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Abstract: Digital image enhancement is a technique to process a digital image to improve the overall visual quality of
image. In this paper, Variance concept based clipping threshold value is computed from input image pixel intensity to
limit the rate of over enhancement. The histogram of the original image is sub-divided into five adjacent sections and
the boundary values between adjacent sections are put from the penile value of intensity range. Besides, over
enhancement of the image is avoided by clipping certain number of pixels having more intensity than the clipping limit
and these pixels are rearranged below the clipping limit. The present method offers two advantages viz., clipping of the
certain pixels based on the property of the data set itself. The another one is to histogram processing by parts and this
has given better visual quality, low computation time with improved metrics related to image enhancement. Histogram
of each specific sub-image is equalized independently and then combined to produce the final contrast enhanced image.
The final output image is further processed through imreducehaze filter for more improve result. Quantitative
evaluation of proposed algorithm is performed by CPCQI and QILV image quality metrics and the simulation results
have shown that the proposed variance based histogram equalization algorithm produces better quality of image in
terms of contrasts, brightness and color in comparison to the other existing histogram equalization algorithms.

Index Terms: Contrast enhancement, Histogram clipping, Histogram Equalization, Image enhancement, Variance.

1. Introduction

Image enhancement is an important branch in digital image processing to identify the key features [1] of images by
removing the noise, adjusting the contrast, color and brightness of images for further image analysis. Image
enhancement improves the visual quality and appearance of digital images for the human visualization [2]. The primary
goal of the image enhancement is obtaining the attributes of an image to improve the visual quality. In histogram
equalization processing phase one or more image properties are changed by different techniques. The image
enhancement algorithm can be divided into the frequency domain and spatial domain, respectively [3]. Image pixels are
directly manipulated in spatial domain to accomplished the desired enhancement process. In the frequency domain
enhancement techniques, the image is initially transferred into frequency domain. The histogram equalization [4] is a
conventional process for contrast enhancement of digital image and a numerous study associated to this area have done
for a better image enhancement viz. conventional histogram equalization (HE) [5], Bi-Histogram Equalization (BBHE)
[6], RMSHE [5] is an improvement of BBHE. RMSHE method separate the input image histogram recursively on the
computed mean value of image. The entire image is partitioned in many sub parts in the local histogram equalization
technique and each part is processed separately. Lastly, the processed sub-images are integrated to gain the final
enhanced image. The digital image enhancement algorithm is used for improvement of the information in images for
better human visualization and understanding. Chen et.al. introduce minimum mean brightness error bi-histogram
equalization (MMBEBHE) image enhancement [7] algorithm for preserving the mean brightness. MMBEBHE method
is an extension of BBHE algorithm, which calculates the absolute mean brightness error (AMBE) and separate the
histogram into two part based on minimum AMBE value. Yu Wan et.al. proposed dualistic sub-image histogram
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equalization (DSIHE) [7] enhancement method which preserve the brightness and entropy of output image. Human
visual system-based thresholding multi-histogram equalization [8] (HVSHE) method is proposed by Wharton et.al.
where logarithmic approach is applied for image enhancement. Exposure based sub image histogram equalization
(ESIHE) [9] proposed by Singh et al for the low light image enhancement where histogram partition is done by the
exposure threshold value. Recursive ESIHE (RESIHE) [10] usage average image intensity value as the histogram
separating point for low exposure image enhancement. In median-mean based sub-image clipped histogram
equalization (MMSICHE) [11] image enhancement method, a histogram of the image is sectioned into four sub
histograms with the help of mean and median of image histogram. Images produced by MMSICHE method shows some
artifacts on the output images. Tuned tri-threshold fuzzy intensification operators (TTFIO) [12] method use a fuzzy
membership function used to set the image pixels values of a specified channel to the variation among 0 and 1 for
enhancement of image with improved color. Multiscale Retinex method is broadly used for image enhancement by
constraints of Gaussian scales, offset and gain, and so forth. PSO algorithm with advanced Retinex algorithm is used to
fine tune the constraints for multiscale Retinex with chromaticity preservation (MSRCP) [13]. Jobson et al. suggest
Multiscale Retinex with color (MSRCR) method initiated on Land's Retinex [14]. MSRCR method is introduced by Y.
Liu et al. where three fidelity rules and numerical methods is used to keep the standards to estimate the reliability of
image enhancement. So far as the best available literature and resources available to the present author, R-ESHIE [10]
can be considered as the best among the aforesaid algorithms but still in this method also, dark regions are produced
over dark pixel area which degrades the overall image enhancement to some extent.

The motivation of the present study was to find out some new methodology for deep level local histogram
processing and to find some algorithm which can be helpful for enhancing the low illumination level digital images. In
one of the earlier reports, histogram-oriented method was used and corresponding ESIHE [9] algorithm produced
images with good contrast but little blur effect was found to be present in the output images. MMSICHE [11] method-
based method was found to produce images with undesired artifacts. Apart from this method, another RESHIE [10]
method yielded apparently fair results with generation of certain dark regions which degraded overall performance. To
overcome all these aforesaid problems, proposed method has been introduced with improved related metrics. In this
paper the idea of subdivision of image histogram into five adjacent sub-section can be considered as novel and
introduction of variance value as histogram clipping limit is also found out to be effective for various type of images
and specially in low illumination level images. This would in turn help in deep level local processing of the histogram.
Refer to the simulation results have shown that the proposed variance histogram equalization algorithm produces a
better quality of image in terms of contrasts, brightness and color. In earlier studies, nobody did the histogram
equalization by dividing the histogram spectrum into five equal parts. The current methodology is not only a novel one,
but also it is capable to restrict over enhancement as well as better enhancement of the contrast of the image. This is
obvious from visual perception as well as in terms of various related metrics.

2. Preliminary Study

A. Variance of Image Histogram

The variation of the lighting condition is an important aspect of digital image processing [15] in context of
brightness and contrast of an image. Histogram of an image may contain both high contrast and low contrast, and both
high brightness and low brightness in some area of an image. Analysis of variance is to compare those pixels region
where the contrast and brightness changes. Mean value of image histogram gives each pixel intensity of the image from
0 to 255 or 0 to L-1 intensity levels and variance is usually computed to find out how each pixel varies from the
neighboring pixel or center pixel of image histogram. In the proposed method variation is used in computation of the
histogram clipping threshold value. Variance can be used to classify different pixel variation of image histogram.

3. Algorithm of the Proposed Method

Step 1: Take the histogram of input color image.

Step 2: Histogram subdivision in five equal parts is done. At first separation of the histogram is done into two parts
and then further division of these histogram into three parts is done.

Step 3: Histogram clipping threshold value is calculated using variance operation.

Step 4: Computation of total number of pixels in all five sub images is done to be used in PDF computation of sub
images.

Step 5: Both the probability density function (PDF) and cumulative distribution function (CDF) of all five sub
images is accomplished.

Step 6: Transfer function is done for histogram equalization of all five sub images and then integrated all these
subparts into one single final image.

Step 7: The further enhancement of output image is done by imreducehaze filter which gives robust result with
natural color.
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A. Contributions of the proposed algorithm

In the proposed algorithm, a clipping threshold value is computed such that only those pixels exist below the
clipping limit are allowed to control the over enhancement rate. Performance evaluation of the proposed algorithm is
calculated and verified over a number of images of the publicly available BSD dataset [16]. Comparative study is also
stated through the other common HE based algorithms using image quality metrics such as QILV [17], and CPCQI [18].

4. Proposed Methodology

Total number of image pixel is calculated in equation (1) as

P :fe(p) @

p=0
Here, G(p) is the image histogram and L represent maximum intensity level of an image and it range from 0 to 255.
Mean value calculation is given in equation (2) as
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B. Histogram Sub Division Process

m =S (5)

P 2
Lower limit and upper limit of image histogram is calculated in (6) and (7).

M,=M;+M_ (6)

M =M, -M (7

up L-1 p

M, is lower limit of histogram and m _is upper limit of the histogram is shown in Fig.1.

|
C. Histogram Subdivision

The original histogram is first divided into two part on an intensity value M, as computed in (5). These two
separate sub-histograms are further separated into three small sub histograms and M,,, and M, are used as a histogram
separation point of sub histograms as calculated in (4) and (5). Each five sub images. The pentile histogram sub-
division process results in five sub images Sl;, Sl ,, Sl.s, Slyand Sly, ranging from gray 0 to My, My +1 to My,
Miwz+1 to My, Mp+1 to My, Mygi+1 to 255 shown in Fig.1. It shows the histogram sub division and clipping process
through variance based the clipping process and pentile based histogram division, in five equal parts. Pby,1(p), Pbu.(p),
Pbiws(p), Pbypi(p), and Pby,,(p) are computed PDF of these five sub images as expressed in the following equation (8)—
(12)

D. Probability Density Function (PDF)

Pblm(p):GCI(p) for0<p <My (©))
TPIw1
Pb (p)=GCI(p) for Miya+1 <p < M, 9
" TPIWZ
ob ()2 2 (P) for My+1<p<M, (10)
Iwa(p) TP
w3
G
Pb,.(p)= %for Mp+l <p <Myp (11)
upl
G
Pb, . (p)- % for Myp+1 <p < L-1 (12)

up2

The total number of pixels in each sub images are TP, TPz, TPiws, TPup and TPy, respectively.
Cumulative density function (CDF) of each sub images are Cdiw1(p), Cdiw2(p), Cdiws(p), Cdupi(p), and Cdypa(p) are
computed CDF of these five sub images as expressed in the following equation (13)—(17)

E. Cumulative Distribution Function

My

Cdlwl(p) = Z Pb|W1( p) (13)
p=0
Cdlwz(p): iz Pblwz(p) (14)
Cd,;(p) = zp Pblws(p) (15)
p=M,,+1
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M

upl

Cdupl(p): Z Pbupl(p) (16)
cd,,,(p) = Z Pb,,, (P) 17)

PDF and CDF are standard statistical parameters used to handle the random valued data and thus found to be
pertinent to the present context of deep level local histogram processing.

F. Histogram Equalization by The Transfer Functions

FT, =M, xCd,, (18)

FTZ :(M|w1+l)+(le2_MIW1+1)XCde2 (19)
I:T3:(’\/Ilwz_'_]')-’_('\/lp_'\/Ilwz_'_l)XCdle (20)
FT,=(M,+1)+(M_,-M_ +1)xCd,, (21)
FT,=(M_,,+1)+(L-M, +1)xCd,, (22)

The transfer functions FT,, FT,, FT3, FT4 and FTs are used for equalizing the five sub histograms individually.
Thereafter all the five sub images Siwi, Sz, Siws, Sup @nd Sy, are integrated into one complete image to form the output
image.

This output image is further enhanced by using imreducehaze filter [17] which further improve the color quality of
the image.

5. Simulation Results and Analysis

A. Quality assessment of enhanced image

Simulation in Matlab was achieved on 100 BSD (Berkeley Segmentation Database) images [16]. All the
algorithms are run on a Windows 10 operating system with Intel core i7 processor and 8 GB random access memory.
The algorithms are implemented in MATLAB [19] R2018a with the support of default constraints stated in the precise
algorithms. Visual quality inspection and performance measurement of image by different algorithm, is implemented by
the following image quality metrics, namely, QILV and C-PCQI.

B. Quality Index based on Local Variance (QILV) [18]

QILV between two images | and J is defined as

2NN, 20V oV Vv
QILV(1,3) = — 0 0RO T (23)

,uZVI +,quJ GZV| +GZVJ oV, +oV,
The covariance between the variances of two images | and J is expressed as
oV\V, = E{(Var(l, ) - uV,)(Var(J, ;) - uV,) (24)

Here, the local variances of image | and J is denoted by V, and V,, respectively. The computed mean values of the
local variances of image I and J, is represent by ,, and e respectively. The covariance between the variances of the

two images is expressed by sV v, . The standard deviations of the local variance of image is given by v, and v, .

Both SSIM and QILV image quality metric return a scalar value between 0 and 1 and the values close to 1 signifies to
high quality images. Table 1. shows the average quality index based on local variance (QILV) in bold face. It is
observed from the results that the proposed method gives the highest QILV for all images. Average QILV value of the
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proposed method is 0.9427. Which demonstrates the best outcome with respect to the other algorithms. The second-best
result for average QILV is given by RESIHE which returns average QILV value is 0.9364.

C. The Colorfulness based PCQI (C-PCQI) [19]

The proposed PCQI metric is very correlated by subjective quality scores on image enhancement, but it does not
consider the impact of colorfulness and this is a significant index of image quality assessment. The Colorfulness based
PCQI (C-PCQI) metric is proposed to overcome this problem. The Colorfulness based PCQI (C-PCQI) metric is
defined as

1
Scecal =WZ Qi (10 (1) (1), (0) (25)

N is the number of pixels. Here, Qn, signify the similarity through mean intensity between the original image and
distorted image, Q. denote the contrast alteration and Qg4 represent the structural distortion between the original image
and distorted image. Information regarding these three terms are reported in [35].

(28T,.ST, + ()

- 2 2 (26)
LST1 ST, + ¢

cs

The color saturation of the original and distorted images is denoted by ST, and ST, respectively. A very small

constant number ¢ is used to avoid division-by-zero and a fixed pooling index denoted by & used for stressing the
location which have exceptional changes of image color saturation. Table 2 shows the C-PCQI results of different
algorithms. It is found that the proposed method gives the highest C-PCQI values for all images. Average C-PCQI value
of the proposed algorithm is 1.1243. Which is the best result with respect to other compared algorithms? The second-
best result for average C-PCQI is given by RESIHE which gives average C-PCQI value is 1.1031.

Fig.2 shows the outcome of proposed algorithm with and without using imreducehaze function processed on BSD
image '361010' [16] of 'Polo Games' to gain more natural enhancement. It is also showing the histogram of both original
image and proposed algorithm. It is clear from the results that proposed method applying Matlab [20] inbuilt
imreducehaze function gives slightly better output image. The overall result of the proposed algorithm produces high
quality image with natural vibrant color.
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Fig. 2. (a) Original BSD image '361010' of 'Polo Games' (b) Proposed method without imreducehaze filter (c) Proposed method with

imreducehaze filter (d) Original image histogram (e) Histogram of proposed method without imreducehaze filter (f) Histogram of proposed
method with imreducehaze filter.
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Table 1. QILV results of different algorithms

BSD Image Number ESIHE MSRCR MSRCP TTFIO RESIHE  Proposed
"217090" 0.93024 0.51925 0.32065 591E-11  0.91479 0.9199
"'226033" 0.95773  0.4395 0.57358 473E-11  0.94196 0.9454
"384022" 0.97899  0.55839 0.33316 5.66E-12  0.97418 0.9794
"6046" 0.98959  0.56458 0.5588 431E-12  0.98209 0.9901
"64061" 0.81941  0.729 0.99998 2.24E-11  0.81977 0.8251
"71076" 0.95141  0.56675 0.43427 1.23E-11  0.93921 0.9528
"207038" 0.52782  0.64956 1.34E-11  0.98966 0.98349 0.9868
Average 0.8793 0.5752 0.4600 0.1413 0.9364 0.9427

Table 2. CPCQI results of different algorithms

BSD Image Number ESIHE MSRCR MSRCP TTFIO RESIHE Proposed
217090 1.0637 0.47958 0.51325 0.027874 1.0759 1.0866
"'226033" 1.1457 0.48778 0.61882 0.033729 1.1563 1.1631
"'384022" 1.0551 0.45046 0.63917 0.09247 1.0683 1.0958
"6046" 1.0456 0.42868 0.48105 0.059703 1.0545 1.1032
"64061" 1.1463 0.67313 0.80232 0.09209 1.1414 1.151
"71076" 1.0898 0.37032 0.50172 0.037589 1.1006 1.1232
"207038" 1.0647 0.72448 0.62872 0.038577 1.0975 1.1097
Average 1.0912 0.5224 0.6119 0.0590 1.1031 1.1243

TTFIO Pronosed

Fig.3. BSD Image ‘226033’ of ‘Sport Run’

Proposed

TTFIO
Fig.4. BSD Image 6046 of ‘Mountain Goat’

Copyright © 2020 MECS 1.J. Image, Graphics and Signal Processing, 2020, 6, 33-42



40 Variance Value Limited Clipping of Pentile based Sub-histogram Equalization for
Contrast Enhancement of Image

The BSD [16] image 226033’ of ‘Sport Run’ and its enhancement results from different enhancement algorithm
are shown in Fig.3. It is observed that MSRCR algorithm produces whitish, blurry and faded image. The overall visual
appearance is unclear. MSRCP algorithm output image have noise, artifact and lost many details of object which causes
poor visual quality. ESIHE algorithm produces good quality of image with less contrast. TTFIO algorithm output
image is very dark which makes the object unclear to understand. R-ESIHE algorithm outperform than previous
algorithms i.e., MSRCR, MSRCP, ESIHE, and TTFIO. But the pixels on the ground area is little darker. The proposed
algorithm overcome from all these problems and it produces superior quality of image in comparison to other algorithm
in context of color, brightness and contrast. The overall visual quality of proposed algorithm is the best.

The BSD image [16] ‘6046 of ‘Mountain Goat’ is shown in Fig.4. MSRCR algorithm generate image with faded,
hazy, and blurry effects and this algorithm is disturbed by noise. The output image shows that ‘Mountain goat’ image
have some artifact. MSRCP algorithm have lost many important information of image object. Over contrast and
brightness degrades the image quality. ESIHE algorithm produced better result than MSRCR, MSRCP and TTFIO. But
the image has slightly less contrast. TTFIO algorithm produces unclear image due to the dark region at some portion of
the image. R-ESIHE algorithm produces better quality of image but the hairs of ‘Mountain Goat’ is slightly darker. The
proposed algorithm overcomes from these problems. It produces best quality of image in terms of color, contrast and
brightness compared to other algorithms. The visual performance of the proposed method is better than other
enhancement algorithm.

The BSD image [16] ‘71076’ of ‘Statue of Man’ is shown in Fig.5. The enhancement results of MSRCR algorithm
produces blurred and washed-out image with less color. The overall visual presence is blurred. The output image obtain
from MSRCP algorithm shows that the image color is disturbed, have noise, and artifact. It has lost many vital
information of object and produces poor quality of image. The resultant image of ESIHE algorithm have less contrast
and blur at the left middle side of wall. The output image given by TTFIO algorithm have some dark region which
makes the object visibility unclear. R-ESIHE algorithm perform better than MSRCR, MSRCP, ESIHE, and TTFIO
algorithm. The color and contrast of R-ESIHE algorithm is less compared to the proposed algorithm. The color, contrast
and brightness of output image obtain from proposed algorithm is outstanding than all other compared algorithm. The
overall visual quality of proposed algorithm is superior than others.

6. Conclusion

In this paper, a pentile division-based histogram equalization algorithm has been proposed for contrast
enhancement of low illumination level images. It restricts the over enhancement of an image by histogram clipping
process by a variance-based histogram clipping threshold value obtain from input histogram. The enhanced image is
further processed through imreducehaze filtering for more natural enhancement. The algorithms are coded and run to
evaluate various image quality metrics on Matlab platform and the results illustrate that the proposed algorithm gives
superior quality of image than other histogram equalization-based algorithms. Both the quantitative and qualitative
assessment results demonstrate the pre-eminence of the proposed algorithm in terms of natural image enhancement
compared to other existing algorithms.

R-ESIHE ‘ Proposed

Fig.5. BSD Image 71076 of ‘Statue of Man’
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