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Abstract
The challenging problem of designing techniques that assist computer-aided medical diagnosis has
developed as a result of the rapid expansion of computing and information technologies. Due to the obvious
growing number of diabetic retinopathy (DR) patients, automated procedures for rapid screening are in
greater demand. The accurate diagnosis of DR depends upon detecting and analyzing some features of
human retina (i.e. blood vessels, fovea, optic disc, etc.) as well as several types of spot lesions (i.e. exudates,
drusen, microaneurysms, hemorrhage, etc). This study focus on blood vessel segmentation in the human
retina, which is an essential milestone in retinal image analyzation. To accomplish more efficient and
optimum segmentation, the proposed approach employs a number of image processing techniques
including contrast enhancement, normalisation, and thresholding. Experiments show that the presented
technique produces high-accuracy segmentation and the algorithm is ideally suited for real-time screening
applications and large data retrieval.
Keyword: Diabetic Retinopathy; Vessel Segmentation; Automatic Thresholding.
1. Introduction
Medical imaging enables scientists and clinicians to get a better understanding of potentially life-saving
information with less intrusive procedures, and it may reduce the strain of expert labelling dramatically. There is
growing awareness and concern about the large and escalating burden of diabetes. The World Health Organization
(WHO) reported that there is over than 420 million people worldwide with diabetes. This number is predicted to
reach 570 million by 2030 and further to 700 million by 2045. It has also been reported that one in two adults with
diabetes are unaware of their condition and are at great risk of debilitating complications that can be prevented
through diagnosis [WHO, (2021)].
Diabetic retinopathy (DR) is vision threatening in which damage occurs to the retina due to diabetes mellitus.
This disease was ranked as the fifth leading cause of partial or even complete blindness among adults aged 20–74
years [Lee et al. (2015)].
DR is a silent illness that may not be realized by the patient until the retinal abnormalities have progressed to
the point where therapy is difficult or impossible. Although diabetes may not be avoided, its vision-threatening
consequences can be controlled if the DR is diagnosed and treated early. Early and thorough retinal screening,
followed by laser therapy, can greatly minimize the risk of losing visual capability. Regrettably, because visual
impairment is a late symptom of severe diabetic retinopathy, many diabetics remain undetected even as their
condition progresses and causes serious retinal damage according to [Salih et al. (2018)].
DR falls into two main types; First type is the background retinopathy, consisting of microaneurysms/
haemorrhage (black spots), hard exudate (white spots), retinal edema, and sometimes microinfarcts of the retina
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(cotton wool spots). The second type of DR is the proliferative retinopathy where changes to blood vessel
morphology occur, including venous beading (thickening) and the development of new, fine, tortuous vessels
[Hann & Revie, (2015)].
A variety of automated blood vessel segmentation methods have been reported in the literature. Pattern
recognition-based, model-based, vessel tracking-based, neural network-based, and artificial intelligence-based
approaches are some of the many types of methods available [Kirbas & Quek, (2004)].
Multi-scale-based, skeleton-based, Region growing, Matching filters, Morphological-based and more
subcategories fall under the pattern recognition type. Multi-scale methods segment images at various resolutions.
The improved processing speed is the primary benefit of this approach. Low-resolution images are used to obtain
the major blood vessels, whereas high-resolution images are used to obtain the tiny blood vessels [Bendaoudi et
al. (2016)] and [Dharmawan and Ng (2018)]. Blood vessel centerlines are obtained using skeleton-based
approaches. By linking these centerlines, the vessel tree is produced. To extract the centerline structure, many
techniques are employed such as thresholding followed by object connectivity and graph description-based
extraction [Kristína et al. (2017)] and [Gao et al. (2020)]. Region growth begins with a seed point in region
growing–based pattern recognition algorithms, and the image is subsequently segmented depending on some
predetermined criterion [Bhuiyan et al. (2017)]. Ridge-based methods use grayscale images as a height map, with
intensity ridges representing the tubular objects' central skeleton. As a result, a two-dimensional image may be
perceived as a three-dimensional surface [Staal et al. (2004)]. The geometry-based methods interpret pictures as
hypersurfaces and extracts image characteristics using the surface's curvature and crest lines. The crest surface's
points correspond to the vessel's centre lines. techniques devised in the field of Differential Geometry are used in
these methods [Klein et al. (2018)]. Matching filters techniques of pattern recognition, the retinal image is
convolved with several matching filters that hat facilitate the detection of blood vessel segments. [Chaudhuri et
al. (1989)], who employed 12 templates to represent the vessel profile, were one of the first to apply filteringbased vessel segmentation techniques [Elson et al. (2017)] [Kadry et al. (2021)]. Morphology is related to the
study of object shape. Morphology-based methods facilitates the segmentation and searching for objects of interest
by Filing holes and removing extraneous segments. To govern the key Morphological operators, such as dilation
and erosion, specific structural components are added to images. These operations these operators are usually
applied to binary images, however there are several exceptions for gray-level images [Chouchene et al. (2018)].
In contrast to pattern recognition methods, vessel-tracking methods use local operators to segment the
predicted blood vessel rather than global operators. These approaches attempt to segment the vessels by following
the vessels' centre line. Different vessel estimating profiles, including Bayesian probabilistic, Gaussian and
Generic parametric can be used to trace the vessel. [Vincent et al. (2019)].In skeleton-based approaches, the
vasculature is extracted using explicit vessel models. Snake algorithm is the most fundamental blood vessel
extraction algorithms. Four sub-categories within this category, they are: Deformable model-based techniques,
parametric model-based techniques, template matching techniques, and generalised cylinders techniques
[Mukaida et al. (2020)].
As classification algorithms, neural network-based approaches are employed. The network weights are
determined by training the system on a database of images with blood vessel outlines, and the trained system is
then used to segment the target retinal image [Fu et al. (2020)]. Artificial intelligence-based methods undertake
the segmentation process and then outline the vessel structures using prior knowledge of a model blood vessel
structure. [Aslan et al. (2018)] and [Gojić et al. (2020)]. Readers interested in blood vessel extraction and analysis
methods are directed to a variety of surveys, including [Khan et al. (2019)] and [Memari et al. (2019)].
This study focus on blood vessel segmentation in the human retina, which is an essential milestone in the
analysis of retinal images. Low contrast in fundus images can be caused by a variety of circumstances, the
proposed algorithm employs the Contrast Limited Adaptive Histogram Equalization (CLAHE) technique to
conduct contrast enhancement. An Automatic Thresholding (AT) technique, called Isodata, is also employed in
the proposed algorithm to facilitate blood vessels segmentation. The algorithm is particularly well suited for realtime screening applications and large data retrieval, as it employs simple pre-processing techniques. The rest of
this paper is organized as follows: Section 2 begins with a brief overview of the method, followed by a discussion
of the results in Section 3, and lastly, a conclusion in Section 4.
2. Methodology
In this paper, we have devised an algorithm for segmenting retinal blood vessels automatically. Based on the
proposed Algorithm a color fundus photography of human retina is fed into the system that consequently produces
a binary image comprising just blood vessels as an output. The algorithm consists of four main steps: 1)
Convert RGB fundus image into grayscale/green, 2) contrast enhancement, 3) background normalization, 4)
thresholding and post filtration. The algorithm allows producing either the gray-scale or green-channel blood
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vessels component of the RGB fundus image. The main phases of the presented algorithm are depicted visually
in Fig. 1.
2.1. RGB to Grayscale/Green channel Conversion
As a first step, the proposed approach transforms the colour fundus image into grayscale or green-channel
image first, which facilitates blood vessel segmentation process and reduces computational cost. A comparison of
the results based on gray and green channel components is given in Section 3. Converting RGB fundus images to
grayscale eliminates the hue and saturation information from the three channels while preserving their luminance.

Fig. 1. Phases of the proposed algorithm

In addition, the green channel exhibits the largest local contrast between the blood vessels and the retinal
background when compared to the red and blue channels [Jorge et L. (2003)]. The gray-scale image and greenchannel image, extracted from an RGB fundus image can be seen in Fig.2.

(a)

(b)
Fig. 2. (a) RGB fundus image (b) green channel image (c) gray scale image.

(c)

2.2. Contrast Enhancement
Low contrast in fundus images can be caused by a variety of circumstances, including hardware/software
issues, as well as fluctuations in the intensity caused by the surrounding lighting, resulting in poor segmentation.
Contrast stretching is an image enhancement technique that aimed at increasing image contrast by broadening the
image's range of intensity values to span the image's full dynafmic range and, as a result, improve the contrast of
the fundus image before further processing [Jain, (1989)] and [Pizer et al. (1990)].
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There has been a wide range of proposed contrast enhancement techniques, which may be categorized into
spatial domain and transform domain techniques, for example: Median filters, Decorrelation-stretching transform,
Unsharp mask, 2D empirical mode decomposition, Histogram equalization (HE), Adaptive Histogram
equalization (AHE), and a variation of AHE called (Contrast-Limited AHE) or (CLAHE). Among other
techniques Fourier-based and wavelet-based are transform domain examples [Zhou et al. (2019)], [Wang, (2017)],
and [Yang et al. (2010)].
Rather than working on the entire image, CLAHE works on small regions of the image called tiles. The image
is initially divided into tiles, and after that, histogram equalization is applied to each one for contrast enhancement.
Finally, using bilinear interpolation, the neighbouring tiles are merged together to generate a more contrasted
output image. Many studies have employed CLAHE as a processing technique to boost contrast in fundus images,
and it has proven to be quite successful [Ooi et al. (2021)], [Adapa et al. (2020)] and [Papadopoulos et al. (2008)].
The proposed technique employs the CLAHE technique to conduct contrast stretching. CLAHE contrast stretching
was applied to both gray-scale and green-channel images as shown in Fig. 3.

(a)
(b)
Fig. 3. CLAHE's contrast stretching on (a) Gray-scale (b) Green-channel.

2.3. Background Normalization
Background Background normalization is basically used for enhancing images adaptively by eliminating
featureless, non-uniform background illumination, or in other words, re-distributing the intensity levels of the
background within a converging range [Salih et al. (2017)]. Consequently, this process would lead to easier
segmentation of blood vessels. Background normalization is performed as follows:
1) Filtering the gray/green image g using an average filter to produce a new image ĝ.
2) Subtract the image g from the average-filtered image ĝ to obtain the background normalized image h.
The above steps are implemented as in Eqs.(1) and (2) (Costa & Cesar (2001), (Kwan, 2003) and Gonzalez &
Woods (2002)).
gˆ ( x, y ) 

1
M  N

M N

 g ( x, y )
i

(1)

i 1

h  gˆ  g

(2)

where MxN represents the window size.
3.3. Thresholding and Post Filtration
In digital image processing, thresholding is a process of segmenting an image contents into a foreground
(black) and background (white), replacing individual pixels with black pixels when the intensity of the pixels falls
below a pre-set value T (threshold value) or with white pixels when the intensity exceeds that value. From
the obtained grayscale image h, Thresholding generates a binary image in which each pixel's value is either 0
(represents background) or 1 (represents vessel). Two thresholding techniques are employed in our algorithm for
producing the binary image f(x, y). The first is based on a fixed threshold value T, whereas the second is based on
an automatic thresholding. Generally, for each normalized background image h(x, y)
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𝑓 𝑥, 𝑦

1 𝑖𝑓 ℎ 𝑥, 𝑦
𝑇
0
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(3)

where 0 ≤ h(x, y) ≤ 255.
In the fixed threshold (FT) technique, T ≈ 0 since in the image h(x, y), the intensity values of the background
pixels approximate to 0 and most of the other pixels with intensity values greater than 0 belong to the blood vessels
region. An automatic thresholding (AT) technique, called Isodata [Ridler & Calvard (1978)] is also used in the
proposed algorithm. This technique starts by partitioning the image histogram into two partitions, P1 and P2 based
on an initial threshold value T0 (usually, T0 = the average intensity of the image). Subsequently, the mean intensity
values µ1 and µ2 are calculated for P1 and P2 respectively, and uses the average of µ1 and µ2 as a new threshold
value Tk, as shown in Eq.4. The new threshold value is updated iteratively by the new average intensity values
until the convergence of Tk and Tk-1 is achieved (i.e. Tk ≈ Tk-1)

Tk 

1   2

(4)

2

Figs.4 (a) and (c) show the resulting binary images for gray/green channels obtained using the automatic
thresholding technique.

(a)

(b)

(c)

(d)

Fig. 4. (a) binary gray-scale image + auto thresholding (b) binary gray-scale filtration (c) binary green-channel image + auto thresholding (d)
binary green-channel filtration.
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In most cases, applying a thresholding technique produces inadequate binary images due to some undesired
small objects or pixels that appear as noise. This noise constitutes obstacles to posterior processing of the images;
therefore, post-processing and Filtration techniques for suppressing unpredictable noise should be carried out in
order to achieve a better image quality. For this purpose, an operation known as morphological opening is
engaged. This operation refines the binary image by removing small and isolated objects while preserving the
shape and size of larger objects [Papadopoulos et al. (2008)]. The results of applying post filtration and noise
reduction are shown in Fig.4 (b) and (d).
3. Results and Discussion
In our experiment, the training set of retinal fundus images of the DRIVE dataset [Staal et al. (2004)] are tested
to evaluate the proposed algorithm. DRIVE database is commonly in use for vessel segmentation research. The
images for the DRIVE dataset were collected from a diabetic retinopathy screening system in the Netherlands for
Diabetic individuals aged 25 to 90 years. The training set contains 20 retinal images of size 565×584 pixels
captured in a 45-degree field of view by a Canon CR5 camera. For each of the training images, a reference manual
image is available for the performance comparison. The performance is validated using two common criteria: The
true positive fraction (TPF) and the false positive fraction (FPF). TPF denotes the percentage of pixels properly
identified as blood vessel pixels. while the percentage of non-vessel pixel identified wrongly as vessel pixels is
denoted by FPF. TPF and FPF are given by Eqs. (5), (6) respectively [Marshall & Bangert (1995)].
TPF 

TP
TP  FN

(5)

FPF 

FP
FP  TN

(6)

Where the TP value represent true positive, the FN value represent false negative, the FP value represent false
positive, and finally TN represent true negative values. Figs. 5 and 6 show the TPF and FPF values obtained using
the proposed algorithm based on gray and green channels respectively. The figures show the results obtained with
fixed thresholding (FT) as well as automatic thresholding (AT).
Table 1 shows the average TPF and FPF values after applying the algorithm for both versions of the images
gray-scale and green-channel. The experimental results shown in Table 1 demonstrate that the algorithm yields a
high accuracy in terms of TPF and FPF measures.

Fig. 5. TPF and FPF measures for gray-scale images (DRIVE database)
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Fig. 6. TPF and FPF measures for Green-channel images (DRIVE database)
Table 1. Average TPF and FPF values obtained
Proposed algorithm

TPF

FPF

Gray-scale (Fixed T)

0.8117

0.0291

Gray-scale (Auto. T)

0.8288

0.0363

Green-channel (Fixed T)

0.8376

0.0383

Green-channel (Auto. T)

0.8023

0.0299

Based on average accuracy measure (Acc), Eq. (7), we compared the performance of our method to those of
other methods
(TN  TP)
(7)
Acc 
( FP  FN  TP  TN )
Table 2 shows the compression results of average accuracy obtained using the proposed algorithm based on
gray-scale and green-channel images to those obtained using other well-known algorithms on the Drive database.
In terms of average accuracy measure, the proposed method using G-channel clearly surpasses other methods.
However, the result of grayscale-based is marginally inferior to those obtained with Dash & Bhoi (2018),
Thangaraj et al. (2018) and Vaidya et al. (2015). Fig. (7) and (8) show some random examples of original and
segmented images produced with the proposed algorithm based on G-channel and grayscale respectively.
Table 2. Comparison of performance results on drive database with other methods.

Method
[Adapa et al. (2020)]
[Dash & Bhoi (2018)]
[Strisciuglio et al. (2015)]
Thangaraj et al. (2018)
[Roychowdhury et al. (2015a)]
[Roychowdhury et al. (2015b)]
[Vaidya et al. (2015)]
[Imani et al. (2015)]
[Melinscak et al. (2015)]
[Fu et al. (2016)]
Presented alg. (grayscale)
Presented alg. (G-channel)
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94.42
96.06
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95.60
95.23
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Fig. 7. Random examples of original and segmented images produced with the proposed algorithm based on G-channel.

Fig. 8. Random examples of original and segmented images produced with the proposed algorithm based on grayscale images.
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We attribute these remarkable results to the use of a superior image enhancement, thresholding and post
filtration techniques that provided an accurate response to the majority of thinner blood vessels segmentation. On
the other hand, the employment of uncomplicated pre-processing techniques can significantly reduce the
processing time of segmentation compared to techniques that require extensive computation, including,
convolutional neural networks and region growing technique. As a result, this algorithm is ideally suited for realtime screening applications and large data retrieval. Using MATLAB R2015a with a 2.80 GHz processor and
4GB of RAM, in most cases the average time taken for vessels segmentation approximately 0.25 second per
image.
4. Conclusion
This article presents a simple, fast, and powerful automatic segmentation algorithm, with this algorithm, a few
image-processing techniques for contrast enhancement, normalization, and thresholding, are used. The proposed
algorithm may be utilized with either grayscale or green-channel fundus images. Automatic and preset
thresholding approaches were used for binarization. To assess the proposed algorithm, retinal images from DRIVE
database have been used. The experimental results demonstrate that the proposed algorithm yields high
accuracy in terms of TPF and FPF measures. In terms of average accuracy measure, the proposed algorithm
outperformed well-known algorithms. The algorithm's simplicity makes it an ideal candidate for real-time
screening applications and mass data retrieval.
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