
 
 

 

  

Abstract— In this paper we have presented an algorithm 
for vessel detection in retinal color images which works based 
on local Radon transform and morphological reconstruction. 
In our previous work, the algorithm was applied to 
conjunctival images and the performance was evaluated 
subjectively. In this work an extended version of the 
algorithm is applied to retinal images and our aim is to detect 
vessels in retinal images of patient people and make a good 
discrimination between blood vessels and other pathological 
elements like microaneurysms and hemorrhages which have 
the same color as vessels. The algorithm performance was 
evaluated numerically by applying it to DRIVE image 
database and the achieved ROC curve demonstrates its high 
accuracy. 

I. INTRODUCTION 
YE is the only organ in the living subject where small 
vessels are directly visible, either in conjunctiva or in 
retina. Diabetic retinopathy is a well-known 

microvascular complication of diabetes [1]. The 
quantification of vessel features such as length, width, 
tortuosity and branching pattern, among others, can 
provide new insights to diagnose and stage pathologies 
which affect the morphological and functional 
characteristics of blood vessels. However, when the 
vascular network is complex or the number of images is 
large, manual measurements can become tiresome or even 
impossible. Besides clinical analysis is an observer-
dependent task which may not be reproducible. A feasible 
solution is the use of automated analysis which is 
nowadays commonly accepted by medical community [2]. 

The mentioned features of blood vessels have diagnostic 
relevance and can be used to monitor the progression of 
diseases. Moreover blood vessels, being invariant features, 
may be very useful for registration of retinal images the 
same patient gathered from different sources [3]. 
However, other pathological elements like 
microaneurysms (MAs) or hemorrhages (HEs) highly 
affect the accuracy of automated vessel detection system, 
because they appear in retina with same color of vessels 
and also HEs have no distinct shape and it is too likely to 
detect them as vessels. In addition other causes like the 
presence of noise, low contrast between vasculature and 
background, variability of vessels width, brightness and 
shape, make accurate vessel segmentation is a difficult 
task. 
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Several methods have been proposed in the literature to 
address these problems including matched filtering [4], 
tracking methods [5-7], multi-threshold probing [8], 
mathematical morphology [9], or a combination of non-
linear filtering and morphological operations [2]. 

The lack of a robust algorithm encouraged us in this 
work to develop an algorithm for segmentation of blood 
vessels in fundus color images which is robust against the 
appearance of MAs, HEs and exudates (EXs) in retina. 
The rest of paper is organized in three sections. Section 2 
is dedicated to explain the algorithm steps in details. 
Achieved results are discussed in section 3 and in the last 
section we conclude our work. 

  

II. PROPOSED ALGORITHM 
The proposed algorithm consists of six main steps 

which are depicted in fig. 1. 
In the preprocessing step, our aim is to unify the 

histogram of all available images. In exudates detection 
step, those regions of image that EXs appear are detected 
and removed. In background elimination the image 
background is filtered to some extent and the foreground 
remains for further processing. All red parts of retina 
including MAs, HEs and vessels are extracted in mask 
creation step. The regions of image that are likely to 
contain thick vessels are detected in marker creation and 
eventually blood vessels are discriminated from HEs and 
MAs in the last step using morphological reconstruction. 
The main six steps of our algorithm are investigated in the 
following six subsections. 
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Fig. 1.  Vessel segmentation procedure 
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A. Preprocessing 
By performing preprocessing, we provide an image with 

maximum possible vessel/background contrast and also 
unify the histogram of the available images. The fundus 
images are colored and have three components (R, G, B); 
however, since the green channel exhibits the best 
vessel/background contrast, it is selected as input image 
( I ). 

We unify the histogram of images because in the 
following step of algorithm a threshold is used for 
binarization. Since different images have different 
brightness and contrast, this is performed to enable us to 
use the same threshold for all images. For this purpose a 
reference image is selected and the threshold is adjusted. 
To unify the images, histogram specification is used and 
the histogram of  is changed to be like the histogram of 
green channel of reference image. 

B. Exudates Detection 
Exudates appear in G component of fundus image as 

bright regions. Image binarization is chosen to detect EXs, 
so a mask containing all exudates is created ( _ex mask ). 
Despite, in addition to EXs, there are some other bright 
areas in I  such as Optic Nerve Head (ONH). Although 
we remove the EXs from I , detection of bright parts of 
ONH instead of EXs has no negative effect vessel 
segmentation accuracy. 

The detected EXs should be removes because they 
make severe problems in background elimination step. 
Hence the grey levels of those pixels of I  which their 
corresponding pixels in _ex mask  are white are replaced 
by the mean of I . This is shown (1). 

(1 _ ) ( ) _I I ex mask mean I ex mask← × − + ×             (1) 
Fig. 2 shows a sample result of this operation. 

C. Background Elimination 
In the fundus images, the background brightness is not 

the same in the whole image. This varying background 
would lead to missed vessels or false vessel detection in 
the following steps. Moreover, in I , background is 
brighter than the details, but we prefer that the vessels and 
other components appear brighter than background. These 
two problems addressed in this step. To overcome the 
second problem, I  in inverted as shown in (2). 

255I I← −                                                                  (2) 
Since we need a uniform background, its effect should 

be removed as much as possible. For this purpose, the 
image is firstly filtered using as average filter with a big 
window. The result of this filtering would exhibit the 
background well. Hence if the filtered image is subtracted 
from the main one, the background would be eliminated to 
some extent. This operation is formulated in (3). 

_ ( )I I avg filter I← −                                                 (3) 
The result of background elimination is shown in fig. 3. 

D. Mask Creation 
The input is preprocessed up to this step and is now 

ready for main processing. As mentioned in "Introduction" 
section, this algorithm has a conditional reconstruction 
base, hence we need a mask which contains all red details 
of image and a marker which is a starting point for 
reconstruction. Red parts of fundus image including MAs, 
HEs, and vessels appear as bright regions in I . The 

brightness is used as the main feature and a local Radon 
transform-based method is implemented for detection of 
them. This method is explained in [1]; however it is briefly 
explained here to make it easy for the reader to pursue the 
algorithm. Mask creation main steps are depicted in fig. 4. 

This method uses a sliding window to localize 
processing. The sliding window has an overlapping factor 
which means that the neighbor windows are not separated 
and are overlapped. Defining the window size ( n ) and 
sliding factor ( step ), overlapping is shown in fig. 5. 

Radon transform is applied to each window. The aim of 
applying Radon transform is to detect sub-vessels in local 
windows; however, HEs and MAs are detected. Before 
applying Radon transform, local window is masked using 
a circular mask to eliminate the diagonal effect of this 
transform. Since Radon transform has an integral nature, 
diagonal angles are more likely to contain the peak of 
transform, while we expect the peak of transform to occur 
in a direction that a probably sub-vessel lays. By applying 
Radon transform that is formulated in (4) in its continuous 
form, we acquire a matrix ( R ) that each column is the 
projection of window in a special angle. 

(a) 
 

(b) 
Fig. 2.  The result of exudates detection, a) input image, b) EXs 
detection result (after histogram specification) 
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( , ) ( , ) ( cos sin )R g x y x y dxdyρ θ δ ρ θ θ
+∞ +∞

= − −∫ ∫
−∞ −∞

  (4) 

The maximum of R  is found and the corresponding 
projection and angle are kept to extract the sub-vessel 
information including the angle, start point and end point. 
If the maximum ( m ) is greater than a predefined 
threshold ( mt ), the presence of sub-vessel is confirmed. If 
the presence is confirmed, vessel width is calculated; for 
this purpose we start in m -containing projection from m  
index ( mi ) and continue to both right and left till we reach 
l m× . The corresponding indexes that their amplitude in 
projection are equal or less than l m×  are kept as si  and 

ei  since they present line starting and ending points. 
Using line angle, si , and ei  a white line is drawn in an 

n n×  black window. The extracted sub-vessel is 
compared with real one to refine the acquired result. To do 
this, two thresholds ( 1t  and 2t ) are extracted from local 
window and the local window in binarized using the mean 
of 1t  and 2t . 1t / 2t  is the mean of those pixels of local 
window that their corresponding pixels in the extracted 
sub-vessel lay in white/black region. The binarized 
window is multiplied by the extracted sub-vessel to 
acquire the refined sub-vessel. Refined sub-vessels 
extracted from different local windows are then combined 
considering the overlapping ratio to make the mask . 
Mask already created, that contains MAs, HEs, and 
vessels, is kept for the last step of algorithm. A sample 
created mask is shown in fig. 6. 

E. Marker Creation 
The second essential component for conditional 

reconstruction is marker. Mask made in previous step 
contains all red parts, while our desire is blood vessels. 
Since MAs and HEs are mostly separated from vessels, if 
marker contains some white pixels on vessel tree, we 
would be able to reconstruct the whole vessel tree. Marker 
to be created in this step will be in our desire form and will 
contain the thick vessels of vessel tree. 

MAs are small red spots on the surface of fundus, while 
HEs are red regions with no distinct shape and are much 
bigger than MAs. We have used the roundness of bright 
regions in I  as a feature to keep thick vessels and 
eliminate other bright regions. Hence a sliding window is 
implemented like "mask creation" step. Radon transform is 
utilized in each window to extract brightness and non-
roundness features. Brightness feature ( bf ) is the 
maximum of R . To extract non-roundness feature ( rf ), 
the maximum-containing column of R  is considered as a 
reference vector. Then the summation of bin-by-bin 
subtraction of all projections and the reference vector is 
calculated as (5). 

 
 
Fig. 3.  The result of background elimination  
 
 

 
Fig. 4.  Mask creation procedure. 
 
 

 
Fig. 5.  Overlapping parameters. 

 
 
Fig. 6.  Sample created mask  
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Where jkR  is the ( , )j k th component of R  matrix, 

M  and N  are the dimensions of R  ( M NR × ), and r  is 
the index of reference column in R . 

When the sliding window lays in dark regions of I , 
both bf  and rf  have low values, when it lays on MAs 
and narrow vessels bf  takes a medium and rf  takes a low 
value. On HEs, bf  has a high and rf  has a low value and 
finally on thick vessels, both bf  and rf  take high values. 
Taking these two features and considering two thresholds, 

bt  and rt , the local windows which contain thick vessels 
are detected. These thick vessels are constructed in a 
binary image, marker , using the vessel refinement 
procedure explained in previous section. A sample created 
marker is shown in fig. 7. 

F. Vessel Tree Reconstruction 
The marker and mask, created in two prior sections, are 

used to achieve the final vessel map by morphological 
reconstruction. For this purpose, the conditional dilation 
operator is utilized which starts from marker image and 
performs an iterative dilation conditioned to mask. 
However, because the marker image must be equal or less 
than mask, marker is first multiplied by mask and then the 
conditional dilation is performed. Since HEs and MAs are 
separated from vessels and they do not exist in marker, 
they do not appear in the final vessel map that is the output 
of conditional dilation. The final vessel map which is the 
output of proposed algorithm is shown in fig. 8. 

III. RESULTS 
The performance of our algorithm is evaluated by 

applying it to two fundus image databases. The first one is 
our database which contains the retinal images of the left 
and right eyes of over 100 people including healthy and 
different levels patients. Since there is no ground-truth for 
our database, the results of this database were evaluated 
subjectively by a physician. To assess the algorithm 
numerically, we applied it to DRIVE database. Although 
the images of DRIVE database are mostly taken from 
healthy people, the results of this database enabled us to 
compare the performance of our algorithm with some 
other algorithms. 

The dimension of images in our database was 
1031 1535× , n  was set to 27, ( n  is usually twice bigger 
than the width of thickest vessel in image), step  was 3, 

mt , rt , and bt  were set to 4.9, 1.7 and 8 respectively. 
The dimension of images in DRIVE database was 

512 512× , n  was set to 13, , step  was 3, mt , rt , and bt  
were set to 2.5, 0.65, and 4 respectively. 

Comparison of our algorithm performance with other 
algorithms is performed by drawing its ROC curve beside 
ROC curve of other algorithms. The two axes in ROC 
curve are true positive rate (TPR) and false positive rate 
(FPR). We acquired this curve by varying mt  and it is 
shown in fig. 9. 

The closer the curve to 1TPR =  line (similar to step 
function), the higher accuracy of algorithm. As can be 

seen in fig. 9, our curve is over five other algorithms in 
most parts and this fact demonstrates its high accuracy. 

IV. CONCLUSION 
In this work we have presented an algorithm for vessel 

tree extraction in color fundus images. This algorithm is 
an extension of our previous work which was applied to 
conjunctival images. The algorithm is able to detect the 
vessel map in retinal images of patient people which 
contain pathological elements like MAs and HEs. To 
discriminate between blood vessels and MAs and HEs, we 
have used conditional dilation. This morphological 
operator needs two principal components, mask and 
marker. These two components are made by using Radon 
transform as a feature extractor. Our achieved results are 
comparable with other available approaches and 
demonstrate the high accuracy in extraction task. 
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