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Abstract

Contrast enhancement is an emerging research area in digital image processing domain. It is an important factor in any subjective evalu-
ation of image quality in medical image processing. As there are possibilities for degradation of image quality during the acquisition,
there arises the need of an efficient contrast enhancement technique that can remove the redundant pixels from the images prior to final
processing. In this paper, we have proposed two adaptive approaches for contrast enhancement. The first approach is used for enhancing
grayscale image using mathematical morphology and second approach is for color image using enhanced sigmoid function. The en-
hancement process of grayscale image was evaluated by using PSNR and that of color image was evaluated by using a factor called
measure of contrast. The experimental results indicate that the two proposed methods show better performance for image in grayscale as

well as in color.
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1. Introduction

Contrast enhancement plays a crucial role in the field of image
analysis especially in medical image processing. It provides better
enhanced image for further image processing tasks. Color images
convey numerous hidden information with them in which human
eye fails to analyse. So, we need a proficient contrast enhancement
technique to reveal those information. Edge enhancement, contrast
enhancement, and noise reduction are the various forms of Image
enhancement. Contrast enhancement algorithms can be classified
into two types; point operations and spatial neighbourhood tech-
niques. Histogram equalization is commonly used for contrast
enhancement in a variety of image applications due to its simplici-
ty. It works by stretching the gray levels by using the cumulative
density function. One disadvantage of this method is that the
brightness of an image is altered after the process. Mathematical
morphology is an image processing technique that deals with the
shape of image features. The commonly used morphological trans-
formations are dilation, erosion, opening and closing. Usually
morphological operations use structuring element which interacts
with the image to see how it fits the shapes in the image. Color
image enhancement techniques are more difficult than the gray
image enhancement techniques since color image consider vectors
rather than scalars. In this paper grayscale images were enhanced
using mathematical morphology and color images were enhanced
using modified sigmoid function.

The rest of this paper is organized as follows. Section Il describes
the related works; in section Il the methodology of the paper is
described and finally the conclusion is drawn in section V.

2. Related Work

An exhaustive literature study has been made on the work done by
various researchers and the findings are summarized as follows:
Kanika Kapoor et al. [12] proposed a novel approach for color
image enhancement based on histogram equalization. Here the
acquired image is converted into HSV then the image is decom-
posed into two parts by using threshold and equalized them inde-
pendently. For measuring the performance of the enhanced image,
contrast of image and entropy are calculated. Still there is over
enhancement. Monica Agarwal et al. [4] devised an efficient algo-
rithm to furnish the limitation of over enhancement with maxi-
mum entropy preservation. In the algorithm, input image histo-
gram is segmented based on its valley positions and then weighted
distribution is applied to all segmented sub histograms followed
by the histogram equalization, gamma correction and homomor-
phic filtering. Results shows that the proposed technique performs
well than the other conventional techniques both in terms of visual
quality along with maximum entropy preservation and contrast
enhancement. Haidi Ibrahim et al. [14] introduced a technique that
use smoothing of an image histogram by Gaussian Kernel fol-
lowed by its segmentation of valley regions for their dynamic
equalization. The crisp statistics of digital images suffer from the
inherent limitation that it does not take in to account the vagueness
of gray values. Swati Sharma et al. [6] suggested an efficient con-
trast enhancement algorithm using Gaussian mixture modeling
(GMM) for showing the image gray level distribution. It incorpo-
rates an enhancement criterion based on image equalization with
improved threshold median filter which targets at enhancing the
contrast along with suppression of impulse noise and preservation
of edges.

O

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/

International Journal of Engineering & Technology

3. Methodology

Many image enhancement algorithms have been developed to
improve the visual appearance of images. Histogram equalization
(HE) is a general method for contrast enhancement for both color
and grayscale images. The histogram of an image is a graph that
plots the occurrences of gray levels in the image against the gray
level values. If an image whose histogram covers a wide range of
gray scale than it is a high contrasted image. Equalized histogram
equalization method is an improved histogram equalization meth-
od. First of all the input image is enhanced using the histogram
equalization and the output image is summed up with input image
[7]. In this paper two algorithms are proposed one for contrast
enhancement of gray scale image and another for color image
using mathematical morphology and enhanced sigmoid function
respectively.

3.1. Proposed Contrast Enhancement based on Mathe-
matical Morphology (CEMM) Algorithm for gray scale
image

Mathematical morphology is a tool for extracting image compo-
nents that are useful for further processing tasks. Erosion and Di-
lation are the basic morphological operations, which are used for
the closing and opening operations [10].They are defined as

Opening, AoB = (AG©B) ©&B
Closing, AeB = (AGB) © B

Opening smoothes the edges of an object, closing joins the narrow
breaks, fills the gaps in the edges and eliminates the small holes.
Different types of structuring elements are available for morpho-
logical processing like square, line, and disc. Working of Image
enhancement is shown in Fig. 1.

Implementation Steps Involved in the
Proposed CEMM Algorithm

: Read the image

: Find the maximum intensity value: Max

: Subtract the image from Maximum value: B=Max-G

: Find the structural element using disk: S

: Do bothat transformation with the result D= (BeS)-B

: Subtract the result from maximum value E=Max-D

: Subtract original image from that result Gaifr=G-E

: Add the original image with the result; Genhanced=G+Guitt

0 ~NOoO O WN B

Fig. 1: Proposed CEMM Algorithm

3.1.2. Experimental Results of CEMM Algorithm

The experimental results of proposed ‘Contrast Enhancement
based on Mathematical Morphology (CEMM)’ algorithm are ana-
lyzed by comparing the existing methods on low contrast blood
cell images. Proposed technique has been implemented using
MATLAB version R2015b. Comparison of the test images are
shown in Fig. 2, 3 and 4. Figure (2a) is the original image; (2b) is
the results obtained by using histogram equalization method; (2c)
shows the results obtained by using Equalized histogram equaliza-
tion method; (2d) shows the result obtained by using CLAHE
method (2e) shows the results obtained using proposed algorithm.
Similarly figure 3 and figure 4 are the results for B2 and B3 image
respectively. From the results it is clear that the proposed algo-
rithm got highest value for PSNR than other methods. From the

results it is clear that the proposed algorithm performs better than
the conventional methods.

Fig. 2: Enhancement results of B1 image: (a) Original

(b)HE (c) EHE (d) CLAHE (e) Proposed Method

Fig. 3: Enhancement results of B2 image: (a) Original
(b) HE (c) EHE (d) CLAHE (e) Proposed Method

Fig. 4: Enhancement results of B3 image: (a) Original
(b) HE (c) EHE (d) CLAHE (e) Proposed Method

Table 1: Comparison of PSNR of all images.

Method B1 Image B2 Image B3 Image
HE 13.1331 14.8725 13.9531
EHE 9.7756 10.4410 9.7835

CLAHE 21.0473 19.4501 20.9959

CEMM 52.6875 50.6875 52.2670
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Fig. 5: PSNR Value of all images

3.2. Proposed Contrast Enhancement based on
Enhanced Sigmoid Function (CEESF) Algorithm
for color image.

Here we propose a adaptive technique for contrast enhancement
color images captured with poor illumination. Here we first ex-
tracting the RGB planes and each plane rescaled in to [0-1] then
apply modified sigmoid function to each individual plane. The
enhanced R, G, B Color planes are finally combined to obtain the
resultant color image. A sigmoid function is a continuous non-
linear mathematical function having an "S" shaped curve. The
sigmoid function has the characteristics that it is a smooth contin-
uous function.

1
1+ e

F(x) = )

—tX

Sigmoid function is altered in order to add the contrast, threshold
value and maximum grey value. The modified sigmoid function
which we have used in our proposed algorithm is

G(xy) = W 2

G(x,y) - Enhanced pixel value , c is contrast factor, t - threshold
value which is the average intensity value or histogram mean of
the input image |- original image L-highest gray value in the indi-
vidual color planes. By adjusting the contrast factor ‘c’ and
threshold value it is possible to modify the amount of lightening
and darkening to control the overall contrast enhancement. We
have analyzed the proposed algorithm on various blood cell imag-
es and the results are found to be higher than existing algorithms.
The step by step description of Contrast Enhancement based on
Enhanced Sigmoid Function (CEESF) method is explained in Fig.

Implementation Steps Involved in the Proposed CEESF Method
1. Acquire the input image

2. Extract the RGB color planes separately.

3. Normalize the RGB color planes to the range 0-1

4. The enhanced sigmoid function is applied on
the separate RGB color planes.

5. Combine the enhanced RGB color planes
to get the output image.

Fig. 6: Proposed CEESF Algorithm

3.2.1. Performance Evaluation

Performance of this algorithm is conducted on several blood cell
images. To evaluate the contrast enhancement performance, we
have considered the following evaluation parameter discussed in
[13].
e—li
li
le is the average intensity of the enhanced image and liis the aver-
age intensity of the input image. Three low contrast blood cell
images have been taken as input for evaluating the proposed algo-

rithm. The comparison has been done on the basis of Measure of
contrast.

Measure of Contrast =

®)

3.2.2. Experimental Results of CEESF Algorithm

The experimental results of proposed ‘Contrast Enhancement
based on Enhanced Sigmoid Function’ (CEESF)’ algorithm is
analyzed by comparing the existing histogram equalization and
proposed method along with various values of contrast factor.
Low contrast blood cell images are used for analysis. Proposed
technique has been implemented using MATLAB version
R2015b. Comparison of the test images are shown in Fig. 7, 8 and
9. Figure (7a) is the original image, (7b) is the results obtained by
using Histogram equalization method (7¢) is the result obtained by
using CLAHE (7d) is the result obtained by using enhanced sig-
moid function having c=10. (7e) shows the results obtained by
using enhanced sigmoid function having c=9 and (7f) shows the
results obtained by using enhanced sigmoid function having c=8.
Similarly figure 8 and figure 9 are the results for B2 and B3 image
respectively. From the results it is observed that the proposed
algorithm with contrast value 8 having the better enhanced output.

R

Fig. 7: Enhancement results of B1 image: (a) Original
(b) HE (c) CLAHE (d) c=10 (e) c=9 (f) c=8.

Fig. 8: Enhancement results of B2 image: (a) Original,
(b) HE, (c) CLAHE (d)c=10 (e) c=9 (f) c=8
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Fig. 9: Enhancement results of B3 image: (a) Original
(b) HE (c) CLAHE (d) c=10 (e) c=9 (f) c=8

Table 2: Comparison of ‘Measure of Contrast’ of all images.
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Fig. 10: Contrast of all images

4. Conclusion

In this paper an effort is made to develop two algorithms for
contrast enhancement of grayscale using mathematical morpholo-
gy and for enhancement of color image using enhanced sigmoid
function. The performance of both the techniques is analyzed with
a set of blood cell images. The enhancement process of grayscale
image was evaluated by using PSNR and that of color image was
evaluated by using a factor called measure of contrast. On com-
paring the proposed methods with the existing methods, it has
been concluded that the proposed techniques have given much
better results than the existing ones.
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