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Abstract.  

A new technique in the investigation and analysis of real time transformer oil at different 

temperatures using Gabor image texture features is proposed in this paper. A numerical 

evaluation performed using Gabor filtering technique to characterize its textural properties 

of transformer oil test images. Transformer oil characteristics define the performance of 

power transferring equipment. An experiment conducted to capture test images at different 

temperatures. These images are enhanced using linear and nonlinear noise eliminating 

filters.  The statistical features extracted for unused or normal as well as enhanced 

transformer oil image at different temperatures. The results of improved complex shock 

filtered images indicate the better recognition of significant textures of the test images 

since they are nearly equivalent to normal oil test images.  The experimental results of 

texture features extracted from the Gabor filter realize a modern method in the analysis of 

real time transformer oil images operating under different temperatures. 
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1. INTRODUCTION 

Texture feature extraction is a process of evaluating as well as describing the feature 

characteristics of an image which numerically describes that texture image properties. 

Texture features are very helpful and have been used practically in image processing 

domain. Besides, the texture features can also differentiate between objects with similar 

colours and shapes [1-2]. Gabor filter is an efficient method to extract texture features 

from the images. Basically, Gabor filters are collection of wavelets. Each wavelet of the 

filter captures energy at a specific frequency along with a specific direction. Expanding a 

signal through this filter presents a localized frequency description, thus capturing local 

features of the signal. Thus the texture features can be extracted through this group of 

energy distributions [3-5]. 
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Transformer is an important device which connects generation, transmission and 

distribution electrical power system. Its performance depends on the cooling as well as 

insulation efficiency of the working device. Transformer oil provides the insulation along 

with cooling for the internal parts of the transformer [6-7]. The characteristic electrical, 

chemical, thermal as well as physical properties of the transformer oil changes with the 

different operating temperatures in addition to loading conditions [8-10].   Digital image 

processing methods are used as latest technology to monitor the performance of the 

transformer instead of time consuming classical methods [11]. This paper proposes an 

image analysis technique to identify the Gabor texture features of a test image. 

Transformer oil images acquired through digital camera in specific combined with noise 

signal due to improper lighting levels in addition to as well movement of oil. The image 

preprocessing filters used to eliminate the noise in the test images.  

 

In this paper, the weiner filter, Non-Local Means (NLM) filter, Original Shock Filter 

(OSF), Complex Shock Filter (CSF) and Improved Complex Shock Filters (ICSF) are used 

for image enhancement of transformer oil images at different temperatures [12-14]. The 

objective of this paper is to investigate the Gabor texture features of real time transformer 

oil images at different temperatures. An experiment was conducted to acquire the 

transformer oil images using digital camera at 30
0
C, 60

0
C, 90

0
C and the maximum 

temperature limited to 120
0
C [15].  The betterment of test images are achieved using 

image enhancement filters.  Gabor texture features extracted from the original image as 

well as from the filtered transformer oil images.  

 

2. MATERIALS AND METHODS 

This section explains the data collection, method adopted to extract textures of test 

images. In this paper the test images are real time transformer oil images. 

 

2.1.  Data Collection 

 
An experiment is conducted on transformer oil to capture the transformer oil images 

at different temperatures. In this paper the transformer oil images are captured at 30
0
C, 

60
0
C, 90

0
C as well as 120

0
C temperatures. These images are enhanced with difference 

noise eliminating filters. The original images captured as well as filter image considered as 

test images. Typical test images are presented in figure 1[15]. 

 

 
Figure 1 Typical transformer oil test images captured at different temperatures [15] 

 



2.2. Method 

 
Gabor filter introduced by Gabor [16] and it is applied to extract features by 

analyzing the frequency domain of the image. Gabor filter is basically a Gaussian function 

modulated by complex sinusoidal of frequency and orientation. It has the ability to 

perform both in spatial and frequency domain and can be in any number of dimensions. 

These filters are more desirable since they provide the finer distinctions of the different 

textures [17-19]. Figure 2 demonstrates Gabor image texture feature extraction 

methodology of real time transformer oil images. The real impulse response of two 

dimensional Gabor filter given as in Equation (1). 
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Where u0 is radial frequency of Gabor function,          are constants of Gaussian 

envelope along x and y axis respectively. The Gabor wavelets or filters are generated to 

cover the two dimensional image planes with arbitrary orientations can be obtained as in 

equation (2) as 

 
                  And                                               (2) 

 

 
Figure 2. Gabor Image Texture Feature Extraction Methodology 

3. RESULTS AND DISCUSSION 

In this section, the numerical and graphical results of Gabor texture features of 

transformer oil test images are presented. The acquired transformer oil images at different 

temperatures are converted into gray images. The gray scale images are resized to 200 x 

200 pixels. All images are enhanced through wiener, NLM, OSF, CSF and ICSF. The 25 

Gabor image texture features were extracted from transformer oil (normal or unused / with 

metal nails / with metal nails and conductor coil) 30
0
C, 60

0
C, 90

0
C and 120

0
C images. In 

this paper, only 30
0
C Gabor feature magnitude values listed in table 1 to table 3, but figure 

3, 4 and 5 shows the Gabor texture features for all temperatures using Column plots.  



 

Table 1 Gabor Texture features of Unused/Normal Transformer oil at 30
0
 C 

Sl. 

No. 

Gabor 

Texture 

features 

300 C  

N 

300 C 

 N- 

 Weiner 

filter 

300C 

 N-  

NLM  

filter 

300C  

N-  

OSF 

filter 

300C  

N-  

CSF  

filter 

300C  

N-  

ICSF  

filter 

1 Gabor-1 459.16 459.13 460.97 459.16 459.20 459.35 

2 Gabor-2 3.89 3.86 3.90 3.99 3.89 3.89 

3 Gabor-3 9.41 9.35 9.37 9.46 9.37 9.36 

4 Gabor-4 27.61 27.42 26.99 27.67 27.47 27.26 

5 Gabor-5 352.10 352.16 353.46 352.10 352.12 352.22 

6 Gabor-6 328.71 328.68 330.00 328.71 328.74 328.85 

7 Gabor-7 29.96 29.95 30.08 29.97 29.97 29.98 

8 Gabor-8 8.63 8.53 8.54 8.70 8.58 8.56 

9 Gabor-9 35.37 35.26 35.10 35.40 35.30 35.22 

10 Gabor-10 226.54 226.62 227.39 226.55 226.55 226.61 

11 Gabor-11 378.05 378.01 379.53 378.04 378.08 378.20 

12 Gabor-12 12.72 12.69 12.77 12.73 12.72 12.73 

13 Gabor-13 9.28 9.06 8.99 9.41 9.16 9.11 

14 Gabor-14 26.41 25.92 24.57 26.59 26.12 25.83 

15 Gabor-15 304.15 304.22 305.31 304.14 304.17 304.27 

16 Gabor-16 378.05 378.01 379.53 378.04 378.08 378.20 

17 Gabor-17 12.72 12.69 12.77 12.73 12.72 12.73 

18 Gabor-18 9.27 9.06 8.99 9.40 9.16 9.11 

19 Gabor-19 26.38 25.88 24.58 26.54 26.09 25.80 

20 Gabor-20 304.29 304.36 305.46 304.28 304.31 304.41 

21 Gabor-21 328.71 328.68 330.00 328.71 328.74 328.85 

22 Gabor-22 29.96 29.95 30.08 29.97 29.97 29.97 

23 Gabor-23 8.63 8.53 8.54 8.69 8.57 8.55 

24 Gabor-24 35.33 35.22 35.08 35.36 35.27 35.19 

25 Gabor-25 226.70 226.78 227.55 226.70 226.71 226.77 

 
 

Figure 3  Column plot of Gabor Texture Features of Unused/Normal Transformer oil 

 At (a) 30
0
 C (b) 60

0
 C (c) 90

0 
C (d) 120

0
 



 

Table 2 Gabor Texture features of Transformer oil with metal nails at 30
0
 C 

Sl. 

No. 

Gabor 

Texture 

features 

300 C  

WM 

300 C 

 WM- 

 Weiner 

filter 

300C 

 WM-  

NLM  

filter 

300C  

WM-  

OSF 

filter 

300C  

WM-  

CSF  

filter 

300C  

WM-  

ICSF  

filter 

1 Gabor-1 416.73 416.68 418.35 416.74 416.75 416.83 

2 Gabor-2 3.50 3.47 3.51 3.60 3.50 3.50 

3 Gabor-3 8.45 8.39 8.42 8.50 8.42 8.40 

4 Gabor-4 24.72 24.55 24.11 24.80 24.59 24.39 

5 Gabor-5 318.82 318.86 319.98 318.83 318.82 318.87 

6 Gabor-6 298.32 298.28 299.48 298.33 298.33 298.39 

7 Gabor-7 27.18 27.17 27.29 27.19 27.18 27.19 

8 Gabor-8 7.75 7.68 7.70 7.81 7.71 7.70 

9 Gabor-9 31.82 31.72 31.62 31.85 31.76 31.70 

10 Gabor-10 204.96 205.03 205.66 204.98 204.96 204.98 

11 Gabor-11 343.10 343.06 344.43 343.11 343.11 343.18 

12 Gabor-12 11.54 11.52 11.59 11.55 11.54 11.55 

13 Gabor-13 8.31 8.19 8.16 8.39 8.24 8.22 

14 Gabor-14 24.40 23.90 22.46 24.50 24.07 23.74 

15 Gabor-15 275.85 275.91 276.88 275.86 275.86 275.90 

16 Gabor-16 343.10 343.06 344.43 343.11 343.11 343.18 

17 Gabor-17 11.54 11.52 11.59 11.55 11.54 11.55 

18 Gabor-18 8.31 8.19 8.16 8.39 8.24 8.22 

19 Gabor-19 24.38 23.88 22.44 24.47 24.06 23.72 

20 Gabor-20 275.98 276.04 277.00 275.98 275.98 276.03 

21 Gabor-21 298.32 298.28 299.48 298.33 298.33 298.39 

22 Gabor-22 27.18 27.17 27.29 27.19 27.18 27.19 

23 Gabor-23 7.75 7.68 7.70 7.80 7.71 7.70 

24 Gabor-24 31.81 31.71 31.61 31.84 31.75 31.69 

25 Gabor-25 205.11 205.17 205.80 205.11 205.10 205.12 

 

 
 

Figure 4 Column plot of Gabor Texture Features of Transformer oil with metal nails 

At (a) 30
0
 C (b) 60

0
 C (c) 90

0 
C (d) 120

0
 C 



Table 3 Gabor Texture features of Transformer oil with metal nails and  

Conductor coil at 30
0
 C 

Sl. 

No. 

Gabor 

Texture 

features 

300 C  

WMC 

300 C 

 WMC- 

 Weiner 

filter 

300C 

 WMC-  

NLM  

filter 

300C  

WMC-  

OSF 

filter 

300C  

WMC-  

CSF  

filter 

300C  

WMC-  

ICSF  

filter 

1 Gabor-1 579.31 579.28 581.59 579.33 579.35 579.47 

2 Gabor-2 4.88 4.84 4.89 4.95 4.87 4.87 

3 Gabor-3 11.83 11.72 11.72 11.89 11.76 11.72 

4 Gabor-4 34.00 33.78 33.43 34.06 33.84 33.66 

5 Gabor-5 443.59 443.65 445.30 443.61 443.62 443.69 

6 Gabor-6 414.71 414.68 416.34 414.72 414.73 414.82 

7 Gabor-7 37.77 37.76 37.92 37.78 37.77 37.78 

8 Gabor-8 10.74 10.63 10.65 10.81 10.68 10.65 

9 Gabor-9 43.81 43.72 43.72 43.84 43.76 43.71 

10 Gabor-10 284.16 284.24 285.22 284.17 284.17 284.20 

11 Gabor-11 476.97 476.94 478.84 476.99 477.00 477.10 

12 Gabor-12 15.98 15.95 16.05 15.99 15.98 15.99 

13 Gabor-13 11.18 11.06 11.08 11.26 11.12 11.08 

14 Gabor-14 30.28 30.00 29.51 30.38 30.10 29.90 

15 Gabor-15 381.46 381.54 382.91 381.48 381.48 381.55 

16 Gabor-16 476.97 476.94 478.84 476.99 477.00 477.10 

17 Gabor-17 15.98 15.95 16.05 15.99 15.98 15.99 

18 Gabor-18 11.18 11.06 11.08 11.26 11.12 11.08 

19 Gabor-19 30.22 29.95 29.50 30.31 30.05 29.84 

20 Gabor-20 381.08 381.15 382.53 381.10 381.10 381.17 

21 Gabor-21 414.71 414.68 416.34 414.72 414.73 414.82 

22 Gabor-22 37.77 37.76 37.92 37.78 37.77 37.78 

23 Gabor-23 10.74 10.63 10.65 10.80 10.68 10.64 

24 Gabor-24 43.78 43.70 43.72 43.81 43.73 43.69 

25 Gabor-25 283.60 283.67 284.65 283.61 283.60 283.64 

 
 

Figure 5 Column plot of Gabor Texture Features of Transformer oil with metal  

          -nails and conductor coils at (a) 30
0
 C (b) 60

0
 C (c) 90

0 
C (d) 120

0
  



Gabor texture features explore the spatial and frequency values in terms of 

magnitude. From tables and figures, it is observed that higher variations of the magnitude 

values with special frequency relation of Gabor image texture features. Gabor feature 

envelope controls the frequency magnitude of the image texture feature. For a very large 

feature envelope approaches a high magnitude, and for a very small feature envelope, the 

magnitude height stretches across the image. 

 

4. CONCLUSIONS 

 
This paper presents an effective method in the investigation and analysis of Gabor 

texture image features for real time transformer oil images acquired at 30
0
C, 60

0
C, 90

0
C as 

well as 120
0
C temperatures. This paper demonstrates numerical results of transformer oil 

for normal as well as enhanced images. Twenty five Gabor image texture features were 

evaluated for all the test images. The results indicate that the features evaluated were 

substantially identifying texture features. The ICSF filter texture features provide best 

results among all filters. This paper concludes that the Gabor texture features extracted 

through ICSF is best for further analysis of images. The extension of this study can be 

used for online or offline condition monitoring of transformer oil. 
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