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Abstract— In This Paper; Assessment of Health of Transformer Is Done With the Help of DGA Using Adaptive Neuro 
Fuzzy Inference System. Transformer is a key element of power system and its prevention from incipient faults is critical. As 
We Know That DGA is The Most Effective Tool for Transformer’s Fault Diagnosis. It is very reliable and user friendly 
technique. By making use of ANFIS Based on DGA makes it superior than all other conventional and non-conventional 
methods. Here, ANFIS model has been developed with the help of MATLAB successfully and has been tested for different 
reported data. 
 
Keywords— Dissolved Gas Analysis (DGA), Power Transformer, Fault Diagnosis, interpretation, adaptive neuro fuzzy 
inference system (ANFIS), Artificial Intelligence. 
 
I. INTRODUCTION 
 
The transformer acts as a key element form 
transmission and distribution system. It is the most 
expensive element of power system and, therefore its 
prevention from incipient faults is critical. 
Transformer oil plays an important role in 
transformer. It provides both electrical insulation as 
well as cooling in the transformer. The insulating oil 
and cellulose insulating material generates small 
amount of gases under normal condition due to 
gradual degradation. When major fault occurs, large 
amount of gases starts produce due to which 
Buchholz relay activates. We can’t predict the 
condition of transformer by only monitoring the 
Buchholz relay because decomposed gases gets 
dissolve in oil when fault condition is not high. To 
know the exact condition of oil, we have to take the 
sample of insulating oil. After testing the taken oil 
sample we can predict the health of the transformer. 
Under DGA test, the gases starts evolve under 
electrical or thermal stress and by observing the 
quantity of gases, internal condition of transformer 
can be predicted. DGA is inexpensive and very 
simple technique to identify different types of faults 
in transformer. The gases which evolve are 
hydrogen(H2), methane(CH4), ethane(C2H6), 
ethylene(C2H4), acetylene(C2H2), carbon 
dioxide(CO2), carbon monoxide(CO), nitrogen(N2) 
and oxygen (O2).there are various conventional and 
non-conventional methods are using under DGA to 
detect different types of faults. Conventional method 
includes key gas method, roger’s ratio, Doernenburg 
ratio method, IEC method, duval’s triangle method, 
Denkyoken method, CIGRE’s Method, Nomograph 
method, NBR7274 method, ISIO593:2006 method. 
But sometimes these methods fail to diagnose the 
transformer’s faults and could not be able to tell the exact 
condition of transformer. So we need to develop non-
conventional methods which include artificial intelligent 
methods that are fuzzy logic, artificial neural 
network, neuro-fuzzy method, expert method, 

wavelet network, Genetic Algorithm Approach etc [1, 
2]. 
 
II. DIFFERENT TYPE OF FAULTS OCCUR IN 
TRANSFORMER 
 
Thermal and electrical deterioration are main fault 
conditions occur in oil and insulation of transformer. 
The classification of faults is shown in figure 1[4] 
 
Level and nature of evolve gases are different for 
different type of faults. The evaluation of certain 
level of gases in oil filled transformer is the first 
indication of malfunctioning of transformer. To 
maximize the efficiency of transformer, it is very 
important to aware of possible faults that may occur 
in transformer. 
 
Thermal fault: - it occurs because of excessive 
temperature rise in the insulation. Insufficient cooling 
and excessive current in metal parts as a result of 
eddy current are causes of Temperature rise in the 
insulation parts. 
 
Thermal faults T <300 ° C (T1):- It is a thermal 
fault occurs at below 300 degree Celsius which 
causes the paper insulation to turn brownish in color. 
It is not very much dangerous. 
 
Thermal faults T > 700 ºC (T3):- Paper 
carbonization as well as metal fusion takes place at 
this level of thermal fault. 
 
Thermal faults 300 ºC <T< 700 ºC (T2):- At this 
level of temperature paper starts converting into 
carbon i.e. carbonization of insulation takes place 
 
Partial discharge (PD):- It is a kind of sparking 
which occurs in the gas bubbles. It results into 
generation of large amount of hydrogen. It occurs 
within large volumes of paper insulation.
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Fig 1: Classification of faults 

 
Low energy discharge (D1):- This fault causes large 
puncture through papers and carbonization of oil. The 
formation of gas is large so it can easily be detected 
by DGA. 
 
High energy discharge (D2):- This fault is most 
dangerous fault as compared to other faults. It can 
cause extensive destruction and carbonization in 
transformer. Along with carbonization it may also 
cause metal fusion and tripping of transformer. 
 
III. INTERPRETATION METHODS TO DGA 
 
Key Gas Method: - Key gas method is used to detect 
four fault types which include corona, arcing, 
overheated oil and cellulose based on concentration 
of key gases expressed in ppm. It relates fault type to 
generation of key gases as shown in table 1[5]. 
 

Table 1:- Diagnosis on key gas method 

 

Roger’s Ratio Method: - Roger has proposed this 
method which is used for diagnosis of the transformer 
incipient faults. This method is also based on thermal 
degradation principles which utilizes gas ratios 
CH4/H2, C2H6/CH4, C2H4/C2 H6 and C2H2/C2H4 as 
inputs .it is used to diagnose five different type of 
faults such as partial discharge, high energy arcing, 
thermal fault at low temperature, thermal fault at 
Medium temperature and thermal fault at high 
temperature. Codes are generated depending upon the 
type of fault as shown in table 2 and definition of its 
code is shown in table 3[7].The rule base for FIS is 
developed on the basis of these codes. 

 
Table 2:- Diagnosis on roger’s ratio method 

 
 

Table 3:- Roger’s ratio code definition 
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IEC Method: - IEC method was developed in 1978.it 
stands for International Electro technical 
Commission. It is very famous method for diagnosis 
of different types of faults in transformer. It was 
originated from roger’s ratio method without 
considering ratio C2H6/CH4 because this ratio only 
indicates a decomposition of limited temperature 
range. Its generated codes for different types of faults 
are shown in table 4. 
 

Table 4:- Diagnosis on the basis of IEC ratio 
method 

 
 
IV. ANFIS NETWORK 
 
ANFIS stands for adaptive neuro fuzzy inference 
system which was developed by Jyh Shing Roger 
Jang in 1993. ANFIS integrates the best features of 
fuzzy logic as well as neural network. It takes the 
computation ability from neural network and logical 
ability from fuzzy logic. 
In the MATLAB, ANFIS toolbox takes input/output 
data and builds FIS which adjusts its membership 
function using back propagation training algorithm 
which uses least mean square learning rule. ANFIS 
network is functionally similar to sugeno-fuzzy 
model. 
 
Architecture of ANFIS 
ANFIS is a feed forward network having multiple 
layers containing nodes and directional links. The 
parameters related to nodes will change its value in 
according to its learning rule which decides its 
output. The nodes of ANFIS network can be fixed or 
adaptive in nature. The adaptive node is represented 
by square. Output of adaptive node is totally depends 
on its parameter. On the other hand the output of 
fixed node depends on output of previous layer and 
represented by circle. Directional links are used to 
connect the nodes of different layers and gives the 

path for signal flow. The architecture for ANFIS is 
shown in figure 2[4]. 
From figure, we can say that ANFIS structure 
consists of five layers in network where Layer 1 is 
called as input layer which consists of n2 nodes where 
n is number of inputs. As shown in figure, it is taking 
only two inputs for simplicity so the number of nodes 
in layer 1 will be four (A, B, C and D).each node 
represents a fuzzy set. The output of each node of 
layer 1 represents membership of its input to fuzzy 
set.  

 
Fig 2: The ANFIS structure 

 
Layer 2 is called as input membership function layer. 
It consists of fixed nodes which are used to perform 
multiplication of incoming signal. Here the output 
w1=A×C and w2=B×D. layer 3 is called as rule 
function layer which consists of two fixed nodes 
where w1* and w2* are its outputs. This layer 
performs normalization which are given by 
w1*=w1/w1+w2 and w2*=w2/w1+w2.layer 4 is called 
as output membership function layer which consists 
adaptive nodes. Its output depends on consequent 
parameters of nodes. The consequent parameters are 
determined by the fuzzy Sugeno inference system. 
Outputs of these nodes are given by w1*f1 and w2*f2. 
Where w1* and w2* are outputs of layer 3. 

f1=p1x+q1y+r1 
f2=p2x+q2y+r2 

Where x and y are inputs of fuzzy sugeno inference 
system determined by fuzzy sugeno system. And p, q 
and r are set of system parameter determined at time 
of training of ANFIS. 
Layer 5 is output layer which is single node labelled 
Σ that performs the summation of all incoming 
signals. 
 
V. APPLICATION OF ANFIS TO DGA 
 
ANFIS is used to improve the diagnosis of different 
type of faults in transformer. With the help of ANFIS 
we can overcome the shortcomings of conventional 
methods. If network is trained properly using set of 
data, it can identify different faults of transformer. 
ANFIS model is developed and trained for each type 
of incipient fault. A training dataset having input and 
its output pattern for all the fault types has been used 
to train the model. At least 10 training sample sets 
were used to train the ANFIS network for each fault 
and a separate network were trained for each fault. 
The ANFIS model for diagnosis of fault in a 
transformer is given in figure 3[8]. 
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Figure 3:- ANFIS Model for fault diagnosis 

 
After training of ANFIS network, its performance is 
analyzed by using test data. Test data is used to verify 
the result. 
 
Implementation of ANFIS 
In this section various steps involved in the ANFIS 
model development are discussed. ANFIS model will 
extract expert knowledge of the power transformer 
regarding its working condition under different 
working situations. In this paper we are using sugeno 
based FIS system. The inputs are five gas 
concentrations CH4, H2, C2H2, C2H4, and C2H6, all 
have 3 membership functions. The output has 12 
membership functions which represent the condition 
of transformer depending upon the values of different 
gas concentrations as per standard results. 
The rule base in ANFIS will be created using input 
and output relationship presented in training data. 
 
VI. RESULT 
 
To evaluate the proposed method, we used 150 
samples of dissolved gas analysis (DGA), those were 
provided by Punjab State Transmission Corporation 
Limited. Some of the data samples are given in table 
5. These DGA samples have included power 
transformer with different ratings, voltage levels, 
operating conditions, age, and loading history etc. 
employed all over Punjab. Among samples, 100 
samples were used for training of ANFIS model and 
rest 50 samples were used for testing. The forecasting 
results are shown in table 6. Results obtained shows 
that ANFIS has good performance in fault 
classification. 

 
Table 5: Sample Data 

 

Table 6: Result of described Model 

 
 

CONCLUSION 
 
ANFIS based on DGA method has implemented to 
improve the conventional DGA methods. ANFIS 
model has been developed by using MATLAB 
software. 150 data samples were used to evaluate the 
proposed model. Effective rule set has been given to 
obtain accuracy. In this method ANFIS is able to 
reveal the condition of transformer and classification 
of different incipient faults. The proposed method has 
been extensively tested and evaluated for the oil 
samples collected Punjab State Transmission 
Corporation Limited The experimental results clearly 
show that the ANFIS method has great ability to 
diagnose  the transformer’s faults. 
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