lt [ #:

mﬁ{m nw~ 8 Mmmiﬂ mm

‘-r--.,'! H
» L !

; o ‘1,}! Py !:

v IR ok '_,. ( S : Lty ‘!‘::ﬂ,‘l ‘\\, 5 } -,‘_-:_:IJ. ::,‘- Al r
: ; ( OFF 0“”’”@ ﬂ}li“‘(g EN ﬁ\‘ilg., , ﬂNAl“ ]MA(J j ﬂ"\ﬂﬂ 'fr) (D"\J Fi}f}l i\ ‘; il
e 7{' 0N OF CIRGULAR. 355 @E{ N‘Eat‘. HOUGH WAN@“;:@:M o

\ ‘ :::‘.1
‘ m‘;\m\wmﬂ ‘ bl
‘I | i 84‘5 &.’11 IJ‘ ] .-{-’.') \ Lo e ‘.i' ‘\‘. «“‘ i ‘

s, Jx"rummmwmwm R MR nz;m mwm}qmwaﬁ*ﬁﬂ"aenmm fman ) *Lwﬁﬁf'?}}- |
I f il -1.‘&' e ﬁ "{ 4 iy S

{ i el , mq' *wmmum mmmwnww, (it

R R R s Al e

N ﬂm%w‘m%ﬂm

L L, mnlm aamllnfimwwmm nm‘m%wmmmn L

A G
ilf'-; '::Jl i ., [.



dlnmomyanan nszeoundiaiAnizii

o 1 a a b }'%
msszydumisvesesindanlummeetszamaingldmsdum

¢
vaumwithanaumematinaumsunes

LOCATING OF OPTIC DISC IN RETINAL IMAGES BASED ON EDGE

DETECTION OF CIRCULAR SHAPE USING HOUGH TRANSFORM

¢
SUNAA  lrovus

THANAPONG CHAICHANA

BOUNY.c.oorrssesresesssmsrssessssesss
o)

mm-w:mﬁm:.....9.?...9.@.2....

Fudoudl.. 0. 4.0..2552

a =Y g . o ] 3 ar = ar =
mmuwuﬁﬁsﬂuﬁ’mﬂﬁwmmsﬁnymm‘ﬁanqmﬂ?qgm"nmnssuﬂmmumuwmn
NUIIBIANNITOHNTTINSUNNG
YUNAINDY

7 = v v a
aoumalulagnszoemna ud I UNHITMIAN5 L1
.9.2551

KMITL-2008-EN-M-045-414


CLP10
Textbox

CLP10
Textbox


LOCATING OF OPTIC DISC IN RETINAL IMAGES BASED ON EDGE
DETECTION OF CIRCULAR SHAPE USING HOUGH TRANSFORM

THANAPONG CHAICHANA

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN BIOMEDICAL ELECTRONICS
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2008

KMITL-2008-EN-M-045-415



COPYRIGHT 2008
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



b

v a = d ° v a a d ¥
WeInuiinus msseydumiveseendnaan lunmeedszama lauld

msfumveunmgnsinaudismaineumsulesy

HUNANY M 5.9, BUNIA Tsorus

swadszdnn 49061403

Yy IINTIUANAATUH I UNA
a ad a o 4

V1IN DANNIBUNATINTUNNY

R 2551

a a ¢ @ o a
o1sogaIuIneiinus  saas.nia daasdal

b 1
unnage

a Y (dv ° ao ° ' a a o

Invrinusihinausdsmsssydumuvesserdnaan nwlunimeodszaman
an d’ 3 1 o o oo o
FEmsildmsAumvounniaguosniweetszama Taveondnaanvzgniszinaniiugl

¥ - 4’1’ = a a J 3 a s & o ¥

2nau 1519zAUMUTNURYNveseerdnadn lavlamata @umsuoiugaiimIaum
duasmmoduniidnvazlndifssdugienay uasiduasananivezgniszmanuthudu

9 " a a L4 o Y '
2nay Aumiveseerdnaanzgnszyiuyagudnalsvesiduisnan nisysziiua

' ¥
Uszaninmveaiimsminauoiu Tavldimsnageudunimoetszamaiuau 40 nw
1IN3UYBYA DRIVE Ysznoudaunmaodssamaniiquning 33 nw uaznmeelseam
" ¥ "

aiiiluTsa 7 nw wamsszydumiseenAnAangndoa 39 NN 1INVINNA 40 1IN ITNITH
° = a oa - ¢ d o ° ] < 4
iaueldszansamaniiiu 97.5 nlesigud nanmsnaassiizamnsmi 199 wiins e

o a J o - oo o
Tsannavunueadanaas moluseillszaman



Thesis Title Locating Optic Disc in Retinal Images Based on Edge Detection

of Circular Shape Using Hough Transform

Student Acting sub It. Thanapong Chaichana

Student ID. 49061403

Degree Master of Engineering

Program Biomedical Electronics Engineering

\.’ear 2008

Thesis Advisor Assoc. Prof. Dr. Manas Sangworasil
ABSTRACT

This thesis presents a novel method for identification of the position of the optic disc in
retinal images. The method is based on the preliminary detection of the main edge detection of
retinal image. The segmentation optic disc is estimated as a circular area. We searched for areas of
optic disc by Hough transform which detected several straight lines and approximated them as a
circular line. The position of optic disc was identified as the center of the circle. An evaluation of
the proposed procedure was performed using a set of 40 images from the DRIVE database,
containing images from both healthy (33) and diseased (7) subjects. The optic disc position was
correctly identified in 39 out of 40 images and the efficiency was 97.5 percent. The results

illustrate that the proposed method can be used for pathological analysis of retinal images.
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4.2.1 mmur‘t’q;tymmmu (Remove noise)
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4.2.3 MIAIUIUNIA Non-maxima suppression
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(Xod-y Yod*+X)
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x=n*cosB| rod
(xod-Y,Yod-X) . (Xod+y yod*x)
' (Xod,\/od) ;
(Xxod+x yod-Y) (
Xod*X Yod+y)

(Xod+y Yod=X)
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True positions identified "

Performance = -
Total images

100 (6.1)
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True positions identified  (Hudwmisiiszygndeaveanin
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Algorithms Performance (%)

Hoover [11] 89.00
Foracchia [12] 97.50

Our Method 97.50
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Images | r | (X,,Y,,) | Identification Images ry | (X,4»Y,) | Identification
01 testtif | 38 (90,263) True 21 _training.tif | 40 (80,260) True
02_testtif | 48 | (463.275) True 22 trainingtif | 35 | (470,268) True
03 test.tif | 50 (75,280) Fault 23 trainingtif | 38 | (435,230) True
04 test.tif | 48 (353,278) True 24 training.tif | 38 (475,290) True
05 test.tif | 40 (90,260) True 25 training.tif | 45 | (465,270) True
06 test.tif | 40 | (463,273) True 26 training.tif | 45 (90,278) True
07 test.tif | 38 (485,293) True 27 training.tif | 43 (488.283) True
08 test.tif | 50 | (498,278) True 28 trainingtif | 53 | (503,260) True
09 test.tif | 40 (98,270) True 29 training.tif | 40 | (495,278) True
10 _test.tif | 50 (478,283) True 30 training.tif | 38 | (488,295) True
Il _test.tif | 43 (78,268) True 31 _training.tif | 55 | (390,245) True
12_test.tif | 45 (90,268) True 32 trainingtif | 40 | (488,290) True
13 testtif | 50 | (500,273) True 33 waining.tif | 40 | (468,308) True
14 test.tif | 38 | (478,283) True 34 training.tif | 98 | (355,233) True
15 testtif | 45 | (198,283) True 35 training.tif | 43 (80,278) True
16_test.tif [ 40 | (478,258) True 36 training.tif | 38 | (470,283) True
17 testtif | 40 | (463,268) True 37 _training.tif | 40 | (488,295) True
18 test.tif | 40 (473,260) True 38 training.tif | 35 (488,280) True
19 test.tif | 38 | (488,275) True 39 waining.tif | 50 (85,260) True
20 test.tif | 38 (480,283) True 40_training.tif | 35 (493,35) True
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% Main program %
%**‘*#*#*1*‘***i***t*t**l**ll*’l*********lt****#*********t****#*#**lﬁ***lﬁ*l*l*t'*%
$clear screen, clear all parameters, close all windows

clc, clear all, close all

$start time

tie

% image set 1 from DRIVE
im = imread('resultG/01_test.bmp', 'bmp');

.

imc = imread('color/01_test.tif',6 'tif');

% image set 2 from DRIVE

% im = imread('resultG/31_training.bmp', 'bmp');
%

% imc = imread('color/31_training.tif',6'tif'});
T

% define range of Optic disc

% number 2,3,4,8,9,10,11,12,15,25,26,27,31,35
% 10Dradius = 18;
% uODradius = 50;

% number 1,5,6
l0Dradius
uODradius

[

153
40;

]

% number 7
% 10Dradius
% uODradius

17;%don't edit
38;

% number 28
% lODradius
% uODradius

18;%don't edit
82;

% number 38,40

% l0Dradius = 17;%don't edit
% uODradius = 35;

% number 34

% lo0Dradius = 50;%don't edit
% uODradius = 100;

% number 39
10Dradius
uODradius

o°

40;%don't edit
50;

oe

% define scaling factor to speed up Hough transform
scaling = 0.4;

reflecthres = 240;

% find the optic disc boundary

lradsc = round (lODradius*scaling) ;

uradsc = round (uODradius*scaling) ;

rd = round(uODradius*scaling - lODradius*scaling) ;

13,14,16,17,18,19,20,21,22,23,24,29,30,32,33,36,37
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% generate the edge image

sigma = 2; vert = 1.00; horz = 0.00;

[I2 or] = canny(im, sigma, scaling, vert, horz);
I3 = adjgamma(I2, 1.9);

I4 = nonmaxsup (I3, or, 1.5);

hithres = 0.20; lowthres = 0.19;

edgeimage = hysthresh(I4, hithres, lowthres);

% perform the circular Hough transform
h = houghcircle (edgeimage, lradsc, uradsc);

maxtotal = 0;
% find the maximum in the Hough space, and hence
% the parameters of the circle
for i=1:rd
layer = h(:,:,1i);
[maxlayer] = max(max(layer));

if maxlayer > maxtotal

maxtotal = maxlayer;

r = int32((lradsc+i) / scaling);

[row,col] = ( find(layer == maxlayer) );

row = int32(row(l) / scaling); % returns only first max
value
col = int32(col (1) / scaling);
end
end
circleOD = [row col r];

rowd = double (row) ;
cold = double (col);
rd = double(r) ;

irl = round(rowd-rd) ;
iru round (rowd+rd) ;
icl round (cold-xd) ;
icu = round(cold+rd) ;

imgsize = size (im);

if irl <« 1
irl = 1;
end

If def <« 1
icl = 1;
end

if iru > imgsize (1)
iru = imgsize (1) ;
end



if icu > imgsize(2)
icu = imgsize(2);
end

60

% to find the optic disc, use just the region within the previously

% detected optic disc boundary
d = 10;

imageOD = im((irl-d): (iru+d), (icl-d): (icu+d));

$create layer optic disc circle
imagewithcircles = uint8(im);

%¥get pixel coords for circle around optic disc
[x,y]l =

circlecoords ([circleOD(2),circleOD(1)],circleOD(3),size(im));

indl = sub2ind(size(im),double(y),h double(x)) ;

savefile = 'circleOD.mat';
save (savefile, 'indl', 'circleOD') ;

% Write circles overlayed
imagewithcircles (indl) = 255;

$tWrite circles overlayed color
$imageOD = im((irl-10): (iru+10), (icl-10): (icu+10));

r = ime(:,:,1);
rl = ime(:,:,1);
r(indl) = 255;

rl = r1((irl-d): (iru+d), (icl-d) : (icu+d)) ;
g = imc(:,2,2);

gl = ime(:,:,2);

g(indl) = 255;

gl = gl((irl-d): (iru+d), (icl-d) : (icu+d)) ;
b = ime(:,:,3);

bl = imc(:,:,3);

b(indl) = 255;

bl = bl((irl-4d) : (iru+d), (icl-d) : (icu+d)) ;

ime(:, =1} = L;
ime(s;:::2) = 9;
ime(:; +,3) = b;
imel(:,:,1) = rl;
imed (s, 5,2) = gl;
imelfle,z,3) = bl;

% Show output region outer edge of optic disc circle

figure, imshow(edgeimage) ;
figure, imshow(imageOD) ;

figure, imshow(imcl) ;

figure, imshow(imagewithcircles);

hold on

plot (circleOD(2),circleOD(1), 'wx', 'markersize',35, 'LineWidth',2)

% Show output region outer edge of optic disc circle color

figure, imshow(imc) ;

hold on

plot (circleOD(2) ,circleOD (1), 'wx', 'markersize’', 35, 'LineWidth', 2)
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% image set 1 from DRIVE

imwrite (edgeimage, 'OD/01_test_edge.bmp', 'bmp') ;
imwrite (imageOD, 'OD/01 test_od.bmp', 'bmp') ;

imwrite (imagewithcircles, 'OD/16_test_rod.bmp', 'bmp');
imwrite (imecl, 'OD/01_test_aodc.bmp', 'bmp') ;

$¥image set 2 from DRIVE

% imwrite (edgeimage, 'OD/31 training edge.bmp', 'bmp');

% imwrite (imageOD, 'OD/31 training od.bmp', 'bmp');

$ imwrite (imagewithcircles, 'OD/31 training rod.bmp', 'bmp');
% imwrite (imcl, 'OD/31 training aodc.bmp', 'bmp') ;

$stop time
time = toc;

lyott*i#********t******#***************’l'**tt*"*lll***t**tt-tlll**t***t***#*i**tt*#t*%

%o Canny Function %
%#*t**#*****t******i***#*I***********ﬁ*******#*"##****"'*#***i*t#**‘#**i**l*##%
function [gradient, or] = canny(im, sigma, scaling, vert, horz)

xscaling vert;
yscaling = horz;

[}

hsize = [6*sigma+l, 6*sigma+l]; % The filter size.
gaussian = fspecial('gaussian', hsize,sigma);
im = filter2 (gaussian,im); % Smoothed image.

im = imresize(im, scaling);

[rows, cols] = size(im);

h = [ im(:,2:cols) zeros(rows,l) ] - [ =zeros(rows,1)
im(:,1:cols-1) 1;

v = [ im(2:rows,:); zeros(l,cols) ] - [ zeros(l,cols); im(l:rows-
L8 1

dl = [ im(2:rows,2:cols) zeros(rows-1,1); zeros(l,cols) ] -

[ zeros(1l,cols); zeros(rows-1,1)
im(l:rows-1,1:cols-1) 1;
d2 = [ =zeros(l,cols); im(l:rows-1,2:cols) zeros(rows-1,1); ] -

[ zeros(rows-1,1) im(2:rows,l:cols-
1); zeros(l,cols) 1;

X
'4

( h + (d1 + d2)/2.0 ) * xscaling;
(v + (d1 - d2)/2.0 ) * yscaling;

gradient = sqgrt(X.*X + Y.*Y); % Gradient amplitude.

or = atan2(-Y, X); % Angles -pi to + pi.
neg = or<0; % Map angles to 0-pi.
or = or.*~neg + (or+pi).*neg;

or or*180/pi; % Convert to degrees.
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gﬁ***********#******i****t******t*#*******t*************#***#**#*#****#***#*##9&

%

Adjust Gamma Function %

A Ao o oo o SR o o o o KR R K ok SR s R s R o o R o oo oK SR oK SR oK OR oK K RO

function newim

if g <= 0

adjgamma (im, g)

error ('Gamma value must be > 0');

end

if isa(im, 'uint8');

newim = double (im) ;
else

newim = im;
end

% rescale range 0-1

newim = newim-min (min (newim)) ;

newim = newim./max (max (newim)) ;
- 3 A

newim = newim.”(1/g);

% Apply gamma function

qﬁ***t#*#*t*t*#*****t*******************#******#******l*t*l*#*t*#t***#**#*#***eﬁ

%

Non-maxima Suppression Function

%

g%*****t*************#******##***#*********#**#****i*t*****tt*i****i***i*t****gﬁ

function im

if size(inimage)

nonmaxsup (inimage,

orient, radius)

~= size(orient)

error ('image and orientation image are of different sizes');

end

if radius < 1

error ('radius must be >= 1');

end

[rows, cols]
im zeros (rows, cols) ;
for speed

iradius

ceil (radius) ;

size (inimage) ;

% Preallocate memory for output image

% Precalculate x and y offsets relative to centre pixel for each

orientation angle

angle [0:180] .*pi/180;
(but in radians).
xof £ radius*cos (angle) ;
radius and angle

yoff radius*sin(angle) ;

hfrac xoff floor (xoff) ;
integer location
virac yoff - floor (yoff);
integer location

orient fix (orient) +1;
arrays start

% Now run through the image
% of the centre pixel to be

Array of angles in 1 degree increments
x and y offset of points at specified
from each reference position.

Fractional offset of xoff relative to

Fractional offset of yoff relative to

Orientations start at 0 degrees but

% with index 1.

interpolating grey values on each side
used for the non-maximal suppression.



for row = (iradius+1): (rows
for col = (iradius+1): (cols
or = orient (row,col);

X = col + xoff (or);
in question

y = row - yoff (or);

fx = floor(x);
surround location x,y

cx = ceil (x);

fy = floor(y);

cy = ceil(y);

tl = inimage(fy, £fx);
location.

tr = inimage(fy,cx);

bl = inimage(cy, £x) ;

br = inimage(cy,cx);

upperavg = tl
interpolation to
loweravg = Dbl

%

%
%
%

+ hfrac(or)

+ hfrac(or)

vl = upperavg + vfrac/(or)
if inimage (row, col) > vl %

other side...

x = col - xoff(or); %
the point in gquestion

y = row + yoff (or);

fx = floor (x);

cx = ceil(x);

fy = floor(y);

cy = ceilly);

tl = inimage (fy, fx); %
location.

tr = inimage(fy,cx); %

bl = inimage (cy, fx); %

br = inimage(cy,cx); %

upperavg = tl + hfrac(or)

loweravg = bl + hfrac(or)

v2 = upperavg + vfrac(or)

if inimage (row,col)
im(row, col) =
image.
end

end
end
end

> V2
inimage (row,
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iradius)
- iradius)

Index into precomputed arrays

X, Yy location on one side of the point

Get integer pixel locations that

Value at top left integer pixel

top right
bottom left
bottom right
* (tr - tl); % Now use bilinear

(br - bl); % estimate value at x,y
* (loweravg - upperavg);

We need to check the value on the

x, y location on the “other side' of

Value at top left integer pixel

top right

bottom left

bottom right

* (tr - tl);

* (bxr - bl);

* (loweravg - upperavg);

% This is a local maximum.

col); % Record value in the output
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%*****#****#*1**ti#i#*li't****t#*it*li***#*t*************************#*##t****#*M:yn

% Hysteresis Thresholding Function %
0/0***********t***i*l**l********‘*t********#**************#***t****#*#*ﬁ*#*****o/o
function bw = hysthresh(im, T1, T2)

if (T2 > T1 | T2 < 0 | T1 < 0) % Check thesholds are sensible
error('Tl must be >= T2 and both must be >= 0 ');

end

[rows, cols] = size(im); % Precompute some values for speed and
convenience.

rc = rows*cols;

rcmr = rc - YOws;

rpl = rows+l;

bw = im(:); % Make image into a column vector

pix = find(bw > T1); % Find indices of all pixels with value
»: TL

npix = size(pix,1); % Find the number of pixels with value >
Tl

stack = zeros(rows*cols,1l); % Create a stack array (that should
never
% overflow!)

stack(1l:npix) = pix; % Put all the edge points on the stack
stp = npix; % set stack pointer
for k = 1:npix
bw(pix(k)) = -1; % mark points as edges
end

% Precompute an array, O, of index offset values that correspond to
the eight

% surrounding pixels of any point. Note that the image was
transformed into

% a column vector, so if we reshape the image back to a square the
indices

% surrounding a pixel with index, n, will be:

% n-rows-1 n-1 n+rows-1

3 :

% n-rows n n+rows

%

% n-rows+1 n+1l n+rows+1

0= [-1, 1, -rows-1, -rows, -rows+l, rows-1, rows, rows+l];
while stp ~= 0 % While the stack is not empty

v = stack(stp); % Pop next index off the stack
stp = stp - 1;

if v > rpl & v < rcmr % Prevent us from generating illegal
indices
% Now look at surrounding pixels to see if

they
% should be pushed onto the stack to be
% processed as well.
index = 0+v; $ Calculate indices of points around
this pixel.
for 1 = I':8
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ind = index(1);

if bw(ind) > T2 % 1if value > T2,
stp = stp+l; % push index onto the stack.
stack(stp) = ind;

bw(ind) = -1; % mark this as an edge point
end
end
end
end
bw = (bw == -1); % Finally zero out anything that was not
an edge

bw = reshape (bw,rows,cols); % and reshape the image

q@*****#**********************************************************************96

% Hough Circle Function %
96****************************************************************************9@
function h = houghcircle (edgeim, rmin, rmax)

[rows,cols] = size(edgeim);

nradii = rmax-rmin+1;
h = zeros(rows,cols,nradii);

[y,x] = find(edgeim~=0) ;

$for each edge point, draw circles of different radii
for index=1l:size(y)

x (index) ;
y (index) ;

CcX
<Y

for n=1:nradii
h(:,:,n) = addcircle(h(:,:,n), [cx,cy],n+rmin) ;
end

end

(0 3 o sk o ok o s o s o s sk o R R o o ok o ok o R ok o sk sk ok sk Rt sk sk sk ok stk sk ok Kok ok ok RSk R SRR R X 0

% Circle Coords Function %

%********#*#***1*******#****#************************************************%

function [x,y] = circlecoords(c, r, imgsize,nsides)
if nargin == 3
nsides = 600;
end

nsides = round(nsides) ;

a = [0:pi/nsides:2*pi];
xd (double (r) *cos (a) + double(c (1)) );
yd = (double(r)*sin(a)+ double(c(2)) );

1]

xd = round(xd) ;
yd = round(yd) ;
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$¥get rid of -ves

$get rid of values larger than image
xd2 = xd;

coords = find(xd>imgsize(2));

xd2 (coords) = imgsize(2);

coords = find (xd<=0);

xd2 (coords) = 1;

yd2 = yd;

coords = find(yd>imgsize (1)) ;
yd2 (coords) = imgsize(1);
coords = find (yd<=0);

yd2 (coords) = 1;

int32 (xd2) ;
int32(yd2);

X
Y

n

%**t*****t*t***i*#******#*********t******t**ll*t**tt*#*t****i**i*i*t*****t****%

% Add Circle Coords Function %
Q/o**‘*t*#***'ﬁ*i***t*t#*****#**************i*****i*i#*t##t#**i*ti*i*i**********%

function h = addcircle(h, c, radius, weight)

[hr, hec] = size(h);

if nargin == 3
weight = 1;

end

% ¢ and radius must be integers
if any(c-fix(c))

error ('Circle centre must be in integer coordinates');
end

if radius-fix(radius)
error ('Radius must be an integer');
end

X = 0:fix(radius/sqrt(2));
costheta = sqgrt(l - (x.%2 / radius®2));
y = round(radius*costheta) ;

% Now fill in the 8-way symmetric points on a circle given
coords
% [px py] of a point on the circle.

'

1]

PX

c(2) + [x ¥y y x -x -y -y -x
py = ¢(1) + [y x -x -y -y -x X

]
vl

% Cull points that are outside limits
validx = px>=1 & px<=hr;

validy = py>=1 & py<=hc;

valid = find(validx & validy);

px(valid) ;
py (valid) ;

px
PY

ind = px+(py-1)*hr;
h(ind) = h(ind) + weight;
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Abstract
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