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| soxazol e derivatives and their use as netabotropic
gl utamate receptor potentiators FIELD OF THE | NVENTI ON

WOre9/psosent i nvention relates to i soxazol e derGNSGI00E00186

that function as potentiators of glutamate receptors,
met hods for their preparation, pharnaceutical
conpositions containing themand their use in therapy.
BACKGROUND The rret abot ropi ¢ glutamate recept ors
(M3 uR) conA 3 J-kheisg ratioanpauiednentmystesm n

(G protein) coupl ed receptors that are activated by

gl utamat e, and have inportant roles in synaptic

Bield o the Ihveritio; central nervous system i ncl udi ng
neural plasticity, neural devel opnent and

neur odegeneration. Activation of nd uRs in intact
T‘ﬁéngéée?m'?uﬂ)%HhBH? ISiésCt'otaSsﬁiémohanemefh i nd 9hp At
responses actlva Ion of ho || pase 8 I ncreases
aqumts) sfphautomtk:aﬂiye meRisyrihg drratiy of sespemtwa(deémetems of the

GiticR e SrimdAOTTed BRI B0 OBy PR 2neibe optia! disc of
an eglecrﬁéﬁesmé g%fse cUpLdigd-tatid” PEDRYCThES rﬁes&%m&nt may be

monophosphat e ( activation of guanylyl cyclase;
e¢mployaddn giaucoma detuenta@n onaoalysigcl i c guanosi ne
nonophosphate (cGW); activation of phospholi pase A ;

i ncreases in arachidonic acid rel ease; and increases
Backifp6ue@efthd Invehkoract i vity of vol tage- and

['1 gand-gated 1 on channels (Schoepp et al, 1993, Trends
Pharmacol . Sci., 14:13 ; Schoepp, 1994, Ncurochem

g el el o, Ay PBRaSRFOLE 4.

progradsivediogs ef aharvee:rtxagroptmmve . Actordihgdb the YWohld/ Héauh
nt o.thre a up . I mar sequence
fgﬂ’]'%?ﬂiot.”ss 8&}%&2}&1\ éﬁgmﬁfr@{veﬁﬁni@geemamounts for 5.1
rﬂhlﬂfﬁ@&toé% ﬁﬁ‘m@t’eﬁfis‘d ﬁnl WRT Peb;‘ﬂ%l an%lﬁﬁ%ﬂ/o, dwide.

whi ch activate p ospho pase
@ethz& world 3 pﬁpt&tiqrmapaﬂ;eagesk agialamdma mmrbumyamu n‘ﬁberesulting in

i %%%eb :p@(aﬂg-ﬁar%ﬁagtﬁ@r}ﬁ %g%@u g{eléle ig.no R for

?Iabd:cbmh' 88 damar@aB\thy lax6iis Isisamedsiieny | Iahm awbtqy crlréc%véMﬁe

evel s For a revi ew, see Pin et ah ,
Irawewer: with eatysdetetiorp he Advamqrpemifofrgmmmaﬁﬂuspptlcal

SRS T S WPt i Lgppina s

ctriifchtoSp@enmﬁﬁouhésdémwrhent sfegiboenrhatfusadarnagetowever,
of neurol ogi cal, and psychiatric disorders. Actijvation

»q ideel ceRNMuNiyRasedsereening irsihasdheest IBUpFosHAR A test would be

A1 BSR4 o A5 ERhB i RE3fmatouscpt
Rarve miamallgle plt;egcaties theidal identifrable Qﬁagglj:@s sc?ebdy get:),a;:l?ion of
994, Ce X .
dangia patic pardaEacs b meﬂ@efl@&ﬁmgﬁemfogv oL help
éﬁ}ﬂhglﬁi;dlég@{sst@ laéﬁtlfP %Bnﬁﬁmﬁfs%@& t‘é\@ s tStméfllage patients

3, Neuroreport, 4: & Ugol i ni,
mdaslnwnbe progrralssmer)f the m:oadtﬂlom Ehts tes mm«ttdeadlwhmchmcnan-

DEEodRIPhss B 1o b Rafe BhoalB XV dhtisRsBisunt

transm ssi on, neuronal devel opnent, apoptotic neuronal
eath, synaptic plasticity, spatial |earning,
/6|Cf6@§tCofre9tufem5 glaucesta isthe specifislabspormal appearapce @f the optic

HEHSE Prad "BESSInG VP ekChvath GIRE Rtic Hisd, With loss of the neuroretinal
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vesti bul o-ocul ar refl ex (Nakanishi, 1994, Neuron,
13:1031; Pin et al, 1995, Neuropharnacol ogy, supra;

wmoplimzet al, 1995, J . Med. Chem, 38:1417)PCTREECE®NI/000186

advances in the elucidation of the neurophysiol ogica
roles of nd uRs have established these receptors as

prom sing drug targets in the2therapy of acute and
chroni ¢ neurol ogi cal and psychiatric disorders and

dnt. dypieallyreeeicas an ealargemest atihe. om@ahsrseumo dise ratio (CDR).

PRL, 2L by eV IRRBE PLRYEThp R A 7EER lora 1o

geanperists Ridata)ashowsos Hbahal aRdfRig.Ct(bPthe same eye after 10
DESCRI PTI O\I@O: )THE | NVENTI (]\Iéﬁ haVF[ei@l e?t)t ified ay

Yeass The ceptfpbbiight araaof frigh il is thesoptic cupcwhitmthe well-defined
P & e e, AY SRR BILIIEEoRRTER RS DlpcpiPrgea to

filb humheof the distaiThed®BR i reganfed d$has importamteindicator for

BERSURg Eng hraserrBir 8 u@emms% Rttt Sulias In extensiof
atkoﬁfy‘tm&ep aI ntsfaﬁdp%'t n%uhénfsal |8adticeMhe CDR is
gt Practiceihe €0

3al kyl al ogen; is selected
wur%tmnuallskw anm)mmlmwgast anutis antbcﬂmwerdw tarchfferences
selected fro al k

R RBsets? GxBehisiad A M T reliane bR S etforts
FHTELS Ahé QB¥IoF the BERor depRiynidht Wi hidsstdtrderdhg.

attached forma cyclic noiety selected from
nor phol i no, pyrrolidinyl or piperazinyl. In a

, . _
PREfLA i fTRES ryafh g RADRTGTES mdtefiies 3 g RAHA Wagnoss:
vdtmaei furfdus2 phatdgriaphi) uopt;tnmt lcy)Peanrt]:ethmegmﬁy of{OCT) and
orul a | stanti al | ree of other enantioners:
el re.'%ﬁt"ﬁ?fbfpmogé?@& é’&Rﬂ-om met hyl or chloro; R3
and R4 at each occurrence are independently sel ected
from hydrogen, nethyl, isopropyl, 2- hydroxycthyl,

Retinalpfuntiys phojadrapby yhakesi pse ofiarfuhdes cpmeaadxbﬁaptwe images
th the n|tr gen to

6% ¥ tefivay, fluBiEs iniding et potic it PAZE! elupentlt fie, standard

ERIpRSYRId apbroBwt FeH dtfge'ﬁ\y hg Qndpdlﬁgﬁ@éh@b'culat AB8Ee8EThe camera
articul ar aspect, enbodi nent provi des conpounds

Isrbasednithel prindige r@u |naonoqmrrle<ﬂlrect Rphthadmpscepye
methyl; R3 and R4 in conbination with the nitrogen to
whi ch they are attached forma cyclic noiety sel ected

OCINisnan pherfedmetric,Mydri-iviadivedptical todtographiddmaging technology
particul ar aspect, this enbodi ment provides conpounds

Fapahie 0Pt aghiaYing rsHi-migromederh sesalution |duer rt@e't%f crgsfsectional
FRadhG WEabilitidB e HR'is BL coRfdcdl P¥r scanning system designed for

acquisition and analysis of 3D images of the posterior segment. HRT enables
the quantitative assessment of the topography of ocular structure and the
precise follow-up of the topographic changes. However, OCT and HRT systems
suffer numerous disadvantages. Firstly, they are expensive and require a
greater expertise to operate when compared with the retinal photography-based
systems. The effectiveness of OCT for glaucoma diagnosis is restricted by the
technology’s limited depth penetration and lack of true color data. The Image

quality obtained via OCT is also dependent on operator technique and can be
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R2 is trifluoroncthyl or cyclopropyl; R3 and R4 at
each occurrence arc independently selected from

wdnody/oxyere, net hyl or isopropyl. | n another aspEarSG2b8/®0186

enbodi nment provi des conmpounds in accord with Formul a

Il, substantially free of other enantioners wherein:

Rl is selected fromnethyl or 3chloro; R2 is selected
fromtrifluoromethyl or cyclopropyl; R3 is hydrogen or
degraded mhmeRnre®n§eI®‘cmdla‘ Dpﬁtllwoﬁmgienpametgzts obtained with

XL BN SrPissf Nt el s dharalie Th ot gisciheac. Change

Enalypisesoftweireifor Q%uﬁ:@h’iaoﬁ\ﬁphcﬁtléﬁs @h@f fully-developed, and there is

1-cycl opr opyl et hyl 1- oxo- 2, 3-di hydr o-
8/ $Carsiy doRge- geRder. \anct Face-seRcitie nemetivar dafRauper which to

?gﬁ)z()gfgleg_ég ivﬁ%&eg{hall disOARE AN P BIHRLME. )For HRT, although the test
bhlysmqu&etlaﬁféiv wetonddNtb petfbyrh] thex enilte-are extremely sensitive to

3- b d Chl
Qa@?a;iq rﬁé?%;ﬁfsdq@qmg f?yrggquz%aé,rﬂg\{ﬁraents and blinks, disrupting

Hél'a%@i’é‘?@‘h énu'.aqgﬁgglgﬁﬂé%u%;ﬁ,gq W%lhﬁdoxo ag'_giehy

dro-| Hisoi ndol -5-yl]- isoxazol e-3-carboxylic acid

B 8emating to,ake Ysecqfyptinal fuadus images desearehersdiavgdocused
fheil effdriPamad §ut8m‘a€!kt§@g¥r|1érﬂaﬁ6rh gf ﬂie'@dtfbydl@@‘ [46wever, there

2- cl opropyl-eth
_hLa\[(ﬁ b((eén g;nlmrhlgs mspggpggmrlﬁm)j/wa)ngsyh@ de%/ectlon of the optic cup due

(P REERIE i HRAPENEY i ROoT B3GR Siroynging tissyes, q

ro-1Hisoindol-5-yl]- i soxazol e- 3-carboxylic acid
m'd;5- 2-((S) -1 . o :
ﬁfﬁ# c%Eﬂ %{ﬁﬁﬁere/nq?etmymnﬂco%czs@pﬁ ﬁ9tﬁcaon Hsidenendsing a
I
g U I 55§ AT g s
afz@#%BoylﬂOOZdétaSetwdmlmweﬂ bgdhe duthars. No cup or CDR calculation
ge&r )donlggiggmzﬁ Lgsa%%ég%(l}w? Io%%gér Ir(ljglj hr}/rgcr:gdlljrg fns\(/)vlhlc?moa “shape

ﬁ\%d@l"%{%?ﬁhz?cﬂh Qgége ?i@ima}t{@zgﬁaﬁ <|1<fef|nue(§ir %y a pluralu'gy of par?/meters)

is) fitted3 tay datad rte - predu@a)anmoriestermed a point distribution model (PDM).

el RS eGSR D4, BB PRy s moces

oy @didithg §0$é]?ﬁﬁflughry¢ Meig 0 ameobsclddingr ihexylilying Pothts from the
nc

5r4das, BRpoicaib It Tanda poinist s definasken thesimagsy These
[?élﬂﬁéy ?; r& SEAR yrp?d ?/raer%%y lsﬁ%éﬂéé%fceg B Roit%hsorAChdsed on the

OXy-C
Bufheérichll paraméterso:pfrthp)ghodebm &adbhdahadfa@k Ipultntﬁaldw@spondlng

i soxazol car.boxyl i c . acid cyclopentyl ami
f"%ﬁ‘#‘@lgoo‘ﬁ" 3o siag A 'rﬁhﬁ?rﬁf?&'l"?rﬂftﬁgéfﬁﬁﬂﬁﬂfy??s' hs@g. in the

Easd oPadrt &f thretdiBY YoRhagh dWhlch is not well-defined because of blood
vessels in the image, based on nearby matching points or landmark points), and
the landmark points are then updated also using an energy function. This

process is repeated iteratively. Writing the set of “matching points” in a given
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1l-onc; 2-((S)-
1- Cycl opropyl -ethyl)-7-net hyl -5-[3-(pi pcrazi nc-

WO 2009m39a2ey1 ) - i soxazol -5-yl]- 2, 3-di hydro-i soi netol/sG2008/000186

1l-one; 5-[7-Chloro- 1-o0xo0-2-((S)-2,2,2-trifluoro-

1-nmet hyl -ct hyl ) -2, 3-di hydro- 1Hi soi ndol -

yl ]-isoxazol e-3-carboxylic act'd di net hyl am de;

5-[7-Chl or o- fgS)-I-cycIopropyI et hyl ) -1 -oxo-2, 3-di hy
deratiop as of ﬂéb o 131 irs ox ecostespandingb sety lof wpgated landscape
i sopropyl -met hyl -am dc; 5-[7-Chloro-2-((S)-1-cyclo

poisits/ X gt imyarpducasklay mirimizing theenergyJdonetinn:- 5- y | -

i soxazol e- 3-carboxylic acid

(2- hydr oxy- et hyl) - net hyl - anide

7- Chl or o- 2- ((S)-I-qycloproF -ethyl)-5-[3-(no f

hol i ne- 4- car boryl:}%@ox@zq W%Yy—l,}() (1.2.1)
2, 3-di hydro-isoind | - one

ﬁc%eoéeqf§ﬁgr(npn})q&g lv}/rﬁgete ﬁ9ﬁgé 910 n|¥1|o)d iflcafion of stand%lr& ABM.
trhamct%n%o!a my;érrﬁmuﬁ%aqmcé with ?es ctstb ﬂfe%t@@aﬁfe% X; in
processes for nmking conpounds of Formula lor Fornul a

each fteratinar The distdisee, dhe sphal paremetersaiVi tsanwgbzed ths
conpy.i sing, a ccording to Fornmula | or

Fornul a | ?Y %@eé%fwcﬁ a pharmaceuti cal | y accept abl e
warrJ(e7 ory, éxetipiacudiby nearbg Reltidheng gotixedi ment, a net hod

for e trgatne revention of neurol ogical and
psyc d|1at rllglsd‘fpdétegi’?s’ﬁassoci ated with glutamate

[
gyg \pﬁ%foo%{b rfo?%l?]rﬂg Jéﬂlesrdﬁ d %@ﬁﬁnés}%s e Pffé{:jt rﬁBgﬂtﬁ‘té bewhlch
heithdreY; aor mebrtsy mhm‘rﬂngapbnntmd:éry befdfetmttecf eThmsemtndaﬁme Wiis
compound of Fo la | or Formula Il, or a

ﬁ&;&?&é@&q @&Ifj")ﬂa‘f%‘@m tion conprising such an

anount . The i nventio aI SO fpr. %VI des for the use of a
compound accor di ng to For /i@ | or I, or a

pharmaceuti cal | YWaeg¢dpEabbe Baft5 or sol vat e t her eof

in the manufacture ¢f, @ nmgpdiggment for the treat ment

of conditions nentioned hefein. Further, the invention

W/h@i"é £88 tife E%Mé’eimd@fan%@rti@{'\lv@?l'\ X0hnd! Y,, 8hd the functl?n 1.211is
harmaceuti cal |y acceptabl e salt or solvate thereo

rrmmmﬂ againher apy. Conpounds descri bed herein exhibit

activity as nodul ators of metabotropic glutamate

receptors and nore particularly exhibit activity as

RO$&50Ndap a6 aff refdrens&l [2[8 bas&Pofr thel Chibh-Vese (C V) model for
conteng ated that the conpounds will be useful

seaneplatian lrpmduﬁ@@ebu Teay Qhanrarwalwmmaa\(esaa T |’t|5’néChleVed Optic

46 0 0 SR AIA S 8 s imaces

idﬁltﬁmg des?\md@adast dilgéwﬁﬁshuppma@htlfIf@rnﬁﬂemidfby?deﬁlrﬂng a ‘fitting

the no ncl at Se |nt|sseC||cat|ongeera

?B‘Pfl%mg}sﬂcﬁeneé H@ém&ﬂéa lrQeE dhe ipage %Wi‘cﬁkﬂféh bl%func'ﬂon
e

Bl ) " blofdited ) e GfacR: spacd ?ﬁ%ﬁ&@?ﬁ@ o fiting

ERERSyONIEE FeSpRICERd #(£1y) Ismjei% mhaéwptrchﬁm;fea}eswarmcw@up and
nanmes and rul es on nam ng chem cal structures.

CRR oalaulagipnavererdonefindhisqpapeund nmay be gener at ed
using a chem cal nam ng program ACD/ Chentket ch,
Ver si on 5. 09/ Sept enmber 2001, Advanced Chenistry

RethHQRTR Hrt rdfBfence[3] @BEErib&2USAG- discriminatory analysis to decide
thresholds, and subsequently utilizes these to segment the cup and disc.
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The term as used herein neans a straight-,
branched-chain or cyclic hydrocarbon radi cal having

WQ 2000122 t o t hree carbon atons, and incl udes RE/$y1008/000186

et hyl , propyl, isopropyl, and cycl opropyl. The term
"G - haloalkoxyl as used hergin means a straight- or
branched- chai n al koxy radi cal “having fromone to three
carbon atons and at | east one hal o substituent and

ARboughe ¢he IGup-tonRissoRatio (CGOR) wesoneasied in this paper, no clear
|
génsgxﬂ%%% ER@Y\ anff]trh tPedré R t?B%éggéfﬂ utgs{ﬁgﬁg oﬁﬁ%ﬁ%@rﬁ%&%bed

hal ogen and includes fluoro, chloro, brono, iodo, in
bot h radj oactive and non-radi oactive forns. The synbo

H feHeR RE@é@rh@rf%reﬁ‘Cﬁéé}asd%éHW%§'$9ra'iqwéua|§§9f"t%‘tt¢tm apd CDR
I

CaafOR, Thepls WIPERHIICR) Loyt S9PAOPaSilel CyRERISHouar

$edrnsfarhations and rqmbSebUmﬂryl the dise badndarysdetetiiamis done through

Bl anas ool RSEH Ry bl 78 PRty ey e s st Finaly,

aGirs éné@ﬂf' fu'nEfioﬁ;fié fusell B GORAUING ESROES B8RS b@ét shape. The
Formul a | I1lustrative inorganic acids that form

eneraabifeniont epestiadenhfieoemeny ctermgdmstighded c by respective

Bt FomCH R B PN A SRl codie Paued it e dise

bortoapastestdd @arier, ldidusien aidfdﬂ‘n@tm@ usmgaa: s@soridaherigyrfaonction.
suitable salts include the no di -

- an

Thﬁcmqsbwa@vg\ﬁSdéhenq"gmngatm%n o@n%uﬁiﬁn%iddéje&laélon of the
ﬁgﬂg& [ el h.actic, pyruvic,

éra'lrcgﬁl g srﬁ%rc'?ﬁ?ggﬁh%%r |ﬂc.rL urlmrl c, malic, tartaric,

citric, ascorbic, maleic, hydroxynalelc benzoi c,

hydr oxybe i C en Iacct C|n am c, lic .
Phenoxyberiabie! PRpBIaaG statibtcs &f Bardrhietsibe 4

sul fonic acids _such as nethanesulfonlc acid and
2-hydroxyethanesu|fonic acid. Where chemcally

f easi bl e, or di-acid salts can be forned and
such salts c t8Qi st in either a hydrated sY®W&tcd or
substantially anhydrous form In general, the acidic

addition salts of these conpounds arc nore soluble in
wat er and vari ous hydrophilic organi ¢ sol vents and

general |y denpnstrate her neltin oi nt

conpari son tg}feﬁfbl %&o%@rf'arﬁ'&ﬁ"% h'g‘r"’a{:,%lzg,sge. g.
oxal ates, maghrR used, for exanple in the isolation of
conpounds of Fornmula | for |aboratory use or for
subsequent conversi on to a pharnaceutically accept abl e
acidic additi .4 a conmpound of
Formula | or ﬁ@&%har c%ﬂ y acéept¢§@goggg§60f a
conpound of feprorul a | mhereln nol ecul es of a suitable

solvent are incorporated in a crystal lattice. A
suitabl e solvent is physiologically tolerable at the
dosage adm ni ;
suitabl e solvents are ethanol, water and the I|ike.
Wen water is the solvent, the nolecule is referred to
Oferm "stereoi soners” is a genera
termfor all isomers of the individual nolecul es that
differ only in the orientation of their atons in
Fhe peesdrit invadtiod e2eks td provid@ahews ane Usefut naytdof oedifihg a
eometric (cis/trans) isomers and isonmers of conpounds
valgedram afupdds tAage centre that are not mirror
i mges of one another (diastereoners). The term
“"treat" or "treating" nmeans to alleviate synptons,
elimnate the causation of the synptons cither on a
tenporary or permanent basis, or to prevent or slow
t he appearance
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of synptons of the naned di sorder or condition. The
term"therapeutically effective anbunt” neans an

WU n9722f t he conpound that is effective in tREIEIG2008/000186

t he named di sorder or condition. The term
"pharmaceutical ly acceptabl e garrl er" means a

non-toxi c sol vent, dispcrsant, excipient, adjuvant or
other material that is m xed with the active ) )
Iwmbtwmntf@r iguention RrepREes that a 2P ratina fupdusiimage is

BRREERES By 'of Qo CPUBAC hisc¥bomerfatiord diBARALY 815 of cup
suégmaniatlanclaga ?envesi fmm{tae mlthe gﬁe;a:@égtmertataueptszén . eothe

or entera ni stration.
SBLE AL 158 Segmaniibnairh andior Darg detred o Haqutouof the
Sggt’?ﬂ’%@ts'egﬂwérﬂ&f(ﬁpéteﬁf 6. gaBP aogmg i bér‘é’ﬂ@ﬁ) and data ?erived
enbodi nen t W

S is contenp ed to |n the” scope o
from thevaariputoof thaloptio pup sepmendatian/step ¢i. esthefoutpuat of the cup

SRaHBoR 5téeAnd B Bl e B8} o Be BBty iR opyo gise

séyrhBRiation ke 8§ s 4 SnidoMing raineeéﬂdr» aﬁtétfe&ﬁ) &ah %"dbbﬂ@e model

materlals or by asymmetric synthesis. al so
@ér*ﬁ%@@ewamdst@ asnegate [flom guel mpm atme mQaélva 'of CDR.

conpounds of the present invention may exist in a

sol vated, for exanple hydratcd, as well as an

'ﬁhss;lowtaedeﬁmbnNmémtswf lthe fivehtien abe abled@ntshmdaﬂww calculate a

pr nt i nyention enconpasses all such sol vat
é’bﬁf@' ¢ TEame retyna) poRtegraphs-prayiding a st oRiactive qud CO"S'Ste”t

ts of
S O R BBl OF i R R PSR 21 1Y,
pharmaceutically acceptable salts of conmpounds of the

t.invention are obtained u st andar.d
Fhgeal sneBiracedfion & utsnat U o el BRtited from therresult
s eid opEE Aisd ntfion, élalt‘h@ ﬁh‘ﬁ‘ﬁnﬁ&pl@ﬁ Wudd be‘iiossuble to
Formula Il may be converted o a pharnmaceuti cal
pertm tie @Jisaegm@ntaélenvraQ@etnwnéw such as a
hydr ochl ori de, hydrobrom de, phosphat e, acetate,
fumarate, naleate, tartrate, citrate,
Tieé braiming bptrenadaptive rﬁddél@rhl@lb% tlapting data mBR@@ESﬁE&t CDR
FOR PREPARI NG COVPQU npounds according to Fornul a
Yalyes obtaired,by yllwgakﬂrésﬁnwrﬁywuﬁe the Hiveatipa mayperRrit slinical

e A7 e P I O SRR T B P b ton g system.

the sel ection of one process over another and may

Egéérﬁjrﬁgﬁ%dw gha{f&@i%ﬂgg%@%%ﬂh : h ioﬁr oces?hodS (referred

for BEIEWw HES AQR&?\%h@ RUpNSIIHIREED nRasiP&RAehPid? r@ﬁé&&na detection

exenpl ary "conpounds of thi'sS I nvention. UnleSs
andiApat el sGtare ARGAL " i @bleatol prioviske & rapid endeaaourated/alue of

SHHE T 8 RS Y 5o Bl EaHBh 0L i o otmucome

€OreEAMAC Sirde ZID wlinal fhdif irRjesWiRIbéebaihad thrbgh the use of
referred to it will be understood to encomnpass

X cemmerajiynanadable, }nvwéegtoeqmpmnauthaAR@ALl system may
n

GG i Yt 4P plaBRb st Bln Bl BERSENEA)

sigdificancs fardaauidonga eoeemngnmagr@fsust imd ahalysiss es

di scl osed herein. The invention is further illustrated

by way of the exanpl es herein, which describe severa

enbodi nents of the invention. The synthetic schene and

the synthetic procedures provided for Exanples 1 and 2

are provided by way of illustration and are not to be

const rued
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as limting the invention. It will be clear to those
skilled in the art that conpounds other than those

WO dogyszarzt ed nmay be readily prepared by procesmeEBSG2008/000186

anal ogous to those descri bed. GENERAL METHODS Starting
materials are comercially avgllable or are descri bed
inthe literature. 1H and 13C/NVR spectra were

recorded either on Bruker 300, Bruker DPX400 or Vari an
Izlr@ong?m@nrraaﬁb@reg(medt ang mathedor aspan apgamtes farcarrying

t T
o5 e, 67 BEE' cotfiosher BRodm'efBabs (g o851 BBl m
secardingamédiunt) easryirigprograre instelictiohs deaddble b@paocdsmduter to
chem cal shifts are in F on the delta-scale, and the
£RHEE ¥ QmPHigr & camy oy Eﬂ%’l“@h%’ appearing in the
recordings (s: singlet, br s : broad singlet, d:
doublet, t : triplet, g : quartet, m nultiplet).
Bnigf Pescaptidmef the®raivindsd chr omat ogr aphy separ at i ons

AR Py s B ER oK biteRaribed Job e 4048 ofikample,

énmm‘th nefeRe AR RRIbROWRGUraRfigs iAWiGs:: Th e ”BS S
spectroneter was equi pped with an el cctrospr azl )I on
a

sour cEigJdp setinnliphotogsaphs shewiagdrograssigat ¢fvae(d)dermal to (b)

R (o B ErnR R BR OB KR P MRS rio 6 Bt 1 s

time fig. 2. i8 aflow diagré® sfahd Btepsof EemethddSwhidhtis o, eriBodiment
2,1 x 50mm 3.5 nm was applied a linear gradient from

of the igvaniion; acct oni t r| le in 10 MM amoni um acetate’
(aqg.) I wy

b PR3 16 gebmdt, g dhacparf df (A€ hiethdlof Fig, 2

Sil i chlg. dsshodas hhrekg esp boahd#né‘sl.@ﬁer@fb%ﬂ@iertblow Ve SR

SRS amap of ine Matesd of Pidka’ () 468 ugpgiidovel-set
M gmenRE AR (b Y8 SnsSthed %dnd E}ﬂo@ﬂ&é’cﬁu%g'l\m@ﬁﬁing, and

Singl e-node m crowave cavity | ng conti nu
(c)raaamaoth@d tuxunzlampmdyceéetsmﬂhpm&mngx and AB,

Y Swed di.t
o ot RAEVE SineriodMaHesisg BPR At o7 A NG oing ()
ébé’)&l[ma &frérvin the CORAEIUR pr@ﬁﬁde@ Bl th& efrbd dirie 3 Big OF €6r each

.9 mnutes hold 0.3 mnutes ranp down to 95% A over
gf 33 pRiants. ard (R\Mhaglistributioniaf el natecntage gaios fer. theizs patients
A = 2% acetonitrile in water with 0.1%form c acid and

B =2%water in acetonitrile with 0.05%form c acid.
DebladDésotiplion of theEnmbdinefsl um:  Agi | ent  Zor bax
SB-C8, 5 mMmm 2.1nmID X 50mm Flow. 1.4 nlL/m n,
Gradient: 95% A to 90%B over 3 mnutes hold 1 mnute

anp m nute and hold 1 mnute

' Ef¥RnbfioR oft dlar gradient. Wiere A = 2%

acetonitrile in water with O. 1%formc acid and B = 2%
te n ac tonltrlle Wt 05O rmc aci DA o

K et WAER fan entatiment of médevaiionyil Tounhe dFsHtbed with

AT fdriceqd F'“@@'Whné’ﬁ §h6we\th@|edem StEps 6f thiel heiotaFIR!3 shows

and arc not to be construed as Iimting the inventlon.
theosame Ppregasisi schematisally.twith corregnansingsteps igiterotheesame

Bt AR THE 0a b St Res bR B

The input to the method is a fundus image. Stage 1 of the method is to identify

the disc, in three steps. Initially, the image is subject to an optional step of
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Synt hetic processes: Schene 1 illustrates a
representative synthesis of a 6-substituted 4-brono-2-

waroymyer2hyl - bcnzoi ¢ acid nethyl ester from PCT/SG2008/000186

commerci ally avail abl e precursors wherein the

respective reaction steps conprise as follows: (a)

NaNO ," ag. HO ; (b) NaCN, Cu and HCO; (c) NaCH (d)

ni trososul phuric acid; (c) Ml and K2CO,b and (ff) NBS

Andingrheapproximatelocqtion olther dise (stapi 1) ie theafprmeof a region of

I i S. . ..

PPRShTHRE, ¥ S eenBHERTED (48821 PrUBRER b 2Cumriational lever

sggamlﬂeaag,dwhich e basetﬁng @JbaTb@tigii%a"tldlmcdmyeptshﬁ ¢ sb@rgent the
rolyzed to an am de ~ basi c hydrolysis. The am de

gilﬁ‘? R apeang &P‘HP?tzth QH¥'PE¢'$9 E%Q&{’bﬁeﬂb‘iﬁ‘ﬁrfﬁEn%JdmgﬁoThen a
v BESHRELHirRFing: j verted to a

rgrgbh@?@pea er uﬁ%@}r@gﬂthgnq?yﬁéﬁ bé'r%c%/atrﬁg(rj}gﬂﬂme benzylic

nmet hyl group nmay be nonobrom nated with

I S EER PPy tyPlees. el i S @ e fified inocbless. Segriéntation
8f theosmticZcll RIRORY éhdllehgﬁ?figﬁn@ﬁé dpiiEdiRe dRksStosthe optic cup’s

Schene 1: A 6-substitute rono- 2- br ononet hyl - benzoi c

Htenvaavemeant sdthebload yepsel apdl sureatindingitissuas. Bten 606 the

Meltlad & 8 s B5ind SR IPinoRl Bferongft £y B eokR TG
analgsie of th&ahage i2carriéd outpmitiveofevepPsaiaigotithtd are applied to

Formul a | I(% ma%/ be prepared from an isoindol one by a
$e9MEBt e ¢upkoundasY i Egspestiva WaXs- innstep Pe fhe o segmented

. > . . PP fer: oprs
b e cad bR A ool wals R aing Utd i Bjipge fiting
A@tHanbthadimadicHLa ifnaxamuRiTins¢ribec fitigd circle is used.
2-chl oro- 2- (hydr oxyi m no) acet ate, KHCO3, EA/H20 16 Hr
at RT and (k) NaOH, MOH H2O, 1H at RT, followed by
Eibally BRfstepBMyhi2hR4 MHhird stadie 8f thedBefifod, Bhi ffdptive fodel (such
4- br ono-i soi hdol one may be Teacted under Sonagashira
asadieurairetwork) fuses threeeupetp-disetoplasatiortgsutis om the level-set

biGRyHTSE B s A AU8S ey B G BECheindisbl smeothing
piodessEgophiepe B &id 5FTRigIHeuralmetwerk Bas beén phed k@idalsing a
to the acid and am dati on using isobutyl chl oroformate,

leaRRIng eGRANIHE Whieh inegratesiprwisdoaeanbeddes inwlinical practice,
ROl Ge 2 SR CHR A6 thE i Aiha YEtobmidt) At
anlybig. reacti on with an am ne, R3R4ANH in cthanol, and
heati ng. Schene 3: Exanpl es: Exanple 1:
5-(7-chloro-2-((S)- 1-cycl opropyl et hyl) -
?\;It N—i di ?roetéﬁglll Pé%%g%g‘%@?gﬁg‘gé@ﬁ%ﬂ ?A sol ution of
et hyl
<(7-ghloro-2- ((9)-I-cvcl opr | et hyl ) -1 -0xo0i soi ndpl i
5" ) BlHed 2-05b Seymanidiian fad Bépseasaoo Bt btemsf 1o 3
in ethanol (500 nL) was treated with a 33% sol uti on of
et hanolic di ncthylam ne (352 nl, 1973.6 nmmol ). The
Irestept i, @gregiaghet igtesest iseludingdhevapticgliss isffirskdelingatast. This step

RO B Bt B Pl o8 b8 BB on tre
eptivetinRigenidwivet asinéetheostid ¢isd geatHl§ oiﬂzdﬁtelsﬂess than 5% of
vol ati| es renpved under reduced g essure. The nmateri al

thespiyatsiinagypispl ratinahfurdus ilees: eealziae the RQJE{Rgsi%_n of Interest)
ﬁélp%;}? g%%ﬁléé‘tl"% AratitaibnAcolt 58 witAEhiove Sehtehtatdn
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chloride to afford the desired conmpound. The isol ated
product was then subjected to an additi onal

weenopfizocz i on step by crystallization in ethanadtT/SG1ves/000186

5-(7-chloro-2~((S)-1cycl opropyl et hyl) -

| - oxoi soi ndol i n-5-yl)-N, N-di net hyl i soxazol c- 3- car boxam
ide (34.88 g, 93.30 nmmol) was%taken up in

approxi mately 350 nL of ethanol and warmed to 70-80 0OC
aecurbcyl Theooptihdispregiantis useallyl afeibrigtiter pallartardrigherscolor

ickly, fil d .
s fyingh thE S0 el B A B, o i pBsastdrisyi 1S pRBOited
fHrbugh a(i\Imaatioany $électi ?@hé 015% @F the\pixelRanting inege 'Wli!hothe

70-80 0C to assure a clear solution and all owed t

bighastintansity: Nexo#ig teéwpbmaagﬁ I8 subdividedhinto G4 f@ﬁ@"@f and an
30 5 thatSRof Rt o Blbatoh HiTs gl Alaighl g pionest

nomber of preaselettedgexels o olfowing thigdtietRONsl detinkdudssa rectangle
were | sol ated bzﬁfl [tration, washe

h i th
g@iﬂ‘%ﬁ%ﬁé&%@ with dimengiens af fyice thetypical ople ﬁil's\‘lg éiameter.

RIS S (ISt

DMSO-J 6) 6 ppm0.21 - 0.32 (m 1H) 0.35 - 0.50 (m 2

El'?ggp(%gth%rqq?h%é %picg)s a,’lv%é?at dndgéle%/& sejtﬁ onﬁt?\g}?ieg) reéerence
It‘?) dn Bk R@(I td %g&eﬂﬁtr{esoptiﬂ'ﬂls‘g 'Iihelaéﬁantégé'%f uMﬁgEﬁ/anatlonal

HPLC Met hod B: O. m n. | nternediate
@yﬁbsﬁlna&w@lme@m@e rasnmallzasm byamtrledhymg an energy
Riscfio 8L Sads bf 3 et O BRY KELBY e fovei S TBhERH héar the

§ gﬁbﬂ distaed (Lﬁ):tlbn cayswehaspi epinal ferat thatyhdvasi thd @ontours
one 28.66 g, 110 35 nmmol ) and potassi um hydr ogen

LBCES in Q’D"’@agf TI‘P(Y@d@aﬁﬁﬁl ‘j"aﬁé‘lt'ﬂz%ﬁ asH w@%opﬁerved
%’Sﬁnt‘ FORERE Slod Bpbloct e dPic s cait hoR KR afbctin for
theodther chanr(dls.dr oxyi m no) acetate (66.9 g, 441.38
mmol ). The ethyl 2-chloro-2- (hydroxyim no)acctate was
added at roomtenperature as a solution in 160 nL of
BuRbY s_gRichtaion, AoREVER JowRY BBsétved tﬁélttﬁleetéctEH/c’dhtour was

Fol Iow ng the addition of the ethyl 2-chloro-
Q%Wj nogyemilue fathe iaflagnedhef bload vesselamsrass fmdmundary of the

G861 (AUsTog bl iR BelsRT Rk Kl dfetiages

extracted in a scparatory funnel, dried over magnesi um
sul fate, filtered and concentr at ed under reduced
Besaite the useef arglabal aptimizatipnteehnigue,the dismboundary detected

Gy \RFREORIASIED i TeBRscPL Ui Al Al of PR, as the

dist Ibeuudanprﬂbaaffecwhl byea sex‘nad<a(ole7 nOﬁnbgr ofiblodd) vestEls

gnteg% gﬁ)c '(I)'hg;gcar? qf?qrgpqsm?t iR spﬁidqn § é@es % %?Ngtugg To
é\;}%ld QhE%m%téQ B(ﬂ?pselﬂt{‘pé%‘fs éﬁ?lmd‘ko%gﬁ%ﬁé‘%bt&% dikc

h/emrlldntyEEIhps@ fittimgrhedps t smbothothe-su@d8en changes of curvature in the
%o@%cf N1 og%% ét}llyégd oSy aNY h%%sqg?;nld%elelhop%e with minimum
éngyﬁj mnﬁ@@gce@(;m@ar@-(z- (trinmethylsilyl)ethynyl)isoin

dolin- 1-one (40.88 g, 123.17 mml) was dissol ved |n
250 nL of ethanol and stirred at roomtenperature.

e o8Pl $o0 o U EnbBntifdBodhdy g BT

reaction i medi ately turned bl ack and was allowed to
continue stirring for 90 m nutes at room tenperature.
The volatilcs were renoved under reduced pressure
andt he product purified by flash chromatography on
silica gel eluting with a gradient of 0 to 40% et hyl
acetate |n hexane ThIS afforded the desired product

o o 1 . N NN -
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69.7% . 1H NWR (300 MHz, CDCI3) d ppm0.34 - 0.50 (m
3 H 0.58-0.69(m 1H 0.93- 1.07(m 1H 1.34

wa hoo/Bo2 3. 22 (s, 1 H 3.76 (dq, 1H) 4.31 - 2CRISE098/®0186

H 7.45 (s, 1H) 7.51 (s, 1 H. MS ESl mz = 260 (MH).
HPLC Method B: 0.80 mn. c) 7-chloro-2-((S)-
1- cycl opropyl et hyl )-5-(2-(tril®et hyl silyl)cthynyl)isoin
dolin- 1-one. '
5-brono-7-chloro-2-((S)-1-cycl opropyl et hyl )i soi ndol i n-

PpRERNb e ol bhRrA T g BB Toed g SeaRiEtation due to
tHesapty/iptensivel inferileatbniéeg asthaslosd veSsHIOBKY sBFfolRdingQissues.
this solution was added copﬁer (11) acetate go. 14 gé

lurtermase) thettransitian peimesptna €upand the rign isio
.bi i i L i | | adi Il 0.30 g,
@g%nén%(oﬁ%gl%gﬁ (J)jllgé gi’ﬁ@ﬁ%&???m?hwg I(anze E4 84 Sr;’rL

34.96 mmvol) was added dropw se over a 20-mi n peri od.

fter the addition of the silane was_conplete, the
IAsiER o ROt e i SHaGal euR et 30|k teisseldjayetset
By e BRI AR SO T T ES o Heiclioundary. In the
theegholdtavekseirpproacty,dhatcupbdoundary isataterminead dyfirst obtaining
reduced. pressure. The nat.er| al then filtered .
T e GAeEE LLBinatnagRav b soRiT Rohg awsp 4 fenarplving
theiléverriet nidthe@ (e Abpehdik )bl optinhigs thel te¥@ldeddd &sntour.
were again renoved under reduced pressure and the
2weaitically athedoreenichaanakef thaextrastedugptici dishis selected for further

SRESER0E 300 A S P B 00 o i
mnmued ilgmigchamdaoligﬂn (tlt(il)e gg(emnt&éﬁ% lnfgﬂgglh% gﬁt}gls channel,
aihpsiipld yaluewhiah ssimenty opf e aixels qokesponging & g fop 1/3 of

ie'Sraygpte (fhaty vl doctPud s il At o0y g Fauna to

producérecgptabl2 results for the initial estimate. Next, the level set formulation

d?géés%glf%ﬁq{%%g%pl@x%goﬁgéﬁrﬁﬁlalgéc&;hﬁéartlo segment the optic cup.
N- ntt hyl i soxazol e- 3- car boxam de. Et hyl

5?527- chloro-2-((S)-1-cycl opropyl cthyl)-1I-o0xoi soi ndolin
Instep Hi eastnobihe-Bitputsrafstsp 4tis furthayGeparatelyemontbed, first

Y5t BlIBRE ik, Bl sRBRTEN BT eluni S B0 TSRS
raaiohiy tocelimtihbid o of (i oBtailed &&Pbdbndaris)sudliefl changes in
solution was warnmed to and held at 55 0C for 10

GHrvRivEs Maxdmure inscobed girelsrmatahingriseaspegially useful when portions
Coci o _ _ Filt . o

AP USSR LB RAGELSAIERe e b e dinin e

ddteeted|bovadanenoved fromthe isol ated product by

di ssolving the solids in a mninml anmount of nethylene

chloride followed by renoval of the volatiles under

SEL MerepOashEnted M RIoL I oh PR GRS it iggre 4.
Fig04(49 i the diradt résidoflsepméntatidmnpy @he threshold2evehsel method of
g, 52 Rt bl it s b e i an
NC ha}ghiﬁg appliédl to ks 8E§hentdt®N360 (M-H) . HPLC Met hod

B: 2 m n. The conpounds of Exanples 3 to 21
ustrated in Table 1 were synthesized in accord with

[
.oce ' [ t use of suitable

$138ePioar el BEHaRIfchRIRt udion' (R
5-[7-Chloro-2-((S)-1-cycl opropyl -ethyl)-I-oxo-2, 3-di hy
dro-| Hisoi ndol -5-yl]- isoxazol e-3-carboxylic acid
am de. Exanple 4 5-[2-((S)-
1- Cycl orropyl -ethyl)-7-nmethyl - 1-oxo-2, 3-di hydr o-
1H i soi ndol -5- yl]-isoxazol e-3-carboxylic acid am de
Exanpl e 5

T T 1 1 o ~ o~ I L Y 1 o~ = 1
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carboxylic acid di nethylam de. Exanple 6
5-12-((S)-1I-Cycl opropyl -et hyl)-7-nmet hyl -1 -oxo-2, 3-di hy

walz009/k39722 soi ndol - 5- yl ]-isoxazol e- 3- car boxyl iRCT28G2108/000186

nct hyl am de. Exanple 7

5-[7-Chloro-2-((S)-1-cycl opropyl -ethyl)-I-oxo-2, 3-di hy
dro-1 Hisoindol -5-yl]- isoxaZdl e-3-carboxylic acid

am de. Exanple 8

5-12-((S)-1-Cycl opropyl et hyl ) -7-nmet hyl -1 - oxo- 2, 3-di hy

A H%ﬁ%@g%"@%@ ishigcd M 3Sp 618 168 BRUDREcAElTtion
restits @fter gblaffiRg &Ry Hise dnd- dmdm{da#ie%dtput in steps 2, 3, 4 and 5.

- car bonyl ) -i soxazol -5-yl]-2,3- di hydro-isoindol -
The petputeaths eeural network is the optlmal CDR value of the system. The

I
@_%rmsg@ggo?d Egglggﬁ) oé< 9@6@1@1&%&%5‘?‘ qlér%e dhibeRs N8P etinal
fuddby dhayys.cCDR maybettyertieal CDR”Eisased en Hlameters in the vertical
q? Ijéoyog) tequ)f{{lwpent ,QQ,Q_,'!{’( %q_h%hgh%hé E)Iréslel#\?rlr?véntlgﬁtlg %L)pl?éa% eto
@m' brtieQlARtiCal TSR € Rtich foRF eSmMidH; YA T Esent

émpﬁd infes)t Was(]pstemus:pg vedicay CDR simce oyilly verical D& wasy

é}l@l k’ﬁ)‘lﬂ %F\% !ﬁC%QPnO& 'B?ﬁ?éﬂm e- 3- car boxylic acid

5-[2-((S)-1- Cyclopropyl cthyl)-7- nethyl-l-oxo-2,3-d|hy

dro-1 H-i soi ndol - |']-isoxazol e-3 -carboxylic acid
hyl -am dc. Exanple 14

5 (7 Chl or o- 2- |sopropyl | - oxo- 2, 3-di hydro-| Hi soi ndol -

5-yl)-isoxazol e-3- carboxylic acid

Ryt fendyd inmagéesdtx @200 Patients from the Singapore Eye Research
7-Chl oro-2-isopro

IRstitute were ﬁPﬂﬁ‘ﬁﬁ?‘I’ l)ogptsqf)gggw, W9 ane.glagcoma patients. Currently,

R IDARERlY clio ol Farkfits were,pracessed via the
émbadinmantidescemedhzatlier.

5-yl]-2, 3-di hydro-isoi ndol -1 -one. Exanple 17
5-[7-Chloro-1-0x0-2-((S)-2,2,2-trifluoro-I-nethyl-ethy

Tﬁe ﬁeé’rraqi 'nEWcFrR of khe Qh%ﬁﬁment was produced b >y a Iearnlng algorithm

5-yl]-1soxazol e-3-carboxylic acid dineth
WBingrpl largescalepttortnf etinabiundgs-images from 2000 patlents collected

G b Fop'se s Bistudte: Bud¥BiGpandippderoet COR

\Véﬂ@@g %ﬁﬁéral’@l by bhﬁﬁbl@ﬁacﬁi@@é which were taken to be "ground truth”.
g | oro-2-(( | opropyl -ethyl) -
In_thisgvay, 3higi n%alduthorlgéaﬁaag naeghanism integrates the knowledge

%@8?%@’% &yﬁﬁeetcﬂlhf%)%éez{qilc?%'nﬁ Pfgvides an n onfima CDR for the
gllaﬁl:‘cbrinawc?ee(r{lr&‘g tdﬁa%\osmi gnd analhyslls In the ex%enmgt a feed-florward
-cycl opro ~or phol j ne”- carbonyQ-i spxazo
”e'-ﬂ%t tﬁ@g Hi% @ Multianerop rpeetﬁ@n%mﬂ% nédgs 15 hidden
r?o néquj," C%éirt (r?l?{e) wutgxaa%?k-gro)ﬂﬁgagon e%ﬁ)xrnwgzarfhltect]yre was
lutdized teléarh-the bptinab cambirayidn of irmits do butputvéa tramirgewith
oS SBEL i B Socaf RS S RSBy ot

inpat foded) THeELtPBISTdh& R RAREADHS Wate 88 fpt9bf the output
automatically neasuring a ratio of respective

rRrueBt Ehe weighta of tha cerneations Iftthﬁ etweask wefre trainied such that

‘Eg e°ﬂt§‘ﬁt§f°qaeg?a‘?‘%3@‘e§§®é§ d‘%%qubqt @\eo‘gqr %5%0(1 ; Scln?)[f}]agta was

measur enent may be



enpl oyed in gl aucona detection or anal ysis. Background
of the Invention daucoma is a | eading cause of
wtdopvasvess and i s characterized by the progresmivseG1008800186
of axons in the optic nerve. According to the Wrld
Heal th Organi sation's G obal Data Bank on Blindness,
gl aucoma accounts for 5.1 m 133 on out of an estimated
38 million blind people, or about 13.4% worldw de. As
appliegid tﬂ\egnp@tpm&a'. dmordgsital re;du;@dgg;algh'mime reffects, a momentum

s e sl iund Beliark e adlGoi8REo cure for

glaucona as danmge to the axons is pernmanent and as
¥ Is irrecoverable. However, with early detection,
FRMA6e precansad imROgs dhederical SRR using thaambydimept.can

ni ol o r |
EORTEE SRy YRE ofifipBfiHbsBRmBth offRE T SR AR Y
Sirgapore Eye Reswamge Instivte vetreated agihel groandtrith,y"OBRed, and

screening test has been foynd. Such_a test
B EF [fPHnCR tam ATg AEAI St WINCTANG ParEoTiaRoe A dhe ARGALI

SRS P S Bt
afe ghewre inBigoptasabsnivie winesy@dig. ra(edgindnpeliceatagesdbign &(b)).

FER B et A R o s it o
BnouiPd a0 4P eeesisy RESRBREN: , rapi d.
non-i nvasi ve and have a very hlgh speC|f|C|ty A

classic feature of glaucona is the specific abnornal

-appedrabie ¢ Statisties eithe @abdelute ah pérceniage @@roﬁ performance
excavati on of _the rmtl c disc with loss of th

neuroretinalrim typlcally seen as an enlargenent of
the optic disc o disc ratio (CDR) 1 shows
enl ar genent ofsﬁﬁgt ptic cup and |ncreasevgw € he CDR
over a 10 year period. Fig 1(a) shows a normal eye,
and Fi g. 1( b) the sane eye after 10 years The central

bri ght area of F| g. 1(a) is the optic cup0-Wh3§Z337Me

['l-def d As sh Fi
??b), Sh;ngpts ﬁ%ﬁﬁ§§°ﬁraﬁﬁ§f?%wen|nggg {2 f:?
much of the disc. The CDR is regarded as ?@4bgggqégnt

i ndi cator for detecting the presence of glaucoma In a
pati ent, as weSlandard hdeeatiemt obf apsaluteomat ous opti cal
neuropathy. In current clinical practice, the CDRis
measur ed nanua?"Qrgyuan opht hal mol ogi st and is

subj ective due to differences in the intr
experi ences and training. The reliance ona1rr§%§é§“ﬁ-4

efforts restrlgkg Qﬁ ehhtdde ERSr @R for deploynent in
Mass Screeni ng. T are c rrent YV 3 mai n nmedica

i magi ng nodal ities for gl aucoma dlagnosiS' retina
fundus phot ography, optical coherence tonograp g éOCT)
and Hei del ber gStaadard |deviatiogr e pgrqenkage 522102 0
fundus photogrqp Y kes use of a fundus canera to
capture inages CI5" Ene retinal fundus, i ncl udi ng the
optic disc and is currently the standard enpl oyed
approach for observing and di agnosi ng ocul ar nal adi es.
The canera is based on the principle of nonocul ar

i ndi rect opht hal noscopy.




10

15

20

OCT is an interferonetric, non-invasive optical
t onogr aphi ¢ i magi ng technol ogy capabl e of achi eving

wosuby/nd9eromet er resol ution due to its cross-sawiT/Seeads/000186

i magi ng capabilities. HRT is a confocal |aser scanning
system desi gned for acquisition and analysis of 3D
i mges of the posterior segnehi. HRT enabl es the

ﬂuantitative assessnent of the to ography of ocul ar
tqandee seeminat QR pbtained througb\AFE@ bt, GDRAtcapogchipvesan

AUEREE D0 RO Sty the Sl g8 B Bib CBer il trean
and'sedridard @spiatibh of the abEILR ErrodiRites aRPY. @14 ¥hd 0.04% The
reti nal photography-based systens. The effectiveness

gieapand shangail deviation aghesescentagearardates arg -112d4% and

S 080 LA S50 CORIARDBED PR toBon o

gé?ﬂnﬂ@ﬂhdm aﬁmtime has @auo]:wirm ghel ee&ﬂ@_ shw tgat ARGALI
eaeqgr a olnte esence O neal 0 Clt_. one
BEREHes 105 o sroblof 150 d BEPOR O D] Baligats oy

structural changes around the optic disc head. Change

anal ysis software for glaucoma applications is not

fnufutyreceneincementsaobtherambodiment sit isriotengedfthabe rest of the
ender . ..and race-specifi.c no tive dat pon which

REAIH Wil bERCERERNAR Airhafien Marg Thihald3Ress b SERI are

hidbe @\dilapledthdyhRolileHls® Bk YroesEdetedthf \WeSQIEPMERIJER. In this

perform the results are extrenely sensitive to _

wavyi e knawledas database icontingalbyieciaaser cimpravng tba guality of the

BB s D, o o g

imstendusf20f0.r et i nal fundus i mages, researchers have
focused their efforts on the automati c segnentation of
the optic disc. However, there have been nuch |ess
8 €S €2t hoMRiskn WEhE SmbMB ARt e pHi 1G4FUP
due to the Eug's |ntermggge#gﬁPhng%%%ﬁhggs92&@Z?Fand
surrounding tissues. In a first prior art reference

ti [ h tionis d [
b P < 38R AR i SR B B 4. e
MPQ%Mh@@h@%dt@r’ubﬂc@& tRé v8AdL9 BppRIACHBE ZPSBIE IV compares the
col thors. No cup or cal cul ati on

ect ed qy t he aut _ p
peffemerine ofrARGAL | pétheprior a8Meichniguse 41 el4].ntakle dceatopares the

' ' a" r=Y th sh j;n the image
';n%gce o@@q@agﬁﬂﬁl&?@ﬂgﬂm 8f'§"?§&g$%9ier§eaﬁi'r@) is fitted
to data, to produce a nodel ternmed a point

di stribution nodel (PDM. Modified ASM (as descri bed
bel ow) inproves conventional active shape nodel s by
addi ng a self-adjusting weight, and excluding the
outlying points fromthe i mages. Specifically, a set
of n "landmark points" is defined on the inage. These
points are transfornmed into "shape space" by a
transform based on the nunmerical paraneters of the
nodel . For each | andmark point, a correspondi ng
"matching point" is found using a first derivative of
the imge intensity (or, in the case of a part of the
di sc boundary which is not well-defined because of

bl ood vessels in the imge, based on nearby matching
poi nts or landmark points), and the | andmark points
are then updated al so using an energy function. This
process is repeated iteratively. Witing the set of
"mat ching points" in a giveniteration as Y= {g } for /
=1,...n, a corresponding set of updated | andscape



points { is produced by m nim zing the energy

function: = (Y1- Xiywl(Yl- X1) (1.2.1) It is the set
woioopavareet ers W whi ch cause the nodi ficati on REfT1/8SG2008/000186

standard ASM The function ( 1.2.1 ) is mnimzed

twice with respect to the set, of values X, in each

iteration. The first tine, tHé set of paraneters Wis

initialized to 1 Y is detected directly W= 0.7 Y is

esti mated by nearby matching points O Y is updated by

X SQetting Wto zero for sone values of / elininpates

the effect of points for which neither Y, nor nedcbRR

mat chi ng poi nts gan be deteq&ed. The second ti M%%ﬁ I

adj usted to be tHE% ol | owi ng~YRhere E is the qrifeea

di stance bet vggjimentafidfl Begmetitatidrhe Autombtien 1. Fesbitss

m nimzed again. A second prior art reference [2] is

based on the Chan-Vese (C-V) nodel for segnentation

i nt i . i

achi eved Optic disc detection of 94% using a dat abase

cont @ripr pgt 50 col or fundus i nmages, including 20 | ow

contrast ones. This approach is formul ated by defining

a 'fittIng energy®sfunction Boas theAufaregted] oveN-Ahe

I mage space of a Lipschitz function f(c,y) of

coordinates (x,y) in the imge space, and m ni m zi ng

t he PriotiAng energy with respect to f(x,y) subject to

an elliptic shapg, restraint. Cup and CDR

cal cul afi on wer e‘%&éne in thi &‘Saper : %Jel?qrﬂ?ttea pri oN-Art

reference [3] describes using discrimnatory anal ysis

to decide threshol ds, and subsequently utilizes these

to s&goeArt t he cup and disc. Although the Cup-to-Disc

Ratio ( ) was asured in {his papgr, n | ear
resulté?gfe giveﬁ%gnd t he ingﬁﬁ setsiﬂggﬁg¥%r tesyﬁﬁg
are not clearly described. A fourth prior art
reference [4], describes disc and cup segnentation and
CDR PapE&rtati on. The optic disc center is found by
applying the Cr ar Hough nsf or ' and
subsengntly thqu%sc boundé?%gdetecgpgk&ggddone Yes
through an active shape nodel (ASM by Fddi{i ning 72

poi nt round the disc first, Finally, a first engergy
functy ks used YE8 def or m t KeS cont oaHtameAtede besgeg
shape. The energy function depends on five energy ;
ternms _weighted by respective paraneters. Cup detection
enploys an initial estinmte based on the disc contour

detected earljer, and then defor this using a second
dirorgy | %Gmﬂaiﬂéﬂf.‘ of gharactaristies Qgﬁ%’/&' Wit Prig PB\M"?FBOQS [11-[4]
mean and standard devi ati on of the percentage error

rates, as shown in Table |I: Table | Performance

statistics of prior art reference [4] Metric Val ue

Mean percentage error in finding -4.334012789 CDR




St andard devi ati on percentage 12.59088846 error
Summary of the Invention The present invention seeks
wa moprvizde a new and useful way of obtai ni ng RCTEAR008/000186
value froma fundus inmage.In general terns, the
I nvention proposes that a 2D retinal fundus inmage is
processed by a step of opticléisc segnment ation
foll owed by a step of cup segnmentation. Data derived
fromthe optic disc segnentation step (i.e. the output
of the_disc segnentation step and/or data derived from
the output of the optic disc segnentation step, e.qg.
by a snoot hi ng operation) and data derived fromthe
out put of the optVeaBup selgrdaiditi on step (i.e. the
out put of the c Ntk St e da
derived fromt helﬂ?B"Zt?g{?f o[?é\b%g)rgpt ﬁ%ﬁgfgs?gg segﬁgﬁwzﬁi on
step, e.g. by a snoothing of¥)yation) are fed to an
adapt i ve—rpdel—whi-ch—has—beent+aned—to—generate—from
such inputs a value indicative of CDR Thus, certain
enbodi mpRbe Apf th$+AnventiqqA@re abl gyaut omati gl y to
cal culate a CDR value fromretinal photographs,
provi di mgthodsast, obj ective and consi stent neasurenent
wi th pot qt#@l for mass screeni ng of popul ati ons.
Typicall@'ﬂ cup segnentation is perforned using data
derived fromthe result of said optic disc

segnmentation, although in principle it would be
possi bl ErigbAfer f o33 he cup2$8gnent &tlinigal Good

i ndepen . The training of the ive node
enploysqﬁghbéing data i ncl udi ng tar%%@g%BR val ues

obtained pj clinical practitioners. Thus, the

I nventi perm t clinical know edge to be
i ncor po?‘%t(%mst r al gAt or waP@0p in t '%Q‘@:'lst rud@ett of

the system Experinentally, it has agggeﬁpund that an
enbodi nent_of the nethod (referred to bel ow as
"Automatic cup-to-disc Rati o neasurenent for G aucona
dEakde 1V &oraparistmatfyperiormance ohAREEGAL) with paibr arttroethods [1]-[4]
provide a rapid and accurate val ue of CDR, and may
thus be enployed as a tool in a diagnostic systemfor
gl aucoma screening. Since 2D retinal fundus inmges can
be obtained through the use of existing, comercially
avai |l abl e, | ow cost equi pnent, the ARGALI system nay
function as a cost effective diagnostic system which
will be of clinical significance for glaucoma
screeni ng, diagnosis and anal ysis. The invention may be
expressed as a nmethod, or as an apparatus for carrying
out the nethod, or as a conputer program product (such
as a tangi ble recording nmedi um) carrying program

i nstructions readable by a conputer to cause the
conmputer to carry out the nmethod. Brief Description of
the Draw ngs An enbodi nent of the invention will now
be described, for the sake of exanple, only, wth
reference to the followng drawings in which: Fig. 1
is retinal photographs show ng progression of a (a)
normal to (b)
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| arge (gl aucomatous) optic CDR over the course of 10
years; Fig. 2 is a flow diagramof the steps of a

WO 7¥®hi ch i s an enbodi nent of the inventi ACT/$G2908/®0186

is a schematic flow diagramof the nethod of Fig. 2;
Fig. 4 shows three cup boundagﬁit es generated after

bl ood vessel extraction in a ep of the nethod of
Fig. 2. (a) the threshold | evel -set segnented
boundary, (b) a snoot hed boundary produced using MC
fitting, and (c) a snoothed boundary produced using
ellipse fitting; and Fig. 5 shows experinental results
consisting of data 1ndicating (a) absolute error In
the CDR val ue produced by the enbodi nent_of Fig. 2 for
each of 23 pati ent¥sC and (b) t URdi st ri btisiom éfdaphee

percentage err Det ai | ed

Descri ption of§§%ﬁ18gargf6§. ?@Eﬁ@pl anation of the
met hod A nethod which is an enbodi ment of the

i nventdi g~
2, which shows the overall steps of the nethod. Fig. 3
shovs Bher3#T® PUBAREH SCABHEAYNAKEY (Ro  No
correspondlng steps given the same re erence nunerals
The enboddnment | SNAKErred to here as "ARGALI". The
input to the nethod is a fundus inmage. Stage 1 of the
method is to identify the disc, in three steps.

I ni tialARGALNe VBREfordl S%ﬁéﬂoﬁa@le@@l optyggal sygp

of finding the approximate | ocation of the disc (step
1) in the form oevel-salgi on of seh@rd est. Then a

segnentation step (step 2) d by a
vari ational |evel set appr oéb%sam@kgfs based on
gl obal optim zation concepts, tgetsegnent the disc
boundary and extract the optic disc region fromthe
retinal inmage. Then a step (step 3) of snpothing the
bound ;
optic cup is |dent|f|ed in two steps. Segnentation of
t he Tapled/ Methodology Comipalisem of ARGNI@IHN'WEH@#JQM ¢néthsé [4]
due to the optic cup's interweavenent wt
vessel and surrounding tissues. Step 4 of the nethod

[
FFan ‘?h%I S{,@Sfiggnﬁ% i d%st?%Mg?n 'IﬂQéALPBHH R @ngéﬁ %eth?ds [1]-4],
mndstbmnl)sémdn that tred fydly ialutoraatic A%@ILII lﬁbst@ hyhtg]‘raﬁproach,

undary .in respectiv S. In st f he
G ARAPDUE e and Ehiayes Rsek eapeATERA sotliont o
ways, one making use of ellipse fitting and another in
which a maximuminscribed fitted circle is used.
REFHRENCES step 6, which is a third stage of the
nmet hod, an adapti ve nodel (such as a neural network)
fuses the cup-to-disc calculation results fromthe

[1gvel Hset, Gl CmithtdpEs AdhodbFbSsed aﬂ&oéchaér H§tomaded fdxure
results after the different snooth ng grocesses of

ﬂéﬁﬁ'%\ inrfandus mragess éu Proc. wé the Pth irternasiopalicenference

%éudt]e?@rgi d&fham sm whi ch integrates know edge
| 'nical practice, and provi des an opti nal
EZPR f ¥r Tahg, XgLiaAc Freybeeg e8nGogh. Altanatid Segmeéntation of the

anal ysi s.
papilla in a fundus image based on the C-V model and a shape restraint. In

Proc. of the 18th International Conference on Pattern Recognition, 2006.

)
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Steps 1 to 6 will now be described in nore detail. (i)
Stage 1: Disc segnentation and boundary snoot hi ng

wa@oep®72 to 3) In step 1, a region of interex/CT/SG2008/000186

including the optic disc is first delineated. This

step is optional, since disc and cup extraction can

alternatively be perforned onlt he entire i mage.

However, since the optic disc generall* occupi es | ess
A

{Han bhdngue, e Ysanashena,K.sMagataoa T. Kerihaea. Denedegment of a

i .1 ocal.i zi ' of | ntere
e sttt Podfiph A i1 RS Db gt 650k PR 1n
PeadTRITtiNG DPIRIEEE 8Ayinedting APinediciesand BWIegy AAnuawahference,
of a brighter pallor or higher color intensity than
£A85surrounding retinal area. This characteristic is

| oit h t ' | | ' Q)
L DRl O ERRtagE, B BUAG L. 2hehf, BEC, TOKLRR, Dotiddice
fémture éxteactiohiviemmodifiegledeformatiidimodid dechmigué forrglgucoma

2Bglves. BHE Rerosnilen AP GRALD Aol 7620060 sel eat et
ﬂg}éel é.LiFe! b(%""CSQStl{%WS D. FBR. FJel isgt ﬁ\?rglhﬁ&‘ijvﬁﬁoﬂt re-initialization:

tangle arolun e RO centre wt I mensi ons of
awevevariationapfareiulation. in Bre of then20@s |EBRIGomputes Sdciedy

Lnitial undary.for th icdisc se tion In
Conigtehte ho (AIBRTEY Vion B £lers HecBiniioedySs et
al gorithm (see reference [5]) on the RO to segnent
the optic disc. The advantage of using a variationa

diXet is that it delineates the re-initialization

by introduci ng an energy function consisting of an
internal termthat keeps the |evel set function near
Althoggly tredemibatimmert Usedthée segmentatikinl tealsnignes descritadd above,
termthat noves the cogtours tgé@rds_ob'ects in.an

ARd geneurpknetugric Ag i pdapive mppel, e nventionsnejdiaitartip this
koA ATRABNIRIEA RALIBRLANE Pk Snndfe
teshmiguestwhioh nepnee esed in othes eatbxdimentst dfdhe timeention.
detected contour was often uneven due to the influence

of bl ood vessel s across the boundary of the disc,

ijHﬁéggség%éﬁHﬁi@ﬁirﬁétﬂoﬁstf&estgﬁé oGy di sc, known as
€akages. Spite the use of a global optim zation
techni que, the disc boundary detected by |evel-set in

j { represent the actual shape of the
é?g@s?%rirpq @%c boundary can be affected by a
TReWM-lkRfane digorithm isfarbiterativey ibalduieathheisi usgd toepattition an
This can often result in sudden changes in curvature.

mRagR inte| K ¢lusters. The kasig algorittydsif i tting is applied to
eshape.,t ' dj | AL O Gt

fei por X K EuBR A ehitts Lfertadontor hacedh o soiri helistic
Boundasgignaachdiks! ibte thagskethe dustehitigb smihimizes the vYariance
[Jipse wth mniomumerror to fit the disc boundary.
Eg{v’é)@tg&epnge_l a@ﬁfptﬁééiﬁ‘n‘%ﬁf‘é?’?tﬁh and boundary snoot hi ng

gst epReé‘céiﬁﬁut?gﬁPg:@Sﬂé%r{tB& w&&ggmgaéwoﬁ tﬁe'HBEé?s in the

chal I enging t C segnentation dué to the cup's

chustersi ve i nt erweavenent with bl ood vessel s and
urropndi ng tissues, Furihernore. the.transjtion .

ot weRHPERESERS 2o BBt} CovERGqe HEATALIe0 IR RS

8Rand@tlugter§he di sc boundary. In step 4, both the

variational 1evel-set algorithm[5] and a threshold

| evel - set
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algorithmare applied to derive respective estimates
of the cup boundary. In the threshold | evel-set

woappy/oxet?, the cup boundary is determ ned by fRAT3$G2008/000186

obtaining an estimte of the cup boundary via

t hreshol d techni ques, and theﬂ%applying the | evel - set

nmet hod (see appendi x) to optitf ze the detected cup

contour. Specifically, the green channel of the ]
dhiseasad vapanee if the sayased ecaksplaterdifferenge between a pixel and

. . | r Q .
B SRR e TR a8 1 Bl HR3R8 ok R Hhapsiv.
fexturef aad focatibnj ot 2 agighted tbabimationofithesd factorsakredn be
a threshol d val ue whi ch segnents out the pixels
seJerledgpRRtally. fandately; enby Ahedwistige grayscal e
intensity was used to define the initial contour. This
was found to produce acceptable results for the
Thistdlgoritbet isrguacantsed tto coheerigey but i atayf motratuam ithaoptimal

discussed earlier was enplqyed to the initia nt.our
SOIBET s SR BEINE S AtPeadsion e ol 5B of UK and the
wlewFg of step 4 is further separately snoothed,
first using ellipse fitting, and separately using
maxi mum i nscribed circle (MC) matching to elimnate

| up boundary's sudden changes in
%ﬁﬂ@%ﬂﬁ?éﬁgﬁggéﬁ%#ﬁﬁ%écribed circle matching is
especi al ly useful when portions of blood vessels in
the neuroretinal rimoutside the cup are included

Histegram-haset metheds asuvriefficiendmhen comparad Wefhshinazge
SUSRENGE 7 n5ds PebAG TR AVBSNDRIE drifUhe pass Tibugh the
pikelss hnothis teehniqueet histbgean is camnppted, frovhidlleoffhe pixel im) the
and ivel how t he r. | t f elli

i AI2iR Bepks RRLSRTAY THBeIToRET re uSed i kcats the
SHSEPs 7 thbariagk. BRloMYrinteR5RY) ban BBluseHSi e (mESsyrE) A

mul ti-layer néural network i's used in step 6 to fuse

the CDR calculation results after obtaining the disc

) [ . [ . d 5.
A Te R en R eEonRURR: to b PR ebply Prutils BBargsehRia
etHdtetosylgsters infthe imaean brdér tordMide BserRintd dredlidticsters.
aLgorlthn1u5|ng a large collection of retinal fundus

Thigdetepeated with sFeallefand; sraallariustersaydtl nermearestastersare
ﬁﬁh‘ae vertical direction) or "horizontal CDR'.

though the present invention is applicable to both,
clinically vertical CDR is nmuch nore common, and the

resent, enpodi t was tested using vertical CDR since
Ghp SRavEnEAGe Qe MRCatFISEBBoDRNRdS Laatiiaay &) Gifcult to
Bt Higrifcsit kB SFR: valleySPiHe ifRigedl Results Retinal
funJSEIQHnge i%fg of ﬁbogypatﬁgats romthe Singapore
Eye Research Institute were collected. Qut of these,

ar | auc tients. Currently, imges of 23

‘%§%35h5§&§ﬁ8§jﬂggggacona patients were processed via
the enbodi ment described earlier. The neural network

of the enbodi ment was produced by a | earning algorithm
dge getectian deavgll-devealopedfieldan wapwhuithis imagg @sodassing.

AR BB B R RSB B tona shar

adjustment in intensity at the region boundaries. Edge detection techniques

have therefore been used to as the base of another segmentation technique.
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val ues generated by clinical practitioners which were
taken to be "ground truth". In this way, this neura

wonmowm9ke2l ear ni ng nechani sm i nt egrat es t he kn@®dsiEp08/000186

enbedded in the clinical practice and provides an

optimal CDR for the glaucoma screening, diagnosis and
analysis. In the experinent,]§ feed-forward neura

network enploying nultilayer perceptrons (8 input

nbe@siges identified byrastgesdetactian are piten dissennested. o segment an

back. . I : . 1 zed
PR PoRESE MadkinoRial Rlle Peds R BoMEL OIS o
Digtontingitiss bfe bAdydd B distarid ISetwbef tREtWe 'digesds within some
defined with 15 hidden neurons and ei ght input nodes.

prededesnpoed thyesheld. hi dden neurons were the inputs of

t he out put neuron. The weights of the connections in

the network were trained such that the output node
daRegidmeGtawigg MéthBdsvnen t he correspondi ng i nput data
wasapplied to the i nput nodes. In order to reduce

local mnima effects, a nonmentumterm was al so

THe TA3egioR drbfirkneli WiS U Sedb RIS BlouiingThétBa. This
meoal takes,a SetiRARGAS BS input aleng withttbe image. the seedsamark

B5E B el 5e SREMA TR B IO B sbsih iy
@ém?hﬁng afl einanesated agg:b@riag Piass toieCredidi®s. The difference
erformance of the ARGALI systemis neasured.

B@anb@l'mtemsjw \adue pBd ithe) region’sgnean,d, is used as a

-1 RS TR M At Bl it way
Bt allocatedctd therespecting reégiond@ihid roesy comtinues Uriball pixels are

CDR GALI ~CDRGT and E% E/ CDRGT x 100% ) are presented
allocated o aredigBp| e 11 Statistics of the absol ute and
percentage error performance Statistic Val ue

-0. 013623374 Mean of absolute error Eabs 0.048974106
Seadedregide grawingreqbiresdsedds as addiionghinput. The segmentation

S AeppR T S B oI hessiss Rlokse i iheJinaaE sanisause the
86645 10156 p&EHYy plaical NGAsésd e @it ving i@%ﬁiﬁﬁé&l algorithm

achi eves an aver)%%e_ 98. 6% consi stency with the _
that dioean't tgquinecexplicit keediGHartsioff wisha singlesegionahti— the pixel

G5 D Sl % ATRLANG 5% BB At
Reragion! Rgensidery theaiefghburidg-piteld 1d theasame. WaB4s sblsded region
the clinicall g'@derl ved CDR value of 0.6 as the

graveRg ot diffess Hemeserdad rReiamaiowing i thatif thadnigirawadhis, less
Vi B4 DA P 40 M BRHEBR roion o

Hmiodnthentine pixef ist domsadved isigmificantly different fanheall ¢uraent regions

e rest of the
}l\Pand asnew region An + 1 is created with this pixel.

One variant of this technique, proposed by Haralick and Shapiro (1985), is
based on pixel intensities. The mean and scatter of the region and the intensity
of the candidate pixel is used to compute a test statistic. If the test statistic is

sufficiently small, the pixel is added to the region, and the region’s mean and



10

15

20

25

30

i mages will also be processed. As and when nore
retinal inmages from SERI are nmade avail abl e, they

wob/a3satso be processed and their results i ncatamisc2o00$/600186

this way, the know edge dat abase continually

i ncreases, inproving the quality of the obtained

results. Already, we have t eled t he system usi ng 3288

i mges, instead of 2000. 3. Conparison with the nethod
sdatter @re cecamputedt Odhrrwige, the pixe| isTajectesl, lang iagisediio éarm a
con‘pgr. ARGALI with prior art nmethods [1]-[4]. Table
TeW e RPares the characteristics of the various
approaches. Table IV conpares the perfornance of

ARGALI with ﬁri or art techniques [1]-[4]. Table V
edrpiel Set Mathads hodol ogi es of ARGALI with prior art
techniques [1]-[4].CDR D sc Cup Experinental

Segnent ati on Segnentation Automatic results Prior Art
Curespidpadatiomis & popular Rsshmiquy in ihagesanddysisl famatiject extraction,

LA Prigr Art 3 Yes Yes Aut onat Yes Prior Art 4 Yes
Q@J%Ctﬁt{ﬁ le?!ieF?Q_s’ eEANSUGIRRAEIC. %gg C?_BHaL'G?BrP&hé?F Sr‘é“j‘ an
Atoioh i3 1o IR 2Ty oIR8 M PhicSt pERrol SFPg bt flhtdon,
\Bbeiesits defimtiom reftects Restask o bejadrressed/artd impbskis AeRak
SRR Stk oEra gl o 4% bR S dnetencig
thel dordr :ﬁﬁohﬁhg\d@%@ﬁ%t sampiEstrafe§P ERAthSPBvEle each element
performance of ARGALI with prior art nethods '
acqordinptp dmage@neustesnalAaeps.i Whilssyelkr attachnjgue can be very

SHERES Frutts Har e s Mo i dochl 7 e Afigite rateqy.
estimating the internal geometric properties of the curve, changing its topology,

addressing problems in higher dimensions, etc.

The level set method was initially proposed to track moving interfaces by Osher
et Sethian in 1988 and has spread across various imaging domains in the late
nineties. It can be used to efficiently address the problem of curve/surface/etc.
propagation in an implicit manner. The central idea is represent the evolving
contour using a signed function, where its zero leve! corresponds to the actual
contour. Then, according to the motion equation of the contour, one can easily
derive a similar flow for the implicit surface that when applied to the zero-level
will reflect the propagation of the contour. The level set method encodes
numerous advantages: it is implicit, parameter free, provides a direct way to
estimate the geometric properties of the evolving structure, can change the
topology and is intrinsic. Furthermore, they can be used to define an
optimization framework as proposed by Zhao, Merriman & Osher in 1996.
Therefore, one can conclude that it is a very convenient framework to address

numerous applications of computer vision and medical image analysis.

f) Graph Partitioning Methods
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| evel -set set and threshold | evel set Table V
Met hodol ogy conpari son of ARGALI with prior art nethod

W 200p9/R96x t he conpari sons nade bet ween ARGALI P{#SG2068/000186

prior art nmethods [1]-[4], it has been shown that the
fully automati ¢ ARGALI uses hybri d approach,

intelligent adaptive fusion achi eves better
experimental results. REFERENCES [1] H Li,

&hat’ a@r@pﬁilzeﬂ%%rénem@ge/ua% @tsmmsreérbyaﬁhbam Malik in 1997. In

Hfig it the B8 Belrh qtiiie TR IRHoRS aS ifeiofiled ifidirected

%&ﬁ)’h. HaZh pikel isa guodh( in ttln? gfhherlaayiba&T gdgédsis fG]Embd between every
L t nt n t n

P%*&%ga I fﬁ'gﬁ@ﬁ t I@foaV‘ %ﬁ@% I'se%p %S%%QIE)U‘G?%@#'@EFWP‘*M%“ the
e e

ttges aonnecting Kbe shgmentdihe eptirealt pastitienisg wpthe graph is the one

e AR eLpadntchr el hel Sl Lup S
arg@hmrﬁ SedksitdPmiiftde M hdrmaRrd e C\ﬁmcﬁ%)ﬁ\e £a41b of-the “cut”
O Chutatape, E. Sung, C. Zheng, P. C. T. Kuan.

tQ)@ﬂ of thesslgesdn thesekt r act i on via nodified def or mabl e
nodel technique for glaucoma anal ysis. Pattern
Recogni tion 40 (2007) 2063-2076, 2006. [5] C Li, C
fWdtershiod TradhsfBrmation Level set evol ution without
re-initialization: a new variational formulation. In
Proc. of the 2005 | EEE Conputer Society Conference on

PRI A araRR! L sneden néthuce o1 pn ae s
aécmgrqpbls sdlefacej Bixe|saenimg theenbighestegnadient emagmiudegntensntles

() cDBisspond T watershe LBERwhiRh ahirebent ing Teioh bélndaries.
Meﬁﬁlﬁ@é’&bh‘éﬁy‘ m)%él étciddddasyalconfnd s WatesHes linBifvs downhill

may be used in’other enbodi nents of the invention. (i)

tonagemmyniocabintensityeninira (EWH). Hixals dmiaing ta aagommon

AR falh AEhfiRiTent taslS MEAER cdbigent tBFF??'&’HSan | rage

into K clusters. The basic algorithmis: 1. Pick K

cluster centers, either randomy or based on sone

hiModet based S%@@ﬁ@fﬁt@&ch pi xel in the image to the

cluster that mnimzes the variance between the pixel

and the cluster center 3. Re-conpute the cluster
&'betoen&amsammtmgn ofgsuehl arphpprioachiisctHat stractunes of mérest/organs

4. Repeat, st d 3 tt
t\gv%g rggetmsvgg‘ggm of %reometrli/ntl'lhergfgpev ‘on ecre%eselei for aaprggablllstlc
model towards explaining the variation of the shape of the organ and then when

segmenting an image impose constraints using this model as prior. Such a task
involves (i) registration of the training examples to a common pose, (ii)
probabilistic representation of the variation of the registered samples, and (iii)
statistical inference between the model and the image. State of the art methods
in the literature for knowledge-based segmentation involve active shape and
appearance models, active contours and deformable templates and level-set
based methods.
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change clusters)lin this case, variance is the squared
or absolute difference between a pixel and a cluster

wamne/ex9722The di fference is typically based on RTX®2008/000186

color, intensity, texture, and |location, or a weighted
conbi nation of these factors. K can be sel ected
manual |y, randomy, or by a Heuristic. This al gorithm
i s guaranteed to converge, but it may not return the
o MdultisicaleoBegmentatibhe qual ity of the sol uti on depends
on the initial set of clusters and the value of K D)
Hi st ogram Based Met hods Hi st ogram based net hods are
MR&Ye sédinehitiong/aes compesEat maltiplescalesuscale-space and
segnent ati on net hods because they typically require
Wt'm qsaa@gatﬁé Hoghcearseip >f'63§03|9f$ sae scalecstac§ue, a
Q@hgg is conputed fromall of the pixels in the
the peaks and valleys in the histogramare
used to Iocate the clusters in the |mage CoI or or
{Sntensm he used a measur e.

RoGanation ollens g Ge AbASNEATPPi iny THAY 1KE IS acount
gl'ogbp&é Sa%%bé]g:rﬁ@ﬁd“ Wcérﬁnﬁn%hﬁfrénierr‘lt {d'@iat BBES rdgion must

er to IVI de theminto smaller clusters. This is
bepoanectediin somesddnse. and smal l er clusters until no
nore clusters are forned. One di sadvantage of the
hi st ogram seeking nethod is that it may be difficult
po 'dAﬁhg)tf\)e friodeisf fof patfoeinlyIhé ekbivmblepys i n the
I mage Edge Detection Methods Edge detection is a
wel | -devel oped field on its own within inmge

i ' ries and edges are closely

?LS%@,%%@%@EP@%E‘%H% a sharp adjustnent in
intensity at the reg| on boundari es. Edge detection

echni ques hav re been used to,as the bgse of
éHBP%weg %@'@aﬁfﬁ@%etmée@a%§w%ﬁ@ﬂﬁ%ﬁ"

@%jﬂg% i §‘ébt fo? '&Ia%?sﬁ‘lcgfcl(?1 £ And rEGRE5RAL ?Heg E@lo?\gqg’é” an g/

rom an | nage however, one need
beneratized:EnedDi dazmﬂera uThe)emraalsotba chywidéredtehgpecial case of

FIkBRBOE Fee atione Arasicdial Aoty & SWBUF it TBey siputapgously
Piififdize 81 é’rﬁpﬁfc@%l@gslﬂ@étmdeffﬁsaﬁd“ﬁ\a&ﬁﬁﬁédhé Qﬁbﬁﬂatnc margin;
grow ng nethod. This nethod takes a set of seeds as

hemca thelyarg aléa knawre ab megidmuThmasgiadlastifierseach of the
objects to be segnented. The regions are iteratively
grown by conparing all unallocated neighboring pixels

Sapp e veewir mhﬁésemdﬁfnﬁ;ﬁitm&)rb% \eﬁﬁgh@r dimesisiohal space
|ntenS|ty value and the region's nmean, d, _is used as a

ywhaes,2 andfimal gepayating hynep qnq(@cqmtrHcmeTwaréH@
RS TSRS el s R RER e sgpartes the
gatee H’heasre@aeétlrtgda}p@dplaneas Myperplseedbdt maginiizes the distance

8%%%@? ﬁl F{az'é'ﬁc‘&/pgf 3 adg*m%ﬁ?é]u?%p]th lé rgﬂgcf, &atgtpe larger
fHeeMargiNer sthicd B@tv&é%QﬁeQé‘Ba%l@ﬁ BypdiBlanes the better the

generalisation error of the classifier will be.

b) Neural Networks
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seeds to be poorly placed. Unseeded region growing is
a modi fied algorithmthat doesn't require explicit

weEege39722 starts off with a single region A IPCT/$Gm08/000186

pi xel chosen here does not significantly influence

final segnentation. At each iteration, it considers

the nelghbor|ng pi xels in t heé3sane way as seeded
ion ﬂrOMAn It differs from seeded region grow ng
anat piwarkds anrintereannected @roupat antificialmaurens that uses a

S“je b6 o BFRARAbrby HAER o B phdsbhg based on a

@@rmaoﬁensdc slpgméarpt@rddnypldafcﬁmrlﬂ mﬁoétrdaeegldn RNNrugrah adaptive
%IOHS Al and a new region An + 1 is created w

%mﬁhﬁb‘l?ha@%s 'tﬁa$tf%%"ec#a%eﬁl an ederal @i éntemai M@Eﬂaﬁ?ﬂ that
0 (1985), is based on pixe
%ﬁ&%ﬁg§?9es. ﬁﬁgﬂﬁgan and scatter of the region and
the intensity of the candidate pixel is used to
conput e t statistic, |[f the test sta IS
GUTPre Prsvtipgt P Uil aebyais 916 naBalar SatRtcAta modeling
éﬂﬂ’ed@@n rnﬁ‘&hﬁ@ tGoISEPHE\PEAIS | 6@'11%86 ténfodet %em?iﬂé)ﬁﬁélatlonshlps
herw se, pi xel 1's rejected, and is used to form
laetW@anrleguf@raant)utputs@r tsefmdmtlemslrcdmtae propagat i on
is a popular technique in image anal ysis for object
extraction, object tracking, stereo reconstruction,
©tBoosting central i dea behi nd such an approach is to
evol ve a curve towards the | owest potential of a cost
function, where its definition reflects the task to be
GHAEEAR GOHkTRIEY SEoBLANT RIS UERAAERRLARIS) Pt by
cambining mghr@mmoﬂeraielyanambtmmules rcﬁtlag'p\b'armmhkrleamer is

Geifeliow 7 classier WG i il Gureies wif I Ge.
¢|éss%ﬁtf,ét%rrﬁ 1A &emré{étr é%ﬁ%ng'léﬁrﬁ@ff Isoé‘éh %séﬁ@r el fhﬂﬂtrsny well-

he sanpling strategy, timating the interna
gﬂﬁﬂﬁ@ﬂn&nmﬂumbueDbssdmahha curve, changing its
t opol ogy, addressing problens in higher dinmensions,
etc. The level set nethod was initially proposed to

Whilg lbodBiNG & hott AGbAeasically deHdehairid, Arddtibabsting éﬂﬁﬁ.thms

and has spread across various |nag|ng domains 1n the
follow anemeplates Typicaly hopsting eecurs iritefatioas: by ingsemestally

0 R, S B 5Tl P SOBBS S Bk foamer

legmsvthedrainingalita wiihngspest toredisfributibh oTihe Wezikdeatrer is then
contour. Then

y4 | e eI corresponds to the actua
addest @ g fingl W@”gdﬁqfﬂﬁf J&xﬁats.tmcalrly dare byeighting the weak
@%p}&?ﬁbbﬁm Whﬁ@r,@vrﬁ{;. s an%h VeI tbltRe gf@Hk‘ I%Lrﬂ'ner’s

ace t en applie zero-lev
aafuracy. After the weakdeamer if addexd tmtmedmal strbeg II@mbr dbe¢ data is

net h ncodes, n ous ad antages: it i

Fateiohied xaaale Sl AeRa AR BE Oaim peiatand wirables dhat are
G805MEA LOTBEMPRIERSRY (sblife Sd&dmbrmgéﬁthﬁg WhieactGaly decrease
change the topology and is intrinSic. Furthernore,

theayeighhofepestatly mlsrdawﬁechexamplem e 41 boost by majoiity and

%ﬁogﬁg csZ)quﬁé @ C\g%%lf [?@énﬁ?rﬁaql ?cqrs r'ngr%gashe examples that

preniceRiwedk ldafmdreanisclagsifisdr ess nunerous applications
of computer vision and nedi cal inage anal ysis.
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f) Graph Partitioning MethodsThe "nornmalized cuts”
nmet hod was first proposed by Shi and Malik in 1997. In

wa twe13verhod, the i mage bei ng segnented i s nmodeElEGMes/@0186

wei ght ed undirected graph. Each pixel is a node in the
graph, and an edge is forned petween every pair of

pi xel s. The wei ght of an edg 4s a neasure of the
simlarity between the pixels. The image is

Fhetmainosiation betwee)) many bossting @@mgys Heir mptad.ef
paﬁqﬁﬁggﬁ?lﬁlgazﬁﬁ hBH'nté Qﬁ%?\?f@ﬂﬁ'ﬁ-}éﬁg ng@ﬁ&gt |§T%rr¥l popular and

pbehaml tghinsoslf&grhfa:am g\tstomdfmly aseit was ¢he fiest alddrithm that could
"cut" Shi ' fml%orl thm seeks to minimze the

afaptigl the we e ldpweer, fhere are Hany MaEe "Qﬁ?lnt algorithms
§hl:h Q% LPEsR 0kl Qth?llB%oTsf‘ %réﬁ/hgo%t m’%cfef%?)%g LogitBoost, and others.

Transformati on ters tra ormat 1 on consi ders
Manydvaositing algoaigimins did into thevAnyBagst feamewodg ahiclpehows that

Bhos R peidrigiptin: ARsbd R adhgih.tate bl fRgvex st

YHctiBnr epresent the regi on boundaries. Water placed on
any pi xel enclosed by a common watershed |line flows
downhill to a common |ocal intensity mnima (LM).

a common m ni mum form a cat chnment
EZéSbﬁstr\%kaécqurggaprn ent the regions. h) Mdel based
Segnentati on The central assunption of such an

proach is that structures of mterest/organs have a
%@B@tt"atpl aagregat fﬁgo(fbaﬁéﬁ'lgfgt'fr s matg=algerthm tajpwpreys classification
i
200 rBg RS RRR Iy HEs I LIREAT R B B8 dRBracy. Bagging
aksgn'educeagvanancemjej hdps:t@ avmdscmeailthng Allﬁmmggl'ttmsmethod is

or, Such a task . involves (i gst
POl AHhB i HeoBiuthisPe bdsis, R GamBR ubsd wititary 96/t model.
Bb@@r’h@'& asdpeeial @Qé@%ﬁﬂ{eaﬁio%l Q\ﬁerb?ﬁlgVa?ﬂirééérPn of the o
regrstered sanples, and (iii) statistical inference
bet ween t he nodel and the |rmge State of the art

CAHCR Bl Falnd SO o 5128 -8 YRR T35 aining sets DI

BB SizeAqt (N & NPbyY gam@ha? féxdﬁfmémhifcﬁnﬂysfrahﬁoeanQMh
|

I evel -set based net hods Mul ti-scal e Segnentatio

RIBReBeRInBY(SAMAIRG ittt repiagrinert ihis likgiv thpt @@@aﬁ)@mlﬂs will
P& %Seéteﬁ?ﬁ 804 OF QPR LR ShBhk ?maggeeeﬂ tﬁé Bt BP8kp&cttq to have

I'ne sca See ‘scal e-Space se ntatron.
68 9% nfk tite mmples@f D tlcareshdaea‘tg)duplltés( T¢mhhd>ofz$ad1ple is
t t

Powh s baotSlsamaamiRle § Tebndals areafSe uSho tag Abave L
BYsistrap s‘éﬁfﬁl&?bﬁ@ chhb?t%EF b§ %%F‘abg ﬁ’g th‘ééj@tﬁ’lﬁ)ht’gn ¥adelo? regression)
for performng the fusion Step port
vevoeling Mucase] ej claagﬁoatlon/)e@nerpam@,ﬂamgerest‘n@; ponat gbaut

BrteBpsf Bl SheS I el ariRbos REySBLPBHIFPE & i St pyeful for
Php@eiRy IiMeaf etbddlgiear classifiers. They can al so be
consi dered a speci al case of
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Ti khonov regul ari zati on. A special property of SVMs is
that they sinultaneously mnimze the enpirical

waioagsiofizacat i on error and nmaxi m ze t he geonet rRAI/SG2008/000186

mar gi n; hence they are al so known as maxi mum mar gi n
classifiers. Support vector mmchines map input vectors
to a hi gher dinensional spacezs\/vhere a maxi mal
separating hyperplane is constructed. Two parall el

| anes are constructed on each side of the
hyper pl ane that separates the data. The separating
hyperpl ane is the hyperplane that nmaxi m zes the

di st apanetedieeobidiring wcC PR &l frohy @ @Dptatinabfundas image,
assunption is made that the larger the margin or

aPapPEAeg thesirsof hese paral | el hyperpl anes the better
theg Lassifier will be. b)
Neur aI %&@@QA%cﬁé'%?gﬁg&%@mﬁé an interconnected
gr oup (Y perfdriing ioptic sepisegmentation;eed a nat hemat i cal

or co utat ona del r infornati.on proce
baseqUBnaUB Hatk Befred fem e cntindiso seymtilionand data
H@ﬁ&e&ﬁéﬁﬁh@%pﬁ@%u‘p%é@%éﬁéﬁ%r\ iffto %)ﬁ%o%ﬁhb@ Foddl dpERive to
Its structure based on external or internal
penenateai@dRtvadue.f | ows t hrough the network. In nore
practical terns neural networks are non-Ilinear
statistical data nodeling or decision nmaking tools.

Zhey pafetrRduRerdifg 1@ ERIm CloRPAIssh | fllewirngsdid BEep (i), the result
bet ween i nputs and outputs or to find patterns in

abthe. ontic dmgegmgnm@gt@ Adbjest t9 3 smaciingstente prpduce
BEROHL9s2 UGt BN G gt by sl S8 g as

mmnbe‘albrwid ada;iﬂafe medet.o be a classifier which is
only slightly correlated with the true classification.
In contrast, a strong learner is a classifier that is

rbit ' 2 ik Which, following said step (ii
9751 AL 8 BB ¢l i, follwing spid st G
om:ns:r nwreethootbing algarithinsgarel applied Hoslatabutpwt from said optic

| at e. al | oostl ng, occurs rati

i BeinRriatoh S8, et BRBrLfia Setsraf siiocdied aglc cup
bs&r BEid setlor 8BEY of drhEbtAbH Yptic Tupaiita bR Rbut RASAE aHBEtlve
training data With respect to a distribution. The wea
meglehisy step (ihen added to the final strong |earner.
This is typically done by weighting the weak | earner
in sonme manner, which is typically related to the weak
4 ear nArmethadaocacding A tRimt3ig wisiak theerarera bmranlydeﬂsmd
the final strong |earner, the data is reweig

W@ﬁm'%@ a{g%@hfaﬁegﬁﬁej[@ll%§|H=|l|lréljt)'9%f| resRRGtyet seéﬁ Gf smoothed
?éoms ;Zaafmhlcﬂr%e%&ftstbfs'aﬁp é’ﬁtf\/%%k)%iell Iﬁecr |S|)g e

oosting algorith actua
wei ght of repeatedly m scl aSSI fied exarrpl es,

Boar nartelhid aaagliB o FETrs oh@als 4 ik ﬁa{”%@%ﬂzﬁﬁmd
&Bﬁd‘cuﬁaéfheéﬁd %ﬂ‘-‘deﬂé%‘uﬁélﬁ‘?fomgaﬂ%ﬂld’ CF %Q@Bnl@ﬁbﬁ%ﬁa‘b (ii)

nmany boosting algorithns 1s their netho wei ghting
areainpuhtp skid adaptive magiedl hypot heses. AdaBoost is very
popul ar and perhaps the nost significant historically
as it was the first algorithmthat could

6. A method according to any preceding claim in which said step (i) of optic
disc segmentation includes a preliminary step of identifying a region-of-interest

in said fundus image based on the intensity of points in the image.
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adapt to the weak |earners. However, there are many
nore recent algorithnms such as LPBoost, Tot al Boost,

woReeasBast , MadaBoost, Logi t Boost, and ot her PCTRKI?908/000186

boosting algorithnms fit into the AnyBoost franmework,
whi ch shows that boosting perforns gradient descent in
function space using a convex cost function. d)
Boot st rap aggregati ng Boot st r26p aggregating (baggi ng)
is a neta-algorithmto inprove classification and
regression nodels in ternms of stability and

e B8l Shedraing J& iy PretRioa oD i HVGH Seitfateiof of opti
HisclsegidntatiiPbimdibys® dﬁﬁt]ﬂn@ﬂl&é?@et@&@itﬁm.” can be

used with any type of nodel. Bagging IS a special case
of the nodel averagi ng approach. G ven a standard

rainj .S te.L pnew tr.aining. .
bt Iy el 25oBLyigy taPy oSt Bl it v LS4 S8 of opti
cup Segmienttionrmeludesd first sub-step af e&BmMatingthé 80P botdidary using
with replacenent it is likely that some exanples wll
%éhfﬁébeﬁktsahm'ﬁueafeﬂowd byra s@cond sulnsiepremployingea levehset
t%%hnﬁue?)(pe‘?t ed to have 63.2% of the exanples of D,
the rest being duplicates. This kind of sanple is
known as a bootstrap sanple. The L nodels are fitted

S 3 REEH Gk ahy Bt i B PR A48 4 g vt
¢ segmenttionligpeHbihed ibg%) plufdlify 8ffmetifdds2each method

interesting point about Dagging s that, since t
generating ageapedtivecapticatuppsagmentatian, step (i) inctuding inplutting

' ' Li dels.Clains 1. net hod, far, ..

Iie. ARG Rt 3R ndSEr G Usratinentafiof il dne Aiigetive
modpl.i sing the steps of: (i) performng optic disc
segnentation; (ii) performng optic cup segnentation;
and (iii) inputting data derived fromthe optic disc

gne [ .
R reaetnad Pt & 48 biRali i BRlch(in findus image
gﬂﬂmgtaapla;dlﬂ?oﬂmluar c@gpénems?mb at khyastllbn@ Iot‘ sai}gl sv't?ﬁméntation
i.n ch, followng said ste i), the result of the |
$Bo3 0) Gt s Rt deR ieng 085 Bbbla cPraPSRetaf the cgiows image.
to produce snoot hed di sc segnentation data which is
enpl oyed in said step (ii), and as data input to said
Hapt A veethod eiccoglingitaranyh precading claimy in whihasaid Adaptive model!

claim.2 in which ol]ow ng said step (ii), one or
'%@r@%h@g?ﬁpﬁﬁraépﬁ hns are applied to data output

fromsaid optic cup segnentation step (ii), to
&:nerate respective sets of snpothed optic cup data,
i d Aapethpd ascarding tmaoy Reaseding Jaion nalizdiag isepreminary stage

AP SSREaaHAP P PR o oS Pt oo

valuesigengratdd byiactlinician.

13.  An apparatus for obtaining a CDR value from a 2D retinal fundus image,
comprising a processor arranged to perform the steps of:
(i) performing optic disc segmentation;

(i) performing optic cup segmentation; and
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snoot hing al gorithnms, generating a plurality of
respective sets of snoothed optic cup data which are

WO mpui39re sai d adaptive nodel in step (iii). CT8G2008/000186

nmet hod according to claim3 or claim4 in which both
sai d snoot hed optic cup dat aS%nd said data output from
said optic cup segnentation ep (i) are input to
sai d adaptive nodel. 6. A nethod according to any
pr ecefiigpettingdata derived from theantis disg swm@ptaﬂ@ncﬁr@cdata

I
EHUR O 8 JutE ctESedmtBo It oK ePfve mortel opsafive to
beserdten CDR valiensity of points in the imge.7. A
nmet hod according to any preceding claimin which said
step (i) of optic disc segrrent ation enpl oys a

yari aph arét%‘é%lccﬁ I'rgfc?l WLrFI RAin hich ﬂ%t&%?fa?&ﬁqé di2%ged,

to any preceding c Ich sald ste
tolloiving: sqid ssteprij ttatsmooth tiod cetedt of thé optic disc-segeperdation to

BRdyTR amSbthaf oistee o stalidn BRl MR id Bnigystas fgtaneut to
ggwegdamveﬁ-mcml que. 9. A nethod according to any

preceding claimin which said step (ii) of optic cup
segnentation is perfornmed by a plurality of nethods,

1 ne Tt HarAE BLEbidit b RERTFidrsBiRtbld b fliRp o processoris
daahged| followngasaid sfept (i 1€ pepform onierorangresthabindmsalgorithms

into the adaptive nodel. 10. A nethod according to any
m@%@cﬁqﬁ@utcfr%m BAhoRNG e¥P SAEMENIRIIGD Ster.fB. fosrnarate rgspectlve

I
géaﬂlé éj? Ss'gédnb%ﬁé% tB gﬁ Hg %%fﬁ’?{?fj%ﬁgp@’h‘%cﬁkgﬂ &z%t‘tsé 8f‘§m%thed optic

agp dgtaotol said adaptiveemodepipnstap (idj. t he col our i mage 11.

A net hod according to any preceding claimin which

said adaptive nodel is a nulti-layer neural network.

18. AaRRIDpRFatas Ca%gl*d%b tPclaimy 1Br|ﬁ9ﬂﬁ’émﬁ1e%r6b€!;sor is arranged to
i ncl udin prelimnary stage of training said

RPN @ giucmad;lteyl ofigsiichgmwothing ﬂigvgltbms, genarating agluralitycof

FPelfiyd Eaets ey BouS ofb sl £hBln 27 neit PAR] Bt
hitaieein g@m@ngm ng a processor arranged to performthe
steps of: (i) performng optic disc segmentation; (ii)

perform ng optl c cup segnentation; and(iii) inputting

fat a ﬂ tpﬁ%'éhbﬁb‘?n B LGirf 18 %r Z@HF% ﬁ{\{vﬂl&ha&ﬁh%

derlve € optl cup segnmentation in
ammpthedeoptmkmjp dataraid sraadtd@tajeumuafrenaséw)lapwmwp sebfnentation
A}Tré gﬁgaratus accqrdi ng to claim13 in which the
eddLasy Input to sald adabtiyemMad&l-ng said step (i), to
snmooth the result of the optic disc segmentation to
produce snoot hed di sc segnentation data which is ,
éanpl ohedpparatus according taaswuoticlaiepd 8 ve 1i7oo Whncrmald/mocessor

s g8 5EN &f S sheroristie slibe Sedhphiebon o fafom a
bﬂellﬁﬂhé@fsﬂbﬁ6€|défnt|fvmg?a$€Q@htbfnﬁte?éél% shid'findus image based
on the intensity of points in the image.

19.  An apparatus according to any of claims 13 to 18 in which said processor
is arranged to employ a variation level set algorithm in step (i) of optic disc

segmentation.
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to data output fromsaid optic cup segnentation step
(ii), to generate respective sets of snoothed optic

wawpy/tkarze, and to input said set or sets of sREAV$GEW08/000186

optic cup data to said adaptive nodel in step (iii).
16. An apparatus according to,glaim15 in which the
processor is arranged to perfdtma plurality of said
snoot hing al gorithnms, generating a plurality of

respective sets of snoothed optic cup data which are

bpput é\bgaspﬁ?dcgtug%%%k%f g[?gﬁ#noigla%gq (th'40);i ip vlafﬁcr\}\ﬁlgighprocessor

appar cor or c a| m 1
ioarmasged) irs stept (In):do metfoemcafirst ama-saepiofsestnlnata‘tgitmmwt

d.opt t t t
bBCEYaY siithe eSHBUSRENTBuS delaBd Bind sederkbru AEM: o
@H’)blé}fmgb%&@ sebtdch P;Jué n which said processor is .

arranged, as part of said step (i) of optic disc
segmsntatlon to performa prellmnary step of

85 e Aihetl BERERIGE i A6 PRl 1330 S0 geie s8ikocessor
ROPPARIAE tEDBHDEH 3aAid Step! d) @Fo;ﬂl@édﬁsé@néﬁtaﬁ&n iy a/\bllu%my of

said processor is arranged to enp a variation |evel
g}gthgglsg &achrpeth ﬁdsgegpar@tilr)g afreamqttyecmg@ cup segmentation, step (iii)

AT B SRR R Bl o Yegptations it
the adaygtiveimpdelt o performa first sub-step of
estimating the cup boundary using a threshold
techni que, followed by a second sub-step enpl oying a

vel I
gg.y Of\ﬁ‘%fpga?é’tﬂg HSrd @ ﬁf)@ﬁ%@é? 53})%@2@ SYgﬂrlé‘llgtl*happrocessor
iﬁarsarrmii totrecpwefsaldﬁumilud isgp as a plurélity pf icolotnpomponents,

60 Befthigh 2t [Rash aBe 4 3ol FedmeigtioR shiam Gransh(i) Usg only a
§||nglécdrﬁ§bhk§ht'wmé‘§élbhkﬂﬁaé’@ta derived from each of

these optic cup segnentations into the adaptive nodel.
22. An apparatus according to any of claims 13 to 2 1

2ot epEe8 65 | o0y BFORERS 13 6 Z7ob P dlg agamive
odebisf Dmultatayee astirathetodrksai d segnent ation steps (i)

and (ii) using only a single conponent of the col our
i mage. 23 An apparatus according to any of clains 13

3} 22 net t@{:pr%%' 29@85&" TR arjesstgre'a':}gbg{érmﬁgtructlons

neur a onputer program pr
mdadableaby asmmmdeptoongam thesdfomputeotoscareadatothe rhgthad

SRBB g SR T o 5y Y o (e et



