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INTRODUCTION 

1.  BACKGROUND 

2. OBJECTIVES AND SCOPE OF RESEARCH  

- Main objectives of the research are to find out techniques for 
management of power transformer quality during operation, enabling timely 
detection of faults "budding" inside thereof to minimize as much as possible the 
loss caused by blackouts due to transformer fault, avoiding transformer severe 
damages which require large cost for repair. The research objectives can be listed 
as follows:  

+ Study DGA data collection to build a data management system for 
research and management of transformer quality. 

+ Summarize methods of quality assessment of transformers, and study 
techniques, standards to assess transformer quality based on DGA. 

+ Analyze other researches on DGA based-diagnosis of transformers that 
have been published on IEEE, hence to objectively evaluate the possibility to 
apply and develop these techniques in power sector of Vietnam.  

+ Build a better AI based model that can diagnose through DGA the 
incipient faults in oil-insulated transformers, hence contribute to the development 
of these techniques in Vietnam and other countries.  

- Scope of the research: Study methods for transformer health 
evaluation, including traditional ones that need isolation of transformers from 
power system; online DGA based methods, partial discharge, build DGA database 
of transformers in question; study of AI application in transformer diagnosis 
(ANN, EPS) to reduce power loss caused by transformer faults, thus minimize the 
loss suffered by the power utilities and the community. 

3. RESEARCH METHODOLOGY 

 The research uses a combination of theoretical and experimental studies: 
- Theoretical studies: Analyze methods to diagnose transformer incipient 

faults that have been published all over the world; regulations and standards of 
transformer assessment used by power companies; DGA based-diagnosis 
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techniques; expert systems, artificial neural networks and application of AI in 
transformer diagnosis that have been published for the past 20 years. 

- Experimental studies: Observe, do statistical analysis of DGA data 
extracted from researches published on IEEE; Give comments and 
recommendations on regulations and standards of transformer quality assessment 
in Vietnam; diagnosis assessment of traditional DGA based-methods; 
experimental diagnosis on a number of transformers in Vietnam in combination 
with results provided by oil sampling and DGA technicians, and diagnosis 
analysts, in a convenient, cost-saving and timely manner. 

4. SCIENTIFIC SIGNIFICANCE AND CONTRIBUTION OF THE 
RESEARCH 

a. Scientific and practical significance: Though online transformer diagnosis is 
very essential, so far there has been no study, theoretically and practically, on 
DGA based-online diagnosis of transformers.  

Scientifically, the thesis covers a remarkable volume of works regarding 
experimenting and acquiring the experience from DGA experts worldwide, 
inheriting in a selective manner the advantages of the above mentioned methods 
and successfully set up two “new models”, which are weighting expert system, 
and hybrid model of MLP neural networks and classified EPSs, which help to 
obtain an accuracy of up to 90% in diagnosis of transformer incipient faults, with 
sufficiently large learning and testing samples. 

Practically, this research has done a significant work relating to theory 
and experience of DGA experts in the world and, to some extent, met the need of 
Vietnam power sector in collection of data and experience. Scientifically, the 
research was a success in applying a tool of modern science to develop a new 
diagnostic model to undertake an enormous volume of work with a quite high 
accuracy.  
b. Contribution of the research   

 1. The research has systematically provided power industry managers 
and technicians with essential knowledge of DGA-based methods to detect early 
the abnormal conditions inside transformer during operation, and to clearly 
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recognize the importance of online diagnosis conducted during transformer 
operation and the benefits yielded by DGA techniques, thereby to enable the 
building of effective policy for investment and maintenance of transformer. 

 2. Collect, process and build a data set with substantial size, reliability 
and low cost; build a data management system with a user friendly interface and 
high security that can be used by end-users, power companies in diagnosis and 
managing transformer quality.  

3. Summarize 10 main traditional DGA based methods of transformer 
diagnosis and build diagnosis expert systems based on traditional techniques; 
assess diagnosis capability of the systems to be used as a basis that enables the 
managers in drawing conclusions on transformer conditions. 

4. Building new weighted expert system suitable for transformer 
diagnosis. This method proved to be a reliable one with a diagnosis accuracy quite 
high comparing to publicized traditional EPS. 

5. Build a hybrid model between MLP artificial neural network and 
classified EPS to diagnose transformer incipient faults with high accuracy.  

6. Based on AI technology, build an effective tool for chromatography 
machine operators to fully exploit the equipment performance, and the 
transformer operators to rapidly inspect the transformer quality with high 
reliability. The research is indeed successful in simplifying a complex technique 
with high reliability. The research also serves as a basis for recommendations to 
be made to Vietnam Power Sector with regard to application of AI in transformer 
management.        

7. The research has built a web-based diagnosis system that can be found 
on the Website of A Vuong Hydropower J. S. Company 
(http://avuong.com/transformer diagnosis in two languages, Vietnamese and 
English, which has been visited more than 800,000 times by experts from many 
countries including Russia, China, Canada, US, Japan, France, Malaysia … . In 
some month, the number of visits has reached tens of thousands (over 500 visits 
each day).  

http://avuong.com/
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5.  STRUCTURE OF THE RESEARCH  

In addition to introduction and conclusion sections, the research includes 6 
chapters. 
 
Chapter 1: Overview of  methods for transformer condition evaluation based on 

DGA;  

Chapter 2: Building of DGA database; 

Chapter 3: DGA based methods for diagnose transformer incipient faults; 

Chapter 4: Builds a weighted expert system to diagnose transformer incipient 

faults; 

Chapter 5: Mathematical model of MLP to diagnose transformer incipient faults 

Chapter 6: Artificial neural network (MLP)  with hybrid classified EPSs in 

diagnosis of transformer’s incipient faults- Application in Viet Nam Power 

System  

Chapter 1 

OVERVIEW OF METHODS FOR TRANSFORMER CONDITION 
EVALUATION BASED ON DGA 

1.1 INTRODUCTION    

1.1.1  Methods for supervising transformer  

1.1.2  Factors that cause decrease in transformer service life & Methodology 

for diagnosis of transformer incipient faults 

Electrical (overvoltage, short-circuit, overload);  
Chemical (decomposition of insulating: oil, paper; humidity);  
Thermal (overload, manufacturing defects, cooling system...)                      

 Transformer faults are usually caused by insulation system, the reasons of 
which may be short-circuit, overvoltage, overload so we can diagnose transformer 
incipient faults by evaluating insulation quality of transformer oil.  
1.1.3 Decomposition of insulation 
Decomposition of insulation oil caused by electrical and thermal factors. 
Decomposition of solid insulation (paper) caused by electrical and thermal factors. 
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1.1.4 Test to evaluate transformer insulation 

1.2 TRANSFORMER FAULT AND DGA FOR DIAGNOSIS OF TRANS.  

INCIPIENT FAULTS 

 Online diagnosis of transformer incipient faults is the process of 

identifying transformer status based on DGA without the need to disconnect the 

transformer  

from the grid. 

1.2.1 Transformer fault & causing: 

 - Type of transformer faults: according to IEEE C57.125; C57.104 [28]:  arcing 

(HQ); corona (VQ); overheat of solid and liquid insulation (QN). 

-  Factors causing transformer faults: A certain fault can be the result of one or 

more factors, and several faults may be resulted from just one cause (Table 1.1) 

[1], [28] so identification of faults and causes is very difficult. So far, DGA has 

proved to be one of the best techniques to diagnose transformer incipient faults.  

Table 1.1: Transformer defects and causes 
Cause Defect 

 Arcing 
(HQ) 

Corona 
(VQ)  

Overheat 
Cellulose (QN)  

Overheat 
Oil (QN)  

1. Short-circuit of coils X  X  
2. Open circuit of coil X  X  
3. Internal operation of  LTC   X    
4. Winding distortion or displacement  X X  
5. Lead distortion or displacement  X X  
6. Loosen connectors at wire-ends X X X  
7. Water or too much humidity in oil X X   
8. Metal dust X X   
9. Loosen connector of corona insulation  X   
10. Squeeze liquid ring, middle, grounding 
wire,  positioning points  X   

11. Break-through fault   X  
12. Overload   X X 
13. Defect of insulation screw    X 
14. Rust or other damage to the core    X 
15. Damaged shunt packs of tank    X 
16. Block in oil circulation    X 
17. Defects of cooling system    X 
1.2.2- Typical gases of transformers in fault conditions:  
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 - Relationship between temperature and gas emission rate is illustrated in figure 
1.2 

 
 
 
 
   

     Fig 1.2. Detailed description of the relationship between °t and gas emission. 
-  Gases emitted in case of transformer fault may be identified in 2 groups   

+ Hydrocarbon & Hydrogen (5 gases): CH4; C2H6; C2H4; C2H2; H2 
+Carbon oxides (2 gases): CO; CO2     

- Other (two gases that are not involved in faults): N2; O2 
- Faults and gases emitted   

+Corona:  main gas is H2  
+Overheat:  main gases are CH4 and C2H4 

               +Arcing: main gases are H2 and C2H2 
1.2.3-. Traditional DGA based methods for transformer diagnosis  

Currently, there are 10 methods: Dornenburg; Roger; Roger-r; traditional 
IEC; IEC599-r… , but the diagnosis accuracy of most of them is still low.  
1.3 AI FOR TRANS. INCIPIENT FAULTS DIAGNOSIS BASED ON DGA 
           During the period of 1987 - 2011, there were more than 400 researches 

published on IEEE (according to statistics done by the author, among them are 26 

EPSs, 72 ANNs, 58 FL and ANN-FL ; 20 ANN-EPS ; 248 DGA and related ones)               

1.3.1 Expert system (EPS) for transformer incipient diagnosis  

1.3.2 Artificial neural network for transformer incipient diagnosis   

1.4 CONCLUSION 

 Evaluation of insulation quality through dissolved gas analysis (DGA) 
can help diagnose transformer incipient faults. Chapter 1 generally introduces 
methods to diagnose transformer incipient faults: DGA, AI methods,... where 
DGA based AI method proved to be more advantageous than others, therefore the 
thesis will be concentrated on this method. Also in this chapter, review of 
published researches (by various researchers) where AI was used to diagnose 
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transformer based on DGA from 1980s till present is made. The following are 
comments and evaluation resulted from such review: 
         - Dissolved gas analysis is the most successful technique to diagnose 
transformer incipient faults, knowledge and experience of researchers can be 
accessed in published documents from 1980s. 
        - AI techniques used for transformer diagnosis in Vietnam and other 
countries have not obtained high accuracy, therefore, more research needs to be 
carried out on these techniques. 
         - It is an urgent task to build up a DGA managing system for VN Power 
Sector. 
         - It is essential to build  an “open” system for transformer diagnosis through 
Internet that is enable us to know the transformer conditions immediately and at 
no cost. This is the world’s first publicized diagnosis system (webpage 
avuong.com section transformer diagnosis) 

  
Chapter 2 BUILDING OF DGA DATABASE 

2.1 INTRODUCTION TO DGA DATA 

2.2 METHODS TO COLLECT DGA DATA  

2.2.1- Overview of DGA data management in Vietnam’s power sector: There 
is few data and they are not systemized. 
2.2.2- Methods to collect DGA data for study: most are indirect methods. 
2.2.3- Origins of data samples: Showed in Table 2.1 

Table 2.1: Source of data collected (Appendices 2.1 and 2.2) 
No. Source Normal Fault  (QN, VQ, HQ) No. samples 
1 IEEE 124 376 500 
2 ETC& power plant in Vietnam 250 23 273 
3 Dr. Michel Duval 0 91 91 
4 Total 374 490 864 

2.2.4-. Building data sets for study: Data set 1 (DL1), set 2 (DL2), set3 (DL3), 
set 4 (DL4), set 5 (DL5) and Data set 6 (DL6). 
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2.3 DATABASE DESIGN FOR TRANSFORMER DIAGNOSIS  
2.4 DATABASE MANAGEMENT SOFTWARE 
 
 The thesis uses Microsoft Visual C# programming language and 

Microsoft Access database to build DGA data management system for 

transformer diagnosis. Model of database management system is illustrated in 

figure 2.3. Categorization of DGA data according to Author/Source/Year is 

introduced in figure 2.10. 

2.5  CONCLUSION 
Application of AI in transformer’s incipient fault diagnosis requires real 

DGA data while in Vietnam there is too little data available (no more than 20 fault 
data), thus the first step to be taken in the research is to establish a data base. 

Chapter 2 presents indirect method of data collection from IEEE, from 
Dr. Duval at IREQ (Canada),... (mainly from malfunctioning transformers), and a 
few hundreds samples mainly from normal transformers taken by testing centers 
(ETCs) in Vietnam. Data samples are classified, processed, and integrated in a 
database to be used for studies in the future. The author uses a data management 
system based on Microsoft Visual C# programming language Microsoft Access 
for study of AI transformer diagnosis methods. The system also includes a user 
friendly interface that effectively supports the diagnosis and serves as a forum 
where DGA data are shared, and experience in transformer diagnosis are 
exchanged. The database management software would be a capable tool for the 
author’s studies as presented in the next chapters of the thesis. 
 
Chapter 3 
ESTABLISHMENT OF EXPERT SYSTEM FOR DIAGNOSIS OF 
TRANS.’S 

INCIPIENT FAULTS USING CONVENTIONAL DGA METHOD 

3.1 SETTING UP OF LAWS AND BUILDING OF EPS FROM 
CONVENTIONAL METHODS FOR TRANSFORMER DIAGNOSIS  

 The methods Dornenburg, Rogers, Rogers revised, IEC 599, IEC 599 
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revised, Key gases, Jica, EPS.Wang, Duval Triangle,… have been the objects of 
this research, and from such methods, the core knowledge which are diagnosis 
laws are taken to build 10 EPS for transformer diagnosis, using Microsoft Visual 
C# programming language, with following results from data set 1 of 433 samples: 

No. Method Correct (samples ,%) Average 
accuracy 
(Sample, %) 

False 
(Sample, 
%) 

Not 
diagnosed 
(Sample, 
%) 

  BT (normal) VQ  
(corona) 

QN 
(overheat) 

HQ 
(acring) 

EPS1 Dornenburg 119 
(63.98%) 7 (21.88%) 

100 
(74.07%) 

6 
 (7.5%) 

232, 
(53.58%) 

60 
(13.86%) 

144 
(33.26%) 

EPS2 Roger 0  
(0%) 

4 
(12.5%) 

126 
(93.33%) 

39 
(48.75%) 169 (39.03%) 

188 
(43.42%) 

76 
 (17.55%) 

EPS3 Roger- r 8 
 (4,3%) 

7 
(21.88%) 74 (54,81%) 

38 
(47.5%) 127 (29.33%) 

74 
(17.09%) 

232 
(53.58%) 

EPS4 IEC 599 17  
(9.14%) 6 (18.75%) 

116 
(85.93%) 

5 
(6.255%) 

144, 
(33.26%) 

153 
(35.33%) 

136 
(31.41%) 

EPS5 IEC 599- r 16 
 (8.6%) 

13 
(40.63%) 

121 
(89.63%) 

75 
(93.75%) 

225, 
(51.96%) 

208 
(48.04%) 

0  
(0 %) 

EPS6 Key gases 163 
(87.63%) 

4  
(12.5%) 

1 
 (0.74%) 

14 
(17.5%) 

182, 
(42.03%) 

251 
(57.97%) 

0  
(0 %) 

EPS7 JICA 
30 (16.13%) 

1  
(3.13%) 98 (72.59%) 

7 
8.755%) 136 (31.41%) 

69 
(15.94%) 

228 
(52.66%) 

EPS8 EPS Wang 
59 (31.72%) 

0  
(0%) 99 (73.33%) 

20 
(25%) 

178, 
(41.11%) 

207 
(47.81%) 

48 
 (11.09%) 

EPS9 Russian 
Energy 
Institute 117 (62.9%) 12 (37.5%) 

106 
(78.52%) 

33 
 (41.25%) 268 (61.89%) 

163 
(37.64%) 

2 
(0 .46%) 

EPS10 Duval triangle 
80 (43.01%) 5 (15.63%) 

114 
(84.44%) 

70 
(87.5%) 

269 
(62.12%) 

164 
(37.88%) 

0 
 (0 %) 

3.2   CONCLUSION  

Presented in this Chapter are sufficient knowledge of 10 conventional 
methods for DGA based diagnosis of transformer’s incipient faults, thereby 10 
expert systems are established to evaluate the diagnosis accuracy of the said 
methods, each has its own diagnosis features with different accuracy for each 
status, on the same data set DL 1 of 433 samples.  

Results obtained, under the research, by conventional DGA based methods 
enable a thorough evaluation of diagnosis accuracy of each method. The diagnosis 
accuracy of a method may be quite high at one status but very low at another. 
Under such a situation which poses a difficulty to evaluation, the following 
conclusion is drawn: The accuracy of conventional DGA based methods has not 
been high in diagnosis of transformer incipient faults. While the results obtained 
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by conventional EPS methods are not unique it is essential to refer to practical 
experience from experts and results from other methods before any conclusion can 
be reached (on maintenance or shutdown…). 

 
Chapter 4  

BUILDING WEIGHTED EXPERT SYSTEM  
TO DIAGNOSE TRANSFORMER’S INCIPIENT FAULTS 

There have been many DGA based-methods to diagnose transformer published 
during the past 50 years. However, so far these methods have limited diagnosis 
accuracy and application. Weighted EPS was studied by the author based on 
assessment of 10 DGA conventional methods, exploiting and correcting 
knowledge of 10 EPSs of dataset 1 to form a new EPS method, namely weighted 
EPS which possesses higher diagnosis accuracy. 

4.1 WEIGHTED EPS FOR DIAGNOSIS OF TRANS.’S INCIPIENT 
FAULTS 

4.1.1 Introduction to weighted method:  
Weighted EPS is a new method based on principle of council, and 

correction of "knowledge" of dataset 1, where knowledge is represented by 
weighted coefficients of statuses. 
Content 1 (Rule 1): Identification of state weights 
 State coefficient )(k

iX  of method i (Dornenburg, Roger…) and status k 
(BT /QN /VQ /HQ), (Table 4.2) 

                      
)(

)()(
)(

k

k
i

k
ik

i TX
SXDX

X
−

=      (4.1)  (refer to final page for 

explanation) 

Table 4.2: State weights of 10 method 

No. 
(i) 

Method 

State weights of methods 

BT-SC QN-PD HQ-VQ 

BT SC QN PD VQ HQ 

 No. samples 186 247 135 112 32 80 

1 Dornenburg 0.67 0.69 0.79 0.52 0.31 0.28 
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2 Rogers Ratio 0 0.45 0.6 0.42 0.13 0.45 
3 Rogers revised 0.04 0.72 0.68 0.68 0.13 0.64 
4 IEC 599 0.11 0.53 0.49 0.19 0.19 0.04 
5 IEC 599 revised 0.06 0.3 0.84 0.83 0.34 0.76 
6 Key Gas 0.4 0.55 0 0 0 0.05 
7 JICA 0.37 0.74 0.72 0.34 0 0.17 
8 EPS.Wang 0.29 0.51 0.12 0.11 0 0.24 
9 Russia Energy Institute 0.5 0.62 0.75 0.82 0 0.23 
10 Duval Triangles 0.32 0.49 0.67 0.71 0.13 0.78 

Content 2 (Rule 2): State warnings 
Each expert can give only one warning of transformer state. 

Denotes: 
)(k

icbX : Warning of state k made by expert i 
Content (Rule 3): Identify diagnosis result 

The maximum value of sum of products of state weighted and warning 

states of every state diagnosed by "council-corrected as per weight", which is the 

diagnosis result of weighted EPS (expressed according to BT-SC (normal- fault), 

we get the following result, and similar results for other cases)  

  ( ) ( )







== ∑ ∑

= =

10

1i

10

1i

SC
i

SC
i

SCBT
i

BT
i

BT XXTTXXTT .cb,.cbMax  

4.1.2 Establishment of weighted EVN.EPS2 for transformer diagnosis 
Weighted EPS method identifies 4 warning states of transformer as: BT, QN, VQ, 
HQ is formed by means of Microsoft Visual C# programming language. 

4.2 OPERATION OF WEIGHTED EPS 

The program comprises modules: Main Interface, Diagnosis Result, 
Diagnosis Report, and other functionalities as described in Figures 4.1 and 4.2.  
4.2.1-Diagnosis case 1  

DGA sample was taken from database of Dr. Duval (data set DL2) and 
the actual fault was QN (overheat):     
H2= 130 ppm; CH4=140 ppm; C2H2 = 0 ppm;  C2H4 = 120 ppm; C2H6 = 24 ppm;                                                              
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Fig. 4.3: Transformer and sample information Fig. 4.4: Diagnosis results of EPSs 

            Through result in Figure 4.4 we have: 8 methods gave "QN"; 1 method 
gave "VQ"; 1 method gave "BT"    
From Figure 4.4 we have state warning for each method in Table 4.3. 
                             

Table 4.3: State warning of weighted EPS for case 1 

Me. Result 
BT
icbX  

SC
icbX  

QN
icbX  

PD
icbX  

VQ
icbX  

HQ
icbX  

 
Remark 

1 QN (Dor) 0 1 1 0 0 0  
2 QN (Ro) 0 1 1 0 0 0  
3 QN (Ro-r) 0 1 1 0 0 0  
4 QN(IEC) 0 1 1 0 0 0  
5 QN (IEC-r) 0 1 1 0 0 0  
6 VQ (key gas) 0 1 0 1 1 0  
7 BT (Jica)  1 0 0 0 0 0  
8 QN (EPS W.) 0 1 1 0 0 0  
9 QN (R. E.I.)  0 1 1 0 0 0  
10 QN (Duval)  0 1 1 0 0 0  

a. State identification: BT and SC (use state weighted from table 4.2) 

TTBT = (0,67 x BT
1cbX ) + (0,04 x BT

3cbX ) + (0,11 x BT
4cbX ) + (0,06 x BT

5cbX ) + (0,4 x 
BT
6cbX ) + (0,37 x BT

7cbX ) + (0,29 x BT
8cbX ) + (0,5 x BT

9cbX ) +  (0,32 x BT
10cbX )  

      = (0,67 x 0) + (0,04 x 0) + (0,11 x 0) + (0,06 x 0) + (0,4 x 0) + (0,37 x 1) + (0,29 x 0) + (0,5 

x 0) +  (0,32 x 0)  = 0,37 

TTSC = (0,69 x SC
1cbX ) + (0,45 x SC

2cbX ) + (0,72 x SC
3cbX ) + (0,53 x SC

4cbX ) + (0,3 x 
SC
5cbX ) + (0,55 x SC

6cbX ) + (0,74 x SC
7cbX ) + (0,51 x SC

8cbX ) + (0,62 x SC
9cbX ) + 
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(0,49 x SC
10cbX ) 

       = (0,69 x 1) + (0,45 x 1) + (0,72 x 1) + (0,53 x 1) + (0,3 x 1) + (0,55 x 1) + (0,74 x 0) + 

(0,51 x 1) + (0,62 x 1) + (0,49 x 1)= 4,86 

Result (BT-SC) = Max(TTBT = 0,37 ,TTSC = 4,86) 

                              = SC, and the program will continue to identify QN-PD 
b. State identification: QN and PD 

TTQN = (0,79 x QN
1cbX ) + (0,6 x QN

2cbX ) + (0,68 x QN
3cbX ) + (0,49 x QN

4cbX ) + (0,84 

x QN
5cbX ) + (0,72 x QN

7cbX )+ (0,12 x QN
8cbX ) + (0,75 x QN

9cbX ) + (0,67 x QN
10cbX )  

        = (0,79 x 1) + (0,6 x 1) + (0,68 x 1) + (0,49 x 1) + (0,84 x 1) + (0,72 x 0)+ (0,12 x 1) + 

(0,75 x 1) + (0,67 x 1) = 4,94 

TTPD = (0,52 x PD
1cbX ) + (0,42 x PD

2cbX ) + (0,68 x PD
3cbX ) + (0,19 x PD

4cbX ) + (0,83 

x PD
5cbX ) + (0,34 x PD

7cbX )+ (0,11 x PD
8cbX ) + (0,82 x PD

9cbX ) + (0,71 x PD
10cbX )  

       = (0,52 x 0) + (0,42 x 0) + (0,68 x 0) + (0,19 x 0) + (0,83 x 0) + (0,34 x 0)+ (0,11 x 0) + 

(0,82 x 0) + (0,71 x 0) = 0 

Result (QN-PD) = Max(TTQN = 4,94 ,TTPD = 0 ) 
                               = QN, and the program will give warning of "QN", then Stop. 

Conclusion: Weighted EPS method gives right diagnosis of QN, in line with 
actual condition of transformer. 
4.2.2-Diagnosis case 2: DGA of  500kV/15,75kV- 72MVA Ialy HydroPower 
Co. HQ  (EVN Power magazin, No.12-2005 pages 60-61&No 1- 2006 pages 
66-67.  

Result (VQ-HQ) = Max(VQ = 0,34 ,HQ = 1,42 )= HQ 
Conclusion: Weighted EPS method gives right diagnosis of HQ, in line with 
actual condition of transformer. 

4.3 DIAGNOSIS ACCURACY OF WEIGHTED EPS PROGRAM 

Tested with 431 samples in data set DL2, we’ve got 374 right case out of 
431 (percentage of 86.8%) 

Table 4.5: Diagnosis accuracy of weighted EPS in term of fault type 
No. Fault type Data set DL2 Weighted EPS Right diagnosis in % of 

cases 
1 Normal      (BT) 188 170 90,4% 
2 Overheat    (QN) 134 123 91,8% 
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3 Corona       (VQ) 29 9 31.03% 
4 Arcing        (HQ) 80 72 90% 
5 Average 431 374 86.8% 

4.4   CONCLUSION 
Weighted EPS method is a new method based on diagnosis results of 10 

traditional EPS, and "knowledge" of dataset 1, exploiting and correcting the 
knowledge of 10 EPS based on actual data of dataset 1, thereby a new EPS, 
namely weighted EPS is successfully built, enabling transformer diagnosis with 
higher accuracy and reliability, this can help save time and reduce the requirement 
for expert's level. With test set DL2 (431 samples) weighted EPS do not have 
unidentified cases, which is an advantage over traditional expert systems.  

Excluding corona, diagnosis accuracy of weighted EPS for other fault types 
is higher than publicized traditional EPSs (BT, HQ and QN more than 90%). For 
corona (VQ), diagnosis accuracy is still low and reference to other methods like 
ANN-EPS2 EVN (see Chapter 6) is recommended in order to have better result.  

Chapter 5  
MATHEMATICAL MODEL OF ANN-MLP NETWORK TO 

DIAGNOSE TRANSFORMER INCIPIENT FAULTS 

5.1   INTRODUCTION TO ARTIFICIAL NEURAL NETWORKS  (ANN) 

5.2 MATHEMATICAL MODEL OF MULTI-LAYER PERCEPTRON 
NETWORK (MLP) 

5.3 CONCLUSION  

This chapter contains summarized ANN basic theory, ANN mathematic 
configurations, ANN applications generally in the power network, and particularly 
in equipment diagnosis. The chapter also sums up the scope of ANN applications, 
in which the MPL neural network proves to possess the ability of learning-
accumulating knowledge, and applying such learned knowledge in diagnosis of 
electrical equipment conditions. It is based on such ability that the MLP artificial 
neural network is selected for establishment of a model for diagnosis of 
transformer incipient faults.     

http://www2.ccc.uni-erlangen.de/publications/ANN-book/publications/ACS-41-94.pdf
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Chapter 6 
ARTIFICIAL NEURAL NETWORK (MLP) WITH HYBRID CLASSIFIED 

EPSs IN DIAGNOSIS OF TRANSFORMER’S INCIPIENT FAULTS - 
APPLICATION IN VIETNAM POWER SYSTEM 

6.1 BUILDING OF INTEGRATED SYSTEMS OF MLP ANNs TO 
DIAGNOSE TRANSFORMER’S INCIPIENT FAULTS 

- Criteria for selection of the model to be used in the research: In the research, 
selection of model and network architecture is made through testing method, with 
rapid training convergence and small final fault tolerance, the model is considered 
good, meeting the requirements set forth for the problem of diagnosis. 
- Architecture of the model under research: Based on the study of publicized 
models in the world, the research creates a new model, which is a model that 
includes independent network modules with the inputs being concentration 
dissolved gases and the outputs being bi-state (Figure 6.10), and each module 
being a MLP neural network equipped with similarity cognition according to logic 
"righ-wrong”, (BT: normal; SC: fault; PD: discharge….) 

 
 
 
 

 
 
    

6.2.  SELECTION OF OPTIMAL MLP MODEL (1st TIME, WITH 
ACCURACY ACCORDING TO NUMBER OF OUTPUTS)   

The first time optimal MLP model is selected according to an 
experimental method. Any MLP model (of 5 inputs, one or two hidden layers, or 
of 2-4 outputs) which has a high diagnostic accuracy and a number of hidden-
layer neurons that least affect the diagnosis result is considered first time optimal 
model.             
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6.2.1. MLP model to be examined for selection of optimal MLP model  

There are 42 MLP models of 1-2 hidden layers; M= 5 inputs and output 
neurons N=2 or 3 or 4. 

6.2.2. Data sets used in first time optimization: Data sets DL4 and DL5          

6.2.3. Diagnostic accuracy  

6.2.4. Conclusion on first time optimal MLP model 

             The two output MLP models above are able to learn more DGA samples. 
In the first optimization, the two output MPL model of 1 or 2 hidden layers has a 
higher and reliable diagnostic accuracy, suitable to the research model, therefore it 
is selected for further contents of this research.  

6.3  DGA BASED CLASSIFYING EXPERT SYSTEM METHOD  

6.3.1  Transformer Total Combustible Gas (TCG) Method:   IEEE C57-
104TM. 

       Recommendations used in the thesis are introduced in Tables 6.6 and 6.7. 
 Table 6.6: Limits of main dissolved gases concentration (ppm). 
Status Condition 1 Condition 2 Condition 3 Condition 4 Remarks 
H2 100 101÷700 701÷1800 > 1800  
CH4 120 121÷400 401÷1000 > 1000  
C2H2 35 36÷50 51÷80 > 80  
C2H4 50 51÷100 101÷200 > 200  
C2H6 65 66÷100 101÷150 > 150  
CO 350 351÷570 571÷1400 > 1400  
CO2 2500 2500÷4000 4001÷10000 >10000  
TCG  720 721÷1920 1921÷4630 > 4630  

Table 6.7: Actions based on TCG method (ppm). 

Condi. Total Combustible Gas (TCG)  Recommendation 
1 TCG<720 ppm indicates that transformer is at 

normal operation. Any gas that exceeds its threshold 
given in Table 6.6 will necessitate further 
examination.  

continue operation  

 If TCG<720 ppm and speed of gas generation >30, 
then 
R1 shall be required.  

Recommendation 1 (R1): 
analyze each gas carefully to 
find out the cause   

2 721 ÷ 1921 ppm: TCG higher than normal. Any gas 
that exceeds its threshold given in Table 6.6 will 
necessitate further examination. It means a fault 
may exist.  

Recommendation 1 (R1): 
analyze each gas carefully to 
find out the cause   
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3 1921 ÷ 4630 ppm: TCG at this level indicates heavy 
decomposition of insulation (paper or oil). Any gas 
that exceeds its threshold given in Table 6.6 will 
necessitate further examination for a possible fault.  

Recommendation 2 (R2): Be 
extremely cautious, analyze 
each gas to find out the cause, 
plan for power shutdown and 
contact manufacturer for 
remedial action.   

4 a. TCG>4630 ppm and speed of gas generation ≤30: 
TCG at this level indicates a severe decomposition 
of insulation paper and/or oil. Continue of operation 
will lead to damage of transformer. Actions to be 
taken as per R2 

b. TCG>4630ppm and speed of gas generation >30: 

Action taken as per R3 

R2: as above 

 
R3: a severe condition, 
consider isolation transformer 
from the grid, immediately 
contact manufacturer for 
action.  

6.3.2  Data classification according to TCG 

As per tables 6.7, when TCG is at condition 3 or 4 and action is as per 
R2, there is possibility of a fault, any decision on operation must be extremely 
prudent. Taking into account of the fact and comparing with a 864 sample dataset, 
the research introduces a new way of classification according to TBG (with TBG 
being defined according to formula 6.1) and classifies the data into 2 layers. TBG 
includes 5 main gases, which are: H2  ;CH4 ;C2H2 ;C2H4 ;C2H6, with:  

TBG = TCG – CO                                   (6.1)  
Layer 1: Sensible area, TBG= (25- 2000ppm), including limits of 

conditions 1 and 2 of TCG, this is  the most important layer, which likely cause 
confusion to diagnosis of whether there is any incipient fault or not. This layer is 
divided into three sub-layers: Sublayer 1: 25 ppm ≤ TBG < 110 ppm; Sublayer 2: 
110 ppm ≤ TBG < 500 ppm; Sublayer 3: 500 ppm ≤ TBG < 2000 ppm.   

Layer 2: Special area, TBG > 2000ppm, including conditions 3 and 4: 
occurrence of abnormalities in this layer is most likely, and existence of some 
incipient faults becomes clearer. Based on TBG, the sub-layers, and datasets 1 and 
2 (DL1 and DL2), the classification as per transformer status enables the training 
ability of MLP network, as follows: 

a. One status:  when TBG   ≤ 25ppm  
Total number of samples = 96, the area has only one status, which is 

NORMAL ,and is absolutely safe.   
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b. Four states:  25 ppm <TBG ≤ 500 ppm, divided into 2 areas: 
- first area:      25 ppm < TBG ≤ 110 ppm; Total 234 samples, with 4 

transformer statuses: 204 normal (BT) samples, 18 overheat  (QN) samples, 6 
corona (VQ) samples, 6 arcing (HQ) samples. 

- second area:     110 ppm < TBG ≤ 500 ppm; Total 225 samples, with 4 
transformer statuses: 74 normal (BT) samples, 79 overheat  (QN) samples, 24 
corona (VQ) samples, 48 arcing (HQ) samples. 

c. Three statuses:  TBG > 500 ppm, divided into 2 areas: 
- Third area:     500 ppm < TBG ≤ 2000 ppm; Total 130 samples, most of  

this area has 3 statuses: 69 overheat  (QN),  13 corona (VQ), 48 arc. (HQ) 
samples.  

- Fourth area:      TBG > 2000ppm:   Total 179 samples, this area has 3 
statuses: 103 overheat  (QN) samples,  18 corona (VQ), 58 arcing (HQ) samples.  

6.4   SELECTION OF OPTIMAL MLP MODEL (2nd TIME) FOR TBG  

 Classified EPS-ANN hybrid system is a term used to indicate the 
combination of ANN and classifying EPS to resolve the trans. diagnostic problem 
and to improve the learning ability of the model for higher diagnostic accuracy. 

In the first optimization where MLP architecture is selected for 
transformer diagnosis problem,14 MLP networks (each with 5 inputs, 1 or 2 
hidden layers of 2 outputs) are selected, and the diagnostic results are all 94% at 
data set DL4. The second optimization is made to select MLP networks for hybrid 
ANN-classifying EPS system among the above mentioned 14 networks. The 
selection criterion is the diagnostic accuracy of each network, for each sub-layer. 
The optimal network of each sub-layer is the one of highest accuracy in diagnosis 
of data samples belong to such sub-layer. Finally three optimal MLP are selected 
for the research:  5x20x2, 5x25x2, and 5x25x12x2. 



 19 

6.5  HYBRID MODEL OF TWO-OUTPUT MLP AND EPS, WITH 
CLASSIFIED TBG. 

Hybrid program of MLP and EPS- TBG is the program that combines the 
EPS knowledge using classifying method with MLP two-output modules, with 
logic model “right-wrong” resolution, which can resolve the training overflow 
issue with sufficiently large quantity of learning samples.   

6.5.1 Hybrid neural network ANN-EPS2 EVN  

6.5.2. Model of MLP network modules integrated with TBG classified EPSs 
to diagnose transformers: introduced in Figure 6.21. 

BEGIN

TBG= H2+ CH4+ C2H2+ 
C2H4+C2H6

TBG > 25 ppm

TBG > 110  ppm

TBG > 500  ppm

TBG > 2000  
ppm

Optimal 
network
5x25x2

25<TBG≤110
ppm

Optimal 
network
5x20x2

25<TBG≤500
ppm

Optimal 
network
5x25x2

25<TBG≤500
ppm

Optimal 
network
5x25x2

25<TBG≤1100
ppm

Optimal 
network
5x20x2

500<TBG≤2000
ppm

Optimal 
network

5x25x12x2
TBG>500

ppm

Optimal 
network
5x20x2

110<TBG≤500
ppm

Optimal 
network
5x20x2

TBG>2000
ppm

Optimal 
network
5x25x2

TBG>1100
ppm

TBG > 
1100  ppm

Normal

Overheat ≤ 3000C

Overheat > 3000C

Arcing

No

Yes

No

No

No

Yes

Yes

Yes

Yes

Fault

Fault

Fault

Fault

Overheat

Overheat

Overheat

Discharge

Discharge

Discharge

Corona

Normal

Corona

Arcing

Overheat 3000 ÷ 7000C

Overheat > 7000C
W

AR
NI

NG
S 

OF
 T

RA
NS

FO
RM

ER
’S

 S
TA

TU
S

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

H2

….

….

C2H6

where (H2, CH4, C2H2, C2H4, C2H6)

 
Fig. 6.21: Flowchart of combination model between classified EPS and two-output MLP 

modules. 
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6.5.3 Operating mechanism of hybrid model   
 The hybrid model operates based on the following order:  

Step 1: Declare (input) concentrations of five gases (H2, CH4, C2H2, C2H4, C2H6) 

Step 2: Calculate total concentration of the five combustible gases (Total 

Combustible Gas) 

 TBG =  H2 + CH4+ C2H2 + C2H4 + C2H6 

Step 3: If TBG ≤ 25 ppm and output (transformer’s status) is Normal then the 

program is stopped. 

Step 4: Successively define networks BT-SC, QN-PĐ, PLQN, PL-PĐ 

BTSC is the network used to identify one of two statuses: Normal and Fault. 

QNPĐ is the network used to identify one of two statuses: Over-heating and 

Discharge. 

PLQN is the network used to identify statuses (degrees) of Overheating. 

PLPĐ is the network used to identify one of two statuses: Corona and 

Arcing. 

 1- If 25 < TBG ≤ 110 ppm  
The program will invoke BTSC network (5x25x2) trained with (25ppm < TBG ≤ 
110 ppm). 
- If output result of the network BTSC (5x25x2) is NORMAL: Stop program. 
- If output of the network BTSC(5x25x2) is Fault (SC): invoke network 
QNPĐ(5x20x2) trained with (25ppm<TBG ≤ 500ppm) and: 

+ If output of network QNPĐ(5x20x2) is over-heating (QN), the program 
will invoke network PLQN(5x25x2)  trained with (25ppm<TBG≤ 1100ppm)  to 
distinguish one of two types of over-heating which are QN ≤  3000 C or QN > 
3000C), then stop program. 

+ If output of network QNPĐ(5x20x2) is discharge (PD), the program 
will invoke network PLPĐ(5x25x2) train with (25ppm<TBG≤ 500ppm) to 
distinguish one of two types of discharge (Corona, Arcing), then stop. 
 2- If 110ppm < TBG ≤ 500 ppm  
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The program will invoke network BTSC(5x20x2) trained with 
(110ppm<TBG≤500ppm): 
- If output of network BTSC(5x20x2) is Normal (BT), conclude that the 
transformer status is normal and stop program. 
- If output of network BTSC(5x20x2) is Fault (SC), the program will invoke 
network QNPĐ(5x20x2) trained with (25ppm<TBG≤500ppm), and: 

+ If output of network QNPĐ(5x20x2) is over-heating (QN), the program 
will invoke network PLQN(5x25x2) trained with (25ppm<TBG≤1100ppm) to 
identify degree of over-heating (QN≤ 3000 C, QN > 3000C) then stop. 

+ If output of network QNPĐ(5x20x2) is Discharge (PD), the program 
will invoke network PLPĐ(5x25x2) trained with (25ppm<TBG≤500ppm) to 
identify type of Discharge (PD), which are Corona/Arcing then Stop. 
 3- If 500ppm < TBG ≤ 2000 ppm 
The program will invoke the network QNPĐ(5x20x2)trained with (500ppm< 
TBG ≤ 2000 ppm) 
- If output of the network QNPĐ(5x20x2) is Over-heating (QN), and:  

+ If (500ppm < TBG ≤ 1100 ppm) the program will invoke network 
PLQN(5x25x2) trained with (25ppm<TBG≤1100ppm) to distinguish degrees of 
over-heating (QN ≤  3000 C, QN> 3000C) then Stop. 

+ If (TBG > 1100 ppm), the program will invoke network 
PLQN(5x25x2) trained with (TBG>1100ppm) to identify degree of over-heating 
(QN 3000 ÷ 7000C, QN > 7000 C) then stop the program. 
- If output of the network QNPĐ(5x20x2) is Discharge (PD), the program will 
invoke network PLPĐ(5x25x12x2) trained with (TBG>500ppm) to identify 
Corona/Arcing (VQ/HQ) then stop the program. 

    4- If  TBG > 2000 ppm 
The program will invoke network QNPĐ(5x20x2) trained with (TBG > 2000 
ppm) 
- If output of the network QNPĐ(5x20x2) is Over-heating, the program will 
invoke the network PLQN(5x25x2) trained with (TBG>1100ppm) to distinguish 
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degrees of Over-heating (QN 3000C ÷ 7000C, or QN>700 C) and stop the 
program. 
- If output of network QNPĐ(5x20x2) is Discharge (PD), the program will invoke 
network PLPĐ(5x25x12x2) trained with (TBG>500ppm) to identify the statuses: 
Corona/Arcing (VQ/HQ) and stop the program. 

6.6 SOFTWARE IMPLEMENTATION OF COMBINATION MODEL OF 
TWO-OUTPUT MLP INTEGRATED WITH TBG CLASSIFIED EPSs FOR 
TRANSFORMER’S INCIPIENT FAULT DIAGNOSIS  

6.6.1 Introduction to the software 

 On the basis of discussed theory, MATLAB 7.0 is used to train and test 
the accuracy of neural networks. The hybrid classified MLP EPS with ANN-
EPS2EVN modules for diagnosis of transformer incipient faults  has been ported 
to Visual C# which is convenient for safeguard of source code with more familiar 
and flexible interface, able to export diagnosis reports.  

6.6.2 Application for Vietnam Power System 

Case 1: Transformer T2 of Mông Dương 110KV-substation in 7/1999; Actual 
fault is overheating (QN) (the tap-changer at 35kV side has improper contact. The 
transformer was operational after remedial action), (Figure 6.22). 
Case  2: Phase B of transformer T7 at Hoa Binh hydropower plant in June 2001; 
Actual fault is QN. Right diagnosis (bad contact between terminal connector with 
busbar, temperature was over 700oC), (Figure 6.23). 
Case 3: Transformer T2 at Nha Trang 110KV-substation of PTC3 on 16/7/2003; 
Diagnostic result was similar to actual fault QN (discharge on 6KV busbar 
between two phases of the transformer), (Figure 6.24). 
Case 4: Phase C of 500kV transformer T1 No. 156014 of Yaly Hydropower 
Plant, dated 11-4-2005 with actual fault of Corona. Diagnostic result was similar 
to actual fault, (Figure 6.25). 
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Figure 6.22: Diagnostic result of case 1 Figure 6.23: Diagnostic result of case 2 

  
Figure 6.24: Diagnostic result of case 3 Figure 6.25: Diagnosis result of case 4 

Above-mentioned diagnostic results have been verified to be accurate 
with incipient faults and actual faults of each transformer. This shows that 
application of the research into diagnosis of incipient faults of transformers 
operating on power networks of Vietnam and other countries is useful. 

6.6.3 Online diagnosis system on the Internet 

The author also builds an online diagnosis system in ASP.NET language 
on the Internet: access http://www.avuong.com), then proceed to diagnosis 
section. The online system, diagnosis of transformer’s incipient faults can be 
conducted in a very fast and convenient way in Vietnam as well as anywhere in 
the world. 

6.6.4 Diagnosis accuracy of the software 

 Diagnosis accuracy of the software has been verified with the test data set 
DGA-DL2 (431 samples) as the table below (table 6.16). The average accuracy is 

http://www.avuong.com/
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over 95% for 4 fault types (BT, QN, VQ, HQ). This is significantly higher than 
other publicized researches. 

Table 6.16: Diagnosis accuracy of ANN EPS2EVN in term of fault type 
No. Fault types Dataset 

DL2 
ANN 

EPS2EVN 
 % Corrected 

diagnosis 
Remark 

1 Normal     (BT) 188 184 97.9 %  
2 Overheat  (QN) 134 129 96.3 %  
3 Corona     (VQ) 29 22 75.9 %  
4 Arcing      (HQ) 80 78 97.5 %  
5 Average 432 413 95.8 %  

6.6.5 Export of Diagnosis Report: convenient and insure the legality as required.  

6.7 CONCLUSION 

 The research has developed a new hybrid model that integrate two-output 
MLP modules and classified TBG based expert systems, according to number of 
statuses and dangerous level of TCG, this helps to overcome the limits found in 
previous researches, improve the accuracy and reliability of diagnosis of 
transformer incipient faults. The average accuracy is 95.8% checked with a quite 
big DGA data set (431 samples) in comparison with other publicized researches. 

GENERAL CONCLUSION 

 The power transformer is a major and expensive element in power 
system. Most faults which occur to power transformer are the causes leading to 
long blackouts and severe losses to the economy and the society. Therefore early 
detection of incipient faults of power transformer is of special necessity. However, 
Vietnam’s power sector has not set up enough regulations or standards for 
assessment and diagnosis of transformer incipient faults so far.  

To control the transformer quality, Vietnam’s power sector has been 
applying a procedure for operation and maintenance of power transformer, which 
was published in 1998, thereby passive assessment is made based on power 
transformer conditions during operation, such as loud noise, discharge noise, 
abnormal and continuous temperature rise, overflow or spray of oil from 
conservator, broken blast-proof glass, sudden change of oil color, cracked 
bushing, burning hot terminal connector... Such conditions, which lead to the 
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decision to put the power transformer out of service [15], also indicate that it has 
been quite severely damaged, and that an impact to the grid is unavoidable.  

In respect of DGA application, it is noted that the extent of the procedure 
can not go far beyond leaning on TCG method, Roger method, and key gases 
methods. In the world, these three conventional methods are now only used for 
reference purpose for their low diagnosis accuracy. Moreover, EVN’s procedure 
as mentioned above is not accompanied with sufficient instructions, therefore its 
practical application meets with much difficulty. 

   In light of such situation, in addition to constraints on database and 
accuracy of DGA based-artificial intelligence applications in transformer 
diagnosis that has been published on IEEE, the study and establishment of models 
for diagnosis of transformer incipient faults during operation has a critical 
significance, scientifically and practically. 

The research has several contributions:  
1. The research collects a quite big DGA database from IEEE, Dr. 

Duval… and grouped them into data sets that are large enough for building of 
weighted expert system (EPS); training and testing of neural networks in hybrid 
model of MLP neural networks and classified EPSs. This is the first new 
contribution from the research. 

2. The author succeeds in building a data management system with a 
user friendly interface that facilitates the update, exploitation, exchange of data 
and support in diagnosis... This is the second new contribution from the research. 

3. The Research collects and systemizes the DGA based conventional 
methods for assessment of power transformer condition, thereby creates an Expert 
Systems for these methods. The research also helps in an overall evaluation of the 
performance of 10 conventional methods: Dornenburg, Roger, IEC599, Key 
gases, M. Duval…, to identify the strengths and weaknesses and check the 
accuracy of each method over an enormous data set. Through evaluation, it is 
recognized that the results obtained by these methods are not stable, with 
reliability being not so high, and unable to be used independently but require a 
combination of various methods and experience gained by experts to enable a 
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final conclusion. Creating the expert systems based on conventional methods is an 
essential experiment for the experts, the end-users, using chromatography, to 
systematically consolidate their knowledge of transformer diagnosis based on 
DGA. Such expert systems also form a basis for the weighted Expert System. This 
is the third new contribution from this Research and is an entirely new way in the 
world. 

4. The weighted expert system operates by "assembly" principle, with 
main "raw material" of conventional EPSs’ knowledge and data set DL1, to define 
weighted coefficients, thus overcoming the weaknesses of conventional expert 
systems, increasing the accuracy and insuring the reliability in diagnosis: for 
diagnoses of Normal (BT), Overheat (QN), Arcing (HQ). Diagnosis accuracy for 
the three statuses ranges from 90 to 92%.  Particularly for the status of corona, 
because of low diagnosis accuracy for this fault type (31%) due to small number 
of corona patterns, the method should be used in combination with ANN-
EPS2EVN method to have better diagnosis results. This weakness can be 
corrected by a large number of corona patterns. This is the fourth new 
contribution of the research 

5. The research also creates a hybrid model which combines ANN and 
EPS, divided into layers according to the total volume of dissolved gases that 
helps to solve the training overflow (increases the learning patterns) and improve 
the diagnosis capacity. The diagnosis accuracy becomes higher and more reliable 
with various statuses, and in general it reaches 95.8%. This is the fifth new 
contribution from the research. 

6. Two diagnosis systems created by the research (weighted EPS and 
ANN-EPS) facilitate the management and utilization by technicians and power 
utilities, for the following reasons: 

- The systems offer user friendly interfaces, enable the storage of 
information and general supports to users, the diagnosis software with support in 
printing-out of reports with such required information as identifications, data, 
diagnosis results which afford the users with favorable conditions in management, 
legalization of decisions. It is noted that at present, the DGA equipment in 
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Vietnam and other countries are unable to deliver the proper reports as required, 
we mean a report issued by the expert and the user can not intervene in the 
program, leading to the result being objective and easily checked if required. 

- Displaying of abnormalities, based on AI, is nearly immediately, very 
convenient in diagnosis for DGA technicians and transformer engineers around 
the world.      

-  In general, the research gains a success in simplifying to a possible 
extent a complicated technique in order that all engineers can evaluate the 
transformer conditions as fast as possible. This is the sixth new contribution from 
the research. 

7. The author also succeeds in creating an online diagnosis, which is a 
new, popular, practical way of doing things and an up-to-date technical resolution 
in transformer diagnosis, with systematic research. Results from the research have 
been brought into wide use, charge-free, through website avuong.com and have 
attracted much attention from the experts and technicians in charge of 
transformers. At present, there are over 500 times of online diagnoses made 
everyday by transformer technicians from the interested countries, this fact forms 
a premise for establishment of an electrical equipment diagnosis support center for 
EVN with international connections. This is the seventh new contribution from 
the research. 

8. Results of the research can be referred to in setting up of regulations 
on transformer quality management through DGA to be applied for the power 
network of Vietnam, with the oil samples being taken every year for DGA, and 
sufficient DGA data being stored for each transformer from year to year. For the 
transformer diagnosis, two systems EPS.EVN2 and ANN.EPS are used, and 
thereby particular decisions with regard to transformer operation mode are made. 
This is the eighth new contribution from the research. 

 Both AI methods under the research are open systems and are possible 
for upgrading. After several years in use, when more reliable data and new 
methods with higher accuracy come into being, it will be possible for these 
methods to obtain a higher "intelligence" for more accurate diagnosis.  



 
 
 

LIST OF ACRONYMS 

DGA Dissolved Gas Analysis;           AI Artificial Intelligence 
ANN Artificial Neural Network;        MLP         Multi Layer Perceptron 
FL Fuzzy Logic;                              EPS          Expert System 
BT/ SC Normal/ Fault;                            QN/ PD    Overheat Fault/Discharge 
VQ/ HQ Corona Fault/ Arcing;                TCG         Total Combustible Gas 
DL/DL1/DL2    Data/data 1/ data 2;       TBG           Total Burn Gas                       
EVN Viet Nam Electricity;                PP          Method 
ETC       Electrical Testing Center Viet Nam       
ANN.EPS2.EVN   ANN- MLP hybrid Classified EPS Method 
EVN.EPS2.EVN   Weighted Expert System Method 
IEEE The Institute of Electrical and Electronic Engineers 
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