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ABSTRACT

This paper suggests method for optical disc localization in retinal images that is more effective and
reliable than other methods. The algorithm starts with new blood vessel enhancement by using Frangii integral
filter .This in turn combined with morphological operators for detection of four main blood vessels oriented
along 0°,45°,90°,135° respectively .All of these vessel are having essential information for initial optic disc
localization ,where we acquire two images that are divided in horizontal or vertical orientations . Every division
is averaged which creates 2D step function and cumulative sum of those fields is done resulting in initial optic
disc localization Final disc localization is done by vessel convergence algorithm. optical disc was localized with
accuracy of 100% with computation time of 8.97 seconds.
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INTRODUCTION

Optical disc is most important retinal parts for detection. Under normal conditions, optical disc
appears to be circular yellowish disk, that is brighter than surroundings .It is region from which retinal veins
and arteries come out and spread, covering retina [1].corresponding changes in shape, color, depth help for
detecting diseases associated with OD for ex: Glaucoma, Neo vascularization on disc and
papilledemal2][3].Also it helps as a reference point for detection of other diseases like Fovea and retinal
vasculature[1],[4]. Many methods are proposed for detecting OD, which are basically divided into two
approaches: Appearance-based and Model based methods [5].Appearance based depends on shape
characters and fact is that OD is brighter region of retinal images. Examples of this approach are given in [6]-
[9].these methods usually fail in presence of diseased signs and poor quality of images.

Model based methods use the information of vessel and based on thing that vessel originate from
OD. This is most effective in presence of images with retinal diseases .Examples of this approach are geometric
model proposed by Foracchia et al [1],in which retinal blood vessels are assumed as two parabolas ,in which
vertex is located in OD position .Fuzzy convergence is voting algorithm developed by Hoover et al[10], in which
originating vessel map convergence point near OD center is determined. Kande et al[11] proposed for
identifying region having most vessel branches ,and further OD localization .Youssif et al[4] and Frank
terHaar[12] proposed for fitting of vascular orientations on directional model ,where OD located where
matching is maximum .Tobin et al[13] proposed for segmenting retinal vasculature and considered several OD
and vessel properties .Mahfouz et al.[5] developed a technique where two projections of certain image
features the encode the X and Y coordinates of the OD are obtained. Lu proposed a circular transformation
designed to capture both the circular shape of the OD and the image variations across the OD boundary [14]
Lu et al also proposed a line operator designed to capture

Circular brightness structures [15] Welfer et al [16] proposed an image adaptive method based on a
vascular structure model using morphological operators to detect the OD region. Abramoff et al[17]used KNN
regression to build a regression model of the OD position.

¢

FIG.1.Arrow Mark Indicating OD
PROPOSED METHOD

This method consists of several steps. In the first step red channel component of each RGB retinal
images is selected because it provides best contrast and the most relevant visual information[20].Resizing of
this image is performed because this method is tested in different data sets and we need to maintain the
coherence of parameters. In the next step a binary mask BW is created based on the method proposed by
Haar [12].A threshold is applied red channel component followed by morphological operations .Only the BW
white pixels are consider for further calculations .A new vessel enhancement is proposed.

Vessel Enhancement
It is a technique to improve visualization of images. For this vessel enhancement we use Frangii filter.
Frangii et al [4].proposed a multi-scale vessel technique for assigning values from 0 to 1 to each point of an

image .This assigned value reflects the confidence of a point being inside a vessel. In 3D images,for a single
scale 7s,a response at a point x is calculated as
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Where 4;s are eigen values of Hessian matrix H(x), B; =|4:)/|4z],/; = |4,4]

S= (f\.il1 + .1:: + .1:!), o,[3,c are constant normalization factors .For 2D Images it can be developed as
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Where Ry = |4,]/|4;]and S = (347 + 23)

We use frangi‘s vessel enhancement due to its good performance .Frangi’s method is similar to the
concept of normalized derivatives proposed by Lindeberg to deal with multi scale normalization[23].

(a) (b)

©) (d)

FIG.2.Vessel Enhancement Examples. (a) Retinal image. (b) Result of the proposed Vessel Enhancement V.(c) Result of
proposed Weighted Vessel Enhancement.(d) Result of Vessel Enhancement proposed by Frangi.

Four Main Vessels orientation

The retinal blood vessels originate from optic disc vertically and spreadout horizontally[5].Even
though other regions in the retina are having vertical vessels they are thinner than vessels around the OD. In
between the horizontal and vertical directions vessels are mainly oblique(approximately 45°and
135°)[4].Morphological operators help for determining the four main blood vessel orientations
a={0°,45°,90°,135°} [25].The morphological opening of T by a line structuring element S with an angle & and a
length I, can be defined as

¥ = T*sf

The orientation vessel enhancement in the a orientation is defined as the summation of the maxima
obtained for each | value ,with

5
oS o)
k=1 ve

For each a={0°,45°,90°,135°},the following £ values are used specifically:
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¥¥. 8 ={0°15°,30° 45°,135°,150°, 165°}
¥*¥, 6 = {30°,40°,50°, 60°)

¥*¥, 6 = {45°,60°,75°, 90°, 105°, 120°, 135°)
¥B,6 = {120°,130%,140°,150°}

Therefore by defining minimum length values of these five pixels, we can avoid lesions.

FIG. 3.Four Main Vessels Orientations for the single retinal image (a)¥" (b)¥** (c)¥™" and (d)¥***".

Initial OD Detection:

Orientation vessel enhancement functions ¥® will provide all essential information for determining
initial OD detection designated by (sz?—’; ).For calculating these horizontal and vertical coordinates are found
out separately. For finding out these two functions are created by equations:

fi =_,},n= _ ?,w _
£ o=yt

Even though vessels emerging from OD have vertical orientation, they can exhibit certain variation.
This situation arises when vessels branch out horizontally also. In order to improve reliability we need to
consider horizontal and vertical orientations along with oblique orientations. The difference as shown above
help in determination of horizontal coordinatep, whereas for determining vertical coordinate By we use
vertical and oblique orientations. The function £ Cx, ¥Iwith domain [1,N]®[1,M],where N,M are respectively
number of rows and columns is d-times subdivided in vertical direction, creating 7 (i=1,...,d+1),equally disjoint
regions. Following a 2-D step function Gﬁ(ﬁ] is defined as

d+1
EE‘u:’:'_r ST f ':JCJ _‘,l.-‘:]
d _ (X JIE(rnFW J1
G’L{.ﬁ_:] - U b E‘F’::I._'I.':'Er'l:gl't"

i=1

Where BW is binary mask, d is the number of divisions and U indicates vertical, indicates orientation
of divisions.Bf (£, ) performs average of fi (x.¥) at each vertical region .

Values & £ are respectively maximum and minimum number of divisions. For suppressing abrupt
changes from cumulative sum fields Gaussian filters are used.

Next f; (x,¥) is subdivided and cumulative sum fields of corresponding 2-D step functions @f (£} is
done with following equation
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In large number of retinal images, (p,.p, ) determines correct localization of OD, but in few cases it
may be slightly outside OD region. Previously described approach is having few similarities followed by
Mahfouz et al [5].In this method we are using different vessel detector and using vessels oblique orientations.

FIG.4.Computation of the verticalfield @(f1)
Final Localization of OD:

This is final step of OD localization. For achieving this technique based on two features was
developed: high convergence of vessels and high intensity values. Firstly, vessel convergence regions are
defined. Maximum point of intensity inside convergence regions, indicated as (c,.c,) is calculated in that
regionand maximum intensity point is located as (&,. E:}.j is calculated.Our main aim is that to lead initial OD
localization (px_p}.) to nearby localization of higher vessel convergence (c,. .::'_,_.) and higher intensity(h,. .EJ_,_.).To
evaluate orientation at every pixel, a structure tensor is used referred by van Vliet et al [26] and Breu et
al[27].This yields good characterization of orientations and neighborhoods .Final OD position is found by
averaging (2y. py ), (€. €,), by, by)[1].

RESULTS
The MATLAB algorithm of this method was implemented. The OD localization accuracy of 99.17% was

obtained for the retinal images with a computation time of 8.97 seconds and OD center error is reduced to
7.18 pixels

May - June 2017 RJPBCS 8(3) Page No. 1004



aCS

ISSN: 0975-8585

Imag | Fora | You | Wel | Ho Mah | Yu Lu Lu Haa | Aqu | Lo Tob | Rama | Abra | Soa | Our

e cchia | ssif | fer ove | fouz | [2] [15] | [24] | r ino | wel | in kanth | moff | res met

para [1] [4] [16] | r [5] [12] | [36] | | [13] | [18] [17] hod

me— [10] [37

ters ]

Time | 2 3.5 78 | 4 0.65 | 4.7 nr 5s Nr 1.6 Nr Nr 0.2s 30s 18. 8.97
min min | 9s min | s s 7s 34s | s

oD nr 23 Nr 29 nr nr nr Nr Nr nr Nr Nr nr 9.75 26. 7.18

Cent pix pix pix 52 pix

er pix

Error

Accu | 975 | 99. | 98. | 8. |[97.0 [99. |97. |99. |97. |98 |99 |80 |99.03 [99.9 |99. |99.1

racy 3% 17 45 89 6% 08 04 50 79 83 % 80 % 0% 15 7%

% % % % % % % % % %

nr- Not reported TABLE SHOWING: Optic Disc Localization Methods Comparison

IMAGES ALONG WITH THEIR OPTIC DISCS:

i ¢ w—

REFERENCES

[1] Optic Disc Localization In Retinal Images Based On Cumulative Sum Fields By Ivossoares, Miguel
Castelo-Branco, and Antonio M.G. Pinheiro, Member, |IEEE Journal of Biomedical And Health
Informatics. Vol. 20,No. 2,March 2016

[2] M.Foracchia, E.Grisan, and A.Ruggeri,“Detection of optic disc in retinal images by means of a
geometrical model of vessel structure,”IEEETrans. Med. Imag., vol. 23, no. 10, pp. 1189-1195,
Oct.2004.

May - June 2017 RJPBCS 8(3) Page No. 1005




(3]

(4]
(5]

(6]
(7]

(8]

(9]

(10]

(11]
(12]
(13]

(14]

(15]
(16]

(17]

(18]
(19]
[20]
[21]
[22]
(23]
[24]

[25]

ISSN: 0975-8585

H. Yu, E. Barriga, C. Agurto, S. Echegaray, M. Pattichis, W. Bauman, and P. Soliz, “Fast localization and
segmentation of optic disk in retinal images using directional matched filtering and level sets,” IEEE
Trans. Inform. Technol. Biomed., vol. 16, no. 4, pp. 644—657,Jul.2012.

H. Li and O. Chutatape, “A model-based approach for automated feature extraction in fundus
images,” in Proc. IEEE 9th Int. Conf. Comput. Vis., 2003, vol. 1, pp. 394—399.

A.-H. A.-R. Youssif, A. Ghalwash, and A. A.-R.Ghoneim, “Optic disc detection from normalized digital
fundus images by means of a vessels’ direction matched filter,” IEEE Trans. Med. Imag., vol. 27, no. 1,
pp. 11-18, Jan. 2008.

A. Mahfouz and A. Fahmy, “Fast localization of the optic disc using projection of image features,” IEEE
Trans. Image Process., vol. 19, no. 12, pp. 3285-3289, Dec. 2010.

T.Walter, J.-C.Klein, P.Massin, and A.Erginay, “A contribution of image processing to the diagnosis of
diabetic retinopathy-detection of exudates in color fundus images of the human retina,” IEEE Trans.
Med. Imag.,vol. 21, no. 10, pp. 1236-1243,0ct.2002.

M. Goldbaum, S. Moezzi, A. Taylor, S. Chatterjee, J. Boyd, E. Hunter, and R. Jain, “Automated
diagnosis and image understanding with object extraction, object classification, and inferencing in
retinal images,” in Proc. Int. Conf. Image Process., vol.3,1996,pp.695-698.

M. Lalonde, M. Beaulieu, and L. Gagnon, “Fast and robust optic disc detection using pyramidal
decomposition and Hausdorff-based template matching,” IEEE Trans. Med. Imag., vol. 20, no. 11, pp.
1193-1200, Nov. 2001.

C. Sinthanayothin, J. F. Boyce, H. L. Cook, and T. H. Williamson, “Automated localisation of the optic
disc, fovea, and retinal blood vessels from digital colour fundus images,” Brit. J. Ophthalmol., vol. 83,
pp.902

A.Hoover and M.Goldbaum, “Locating the optic nerve in a retinal image using the fuzzy convergence
of the blood vessels,” IEEE Trans. Med. Imag., vol. 22, no. 8, pp. 951-958,Aug.2003.

G. B. Kande, P. V. Subbaiah, and T. S. Savithri, “Feature extraction in digital fundus images,” J. Med.
Biological Eng., vol. 9, no. 3, pp122-130,2009.

F. terHaar, “Automatic localization of the optic disc in digital colour images of the human retina,” M.S.
thesis, Utrecht Univ., Utrecht,TheNetherlands,2005

K. W. Tobin, Jr., E. Chaum, V. P. Govindasamy, T. P. Karnowski, and O. Sezer.(2006). Characterization
of the optic disc in retinal imagery using a probabilistic approach. Proc. SPIE., 6144, pp. 61 443F-61
443F-10.[Online]. Available:http://dx.doi.org/10.1117/12.641670

S. Lu, “Accurate and efficient optic disc detection and segmentation by a circular transformation,”
IEEE Trans. Med. Imag., vol. 30, no. 12, pp. 2126-2133, Dec. 2011.

S. Lu and J.-H.Lim, “Automatic optic disc detection from retinal images by a line operator,” IEEE Trans.
Biomed. Eng., vol. 58, no. 1, pp. 88-94, Jan. 2011.

D. Welfer, J. Scharcanski, C. M. Kitamura, M. M. D. Pizzol, L. W. B. Ludwig, and D. R. Marinho,
“Segmentation of the optic disk in color eye fundus images using an adaptive morphological
approach,” Comput. Biol. Med., vol. 40, no. 2, pp. 124-137, 2010.

M. Niemeijer, M. D. Abrmoff, and B. van Ginneken, “Fast detection of the optic disc and fovea in color
fundus photographs,” Med. Image Anal., vol. 13, no. 6, pp. 859-870, 2009.

S. A. Ramakanth and R. V. Babu, “Approximate nearest neighbour field based optic disk detection,”
Comput. Med. Imaging Graph., vol. 38, no. 1, pp. 49-56, 2014.

S. A. Ramakanth and R. V. Babu, “Featurematch: A general ANNF estimation technique and its
applications,” IEEE Trans. Image Process., vol. 23, no. 5, pp. 2193—-2205, May2014.

R. J. Winder, P. J. Morrow, and E. A. McRitchie, “Algorithms for digital image processing in diabetic
retinopathy,” Comput. Med. Imag. Graph., vol. 33, no. 8, pp. 608-622,2009.

M. Sofka and C. Stewart, “Retinal vessel centerline extraction using multiscale matched filters,
confidence and edge measures,” IEEE Trans. Med. Imag., vol. 25,no0. 12, pp. 1531-1546, Dec. 2006.
R.F.Frangi,W.J.Niessen,K.L.Vincken,andM.A.Viergever,MultiscaleVesselEnhancement Filtering. New
York, NY, USA: Springer-Verlag,1998,pp.130-137.

C. Kondermann, D. Kondermann, and M. Yan, “Blood vessel classification into arteries and veins in
retinal images,” Proc. SPIE, vol. 6512, pp. 651247-1 651247-9, 2007.

H.Wangand M.Brady, “Real Time corner detection Igorithm formotion estimation,” Image Vision
Comput., vol. 13, n0.9,pp.695-703,1995.

May - June 2017 RJPBCS 8(3) Page No. 1006


http://dx.doi.org/10.1117/12.641670

(26]

(27]
(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

SBES
£
&
[ =

A.MendoncandA.Campilho,“Segmentationofretinalbloodvesselsby combining the detection of center
lines and morphological reconstruction,” IEEE Trans. Med. Imag., vol. 25, no. 9, pp. 1200-
1213,Sep2006.

L. van Vliet and F. G. A. Faas, “Multi-orientation analysis by decomposing the structure tensor and
clustering,” in Proc. 18th Int. Conf. Pattern Recog.., 2006, vol. 3, pp.856—860.

M.Breu, B.Burgeth, and J.Weickert, “Anisotropic continuous-scale morphology,” in Proc. Pattern
Recog. Image Anal., 2007, vol.4478,pp.515-522.

P. D. Kovesi, “MATLAB and Octave functions for computer vision and image processing, "Centre for
Exploration Targeting, School of Earth and Environment, The University of Western Australia. (2000).
[Online].Available: http://www.csse.uwa.edu.au/~pk/research/matlabfns/

H. Farid and E. Simoncelli, “Differentiation of discrete multidimensional signals,” IEEE Trans. Image
Process., vol. 13, no.4,pp.496-508,Apr.2004.

J.Staal, M.Abramoff, M.Niemeijer, M.Viergever, and B.vanGinneken, “Ridge-based vessel
segmentation in color images of the retina,” IEEE Trans. Med. Imag., vol. 23,no0. 4, pp. 501-509, Apr.
2004.

V. Kalesnykiene, J.-K.Kamarainen, L. Lensu, |. Sorri, H. Uusitalo, H. K"alvi"ainen, and J. Pietil"a,
“Diaretdb0: Evaluation database and methodology for diabetic retinopathy algorithms,”
Lappeenranta Univ. Technol., Lappeenranta, Finland, Tech. Rep., 2006.

V. Kalesnykiene, J.-K.Kamarainen, R. Voutilainen, H. Uusitalo, H. K"alvi"ainen, and J. Pietil"a,
“Diaretdb1 diabetic retinopathy database and evaluation protocol,” in Proc. Brit. Mach. Vis. Conf., pp.
61-65, 2007.

M. Niemeijer, B. van Ginneken, M. Cree, A. Mizutani, G. Quellec, C. Sanchez, B. Zhang, R. Hornero, M.
Lamard, C. Muramatsu, X. Wu, G.Cazuguel, J.You, A.Mayo, Q.Li, Y.Hatanaka, B.Cochener,C.Roux, F.
Karray, M. Garcia, H. Fujita, and M. Abramoff, “Retinopathy online challenge:Automatic detection of
Microaneurysms in digital color fundus photographs,” IEEE Trans. Med. Imag., vol. 29,n0.1,pp.185-
195,Jan.2010.

E. Decencire, G. Cazuguel, X. Zhang, G. Thibault, J.-C. Klein, F. Meyer, B. Marcotegui, G. Quellec, M.
Lamard, R. Danno, D. Elie, P. Massin, Z. Viktor, A. Erginay, B. La, and A. Chabouis, “Teleophta: Machine
learning and image processing methods for teleophthalmology,” IRBM, vol. 34, no. 2, pp. 196-203,
2013.

J. Odstrcilik, R. Kolar, A. Budai, J. Hornegger, J. Jan, J. Gazarek, T. Kubena, P. Cernosek, O. Svoboda,
and E. Angelopoulou, “Retinal vessel segmentation by improved matched filtering: Evaluation on a
new high-resolution fundus image database,” IET Image Process., vol. 7, no. 4, pp. 373—-383, Jun.2013.
A. Aquino, M. E. Gegundez, and D. Marin, “Automated optic disc detection in retinal images of
patients with diabetic retinopathy and risk of macular edema,” Int. J. Biol. Life Sci., vol. 8, no. 11, p.
87, 2010.

J. Lowell, A. Hunter, D. Steel, A. Basu, R. Ryder, E. Fletcher, and L. Kennedy, “Optic nerve head
segmentation,” IEEE Trans. Med. Imag. , vol. 23, no. 2, pp. 256264, Feb. 2004.

ISSN: 0975-8585

May - June 2017 RJPBCS 8(3) Page No. 1007



