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Abstract: 

Owing to its temperature range, the images captured by the thermal cameras usually 
characterized by a white hue in addition to the lack in contrast, overexposed, and under-
exposed areas which make the conventional contrast enhancement methods inadequate. 
The current search presents an algorithm for enhancing the quality of infrared images 
based on the Contrast Limited Adaptive Histogram Equalization (CLAHE). The main 
contribution of this work focuses on evaluating the effectiveness of contrast enhance-
ment methods of infrared images to make the latter adequate in different applications. 
The enhancing results suggest that CLAHE is more effective than Histogram Equaliza-
tion (HE) in enhancing infrared images through its role in enhancing the visual details 
in addition to occupy high rate values for both Peak Signal to Noise Ratio (PSNR) and 
Root Mean Square Error (RMSE). Hence, CLAHE has the ability at final to improve the 
efficiency of infrared images in different potential applications, such as recognizing the 
defects in metals as an example.
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المقياس الكمي لفعالية أثنين 
من تقنيات تحسين التباين في صور الأشعة تحت الحمراء

د. بسعـــاد هادي حمزة
الجامعــة المســتنصرية / كليــة العلــوم – قســم الفيزياء 

مستخلص:

ــز عــادةً  ــة تتمي ــإن الصــور الملتقطــة بواســطة الكامــرات الحراري بالنظــر الى مــدى نطــاق درجــات الحــرارة، ف
ــة  ــة والعالي �ـة المنخفض ـحات المتعرض ـا الن��وع كذل��ك المساـ �ـن لهذـ ـ التباي بوج��ود الل��ون الأبي��ض بالإضافـة� إلى قلةـ
ــدم  ــة. يق ــر كافي ــن الصورغ ــوع م ــذا الن ــة له ــن التقليدي ــن التباي ــرق تحس ــل ط ــراري يجع ــعاع الح ــرض للاش التع
البحــث الحــالي خوارزميــة لتحســن جــودة صــور الأشــعة تحــت الحمــراء بنــاءً عــى اســتخدام طريقــة  معادلــة الرســم 
ــة طــرق  ــم فعالي البي��اني التكيف��ي المح��دود للتباي��ن.)CLAHE(  . تركــز المســاهمة الرئيســية لهــذا العمــل عــى تقيي
تحســن التبايــن لصــور الأشــعة تحــت الحمــراء لجعــل هــذه الأخــرة كافيــة في التطبيقــات المختلفــة. تشــر النتائــج 
المع��ززة إلى أن اس��تخدام تقني��ة  ) CLAHE ( أكث��ر فعالي��ة م��ن معادل��ة الرس��م البي��اني )HE( في تحســن صــور 
ــة  ــدل عالي ــم مع ــال قي ــة إلى احت ــة بالإضاف ــل المرئي ــز التفاصي ــا في تعزي ــال دوره ــن خ ــراء م ــت الحم ــعة تح الأش
ل��كل م��ن نس��بة ذروة الإش��ارة إلى الضوض��اء )PSNR( وج��ذر متوس��ط ​​مرب��ع الخط��أ ) RMSE (. وم�ـن ث�ـم، ف�ـإن 
CLAHE لديــه القــدرة أخــرًا عــى تحســن كفــاءة صــور الأشــعة تحــت الحمــراء في التطبيقــات المحتملــة المختلفــة، 

مث�ـل كش�ـف  العي�ـوب في المع�ـادن.
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1. Introduction
The basic concept for evaluating 

any infrared system is based on infra-
red signature derived from images of 
the infrared target and the background. 
Such images transferred then into range 
of intensity gray levels which indicate 
the temperature of the IR target and 
scene background [1-2]. The ability of 
the IR sensor model consisting of the 
adjustment procedure to measure per-
formance with real-time simulations in 
the infrared spectrum part. Such model 
can be utilized in different practical ap-
plications like health assessment, threat 
detection, thermal imaging,…etc. The 
imaging model can be used as a com-
putation tool for single and multi-band 
color images [3].

RadThermIR, and MuSES are com-
mercial software programs designed to 
simulate IR signatures which permit 
for realistic replication of an infrared 
environment [4]. Over the traditional 
analytical techniques, the infrared and 
optical sensors gave several advantag-
es, like the property to detect various 
compounds immediately without coast 
[5]. The thermal IR cameras often used 
in the surveillance scenarios because of 

its ability in capturing images through 
the day time, night and maintain the 
anonymity of the objects being moni-
tored [6-7].

Each pixel in the thermal IR im-
age represents a thermal spot which 
is display on the image. The infrared 
camera can also detects radiation from 
other environments while measuring a 
specific target like the nearby and sur-
rounding objects [8-9]. IR images con-
sidered as widely used application in 
various fields. Nevertheless and due to 
the nature of infrared detectors in ad-
dition to atmospheric conditions which 
affects upon the quality for IR images 
and yielded lower values for both con-
trast, and Signal-to-Noise Ratio (SNR). 

In image processing field, image 
quality enhancement is a critical need 
and the segmentation effectiveness in 
addition to object recognition depend 
upon the ability to enhance the con-
trast of the infrared images [10]. The 
Common used algorithms in improv-
ing image contrast include Histogram 
Equalization (HE), histogram match-
ing, gray level transformation, and 
un-sharp mask methods. However, 
these methods often amplify the noise 
in the image while improving contrast 
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[11]. To enhance the visual quality of 
IR images, a robust contrast-enhanc-
ing algorithm based on Contrast Lim-
ited Adaptive Histogram Equalization 
(CLAHE) has been developed. This 
de-noising algorithm directly reduces 
noise at higher resolution levels while 
enhancing contrast [12].

2. Related Work
Contrast enhancement has been 

widely used by numerous researchers 
for improving the quality of infrared 
images. S. Christian in [13] determined 
that homomorphic filtering and histo-
gram equalization techniques outper-
formed the other techniques by noting 
that all the implemented techniques are 
global contrast enhancement methods. 
B. Wang et al. [14] designed a new al-
gorithm by utilizing the characteristics 
of the HP memristor, which resulted 
in improving the performance. To im-
prove the visual quality of IR images, 
C. Liu et al. presented an optimized 
contrast enhancement technique by 
combining global and local enhance-
ment techniques. The proposed meth-
od outperforms block-based methods 
in enhancing the quality of IR images.

The authors in [16] presented data 

recorded with both types of cameras in 
dim light environments and estimated 
the results of applying image enhance-
ment techniques;  noise reduction, su-
per-reconstruction, and local adaptive 
contrast enhancement. The authors 
found in the comparison results from 
both cameras that an image identifier 
performed well in the case of dim envi-
ronment, otherwise, the Electro-Mag-
nified Camera (EMCCD) performed 
better in bright cases. To enhance the 
contrast of CT and MRI T1 images, 
L. Chandrashekar, and A. S. Asundi 
used CLAHE technique. The proposed 
technique improved the visual quali-
ty at the final such that the tumors can 
be segmented and classified efficient-
ly. Their results showed that the en-
hancement in contrast and entropy for 
Laplacian Pyramid fused image and 
CLAHE-Particle Swarm Optimization 
enhanced image was executed by 2.55 
% and 5.18% respectively.

Based on adaptive histogram correc-
tion and equalization, W. Deng et al. in 
[18] proposed a contrast enhancement 
method by combining an adaptive his-
togram correction and histogram 
equalization to reduce artifacts and 
insufficient local detail enhancement. 
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Their results showed that the adopted 
enhancement method was better, espe-
cially in dark areas.

In this research, an algorithm is 
introduced to enhance the quality of 
infrared images acquired by IR sen-
sors. The algorithm is centered on the 
Contrast Limited Adaptive Histogram 
Equilibrium (CLAHE) method, which 
emphasizes the enhancement of con-
trast in infrared images. The key con-
tribution of this study is the assessment 
of the efficacy of contrast enhancement 
techniques for infrared images to test 
their applicability in various domains. 

3. Proposed Scheme
The following models can be used 

in the current research.
3.1 Infrared Sensor performance 

model
To analyze the performance of an IR 

sensor, it is better to start with Planck’s 
equation for blackbody radiation. Ther-
mal surveillance equipment is needed 
to obtain thermal images of the various 
wavelength bands. A “black body” at 
a specific wavelength (λ) and tempera-
ture (T) can be represented by the fol-
lowing Eq. [19],[20] :

Where C1=1.191 x 104 (Wμ4 /cm4 sr) 
and C2=1.428 x 104 (μmK) are the radi-
ation constants, and ε(λ) is the spectral 
emissivity of an object. If the object is 

a gray body, then ε(λ)<1. The radiance 
of an object between wavelengths (λ1 
and λ2) can be calculated using Eq. 2:

and the voltage of the detector can be determined using Eq. 3:

In such an equation, A represents the 
lens area and  Ω is the solid angle of the 
detector, with a constant value and τamb 

and τopt denote the spectral transmit-
tance of the atmosphere and detector 
optics, respectively. S(λ) is the spec-
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tral responsivity, expressed in units of 
(V/W), and the integral of the wave-
length-bandwidth will have constant 
values if the systems are time-invari-
ant. The detector’s output is propor-
tional to the radiance R(T), depending 
on the temperature. This implies that 
the gray levels of an IR image are pro-
portional to the radiance of a specific 
wavelength bandwidth concerning an 
object’s temperature [21]. In previous 
results found in [22], the authors used 
a conversion technique to convert im-
ages from one wavelength band to an-
other.

3.2 Contrast Limited Adaptive 
Histogram Equalization (CLAHE)

Infrared images typically have re-
duced contrast and contain overexposed 
and underexposed regions, making con-
ventional contrast enhancement tech-

niques unsatisfactory [23]. An adaptive 
version of the adaptive histogram ap-
proach is commonly used to solve this 
issue. Contrast enhancement methods 
alter image intensities to increase the 
difference in color or intensity between 
two objects. Analytical histogram 
equalization is such a method, but adap-
tive histogram equalization (AHE) is a 
more effective approach as it enhanc-
es the contrast of small data segments 
(tiles) rather than the entire image. The 
contrast Limited Adaptive Histogram 
Equalization (CLAHE) is the result of 
combining AHE with a limited contrast 
method [24]. CLAHE segments the im-
age into equally sized, non-overlapping 
areas, calculates each area’s histogram 
and determines a clip limit for contrast 
expansion. The clip limit is calculated 
using the next Eq. [25]:

For grayscale mapping with con-
trast-limiting histograms, the cumula-
tive distribution functions (CDF) are 
calculated using a dip factor, region 
size M and N, and a maximum clip lim-
it of 100. A clip factor of 0 results in a 
clip limit of MN/L, while a clip limit of 

100 permits a maximum slope of Smax. 
Median and Gaussian filters are used to 
reduce noise in captured images. Both 
quantitative and graphical analyses 
were used to assess the quality of the 
enhancement results, with mean square 
error (MSE) used as the foundation for 
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evaluation. MSE is calculated as the 
squared difference between the origi-
nal IR image and the enhanced image, 

divided by the product of M and N. A 
lower MSE indicates better image en-
hancement performance [26], [27]. 

Root mean square error (RMSE) is 
the square root of MSE and measures 
the standard deviation of residuals. 
Peak signal-to-noise ratio (PSNR) is 
defined as the ratio of peak signal ener-
gy to mean standard deviation (MSE) 
and is computed after performing a lin-
ear fitting of processed image pixels to 

match the original image pixels [28]. 
This removes contrast and brightness 
correction errors before calculating 
PSNR, with peak signal energy expect-
ed to be 2552 and MSE summed over 
the selected region of interest of the 
processed sequence [29].

4. Tools and Methodology
The IR camera model ‘Ti10 Fluke’ 

captured the IR images of various met-
als; an iron target in stick form with a 
temperature of 58.4oC, a circular iron 
target with 193.8oC, and a cylindrical 
steel target with 91.3oC with different 
conductivities, as displayed in Fig. 1a, 
respectively. The camera had an im-
age range of 20.6°C to 140.1°C and a 
lens description of 20mm.  Table 1 dis-
plays the properties of the used metals, 
sourced from the Ministry of Science 
and Technology/Department of Re-
newable Energies/Baghdad/ Iraq. 

5. Results and Discussion
The author’s findings in [22] indicate, 

that the design of an infrared (IR) lens is 
typically focused on two specific spec-
tral bands; mid-wave infrared (MWIR) 
ranging from 3-5 μm and long-wave in�-
frared (LWIR) ranging from 8-12 μm. 
In general, the 3-5 μm wave band is 
preferred for hot and humid environ-
ments with very long ranges, while the 
8-12 μm wave band is preferred for cold 
and dusty environments. Based on these 
considerations, Figs. 1b, and c depict the 
application of Eqs. 2 and 3 to estimate 
the radiance and detector voltage for the 
band 3-5 μm respectively.
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Fig. 1 –The radiance and detector voltage application upon the original image. 
(a) Original image; (b) The application of radiance equation; 

(c) The detector voltage estimation.

( c )

( b )

( a )
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Table 1:- The properties of the used three metals

Type of Metal Emissivity Temperature (°C)
Conductivity 

(W/m K)
Calibration Range

IRON 0.28
Tmin= -8.4

Tmax=241.4
69.4

-25.0°C to 125.0 
°C

IRON CIRCLE 0.96
Tmin= -3.2
Tmax=226

33.8
-25.0°C to 125.0 

°C

STEEL 0.22
Tmin= 15.9
Tmax=72.4

14.4
-25.0°C to 125.0 

°C

High radiation areas show that the 
images of  metal’s temperature is com-
paratively high, meaning that more heat 
energy is received or released by these 
regions. Small or uneven surface re-
gions like these could be signs of a flaw 
like corrosion or a crack that is allowing 
heat to accumulate in that area. Howev-
er, regions of low radiation can suggest 
that this portion of the metal is experi-
encing inhomogeneous cooling. This 
could be because of a fault that affects 
thermal conductivity in that region.

The proposed system uses CLAHE 
for image enhancement, and the per-

formance can be measured by the sta-
tistical estimators mentioned above; 
PSNR and RMSE. The whole proce-
dure can be shown in Fig. 2, while Fig. 
3 shows the results for the proposed 
technique upon the original IR imag-
es. Experimental results show that the 
new algorithm increases the contrast in 
IR images effectively and produces an 
enhanced image with the better visual 
quality compared to the standard His-
togram Equalization (HE) method as 
shown in Fig. 4.
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Transform the image 
to grayscale

Apply Median 
filter

Apply CLAHE 
Technique

Apply Median 
filter

Apply Caussian 
blurring

Apply Foreground 
Polarity

Calculate PSNR, 
RMSHE

  Fig. 2 –Block Diagram 
for the proposed system Fig. 3 –The results for the proposed 

technique on the original images
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Fig. 4 –Visual quality results upon histograms; 
(a) Original image; (b) HE; (c) CLAHE techniques

The results shown in Fig. 5 indicate 
that the proposed technique is more ef-
fective in enhancing IR images than 
HE, in terms of visual quality and eval-
uation used metrics. It is evident from 
the evaluation of IR images that the 

CLAHE method outperforms HE in 
enhancing image contrast. Additional-
ly, the use of RMSE proves to be a bet-
ter metric than PSNR for measuring the 
performance of these two approaches.
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Fig. 5 –PSNR and RMSE for both techniques upon the three IR images
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6. Conclusion
In conclusion, this study focused 

on enhancing contrast while suppress-
ing noise in IR images. The proposed 
Contrast Limited Adaptive Histogram 
Equalization (CLAHE) algorithm was 
compared to the traditional Histogram 
Equalization (HE) algorithm through 
experimental examination, and it was 
found that the CLAHE algorithm out-
performs HE in terms of producing 
enhanced visual details with higher 
values of the statistical used metrics; 
PSNR and RMSE. The proposed meth-
od can be used to obtain significantly 
clearer images with more accurate de-
tails than the original input IR images. 
This method could be best suited for 
use in industrial and commercial infra-
red imaging applications, and one po-
tential application could be in detect-
ing defects in metals. 

Overall, the proposed algorithm is 
a promising technique for enhancing 
the quality of IR images, and it has the 
potential to improve the accuracy and 
effectiveness of infrared imaging in 
various applications.
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