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ABSTRACT
Diabetic retinopathy occurs when high blood sugar damages small blood vessels in retina so blood vessel segmentation is an essential step for the diagnoses of diabetic
retinopathy. An automated tool for blood vessel segmentation is useful to eye specialists for purpose of patient
screening and clinical study. In this paper, we present
a wavelet based method for enhancing, locating and segmenting blood vessels in images of retina. This technique
is tested on publicly available STARE database of hand labeled images which has been established to facilitate comparative studies on segmentation of blood vessels in retinal
images. Wavelet based enhancement method is compared
with matched filter based vessel enhancement method. The
validation of our retinal image vessel enhancement technique is supported by results.

acterization of changes due to such diseases [2]. Retinal
vascular pattern facilitates the physicians for the purposes
of diagnosing eye diseases, patient screening, and clinical
study [3]. Inspection of blood vessels provides the information regarding pathological changes caused by ocular
diseases including diabetes, hypertension, stroke and arteriosclerosis [4]. The hand mapping of retinal vasculature
is a time consuming process that entails training and skill.
Automated segmentation provides consistency and reduces
the time required by a physician or a skilled technician for
manual labeling [5].
Retinal vessel segmentation may be used for automatic generation of retinal maps for the treatment of agerelated macular degeneration [6], extraction of characteristic points of the retinal vasculature for temporal or multimodal image registration [7], retinal image mosaic synthesis, identification of the optic disc position [8], and localization of the fovea [9]. The challenges faced in automated
vessel detection include wide range of vessel widths, low
contrast with respect with background and appearance of
variety of structures in the image including the optic disc,
the retinal boundary and other pathologies [10].
Different approaches for automated vessel segmentation have been proposed. Methods based on vessel tracking
to obtain the vasculature structure, along with vessel diameters and branching points have been proposed by [12][17]. Tracking consists of following vessel center lines
guided by local information. In [23], ridge detection was
used to form line elements and partition the image into
patches belonging to each line element. Pixel features were
then generated based on this representation. Many features
were presented and a feature selection scheme is used to
select those which provide the best class separability. Papers [18]-[21] used deformable models for vessels segmentation . Chuadhuri et al. [22] proposed a technique using
matched filters to emphasize blood vessels. An improved
region based threshold probing of the matched filter response (MRF) technique was used by Hoover et al. [24].
In this paper, we present the colored retinal image
vessel enhancement and segmentation technique that enhances the vascular pattern using 2-D Gabor wavelet. We
compare our method with region based threshold probing
of MFR [24]. The results show the proposed method is
significantly better than MFR method in enhancing and de-
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1. Introduction
Diabetic Retinopathy is one of the most serious eye manifestation of diabetes and is responsible for most of the
blindness caused by diabetes [1]. In this condition, a network of small blood vessels, called choroidal neovascularization (CNV), arises in the choroid and taking a portion of
the blood supplying the retina. As the amount of blood supplying the retina is decreased, the sight may be degraded
and in the severe cases, blindness may occur . The eye is
a window to the retinal vascular system which is uniquely
accessible for the study of a continuous vascular bed in humans [1].
Growth of new vessels leads to intraocular haemorrhage and possible retinal detachment with profound global
sight loss. The detection and measurement of blood vessels can be used to quantify the severity of disease, as part
of the process of automated diagnosis of disease or in the
assessment of the progression of therapy [2]. Retinal blood
vessels have been shown to have measurable changes in diameter, branching angles, length or tortuosity, as a result
of a disease. Thus a reliable method of vessel segmentation would be valuable for the early detection and char-
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3. Wavelet based Vessel Enhancement

tecting the blood vessels. We test our method on publicly
available STARE dataset of hand labeled images [11].
The paper is organized in five sections. In Section 2,
matched filter response based method for vessel enhancement is presented. Section 3 presents proposed wavelet
based vessel enhancement and segmentation method. Experimental results of the tests on the images of the STARE
database and their analysis are given in Section 4 followed
by conclusion in Section 5.

We have used 2-D Gabor wavelet to enhance the vascular pattern and thin vessels [25]. 2-D Gabor wavelet is
used due to its directional selectiveness capability of detecting oriented features and fine tuning to specific frequencies
[25], [27].
• The continuous wavelet transform Tψ (b, θ, a) is defined in terms of the scalar product of f with the transformed wavelet ψb , θ, a using (1) [28]

2. Matched Filter for Vessel Enhancement

−1/2

Tψ (b, θ, a) = Cψ

Hoover et al. [24] proposed a method to segment blood vessels that compliments local vessel attributes with regionbased attributes of the network structure. In this method, a
piece of the blood vessel network is hypothesized by probing an area of the MFR image, iteratively decreasing the
threshold. At each iteration, region-based attributes of the
piece are tested to consider probe continuation, and ultimately to decide if the piece is blood vessel or not. Pixels
from probes that are not classified as vessel are recycled
for further probing. The strength of this approach was that
individual pixel labels are decided using local and regionbased properties.
Figure 1 show the flowchart of hoover et al. method
[24]. Interested researcher can read on this method in detail
from [24].
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ψ ∗ (a−1 r−θ (x − b))f (x)d2 x (1)

where f ∈ L2 is an image represented as a square integrable (i.e., finite energy) function defined over R2
and ψ ∈ L2 be the analyzing wavelet. Cψ , ψ, b, θ and
a denote the normalizing constant, analyzing wavelet,
the displacement vector, the rotation angle, and the dilation parameter respectively.
• It is easy to implemented wavelet transform using
the fast Fourier transform algorithm. Fourier wavelet
transform is defined using (2) [27].
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where j = −1, and the hat (ψ̂ ∗ and fˆ ) denotes a
Fourier transform.
• The 2-D Gabor wavelet is defined as [28]
1
ψG (x) = exp(jk0 x) exp(− |Ax|2 )
2

(3)

where k0 is a vector that defines the frequency of the
complex exponential and A = diag[−1/2 , 1],  ≥ 1
is a 2 × 2 diagonal matrix that defines the elongation
of filter in any desired direction.
• For each pixel position and considered scale value, the
Gabor wavelet transform Mψ (b, a) is computed using
(4) [27], for θ spanning from 0o up to 170o at steps of
10o and the maximum is taken.
Mψ (b, a) = maxθ |Tψ (b, θ, a)|

(4)

This gives us the enhanced vascular pattern for the
retinal image. Histogram for the enhanced retinal image is calculated. Maximum values occur for the grayish
background while the vessel corresponds to values a slight
greater than the background values as they are of bright
color. An adaptive thresholding technique is used that selects this point which separates the vessels from the rest of

Figure 1. Flowchart for MFR based vessel segmentation
method [24]
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image. Vessel segmentation mask is created by applying
this threshold value
Fig. 2 shows the blood vessel enhancement and segmentation for STARE dataset image. Fig. 2(b) shows the
enhanced vascular pattern using Hoover et al. method [24]
while fig. 2(c) shows the vascular pattern enhanced using
wavelet method and there is a clear improvement in enhancement using wavelet method. Fig 2(d) is the vessel
segmentation mask extracted from 2(c) by applying adaptive thresholding.

Table 1. Vessel Segmentation Results (STARE Database)
Segmentation
Methods

Average

Standard

Accuracy Deviation

2nd Observer

0.9351

0.0171

Hoover et al.

0.9275

0.0247

Proposed Method

0.9439

0.0253

Hoover et al. [24]. Table 1 summarizes the results of vessel
segmentation for STARE dataset [30]. It shows the results
in term of average accuracy and their standard deviation.
Fig 3. shows the enhanced vascular pattern for MFR and
wavelet based methods. Fig. 4 illustrates the blood vessel
segmentation results for MFR based vessel segmentation
and vessel segmentation results using proposed method.

5. Conclusion
The problem with retinal images is that the visibility of vascular pattern is usually not good. So, it is necessary to enhance the vascular pattern. In this paper, a wavelet based
colored retinal image blood vessel enhancement and segmentation technique is proposed. The proposed method is
compared with MFR based mathod. We have tested our
technique on publicly available STARE database of manually labeled images. Experimental results show that our
method performs well in enhancing and segmenting the
vascular pattern.

Figure 2. (a) Original STARE dataset image, (b) MFR
based vessel enhancement, (c) Wavelet based vessel enhancement, (d) Blood vessel segmentation mask
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