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Abstract
Retinal vessels topography provides useful information to clinical 
diagnosis and treatment.Hence segmentation and quantification 
of blood vessel topography is of central interest in many diseases. 
A method is presented for segmentation of retinal blood vessels 
particularly for the detection of small blood vessels. We present 
comparative analysis of linear scale space paradigm with nonlinear 
space invariant diffusion process based scale space for vasculature 
segmentation. The performance is evaluated using DRIVE 
database. The overall sensitivity and accuracy with non linear 
space invariant diffusion process is 77.04% and 94%.

Keywords
Retinal blood vessel topography, Non linear space invariant 
diffusion, Diabetic retinopathy.

I. Introduction
Abnormalities of retinal vasculatures can indicate health conditions 
in the body. Blood vessels on the retina can be directly captured 
noninvasively through pupil, in vivo. Vessel appearance is an 
important indicator for many diagnoses including diabetes, 
hypertension stroke and arteriosclerosis. Hypertension may result 
in focal constriction of retinal arteries and diabetes can generate 
new abnormal blood vessels. Hypertension is associated with 
alterations in vessel diameter, branch angles and vessel length. 
Some aspects of vessel topography can be described by the angle 
subtended by two daughter vessels at each bifurcation. The width 
ratio of Arteries and Veins (A/V ratio) on retinal fundus images 
may help physicians in the diagnosis of hypertensive retinopathy, 
which may cause blindness. Hence reliable methods of blood vessel 
detection that preserve various vessel measurements are needed. 
Diabetic Retinopathy (DR) is a progressive disease that destroys 
retinal capillaries by depositing abnormal material along the walls 
of blood vessels in the retina. It increases vessel permeability and 
closure of retinal blood vessels resulting in leakage of fluid and 
growth of new abnormal retinal blood vessels. Detection of blood 
vessels helps in monitoring the progress of the disease. The degree 
of venous beading is more powerful indicator of proliferative 
retinopathy than any other quantitative measurement of retinal 
abnormality.
The organization of this paper is as follows. Section II describes 
brief survey of existing literature. Section III gives materials used 
for the proposed method. In Section IV methodology is described. 
The proposed method is based on scale space approach for vessel 
map detection. We have presented comparative analysis of linear 
scale space method and scale space based on diffusion process. The 
results are presented in Section V. Conclusions and discussions 
are in Section VI.

II. Background
Blood vessels show variety of morphological changes in different 
disease conditions. Vasculature response to different physiological 
pathologies has been widely studied using variety of methods. 

Segmentation of the vessels and measurement of the vascular 
diameter are two critical and challenging technical tasks in any 
system attempting automated diagnosis of vascular conditions.  
Fig. 1(a), shows normal fundus image and fig. 1(b), shows DR 
image exhibiting blood vessels with structural changes. There are 
many methods proposed for the detection of blood vessels in the 
fundus images. The various methods are edge detection method, 
model based approach, tracking approach and segmentation.

       
Fig. 1: (a). Normal fundus image (b). Pathological (DR) fundus 
image exihibiting structual changes in vascular segments

Joes Staal et al. [1] presented a method for automated segmentation 
of blood vessels based on extraction of image ridges which coincide 
approximately with vessel centrelines. Frederic Zana et al., [2] 
described a method for segmentation of vessel like patterns using 
mathematical morphology and curvature evaluation. In order to 
separate out vessel like patterns Gaussian profile is considered. 
Adam Hoover et al., [3] described a method to locate and outline 
retinal blood vessels that compliments local vessel attributes with 
region based attributes of the network structure using matched 
filter response image. Ana Maria Mendonca et al. [4] presented 
an algorithm to detect retinal vasculature which used centreline 
detection and morphological reconstruction. Lili Xu, Shuqian 
Luo presented a method to segment retinal blood vessels based on 
adaptive local thresholding. They used support vector machines 
to classify residual fragments in binary image and then tracking 
algorithm is applied to get the whole vascular network [5]. Chang 
Hua Wu et al. [6] proposed a method for segmentation of small 
vessels particularly. They enhanced vessels using compound 
enhancement filter using eigen values of Hessian matrix and 
matched filters. Di Wu explained a method for the detection of blood 
vessels using Gabor filter responses [7]. Joao V B Soares et. al., [8] 
presented a method for segmentation of retinal blood vessels based 
on Gabor wavelet transform responses taken at multiple scales. 
Sumeet Dua et al. [9], explained a method for the detection of 
blood vessels based on quad tree decomposition. Giribabu Kande 
et al. [10], presented an algorithm for the segmentation of vessel 
like patterns using spatially weighted fuzzy c-means clustering.  A 
cellular neural network with virtual template expansion technique 
was introduced by Renzo Perfetti et al., for segmentation of blood 
vessel patterns [11].

III. Material
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Proposed method is tested and evaluated on publically available 
DRIVE (Digital Retinal Images for Vessel Extraction) database. 
This database consists of 40 images (7 of which present pathology) 
along with manual segmentation of the vessels. The images are 
acquired using a Canon CR5 non-mydriatic 3CCD camera with 
a 45 degree Field Of View (FOV). The images are of size 768 
by 584, 8 bits per color plane at pixels stored in JPEG format. 
The set of 40 images has been divided into training and a test set, 
both containing 20 images. The training set has 3 images with 
pathology. They have been segmented manually by three observers 
trained by ophthalmologist. The images in the training set were 
segmented once while images in the testing set were segmented 
twice resulting in sets A and B. In set A 12.7% pixels were marked 
as vessel, against 12.3% vessels for set B. Performance is measured 
on the test set using segmentations of set A as groundtruth. The 
segmentations of set B are tested against those of A, serving as a 
human observer reference for performance comparison. 

IV. Methodology
The importance of multiscale descriptions of images has been 
recognized from the early days of computer vision. Witkin  and 
Koenderink [14],  proposed scale space theory to obtain multi 
scale representation based on a formal theory for handling image 
structures at different scales, by representing an image as a one-
parameter family of smoothed images. It is parameterized by 
the size of the smoothing kernel used for suppressing fine-scale 
structures. In this work we compare both linear scale space and 
scale space based on diffusion equation framework. The main type 
of scale-space is the linear (Gaussian) scale-space, which has wide 
applicability as well as the attractive property of being possible 
to derive from a small set of scale-space axioms. The essential 
idea of this approach is to embed the original image in a family of 
derived images I(x,y,t) obtained by convolving the original image  
Io (x,y,t) with a Gaussian kernel G(x,y,t) of  variance, t
I(x,y,t) = I0 ( x,y,t) * G(x,y,t)   (1)
Larger values of‘t’, the scale space parameter, correspond to images 
at coarser resolution. It involves generating coarser resolution 
images by convolving the original image with a Gaussian kernel. 
Fig. 2, demonstrates the results for different scales. 

A. Retinal Image Segmentation based on Linear scale 
space
In this work green plane of the color retinal image is considered for 
blood vessel segmentation as it exhibits the best contrast between 
the vessels and background. Five different scales are suitably 
chosen and the Gaussian kernel is represented by equation, 
G(x,y) = 1/2πσ2  *    (2)
On each scaled image Laplace algorithm is used. Adaptive median 
filter is then used to remove speckle noise. These images are then 
binarized.

scale =5

scale=10

scale=20
Fig. 2: vessel map for different scale(t) t=5,10 and 20 
respectively

Fig 3.(b) and fig 4.(b) shows the vessel map using linear scale space 
method for left eye and right eye retinal image respectively. With 
this approach it is difficult to obtain the true location of a boundary 
at a coarse scale is not directly available in the coarse scale image. 
Additionally edge junctions which contain much of the spatial 
information of the edge drawing are destroyed. This is because 
Gaussian blurring does not respect the natural boundaries of the 
objects. With Gaussian blurring region boundaries get diffused 
instead of becoming sharp.

B. Scale space based on diffusion equation frame 
work
The only way to obtain the true location of the edges that have 
been detected at a coarse scale is by tracking across the scale 
space to their position in their original image, which may be 
complicated and expensive. With this motivation Perona and Malik 
[13], presented a candidate paradigm for generating multiscale 
semantically meaningful descriptions of images using diffusion 
equation framework. This method suppresses any spurious details 
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while passing from finer to coarser scales and at each resolution 
the region boundaries become sharp. Thus at all scales with-in 
region smoothing occurs over inter-region smoothing.
A suitable choice of diffusion coefficient will help in immediate 
localization of edges and piecewise smoothing at all scales. 
Anisotropic diffusion resembles the process that creates a scale-
space, where an image generates a parameterized family of 
successively more and more blurred images based on a diffusion 
process. The anisotropic diffusion equation is,

    (3)
where,  
        div- divergence operator
        -gradient operator w.r.t space variables    
        -Laplacian operator space variables
As, the region boundaries at each scale ‘t’, are not known in 
advance the best estimate of the location of the boundaries 
appropriate to that scale is obtained in terms of a vector valued 
function edge estimate, ‘E’ on the image. The diffusion coefficient 
'c' is the function of E and local contrast of the image. With this 
diffusion process will mainly take place in interior and not affect 
the region boundaries where magnitude of E is large. The edge 
estimate is the given by equation, 
E (x,y,t) = I (x,y,t)    (4)
In diffusion process if diffusion coefficient is chosen locally as 
a function of the magnitude of the gradient of the brightness 
function, preserves and sharpens the brightness edges. The 
estimate is chosen properly given by equation, 
c (x,y,t) = g (║ I(x,y,t)║)    (5)
where g (.) has to be nonnegative monotonically decreasing 
function with g(0) = 1. 
Thus diffusion process is a nonlinear and space invariant 
transformation of the original image. It provides noise reduction 
and contrast enhancement by modulating the amount of blurring 
as a function of local image structure. This goal is unattainable 
using linear filtering, as it blurs and possibly destroys boundary 
information. With a constant diffusion coefficient, the anisotropic 
diffusion equation reduces to the heat equation which is equivalent 
to Gaussian blurring. This is ideal for removing noise but also 
indiscriminately blurs edges too. When the diffusion coefficient 
is chosen as an edge seeking function, it encourages diffusion 
(hence smoothing) within regions and prohibit it across strong 
edges. Hence the edges can be preserved while removing noise 
from the image. Along the same lines as noise removal, anisotropic 
diffusion can be used in edge detection algorithms. By running 
the diffusion with an edge seeking diffusion coefficient for a 
certain number of iterations, the image can be evolved towards 
a piecewise constant image with the boundaries between the 
constant components being detected as edges.
In this approach, filtering can be achieved as the iterative 
solution of the heat equation where I(x; y; 0) = I0(x; y) is the 
initial condition, and 't' is equivalent to scale. Perona and Malik 
introduced a solution for the previously stated problem that allows 
space variant (anisotropic) blurring in order to locate edges more 
precisely. The resulting filter is based on the equation below

  (6)  
where,  is the pixel value at position (i,j) at the time t, the 
coefficient λ [0:0.25], and the terms  are the finite differences 
calculated on a 4 connected neighborhood.

    (7)

    (8)

    (9)

    (10)

   are the so called conduction coefficients 
calculated at the same time (scale) t on the basis of a diffusion 
function whose arguments are the finite differences written above. 
The conduction coefficients are updated at every iteration as a 
function of the brightness gradient. Two diffusion functions to 
calculate the conduction coefficients:

    (11)

    (12)
The first one privileges high-contrast edges over low contrast 
ones, while the second privileges wide regions over smaller ones. 
Gradient modulus threshold K is a suitable chosen to 30.

1. Locally Adaptive Thresholding
Due to the variability in the gray level intensities the global 
thresholding does not work satisfactorily. So diffused image is 
binarized using adaptive thresholding. A threshold is calculated 
on window size of 3 x 3 considering average of eight neighbors 
of pixel. A pixel value is attributed to the background if the local 
range is below threshold or to the foreground if pixel value is 
above local average. 

2. Morphological Processing
Vasculature map is eroded to create accurate vasculature centerline. 
Then we count the number of connected pixels. The diffusion scale 
space method produce biggest vessels and small vessels those are 
easily recognizable. The set of morphological operations is used in 
order to remove isolated island from the image. If the size of island 
is smaller than a certain limit then that island will be removed. We 
have experimentally set 400 as the best limit for the set of images 
used in this work. Fig 3(c) and fig 4(c), shows the topographic 
view of retinal vessels using nonlinear scale space method.

V. Performance Evaluation and Results
We have proposed a computational paradigm for the segmentation 
of retinal blood vessels and evaluated on the publically available 
DRIVE database. We have done comparative analysis of linear 
scale space and scale space based on diffusion process. Performance 
is verified by calculating True Positives (TP), False Negatives 
(FN), False Positives (FP) and True Negatives (TN). From these 
quantities Sensitivity (Se), Specificity (Sp) and Accuracy are 
chosen as measurements of Accuracy (Ac) are calculated using 
equations (13), (14) and (15).

     (13)

     (14)
    (15)

Table 1 and Table 2, give overview of the performance of both the 
methods. These results have been presented and discussed with 
expert ophthalmologist. We have discussed the quality of the result 



IJCST Vol. 3, ISSue 1, Jan. - MarCh 2012 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m172    InternatIonal Journal of Computer SCIenCe and teChnology 

with regard to the ability to use this algorithm for vasculature 
characterization. For this purpose we define four criteria: 
1. Good qualitative detection of the brightest vessels
2. Segmented structure is connected
3. Small proportion of false detection 
4. Accuracy of small vessels detected

Table 1: Performance of  Linear scale space algorithm
Image TP TN FP FN Se Sp Ac
01_test 18615 283448 7052 10825 63.23 97.57 91.55
02_test 22433 289119 7051 11357 66.38 97.62 94.42
03_test 11857 290249 6818 14218 45.47 97.7 93.4
04_test 17752 292932 6674 12602 58.48 97.77 94.15
05_test 14420 292394 6654 9838 59.44 97.77 95
06_test 13318 292394 6975 9838 41.46 97.65 92.18
07_test 6653 315348 15540 23499 22.06 95.30 97.58
09_test 11305 296109 7110 15436 42.27 97.65 93.16
10_test 13468 296371 6433 13688 49.59 97.87 93.90
11_test 18660 307636 7215 10879 63.17 97.70 98.88
12_test 14232 294569 6901 294569 49.95 97.71 93.58
13_test 15824 290850 6851 16435 49.00 97.69 92.94
14_test 15732 296384 6899 4046 79.54 97.72 94.59
15_test 15697 300369 5977 7917 66.47 98.04 95.78
16_test 17054 293154 7015 12737 57.24 97.66 94.13
17_test 13657 294546 7562 14195 49.03 97.49 93.40
18_test 22304 303513 303 3840 85.31 99.9 98.74
19_test 16278 296184 6405 11093 59.47 97.88 94.69
20_test 12338 299009 6686 11927 50.84 97.81 94.35
21_train 9092 292444 12858 15566 36.87 95.79 91.38
22_train 15824 293355 6796 13985 68.57 97.73 93.7
23_train 14515 298928 9309 7208 66.81 96.97 94.99
24_train 20213 284380 7351 18016 52.87 97.81 92.31
25_train 7721 291787 6504 23948 24.38 97.81 90.77
26_train 7256 292800 9587 20317 26.13 96.82 90.93
27_train 16205 293745 7142 12868 55.73 97.62 93.93
28_train 17840 290908 6824 14388 55.35 97.70 93.57
29_train 13156 296240 5969 4595 74.11 83.22 93.76
30_train 7522 297805 6271 18362 29.06 97.73 92.53
31_train 13312 302848 7214 6586 66.90 97.67 95.81
32_train 14657 296152 6824 12327 54.31 97.74 94.19
33_train 15695 296248 7026 10991 58.81 97.68 94.53
35_train 18041 294967 6381 10571 73.87 97.88 94.86
36_train 18262 287543 6533 17622 50.89 97.77 92.67
38_train 14893 294529 6954 13584 52.29 97.69 93.77
39_train 13013 294529 6954 6955 45.90 97.6 93.24
40_train 14313 298856 6101 10687 57.25 97.99 94.91
0verall 54.79 97.26 94.04

Table 2: Performance of  Non-linear scale space algorithm
Image TP TN FP FN Se Sp Ac

01_test 26250 286635 13885 3190 89.16 95.37 94.82

02_test 15122 281048 15122 4962 85.32 94.89 93.91

03_test 18746 285277 10739 14147 57.00 94.89 92.13

04_test 17459 288964 10642 12895 57.51 94.44 92.86

05_test 28706 284276 14772 2206 92.86 95.06 94.85

06_test 20129 284930 12914 11987 62.67 95.66 92.45

07_test 26450 286380 13428 3702 87.72 95.88 94.80

09_test 22967 282944 20275 3774 85.88 94.10 92.71

10_test 22156 256966 45838 5000 81.58 84.86 84.59

11_test 15022 237595 62826 14517 50.85 79.08 92.00

12_test 28139 299864 1606 351 98.76 99.46 99.4

13_test 27267 282838 14863 4992 49.00 97.69 92.94

14_test 22047 290290 12993 4630 79.54 97.72 94.59

15_test 17721 305906 440 5893 74.04 99.85 98.08

16_test 22032 297893 2276 7759 73.95 99.24 96.95

17_test 25361 283009 19099 2491 91.05 93.36 93.45

18_test 17293 292470 11346 8394 66.14 96.26 93.87

19_test 18559 290294 12295 8812 67.80 95.93 93.60

20_test 17203 294472 11223 7062 70.89 96.32 94.45

21_train 18140 292419 12883 6518 73.56 95,78 94.12

22_train 21797 289768 10383 8012 73.12 96.54 94.42

24_train 27164 271688 15232 11065 71.05 93.12 90.57

25_train 22048 284982 13309 9621 69.62 95.53 93.05

26_train 25976 289926 12461 1597 94.20 95.87 95.73

27_train 22952 287651 13236 6121 78.94 95.60 94.13

28_train 14719 283013 14719 17509 45.67 95.05 93.54

29_train 22640 286463 15746 5111 81.58 94.78 93.67

30_train 23989 286434 19542 1895 92.67 93.61 94.10

31_train 8430 302325 7737 11468 42.36 97.5 94.17

32_train 21345 268748 420 5639 79.10 97.94 87.91

33_train 24302 288982 14292 2384 91.06 95.28 94.94

35_train 27273 288513 12835 1339 95.32 95.74 95.70

36_train 12895 281181 12895 5342 85.11 95.61 94.47

38_train 27197 287150 14333 1280 95.50 94.24 95.26

39_train 27989 301971 15131 359 98.73 94.93 100

40_train 24348 289501 15458 653 97.38 94.93 95.11

0verall 77.40 95.03 94.01

Table 3, gives comparative overview of nonlinear scale space 
and linear scale space with methods used by other researchers 
and expert’s manual segmentation results. Overall accuracy in 
detecting vasculature and true positive fraction obtained with 
linear scale space method is 94.04% and 54.79% and with 
nonlinear scale space it is 94.01% and 74.40%. Performance is 
also evaluated on real time retinal images from Minto Regional 
Hospital Bangalore, India.

Table 3: Comparison with some different vessel segmentation 
methods

Method Average  Accuracy True positive fraction

2nd expert 0.9473 0.7761

Mendonca (green channel 0.9442 0.7344

Staal 0.9442 0.7194

Niemeijer 0.9417 0.7145

Xu and Luo (green channel) 0.9328 0.7760

Zana 0.9377 0.6971

Nonlinear scale space (green channel)
(Proposed method) 0.9401 0.7740

Linear scale space(green channel) 0.9404 0.5479
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       (a)

       (b)

       (c)

       (d)

Fig. 3: (a). Retinal image (DRIVE DATABASE IMAGE) (b). 
Vessel map using linear acale space method (c). Vessel map using 
nonlinear diffusion based scale space (d). The first expert’s manual 
segmentation (Ground truth image)  

       (a)

        (b)

        (c)

        (d)

Fig. 4: (a). Retinal image  (b). Vessel map using linear scale space 
method (c). Vessel map using nonlinear diffusion based scale 
space (d). The first expert’s manual segmentation (Groundtruth 
image)

VI. Conclusions 
Diffusion is a powerful tool of great potential utility in early 
computer vision. It unifies multiscale processing into a simple 
procedure which reduces noise and integrates information at all 
scales of interest. Nonlinear scale space method gives promising 
results in detecting small blood vessels. In diffusion process in 
order to preserve edge information in the image, gradient modulus 
threshold that controls the diffusion coefficient is to be chosen 
carefully to encourage within–object regions to be smoothed, 
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while between object regions are preserved. Another important 
parameter which affects accuracy is number of iterations for which 
nonlinear diffusion process is to be repeated. Average accuracy 
obtained with nonlinear scale space is almost same as the other 
methods but true positive fraction obtained in nonlinear scale space 
is much higher than linear scale space. High value of true positive 
fraction which matches with 2nd expert value shows that with 
nonlinear scale space percentage of number of true positive pixels 
detected is more. In general an acceptable degree of accuracy 
and sensitivity has been observed in detecting blood vessels with 
nonlinear scale space method. These results can be further used 
in characterization of vasculature. 
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