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Extraction of Retinal Image Components by Image Processing Technique
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ABSTRACT

To extract retinal image components for further created program, which automated
screen for diabetic and other retinopathy. By transform retinal image from RGB model to be ISH
model. Then preprocess via adaptive local contrast enhancement and reduce noise with 2D
Gaussian filter. Then localize normal main features of a fundus retinal image. The optic disc was
located by identifying the area with the highest variation in intensity of adjacent pixels. Blood
vessels were identified by means of a multilayer perceptron neural network, which the inputs
were derived from a principal component analysis (PCA) of the image and edge detection of the
first components of PCA. The fovea was identified using matching correlation together with
characteristics typical of a fovea. After all main features have been extracted. Diabetic retinal
lesions were identified. Hard exudates were recognized by recursive region growing segmentation
(RRGS) algorithm. Haemorrhages and microaneurysms (HMA) were assigned to green band and
sharpen its edge with Moat Operator. RRGS and thresholding was used to classify the image into
HMA and non-HMA region. The blood vessels were classified into the same group a HMA due to
similarities in color. To overcome this problem, a neural network (NN) technique was used to
identify the blood vessels and extract them from the image. From this system development
project, image processing technique used for extract optic disc and fovea found good result.
Screening for Diabetic Retinopathy by image processing technique still require more

development
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A. Conventional color photography

1. Seven standard 30° stereo fields

2. Less than 7 standard or non standard fields (30° or 45°)

B. Nonmydriatic 45° color photography

1. Transparencies

2. Polaroids

C. Digital photography

1. stereo color images

2. Non mydriatic monochromatic images
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I =—:1;(R+G+B) ............................................................. (3.1.1)
S = 1——;—[min(R G, B)] (3.1.2)
RiC1B TR0 et .00 ). ol e B

/2(R-G)+(R+B)] |
(R-G)2+ (R-B)G- B)!/2]]

H =cos™1

ANVIVUANA VDY intensity 997 enhanced Tag locally adaptive transformation G:u
10 subimage W, Faflunin M x M pixel uasfigagudna1afi pixel G, j) 71 mean <€, 1oz
standard deviation 6w Ty fuasf {111 maximum 18z minimum intensities ﬂ@ﬂﬁifﬁmw

A5 transformation 7 Ao laTn w fivialvaned local variation vee grey
levels HAININTLIIOVBY statistically representation uAdeudnwefivz lilinansenulina
AVIVUANANTZHIN centre 11 peripheral YBININ
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pixel value 109 484 subimage 1iTW pixel value AN TAYBIFNIAIYDA pixel value NOYUTY
AoauduarUsu 114 intensity Avanz e

o mual¥ sigmoidal funtion fi

-1
w,(f)= [l+exp(—<—Ji—>—d)] ................................ (3.1.5)
Ow

wasma £, uag £, 910

74 LRI g o e (3.1.6)

<f>.in=
() AP
YD 2 e i)

LAZHIAN standard deviation 191910

afv(f)=—1—( S CE(H, Iy i e L L (3.1.7)

M wDewa i)

NAUDINIT  transformation i]:,’ﬁﬂﬁllﬁﬂm‘nﬂﬁlﬂuuﬂm contrast enhancement XA
’c'?m%’umwgﬁuﬁ poor contrast (small 6) G H Lﬁﬂﬂﬁlﬂé&luuﬂm contrast enhancement ﬁaa
S MTUNWIALT high contrast (large O) WHARD AMUS A RSasT e R ALY udms
11 local contrast enhancement widung L‘ﬁll noise 728 3930419 2D Gaussian smoothing filter
%59 median filter 197131928 1UN150A noise

uamﬁ"a retinal image §f process ¥ 17;:\1 main component 1481 pathological component
wFauda sraunsaurfasnmaduen ISH model luiflu RGB model iitousana'ld Tngorde
anudRuERaT

#10°< H< 120° AR, G wag B ' lden

b=1/3(1=8) e (3.1.8)

P10 — S (3.1.9)
cos(60° — H)



E=1=(r+D)ucciiiiii (3.1.10)

&1 120°< H< 240° A1 R, G wag B A 1den

H = H = 1200 e ceireeeeecaeseeseeee e (3.1.11
F=173(1=8) et (3.1.12)
ScosH
=1/3[l e 3.1.13
& [ cos(60° - H )] ( )
b=1-(f 2w dU NN LN 0L o (3.1.14)

H AN <2408t SIS, 557 (3.1.15)
g =1RU>9....c0 Y6 Al d. JE IT... (3.1.16)
b=l/3[l+£(§%’%] .................................... (3.1.17)
O (3.1.18)

3.2 M3ueneantsznouanaIn Retinal Image

3.2.1 mMsuan Optic Disc

A7UVDY optic disc WAUVTIMUTZUIB 1/7 VOINIWN UUUIA 80 x 80 pixels 9INNTSN

Y { [ < . . (] a 1 . . 1y
Tulins/aewlasee1952a159U09 intensity FIUSINTOIADUD optic disc U back ground

] 14
15192 14 sl@suntlasiinn recognize optic disc

=) o

(53970 subimage W5, dimension M x M Al Qﬂf‘luﬂﬂm\iﬁ pixet (i, j)

I <f> W, gnfmuaamaums 3.1.3
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Variance image §0 form 1o transformation
g, )>pi,j)=<f?>, —(<f o) s e (3.2.1)

! = ! . ! .
1NAUNISN 3.2.1 WWUMT transform AIUDY pixel value Tuunay sub-image EL)
sliding window
Tyuvief subimage fVLIA 80x80 pixels NTNUBIANUNAY variance U subimage 9214

NAUNIT

R I T ) R S — (3.2.2)

1] d ] s
INAUNISA 3.2.2 923]UA1T transform A1UDY pixel value 14 original image Tage1fy
AUNAYVDY intensity YBIUARY subimage 30 sliding window MINAUNIT 3.2.1 1104

Hq v . ( g A ME2ENCL |
9N 1% maximum variance 92411 centre U943 optic disc A9 (i, j,)

q

;1 )3 afe BTt V) 4y \\ /.7 Perveey 3.2.3
(Gasy) & A D> ) ( )
3.2.2 M3ten Fovea
Tnonf fovea azognAuMIa Yszana 2.5 whupudusdigudna19ves optic disc Tad
[y 4 p . A o o ng P Y A A o - s |
Ja0nguina1aved optic disc Tanyazunundiduigalunw i intensity RoanuidUR0n
v ¥ v
N15M fovea LITUINNITN template of intensities Juneu Tay template Hazgn

Y

1 v
{ADN11970 typical fovea FeaMInlouaums 1daadl

—(i2+j2))]

P (3.2.20)
o

1
gl, = 128[1—5exp(
Taeld G, 3) B§J: relation to centre 4U®4 template (10 template TUuU1n 40x40 pixels 1oz
standard deviation Y94 Gaussian distribution (8) =22

fmualdnn Win i centre T pixel (4, j) 3 dimension M x M {1@% intensities g(k, 1) 131

#1151 A1 correlation efficient Y83 W 1 template lanneauns
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Z[f(k:l)‘<f > W] [g(i—k,j—l)—-< g> w]
7 ) =—" _.(3.2.21)

(2 G-<s > T (st j-i-<e>) )

o

i{1849910 correlation efficient 9:i15zWI ~1 <Y < 1 Taghiduiusfunsnlfeu
11)a99BIA1 mean M50 contrast Y94 f(ij) 1Az glij) e Tae -1 921511 anti-correlation 0 15U
1t . < .
3% correlation tag 1 11u perfect correlation
i1 maximum correlation 3NN template 11 intensity image 714910 ISH model
. A = & ad A ' . a '
transformation 92QNAONTUAVDY fovea F91UNIIT19210AA1 correlation NHINNIT 0.5 LAY

fidofmuaindosnduuSnuiiiu darkest area Tnaf1 optic disc
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4.1 Graphic User interface

MsnauszuV1d Visual Basic 6.0 1Hun1udmsun139i source code Tnofimuali

9 ~ 9 Y @ . A ' A )

wrheeNzianIHadosa NI onaana lAluszAl 24 bits color H30gINI1 1o 1auIID
1szuranalaold color information lansvdIu

131991113 run program 3T UVILUAAN user interface AINTWIN 4.1

WERSSheas \\ alolx

I JRetina Recognition

Start Retina Recognition Project

[[F4]: Open RetinaImage  [Enter] : Show Left Eyeball [T [ [showActiviy:On

NN 4.1 Graphic User interface ApdNTTUY



[ :RM ina Recognition

Open v moge

Anterior cavity Anterior chamber
(aqueous humor)

Postenor chamber
Scleral venous sinus
(canal of Schiemm)

Ciliary [ Ciliary process
body 1 Ciliary muscle

Ora serrata

Medial
/rectus
muscle
Lateral
rectus \,
muscle

Vitreous chamber
(vitreous body)

arteries
and veins

Central retinai artery
Central fovea of
macula lutea

The choroid is  Optic disc }
especially thick (blind spat) "
in the macular ¥
region

[ Left Eyebal

15

NN 4.2 Graphic User interface naadnszuy

1310 click N1Ja start SEVULLARI user interface AININH 4.2 1azd1MIN click AoNTJM
& 9 ~ &
next>> 32UV pop up open image dialog box YUINAINWH 4.3 FaszuugnTdsunsulhida

1 £ '
amieglu format JPEG (jpg) Uaz bit map file (bmp) Taminiu iiiosninszundslildgnild
a3ou)asnInen format du Uiy TIF (tagged image format) 18



Open Retina Image

Look in:

My Recent
Documents

©

Desktop

w0

My Documents

ty Computer

o
My Network
Places

%75 IMGO001.jpg
T IMG0002.jpg
T 1MG0003.jpg

4 IMG0006.jpg
3 IMG0007.jpg
4 IMG0008.jpg
2 IMG0010.jpg
24 IMG0011.jpg
2 IMG0012.jpg
4 IMG0014.jpg
5 IMGO015.jpg
4 IMG0016.jpg

) Retina Image

A

.21 X
« @ ¥ &
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EZIMG0017.jpg

IMG0018.ipg
EZIMG0019.ipg
BT IMG0021.jpg
T IMG0022.jpg
T 1MG0023.ipg
BT IMG0024.jpg
BT IMG0025.jpg
T IMG0027.jpg
EE IMG0029.jpg
EZMG0030.jpg
BT IMG0031.jpg
BT 1MG0034, jpg

IMGOO00S. jpg

X IMG0035. jpg
B IMGO036.jpg
ET IMGO037. jpg
B IMG0039. jpg
£ IMGO040. jpg
£ IMGO041.jpg
BT 1MG0042.jpg
BT IMG0043.jpg
EZ IMGD044. jpg

IMG0045.jpg
BT IMG0049.jpg
B IMGOOS0.jpg
EZ IMG00S1 . jpg

gIMGOUSS.jpg
IMG0D0S4.jpg
EZ IMG00SS. jpg

IMGO0S6.jpg

B IMG0058.1pg
IMG0059.1pg

%IMGOOG?.jpg
IMGDO068. jpg
- IMG0069.pg
E IMG0077.jpg
£ IMGO087. jpg

£ IMGO08S. jpg
£ IMG0089. jpg

- |iM0001.jpg

[T @pen s road:

l Pictures (*.jpg.”.bmp]

i
- &

2 4.3 Open Dialog Box INBIaA4 Retinal Tmage

odennIMNAedn1391n open dialog box 1ALA TLUVILUAAINWIY clip board (WD

$OMJ enhance LAY AUV optic disc 1AL fundus A 1)



[ Y]retina Recognition - IMG0001.jpg

(5> ] conmen e

Ready N =< 7 [eaplxass| [ [ShowAciviyOn

MWN 4.4 Retinal Image ﬁgnﬁlmmzs 9A14 enhancement

Restart F4
Eyeball Inage FS
Reload Retina F6
Copy Chr+C
Save Ctrl+5
v Show Activity Ctrl+a

NN 4.5 Menu Box 1319 click UMUUNN

4 . - 4 < A ' . .
Menu box 1iiets1 Click ¥31u3mgy e 'lsn 1dideenis uaue Function 93gn Disable S1vmz
¥
o

Ed '
T leunsol4ld Taoudag function azvimiinaatl

Restart restart 30U

Eyeball Image  191gnvve30msilszudana retinal image nwlnai
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Reload Retina  reload AW retina ﬁﬁﬁaﬂaﬂﬁuuﬂwﬁiﬂu clear optic disc Hag
fovea Ainmuudn

Copy copy Mwdn clipboard

Save save nwaa I TﬂumwﬁQﬂ save 211l bitmaps format

Show Activity  switch Tidenuaamie liuaas retinal image Tusazfiszuuidan
msszanana 1 1 switch on el enhance mwaziuNM
Aovaldonly) ndnelanfiazuas duilu switch off a¢liuans
uRvziaRInMiiUszNanandaniivinis Enhance 1iauda ms

switch on 9z IRz UV

4.2 #an13M1 local adaptive enhancement

NN 4.3 M3lSeufounI1wAauIi local adaptive enhancement (a) AIAINNAIYIN adaptive
enhancement (b)
WaYDIN13N local adaptive enhancement MIA1A retinal imageﬁlﬁliﬁﬁ contrast UDJ

a ad
A luvsnavouveINIWATY

4.3 wan3u)aan1n RGB model 111 ISH model
HavDIn154Ua3n 1NN RGB model 11ilu ISH model QAUARIAININT 4.7 (a), (b)

1uag (c)
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(c)

M 4.7 M35 8UH AN (a) retinal image 14 RGB model
(b) AN hue retinal image 111 ISH model

(c) NN saturation retinal image 11 ISH model

4.4 WanN13%1 Optic Disc
STUVMUITONINITH optic disc 18 1neil sensitivity LA specificity AU 99.1% LAy

99.1% A1UAAY

NN 4.8 HAN13H1 Optic Disc
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4.5 #aN1 Fovea

seuVzIIMIYsEuanaionIdNIues fovea IMMZUSIIMIZNI 60 pixel U
1ag 60 pixel eI IiITL YonnNTiszUuIEAAd LRI MTIRUN IS HaINaNsen
Savzihlszunmusalszuianamdumisues fovea 14ATY

retinal image 71111311 fovea gniitiseanidiu 3 nqy uﬁiazﬂtju"lﬁ’waﬁ'wﬁ'ﬁaf:

QUi 1 retinal images MAILYD fovea ﬁymuﬂag"lumw FTUVANITOATIIN
fovea 1AQNADY 84.5% uaz e11500539NY 15.5%

AU 2 retinal images TiidIUYBY fovea W1ad DG lUTyUVOINH TAvTdIuves
fovea 5INGINNNTIATINGY SEVUTNI0ATIIN fovea TAGNRDA 62.1% ATIINY fovea UA
laigndes 3.4% uaz liieaNsonsaany fovea 1oy 34.5%

Uil 3 retinal images MUAIMUOY fovea VsdauDgluTypveInm Taoiidanves

v & & T '
fovea Y51ngouniasanila n3o 1l fovea Ysngian szuulicnisonsaam fovea ldiny

NN 4.8 HAN15H Fovea

4.6 Yo naveslilsunsy
4 v v
Tsunsuiinmingniauiae ldszauseldnudieniinesanmiisedszaman
Vv Vv v v
¥11@ background diabetic retinopathy 111U Nathwsizdaiinersanmurswiandalyldgn
4
@ ' . 2 a '
Warnaa 111 T1s5unsuil 194 NVD, NVE 1ag vitreous haemorrage FINe1TAAIN 2 981915
ﬂ a [ Yy A A a . . a A o w &L o Y Y
Wumsiialvtveaduideanuinm optic disc tazuinudugawdny ¥ ldusneen’ld
vnnndudenlnd 1on MYnIi1L7 process @20 artificial neural network (ANNs) 71 1411
d" 1] =Y 9 a d'd A a . xé 1] [
Tulsunsuil daunasanmgaioinannmshiidensenusim vireous 49 13 lyduves
" Y 1 = ' @ Ay v =3 ] ' v

fundus 0gUA7 uAIZIiHAABANANTAVEIN N 1H auevds liansaswn A msie

130ANDNUIVSIIN vitreous 32 11174 fundus 13
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W a8

FeiinerTanmuravilaly background diabetic retinopathy 1%U cotton wool spot Qg

o Fo oy A ' ]

macular edema 1 1sunsuiie lieunsonsieaon 14 iWosnneguenveuwaveslysunsun
15101 INAIUT

dy :l’v Y o =S = A A = 1 o

48NNl program H s 1l ldWau1 T sudanerfanmduiiorunasuiuniieg

. . . 'y d . . J -3

diabetic retinopathy 14319210 un 1510301111 09910A 122 senile degenerative #38 15AA199N

1 a 3 1 o P 3 1 y
ANt uNIeYsTaINAINAIN FIN1ITAPUAINBI9TUNIUNT processing VDI

Tosunsuimsiddawanla



Uni 5
asinanazdorauonuy
5.1a31
M3UENBIAUTZNDUVDY retinal image Ay image processing technique o1
@onlun1sAANTBINIIE diabetic retinopathy waz Tsnfifadunsion posterior chamber Y94
eye ball w1921 lumstszuaanadennaendreuiu uasdoen algorithm Az
unlszgndlddmsuidaznensan usmniuianndelyl fieeduiiuileiiunlfg

Tumailgiia

5.29BlaUoHUY

5.2.1 nmﬁu sensitivity 48 specificity Tunisuen optic disc ta¥ fundus

Tunsdivee optic disc A1 algorithm #i 19azaITaAT MR LMWL optic disc
ﬂﬁgﬂﬁ'aqiuﬁ'ﬂﬁauﬁqa miﬁt‘fqﬁi”lnumﬂuﬂsﬁﬁtﬁaﬂmﬂ%’ﬁu pathological retinal image 114
%A 19U vitreous retraction {IUAU 51?@ pathological image Lﬁﬁﬁ{ﬁﬂﬁi}.ﬂﬁﬁ intensity q\iﬂ’j‘l
optic disc N 1ATLVUNTIINY false positive 19 N15LA 1up19%11 1A 1AvTi1 second algorithm 17
support 19U neural network

Tunsdives fundus WUINISATINMIMUNLIYEY fundus vziFoRanangalunsdifi
AIUUD9 fundus Y5115 0411 retinal image LavEIUNT lidsingae 151e190d Tu 1@ Tuvay

dwmw&’hﬂ fundus camera

5.2.2 MINAIZTUUABIAENIIHEN Blood Vessels
o o < o =
idudoaazlianyauzily network filaments uaudn n3o duuns Tgasudasenin

910 optic disc uazmmn%’nazuﬂumﬁaﬂq

d'dy . [/ as 1 P
Glu‘lflu%ﬂ‘lgf} multilayer perceptron neural network (NN) 1UA9 extract Lmnaumﬂﬂ’f

9 a =) Y = a % . . . < o
NN 9EABIUNTATYNUDYAUTYNDU Taosuanms 19 principle component analysis gty

technique 1#80UAY Karhunen Loeve transform technique n3o Hotelling transform ¥ann3

o/ °

YO principle component analysis 710 UULA linear combinations VB image band oy

[l [ £
ol [} = e o/

maximise content 1U band @19 uNgINgA TR A9iUAIUOS 3 spectral band VDY pixel 923

QU 9
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1 Y
. . y .
correlation GNE ah image band U39 13 19z 1% principle component transformation 1 rotate axes

g . . -
910 red-green-blue 11y three orthogonal axes A1 principal axes UBN correlation 1N 3 band A1
§ o 1 3 v . 1
AUUNULTNFAUTUAIGIGATDY correlate data 9LITUAIUYDY main structure YBINIW AU
~ [ 1 9 I i .
axes NADINLYUAIY texture VDINIW UAZ axes qzamm:n]umu noise
ﬁ'lﬂuﬂclﬁ set Y93 K image bands uera 1Ay intensities Y04 N pixels £ (i) AMSV I =

I,.,.Na=1,.K (SN form set of zero mean images 1R8 subtract 910 mean YDA band

ga = fa(i)= <fa(i) > oovmriins oo v (3.2.4)
i

1 &
<fa0)>=xﬁlﬂﬂ0) .............................. (3.2.5)

¥ ¥
o 1A IInd1834 151921W0U set Y93 K image band g () YW@ N’ x K matrix

4 ' =1 Z )
Faunay image U9V spectral bands Nf® column YOI matrix WO

gi)  galy ... gx(l) ]
G - g1(2) gA2) ... gx(2)

2
giN?) gaN?) ... gx(yO)]
f1ualH matrix CUUIMK xK 1182 G' 0 transpose V09 G WA 1uduns 3.2.7

C =G G s s s (3.2.7)

matrix C €131501aA 18 14 term Y04 input image g (i) FITAWIFNUDI matrix AD

2

N
Cu = 2 82()ga()
i=l
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(fa(i)= < fuG) >foi)= < foli) >)

D=

=Y F G (b) —%ifa(z)Zﬁ,(i) ...................... (3.2.8)
i=l N i=] i=l

& o . . ' o @ a o w o .
%9114 un-normalised correlation T¥HIW A1WVN a 1AL G1AUN b image bands
14
AU C fD spectral correlation matrix U84 image 3181N1T 29319 matrix H Y09 un-

correlated images Tagld orthogonal K x K matrix transform B AIANNIT 3.2.9

A
(193910 column L‘ﬂu un-correlate

g A\ e St o« ClL (3.2.10)

waz A fe diagonal matrix

i 0 . 0]
0 0

A=t Ao T (3.2.11)
0O O . Ak

Fasluldaweaunmsn 3.2.12

CB =BA ..ot i s it e, (3.2.12)
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’dllmiﬁ 3.2.12 ‘5 wadeiy eigen vector/value problem Tay fie eigenvalues UBJ
matrix C 1182 column U9 matrix B 93¥ATINY eigenvectors L‘I‘jm%’lﬂ matrix C 1y symmetry
matrix (A1 c,, = C,,) eigenvector problem 'ﬁlﬁl%‘mﬂ"l eigenvalues LAY vectors YD real symmetry
matrix G?;Glﬁ’lﬁ”lm’i 1% Jacobi transformation ‘-?;Qmi transform set Y94 K orthogonal images

h,(i) 9¢9N transform AUHUNIT 3.2.13

ha(i) =ibabga(i) ..................................... (3.2.13)
b=l

@9 a = 1,..K uaz h,(1), h,(2),.. h,(N) 7D first component V94 set YD principal
= o [ ) o . J
components ngﬂm"llm’ﬁﬂu pattern data @ 501 neural network classify o 11/
wenNNM3tAToudeyad M5y neural network 188 first principal component U&7 (37
fadoanin first component PCA image 471 apply 0] edge operator Ao M3 1% edge operator W
F4 ¥ (R4
15ei 9z ldmauen vessel AU non-vessel U1y 1dd0iu luditleziionld Canny
act d’ 9 v  daa ¥ ndd‘
operator AMUITUDY Spacek M9 IN IRHAANTNANIITOU

b4
Spacek method g define il

h(x) =16.9564 sin(x) +13.0161 cos(x) —18.8629 exp(x ) + 4.8468 exp(—x) +1

Ao h(x) fvualiogluang (1,0) daun10 e 1 92iifus1 anti-symmetry U949 edge
operator
aa v a o 9
Tunieely Canny edge filter Tuasanams Taotmuald edge kernel 310 2D discrete

convolution MY x LY y direction A AUNT5 3.2.15 1A% 3.2.16 MUEIA

ex(6)= Y. > hlg ) f(x=&, y=m)ddn........ (3.2.15)

ey @)=Y W) f (x={,y=m)dLdr........(3:2.16)

f1 intensity U9 edge image intensity Qﬂﬁ1ﬁuﬂm’luﬁuﬂ’li 3.2.17

+(3.2.1
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NN “luﬁﬁyﬂizﬂam’f’w 3 layer perception Tao 31 200 input nodes, 20 hidden nodes L%
2 output nodes neural network algorithm ﬂluﬁﬁlﬁﬂﬂﬁl‘ff} resilient back propagation algorithm
59UAY early stop Lﬁ’a improve generalization Taons training 9214 vessels 112 non vessel.
images 99N éﬂ%gﬂ check A2Y optalmologist

post processing process ﬁﬁd‘ﬁﬂﬁﬁﬂﬁl out put 91N NN mwwgﬂuﬁmﬂmﬁuﬁau
vessel f1lJ non-vessel cﬁqﬁﬁﬁmawnmuﬁlﬁu e output ‘ﬁﬂﬂﬂm%ﬁ small isolated region s
of pixel 39 Wi lFdmveududoadnmlusudanveudiudon sramnsoud misclassify fifia
"ls;’uﬁl 1o 14 criteria ﬁ'\iﬁi@"lﬂﬁl

1. area (size) Amuald small region i pixel 1oeAd 30 pixel %Qﬂﬂ’lﬂﬂﬂllﬂ

2. compactness T

2
region _border _ length
compactness=( g = =l L Y (3.2.18)
area

Tne1u Euclidean space fi1 compactness ﬁqaﬁq m:aﬂiugﬂamau ALY compactness

¥
b4

1 1 1 [~ { o v
%sﬁmag“lu‘mq (1,00) dutlu image boundary Tuifidmuald compactness HounI 40 Lozl
o . 9 1 . )

T1UIU pixel HBENIT 100 pixels wWPNUIBeN
. . ] 1] <3| g 1 . Y]
3. ellipse parameter (size) A1 ellipse parameter WUAIDNTITIUYOL major axes NU WA
3
59UV major axes U minor axes A1OATIFINTNAITLHI9 0.5 (2enaw) U 1 (Funsa)
grimuald x i position of the region pixels in x coordinate
<
y i position of the region pixels in y coordinate

major LAY minor axes Y84 region IZATUINUIIN eigen values VDY covariance matrix

Z (x—<x >)2 Z (xi-< x>)yi—<y >—|

c=|__ &7 77 L mrrae e
Z (xi—<x>)(yi—<y>) Z (yi—<y>)2 j

N30 XY, A9 coordinate TuuUD X, ¥y Y04 region
a4 A 4 & )
<x>, <y> 19 Aunfsvoanunlu X, y coordinate

1o 0.5 < ellipse parameter <1
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[ 4
Tunsl ellipse parameter < 0.5 1a¢ small region < 100pixels 39N classified i1 non-

vessels

5.2.3 miﬁmmszuudmﬁa localize diabetic retinal lesions

e ¥ 9y

] 14 y [
1199910 Fv04 fundus Wx¥uBgTUFENA TaessliFduunilu Caucasian Tuifildddu
3 4 I @
uasgailudinuluau Asia lundn
5.2.3.1 Recognition of Hard Exudates
A A o [~ a o & et t v Y
(199970 exudates HanwaziilunerFanmiivasy Alvauazglsuanaleny Tu
» ¥ a &
119219 recursive region growing segmentation (RRGS) 1UMIMIVBUVOINNTANIN TSI
patdon ldnaiautAlag o pixel 19 grey level, f ¥30 texture

4
@

UU

U Ri=R,
i=1

R, L‘lcju connected region , 1= 1, 2,...... 1,

R, R= foralliandj,i#j,

P(R,)=TRUE forI=1, 2,....., n, and

P(R,\U Rj) =FALSE for i# j

“luﬁﬁﬁmuﬂ'h pixel ﬁ"asﬂu hard exudates A% homogenous grey scale propertiesiﬂﬂ
l,?'ilinﬂ pixel raster order Amuald pixel p ﬁ co-ordinates (x.y) 93 pixel ﬁﬂf_ji@n‘]ﬂu 4
pixels TugmuY, 819, 410 1azun §93i co-ordinates (x,y+1), (x,y-1), (x-1y) U8 (x+y) A
d1eu mvualfidlu adjacent pixel p, 8191ANULANANVDY intensity TEHIW p M p, WIN
AN threshold 10 p, 32803 uTU region Ay p niammiufif i ma intensity Y94
region UMM original intensities eRUTUTMUATANM AmMAzgAULteenTUEIM exudate
48y non-exudate @IUYDI non-exudate 9:gnuenoonil Tawld median intensity Vo9

& & 1 o . a v A d" a a [~1 ] 9
background FUTUAIUNY pixel VNN tW1zdUNUNUNNAGA (TuAT threshold 1

E4
a 1

segmented regions 1@ {91 median intensity 11NN threshold UILYNAIAIUDY threshold 1L

a
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: o 1 . 1 . . . ;; J Y]
W 255 Fafudu dwu segmented regions 1@ 31 median intensity #1107 threshold UYL
£

' 1 g . ‘a0 ' o g . Ao
9NAIAIUDY threshold Tyl o Fatluda uazﬂqwmuﬂ%mﬁu non-exudate regions N893

' [
A IUVDY optic disc Jum Fluhiiszuen optic disc 9ONUIAWY position recognition algorithm

5.2.3.2 Recognition of Haemorrhages and Microaneurysms (HMA)
. Sd o
microaneurysms 3z8131/313 yanau@nfitusennoiniduiion Tuynzi haemorrages
at v o . v . A . s a o’z‘ A d'dy 0
wzfigUsuiiu dot, ‘blot' Mo ‘flame’ WrFaAMTITERiAUAY TRtz MuA color
oo :,' y o o e ' Py . . .
band P21 HMA satlms iz udiuand1991n8uA9 118y contain information 1A¥1A
9y
wazld Moat operator Tumsslivenvesnetanmaudaiu

Moat operator Guaniimsudas fixy) il spatial domain #9  Fourier

transformation
1 &a& Ux +v y
Fluwy)=— =3 > f(x,y )expl=2jm(———) ek (3.3.1)
x=0y=0

doamiivuia NxN
o 3 Y, ° 9/ v 9/ =)
nasniug ¥ high pass filter i ld low frequency component A Tae Jaidl
£ ¥
high frequency information I91315UAIU MIRUFUT 923 1H ULV vessel nudaiu 1914 1u
AsfinTns)asunlaived grey level 881939153 Smualy filter spectrum H(u,v) v 18A1A

WU filter A9AUATT 3.3.2

Gu.,v)=Hu NV IHNLAA V2. . (3.3.2)
Tag

2 2
H (1,9 = 1= expl=22 e (3.3.3)

20

¥
o a o 9 . . .
1a391NU UL a9INAVAY inverse Fourier transformation

N-1N-1

g(x,y)=5.5 G v)exp[2]7r(ux ko 20 (3.3.4)

u=0v=0
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$ L y
cﬁqmu real LlQ¥ imaginary part UDINTNITYNUTAINIY

N-1 N~

R(x,y)=> > G v)cos[Zﬂ(ux A (3.3.5)
u=0vy=0
N-1N-1
I(x,y)= ZZG(u Wsin[22 (22 (3.3.6)
u=0 v=0

Moat operator 920 apply ATUANNIT 3.3.7

Fr(x,9) =F5Y) =R P F T2t doiiniins aeteenns taeiine (3.3.7)

1 o Y ° Y 1 . P A 14
UANBUDY Moat operator %3“’]11’“'«1'@“1’]1 RRGS ﬂzvlﬂﬁ'.]u“llﬂq lesion NIANAY IWDILD

b4 '
Paymil 1519219 fix,y) - elxy) 1

N-

Flu,w)= J—\ll—ZZ[f(x y)—e(x, y)]exp[—]Zfr(ux T 0] 3.3.8)

u=0vy=

Tag e(x,y) fio edge gradient function

2
e(x,y)=[(ai af ]
Ox

¥
s Y [ 1 1
naa1niuly RRGS Tumsuonnmesniudiu HMA 1uag non-HMA regions L@
. . ' 9 o " .
HMA region N4 aefidmuveududontumndis mizanuadionulusesd T ludoe

715149 neural network technique 3J’ILLEJﬂ’c’f’Ju‘?llﬂul’c’T}ulﬁfJﬂﬂﬂﬂvlﬂ

5.2.4 NIWHUUINIIAY hardware
< 1 as dy [~ ') (=1 [ [ =
UAUIINTRAUITZUVNUT T UMSWALANEIAIY software LAITigIDE1UAY?

J ' o o o o P et
msonenmgiheduiluazdesoifiy fundus camera Nls11gs Tasmmiznmsisg 1R @il
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