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Abstract—This paper performs three different contrast
testing methods, namely contrast stretching, histogram
equalization, and CLAHE using a median filter. Poor
quality images will be corrected and performed with a
median filter removal filter. STARE dataset images that
use 20 images with different contrast values for each
image. For this reason, evaluating the results of the three
parameters tested are; MSE and PSNR. With the gray level
scale image and contrast stretching which stretches the
pixel value by stretching the stretchlim technique, the
MSE results are 9.14778 and PSNR 1s 42,1356 dB. And
the HE method and median filter with the results of the
average value of MSE is 18.668663 and PSNR is
41333973 dB. Whereas for CLAHE and median filters the
aveffle yield of MSE is 28.42135 and PSNR is 35.2997
dB. From the test results. it can be seen that the proposed
method has MSE and PNSR values.

Index Terms—median filter, STARE, contrast stretching,
CLAHE, HE, MSE, PSNR.

[. INTRODUCTION

Enhancement of the quality of retinal images that
have both noise and noise is the first step in image
processing to help improve the accuracy of the results for
image segmentation and extraction. Images store a lot of
information, but often there is a decrease in quality or
image defects. So that images that have experienced
interference or noise are easily interpreted, then the image
can be manipulated into other images of better quality
using image processing techniques or methods[1]. Retinal
eye images can provide information about pathological
changes caused due to disease[2]. Processing medical
image of the retina in the eye with disease information by
increasing contrast quality and eliminating noise that can
damage the image so that sharpness can be improved and
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can facilitate segmentation or extraction of retinal images
[3]. From an image, sharp lines can be sharpened to
Poor and poor image quality cannot be
interpreted directly by the human eye, so we use methods
to improve the quality of contrast stretching images and
median filters[4]. One type of image modeling used for
digital processing, one of which has good results is RGB.
To find out the color frequency in a digital image a
histogram graph is used[5]. In the image, there are bright
and dark noise in the random distribution in the image
which can affect the visual effect of the image as well as
the information in the image[6]. Then the method to
improve the image quality of the median filter and contrast
stretching 1s applied. It is a method that will increase
contrast by getting new images as well as new contrast.

In this pre-processing stage, two contrast methods are
used namely contrast stretching and histogram
equalization and CLAHE. Increase contrast by stretching
the existing value in the image at a certain intensity.
Contrast stretching will stretch, increase and decrease the
contrast of the image. And the median filter as a filter for
image enhancement that will filter outnoise or noise. With
this increase in image quality, it can be seen which method
is better in improving it. With the parameters of PSNR
and MSE to see the image quality and whether or not
accurate.

increase.

II. RELATED WORK

This  previous study[7] used multiscale for
enhancement and also applied a median filter method to
reduce video noise and MSRCR to regulate how bright the
video as a dataset was used. By using PNSR can be
calculated on average by time parameters. The result
obtained is a PNSR value of 19.6088 dB which results are
still low.

In previous studies[8] the original retinal image will be
processed with a normalized convolution algorithm using
domain transformation and obtain an enhanced image.
With the medifi filter method using the STARE database
to evaluate the results of {Elage enhancement. The result of
this method is that it can improve the quality of the retinal
image is still unclear.
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From previous studies[9] using edge detection and
contrast enhancement to eliminate noise. This research
focuses on stretching contrast and image enhancement.
Use a histogram to verify the results of image
enhancement and contrast stretching. Which increased
quality 1s not optimal.

Previous studies[10] improved the perception of
information that exists in the original image, increasing
structural features for good image quality. With
morphological and merging regions which will then be
continued by stretching the contrast separately. Linear
stretching is used to improve the texture features of
objects, can suppress noise but still cannot maintain the
brightness of the entire image.

Previous  studies[11] increased contrast with
morphological methods of upper and lower operations.
Matrix contrast at edges extracts the enhanced image.
Counting each region with morphological open operations,
everything connected with pixels under 40 will be
eliminated. But the difficulty in removing noise.

Previous studies[12] used methods to improve blood
vessels. A multi-scale top-hat transformation extracts the
original image into bright and dim image features. Then it
is enhanced by adding an image feature that has a gap and
a gaussian curve histogram is mounted for linear
stretching.

1. METHOD AND RESULT

This paper uses a database of stare in which the
initial stage is to input a retinal image and then the image
is given three RGB colors with an intensity of 8-bit depth.
Separate each RGB color into three channels. From RGB,
the 1mage 1s grayed with pixel intensity. Followed by
inputting salt and pepper noise on grayscale with a gray
image that will be filtered with the median filter, then
increasing counter with contrast stretching, can be seen in
the illustration in figure 1.

Input Citra

Confrast Stratching

|

L

Histogram a
Emalgion SEahE

|

Median Filter

Figure 1. Method Diagram Block
At this stage of the process the first is to input the retinal
image using the STARE database, after the median filter
which will then be contrasted with contrast stretching
which is the methods in step figurel, as follows:
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A, Grayscale

Gray pixel intensity, with values ranging from 0
to 255 expresses the gray range of the image. With this
range between the gradations of black and white
images. Grayscale 1s a color that 1s located between
black and white. On this grayscale, the image is first
increased in complexity[13].

B. Median Filter

It is a non-linear method to filter or reduce noise
in the image so that image information is maintained.
Values on images will be replaced or manipulated by
making values as medians. With the gray level, the
value has been replaced by the median then stored
instead of the noise value[7]. The max is the
maximum, the min 1s the minimum wvalue, and the
average 1s the gray level. And v (i, n) is the center of
manipulation of the median filter[14].

The median filter will see the pixel value of its
neighbor and will match the pixel value that will be
represented by the neighbor's pixel value. The pixel
value will be replaced at the middle value with a count
of around neighbors. When the value is even on the
surrounding pixel, the middle value will be used with
an average of two middle values[15].

y[m, n] = median {x[i,j], (i,j)e w 1
C. Histogram Equalization (HE)

It is a histogram equalization in which the gray
distribution of values is made flat. HE will manipulate
the respective image pixels for increased contrast. The
image gets a flattened histogram distribution function.
The intensity and scale are obtained as output from the
histogram equalization. The purpose of this HE is to
make the distribution of the histogram evenly
distributed so that the pixel value at the gray level will
have a relatively identical value or the same. HE will
map input images with unequal intensity levels and to
output images with the same level[16].

D. Contrast Stretching (CS)

It is a method of stretching the contrast, with the
intensity value contained in the image expanded with
a dynamic range. The pixel value of the image can be
applied with linear scaling. To normalize the image or
contrast stretching the image it is necessary to
determine the minimum and maximum values of the
image. These minimum and maximum values will
determine the boundary of the image. In this proposed
method an image with an 8-bit gray level is the lower
limit and values 0 to 255 as the upper limit. Citra has
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three contrasting groups, namely; low confrast,
normal contrast, and high contrast[17].

_

gxy) = X255 @

Where g (x, v) represents the output and f (x, v)
represents the input. Image intensity values with 0 as
the lowest value and 255 as the highest value[18]. By
using stretchlim as a determinant of the minimum and
maximum values. The value of g (x, y) as a new image
obtained from the image value (x. y) will be
subtracted by the maximum value and divided by the
results of the minimum and maximum reduction. The
results will be multiplied by 255 as the pixel value

[16].

E. CLAHE(Conirast Limited Adapiive

Equalization)

Histogram

CLAHE is a contrast enhancement technique
which is the development of HE and AHE from which
surely this CLAHE is better than HE and AHE. In this
CLAHE images will be divided into tiles or smaller
areas. CLAHE is also a development of the AHE
method that has its components changed. In this
CLAHE all pixels adjacent to all functions will be
converted[15]. This CLAHE is different from AHE
because CLAHE
maximum value on the clip and returns it to the gray
value [19].

F.  Mean Square Error (MSE) and PSNR (Peak Signal to
Noise Ratio)

limits the contrast, uses the

The parameters used as an evaluation of the
results of improving image quality. This parameter
will compare the original image with the resulting
image, the equation used is as follows[20] :

= =1 ¢ , 32
MSE = 3=t DX ) - y@ D) @)
PSNR = 10l0g1 = @

With the value S = 255 for 8-bit images, the
higher the PSNR value generated. the better. While
the closer the value to 0, the better the MSE value.

G. Result Enhancement

MATLAB R2018b was used in the course of this
research, which is managed by a laptop device with an
AMD Quad-Core A10-9620P processor, up to 3.4GHz
with 4GB of RAM. By using the STARE database taken.
there were 20 images. Which uses JPG format. The image

Copyright © 2009 MECS
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used is a dataset from STARE (Structured Analysis of the
Retina).

Inputting the image with the original image in the
first stage can be seen in figure 1. The median filter will
manipulate the image to get better image quality
improvements. Then the shortcomings of the median filter
will be followed by contrast stretching which will increase
the contrast with level to gray.

16000

Figure 2: a. original image

b. Grayscale

¢. Original image histogram

Figure 2 uses im0005 jpg which is in part (a) the
original image from the STARE database. Based on Figure
2 (b) is the original input image of the dataset that is made
grayscale or to a grayscale. Figure 2 (c) is a histogram of
the original image that has not been processed. By
determining the lower limit and the pixel value, the image
is normalized. Suppose that a is the lower limit and b is the
upper limit, then find the highest and lowest pixels of the
image. With ¢ and d, take the lowest and highest pixel

values, and scale the pixels by the following equation:

Poutz(Pin—c)%+a (5)

Values ¢ and d can affect the output value especially
if the value is too high or low.

I.J Intelligent Systems and Applications, 2009, 1,50-59
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Figure 3. Contrast Stretching Using Stretchlim Citra STARE
im0005 jpg

Figure.3 is the result of the graying image
normalized by contrast stretching and stretching methods.
Stretching will normalize the image by looking for the
minimum and maximum values first. Stretchlim will look

for maximum and minimum values of gray-level images.
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Figure 4. Histogram
Contrast Stretching Using Stretchlim imagerv STARE im0005 jpg

Figure 4 displays the histogram of contrast
stretching with the results seen from the histogram that the
image is stretching. By stretching the intensity value of the
image can be seen if the counter is too far to the right with
a pixel value above 135 then the image is included as
bright. Conversely, if the cons on the histogram are more
left or under 50 pixels based on the histogram, the image
is dark. In the histogram, the image is more dominant
towards the light.

Figure 5 is the image of im003 jpg which has
done even distribution of the histogram with HE. The
image in a gray level that is made flat or identical. In the
image visible difference from the results of contrast
stretching images and median filters that blood vessels are
more visible in the HE method and median filter.

Copyright © 2009 MECS

Figure 5. HE citra im0005 jpg
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Figure 6. Histogram with HE image im0005 jpg

Figure 6 is a histogram of the im005 jpg image
leveled by the HE method. From the original image
histogram, the difference between the histogram results of
HE which is more even and equal. With a range of 0 to 255
and the grayscale histogram is made uniform and obtained
evenly distributed.

The results of CLAHE and median filters can be
seen in Figure 7 where all pixels are converted. and the
contrast value is limited to the maximum value. Seen in the
image that this CLAHE method can highlight the small
blood vessels of the retina of the eyve compared to contrast
stretching and HE.

Figure 7. CLAHE Citra im0005 jpg

This paper uses three parameters, namely MSE and
PNSR to assess the results of the method being tested. By
using 20 images from the STARE dataset with different
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contrast and with the median filter as a filtering method.
The testing method was carried out on a 4GB ASUS
X555Q laptop with the MATLAB R2018b application.
The results of MSE can be seen in table 1. And the results
of PNSR can be seen in table 2.

54

Table 1. The MSE \-'aluethe method is tested with different contrast
e M(f"";n HE +Median | CLAHE +
Filter Filter Filter
im0001 jpg’ 03710 25792 225689
im0002.jpg’ 0.3085 05398 23.0370
'im0003.jpg' 0.5016 45.2423 43.9058
"im0004.jpg' 0.2940 0.5274 6.5633
im0005.jpg' 3.6597 53.0682 417143
'imOUUG.jpg' 0.3355 5.1869 10.5018
"im0007 jpg' 7.1010 2.2606 9.9203
im0008.jpg’ 03657 03966 246333
'im0009.jpg' 8.4669 1.2279 5.0054
im0010.jpg’ 15.9832 23104 28.0006
"m0011 'jpg' 10.9878 1.5428 6.6433
im001 2.jpg' 6.7726 068894 27.2922
'im0013.jpg’ 6.0081 1.4002 0.8432
'im0014‘jpg' 14.2650 11.8886 34.1695
1mo001 S.jpg' 9.4352 2.6716 20.249%4
'il'l‘lOUlG‘jpg' 14.0711 8.6744 20.9003
im0017 jpg' 21.9889 24932 48.1514
im0018.jpg’ 24.5662 119.9510 81.3039
'imﬁﬂl‘ljpg' 21.4990 86.8360 77.2811
im0020 jpg' 15.9745 18.0460 357419
Average 9.14778 18.68663 28.42135

Table 1 is an MSE of 20 STARE images that use
the median filter than with different contrasts, namely,
contrast stretching, histogram equalization and CLAHE.
From table 1 it can be seen that the results of MSE with
contrast stretching and median filter that is with an average
of 9.14778 are classified as good because the value is
below 30. For HE and median filter that is obtained an
average of 18.68663 with the results of CLAHE and
median filter an average of 28.42135. From the method

tested in this paper, the best MSE value is 9.14778.

In table 2 is the PNSR value of 20 STARE images
that use different contrast. It can be seen in Table 2 that the
PSNR value is contrast stretching with an average median
filter of 42.1305. HE and median filter with an average
value of 41.333973 and for CLAHE with a median filter
having an average value of 35.2997. From these results, it
can be said that the best PNSR value on testing the method
with different contrast is 42,1356 which is the result of the
contrast stretching method with a median filter.

Table 2. The PSNR value of the method was tested with different contrast

Copyright © 2009 MECS
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Images CS +‘Median HE +Median CLAHE +

Filter Filter Filter

1TmO0001 .jpg' 524708 44,0499 34.6297
'im0002.jpg' 532724 50.8424 34.5405
'im0003,jpg’ 51.1611 31.6094 31.7396
'im0004.jpg’ 53.4815 50.9434 39.9936
'im0005.jpg' 42.5304 30.9165 31.9620
'im0006.jpg’ 52,9079 410157 37.9521
'im0007 jpg' 39.6516 44.6226 38.1996
'im0008.jpg’ 52.5340 52.1817 34.2496
'im0009.jpg' 38.8876 472733 41.1705
'im0010.jpg' 36.1281 44.5280 33.6931
'im0011.jpg' 37.7557 46.2817 39.9410
'im0012 jpg' 39.8573 39.7830 33.8044
'im0013.jpg’' 403774 46.7030 48.9054
'im0014.jpg' 36.6221 37.4135 32.8284
'im0015_ipg' 384173 43,8972 35.1007
'im0016.jpg’ 36.6815 38.7824 34.9633
'im0017.jpg' 34.7428 44.1972 31.3387
'im0018.jpg’' 34.2614 27.3748 20.0637
'im()()l‘)_jpg' 348406 28.7778 29.2841
'im0020.jpg' 36.1305 35.6010 32.6330
Average 42.1356 41.3973 35.2997

Based on these three parameters, it can be seen in
Table | and Table 2 that the values with different original
image contrasts can affect the results of image
improvement. Thus the method propof} in this paper can
improve image quality based on the results of MSE and
PSNR.

TableComparison of MSE and PSNR values in the
method tested with the previous method to improve
image quality

Method MSE PSNR
P&mi‘f 9.14778 42.1356

Ezr:;s-;r;lgllz]l, 11,203.08 764
Pégll“d‘;;]' 49.0276 31.2264

Based on table 3 it can be seen that the method
being tested is superior to the previous method, with the
results of MSE and PSNR being better. With the value of
MSE E314778 and PNSR 42.1356 dB. which is the result
of the proposed method is better than the previous method..

2 V1. CONCLUSION

Based on the method proposed in this paper using
the STARE dataset by taking 20 retinal images in JPG

Copyright © 2009 MECS

format. Of the 20 images. image quality improvements
were made using three contrasts, contrast stretching, HE
and CLAHE filtered using a median filter. With the first
comparison using the proposed method contrast stretching
and median filter. The technique of taking maximum and
minimum values using stretchlim which was previously
the image in grayish conditions. HE and median filters
with equalization techniques on histograms whose pixel
values are at 0 to 255. The third is CLAHE and median
filters which technically limit the pixel values to the
boundary regions. The method proposed in this paper can
improve image quality based on MSE and PSNR results.
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