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Abstract 
Power transformers are one of the most 

important components of electric networks. 
These devices are very expensive and 
therefore diagnosis and monitoring systems 
will be valuable for preventing damage to 
these transformers. The aim of this 
contribution is to study the current situation in 
monitoring and diagnostic software systems 
for high voltage transformers and introducing 
software modules and techniques that will be 
useful for this purpose.  

 
 
1. Introduction 
Power transformers are important and 

expensive equipments in electric energy 
networks. The majority of these devices have 
been in service for many years under 
different environmental, electrical, and 
mechanical conditions. The capital loss of an 
accidental power transformer outage is often 

counted in million dollars for output loss only, 
not to say the costs associated with 
equipment repair or replacement [1]. Because 
of this economic motivation, on-line 
monitoring and diagnosis (M/D) systems are 
of benefit to predict fault conditions and 
maintenance of the high voltage 
transformers. There are some sensors and 
measuring devices that can be installed on 
each transformer to collect measured data 
about the transformer’s conditions.   

The whole task of monitoring and fault 
diagnosis of high voltage power transformers 
is a time consuming and complex task. 
Different technologies are involved in this 
system such as soft computing, and 
information processing, etc., that some of 
them that are more related to software and 
information technology will be discussed and 
a modular framework will be proposed to do 
these functionalities. 
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2. Background to the high 
voltage transformer’s M/D 

In this section a background about different 
terms related to power transformers failures 
and a short literature survey on the high 
voltage transformer M/D techniques and 
systems will be explained. Finally the current 
challenges that should be overcome will be 
mentioned. 

 
 
2.1. Different terms related to 

transformer Maintenance 
2.1.1. Monitoring 
There is a major different in monitoring and 

diagnosis of transformer. Generally speaking, 
monitoring is the observation of transformer 
conditions. There is a distinction between 
offline and online monitoring. Offline 
monitoring means that transformer should be 
switched off in order to measure data. Online 
monitoring means that data can be acquired 
while the transformer is operating.  

 
2.1.2. Diagnosis 
Diagnosis is the step after monitoring. 

Diagnosis contains interpretation of online 
and offline measured data. It is the 
determination of a fault after one or more 
observations.  

 
2.1.3. Condition Monitoring 
 Condition monitoring (CM) is the process 

of monitoring the operating characteristics of 
transformer in such a way that changes and 
trends of the monitored characteristics can be 
used to predict the need for maintenance 
before serious failure occurs, and/or to 
estimate the health of the transformer.  

CM is the technique that used for 
Condition-Based Maintenance (CBM). Before 
this, time-based maintenance was the only 
maintenance strategy for a long time. 
Manpower and time and money were wasted 
because the activity of maintenance was 
blind with little information about the current 
condition of the transformers. On the 
contrast, CBM will let operators to know more 
about the state of transformers and will 
propose some changes in traditional 
maintenance program [33]. 

2.2. Data acquisition systems 
Data acquisition systems (DAS) are the 

basis for building M/D tools that enable 
supervision of local and remote systems. 
DAS will be used to obtain appropriate output 
signals from sensors that are installed on 
power transformers. DASs and monitoring 
systems provide condition monitoring 
systems with the necessary information about 
the state of equipment. Remote access to this 
information provides significant benefits by 
allowing for the collection of condition-related 
data from wherever equipment is located.  

 

2.3. Software systems and tools 
for M/D of high voltage 
transformers 

There are a lot of tools and methods for 
M/D of high voltage transformers. As 
described in [2], they can be divided into 
traditional diagnostic methods that have been 
used for many years and new methods that 
range from methods that are starting to be 
used to methods that are still in the research 
stage. Some examples of traditional methods 
are: dissolved gas analysis (DGA) [3-5], 
insulating oil quality, power factor testing [6], 
winding resistance [7], and thermograph [8]. 
New methods include online PD testing [28, 
29], recovery voltage measurement [9], tap 
changer monitoring [10], internal temperature 
measurement [11], on-line power factor 
measurement, dielectric spectroscopy [12], 
and winding movement detection [13]. 

Some of these mentioned methods are 
implemented using software systems, which 
gives more definite indications of transformer 
problems than conventional analysis [14-16]. 
The use of software can improve the 
reliability and provide facilities to analyse of 
test data. It can also be used to extract 
information and knowledge that is not 
available and not visible from the data directly 
using advanced information technology 
methods such as Data Mining [27].  

The present advancement in artificial 
intelligent (AI) modelling techniques has 
enabled power engineers and researchers to 
develop useful artificial intelligent software for 
diagnosing of transformer faults. For example 

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

 

Software Modules for Monitoring and Diagnosis of Power Transformers 
 

 1383 - تهران -ن كنفرانس بين المللي برق نوزدهمي

3 

artificial neural network or ANN approaches 
are used for DGA method [20, 24-27]. Fuzzy 
logic concept is another AI technique in 
power system associated with the uncertainty 
of changing power operational condition, 
numerous power system configurations, 
imprecise information input by human 
operators, disturbances and faults [18, 20-
23]. Fuzzy Logic can handle complex and 
imprecise problems, which traditional 
technique cannot handle.  

Expert systems have been proposed to 
manage knowledge processing. An expert 
system is a computer program that performs 
a complex decision making task within a 
particular narrow problem domain that is 
normally done by a human expert. It is based 
on the idea of taking the knowledge from a 
specialist and expressing it in an appropriate 
representation to exploit the knowledge in the 
same way as the human expert does and 
above all with the same result. The use of 
expert systems for transformer diagnosis [17-
19] offers the potential of reducing the 
overhead required by substations to 
maintenance the transformers.  

 
Name & 

manufacturer 
Monitoring 

quantity 
Diagnostic 
function 

Comment 

MIT’s model-
based 
system [35] 

Gas in oil, 
temperature 

Giving 
identified 
cause and 
decision-
making for 
maintenance 

Thermal model 
is expected to 
improve. 

Monitoring 
and 
diagnostic 
equipment, 
ABB[36] 

Multiple 
gases, partial 
discharge 
levels, on-
loud tap 
changer 
performance, 
loading and 
key 
temperatures   

Off-line, DGA 
interpretation, 
PD location  
Prediction of 
OLTC failure 
by vibration 
analysis 

Life 
expectancy 
assessment is 
mentioned. But 
no detail 
descriptions of 
the methods. 

SIEMENS 
power 
transformer 
monitoring 
system[37] 

Gas in oil, 
temperatures, 
voltages and 
currents, tap 
changer 
position, 
moisture, oil 
level, etc. 

Giving alarm 
if some 
quantities are 
exceeding its 
limit 

 

ALSTOM 
MS2000 
monitoring 
system [38] 

Gas in oil, 
hot-spot 
temperature, 
cooling plant 
information, 
tap changer 
position and 
current, etc. 

Giving alarm, 
visual 
measuring 
data, remote 
diagnosis 

Using field bus 
technology for 
data 
communication 

Table 1. Some developed on-line monitoring and 
Diagnosis system for power transformers [34] 

Y. Han [34] has mentioned four online 
monitoring and diagnostic systems in his 
survey. Table 1 shows the main features of 
these four systems. The first system [35] 
uses a model based technique for diagnostic 
purpose. In model based diagnostic a model 
will be built as a reference, and then the 
difference between the output of a 
measurement model and the reference model 
can be observed to detect and locate faults. 
In this system, diagnostic was performed 
using two models: (1) Gas in oil model and 
(2) Temperature model. The second M/D 
system [36] has some sensors available to 
provide warning signals and data on multiple 
gases, PD levels, on load tap changer 
performance and temperature. The Siemens 
system is used to monitor quantities such as 
Gas in oil, temperature, voltage, current, etc. 
[37]. In this system, the acquisition hardware 
is mounted in a cubicle at the transformer and 
the obtained data will be sent to a PC in a 
control room near the transformer. 

In ALSTOM system [38] an industrial PC, 
can be installed next to the power transformer 
in a cabinet. Several transformers can be 
monitored with one PC which is installed in 
the control room. Different quantities in this 
system such as Bushing, temperature, Gas in 
oil, etc., can be monitored. 

 
 
2.4. Challenges 
In this section some challenges in M/D 

software systems for high voltage 
transformers will be mentioned and finally 
some software modules will be proposed to 
solve some of these problems. 

 
 Combining diagnostic techniques: 

As discussed in previous sections, 
there is some software for M/D of high 
voltage transformers based on single 
techniques such as PD, DGA, etc. But 
there is no single technique that alone 
can guarantee to detect all the range 
of faults and give a reliable estimation 
of transformer condition. For this 
reason combined diagnostic 
techniques are required that use 
some other techniques such as PD, 
FRA, DGA, etc. A system that 
combined the mentioned methods can 
be very useful for experts to realize 
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the transformer faults and can reduce 
the risk of confident to single 
diagnosis software such as DGA 
based systems.  

 Combining diagnostic results: 
Multiple test software that combines 
the results of different tests and gives 
an overall assessment of condition is 
expected to find increasing use. It 
means that, it is useful to find relation 
between different diagnosis test 
results that come out of different 
measurement techniques.  

 Historical data: Transformers need 
to be tested periodically or even 
continuously for condition monitoring. 
An accurate assessment depends on 
the historical test record to establish a 
trend associated with normal 
operating conditions. So it is needed 
to have a huge database of all 
maintenance and performed test on 
these devices. 

 Appropriate database for each 
diagnosis technique: The 
appropriate database for each 
diagnosis technique is necessary. For 
example, in PD-based diagnosis, 
there is a bulk of information for a 
single PD pulse. A suitable format for 
database is needed to reduce the 
huge amount of data without any lose 
of important information. It is 
necessary to propose suitable 
common database for the information 
of other techniques such as DGA, 
etc.. 

 Ability to integrate legacy system: 
In some cases it is needed to make 
an interface between M/D system and 
legacy systems. For example, 
suppose that our M/D system needs 
to interface with a legacy expert 
system. In such situations our system 
should be able to encapsulate the 
legacy module. 

 Tolerate changeable environment: 
Intelligent diagnosis systems or expert 
systems can be worked properly, but 
later it could be necessary to develop 
another expert system or another 
diagnosis system to solve problems in 
other domains. In this situation the 
utilities should have other applications 

available for new domain working in 
an isolated manner. For overcoming 
this problem the diagnosis system 
should has a modular structure to add 
new diagnosis module easily. 

 
 

3. Techniques and requirements 
for the power transformer’s 
M/D 

The required techniques to form a M/D 
software system are explained in this section. 
Figure 2 shows the block diagram of 
necessary module and techniques. 

 
 
3.1. The structure of M/D 

systems 
Monitoring and fault diagnosis of high 

voltage power transformer is a time 
consuming and complex task. M/D systems 
build the infrastructure (see Figure 1) needed 
to provide condition M/D with information 
about the state of equipment.  

 
 

 
Figure 1. Monitoring and diagnosis 

 

 
According to complexity of M/D, it should 

be divided in some different logical groups of 
tasks or modules. Data acquisition and 
monitoring can be performed in low level and 
diagnosis and condition monitoring can be 
performed in higher levels. 
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3.2. Data acquisition subsystem 
Data acquisition is the basis for building 

M/D system. This subsystem is used to 
gather appropriate information and condition 
measurements from power transformers. We 
need two types of data acquisition to supply 
appropriate information to other modules. The 
first type called automatic data acquisition 
modules that collect on-line data such as PD, 
DGA, temperatures, voltages, currents, etc..  

The second type is called manual data 
acquisition modules and are used to collect 
the manual and offline measurements coming 
from laboratory analysis or user 
measurements such as insulation condition of 
oil and paper in transformers, FRA, etc., and 
historical information. 

 
 
We should consider that some on-line 

sensors such as DGA are not available for all 
power transformers (because of the cost) and 
the system should be capable of gathering 
these data manually. There is no online 
technique for obtaining some kind of data 
such as PDC (Polarisation/Depolarisation 
current) and FRA in time of writing this article 
and they should obtain using offline 
measurement. 

3.2.1. Data pre-processing 
Real world data sets are usually not directly 

suitable for performing data processing 
algorithms. Collected raw data (data collected 
by sensors and other source of data) usually 
contain redundant and erroneous data. 
Missing values and noisy data are typically 

kind of erroneous data. An important aspect 
of M/D system is the accuracy of information 
received by the sensors and other source of 
information. The acquired data should be 
consistent and as much noise-free as 
possible. Data pre-processing is used to 
reduce the quantity of data whilst retaining 
useful information and improving its quantity, 
with minimal loss of information. 

 
 

 

 

 

 

 

 

 

 

 

 
 

3.2.1.1. Noise elimination 
Obtained raw data sets tend to be too large 

and contain noise. There are many possible 
reasons for noisy data, such as 
measurement/instrumental errors during the 
data acquisition, human  and  computer  
errors occurring at data entry, technology 
limitations and natural phenomena such as 
atmospheric disturbances, etc.. We need 
data cleaning to remove noise. For example 
for online PD detection, noise elimination is 
one of the pre-processing actions that should 
be performed. Wavelet algorithm is a 
common way that provides a way to 
minimizing noise. Figure 3 shows the PD 
signals from phases U, V, W and the neutral 
point of 400 kV side of a 420kV/21kV power 
transformer. Figure 4 shows the PD signals of 

  Data  
Mining 

PD, FRA, 

Voltages, Currents, 
     Temperatures 

Dissolved Gas in Oil 

 
 

Online 
& 

Offline 
Sensors

Data Acquisition

Pre-processing
 

Feature 

 

Clustering 

Discriminatio

Information
Fusion 

 Diagnosis

ANN

Fuzzy

CBR

MBR

Database/ 
Knowledge Base

Data Mining

Figure 2. Block diagram of M/D system for each power transformer 
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each channel after noise suppression by 
Wavelet algorithm.  
 

 
Figure 3.  Recorded PD pulses of a power transformer without 

noise suppression 
 

 
Figure 4.  Recorded PD pulses of a power transformer after 

noise suppression 
 

3.2.1.2. Feature selection 
The other subtask of pre-processing is to 

extract useful features from obtained data. 
These features will be the fields of our 
databases in M/D system that will be used in 
other diagnostic and data processing 
modules. As an example we have proposed 
some features for PD single pulses in [30].  
The proposed features are as follow: 

 Triggering time  
 Charge level 
 Phase of occurrence 
 Time index KT 
 Frequency index KF 
 Pulse duration 
 Pulse location 
 Instantaneous high Voltage 
 Polarity 
 Pulse position in data stream 
 

These features are used for each single PD 
pulse and should be calculated from 
continuous samples that have taken from 
each bushing of power transformer. More 
detail information about the extracted PD 

features has been explained in [30]. For 
another example, the features of the DGA 
tests (with 3 sample entry) can be displayed 
as Table 2.  

 
Table 2. Key features and some example results of DGA test 

 
This database for DGA can be used by 

different DGA algorithms to find transformer 
failures. Other diagnostic techniques such as 
moisture in oil, winding resistance, etc., 
should have an appropriate database format 
to use them in diagnostic process. 

 
 
 
3.3. Data mining subsystem 
Data mining is a powerful new technology 

with great potential to help companies, 
industries and researchers to discover new 
knowledge from large and complex 
databases. Data mining algorithms and tasks 
refer to the procedure where different 
methods are applied to extract useful 
information, hidden knowledge, unexpected 
patterns and new rules from data. There are 
many data mining tasks such as pre-
processing, clustering, discrimination, 
regression, content retrieval, visualization, 
etc.. Each task is a particular kind of problem 
that will be solved by a data mining algorithm.  

 

3.3.1. Information fusion 
Information Fusion (IF) is the process of 

combining data to generate some new results 
and knowledge about a specific problem. It is 
an area of information technology that aims at 
making decisions based on joint processing 
of available data and information obtained 
from different sources. Definitions and terms 
related to IF have been proposed by several 
authors [31]. Information fusion is broadly 
used in various application fields such as 
defence, geosciences, robotics, health and 
industry [32] and will be useful for 
transformer’s M/D system. 

Date C
O

 

C
2H

6 

C
2H

4 

C
2H

2 

C
H

4 

H
2 

T
C

G
 

24.12.03 804 19,4 46,8 1,3 31 121 1400 
25.01.04 960 19,8 46,4 1,0 24,6 77,6 1529 
09.03.03 1292 35 55 0.0 63 42 1604 
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3.3.2. Clustering  
Data often fall naturally into groups, or 

clusters, where the properties of objects in 
the same cluster are similar and the 
properties of objects in different clusters are 
dissimilar. Cluster analysis is a way to 
examine similarities of data. The clustering 
problem can be explained as follows: Let K 
be a set of n data points in a multidimensional 
space. Find a partition of K into classes such 
that the points within each class are similar to 
each other can be defined as clustering.  

There are some clustering methods such 
as K-means clustering and hierarchical 
clustering that each one has different 
characteristics. Hierarchical clustering is one 
of the clustering methods that simultaneously 
investigate grouping in data over a variety of 
scales of distance, by creating a cluster tree. 
The tree is a multi-level hierarchy, where 
clusters at one level are joined as clusters at 
the next higher level. This allows us to decide 
what scale or level of clustering is most 
appropriate in our application.  

A hierarchical clustering for 633 single PD 
pulses of phase U of a power transformer 
was performed as shown in Figure 5 using 
MATLAB tools. The PD pulses which are 
detected on a PD measuring system is a 
combination of real PD in transformer winding 
or pulses similar to PD but are coming from 
outside or pulses caused by switching 
activities or induced to measuring system. 
Clustering can be performed to discriminate 
these groups of pulses. 

 

 
Figure 5. Clustering of single PD pulses 

 
As shown in figure 5 it seems to be logical 

to cluster the subjects of sample to three 
groups.  

3.3.3. Discrimination  
Discriminant analysis is a set of statistical 

methods for classifying a set of observations 
into predefined groups. With using 
Discriminant analysis we can predict group 
membership of unknown samples based on 
training samples with known membership. On 
the other word the purpose is to determine 
the class of an observation according to a set 
of variables known as predictors or input 
variables. 

Table 3. Discrimination functions 
 
We generate function from a sample of 

cases for which group membership is known. 
Obtained function can then be applied to new 
cases with measurements for the predictor 
variables but unknown group membership. 

The function is built based on a set of 
observations for which the classes are 
known. Discrimination techniques construct a 
set of linear functions of the predictors, 
known as Discriminant functions, such that  L 
= b1x1 + b2x2 + … + bnxn + c , where the b's 
are Discriminant coefficients, the x's are the 
input variables or predictors and c is a 
constant.  

Discrimination should be performed after 
clustering. In the previous section sample 
subjects were allocated to three groups. Now 
we need to find Discriminant functions to map 
new observation to these specific groups.  
The standardised functions   are calculated 
as below:  
L1= 0.996x1 + 0.025x2 + 0.101 x3 + 0.101x4 + 0.045x5 
L2= 0.167x1 - 0.500x2 + 0.993x3 + 0.173x4 - 0.601x5 

As shown in table 3 in this discrimination 
analysis five important features among all 
features of PD single pulse which explained 
in section 3.2.1.2 are used. 

 
3.4. Monitoring 
Monitoring subsystem is used to give clear 

information to the operator and expert about 
all stages from data acquisition to diagnosis. 
Using monitoring, faults can be detected 
before they lead to a catastrophic failure. 

Monitoring subsystem and other part such 
as diagnostic allow us to change 
maintenance program and predict the faults 
that will happen in future.   

Features Variables Function L1 Function L2 
PDlevel X1 0.996 0.167 

PhaseInstant X2 0.025 -0.500 
TimeIndex X3 0.996 0.993 

FrequencyIndex X4 0.101 0.173 
PulseDuration X5 0.045 -0.601 
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3.5. Diagnosis 
Diagnosis contains interpretation of data to 

determine the current condition of a 
transformer. The diagnostic task has an 
important influence on the overall 
maintenance cost as well as on reliability and 
availability. The use of advanced 
technologies has the potential to greatly 
reduce the time and increase the accuracy of 
transformer diagnostics. There are many 
different techniques for diagnostic purposes, 
such as Expert Systems, Case-Based 
Reasoning (CBR), Model-Based Reasoning 
(MBR), Artificial Neural Network (ANN), 
Fuzzy Logic, Knowledge-Based Systems 
(KBS) and genetic algorithm. Although there 
are additional techniques, these have the 
highest potential for application to the 
diagnostic domain. All the technologies have 
their advantage and disadvantage. In most 
cases they cannot work alone to solve the 
diagnostic problems and have to complement 
each other to form an integrated solution.  

 
4. Conclusions  
M/D process for power transformers is a 

complex task, because different technologies 
are involved in this process. It is necessary to 
define an appropriate database for each 
diagnostic component/technique of power 
transformer. These databases will help us to 
perform more data processing and data 
mining techniques on data and extracting 
useful information that is not visible from data 
directly. Rapid development and decreasing 
costs of diagnostic hardware components 
cause changes in the hdware structure of 
power transformer’s M/D system during its life 
cycle, which is nearly up to 30 years. The 
changes in hardware components of M/D 
system affect particularly the M/D software. It 
is also necessary to use diagnostic hardware 
and software components of different 
manufactures and technologies. For this 
system we need flexibility and adaptability of 
the software during the whole life cycle. 
Proposed module based system are well 
suited for this complex and changeable 
environment. 
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