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Abstract: Transformation equipment conditional monitoring technology is the key technology of intelligent 
substation construction, and it is also one of the core content of intelligent substation construction. Guangxi 
power grid has constructed a sensor network based variable and integrated electrical equipment on-line 
monitoring and evaluation platform. In the platform, through the equipment fault diagnosis and risk assessment, 
management personnel can perform equipment unit integrated state analysis and diagnosis. By this way, failure 
of equipment can be forecasted and fixed. However, since the reasons of equipment faults are complexity and 
are caused by diverse facets, some complex faults are difficult to be accurately diagnosed with information 
system only. Therefore, it earnestly requires the support of external human experts. External experts are living in 
different places of our country and even around the world, they have high professional knowledge and academic 
authority in the field of equipment running and management. For the actual need of Guangxi power grid, we 
developed a remote fault diagnosis system for transformation equipment in Guangxi Power Grid. In the system, 
experts can access Guangxi power grid’s information of fault equipment quickly and conveniently. Moreover, 
the experts can keep close communication with Guangxi power grid’s equipment management personnel. The 
system is in accordance with the advanced, practical, safe, reliable and extensible telecommunications standard 
for system planning and design. By running the system in Guangxi power grid for nearly a year, the 
performance of the system is proved to be good and the operation effect is good too. The system effectively 
improves the level of substation’s equipment management and the efficiency of fault treatment. 
Copyright © 2013 IFSA. 
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1. Introduction 
 

Transformation equipment condition monitoring 
and evaluation system [1] is an important content of 
the construction of Intelligent electric grid, it includes 
various advanced sensor technologies, digital 

technologies, embedded computer technologies, 
communication technologies, distributed online 
monitoring technologies, fault diagnosis and 
prediction technologies for the realization of all types 
of power equipment’s operation state real time 
perception, monitoring, analysis, prediction and fault 
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diagnosis [2,3,4]. Transformation equipment 
condition monitoring technology is a key technology 
of intelligent substation construction, and is one of 
the core content of intelligent substation construction. 

Guangxi power grid has constructed a variable 
electrical equipment on-line monitoring and 
evaluation platform, which can unify the data 
processing, transmission and access methods of 
substation equipment condition monitoring system, 
and access existing on-line monitoring data of 
Guangxi power grid, to access the new pilot 
transformers (oil chromatogram and micro water, 
partial discharge, insulation casing, condition 
monitoring information, cooling unit, switch with 
load monitoring) [5, 6, 7], circuit Breakers (partial 
discharge, density of micro water, action 
characteristic) [8, 9], GIS (partial discharge) [10], 
capacitive equipments (dielectric loss and 
capacitance) [11], etc. The platform make use of the 
offline detection data and the data of equipment 
operation and maintenance (which are in the 
production MIS and technical supervision system of 
Guangxi power grid), and it uses artificial 
intelligence method for equipment fault diagnosis 
and condition and risk assessment, finally achieve the 
equipment unit integrated state analysis and diagnosis. 
By this way, early-warning of equipments’ failures is 
achieved, and comprehensive monitoring and 
operation management of substation equipments in 
the whole gird is realized. Moreover, monitoring data 
can be shown two-dimensional and three-dimensional 
model. 

However, because of the complexity and diversity 
of the cause of the equipment fault, it is difficult to 
accurately diagnose some complex faults only 
depend on information system. Therefore, we 
earnestly require external expert’s support. External 
experts often live in different places of our country 
and even around the world, and they have large 
amount of professional knowledge and their 
academic authority is high. In order to ensure they 
can conveniently and quickly access Guangxi power 
grid’s fault equipment information, and maintain 
close communication exchange with the Guangxi 
power grid’s equipment management personnel at the 
same time, there must be a high quality video and 
data exchange platform. 

For the actual need of Guangxi power grid, we 
developed a transformation equipment remote fault 
diagnosis system based on video conference in 
Guangxi power grid. The system seamless integrates 
with the existing substation equipment integrated on-
line monitoring and evaluation platform of Guangxi 
power grid, and it can create virtual venues for the 
experts that distribute in multiple locations. The 
experts can enter the venue by internet. The system 
can provide remote video diagnosis of experts to 
solve the problem of equipment fault. For the system, 
it has a lot of useful functions, such as equipment 
failure remote video diagnosis with many dialect 
video interactive, electronic whiteboards, dynamic 
PPT, file sharing, collaborative browsing, media 

player, desktop sharing, text communication, file 
transfer, conference record, the control and 
management, entry mode selection, bandwidth 
adaptation, server backup and extended services 
support, etc. 

 
 

2. Sensor Network and Video Conference 
Technology 

 
2.1. Sensor Network 
 

Sensor network is composed of large amount of 
sensor nodes that are distributed among a large field. 
The nodes work with cooperation to monitor some 
objects’ conditions, such as temperature, sound, etc. 
In each node, there are one or more sensors and has a 
radio receiver and a sender. Through the receiver and 
the sender, the node can receive or send data from or 
to other nodes. Each node has a tiny battery with 
limited energy, so the node will turn into sleep mode 
when it does not work to conserve its energy. 
 
 
2.2. Video Conference Technology 
 

Video conference technology is using some 
devices such as television, computer and telephone, 
etc., to enable multiple users to communicate with 
each other in different places. Users’ sound and 
image are transmitted by Internet with real time. In 
the conference, users can discuss “face by face”, and 
they can share their picture, file and data with each 
other. Therefore, the video conference can substitute 
the traditional conference. 

 
 

3. General Structure of the System 
 

Transformation equipment remote fault diagnosis 
system based on video conference is embedded in the 
Guangxi power grid’s substation equipment 
integrated on-line monitoring and evaluation platform. 
Remote experts in different geographical locations 
can access the system by internet, and they focus on 
the equipment’s malfunction and solve related 
problems. The structure of the system is shown in the 
Figs. 1 and 2. 

In Fig. 1, we can see that the transformation 
equipment remote fault diagnosis system includes 
some hardware such as microphone, speaker, mixer, 
television, etc. These hardware equipments are 
connected by audio cable or video cable, so they 
form a united platform. The platform attaches 
importance to the compatibility of the whole system. 
Hardware equipments can connect with each other. 
Moreover, the platform can support the H.323 
protocol which is designed for the remote video 
system. In the platform, all kinds of video 
conferences can be implemented. 
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Fig. 1. Hardware infrastructure of the transformation equipment remote fault diagnosis system. 
 
 

 
 

Fig. 2. The overall structure of the system. 
 
 

In Fig. 2, we can see the overall structure of the 
remote fault diagnosis system for transformation 
equipment. In the system, transformation 
equipment’s fault information is sensed by large 
amount of sensors deployed on the substation. The 
fault information is delivered to the system in real 
time, so each one that logged in the system can see 
the fault information of different transformation 
equipments. However, the reasons of different fault 
information are complex, so the management people 
are hard to solve the equipment’s problem. Therefore, 
we need some advises and opinions of high level 
experts. Such experts often live in different places, so 

they are hard to be invited to help us. Now, they can 
easily be invited by our remote fault diagnosis system. 
Through the system, remote experts can logged a 
virtual meeting room and discuss with us by Internet. 
By this way, the reason of fault information can be 
found quickly.  

In the system, high quality audio devices can 
ensure the discuss fluency. We suggest that high-end 
audio devices should be chose when the system is 
deployed. For audio input devices, their sensitivity 
degree should be in the range of 150 Hz and 10 KHz. 
The range of audio input can avoid the happen of 
squeal. Now, directional microphone is often used, 
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for it fits the requirement of above sensitivity degree. 
For users that conduct a conference in a large 
meeting room, wireless microphone or all-around 
microphone should be used for they have better 
mobility. For audio output devices, we suggest that 
high quality conference sound system should be used. 
If the meeting room is in a large area and the 
speakers’ locations are disperse, the input of audio 
may receives multiple sound input. In these situations, 
a phenomenon of echo is appeared. In order to solve 
this problem, we should deploy power amplifier or 
tone tuning devices to reduce the phenomenon. 

For video devices deployment, we also need some 
high quality devices. For video input devices, the 
combination of analog camera and video capture card 
is selected. The combination can support the capture 
of conference image with wide range. Moreover, it 
can enlarge the tiny or remote objects with high 
intelligibility. In our system, the camera provides 
wider translation or bias scope and faster translation 
or bias mechanism, so it has wider visual angle. 
Moreover, it integrates light compensate function, 
which can show the image sharply. 

For remote experts or users, they can connect to 
the system in their offices or their home. In order to 
show a better effect to other people that join the 
discussion, each expert or user should arrange their 
offices with mini and high definition camera, 
desktop-style all-round microphone, such as shown in 
Fig. 3.  

 
 

 
 

Fig. 3. The conference room of remote  
experts or users. 

 
 

We also consider the situation that an expert is on 
a business trip when the discussion is performed. In 
order to help the expert join the discussion, we 
provide a mobile meeting function in the system. In 
the function, the expert can use 3G network and his 
notebook computer to log in the system. He can use 
the camera and microphone in the notebook computer 
to see and talk with other people. If the expert does 
not have a notebook computer, we also provide a 
function that he can log in the system with his mobile 
phone. Therefore, our system is fit for the users that 
often go outside for business. 

 

4. System Function 
 

4.1. Audio and Video 
 
High performance speech engine: smooth, stable, 

with audio and video performance enhancement, 
meeting coordination function, can integrate the 
leading cloud computing technology. 

High fidelity audio mixing technology: 20 high 
fidelity audio concurrency, mix reached optimal 
audio reduction rate and noise elimination effect. 

Sound audio processing technology: with noise 
suppression (ANS), echo cancellation (AEC), gain 
compensation (GC) and other functions. 

Full HD, SDTV video image support: standard-
definition video image (D1); support for full HD 
1080P video codec. 

Application from the boardroom to the desktop: 
support the application of room conference to 
desktop popular conference; support video device 
resolution adaptive technology, image quality free 
control, and support the bandwidth setting and 
dynamic adjustment. 

 
 

4.2. The Meeting Collaboration 
 
Support the online sharing and interaction of text, 

document, picture, desktop, procedures, webpage, 
multimedia files and whiteboard, and provide online 
voting, real-time statistics and results of release 
function, and support the recording of conference 
process. 

Support the free setup of session bandwidth and 
flow rate. 

 
 

4.3. The Conference Management 
 
Support the permission setting of the entering of 

conference room (virtual venue), roll call, meeting 
recording, video browsing, etc. 

Support multiple conference server clusters, reduce 
server bandwidth and load. 

 
 

4.4. The Network Adaptability and Security 
 
Support the access of ISDN, ADSL, dial, 

dedicated line, LAN, 3G mobile networks and other 
network. 

Support the way of sign in by the Socks agent 
registry. 

 
 

4.5. Extended Application 
 
Provides perfect interfaces and realizes seamless 

integration with the substation equipment integrated 
on-line monitoring and evaluation platform. 
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The interfaces include conference management, 
conference, and user authentication module, etc. 

Support C/S, B/S structure, and can convenient 
integrate with different other softwares. 

Support the windows operating system and ios, 
android platform (intelligent operating system); 

Support all kinds of PC machine, notebook 
computer, iPhone, iPad, Android based intelligent 
mobile phones and computers. 

 
 

5. Hardware and Software 
Configurations of the System 
 

5.1. Hardware Configuration of the System 
 

1) Audio input, output, enhancing equipments: 
microphone, audio, power amplifier, mixer; 

2) Video input, output devices: video conferencing 
cameras, capture card, TV, projection and the like; 

3) Server and client devices: PC server, 
workstation; 

4) Transmission media: cable and other equipment; 
5) Office equipments: printers; 
 
 

5.2. Software Configuration of the System 
 
1) The system is composed by application software 

of the system, database software (Oracle 9i), and 
supporting software ( e.g., data decoding software). 

2) Application software: It has software reliability, 
compatibility, portability, scalability and the friendly 
interface; It’s performance should meet the 
requirements of users and long-term planning; It 
supports the deployment of cross platform software 

and a variety of database system, and it supports 
G.711, G.723, G.729 protocols; It should be SOA 
mode of multilayer architecture, and has the 
characteristics of modular design, easy to modify and 
maintain, etc. 

3) Database software’s structure should adapt to 
the requirement of distributed controls, and it should 
have good maintainability and provide the users with 
standard interface to access database. 

4) The supporting software includes safety support 
module, data exchange module, data support module, 
development module, etc. 

 
 
6. System Implementation 
 
6.1. System Deployment 

 
The system has client software and server software, 

and external experts only need to install the client 
software. After their installing of the client software, 
they can enter the system at any time on the Internet. 
The system has a high-end technology of 8 remixes 
of voice, and 20 people can speak at the same time in 
the system. Moreover, it can play 25 videos at the 
same time, and each one can click other participants’ 
list to see other people’s videos. The videos can be 
expanded and displayed by full screen. In conference 
control, the system provides the pattern of free 
speaking, which makes the participants can operation 
conveniently and the meeting is easier to be 
controlled. On the server side of the system, it 
supports video server distribution and cascade. It 
makes full use of the local area network’s bandwidth 
and reduces the use of internet’s network bandwidth. 
System connection diagram as shown in Fig. 4. 

 
 

 
 

Fig. 4. The implementation of the system in Guangxi power grid. 
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In the aspect of data collaborative browsing, the 
system is also good. Take the electronic white board 
as example, there are more than 30 operations and all 
the operations can be done in electronic documents. 
The electronic whiteboard also provides a view mode 
of thumbnail, which is unique. The function of 
document sharing is very powerful, various 
documents including: TXT, Word, Excel, PowerPoint, 
BMP, JPG and so on, can be shared to the 
participants with easy way. Therefore, the experts can 
communicate with the equipment management 
personnel conveniently. 

In terms of performance: The system can ensure 
that the 50 people participate in the process of 
equipment fault diagnosis by remote video, the 
exchange of video and audio is stable, fluency and 
clarity, and won't appear picture / sound interrupt and 
data loss; 

Software processing: The system can seamless 
integrate the existing substation equipment integrated 
on-line monitoring and evaluation platform of 
Guangxi power grid, and it can provide functions 
such as multi-party interaction, electronic whiteboard, 
dynamic PPT, file sharing, collaborative browsing, 
media player, desktop sharing, text communication, 
file transfer, conference record, the control and 
management of the conference, entry mode choose, 
bandwidth adaptation, server backup and extended 

services support, etc. It can build virtual venue for the 
experts in different locations, and the experts can sign 
in by the Internet. 

 
 

6.2. The Decision Process of Management 
Departments 

 
The system gets analysis and evaluation of reports 

from various functional modules. Then the reports 
are reported to management departments immediately. 
Related manager should examine and verify the 
devices’ states and their evaluating results. By this 
way, equipment manager creates flexible flow setting 
and tracking mechanism to accomplish the mission. 

Management departments’ decision can be divided 
as: department audit, department approval, 
department countersignature, leader’s approval and 
back draft. 
 
 
6.2.1. Decision-initiation 

 
When related people find the problem of one 

device or warning of the machines, they can read the 
detail information of the device. Then they can find 
the problem of the device, and analysis reports. The 
decision flow is shown in Fig. 5. 

 
 

 
 

Fig. 5. The interface of decision-initiation. 
 
 

6.2.2. Decision-making Process 
 

Initiated process creator selection process node, the 
appropriate personnel in the task list will receive the 
decision-making tasks. Decision makers can view the 
report or download files through online audit state or 
evaluation report, submitted to the process and to 
their own opinion and decision-making information. 
Decision-makers in every decision-making process 
can be treated audit report rollback initiator further 
confirm the problem or to provide better data, but 
also can extend the process, decision-makers can own 

that may give an opinion on the report people to join 
in the process, decision main interface is shown in 
Fig. 6. 

 
 

6.2.3. Decision-making Process Tracking 
 

View the state of the decision-making process in 
the current platform (Fig. 7). 

View process, double-click or click the Action 
button, open the following detailed information  
(Fig. 8). 
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Fig. 6. The interface of decision-making process. 
 
 

 
 

Fig. 7. The interface of Decision-making process tracking. 
 
 

 
 

Fig. 8. The interface of decision-making result. 
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6.3. Application in 500 kV Intelligent 
Substation Combining with Information 
Visualization Technology 

 
Information visualization technology is a keeper 

of information and data conversion for the people can 
intuitively understand image graphics or image 
expression technology, so as to provide a more 
efficient, effective managers. With the gradual 
increase in the level of China's power grid equipment, 
the operating performance is close to international 
standard, and how to improve the scientific 
management level of substation production and 
operation has become the focus. According to the 
domestic and international experience, information 
visualization is one of the key technologies that solve 
the substation intelligent management. 

This project examines the development needs of 
intelligent substation, power enterprises considering 
various safety procedures, including grid scheduling, 
automation, relay protection, centralized control 
substation the unmanned station run guidelines, 
design visualization platform data model and visual 
inspection system and the two functions of the 
simulation interactive training system based on-line 
monitoring of the network architecture, according to 
the substation management needs, can not only 
improve the quality of online monitoring to eliminate 
hidden dangers in a timely manner, but also by a high 
degree of simulation training to improve the quality 
of the management staff, put an end to the misuse of 
due process, equipment unskilled, reduce operating 
and maintenance of accident. 

 
 

6.3.1. Data Modeling 
 

Before the data modeling work, we should select 
the development tools first. According to the current 
research of 3D graphics real-time rendering 
technology: scene modeling, scene management, 
model simplification and multi-resolution 
identification, geometric model code, calculation, 
texture, image based rendering, parallel / distributed 
graphics rendering, hardware acceleration, 
considering simplifying the development process, 
improve the efficiency of the development, finally 
choose the 3DStudio Max as a modeling tool, 
Unity3D as a virtual reality tool. 

Members of HLA distributed simulation system 
model based on structure is the key to 3D simulation 
platform, intelligent substation model can be divided 
into two categories: action characteristics or the 
electrical characteristics of the model and general 
model. The former refers to all kinds of electric 
power equipment in substation, including transformer, 
circuit breaker, isolating switch, a device and a 
transformer, operating mechanism box, box and other 
auxiliary equipment and so on; the latter refers to the 
geographical environment in substation, such as 
various buildings, towers, ground and so on. 

According to the description of the physical, the 
substation is abstracted as following: three-
dimensional simulation model elements of 3D model, 
action characteristics, electrical characteristics, data 
class interface. 

Each model class definitions and function are as 
follows: the 3D model by 3DStudio Max combined 
elements of different sub models to create physical 
model, and enhance the visual authenticity through 
the texture and materials; action characteristic 
element describes the equipment movement, such as 
the switch switching, trolley pushed out, support key 
frame model by these movements in 3Dscene. And 
display process through key frame interpolation 
between processing; Electrical characteristics of 
elements such as description of equipment anomalies, 
transformer oil, insulator magnetic bottle rupture, 
switch to smoke, porcelain cracking, redness and 
other fault through the sub model show alternating, 
rust, dirt ground equipment fault replacement to 
achieve through the texture, and steam, smoke, 
explosions and other realized by particle system 
effects function; data interface element provides a 
data interface interactive simulation object and 
system, data interface here generally refers to the 
Unity3D environment for two-dimensional data table 
of all kinds of information related to record and 
describe the implementation of the model, then the 
platform of information exchange. 

 
 

6.3.2. The Implementation of the Model 
 

A lot of electric power equipment in substation is 
very close in the model and function, so the model 
and function are used as element description, again 
by the element compound reducing these devices. 
The elements of technology in the reduction model, 
detailed classified by structure and movement of 
various substation equipment, extract the key 
information, the basic elements are decomposed into 
several reusable, and in accordance with the logic of 
the system memory to integrate the classification, 
accurately grasp the overall features. Application of 
essential technology, greatly reducing the modeling 
workload, improves the efficiency of development.  

Combined model is divided into two categories 
respectively, the scene system model and system of 
Virtual Substation model. The system equipment 
model directly determines the operating speed of the 
system and Virtual Substation Scene fidelity, here 
main transformer, switch, knife switch, a site 
equipment simulation equipment model through the 
3D Studio MAX object modeling tools to build, 
transformer, arrester, operating mechanism box, 
control cabinet, on-line monitoring equipment and 
auxiliary equipment model, as well as the control 
room, the geographical environment of substation 
environment model. Scene model used the Unity3D 
software, based on the actual substation as a model, 
in accordance with the terrain data layout and 
collected on the spot, with the main wiring of power 
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system diagram, camera settings, lighting, materials, 
textures and other environmental parameters in the 
development environment, complete the Virtual 
Substation scene. 

 
 

7. Conclusions 
 

The remote equipment fault diagnosis system in 
Guangxi Power Grid uses advanced, practical, safe, 
reliable and extensible standards in the system’s 
planning and design. Through the practical use in 
Guangxi power grid for near a year, the performance 
of the system and the operation effect is proved to be 
well, and it effectively improves the level of 
substation’s equipment management and the 
efficiency of equipment’s fault treatment. 
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