycle in PCNN model, a new kind of parameters self-adaptive binarization method based 
on PCNN (Pulse Coupled Neural Network) is proposed. Statistical analysis to determine 
self-adaptive parameters is used to solve the problem of complex PCNN model with many 
parameters. With the binarization results, the algorithm shows its property of accuracy and 
generality.

Keywords: image binarization; self-adaption; statistics; PCNN

1 INTRODUCTION

Image binarization is an important link of optical character recognition (OCR)[1], is designed 
to distinguish the target and the background of images effectively, and meet the requirements 
of the cognitive degree of differentiation. It directly affects the accuracy of the identification 
results. Many images due to the complexity of imaging environment, contamination, damage 
causes and uneven illumination of the image itself, causing the image fuzzy, besmirch clear, 
unclear details, in order to overcome the adverse effect, achieved good effect, puts forward 
higher requirements on binarization algorithms.

Because of  its similar neurons firing characteristics, PCNN is applicable to binary image 
segmentation. In the field of  PCNN binarization method research, quite a few people made 
contribution. Literature [2] simplified PCNN network model, the number of  iterations is 
obtained by experience. Literature [3] improved PCNN threshold decay function model by 
attenuation gradient. Literature [4] proposes the cross-entropy criterion for determining the 
condition of  iteration algorithm related formula. Literature [5] simplified the basic param-
eter to only relate to the intensity of  the connection, and the threshold is obtained from the 
traditional threshold method. Literature [6] proposed template local area scanning method, 
limit the threshold, mainly used in the field of  fingerprint processing. Parameters of  these 
algorithms that are obtained through experiment or are the global thresholds can get good 
results for their own images. As multi-parameter neural network model, application of 
PCNN effect depends on the parameters and the threshold setting, how to get the optimal 
result, proposed the new challenge of  binary algorithm. To achieve the quickness and accu-
racy of  the image processing, to get the optimal solution, the adaptive parameters are the 
key to solving the problem There is need to research new PCNN algorithm with adaptive 
parameters.

According to the binarization applications, the PCNN model needs to be optimized, put 
forward parameters self-adaptive PCNN binarization method. Based on part of parameters 
optimization, determined by statistical analysis of adaptive parameters and the number of 
iterations of the neural network, binarization segmentation of the industrial character is 
 realized. Through lots of experiments, the algorithm has a high degree of distinction, has 
strong applicability in the various pollution treatment in industrial field, and can effectively 
deal with various pollution situation in industrial field.
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2 ADAPTIVE BINARIZATION ALGORITHM BASED ON PCNN

2.1 Part parameter optimization of PCNN

By studying the visual cortex sync pulse release phenomenon of cats, monkeys, and other 
animals, Pulse Coupled Neural Networks (PCNNs) have been proposed [7], and in image 
processing, recognition, communication, and other aspects of information it has wide range 
of applications [8–10].

Figure 1 shows a simplified block diagram of PCNN neuron model, the literature [11] 
PCNN model diagram used in image processing proposed in 1997. The model consists of 
dendrites, multiplied modulation, pulse generating step function of three parts. In the figure, 
F is feedback input neuron dendrites, L is a linear connection input peripheral neurons, U 
is the internal configuration of the active item multiplied modulation, Y is the pulse output 
neuron, E is dynamic critical threshold, which is required by the internal activity of neurons 
items when excitation pulses, the weighting matrix W is connected to the weighting coeffi-
cient relating to peripheral neurons L output Y matrix; the relationship between the param-
eters is shown in the following:

 F SijFF ij iSSi ji[ ]n = ( )F( ) [ ]ex FiFFjiFFp( )aF− [nn

 
L nijL ij Li

kl
ijkl kl[ ]n = ( )L [ ] ∑ex [WijkWW l kYY lLVVp LiL ji( )aL− [nn ∑ ]1] −n∑VV [W Y] W YWW kYY lVLVV ∑

 U FijU ijFF ij[ ]n = [ ]n [ ])LijL [ ]n( + βLL

 
E nijE ij Ei

kl
kl[ ]n = ( )E [ ] ∑ex [klYp EiE j EVVi( )aE− [nn ∑ ]1−n] ∑ [YYYYVV] VEVV ∑

 
Y

U E
U EijYY ijU
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[ ]n ≤ [ ]n

⎧
⎨
⎧⎧
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⎧⎧⎧⎧

⎩
⎨⎨
⎩⎩
⎨⎨⎨⎨
1
0

In the above formula, n is the iteration number; Sij is the gray value of the target pixel (i, j) 
in digital images; β is the connection strength between the neurons; VL and VE is L respec-
tively coupled connection domain and dynamic threshold E amplification factor; aF aL aE is 
the time decay constant of F, L, E. Weight matrix Wijkl is connected to the coupling matrix 
connected domain.

Due to the complexity of PCNN model parameters, binary model needs to be optimized. 
And coupling the image pixel is connected to a constant domain, which does not change with 
time; decay time constant aF and aL are set to + ∞. The threshold value of each iteration pulse 
output is small, which can be ignored, VE = 0. Weight matrix can describe the relationship 
between neurons, the amplification factor can be ignored, VL = 1. Define connection weights 

Figure 1. PCNN simplified model.
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w by reciprocal of the square pitch of two neurons i, j, Wij = 1/d2
ij. The calculated weight 

matrix is obtained: W = 
0 5 1 0 0 5
1 0 0 1 0
0 5 1 0 0 5
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The optimized formula is as follows:
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 (5)

PCNN model is optimized; in addition to the initial threshold and the numbers of itera-
tions the remaining parameters have been identified. While retaining its connection domain 
characteristics and properties of the iteration, more in line with the binary processing require-
ments, it sets the foundation for the next step of iteration and the initial threshold adaptive.

2.2 Adaptive selection of PCNN iteration times

The algorithm is the finite number of iterations, the selection of number iterations directly 
related to mode feedback effect. Use of statistical methods, capture image gray value MSE 
(Mean Square Error), calculate the number of iterations. For digital images of gray value 
samples, the standard deviation is proportional to the degree of dispersion; a large degree of 
dispersion requires multiple image segmentation, both the variance and the number of itera-
tions have also proportional relationship.

Reference multiplying the modulation of PCNN model internal activities items, the 
+ [ ]βL [β ijL  of  formula (3). Set number of iterations:

 n = β MSE 1+  (6)

Image of iterations determined by the standard deviation, by finite number of iterations, 
by region and detailed segmentation of the image, can effectively distinguish the foreground 
and background images, get good treatment effect.

2.3 Adaptive selection of PCNN initial threshold

Threshold value is the key of all binarization algorithms, and is also the most important step 
in the algorithm. Determining PCNN, the initial threshold value is directly related to the final 
threshold value, thereby affecting the final output of the model.

Reference attributes are: FOM (The First Order Moments) of target area, SOCM (The 
Second Order Central Moment), AR (Average) of target area.

Linear input of neurons and their gray values attributes are relative  , target neuron is 
affected by 8 neurons around itself. The impact of linear input of target neurons is the same 
as single neurons around it. So the linear input is AR/8.

In statistics, to treat the data elements as points on the geometry, the origin moment is the 
focus of geometry, central moment can reflect the point distribution of geometry, the ratio 
between the two situations can reflect the overall focus of the data.

The response of neurons around itself  is weight matrix multiply peripheral neurons pulse 
output. The sum of the weight matrix elements is 6. Because of the meaning of moments and 
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center of origin from the physical meaning, FOM/SOCM can reflect pulse trigger conditions 
of neurons around it; the final value is 6 • (FOM/SOCM).

Fitting connection strength expression of the original model:

 
nijL ij Li

kl
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Obtain the expression to get a new connection:

 
L
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8
6  (7)

MSE/AR is called the coefficient of variation. The coefficient of variation is proportional 
to the strength of the connection, the sample can more directly reflect the inherent strength 
of the degree of dispersion relations and connections. The new base strength of the connec-
tion to be superior to the original coefficient of variation is β • (MSE/AR).

(3) This can be rewritten as:
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FijFF [ ]n  is the gray value of target area, the same as AR:
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By the formula (5), when a cycle comes:

 UijU [ ]n = [ ]nE  (9)

When threshold reaches a critical point, the target pixel appears pulse output, to achieve 
binary segmentation purpose.

By the formula (4):

 EijE iji[ ]n = ( )E( ) [ ]ex EiE jip( )a nE n− [  (10)

The (8) (9) (10) three-bond was
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The final formula is:
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Determining the initial threshold by formula (11) is a key step in the algorithm. According 
to local image characteristics, threshold is in line with the characteristics and features of the 
image, you can try to keep the details of image processing, get good treatment effect.

3 THE CALCULATION RESULTS AND ANALYSIS

To prove the effectiveness of the proposed algorithm, several classical filtering algorithms were 
selected: Bernsen, Niblack, Nick, Otus, Sauvola and the PCNN algorithm for  quantitative 
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Figure 2. Multiple comparison for test results.
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and qualitative comparison test. Randomly select 150 images with 674 × 674, 8-bit gray-scale 
depth. Image contamination with ink, watermarks, creases, and folds pollute image after 
binarization operation; select the part of the experimental results from a representative bina-
rization as shown.

It can be seen by comparing with several other classical algorithm, using Bernsen and 
Niblack method for processing text and images and can be separated from the surrounding 
pixels, but the background processing is not clean. Nick and Otus for most image processing 
method works well, but when dealing with contaminated ink images some small or large con-
taminated areas exist, especially appear more in the obvious ink part. Sauvola background 
processing method is acceptable, but the handwriting is not clear, impacting the effect of rec-
ognition. The PCNN algorithm has a better overall grasp of the image, background process-
ing is clean, the writing is clear, except for individual parts of the stain left.

In order to evaluate PCNN binary algorithm more objectively, compare all the algorithms, 
and using MSE (Mean Squared Error), PERR (Pixel Error Rate), PSNR (Peak Signal to 
Noise Ratio) [12] as well as the processing time, this four evaluation criteria for qualitative 
analysis, in which the PSNR value larger, MSE and PERR value smaller, indicating segmen-
tation better.

Table 1 shows four performance indicators mean of the four different polluted conditions. 
Respectively, using bold, single-crossed and double-crossed, each line indicates a better evalu-
ation of the first three methods. It can be seen by the table, Otus, Nick, and the PCNN algo-
rithm is better in the effect; processing time, Otus, niblack and the PCNN method is better, 
that is, whether the effect or the image processing time, the results of the PCNN algorithm 
are better.

4 CONCLUSION

Binary segmentation based on PCNN can effectively separate the prospect and background 
of blurred images, lay a good foundation of optical character recognition and the associated 
image processing. The adaptive setting of parameters is the key to the problem. In this paper, 
parameters self-adaptive PCNN binarization method is proposed, optimize the PCNN model 
by actual demand, with inference theory, set the parameters by statistical results, and do not 
need to rely on artificial experience, improve the universality and the speediness of the pro-
posed algorithm, get a good deal. And to the problem of the uneven illumination, overweight 
shadow and inconspicuous images contrast, the PCNN algorithm has good applicability.
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ABSTRACT: Aromatic components in flower samples Rosa chinensis ‘Pallida’, R. damascene, 
and R. centifolia were determined using the methods of Headspace Solid-Phase Microex-
traction (HS-SPME) and Gas Chromatography-Mass Spectroscopy (GC–MS). All sorts of 
volatile compounds and their relative content of petals and stamens at the opening stage 
were compared and analyzed, respectively. For Rosa chinensis ‘Pallida’, flowers mainly pro-
duced arenes and terpenes, which 1,3,5-trimethoxy—Benzene is the characteristic aromatic 
component. There were the similar components between the R. damascene and R. centifolia, 
petals mainly produced alcohols, the relative content of 2-Phenethyl alcohol represented was 
about 69% of total compounds. The different aromatic components of R. damascene and R. 
centifolia were elemol, methyl eugenol, geranyl acetate. The dominant volatile compound in 
stamens of the three rose resources was eugenol, but there is no eugenol in their petals.

The results provide theoretical basis for molecular regular mechanism of roses key 
aroma compounds and laid a foundation for cloning relevant key enzyme genes from rose 
resources.

Keywords: R. chinensis ‘Pallida’; R. damascene; R.centifolia; SPME-GC/MS; aromatic com-
ponent; relative content

1 INTRODUCTION

Chinese rose (Rosa hybrid) is not only an important courtyard flower but also the most 
famous cut-flower in the world. Besides, it is the raw material of essential oil and perfume. It 
is also known as “liquid gold”. In recent years, breeders pay attentions only to the improve-
ment of external properties like color, shape, size, and petal; studies on internal properties 
like aroma are lagged far behind [1]. At present, most of 35000 varieties of Chinese roses do 
not have aroma at all [2]. Scholars at home and abroad have carried out a great deal of studies 
on aromatic components of roses of genus Rosa (Rosa rugosa Thunb) for a long time. With 
the method of GC/MS, Zhen Yu analyzes chemical components of French rose essential oil, 
Moroccan rose essential oil, Kushui rose essential oil in Gansu province, and Pingyin rose 
essential oil in Shandong province, and determines respectively 79, 74, 45, and 54 kinds of 
components, finding out that the main chemical components are citronellol, geraniol, phene-
thyl alcohol, farnesol and esters, linalool, rose oxide, eugenol, and methyl eugenol [3]. Liguo 
Feng carries out a study on aromatic components and changes of rose in development proc-
ess, finding out that there are obvious differences in aromatic components as well as contents 
at different development periods. Most aromatic components reach the highest content at the 
middle period to the blooming period, mainly including citronellol, citronellyl acetate, and 
phenethyl alcohol [4]. Picone finds out in his research that aromatic components of Chinese 
rose are released rhythmically with the light [5].
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When speculating the origin of modern Chinese rose, Hurst and Wylie, according to records, 
believed that it was R. chinensis ‘Pallida’ or R. ‘Old Blush’ that was introduced to Europe and 
played an important role in the cultivation of modern Chinese rose [6,7]. It is still not clear that 
what kinds of aromatic substances are provided by R.chinensis ‘Pallida’. At present, the produc-
tion of rose essential oil is restricted to R. damascene and R. centifolia, both originating from 
Europe. There is no report yet that what differences are between aromatic components of Chi-
nese rose and Europe rose. In this paper, the author takes Rosa chinensis ‘Pallida’, R. damascene, 
and R. centifolia as materials and analyzes aromatic components difference between petal and 
stamen with the method of SPME-GC/MS, so as to provide theoretical basis for the regulation 
and control of rose aromatic substances as well as the clone and application of relevant genes.

2 MATERIALS AND METHODS

2.1 Materials

Experimental materials include Rosa chinensis ‘Pallida’ (Fig. 1a), R. damascene (Fig. 1b), and 
R. centifolia (Fig. 1c). Samples are taken from the Chinese rose resources nursery in Yunnan 
Academy of Agricultural Science. Three flowers in full bloom are picked from each sample 
respectively, plants of which are in the same growing trend.

2.2 Methods

Samples are taken at 12:00 AM each day in order to avoid the error brought by biological 
clock. Take petals and stamens of 3.5 g respectively and put them in the headspace sampling 
instrument (75 um CAR/PD MS SPME fiber. Supelco, Bellefonte,PA,USA). Take samples 
for GC/MS analysis after 45°C preheat and 30 minute’s balance.

2.3 Aroma analysis

GC conditions: Put samples successively in the GC/MS sampling instrument with the col-
umn temperature of 50°C, warm up to 180°C with programmed temperature at the rate of 
10°C/min, and keep samples in it for 5 minutes. Then, warm up to 240°C with programmed 
temperature at the rate of 10°C/min and keep samples in it for 5 minutes. Column flow, 
1.0 ml/min; temperature of sample injection port, 250°C; column pressure, 100 kPa; split 
ratio, 2:1; carrier gas, helium of high purity.

MS conditions: ionization way, EI; electron energy, 70; temperature of transmission 
line, 250°C; ion source temperature, 230°C; filament emission current, 150 μA; mass range 
of scan, 35–350 amu; scan, 2.45 s each time. GC/MS is HP6890GC/5973MS of Agilent 
Technologies Company. Use 1.2 V Xcalibur software and Nist 98 atlas database to search 

Figure 1. Test materials.
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aromatic  components, and calculate the Kovàts retention indices of compounds with reten-
tion time to determine properties [8]. According to the average area of chromatographic peak 
of the total ion current and the area normalization method, calculate the relative percentage 
of each component for quantitative analysis. Three times of parallel and repeated experi-
ments should be conducted to each sample.

3 CONCLUSION

3.1 Aromatic components of Rosa chinensis ‘Pallida’

According to the total ion chromatogram of petal volatile substances of Rosa chinensis ‘Pal-
lida’ in bloom, it can be determined through computer library searching and data analysis 
that there are altogether 12 kinds of aromatic components. Terpenes and aromatic hydro-
carbons are main aromatic compounds (Fig. 2a). Aromatic components with relatively large 
content include geraniol, 4-methoxy methyl ester, 1,3,5-trimethoxybenzene, nonadecene, 
camphor, and 3-hexenyl-1-acetic acid. There are altogether 15 kinds of aromatic components 
in stamen of Rosa chinensis ‘Pallida’ in bloom (Fig. 2b), mainly including nerolidol, eugenol, 
1,3,5-trimethoxybenzene, nonadecene, camphor, 3-hexenyl-1-acetic acid, and ennhecane.

There is a large difference between petal and stamen of Rosa chinensis ‘Pallida’ in terms 
of varieties and relative content of aromatic components. The relative content of geraniol 
in petal is 14.56% and the relative content of nerolidol in stamen is 12.72% that contains no 

Figure 2. Total ionic chromatogram of aroma components in petals (a) and stamens (b) of R. chinensis 
‘Pallida’ at the end of full opening stage.
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geraniol. The relative content of 1,3,5-trimethoxybenzene in stamen is 21.89% while only 
4.86% in petal. Eugenol exists only in stamen (Table 1).

3.2 Aromatic components of R. damascene

According to the total ion chromatogram of volatile substances of R. damascene in bloom, 
it can be determined through computer library searching and data analysis that there are 
altogether 13 kinds of aromatic components in petal, mainly including 2-phenethyl alcohol, 
geraniol and ennhecane (Fig. 3a). There are 22 kinds of aromatic components in stamen, 
mainly including geraniol, eugenol, methyl eugenol, and ennhecane (Fig. 3b). The aromatic 
component of petal of R. damascene is relatively single, which is mainly 2-phenethyl with 
a relative content of 69.54%, while the main aromatic content of stamen is eugenol with 
a relative content of 60.93%. Besides, methyl eugenol is a special component of stamen of 
R. damascene (Table 1).

3.3 Aromatic components of R. centifolia

According to the total ion chromatogram of volatile substances of R. centifolia in bloom, 
it can be determined through computer library searching and data analysis that there are 

Table 1. Aromatic compounds and their relative contents in flower developmental stage 4 of R.  chinensis 
‘Pallida’, R. damascene, R. centifolia, respectively.

Compounds

R. chinensis ‘Pallida’ R. damascene R. centifolia

Petal Stamen Petal Stamen Petal Stamen

Alcohols  8.88  5.40 70.87  3.17 72.68  1.99
2-Phenethyl alcohol –  3.52 69.54  2.81 69.29  0.95
Benzyl alcohol – –  1.30  0.07  3.29  0.33
Isoamylalcohol –  1.16 – – – –
3-methyl-1-Butanol – – –  0.10 –  0.47
2-methyl-1-Butanol –  0.72 –  0.07 – –
3-Hexanol  0.55 – –  0.07 –  0.09
3-Hexen-1-ol  8.33 –  0.03  0.05  0.10  0.15
Terpenes 54.94 46.55 15.51 14.34 16.43 16.87
Geraniol 14.56 –  9.44  5.60  4.22  0.37
Nerolidol – 12.72 –  0.71 –  2.63
Elemol – –  0.16  0.06  7.53  3.25
L-citronellol – –  0.75  0.72  0.36  0.11
Camphor 24.10 23.43  2.66  2.64  2.80  7.60
Nonadecene 13.76 10.01  2.44  4.49  1.52  2.91
Propene  2.52  0.39  0.06  0.12 – –
Arenes  9.81 25.19 0 67.54 0 68.04
Eugenol –  3.30 – 60.93 – 68.04
1,3,5-trimethoxy-Benzene  9.81 21.89 – – – –
Methyl eugenol – – –  7.61 – –
Esters 13.33  4.02  0.05  5.06 0  0.88
4-methoxy-methl ester 13.33  3.19 – – – –
2-phenylethyl ester –  0.83 –  0.31 – –
Geranyl acetate – –  0.05  4.69 –  0.48
Benzyl acetate – – –  0.06 –  0.40
Others 13.04 19.56 13.57  8.89 10.89 12.32
2-Pentanone  0.23  0.26  0.02  0.03 –  0.01
3-hydroxy-2-butanone –  0.95 –  0.19 – –
3-Hexenyl-1-acetate  6.56  9.44 – – – –
Nonadecene  3.09  8.91 13.52  8.62 10.89 12.13
2-Hexenal  3.16 –  0.03  0.05 0  0.18
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altogether 9 kinds of aromatic components in petal, mainly including 2-phenethyl alcohol, 
elemol, and ennhecane. There are 17 kinds of aromatic components in stamen, mainly includ-
ing eugenol, camphor, and ennhecane. There is an obvious difference between petal and sta-
men of R. centifolia in terms of varieties and relative content of aromatic components. The 
main aromatic component in petal is 2-phenethyl alcohol with a relative content of 69.29% 
that contains no aromatic hydrocarbons. The main aromatic component in stamen is eugenol 
with a relative content of 68.04% (Table 1).

3.4 Aromatic components comparison of three rose resources

Experimental results show that there are altogether 26 kinds of volatile substances in bloom-
ing period of three roses, common components of which include nonadecene, camphor, and 
ennhecane. However, they are not the main or specific aromatic components of the three 
materials. R. damascene and R. centifolia have similarity in terms of components that con-
tribute the most to aroma, while Rosa chinensis ‘Pallida’ originating from China is quite 
different. 2-phenethyl alcohol is the main aromatic component of both R. damascene and 
R. centifolia in petal, relative contents of which are respectively 69.54% and 69.29%. Yet 
petals of Rosa chinensis ‘Pallida’ do not have 2-phenethyl alcohol and the main content is 
geraniol, the relative content of which is 14.56%. 1,3,5-trimethoxybenzene exists as the main 
content both in petals and stamens of Rosa chinensis ‘Pallida’, which however cannot be 
tested in R. damascene and R. centifolia. In addition, contents of esters in Rosa chinensis 

Figure 3. Total ionic chromatogram of aroma components in petals (a) and stamens (b) of R. 
damascene at the end of full opening stage.
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‘Pallida’ are relatively high. Relative contents of 4-methoxy methyl ester in petal and stamen 
are 13.33% and 3.19%, which cannot be found in R. damascene and R. centifolia. There is also 
an obvious difference between petal and stamen of the same material. Eugenol exists in sta-
mens of the three materials, which is the main component of R. damascene and R. centifolia 
and cannot be found in petals.

4 DISCUSSION

In this paper, parent resources of modern rose with typical aromas, such as Rosa chinen-
sis ‘Pallida’, R. damascene, and R. centifolia, are selected from a few kinds of aromatic 
Chinese roses for SPME-GC/MS qualitative and quantitative analysis. It can be found from 
the research that there is a large difference between different parts of the same material or 
various materials in terms of variety and relative content of aromatic substance. Basic sub-
stances of the aroma of Rosa chinensis ‘Pallida’ are arenes, terpenes and esters, of which 
1,3,5-trimethoxy—benzene, geraniol, and camphor are the main aromatic component of 
Rosa chinensis ‘Pallida’. Aromatic components of R. damascene and R. centifolia are basi-
cally the same that petals mainly contain 2-phenethyl alcohol while stamens mainly con-
tain eugenol. The difference of aromatic component between R. damascene and R. centifolia 
includes elemol, methyl eugenol, and geranyl acetate. R. damascene is strongly scented while 
R. centifolia is light scented. The difference of aromatic properties of the two indicates that 
the content of aromatic component with trace amount plays an important role in the qual-
ity of Chinese rose aroma. Hualei Wang also discovers the importance of aromatic compo-
nent with trace amount in his research on aromatic components of main apricot varieties in 
Xinjiang province.

1,3,5-trimethoxy-benzene is a component with the most content in aroma of Chinese 
rose [10], the anterior substrate of which is phloroglucinol. The final aromatic product, 
1,3,5-trimethoxy-benzene, is formed after continuous catalysis of three key enzymes, namely 
POMT, OOMT1, and OOMT2. Wu clones two genes of phloroglucinol catechol-O-methyl 
transferase from R. chinensis [11]. Lavid clones two genes of orcinol catechol-O-methyl trans-
ferase from R. chinensis, namely OOMT1 and OOMT2 [12]. Scalliet finds out from his study 
that OOMT1 is only expressed in composite group of roses originating from China [13, 14]. 
It can be found from this study that 1,3,5-trimethoxy-benzene exists only in Rosa chinensis 
‘Pallida’, which means that Rosa chinensis ‘Pallida’ provides modern roses with this spe-
cial aromatic component, namely 1,3,5-trimethoxy-benzene. It still requires researches that 
whether this component is the unique aroma of roses originating from China (Sect. chinen-
sis), such as Chinese rose, Rosa odorate and Rosa chinensis.

Eugenol has a strong scent of  clove. It is an aromatic component of  many plants with 
the function of  insect resistant and sterilization [15, 16, 17]. As for Clarkia breweri and Petunia 
hybrid, eugenol mainly comes from stamens and petals. Eugenol synthase (EGS) is expressed 
in stamens and petals [18]. At present, eugenol synthase genes CbEGS1, CbEGS2, CbIGS1, 
ObEGS1, PhIGS, and PhEGS1 are cloned from Clarkia breweri and Petunia hybrid [18]. There 
is no report yet about synthase genes of  this aromatic substance of  rose. It can be found 
from this paper that eugenol is contained in stamens of  three materials while not contained 
in petals. This lays a foundation for the further cloning of  eugenol synthase genes from 
stamen.
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Current situation and development measures for male volleyball 
players of Hebei province in China

Bensong Xiao & Shihong Pu
Institute of P.E., China West Normal University, Nanchong, Sichuan, China

ABSTRACT: This paper makes analysis of reserve of the body shape and movement of the 
quality indicators in young man’s volleyball players in Hebei province. The result shows that: 
the average age is 16.54, and the average time of receiving professional volleyball training is 
3.20; the index of height, weight, and Quetelet index is not balanced throughout Hebei, much 
lower than the national average; there is no difference in training time within the same age 
group (13–19 years old); test scores of 800 m and the V moving are higher than national aver-
age, while test scores of 100 m and triple leapfrog are below the national average, and there is 
no significant difference; run-up to jump scores are below the national average, and the dif-
ference is significant. The paper proposes that the coaches should select athletes and develop 
their potentials scientifically.

Keywords: volleyball; man; young; physical fitness; movement qualities

1 INTRODUCTION

With the rapid development of contemporary volleyball, the athletes are increasingly becom-
ing huge-built, their techniques and tactics are becoming changeable and three-dimensionally 
offensive. Especially when the two teams’ levels are close, the physical condition and the 
special quality of athletes are the guarantee for the winning of the game. China’s competitive 
sport is based on mass and students in amateur sports school. Talented athletes are selected 
by the local team, provincial team, and then the national team. Men’s volleyball has been a 
disadvantage in China; therefore, we must attach importance to the quantity and quality of 
the grassroots reserve talents of young athletes in order to improve the competitiveness of the 
men’s volleyball team, which is an important foundation for Chinese volleyball team to catch 
up with the world advanced level. Backup players’ body shape, special qualities, and their 
potentials will directly influence the development of Chinese volleyball team.

2 OBJECTS AND METHODS

2.1 Objects

106 young volleyball male players ages 13–19 from 10 cities in Hebei, including Shijiazhuang, 
Tangshan, Qinhuangdao, Cangzhou, Baoding, Handan, Xingtai, Zhangjiakou, Langfang, 
and Hengshui, took part in the training camp in Chongxian, Zhangjiakou of Hebei, from the 
August to September in 2014.

2.2 Methods

The first one is literature research method: consulting the papers and periodicals which 
analyze the status of the physique, physical stamina, and skills of male volleyball players 

FRANKIC_Book.indb   233FRANKIC_Book.indb   233 3/6/2015   9:59:46 AM3/6/2015   9:59:46 AM



234

in China. The second one is test method: making the players do the special physical quality 
testing, such as run-up height touch, leapfrogging, short time of v-running. The third one 
is mathematical statistics and data analysis: using the Spss 20.0 software to do statistics and 
mathematical analysis of player’s height, weight, Quetelet index, and sports quality.

3 RESULTS AND ANALYSIS

3.1 The characteristics of age and training years

According to the survey, the average age of the youth male volleyball players in Hebei prov-
ince is 16.54. Among them, the youngest is 13 years old, and the biggest is 19 years old. The 
longest Professional volleyball training is 6.1 years, the shortest is 2 months, and the average 
time is 3.20 years. The longest professional training year is 6.1 years, the shortest is 2 months, 
and the average is 3.20 years. Most of the female athletes in this study are about 17 years 
old, who are still in puberty. Their body functions and muscle power are still immature and 
there is broad development space of their physiological indexes, including height, weight, 
length of limbs, muscle strength, body functions, and the sensitivity of nerve cells. According 
to developing rules of volleyball, it takes at least 8–10 years that special physical qualities 
and techniques of the athletes could reach the senior level. The average training year for the 
youth players in Hebei province is about 3 years, and there is still broad development space 
for their techniques and body diathesis. Therefore, the coaches should pay attention to this 
important development stage, improve athletes’ physical abilities step by step and strengthen 
operational exercises so as to improve athlete’s tactics and body qualities rapidly and lay solid 
foundations for the future senior grade.

3.2 The height, weight, Quetelet index

The guiding idea of “faster, higher, and stronger” urges volleyball playing toward the faster 
attack rhythm conversion, increasing both near-net and physical confrontation. It also demands 
larger and taller athletes, which has become an important factor to restrict performance. 
According to statistics, among young male volleyball players in Hebei province, 12 players are 
above 1.95 meters, and 21 players are between 1.90 and 1.94 meters which accounts for 33.1% 
of the whole team, and the maximum height is 1.98 meters. 10 players are below 1.80 meters 
which accounts for 9.4%, and the minimum height of them is 1.72 meters. The average height 
of young male volleyball players of Hebei province is 1.86 meters. Among them, the average 
height of Qinhuangdao’s players reaches 1.90 meters. It illustrates that there is certain rela-
tionship between economic development and qualities of athletes. The importance attached 

Table 1. Age, training years, height, weight, and Quetelet index.

n Age (year)
Training 
period (year) Height (m) Weight (kg) Quetelet index

Baoding 11 16.45 ± 1.29 3.45 ± 1.13 1.89 ± 0.05 71.8 ± 2.68 380.9 ± 6.58
Changzhou 11 16.82 ± 1.25 3.56 ± 1.15 1.87 ± 0.06 71.9 ± 2.42 385.2 ± 8.56
Handan 10 16.90 ± 1.29 3.49 ± 1.05 1.86 ± 0.05 73 ± 2.72 391.8 ± 5.97
Hengshui 12 17.33 ± 0.78 3.74 ± 0.92 1.85 ± 0.05 72.6 ± 2.12 393.2 ± 6.87
Langfang 10 15.20 ± 0.79 2.40 ± 0.76 1.79 ± 0.054 67.7 ± 2.35 377.8 ± 8.94
Qinhuangdao 11 16.55 ± 0.93 3.11 ± 0.92 1.90 ± 0.05 73.5 ± 2.48 386 ± 9
Shijiazhuang 11 15.55 ± 1.13 2.25 ± 1.25 1.86 ± 0.06 70.9 ± 3.22 380.2 ± 8.2
Tangshan 10 16.60 ± 1.17 3.20 ±1.04 1.88 ± 0.05 73.5 ± 2.18 390.9 ± 10
Xingtai 9 16.78 ± 1.64 3.17 ± 1.52 1.81 ± 0.06 69.9 ± 1.5 385.8 ± 12.52
Zhangjiakou 11 17.09 ± 1.14 3.55 ± 0.96 1.89 ± 0.06 73 ± 3.28 387.1 ± 9.63
Σ 106 16.54 ± 1.23 3.20 ± 1.14 1.86 ± 0.06 71.8 ± 3 385.9 ± 9.68
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to the sports in highly developed area also facilitates the improvement of the selection. The 
average weight of young male volleyball players of Hebei province is 71.8 kg. The Quetelet 
index is 385.9 ± 9.68. The maximum is 404.86, while the minimum is 302.79. Although the 
height, weight, and Quetelet index of Hebei young male volleyball players are relatively low, 
their potential is quite large in terms of their age.

3.3 Sports quality characteristics

3.3.1 Run-up to touch high
Leaping ability is a manifestation of competition capability. Running-up and touching height 
is one of the most important indicators that decides the highest point that the volleyball 
players can reach when they are in attack and defense. And it is also a significant part in 
choosing and training volleyball players. According to the research, although every coach 
thinks highly of the athletes’ leaping abilities, which are major parts of training, regional dif-
ferences do exist. The average run-up and touch height of young male volleyball athletes in 
Hebei province can reach 3.10 m. Among them, 5 people are beyond 3.30 m, and 16 people 
are below 3 m. The maximum is 3.38 m, and the minimum is 2.85 m. The Cangzhou team 
can reach 3.17 m in average, while the Langfang team can merely reach 2.97 m. This reflects 
that the level of young male volleyball athletes in Hebei province is unsatisfactory and the 
development is uneven.

3.3.2 Level 3 leapfrog
Attack and defense conversion process require that athletes have abilities of continuous spik-
ing and continuous block mobile takeoff. Therefore, the level 3 leapfrog test which can reflect 
continuous bounce’s quality is important. The average grade of young male volleyball ath-
letes’ level 3 leapfrog grades in Hebei province is 8.73 meters. The maximum is 8.82 meters 
(Baoding) and the minimum is 8.52 meters (Langfang). Coaches also note that the develop-
ment of young athletes’ body functions is immature and they lack strength and explosive 
force. So there is still a long way to go in improving the athletes’ qualities. Conducting excess 
weight training at this stage is not reasonable. Not only is it easy to cause non-exercise dam-
age to the athletes’ bones and muscles but also can hinder the growth and development of 
athletes, which will have an impact on the healthy development of their careers. As a result, 
coaches should aim at the physical development and characteristics of young athletes, and 
adopt scientific method step by step to improve the body qualities and movement skills.

3.3.3 V move
During the game, in order to complete the relevant technology in the process of  move-
ment, volleyball players need to move constantly. In sports, V move is widely used in 

Table 2. Special motion test scores statistics.

n
Run-up to 
touch high (m)

Level 3 
leapfrog (m) V Move (s) 100 m (s) 800 m (s)

Baoding 11 3.14 ± 0.11 8.82 ± 0.35 23.6 ± 1.02 13.38 ± 0.63 152.13 ± 11.23
Changzhou 11 3.17 ± 0.08 8.69 ± 0.29 24.38 ± 1.09 13.30 ± 0.50 159.17 ± 9.51
Handan 10 3.10 ± 0.16 8.81 ± 0.34 23.77 ± 1.81 13.38 ± 0.57 150.34 ± 11.19
Hengshui 12 3.10 ± 0.10 8.74 ± 0.25 23.67 ± 1.23 13.26 ± 0.50 150.00 ± 9.40
Langfang 10 2.97 ± 0.07 8.52 ± 0.24 23.89 ± 1.67 13.75 ± 0.28 148.73 ± 13.42
Qinhuangdao 11 3.11 ± 0.13 8.76 ± 0.3 24.08 ± 1.7 13.15 ± 0.40 148.58 ± 11.74
Shijiazhuang 11 3.15 ± 0.07 8.81 ± 0.19 24.23 ± 2.57 13.42 ± 0.41 152.13 ± 15.17
Tangshan 10 3.14 ± 0.11 8.67 ± 0.23 24.73  ± 3.1 13.55 ± 0.47 153.76 ± 13.56
Xingtai 9 3 ± 0.10 8.63 ± 0.23 24.39 ± 1.59 13.32 ± 0.26 148.91 ± 9.33
Zhangjiakou 11 3.14 ± 0.09 8.78 ± 0.2 23.9 ± 1.69 13.29 ± 0.34 148.27 ± 10.83
Σ 106 3.10 ± 0.12 8.73 ± 0.27 24.05 ± 1.79 13.35 ± 0.47 151.24 ± 11.62
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the process of  material selection and test, which reflects the athlete’s abilities of  moving. 
According to the research, the fastest time of  V move of  Hebei volleyball youth athletes 
is 20.87 seconds, and the slowest is 30.86 seconds. Besides, the average time is 24.05 ± 
1.79 seconds. According to the overall performance, the scores of  Hebei volleyball youth 
teams are poor, and the differences of  their skills are very huge. Meanwhile, their abilities 
of  moving is far uneven.

3.3.4 100 m
100 m race can test the abilities of  moving quickly of  the athletes. Rapid responses 
and the abilities of  running play important roles in the process of  attacking, blocking, 
and saving. The best performance of  100 m test of  young male volleyball athletes in 
Hebei province is 12.13 seconds, and the worst is 14.42 seconds. Besides, the average is 
13.85+−13.47 seconds.

3.3.5 800 m
800 m, which is an exercise between aerobic exercises and anaerobic exercises, can reflect 
athletes’ abilities of body resistances and cardiovascular systems. Volleyball sports need play-
ers to move, attack, and defense constantly. The higher the level is, the more intense the 
competition. Sometimes a ball will be moved through dozens of rounds, and the attacker 
will jump hundreds of times, which demands high physical endurance. If  the athletes can’t 
bear muscle tightness and abnormal heart and lung function due to accumulations of lactic 
acid, this will lead to breathing difficulties, body stiffness, mistakes, and even failure of tech-
nical and tactical actions. The average scores of 800 m test of young male volleyball players 
in Hebei province was 151.24 ± 11.62 seconds. The fastest is 133.8 seconds and the slowest 
is 189.4 seconds. The overall level throughout the team is balanced. As the training base is 
located in Zhangjiakou dam whose height is 1000 m, athletes will be affected.

3.4 Compared with the national average

According to Table 3, the average level of body appearance index sign in young male volley-
ball players in Hebei is below the national average, and there is a very significant difference 
(p < 0.01), which explains male volleyball players’ selection limitations in Hebei. Therefore, 
athletes must be selected according to volleyball sport characteristics to ensure the qualities 
of reserve forces in Hebei.

The age from 13 to 19 is golden for the players’ development of body functions. Approach 
and touch high scores of Hebei athletes are below the national average significantly. 
Accordingly, coaches should strengthen the training in jumping ability in order to make up 
for the shortcoming of online.

Table 3. Hebei province and the national youth volleyball athlete physical quality indicators.

Hebei (n = 106) National* (n = 92) t P

Age (year) 16.54 ± 1.23 16.61 ± 1.62  0.14 >0.05
Training period (year) 3.20 ± 1.14 2.12 ± 1.71  0.81 >0.05
Height (m) 186.10 ± 6.20 195.71 ± 5.29 16.26 <0.01
Weight (kg) 71.80 ± 3.00 79.27 ± 5.99  9.83 <0.01
Quetelet index 385.90 ± 9.68 405.04 ± 10.01 27.34 <0.01
Run-up to touch high (m) 3.10 ± 0.12 3.44 ± 0.10  3.91 <0.01
Level 3 leapfrog (m) 8.73 ± 0.27 8.95 ± 0.60  1.00 >0.05
V Move (s) 24.05 ± 1.79 24.26 ± 1.26  1.06 >0.05
100 m (s) 13.35 ± 0.47 13.27 ±.58  0.39 >0.05
800 m (s) 151.24 ± 11.62 153.63 ± 13.72  1.64 >0.05

*Data from Zhao Wenjuan. Our young men volleyball player height, weight and physical fitness in part 
characterized [J]. The China Sports the technolog. 2010, 46(1):80–96.
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4 CONCLUSIONS AND SUGGESTIONS

4.1 Conclusions

1) The average age of Hebei young male volleyball players is 16.54; the average time of pro-
fessional volleyball training is 3.20 years. Height, weight, Curletto index reflects that run-up 
jump, leapfrog, V move, 100 meters, 800 meters, and other special athletic ability develop-
ments in Hebei are imbalanced. 2) Height, weight, and Curletto index of Hebei young males 
are lower than national average level and there is significant laps (P < 0.01); in the same age 
group (13–19 years old) without training differences, 800 meters and V move of Hebei male 
volleyball are higher than national average level, and 100 meters and three leapfrog test per-
formance are lower than national average level, which have no significant differences; run-up 
jump scores are lower than national average level significantly.

4.2 Suggestions

The cultivation of high-level volleyball players is an engineering of scientific system. The 
coaches shoulder the responsibility of finding good athletes and training the new stars in 
the field of volleyball. They should select athletes and unearth their potentials scientifically 
according to the law of adolescent physical and psychological developments. Firstly, they 
should pay attention to basic skills, because the tower is built from the ground. Basic skills 
are the basis. In addition, we should focus on a variety of physical fitness to train young 
athletes. Regardless of height, jumping, or the ability of moving, Chinese volleyball team, 
especially male volleyball team, falls far behind the world’s top teams. The reason is not that 
the local teams do not emphasize physical fitness training, but that the training lacks high-
level athletes tracking and monitoring services. Regardless of the external environment, the 
coaches should pay attention to the quality of the sensitivity, strength, speed, flexibility, and 
coordination of the athletes, based on the overall quality and the special qualities.

REFERENCES

[1]  Ling, G.Z., Guo, D.W. & Gai, Y. (2007) The body figures and special body qualities of Chinese 
female teenage volleyball players. Journal of Physical Education, (3):76–78.

[2]  The textbook of training for the Chinese couch (of volleyball) (2003). Beijing: People’s Sports Press, 
pp:283–290.

[3]  The editorial committee of teaching materials for students majoring in sports: Athletic Training 
(2000) Beijing: People’s Sports Press, pp: 20–45.

[4]  Gai, Y., Lu, M. & Jin, X.B. (2003) A study on Chinese male teenage volleyball players’ body figures 
and special body qualities. The Science of Chinese Sports, 39(7):27–35.

[5]  Zhao, W.J. (2010) A study on Chinese male teenage volleyball players’ heights, weight and features 
of body qualities. The Science of Chinese Sports, 46(1):80–96.

[6]  Zhang, X.L. (2005) A study on the reserve force of Chinese men’s volleyball and an analysis of the 
strategies in the Beijing Olympics. The Science of Chinese Sports, 41(4):85–95.

FRANKIC_Book.indb   237FRANKIC_Book.indb   237 3/6/2015   9:59:47 AM3/6/2015   9:59:47 AM



This page intentionally left blankThis page intentionally left blank



Information Technology and Career Education – Shao, Shu & Tian (Eds)
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02781-7

239

Analysis of mental health of college students based on daily data

Li Zhao
Pingdingshan Institute of Education, Pingdingshan, Henan, China

ABSTRACT: The purpose of this paper is to analyze the factors that impact the mental 
health of university students, and to find the linkages among them. This research adopts 
self-designed questionnaires to inquire 800 college students about campus life events; the 
results show that the factors that affect the psychological health of college life mainly include 
resources, environment, and the pressure of university courses. Within all the factors, resources 
and environment have the biggest influence on the mental health of college students.

Keywords: daily data; mental health; university students

1 INTRODUCTION

University is an effective platform for students to realize self-value. Analysis of the daily 
factors that affect college students’ mental health can not only improve the life quality of 
university students, but also have a positive effect on their future development. Previous stud-
ies on the mental health of college students are generally concentrated on the pressure of life 
problems. While along with the thorough reformation of higher education in China, higher 
education becomes widespread, campus life for students today is changing, and contem-
porary college students have been given more challenges and opportunities. Thus, in this 
complex environment, the problems current college students are faced with will be more 
prominent.

2 GENERAL DATA AND METHOD

2.1 Data

A total of 800 students are selected from 4 universities in XX, which contain 400 boys and 
400 girls. Among them, 495 live in town, the rest 305 live in cities. They are all from various 
grades: 245 are freshmen, 115 are in second year, 210 people are in third, and the remaining 
230 are in their final year.

2.2 Method

On the basis of the analysis, using open-ended questionnaires as a qualitative technique, we 
form a comprehensive questionnaire (32 items) to inquire about campus life. According to 
the survey, impacts can be summarized as the academic pressure, adaptation, negative events, 
and campus environment. The survey used self-report questionnaire, adding lead introduc-
tion “describe the degree of annoyance the following events brought to you in the past year, 
tick √ in the corresponding item”, with a 5-point Likert scale: no, mild, moderate, severe, very 
severe. The score and the level of mental health are inversely proportional, which means the 
higher the score is, the lower the mental health level will be.

Data collected from questionnaires are analyzed by statistics software SPSS12.
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3 ANALYSIS OF RESULTS

3.1 Test reliability & validity of daily events

Make the exploratory factor analysis on 32 items of questionnaire by principal component analy-
sis, varimax rotation, and broken figure test and we find that the four extracted factors are more 
qualified, whose characteristic value is generally greater than 1. The analysis results also indicate 
that in the first test the teacher literacy factors have differentiation, other items are divided into 
three factors: teaching software and hardware environment, adaptation, and academic pressure, 
which lead to their frequent appearance. Meanwhile it has a double load tendency in “the lack of 
teachers who truly understand the minds and requirements of students in university,” “improper 
interpersonal communication and unfair competition in university,” etc. The 4 factor structure 
is clear, which has good validity. According to the goal of the study, the F1–F4 are classified as 
resources and environment, study pressure, negative events, and adaptation.

After analysis of internal consistency reliability of unpredictable and split-half  reliabil-
ity, the results show that, there is relatively high reliability by using this test to achieve the 
requirements of measurement. As shown in Table 2.

3.2 Differences of students with diverse characters in different campuses

Based on multivariate analysis of variances, we perform trinomial test on the data, which 
means that the variable is the normality and variance of dependent variable is the same, 

Table 1. Test factors structure and contribution rate of daily events.

Item F1 F2 F3 F4 Total

 1.  During the university, I don’t know the status of my own 
knowledge and ability

0.59

 2.  Disappointed at the grade exam, final exam and not 
satisfied with myself

0.73

 3.  Feel frustrated about the loss of the expected election 0.69
 4.  Facing current employment situation, feel less competent 0.65
 5.  Worry about life and work in the future, and cannot live 

up to expectations of family
0.69

 6.  Cannot grasp the good opportunity like the other 
students do

0.59

 7.  Learning and living habits have not been changed much, 
cannot adjust to the life pattern now

0.46

 8.  Almost have nothing to do in university, no motivation 0.53
 9.  Think that teachers’ teaching skills need to improve, but 

feel shy to speak out
0.62

10.  I need more assists from teachers but don’t know how to 
say it

0.69

11.  Expect for guidance in major development and daily life 
from teacher

0.71

12.  Be criticized or penalized, even sanctioned 0.69
14.  Lose face or embarrassing thing 0.78
15.  Failure in love or mishandling in personal problem 0.69
16.  Limited resource in university cannot satisfy my study 

requirements
0.71

17.  Regulation institution of students isn’t proper and 
humanized, even a little excessive

0.80

18.  Improper interpersonal relationship and unfair 
competition in university

0.67

19.  Consider that there is a gap between major setup, course 
arrangement, and social requirements for university students

0.73

20.  Rate of contribution (explain amount of variability) 14.7 13.8 11.64 11.56 51.67
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including the dependent variable, to see whether they have enough correlation. The results 
show that the data meet the requirement analysis of multivariate variance. We also perform 
saturation model type inspection on the grade, educational background, address, and sex 
factors in five subscales. The results show that in addition to address all the factors have 
main effect but the interaction is not obvious. So we need to use non-model checking of data 
saturation. Results are shown in Table 3.

From Table 3 we can see that the main effect of grade, gender is significant (P < 0.01), how-
ever, the situation is not the same in four subscales, and it has obvious differences in grade for 
various campuses. In different gender, except for academic pressure, differences among the 
other three factors are significant (P < 0.05). Therefore, in order to further define the concrete 
impacts of grade, degree, gender, etc., on every campus, we make a multiple comparison, and 
the results are shown in Table 4.

As shown in Table 4, LSD is increasing with grades in the item of resource and envi-
ronment, and there is an obvious diversity between freshman and sophomore to senior 

Table 2. Daily issues’ Cronach’s α coefficient and split-half  reliability.

Factors α coefficient Split-half  reliability

Resources and environments 0.78 0.73
Academic pressure 0.76 0.68
Negative events 0.70 0.65
Adaptation 0.55 0.57
Total 0.83 0.70

Table 3. The results of the analysis of variance model of non-saturated campus factors of different 
grades, addresses, degrees, gender.

Sources of 
variation

Total
Resources and 
environments

Academic 
pressure

Negative 
events Adaptation

F df F df F df F df F df

Grade 10.29## 12 19.86### 3 12.38### 3  3.72## 3 7.09### 3
Sexuality  4.24###  5.09# 1  3.34 1 12.22### 1 4.61# 1

Note: #P<0.05; ##P<0.01; ###P<0.001.

Table 4. The results of multiple comparison in different grades and gender of students.

Resources 
environments Academic pressure Negative events Adaptation

Freshman 2.91
(0.86)

2.78
(0.91)

1.76
(0.73)

2.89
(0.81)

Sophomore 3.32###

(0.93)
3.32
(0.94)

3.21###

(0.86)
3.20
(0.86)

1.96#

(0.84)
1.94
(0.84)

2.97
(0.85)

2.97
(0.85)

Junior 3.4###

(0.84)
3.4
(0.84)

3.4
(0.84)

2.69
(0.79)

2.69###

(0.79)
2.69
(0.79)

1.94#

(0.76)
1.94
(0.76)

1.94
(0.76)

2.57###

(0.81)
2.57###

(0.81)
2.57###

(0.81)

Male 3.29
(0.94)

1.97
(0.79)

2.86
(0.83)

Female 3.12###

(0.89)
1.76#

(0.74)
2.78#

(0.82)

Note: #P<0.05; ##P<0.01; ###P<0.001. (The numbers within brackets are standard deviation; the numbers 
outside brackets are average).
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(P < 0.001). While compared to the senior with sophomore and junior (P < 0.05), there is an 
obvious difference, too. Demand of resources and environment is the highest for senior, while 
on the academic pressure, the sophomore is more different than other grade (P < 0.001). In 
the factors of negative events, differences in freshman, sophomore, and junior are significant 
(P < 0.05), of which freshman and senior is lower than sophomore and junior. And in the 
adaptation factors, P < 0.001, there are obvious differences, while the other third grade is 
obviously higher than junior student. In terms of gender, difference between boys and girls 
in this several factors also has the difference: the resource environment (P < 0.001), adverse 
events (P < 0.001), adaptation (P < 0.05). The boys in all factors are higher than the girls.

4 DISCUSSIONS

4.1 Factors that affect college students’ mental health

We can see from the analysis of the study result, in factor analysis, four factors extracted 
reached 52% when explaining the total variation. Scale factor structure is clear. Therefore, the 
distinguish degree of all the items in this scale is excellent, which also has the effectiveness in 
the design of the structure. Through the study we can see that the main impact factors of the 
mental health of college students in our country are as follows: resources and environment, 
study pressure, negative events, adaptation. Among them, the resources and environment 
contains university education level, learning environment and the university management 
system, method of managing, for example, the teacher’s literacy; academic pressure refers 
to constitutional evaluation, the final exams and level test. The core is confusion and disori-
entation about future employment; negative events mentioned are things like interpersonal 
tensions, criticism or punishment, and lovelorn, while adaptation refers to the interpersonal 
relationship adjustment and learning adaptability and social adaptability.

Besides that these four factors have similarities with past studies, they also have relatively 
high relevance, as well as some characteristics of contemporary society. The first signal is 
that in campus life, environment and resource substitution becomes a primary factor affect-
ing students’ psychological health. This may be due to the recent expansion of higher edu-
cation enrollment in China, which results in the tension of learning and living resources. 
In addition, after the enrollment expansion, especially these years, “difficult employment” 
phenomenon caused even higher demand of the university learning resource. Of course it 
is also possible that the change from elite education to mass education originally let the stu-
dents change their attitude toward resources environmental from passive acceptance into 
active demand. Moreover, in initial test of the open questionnaire, students show a relatively 
strong variances on teacher accomplishment in the formal test, which divide the factors to the 
resources and the environment, study pressure, and adaptability, although the teacher accom-
plishment in a formal evaluation failed to form a point when combined with the analysis of 
the other factors. We can also see that the resources, employment, and adaption have the 
same contents. In fact, this is a manifestation of the learning anxiety of college students. At 
the same time, a significant positive correlation between each campus factors is not obvious, 
appearing in cluster mode. In conclusion, we believe that in the mental health education and 
psychological counseling activities, the integration of all factors by study of the campus, the 
cultivation and training of learning strategies as a key point.

4.2  Differences of gender, grades, and addresses of school-related factor affecting 
the mental health of college students

In different grades, students presented obvious difference in all the factors. In the resource 
and environment, it shows a positive relation with grades, that is, with the higher grade, espe-
cially in final year, the demand for the resources and environment peaked. It can be easily 
concluded that, with university life coming to end, students are faced with social completion 
and employment, which are closely related to the development of future. The requirements 
of resources are also higher. As for academic pressure and negative events, freshmen usually 
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do not show obvious preference because this perception is not very strong. Sophomore and 
Junior reached the highest point, and it might have something to do with some colleges and 
universities which put forward their schedule in order to let the students have more time 
and energy before graduation. Many college students struggle to receive all the honorary title 
and a variety of certificates such as English four, six level, the computer grade as soon as pos-
sible, or get the opportunity to exercise their own, for example, to join the student union or all 
kinds of associations. From this analysis, the second grade, the third grade are their academic 
planning and key stages of life development plan in the future, targeted learning aspects of 
the training for them and is very important. While in the adaptation, the junior is relatively 
low, the other three grades were higher than the junior, the freshman is a stage from middle 
school life to adapt to university life, the main task is to adapt to the life and social aspects, 
and the two is mainly concentrated in the learning methods and ability of adjustment, to the 
grade four, it is mainly started to enter the social employment, to a stage of adult social adap-
tation. Therefore, the development and adaptation has been the students’ permanent topic in 
educational circles and should be given the general attention.

Differences between male and female students in resource and environment factors and 
negative events are also noticeable; boys have on the higher scores in resource and environ-
ment factors and negative events than girls, and the gap is significant. Such differences are 
relevant to gender roles and social expectations. Society gives more “outside” responsibilities 
for man to bear, so the social responsibility and the competition boys burdened are heavier. 
At the same time, by contrast, in the campus competition, the boys are more initiative, and 
the self-expectations are higher, so the requirements for environment and resources are really 
high, which in turn will cause bigger psychological pressure.

Students from different places do not have obvious differences in the 4 factors, which 
conflicts with some previous studies. Some researchers believe that this is related to the 
development of society and education reformation. Along with the popularization of higher 
education, social employment and the mechanism of organizing human resources have sig-
nificantly changed, and high demand on resources and environment, as well as the academic 
pressure are common problems that the rural and urban students both faced with. It can be 
told that the difference between the city and countryside are gradually narrowing, and the 
original advantages of urban students are not obvious any more, for example, employment, 
nowadays employees focus more on the ability of a person, not the social relationship. At the 
same time, we think that college students’ cognition on the campus factors have no essential 
differences, the roles of various factors on the mental health of college students are basically 
the same, but when facing real life, the rural students and urban students vary a lot in psycho-
logical health level and the concrete content. However, this difference is mainly the influence 
of their experience and experience they had before.

5 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Through this research, we can reach the following conclusions:
First, daily factors that influence college students’ mental health include resources and 

environment, academic pressure, negative events, and adaptation.
Second, the greatest impacts on college students’ psychological health are the resource and 

environment.
Third, different is, student performance in every factor also has differs obviously address 

due the differences in students’ grades and sexuality, however it seems that students from 
various places do not perform much differently in every factor.

Fourth, adaption, as a key factor, will constantly affect the mental health of college stu-
dents during whole term of campus life.

Fifth, when it comes to the evaluation of their lives, male students tend to be more nega-
tive, while mental health situation of female college students is better than the male college 
students according to the research.
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5.2 Suggestions

In order to make the college students’ psychological better-off, schools should apply some 
methods considering the specific situation to help students based on their own point of view, 
so that they can complete their four years of university life in healthy psychology condition.

First, strengthen political education.
Using a social mainstream thought to help students can contribute to the establishment of 

the great ideal of communism, inspiration of student education; it can also improve students’ 
ability to avoid bad social atmosphere. At the same time, universities should increase invest-
ment to purify the social environment, strictly avoid bad influence of society, and provide a 
civilized and healthy environment for the growth of the students.

Second, invest more on faculties in mental health education field.
If  we want to improve the mental health level of the students in a full range, it is essential 

to build a team of skillful teachers that has strong psychological quality and experience in 
dealing with the issues in that field. For example, teachers who are responsible for the daily 
issues of college students can also be involved in the training. Regularly letting them partici-
pate in some mental health training will make them more conveniently engaged in handling 
the problems that students confront.

Third, pay attention to students’ psychological health education.
In the future social competition, the key competitive ability is quality, and the psychologi-

cal quality is an important part of personnel quality, which directly affects students` future 
abilities to compete with others when participating in social competition. While currently 
many of the higher education only focus teaching academic knowledge and fulfilling require-
ments for skills, they seldom pay attention to the problems appearing in their real life. In 
fact, the term of university is exactly a crucial period for physical and mental maturity of 
college students, their personality and emotion are constantly improving, self-consciousness 
is strengthening, which make this period of time a vital term for mental and character refine-
ment in a person’s life; therefore, universities must pay attention to students’ psychological 
health education, figure out some ways to improve students’ psychological quality, so that 
they can get comprehensive development during college time.
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ABSTRACT: Considering such phenomena as demolitions and reconstructions of many 
large-scale old industrial factories built in Xi’an at the early days of liberation, the author 
adopts comprehensive research methods such as investigation, comparison, and analytic 
method to carry out research on related literature and data based on relevant basic theo-
ries of architecture and cultural heritage protection. Many large, old industrial factories and 
enterprises, such as the National Cotton Mill of Textile City in Xi’an, Shanxi Steel Plant, 
and Xi’an Electrical Machinery Manufacturing Company, are taken as research objects. The 
author explores the principle and pattern of Xi’an industrial heritage protection and utiliza-
tion from theoretical and practical aspects.

Keywords: Xi’an; industrial heritage; utilization; principle; pattern

1 INTRODUCTION

In April 2006, the forum of industrial heritage protection in China was held in Wuxi, Jiangsu 
province. Representative and experts of urban planning and heritage sectors from all over 
the country have defined China’s industrial heritages as “industrial cultural heritages with 
history, sociology, architecture and aesthetic value of science and technology, including such 
material and non-material heritages as industrial buildings like workshop of plant, mill, 
warehouse and store, mines, related processing and smelting sites, energy production and 
transportation and utilization places, means of transportation, social activities places of 
industrial production, relevant industrial equipment, technological process, data recording, 
enterprise archives, etc.” Thus, it can be seen that denotation and connotation of industrial 
heritage are quite rich.

Xi’an, as one of the four large ancient capitals of the world, was established as capital 
by 13 dynasties historically. There are a great deal of cultural heritages in Xi’an, including 
the Banpo clan site, Terra-Cotta Warriors, Giant Wild Goose Pagoda, Wolong Temple, Bell 
Drum Tower, and city wall of the Ming Dynasty. Meanwhile, this is also the city with the 
most industrial enterprises and the largest industrial scale that was established in Northwest 
China since the founding of the nation.

Modern industry of  Xi’an was started in 1896 since the establishment of  Xi’an Machine 
Bureau by Zuo Zongtang, the leader of  Shanxi-Gansu military affairs. Before the founding 
of  new China, many industrial enterprises were established in bustling districts of  Xi’an, 
such as Zhongnan Matches Factory, Xijing Power Plant, Huafeng Flour Mill, Chengfeng 
Flour Mill, and Dahua Cotton Mill. They were distributed respectively along East, West, 
and Longhai railways. At that time, Xi’an had become the largest center of  economy, cul-
ture, and industry in Northwest China. At the beginning of  the founding of  new China, 
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central government decided to start the famous “156 Projects” with the help of  former 
Soviet Union, in order to change the economic outlook of  unbalanced industrial distri-
bution and backward western areas.1 The “156 Projects” helped Xi’an in industrial and 
economic development, making Xi’an the central industrial city of  Northwest China. An 
industrial zone was gradually formed, which included mainly the Textile City industrial 
area, Daqing Road industrial area, Hansen Village industrial area, and the Longhai Rail-
way. There were also some small industrial areas, such as Hongqing industrial area, Weiqu 
industrial area, Weibin industrial area, Sanqiao industrial area, and Hu County industrial 
area (see Fig. 1).

In June 2009, the state council approved the implementation of  Guanzhong—Tianshui 
Economic Zone Development Planning, and proposed to construct the spatial develop-
ment framework system of  “one core, one axis and three radiations” and establish the 
urban system composed by core city, sub-core city, third-level city, key town, and normal 
town with the center of  establishing Xi’an (Xianyang) international metropolis. The urban 
population of  Xi’an will be more than 10 million by 2020 and the main urban area will 
be controlled within 800 square kilometers. It is of  the function of  guiding and radiation 
driven force for north and west inland areas that Xi’an is built as a nationally important 
science and technology development center, a regional trade logistics exhibition center, a 
regional financial center, a top international tourist destination as well as a crucial base for 
high and new technology industry and advanced manufacturing industry (see Fig. 2). In 
the new round of  overall planning of  Xi’an, large and old industries and enterprises built 
during the “the first Five-Year-Plan” period, are all faced with problems like demolition, 
removing and transformation, including some famous enterprises such as the Northwest 
First Dyeing Factory, the Sixth National Cotton Mill, the Fifth National Cotton Mill, the 
Fourth National Cotton Mill, the Third National Cotton Mill, the 11th Shanxi Cotton 
Mill, Shanxi Steel Mill, Xi’an Electrical Machinery Manufacturing Company, and Xi’an 
Aircraft Factory of  AVIC.

Figure 1. Xi’an industrial distribution of the early 
liberation (1956). 

Figure 2. New round of overall planning of 
Xi’an (2008–2020).

1 “156 Projects” refers to the 156 projects that were implemented under the help of former Soviet Union 
at the beginning of the founding of new China. This project once made a tremendous contribution to 
the economic development of China. There were 24 projects acquired by Shanxi province, among which 
16 projects were acquired by Xi’an. It became the city with the most projects. Six projects were for 
Hansen Village industrial area of eastern suburb, 2 for Baqiao industrial area, 4 for electrician city of 
western suburb, 2 for aerial city, 1 for the northern suburb, and 1 for the southern suburb. Here, Xi’an 
Aircraft Factory of AVIC (namely the current Xi’an Aircraft Corporation), Xi’an Switching Rectifier 
Module Factory, Xi’an Insulating Materials Plant, Xi’an Power Capacitor Plant and Xi’an High-volt-
age Electric Porcelain Plant were all included. The last four plants were organized as Xi’an Electrical 
Machinery Manufacturing Company (namely the current Western Electric Corporation).
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2 THE PRINCIPLE OF PROTECTION AND UTILIZATION

Urban structure and urban industrial layout have to be adjusted continuously due to science 
and technology development and the trend of economic globalization. In the process of 
urban development, it is a problem we have to face in researching, protecting, reforming, and 
utilizing old industrial areas that how to protect and utilize old plants, old buildings, and old 
devices so as to show the city culture in living heritage forms, enrich city content, continue 
city spirit, and deliver historical information.

2.1 The principle of organic renewal

“Organic” means that all parts of a thing are mutually related, coordinated, and insepara-
ble, which is just like an organism with integral unity. The organic decentralization theory of 
urban structure (see Fig. 3) proposed by E⋅Saarinen, an American architect, is the foundation 
of the organic renewal theory. A city is like an organism that consists of many “cells” and 
 “organizations.” For a city, being organic means that there are exchanges and coordinations of 
energy and matter among different parts of a city or different “living bodies” of a city, namely 
coordination between city and human, coordination between cities,  coordination between city 
and environment, and coordination between city and transportation system. Various parts of 
a city function like an organic living body with exchanges and balance of energy, matter, and 
information. Individuals of a city are like cells and organizations of an organism that are mutu-
ally related and coordinated. For industrial heritage, industrial areas have to coordinate and 
coexist with surrounding business zones, residential areas, and office areas. The renovation of 
industrial areas requires full respect for history and culture of local areas, proper treatment of 
requirements and wills of nearby residents, full consideration of the economic and social nature 
of old industrial transformation as well as full consideration of the relationship between cur-
rent development and the future of old industrial areas. The comprehensive renewal of culture, 
economy, society, and ecology can be promoted by following the original texture of city.

2.2 The principle of authenticity

As for some industrial heritages, the value of historical data witnessed the development of 
a city and bore the weight of city’s spirit and culture. It is suggested that the basic principle 
of “protect the appearance, show the prestige, mould the soul, and carry forward the spirit” 

Figure 3. The diagram form of E⋅Saarinen’s organic decentralization theory.
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proposed in Suggestions for Wuxi should be adopted for these heritages with high values. It is 
meant to preserve the authenticity of architectural heritage, guarantee the structural integrity 
based on keeping original appearances of industrial buildings and properly maintain basic 
structures. It is obliged to follow the principle that the part after reconstruction and the origi-
nal part should be unified spiritually and historically no matter it is reconstruction with mod-
ern materials or expansion. It is the “authentic” protection that the whole industrial building 
is not abrupt due to reconstruction. This principle suggests to focus on renovation with local 
reconstruction. Establishment of thematic museums is a best way to reflect this principle.

2.3 The principle of cultural and social benefit maximization

Cultural and social benefit maximization refers to the utilization of original industrial build-
ings through space recombination, environment replacement and function improvement on 
the basis of bringing no destruction to original architectural heritage. The value of architec-
tural heritage can be explored and utilized, surroundings of industrial architectures can be 
improved, and land resources around buildings can be also fully utilized. In accordance with 
market demands, it is suggested to create a good market prospect and give the greatest con-
cern to social needs so as to promote urban cultural effect, social benefit, economic benefit as 
well as social and cultural development of regions.

2.4 The principle of being progressive and sustainable

In the process of old city renovation, some famous historical and cultural cities are demol-
ished and changed tremendously like being swept by a bulldozer, which is not in line with the 
principle of being progressive in urban renewal. As for urban renewal, it is supposed to pay 
more attention to the balance and harmonious coexistence between human and architecture, 
human and traffic, human and culture, human and society, human and environment. The 
principle of being progressive not only concerns renovation results but also concerns the 
process of “micro-circulation.” It suggests the complementary relation between protection 
and renovation, which is a long-term dynamic cycle process. It requires proper protection and 
utilization instead of comprehensive, simultaneous and unified change and renovation.

With the progress of science and technology and the rapid development of urban construc-
tion, industrial land, as an important part of urban land renewal, requires long-term and 
sustainable development and renovation. The current protection and utilization of industrial 
heritage must be continued to future generations so that they can also utilize or feel the spir-
itual significance and city culture. In the contemporary era, “storm” renovations and demoli-
tions in some cities are out of keeping with the practical development of urban society. For 
example, 2600 Chinese parasol trees are destroyed in the construction of metro line 3 and line 
10 at Daxinggong Road of Taiping North Road in Nanjing (see Fig. 4). Cities are separated 
and damaged continuously in the project of “rain sewage diversion” and citizens never have 
a chance to communicate and be consulted with. Thus, styles and features of ancient cities 
are severely damaged, which is not in line with the principle of being progressive in industrial 
heritage renovation and urban renewal.

2.5 The principle of being harmonious

“Harmony” is the concrete, dynamic, relative, and dialectical unity between different objects 
in certain conditions as well as the relation of different objects of being supplementary, com-
plementary, mutual assistant, mutual benefit, mutual promoting, and mutual developing. As 
for industrial heritage renovation and utilization, the principle of being harmonious means 
the mutually benefit, complementary, and harmonious development between the protec-
tion, renovation, and renewal of industrial areas and buildings and surrounding residents, 
communities, urban environment, urban planning, and urban cultural context in the process 
of rebuilding and utilization of urban old industrial heritage. Renewal and utilization of 
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 industrial areas not only change physical attributes of surroundings but also change social 
and spiritual attributes of surroundings as well as living styles, leisure ways, and travel ways 
of surrounding residents. It is necessary to consider remainings and renovations, new things 
and old things, industry and commerce, industrial area and residential area, reality and his-
tory, aesthetic appreciation and function, and the mutual development of industrial area and 
environment.

3 THE PATTERN OF PROTECTION AND UTILIZATION

Pattern refers to the standard form of a certain thing or the standard form that can be fol-
lowed by people.2 Pattern emphasizes rules of certain forms instead of practical rules. These 
rules are not all presentations of graphic pattern, some of which might be presentation of 
abstract number relationship. A pattern is a form concluded from constantly repeating things, 

Figure 4. Comparison of Nanjing Daxinggong Road of Taiping North Road before and after metro 
construction.

2 Dictionary editorial office, Language Institute of Chinese Academy of Social Sciences. Modern Chi-
nese Dictionary. Beijing, Commercial Press, 2005.6.p961.
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revealing that solutions of this kind of things or relations can be acquired in line with this 
reference.

3.1 Pattern of history reappearance

Showing the appearance of  original industrial heritage, restoring industrial production 
process, industrial installations and practical production situation are called the history 
reappearance pattern of  industrial heritage protection and utilization. This pattern is fre-
quently used in factory buildings and equipment with high historical value, cultural value, 
and regional influence. Normally, these kinds of  enterprises have certain historical position 
or historical significance. Based on keeping and restoring original appearance and repair-
ing the old as the old, industrial buildings mainly remain original, internal spaces of  which 
are renovated locally on the basis of  making no destroy to integral structure and functions. 
Original production process are mainly displayed internally. This pattern is appropriate for 
industrial heritage with high historical value and important industrial production style and 
process. It is an optimal option to transform into a professional theme museum. This pat-
tern is able to activate the authenticity of  industrial heritage, stimulate regional vitality and 
improve social influence. This pattern is seldom adopted in domestic industrial heritage, 
but there are also a few examples. The fact that Tsingtao Brewery is rebuilt as Tsingtao 
Beer Museum (see Fig. 5) authentically reflects equipment, techniques, factory marks, and 
cultures of  Tsingtao beer in different historical periods. The extension of  urban cultural 
lifeblood arouses the public’s cultural identity as well as the spread of  beer culture. The 
successful reconstruction of  Jinan Brewery is regarded as an excellent example for the pro-
tection and utilization of  numerous industrial heritages in Xi’an. For example, Xi’an Power 
Machinery Factory is now faced with demolition, some plants of  which can be absolutely 
transformed into theme museums of  power machinery so that people can experience the 
origin, history, and technological processes of  “156 Projects” during the “First Five-Year-
Plan” in Xi’an. And the historical process of  the development of  China’s modern industry 
can also be fully displayed.

3.2 The pattern of environment optimization

The pattern of  environment optimization is a way of  factory environment improvement. 
It is a pattern of  reconstructing original natural elements and artificial elements through 
restructuring, transformation, and regeneration into an industrial heritage park with 
modern design methods in the background of  original factory environment. This pattern 
is quite appropriate for current cities with excessively large residential density and less 
green  environment. Many cities are now faced with problems like large building density, 

Figure 5. Tsingtao Beer Museum. Figure 6. Qijiang Park, Zhongshan Guangdong.
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 increasing traffic pressure, excessively high population density, serious air pollution and 
environmental resources shortage. It is particularly important that original industrial fac-
tory districts should be reconstructed into industrial heritage parks. Qijiang Park, Zhong-
shan Guangdong, is an excellent example of  environment optimization pattern that the 
former  Guangdong Dockyard is reconstructed into an industrial landscape park with both 
leisure and sightseeing.

3.3 The pattern of integral utilization

Integral utilization gives comprehensive consideration to some industrial heritages of medium 
level of importance. It is also a pattern that redefines properties and purposes of the indus-
trial area. The biggest advantage of converting it into a multi-functional industrial heritage 
area lies not only in giving a new life to industrial area but also in mobilizing the devel-
opment of various surrounding industries and solving the employment problem of some 
masses. The Emscher Park of Ruhr region in Germany is one of the typical representatives. 
The transformation of Shanxi Steel Mill (located in the northeast corner of the junction of 
Jiangong Road and Xingfu Road) into a “design and creativity park of old steel mill” is also 
a successful case of this pattern. This industrial park, located in the northeast corner of the 
former Shanxi Steel Mill is jointly developed by Science Education Industry LLC of Xi’an 
University of Architecture and Technology and Xi’an World Window Industrial park invest-
ment co., LTD. With the theme of design and creativity and the pattern of integral utiliza-
tion, original abandoned industrial buildings and plants are designed with optimization. On 
the whole, it can be divided into blocks with creativity, business incubators, loft ecological 
office district (see Fig. 7), industry information exchange area, creative commercial market, 
and industrial landscape area. It is a space with integral utilization that combines loft  creative 
space garden ecological space together. This is not only the second successful case of indus-
trial heritage reconstruction and utilization but also the first industrial park with creative 
designs in Xi’an.

Figure 7. Creative office design scheme of the old plant of Shanxi Steel Mill.
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3.4 The government-dominated pattern

Areas of some industrial plants are relatively large that it is difficult to convert comprehen-
sively into projects of industrial heritage utilization for cultural heritage protectors, designers, 
artists, and normal enterprises. Apparently, dominance of government has great advantages 
in this aspect. As for large central enterprises like Xi’an Power Machinery Manufacturing 
company, facts including large area, space, and time span, numerous industrial heritages and 
complex mechanical equipment force the government to dominate with integral planning and 
attract developers so as to closely combine the protection and utilization of plants, urban 
function reconstruction, and urban industrial structure adjustment. This reconstruction pat-
tern joined by the government, developers, cultural heritage protectors, designers, and artists 
from the top to the bottom is called the government-dominated pattern. This pattern includes 
the following aspects: First, the government determines the overall mechanism of protection, 
reconstruction and utilization. Second, the government provides the fund to improve traffic 
condition and environmental quality around industrial areas. Third, introduce market capi-
tal to this field with the orientation of market. Fourth, attract cultural heritage protectors, 
artists, and designers to participate in design. Fifth, attract cultural industries and creative 
ecological office enterprises to participate in rolling development. As for the government-
dominated pattern, guidance and support of the government are of the greatest importance. 
Different aspects can be coordinated due to the government. Relevant experts and responsi-
ble persons of enterprises can also be consulted with a series of questions such as what kind 
of buildings need to be remained and protected, what kind of buildings can be used after 
reconstruction, and what kind of buildings have low values. The government can also accord 
the reconstruction and utilization with the distribution of industrial structure, the construc-
tion of infrastructure as well as the continuation of urban culture. As the ancient capital of 
13 dynasties, Xi’an is the largest economic, cultural, and industrial center in northwest China. 
Industrial development and industrial heritage protection both play an important role in the 
whole nation’s economic and social development. The upsurge of domestic industrial herit-
age protection has been spread to Xi’an. Industrial heritage protection, reconstruction and 
reuse through reasonable means are inheritance and respect of industrial history and civiliza-
tion. In this paper, based on the case study of industrial heritage protection and utilization 
of Xi’an and other domestic cities, the author proposes the principle of industrial heritage 
protection and establishes corresponding pattern of development, providing an important 
practical reference and theoretical guidance for many domestic projects of industrial heritage 
protection and utilization.

4 CONCLUSION

In the process of industrial heritage protection, utilization, and renewal, it is obliged to main-
tain the integrity of urban form and urban texture, consider the original urban features, 
respect requirements and basic intentions of citizens, respect humanity factors and historical 
environment, and consider the economic nature. It is also obliged to follow the principle of 
authenticity, integrity, progressivity, sustainability and organic conformity as well as to fol-
low the basic pattern of history reappearance, environment optimization, integral utilization 
and government dominance, so that industrial heritage and the whole city can be taken into 
overall consideration in terms of economy, society, city, space, environment, ecology, human-
ity, art, etc.

As the ancient capital of 13 dynasties, Xi’an is the largest economic, cultural, and industrial 
center in northwest China. Industrial development and industrial heritage protection both 
play an important role in the whole nation’s economic and social development. The upsurge 
of domestic industrial heritage protection has been spread to Xi’an. Industrial heritage pro-
tection, reconstruction, and reuse through reasonable means are inheritance and respect of 
industrial history and civilization. In this paper, based on the case study of industrial herit-
age protection and utilization of Xi’an and other domestic cities, the author  proposes the 
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principle of industrial heritage protection and establishes corresponding pattern of develop-
ment, providing an important practical reference and theoretical guidance for many domestic 
projects of industrial heritage protection and utilization.

PHOTO SOURCES

Figure 1: Quoted from Journal of Architecture, 2006.4.p90.
Figure 2: Provided by Design and Research Institute of Urban Planning in Xi’an.
Figure 3: Quoted from Fundamentals of City Planning (4th edition) by Li Dehua.
Figure 4: http://news.ifeng.com/gundong/detail_2013_10/18/30428274_0.shtml.
Figure 5: Taken by the author.
Figure 6: Taken by the author.
Figure 7: Provided by Xi’an World Window Industrial park investment co., LTD.
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A study on electric energy measuring of power grid dispatching 
based on decision model analysis

Gang Zheng
Kaifeng Power Supply Company, State Grid Henan Electric Power Company, Kaifeng, Henan, China

ABSTRACT: The management of electric energy measuring is an important link of our 
production and management and the safe operation of power grid. Scientific and reasonable 
management modes help the development of all industries. The exploration of management 
modes is a process of management decision. In this paper, a study is carried out on the man-
agement decision of electric energy measuring of power grid dispatching. On the basis of an 
overview on electric energy measuring management, a decision model based on analytical 
hierarchy process and a decision model based on decomposition and combination of system 
task are established and a mode of electric energy measuring management is constructed 
with the method of decision model. By comparing with the original mode in terms of cost 
budgeting of 5, 10 and 15 years, it concludes that the target mode of electric energy measur-
ing based on decision model will show more advantages with the application time, which will 
be gradually enhanced.

Keywords: electric energy measuring; decision model; analytical hierarchy process; task 
decomposition; target mode

1 INTRODUCTION

The implementation of an efficient and accurate electric energy measuring management sys-
tem has become the top priority with the rapid development of China’s economy. Power 
industry is in urgent need of a real-time and accurate measuring system of electric energy. 
Management decision is the core content of electric energy measuring management system. 
An analysis on the management of electric energy measuring of power grid dispatching is 
conducted in this paper with a view of exploring a reasonable decision model and providing 
a reference for electric power development of our country.

Many people have been making efforts in studies on electric energy measuring management. 
It is exactly these efforts which promote the development of our power industry. Lin Hong 
(2014) indicates that electric energy measuring is the core content of self-operated power grid 
measuring, which directly influences the production and sales of electricity and determines 
whether resources in our country can be reasonably utilized [1]. Yineng Zheng (2014) points 
out that, from power generation to power utilization, the accuracy of electric energy measur-
ing is directly related to economic interests of all aspects of power systems. The validity of 
electric energy measuring is guaranteed by measuring devices, which thusly become the key 
point of electric energy measuring. In order to adapt to the development of power system, 
it is inevitable that higher goals will set for the quality of safe management of electric energy 
measuring to improve power supply quality and create good economic benefits [2]. Yungang 
Li, et al (2013) indicate that, with the increase of users’ demands for electric energy and qual-
ity, it is necessary to supervise and urge electric power system to strengthen electric energy 
measuring management and to improve management performance. The current situation of 
electric energy measuring management of power supply company and the control counter-
measures are analyzed due to the poor management situation [3].
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On the basis of previous studies, electric energy measuring management of power grid 
dispatching is analyzed from the aspect of management decision model, aiming at exploring 
a management mode that is superior to the present situation, providing reasonable sugges-
tions for our electric energy measuring management, and laying a theoretical basis for the 
optimization of management decisions.

2 AN OVERVIEW OF ELECTRIC ENERGY MEASURING MANAGEMENT 

Electric energy measuring is an important process of electric energy management, which gen-
erally means carrying out measurement on electricity of power grid through devices installed 
on power grid. The degree of its justice, impartiality and accuracy directly concerns the ben-
efits of both sides of power supply and consumption. Meanwhile, it is also the focus of the 
society with widespread sociality. Electric energy measuring is also a technically titled work 
of electricity marketing with strong policies and high technical content.

Electric energy management refers to a set of operations of determining electric energy value 
conducted by measuring devices. It is a series of activities of realizing accurate and reliable 
power unit and value. The content of electric energy measuring management includes technol-
ogy management on safety and electric energy measuring devices. Management organizations 
of electric energy measuring are centralized management departments in power supply enter-
prises, taking charge of centralized management of daily measuring. Technical organizations 
of electric energy measuring take charge of daily technical work of measuring in controlling 
range. The flow chart of general electric energy measuring management is shown in Figure 1.

Xing Chen (2014) points out that our demand for electricity increases constantly under 
the drive of rapid economic development in recent years. Electric power enterprises of our 

Figure 1. The flow chart of electric energy measuring management.
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country gain their rapid development under this circumstance. The power grid begins to 
develop in the direction of information and intellectualization, which puts forward higher 
requirements for electric energy measuring system of our power system. A transformation is 
needed from centralized metering and measuring system of gateway electricity to informa-
tion management mode of electric energy measuring, so as to realize the automation and 
intellectualization of electric energy measuring of our power system [4].

Management departments of electric energy measuring should establish computer man-
agement information system and set up electric energy measuring devices, realizing the con-
nection between the network and departments of power business and other related sectors. 
That is to say, the management of electric energy measuring is based on power grid dispatch-
ing. A good management decision of electric energy measuring plays a key role in efficient 
functioning of power grid dispatching.

The principle line of electric energy measuring data management is measuring devices and 
the subordinate line is the asset of measuring instruments. Management on the whole process 
can be realized through electric energy measuring devices in operating state [4].

Therefore, as an important part of measuring work, measuring management has the fol-
lowing features:

1. Authoritativeness: An important duty of measuring management departments is to con-
duct supervision, inspection, certification and identification on all industries on behalf  the 
country. This duty requires high degree of authoritativeness.

2. Technicality: The technicality of measuring management is quite obvious. Measuring 
is a work with strong scientific and technical natures. Measuring management requires 
advanced technical means and strong technical power. Thus measuring management 
mainly features technicality.

3. Serviceability: In our country, measuring management is targeted at real benefits of the 
social economy. Management and service should be regarded as an opposite unit of con-
tradiction and the two aspects of complementation. Practices have proven that the better 
the services, the higher the authoritativeness.

4. Popularity: Measuring is a basic work with large volume and wide range. This character 
contains meanings of two levels. Firstly, the interests of the masses should be taken in 
account all the time so as to prevent consumers from inaccurate or dishonest measure-
ment of instruments. Secondly, combine professional measuring management and people 
management together by mobilizing the masses to join measuring work and supervision.

3 THE ESTABLISHMENT OF MANAGEMENT DECISION MODEL

3.1 Decision objectives

There are two decision objectives of electric energy measuring management of power grid 
dispatching. One is comprehensive evaluation of index system, and the other is seeking deci-
sions under inherent countermeasures. Tasks of electric energy measuring management are 
determined by tasks of the whole measuring work, which unify measuring systems of the 
nation, guarantee accurate, unified and reliable measuring values of the nation, safeguard 
social and economic order, and ensure measuring for people’s life and all industries.

For this reason, it can be taken as an optimization process of management countermeas-
ures that decision objectives of electric energy measuring management of power grid dis-
patching are analyzed in this paper. The evaluation criterion comes from the comprehensive 
evaluation value of management index system.

3.2 The evaluation method of index system based on analytical hierarchy process

Analytical hierarchy process is a simple method of making decisions for some complicated and 
fuzzy problems, which is applicable to problems that are hard to be analyzed quantitatively. 
The development of the society results in increasingly complicated mutual relations among 
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people, social structure, and economic system. People hope to make the best decision with all 
kinds of information and rational and scientific analysis under intricate circumstances.

In the process of electric power measuring management, accurate feedback information is also 
required for determining results of countermeasure optimization. This is making decisions.

Saaty. T.L et al. have put forward analytical hierarchy process in 1970s. By making the 
thinking process of people hierarchical, this method compares correlative factors layer by 
layer and verifies the reasonability of the results. Thus it provides a convincing quantitative 
basis for analytical decision. The proposing of analytical hierarchy process not only provides 
an applicable decision-making method for problems if  this kind, but also provides an exam-
ple of mathematical modeling based on scientific and overall analysis on mechanisms and 
causal relationships when solving problems with fuzzy mechanisms.

A hierarchical structure model is firstly required for analytical hierarchy process. The hier-
archical structure is normally divided into three layers, namely objective layer, criterion layer, 
and project layer. Whether it helps to mobilize the enthusiasm of employees, whether it helps 
to enhance the production capacity of enterprise, and whether it helps to improve the work-
ing and living environment of employees are regards as the main criteria for decision makers. 
A hierarchical structure model can be thusly established as shown in Figure 2.

A judgment matrix of making comparison between any two factors can be established in 
accordance with relations among factors reflected by the hierarchical structure. Suppose the 
number of factors that need to be compared is n, take two factors xi and xj every time, and 
represent the ration of influences of xi and xj on Z with aij. The results of all comparisons can 
be expressed with matrix A = ×( )ij n n× , elements of which satisfy Formula (1).

 

a

a
a

a

ij

ji
ij

ii

>

=

=

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

( )i j n=

0
1

1

; (i  (1)

The judgment matrix constructed above not only reduces disturbing effect of other fac-
tors but also objectively reflects different influences of a pair of shadows. However, there 
might be a certain degree of non-uniformity when all the comparative results are integrated. 
Therefore, matrix A = ×( )ij n n×  should also satisfy Formula (2).

 a a a i j k nij ji ik=a ∀ =i j k, : , jj , , ,1 2, …  (2)

Suppose A = ×( )ij n n×  is a uniform matrix, conclusions can be drawn as follows:

1. A is a positively reciprocal matrix;
2. The transposed matrix AT of  A is also a uniform matrix;
3. Any two lines of A are proportional, and the scaling factor of which is larger than 0. So 

the rank of this matrix is 1;

Figure 2. A general hierarchical structure model.
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4. The largest eigenvalue of A is λmax = n. All the rest eigenvalues are 0;
5. The eigenvector of the largest eigenvalue of A is W = (w1 … wn)I, and aij = wi/wj.

Finally, the ultimate index evaluation results can be acquired by the accumulation method 
shown in Formula (3).

 
s s wj j

j

n
( )k + ( )k ( )k

=
∑

1

 (3)

3.3 The establishment of decision model

Countermeasures and decisions appear frequently in people’s life and work. There are always 
several circumstances as well as feasible schemes when people are dealing with a certain 
problem. It is required that people should select one scheme according to their own purposes 
so as to obtain the best results.

There are management decision problems in electric energy measuring management of 
power grid dispatching, which means the optimal countermeasures needs to be selected from 
n kinds of countermeasures of management. However, it is possible that each countermeas-
ure is not the optimal one. Various countermeasures need to be integrated together so as to 
fully explore the superiority of each link. Before combination, links of each countermeasure 
need to be decomposed and analyzed. The optimal countermeasure of the final combination 
is regarded as decision. Task decomposition should abide by the following principles:

1. Proportionality: In order to ensure the implementation rate of the whole system and pre-
vent a certain subtask from taking up resources for long time, each subtask should be 
decomposed evenly in terms of size, scale and complexity.

Figure 3. The decomposition diagram of task A.

Figure 4. The diagram of task tree after clipping.
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2. Modularity: Because subtasks need to be recombined after decomposition, they should 
satisfy the integrity of various countermeasures as far as possible.

3. Hierarchy: Subtasks can continue to be decomposed after the parent task is decomposed 
into subtasks. The complex task is ultimately decomposed into a series of simple tasks 
with hierarchy.

4. Independence: Subtasks should have certain independence in order to reduce system cou-
pling and the difficulty of final decision integration.

If  the parent task is regarded as the root node, subtasks from decomposition can be taken 
as other nodes. The relationship of “and” and “or” refers to the relationship between nodes 
on the same layer. For task or tree, tasks need to be ultimately solved are leaf nodes, as shown 
in Figure 3. If  there are curves between child nodes in the same layer, their relationship can be 
regarded as “and”, or else the relation is “or”. Suppose there are n sides of root node T lead-
ing to child nodes T1, …, Tn, the “and” relationship is shown in Formula (4), which means 
the task T can be only completed after the completion of all subtasks. The “or” relationship 
is shown in Formula (5), which means the task T can be also completed after the completion 
of parts of subtasks.

 T T T TnTT∧T1 2TT∧TT  (4)

 T T T TnTT∨T1 2TT∨TT  (5)

Task decomposition is carried out in the above-mentioned way. The decision tree needs to be 
clipped after initial decomposition. Xishan Zeng (2006) points out that the principle of clipping 
is to measure communication and execution consumptions of each branch task of “or”, keep 
the branch with the least consumption, and delete all the other braches including root nodes [5]. 
There are two “or” branches in Figure 3, namely tree D and C. In branch D, the consumption 
of J is larger than that of I, so the branch J needs to be cut. In branch C, the consumption of 
H is larger than that of G, so the branch H needs to be cut. The task tree shown in Figure 4 
can be got. Therefore, through the decomposition of “and” and “or” tree, the parent task is 
decomposed into a series of child tasks. Some complex tasks can continue to be decomposed in 
this way. A complex task is finally decomposed into a collection of relatively simple tasks.

4  TARGET MODE CONSTRUCTION OF ELECTRIC ENERGY 
MEASURING MANAGEMENT BASED ON DECISION MODELING

4.1  Target mode construction of electric energy measuring management 
based on decision modeling

The idea of constructing electric energy measuring management of power grid dispatching 
is to apply remote on-line inspection technology in target mode of electric energy measuring 

Figure 5. The operational process of electric energy measuring management target mode.
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Table 1. Comparison of expected values of two measuring management modes based on LCC 
analysis.

Item

5 years’ budget of the previous mode
5 years’ budget of the target mode 
based on decision model

Unit price Quantity Sum Note Unit price Quantity Sum Note

Equipment cost
Purchase 160 10000 1600000 A 240 10000 2400000 E
Purchase 4000 10 40000 F
Repurchase 160 500 80000 B 240 500 120000 G
Maintenance cost
Changing
Network

10 500 5000 C 10 500 5000 C
20000 / 100000 H

Usage cost
Meter reading 12 10000 600000 D 0 10000 0 I
Reclamation cost
Residual value 8 500 −4000 / −8 500 −4000
Total of 5 years 2281000 2661000

Item

10 years’ budget of the previous mode
10 years’ budget of the target mode 
based on decision model

Unit price Quantity Sum Note Unit price Quantity Sum Note

Equipment cost
Purchase 160 10000 1600000 A 240 10000 2400000 E
Purchase 4000 10 40000 F
Repurchase 160 1250 200000 B 240 1000 240000 G
Maintenance cost
Changing 10 1250 12500 C 10 1000 10000 C
Network 20000 / 200000 H
Usage cost
Meter reading 12 10000 1200000 D 0 10000 0 I
Reclamation cost
Residual value −8 1250 −10000 / −8 1000 −8000
Total of 10 years 3002500 2882000

Item

15 years’ budget of the previous mode
15 years’ budget of the target mode 
based on decision model

Unit price Quantity Sum Note Unit price Quantity Sum Note

Equipment cost
Purchase 160 10000 1600000 A 240 10000 2400000 E
Purchase 4000 10 40000 F
Repurchase 160 2000 320000 B 240 1500 360000 B
Maintenance cost
Changing 10 2000 20000 C 10 1500 15000 C
Network 20000 / 300000 G
Usage cost
Meter reading 12 10000 1800000 D 0 10000 0 H
Reclamation cost
Residual value −8 2000 −16000 / −8 1500 −12000
Total of 15 years 3724000 3103000

Note: A stands for the purchase of electric energy meters of DDS51; B stands for the supplement of electric 
energy meters that are in short due to breakdown and casual inspection; C shows that the annual failure rate 
is about 1% and 50 modules are casually inspected annually (starting from the 6th year); D represents that 
the cost for each meter reading of each month is about 1 yuan and the total cost of one year is about 12 yuan; 
E stands for the purchase of electric energy meters of DDSF51; F stands for the purchase of concentrators 
of CWZ030-1J; G is daily maintenance of the network; H means no need for manual meter reading.
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management so as to reduce working strength of power enterprise in installing and inspect-
ing electric energy measuring devices, and in the meantime, to explore external service mod-
ule for the society so as to develop in the direction of providing users with services of electric 
energy measuring devices initiatively.

Target mode construction of electric energy measuring management needs to follow 
the principle of normalization, humanization, advanced practicability and high reliability. 
Targets for internal management system and personnel quality are listed below:

1. In measuring management system, responsibility should be assigned from leaders to 
working staff  with layers of labors and strict standard. Meanwhile, set up supervising net-
work of measuring management, employ measuring supervisors monitoring all links, and 
conduct assessment on responsibility system, so as to ensure the accuracy and reliability 
of measuring work.

2. Improve continually professional quality of electric energy measuring personnel.
3. Improve continually service quality of measuring personnel.
4. Strengthen the management of technical archives, especially management of standard 

devices archives, so as to ensure that measuring devices are within qualified validity. Regu-
larly organize analysis on quality of measuring devices.

The operational process of electric energy measuring management target mode constructed 
in this paper is shown in Figure 5.

Previous passive inspection can be changed into active service with the target mode of 
electric energy measuring management as shown in Figure 5, which not only reduces work-
loads of installation personnel but also improve the public image of electric energy measur-
ing institutions. Besides, it has the following advantages:

1. Right to know of enterprises and users can be satisfied.
2. Reduce working stress for electric energy measuring institutions.
3. Underline the principle of the better the service, the higher the authority.

4.2 Contrastive analysis on expected costs of previous and current modes

By comparing the expected results of the previous mode and the expected results of electric 
energy measuring management conducted by the decision mode of this paper, the superior-
ity of the target mode of electric energy measuring management based on decision model 
can be fully reflected. Equipment cost, usage cost, maintenance cost and quantity of value 
from maintenance cost can be acquired with the analytical method LCC. The comparison of 
expected quantity of value of 5, 10 and 15 years is shown in Table 1.

It can be known from data in Table 1 that, compared to the previous mode, the target 
mode based on decision model shows more advantages in long term. Data show that, com-
pared to the previous mode, the target mode based on decision model wastes 380000 yuan 
in terms of 5 years’ cost. However, 10 years’ total budget is saved by 120500 yuan and the 
budget is saved by 621000 yuan by the 15th year. Besides, the longer the accumulation, the 
more the cost can be saved.

5 CONCLUSION

Based on the overview of electric energy management, the author concludes the general 
process of electric energy measuring management, summarizes characteristics of measuring 
work, proposes a mathematical model of decision acquired by analytical hierarchy process, 
establishes a decision model based on task decomposition and combination, and ultimately 
constructs a target mode of electric energy measuring management based on decision model. 
The following conclusion can be drawn from the comparison with the previous mode:

1. In order to construct the target mode of electric energy measuring management, it is 
obliged to firstly improve the supervision system of administrative mode and intensify 
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both internal and external supervision, and then to improve the internal management 
mode.

2. Additional functions provided by electric energy measuring devices become gradually 
powerful with the progress of scientific and technological level of electric energy measur-
ing. The preliminary cost for introducing new equipments is relatively high, which is the 
reason why 5 years’ cost is higher than that of the previous mode.

3. The target mode of electric energy measuring management based on decision model con-
structed in this paper has a preferable application value in a long time, which will increase 
gradually with the time of application.
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A study on failure diagnosis technique of transformer based 
on acoustic features

Junliu Zhang, Longsen Wu, Yang Hu & Ronggui Gao
Taiyuan Power Supply Company, State Grid Shanxi Electric Power Company, Taiyuan, Shanxi, China

ABSTRACT: With the policy of “Three intensive managements and five large systems” of 
State Grid, condition based maintenance of power equipment is the main construction of 
overhaul as well as an important research content of electric power industry. In this paper, 
the author starts the study from acoustic monitoring methods of transformer, analyzing fail-
ure diagnosis methods of transformer and the failure diagnosis technique of transformer 
based on acoustic features in terms of diagnosis principle, sound acquisition and processing, 
failure diagnosis methods, etc.

Keywords: acoustic features; failure diagnosis; transformer

1 INTRODUCTION 

As an electric equipment, transformer plays a vital role in the operation of power system. In 
this paper, the author starts from the acoustic signal with the frequency of 20 Hz–20 kHz, 
analyzes the operating data of relevant transformers, and summarizes failure types of trans-
former, providing a strong support for acoustic monitoring and diagnosis of transformer’s 
failures.

2  THE PRINCIPLE OF FAILURE DIAGNOSIS BASED 
ON ACOUSTIC FEATURES

The principle of transformer based on acoustic features is: mutual transformations between 
states of devices make sounds in the working process of transformer. Sounds vary with opera-
tions of devices. With the analysis of software, physical characteristics of acoustic signals can 

Figure 1. Diagnostic principle.
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be obtained through the acquisition of basic acoustic signals of transformer’s operating site 
and noise suppression of original acoustic signals. Failure type and orientation can be deter-
mined in accordance with the physical characteristics. The diagnostic principle is Figure 1.

The acquisition of original sound and the processing of acoustic signals are the most 
basic and most important link in the process of failure diagnosis based on acoustic features. 
 Currently used methods of acquisition mainly include noise analysis, ultrasonic analysis, and 
acoustic emission analysis. The ultrasonic analysis is now being widely used. Data analysis of 
acoustic signals mainly relies on wavelet algorithm and traditional threshold analysis.

3 WAVELET ALGORITHM

The principle of acoustic signal processing with wavelet algorithm is:
One-dimensional signals with noises are expressed as:

 = f + n( )n ( )n σ( )

In this formula:
f(n)—original signal
e(n)—noise signal
σ—noise intensity.

The original signal f(n) is regained from composite signal s(n). Wavelet algorithm means 
that the original signal is decomposed into a series of approximate components and a portion 
of detail components. Noises of signals are mainly distributed in detail components, which 
are processed by setting threshold values. Smooth signals can be regained through wavelet 
reconstruction. The processing procedure is shown in the Figure 2.

In this figure, f(n)—original signal, e(n)—noise signal. Only coefficients with large module 
values are left after the effect of threshold value Fs, and coefficients with small module values 
are set as 0, so:
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The function of mask operator M is to set other coefficients as 0 and only keep specific 
coefficients, so:
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According to the principle of general algorithm, the noise suppression of one-dimensional 
signals can be divided into three steps:

1. Conduct wavelet decomposition to signals and select appropriate wavelets for decomposi-
tion calculation of N levels;

Figure 2. A simple model of wavelet noise suppression.
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2. Quantitize threshold of coefficients with high frequency, set threshold values, and quanti-
tize soft threshold of detail coefficients;

3. Wavelet reconstruction. Determine threshold in line with high frequency coefficient of 
wavelet decomposition level and low frequency coefficient of bottom level.

4 TRADITIONAL THRESHOLD VALUE ANALYSIS

Traditional threshold value analysis generally includes the method of linear wavelet threshold 
and soft threshold estimation. The method of linear wavelet threshold is mainly applied to 
the analysis of noise signals with similar characteristics and deep analysis of noise. Threshold 
value can be determined by empirical formula.

Determine the model with default threshold, which can be acquired by the following 
formula:

 thr = 2log( )*σ

In the above formula, m—length of signal;
Convert with wavelet package, the threshold of which can be obtained through the follow-

ing formula:

 

crit

thr

= −

=

∑c + tk
k t≤

t

2 2++ σ ( l++α og( /n ))

| |ct
*

In the above formula,
ck—the kth largest coefficient after wavelet package decomposition
n—the total number of coefficients
σ—intensity of noise signal
α—empirical coefficient.

Take processed signals as estimator that is similar to unknown regression function. The 
error of maximum mean square value can be minimized in given functions through extreme 
estimation.

Determine the threshold with soft threshold estimation when noise characteristics cannot 
be fully known.

The main process of soft threshold estimation based on the principle of Stein Unbiased 
Likelihood Estimate is like this: Predict the likelihood estimation of threshold firstly, and 
then obtain the threshold by minimizing the likelihood function.

According to the maxi-min criterion, a medium fixed threshold is firstly determined and 
then generate an extreme value of minimum mean square error. The calculation formula is 
shown below:

 
t N

N= +{0 3N ≤ 2
0 3936 0 1829 2

,
. .+3936 0 * log

Take processed signals as estimator that is similar to unknown regression function. The 
error of maximum mean square value can be minimized in given functions through extreme 
estimation.

5 DIAGNOSTIC METHODS OF TRANSFORMER FAILURES

Divide processed signals into thresholds with several types. Determine failure properties and 
types of transformer with diagnostic methods of transformer failures. At present, methods 
of determining transformer failures mainly include: expert system, artificial neural network, 
genetic algorithm, and other algorithms.
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1. Expert system
Expert system is based on chromatographic analysis, using three ratio method and char-
acteristic gas analysis to determine failures of transformer initially through computer pro-
gramming. The most important part of expert system is coordinator, mainly including 
diagnostic knowledge base, inference engine, interpreter, and learning system. However, 
there are certain defects such as reasoning uncertainty, difficult in knowledge base acquisi-
tion, and difficult in self-study.

2. Artificial neural network
Artificial neural network features the ability of mapping high nonlinear input and output 
as well as strong fault-tolerant capability and perfect robustness. Artificial neural network 
system consists of two stages, namely working stage and learning stage. The model is 
composed of input layer, hidden layer, and output layer. The advantage is that the training 
process of failure data is simplified, accelerating failure diagnosis, while the disadvantage 
is that users can only see input and output instead of the process of data training. Besides, 
information cannot be utilized completely and perfectly.

3. Genetic algorithm
According to the rule of survival of the fittest, all the failure data need to be processed 
with genetics so that data population can evolve continuously and the global optimal 
individual can be searched in the optimized population. Genetic algorithm has a relatively 
large probability of solving the optimal solution. Therefore, it is also widely used in failure 
diagnosis. The disadvantage of genetic algorithm lies in low convergence rate and poor 
capability of local search with obvious influence from parameters.

4. Other methods
Aside from the above-mentioned methods, wavelet analysis, gray relational degree, and 
data mining are all applied in the diagnosis of transformer failure. Wavelet analysis is a 
new method for time-frequency analysis, which has perfect local characteristics as well 
as good adaptive and analytic ability for signals. The method of gray relational degree 
is to recognize models of failure signs and failures with the gray theory. However, as for 
normal DGA data, there might be misjudgment for the gray theory. Data mining technol-
ogy processes a great deal of data with computer, conducting mining analysis on implicit 
relations and rules of data. The application of data mining technology in transformer 
failure diagnosis is realized by establishing relevant models through mining data source. 
This method is more direct with high accuracy. But the process of establishing data source 
is too complicated.

It can be known from analysis that each kind of method in the application of trans-
former failure diagnosis has its own unique advantages as well as the obvious advantages 
in processing some special failures. However, each kind of method has certain defects. 
Different diagnostic methods can always compensate mutually. The proposal of each kind 
of method plays a role of compensation in failure diagnosis, enabling different methods 
to verify mutually.

6 CONCLUSION

In this paper, the diagnostic technology of transformer failure based on acoustic features is able 
to realize continuous state monitoring on electric power equipment. Compared to the former 
method of artificial judgment, it is more accurate without the process of blackout, being able 
to assist advanced applications such as the realization of state diagnosis of equipment and state 
analysis of grid equipment so as to obtain more values of state monitoring data.
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An analysis on electric safety management of high-risk and 
important customers and the formulation of measures

Suhua Zhang, Ling Liang & Wei Chen
Guangyuan Power Supply Company, State Grid Sichuan Electric Power Company, 
Guangyuan, Sichuan, China

ABSTRACT: With the tremendous progress of the development of electric power industry 
in China, the management problem of power supply enterprises and power customers is put 
on the agenda, especially the safe power supply and utilization management of high-risk and 
important customers. In this paper, the author conducts an analysis on the current situation 
and problems of safe power supply and utilization management of high-risk and important 
customers, aiming at formulating more effective and reasonable measures for improvement. 
Firstly, the author summarizes the electric safety management of high-risk and important 
customers and points out the necessity of strengthening the treatment of the problem. Then, 
on the basis of indicating management objectives of safe power supply and utilization, the 
author concludes power supply risks of high-risk and important customers and problems of 
power supply department and proposes the principle of analyzing the reliability of electrical 
equipment. And finally, based on the analysis and conclusion of the whole paper, the author 
formulates improvement measures for the electric safety of high-risk and important custom-
ers and analyzes the superiority of measures according to the actual situation of electric 
power companies in Shanxi province.

Keywords: electric safety management; treatment measure; high-risk and important cus-
tomers; reliability analysis

1 INTRODUCTION

Weiqiang Chen (2013) indicates that power supply departments have started to introduce 
the corporate system for commercial operation and establish modern enterprise system with 
the rapid development of market economy, which is of great significance for power sup-
ply enterprises to be perfectly adapted to the development of market economy and socialist 
modernization [1]. Electric safety of customers is an important link of the operation of power 
supply enterprises. This is exactly what is called “customer is the god.” Returns can be only 
gained by providing customers with the best service. Electric safety management of high-risk 
and important customers deserves more attentions of relevant departments, on the basis of 
which the author conducts a discussion on the problem so as to formulate improved and reli-
able treatment measures.

Lots of efforts have been put into the study of electric safety management of high-risk and 
important customers. From the aspect of segmentation situation and application require-
ments of electric customers, Caihua Song, et al. (2014) combine various application scenarios 
of customer segmentation of Guangdong Grid and put forward three kinds of segmentation 
models, namely the customer segmentation based on customer value range, the customer 
segmentation of K-Means clustering, and the customer segmentation based on decision tree, 
laying a foundation for targeted power supply services [2]. Hongbo Yuan (2013) summarizes 
the electric safety management experience of high-risk and important customers in recent 
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years, formulates a set of management methods of customer manager system, intensifies 
communications between the government and customers, requires that customer managers 
be responsible for customer safety, increases the electric safety level of customers, and estab-
lishes a harmonious and win-win power supply and utilization relationship through the serv-
ice principle of “service, technical guidance, and win-win results” [3].

Based on previous researches, the author carries our an in-depth analysis on electric safety 
management of high-risk and important customers, aiming at summarizing hidden hazards 
and laying a foundation for reasonable and scientific treatment measures of hidden hazards 
on the basis of exposed problems of electric safety.

2  ELECTRIC SAFETY MANAGEMENT OF HIGH-RISK AND IMPORTANT 
CUSTOMERS

2.1 The analysis on the safety of power supply

The following three aspects should be taken into account for power supply companies:

1. Grid structures of local areas are too weak, management and maintenance of which are 
less cared about. The lack of independent power supply and backup power supply always 
leads to hidden hazards.

2. Many high-risk and important customers are temporarily served by some power supply 
enterprises, electric inspection of which lacks relatively improved and scientific system, 
so that hidden hazards of customers cannot be inspected thoroughly and deeply. These 
phenomena are caused by the imperfect marketing system and some omissions of the 
distribution automation system, as well as the severe “lonely island” phenomenon of pro-
duction system data.

3. Insufficient information also increases the power supply risks of high-risk and important 
customers, such as incomplete daily record of power supply of high-risk and important 
customers and contact information of some customers that is not updated timely.

In the meantime, there are various kinds of potential safety hazards for electric customers 
during the process of electric utilization.

1. Many power supply enterprises are not fully aware of the importance of power supply 
safety and treat it with a fluke mind. Besides, with the improvement of power supply 
efficiency and reliability in recent years, power supply enterprises become less and less 
conscious and even numb of the electric safety of high-risk and important customers, who 
pay no attention to safety but economic benefits.

2. The professional quality of electricians is generally low, and most of them do not have 
permissions for power grid operations. There are also extremely insufficient relevant main-
tenance personnel, unimproved rules and regulations, and ineffective management. Lots 
of technicians fail to equip backup power supply according to requirements seriously. All 
these situations lead to the weak foundation of electric safety management.

3. Some power supply equipments are timeworn and obsolete after being used for so many 
years. This is because, on the one hand, power departments decide not to update power 
supply equipment temporarily on account of saving costs, and on the other hand, relevant 
departments do not adopt responsibility system in maintaining power supply equipments.

4. The government fails to attach great importance to electric safety of high-risk and impor-
tant customers, so that some relevant safety management and supervision are not fully 
implemented. In addition, some departments always behave evasively, failing to supervise 
electric power enterprises to reorganize and improve timely.

Therefore, it is not only the responsibility of power departments and the government but 
also the obligation of users that the electric safety management of high-risk and important 
customers should be intensified. Safe power supply is the fundamental guarantee for people’s 
normal life as well as an important link of maintaining a stable social order.
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2.2 The analysis on power utilization management

Ying Chen (2012) points out that customers have higher and higher requirements on power 
supply and become more and more dependent with the development of  economic  society. 
The electric reliability of  high-risk and important customers is especially related to eco-
nomic operation, people’s life, and social stability. It is obliged for power supply enter-
prises to have entrepreneurial spirit and sense of  responsibility, strengthen the system of 
responsibility in safe production, strictly implement all regulations and safety measures, 
and positively cooperate with the government to complete all kinds of  special renova-
tions of  high-risk and important customers, so as to guarantee the power supply safety 
for them [4].

Necessities of intensifying power supply management of high-risk and important custom-
ers are presented as follows:

1. The need of electric power enterprises for fulfilling social responsibilities. Power enter-
prises should adhere to the organic unity of political, economic, and social responsibili-
ties; establish a serious and responsible image of state-owned enterprise; and give service 
to the construction of the socially harmonious society.

2. The need of first-rate power supply service. Power enterprises provide safe and reliable 
service, put customer at the center, continuously improve service, and create values for 
customers unceasingly.

3. Improve power supply service for high-risk and important customers. It maintains normal 
orders for the society, livelihood, and work. And it is also the social, political, and legal 
responsibility for power supply enterprises.

Figure 1. Working process of electric safety management of high-risk and important customers.
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4. Safe power supply and utilization of high-risk and important customers is directly related 
with power grid security, which not only provides great support for customers in terms of 
electric power but also guarantees the safe operation of power grid.

5. Electric power supervision departments should urge power supply enterprises to strengthen 
the electric safety management of high-risk and important customers and to instruct high-
risk and important customers to allocate and utilize backup power supply and establish 
basic file database of backup power supply.

The working process of electric safety management of high-risk and important customers 
is shown in Figure 1.

According to Jingqing Zhuang (2013), “lean management of power supply implementa-
tion process of high-risk and important customers and circumvention of enterprise risk of 
liability” should be regarded as the overall objective. Power supply enterprises should conduct 
lean management of the whole life cycle of high-risk and important customers’ power supply 
and utilization, substantially set up the idea of “Put customer safety first,” strictly follow the 
train of thought in work of “systematic thinking, advanced precaution, active communica-
tion, quick response,” fully grasp two main lines of power supply hazards elimination and 
electric safety service, and make clear three main subjects that “high-risk and important cus-
tomers, the liability subject of safe production; government departments, the liability subject 
of safety supervision; power supply enterprises, the liability subject of power supply service.” 
In the meantime, power supply enterprises should provide technical service and guidance 
for electric safety of high-risk and important customers, intensify the general management 
of four key links of “liability implementation, information communication, risk prevention, 
results inspection,” adhere to the idea of “regarding the whole situation as a board of chess,” 
and establish an efficient and cooperative working mechanism so that departments share 
their own responsibilities individually with coordination, so as to guarantee the electric safety 
of high-risk and important customers [5].

3 THE ANALYSIS ON THE RELIABILITY OF ELECTRIC EQUIPMENT

In software design of the system, all kinds of fault signals are mapped to the high-dimensional 
feature space through the nonlinear mapping function ϕ ( )• . Possible faults are predicted, the 
prediction function of which is presented in Formula (1).

 f b( )x = ( )xω ϕTω  (1)

In Formula (1), ω is the weight vector and b is the offset. A prediction model of electric 
system safety reliability is established as shown in Formula (2). This model is an optimization 
model.
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In Formula (2), γ  stands for regularization parameters and ei stands for the error between 
actual value and prediction function. In order to eliminate noise signal interference in system 
software, the constraint condition shown in Formula (3) is introduced to constrain and opti-
mize acquired data.
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In Formula (3), α iα  stands for the Lagrangian multiplier. Optimization conditions are pre-
sented in Formula (4).
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According to Mercer conditions, the kernel function defines K x xi jx( ) ( )i( ) ( )xixϕϕ ( )xi
T . The 

prediction model of electric system safety reliability is shown in Formula (5).
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In Formula (5), σ  is the width of radial basis function.
The electric equipment signal acquisition node of the system consists of four parts, namely 

sensor module, data processing and controlling module, communication module, and power 
module, the most important of which is the hardware design constitution of infinite sensor 
node.

Real-time signals are collected through instruments and meters of electric equipment and 
transmitted to a remote terminal, which completes the judgment through analysis. However, 
the basis of the judgment is the abnormal change frequency of signals and fault frequency, 
and fault signals of electric equipment are generally beyond normal range. Thus it is neces-
sary to set a reasonable signal range. If  signals fluctuate beyond the range, fault judgment 
will be made. Faults will be recorded in terms of frequency of appearance and severity. The 
reliability evaluation of electric equipment can be accomplished with the help of these data.

4  THE FORMULATION OF IMPROVEMENT MEASURES FOR ELECTRIC 
SAFETY OF HIGH-RISK AND IMPORTANT CUSTOMERS

4.1 System improvement measures

Based on previous studies, it can be known that treatment measures of power supply grid 
responsibility and customer responsibility should be formulated for electric safety hazards 
of high-risk and important customers. Treatment measures for customer responsibility are 
as follows:

1. In order to reduce electric safety hazards, power supply enterprises should first create 
electric safety files of high-risk and important customers and account of safety hazards 
elimination before conducting safety hazards elimination for high-risk and important 
customers. It requires power supply enterprises to help important customers to formu-
late normative rules and regulations of electric safety and emergency measures for power 
blackout. Power supply enterprises should carry out publicity of electric safety in various 
forms and strengthen safety trainings of high-risk customers within the range.

2. Power supply enterprises should positively communicate with the economic and informa-
tion committee and the Safety Supervision Bureau and actively organize conferences of 
electric safety inspection for high-risk and important customers. Meanwhile, users and 
important customers should be required to sign scheduling protocols of power supply 
and utilization, so that electric inspectors are able to solve problems in time like circuit line 
faults of electric customers.

3. Power supply enterprises should positively conduct risk evaluations on electric safety of 
high-risk and important customers and require relevant departments like the economic 
and information committee and the Safety Supervision Bureau to take part in  evaluations. 
It is obliged for power supply enterprises to put treatment measures of grid connection into 
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implementation perfectly, especially for connection protection and automation devices of 
incoming lines of electric customers.

4. Most high-risk and important customers do not have backup and protective power sup-
plies; power supply companies must know the real situations of electric customers and 
build up individual account of power utilization, in order to be fully aware of the emer-
gency power supply capacity and operating time of customers. By analyzing the situation 
of power utilization, customers can be provided with sufficient electricity so as to guar-
antee safe and stable power utilization. Make full use of the time of on-site inspection for 
electric safety publicity and distribution of publicity materials.

5. Carry out renovations on electric safety hazards of high-risk and important customers. 
If  electric customers do not conduct routine maintenance or pre-scheduled experiment, 
or carry out renovations on electrical equipment within the time limit, departments of 
power supply enterprises should report to government sectors timely like the economic 
and information committee and the Safety Supervision Bureau. Under the supervision 
and management of these government sectors, electric customers should carry out renova-
tions on existing safety hazards of electrical equipment in time.

4.2 The analysis on the superiority of improvement measures

Improvement measures were implemented from May 2010 to May 2013. Complete files of 
3150 high-risk and important customers of the whole province are established, realizing the 
mechanism of “one file for one customer.” There are altogether 4319 files of safety hazards 
with detailed record of main contents, causes, and liability subjects of hazards. The integrity 
degree of customer information is 100%. Situations of hazards inspection are presented in 
Table 1.

Conclusions can be drawn from data in Table 1:

1. The total number of customers with hidden hazards and the number of hidden hazards 
found decrease with the implementation of improvement measures. The number of cus-
tomers with hidden hazards decreases the most in the first year and there are only 32 
customers left in May 2013. The effect is quite significant. With the help of improved 
measures of inspection, the number of hidden hazards found decreases as well. It also 
decreases the most in the first year.

2. The number of hidden hazards of Power Grid liability decreases to zero after the renova-
tion from May 2011 to May 2012. However, hidden hazards of customers’ liability still 
exist in spite of the decrease year by year. This phenomenon might be caused by the 
annual increase of high-risk and important customers.

Table 1. Hazards inspection of high-risk and important customers from May 2010 to May 2013 in 
Shanxi province.

Category 2010.5 2011.5 2012.5 2013.5 Total

The number of customers for inspection 2744 2154 1864 3150 –
Number of customers with hidden hazards  283  121   56   32 –
Number of hidden hazards found 1115  649  402  314
Number of hidden hazards rectified  910  495  269  233 1907

Liability of power grid
Number of hidden hazards  490   83    0    0  573
Number of hidden hazards rectified  461   59    0    0  520
Number of hidden hazards not rectified   29   24    0    0   53

Liability of customers
Number of hidden hazards  625  556  402  314 1897
Number of hidden hazards rectified  449  436  269  233 1387
Number of hidden hazards not rectified  176  130  133   81  520
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3. Improvement measures proposed in this paper are relatively similar to those adopted by 
Shanxi province. But measures in this paper are more improved. So, theoretically, improve-
ment measures of electric safety proposed in this paper are superior to those in Table 1.

5 CONCLUSION

Based on the overview of electric safety management of high-risk and important customers, 
the author indicates the necessity of strengthening power supply management of high-risk 
and important customers and puts forward a general working process of electric safety man-
agement. With the direction of electric safety management, the author summarizes risks and 
problems for high-risk and important customers and relevant power supply departments; 
elaborates the principle of system analysis of electric equipment reliability; and carries out 
an analysis on the safety situation of high-risk and important customers of Shanxi province 
from May 2010 to May 2013. Based on the electric safety management situation of high-risk 
and important customers, the author proposes treatment measures for existing safety haz-
ards in terms of Power Grid liability and customers’ liability, providing a reference for the 
electric safety management of high-risk and important customers.
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ABSTRACT: For meeting the control requirement of  harmonic load modeling for the 
three-phase four-wire equipment power system, this paper adopts Proportional Integral 
(PI) and Proportion Resonant (PR) control technology, and further puts forward a kind 
of  modified quasi-PR double harmonic control method to resolve the instruction track-
ing problem of  neutral line current. The function structure and overall control strategy of 
the control module are introduced, and design of  dq0 axis current inner loop controller 
is highlighted in this paper. Finally, the load model based on the double closed loop con-
trol method simulates the real equipment power system, which proves the validity of  the 
method.

Keywords: equipment power system; harmonic load; modeling; control module design; 
double closed loop control

1 INTRODUCTION

With the increase of  loads nonlinear degree of  new weapon equipment, a large number of 
harmonic currents are injected into the equipment power system, so that it causes the gen-
erator set output voltage instability, waveform distortion, and greatly reducing the power 
system [1]–[3]. In order to study the load characteristic of  finite capacity equipment power 
system better and further analyze the power matching problem under different harmonic 
content, the accurate establishment of  harmonic load model is an important means, which 
can control the harmonics content of  the power supply bus current according to the reason-
able control algorithm. Compared with the power grid of  infinite capacity [4], the equipment 
power system with a large number of  power electronic devices has larger internal resistance 
[5], and the application objects of  the model face to the three-phase four-wire independent 
power supply system, consequently, modeling and simulation of  the harmonic load become 
more complex [6]–[8]. As an important part of  load modeling, the control module is the key to 
realize the fast and steady tracking of  compensation current to instruction current.

In order to resolve the instruction tracking problem of neutral line current, this paper 
adopts PI and PR control technology, and further puts forward a kind of modified quasi-PR 
double harmonic control method based on the current character analysis of dq and 0 axis of 
synchronous reference transform, which greatly reduces the number of controllers. Finally, 
the load model based on the control method simulates a three-phase four-wire independent 
power supply system, and the validity of the method is proved by the comparisons results of 
current waveform and Total Harmonic Distortion (THD).
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2 THE OVERALL CONTROL STRATEGY

The control module consists of three input signals: power bus three-phase voltage Usabc, three-
phase current Isabc, and Direct Current (DC) side voltage Udc. Output signal is the four-leg 
Pulse Width Modulation (PWM) control instruction. The structure of nonlinear harmonic 
load control module, as shown in Figure 1, consists of harmonic current setting, current 
synchronous reference transform, voltage outer loop and current inner loop control, voltage 
feed-forward decoupling double closed loop control, and Three Dimension Space Vector 
PWM (3D-SVPWM) control.

All control is based on the synchronous reference frame transform theory including current 
inner loop and voltage feed-forward decoupling control. For instance, it ought to carry on the 
error comparison after Park transform of the bus current and the given harmonic current.

Through the current character analysis of dq and 0 axis, PI, PR, and double harmonic con-
trol of quasi-PR are used in the model in order to realize the instruction current to control the 
compensation current fast and steadily. The function of PI is to track the current fundamen-
tal wave and to eliminate the static error of the system. The PR is mainly used for tracking of 
the third harmonic component which belongs to the zero sequence current. For the current 
inner loop control of dq axis with symmetrical characteristic, double harmonic controller of 
quasi-PR can make the adjacent odd harmonic wave controlled in pairs and the controlling 
structure simplified. Finally, the PWM control signal is generated by 3D-SVPWM technol-
ogy, which can improve the accuracy of the harmonic wave generation and get the harmonic 
contents of more pure and controllable, and more suitable for the simulation experiment. 
Thus, dq0 axis current inner loop control is the key that the output compensation current can 
track the instruction current fast and accurately.

3 DESIGN OF dq0 AXIS CURRENT INNER LOOP CONTROLLER

3.1 0 axis inner loop controller

The 0 axis current only contains the 3rd, 9th, 15th, and 21st harmonic components, which 
are not adjacent, so four PR controllers are adopted. Parameter selection of PR controller 
is relatively simple [9], and Table 1 lists the chosen values of proportion parameter KP and 
integral parameter KR of  PR controllers in 0-axis inner loop.

3.2 Design of d (q) axis inner loop controller

For harmonic components in d (q) axis current appearing in couples, the double harmonic 
controllers are adopted, which can reduce the number system need. The improved quasi-PR 
transfer function is proposed based on the PR controller, as follows:

 
G k

k s
sPRG Pk R ck( )s = +kPk

++
2
22

0 0
2ω ω+s0 0s +s 22

 (1)

Figure 1. Control module of non-linear harmonic load.
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Table 1. Parameter values of KP and KR of PR controllers in 0-axis inner loop.

3rd 9th 15th 21st

Central frequency ωx (rad/s) 300 π 900 π 1500 π 2100 π
KP 0.2 0.4 0.6 0.8
KR 6 12 18 24

Figure 2. The change rule of ωc.

Table 2. Parameter values of KP, KR and ωc of  quasi-PR controller.

5th and 7th 9th and 11th 13th and 15th 17th and 19th

Central frequency ωx (rad/s) 600 π 1200 π 1400 π 1800 π
KP 0.2 0.4 0.6 0.8
KR 6 12 18 24
ωc (rad/s) 80 75 85 90

where ωc is sheared frequency.
Parameter selection of  quasi-PR controller is relatively complex [10]. First, the control-

lers choose the central frequency which is the average value of  the adjacent odd harmonic 
frequency. Secondly, the values of  proportion parameter KP and integral parameter KR 
are chosen as shown in Table 2. Finally, in order to choose the appropriate bandwidth for 
quasi-PR, ωc value selection is very important. Figure 2 shows the change rule of  ωc when 
KP = 2.

As can be seen, the sheared frequency does not affect the gain of the controller, but it has 
a direct effect on the bandwidth of controller cut-off  frequency. When KP is invariable, the 
controller bandwidth will ever increase with the increase of ωc. In practical applications, the 
variable s of  quasi-PR transfer function is replaced by jω such that:
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K j
j

K
j

R cK

c

RK

c

( )j
( ) /

)) ωj
ω ω ω ω ω ωc

=
− +ω

=
+ j(

2
2 1jcω ω ω+ 22ωω 0ω 2 2j(+ j(1ωω 0

2
 (2)

The bandwidth of quasi-PR controller is ωc/π (Hz) through the following equation:
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Figure 3. Simulation waveform of A-phase bus current.

Figure 4. FFT analysis of bus current waveform.

Table 2 lists parameter values of KP, KR and ωc of  quasi-PR controller in d (q) axis inner 
loop. According to the actual situation of equipment power system, the tracking and control 
of even harmonic are not considered.

4 SIMULATION RESULTS

In a practical application of the control method, the simulation waveform of A-phase bus 
current is shown in Figure 3. The real measured current is simulated and analyzed by setting 
the harmonic contents of nonlinear load. The setting value of current harmonic amplitude 
is as follows. The third harmonic wave I3 = 15 A, the fifth harmonic wave I5 = 10 A, the sev-
enth harmonic wave I7 = 9 A, the ninth harmonic wave I9 = 5 A, the eleventh harmonic wave 
I11 = 3 A, the thirteenth harmonic wave I13 = 2 A.

As one can see, the bus current generates waveform distortion after the nonlinear har-
monic load is accessed the power system. Figure 4 shows Fast Fourier Transformation (FFT) 
analysis of the current waveform. Comparing between the real measured data and the simula-
tion data, it is further shown that the overall control strategy of double closed loop can meet 
the requirement to harmonic load modeling.

5 CONCLUSION

The equipment power system with a large number of power electronic devices has larger 
internal resistance, and the application objects of the model face to the three-phase four-
wire independent power supply system. Therefore, for meeting the control requirement of 
harmonic load modeling, this paper adopts PI and PR control technology, and further puts 
forward a kind of modified quasi-PR double harmonic control method to resolve the instruc-
tion tracking problem of neutral line current. Through the model simulation, the load model 
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based on the double closed loop control method simulates the real equipment power system, 
and the validity of the method is proved by the comparisons results of current waveform 
and THD.
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The design of logistics supply chain based on genetic algorithm
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ABSTRACT: In this paper, the author designs the logistics supply chain with genetic algo-
rithm based on the principle of facilities’ and clients’ requirements, and establishes the supply 
chain network and selects the coding genetic algorithm based on the principle of positive 
and reverse demands. Taking the supply chain of a certain region as the example, the author 
calculates different aspects, such as facility factory output, distribution center and client, 
and obtains the optimal solution of logistics supply chain design in the meantime, so as to 
optimize the effect of logistics supply.

Keywords: genetic algorithm; logistics supply; genetic chromosome

1 INTRODUCTION

Logistics supply includes home logistics, internal logistics, organization logistics, etc. A rea-
sonable logistics industry chain can be established through the organic combination of these 
logistics organizations, and a logistics supply chain is then established by satisfying require-
ments of customers and manufacturers. An excellent logistics supply chain design is sup-
posed to achieve the goal within the shortest time, which can be called the “environmental 
logistics”.

The research content of the logistics supply chain can be acquired by organizing analyzing 
the current logistics supply chain, which is presented in Table 1.

The establishment of logistics supply chain ultimately belongs to the optimal transporta-
tion mode. Both the queuing theory and transportation problem of operational research are 
solutions for the current status of logistics. Short time and low cost are two contradictory 
mechanisms and also two important inseparable parts.

Table 1. The research content of the logistics supply chain.

Research content 
of the logistics 
supply chain

CODP positioning Theories of scale and scope 
economies

Establishing the CODP 
positioning model

Research direction of 
queuing theory in 
operational research

Simplified CODP 
positioning model

Supply chain 
scheduling model of 
large formulation

Production scheduling 
theory, coordination 
mechanism of supply chain

Establishing supply 
chain scheduling 
model

Transportation problems 
in operational research

Game theory Guaranteeing the 
realization of supply 
chain scheduling
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2 MODEL HYPOTHESIS

1. The number of clients, product demand quantity, and recyclable product quantity are 
given values;

2. Topological structures acquired through the supply chain are consistent.

3 ESTABLISHMENT OF MODEL

3.1 Genetic algorithm

The basic requirement of logistics supply is to deliver goods to clients punctually and rap-
idly and reduce delivery cost and resting time as much as possible. Therefore, it is extremely 
important that each link of logistics should be closely related. Table 2 is acquired by analyz-
ing the percentage of time consumption and added value.

3.1.1 Population initialization
20 chromosomes are selected as the initial population in this paper. 6 chromosomes with ini-
tial feasible solutions can be obtained through greedy heuristic algorithm so as to acceler-
ate the convergence of genetic algorithm. The six chromosomes are respectively presented as 
follows:

1. Distribute clients to areas of distribution centers according to the principle of minimum 
shipping costs.

2. Distribute clients to areas of distribution centers according to the principle of lowest 
delivery costs.

3. Set fixed costs according to distribution centers in ascending order, and randomly col-
locate clients downward gradually from the top until goods are delivered to clients on 
schedule.

4. Arrange capacities of distribution centers in descending order and randomly match with 
clients until the requirements of clients are satisfied by distribution centers.

5. Arrange operating costs in ascending order and randomly match with clients until the 
requirements of clients are satisfied by distribution centers.

6. Arrange set operating costs in ascending order and randomly match with clients until the 
requirements of clients are satisfied by distribution centers.

Then, select chromosomes.

3.2 Definitions of variables

The type of products is defined as L. Suppose the set of L is L = {1, 2}. When L = 1, logistics 
products in this paper are original factory products. When L = 2, logistics products come 
from reproduction.

Table 2. The percentage of time consumption and added value of supply chain.

Service types of supply chain Time consumption (%) Added value (%)

Service type design of products 10 23
Quantity demanded by clients  6 14
Target cost management 11  9
Partner relationship management 10 10
Goal programming of joint development 16  5
Management of supply order 11  9
Inventory management 14 10
Transportation management 16  6
Purchasing management  9 16
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Definitions of products costs in this paper are as follows:
gi is the construction cost of factory i and the operational cost of its enterprise;
vli is the per unit cost of production of L;
oj is the construction cost of distribution centers;
sj is the cost of daily operation of distribution center;
tcj is the per unit cost of transportation for client c to distribution center j;
rji is the per unit cost of transportation for the logistics center from distribution center j to 

the designated place c;
ajiL is the per unit cost of transportation for product L from manufacturing or distributing 

factory i to distribution center j.

3.3 Definitions of parameters

The definition set of factory locating is I;
The definition set of warehouse locating is J, and the definition set of clients is K;
Wj is the annual circular flow of logistics distribution center j;
Di is the annual production capacity of factory i.
0–1 variables of integer programming are defined in this paper. zj is the variable of distri-

bution center establishment. 1stands for the establishment while 0 means it is not established. 
pi is the variable of factory establishment. 1stands for the establishment while 0 means it is 
not established. yki is the variable of logistics delivery from distribution center to client. Here, 
Figure 1 is taken as an example for analysis.

3.4 The application of genetic model in logistics supply chain

Constraint conditions are set in accordance with cost of supply chain establishment, cost of 
setting up factory, cost of production and reproduction, cost of distribution center, trans-
portation cost, etc.

Table 3. Structure of logistics system.

Manufacturer

First supplier 3PL Retailer
Secondary supplier Warehouse 1 Retail center Distribution center
Third supplier Warehouse 2 Indirect distribution
⋅⋅⋅ ⋅⋅⋅ Terminal distribution center

Figure 1.
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The programming of this paper is conducted in line with the following constraint conditions.
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Then, design in line with the constraint conditions.

3.5 Solution of the algorithm

In the integer programming model, the author solves the problem of logistics supply chain 
scheduling based on the genetic algorithm of phased coding of priority.

3.5.1 Coding progress
The author segments the problem of logistics supply chain scheduling in the form of phased 
coding. The progress can be divided into four phases.

The first phase is a forward distribution process that logistics products are delivered from 
manufacturer to logistics distribution center;

The second phase is a forward distribution process that logistics products are delivered 
from distribution center to client;

The third phase is a reverse distribution process that returned products are recycled from 
client to distribution center;

The fourth phase is a reverse distribution process that returned products are recycled from 
distribution center to manufacturer.
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3.6 Lengths of chromosomes

Suppose |L| is the number of products, |K| is the number of starting points of chromo-
some, |J| is the number of important point of chromosome, so the length of chromosome is 
|L|(|K| + |J|).

The programming results can be obtained through solution in line with MATLAB.
The complete genetic algorithm is shown in Figure 2.

Figure 2. The flow chart of solving scheduling problems with evolutionary algorithms.
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4 CONCLUSION

The complete process of genetic algorithm is shown in Figure 3. In this paper, the author 
designs the logistics supply chain with genetic algorithm based on the principle of facili-
ties’ and clients’ requirements, and establishes the supply chain network based on the prin-
ciple of positive and reverse demands. The classification of logistics pipelines is presented in 
Table 4.

Table 4. Classification of logistics pipelines.

Classification basis Types of pipeline Definitions

Processing mode Node pipeline Internal nodes of logistics; each logistics 
function is conducted in production line

Pipeline between nodes Consists of two or more than two nodes and 
connects each distribution center together

Function Single function pipeline Each pipeline provides a function for fixing
Multi-functional 

pipeline
Different functions are realized through 

different logistics lines in different times 
or the same time

Connection of 
functions in the 
same time

Static pipeline Fixed and single connection mode; realize 
one fixed function

Dynamic pipeline Multi-functional logistics lines are connected 
in different modes to try various functions

Figure 3. The process of genetic algorithm.
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ABSTRACT: In this paper, the author carries out an analysis on similarities and differences 
between physical education and sports training in terms of teaching method, target, and 
guiding ideology. There are similarities as well as differences between the two, which develop 
mutually. The author carries out a fuzzy mathematical analysis on similarities and differences 
between physical education and sports training of a certain object. As for the increase of edu-
cation budget, the author also conducts a fuzzy evaluation on four aspects, namely content 
difference, target and ideological difference, population difference, and education difference, 
concluding that the government should carry out researches on four aspects of physical edu-
cation construction. In this paper, the author acquires fuzzy evaluation values so as to find 
out indicators that are able to reasonably define differences between physical education and 
sports training.

Keywords: fuzzy evaluation; physical education; sports training

1 INTRODUCTION

Both physical education and sports training are practical activities of  PE, which develop 
into two different and independent disciplines because there are differences in terms of 
approaches and paths of  realizing objectives of  PE. There are also lots of  similarities 
between the two disciplines, so differences between the two are not clearly defined. In this 
paper, the author carries out an analysis on differences between physical education and 
sports training.

Physical education and sports training are two different concepts. However, “natural 
sports” has always been the leading idea of physical education in China. Some physical edu-
cators apply contents of sports training to students’ daily fitness exercises. This misconcep-
tion not only severely influences the regularity and integrity of physical education but also 
impedes the development of physical education cause in China.

2 ESTABLISHMENT OF MODEL

Features of physical education include: direct participation in teaching activities, improve-
ment of physique and mastery of sports common sense in physical education with multiple 
models, various teaching activities, and different forms of organizations, which strengthen the 
cooperative spirit among participants and help students’ all-round development of morality, 
intelligence, and physique. Evaluation results are determined by scores at ordinary times and 
scores of final assessment.

Features of  sports training include: improvement of  special sports training; scien-
tific training mode; be carried out in long term and by stage; scores are gained through 
competitions.
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2.1 Fuzzy evaluation model

Fuzzy evaluation model is appropriate for indeterminate fuzzy operations with multiple fac-
tors. According to fuzzy evaluation, the operation in this paper is conducted as follows:

Firstly, the factor set U is established,

 U ( )U U UkUUU U

Then, the judgment set (evaluation set) V is established,

 V ( )V V VnVVVV VV

Determine the ranking domain in accordance with general evaluation system.

 

V { }V V V V
=

VV VV VV VVVV
{excellent, good, normal, bad}

In this paper, the fuzzy mapping of judgment matrix from U  to V  is established, and the 
acquired fuzzy relation is shown in the following matrix.

 

R

r r r
r r r

r r r

n

n

m mrr mnrr
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⎥
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11rr 12rr 1rr
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�
�

� � �
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Establish a weight set in line with this study, A a an( ,a , , )1 2a, , satisfying the condition:

 
ai

i

n

i
=
∑

1

1 0ai ≥ai

Each line of the fuzzy relationship R reflects the judgmental degree of the influencing fac-
tor on objects. In the meantime, each line of R reflects the judgmental degree of the influenc-
ing factor on objects.

 
r j mijrr

i

n

=
∑ =

1

1 2 3, ,2 , ,

Then, the following operation is conducted in line with fuzzy evaluation:

 

B A R
r r r
r r r

r r r

n

n

m mrr mnrr

⋅A

= ( )a a a an ⋅

⎡

⎣

⎢
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21rr 22rr 2rr
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⎢
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⎣⎣

⎢⎢

⎤

⎦

⎥
⎤⎤

⎥
⎥⎥

⎥
⎥⎥

⎥
⎦⎦

⎥⎥

= ( )

Fuzzy combinations on V are evaluation set B.
The simplified change model of multi-modal system obtained through fuzzy evaluation is 

presented in Figure 1. The model in Figure 1 is a simplified model.
Figure 1 is the simplified change model of fuzzy evaluation. Relevant transformation func-

tions of grade evaluation of all factors are established as follows:
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2.2  Evaluation on differences between physical education and sports training through fuzzy 
evaluation model

The author first gives a preliminary judgment on differences between physical education and 
sports training in terms of teaching method, guiding ideology, and target, which is presented 
in Tables 1–3.

In this paper, the factor set U is established through the principle of fuzzy evaluation model, 
U = (U1 U2 U3 U4). Four important factors are respectively: education difference U1, content 
difference U2, target and ideology difference U3, and population difference U4. Table 4 can be 
obtained as follows. A small factor set is established through the four important factor sets.

Evaluation sets can be acquired through all factors listed in Table 3.

 U1UU { }u u u u1u 1 1u 2 1u 3 1u 41u 2

 U2U { }u u u u2u 1 2u 2 2u 3 2u 42u 2

 U3UU { }u u u3u 1 3u 2 3u 33u 2

 U4U { }u u u4u 1 4u 2 4u 34u 2

Figure 1. Simplified model.
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Table 1. Differences between physical education and sports training in terms of teaching method.

Contents Physical education Sports training

Teaching 
methods

Heuristics, explanation, induction Explanation, intuition, 
practice, experience

Teaching 
means

Based on ordinary practices, focus on heuristic 
education and intellectual development, 
strengthen exercise initiatives at ordinary 
times and independence, and diminish 
the sluggishness of doing exercises.

Aim at improving the fitness 
of athletes in special sports, 
promoting the spirit of 
sports and exploring the 
potency of athletes.

Table 2. Differences between physical education and sports training in terms of guiding  ideology and 
content.

Contents Physical education Sports training

Guiding ideology Body building Improvement of scores
Contents Development of sports history and 

culture, sports health care, skills
Physical training, techniques, 

tactics, mentality.
Evaluation system Test, investigation Competition

Table 3. Differences between physical education and sports training in terms of objectives.

Contents Physical education Sports training

Objectives Increase interestingness of 
student physique development, 
strengthen physique, and improve 
participation degree of sports.

Enhance the competitive ability of athletes, carry 
out exercises with the aim of improving PE 
scores, explore the potency of athletes, master 
sport skills and adaptability in competitions.

Table 4. Index system of automatic and systematic design.

Education 
difference U1

Content 
difference U2

Target and ideology 
difference U3

Population 
difference U4

Educational 
method u11

Content of 
humanities u21

Degree of participation 
and freedom u31

Educated 
people u41

Educational 
means u12

Technical 
discussion u22

Physique 
improvement u32

Future 
development u42

Educational 
environment u13

Exercise 
objectives u23

Importance of 
scores u33

People of 
management u43

Educated groups u14 Training content u24

Statistics of the importance ranking of four factors can be acquired through analysis and 
data acquisition, which is shown in Table 5.

Ranking matrixes of four aspects, education difference U1UU , content difference U2U , target 
and ideology difference U3UU , and population difference U4U , can be acquired in accordance 
with Table 5.

 U2U = { }23 6 5 06

 U2U = { }0 2 18 122

 U3UU = { }0 8 15 118

 U4U = { }4 18 9 218
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The weight vector from ranking 1 to ranking 2 is:

 β { }β β β β { }ββ ββ ββ βββ } {β =

 U Ui iU U T* ⋅U βTT

 U U U1 2U UU 3 4U U9 4 5U4U 6* *U14 * *4 U.2U 9 ,U3UU .=U2U U4U

Through normalization processing in this paper,

 U U1 2U UU 3 4U U0U2U 3 UUU 0U4U 15* *0 35 U * *0 2 U. ,3 .U2U U4U

It can be acquired that:

 A = ( )

Membership degree of evaluation established in this paper is shown in Table 6.
Evaluations on four indicators acquired in this paper, education difference U1UU , content dif-

ference U2U , target and ideology difference U3UU , and population difference U4U , are presented in 
Table 7.

Table 5. Statistics of the importance ranking of four factors.

Categories Ranking 1 Ranking 2 Ranking 3 Ranking 4

Education difference U1 23  6  5  0
Content difference U2  0  2 18 12
Target and ideology difference U3  0  8 15 11
Population difference U4  4 18  9  2

Table 6. Membership degree of evaluation.

Evaluation

Grade setting

0–60 60–80 80–90 90–100

Excellent 0 0 0.05 0.95
Good 0 0.05 0.9 0.05
Normal 0.05 0.9 0.05 0
Bad 0.95 0.05 0 0

Table 7. Evaluations on different indicators of physical education and training.

Indicators Evaluations Indicators Evaluations

Educational method u11 Excellent Degree of participation and freedom u31 Normal
Educational means u12 Normal Physique improvement u32 Good
Educational environment u13 Excellent Importance of scores u33 Good
Educated groups u14 Excellent Educated people u41 Normal
Content of humanities u21 Normal Future development u42 Good
Technical discussion u22 Excellent People of management u43 Normal
Exercise objectives u23 Good
Training content u24 Good
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Fuzzy sets of weight factors of monolayer indicator obtained in this paper are:

 U1UU * { }U U U U1UU 1 1UU 2 1UU 3 1UU 41UU 2 1UU 4 = { }0 25 0 35 0 25 0 15.0 , .0 , .0 , .0

 U2U * { }U U U U2U 1 2U 2 2U 3 2U 42U 2 2U 4 = { }0 54 0 1 0 24 0 14.0 , .0 , .0 , .0

 U1UU * { }U U U3UU 1 3U 2 3UU 33UU 2 = { }0 5 0 3 0 2. ,5 . ,3 .

 U1UU * { }U U U4U 1 4U 2 4U 34U 2 = { }0 3 0 4 0 3. ,3 . ,4 .

According to evaluations in Table 5, evaluation sets of four aspects, education difference 
U1, content difference U2, target and ideology difference U3, and population difference U4, 
can be acquired with the combination of membership degree of evaluations in Table 3:
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The following operation is conducted on four evaluation sets, namely education difference 
U1UU , content difference U2U , target and ideology difference U3UU , and population difference U4U :

 B A Ri iB A iR⋅A

Through normalization processing on BiB , the fuzzy evaluation matrix can be acquired as 
follows:

 

B

B
B
B
B

=

⎛

⎝

⎜
⎛⎛

⎜
⎜⎜

⎜
⎜⎜

⎜⎝⎝
⎜⎜

⎞

⎠

⎟
⎞⎞

⎟
⎟⎟

⎟
⎟⎟

⎟⎠⎠
⎟⎟

=

1BB

2BB

3BB

4B

0 07 0 16 0 23 0 52
0 0 16 0 66 0 63

0 14 0

. .07 0 . .23 0
. .16 0 .

. .14 0 2422 0 11 0 27
0 15 0 22 0 28 0 35

. .11 0
. .15 0 . .28 0

⎛

⎝

⎜
⎛⎛

⎜
⎜⎜

⎜
⎜⎜

⎜⎝⎝
⎜⎜

⎞

⎠

⎟
⎞⎞

⎟
⎟⎟

⎟
⎟⎟

⎟⎠⎠
⎟⎟

Comprehensive evaluations are:

 Z U B⋅U = ( )*

It can be seen from fuzzy evaluations that results are relatively preferable because 
0.31 > 0.28 > 0.21 > 0.20.
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3 CONCLUSION

Physical education and sports training are two disciplines that complement each other. The 
boundary distinguishing the two becomes blurred due to different targeted population and 
teaching concept. It brings barriers to physical education that correct and reasonable teaching 
modes can be hardly formulated. Evaluation values are obtained through fuzzy evaluation: 
Z = ( ). It indicates that the indicators range between 80 and 90. Therefore, 
four major aspects of differences between physical education and sports training, namely 
education difference, content difference, target and ideology difference, and population dif-
ference, can be taken as perfect indicators reflecting differences between physical education 
and sports training.
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A research on postgraduate cultivation system of physical 
education training based on AHP model

Shihong Pu & Bensong Xiao
Institute of P.E., China West Normal University, Nanchong, Sichuan, China

ABSTRACT: Physical education is classified as a first level discipline and physical educa-
tion training is classified as a second level discipline by the Diploma Committee of the State 
Council. Aiming at the research on postgraduate cultivation system of physical education 
training, the author of this paper establishes a logical structure with distinct layers. A three-
layer relationship is first constructed, namely the target layer, the middle layer, and the scheme 
layer. The number of layer is related to complexity and details of the research object. Both 
qualitative and quantitative analyses are carried out on the proportion of postgraduate culti-
vation system of physical education training through AHP. Four aspects, including academic 
theory research, academic publishing, innovative research and ability training, are taken as 
criteria and objectives. Proportions of postgraduate cultivation system of physical education 
training in terms of cultural education, professional theories of PE and practices of PE can 
be obtained. The weight value is acquired through the solution of the maximum eigenvalue 
and the eigenvector of judgment matrix.

Keywords: AHP; physical education training; postgraduate cultivation system

1 INTRODUCTION

Physical education training has been classified mainly in line with sports events for a long 
time. For example, the research direction is classified into running, jumping and throwing. 
This classification of direction has impeded the development of physical education profes-
sionals in China, who are unable to meet the requirements of modern sports.

The cultivation of high-level professionals of physical education is drawing more and more 
attentions of the country. At present, there are two major modes of the research on physi-
cal education training. One is classified in line with theories of sports training and physical 
education. The other is classified in line with sports events.

2 ESTABLISHMENT OF MODEL

Classification basis of research directions of postgraduate of physical education training 
includes sports training, theories and methods of physical education and sports events. 
Research directions of postgraduate of physical education training in colleges are shown in 
Table 1.

Course arrangement of physical education in eight colleges and universities, such as Bei-
jing Sport University, Tsinghua University, Shanghai Jiaotong University, Wuhan Institute 
of Physical Education, etc., are presented in Table 2.

There are similarities in physical education course arrangement of the eight colleges and 
universities, but proportions are different. However, proportions of major basic courses are 
all the largest, indicating the importance of major basic courses.
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2.1 Establishment of hierarchical structure

In this paper, a quantitative analysis in carried out in terms of gymnastics based on AHP. The 
relation of target layer, criterion layer and scheme layer is also established.

Target layer: postgraduate cultivation system of physical education training.
Criterion layer: influencing factors of scheme, c1 is academic theory research, c2 is aca-

demic publishing, c3 is innovative research, and c4 is ability training.
Scheme layer: A1 is cultural education, A2 is professional sports theory, and A3 is sports 

practice. The hierarchical structure is shown in Figure 1.

2.2 Construction of judgment matrix (comparison in pair)

Scales from 1 to 9 are first introduced in this paper. See Table 3.
The scale figure from 1 to 9 is presented as follows in Figure 2.
Firstly, solve the judgment matrix. Refer to scales from 1 to 9 and refer to a great 

deal of  documents as well as experience of  experts and other authors according to the 

Table 1. Research directions of postgraduate of physical education training in colleges.

No.
Sports training, theories and methods 
of physical education Sports events

1 Theories and practices of physical education Theories and methods of basketball 
education training

2 Normal sports training Theories and methods of volleyball 
education training

3 Theories and practices of national fitness Theories and methods of football 
education training

4 Theories and practices of sports education 
and training

Theories and methods of track & 
field education training

5 Theories and practices of sports competition Theories and methods of gymnastics 
education training

6 Professionalization and development of 
sports events

Theories and methods of martial art 
education training

7 Physical ability training Theories and methods of table 
tennis education training

Table 2. Composition of four courses of physical education in college.

Credit

Non-major 
course

Major basic 
course

Major required 
course

Non-major 
elective course

Credit Ratio Credit Ratio Credit Ratio Credit Ratio

Wuhan Institute of PE 38 12 31.6 12 31.6 4 10.5 10 26.3
Northeast Normal 

University
36 12 33.3 12 33.3 6 16.7 6 16.7

Tsinghua University 38 5 13.2 18 47.3 10 26.3 5 13.2
Shanxi Normal 

University
38 11 28.9 12 31.6 10 26.3 5 13.2

Shanghai Jiaotong 
University

32 7 21.9 16 50 4 12.5 5 15.6

Southwest Normal 
University

38 9 23.7 12 31.6 8 21 9 23.7

Beijing Sport University 42 6 14.3 6 14.3 8 19 22 52.4
Hunan Normal 

University
28 8.5 30.4 8.5 30.4 3 10.7 8 28.5

Average 36.3 8.8 24.7 12 33.8 6.6 17.8 8.8 23.7
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Figure 1. Hierarchical structure.

Table 3. Scales from 1 to 9.

Scales aij Definitions

1 Same importance of factor i and j
3 Factor i is a little more important than j
5 Factor i is more important than j
7 Factor i is a lot more important than j
9 Factor i is absolutely more important than j
2, 4, 6, 8 Corresponding scales of intermediate states of the above judgments
Reciprocal Judgment values acquired by the comparison of factor i and j

aji = 1/aij, aii = 1

Figure 2. Scale figure from 1 to 9.

above principle. Matrixes of  comparison in pairs acquired in line with scales are presented 
in Tables 4–8.

2.3 Single hierarchical sequence

Verify with unified indicators:

 
CI

n
n

=
−

−
λmaλλ x

1
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Table 4. Comparison matrix.

G c1 c2 c3 c4

c1 1 1/3 7 3
c2 3 1 5 4
c3 1/7 1/4 1 1
c4 1/3 1/5 1 1

Table 5. Comparison matrix.

c1 A1 A2 A3

A1 1 5 1/3
A2 1/5 1 1/3
A3 3 3 1

Table 6. Comparison matrix.

c2 A1 A2 A3

A1 1 5 6
A2 1/5 1 5
A3 1/7 1/5 1

Table 7. Comparison matrix.

c3 A1 A2 A3

A1 1 5 8
A2 1/5 1 5
A3 1/8 1/5 1

Table 8. Comparison matrix.

c4 A1 A2 A3

A1 1 5 8
A2 1/5 1 5
A3 1/8 1/5 1

In this formula, n is the order of the comparison matrix, λmax is the maximum eigenvalue 
of the comparison matrix. If  the value of CI is relatively small, it can be concluded that judg-
ment matrixes are more inclined to be completely uniform. If  the value of CI is relatively 
large, the degree of inconformity of judgment matrixes is also high.

2.4 Total hierarchical sequence

 

A =

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭
⎪
⎬⎬

⎪⎭⎭
⎪⎪

1 1 3 3 3
3 1 5 5

1 5 1 1
1 5 1 1

/

/ /3 1
/ /3 1

FRANKIC_Book.indb   304FRANKIC_Book.indb   304 3/6/2015   10:00:15 AM3/6/2015   10:00:15 AM



305

 

Normalization of co olumn vectorofo⎯ →f⎯ →⎯ →

0 214 0 192 0 3. .214 0 . 03 300
0 075 0 577 0 5 0 5
0 121 0 115 0 1 0 1
0 201 0 115 0 1 1

.
. .075 0 . .5 0
. .121 0 . .1 0
. .201 0 . .1 0

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎪⎩⎩⎩⎩
⎪⎪⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭
⎪
⎬⎬

⎪⎭⎭
⎪⎪

⎯ →⎯ →⎯ →
0

Summation in column

1 066
2 22

386

.
.

.
00 386

0 2515
0 5

.
.
.

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭
⎪
⎬⎬

⎪⎭⎭
⎪⎪

⎯ →⎯ →⎯ →Normalization 5555
0 0965
0 0965

.

.

( )

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭
⎪
⎬⎬

⎪⎭⎭
⎪⎪

=W

 

AW ( )

/

/ /
/ /

.
.

1 1 3 3 3
3 1 5 5

1/ 5/ 1 1
1/ 5/ 1 1

0 2514
0 555

0
=

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭
⎪
⎬⎬

⎪⎭⎭
⎪⎪ ..

.

.

.

.

.
0965

0 0965

1 012
2 275
0 387
0 387

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭
⎪
⎬⎬

⎪⎭⎭
⎪⎪

=

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

⎫

⎬
⎪
⎫⎫
⎪
⎬⎬
⎪⎪

⎭⎭
⎪
⎬⎬

⎪⎭⎭⎭⎭
⎪⎪

 
λmaλλ x

( )λλ .
.

.

.
.
.

.
.

1
4

1 012
0 251

2 275
0 555

0 387
0 0965

0 387
0 0965

+= + +⎛
⎝
⎛⎛
⎝⎝

⎞⎞
⎠⎟
⎞⎞⎞⎞
⎠⎠

= 4 037.

 

w( )

.

.

.

.

0 251
0 555
0 097
0 097

=

⎛

⎝

⎜
⎛⎛

⎜
⎜⎜

⎜
⎜⎜

⎜⎝⎝
⎜⎜

⎞

⎠

⎟
⎞⎞

⎟
⎟⎟

⎟
⎟⎟

⎟⎠⎠
⎟⎟

Judgment matrixes can be calculated accordingly.
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The maximum eigenvalue and the eigenvector are acquired as follows:
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Verify with unified indicators: CI n CR CI RI= − =CR)n−( /( ), /maxλ 1

1. As for the judgment matrix A, λ ( )λλ max . , .4 073073 0 9.= =4 073 RI

 
CI = − =4 073 4

4 1−
0 24. .

 
CR CI

RI
= = = <0 024

0 90
0 027 0 1.

.
. .<0 7 0

The degree of inconformity of the judgment matrix A is within an allowable range. At this 
time, the weight vector is replaced by the eigenvector of the judgment matrix A.
2. Verify the conformity of judgment matrixes B1, B2, B3, B4 with the above steps. Results 

are within an allowable range. Therefore, calculation results from the target layer to the 
scheme layer can be drawn in a hierarchical structure chart, shown in Figure 3.

Figure 3. Hierarchical structure chart.

Table 10. Values of RI.

n 1 2 3 4 5 6 7 8 9 10 11

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51
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Calculation results are:
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3 CONCLUSION

Both qualitative and quantitative analyses are carried out on the proportion of postgradu-
ate cultivation system of physical education training through AHP. Four aspects, including 
academic theory research, academic publishing, innovative research and ability training, are 
taken as criteria and objectives. Proportions of postgraduate cultivation system of physical 
education training in terms of cultural education, professional theories of PE and practices 
of PE can be obtained, which are respectively 29.0%, 48.3% and 22.7%. It can be concluded 
from the proportion results that theoretical knowledge of PE or modern theories takes a larger 
proportion in the whole postgraduate cultivation system of physical education training.
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Research and implementation of multi-parameter integrated 
sensor technology 

Xin Gao, Xiaofeng Qi, Weibin Shen & Ronggui Gao
Taiyuan Power Supply Company, State Grid Shanxi Electric Power Company, Taiyuan, Shanxi, China

ABSTRACT: At present, researches on sensor technology in electric power industry mainly 
involve single parameter technologies. Researches on multi-parameter sensor technology are 
still in the primary stage. Although the multi-parameter sensor technology is simply applied 
in various fields, researches and applications of multi-parameter sensor technology haven’t 
reached the advanced level yet.

Keywords: multi-parameter; integrated sensor; sensor technology

1 INTRODUCTION

Sensor technology is a cutting-edge technology of science and technology nowadays. It is 
classified as a high-tech information technology by many developed and developing coun-
tries, which is equally important as communications technology and computer technology. 
In modern society, sensor technology has become a new discipline that combines basic sci-
ence and modern technology, containing discipline of measuring technology, semiconductor 
technology, information processing technology, microelectronics, acoustics, optics, bionics, 
etc. In modern society, sensor technology is widely used in electric power, electronics, com-
munication, medical care, machinery, aviation, agriculture, and space exploration (Table 1: 
Applications of sensor technology in different fields), providing immeasurable value for the 
development of various fields as well as the improvement of technologies. With the develop-
ment of communications technology and computer technology, sensor technology tends to 
become digital and intelligent with multi-parameter. Sensor technology is now regarded as 
the primary industry of the first half  of the 21st century by many developed and developing 

Figure 1. Relationship network of sensor technology.
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Table 1. Applications of sensor technology in different fields.

Varieties of sensors Working principles Typical applications

Strain sensor Strain effect, 
piezoresistive effect

Force sensor, pressure sensor, liquid weight 
sensor, acceleration sensor

Inductive sensor Electromagnetic induction 
(self-inductance, mutual 
inductance)

Measurement of displacement, amplitude, 
rotating speed, nondestructive inspection

Capacitance sensor Convert non-electricity 
into capacitance

Capacitance sensor for pressure, thickness, 
material level, displacement

Piezoelectric sensor Piezoelectric effect Pressure sensor, acceleration sensor
Magnetoelectric sensor Electromagnetic effect Hall sensor
Thermoelectric sensor Thermoelectric effect Temperature measurement, pipe flow 

measurement
Photoelectric sensor Photoelectric effect CCD solid image sensor, optical fiber sensor
Infrared sensor Infrared radiation Passive human body displacement detector, 

infrared thermometer, infrared ray gas 
analyzer

Microwave sensor Reflection principle, 
adsorption effect

Microwave liquidometer, radiometer, level 
meter, microwave temperature sensor, 
nondestructive detector, Doppler sensor

Ultrasonic sensor Piezoelectric effect, 
magnetostrictive effect

Measurement of material level, flow, 
and thickness; flaw detection

Digital sensor Optical grating principle, 
photoelectric effect

Machine tool positioning, metrical 
instrument for length and angle

Chemical sensor Chemical reactions make 
physical properties change

Measurement of gas concentration 
and environmental humidity

Biological sensor Biochemical reaction, 
signal conversion

Food and fermentation industry, 
environmental monitoring, medical areas

Intelligent sensor Organic integration of sensor’s 
information detection and 
information processing of 
microprocessor

Military electronic systems, household 
appliances, intelligent buildings of remote 
monitoring, robot research

countries, which has direct impact on economic development. It is hoped that sensor technol-
ogy can promote the development of industries such as electric power, medical care, and avia-
tion. Experts once predicted that the country mastering sensor technology will be the most 
powerful chief  of information industry in future development of science and technology.

2  FACTORS INFLUENCING THE DEVELOPMENT OF MULTI-PARAMETER 
INTEGRATED SENSOR TECHNOLOGY

Here, some simple researches and primary technological improvement are mainly conducted in 
terms of the multi-parameter sensor technology in electric power industry. In practical working 
condition, it is obliged to monitor operating conditions of a series of equipment, such as power 
generation system, power transmission system, and power distribution system. Physical and 
chemical monitoring of each equipment in operation has to be realized by a whole set of system 
monitoring equipment. However, the current international multi-parameter sensor technology 
cannot be applied in electric power industry with large scale. It is necessary to install single moni-
toring system for each parameter to keep monitoring on the operating condition of each equip-
ment due to immature technologies and unstable operation of devices. This causes a significant 
increase not only in cost but also in working load of monitoring center. Although the multi-
parameter sensor technology is simply applied in various fields, researches and  applications of 
multi-parameter sensor technology haven’t reached the advanced level yet. Magnetic fields gen-
erated from external and internal physical quantities cannot be detected in operation process. 
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Figure 2. Framework of multi-parameter sensor.

At present, factors influencing the development of multi-parameter integrated sensor technology 
mainly involve the following aspects: Firstly, technology and information extraction of sensitive 
element materials. Secondly, the development of sensor technology lags far behind technologies 
of data transmission and network. Thirdly, researches on insufficiency of development strategy. 
For example, sensor system and sensor are two aspects that cannot be separated. Therefore, in 
this paper, further researches and discussions are carried out on the current development situa-
tion of domestic multi-parameter sensor technology.

3  APPLICATIONS OF MULTI-PARAMETER SENSOR TECHNOLOGY 
IN ELECTRIC POWER INDUSTRY

A fundamental way of implementing sensor technology is to convert physical and chemical 
quantities into electric signals, yet the reflection of a certain technology has to be realized by 
a certain equipment. Therefore, implementation of sensor technology in different fields has to 
be realized by sensor. International Electrotechnical Commission (IEC) once defined sensor in 
this way: Sensor is the front-end device in measuring system, which converts input variables into 
measurable signals that can be transmitted in certain standard and can be read with certain rules. 
At present, a most common definition is the element that converts light, magnet, force, heat, 
and chemical information into electric signals. Sensors at early stage mainly consist of two parts, 
namely sensitive elements and transition elements. According to the needs and development 
trend of sensor technology application, wireless transmission elements and signal amplifiers will 
be integrated on sensors. In electric power industry, multi-parameter sensor technology studied 
currently are mainly aggregations of multi-parameter, such as temperature, humidity, wind speed, 
illumination, pressure, and strain. Researches on multi-parameter sensor technology mainly 
include three aspects: researches on sensing devices, researches on transition element, researches 
on signal transmission. The framework of multi-parameter sensor is shown in Figure 2.

4  ACQUISITION AND TRANSMISSION OF MULTI-PARAMETER 
SENSING SIGNALS

The sensor material that is currently used in electric power industry internationally is a kind 
of crystalline material, also called piezoelectric material, which generates mobile charges due 
to uneven force. The property of piezoelectric material is that mobile charges will be gener-
ated at both ends with uneven force. Mobile charges generated on the surface of piezoelectric 
material are in direct proportion to the pressure on the surface. Because forces on the material 
surface are different, the charge center is forced to be separated due to relative displacement 
of positive and negative ions in crystal. At this time, charges on the material surface move 
to opposite directions, and the density of charge on the surface equals to the projection of 
intensity of polarization on the surface.
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According to various properties of crystalline materials, it can be determined that it is the 
most accurate and practical to use crystal valves as the core material of multi-parameter sen-
sor in electric power industry. Normally, in the production of temperature sensor, accuracy 
and stability of measurement are mainly improved by controlling geometric dimensions of 
crystal valves. Temperatures of devices under test are monitored by currents and voltages 
of both sides of the crystal material. The transmission mode of signals in crystal medium is 
presented as follows:

The translational motion equation of particles in piezoelectric material, namely Verner 
equation, is:
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When the energy is zero, the tensor form is:
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The Cauchy equation reflecting the relation between strain tensor and displacement vector 
is:

 S u= ∇,

The form of the matrix is:
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The relation between stress and strain is the generalized Hooke’s law:

 T C S⋅C

The form of the matrix is:
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Digital quantities are adopted in multi-parameter data transmission as well as the data trans-
mission between sensor interface and core board. In the meantime, transport protocols should 
be as unified as possible. Thus, requirements on sensor type of interface connection are reduced, 
which means that both temperature sensor and humidity sensor can be connected to the same 
interface. This only needs to be set artificially or in accordance with processor’s identification 
type. Sensor interface should be equipped with the function of supplying power to sensors. It 
might be necessary to process monitoring signals according to different sensors. If the obtained 
signals are analog quantities, it is necessary to conduct analog–digital conversion, integrating 
ADC and sensor together as a small circuit board and then connecting the board to sensor 
interface so as to avoid unnecessary interference in the process of transmission. If signals are 
too small, they need to be enlarged. If signals are mixed with interference, filtering processing 
is also required. Some sensors output digital signals directly, which can be connected to sensor 
interface. The above-mentioned processes should be taken into account for special sensors.

5  HARDWARE ARCHITECTURE OF THE TESTING MODULE 
OF MULTI-PARAMETER SENSOR

In the testing of multi-parameter sensor, it is necessary to take the core board that has the 
center of an embedded core processor as the carrier, which carries out early processing on 
data of multi-parameter sensor, including error, equalization, and compensation. After some 
complicated calculations of different testing modules, data are then transmitted to the sensor 
network through testing interface. Different testing modules have various testing parameters. 
Some of the modules can test multiple parameter simultaneously, while other modules can 
only test one parameter. In order to make multi-parameter sensors more practical in work-
ing environment and make testing data of each parameter more accurate and practical, it is 
required to conduct highly integration to each testing module and data conversion module. 
It is necessary to process monitoring signals according to different sensors. For example, 
if  the tested signals are analog quantities, it is necessary to conduct simple analog–digital 
 conversion. If  signals are too small, they need to be enlarged.

Figure 3. Hardware architecture of the testing module of multi-parameter sensor.
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Figure 4. Software architecture.

6  SOFTWARE ARCHITECTURE OF THE TESTING MODULE 
OF MULTI-PARAMETER SENSOR

Software architecture of the testing module refers to the programming of core board proces-
sor, main functions of which are driving, sensor coordinating, data processing, and sending, 
receiving, and inspection of network data. The design of this software is based on the real-
time operating system uC/OS-II, which is a preemptive real-time core of multiple tasks. It is 
able to not only solidify tasks but also delete tasks in the operating process. This core is of 
high stability and reliability, the distinct characteristic of which public source code, being 
convenient for upgrade and real-time maintenance. As for this project, testing modules based 
on uC/OS has advantages of full coordination of multiple tasks, being able to not only con-
trol various sensor acquisitions, data processing, and transmission, but also respond quickly 
to the conditioning of controlling part. This is to the advantage of the configuration of the 
whole testing network. Software architecture based on uC/OS is presented in Figure 4.

7 CONCLUSION

In this paper, the author mainly carries out studies on the current development situation of 
sensor technology, the construction of both hardware and software architectures of multi-pa-
rameter sensor, as well as the implementation mode of testing modules. A whole system applied 
in the electric power industry is mainly researched and developed to test different physical and 
chemical quantities. Besides, this system can add and delete different parameters dynamically 
according to the software system of internal core, causing no changes to the system.
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ABSTRACT: Regular inspection and maintenance of the substation automation system 
are the important measures to guarantee power system running steadily and safely. This 
paper discusses the range of the acceptance and routine test based on the equipment prop-
erty of substation automation system, and describes some indexes about the testing methods 
and tools; the site practice has proved that has good feasibility and application value about 
the test contents and methods.

Keywords: substation automation system; periodical examination; test

1 INTRODUCTION

The substation automation system has been comprehensively applied to various substations, 
and plays a more and more important role in the improvement of power system reliability. 
Strengthening the quality management of substation automation system equipment and sci-
entifically carrying out the regular detection and maintenance are not only the requirement 
of quality management in the modernized power enterprises, but also an important factor 
of power system security. The substation automation system equipment involves automation 
technology, communications technology, computer technology, and other disciplines. It has 
complex functions and multiple technologies, which brings many actual problems for daily 
inspection and maintenance. This article uses current technology and equipment of inspec-
tion test and incorporates the feasibility of site application to describe the detection content 
and realization method of substation automation which shall be focused.

2 OVERVIEW OF DETECTION

The substation automation system includes background monitoring computer, communica-
tion group network equipment (focus on network switch), GPS timing system, smart measure-
ment and control, protocol transmission device, etc. So the comprehensive system detection also 
includes computer, network communication, GPS timing, embedded device, and other contents.

The substation monitoring background is composed of network computer and built-in 
system software as well as the application software. As we shall select the computers with reli-
able brands in the model selection of hardware for standby redundancy, most of the system 
softwares are genuine with high and stable reliability. In the process of detection, it mainly 
prevents the invasion of virus and Trojan-horse programs, so it shall not only regularly 
check the firewall configuration and operation situation, but also use the tools in the system 
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software to regularly check the CPU load rate, memory usage condition, real-time working 
threading, and other working conditions of the computer. The application software involves 
protocol communication, database and analysis application. It has complex functions, but 
most of the manufacturers are equipped with monitor and analysis tool for relevant modules. 
In the regular inspection, we shall fully use these monitor tools to observe the working condi-
tions of hardware modules for early detection of hidden troubles.

GPS timing system receives the accurate timing information of GPS satellite and generates 
equipment time tick in different standards. In the detection, it shall be noted that whether the 
elevation of receiving antenna is enough to ensure the receipt of multiple satellite signal and 
the timing accuracy and stability of timing signals produced by clock processing equipment 
(namely the accuracy of time tick order generated after the clock function of timing system 
operates for a certain time when the antenna signal is lost). The detection of GPS timing 
system shall use the special GPS timing tester.

The communication group network test for substation automation shall be realized by 
 system-level network test composed of network switch and each communication network nodes. 
The regular switch test method may be left with part of the network hidden troubles due to fail-
ure of reflecting the defects in the cables, optical cables and nodes communication ports, so it is 
recommended to carry out regular test for the data flow rate, communication time delay, packet 
loss rate, chain path launch conditions in each node of communication network in the normal 
working conditions, as well as the network storm suppression, database throughput capacity, 
and other indexes when loading the non-operation conditions. If using the optical fiber commu-
nication, we shall also regularly detect the consumption conditions of the optical fiber.

The smart measurement and control equipment of substation automation system mainly 
realizes the analog quantity collection in the substation (such as the voltage, current and 
temperature), remote signaling collection, remote order output function, and its detection 
shall focus on the collection accuracy, parameters of input and output interface, time tick 
accuracy of device, SOE event resolution, etc., of simulation quantity.

Each smart equipment realizes the data transmission with other nodes by communication 
protocol, so the protocol reliability is an important factor to secure the normal operation of 
system. The smart equipment protocol is solidified in the device by using embedded operation 
system mode. In the usage process, it generally will not fail unless due to the hardware problems. 
So the detection of protocol shall focus on the consistency detection of protocol before the 
equipment put into operation, to ensure the completeness and robustness of protocol modules.

3 DETECTION CONTENT AND METHOD

3.1 Preparation before the detection

Before the regular inspection, we shall integrate one of the equipment power failure plans to 
conduct the placement work of site equipment situation in advance, prepare the equipment 
operation instruction according to the working content, familiarize ourselves with the rel-
evant drawings, value setting list of parameters of regular inspection equipment, master the 
regular inspection operation content, progress requirement, operation standard, and security 
precautions, and prepare the required gauges, tools, regular inspection record, and relevant 
technical information. In the process of regular inspection, we shall issue the work order and 
take every security measures.

3.2 Detection of substation automation system

3.2.1 Communication group network test
The detection of communication group network is divided into detections in working status and 
shutdown status. Figure 1 shows the schematic diagram of communication group network test.

Test the initialization frequency of test network nodes (mainly reflecting that part of the 
nodes may induce repeated interruption and connection), data flow rate of network port 
(reflecting the load size of each network node), average packet loss rate of each network 
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Figure 1. Schematic diagram of communication group network test.

Table 1. Detection result of network status of some network in normal working conditions.

Serial 
number

IP address 
(node)

Flow rate 
count

Initialization 
frequency

Average 
time delay

Packet 
loss rate

1 192.9.200.52 206.01Kbps 0 0.8ms 0%
2 192.9.200.27 196.16Kbps 0 0.8ms 0%

…… …… …… …… ……

Table 2. Detection result of network status of some network with network load.

Serial 
number

Network 
load

Remote signaling 
displacement

Remote detection 
refreshment

Remote control 
implementation

Remote adjustment 
implementation

1 10% Normal Normal Normal Normal
2 40% Normal Normal Normal Normal
3 70% Normal Normal Normal Normal
4 100% Normal Delayed Normal Normal

node, and time delay (reflecting the communication performance of each nodes) in the nor-
mal operation working conditions.

The test result in Table 1 reflects the communication quality of each network node in the 
normal operation working conditions, and the larger data flow rate of network node port 
indicates a higher time delay of network node.

To inspect the network communication reliability of emergency, and on condition that the 
system security is ensured (better in the shutdown of substation), we generally shall inspect 
the performance of system in a certain network load, and the detection method is generally 
to load a certain network load to test whether the remote signaling, remote detection, remote 
control, remote adjustment, and other aspects are normal.

The test result in Table 2 reflects the performances of the system in different network 
load.

3.2.2 Sampling accuracy test for device analog quantity
The test of sampling accuracy of analog quantity is divided into off-line test and on-line 
test.

The off-line test uses high accuracy standard power supply to add different values of volt-
age or current signal into the remote control circuit of device (such as 10%, 50%, 100%, and 
120%), check the actual input value and monitor output value of remote detection circuit and 
verify the accuracy and error range of device remote detection. In the test, we shall call the 
corresponding data of remote detection points from device LCD, monitor background and 
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main station for comparison, and the data in each point shall be basically consistent. For test 
points with larger error, we shall check the reasons.

Another on-line test is also called real-load AC accuracy test, namely in operation working 
conditions, the device uses split core type current transformer to on-line receive the real-time 
current value, collect the voltage value of voltage nodes, calculate the analog quantity of 
electric energy and other aspects, and compare it to the analog quantity value collected in the 
device itself.

The test result in Table 3 is from the simulation test of device. It uses high-accuracy standard 
power supply to add the 3-phase current and voltage signal into the device, and meanwhile uses 
real-load detection method to acquire the current and voltage value, which will be compared to 
the values collected by the measurement and control device, then the result is obtained.

3.2.3 Parameters test of IO interface in the device
IO interface test refers to the test for remote signaling collection and remote control out-
put inlet of measurement and control device. The remote signaling test may be divided into 
remote signaling storm test, SOE resolution test, and remote signaling anti-shake parameters 
test; the remote control test mainly tests the correctness of remote control output order, 
remote control pulse width, and response time of remote control order output.

Remote signaling storm test: The test method is that in an extremely short time (or at the 
same time), we may launch the multiple paths (32–128 paths) remote signaling circuit dis-
placement and check the remote signaling treatment capacity of measurement and control 
device (check from the panel or monitor background whether the remote signaling displace-
ment signal is lost) in the remote signaling storm. As for the lacking remote signaling dis-
placement signal, we shall carefully analyze and search for the reasons.

SOE resolution test: divided into resolution test in and between the substation. SOE resolu-
tion test in the substation refers to the sequence resolution capacity of each remote signaling 
displacement event in the same substation. The detection method is to output the remote sign-
aling displacement signal in a series of time intervals. The test method is as shown in Figure 2.

After delivering the remote signaling pulse group, we may check whether each remote sign-
aling displacement event of measured device or monitor background can correctly resolve the 
time sequence so as to verify whether the SOE resolution of system meets the  requirement. 
Table 4 is the test result of some measurement and control device in the critical point of 
resolution.

The test result of Table 4 indicates that some measurement and control device fails to cor-
rectly resolve the SOE time sequence at 1ms time interval.

SOE resolution test among the substation refers to the sequence resolution capacity of 
system when remote signaling displacement event in different substations occurs. The detec-
tion method is to take GPS clocks in two substations as the base clock source to set the test 
of the time interval of delivering the remote signaling displacement between two substations. 
After the test, we may check whether the remote signaling displacement sequence of dispatch 
main station is consistent with the set sequence of each tester, so as to verify whether the SOE 
resolution of system meets the requirement.

Table 3. Simulation test result of real-load sampling accuracy test for 
measurement and control device.

Remote detection 
quantity

Displayed value 
of device

Real-load 
collection value

Error 
value

Ua 100.05 100.155 0.105
Ub 99.98 100.128 0.148
Uc 100.02 100.131 0.129
Ia 4.998 4.999 0.001
Ib 4.999 5.008 0.009
…… …… …… ……
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Remote signaling anti-shake parameters test: Its detection method is to input a motion 
signal with fixed pulse width to the measuring points remote signaling. If  the input pulse 
width is larger than the remote signaling anti-shake value, the system will generate two 
reverse displacement signals, otherwise, the system will not generate displacement signal. 
Input the remote signaling anti-shake signal in the measuring points remote signaling, 
set the pulse width of  test signal and click to test. Then check whether the remote signal-
ing displacement event occurs in the measurement and control device, as the test record 
of  remote signaling anti-shake parameters for some measurement and control device in 
Table 5.

Figure 2. Schematic diagram of SOE resolution test in the substation.

Table 4. Test result of some measurement and control device in the critical point of resolution.

Serial 
number

Remote 
signaling object Remote signaling status SOE time mark Note

1 DI_1 From separation to integration 15:31:18 518ms Delivery interval 1ms
2 DI_2 From separation to integration 15:31:18 519ms
3 DI_3 From separation to integration 15:31:18 520ms Unresolvable
4 DI_4 From separation to integration 15:31:18 520ms Unresolvable
5 DI_5 From separation to integration 15:31:18 520ms Unresolvable

Table 5. Test record of remote signaling anti-shake parameters for some measurement and control 
device.

Name of 
device XXX measurement and control device

Remote 
signaling 
object

Value setting time of 
shake removal 
for device

<Value setting time >Value setting time

Operation 
record

Displacement time 
of binary input

Displacement time 
of binary input

DI_1 20ms 19ms without 
displacement

21ms with 
displacement

No abnormality 
in the test

DI_2 20ms 19ms without 
displacement

21ms with 
displacement

…… …… …… ……
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Table 6. Test record of remote control for some measurement and control device.

Serial 
number Response time

Remote 
control order

Pulse 
width

Auxiliary nodes 
response

1 10:14:32 512ms YK1 control 
closure

121ms DI_1 response 
status closure

2 10:17:21 326ms YK1 control 
opening

106ms DI_1 response 
status opening

…… …… …… …… ……

Remote control test: The method of  remote control test is to receive the remote control 
opening, closing valve order issued by measurement and control device, deliver the simu-
lated auxiliary signals of  opening and closing valve as it meets the conditions of  opening 
and closing valve, and meanwhile detect the pulse width and motion response time of  out-
let signal for opening and closing valve. And the remote control opening and closing valve 
may be issued from the measurement and control device panel or monitor background, 
mainly used to verify whether the simulated circuit breaker and auxiliary signal is correctly 
motioned so as to inspect the correctness of  delivery and verification of  remote control 
order. The test record of  remote control for some measurement and control device is as 
shown in Table 6.

3.2.4 Time tick accuracy inspection of device
In the substation, we use GPS clock and each smart device for clock synchronization. To 
inspect the time tick accuracy of measurement and control device and GPS clock synchro-
nization, we generally send a remote signaling displacement signal to measuring device 
in standard time, and compare the generated SOE time mark to that at the time of deliv-
ery to detect whether the system time error of measurement and control device meets the 
 requirement. The used standard time may be obtained by receiving the IRIG-B signal from 
special GPS clock system in the substation, which may ensure that the detection system uses 
the same time tick system as in each smart device to avoid the system error due to usage of 
different clock system. It shall also be noted that this test method neglects the time to collect 
the remote signaling displacement signal of device, which is generally small enough to be 
neglected.

4 ANALYSIS ON SYSTEM FAILURE

Most of the software and hardware failure can be judged by equipment working conditions 
information, interface status, and regular multimeter or oscilloscope. But for some irregular 
soft failure and protocol communication abnormality, we generally need some special meth-
ods to accurately position the failures. Here I will introduce some practical analysis method 
for substation automation system.

4.1 Protocol monitor

There may be occasional data loss or data abnormality in the site application of  substa-
tion automation system, so it is a good idea to monitor, record, maintain, replay, and 
analyze the point-to-point data communication against the problems. We may realize 
the monitoring record of  protocol message by monitoring the communication data from 
switch port and interpreting and analyzing the monitored protocol message by proto-
col analysis tool, which may be well applied to the failure search for protocol communi-
cation defect, such as in the connection schematic diagram of  site protocol monitor in 
Figure 3.
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4.2 Protocol accessibility test

The communication between the substation and dispatch main station of substation automa-
tion system is an important content for site debugging, which involve a great cooperation of 
substation, communication passage and main station, as well as require a large efforts from 
engineers. To ensure the communication protocol transferred from substation to dispatch 
will be rapidly accessed to dispatch system, it is required to test the transferred protocol. The 
test method is to use the protocol consistency test, namely the successive test according to 
protocol standard. But this test involves the main station protocol in the dispatch and the 
substation protocol in the substation. For implemented dispatch system, it is not practical 
to amend the protocol. So we may configure a series of protocol test orders according to 
protocol communication codes of dispatch main station to realize the controllability of pro-
tocol progress in the substation of substation automation system and the automation test of 
process division, as well as the protocol abnormality and active tips of defect, which provide 
convenience for regular technicians to inspect the accessibility of substation protocol and for 
professionals to debug the protocol communication between the main station and substation 
without passage.

5 CONCLUSION

This article discusses the acceptance and regular inspection test scope for substation auto-
mation system, integrates the actual test data to discuss the detection method for part of  the 
index, and meanwhile discusses the analysis on part of  the failure and hidden troubles in the 
practice of  substation automation system operation. By relevant discussion and analysis, 
we may see the detection methods, namely communication group network test, sampling 
accuracy test for device analog quantity, parameters test of  IO interface in the device, and 
time tick accuracy inspection of  device. In the regular measurement, the application of 
communication group network test is the most direct and convenient method. In all, it is 
difficult to realize the detection scope and practice of  substation automation system, so I’m 
expecting more and better methods to be applied to the site practice to improve the opera-
tion quality level of  substation automation system and secure the safe and stable operation 
of  power grid.
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Figure 3. Connection schematic diagram of site protocol monitor.
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Fuzzy comprehensive evaluation on the current situation 
of postgraduate cultivation of physical education training

Kai Dong & Yujie Gong
Institute of P.E., China West Normal University, Nanchong, Sichuan, China

ABSTRACT: With the growth of material and cultural level in China and the progress of 
our sports cause since the Olympics in 2008, the cultivation of sports educators becomes 
one of the key factors of physical education’s progress. The author carries out an evaluation 
on the current situation of postgraduate cultivation of physical education training in China 
from three major aspects, namely postgraduate source of physical education training, cultiva-
tion situation and postgraduate employment situation.

Keywords: physical education training; fuzzy comprehensive evaluation; postgraduate 
 education; employment

1 INTRODUCTION

The cultivation of PE professionals has drawn more attentions since the Olympics in 2008. 
The enrollment of PE majored postgraduates in China has also been improved significantly. 
In this paper, the author conducts the analysis in terms of postgraduate source of physical 
education training, cultivation situation and postgraduate employment situation.
The current situation of postgraduate source of physical education training:
Being different from postgraduates of other majors, postgraduates of physical education 
training are mainly composed of PE teachers and PE majored students. The proportion of 
PE teachers is approximately 26% and the proportion of PE majored students is 41%. It can 
be seen that PE teachers take a larger proportion.
The current situation of postgraduate cultivation of physical education training:
With the further development of China’s reform, the research orientation of physical educa-
tion training is divided in accordance with sports events. At present, there are mainly two 
patterns. One is the pattern divided in terms of sport training theories and PE educational 
theories. The other is the pattern divided in line with categories of sports events.
The current situation of postgraduate employment of physical education training:
The employment outlook of postgraduates in China is not optimistic currently, especially 
in sports cause. All PE postgraduates are faced with employment pressure due to the sharp 
increase of the enrollment. In addition to the reduction of employment standard, lots of 
postgraduates of physical education training have given up their professional disciplines and 
taken participate in civil service examination. At present, it is of great importance for post-
graduate employment that the cultivation of PE postgraduates should be strengthened and 
the employment area should be expanded.

2 THE ESTABLISHMENT OF MODEL

2.1 The establishment of fuzzy evaluation model

In fact, the simple change model of multi-modal system obtained through fuzzy evaluation 
is presented in Figure 1.
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Figure 1. Simplified model.

Table 1. Basic information of graduates majored in physical education 
training (n = 107).

Items Contents Male Female

Politics status Party member 65 22
League member  7  8
Common people  6  4

Work experience Yes 36 15
No 51 21

First degree Undergraduate 55 22
Junior college 32 14

PE as the first degree 
or not

Yes 82 32
No  5  4

Period of schooling Two years 23 10
Three years 64 26

English proficiency CET-4 66 22
CET-6  6  5

Table 2. Source of postgraduates majored in physical education training.

PE teachers PE researchers PE students Others

Number of people 26 0 41 13
Percentage % 32.5 0 51.3 16.3

Table 3. Employment statistics of postgraduates of physical education training in certain 
 universities (2007).

Universities
Total number 
of graduates

Total number of 
employed graduates

Employment 
rate

Shanghai University Of Sport  38  36 94.7%
Beijing Sport University 127  70 55.1%
East China Normal University   7   6 85.7%
Nanjing Normal University  22  22 100%
Suzhou University  52  40 76.9%
Fujian Normal University  26  25 96.1%
Zhejiang University   5   5 100%
Total 277 204 73.6%

2.2  Evaluation on the current situation of postgraduate cultivation of physical education 
training through the combination of fuzzy evaluation model

In this paper, the author gives a preliminary judgment on the current situation of postgradu-
ate cultivation of physical education training from three aspects, namely source situation, 
cultivation situation and employment situation. Results are shown in Tables 1–4.
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In this paper, the factor set U is established through the principle of fuzzy evaluation 
model, U ( )U U U UUU U UU U . Four important factors are respectively: educational cultivation 
U1, source situation U2, employment situation U3 and others U4. Table 5 can be obtained as 
follows. A small factor set is established through the four important factor sets.

Evaluation sets can be acquired through all factors listed in Table 5.

 U1UU { }u u u u1u 1 1u 2 1u 3 1u 41u 2

 U2U { }u u u u2u 1 2u 2 2u 3 2u 42u 2

 U3UU { }u u u u3u 1 3u 2 3u 3 3u 43u 2

 U4U { }u u u4u 1 4u 2 4u 34u 2

Fuzzy evaluation model can be applied to the indeterminate fuzzy operation with multiple 
factors. According to fuzzy evaluation, the author conducts operations as follows:

1. Establishment of factor set U,

 U ( )U U UkUUU U

Table 5. Index system of automatic and systematic design.

Educational cultivation U1 Source situation U2 Employment situation U3 Others U4

Educational method u11 PE teachers u21 University education u31 Current social 
situation u41

Educational means u12 Current 
graduates u22

Junior colleges and 
middle schools u32

Future 
development u42

Educational 
environment u13

Previous 
graduates u23

Civil servants u33 School management 
mode u43

Educated groups u14 Others u24 Others u34

Table 4. Formation of four PE major courses in universities.

Credit

Common 
courses

Professional 
basic courses

Compulsory 
courses

Elective 
courses

Credit
Propor-
tion Credit

Propor-
tion Credit

Propor-
tion Credit

Propor-
tion

Beijing Sport 
University

42 6 14.3 6 14.3 8 19 22 52.4

Hunan Normal 
University

28 8.5 30.4 8.5 30.4 3 10.7 8 28.5

Shanghai Jiaotong 
University

32 7 21.9 16 50 4 12.5 5 15.6

Shanxi Normal 
University

38 11 28.9 12 31.6 10 26.3 5 13.2

Tsinghua University 38 5 13.2 18 47.3 10 26.3 5 13.2
Southwest Normal 

University
38 9 23.7 12 31.6 8 21 9 23.7

Wuhan Institute of 
Physical Education

38 12 31.6 12 31.6 4 10.5 10 26.3

Northeast Normal 
University

36 12 33.3 12 33.3 6 16.7 6 16.7

Average 36.3 8.8 24.7 12 33.8 6.6 17.8 8.8 23.7
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2. Establishment of judgment set V  (judgment set),

 V ( )V V VnVVVV VV

3. Determine the ranking domain in line with the general evaluation system,

 

V { }V V V VVV VV VV VVVV
= {excellent, good, normal, bad}

The fuzzy mapping from U  to V  of  the judgment matrix is established in this paper, the 
fuzzy relationship is presented in the following matrix,

 

R

r r r
r r r

r r r

n

n

m mrr mnrr

=

⎡

⎣

⎢
⎡⎡

⎢
⎢⎢

⎢
⎢⎢

⎢
⎣⎣

⎢⎢

⎤

⎦

⎥
⎤⎤

⎥
⎥⎥

⎥
⎥⎥

⎥
⎦⎦

⎥⎥

11rr 12rr 1rr

21rr 22rr 2rr

2rmrr

�
�

� � �
�

Establish the weight set of the fuzzy comprehensive evaluation on postgraduate culti-
vation situation of physical education training, A a an( ,a , , )1 2a, , satisfying the following 
conditions:

 
ai

i

n

i
=
∑

1

1 0ai ≥ai

Each line of the fuzzy relationship R reflects the judgmental degree of the influencing fac-
tor on objects. In the meantime, each line of R reflects the judgmental degree of the influenc-
ing factor on objects.

 
r j mijrr

i

n

=
∑ =

1

1 2 3, ,2 , ,

Statistics of the importance ranking of four factors can be acquired through analysis and 
data acquisition, which is shown in Table 6.

Ranking matrixes of four aspects, educational cultivation U1UU , source situation U2U , employ-
ment situation U3UU  and others U4U , can be acquired in accordance with Table 5.

 U2U = { }23 7 6 07 6

 U2U = { }0 3 19 123

 U3UU = { }0 9 15 129

 U4U = { }4 19 10 219

The weight vector from ranking 1 to ranking 2 is:

 β { }β β β β { }ββ ββ ββ βββ } {β =

 U Ui iU U T* ⋅U βTT

 U U U U1 2U UU 3 4U U9 3 6 6* *U13 * *U3 9.2U 9 , U3UU .4U 6=U2U =U4U

Through normalization processing in this paper,

 U U1 2U UU 3 4U U0U2U 3 UUU 0U4U 15* *0 35 U * *0 2 U. ,3 .U2U U4U
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It can be acquired that:

 A = ( )
Membership degree of evaluation established in this paper is shown in Table 7.
Evaluations on four indicators acquired in this paper, educational cultivation U1UU , source 

situation U2U , employment situation U3UU  and others U4U , are presented in Table 8.
Fuzzy sets of weight factors of monolayer indicator obtained in this paper are:

 U1UU * { }U U U U1UU 1 1UU 2 1UU 3 1UU 41UU 2 1UU 4 = { }0 24 0 36 0 26 0 14.0 , .0 , .0 , .0

 U2U * { }U U U U2U 1 2U 2 2U 3 2U 42U 2 2U 4 = { }0 50 0 1 0 25 0 14.0 , .0 , .0 , .0

 U1UU * { }U U U U3UU 1 3U 2 3UU 3 3U 43UU 2 3UU 4 = { }0 4 0 3 0 1 0 2.0 , .0 , .0 , .0

 U1UU * { }U U U4U 1 4U 2 4U 34U 2 = { }0 3 0 4 0 3. ,3 . ,4 .

Transformation functions of grade evaluation of each factor are established correspond-
ingly as follows:
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Table 6. Statistics of the importance ranking of four factors.

Categories Ranking 1 Ranking 2 Ranking 3 Ranking 4

Educational cultivation U1 23  7  6  0
Source situation U2  0  3 19 12
Employment situation U3  0  9 15 12
Others U4  4 19 10  2

Table 7. Membership degree of evaluation.

Evaluation

Grade setting

0–60 60–80 80–90 90–100

Excellent 0 0 0.05 0.95
Good 0 0.05 0.9 0.05
Normal 0.05 0.9 0.05 0
Bad 0.95 0.05 0 0
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According to evaluations in Table 6, evaluation sets of four aspects, educational cultiva-
tion U1UU , source situation U2U , employment situation U3UU  and others U4U , can be acquired with the 
combination of membership degree of evaluations in Table 3:
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The following operations are conducted in line with fuzzy evaluation:
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Fuzzy combinations on V are evaluation set B.

Table 8. Evaluations on different indicators of physical education and training.

Indicators Evaluations Indicators Evaluations

Educational method u11 Excellent Higher education u31 Excellent
Educational means u12 Normal Junior colleges, 

middle schools u32

Good

Educational environment u13 Excellent Civil servants, etc. u33 Good
Educational group u14 Excellent Social situation u41 Normal
PE teachers u21 Normal Future development u42 Good
Current graduates u22 Excellent School management mode u43 Normal
Previous graduates u23 Good Social situation u41 Good
Others u24 Good
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In this paper, operations are conducted in line with fuzzy evaluation:
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Fuzzy combinations on V are evaluation set B. The following operation is conducted on 
four evaluation sets, namely educational cultivation U1UU , source situation U2U , employment situ-
ation U3UU  and others U4U :

 B A Ri iB A iR⋅A

Through normalization processing on BiB , the fuzzy evaluation matrix can be acquired as 
follows:
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Comprehensive evaluations are:

 Z U B⋅U = ( )*

3 CONCLUSION

It can be seen from fuzzy evaluations that results are general because 0.34 > 0.24 > 0.21 = 0.21. 
This indicates that the postgraduate cultivation situation of physical education training in China 
is not optimistic, especially in terms of graduate employment. For example, in educational culti-
vation, it concludes in this paper that theoretical knowledge of PE major takes a larger propor-
tion in the whole system of postgraduate education of PE training. In student source, sources 
of PE teachers become more and more. In employment, graduates of physical education train-
ing mainly concentrate in colleges of higher education while less in junior colleges and middle 
schools. There are many graduates who give up the employment of their own majors.

REFERENCES

[1]  Zhao, X. & Song, G.D. (2006) Employment Situation of Postgraduates in China and Countermeas-
ures of School Education Management. Journal of Liaoning Administration College, 05: 112–11.

[2]  Zheng, J.Y. & Yang, Y.M. (2003) Current employment situation and countermeasures of PE majored 
graduates in Zhejiang province. Sports Culture Guide, (12): 46–47.

[3]  Wei, J.S., Zou, L.C. & Huang, Z.L., et al. (2004) A conceive of majors and degrees of PE majored 
postgraduates. Journal of Guangzhou Sports University, 24(4).

[4]  Yang, X.L. (2007) An investigation and research on the cultivation situation of PE training majored 
postgraduates in North China. Chongqing University, 4.

[5]  Hu, Y.S. (2008) An investigation and research on the employment situation of PE training majored 
postgraduates. East China Normal University, 5.

[6]  Zhou, K. & Zhou, Y.L. (2010) A study on the optimization of postgraduate cultivation of physical 
education training in China. Journal of Anhui Sports Science, (01).

[7]  Li, X.L., Wang, L.G., Zhao, K. & Liu, L. (2009) Improvement and application of fuzzy judgment in 
water quality evaluation. Journal of Water Resources and Water Engineering, 20(5): 5–8.

[8]  Zhou, K., Zeng, Q.T., Yang, G.S. & Zhou, Y.L. (2005) Research on postgraduate cultivation pro-
gram of PE training in China. Chinese Sports Science and Technology, (01).

FRANKIC_Book.indb   329FRANKIC_Book.indb   329 3/6/2015   10:00:29 AM3/6/2015   10:00:29 AM



This page intentionally left blankThis page intentionally left blank



Information Technology and Career Education – Shao, Shu & Tian (Eds)
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02781-7

331

Research of the relations between the transmittance 
of fundamental frequency laser and the intracavity 
optical parametric oscillator

Xinjie Yan, Shui Zhao, Weina Sun, Lei Li, Hu Zhao & Mingfa Deng
Beijing Oriental Sharp Laser Technology Co. Ltd., Beijing, China

ABSTRACT: Considering that the large pulse energy of the fundamental frequency laser 
in the intracavity pumped Optical Parametric Oscillator (OPO) can cause damage of the 
optical components, a new method of making the fundamental frequency laser backward 
output is adopted, which reduces the power density in the laser cavity. We describe a KTP-
OPO which transmitting backward fundamental frequency light and outputting 1.57 μm 
laser. The 1.57 μm laser energy is reduced while increasing the transmittance of backward 
fundamental frequency laser. When the transmittance of backward fundamental frequency is 
20%, 52 mJ 1.57 μm output energy is obtained. We have concluded the relation between the 
transmittance of backward fundamental frequency beam and the output energy. The relation 
between the energy of pumped light and efficiency of OPO is obtained.

Keywords: intracavity OPO; backward transmission; KTP-OPO

1 INTRODUCTION

The laser distance measuring and the laser precision-guided munition have received many 
applications in the modern military fields. Due to that the laser distance measuring equip-
ments around 1.06 μm can cause seriously eye damage and even blindness, many research 
groups have been developing new eye-safe military laser equipments. Optical Parametric 
Oscillator (OPO) is an effective way of transforming 1.06 μm laser wavelength of Nd: YAG 
to 1.57 μm, which is located in the eye safe radiation. Meanwhile, the OPO show many 
advantages such as low threshold, high efficiency, high repetition frequency, compact solid-
state configuration and high reliability. Comparing with other eye-safe lasers[1,2], the high 
repetition frequency of OPO can meet the military requirements, which greatly expand appli-
cations of the eye-safe lasers in the military. In 1991, Mashall et al.[3–5] had obtained the 
eye-safe laser by pumped KTP crystal with Nd:YAG, whose efficiency were 47% and 60%, 
respectively. Such kinds of OPO from American Schwartz Company have received the output 
of 500 mJ/pulse, the repetition frequency of 10 Hz[6]. Prasad et al.[7] have studied the diode-
pumped Nd: MgO: LiNbO3 OPOL devices, obtaining the output wavelength tunability of 
1.54 μm, the output energy of 15 mJ /pulse, the pulse width of 10 ns, the divergence angle of 
6 mrad, the maximum repetition frequency of 1 Hz. As the source of laser distance measur-
ing equipment, OPO need to consider several technical indicators such as single pulse energy, 
pulse width and beam divergence angle, while these indicators are restricted with each other. 
Considering that there are no studies reported in the relations between the transmittance of 
backward fundamental frequency beam and the output characteristics, we have presented a 
1.57 μm Inner cavity OPO (IOPO) eye-safe laser pumped by Nd: YAG 1.06 μm laser. When 
the transmittance of backward fundamental frequency beam is 5%, 52-mJ output energy is 
obtained. The effect of the transmittance of backward fundamental frequency beam on the 
output energy is discussed.
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Figure 1. Schematic diagram of experimental laser setup.

2 EXPERIMENTAL SETUP

A schematic drawing of the experimental setup is shown in Figure  1. The plane-parallel opti-
cal resonator of the 1.06 μm Nd: YAG is 0.3 m long, having two mirrors M1 and M3. One 
face of the mirror M3 is highly reflection coated at 1.064 μm and 40% transmitted at 1.57 μm, 
whereas the other face is highly transmitted coated at 1.57 μm. We have chosen the different 
transmission of mirror M1 with 5%, 7%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%, 60% and 
70%. The 1.57 μm plane-parallel optical resonator is 35 cm long with two mirrors M2 and M3. 
One face of the mirror M2 is high transmission coated at 1.064 μm, whereas the other face is 
highly reflected at 1.57 μm and Antireflection (AR) coated at 1.06 μm. The fundamental fre-
quency laser is generated by LD side-pumped two serial Nd:YAG rods which are 30 mm long, 
6 mm diam, AR-coated on both ends at 1.064 mm. The Electro-Optic  Modulator (EOM) 
Q-switched crystal LiNbO3 (LN) with AR coated at two end faces at 1.06 μm realize the func-
tion of Q-switching associating with 1/4λ wave plate. The 8 × 8 × 25 (mm) KTP crystal, whose 
end faces are antireflection coated at 1.06 and 1.57 μm, is cut as θ = 90°, ϕ = 0° along the x 
crystallographic axis for type II noncritical phase-matching interaction.

3 EXPERIMENTAL AND ANALYTICAL RESULTS

When the 1.06 μm laser wavelength passes through the KTP crystal, the 1.57 μm signal 
light is generated due with the crystal nonlinear effects. After these light reach at the mirror 
M3, a portion of  it is transmitted while the rest is reflected to the KTP crystal amplified 
again. The amplified light then all-reflected by M2 and amplified by KTP circularly. By 
use of  the energy detector (J50, Coherent Company) we have measured the output energy 
of  the signal light and the backward fundamental frequency light. We have also measured 
the output pulse waveform using the storage oscilloscope (TEK2TDS3032C) with room 
temperature germanium detector (PVM-10.6, American VIGO Company). When the pump 
energy of  1.06 μm laser is 0.9 J with transmittance of  backward fundamental frequency 
20%, 42 mJ 1.57 μm output energy and 7ns pulse width are obtained, while the energy of 
backward 1.06 μm laser is 19 mJ. According to the experimental researching, the pulse width 
of  1.57 μm remain approximately when changing the transmittance of  backward fundamen-
tal frequency, meanwhile obtaining different energy value of  1.57 and 1.06 μm laser, shown 
in Figures 2 and 3.

The relation between the 1.06 μm intensity Iinc and the transmission R is given by[8]
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We have simulated the curve of 1.06 μm energy under different transmission, showed in 
Figure 4.
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Figure 2. The dependence of 1.57 μm output energy on transmittance of fundamental frequency laser.

Figure 3. The dependence of 1.06 μm output energy on transmittance of fundamental frequency laser.
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Figure 4. The dependence of intracavity 1.06 μm energy on transmittance of fundamental frequency 
laser.

Figure 5. The dependence of OPO efficiency on pumped laser energy.
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Figure 6. The dependence of OPO efficiency on Nsro.

Then we can obtained the non-linear conversion efficiency of OPO based on the energy of 
1.06 μm, showed in Figure 5.

The KTP and the mirrors of OPO cavity have linearly-loss before the energy of 1.06 μm 
reaches the IOPO threshold, then the laser intensity of 1.06 μm enhanced by increasing the 
LD power. IOPO begins to work when the energy of 1.06 μm reaches the IOPO threshold, 
generating 1.57 μm signal wavelength, permitting it to pass through the output IOPO mirror 
M3 in the stable state. Because of 3.3 μm light in the cavity can not be oscillated, the OPO 
system is single resonant operated. The relation between the threshold of pumped light and 
efficiency of OPO is given by[9]
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 η = sinii 2Γ  (3)

where sinii 2 2Γ / /2 1Γ , ( ) //1 N I I) /SRN O S,, RO p i)I ) n p/ I/ii th. Then we can conclude the relation between effi-
ciency of OPO and Nsro, showed in Figure 6.

By analyzing the data from Figures 5 and 6, we can see that the experimental result is coin-
cided with the theory dramatically.

4 CONCLUSION

In summary, we have demonstrated the operation of KTP IOPO, pumped by an electro-
 optically Q-switched Nd:YAG laser. Eye-safe signal radiation at 1.57 μm wavelength 
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is  generated. The effect of the transmittance of backward fundamental frequency beam on 
the output energy is discussed. By reasonably choosing the transmission of the backward 
light, we can optimize the conversion efficiency, reduce the laser intensity and avoid the dam-
age of optical devices in the cavity. Therefore, the above works show great reference value 
when designing the eye-safe 1.57 μm lasers.
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