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Abstract— Computer based automatic blood vessel 

segmentation is an efficient way to segments the retinal 

blood vessels. Retinal blood vessels plays and important role 

in diagnosing eye related diseases. The main function of 

Retinal blood vessels is to carry fresh blood from heart to 

eye and then deoxygenated blood back to heart from eye. 

Many diseases may effect these blood vessels and leads to 

eye blindness. But the early stage observation of these blood 

vessel structures through retinal images can help diagnosing 

eye sight related problems. Many techniques have been 

proposed for automatic segmentation of retinal blood 

vessels. This paper is presenting a review of some 

previously proposed techniques or methods for 

segmentation of retinal blood vessels. 
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I. INTRODUCTION 

Automatic Retinal blood vessel segmentation plays an 

important role in diagnosing eye related diseases at early 

stages in medical field. It is a fast and efficient way of 

segmenting blood vessels. Blood vessels are the one of the 

main part of the human eye retina. These blood vessels carry 

fresh oxygenated blood from heart to feed nutrition’s to 

tissues and cells present in retina and then carry the 

deoxygenated blood from eye to heart. There are mainly two 

types of blood vessels arteries those carry fresh blood and 

vein those carry oxygenated blood. These arteries and vein 

have many features like diameter, color, tortuosity, opacity 

etc. there are many diseases like diabetes, hypertension, 

arteriosclerosis, cardiovascular diseases, Glaucoma and 

stroke [1]. These disease can affect the blood vessels in 

some way and can lead to eye sight weakness or eye 

blindness. All these features are observable in some way. 

The observation of all these feature can lead to relevant 

information regarding blood vessels. Like width 

measurement can provide the information regarding any 

change happen in width of the blood vessel [2]. This 

information can be further used to detect the diseases, and to 

prevent the vision loss by providing the required treatment 

[3]. The detection of diameter of retinal blood vessel also 

plays an important role in detecting blood vessel structure 

[4]. 

 
Fig. 1: Eye Fundus image with their Respective features. 

Human eye retina also contains an important part that is 

OD(Optic disc). Detecting OD can help in detecting blood 

vessel structure easily. Because the blood vessels are 

originate from OD, also it is a convergence point of blood 

vessels [5].  According to study Diabetic retinopathy(DR) 

and glaucoma are the main cause of vision loss or eye 

blindness in adults. The main cause of DR is long term 

diabetes [6]. Segmentation of blood vessels with high 

accuracy is very difficult task because of contrast difference 

between tree like blood vessel structure and its background, 

variation in width of vessels, noise, and presence of other 

features like OD and macula. The image may also contain 

other pathologies like red lesions and exudates [7]. Manual 

observation of retinal blood vessel take long period of time 

and can be affected by inter and intra observation bias [8]. 

Thus it may take time to diagnose the disease and provide 

relevant treatment at early stages. As the vascular network is 

very complex and difficult to segment manually with high 

accuracy. Thus computer based automatic segmentation can 

provide fast and easy segmentation of retinal blood vessel 

without any bias [9]. 

II. LITERATURE OF PREVIOUS WORK 

The literature of some of the method from previous 

researches is discussed as follows: 

Hoover A, Kouznetsova V and Goldbaum M [1] 

proposed a method of ground truth segmentation on hand 

labelled retinal images, they use the Matched Filter 

Response at first on different retinal images and then uses 

proposed threshold probing method for final segmentation 

of retinal blood vessel. On the basis some threshold values 

they dividing pixels into blood vessel pixel and non blood 

vessel pixel. The method they proposed is able to reduce the 

false positive rate 15 times and the true positive rate is 

increased by 15% thus improving the true positive factor. In 

comparison to the manual observation they are able to 

segment 3/4 of the vessels in retinal images. Results shows 

this automatic blood vessel segmentation method provides 

better results almost close to manual segmentation, also 

reduces the manual labour and time. 

Al-Diri B, Hunter A  and Steel D [2]  they 

presented a paper in which they introduce a method for 

segmentation and measurement of blood vessels in retinal 

images. They use an active contour model “Ribbon Of 

Twins” to extract the vessel edges, this model uses two pairs 

of contour for capturing vessels edges. They first uses 

Morphological  order filter to detect the vessel centrelines. 

After this operation they uses the Tramline Algorithm for 

mapping of vessel center-line which neglects the vessel 

junction only maps the detected center lines and after this 

for final blood vessel segmentation they uses ROT(Ribbon 

Of Twins) active contour method for final vessels 

segmentation. The Proposed method is also used for 

measuring vessel width. The results shows that they provide 

better segmentation of retinal blood vessels and efficient 

measurement performance. 
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Li H and Chutatape O [3] Proposed a new method 

for locating main features from color retinal images. They 

uses different techniques to locate different features from 

color retinal images. Principal component analyzing is 

performed to locating optical-disk in color retinal images. 

For detecting the boundaries of optic disk an Active shape 

model (ASM) is used, performing the shape detection of 

optic disk. Further in this paper a fundus coordinate system 

is described that is used for getting efficient information of 

the features in retinal images. Also in this paper a combined 

region growing and edge detection approach is performed 

for detecting exudates in color retinal images. The success 

rate of locating disk and disk boundary is 99% and 94% and 

the sensitivity of the exudates detection is 100%. Results 

shows the better detection of various feature from retinal 

images. They also conclude that if the more suitable data is 

available then the results can be more accurate. 

Lowell J, Hunter A, Steel D, Basu A, Ryder R, and 

Kennedy  R L [4] Proposed two dimensional difference of 

Gaussian model to measure the diameter of the blood 

vessels from retinal images. The proposed 2 dimensional 

model is optimized to fit the two dimensional intensity 

vessel segments. The proposed method provide 30% more 

accuracy than the previous techniques. The proposed two 

model is best in case of noisy images, thus improving the 

performance. The results showing vessel diameter are robust 

than the previous compared techniques. 

Foracchia M, Grisan E, and Ruggeri A[5] presented 

a Geometrical parametric model to identifying the location 

of optic disk in retinal images. Proposed method is followed 

by Detection main retinal vessels as the main vessels have 

same kind of parabolic structure in all retinal images. To 

identify the location of the optic disk in retinal images, the 

proposed geometrical parametric model is used to detect the 

vessel center-line points and its direction. And then 

simulated annealing optimization technique is use to identify 

the model parameters. These identified parameters are used 

to provide the center co-ordinates of the optic disk. The 

method was performed on publically available STARE 

dataset and able to provide optic disk in 98% images. The 

proposed method is depend on vascular structure thus able 

find out optic disk even if it is not visible in retinal images. 

Result shows that proposed method is providing efficient 

results. 

Roychowdhury S. and Koozekanani D. D , Parhi K 

K  [6]. Presented a method for blood vessel segmentation 

from retinal images by performing operation in three stages. 

At first they obtain two binary images after performing high 

pass filtering and morphological Top-hat transformation on 

green panel of the original image. Then extract the region 

common in both binary images as major vessels. A Gaussian 

Mixture Model is used as classifier to extract the features 

from the remaining pixel in both the binary images. Features 

are also extracted from first and second order gradient 

images of the two binary images. Major vessels and the 

classified vessel pixels are combine together to get the 

desired blood vessels. The proposed algorithm provide 

efficient results than the previous methods. It took less time 

and is less dependent on training data. The results shows 

that the proposed method takes low computational time and 

provide efficient results than the previous methods. 

Ricci E and Perfetti R [7]. Proposed a method 

based on Line operator for segmentation of retinal blood 

vessels. A fixed length of line detector is applied on the 

target pixel in green channel of the retinal images based on 

average grey level through that line. The line detector is 

applied using different orientation on the target pixel. further 

two segmentation methods are applied , An unsupervised 

pixels classification based on basic line detector and 

supervised Support vector machine is used for pixel 

classification using two orthogonal line detector along the 

target vessel pixel This operator is apply on green panel of 

retinal images, as in green panel blood vessels are darker 

than the background. The proposed method provide good 

results of vessel segmentation including some gaps in 

vessels and noise like edge points red-lesions etc. 

Mendonca A M and Campilho A [8] proposed a 

method for automated segmentation of retinal blood vessel 

structure  from retinal images. Proposed method is operate 

in three steps. First step is pre-processing step that include 

background normalization and thin vessel enhancement. A 

Gaussian filter of four direction difference is used to detect 

the vessel center line. At last step a multiscale 

morphological operation is used for vessel segmentation and 

a region growing method is used for vessel filling. Results 

shows that the proposed method is providing high accuracy 

in vessel segmentation. But the proposed method have some 

limitations like it detects other features like optic disk, 

pathological region and missing of some very thin vessels. 

Hoover A and Goldbaum M [9]. Proposed a fuzzy 

convergence method to locate the origin point or optic disk 

in retinal images. The fuzzy convergence approach is 

followed by blood vessel segmentation operation. Proposed 

algorithm is work on detection of vessel line like structure 

and then convergence of these vessel lines is found on the 

bases of area of vessel line and pixel segments in that vessel 

line. Also a threshold value is used in the approach. This 

approach is tested on publically available data set and 

producing 89% accurate results from all images of data set. 

The proposed method is performing well on healthy and 

unhealthy retinal images to locate optic disk. 

Hou Y [10] proposed a multiscale line detection 

method for segmentation of retinal blood vessel from retinal 

images. Multiscale Line Detection method is an improved 

method Basic Line Detection method. The multidirectional 

morphological top hat transformation is used to 

homogenized the background. Basic line detection method 

is based on orientation of line on each pixel in retinal 

images. The improved multiscale line detection method is 

work similarly but uses multiple lines at once to detect the 

vessel response. The proposed method is tested on dataset 

available publically and is compared with basic line 

detection method. The results shows that the proposed 

method gives the improved results than the basic line 

detector with efficient blood vessel segmentation. 

III. MANUAL SEGMENTATION 

Manual segmentation of retinal blood vessels is a difficult 

task. As vascular structure is tree like complex structure. It 

may took hours to segment blood vessels manually.  
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Fig. 2: Retinal image captured through eye fundus camera. 

 
Fig. 3: Manual segmentation of blood vessels. 

Manual segmentation may not provide the actual 

sized blood vessels, there may a difference in actual blood 

vessels and segmented vessels. Also if there are two 

different observers observing the same retinal image. Then 

there may some bias in two different results. But in manual 

segmentation very small blood vessels can be detectable by 

the observer but in case of automatic segmentation very 

small blood vessels may not be detectable. But as automatic 

segmentation took only few minutes or seconds, so it prefer 

more these days.  

IV. NEED AND SIGNIFICANCE 

Need for computer based automatic retinal blood vessel 

segmentation has following reasons. 

 Automatic blood vessel segmentation took very 

less time in compare to manual segmentation. 

 It reduces manual labor as required in manual 

segmentation. 

 It removes bias that occurs in manual segmentation 

by two different observers. 

 Blood vessel segmentation helps in easy 

diagnosing of diseases related to blood vessels. 

 Blood vessel segmentation may also help the 

medical students to get the desired information. 

 With automatic segmentation of blood vessels eye 

related disease can be treated at early stages. 

 Automatic segmentation can also help in retinal 

based recognition tasks. 

 This can also help in easy examination of blood 

vessel features like Diameter, Width etc. 

V. CONCLUSION AND FUTURE SCOPE 

A lot of research has been done in blood vessels till now. 

And this area has been reached too far till now. Many new 

techniques and methods has been discussed previously in 

literature review. There were many good  techniques, those 

segments with very good accuracy in less interval of time. 

But still these techniques lacks in few aspects. There is no 

doubt that computer based automatic segmentation cannot 

reach to 100% in accuracy but it is possible to reach close to 

100%. On the bases of literature there are too many areas 

that can be improve a bit to improve the accuracy. 

Improvement in blood vessel segmentation accuracy is 

possible but it needs good knowledge under better guidance. 

This paper gives a brief introduction about blood 

vessel segmentation and need of blood vessel segmentation. 

Also this paper provides a brief survey on previous and 

recent research on blood vessels segmentation. Various 

methods and techniques has been discussed above in 

literature for segmenting blood vessels. The motive of this 

paper is to introduce the previous and present segmentation 

techniques and to provide the interested parties literature for 

research on this topic. 
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