An Automatic Opacity Detection Systemfor Cortical
Cat aract Diagnosis Field of the invention The present
WO pooenticon rel ates to an automati c opacity detBCL/8GI08/000190
system havi ng net hod and apparat us aspects. The
system can be used to obtain a gradi ng val ue for
opacity due to cortical cataracts ("corti cal
opagi tic X mle o ‘._t m corllcl ct aact
t he | eadi ng cause of blindness vvorl dwi de. It has been
reported that 47.8% of gl obal blindness is caused by
| fioand 35% of Si ngapore Chi nese peopl e
over 40 years old are reported to have cataracts [2].
A cataract is due to opacity or darkening of
CThespresentiavestisn relgtesnd iaftadtomaBe®pakiyd Hekclidh sy&t@}n having

t he nost preval ent type of cataracts are cortica

da@‘tapaar@ pnacatusasipectss Thigi syistem oaedigeussthioeobtain a grading

B ox Epacity S0n B RanRA Clerdll [loof8T aBRIMET st rample to

tpesfosmroatical eataradt diaghtsiscenter and interfere wth
| i ght passing through the center of the |ens. By
contrast, a sub-capsular cataract starts as a small,

HERKHo deéttHéLI'ﬁ\}é ioRear the back of the lens in the
M‘gﬁmrtzﬁ'mm to the retina.

Retro-i I l um nation i mages are taken for gradi ng of

SRRt Ao dFad DG rplee of Eﬁné’#é‘%@en@c&é‘%?&&{g%b‘aaée'myr@poned
%‘-ﬁ?‘;"’[ﬁ%‘t‘?‘s’%@t@ UReass YARMEY SaEREI YR A% Singapore
(‘s‘ulﬂ@t’@:pewe ayead0rygasy sideare repored ¢o hawe cta'mmtﬁp]t Becataract
|§B§e to opacity or darkening of crystalline lens. According to some studies [3}-
[4], the most prevalent type of cataracts are cortical cataracts which begin as
whitish, wedge-shaped opacities or streaks on the outer edge cortex (or
periphery) of the lens, and as they slowly progress, the streaks extend to the
center and interfere with light passing through the center of the lens. By contrast,
a sub-capsular cataract starts as a small, opaque area usually near the backvof '
the lens in the path of light on the way to the retina.

Retro-illumination images are taken for grading of cortical and sub-capsular
cataracts. Conventionally, ophthaimologists compare the picture observed with
a set of standard images to assign a reasonable grade. This process is termed
“clinical grading”, or a “subjective” grading system. In order to classify the lens
opacity more objectively, experienced human graders assign a grade that best
reflects the severity of cortical opacity (i.e. the level of opacity due to cortical
cataracts) based on photographs or digital images [5]. This process is termed
“grader’s grading”, or an “objective” grading system. However, studies have

shown that the measurement is still not identical among graders, nor for the
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opacity nore objectively, experienced human graders
assign a grade that best reflects the severity of

w@rwiteabl opacity (i.e. the level of opacity dREr/$§62008/000190

cortical cataracts) based on photographs or digital

i mges [5]. This process is teyned "grader's grading",

or an "objective" grading systtem However, studies

have shown t he. measuyrenent is still not identical, .
3AbTR,Stsnat SMercnt Trife icbinBepsuement ofiperaseat opaciy i
timE2gohsUminges wemsur ement of the area of opacity is
time-consumng as well. There has been sone effort to
devel op an automatic gradi ng system to inprove
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aetecton meglobabthreshoiding és ofte® ffacalirate e uestsi mom-unifshirus
jmctfd. A second inprovenent is that the opacity

BEfR of th§eNSont r ast - based t hreshol di ng. Thi's
contrast based approach is unsatisfactory, however,
when opacities are so dense that the contrast in the
Araepgradedaession iof theosoftwarer[7hdgtectsTihe purfit awtomatieaiysas a

@i{?@?@% |° ?ﬂﬁéﬁ% ﬁ%&ﬁf’hg%%hﬁlg tgge % :’1 éggq%%intﬁmdpl#gvetrgent is that the

opacity detection is by contrast-based thresholding. This contrast based

-approach is unsatisfactory, however, when opacities are so dense that the

contrast in the opacified areas is no longer high. The software makeé it possible
to distinguish between opacity due to cataracts and due to other opacities in a

semi-manual process, but not between different sorts of cataracts.

Summary of the invention

The present invention aims to provide an automatic system for detecting a
cortical cataract.

In general terms, the invention proposes that a computer system identifies, in
an image of a lens, opacity due to cortical cataracts, by

(a) selecting a region of interest in an image of a lens;

(b) processing the region of interest to produce a modified image using

an algorithm which emphasizes opacity associated with a cortical cataract
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sem - manual process, but not between different sorts
of cataracts. Sunmary of the invention The present

WO pwenticon ai ns to provide an automatic syst enPdD8G2008/000190

detecting a cortical cataract. In general ternms, the
i nvention proposes that a conputer systemidentifies,
in an irmge of a lens, opacit due to cortical

a selec |on of interest in an
C%‘tég{ég g‘? 083?' éal}i%’) %P@‘@égﬂ? Cﬂ@thég&m a3 opaeibr eaysed by
t |éH§@H@%tﬁeﬂ‘{gﬁéfdf%gtérgage usi ng an al gorithm which

enphasi zes o ty associated with a corti cal
cataractrel ative to opacity caused by ot her types Ef

aci t such as _opacit aysed b | east ope ot her
desis e fsSd it orabut e rug aropicl Spatly kifimgasuring, i
ttlh’@rﬁdb\méd Phadedthe &ﬂéﬁb‘fk&oﬁ%al'@ﬁé&h&'lﬂ%ﬂé&t%@ area of the
nodi fi ed |mag<;é) thg?%eoportl on of cortrcal opacit
segipeafinterastarea of the region of interest. Si nce
enbodi nents of the systemare automatic, preferred
enbodi nents nmake it possible to diagnose corti cal

Sihew eabddiments UTjtRs sy stehy ared@GtofiatichBreerned t<—:"n'i!§’od|ﬁ3|ents make
save the workload of clinical doctors. The region of

itrRessiie tq fagnoge Coricad fatarasts maweyohiediveli andeatdbeisame time
® s sgg?,?el esfﬁoa(?ﬁf gﬁrE Ealq;ocrtc?tg' ons with different

i ntens I mage; generation of a convex
huII including the edges, and then fitting of an

setot e C S wthin the pil are
i 8% FnleresORSH seleripapra rat,)lyar_afayd$$ fiﬁ?ﬁctloaroé edges (i.e.
'b%?dér@'fﬁ rr‘en%lBhQ m%%ﬁ@?ebrﬁ H‘r‘itbﬂﬁhé%}ewﬂl-ih ItRS SmhbL ! §&%ration of a
hi s may ossi bl e achieve a
convex huII including the edges, and then fitting of an ellipse to the convex hull.
Edges within the pupil are unlikely to lie on the convex hull, and, if not, are not
taken into account during the ellipse fitting. This may make it-possible achieve a

robust result in the case of severe cataracts.

The detection of the edges may be performed using both Canny and Laplacian

edge detection algorithms. Edges which are not extracted by both forms of edge
detection are neglected.

The algorithm which emphasizes opacity associated with a cortical cataract
relative to other types of opacity, particular opacity caused by posterior sub-
capsular cataracts (PSC), includes at least one of the follbwing identification
algorithms which is: '

(a) an identification algorithm which extracts edges which extend in a
generally radial direction in the ROI;

(b) an identification algori;thm which éxtracts the centers of opacities
which extend in a generally radial direction in the ROI;

(c) an identification algorithm which extracts edges extending in a
generally circumferential direction in the ROI; and
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whi ch are not extracted by both forns of edge
detection are negl ected. The gl gorithm which
enphasi zes opacity associated wth a cortical cataract
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~whi ch extracts edges mhlch extend in a generally
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an jdentification algorithmwhich extracts

@ag@%v( @%@t@fﬁd'ﬂﬁgt'f ied Ry ddendifigetign algosithmés) @ftyre (a) and (b) are

KpfBiad Bul o o o e e dxrriBepSitcl; bf Bhad¥ and opaciy

obrtehs wienite by memmeneh laYgaTithewe) Gfitgpés () amidr(@F tRapexample,
Og plurality of identification

§"% Eﬁqu!tﬁﬁ% apf ?W@@t'?ﬁ)algg'ﬂ(‘@)‘)fﬂ Re ﬁ@rqrdﬂ}rﬁﬁn betised to
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hat edges "and opacit
|datmbemgcm;eddn ratiges |ctelmmt” ed ophcity pith{rethedmaigebuctr as by

but so asIo ceth est L mat ed eff cts of
Bﬁeaa}%ths P fen et %!atamﬁ# Rkidentificationon
@I| fthrh {8 oY s (A R@/arqb).and (d). For exanple, the
reggﬁ l'ts of g@d?’ntlflc’g(tl)on al gorithm of type (c) or
(d) can be used to
An example of identification algorithms (b) and (d) is local thresholding using a
selection element which is a shape which is elongate in one of the axial or the

circumferential directions.

Preferably, at least one identification algorithm of type (a) to (d) is performed
having first transformed the image from Cartesian space into polar coordinates
relative to an origin obtained from the ROI, and is followed by a re-conversion
back into Cartesian space. In this case, the identification algorithms of type (b)
and/or (d) may include local thresholding using selection elements aligned in
the "horizontal” or "vertical” directions in the polar image. Furthermore,
identification algorithms types (a) and/or (c) may include algorithms, such as the
Sobel algorithm, which can be used to identify edges in “vertical" or “horizontal”
directions in the polar image.

The radial edges and opacity centers, once identified by identification
algorithm(s) of type (a) and/or (b), and provided they are not eliminated by data
from identification algorithm(s) of type (c) and/or (d), can be used to obtain
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generate conpensation data indicative of expected
opacity, the conpensation data being used to reduce

WO dmatiifeded opacity within the i mage, such as BYT/SG2008/000190

subtracting the conpensation data from data obtai ned

by identification algorithn(s).of types (a) and/or

(b). An exanple of identifi cat% on algorithns (b) and
| ocal . t hreshol di n@gua ng a selection el enent

(d)_iS
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| east one’identification algorithmof type (a) to (d)
is perforned having first transforned the i mage from
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i nclude algorithns, such as the Sobe al gorithm whi ch
can be used to identify edges in "vertical" or
"horizontal" directions in the polar imge. The radial
ddgciaventipromayi b expiessed eitbec asialmethdd, et dryapparatus arranged
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can be used to obtain'seeds" for use in a region
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one or nore ter opera I ons can per
renove or

Brief Description of the Figures

An embodiment of the invention will now be illustrated for the sake of example
only with reference to the following drawings, in which:

Fig. 1 is a flow diagram of the automatic grading system which is an
embodiment of the present invention;

Fig. 2 illustrates schematically the process of Fig. 1;

Fig. 3 is a flow-diagram of the sub-steps of a ROI detection step in Fig. 1;

Fig. 4 illustrates ROI detection by the embodiment of Fig. 1;

Fig. 5 illustrates two types of opacity due to different types of cataract;

Fig. 6 shows the steps of a process for emphasizing cortical opacity in
the embodiment of Fig. 1;

Fig. 7 shows schematically how a typical image is modified in the
process of Fig. 6;

Fig. 8 compares an (a) Original image and (b) the result of the process of
Fig. 6;
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weaken data representing features which are not |ikely
to be indicative of cortical cataracts (e.g. specks or

WO e@pos0i denti fied by the enbodi ment as havi NnBCEHSG2008/000190

predet erm ned shape, such as a round shape, or as

havi ng a specific |ocation sucéw as proximte the

centre of the RO). The invention nay be expressed

ei t her_.as t ho or_an apparatus arranged to i
per f o hBuREeRa=) 8imEEsEEdHR and b isimsult s overiaying
(s8R Gid BntaAeas fih8gé ateh @sﬁﬁaf'@#ié!‘%@b&%r‘id’ ' ng program
instructions perfornable by a conplter “systemto

per f offig.t Heisearpariscruef aLdpmatip codtest opacityr anegedktection

t t . be.incorporated into a canera
o R R DR St AR RS hE B orBE8E i ot on-of
the Figures An enbodi nent of the invention will now be
illustrated for the sake of exanple only with
Datailed,Deserptioncofithe | Embedimamsi ngs, in which: Fig. 1
is a flow diagram of the automatic gradi ng system
which is an enbodi nent of the present invention; Fig.
Refetringttoeigs. +ahd 2athestepy drodiustratrief PEoftivare dystem which

. . _ f
o cirisiteb) S B Prebfn S beh e on images
! _ . - ShL -
5} Ao g AR £ a6y e v, e
tHpesshdws thensteps schematiéakly wvith tdfereatl;,e s :Trgé%ges rr!;?égfrﬁing the
f 4 tical ity in.the enbodi ment o
PR S 190 of it pEEeRe Ry IR StePEvi Fids. | A2 are
lisdie@et Hyetel santd feference numerals.

The input to the embodiment is an optical image 1, containing a light

approximately-circular region which is a pupil, surrounded by a dark border.

Opacity is indicated by the darkened region of this pupil.

(i) ROI detection (step 10)

A first step of the method (step 10) is ROI Detection, the sub-steps of which are
illustrated in Fig. 3. In a ﬁrst sub-step 11, the original image 1 is filtered by a
Laplacian edge-detection filter and thresholded to obtain the Laplacian edges (a
well know algorithm). '

Ina second'sub-step 12, canny edge detection (another well-known algorithm)
is applied to the original image to detect the strongest edges. In a third sub-step
13, the edges which are common by both edge detectors are selected, which
means that the effects of any external reflective noise are removed. Any edges
detected within the lens are removed by a filter sub-step 14, which extracts only
edges on the convex hull. This solves the problem of opacity due to a.severe
cataract creating edges in the image.
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process of Fig. 6; Fig. 8 conpares an (a) Oiginal
i mage and (b) the result of the process of Fig. 6

WO Bij0g/1480i | | ustrates (a) a neasuring grids, aneCT/Bg2008@00190

result of overlaying such a grid on a |lens inmage such
as that of Fig. 8(b); and Fi g.710 is conparison of
automatic cortical opacity area detection perfornmed by
the enmbodi nent with that of a human grader. Detail ed
Description of the Enbodiments Referring to Figs. 1

; : r e, bl dnof i:
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- each step of the process. rrespondi ng steps of Figs.

_}%Qﬂ_ﬁ_jkir@r@—b)mqi cated by the sanme reference nunerals.

e Input to the enbodi ment is an optical imge 1,
containing a |ight approxi mately-circular regi on which
is a pupil, surrounded by a dark border. Qpacity is
i Qe exewplenyf thﬁéeélldtS(@frBél detgction 30 isishowmipiFig. 4.i1) shows how

datect | first st f ot t had
loifi53bp 38 g i tocied lawdigiPedibetp fitidhars o
iillusteitediireRigi 8. Eogrespondifg dtdpy @ftFigslm ah@® drb inbiit8ted by the
original image 1 is filtered by a Lapl acian
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(ii) Cortical Opacity Detection (step 20)

Cortical opacities are one of the 3 main types of cataract opacities commonly
found on lenses. It is observed that the main difference between cortical
cataracts and the remaining cataract types would be the spoke-like nature of
cortical cataracts and their location at the rim.of the lens. See Fig. 5, for
example, where the grey-scale image includes a dark region near the rim of the

pupil due to a cortical cataract, and a central opacity region due to a PSC.

Step 20 of the embodiment employs radial edge detection and region growing
to emphasize cortical cataract opacity. The sub-steps are shown in Fig. 6, and

the results of the steps are shown schematically in Figure 7.

In a first sub-step 22, an original image 10 is transformed into polar coordinates.
Given the spoke-like nature of cortical opacities, the polar image would ease the

processing to extract the cortical edges in the radial direction and rejecting PSC

edges in the angular (circumferential) direction.
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the edges which are common by both edge detectors are
sel ected, which nmeans that th%;effects of any externa
reflective noise are renoved. ‘Any edges detected
wi'thin the lens are renoved by a filter sub-step 14,
whi ch extracts only edges on the convex hull. This
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pupil”. (i) Cortical Qpacity Detection
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sigréficaeice. and the remaining cataract types would be
the spoke-like nature of cortical cataracts and their
| ocation at the rimof the lens. See Fig. .5 for
exanpl e, where the grey-scale i mage i-ncludes a dark

'Secidallfah dubSstehBPve!l6cess the image using a local threshold with a
wide rectangular element to obtain radial opacity. A wide element is selected to
provide comparison between each pixel and its horizontally adjacent neighbors,
for pixels near the center of spoke-like cortical opacities ideally have a lower
intensity value than them. The entire process is accomplished by defining the
rectangular element around each pixel and setting the intensity of that pixel to
the dark value if the difference between the intensity of the pixel and the mean
intensity of the pixels within the rectangular element is less than a threshold. In
handling pixels near the edge where the rectangle would overlap the edge, such

pixels are considered adjacent to the pixels at the opposite edge of the polar
plot.

In sub-step 24, we re-convert the image to Cartesian co-ordinates. In sub-step

25 we use a size-filter to remove small specks that are mostly noise.
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enphasi ze cortical cataract opacity. The sub-steps are
shown in Fig. 6 , and the resy ts of the steps are
shown schematically in Figure 7. In a first sub-step

8 PnE 5028 4 PudC et | LRGP Pl of cortea
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irc ' [ j ub- 23; 213 are i
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tize-filtet to rEmeve pmaliapebies tredtflzne meektlyaidise or after any
other set, or nultiple sets can be perforned in

parallel. In sub-steps 23-25, we evaluate opacity
having a correlation in the radial direction (radial

i =Ya I | i i .
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rm corre in the radi

ther adei (imagea?d FiNDnidwget 381 Hsusydarthegnbmednignage it is a white
[ engthy .di rect.ion, W thin certain gul ar range of the
PB‘&P@I“ 'ﬁi“fhét@t'r'gﬂ?,th Bpage 2 MPISSR- there is a

statistical correlation between the Iength direction

and the radial direction which is of at least a

certain |level of statistical significance.

Spbsteps 210 Jo 215 idemfify @agulag (e prioadiadlydirectad) gpacity near the
. H g .
SoATE " Bl ARG Ry ' e BCh8EPhakiep: 210,  ocai

thebsiodidigt @5 |pedforrded cwithad i talh nrekbintRedr erelerli tebbeiid angular
its horizontally adjacent neighbors, for pixels near

PRACIBe R ster 2 12pblasizpniad Sabel iedge dataetian issaprlieg toythe original
[MR¥Ge.an!sY5Y 211 and 213, we re-convert to Cartesian space. In sub-step 214,

we merge the central portions of the circumferential edges with the outer

portions to obtain angular opacity attributable to PSC opacity.

In step 215, we apply a spatial-filter to remove angular opacity near the rim of
lens which may be due to cortical opacity. Spatial filtering is accomplished by
eliminating opacity clusters with distances from the lens origin to the centriods
being below a fixed ratio of the radius.

In step 216, we merge the images obtained in steps 29 and 215. In the merged
image, a pixel is white if it is white in image 29 or black in Image 215. Thus, we

retain all possible edges and centres of cortical cataracts, but eliminate PSC.
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intensity value than them The entire process is
acconpl i shed by defining the rectangul ar el enent
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pi xel to the dark value if the difference between the
intensity of the pixel and thgjmean intensity of the
pi xels within the rectangul ar elenent is |less than a
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a size-filter to renove small specks that are nostly
noi se. Sub- st eps 26-28 obtain radial edges to represent
outer portions of cortical cataracts. In sub-step 26
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the pmel%/m@eedus;tao wilhi biet gonsidered m@rbehtheeclustelr hBeglon growing

e By 4 e A 5o bl e

rectangul ar element to obtain angular opacity. In step
212 Hori zontal Sobel edge detection is applied to the

inal inm In steps 2 11 and 213, we re-convert
r tr\ggtiegnzq ggpy@eapply] asgige §'|!tgb(a§1qxplamed above with reference to

step 215) to the region-grown areas to eliminate possible overly-extensive
outgrowths that may have resulted from rare incidents of cortical opacity with
poorly defined edges. For such cases, the ratio of the number of region-grown
pixels to that of the original cortical seeds will be exceptionally large, and the
grown regions will be voided.

One example of the detection is illustrated in Figure 8. It can be noted that the
system is sensitive to cortical cataracts, but not sensitive to other types of
opacity such as PSC.

Note that in other embodiments there are yet further techniques which can be
applied to detect cortical opacity-in step 20, and the invention is not limited to
the techniques described above. Such suitable techniques may include any one
or more of:

1. Region Growing with the local minimum as the seeds;
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we nerge the central portions of the circunferenti al
edges wth the outer portions to obtain angul ar

Wopmensponttri butable to PSC opacity. In step BABSGAE8/000190

apply a spatial-filter to renove angul ar opacity near

the rimof |ens which may be 3 e to cortical opacity.

Spatial filtering is acconplished by elimnating
gamt cIu ters with distances fromthe lens origin
2 5Ot#e rlf@ﬁl? ?0P9s bei ng bel ow a fixed ratio of the

3 @RidtSrind:n step 216, we nerge the images obtained in

steps 29 and 215. In the nerged i mage, a pi xel is

4phevel set techniguashi te in i nage 29 or black in | nage

we retain all possible edges and centres of
5% i-?fdiug%ﬁelgfﬁr acts, but elimnate PSC.In step 217, we

6f WawllettcaPt ai n remai ni ng opacity as seeds for region
gr ow ng of cortical opacity. Spatial-filtering renoves
8

70@&%9'1 seqd methed near the center of the |ens which
probably belong to PSC. In step 218, we region grow
cortical opacity with the previously obtained seeds.

LOR growi ng a jed here grows from pi xels that are
Qﬁ%r'ggg’e‘ff %FBP{%Q cluster, and forning the
g am‘erence of the cluster. Each pixel in this
% thé, cartical @Bﬁﬁ'&f Qetewt@qh "hsfﬂrb@@ tusteer 3dthe embodiment

Bl catSRtl oG 1, EPfoa] Sefar2RE, Byl g Wisconsin

@lat.m‘aetr grading pr@tocble[S]ntAenmasMnng dritk ipiused whichi dilides a lens
|xedtg?e dtothe mean val ue of_the pixels in
H’HEQ%NUE‘% |°“§t AeSHOMR B Figd Yk tThe drideisciameds by three

[BeBEatrie 'chdicdd & smfraladifRge Wi raldilRy grl’drﬁ' ?r‘? uﬂ?é’}’ (HHee With radius

according to the growing criteria.
§ﬂynm@ne9p|quter eircle with radiug efsBreprTduenegummwth@ inner circle

ﬁerﬁg@ go %g gi%%?)e%laeslt)eqett@etga L it g%n rcczavr\m/r’t]ra E:I?Cg ats area B, and
between the central and outer circles as area A. Equally spaced radial lines at
10:30, 12:00, 1:30, 3:00, 4:30, 6:00, 7:30, and 9:00 divide the zones between
the central and inner circles and between the inner and the outer circles into
eight subfields each.

In step 30, the outer circle is aligned with the border of ROI as shown in Fig.
9(b), so that the ROI is overlaid with the grid. The percentage area of the
detected cortical opacity (i.e. the output of step 20) in each of areas A, B, and C
in Fig. 9(a) is calculated. The total percentage area of cortical opacity is
calculated according to the following equation [5]:

Total area% = area% in A*0.0762 + area% in B *0.0410 + area% in C *0.0625

(iv)  Obtain grading result (40)
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outgrowm hs that nmay have resulted fromrare incidents
of cortical opacity with poorly defined edges. For
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pi xels to that of the original cortical seeds will be
exceptionally large, and the qzovvn regions will be
voi ded. One exanple of the det&ction is illustrated in
Figure 8 . It can be noted that the systemis
sensitive to cortical cataracts, but not sensitive to

her types of opacity such as PSC. Note that in other
S{‘H’%aﬁ 5t qoRiigal catar agharer assigeed aseonding tasthendescriptinn in the

| kfﬁllcﬂpiﬁ itgg\ego detect cortical opacity in step 20, and
t

e invention is not limted to the techniques »
descri bed above. Such suitable techni gues may i ncl ude
any one or nore of: 1. Region Gowng with the |ocal

m ni mum t he eds; 2. Local Threghol ding;, 3.
a ust er i|fadgs @Méé&ée@aﬁm ques ;DESCTPHER ur e
anal ysi §; 6. Vavelets, and 7. O apif_based method—1)
Gid nmegsurenent (30)1 Based on the|dotaliAyen op%city
det ect ed—mstep 20, n—step—30—the—enbodirent
perforng aut omat ed gradi ng of cort i dataloeearsac25%
f ol | ow ng—the-W-secoensihr—ecataract—ghading—protocol [5].

A measurling grid is wed which divildesalaareans25%

Table 1 Cortical cataract grading protocol

Experimental Results

The embodiment of the automatic opacity detection system was tested using
retro-illumination images obtained from a population-based study: The
Singapore Malay Eye Study (SiIMES). A Scheimpflug retro-illumination camera,
Nidek EAS-1000, were used to photograph the lens through the dilated pupil.
The retro-illumination images were captured as gray-scale images and were
exported from EAS-1000 software. They were saved in the format of bitmap
with a size of 640 * 400 pixels.

Our automatic pupil detection algorithm was tested using 607 images. 607
images were tested and the success rate is 98.2%. The ROl was inaccurately
detected for only 11 images, and were due to the heavy presence of reflective
noise.

To test the robustness of our cortical opacity detection, 466 images having a
human grader’s grading result were selected. A comparison was performed with
the total area graded by the human grader according to the same protocol. Fig.
10 indicates the comparison results. The mean absolute error is 3.15%.
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A comparison between our system and two prior art systems is summarized in

Table 3.
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interest in an image of a lens; (b) processing the
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cortical opacity enphasis al gorithm which enphasi zes
opacity associated with a cortical cataract relative
to other types of opacity. 2. A nethod according to
claiml1l in which the region of interest (RA)
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detection includes detecting of edges within the
i mge, generation of a convex hull including the

wedgeds2eand fitting of an ellipse to the converCTis2008/000190

3. A nethod according to claim2 in which the
detection of the edges is perfigrmed by at |east two
different edge detection algorithnms and edges which
it detected by nultiple said edge detection
thnms are neglected. 4 . A nethod according to

[ l.aimin which the said cortical qgpacit
o hods GShaIB PRI By deamayter sxstemsfas arading of sortica

icedthtfsiisauges: al gorithmwhich is: (a) an

identification algorithmwhich extracts edges which

ext enda) selectingarragion ofanteadstdn aadmiage df a IEhﬁ RO ; (b)
identificati al gorithmwhi ch extracts the centers .

57 opdBH 8ok o P 5 S g g o

@ortial bpacityeinphalid algbtthmPWhichesthphagiadd ep?e{ﬁé’éédci%d with a

whi ch extracts edges extending in a genera
CPricahraiasagtirglativerte othesiypes ohepadly, and (d) an
identification algorithmwhich extracts the centers of
opacities which extend in a generally circunferentia

@. r ectA method abeorBidlg toSclaifh Meh MEHtheediohCoflifterbati (RGH)

in. which thgre are a plurality of sajd rdentification
é‘g’b%%t'Pf‘Hﬁ%'P &p detaatingf adges Wil the: ynagepiggerEation of a convex

T L6 SRS R B o e TG o™

claim5 in which results identified by said

AR kS i i

| i{%ffﬁhhé& By dtiedst thoifierent BAGE MetctibhPfigortfimsaHl 8iges which

are not detected by multiple said edge detection algorithms are neglected.

4. A method according to any preceding claim in which the said cortical
opacity emphasis algorithm includes at least one identification algorithm which
is:

(a) an identification algorithm which extracts edges which extend in a
generally radial direction in the ROI;

(b) an identification algorithm which extracts the centers of opacities
which extend in a generally radial direction in the ROI;

(c) an identification algorithm which extracts edges extending in a
generally circumferential direction in the ROI; and

(d) an identification algorithm which extracts the centers of opacities
which extend in a generally circumferential direction in the ROI.

- 5. A method according to claim 4 in which there are a plurality of said

identification algorithms, and said cortical opacity emphasis algorithm includes
combining results obtained by said identification algorithms.
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7. A nethod according to any of clains 4 to 6
including at | east one said identification algorithm

wo@Roowstgesl (b) or (d) which is |ocal threshol di PGI/862008/000190

a selection elenment which is aligned either in the
axial or the circunferential djrection. 8. A nethod
according to any of clains 4 o 6 in which at Ieast
one of said identification algorithms is perforned
having first transfornmed said i nage of the eye from

51 of B BRIRRAEGorMhE 6 hf ey MuRIc e Rl Py Ra®
ideamﬂtéiuomalgbnwm@) of §pet(apandiod ¢ arei comibined %bﬁ@lfrudthmy, but
of type and at | east one identifjcation algori

afe ¢ e(id-)smgn@suaé idestiipd thyrsaith slagritm(sdioh §ypes (c) and/or (d).

respective selection elenents aligned respectively in
the "vertical" or "horizontal" directions in the polar
i7mageA héthod anxiohdidg dc @aay dif okaime 4ciocé mcludimg ahlealst ane said

| east one identification al i thm of t r at.
idEadtioaian 2iaefthm ot es ohebih i orlocsBBrastpdn Piine =
3cieehSh elﬁn@é’r‘it'v@m% Qakgie éither&d Q?egaklal 5 eQﬁ’ljcﬁanerentlal

I mage. . A nethod according to any of clains 4 to 10
drleoﬁan:h the results identified by identification

algorithnm(s) of type (a) and/or (b), and which are not
el i m nated based on data fromidentification

8! gor Atrethod &cotdiRg té @hy%ﬂ@lanhs(ﬂrbs ﬁfﬁh@htat%éstto@lea)f said

regi on grow ng operation. . A nmethod according t

idextifieation algarithens tsm;er&ug@si I@awng;ﬂ@d; trepstosmedrsaid Image of the
Q0L HREE LR b BqRtl SAISALI AR NToHU P olGR bbtEined

from the ROL.

9. A method according to claim 8 in which at least one identification
algorithm of type (b) and at least one identification algorithm of type (d) include
local thresholding using respective selection elements aligned respectively in
the "vertical" or “horizontal” directions in the polar image.

10. A method according to claim 8 in which at least one identification
algorithm of type (a) or at least one identification algorithm of type (c) include a
Sobel algorithm to identify edges in the polar image.

11. A method according to any of claims 4 to 10 in which the results
identified by identification algorithm(s) of type (a) and/or (b), and which are not
eliminated based on data from identification algorithm(s) of type (c) and/or (d),

are subject to a region growing operation.

12. A method according to claim 11 in which the edges and opacity centers
obtained by said identification algorithms are used to obtain seeds for use in

said region growing operation.
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said region growi ng operation.13. A nmethod according
to any of clains 11 or 12 including a filtering

wWop@paslieon to renove or weaken data represent i PGI/SG2008/000190

features which are not indicative of cortical
cataracts according to one or re criteria based on
si ze, shape or location. nmet hod of grading
cortical opacity in an irrage of the eye conpri sing
detecting cortical opacity by a nethod accordi ng to

43y Oh ﬂéh% %t&qulil\ﬁet& Qf %?dlr%?hweo} el}ée lraﬂudlng a filtering

corti cal opaci e nod

bperationpty tremovef oopﬂeaken |datatrebmnngef@tamsof~hidlre are not
region of |nterest nput er system hayi ng

yegf %JQC@éaﬁaetsp@% 'ﬁ’géorﬁﬁ%eﬂ Me g G‘?’r‘?@ b@ged on size,

gﬁg{dé)é Hc%hﬁﬁ 1 to 14. 16. A conputer program product,
rea y a conputer and containing instructions

operabl e by a processor of a conputer systemto cause
the processor to performa nethod according to any of

ql al A n%e{h%dl o4f grading cortical opacity in an image of the eye comprising
detecting cortical opacity by a method according to any of claims 1 to 13, then
grading the level of cortical opacity by measuring, in the modified image, the

proportion of opacity in at least one area of the region of interest.

15. A computer system having a processor arranged to perform a method
according to any of claims 1 to 14.

16. A computer program product, readable by a computer and containing
instructions operable by a processor of a computer system to cause the
processor to perform a method according to any of claims 1 to 14.



