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Abstract
Image filtering plays an important role in post-processing and 
analysis of thermographic images. The place of digital filtering 
in the overall imaging in quantitative thermography is analyzed 
in the paper. There is proposed a technological scheme for a 
thermographic study of asynchronous electric motor for use in 
electromobile engineering. The results from the implementation 
of digital filtering in the MATLAB environment are presented. 
Four types of digital filters are thoroughly studied. The data is 
analyzed and recommendations are made in what cases one or 
another filter to be preferred, depending on the chosen goal and 
desired result.
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I. Introduction
In energetics, transport and other applications, the capabilities of 
infrared thermography are used for remote view of power lines, 
cables and other energy sources in order to identify areas of poor 
contact and increased fire hazard, to obtain a picture of the heat 
balance of transformers and to explore the thermal regime of 
the engines and to make recommendations for improving the 
efficiency of cooling systems and more [1-2]. The object of study 
in this work is the processing of thermograms by using software 
products (programs), as the subject of the study is the degree of 
suitability (i.e. effectiveness) of this process, implemented by 
means of digital filtering.
Based on its nature, besides its other characteristic properties, 
the temperature can be used as a universal and objective tool for 
diagnosing the vital status of the object. As a natural consequence 
of this fact are the efforts of researchers and practitioners in the field 
of informatics and physics for the development and improvement 
of thermography and thermo-visual diagnostic.
During measurement, an infrared camera captures the radiation 
of heat from the surface. Accordingly, the radiation is converted 
into electronic signals from the detector and can be visualized in 
the form of infrared image (thermogram). Taking into account the 
high sensitivity of infrared cameras, temperature differences of 
a few hundred parts of a degree can be measured. The received 
thermograms (images) can be coloured as each colour corresponds 
to a certain temperature.
The disadvantage of thermography technology for research, which 
is most commonly cited in literature, is its subjective nature, 
evidenced by the fact that the interpretation of the results depends 
largely on the skills and experience of the person (researcher), 
who makes the measurements and deals with their interpretation. 
The subjective nature of research of this kind can be significantly 
minimized through the use of new approaches of processing, 
implementation and modelling of signals and the introduction of 
improved technology of infrared cameras, computer processing 
and the speed of data transmission.
Thermography can be used for qualitative and quantitative 

applications. A thermographic method is used for a quantitative 
determination of the emitted heat by an electric motor waste [5]. 
However thermographic method is used for manual processing of 
the thermograms (infrared images) to extract the necessary data 
by a trained professional. This makes the method in the proposed 
form unsuitable for large scale applications.
Applying digital filtering in the diagnosis of electrical motors 
an effective system of quantitative thermographic surveys can 
be built. The process of infrared image filtering is crucial for a 
well-functioning system aiming maximum extraction of data on 
radiant heat with minimal loss of information.

II. Digital Filtration in the Infrared Image Processing
Regardless of the problem area, the main stages in the image 
processing are identical. They can be summarized by using the 
block diagram presented on fig. 1, in which:

Stage 1: is related to obtaining the input image and its pre-• 
processing in order to correct the distortion of the input 
converters;
Stage 2: involves reducing the information to obtain a • 
compressed representation containing only signs which are 
significant for a certain class of problems, known in practice 
as structurally informative presentation;
Stage 3: in the frame of which retrieval of specific data needed • 
to solve a specific task is performed, known as identification 
of objects or estimation of their parameters.

Nowadays, thanks to the widespread use of high-speed computer 
systems, filtration of images has become a common practice (even 
standard), including thermogram processing.
Digital processing and analysis of images and objects in their 
structure is a fundamental theoretical and practical problem, 
connected with solving a number of particular tasks and selection 
of an appropriate strategy for separation of the objects from the 
image background. All these features are crucial for establishment 
of a well-functioning system for maximum extraction of objects 
data with minimal loss of information. The preliminary image 
processing and the choice of parameters for objects classification 
appear significant in this case.
Filtration of a digital image is a process of adjustment of every 
element in which the values of each pixel change depending on the 
initial value, and the values of its neighbors [3-4]. Image filtering 
plays an important role in post-processing and image analysis. 
Choosing the appropriate filter is a key element that provides 
warranty for successful processing and analysis.
To summarize the use of digital filtering in image processing we 
can say that there is no universal approach or recipe for what is the 
best method to process one or another thermographic image which 
is investigated. Each filtration is unique according to distortion that 
must be corrected, and any data retrieval is particular according to 
the specific task which is solved. The final result depends on the 
training of the investigator and his creative abilities to exploit the 
opportunities provided by the Matlab program for example.
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Fig. 1: Diagram of the Image-Processing Stages

III. Technology for Thermograms Processing of Asynchro-
nous Electric Motor
AC asynchronous electric motor AM200 type with power 16 kW 
is studied. It is intended for installation in electric car. Tests were 
conducted in the Higher School of Transport “T. Kableshkov”. 
The experimental setup includes the studied object (asynchronous 
motor), motor test stand, infrared camera FLIR SC640, laptop 
and software.
The study includes analysis of options for thermograms 
processing using digital filtering by means of Matlab program 
and interpretation of results. 
Two software products are used for the purpose of the study. 
The first one is Matlab. The second software is ThermaCAM 
Researcher as it provides opportunities for initial tuning to a 
specific type of thermograph camera and on-line processes of 
infrared images obtained by the camera interface. The camera 
control system adjusts the operating power to provide appropriate 
conditions for recording the image, and also chooses the amount 
of images captured per unit of time.
Ten motors are tested in the course of experiments where six 

thermograms for each motor are obtained. The thermograms are 
processed by the following filters in the Matlab program: Median 
filter, Sobel Filter, Laplace Filter, Gaussian Filter.
The technology for performing experiments includes the steps 
shown on fig. 2.
Noise produced by the emission change on the surface in the 
experiment can be eliminated to some extent by painting the tested 
surface with black paint with a uniform emission. It was found that 
the surface temperature change in time has an exponential form. 
To eliminate the unwanted temporary noise (temporal noise) in 
the input images (row images) exponential fitting on each pixel 
as a function of time can be applied. The spatial noise is reduced 
by applying a combination of standard algorithms for filtering.
Various data about the motor can be extracted after the digital 
filtering of the infrared images. This information can be used 
for online processing of data to evaluate the effectiveness and 
reduce uncertainty. The typical information from the infrared 
image processing includes average temperature in different zones, 
position and size of hot spots or areas, rate of change of the surface 
temperature and more.

Fig. 2: Flowchart of Image Processing Technology

IV. Experimental Results
The ThermaCAM Researcher program allows the infrared images 
to undergo further processing to improve the resulting initial image. 
The program provides an opportunity to compare the measured 
temperature values and on their base to obtain histograms of 
temperature inversions (see fig. 3). The same approach is applied 
to all investigated infrared images.
The results of using median filter in two varieties are shown in 
fig. 4. A simple Median filter medfilt2 (Filter 1) uses a matrix 
with [m, m] size containing only 1s, as the variable “m” can be 
modified in the code.
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Fig. 3: Infrared Image and its Histogram Presented in the Therma 
CAM Researcher Environment

Fig. 4: Median filter: (a). Simple medfilt2, (b). with a Matrix 
Mask

The second filter (Filter 2) uses mask matrix and provides greater 
opportunities to experiment with its type.
Thermogram processing by Sobel filter is done by using the tool 
“mad2gray” in two stages: defining the edges and defining the 
boundaries of objects in the image. Fig.5 shows the results of the 
filtered images.

Fig. 5: Sobel Filter

The function for Laplace filter type “triangle_scaled_laplace” was 
used for the purpose of study. Results are shown in fig. 6.

Fig. 6: Laplace Filter

When processing the thermograms to remove details and noise a 
filter Gauss d2gauss.m tool is applied, and the results are shown 
in fig. 7.
Results from the investigated thermograms are obtained graphically 
by applying the technology described in fig. 2. They are interpreted 
as follows:

Fig. 7: Gaussian Filter
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Research by a median filter: in the first case (a) the input image 
representing an infrared image with an initial noise is processed 
by a median filter “medfilt2”, yielding the output image with better 
quality on account of removing noise fig. 4(a). In the second case 
(b) noise is added to the input image and then is processed by a 
median filter “mask”, where an output image with better quality is 
received again on account of the elimination of the original noise 
and added noise fig. 4(b). In both cases, the quality improvement 
of the original image is on account of suppression (elimination) 
of the noise in the input image.
Testing by Sobel and Laplace filters: the input images are processed 
sequentially by Sobel filter (fig. 5) and Laplace filter (fig. 6), where 
output images with higher quality of the contours of the objects in 
the image are obtained. In both cases there is an improvement in 
the quality of the original image in terms of separation of objects 
and determination of their contours.
Testing by Gaussian filter: the input image is processed by using 
a Gaussian filter (fig. 7), yielding the output image with higher 
quality on account of the removal of the original noise and the 
possibility of obscuring a section of the image.
In the article several techniques are presented for the enhancement 
and evaluation of infrared images. The illustrations are taken 
from the field of electric motors techniques. When the spots 
with the highest temperatures on the surface are known, some 
useful and particular recommendations may be formulated. Thus 
unexpected later failures due to the high local thermal load can 
be prevented.
Based on the results from the study of nature and characteristics 
of the types of filters discussed above during the study of electric 
motors a comparative analysis (Table 1) is fulfilled including 
three key indicators: the main function, the advantages and 
disadvantages of the filter in the practical application.

Table 1: Comparative Analysis of the Filters used in Infrared 
Image Analysis of Electric Motors

Basic function Advantages of the 
filter

Disadvantages 
of the filter

M
ed

ia
n 

 F
ilt

er

Clears a single 
pulse and does 
not affect the 
neighbouring 
values. 
Corrections 
occur only 
on the wrong 
value during 
the rising 
or falling 
sequences.

Removes sharp 
peaks in the image. 
Does not create new 
unrealistic points in 
the picture, when 
the filter processes 
the contour of the 
image. The median 
value is cleared from 
extreme values.

This type 
of filter is 
relatively 
expensive, 
takes more 
computer 
time for 
approximation 
calculation.

So
be

l F
ilt

er

It finds borders 
between 
different areas 
in the studied 
image.

Calculates the 
permissible gradient 
approximation of 
the values of the 
function of the 
intensity of the 
characters in the 
image.
It can be used by 
means of relatively 
simple hardware and 
software resources.

Lack of 
perfect 
rotational 
symmetry 
when using 
this type of 
filter.

La
pl

ac
e 

Fi
lte

r

It outlines the 
image in all 
directions.

If there is an abrupt 
change in the colour 
it is indicated by a 
colour peak.

The noise 
cannot be 
separated, and 
that leads to 
rupture of the 
loop.

G
ra

du
at

ed
 

Fi
lte

r

Tints or 
decreases the 
brightness of a 
particular part 
of the image.

Problems associated 
with large contrasts 
in the images are 
solved.

Their use is 
relatively 
limited.

V. Conclusion
The use of digital filters in different programming environments 
becomes a standard or requirement for obtaining results from 
the infrared image processing which are good enough in quality. 
The progressive approach is a combination of more than one 
programming environments (Matlab, ThermaCAM Researcher, 
etc.) in the thermogram processing where synergy effect is derived 
based on the benefits of each program media. The variety of digital 
filters allows solving different content problems on one hand, 
and creates conditions for optimizing the decision process for the 
infrared images processing on the other hand.
A variety of digital filters allows solving different content problems 
and creates conditions for optimizing the decision process of the 
infrared images.
Based on the results of the experiments there are formulated 
conclusions and recommendations on options for handling 
thermograms by digital filtering. IR image filtering is a practical, 
quick and normalizable evaluation method with the goal of 
analyzing the temperature field initially.
The digital filters discussed in the article are not the only ones 
used in practice. In some specialized applications there are used 
adaptive filters such as Wiener adaptation, Kalman filter, and 
more. Such filters are not considered in the article because their 
purpose is for synchronized thermography.
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