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1. INTRODUCTION

Diabetic retinopathy (DR) occurs due to a prolonged increase in blood sugar level that results in
damage to blood vessels in the retina [1], [2]. The changes in blood vessels such as swelling, leaking,
blocking the blood flow, and forming new abnormal blood vessels can deteriorate the range of view. The
increasing number of diabetic-affected people demand the need for automated screening methods of DR as
the first level of screening process [3], [4]. The need to improve the retinal fundus images due to the fundus
camera is often imperfect; normally low contrast, degraded by noise and blurry, increases the need for
artificial intelligence for image improvement [5]-[8]. The improvement in the quality of the retinal fundus
image will profoundly aid ophthalmologists in the detection of DR [9], [10].

There are a few image enhancement techniques that have been developed to tackle the above-
mentioned problems. Out of available techniques, contrast enhancement (CE) is widely used in medical
images [11]-[17]. However, the CE technique is unable to produce accurate diagnosing and is not fully
optimized because it can only be performed on specific spots of the image [18]. Particle swarm optimization
(PSO) is one of the good nature-inspired optimization algorithms that can find a solution much faster than the
other optimization algorithms [19]-[21]. Proper formulation of the fitness function used for guiding PSO
towards optimal design solutions is important for the success of the method [22].

Therefore, a new enhancement model focuses on formulating a fitness function and algorithm by
combining global and local information. The contribution of the proposed method includes: i) optimization
and CE through LAB color channel, ii) dark and bright spot recognized through K-mean PSO clustering, and
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iii) performed CE on the local area of dark and bright spot recognized. The paper is structured as follows:
dataset discussion in section 2, proposed methodology in section 3, result and discussion in section 4, and
conclusion in section 5.

2. DATASET

The dataset used in this work is a primary source from the Department of Ophthalmology, Hospital
Universiti Sains Malaysia (HUSM) Kubang Kerian Kelantan. The dataset contains 100 retinal fundus images
(3008x2000 pixels) in which all the images have signs of DR with poor contrast. Figure 1 shows the sample
of low contrast and uneven illumination on the retinal fundus image.

Figure 1. Low contrast and uneven illumination

3. RESEARCH METHOD

There are two main stages proposed in this work. In the first step, the bright and dark spot is
clustered and segmented on the LAB color space using the PSO algorithm. In the second step, the selected
bright and dark segmented spots undergo CE locally. Hence, the resultant image presented with local CE on
bright and dark spots. Figure 2 shows the schematic diagram of the proposed method called the LPSO-CE
algorithm.
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Figure 2. Schematic diagram of the LPSO-CE hybrid algorithm

Step 1: select of bright and dark spot. In the first place, the original retinal fundus image presented in
the red, green, blue (RGB) color channel model is converted into a LAB color channel. The LAB channel
model is considered in describing the color for human interpretation and image processing algorithm.
Conversion of RGB to LAB using the following as (1) to (3):
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R, G, and B refer to the red, green, and blue color channels of the RGB color model respectively.
Then, to identify the dark and bright spots in the fundus image, K-mean clustering algorithms with
the cluster centroid optimized by the PSO algorithm are implemented. Six colors of the cluster are selected to
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be determined and formulated to accurately extract the dark and bright spots region from the fundus image.
The color image clustering based on the PSO algorithm is given follows:
i)  Each particle is initialized to Nc by randomly selecting on cluster centroid.
ii) Fori=1to10
a) For each particle j
b)  For each data vector z,
i. Calculate Euclidean distance from all the cluster centroids using (4).

d(z,,my) = JZIIZZl(ZPk - mjk)z 4)

d is centroid distance, z, is the p-th data vector, m; is the centroid vector of the centroid and N, is the
input dimension.

ii. Assign z, to cluster Cjj
iii. Calculate fitness function using (5).

2} (B vzpecijd(zpm;)/|cil]
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Nc is the number of centroids; d is defined in (4) and |Cjj is the number of data vectors belonging to
the cluster Cj;.

c) Update local and global best position using (6).

Yig if f(X)) = f(Y) ©)
Xig if f(X) <f(X)

Y; is the personal best position of a particle and X; is the current position of the particle.

Yid:{

d) Update the cluster centroids using (7) and (8).
Via = WViq + iR (Pig — Xia) + CoRo(Pya — Xga) )
Xig = Xig +Via 8)

V; is the velocity of the particle, X; is the position of the particle, W is the inertia weight, C; is the

cognition factor, C, is the social factor, R; and R,is a random number between 0 and 1, P;is the

personal best, and F, is the global best. The value of W, C;, and C, are set to 1, 1.5, and 2

respectively.

e) Repeat steps a to d until the iteration reaches 10.

Step 2: local contrast enhancement. The selected bright and dark spots region is enhanced using local
contrast stretching technique as CE algorithm. The contrast stretching was performed on the selected bright
and dark spot regions using (9). The enhanced dark and bright spot image is merged and converted into an
RGB-preferred color channel as required by specialist ophthalmologists.

s = —I~Tmin) 955 9)

("rmax—Tmin)

Where r is the current pixel intensity value, r,,;,, is the minimum intensity value present in the whole image,
and 7,4, 1S the maximum intensity value present in the whole image.

4. RESULTS AND DISCUSSION

The proposed algorithm for image enhancement and optimization is experimented on the retinal
fundus image dataset obtained from HUSM. The dataset consists of abnormal retinal fundus images which
are reviewed by ophthalmologist specialists based on the appearance of microaneurysms, cotton wool, hard
exudate, and hemorrhages. To perform better, the RGB color space of the image is converted to LAB color
space, where the L channel is utilized for optimization and enhancement process. The purpose of this
proposed algorithm is to preserve the naturalness of visibility and similarity in color between the original and
the enhanced image. The resultant image of the proposed algorithm is compared with two standard-of-art
which are contrast stretching [23] and hybrid PSO-contrast stretching (HPSO-CS) [24]. The resultant images
are qualitatively evaluated by ophthalmologist specialists through visual assessment and six types of
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performance matrixes which are entropy, mean-squared-error (MSE), structural similarity index (SSIM),
peak-signal-to-noise-ratio (PSNR), absolute mean brightness error (AMBE) and image quality index (UQI)
[25].

Three sample images from a visual assessment by an ophthalmologist specialist are presented in
Table 1, while an overall visual assessment of 20 retinal fundus images is summarized in Tables 2 and 3.
Three types of features are assessed to determine the clarity and over-illuminate condition of the resultant
image which are the retinal vessel and retinal hemorrhages, hard exudate, and optic disc. The assessment
indicates that the proposed method produces a resultant image with clear features followed by the HPSO-CS
technique as shown in Table 2. While the contrast stretching technique produced an over-illuminate resultant
image on the hard exudate and optic disc [25]. The assessment on overall visual assessment focusing on the
illumination and image homogenous in Table 3 shows that only the contrast stretching technique produces an
over-illuminate resultant with a homogenous image. Even though no over-illuminate resultant image was
assessed on HPSO-CS and the proposed method 4 and 13 resultant images out of 20 resultant images
produced a non-homogenous image from HPSO-CS and the proposed method respectively.

The specialist ophthalmologist scored the proposed method as ‘very good’ for all five questions
based on the quality of the resultant image, clarity of features and abnormalities, DR staging, desired color
representation, and no missing criteria. HPSO-CS was also rated as ‘very good’ for desired color
representation and no missing criteria. The contrast stretching technique was rated ‘bad’ for all questions
even though the resultant image looks clearer with pixel distribution normalized and high dynamic range yet
from a medical point of view it is not accepted.

Table 1. 3 sample resultant retinal fundus image undergoes visual assessment

No Original image Contrast stretching HPSO-CS Proposed method

RIS
1 Retinal vessels and retinal Retinal vessels and retinal Retinal vessels and retinal
hemorrhage: clear. hemorrhage: clear. hemorrhage: clear.
Hard exudate: over- Hard exudate: clear Hard exudate: clear
illuminated. Optic disc: clear. Optic disc: clear.
Optic disc: oerjilluminated.
= .‘,,\
2 e 2
Retinal vessels and retinal Retinal vessels and retinal Retinal vessels and retinal
hemorrhage: clear. hemorrhage: clear. hemorrhage: clear.
Hard exudate: over-illuminated. Hard exudate: clear. Hard exudate: clear
Optic disc: over-illuminated. Optic disc: clear. Optic disc: clear.
— -. (
3 Retinal vessels and retinal Retinal vessels and retinal Retinal vessels and retinal
hemorrhage: clear. hemorrhage: clear. hemorrhage: clear.
Hard exudate: clear. Hard exudate: clear. Hard exudate: clear.
Optic disc: over-illuminated. Optic disc: clear. Optic disc: clear.
Over-illuminated along retinal Non-homogenous retina at the center
vessel toward optic disc. area extends to the optic disc.

Table 2. Summary of visual assessment by ophthalmologist specialist based on feature abnormalities

Features Techniques Image clear  Image over-illuminated
Retinal vessels and retinal hemorrhage  Contrast stretching 20 0
HPSO-CS 20 0
Proposed method 20 0
Hard exudate Contrast stretching 11 9
HPSO-CS 19 0
Proposed method 20 0
Optic disc Contrast stretching 4 16
HPSO-CS 20 0
Proposed method 20 0
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Table 3. Summary of visual assessment by ophthalmologist specialist based on the overall resultant image

Image over-illuminated Non-homogenous image
Contrast stretching HPSO-CS  Proposed method  Contrast stretching HPSO-CS  Proposed method
Yes 19 0 0 0 16 7
No 1 20 20 20 4 13

5.  PERFORMANCE EVALUATION

From Table , it is inferred that the MSE, PSNR, and AMBE values are better when the proposed
method is done and compared to contrast stretching and HPSO-CS. Also, the SSIM and UQI have increased
close to 1 when the proposed method is applied to the original retinal fundus image. Higher MSE, PSNR,
AMBE, SSIM, and UQI indicate the higher quality of the image obtained by the proposed method. The
features are legibly seen and the visual perception of the image has also been improved by this technique.
The areas affected by retinal diseases can be easily identified by this technique.

Table 4. Quantitative assessment on 100 resultant images mapping on the original image, contrast stretching
resultant image, and HPSO-CS resultant image

Mapping Evaluation matrixes  Good result  Contrast stretching HPSO-CS  Proposed method
Original MSE 0 7901.244 1382.294 79.69245
PSNR >60 9.270211 16.84078 31.29726
AMBE 0 65.19017 21.03823 1.682854
ENTROPY 0 5.241102 6.041048 5.582384
SSIM 1 0.460441 0.661208 0.994972
uQl 1 0.340434 0.623577 0.953187
Contrast stretching MSE 0 8406.386 7548.922
PSNR >60 9.014277 9.498899
AMBE 0 76.2707 63.59049
ENTROPY 0 6.041048 5.582384
SSIM 1 0.256639 0.461913
uQl 1 0.278459 0.334482
HPSO-CS MSE 0 1349.149
PSNR >60 16.93879
AMBE 0 20.34963
ENTROPY 0 5.582384
SSIM 1 0.661628
uQl 1 0.599069

6. CONCLUSION

As tracking DR progression manually is time-consuming and keen for high-skill person, hence, this
study proposes an image enhancement algorithm based on a hybrid of CE and PSO. The proposed method
incorporates contrast adjustment on LAB color space where the bright and dark regions are initially
segmented using K-mean PSO. Qualitative and quantitative evaluations were conducted on 100 retinal
fundus images and compared with two methods. The result indicates that the performance of the proposed
method is more acceptable as compared to another resultant image. Further experiment is needed to handle
the drawbacks that occurred such as non-homogeneous resultant image.
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