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Abstract
Aim: The aim of this study is to compare and analyze linear con-
trast enhancement algorithm for lung image enhancement over 
novel histogram equalization technique. Material and Meth-
ods: In this research, different sources of lung images collected 
from the kaggle website were used. Samples were considered as 
(N=30) for linear contrast filter and (N=30) for novel histogram 
equalization technique with total sample size calculated using 
clinical.com. As a result the total number of samples was calcu-
lated to be 60. Using SPSS Software and a standard data set, the 
PSNR was obtained. Both linear contrast filter and novel histo-
gram equalization technique image enhancement were imple-
mented on lung images through Matlab coding and also PSNR 
values of each image were extracted. Then through SPSS soft-
ware comparison and analysis has been made. Result: In the fi-
nal output of image enhancement, novel histogram equalization 
technique shows better performance in improving PSNR of lung 
images than linear contrast filter. Comparison of PSNR values 
are done by independent sample test using IBM-SPSS software. 
There is a statistical difference between histogram technique and 
linear contrast filter. The novel histogram equalization technique 
showed higher results of PSNR (65.9197dB) with (p=0.04) in com-
parison with linear contrast filter (36.1190dB). Conclusion: Within 
this research study the histogram equalization image enhance-
ment technique has greater PSNR value of lung images than in 
linear contrast enhancement technique. 
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Introduction
 Image enhancement is mainly used to obtain a 

high quality image after improving the characteristics 
of the input image (Senthilkumaran and Thimmiaraja 
2014). Image enhancement helps doctors accurate-
ly interpret medical images as crucial information 
for better diagnosis and treatment for lung disorders 
in the medical field applications (Kaur, Girdhar, and 
Kanwal 2016). In linear contrast enhancement, also 
referred as a contrast stretching, linearly expands the 
original digital values of the remotely sensed data into 
a new distribution (Padmavathy and Priya 2019). By 
expanding the original input values of the image, the 
total range of sensitivity of the display device can be 
utilized (Suralkar and Rajput 2020). Linear contrast 
enhancement makes subtle variations within the data 
more obvious in image. Contrast enhancement tech-
niques are used in images to enhance the visibility 
quality of internal human body texture in magnetic 
resonance imaging (MRI). Histogram equalization is 
mainly used in image enhancement and divides the 
original image into several non overlapping sub im-
ages. In medical image applications novel histogram 
equalization is used for obtaining details in an image 
with clear relative to background by enhancing the 
image contrast and suppressing the noise (Kalyani and 
Chakraborty 2020). There are 180 research articles 
published on image enhancement in sciencedirect and 
350 papers on Google Scholar and 73 research articles 
were published in IEEE xplore for image enhancement 
of lung images. 

Linear contrast enhancement technique is com-
pared with histogram equalization technique by re-
moving noise and blur images and improves good 
quality richness of image as performance enhance-
ment (Vartak and Mankar 2015). It also preserves the 
richness of details and sharpness of edge detection in 



Issue 25. December 2022 | Cardiometry | 839

an image compared to linear contrast enhancement 
technique. It takes less computational time in contrast 
to histogram equalization algorithm and it calculates 
histogram of the whole image and then the image 
gets clipped according to threshold value. Histogram 
equalization technique and contrast-limited adaptive 
histogram equalization is applied in order to improve 
the contrast of MRI medical images. Experimental 
results showed good efficiency by improving the con-
trast of MRI medical images with very high quality. 
Comparison of various image quality measures like 
MSE, PSNR are taken into account for evaluation of 
the quality of enhanced MRI medical images (Tom 
and Wolfe 1983).Our team has extensive knowledge 
and research experience that has translate into high 
quality publications (Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

The research gap identified from the survey is that 
there are many methods proposed for image enhance-
ment of medical images but most of the methods have 
less PSNR. Hence the major objective of this study is 
to enhance lung images using novel histogram equal-
ization techniques and linear contrast enhancement 
and compare both performances based on PSNR val-
ues to identify better enhancement techniques.

Materials and methods
The research work was carried out at the depart-

ment of Biomedical Engineering, Saveetha School of 
Engineering. The number of groups identified for the 
study are two. Group 1 is given as a novel histogram 
equalization technique and group 2 is given as a linear 
contrast enhancement algorithm. Sample size for each 
group was calculated by using previous study results 
in clinical.com by keeping g power as 80%, threshold 
0.05 and confidence interval as 95% (Zipporah and 
Sharmila 2018). According to that, the sample size of 
histogram technique (N=30) and linear contrast en-
hancement technique (N=30) were calculated. The 
study uses CT, X-ray, MRI lung images download-
ed from kaggle website. In sample preparation, for 
Group1 the number of lung image samples collected 
from CT Scan images is 10, X-rays scan images is 10 
and MRI scan images is 10. The collected image sam-

ples are used for PSNR based image enhancement us-
ing linear contrast enhancement technique. For Group 
2 sample Preparation, 10 lung images were collected 
each from X-ray, MRI and CT Scan. Testing setup is 
done by installing the Matlab R2018a software. After 
preparation a Matlab code was implemented for both 
histogram equalization and linear contrast enhance-
ment methods. The performance of both algorithms 
was measured using the PSNR parameter. This param-
eter was calculated and evaluated to assess the meth-
od’s efficacy and comparison of results was done for 
both methods to find which algorithm performed sig-
nificantly better results for enhancing images.

Statistical analysis
The SPSS statistical software was used in the re-

search for statistical analysis. Group statistics and 
independent sample t-tests were performed on the 
experimental results and the graph was built for two 
groups with one parameter under study ((Unal and 
Akoglu 2016). The independent variable is noise 
which affects the quality of an image and the depen-
dent variable is PSNR.

Results
Table 1 shows PSNR (dB) values of 30 lung imag-

es obtained using histogram equalization and linear 
contrast filter. The mean value of PSNR (dB) of the 
histogram equalization filter is 65.9197dB and for the 
linear contrast enhancement technique is 36.1190dB.

Table 1
Comparison of histogram equalization and linear contrast en-
hancement technique with improved PSNR of lung images. The 
mean value of PSNR (dB) of the histogram equalization filter is 
65.9197dB and for linear contrast enhancement technique is 
36.1190dB

Images PSNR (dB) of Histo-
gram Equalization 

PSNR (dB) of Linear 
Contrast Filter

Image1 37.59 35.66
 Image 2 36.96 36.17
Image 3 36.45 33.45
Image 4 36.32 36.66
 Image 5 34.60 36.04
Image 6 42.31 36.10
Image 7 41.39 39.12
Image 8 40.55 40.91
Image 9 42.97 43.57
Image 10 42.47 42.17
Image 11 42.74 43.65
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Images PSNR (dB) of Histo-
gram Equalization 

PSNR (dB) of Linear 
Contrast Filter

Image 12 57.54 55.75
Image 13 54.86 56.78
Image 14 59.75 62.31
Image 15 64.24 64.53
Image 16 66.34 69.76
Image 17 69.67 70.24
Image 18 73.33 70.19
Image 19 75.34 72.56
Image 20 77.10 74.34
Image 21 77.18 74.16
Image 22 77.22 75.64
Image 23 77.27 75.65
Image 24 78.43 76.48
Image 25 78.44 76.65
Image 26 78.87 77.42
Image 27 79.38 78.53
Image 28 79.76 78.59
Image 29 79.38 79.26
Image 30 79.54 79.34

Table 2 represents group statistics that shows 
comparison of histogram equalization of image en-
hancement with linear contrast enhancement meth-
od based on PSNR values. Mean value of PSNR is 
high (65.9197dB) for histogram equalizer and low 
(36.1190dB) for linear contrast enhancement tech-
nique. Standard deviation of PSNR is low (3.15003) 
for linear contrast enhancement technique and high 
(12.89324) for histogram equalizer. 

Table 2
Group statistics comparison of Histogram equalization of im-
age enhancement algorithm using PSNR and Linear Contrast 
Enhancement methods.Histogram Equalization is having high 
mean (65.9197dB) and Linear contrast enhancement technique 
of PSNR is having low mean (36.1190dB).Histogram equalizer of 
PSNR is having high standard deviation (12.89324) and Linear 
contrast enhancement technique of PSNR is having low stan-
dard deviation (3.15003).

Group N Mean Std De-
viation

Std.
Error 
Mean

PSNR Linear Contrast 
Enhancement 
Technique

30 36.1190 3.15003 0.57511

PSNR Histogram 
Equalization 
Technique

30 65.9197 12.89324 2.35397

Table 3 represents an independent sample test 
of PSNR based image enhancement using histo-

gram equalizer and linear contrast algorithms. The 
two tailed significance p-value is 0.04 and standard 
mean difference is -29.80067 with a standard error 
difference of 2.42321. In the test confidence interval, 
the lower value is (-34.65125) and the upper value is 
(-24.95008). Based on independent sample T test re-
sults, histogram equalization based image enhance-
ment method performed better than linear contrast 
filtering method with 95% confidence interval.

Discussion
Figure 1 represents simulation results of the lin-

ear contrast enhancement technique and histogram 
equalization algorithm. (a) Input image (X-ray chest), 
(b) Histogram equalization restored X- ray image, (c) 
Linear contrast enhancement on X-ray lung image 
and (d) Intensities analysis of linear contrast enhance-
ment technique over histogram equalization (X-ray 
lung image).

Figure 2 shows bar chart comparison of mean 
PSNR (+/-1 SD) of histogram equalization and linear 
contrast enhancement methods. X-Axis represents 
the histogram equalization vs linear contrast tech-
nique,Y-Axis represents mean PSNR (+/- 1 SD). 

Image enhancement is a vital step of medical image 
analysis and image recognition. X-ray and ultrasound 
imaging are the most preferred medical imaging tech-
nologies which are important for diagnosis of disease. 
But the edges and borders on the image are not as clear 
as expected due to interference and low intensity in 
images especially in the case of medical images (Kan-
wal, Girdhar, and Gupta 2011). Using image enhance-
ment, it is possible to get the details which are kept 
hidden as well as to improve the image contrast in the 
case of analyzing an image, the commencing part is 
that of the edge of an image. This developed method is 
tested on low contrast medical images and by observ-
ing the results it can be said that the applied method 
performs well for enhancing medical images ((Zeng 
et al. 2012). 

In image enhancement technique, histogram 
equalization is applied in order to improve the con-
trast of MRI medical images (Boccignone and Picari-
ello, n.d.). The experiments was conducted on stan-
dard images and low contrast images and the results 
evaluated using quality metrics with relative contrast 
error, relative mean brightness error, relative structur-
al similarity, relative entropy error, Peak signal to noise 
ratio (PSNR) and global contrast factor (Beghdadi and 
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Table 3
Independent sample t-test providing mean difference, significance value (2-tailed), standard error difference and 95% confidence 
interval of the difference in both lower and upper level for PSNR at equal variances assumed and not assumed.

Levene’s test for 
Equality of variance 

T-Test for equality of mean

F Sig t df Sig (2 
-tailed) 

Mean dif-
ference

Std.Error 
Difference

95% confidence of 
Difference

Lower Upper

PSNR Equal variances 
assumed

34.503 0.02 -12.298 58 0.04 -29.80067 2.42321 -34.65125 -24.95008

Equal Variances 
not assumed

-12.298 32.450 0.04 -29.43321 2.42321 -34.73390 -24.86743

Fig. 1. Simulation results of linear contrast enhancement technique and histogram equalization algorithm. (a) Input image (X-ray 
chest) (b) Histogram equalization restored image, (c) linear contrast enhancement on X-ray image and (d) Intensities analysis of 
linear contrast enhancement technique over histogram equalization (X-ray image) 

Fig. 2. Bar chart representing the comparison of mean PSNR (+/-1SD) of histogram equalization and linear contrast enhancement 
methods. X-Axis represents the histogram equalization vs linear contrast enhancement,Y-Axis represents mean PSNR (+/-1SD).
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le Negrate 1989). Global contrast factor measures the 
contrast at various resolutions and the original image 
is completely recovered after the secret data is ex-
tracted. Contrast enhancement techniques are used 
widely in image processing (Stark 2000). Histogram 
equalization overcomes this drawback by generating 
the mapping for each pixel from the histogram in a 
surrounding window. Novel histogram equalization 
does not allow the degree of contrast enhancement to 
be regulated. Linear contrast enhancement is achieved 
by means of a local histogram equalization which pre-
serves the level sets of the image (Caselles et al. 1999). 
This technique is based on equalizing the histogram 
in all connected components of the image, which are 
defined based both on gray level values and spatial res-
olutions between pixels in the image. 

In linear contrast enhancement technique specifi-
cation which requires more input than previous trans-
formation. Therefore, the work performance given by 
histogram technique has better PSNR and also less 
mean error than the linear contrast enhancement al-
gorithm. It would be better if the mean error can be 
reduced to a considerable extent. In future, feature se-
lection algorithms can be used to reduce the compu-
tation time and improve the PSNR of medical image 
enhancement.

Conclusion
The results show that the proposed histogram 

equalization performs better than linear contrast en-
hancement technique in terms of PSNR. The Pro-
posed histogram equalization proved with better 
PSNR (65.9197dB) when compared with linear con-
trast enhancement technique (36.1190dB).
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