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Abstract

In the field of image processing, contrast enhancement is a vital area to enhance contrast of images which are having poor
contrast. Histogram Equalization (HE) is the method used to increase contrast in images. To improve contrast in images
several HE methods persist. By determining the Probability Density Function (PDF) and Cumulative Density Function
(CDF), HE expands the distribution of pixels. The overall brightness would be altered while the histogram equalization is
being applied is a one kind of disadvantage. The drawback which is mentioned here can be avoided by, classifying the image
based on intensity exposure and is divided into sub images based on the median value. To minimize the over enhancement,
the sub images are clipped using the threshold value. Equalization can be done separately for each sub images, and
the equalized sub images are combined to form a single image. Thus, to keep the brightness and to bring limitation in
enhancement rate the classification and subdivision based HE method was proposed which equalizes the image. For color
images, this method of equalization performs better than gray scale images. The simulation results for several test images
are obtained using Matlab software tool. The results show that the entropy of the proposed method is compared with the
standard HE method and it determines the amount of information available in the image. The proposed method provides
better enhancement than other methods of equalization by controlling the enhancement rate. Improvements can be done
by selecting the threshold values for clipping and intensity exposure. Contrast enhancement is applied in the areas of
photography, medical imaging and video surveillance systems to enhance quality in images and the image looks natural.
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1. Introduction

In image processing, different devices such as cam-
eras, electron microscopes, scanners, X-ray devices
and ultrasound are used for taking images indifferent
fields like medical, industrial, military, civil and secu-
rity. Image processing deals to bring the enhancement
in the visual aspect of image for human perception.
Image processing is used in the certain areas of image
enhancement, image sharpening, pattern recognition,
noise removal etc.

*Author for correspondence

Image enhancement is one of the important tech-
niques in image processing which improves the contrast
of low quality images. There are two methods for enhanc-
ing contrast in images. By finding out the contrast param-
eter directly, the enhancement is done for the direct
enhancement method. The technique by which the pixels
are distributed is being referred to as indirect method of
enhancement. Most of the indirect methods make use of
histogram modification techniques’.

The main aim of contrast enhancement is to bring
improvement in the perceptual quality of images
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depending on the application?. Contrast enhancement
refers to the amount of gray or color differentiation in
digital images. Contrast of images is defined as the ratio
between the brighter and the darker pixel intensities>.

Contrast enhancement plays an effective role in the
enhancement of perceptual quality for computer vision,
pattern recognition and in the processing of images.
Depends on the light exposure, the contrast of an image
would be poor or bright. Due to the atmosphere light-
ing conditions, the aperture size and the shutter speed,
the contrast changes may be happened*. By enhanc-
ing contrast this can be avoided. In some scenario, the
requirement would be to adjust the overall brightness of
an image. The pertinent method to adjust contrast suit-
ably is the histogram equalization technique. Histogram
equalization are applied in many areas such as medical
image processing, texture analysis and synthesis, and in
speech recognition®. However, this HE changes the over-
all contrast and making the images seems unnatural. This
can be eliminated by utilizing different methods of histo-
gram equalization which enhance the brightness level of
an image®.

A method called Brightness preserving Bi-Histogram
Equalization (BBHE) preserves the average brightness by
increasing the contrast. In BBHE, the histogram of image
can be segmented into sub histograms by calculating
mean value. One of the sub image having values less than
or equal to mean and the other one having values greater
than the mean value. The two sub images are equalized
separately and combined to form single image’.

The other method named Dualistic Sub Image Histo-
gram Equalization (DSIHE) is same as BBHE but in some
way it is better than BBHE in the way of maintaining the
brightness in images. In this equalization, it also divides
the histogram into two sub histograms based on median
value and then equalization is done independently®. The
image enhancement by adjusting the contrast mechanism
facilities are not possible with these method and thereby
the new technique of histogram subdivision is intro-
duced which maintain the brightness level by limits the
enhancement rate. Contrast enhancement finds applica-
tion in medical imaging system, video surveillance sys-
tem and digital photography®.

This paper is organized as follows. Section 2 describes
image classification based on intensity exposure. Section
3 describes the image subdivision and Equalization. Sec-
tion 4 describes the simulation results and Section 5 gives
the conclusion.
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2. Image Classification based on
Intensity Exposure

2.1 Definition of Histogram

The allocation of the pixel intensity value of an image
depicts the histogram of the given image. It can be plotted
by taking into account the pixel intensity and the absolute
number of pixels in an image. This is also expressed! as in
the Equation (1),

h(j)=n (1)

Where j is the gray level distributed and n, is the num-
ber of pixels in the image?.

2.2 Exposure Threshold Calculation

Thresholding is the simplest way of dividing an image.
This can be done by using a measure of intensity known as
exposure. If the light exposure is poor, the images are being
referred as under exposed images. If the light exposure is
good, then the images are being classified as over exposed
images. Low contrast images which are having low gray
levels are named as under exposure. Images with maxi-
mum contrast and having higher gray levels are named as
over exposed images. For the given image, the normalized
exposure value will be in the range between 0 to 1. The
under exposed images are having this value in the range
between 0 to 0.5. The over exposed images are having this
value in the range between 0.5 to 1. The equation (2) con-
veys the way to calculate the exposure of a given image as,

1 &)
Levels = h(j)

Exposure = (2)
Where Levels is the total number of gray levels and h(j)
is the histogram of image!°.
Another parameter denoted as Xa which splits the

image as over and under exposed sub images is obtained
from (3).

X, = Levels(1-Exposure) (3)

a

2.3 Computing Median

After calculating X, the two sub images are divided into
four sub images based on median value. The median can
be calculated using

Xpi=median(h(j))  0<j<X, 4)
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T -——Yhj) )

X nu= median(h(j))
Levels 15

2.4 Clipping the Image Histogram

Clipping the histogram of an image avoids excessive
enhancement by restricting the enhancement rate. This
process of clipping is achieved by choosing an appropri-
ate clipping threshold. The larger values in the histogram
are to be clipped. Threshold can be computed as the mean
of gray level occurrences in the image!®!!. The formula
for clipping threshold is

1 L
L= h(j) ©)

Levels /=
h (=T, ~ for h(j)=T, (7)

3. Image Subdivision and
Equalization

3.1 Histogram Subdivision and
Equalization

Histogram subdivision splits the histogram of an image

into two sub images named I} . and I based on

upper
intensity. The two sub images in the range 0 to X, and
X,+1 to Levels-1 are divided into four sub images. The
PDF of these four sub images are Py(j), Pr.(j), Pul(j),

Puu(j) respectively!!.

PL,(j):hc(j) for 0<j<X, (8)

u
P,(j)= i (LJ) for X, +1<j< X, 9)
Py(j)= 2D o X, +1<j<X,, (10)

u
PUu(j)=hc(j) for X, +1<j<Levels—1  (11)

Uu

Where Ny, Ny, Ny, Ny, are the total number of pixels
in the four sub images!!. After calculating the probabil-
ity density function, CDF can be calculated separately for
four sub images from 0 to L-1. Cy(j), Cru(j), Cun(j)> Cuu(j)
are the corresponding CDF of the four sub images!!.
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Next step is to perform equalization for all the four
histograms of sub images individually. For equalization
there is a need to compute transfer functions for these sub
images. Fyj, F,, Fyp, Fyy. Fyyis are the transfer functions
of four sub-images which are obtained by multiplying the
lower median and the CDF Cy,. Fy, is calculated by add-
ing the lower median and the exposure and multiplying
by the CDF Cy,. In the same way Fy;; and Fy, are calcu-
lated by taking upper median and upper CDF!!. Finally
the four sub images are combined to form a single image.

3.2 Image Classification and Subdivision
based HE

The steps involved in image classification and subdivision
based HE is as follows

e Compute the histogram h(j) of an image.

e Calculate exposure and threshold parameter X,.

e Calculate the median value X, and X,,,, based on the
parameter X,.

e Compute the clipping threshold T, and segment the
histogram.

e The given image histogram is divided into four sub-
histograms depends upon the exposure value.

e Equalize the four histograms independently using the
transfer function determined.

o Finally combine the four sub images into one image.

4, Simulation Results

The determination of the rate of image enhancement is
being calculated by correlating the histogram equalization
method with the classification based HE. A standard
cameraman as test image is shown in Figure 1(a) along
with the histogram as in Figure 1(b). Figure 1(c) and 1(d)
shows the histogram equalized image and the corresponding
histogram. This method can be compared with classification
based HE. Figure 1(e) and (f) gives the classification based
HE and its histogram. The test image, image after HE and
the classification based HE of image is shown in Figure 2
and 3 for grayscale images.

Histogram

Number of pixels.
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(a) “Cameraman” test image. (b) Histogram plot
of the test image. (c) Conventional Histogram Equalization.
(d) Histogram of the HE method. (e) Classification based

Figure 2.
result. (¢) Classification based HE result.
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(a) “Coins” test image. (b) Conventional HE

<)

Figure 3. (a) “pout” test image. (b) Conventional HE
result. (c) Classification based HE result.

The color conversion models are being used to per-
form histogram equalization with the color images. The
simple model for converting a color to gray scale image is
R = G =B = (R+G+B)/3. The other standard models such
as YCbCr, NTSC, YUV can also be used to convert a color
to gray scale image. The enhancement task can be applied
to only luminance part, since the majority of the infor-
mation would be available in the luminance part rather
than Cb and Cr. These channels are not modified and can
be used as it is to produce a color image again with bet-
ter enhancement. The proposed method also using this
approach to enhance color images. For color images, the
test image, image after HE and the Classification based
HE are shown in Figure 4 and 5.
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Figure 4. (a) “Onions” color test image. (b) Conventional
HE result. (¢) Classification based HE result.

(@) (b)

Figure5. (a) “Lena” color test image. (b) Conventional HE
result. (c) Classification based HE result.

The simulation results are correlated by using a quality
measure called entropy. The average amount of informa-
tion content in an image can be defined by a measure of
entropy. The determination of entropy gives the average
information present in the image in bits per pixel'?. In
this section, the entropy results of HE and the classifica-
tion based HE are correlated and the results are tabulated.
Entropy is determined using (12) as

Entropy = —Lf‘P(u)log P(u) (12)

u=0

Where P(u) is the PDF of a image at particular inten-
sity u and L is the total number of gray intensity levels
in the image!®!!. Maximum value of entropy indicates
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that maximum information content is there in the image.
The entropy results of HE and classification based HE are
compared and is shown in Table 1.

Table 1.  Entropy results

Original Image classification and

Test images | image | HE subdivision based HE
Cameraman 7.01 6.77 6.74

Coins 6.32 6.04 5.98

Pout 5.76 5.71 5.71

Tire 6.93 6.57 6.63

Eight 4.88 4.68 4.44

Rice 7.01 6.91 6.85

Circuit 6.94 6.92 6.91

Moon 5.51 5.06 4.96

Lifting 6.49 6.19 6.03

body

5. Conclusions

In this study, an image can be classified as less and highly
exposed images based on the value of exposure. Exposure
and median calculation subdivides and equalize the sub
images which enhance contrast in images and limits over
enhancement. The entropy results show that proposed
method provides maximum information which is closer
to the original image. Compared with HE, the proposed
method provides better enhancement and the image
looks natural. Image classification and subdivision based
HE method shows that it performs better than other HE
methods in the way of maintaining brightness.

6. References

1. Park G-H, Cho H-H, Choi M-R. A contrast enhancement
method using dynamic range separate histogram equaliza-
tion. IEEE Transactions on Consumer Electronics. 2008
Nov; 54(4):1981-7.

2. Shih FY. Image processing and pattern recognition funda-
mentals and techniques. IEEE press, John Wiley and Sons
Inc; 2010.

3. Chiu Y-S, Cheng F-C, Huang S-C. Efficient contrast
enhancement using adaptive gamma correction with
weighting distribution. IEEE Transactions on Image Pro-
cessing. 2013 Mar; 22(3):1032-41.

Indian Journal of Science and Technology | 5 -



A Novel Approach for Contrast Enhancement using Image Classification and Subdivision based Histogram Equalization

. Hanmandlu M, Verma OP, Kumar NK, Kulkarni M. A
novel optimal fuzzy system for color image enhancement
using bacterial foraging. IEEE Trans actions on Instrumen-
tation and Measurement. 2009 Aug; 58(8):2867-79.

. Chang Y-C, Chang C-M. A simple histogram modification
scheme for contrast enhancement. IEEE Transactions on
Consumer Electronics. 2010 May; 56(2):737-42.

. Garg R, Mittal B, Garg S. Histogram equalization tecniques
for image enhancement. IJECT. 2011 Mar; 2(1):107-11.

. Kim Y-T. Contrast enhancement using brightness preserv-
ing bi-histogram equalization. IEEE Transactions on Con-
sumer Electronics. 1997 Feb; 43(1):1-8.

. Chen S-D, Ramli AR. Minimum mean brightness error
bi-histogram equalization in contrast enhancement.

B s | o (29) | November 2015 | www.indjst.org

10.

11.

12.

IEEE Transactions on Consumer Electronics. 2003 Nov;
49(4):1310-9.

. Huang S-C, Yeh C-H. Image contrast enhancement for

preserving mean brightness without losing image features.
Engineering Applications of Artificial Intelligence. 2013;
26(5):1487-92.

Singh K, Kapoor R. Image enhancement using exposure
based sub image histogram equalization. Pattern Recogni-
tion Letters. 2014; 36(1):10-4.

Singh K, Kapoor R. Image enhancement via median-mean
based sub-image-clipped histogram equalization. Optik.
2014; 125(17):4646-51.

Dougherty G. Digital image processing for medical applica-
tions. Cambridge University Press; 2009.

Indian Journal of Science and Technology



