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Abstract

result of the test is given.

This paper addresses the problem of low contrast in the images. Acquiring image from low illumination source or
due to some other problems the image may have low contrast which results the poor visual effect. In these type of
images the different object present cannot be distinguished clearly and may not be effectively used for the desired
purpose. For these images there is a need to improve the contrast for a better visual effect. This paper proposed an
algorithm that can improve the contrast of the images and preserve the details of the image. This algorithm preserves
the details as well as the colors of the object to a larger extent. The algorithm is tested on various images and the
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Introduction

Contrast refers to the distribution of gray levels to a range. For a
better view of the image, it should have a good contrast of the image.
Good contrast here implies the increase in the range distribution of the
pixels within the allowable range. A low contrast image means the gray
level of the pixels get confined to a very small range. Narrow the range
become, lesser would be the contrast. The low contrast may occur due
to poor illumination, less sensors used while acquiring the image, and
other reasons. To use an image for the better results the image should
be free from such deformities. The contrast enhancement technique
deals with removing such problems from the image. The contrast
enhancement technique plays a very important role in image processing
field for the improvement of the quality of image. The main problem
with the low contrast images is the inability to distinguish the various
objects in the image. While observing the image it is very necessary
to identify its constituents. The different objects in the image can be
distinguished by the difference in the gray levels. The main problem
with the low contrast image is that difference between gray levels of
different objects in the images get reduced due to which identification
of these objects become difficult. To overcome this problem the paper
proposed an effective algorithm which can distribute the pixels values
to large ranges by which the overall quality of image can be enhanced.

The main objective of image processing is to extract or get the
information from an image. Histogram Equalization (HE) effectively
extends out the most frequent intensity values, which outcome in a
better distribution on the histogram. This allows for the areas of lower
local contrast to gain a higher contrast without disturbing the global
contrast. Image contrast enhancement is a traditional problem area
in image processing. The enhancement is extensively used for medical
image processing and as a preprocessing step in speech recognition,
texture synthesis and many other image/video processing applications
[1]. A very accepted technique for contrast enhancement of images
is Histogram Equalization (HE) which could be used for all types of
images. Histogram equalization performs its operation by remapping
the intensity levels of the image based on the probability distribution
of the input intensities [2]. The Adaptive HE [3-6] (AHE) generates the
mapping for each pixel from the histogram in a nearby window. The
method in [7] is to illustrate that the resulting framework can be used
to produce a variety of contrast enhancement effects, of which HE is a
special case by specifying alternative forms of a function i.e., cumulation
function. On principle of the average intensity value as their separating

point, the Brightness Preserving Bi-Histogram Equalization (BBHE) 8]
and Quantized Bi-Histogram Equalization (QBHE) works. Dual Sub-
image Histogram Equalization (DSIHE) [9] uses the median intensity
value as the separating point. Minimum Mean Brightness Error Bi-HE
(MMBEBHE) [10], uses the separating point that produces the smallest
Absolute Mean Brightness Error (AMBE). Recursive Mean-Separate
Histogram Equalization (RMSHE) [5] is another enhancement of
BBHE. The Brightness preserving dynamic histogram equalization
(BPDHE) method is actually an extension to both MPHEBP and DHE.
Weighting mean-separated sub-histogram equalization (WMSHE)
[11] method is to perform the effective contrast enhancement of the
digital image. The another method for contrast enhancement is based
on is presented with a mapping function, which is a mixture of global
and local transformation functions that improve both the brightness
and fine details of the input image [12].

One suggested method for contrast enhancement [13] is based
on the curvelet transform. The curvelet transform represents edges
better than wavelets, and is therefore well-suited for multiscale edge
enhancement. The results based on enhancement are better than other
enhancement methods on noisy images. Contrast Enhancement of
Images using Human Contrast Sensitivity is most recent advancement
in image processing [14] which enhances images by controlling the
local image gradient to improve the local image contrast. They attain
this without segmenting the image either in the spatial (multiscale) or
frequency (multi-resolution) domain. Another approach of contrast
enhancement using histogram equalization with bin underflow and bin
overflow [15] shows finest results. The gradient of the mapping function
is controlled by applying some restrictions on the probability density
function with the bin underflow (BU) and bin overflow (BO). The
BUBO operation can provides the rate of enhancement from non to the
full HE by using a single parameter. The HE can be utilised to execute
image processing tasks such as black/white level stretch or automatic
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brightness control as well as variable rate contrast enhancement by
using enhancement rate control mechanism existing. The proposed
algorithm [16] consists of two stages i.e., the first stage the poor quality
image is processed by modified and enhanced sigmoid function. In
second stage the output of the first stage is further processed by contrast
limited adaptive histogram equalization to enhance contrast of images.
A novel mask based on input value combined with the modified
sigmoid formula that will be used to enhance contrast in addition to
contrast limited adaptive histogram equalization. The algorithm passes
over the input image which operates on its pixels one by one in spatial
domain.

The section II gives the proposed algorithm and the explanation of
the proposed method. The paper presented the measures to compare
the quality of the images produced through histogram equalization and
our proposed method. Then the results on the gray level images and
coloured images are shown with the various comparison measures.

Peak signal to noise ratio (PSNR)

The experimental results have been compared using the mean
square error (MSE) and peak signal-to-noise ratio (PSNR) measures
that have been given below

m—1 n—1

ZZ(A(X,_)/)—R(X,)/) : (1)

m Zoy-0

MSE =

where A and R are the original and the restored images having a
resolution of m x n.

max 2

PSNR =10log,,| —— )
MSE

where max is the maximum possible pixel value of the image and its
value is 255 in the case of a grayscale image.

Entropy

The entropy measure to check the contrast quality of the image.
Larger the entropy more the randomness and better the contrast
[17,18]. The formula for:

H ==} p,logp, (3)

Where p, is the probability of occurrence of pixel value with gray
level i.

By experimenting on various images we found that better contrast
images show the high value of entropy. If the entropy is high then the
colours of images can be preserved.

Proposed Method

In this algorithm we increase the range of the gray level as well as
their randomness. If we study the histogram of a low contrast image
then it can be observed that the gray levels are confined to a narrow
range (Figure 1). Now to obtain the image with better contrast the
values should be spread in the domain of the image intensities [0, L]
where L is the maximum value allowed in the image (for 8 bit image it
is 255). Another thing that one should consider is that while increasing
the range of pixels intensity in given domain, the lower values should
map toward lower range i.e., towards zero and higher values toward the
L. Consider the image with low contrast as X. Calculate the minimum and
maximum gray level in it, then find the difference d between the two.

d =|max(X)-min(X)|{d| 1=d<255 and max#min} = number of bins(4)
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Figure 1: a) Histogram of low contrast image. b) Histogram of high contrast
image.
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Figure 2: To show the‘d’ and how the pixel intensity will expand.

To expand the range of gray level we need to map them to a bigger
range, for that create bins in the output image (Figure 2). The numbers
of bins are equal to the value “d”. To step from one bin to another

« »

calculate the step function “s” where,
s=L/d (5)

Every bin can contain a range of pixels value within its limit. The
bin can be thought of as a containment composed of different racks
and each rack can contain single pixel value. The bin size or number of
racks in a bin is given by Figure 3.

[|b]|= ceil(s) (6)

The size of bin ||b|| signifies that every bin can have ||b|| such
different pixel value intensity. Suppose we have ||b|| = 7 then the
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Figure 3: To show racks and bins.

Figure 4: To show mapping of low contrast image pixels to bins
of output image.

particular bin can have seven racks to put different pixel intensities.
From the equations (5) and (6) this can be observed that if the contract
of the image is low then the value of the d would be less which increases
the value of ||b||. For the low contrast image the numbers of the bins
would be less but each bin have large size i.e., more number of racks.
In this case single pixel value from the input (low contrast) image
will mapped to large number of racks in the bin. If d > 1 (i.e., very
small range of pixel values in input image) then ||b]|>L (255 for gray
images) i.e., large availability of racks in the bins. If d » 255 (shows that
input image have good contrast) the ||b||>1 then not much chance in
mapping.

To map the single pixel value to the racks of a particular bin,
randomness should be produced. This can be done by generating a

« »

random number “r
r=random (1,|[b]|) {r] 1 <r < ||b]| } (7)

Now for every pixel in the input low contrast image, find the
difference of that pixel with the minimum pixel value in the input
image.

Z = |X(i,j)-min(X)| ®)

And then map the values of the input image to new values by the
given equation (Figure 4).

YGj)=z*s+r 9)

The above figure shows the mapping of gray levels form input
image to the resultant image. This shows how in our proposed method
the same intensity value in the low contrast image maps to the different
value in the output image and produce randomness and large range so
that an image with better contrast can be obtained.

Algorithm
1. Input: Let X be the image with low contrast
Calculate ma(X) {ma(.) < the pixel with maximum value

Calculate mi(X) {mi(.) ¢« the pixel with minimum value}

s=(L/d)

. ||b]| € ceil(s)
v X(ij)
i.z ¢ [X(i,j)-min(X)|

2
3
4. d ¢ |max(X)-min(X)|{d|1<d<255& max # min }
5
6

ii. r ¢ random(1,bin)
iii.Y(ij) ¢ round(z*s)+r
7. Output: Y{the image with improved contrast }

Results

In our results, we have used ET for entropy of true image. EL stands
for entropy of low contrast image. EH stands for entropy of image
outcome through histogram equalization. EP stands for entropy of
image through our proposed method. PSNRH is used to denote Peak to
Signal Noise Ratio between true image and histogram equalized image.
PSNRp is used to denote Peak to Signal Noise Ratio between true image
and proposed algorithm outcome image. In our experiment the true
image is that image which have proper contrast and taken in all suitable
circumstances. Then we reduce the contrast of the image to very low
extent to get low contrast image (Figures 5 and 6).

For the colored images our main motive was to preserve the colors
of the images as likely possible as the true image. If we lose the color
then the visual quality of the image got affected. Below we have shown
that results through our proposed algorithm can preserve the color
of very low contrast images which cannot be dine through histogram
equalization (Figures 7-10) (Tables 1 and 2).

ET=7.19
EL =5.41
EH =5.03
EP =7.14
PSNRH = 17.12
PSNRP = 39.17

Figure 5: a) True image and theirhistogram;b) Input images with low contrast

and theirhistogram; c)Histogram equilization results; andd) Proposed method
results.
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ET=6.4311

EL =5.3430
EH = 4.8781

EP = 6.6220
PSNRH =14.370
PSNRP = 29.16

ET =6.4311

EL =3.7303
EH = 3.6369
EP =6.7701
PSNRH = 14.40
PSNRP = 28.05

ET=6.4311

EL =2.9479

EH =2.9196

EP = 6.9097
PSNRH =14.622
PSNRP =23.788

Figure 6: a) True images and their histogram; b) Input images with low contrast and their histogram; c) Histogram equilization results; and d) Proposed method results.
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1. ET = 6.8264
EL = 6.4644

EH = 5.6232

EP =7.2783
PSNRH =9.158
PSNRP =24.2338

2. ET = 6.8264
EL =5.3997

EH = 5.5310
EP=74111
PSNRH = 9.1690
PSNRP = 21.9810

3.ET=6.8264
EL =4.7482

EH = 5.2695
EP=74111
PSNRH = 9.164
PSNRP =21.3616

Figure 7: a) True images; b) Input images with low contrast; c) Histogram
equilization results; and d) Proposed method results.

ET =7.4957

EL =5.2292

EH =5.5272

EP =7.5569
PSNRH =17.2180
PSNRP =25.9882

Figure 10: a) True image; b) Input images with low contrast; c) Histogram
equilizationresults; and d) Proposed method results.

Fig. no. ET EL EH EP PSNR, PSNR,
5 7.19 5.41 5.03 7.14 1712 39.17
6 6.4311 5.3430 4.8781 6.6220 14.370 29.165
6 6.4311 3.703 3.6369 6.7701 14.40 28.05
6 6.4311 2.9479 2.9196 6.9097 14.62 23.788

Table 1: To show the PSNR and Entropy of the gray scale images.

ET =5.5571
EL =3.5363
EH = 5.0545
EP =5.8534
PSNRH = 9.164
PSNRP=41.8221

Figure 8: a) True image; b) Input images with low contrast; c) Histogram
equilization results; d) Proposed method results; and e) The entropies and
PSNR.

ET =7.4858
EL =5.1815
EH =5.6779
EP = 7.6488
PSNRH = 15.044
PSNRP =41.2533

Figure 9: a) True image; b) Input images with low contrast; c) Histogram
equilization results; and d) Proposed method results.

Fig. no. ET EL EH EP PSNR, PSNR|
7 6.8264 = 6.44644 5.623 7.2783 9.158 24.338
7 6.8264 5.3997 5.5310 7.4111 9.1690 21.968
7 6.8264 4.9482 5.2695 7.4111 9.164 21.3616
8 5.571 3.536 5.0545 5.853 9.164 41.822
9 7.458 5.1875 5.677 7.648 15.044 41.253
10 7.495 5.229 5.557 7.556 17.28 25.982
Table 2: To show the PSNR and Entropy of the colour images.
Conclusion

In this paper we have proposed algorithm for the contrast
enhancement of images. The results on various images are given and
compared with the histogram equalization. Various measures like
Entropy and PSNR is use to shoe the effectiveness of our results. In case
of colored images the color quality of the images are also preserved
to produce a better visual effect which is a very important factor for
judging the overall quality of images. From the results it can be inferred
that our proposed algorithm shows better Entropy, PSNR and visual
effect than Histogram Equalization.
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