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a@en1817) ANANYesselI AN uluLAREAY UITI8919ANNINAUAINNTOLD LAY
lamina cribosa ¢ &ves optic cup ABUTIITA \osanusnailii nerve tissue drudug
vosinUszamanudvuy Wesnuszamaniidudondanidn 4 S1uamnn

Orbital part fla dufiogsznineanvantinifugnifnini dniasd dnwasldndu
5U sigmoid curve Wetaelideinnaenlvunldlaeyssamalaifia central retinal artery
Faunvusves ophthalmic artery az1dguszamainssinumaszanal 1.25 wuiiuns
naelglnT wagneanIuATINA1NURIUTEAIMANUIE optic cup WaglsAWN @9 central
retinal vein %aaaaawnﬁaﬁmﬁmm@mﬁu central artery (LRI ieidoveusvammn
dulnglasuduidonnasdoaniduidonunadn 9 %ashutfﬁwajlﬁwszmwmmﬂ plexus
yoududon (Faunan posterior ciliary arteries) Ty pia mater wananidelduatnuaus
\an 9 U84 central retinal artery

Intracanalicular part i{fudaufiogniglu optic canal @asznoviulas nszgn
lesser wing of sphenoid Wag body of sphenoid) tazdl ophthalmic artery Vlaﬂfjmﬁw

Intracranial part 8¢ 5%%714 intracranial opening Y84 optic canal U optic
Y

. = & o A & ¥ [y
chiasma BIUUALNAUINUTEFNANVINEDIVUINUNU

THE FOUR PORTIONS OF THE OPTIC NERVE

intraccular {(disc),
1mm length

J 3

intraorbital,
ZSmm length

intracanalicular,
mm length

intracranial .
16mm length

™~

AN 2 - 10 MednpvesUszanag
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2.1.3. n1suuain g RGB Tmduninszaum ( Transforming from RGB Image to

Gray Image)

Asuvasnind RGB Tduninszaumitu Tudumauiiinmidesnisuias Ao

ANIUSEUU RGB S9N T 2-11 FauAasinnvaInInazUsenaun8a1unLanNLandnann

Y9IR AN G UaA198d B syuvazyinswasulniluninsyaudini (Grayscale)

Wavihlianusadasizinnladedunazsinsinsziiieadnudine) Weowdasnwdu

U ¥ o 4 1 A = I ¥ aa 5 1 =
FEAULNN LLﬁ'J'“US'Vl’]I‘ViLLW@SQ@J\WW“U@QJ\’]‘W‘USLV’Q'@L‘WEJQW]@’J'WZLIL?JN“U'EN?{NF’]'WNLLG] 0 a3 255

sl 2-12 Taegmsiidenldiusnniign fio Craig Mark Wart fsaunns (1)
Y=Rx03+G=*059+B=x0.11 (1)

Tned) R

G
B
Y

WY AVDIELLA

a

WU ANYDIELTEN

3

WU ANYBDIEURUY

LN ANYBITEAUFIN

AN 2 - 11 AduaTUNDUNIUNTZUIUNITEUBINWE RGB LHun nsefumn

Feludruvedusunsuazldnszurunisuuaining RGB Wunnwsesudnilag

weonduaa(Red) W8I (Green) wag UIRY (Blue) LWUAMSEIUEINT WiBN1TIATIEN

anladne

'
a

getumazannunlun1suszananaluswnsy san1nd 2-12 Usenauldene

(%
S o

YDIFLAY FTVYT LATAUNIUANUAINY
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AT 2 - 12 megrenmitklasannaing RGB Wunwseaudinludesdyau R, G, B

(Fian :lajﬂsmg%a@wiq, 2553)

2.1.4. mslolendu CLAHE iiien15Usudsenaunudnvainin
CLAHE A 33n15tAUAMAINUBININTINN1TAMUINIAN Histogram Equalization
(HE) log

1%

S.M. Pizer (S. M. Pizer, et al, 1990) T5n1silagiansansieazidentoyaain HE Tu usazen

[y '

NAAUUUSIUNUAIUNA1WDIN WA URTU Tneandalawnsuiiiseauainii Aadennealu

Y

56U gray AgnunuINTEAEIAUNANAlUAIN gray scale FINUAIEAIMYUT Ny, A

A 2-13

# of pixels & of phuels

ALY
kbt L.
gray Tevel grayJevel

o/

(@) A7 Histogram 2GRy (b) A7 Histogram ﬁg}mm&)

Y

AT 2 - 13 F9819A AT Histogram igngin

Y

(707 : Wy WU, 2556)
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AFalaunsutazdinuuANel MnAFalaunsudu lnegldannsaiimuaseau Ay

MULLUUVDIAANALA IDNITAINANIEIUNTORARIARIFUNIST (2)

__ Ncr-xp *Ncr-vp

Naver - N (2)
gray
AAUALA
Ngyer LU ANRRYNNLYA
Ngray WVIY MNBLavUDIA Gray Scale Tuusiaznud

1% Y
Y

Nepoxp Wi mneavvesiinealu X Snlundayiuiitug

Nepoyp  wnuvanoaalu Y fvesiuiithg

& PN N ° PN
mﬂwugmﬁuaﬂammw 1 cL @U1TDANUIUANNEUNTN (3)

N¢p, = Nclip * Ngper (3)
mMuualA

N¢p, WU ANTEAU NIRRT

Nejip  wnu Angsgasineglusesiu Gray Scale vasrnaasinalus

Y

AU Gray muanwaeiuntug lngadalawnsuanninduatuianddusui 1 e
vinglavvesiiniwaiiAnminnit Ny, Ainwatuszgndnantudifinwaszgnaszany Luds
nniinwaluseau Gray Aaunisn (4)

N .
Negp = s (4)

Ngray
198 Negp AD 9M918UTENINATINYDS Histogram Giaﬁi']?ﬁzﬁumwmﬁugmsuaq
AunITIRIENIIaR MY UTeY Histogram Tuudaziiufianngsadeuly
if HCR(i) > N, then HNCR(i) = N,
Else If HCR(i) + Ngep = Ngy then HNCR(i) = Ngy;
Else HNCR(i) = HCR(Q) + Nggp;
Anmuaty HCR(D)  wiu vinnslavvesimaziinaluszau Gray vesiuiitue
I WU nuneae9e9anlusevu Gray 1asa1nnsgangagalaunsulu
Tifunnfinialusedu Gray faaunsil (5)

N
S =LY (5)
Npp
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Al
S Wit A1 Histogram lyaifinsganglivniiniea

Nip  unu arinansdauivelgauinaill

2.1.5. Ysuugpanmnmlagldimaianisusudgnmiulawu YiQ

syuudnuy YIQ tWussuuitldly TV Broadcasting &Sy NTSC Uselewindniiiialer

al

Tulatuinsyaduuuyi-an Inefl y Aeanuainaesnin @ | wag Q avidudyyin
v v o v & o [y LY 4 o & v 1 a [ o A
WsHadveen InlIud s uInIiale1-01 duanunsaldan Y Afeanaiunsalaning
¢ aa (% ! Y v PN
auysal WnsAenanansauanalifsEun1sn (6)

Y =0.30R + 0.59G + 0.11B

[ = 0.60R — 0.28G — 0.32B (6)

Q=0.21R—-0.52G + 0.31B
LN AUDIALA

Tne

R

G UNU ANUDIELYY
B unu fwesdin&y
Y

WY ANUDITEAUFN

LN BIVBIFAUIUDIUNRY

—

Q. WU YIVBIANINUDUTUL

2.2 EAe TR

1ng Ashi Agarwal LagAmug(2016) lauausiIsn1suendiuvosauUssa el 1n
Uizqmﬂﬁﬁ%mi Morphological Techniques lae Active Contour Fitting eldlunism
druresaulszainan dududiuusznevdifyvedlsadiegluaeysyamen wu lsadadiu
Iﬁimmm’luﬁum %ULLiﬂI% smoothing filters Tunsindedudon 'i]’lﬂ‘li'ﬂi’f morphological

operations Tun1suendruatuUszamataziidnasnlaineides uazly active Contour
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snake (Huiugiulunismduwesulszamnn Wuisilianugniedunisuendiuves
UUTTAMAADUTI9G

1ng Satoshi Hamaguchi kazAnz(2015) lilawedsn1sssusiuviavesauyssamm
Iﬂaﬂizqmﬁi‘i’ﬁ%mi Gaussian Vessel detector and Tangent Information Transform Tu
11u3duT o Detect of Optic Disc Center based on Gaussian Vessel Detector and
Tangent Information Transform %uumuﬂmmwlﬁa@u green channel domain ntu
wlaadu grayscale 19 Gaussian Vessel woniduiden ieauiduidensonluuds avinie
optic disc ﬁaiwagj nild Tangent Information Transform anguiam}@ﬁﬂ’jw ey
17 optic disc 99NN Lme‘i%’a%uﬁjé‘Nﬁﬁé’iaﬁﬂﬁmagi dlesndeddfunmdiuediu optic
disc agadmauingy

Tne Elbalaoui, Boutaounte wazmny (2014) leinausauidede “Segmentation
and detection of diabetic retinopathy exudates” IﬁﬂmemeﬁumwuﬂaaﬁqmLﬁmsﬁwﬁa

a

A ~ i g.ll A ! t:’ljta
naealaon luN1SIUaYULUaIN0UTEE AT UNNASINaDALEeAMa I tAANITUINLAZAIT

'
v A

Y] a o | ¢ I3 v aa a
lvavesveanavseudnsenlinegsauysaiaunatsilueinisunindou Tunsaldugi
Anunfdudenluididulnuuiuiivesaelszama uad1minasianunauluszazusne
9199LENITNANANULEBIVOINITATUBA LA UNANTUILEUDITNITLUUERLUTRaMSUATS
a ) 1 o 1 o o w I
nmarsivasiuninatgaolszamanlauidugigs aaduusnamasgnudandy
JULUY HSI 83910 preprocessing giinadululdnfiansvdsnmuusnguloelifomsiadu
Optic Disc (OD) Aisulagldnisusuandunewdsnsml Yranarialuyfinnesasgninli

Y

[ d‘ Y 1 d‘ Y] 1 = v 1
WuarsinaswazlidasnudslagltlasevieUssammifisudnungislunisasiaaeau nns

o

nadeuiunasgniuldlugiudeya DIARETDBL agndlsfiniunisnsiadu Optic disc nou

(Y °o v v

do & a 4o [ o = ' A o
ngudugdaiafyarnuaulunisnsiadualsuasiuaedseainm LuaﬂﬁlﬁﬂﬂWWﬂﬁEJVIUﬂUﬁlﬂu

<
[

nsUszananatudues Optic disc aTindefuasmas mnauisaainauiidy Optic
disc iéfﬁu’mmdauﬁ%Lﬁummgﬂé}’aﬂumimaﬁummé’qLﬁiuﬁ’u

10t Gandhi wae Dhanasekaran (2015) l#i1iaueauisede “Investigation of
severity of diabetic retinopathy by detecting exudates with respect to macula” Iiﬂ‘ﬁ
annsansranulaedugavesnisnnden, Microaneurysms, @sindiuazanuRaunfives
seUszamaluaesmuyud Tunismsaeuanufiaunfimanildnuunidnyuunmddosnis
desliinalunisdansesitieiiousnszozuosenislunisinunligndios Biaueiiay
wiugTlunsnsnasuresasfivdaranuinunfivesseyszamalagldinaiianisuusd

| [ P~ Y v (Y a U = & ]
JSEG Eﬁ’J‘LlFLMQJJ Eﬁ’J‘LlLLiﬂﬂE]ﬂ’J'WlIL“ZJiJ“UUIMﬂ'ﬁGﬁ’J‘ﬂﬁEJUﬂ?iﬂi’]ﬂg@l’)%@ﬂﬁ’]i%%ﬁﬂ‘dﬂL‘UWU‘L!“UEN
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v A

sealsmaauszamanluiiuddnusndAyfsvuinwasanvusyasalsnag In1sssylag

Ao W

5¥88119581119 exudates o lUTdlun1smdiundu exudates AnuimafidAgyes
d1uNaesRzluegiunN15n5I9aeuNIsUIINGFIveEsInd e IfudIuiseysEAUAIY

JULTURIANURAUNAI AR UDR Fee1vinliiinauianaIani1svinaurnlgisnisi

¥ =

fugndeyaduiinmaisaeyszamaniidnwusaliliuinsgruviessdusznouvesgunm
vedlitansevinly

Tne Akter, Uddin wazamiz (2014) ldinaueiuddede “Morphology-based
exudates detection from color fundus images in diabetic retinopathy” una314 ‘ﬁ
tiaueBn1sdnyaemadng WA ilddmiun1sn a0 ULe U IMIURI LA S TMAIRN
ama1ganUszaman wanlwldisnisveaslunmeseizuasldsunafiuineladeiinng
Wisuiisuiudnyunménadefieveuwnieiie Tuussan 100 Mwinadiafhinauewy 44
amduund 35 aggeuuviu 7 guldsunansgnuliunans 13 sUldsunansznuedng
suuss uay 1 nmliuadiligniios nanisasanuiidiamnuedioadeiudnyunmdaseiufud
Madsile Arugniesasiimautsduiouuuduiufe 85% Bnsdanaulngld fuzzy c-
means LU 92.18% uariisnsvesunanuiiie 99%

Tae Dutta, Srivastava wazamz (2015) Tatlaueuidede “Exudates detection
in digital fundus image using edge based method & strategic thresholding” WwinLY1
ihiauetuneuisnsdsznananmlunisamadeuanugresasiindslunindeaeysyam

a

M1 dmsulumuMsUIIngMvesasivasiun ne JeisiaTomung IRl sHAUYBIN TEYLEY

a v

MINewiLLaYAIEmATinIInTIvdeUasIvadldegegndeariiUszansnmdadunddny

o

D.

danesfiuminauaduisnisdnagnsiitein1snsiaduinanssdesiaswuieena
waneiaiu Tegldnssiuiuldenagnivesaesistasenoglunusiuaznsnsivdeureuds iy

a

lunisirdnvliendululanimunvendeiitiilug exudates wiafienalane. deuisnis

U
[ = adaa v

m’;f\]mmiﬁwmﬁumwﬂﬁm’%aumaammgméfauﬁu%u HANTIVAABLERIlTALINISUITe
Iiseuiidaauvesanugndedutivesnisnsivaouasimdslunm Fundus Adnealaglsl
gaydenanlunisAuImn

Ta® Luangruangrong, Kulkasem wazmmiz (2015) ldinaussnuidede “Automatic
exudates detection in retinal images using efficient integrated approaches” mu‘ii’faﬁ’
Iiaueiznislunisnsiadevansiivdsanamasyuszamandulsauimny n15nsam
arsfindslurisduresiisiuimnuaztisanauguusslulsauimiu Biausdmiv

exudates N157M5I9@UUTLNOUMIY 5 TURBUNANGIL



16

[

1) e Ufuugsnanmvssnmlneldnnuandaiidrianisuiuiminiouiuves
Histogram (CLAHE)

2) tiel#inquenn3tad Thresholding Sane3iiu (OAT) dmiufidaingitlalesing
lusausgamen

3) [4dana3fia Frangi Uufuguveamsnseslunsanavduiden

4) Tun19m529a0U Optic disc 8990UsEaMAAElINITTINAUIENINNTIATIZA
WUUMaNeAINaZdEaLay Hough transform

5) maduunansivdslugiaaiidandosgiutuneuiBuesdrdiudu fuzzy c-means
omsdnngu FeiausazynsadeufuAMaIn DIARETDB 3nAsgIuvesnmanaoyszam

a
AMLUULUINIU
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uni 3
A NUUIUIY

=% o o

Turuideilazfnwrisn1suennInanvd@iuaes optic disc AdndwAGITUAYDS
exudates aonnawiieliliausansiafuduiiiu exudates lgndoswniulaedduneu

NSYINURIFUTN 3-1

Input image

A

Image enhancement with YIQ
domain

Blood vessel detection using Tyler
Coye algorithm

Optic disc locating by using
morphological end point

Draw boundary of optic disc

AT 3 - 1 ATEUIUNITUTZUIONANENTOINITATIATU optic disc

' (%
a o v [

BnrsidausluuIdeliFuvindaud T un 4 nszuaunisndn Tudiudunaui 1)
Usuussnunmvasnnlagldlamu YIQ 2) asarduiduidenlaenisusuuseisnisves Tyler
Coye 3) AUV optic disc 1nun15lY morphological end point 4) 1A ULYA

299 optic disc Inglgrunaniiigig 300 x 300
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3.1. n')si]fu‘l/ga@mmwwmmw

3.1.1. YIQ

[
a

1 a o U QI a a U v 1 d‘ ¥ v
dilITeagihnisuTulssasiindssaninmvesnnanelegsuuuuimiesldauly
Junoudalulaginsudasnmaisdulawu YIQ Unfinmasussamaipuiiautemiedne
R, G, hag B @9 YIQ tusyuunldlu TV Broadcasting @5y NTSC Uselavinaniiiielily
nulaiuinsiaduuuena-an Ined y Aeanuainewesnin @i | waz Q asidudygyiun
v C | Y 5 o [y Y 4 o 5 Yo 1 a < 4 ~
Wrsadvosn nlIfudnsulnsvirilenn-an duanuisaldan Y afeanaiunsalaning

auysal Wneazdeuludages YIQ Wneldaunislunisuuasaife RGB TUuYIQ feaunisd

3-11
Y .299 .587 .114 R
[|=1].596 —.274 -321|x]|G (3-1)
Q .211 —-.523 .311 B

a o

die Y wiissddsznouludiiddwazdvnn Tunisnduiu | war Q unsgiu

v & A
VoY ANLUUE

Mntudenusuudludiuvesdes Y mmemsvieusesnmssindudonhiunmiituly
udgsiinamsiniunuifivesdudondmiunmsaasy lunsufuussaunisves Y §3de
T@funnsimed a, b uag ¢ isldanauulsusiuassanuainsluninges Y uazld
Ymod iHunszuIuMsUszInaInaInMsiinA s iiees fa, b, dl = [1.5, -1, -1] fsaunns

7 3-2
Ymoa = (@xY)+(bxI)+ (cxQ) (3-2)

3.1.2. CLAHE

&9 NLaYe9 Ymod Ailaainniswasulawudain RGB 1Uu YIQ wda CLAHE gn
lUlg¥ee Ymod wienaglilinimasdseamaiasnssdureuseninsingudasiivaliiy

Aaunvaingiaulaiiulidawazanunsaszsyladedu
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3.1.3. Image sharpening
welilanmidinnuaudnvsssisazdeaiiutunasainnisuszataninlaely CLAHE
WulunstlnmiuaeiiinaINNIsAANAIATToLlAYSTTUYIATDINITENENIN T8 MaNNIT
204 sharpening @eatiunisialaenisavivelsudetulualniisalawy lngunfuaa
Ay v v o a v ¢ I % 1 [y (Y] [ ~ v
Hanauauasnlandaniunseuiusaziludadiu duseiuanulddeiiadudoyanin
[ gj v 6 I o o = PN [ P ::4'
Aatiun1smayiusrasnmilunisusulsweuvesinglunm swludegeanliseiienusing
aglunn (fyyrusuniv) wasdanliunisiaglanaududuvestoyalununilisinis

Waguulaswesloya

3.2. N13ATIRVULEUADAlAEN1TUTUUFIT5015Y89 Tyler Coye
TuduiiseslidunouiznsinsasuduidenanamaisaeUszamaves Tyler Coye
lun1sihdanesiulunsnsdududontsnagldres Ymod Mndunisuiulsenmnmues
amenedmsunissniuauiielinadnififvendudenfinsaduiiesanesfiufiday
LLaju&J’wgaLﬁ@lﬁﬁmﬁamﬁlﬁmﬂé’aﬂa‘%ﬁmm Tyler Coye wéuiudsuduidenilelsilaidy
Foaniianugndosuazidudoniianudeideiu esandudoniildaindaneifiuves

Tyler Coye finsafaunsdlunluldiduidonfinuinie vsee1alidudonvuindnuisdiud

v A a = gj aa v 1 t&l
PInNEULReaLRL Inelitunauisnisnenelull

3.2.1. Morphological Operation
Mathematical morphology 1utn3eeiioflda1un1u Digital image processing
dNUTUARAD YIoUARANAIUYOUTBINN LAsIas1eveanIn tngldngulveen Fauenly

Morphology Azunuiui1miagunsavesinglunin Wunguvesdmieanualuniwluuni

v o

d1m3un13v1 Morphological au1salglunisidndyyiasuniuy vereiiunveing uas

1 a

Manduiuvasingnlilydudensenluliuisdiu

3.2.2. Feature extraction

mim@mé’ﬂwmzﬁmwmﬁﬂLszjamasl,umwa]'mﬁi'fumu morphological operation

Tudunaulaza I dun1ShUININA8ITNSUBIA NYE VB LA ULFANTLATIU18mBL T BINULIN

a < = 1 v 1% Yaa . = 1 ¥ a a [ a < I
naalunilangudeyaua’ldizns labeling livewsnngudayanieginiuuniigaeenidungy

Y
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go8° FeuuusuInguussdudoniilassirsfndaduninfigaaziivuinlugiian fag

aunsanentd@udeanidudunanaanulea

3.3. AUNIAIUYUIYDY optic disc Inen151% morphological end point
3.3.1. Thinning Operation
Jutunounisvhgunmusadudenildannisadaduidensenuiuiii thinning
. P v a o YA A & o y A A °
operation teliinlassasrsveaduiioniilulasaiawuuidune vz luldlunisman
vududonnaly
3.3.2. Morphological operation end point
Tutupouilidunsihlassad1ewesduidonfinaunisyin thinning operation 11¥in1s

=i

MngAnseaUaevadudenluliaziuuslagly morphological operation end point

3.3.3. Quasi-Euclidean geodesic distance

o av v Yy oA v & A v oa Ao Q{'
Maﬂﬁ]ﬂﬂwimﬁgﬂﬂa’lwaﬂLﬁULﬁ@@IUV]ﬂﬁWWLL@’J Iu%umauuvl,mLa@ﬂﬁgmmmﬂ’mqum

suamz«,mu X LaghkAY y Meaun1s (mini),y 1), (max(x),y 2), (x_1,min(y)) kag (x_2,max(y))

LLazLﬁaﬁﬂzmnﬁumqﬁé’uﬁqmw’m (min(x),y_1) 1 (max(x),y_2), waz (x_1,min(y)) lU

(x_2,max(y)) 135115 Quasi-Euclidean geodesic distance Lﬁamﬁuﬁﬁlﬁu@mmmsmw

IV SGRNEGD
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Algorithm 1 Optic Disc Identification
Input: Fndpoints , ThinnedImage
Output: OD

: begin
: Mazxy, = Mazxgorizontal (£ Ndpoints)

1

2

3 Ming = Mingorizontal (N dpoints)

4: Mazx, = Mazyertical(ENdpoints)

5: Min, = Minyerical(ENdpoints)

6 Linenorizontal = QuasiDistance(Maxy, Ming)
7 Linevyerticat = QuasiDistance(Mazy, Miny)

8 Linecenter = Size(ThinnedImageyertical)/2

9 Finding intersection of Horizontal and Vertical Line

10: for i = 1 to Size(Lineporizontar) do

1 if Lineporizontal(i1) == Lineyerticat(j) then
candidate = Lineporizontal(?)

12: end for

13: for j = 1 to Size(OD) do

14: if candidate; == Distance(Min(OD) then OD
= candidate;

15: end for

16: end

M9 3-2 TURBUTTLUNMTIEYMUIINIUYTEA AN

NN 3-2 wanatuneudslunisszuiuminulszamalagdeyaiiiiay

Usgnoulumegnduanveusiduiden (Endpoints) uasnmiduideniiiunssuiuns

(%
a

Thinning 1147 Tuduneutiaziduannsmeumisitesfiaauazanniigauesgaiuan
neuwueY (Lineporizobtal) MAYN IR (Lineyertical) Mntumszesig
Tneld Quasi-Distance dvarlFlemvasfineasswigaduaanaduiuifiuasiiuey
gy Welinveaiaesuiuddondwiidouiiuifumesiaonduiodugndmsy
sryfwiwesaulsyamen Wessymuvtaddmnsunsideuiuiuanmnnimils

AU Azaensurlsidauriuiualnaldunnatsnian (Linemiqae)

3.3.4. Optic disc locating

[ '
= v

wdnflanunidugadaudqladvinnasl438n1s morphological operation end

& Y [%

point dnAswmilaiiengalagvesiuniluaadnazlagnuaeiiisaasiyan 31ntuitnisii

9 9
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[%
v [

TA099ARINA1INIINITRNANTUINIEATINTNYDIANNFIVRIN ML ONYATT AU NSRS

fiu optic disc unfianuazldmunisindudumisdnddunsassweudnues optic disc

v 1 a o .
3.4. NTATNYULYAYBNIAIUNMUY optic disc

Tuauiis1@31991t18199U79 300 x 300 AiNtga ANNAILNUID19DIN AU TvuAvea

(%
Y 1 [

NUIA19NIITUIINNTNAFBUAUTIYATRYALAD HaU5INHINVUIA 300 x 300 WNLYA

9 Y

¥

aunsansoumguauiilu optic disc lannamldyadoyaildnaaey dmiunisnsiaaeu

q

. . Y =2 v & & o ! A a . . '
YBULYA optic disc LAIILAAINAANTLUUA LN UILATVDULUAN optic disc agmsﬂu

ANANEIDUTTAMNAN
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uni 4

NANISNAADUUDIAY

Tuunilduanssanisnaassdildainnsldisiviaueluuni 3 Inswansnniedis
ANENUBIIUTTAMA LazmTLERIHaENEL e gy Tisluntsaudunouluunit 3 Tay
wmslunsieesiitensndiu optic disc nnmEEIBUsEAMIBBNINTY latlUg
aszuIunslunsasadudiiiiy exudates siold waznasnnismaanteSuiesIeaziden

sasalull

4.1. MsUSUYTINUNINYBININ
ndeyayauniiunlinaasuiuninaziiniiuazideanuandieiy Fddudunay
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Optic Disc Detection via Blood Vessels Origin
using Morphological End Point
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Chonburi, Thailand.
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Abstract— The location and boundary of optic disc is a
fundamental step to analvze most of the retinal fundus images for
finding the abnormalities occurred with the eves. Most of retinal
images have various sizes and shapes of optic disc due to the
photographic nature and the sizes of patients’ eves. This leads to
the difficulty in detecting the disc correctly, There are a number
of ways to detect optic disc. In this work. we propose to extract
optic disc boundary and irs location using blood vessels origin. Due
to the fact that optic disc will abways be the origin of main blood
vessels. This paper proposes a novel method for automatically
detecting optic disc on refinal images. The proposed method
consists of 4 main processes as follows 1) Improve image quality
using image enhancement techniques on ¥7Q domain 1) Detect
blood vessels using Tvler Cove alzorithm and improve the result
using Morphological together with feature extraction 3) Locate
optic disc using Morphological end point 4) Draw the boundary of
optic disc. The performance of the method is evaluated based on
dataset from DIARETDBI which is a public retinal image dataset.
The performance accuracy is 91.11% compared with the ground
truth.

Eenywords-component; end point; opric disc; Wood vessels;
retinal image;

I  INTRODUCTION

The auvtomatic located of the retina findus has a significant
effect for medical practitioners in providing the treatment of
diabetic retinopathy. The complications of diabetic retinopathy
can cause patients with eyes disease from loss of vision. The
early detection of eves disease may reduce the high risk of vision
loss. One area of detecting the eyes disease 15 to locate the optic
disc prior to specific eyes lesion. Researchers in this area are
working with the retinal images. Many of the recent research
wortks are focusing on locating optic disc to further detect eves
lesion. The position of the optic disc on the image indicates
whether it is the left or the right eye. Optic disc normally has a
round shape with a tone of orange color. Optic disc is the output
terminal for the optic nerve that commmmicate with the brain
Such that this area will be the center of all aorta. The retinal
artery and retinal vemn age often locate in the same direction. But
the retinal veins are larger and darker than retinal artery. Then
they branches into the retinal arteriole and the retinal capillaries
to feed the retina. Most of retinal images have various sizes and
shapes of optic disc due to the photographic nature and the sizes
of patients” eyes. This leads to the difficulty mn diagnosing the
eves disease.

978-1-5090-1636-5/16/$31.00 €2016 [EEE

Annupan Rodtook
Faculty of Science, Famkhamhaeng University.
Bangkok, Thailand.
Sittisak168/@yahoo.com

Fig. 1. Show the object in retinal image

There are a munber of researchers developed optic disc
detection on retinal fundus image. 5. Roychowdhury et al. [6]
presented a method to locate optic disc boundary and vessels
origin segmentation of fondus images. The bright regions are
used to classify between optic disc and non-optic disc uvsing
Sixth Region-based features and a Gaussian Mixture Model
classifier. D). Zhang and Y. Zhao [7] presented a novel accurate
and fast optic disc detection m retinal images. Their proposed
method uses vessels distribution and directional characteristics.
L. Ichim et al. [8)] presented a combming blood vessels
segmentation and texture analysis to improve optic disc
detection by combining texture analysis of the sub-images.
M. Zubair et al. [9] presented an automated detection of optic
dise by using high intensity value of the optic disc. Q. Caoetal
[10] presented a fast and robust method to locate the optic disc
center by using two main features of the optic disc, vascular
direction and intensity variance. M. Nalid Reza and M. Ahmad
[11] presented a method to detect optic disc based on the
properties of optic disc and idea of curve operator without using
background mask and blood vessels.

In this paper we propose a novel method to detect optic disc
boundary consists of 4 main steps. First step. Images cuality
improvement, the ¥1Q domain is chosen. Then, the Contrast
Limited Adaptive Histogram Equalization (CLAHE) and Image
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boundary consists of 4 main steps. First step. Images quality
improvement, the ¥IQ domain is chosen. Then, the Contrast
Limited Adaptive Histogram Equalization (CLAHE) and Image
Sharpening are applied. Second step, Blood vessels extraction
1z performed by Tvler Cove algorsthm [1]. Thiz algonthm
converted the RGE to gray scale using PCA through a process
based on global threshold. Third step. detection of optic disc via
bloed vessels origin using Morphological operation end point.
Fourth step, window size 300 x 300 pixels is used for finding
optic disc boundary.

The proposed method is tested on 39 images from
DIARETDEI] [2]. standard disbetic retincpathy database ofthe
Lappeenranta University of Technology. There are 5 images of
healthy retinas. while the others 84 images have some diabetic
retinopathy signs. The images were acquired with a 50 Field of
View (FOV) using a fondns camera at a size of 1500 = 1132
pixels in PNG format. The images were annotated by four
experts for the presence of microanenrysms, hemorrhages. and
hard and soft exndates. Annotated images from four experts
were combined to produce a single ground truth image.

0. METHODOLOGY

The methed proposed in this paper consists of fouwr main
processes as shown in the Fig. 2 and details as follows.

/ Input image /

l

Image enhancement with Y10}
domain

Blood vessel detection using Tyler
Coye algorithim

Omptic dise locating by using
morphological end point

Draw boundary of optic disc

Fig. I The proces:s of the proposed method
A. Image Enhancement
1) o
In this step, we improve image quality vsing ¥/Q domain.
The original digital retinal fundus image has three color

channels R, G, and B. This color image is transformed to ¥IQ
channe] by RGB2YTQ transform equation as shown in Eg. (1)

14 299,587 .114 R
Il = [596 —-274 -321|x |G (1
Q 211 -523 .31 E

Where, ¥ is the only component employed by black and
white TV. On the other hand. [ and @ stand for chrominance
information for representing color.

Then, we choose only the ouwtput of ¥V channel from ¥YIQ
output. This 1s because the ¥ channel provides the binary value
that is uwsed m this werk to detect blood vessels. In fhis
transformation a, b and ¢ are parameters which depend on the
characteristics of the images. They are selected to reduce the
local lnminance variability throughout ¥4 and increase the
mean contrast levels within it [5]. The parameters [a.b,c] =

[1.3, —1, —1] are applied in this step. The ¥, equation has
shown in Eq_ (2).

Viog =lax¥)+ (B xD+(cxQ) 2
2) CLAHE
In this step., Contrast Limited Adaptive Histogram

Equalization (CLAHE) [12] is wsed to increase the equality of
the image  This technigue is evolved from Histogram
Equalization (HE) by S.M. Pfizer. This method considers
information received from HE and find the average value of all
pixels and then adjusting the value of all pixels with that value.
CLAHE is applied to the ¥;,,4 channel of retinal fundus images
to intensify edzes between each objects in order to increase the
quality of the object of interest and enable them to identify more
easily.
3) Image sharpening
In this step, the Image sharpening technique is used to
enhance object details. This technique can be used in such a
case that the blur of image which may cause by human error of
by the nature of the acquisition of image data. Sharpening
conducted by differentiation in the spatial domain. Typically
response of a derivative action is proportional to the degree of
contimity in the image data. Thus, differentiation will help to
improve the edges of objects by reducing the unconnected point
in an image.
First dervative:
—  must be zero in flat segments (areas of constant gray
level values)
—  mmst be nonzero at the onset of a gray level step or
ramp
—  nmst be nonzero along ramps
A first-order derivative as the difference shown in Eg. (3).

L= flr 1)~ Fx) @)

Similarly. any definition of second derivative
—  Is equal to zero during unchanged (flat areas).
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—  Is not equal to zero at the onset and end of a gray
level step of ramp.
— s equal to zero along ramps of constant slope.
A second-order derivative as the difference shown in Eq. (4).

=4+ 4 fx -1 —2f(x) @

(©) (d)
Fig. 3. The comparison of blood vessels detection step (a) & channsl (b} result
from & chamnel, (c) ¥,y channel, (d) result from ¥, channel

B. Blood vessels detection

In this process, we use Tyler Coye [1] algonithm to extract
blood vessels from a retinal fundus image. We use the ¥4
channel from the pre-processing process to achieve a better
result in detecting blood wvessels. This algerithm provide a
reasenable high accuracy for segmenting the blood vessels in
retinal fundus images. To get a good blood vessels segmentation
we further improve the result as follows.

1) Morphological eperation

Morphological operation is a binary image processing
techniques or pray scale that focused on a binary format and
structure to change the shape of the object in the image. With
this technigue. we do noise reduction or removal of holes in the
foreground or background. The technique consists of two
important findamental operation: Erosion and Dilation.

Erosion is a technique used to remove or spike edge of the
regiof, which can be described by the following Eq. (5).

AQB ={p|B, =4} &)

Dilation is a technique used to extend the edge of the

foreground or background image configuration. This cperation

is commenly vsed to fill the hole, which can be described by
the following Eq. (6).

A@B={x|B,nX =0} (6)

Closing is to operate the dilation and then followed by
erosion to make a connection among each pixel of the image to

make them closer to each other. This operation can be described
by the following Eq. (7).

A-B=(ADB)O 8B (M

Where, 5 denote the dilation.

= denote the erosion.

A = structuring element.
B = the erosion of the dilation of that set

However, the blood vessels segmented from Tyler Coye
algorithm still has some hole left in the vessel objects. This step
is to fill those small holes to cover most of the expected regions
of the blood vessels.

2) Feature extraction

To get the main blood vessels that strongly connected to each
other we use feature extraction using Connected Component
Labeling algonthm to assign a number to each object. Once the
mumber is assigned to each object, the size of each object 1s
estimated. With this technique, the shape of uninterested blood
vessels that are dispersed which has a small size will be labeled
with a different number, while those main blood vessels which
their components or areas are welded together will be assigned
with the same mumber. By this operation, the main blood
vessels can be detected.

To find adjacent pixels 8-commectivity Ny(p) is used as per

Eq. (2).

Nalp) = {Pixs199: Pre-1yp Prey+1) Pizgy—1y0
Pies1y+1y Pla+Ly-1) Pia—Ly+13 Pia—1y-1 1} (8)
C. Optic disc locaring
1) Thinning operation
In this step, the result of the extraction process is used to find
the skeleton of a region of interest. The concept of finding
skeleton without losing important shape of the region of interest

use Thinning operation to detect the main structure of blood
vessels.

Thinning operation [4] can be done by virtue of the two rule
P1 and P2. Thinning has two stages. The first stage will use rule
P1 by applying template of size 3x3 scans through the image
pixels around the edges of image to spot the pixels that can be
deleted. After scanning the entire image. those pixels that have
‘been spotted to be deleted will be denoted. The second step is
P2 rule which will be performed the same way as F1 mle. Any
pixel that is identified in prior step will be rechecked and then
removed. This operation will be run over and over until there 1s
no further pixels needed to be removed.

The template of a 3x3 pixel is shown in Eq_ (9) demonstrates
the PO sitnated at the middle of the set of pixels that considered
to be condensed.

Pe I3 P2
pr | Po | Pa ()]
Ps Ps Ps
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Where, Ni{py) =¥, p; as the number of pixels
around py when pp =01 and i=
0,12..8

T(pg) represents the variation of data from 0
to 1 when the information in the erder.

P1 and P2 are the rule logic is as following Eq. (10) and (11)
in order.

(2= N(pp) = 6) && (T(py) = 1) && (py. pa.ps = 0)

&li(py.ps.p; = 0) (10)
(2= N(pp) < 6) && (Tpy) = 1) && (py.pa.p; =0)
&&(p,.pepy =0) (11)

2) Morphological operation end point
To find end point of the main blood vessels from the result
of thinning step, we use Morphological operation to perform it.
One of specific criteria of this technique is to find the end pomt
of each branch of blood vessels. It can be described by Fig. 4.

1000 1000
0100 Becomes 0000
o010 0010
oooo 0000

Fiz. 4. How to find the end point

3)  Quasi-Euclidean geodesic distance

After petting the result from end point step, in this step we
finther find the 4 end points. (min(x),y). (max(x), yz).
(xy, min(y)) and (x2, max(y)) to find the shortest distamce
between two point from (min(x),y,) to(max(x),y.). and
(x1, min(y)) to (x2, max(y)) on the blood vessels for getting
onion area between (min(x).y,) to (max(x).¥.) . and
(xy, min(y)) to (x,,max(y)) by using Quasi-Euclidean
distance [3], which can be described by the following Eq. (12).

|x'. - x}l + (\'rz__ 1}'}’1 _}'zll |x1 _le = |}"_ _)“zl
{\5— L) %y —xz| + |yy — y2l, otherwise. (12)

(@) (b)
Fig. 5. (a) example imagze with 2 point, (b) distance result by using
Cuaszi-Euclidean
4) Opfic disc locating
After get the overlapping area between 2

points,
(min(x).y,) to (max(x)y:) and (x,min(y)) to
(%2, max(y)). In this step, we use end point again for getting
the end point of overlapping area. Next, we create the center of

horizontal line of retinal image for classifying the end point in
the overlapping area. This is because of fact that the optic disc
is often found in the left or right position of retinal image. Then,
we choose one of two points from the end points of overlapping
area because the overlapping area will be at the origin of the
blood vessels when such point is near the center of horizontal
line of the retinal image.

(a
Fig. 6. (a) end point of overlapping area, (b) the nearest point from the center
of herizoatal line

D. Optic disc boundary

In this process, we get the optic disc location from the point
near the center of horizontal line of the retinal image. For finding
the boundary of optic disc we create window size 300 x 300
pixels from optic disc location peint.

II. EXpERMMENTAL RESULT

The general retinal fundus image consists of blood vessels,
optic disc. macula, and field of view. The main idea of the
proposed method is to detect optic disc boundary via the origin
of blood vessels. The characteristic of blood vessels can help to
identify other objects of interest on the retinal findus in many
ways. For the imental design. we change the image color
model from RGE to ¥IQ model We then use only the ¥
Channel and improve it to Y¥,,4 channel image. This ¥4
channel is then used as the input for the proposed first process.
This due to the fact that it provides a better gray level compared
with ¢ channels. In Fig. 7, we shows the gray level distinction
compared between (a) & channel and (b) Vpngg channel

(a) (®)

Fig. 7. (g) f channel, () ¥ pq channel

To enhance the object’s contrast. we applied CLAHE and
image sharpening techniques to increase the cuality of image
shown in Fig. 8.
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(a)
enhancement by CLAHE, (b) ¥, enhancement by CLAFE

and image sharpening

In the process of blood vessels detection., the enhanced image
from pre-processing step shows better object contrast which
allowed the blood vessels detection algorithm to increase
performance. In this work we use Tyler Coye algorthm to
extract blood vessels from a retinal fundus image. Tyler Coye
algorithm nses PCA through a process based on global threshold
to detect the structure of the blood vessels as shown in Fig. 9.

Fig B (a) ¥y

Fig 9. () result from pre-precessing step, (b) blood vessels segmented

To get a good blood vessels segmentation, we firther
improve the result from Tyler Cove algorthm with
Morphological operation. This is due to the fact that blood
vessels sepmented from Tyler Cove algorithm may still contain
a number of holes in blood vessel objects. Thus, we use closing
operation to fill these small holes to cover most part of the region
of mterest. Then we detect the main blood wessels using
Connected Compenent Labeling algorithm to assign a number
to each object and identify the those objects with contain the
most linked area.

Fiz 10. {a) blood vessels result by Morphological operation, (&) the main
‘blood vessels comnected by component labeling

In finding optic disc process. we use the result from the
feature extraction process to find the skeleton of blood vessels
nsed Thinning eperation technique to display blood vessels

stiucture without losing their important shapes. Then, we find
the end point of the main blood wessels retrieved from the

Thinning operation step used Merpholegical end point operation
to perform it. Next step, we get 4 end points, (min(x), y,).
(max(x),y2) . (xp.min(y)) and (x2,max(y)) to find the
shortest distance between two pomt from (min(x).y,) to
(max(x), y,). and (x,, min(y)) to (x,, max(y)) on the blood
vessels for extracting overlapped area. After that, we firther
applied end peint operation again on the overlapped area and
chose one of the two points which has a mininmm distance from
the center of horizontal line as at the origin of the blood vessels
as shown in Fig_ 11.

(2 ()
Fig. 11. (7) thinning algoritim, () blood vessel end point, (c) distance
{min{x), ¥,) 10 (max{x), ¥, ), (d) distance (x,, min(¥)) to (%, max(y)),
(&) findingz the overlap area, (f) the overlapping area, (g) the overlapping area

with end point, (k) the nearest point from the center of horizontal line

After getting the optic disc location on the specific point near
the cemter of horizontal line of the retinal image. Then, we use
that point as a starting point to draw window size 300 x 300
pixels to create the boundary of optic disc.
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Fig 12. The final resulr is optic disc boundary

The accuracy performance of the proposed method is
evaluated on 89 images from DIARETDE] which is a public
retinal image dataset. The proposed method can achieved the
ACCUIACY performmce calculated by Eq. (13) of 91.11%, while
the true posttive rate is 92.13% and the false negative is 5.98%
as compared with the ground truth. However, ou.rapprroach can
provide the accuracy i vement of 4.73% and 3.13% as
compared with Kande et al [13] and Lupascu et al [14]

respectively as shown in TABLET
Accuracy = % (13)
TABLEL PERFORMANCE MEASUREMENT RESULT
Methods Accoracy Performance
Fande et al. 86.38%
Lupascu st al. 8708%
Proposed method 91.11%

IV. DIscuUssioN AND CONCLUSIONS

In this research. we proposed a method to automatically
detect optic disc from the origin of blood vessels by using end
point of blood vessels. All of retinal fundns imapes are taken
from the database of the Lappeenranta University. We achieved
the accuracy performance of 92.13%. However, from the
experimental results, we found that there are still some issues
that needed to be further attempted. For example, we are still
unable to locate the blood vessel on some images. This may
due to the ncomplete mformation either from the cuality of the
image taken or the abnormality of the blood vessels structure of
the patient itself. In another case. to find the ongin of blood
vessels using four end points may not always sufficient to locate
the origin of blood vessels.

From the above discussion, we therefore plan to improve the
performance accuracy in detecting the optic disc by attempting

to solve those issues in owr fivure work Moreover, as we
mentioned early on the optic disc is the starting point to locate
different sort of objects that exhibit the eve lesion disease. we
are also going to use optic disc as the starting to detect those
eyes lesion in our future work
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