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Abstract
The most challenging task in InfraRed Thermography based condition monitoring of electrical equipment lies in the 
accurate detection of the anomaly. It necessitates an efficient preprocessing technique for increasing the contrast between 
the background and the anomaly regions in thermographs. In this paper, an efficient multi-level thresholding based 
enhancement technique is proposed for highlighting the anomaly region from the background. In contrast to the two levels 
in binary enhancement, n levels are determined based on the histogram bins. Enhanced intensity is calculated based on 
the range of the level rather than selecting randomly. Strength of the proposed technique is evident in its ability to detect 
the true edges corresponding to the anomaly. Also the anomaly region is accurately detected to its true size which in 
turn resulted in the precise estimation of the real time temperature. The error in temperature is approximately 0.5 at an 
emissivity of 0.7. The proposed technique can be adapted irrespective of thermal profiling of thermographs. However the 
intensity range must be chosen appropriately. Relationship between emissivity and error in temperature is also provided 
at the room temperature
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1. Introduction

Infra Red Thermography (IRT) is Non Destructive 
Testing technique (NDT) used extensively for accessing 
the quality of welds, health monitoring of structures 
and condition monitoring of equipment1,2. It uses an 
IR camera that captures the heat pattern and maps 
into thermograph. A thermograph is two dimensional 
function f(x ,y) where x,y denotes spatial coordinates 
f(x,y) is radiance of a thermograph.  High intensity region 
denotes the highest temperature region called hotpot 
characteristics is the indicator of the anomalies. Hence 
in order to determine the anomalies or flaws or defects 
it is necessary to process the thermographs and extract 
the hotpots. Hotspot extraction is basically performed as 
Image segmentation technique works well when contrast 

between the hotspot region and the background is high. 
Hence it is necessary to preprocess the thermograph in 
order to highlight the hotspot. Hotspot corresponds to 
low frequency regions and hence image segmentation is 
performed to enhance the hotspot image smoothening 
refers to high lighting low resolution region by blurring 
and by removing the undesirable high frequency regions. 
Conventional image smoothening technique involved 
average filtering weighted average filtering, median 
filtering, adaptive filtering Butterworth filtering low pass 
filtering and Gaussian low pass filtering3,4. 

In5 the authors have proposed an algorithm based 
on Aaro Mallo (MEAM ) for contrast enhancement 
of IR Images. Dynamic range reduction and contrast 
enhancement were required to convert the output image 
of detector with high dynamic range into lower dynamic 
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range which was suitable for output display device. In 
MEAM algorithm, first the image was split into high 
spatial components and low spatial components. The low 
spatial frequency component was extracted by applying 
low pass filter and high spatial components was obtained 
by subtracting the low spatial components with original 
image. The summing of both components was done and 
the final image was extracted from the resultant which 
was limited to specific range. The author has compared 
theperformance of MEAM with three other algorithms 
namely infrared Multi Scale Retinex, Tailless Plateau 
Equalization (TPE) and Adaptive Plateau Equalization 
(APE). It was concluded that MEAM algorithm was the 
best technique for contrast enhancement.

In6 the authors have proposed a novel method for IR 
image enhancement using normalization of beta function. 
The image was acquired and its minimum and maximum 
intensities were calculated. A constant T was initialized. 
From input image Ixy was derived where Ixy =  Imin + T*(Imax 

–Imin)*I. The minimum and maximum intensities of Ixy 

were found. Then the input image was normalized using
g(x,y) and beta function was applied. After which the
image is demoralized. Thus image was enhanced using
normalization of beta function. This method had the best
results for Far Infrared (FIR) than Near Infrared (NIR).

In7 the authors have focused on a homomorphic 
filtering technique which is suitable for identifying the 
weapon hidden beneath a person clothing application of 
infrared imaging. The is defined as f(x, y) = i(x, y) * r(x, y) 
and then natural logarithm was applied on both the sides. 
Then Fourier Transform is applied to convert the image to 
its frequency domain. After which a filter function H(u, v) 
is applied and then inverse Fourier Transform was done to 
get filtered image. Now Homomorphic filtering is applied 
which is modified from Gaussian high filter known has 
Difference of Gaussian (DOG). The author have proved 
that this most effective method for identifying the hidden 
weapon.

In8 the authors have proposed method to enhance 
contrast by transforming 20 minute imaging data into 
frequency domain and Large Conduit Vessel (LCV) in 
hand was extracted. First IR image wascaptured for 20 
minutes with different temperature fluctuation and then 
normalized Fast Fourier Transform was applied to divide 
the whole spectrum into six different frequency ranges. In 
averaged magnitude image the LCV was identified.

In9 the authors have proposed an additive wavelet 

transform for enhancement of IR images. The IR image 
is first analysed and then decomposed into various band 
using additive wavelet transform. The illumination and 
reflectance components of each sub band are extracted 
using additive wavelet transposition. After enforcement 
operation reconstruction of separate band was done. 
Finally Inverse wavelet transform was applied to obtain 
the effective information for the user.

2. Proposed Methodology

Image enhancement refers to the process of highlighting 
the Region of Interest in order to facilitate efficient 
segmentation and characterization. Image enhancement 
can be performed as point operators or neighbourhood 
operators10–12. Image negative, log transformation, 
histogram equalization, contrast stretching are the most 
commonly used point operators. In neighbourhood 
operations, the mask is placed in such a way that the 
centre element of the mask is placed on the pixel to be 
enhanced. Based on the types of masks used, there are 
two types of enhancement namely image smoothening 
and image sharpening. Image smoothing refers to 
blurring the image by removing the high frequency 
components (noise). Average and weighted average 
filters are the most commonly used image smoothening 
filters in spatial domain. On the other hand, image 
sharpening refers to highlighting the fine details in the 
image (edges). Gradient and Laplacian operators are the 
widely used image sharpening filters. Though these filters 
are widely used for image enhancement, these filters are 
unsuitable for thermographs. It is because thermographs 
have distinct temperature profiles and hence gray levels. 
Hence multi level thresholding is proposed in this paper. 
In this proposed technique, five set of rules are developed 
for respective intensity range. In the first case, the output 
intensity is made as zero and in all the remaining cases, 
the intensity is decided by the number of intensity bins 
within the range. Number of bins is equal to thmax-thmin 
where thmax corresponds to the maximum intensity and 
thmin denotes the minimum intensity. Thresholds are 
chosen based on the multiple intensity ranges selected 
from the histogram. Original pseudocolor thermographs, 
gray scale images and the corresponding histograms are 
shown from Figures 1-3. 
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Figure 1.    Original image for emissivity. (a) 0.64. (b) 
0.5. (c) 1. 

Figure 2.    Gray scale image for emissivities. (a) 0.64. 
(b) 0.5. (c) 1.

Figure 3.    Histogram images for emmisivities. (a) 0.64. 
(b) 0.5. (c) 1.

Irrespective of the thermal images, the threshold 
ranges for the five different cases are found as f(x,y)<=75, 
76<=f(x,y)<=175, 176<=f(x,y)<=240 and f(x,y)>=255. 
Hence these values were chosen for performing contrast 
enhancement. The fl owchart depicting th e pr oposed 
technique is shown in Figure 4.

After performing image enhancement, the hotspot is 
isolated through edge detection and morphological image 
processing. After extracting the hotspot, the average 
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intensity is determined from which the real temperature 
is calculated.

Figure 4.    Flowchart.

3. Results and Discussion

The gray scale image and the corresponding edge detected 
images for thermographs IR_1411, IR_1417, and IR_1431  
are shown in Figures 5-6. From the images, it is found 
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that the edges corresponding to the hotspot are not visible 
which hence makes it practically impossible to determine 
the hotspot by edge detection based segmentation. 
The enhanced image and the edge detected images are 
shown in Figures 7-8. From the Figure 8, it is found 
that the edges corresponding to the hotspot are visible 
in the output images. In order to extract the hotspot it 
is necessary to region fill the hotspot images. The region 
filled thermographs are shown in Figure 9. From Figure 
9, it is found that the undesirable regions are also visible 
in the hotspot. In order to isolate the hotspot the region 
corresponding to the maximum area is chosen. The 
output images are shown in Figure 10. From the Figure, 
it is found that the original size of the hotspot is obtained 
which is in contrast to image erosion where the size of the 
hotspot is also reduced while removing the undesirable 
regions. 

Figure 5.    Gray scale image for emissivities. (a) 0.64. 
(b) 0.5. (c) 1.

Figure 6.    Edge detection images of emmisivity. 
(a) 0.64. (b) 0.5. (c) 1.
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Figure 7.    Multi Level Enchancement images of 
emmisivity. (a) 0.64. (b) 0.5. (c) 1. 

Figure 8.    Edge detection on enhanced images of 
emmisivity. (a) 0.64. (b) 0.5. (c) 1. 
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Figure 9.    Edge detection on of emmisivity. (a) 
0.64. (b) 0.5. (c) 1. 
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Figure 10.    Output images of emmisivity. (a) 
0.64. (b) 0.5. (c) 1. 

However in order to calculate the original intensity the 
gray scale image corresponding to the hotspot regions are 
then recovered. The recovered hotspot regions are shown 
in Figure 11. From the Figure 11, it is found that the 
actual gray scale values are retained. The real temperature 
calculated from the average intensity of the hotspot is 
shown in Table 1.

Figure 11.    Recovered hotspot region of 
emmisivity. (a) 0.64. (b) 0.5. (c) 1. 

Table 1.    The real temperature and error in 
temperature for various emissivity
Emissivity Min 

Temp 0c
Max Temp 

0c
Real Temp 

0c
Error In 
Temp 0c

0.64 41.8 57.2 41.9639 0.9639
0.6 43.3 59.4 43.46 2.46

0.55 45.5 62.5 45.833 4.833
0.5 47.3 66.1 47.4955 6.4955
0.7 40.2 54.4 40.455 -0.545
0.75 39 52.4 39.1329 -1.8671
0.8 38.2 50.4 38.3449 -2.6551
0.85 37.3 48.7 37.554 -3.446
0.9 35.8 46.9 35.948 -5.052
0.95 35.5 45.7 35.589 -5.411
0.1 34.6 44.7 34.6897 -6.3103

After calculating the error in temperature, the 
next task is to determine the relationship between the 
emissivity and error in temperature. The relation is shown 
in Equation (1)
Error in temperature = (p1*x^2 + p2*x + p3) / (x + q1)   	

      (1)
Where x is emissivity
p1 = - 14.25 (-18.41, -10.08).
p2 = 9.158 (5.059, 13.26).
p3 = 0.4119 (-0.3238, 1.148).
q1 = - 0.2877 (-0.3443, - 0.2311).
The SSE is 0.6582 while RMSE is 0.3312.

4. Conclusion

In this paper, an efficient image enchantment technique 
based on multilevel thresholds is proposed. Thresholds 
are chosen based on bins in histograms. The proposed 
technique enhances the image effectively such that 
the hotspot regions are visible after edge detection. 
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Undesirable regions are removed using morphological 
image processing. Though the hotspot is isolated the 
actual size of the hotspots is compromised in certain 
images. Also the structuring elements play a major role in 
the efficiency of the segmentation technique. Curve fitting 
toolbox is also used to obtain the relationship between the 
input and the error in temperature.
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