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Abstract:
In this paper the bi-level weighted histogram equalization is combined with adaptive gamma correction

method for better brightness preservation and contrast enhancement. The main idea of this method is to
initially divide the input dimmed image into R, G and B components and apply the probability density
function and weighting constraints on each component separately. And finally, an adaptive gamma
correction method is applied to each component and their union produces a brightness preserved and
contrast enhanced output image. The performance of this technique is calculated using Absolute mean
brightness error (AMBE) measure.
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l. INTRODUCTION

Contrast enhancement means improving the visual appearance of the images as well as videos to make
it more satisfactory to the human or machine. Contrast enhancement comes under the image enhancement
techniques. It is used in both image as well as video processing for better visual perception. Several contrast
enhancement techniques are already available. Each technique has got merits and demerits. Histogram
equalization is a very traditional technique where the intensity values of the image are redistributed. Due to
environmental lighting conditions or because of the defects in the photographic devices, images may suffer from
poor contrast. So in order to improve the image quality contrast enhancement is done. Histogram equalization is
a simple and effective technique commonly for contrast enhancement [9].

Generally, the image enhancement techniques are categorized into two: direct [2] and indirect
enhancement techniques. In direct enhancement techniques, the contrast of the image is directly defined by a
definite contrast term [2]. But in indirect enhancement techniques the contrast is improved by redistributing the
intensity values of the image [1]. Histogram equalization [9] techniques can be divided as local and global. In
global, the active range of intensity can be extended using the histogram of the image and thereby increase the
quality. In histogram equalization [9], cumulative distribution function is used to normalize the distribution of
intensities, so that the output image will have uniform distribution of intensities. HE will produce a washed out
effect in the images [9].

In local HE, the histogram as well as the information obtained from the neighborhood pixels are used
for this technique. Here the image is divided into several sub-blocks and then perform HE on each block. The
final image is produced by merging these sub-blocks. The most popular indirect enhancement technique is
called histogram modification techniques [3]. These are easy techniques which can be implemented in a faster
way [1]. A gamma correction method comes under these HM techniques. Here a varying adaptive parameter vy is
used. Transform- based gamma correction [17] is the simplest and it can be derived as
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Where | is the intensity of each pixel in the input image and I,qx is the maximum intensity. Since a fixed
parameter is used in gamma correction different images will display same changes in intensity. In order to solve
this problem a bi level weighted histogram equalization technique proposed in [16] is used. But this method also
has some problems like over enhancement.

In section 2, related works are described. Section 3 presents the proposed technique. Section 4
discusses the performance metrics to measure the quality of contrast enhanced image. In section 5, results are
discussed and conclusion is given in section 6.

1. RELATED WORKS
Here some previous works related to histogram equalization and adaptive gamma corrections are
discussed. The bi level weighted histogram equalization (BWHE) method [16] segments the input histogram
into two sub histograms based on its mean intensity value. The major problem of this method is the over
enhancement and the introduction of irregularity, called blocking effect.

In segment dependent dynamic multi-histogram equalization [18] the input histogram is divided into n
segments based either on its mean or median and a range is calculated. Histogram equalization is done based on
this range and finally the output image will be normalized. This method is not suitable for color images. Another
method called adaptive gamma correction with weighting distribution combines the traditional HE method and
TGC method [17].

I1.  PROPOSED METHOD
To solve the problems of the earlier works, a new method has been proposed which combines the bi level HE with
the adaptive gamma correction method [5]. It will produce a high quality image and the computation is also less. This bi
level HE is a technique which combines two methods Weighted Threshold Histogram Equalization (WTHE) [13] and
Brightness preserving Bi-Histogram equalization (BBHE) [3]. The algorithm for the proposed method can be described as
follows in which the equations are derived from [16] and [17]:

1. Input image is separated into R, G and B components. The following steps are applied to each of the
components separately.

2. Compute the probability density function (PDF) of each component.

3. Find the mean pdf m of each component.

4. Then apply the constraints described below on each component.

Pf_-('l"'k} = T(P(Tk}}
I,rﬂ_ ifPin) =a
= (%::EE}’" iff=P(rn)=«a (2)
0 ifP(n) <p

Wherear = v * max (P(r,)), 0.1< 7<1.0, §=0.0001 and T is the power factor such that 0.1< r<1.0.
5. Find the mean of constrained pdf and then compute the mean error.

M, =M, —m (3)
6. Add the mean error ., to constrained pdf F..

7. Find the cumulative density function C using the F:.
8. After that find the weighted pdf value using the below equation:

P{l)—P . 4
B.(D=P . (ﬁ}rx 4
Cmax Cmin
9. Then the modified cdf can be approximated as:
Cw(D) = 7R, (D/ B, (5)
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Where the sum of pd f;, can be calculated as:

Y B, =X R, (1) (6)
11. Finally the gamma value is calculated as:
y=1-Cu(D) @
And apply this in the gamma correction formula as:

T(D) = L ()7 = Lynaa ()10 @
bmax Lmax

The AGC method will gradually increase the low intensities and avoid the decrease of the high
intensity. So in order to avoid the undesirable effects produced in the image, a weighting distribution is also
applied [4]. According to [6] and [7] color images are enhanced using HSV color model, where the hue (H) and
saturation (S) is used to represent the color content and value (V) represents the luminance intensity.

In bi-level histogram equalization the computation of constrained pdf helps to control the equalization
of images. After finding out the pdf it is clamped to an upper threshold value & and lower threshold valuef. The

value of 7 comes in the range of 0.1 to 1.0 so that, the pdf’s are clipped with high probabilities. If the value of ¥

is beyond this limit, then over-enhancement occurs. The value of T is always less so that, over-enhancement is
very rare. The mean error is calculated in order to recompense the change in the mean luminance level.

V. IMAGE QUALITY MEASUREMENT
Here two parameters are used to measure the quality of the image. They are: Peak Signal to Noise
Ratio (PSNR) for contrast enhancement measurement [8] and Absolute Mean Brightness Error (AMBE) for
measuring the mean brightness value [8].

4.1. Peak Signal to Noise Ratio

The PSNR [8] is used to compute the peak signal to noise ratio between two images. The ratio is used
as a quality measurement between the original and contrast enhanced image. The higher the PSNR value, the
better the quality of the image.

To compute the PSNR value initially the mean-squared error is calculated using the following equation:
MSE = Zunlli(m,n) — I(m,n)]? ©)

Where M and N are the number of rows and columns in the input images. Then the PSNR can be calculated as
follows:

z
PSNR = 101og 10 [%] (10)

R is the maximum variation in the input image data type.

4.2. Absolute Mean Brightness Error
The proposed method is trying to preserve the brightness of the images by considering the value of
AMBE [8]. It is calculated as:
AMBE = |E[Y] - E[X]| (11)
Where E[Y] is the mean of contrast enhanced image and E[X] is the mean of original image.
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V. RESULTS AND DISCUSSION
The performance of the proposed method bi-level histogram equalization with adaptive gamma
correction (BWHEAGC) was tested on several color images. The images are shown in Figure 1. To compare the
performance of the proposed method the same images are enhanced using AGCWD [17] method, BWHE and
SDMHE methods. The performance of all these methods are qualitatively measured using PSNR and AMBE.

In this paper 8 dimmed images are used for contrast enhancement and comparison. The contrast
enhancement of images (a) and (e) and their corresponding histogram are shown in Figure 2 and Figure 3
respectively.
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Figure 2. Contrast enhancement of image (a), (1) original image, (2) BWHE method, (3) SDMHE method, (4)
AGCWD method, (5) Proposed method
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Figure 2. Contrast enhancement of image (e), (1) original image, (2) BWHE method, (3) SDMHE method, (4)
AGCWD method, (5) Proposed method

From the above contrast enhanced images it is clear that the BWHE [16] method and the SDMHE [18]
method are producing poor results. In BWHE method over-enhancement is the problem. This problem is solved
in the proposed method by using an adaptive gamma correction method. The SDMHE method is suitable only
for gray level images. The AGCWD [17] method and the proposed method are giving visually acceptable
images. But the output produced by the proposed method is better. The performances of these methods are
measured using two parameters namely, PSNR and AMBE. The PSNR values are given in Table 1 and the
AMBE values are given in Table 2.

Table 1. Comparison of PSNR values

Image™~_Method BWHE SDMHE AGCWD BWHEAGC
@ 8.2298 10.2595 14.6281 15.9629
(b) 8.3320 11.1200 135193 15.2113
©) 11.9212 7.8042 20.1488 202374
(d) 7.8913 10.0006 15.4067 15.6079
©) 54459 14.9751 15.4850 13.4838
® 11.0392 11.1143 155627 16.7379
Q) 7.9589 9.1970 17.6459 17.6741
(h) 15.1585 9.4252 17.0107 20.2862

By comparing the PSNR values produced by each of the four methods it is clear that the proposed
method (BWHEAGC) produces better results. Because, from the definition of PSNR it is clear that, higher its
value better will be the image quality. Also from the Table 2, we get the values of AMBE measure which
indicates that the brightness is preserved in the output images. Lower the value of AMBE better will be the
brightness preservation.
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Table 2. Comparison of AMBE value

Image~_ Method BWHE SDMHE AGCWD BWHEAGC
@ 5.8938 0.9116 15164 0.4639
(b) 2.3363 9.3737 9.8524 0.1690
©) 4.2299 0.4463 0.8360 0.0882
(d) 9.6491 3.2908 1.8068 0.5882
@) 1.0146 0.2724 1.3507 0.6385
6) 7.0487 6.5929 8.4963 0.3330
) 0.1944 8.6451 4.6604 0.4523
(h) 16.5474 3.1738 9.2396 0.4170

VI. CONCLUSION
In this paper, the contrast of dimmed images are enhanced with the help of bi-level weighted HE with

adaptive gamma correction method. This technique is accomplished using two methods, bi-level weighted
histogram equalization where, the pdf and cdf is calculated in a constrained manner and the adaptive gamma
correction method where, a weighting is done on this constrained pdf. Then using the calculated gamma value
the transformation is done. It is computationally simple method and has a high degree of detail preservation.
From the calculated values of PSNR and AMBE measures it is clear that the proposed method has better
brightness preservation and is the best method for contrast enhancement.
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