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Graphical abstract Abstract

Nowadays, an automatic refinal vessels segmentation is important component in computer
Performance Evaluation assisted system to detect numerous eye abnormalities. There are various sizes of the retinal
blood vessels captured from fundus image modality, which can be detected by using

1 multi-scale approach. However, the main limitation of the current multi-scale approaches is
0.8 the inability to remove the optic disc from the detected blood vessels. In this paper, a
0.6 hybrid of multi-scale detection with pre-processing approach is proposed so that clearer
0.4 vessel segmentation can be obtained. The proposed method embedded with a pre-

’ processing phase that includes four series of processes that include Top-hat transformation
0.2 as the main part. This technique will reduce the influence of the structure of optic disc and

0 ; il - enhance the contrast of the vessel from the background. Then, the result from the pre-

é . ?}, B § . ?}, B processing phase will be fed to the multi-scale detection to perform the segmentation. The
g E § % g E § % proposed method is evaluated on two publicly available online databases: HRF and DRIVE.
£ g = £ g &= On HRF database, the best obtained precision and specificity values are 0.9689 and 0.9989,
S S respectively. Meanwhile, for DRIVE database, the system performs well in all performance

R ORIVE measures: precision, specificity, accuracy and error with the best values of 0.7541, 0.9739,

0.9510 and 0.0490, respectively. In conclusion, the proposed method is able to filter the
unwanted optical disc from the fundus image effectively. Thus, retinal blood vessel image
can be used for further analysis process and beneficial for pre-screening system
development.
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Abstrak

Pada masa kini, segmentasi salur darah retina secara automatik ialah langkah yang
penting dalam sistem berbantu komputer unfuk mengesan pelbagai keabnormalan pada
mata. Terdapat pelbagai saiz pada salur darah dapat digambarkan oleh modus imej
fundus, di mana ia boleh dikesan dengan menggunakan pendekatan pelbagai-skala.
Walau bagaimanapun, masalah utama bagi pendekatan pelbagai-skala terdapat pada
masa kini ialah ia tfidak mampu membuang kawasan lingkaran optik yang dapat dikesan
pada salur darah. Dalam kajian ini, gabungan antara garis pengesanan pelbagai skala
dengan pra-pemprosesan diperkenalkan bagi mendapatkan segmentasi salur darah yang
lebih jelas. Kaedah yang dicadangkan melibatkan empat siri proses pra-pemprosesan, di
mana trasnformasi ‘Top-hat’ merupakan bahagian utama dalam kajian ini. Teknik ini akan
membuang kawasan yang mempengaruhi lingkaran optik dan  meningkatkan
perbandingan konfra di antara salur darah dengan latar belakang. Seterusnya, hasil
daripada fasa pra-pemprosesan akan dimasukkan kepada garis pengesanan pelbagai
skala untuk melakukan proses segmentasi. Kaedah yang dicadangkan dinilai dengan
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menggunakan dua pangkalan data dalam talian: HRF dan DRIVE. Bagi pangkalan data
HRF, nilai yang terbaik untuk kejituan dan kekhususan ialah 0.9689 dan 0.9989. Manakala
bagi pangkalan data DRIVE, sistem ini menunjukkan prestasi yang baik bagi kesemua
ukuran prestasi: kejituan, kekhusuan, ketepatan dan ralat dengan nilai bacaan terbaik iaitu
0.7541, 0.9739, 0.9510 dan 0.0490. Kesimpulannya, kaedah yang dicadangkan boleh
menapis lingkaran optik yang tidak diperlukan dalam imej fundus secara efisien. Justeru,
imej salur darah retina boleh digunakan untuk proses andalisis seterusnya dan bermanfaat
kepada pembangunan sistem pra-penyaringan.

Kata kunci: Imej retina, segmentasi, garis pengesanan pelbagai-skala
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1.0 INTRODUCTION

The features extracted from retinal blood vessels such
as length, width, tortuosity and branching patterns can
be utliized for early stage detection, screening,
freatment and evaluation of numerous diseases such
as diabetes, hypertension, cardiovascular disease and
stroke. Therefore, an automatic detection based on
fundus image is necessary and important for the
detection of blood vessels. On the other hand, manual
segmentation of the retinal blood vessels is a time
consuming process that requires experience due to
the complexity of the vascular network [1]. In medical
society, an automatic detection of refinal images is an
important preliminary step in the development of
computer-aided analysis for the abnormalities
detection [2]. Thus, effective methods to segment the
vessels in retinal images are crucial due to improved
accuracy and consistency as well as reducing the
time taken, even by the medical experts.

Currently, there are numerous works have been
done on segmenting the blood vessels in retinal
images. Methods in [1], [3], and [4] summarized the
extensive surveys and reviews of the related issues. The
method proposed by Ricci and Perfetti [5] segmented
the retinal blood vessels just using basic line detector.
This method efficiently detects the vessels within the
central reflex. However, it tends fo merge two identical
size of vessels which are closely positioned. To
overcome the drawback, the generalized multi-scale
line detection is proposed by Nguyen et al. [6], which
infroduced the variable length compared to the fixed
length scale. Even though the longer line has the same
disadvantage like the basic line detector but the
shorter line is able to counter the merging by removing
the background noise to improve the segmented
image. Moreover, o encounter the weakness of the
individual line detection, combination method is
infroduced in [6], which combine all line responses at
different scale with the same weight in order to get the
vessel responses. By using the different scales, the
longer length line is able to detect more vessels
response compared to the shorter one. As a result, it
gives a false response to the opftic disc area and also
the pathologies structures. On the other hand, Yanli [7]
also proposed a method to improve the multi-scale
line detection using top-hat fransformation by

replacing the inverted green channel with the
enhanced intensity in the combination method.

The aforementioned methods perform well to detect
the main parts of blood vessel but it does not able to
remove unwanted optic disc. In the refinal image,
optic disc is the brightest area with a circular shaped
[8]. Some simple methods to remove the optic disc
can be found in [9] and [10]. To address the above
problem, an automated segmentation of the retinal
image based on the pre-processing phase approach
merge with the multi-scale detection is proposed.
Firstly, in the pre-processing phase, there are four steps
need to be done to obtain better contrast and non-
optical disc image of vessels. Next, the resultant image
from pre-processing phase will be processed with
multi-scale detection to get the fine vessels. An
overview of the approach is depicted in Figure 1 and
each of the stage is further discussed in next sections.

2.0 EXPERIMENTAL

The two important parts of the proposed algorithm
which are the pre-processing phase and also multi-
scale detection as illustrated in Figure 1. In the pre-
processing phase, there are four steps: (1) the color
conversion, (2) adaptive histogram, (3) homogenized
image and (4) Top-hat transformation. Thereafter, the
multi-scale detection is performed to extract the blood
vessels. The comprehensive explanation of each stage
will be discussed as below.
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Figure 1 Block diagram for the overall proposed system.
2.1 Pre-Processing

Color fundus image is frequently associated with noise,
low confrast and uneven illumination. Thus, the pre-
processing step is required to improve the drawback
of image. Unfortunately, the important data or
information of image might be lost if improper pre-
processing technique is applied. Therefore, in this
proposed algorithm, the original RGB color image is
converted to the intensity channel of the HSI color
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space as shown in Figure 2(a) to distinguish the
shadows and to increase the intensity of the blood
vessel in the color image compare to the RGB color
channel [11]. Besides, HSI model is more robust fo
lighting change as shown in [12]. Intensity channel is
holding an important informatfion required for the
blood vessels detection and the intensity ifself alone is
able fo disassociate from the other two components
which are hue and saturation channels. Referring to
[13], hue channel is not stable for the low saturation
and unreliable for the segmentation fechnique.
Whereas, the intensity channel retains the relevant
information from the red and blue channels since the
intensity channel from HSI color space is defined as the
average from the red, blue and green channel. Other
than that, the intensity component capable to smooth
out and reduce the noise in the image [14].
Subsequently, the resultant image is accomplished
with adaptive histogram intended for the contrast
enhancement as shown in Figure 2(b).

To decrease the influence of the background in
fundus image, the homogenized process is applied as
shown in Figure 2(c). In order fo obtain the
homogenized image, a 3x3 mean filter is convolved
with Gaussian parameters of mxm = 9x9 with mean
u=0, variance o?= 1.82, which is able to reduce the
noise efficiently [15]. Then, a 59x59 filter is applied to
the image to reproduce background image. Finally,
the homogenized image is acquired from the
difference between the Gaussian image and the
background image.

@ (b)

Figure 2 Pre-processed images (a) Intensity of HSI (b) The
result from adaptive histogram (c) Homogenized image (d)
Enhanced vessels image

Furthermore, the morphological operator using
structuring element are applied to enrich the vessel
divergence from the homogenized image. This
morphological erosion operation is done followed by
dilation. It serves as a shape filter by erasing the object
in the image that smaller from the size of the
sfructuring element. In  addition, morphological
opening by linear structuring element oriented at the
specific angle will eliminate a vessel or part of it when
the structuring element cannot be contained within
the vessels. The elimination will success with two
conditions: (1) vessel and the structuring elements
have orthogonal directions and (2) structuring element
is longer than the vessel width. On the other hand, the
detfected vessels will be maintained when the vessel is
parallel with the orientation of the structuring element

[16]. The Top-hat fransformation is expressed as the
following equation:

7 7

Ly =1-(1,87) (1)
Where

image with the | is the image to be processed, 6
represents the angular rotation of the structuring
element and S referring to the structuring elements for
morphological opening. Noted that, by considering
the opening along a class of linear structuring
elements, the sum of Top-hats along each direction
will brighten the vessels. Regardless of the direction the
length of the structuring elements is large enough to
extract the vessels with the widest diameter. The
morphological of Top-hat fransformation is set with a
length of 21 pixels and the rotation of angle at 22.5° for
each set of line structuring elements. This size is
selected due to the diameter range of the widest
vessel of retinal images. Then, the sum of the Top-hat
transformation is evaluated as:

Ig] represents the Top-hat transformed

0
Ith =2 HeAlth )

Where I represents the sum of the fop hat
fransformation implemented with © degrees of the
structuring element. The set A indicated by {x|<x<180,
x mod (22.5) = 0}. So that, the bright retinal area and
the isolated round of the optic disc will be removed
since the diameter is less than the length of the
structuring elements pixels. Hence, the sum of Top-hat
on the filtered image will improve all vessels detection,
involving small and tortuous vessel in any directions.
The final complete pre-processing phase image (lppp)
is presented in Figure 2(d).

2.2 Multi-Scale Detection

The proposed method is originated from the
combination method of mulfi-scale line detection
proposed by Nguyen et al. [é]. The main weakness of
this method is it generates sfrong false vessel
detection, especially in the optic disc region. Thus, the
possibility of detecting incorrect vessel is high. The
combination equation is stated in equation (3):

1
Rcombined = {Z Rv%ﬂr'igc]
it

Where the nv is the number of scales, R\IR/ is the line

responses of the line detector of scale L and W is the
sub-window, and ligc is the inverted green channel
value at the corresponding pixel. The limitation of the
method is demonstrated in Figure 3(a).

Conversely, the proposed method is based on the
merging of the multi-scale line detection and the pre-
processing phase. The end result from the pre-
processing phase is fed into the association method.
The proposed equation is defined in equation (4):
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1
Renhanced = [Z '-*RVITl”igC*' ppp]
TLAL (4)

Where RVI\‘/ is the line responses of the line detector

at eight scales (L=1, 3, 5,7,9, 11, 13 and 15) and n¢ is
the number of scales. In addition, each line response is
set to the different weight according to the length of
the line detection. This different weight will affect the
vessel response due to the less background noise with
shorter line detfection. Meanwhile, lppp is the pre-
processing phase output merges with the ligc at each
the corresponding pixel. This pre-processing phase
produces enhanced input image that provides more
blood vessels information. Then, this pre-processing is
also good in reducing false vessel responses at the
optic disc region. Figure 3 exhibits two samples of each
database: HRF and DRIVE. It clearly shows that the
proposed method is able to reduce the detection of
false posifive in the opfic disc region. Row 1 and row 2
exhibit the healthy and glaucoma cases from HRF
database. Meanwhile, row 3 and row 4 are the tested
and frained images from DRIVE database.

Combination
Method

Proposed Method

MmO IT

m<— 0O

(a)
Figure 3 The visual comparison on freated images for HRF
and DRIVE database (a) Segmented blood vessels images
using combination method by Nguyen et al.’'s method (b)
Segmented using proposed method

3.0 RESULTS AND DISCUSSION

The performance of the proposed algorithm is
evaluated based on two online databases of retinal
images which are High-Resolution Fundus (HRF) [17]
and Digital Retinal Images for Vessel Extraction (DRIVE)
[18]. There are 45 images in HRF database that consists
of healthy, diabetic refinopathy, and glaucoma cases.
The ground fruth images in HRF databases are
produced by three experts in refinal image and the
ophthalmology. Due to the hardware limitation, the
size of images from HRF database will be reduced by
20 percent from the original size, which is from
2336x3504 to 468x701 pixels. While, for DRIVE
database, there are 40 color images divided into two
sets: test set and training set with 20 images of each
set with the size of 584x565 pixels. Similar to the HRF
database, the DRIVE database have three observers
that manually segmented the ground fruth images. In
addition, both databases provided mask images that
represent the field of view (FOV), where the images
are automatically masked with background data is
removed precisely. A total of 85 images were tested o
validate the performance of the proposed algorithm.

Figure 4 displays samples of segmented blood
vessels evaluated on HRF database while Figure 5
shows the segmented image based on DRIVE
database. From both figures, it is clear that the
proposed algorithm proficient in reducing the false
detection in the optic disc region. However, one of the
drawback of the proposed method is the detection of
macula at the fundus image center. The macula can
be clearly observed in Figure 4 at row 1 and Figure 5 at
the same row. Meanwhile, for the quantitative
evaluation, four performance measurements are
selected, which are precision (PPV), specificity (SPC),
accuracy (ACC), and error (E) as shown in Table 1. The
TP, FP, TN and FN represent the frue positive, false
positive, frue negatfive, and false negative,
respectively.

Figure 6 displays the performance comparison
between the proposed algorithm and the
combination method for HRF and DRIVE databases.
For HRF database, the highest performance value in
terms of precision and specificity for the proposed
method are 0.9689 and 0.9989, respectively. However,
the accuracy and error need to be improved. Unlike
HRF database, the proposed system obtained better
performance form DRIVE database. In fact, the DRIVE
database returns better performance measures of the
segmentation oufput where the image occupied from
the database is covered with the high pixel intensity.
The performance measures of fundus images from
DRIVE database produced average precision,
specificity, accuracy, and error values of 0.7541,
0.9739, 0.9510, and 0.0490, respectively.
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Table 1 Performance measures for retinal blood vessels segmentation.

Measure Description

Precision (PPV) TP / (TP + FP)

Specificity (SPC) TN / (FP + TN)

Accuracy (ACC) (TP+TN) / (TP+TN+FP+FN)
Error (E) (FP+FN) / (TP+TN+FP+FN)

Figure 4 An examples of segmented image from HRF database: (a) Input image (b) Nguyen et al.’s method (c) Proposed method
(b) Ground fruth image

(d)
Figure 5 An examples of segmented image from DRIVE database: (a) Input image (b) Nguyen et al.’s method (c) Proposed
method (b) Ground fruth image
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Performance Evaluation
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Figure 6 The performance evaluation for HRF and DRIVE databas

4.0 CONCLUSION

An efficient segmentation of blood vessels with optic
disc removal method has been proposed for the
fundus image. Two well-known publicly available
databases, which are HRF and DRIVE have been
used to validate and verify the performance of the
proposed algorithm. The multi-scale detection and
Top-hat are able to reduce and remove the optic
disc region, which directly improve the vessel
detection performance. The proposed algorithm
successfully provides higher performance measures
for the both databases. However, one of the
restrictions that need to be improved is the false
detection of the macula. Another limitation is the
inclusion of noise in the opfic cup region, due to the
brightness feature which decreases the performance
measures. For future work, the proposed algorithm
will be improved in order to remove the unwanted
macula and optic cup components.
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