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Abstract—In this paper a novel technique on automated optical
disk (OD) segmentation is proposed. The proposed OD algorithm
depends on morphological based algorithm. This technique is
assessed on openly accessible standard data sets DRIONS. The
average accuracy rate of proposed segmented technique is 97.6%
on DRIONS database. The proposed algorithm achieved Average
Sensitivity, Average Specificity and Average Overlap of 93.1%,
98.4% and 86.3% respectively on DRIONS data sets. Test results
shows the algorithm is superior with comparable execution time
over existing OD algorithms. Further, the algorithm has been
implemented in System-on-chip (Zync-7000) Kit.

Index Terms—Diabetic Retinopathy, Morphological Operation,
Optic disk, Retinal image.

[. INTRODUCTION

Diabetic retinopathy is a conventional retinal problem re-
lated with diabetes. Typical retinal pictures comprises of fovea,
blood vessels and optical disk (OD). The blood vessels of
the retina start from OD. The features like location, size and
appearance of OD can determine some of the retinal disorders.
So, there is a need to determine the features to diagnose the
retinal disorders. Further, lesions and OD appears to be bright
in color, and there could be a chance of classification. There-
fore, OD segmentation plays an crucial role for identifying the
diseases like Glaucoma and diabetic retinopathy. In addition
to it, OD segmentation also assist in computing extra features
like macula and fovea.

There are numerous techniques suggested for confinement
of optical disk in retinal pictures. The OD identification tech-
nique suggested by [1], uses vessel back-tracking mechanism
to their starting point. The technique is absolutely probably
the most secure method for confining the OD, however it is
intensely dependent on correct vessel recognition. A subimage
is utilized to compute the intensity variation of near by pixels
and the point with highest intensity variation is considered
as OD center [2]. But, this method fails when there is huge
number of dominant vessels and white lesions. The OD is
localized by utilizing pyramidal decomposition and Hausdorff
based template correlative algorithm [3].

Sobel operators and Hough transform is proposed for de-
tecting the outer ring of OD and its center respectively in [4].
By using this technique, 90% progress rate was achieved espe-
cially for DRIVE dataset. A strategy dependent on connected

Gnane Swarnadh Satapathi
A ] Institute of Engineering and Technology
Mangalore, India 575 006
Email: gnaneswarnadhsatapathi@ajiet.edu.in

Mosa Satya Anuradha
Andhra University

component analysis and iterative thresholding is suggested to
distinguish the estimated focal point of the OD [5]. Iterative
technique is used to determine the boundary of OD, but the
iteration loop has to be continued until its optimal. Disk-shape
of OD is computed using morphological operations and Hough
transform in [6], [7], [8]. A new technique is suggested to
calculate the boundary of OD by detecting the vessels in [9].
Vasculature OD properties and Bayesian classifier is utilized
to discover the OD in retinal pictures is prposed in [10].

Active contours and morphological operations are employed
to track the OD is suggested in [11], [14]. The OD region
and boundary is detected by using modified variance image
algorithm in [12], [13]. Watershed algorithm and local grey
level variation algorithm is used to detect boundary and
center of OD respectively. Iterative thresholding, roundness
and Hough transform is used to detect the boundary and center
of OD in [7]. The best disk shape of OD is detected by using
regression based algorithm and texture descriptors [15]. Color
morphology is utilized to separate the blood vessels from
OD and maximum variance algorithm is used to compute the
center of OD in [16]. Morphological operators are suggested to
detect the OD boundary in [17], [18], [19]. The majority of the
techniques ([20], [21], [22], [23], [24]) in the writing distin-
guishes just focus on the OD. Practically all OD identification
and division techniques in writing depended on preprocessing
and huge number of calculations. Thus computational intricacy
is high. Moreover, the techniques proposed in literature didn’t
propose the execution feasibility of algorithm in hardware. In
this paper, morphological operation based automated optical
disk detection with low computational complexity and less
execution time is proposed. Further, the proposed algorithm
is written in MATLAB and converted into VHDL code using
HDL converter and executed in Xilinx Zyng-7000 SOC kit.

The paper is coordinated as follows: Proposed technique
is explained in Section II. Simulation results and detailed
discussion are introduced in Section III. Section IV depicts
conclusion.

II. PROPOSED APPROACH

The proposed approach of automated optical disk segmen-
tation is divided into three subsections

e Pre-processing

o Localization of optical disk center
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« Segmentation of optical disk
A. Pre-processing

Preprocessing and removal of blood vessels perform an
important task in localization and segmentation of optical disk
(OD). The optical disk consists of bright intensity pixels in red
channel as well as green channel of the retinal fundus image.
However, the green channel of the fundus image has highest
contrast when compared to blue and red channel of the image.
Hence, green channel is selected for segmenting the optical
disk. To further increase the contrast of green channel image,
adaptive histogram equalization is performed [25].

The intensity values of both optical disk and lesions are
identical. Due to this uncertainty, there will be difficulty while
classifying lesion, OD region and vice versa. The only differ-
ence between lesion and OD region is the pixel size. So, mean
filtering is applied to the histogram equalized green fundus
image to remove the lesion. The mean filter will eliminate the
pixel values which are different from their surrounding pixels.
A kernel of size 3 x 3 is considered and is convoluted with
the input image so as to remove lesion. The filtered image
(Pltery is given as

Filter = 1y, @ K M

where, Iy, = adaptive histogram equalized green fundus
image and K is kernel, which is depicted as
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The filtered image (/%*") is ready either for localizing
the optic disk center otherwise for segmenting optic disk
boundary.
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B. Localization of OD center

The output of mean filtering is a blurred image where
white intensity regions can be seen evidently. All the intensity
pixels of filtered image are arranged in declined order. The
first intensity value is considered as the maximum intensity

value (I97) and is utilized as a reference point. The mean
value (I'"e"”) is computed by employing the mean function
on surroundlng pixels of the reference value (/™). If the

surrounding pixel size is considered as S X T, then the mean
value is given as

s

2, 9

mean

= X—=y
where, S, T are number of fows and &timns respective@f),
pxy is the pixel value.

The segmented binary image is obtained by ;f is obtained
by thresholding the mean filtered image (Lf””e’) which is
given as
1 iftfiky = [msap (4)

I =
Ry 0 otherwise

The binary image /7 Jmight comprise of one or more con-
nected components (C°) which is given as

I, =U¥ca ccn C? = 0;Yoaeb;c  d ®)

where, b = 1, 2, 3, . .., a represents the number of connected
components in binary image, ChC? = O states that two
connected regions are not overlapped each other; 2¥°¢?
represents that there are a regions in binary imagg f Y c.a€b
represents that both the regions ¢ and d of )[’i belongs to b,
¢ = d represents that, ¢ and d are dissimilar region.

The circular shaped component in C* is considered as
optical disc region and this component has the wide number
of connected pixels. The circular shaped component is located
by calculating compactness feature [26] and is given as
4nN (C9)

a?(ca)
where, a represents number of connected components, C°
indicates a'" connected component, C(C?) represents the
compactness feature of g connected componentpy shows
the number of pixels lies in @ region and a(C°) represents
the number of pixels surrounding C°.

The values of compactness are organized in decreasing order
and the first value (largest value) of component will be the

optical disk position of the fundus image. The centroid of the
largest connected component is computed and is designated

aoc) = (6)

as center of the optical disk.

C. Optical Disk Segmentation

After applying mean filter to the adaptive histogram equal-
ized image, the blood vessels are removed. But, there might be
bright small lesions along with boundary and these are elimi-
nated by performing morphological operation. Morphological
disk erosion and dilation operations are performed on the mean
filtered image. The radius of the structuring disk element are
evaluated experimentally. Better results were obtained if the
radius size is almost equal to half of factual size of the optic
disk. The erosion operation narrows the bright components by
eliminating the boundary pixels. The entire boundary pixels
are removed after performing dilation operation. The equations
for erosion and dilation is given as

ero _ . ilter 1
lx,y = MiNm, pes x—m,y—n+ Sm,n (7
19" = max, nes2 1°7° +52 ®)
Xy X—m,y—n m,n

where, 7°, |9l represents eroded and dilated image respec-
Xy _ Xy
tively; S, S? represents disk structuring element of erosion

ilationge ectl

seon RTo ISR v ecsusa et i
and smoothing the edges, median filter is applied. Any small
bright regions can be further removed by using thresholding
technique. Sobel edge detection technique is applied to the
thresholded image for attaining boundary of the optical disk.
The boundary of optical disk is now superimposed on original
image of fundus component so as to check the accuracy.
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Fig. 1: Proposed Optical Disk Segmentation Algorithm

[II. EXPERIMENTAL RESULTS AND DISCUSSION

The performance of the proposed technique is computed
on benchmark DRIONS retinal image database [31]. The
DRIONS database comprises of 110 images with size and
Field of View (FOV) of 4005600 pixels and 50 respectively.
The images were obtained with color analogical fundus camera
by centering the head of optic nerve. Further, the images were
digitized by employing a HP-PhotoSmart-S20 high-resolution
scanner with quantization level of 8 bits/pixel.

The segmentation and preprocessing code of optical disk
is written in MATLAB associated with test bench. The pre-
processing subsection is performed in test bench and the
mean filtered output is sent to the MATLAB function in the
form of pixel stream. The MATLAB coder converts the pixel
values into fixed precision floating point format as per the
requirement of hardware. Further, the HDL coder converts the
MATLAB function into VHDL code. Once the HDL code is
synthesized, a bit file is generated and is dumped into the SOC
kit (Xilinx Zynq®-7000). All the operations necessary for
performing morphological dilation, erosion, median filtering
and edge detection are managed by HDL coder itself.

Average sensitivity, average accuracy, average predicted
value, average specificity, average overlap and average compu-
tation time are the metrics considered to examine the perfor-
mance of the proposed technique. The metrics are illustrated

as
TP

Sensitivity = —
TP + FN

&)
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TP

PredictedV alue = ——— (10)
TP + FP
specificity = __TN (11)
TN + FN
A TP + TN 12
ccuracy =
uracy Total number of images in database (12)
area (A N B)
Overlap = area(AN B (13)
area (A U B)

where TP, TN, FP and FN are true positive, true negative,
false positive and false negative pixels respectively. Parameters
A and B corresponds to manually acquired optic disk and
proposed algorithm calculated optic disk region respectively.

Figure 2 exhibits the result of suggested technique. Figure
2b is the green channel component of the original input
image (Figure 2a). To increase the contrast of green chan-
nel component, adaptive histogram equalization is performed
whose result is depicted in Figure 2c. Lesions are removed by
applying average filter and the output of mean filter image is
portrayed in Figure 2d. Further, lesions are removed by using
morphological operations and the result is illustrated in Figure
2f. The boundary of the optical disk is computed by using
Sobel edge detector (Figure 2g). The center of optical disk
is shown in Figure 2e. Eventually, the boundary and center
of optical disk is superimposed on the original input image
which is illustrated in Figure 2h.

The comparative study for detecting optical disk of proposed
algorithm with available methods is illustrated in Table I.
The proposed method has comparable accuracy with existing
algorithms [20], [27], [28], [29], [30] and has 2.16% percent
high accuracy when compared to [21]. Further, the average
sensitivity of the suggested technique is 0.7% and 9% high
when compared to [30] and [21] respectively. Similarly, the
average overlap is 5.2%, 2.37%, 5.1% and 1.49% higher when
compared to [20], [27], [30], [21] respectively. The average
computation time is 60.3% and 71.4% less when compared to
[20] and [21] respectively. The previous studies ignored the
average predicted value and found to be 91.5%. The average
predicted values gives the information about exact boundaries
that is identified. Table II shows the HDL utilization report for
detecting optical disk. The results suggest that the proposed
technique has approximated outputs when compared to state-
of-art optical disk segmentation algorithms except [30]. But,
there lies difficulty (in terms of computation complexity) while
applying the circular hough transform in real time hardware.
So, the proposed technique can be employed for automated
optical disk segmentation for retinal images.

IV. CONCLUSION AND FUTURE WORK

In this paper a novel technique on automated optical disk
(OD) segmentation is introduced. The proposed OD algorithm
depends on morphological based technique and this algorithm
is assessed on openly accessible standard data sets DRIONS.
The average accuracy rate of proposed segmented technique
is 97.6% on DRIONS database. The proposed algorithm
achieved Average Sensitivity, Average Specificity and Average



TABLE I: Comparison of performance metrics for proposed algorithm with state-of-art optical disk segmentation techniques

Method Average Accuracy Average Average Average Average Overlap Average
Sensitivity Specificity Predictive Value Computation
Time (in sec)
Rehman et al. [20] 0.9930 0.9480 0.9940 - 0.8210 31.10
Fan et al. [27] 0.9760 - - 0.8473 -
Zahoor et al. [28] 0.9986 0.9384 0.9994 - 0.8862 1.60
Morales et al. [29] 0.9934 - - - -
Ramani et al. [30] 0.9937 0.9249 0.9959 - 0.8217 141
Abdullah et al.[21] 0.9549 0.8508 0.9966 - 0.8510 43.20
Proposed Method 0.976 0.931 0.984 0.915 0.8637 12.33

(a) Input Image

(d) Average Filtered image

(b) Green Channel

(e) Center of Optical Disk

(c) Adaptive Histogram Equalized Im-

age

(f) Image after morphological operation

(g) Sobel Edge deteor

(h) Optical Disk superimposed with OD
center on Original Image

Fig. 2: Optic Disk Segmentation

TABLE II: HDL Resource Utilization Report

Hardware Summary  Count
Multipliers 162
Adders/ Subtractors 246
Registers 711
Total 1 bit Registers 4661
RAMS 6
Multiplexers 307
/O Bits 52
Shifters 1

Overlap of 93.1%, 98.4% and 86.3% respectively on DRIONS
data sets. Test results show the superior performance with
comparable execution time over existing OD algorithms. Fur-
ther, the algorithm has been implemented in System-on-chip
(Zync-7000) kit. In future, the algorithm has to be tested on
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more datasets like DRIVE, DIRATEDBO and DIRATEDBI.
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