International Journal of Computer Applications (0975 – 8887)
Volume 114 – No. 11, March 2015

Automated Segmentation of Retinal Blood Vessels using
Optimized Gabor Filter with Local Entropy Thresholding
Saumitra Kumar Kuri

Jayant V. Kulkarni

Department of Applied Physics, Electronics &
Communication Engineering
University of Chittagong
Chittagong, Bangladesh

Department of Instrumentation & Control
Engineering
Vishwakarma Institute of Technology
Pune, India

ABSTRACT
Blood vessel in retinal image plays a vital role in medical
diagnosis of many diseases. Diabetic retinopathy is one of the
diseases which damages the retina and leads to blindness.
Segmentation of blood vessels is helpful for ophthalmologists
and this paper presents a new automatic method to extract
blood vessels with high accuracy. This algorithm is comprised
of optimized Gabor filter with local entropy thresholding for
vessels segmentation under various normal or abnormal
conditions. The frequency and orientation of Gabor filter are
tuned to match that of a part of blood vessels to be enhanced
in a green channel image. Segmentation of blood vessels
pixels are classified by local entropy thresholding technique in
this method. The performance of the proposed algorithm is
evaluated by MATLAB software with DRIVE database.
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1. INTRODUCTION
Diabetic retinopathy (DR) is the result of damage caused by
diabetes to the small blood vessels located in the retina. Blood
vessels damaged from diabetic retinopathy can cause vision
loss. Diabetic retinopathy is a leading cause of adult
blindness, and screening can reduce the incidence. Screening
just increases the chances that a condition will be avoided,
found early, or are able to be cured. It is widely recommended
that all persons with diabetes mellitus should be regularly
screened for diabetic retinopathy [1].
Computer based analysis for automated segmentation of
blood vessels in retinal images will help ophthalmologists
screen larger populations for vessel abnormalities. A wide
variety of approaches have been proposed for retina blood
vessels segmentation. Many image processing methods
proposed for retinal vessels extraction [4] [5] [6] [7] [8] [9]
[10]. This literature is based on optimized Gabor filter with
local entropy thresholding. Gabor filters have been widely
applied to image processing and computer vision application
problems such as face recognition and texture segmentation
[8]. Optimized Gabor filter methods often produce false
positive detections and fail to detect vessel of different widths.
Also detection process much more complicated when retinal
image abnormal condition.
This paper has been proposed a much robust and fast method
of retinal blood vessels extraction using optimized Gabor
filter with local entropy thresholding.

Local Entropy Thresholding
(OptimalThreshold Value)
Binary Image of Blood
Vessel
Fig 1: Flow chart of the proposed methodology for blood
vessel segmentation in retinal image

2. MATERIALS AND METHODS
DRIVE database [30] is used for this analysis. Every image
was capture at 584×565 pixels, 8 bits per color in TIFF
format.
Blood vessels usually have poor local contrast compare to
background. The proposed method uses the following steps:
(i) Green channel extraction, (ii) Adaptive Histogram
Equalization, (iii) Optimized Gabor filter, (iv) Local Entropy
Thersholding (v) Binary conversion. The green channel is
inverted before the application of the Gabor Filter transform
to it, so that the vessels appear brighter than the background.
Fig.1. shows the overall procedure of the proposed method.

2.1 Preprocessing
Preprocessing is applied to eliminate the noises in the fundus
image. Regarding the acquisition process, retinal images have
often low contrast that cause to hardly detect the blood
vessels. This method is to improve the image dynamic range
to prepare images for next step, detection the blood vessels,
and attain to higher accuracy and precision of segmentation.
Concerning our purpose, contrast enhancement, the green
channel of colored retinal images is used, because compare to
other channels it has the highest contrast [4]. Combining
advantages of brightness in red channel decreasing the
contrast between the abnormalities and the retinal
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background; this helps to reduce some responses from
abnormalities which do not resemble any blood vessels that
would otherwise decrease the performance of blood vessels
segmentation methods. Contrast-limited adaptive histogram
equalization is used for this analysis that enhancing the
contrast of the green channel retinal image.

2.2 Optimized Gabor Filter

maintain false positive rate. ψ always (2π) rotation phase in
this method. The optimized parameters are to be derived by
taking into account of size of the lines structures to be
detected. Only six optimized Gabor filters with different
orientations (0 to 3600 intervals of sixty degrees) are used to
convolve with the preprocessing image. The magnitude of
each response is retained and combined to generate the result
image.

Gabor filters have been widely used for multi-directional
analysis in image processing. In this algorithm optimized
Gabor filter is used for detecting the blood vessel in retinal
image. The optimized Gabor Filters are a set of orientation
and frequency sensitive band pass filters which have the
optimal localization in both the frequency contents of the
patterns [8]. The optimized Gabor filter kernels are sinusoids
modulated.
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Where,

x:

Standard deviation of Gaussian in x direction along the

filter that determine the bandwidth of the filter.

y :

Standard deviation of Gaussian filter that control the

orientation selectivity of the filter.

 : Orientation of the filter, an angle of zero gives a filter
responds to vertical feature.

 : Wavelength of the cosine factor of the Gabor filter kernel
i.e. preferred wavelength of this filter.



: Spatial aspect ratio, specifies the ellipticity of the support
of the Gabor function

 : Phase offset
The optimization Gabor filter kernel (9×7 matrix) is rotated in
different rotations with the optimized parameters set as
follows:

 x [3.91, 4],  [5.1,5.3],  [1.2,1.4]
 x  3.91

  5.1
  1.3

  2

 x is required so that the shapes of the filter are invariant to

Fig 2: Original image with extraction channels

2.3 Local Entropy Thresholding
An image can be viewed as an information source with a
probability vector described by its grey-level image
histogram, the entropy of the histogram can be used to
represent a certain level of information contained in the
image. Pun [16] and Kapur et al. [17] had taken this concept
to derive entropy thresholding methods. However, their
approaches did not take into account the correlation among
grey levels. As a result, two different images with an identical
image histogram will result in the same threshold value [18].
One way to resolve this problem is to consider the grey-level
co-occurrence matrix, which contains the information of greylevel transitions in an image. In the proposed method the
grey-level co-occurrence matrix developed by Haralick et al
[19] is used to derive the Haralick texture feature for retinal
image segmentation. The Haralick texture feature chosen is
the entropy of the retinal image.
In order to performing the proper extraction of the enhanced
segments from the Gabor filter response images, an effective
thresholding method is required.
Assume that a Gabor filter response image has a size of M *
N with L grey levels denoted by G = {0, 1. . . L – 1}. A cooccurrence matrix of an image is an L * L square matrix,
denoted by T  tij

L L

whose elements are specified by the

numbers of transitions between all pairs of grey levels in G =
{0, 1 . . . L – 1} in a particular way.
That gives an idea about the transition of intensity between
adjacent pixels, indicating spatial structural information of
image. Depending upon the ways in which the gray level i
follows gray level j, different definition of co-occurrence
matrix are possible. Here, we made the co-occurrence matrix
asymmetric by considering the horizontally right and
vertically lower transitions. Let tij be the (i,j)th entry of the cooccurrence matrix. Then the probability of co-occurrence Iij of
gray levels i and j is Normalizing the probability within
individual quadrants, such that the sum of probabilities of
each quadrant equals to one, we get the following cell
probability.

the scale. The width of the vessels is found to lie within a
range of 2-14 pixels (40-200µm). Here, λ and γ values
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segmentation of the retinal image. This Threshold find it
automatically form the Entropy-Threshold Curve.

Fig 3: Quadrants of co-occurrence matrix
Let t be a value used to threshold an image. It partitions the
co-occurrence matrix into four quadrants, namely, A, B, C
and D. We assume that pixels with grey levels above the
threshold are assigned to the foreground (corresponding to
objects), and those equal to or below the threshold are
assigned to the background. Then quadrants A and C
correspond to local transitions within background and
foreground, respectively, whereas quadrants B and D are joint
quadrants which represent joint transitions across boundaries
between background and foreground. The probabilities
associated with each quadrant are then given by

Pij 

tij


i

Fig 5: Local entropy curve of the foreground object form
quadrants A and C of the scatter plot

(6)

t
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Fig 6: Green channel of the original image (left) and
Adaptive histogram equalization image (right)

Fig 4: Scatter plot obtained by plotting the local entropy of
the optimized Gabor Filter retinal response image
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The second order local entropy of the object can be defined as
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Similarly the background written as
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Fig 7: Gabor Filter Response Image
(10)

(11)
(12)

The entropy threshold determines the optimal threshold t* by
maximum of the entropy curve. t* is used as the threshold for

3. RESULTS AND DISCUSSIONS
This paper, the software selected to perform the experiment is
MATLAB 7.10 (R2010a). The retinal images were collected
from the DRIVE database. The accuracy (Acc) is calculated by
the ratio of the number of correctly classified pixels to the
total number of pixels in the image. This method average
accuracy is 97.94%. The sensitivity (Se) represents the fraction
of pixels correctly classified as vessel pixels, where the false
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positive defines the fraction of pixels erroneously classified as
vessel pixels. Average sensitivity is 98.5%. The
computational time of whole process of our method takes
approximate 2 seconds for each retinal image.

9

0.9726

10

0.9716

11

0.9733

Accuracy (Acc)

12

0.9758

13

0.9725

14

0.9743

15

0.9729

16

0.9895

17

0.9783

18

0.9789

19

0.9898

20

0.9797

Average Accuracy

0.9794

Acc 

TP  TN
TP  TN  FP  FN

(13)

Sensitivity (Se)

TP
Se 
TP  FN

(14)

Table 1. Vessels Classification
Vessel Present

Vessel Absent

Vessel detected

True Positive (TP)

False Positive (FP)

Vessel not detected

False Negative (FN)

True Negative (TN)

Table 2. Segmentation Results for DRIVE Database

Table 3. Performance Comparison with other Methods
for DRIVE Database

Image

Accuracy (Acc)

1

0.9918

Method

Accuracy (Acc)

2

0.9834

Chaudhuri et al.[10]

0.8773

3

0.9839

Staal et al.[12]

0.9441

4

0.9827

Jiang and Mojon [13]

0.8911

5

0.9853

Niemeijer et al.[20]

0.9417

6

0.9774

Mendonca et al. [21]

0.9463

Cinsdikici and Aydin [22]

0.9293

7

0.9767

8

0.9779

Proposed method

0.9794

Fig 8: Proposed Segmented Image (left) and Gold Standard Image (right)
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Fig 9: Compared Image (Gold standard & Final resultant image)
[True Positive (TP) = Blue pixels, False Positive (FP) = Black pixels,
False Negative (FN) = Red pixels, True Negative (TN) = White pixels]

4. CONCLUSION
A fully automated retinal blood vessels segmentation method
has been presented. In this paper, first introduce optimized
Gabor filter with local entropy thresholding for vessels
extraction. The threshold value obtained by calculating the
entropy feature from the gray level co-occurrence matrix of
the optimal Gabor filter retinal image can be one of the ways
of segmentation of retinal images. This analysis demonstrated
higher true positive rate and reduce false detection in retinal
image. The performance of the proposed method is evaluated
by comparing DRIVE database images [30]. This method
average accuracy (ACC) is 97.94% and average sensitivity (Se)
is 98.5%. The accuracy of the algorithm may be improved by
effective noise reducing techniques. The algorithm has less
computations and elapsed time is approximate 2 seconds for
segmentation of one retinal image. This analysis may also be
applied to publically available STARE database. This method
can be applied for image registration purpose to track the
change in fundus images for monitoring diabetic retinopathy.
In this automated segmentation method will help
ophthalmologists screen larger populations for blood vessels
abnormalities in retinal image.
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