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ABSTRACT— 

In this paper, the proposed methods of classifying arteries and veins in fundus images are extensively reviewed, which are categorized into automatic and semi-

automatic categories. There are some challenges associated with the classification of vessels in images of the retinal fundus, which include the low contrast 

accompanying the fundus image and the inhomogeneity of the background lighting. 

The inhomogeneity occurs as a result of the process of imaging, whereas the low contrast which accompanies the image is caused by the variation between the 

background and the contrast of the various blood vessels. This means that the contrast of thicker vessels is higher than those that are thinner. Another challenge is 

related to the color changes that occur in the retina from different subjects, which are rooted in biological features. Most of the techniques used for the 

classification of the retinal vessels are based on geometric and visual characteristics that set the veins apart from the arteries. In this study, different major 

contributions are summarized as review studies that adopted deep learning approaches and machine learning techniques to address each of the limitations and 

problems in retinal blood vessel segmentation and classification techniques. 

 The purpose of this paper is to provide a comprehensive overview for retinal vessels segmentation techniques. Firstly, a brief introduction to retinal fundus 

photography and imaging modalities of retinal images is given. Then, the preprocessing operations and the state of the art methods of retinal vessels identification 

are introduced. Moreover, the evaluation and validation of the results of retinal vessels segmentation are discussed. Finally, an objective assessment is presented 

and future developments and trends are addressed for retinal vessels identification techniques. 
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INTRODUCTION:  

The prevalence of eye-related diseases has witnessed a significant global increase, leading to a rise in the number of individuals experiencing acute 

conditions. According to the World Health Organization (WHO), approximately 2.2 billion people worldwide suffer from visual impairment. 

Alarmingly, around 1 billion cases could have been prevented if timely detection had occurred. In the United States alone, an estimated 40 million 

people are affected by varying degrees of severe eye-related diseases, with a primary focus on conditions related to the retina, such as glaucoma, among 

others [1,2]. In Africa, visual impairment affects approximately 26.3 million individuals, with 20.4 million experiencing low vision and 5.9 million 

being blind, contributing to 15.3% of the global blind population. The leading causes of blindness and visual impairment in this region are uncorrected 

refractive errors and cataracts. While individuals over the age of 50 are more susceptible to visual impairment and blindness, it is important to note that 

these conditions can affect people of all age groups. The International Classification of Diseases 11 (2018) categorizes visual impairment into two main 

groups: 1) Distance vision impairment, ranging from mild to blindness, and 2) Near vision impairment, characterized by acuity worse than N6 or 

M.08 at 40 cm. 

 

Retinal fundus images are photographs that provide a direct optical representation of the eye's internal processes. They capture various morphological 

and pathological components, including blood vessels, the macula, fovea, optic disk, hemorrhages, arterioles, venules, exudates, and microaneurysms 

retinal fundus images, highlighting different signs of DR, such as exudates, microaneurysms, hemorrhages, and neovascularization. 

To prevent visual loss and maintain healthy eyesight, it is advisable to follow the recommendations outlined below: 1) Maintain stable blood sugar 

levels to minimize the risk of diabetic complications that can affect vision. 2) Be aware of your family's eye health history as certain eye conditions can 

have a hereditary component. 3) Adopt a balanced and nutritious diet that includes eye-healthy foods to support overall eye health. 4) Maintain a 

healthy weight, as obesity and excessive weight can increase the risk of various eye diseases. 5) Wear appropriate protective eyewear, such as safety 

goggles or sunglasses, to shield your eyes from potential injuries and harmful UV rays. 6) Incorporate regular exercise into your routine, as it promotes 

overall well-being and good blood circulation, which is beneficial for eye health. 7) Reduce or eliminate tobacco usage, as smoking has been linked to 

several eye diseases and can exacerbate existing visual impairments. 8) Practice proper eye hygiene, including resting your eyes periodically and 

ensuring clean hands and eye lenses to reduce the risk of infections and other eye-related issues [[7], [8], [9]]. 

The main purpose of identifying and localizing the vessels of the retina is to distinguish the diverse vasculature structure tissues of retina, (which could 

be tight or wide) from the background of the fundus image as well as other retinal anatomical structures like abnormal lesions, macula, and optic disc. 
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The attention of researchers has been continuously focused on the area of retinal vessels identifcation because of the presence of non-invasively fundus 

imaging techniques and the important details that are obtainable from the vasculature structure for the recognition and diagnosis of a wide range of 

retinal pathology such as age-related macular degeneration (AMD), hypertension, diabetic retinopathy (DR) and glaucoma 

 

Generally, vessel segmentation is one of the major areas in medical image segmentation (Lesage 2009; Kirbas 2004) and the retinal vessel segmentation 

falls under this category. Within the context of retina vessels segmentation, there are many methodologies and algorithms that are improved and applied 

for the automated localization method, segmentation technique and RVS for feature extraction (Fraz 2012; Aparna and Rajan 2017; Arunkumar 2018). 

In the current study, a review of recent and early literature has been made, covering the techniques and methodologies that have been proposed for 

detecting and segmenting retinal vasculature shapes in 2-D retinal fundus cases. In the previous studies, the theoretical underpinning of each category 

of segmentation is presented, as well as the benefts and limitations of each category.  

Literature Survey : 

Hand gesture recognition has attracted considerable interest in the domains of human-computer interaction (HCI), computer vision, and machine 

learning. Scholars have investigated diverse methodologies and techniques to facilitate precise and effective recognition of hand gestures across a range 

of contexts and applications. 

Traditional Approaches: Initial methods for hand gesture recognition predominantly depended on manually crafted features and template matching 

algorithms. These techniques encompassed the extraction of pertinent features from hand images, such as edges, corners, and texture descriptors, which 

were then compared with pre-established templates to discern gestures. Although successful in controlled settings, these methods frequently 

encountered challenges with the diversity in hand shapes, poses, and lighting circumstances. 

Machine Learning Techniques: With the rise of machine learning algorithms, scholars started investigating data- centric methods for hand gesture 

recognition. Supervised learning algorithms, including Support Vector Machines (SVMs), decision trees, and random forests, have been extensively 

employed for classification purposes. These algorithms utilize labeled training data to discern discriminative features and patterns linked to various 

hand gestures. Despite their effectiveness, these approaches typically necessitate substantial feature engineering and might encounter difficulties with 

intricate gestures and variations in hand poses. 

Deep Learning Architectures: In recent times, advanced deep learning models, notably convolutional neural networks (CNNs) and recurrent neural 

networks (RNNs), have risen as formidable tools for hand gesture recognition. CNNs are adept at acquiring hierarchical features from raw input data, 

rendering them particularly suitable for tasks involving image-based gesture recognition. Through automatic learning of patterns and correlations from 

hand images, CNNs can attain high levels of accuracy even in challenging conditions marked by noise and variability. 

Conversely, RNNs are adept at capturing temporal relationships within sequences of gestures. Long Short-Term Memory (LSTM) networks, a subtype 

of RNN, have proven notably successful in capturing temporal dynamics in hand gestures, facilitating the recognition of intricate sequences of gestures. 

Sensor Technologies: Progress in sensor technologies, including depth cameras, inertial sensors, and wearable devices, has significantly enhanced the 

precision and resilience of hand gesture recognition systems. Depth cameras like Microsoft Kinect and Intel RealSense offer depth data alongside RGB 

imagery, enabling more accurate hand tracking and gesture recognition. Inertial sensors integrated into wearable devices capture motion data, 

facilitating gesture recognition in mobile and wearable computing contexts. 

Challenges and Future Directions: Despite notable progress, several challenges persist in hand gesture recognition. These challenges encompass issues 

such as occlusion, variations in hand shapes and poses, lighting conditions, and the need for real-time processing capabilities. Overcoming these 

challenges necessitates the development of innovative algorithms, robust feature extraction methods, and the utilization of multimodal fusion 

approaches. Future directions in hand gesture recognition research involve the exploration of novel architectures, the integration of multimodal sensor 

data, and the utilization of transfer learning techniques to enhance system performance across diverse domains and applications. Moreover, ongoing 

research efforts aim to devise more natural and intuitive interaction paradigms, such as gesture-based interfaces for augmented reality and virtual reality 

environments. In summary, hand gesture recognition remains a dynamic field of study with abundant applications and prospects for innovation. 

Through tackling existing challenges and exploring novel methodologies, researchers aspire to improve the capabilities and user-friendliness of gesture- 

based interfaces across various computing environments. 

Retinal vessel segmentation : 

The aim of identifying and localizing the retinal vessels is to distinguish the retina’s diverse vasculature structure tissues (which could be tight or wide) 

from the background of the fundus image as well as other retinal anatomical structures like abnormal lesions, macula, and optic disc. The attention of 

researchers is continuously focused on the area of retinal vessels identification, because of the presence of non-invasively fundus imaging techniques 

and the important details that are obtainable from the vasculature structure for the recognition and diagnosis task of a wide range of retinal pathology 

such as age-related macular degeneration (AMD hypertension, diabetic retinopathy (DR) and glaucoma. Recently, there has been advancement in the 

development of innovative computer-aided techniques for the segmentation of retinal vessels, and in recent times, the application of these techniques is 

justified in clinical applications. Ophthalmologists obtain relevant information from the retinal vasculature structure (RVS), which helps them to detect 

and diagnose of a wide range of retinal pathology like diabetic retinopathy, glaucoma, age-related macular degeneration and retinopathy of prematurity. 

Ophthalmologists also use such vital information to diagnose diseases associated with the heart or brain, which are linked to non-standard differences in 

retinal vascular shape. Thus, the variations that occur in venules morphology and the retina’s arterioles are of identification assessment as they are key 

pointers of certain abnormalities. Generally, vessel segmentation is one of the major areas in medical image segmentation (Lesage 2009; Kirbas 2004) 

and the retinal vessel segmentation falls under this category. Within the context of retina vessels segmentation, there are many methodologies and 

algorithms that are improved and applied for the automated localization method, segmentation technique and RVS for feature extraction (Fraz 2012; 
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Aparna and Rajan 2017; Arunkumar 2018). In the current study, a review of recent and early literature has been made, covering the techniques and 

methodologies that have been proposed for detecting and segmenting retinal vasculature shapes in 2-D retinal fundus cases. In the previous studies, the 

theoretical underpinning of each category of segmentation is presented, as well as the benefits and limitations of each category. In general, there is a 

variety of algorithms and techniques available for segmentation, because situations and cases vary. However, all the techniques of retinal segmentation 

share the same stages, which are pre-processing, processing and post-processing tasks. The papers reviewed in our study are classified according to the 

technique or algorithm utilized in the processing phase, resulting in six main groups, which include the following: (1) machine learning (2) kernel-

based techniques; (3) the multi-scale methods; (4) the model-based methods; (5) the adaptive local thresholding techniques; and (6) the mathematical 

morphology-based techniques. These six classifications are further clustered into two main categories (machine learning techniques or rule-based 

techniques) as presented in Fig. 1. There are particular rules that must be followed in an algorithm outlined in the group of rule-based techniques. On 

the other hand, in the machine learning category, the pre-segmentation retinal case (gold standard or ground truth) is used to create a labeled dataset 

which is utilized during the process of training. Nevertheless, when the problem of image analysis is faced by a non-image processing specialist, he/she 

quickly understands that an independent image processing technique or a one image transformation technique is often not the way out. Thus, this is 

represented in Fig. 1, where the hybrid nature of these techniques is denoted by nested lobes. A majority of the problems associated with image analysis 

are complex, especially, medical ones. However, these problems can be solved by combining a variety of basic techniques and transformations to 

achieve high-performance hybrid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Retinal vessels segmentation techniques 

Retinal vessel classification techniques: 

There are some challenges associated with the classification of vessels in images of the retinal fundus, and some of those challenges include the low 

contrast accompanying the fundus image, and the inhomogeneity of the background lighting. The inhomoge- neity occurs as a result of the process of 

imaging, whereas the low contrast is caused by the variation between the background and the contrast of the various blood vessels. This means that the 

contrast of thicker vessels is higher than those that are thinner. Another challenge is related to the color changes that occur in the retina for different 

sub- jects which are rooted in biological features. Most of the techniques used for the classification of the retinal vessel are based on geometric and 

visual characteristics that set the veins apart from the arteries. Basically, there are four areas in which the veins differ from the arteries: the shade of 

veins is darker than that of arteries, veins are thicker than arteries which are lighter, and the arteries are easily recognized by the central flex. In 

addition, there is often an alternation between veins and arteries close to the optic disc and before branching off. Nevertheless, in many situ- ations, 

these variations do not adequately distinguish the arteries from the veins. For instance, in situations when the quality of images is low, the central flex 
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in the exter- nal areas is eliminated. A very dark shade is contained by the external regions of the image due to the effect of shading that arises from the 

inhomogeneity of the image’s lighting. Such situations create resemblance between the arteries and the veins, resulting in the misclassification of some 

vessels. In addition, since thickness varies from the highest value close to the optic disc to the smallest value in the external areas, it cannot be relied 

upon as a suit- able classification feature. 

Retinal vessel semi‑automatic techniques: 

An approach, in which the conditional optimization is employed, as proposed by (Rothaus et al. 2007, 2009), in their work. This approach, which is an 

extended version of the work of Martinez- Perez, is based on the anatomical properties of veins and arter- ies. In their method, the propagation of labels 

is carried out during the creation of vessel graph through the use of some starting segments that have been manually labelled. In the work by Estrada et 

al. (Estrada 2015), a semi-automatic- approach is presented, in which a combination of domain- specific knowledge and graph-theoretic methods are 

used. With the approach, which is dependent on the estimation of the vascular topology, the whole vasculature is analyzed. The method is regarded as 

an extended version of the tree topology estimation framework that is proposed by (Estrada et al. 2014), because it is dependent on the estimation of 

vascular tree topology, and combines expert domain-spe- cific features for the construction of likelihood model. In the next step of their proposed 

framework, the space of prob- able solutions that correspond with the projected vessels is searched repeatedly so that the model can be maximized. 

Four datasets [WIDE (Estrada et al. 2014), AV-DRIVE (Qureshi et al. 2013), CT-DRIVE (Qureshi et al. 2013) and AV-INSPIRE (Niemeijer et al. 

2011)] are used to measure the performance of the presented method. 

Retinal vessel automatic techniques: 

The two main problems associated with retinal images are the inhomogeneity in contrast and the lighting as a result of changes that occur in intra- and 

inter-images. However, these changes must be removed so that useful color information is obtained. It is for this reason that authors like (Grisan 2003) 

perform an analysis of the background image to enable the correction of these changes by statistically estimating their characteristics. The work by 

(Grisan 2003) in 2003 was one of the earliest works in the area of automatic methods, which were designed for the automatic classification of retinal 

ves- sels. One of the main steps involved in the analysis of fundus image is the extraction of vessel network, which requires the implementation of a 

vessel tracking process as well as a set of vessel segments. In their work, the vessel network is extracted automatically using the sparse tracking 

method. Vessel network symmetry and local features are exploited by dividing the retinal image into different portions having the same number of 

veins and arteries. The assumption is that the local features of the two types of vessels within these zones are quite different. This approach involves the 

division of an area around the optic disc (within 0.5–2 of the optic disc diameter from its centre) into four zones, with each zone containing one of the 

main arches. Despite the pres- ence of several features, the mean of the hue channel, and the difference of the red channels in each vessel segment are 

regarded as the most unique and suitable features that can be used for classification. Given two adjacent vessels, within the clinical context, the darker 

vessel is regarded as the vein, and in the absence of a significant difference in the red val- ues, the vessel which possesses more color homogeneity is 

regarded as a vein. Subsequent to the extraction of features, the fuzzy clustering algorithm is used in the classification of vessels. The criterion for 

classification is the Euclidean dis- tance between each pixel and the mean value of features in each class. Lastly, the labels of pixels found in each 

segment are merged based on major voting, and then the classifica- tion of the entire is carried out. 

Challenges and Future Directions 

Regarding retinal segmentation categories shown in Figure 1, there is neither a best technique or algorithm to face all performance metrics in high 

segmentation achievement, nor a best mathematical scheme to do so. Deciding whether the methodology is best depends on a set of factors including: 

(1) Achieved accuracy, which in turn, depends on the achieved specificity and sensitivity, where segmentation is considered the best if it achieves the 

highest possible sensitivity value (or shows low false detection to other retinal structures), while also maintaining the specificity at optimal level. On the 

other hand, the optimality of the method increases as detection capability of the method records high performance in pathological retinal images; 

(2) Time and computational complexity: The time and computational power required by the methods tend to be low, as the accuracy has increased 

tendency on the condition that high performance of high accuracy has achieved; (3) Robustness: The method is considered to be best if it shows 

robustness against method parameters variation. 

The accurate detection and segmentation of the retinal vascular structure forms the backbone of a variety of automated computer aided systems for 

screening and diagnosis of ophthalmologic and cardiovascular diseases. Even though many promising methodologies have been developed and 

implemented, there is still room for research improvement in blood vessel segmentation methodologies, especially for noisy and pathological retinal 

images outside the limited number of retinal images available in public datasets. In real-life applications, retinal vessels segmentation systems will not 

replace the experts’ role in diagnosis; rather, they will enhance the diagnosis accuracy and reduce the workload of the ophthalmologists. Therefore, 

large volume of patients’ images can be processed with high diagnosis accuracy and comparable time. 

RESULTS : 

The results of the performances of the methods are compared and the authors evaluate the performance of their methodologies using publicly available 

datasets. The different methodologies for the segmentation of reti- nal vessels follow similar procedures. The first step in each methodology is the pre-

processing step, which involves the extraction of the green or grey layer (from the image of raw color retinal, followed by the enhancement of the 

image’s contrast. The next step is the processing step which is the nucleus of the algorithm, involving the use of the various techniques that are 

categorized in the previous section. In the last step of post-processing, the initial segmented image is submitted to be processed for smoothing and edge 
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pre- serving and improvements. With regard to the categories of retinal segmentation provided in Fig. 5, there is no best algorithm, mathematical 

scheme, or technique that meets all the performance metrics for achieving high segmentation. However, there are a number of factors that help in 

determining the most appropriate methodology, and some of them include (1) achieved accuracy that in turn, lays on the resulting sensitivity and 

specificity. With this metric, segmentation is regarded as the best if it is able to attain the biggest potential value of sensitivity, or shows small false 

detection for other retinal structures, while the specificity is maintained at optimal level. However, when the performance of the method is high in terms 

of the detection of pathological retinal images, then the method’s optimality increases; (2)time and computational complexity: with a higher level 

of accuracy, the computational time and power needed by the techniques tend to decrease; (3) robustness: a technique is considered to be superior than 

other methods. This approach aims to enhance the dining experience while respecting the importance of maintaining a pleasant restaurant environment. 

CONCLUSION : 

In summary, the existing retinal blood vessel segmentation methodologies are categorized, and described in the last section. We discussed various 

techniques used in these methodologies for the segmentation of blood vessels in retinal image and compare performance result of the methods. These 

methodologies were evaluated using publicly available datasets. Various retinal vessels segmentation methodologies follow similar procedures: each 

methodology initiates by pre-processing step, where the green layer (or grey) is extracted from the raw color retinal image, and then the contrast of the 

image is enhanced. Processing step represents the heart of algorithm, where the different techniques categorized in last section are used. Finally, in 

the post-processing step, the initial segmented image undergoes steps of smoothing and edge preserving and enhancement. 
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