; e3e<pr 6TwK DEPTH DI SCRI M NATI ON OF HETOROGENEI TIES I N TURBID MEDI A The
present invention relates to optical inmaging of turbid medi 22 Jaly@podr east

ti ssue. Optical mammography is |ikel yﬂm“ﬂaﬂmg rel evant technol ogy for

breast cancer detection, Light scatte main problemthat limts
the potenti Y2 ficiently detectin esl ons espeBFHCAYP/RMRN

| ocated in the central region of the bred®¥®Structures close to surface
are easily detected by optical techniques while nore dee? structures are
more difficultly detREETHRISCRRMINATAN PEHETORPEFEERPHRARIMEPIYr Obe in the
central region of the breast is thus of interest, The present text wll
refer by way of exanple only to breast tissue; hovvever, ot her MMWHWML
turbid nmedia (i.e. other types of (Living) tissue) may also b

t he techni ques described herein. Optical inmaging of turbid nmedi a«kag been
t he subj e ase in interest
si nce thgﬁgg&%n%gﬁ{ﬁﬁagﬁga O? ﬁ&ﬂ H%gylgﬁdggllrﬂaﬁwﬁ% é‘g%& ak:’lﬁ e fact that the
propagation of light in a turbl d medi um depends on the absorpti on and
scatteri operties, of, medi um Absorption results fromenergy Level
Crans: 11 SebheRo g WksDie SEOmIE R EeeORL BT Bt R GhE The
absorption property of the nmediumis quantified by its absorption

coef fi ci dight prattergngrip theanaisproblemthas gk thepptewial of gifieiensly detecving ss8or bed per
infinitesiml pathlength. Scattering results Fromvariations in the index
of r ef r ad¢sionn especislhyewbkinfloctedrin thetcentral regies opthe brzadt. Stmdnives clesditusurfacen a

hi ghly diffusive nmedium scattering is quantified by the reduced scattering
coef fi ci apdeabiBfdelected U@ bptititeditiduzewhilOmaiidbdptsyuarirefan rkodiffiRufi$TI TUTE SHEET
(RULE z6) being isotropically scattered per infinitesinmal pathlength.
Char act er, S t he
R o s o e Ot L R T

resul ti nq%“@ldl ffuse transmttance of the light. In particular) scattering
causes a 611" mated | aser beamto spread over a sizeable volune el enent.
This conplicates the imaging of a turbid nmedium Special inmagi ng nodal i ties

must be inpl enmented t ffset t e detri ht diffusjo exanpl e,
time- resJ}\?Bffs“r?éfel’begl "G&ébl%ﬁ’&}‘ P ?"?‘BH'F °B{§E g asfF?fﬁ?&“’?"&%’f qdé"é'é‘fm% urce to
illumnate the nedium The emergent light is collected by fast detector
capabl e dProidapadiniiie; ataeriypss ef (H\‘élnﬁ)aﬂtsﬁ‘é&) M3 alsob wg@dalﬁﬂmrtbw 1998% t her

i nformati on about the turbid nmedium A sinple data processing approach in
t hi s casadlescsibed eeeigat i ng) by which only the earliest- part of the output
light pulses is used to produce an image, This ambunts to using only the
light with the straightest trajectory through the scattering nmedi um thus
i npr ovi n@rajesltinaging 651tbid inedia hid! easee setfectof iich risbatcinactivily &hd Hs sdén uger )
"Transillum nation imagi ng performance: Spatial resolution sinulation

studi es” )anWefeasd ﬁXﬁtexeL‘t%mcéﬁxe‘grl)( 14594) ‘l‘th%@BﬁHﬁEm?Ma@éd%ﬁ thefabmER HeO t he

foll ow ng docunments for additional information w respect to optical

Zg?nnlv:apg p@ﬁﬁ?@ioﬂ%ﬁ%grg, g‘rbx? Wgssc ens?ﬁ@%@ﬂ%%&gﬁﬁcl an(I\j/l NB AVan
b ol ect | Qe Ty ASERpT ewh% TRBHErEY TR Bane bR o s BBt 4EAYY ) . s

Patterson) B. Chance) and B. C. Wlson) "Tine-reso| ved reflect ance and
transmi t thgiecles iy the ﬁ@d’l%h iThe ahsprpHonpraRGYiEigmegium jsquantified by d5

properties”, Appl. Opt. 28) 2331-2336 ( 1989); D. Contini) F. I\/artelli) and
G Zaccarebsorptidaieeeffinicnt jgdafinedras thepoobgbility df aphéton béindatderbed pdsed by a nodel
based on diffusion approximtion. I. Theory", Appl. Opt. 36) 4587-4599 (
1997); Minfiitesimal Fathi i, iSgmeringresdili frdnoverietiots iftae ejer ofrefraciibn Bf theleaudr y,

"Ti me-domai n perturbation analysis of a scattering slab”, in z
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T.~l: 4130369 which relates to scanning nethod), Tl to strong interest is
optical imaging of scattering nedia stens frena the need fozzbulolzoggll cal

di agnostic techniques that and .safe and non-invasive. The opti cal
properties o f biological t.l,:~sues arc ai the heart of optically based

bi onttli calvoljorgapsti c techniques. As far the general ar serrabogoéur bi d
medi um the manner in r~hich |ight propagates through tissue depends oa its
absorption and scattering properties, Thus) if abnormal tissue caa be said

to di; %etﬁ%a cFr c%ln%gcﬁ red Ser 15 iRERG) ﬁtﬂlgﬁthothﬁﬁBQSﬁéNcﬂgs intefld} gor spate

physi ol ogi rphol o |ca reas beconr s p055| to

opti.cei r and.abno ndi ti ~~

opdc 11 eotbrBie 4 pBRkiRbe PR @ﬁfﬂﬂﬂw%@%w i B BT
differentiated firq ~rmel , breast, tjssue o~n_the basin of t p0|cal .
pr apear fed “mlms“l‘“%d%#‘gﬁ‘s?qﬂm@wéﬁﬁl@‘heﬂlﬂhhmﬁéﬁ%’%dﬁﬁt%g RS 8 nechani sm
for the detection of an a~~ omalyr e~) in turbid nmedsum such as for

exaat pl eolﬁmamdlmeréoemwtﬁpmduevsmséezbde miwnstlemers sThis complicatestheli ngl y, t he
present iavention in one aspect provides a nethod for scanning a tutbid

xru; ~di ifaghy ofgeibidatddiugn. '$pedidnaggib b editied Mist bBanglahatdd toaffeet theoar or nore
anomalies contained nr: thin tho turbid atediuai, Said turbid nmedi um

havi aE Ge&xh@ﬂtaﬁ?gﬁ?dx?@s‘i'orﬁ?op@daﬁﬁlet fmAREONE mbR6S usé‘ﬁﬂoﬁrlfgﬁt ,Emfeaﬁémtaur bi d
nodi um i s scanned di gpl hcing as optical signal source end

anot ﬁZP‘*‘%ﬁ“"? e ﬁ‘“'t‘*’ﬁ%m edh TRERRrkET RERY) WReaindy é%‘ndgﬁg‘gébﬁ?ai ed

with a cort ondl i.np u, 3 AVEN 2003 s:~id
first f&ipé Efp%?dﬁg%’ésd Yﬂﬁ%{‘?}ht" tfpc?‘ré@‘i*’oﬁEg‘Fg Ité"t}btb" P‘é‘x‘éecond f ae~
sai d optleaal ~1 a8l souse directing an optical signal (e.gn, |laser heann)

t o each wshid suediym. Asimple deprpgessing aprioach lW%tlmC%aﬂnaséY@'élcbﬁtlb’cal
signals detected froui each of said output regions s~ acting corresponding
det ect othezatlipstipars pgheoutpiattlight pulses isiusedte pprdncesa inggadhisanfoonts g usinga~t i ng a
set of iunsge data of the turbid ma& un, characterized 3n the~t said nethod
f urt her ogignie ighewithrthaspaigiaest aajecioryatinpugicthe ofattémroneditah, ahwdmpsosihgby scanni ng
said turbid taediurn using ~n~. c,ach input rogion a. first input

t egi 0~nzpdiare@MRioR (pIea3€ ske ] CeHaeh M RO, KRiigeR 2 TolbsiRishidlioSilagingU a f i st
out put xegi on of paedeterm aed Size) and goneratsng a eeeondxry act of

| mge d§a| dc\’%?anEMes% Bﬂkﬁﬂxlﬁ{o Srubiider} “ﬁﬁ)sgt"i‘sflzi'lg %)ZRE&:%&&J“ I nput

regi on I npu reglon o prodéte

S A A S B L0
AT A FERONMIRA TR A L CRh

turbid rileditnt, said turbid medium having a fast fa~co and au opposite
aecand Matk H.Sehomtierg, 1.4- . Ragssshans.y BoMuMelissen, and 2k Aabd- Mpndistepi aci ng an

opt 3ce~1 signal eourx attd a G uneepandi ag optical detector froth one rasp
active $Spemographicamags reconsuucsivh driotneoptiodl prrjectibues in lightidiffesingimedis”, Ap@lt i spati gl
| ocation being associated with a corzeapoadi ne input region on sn,d first

faro at Ot aspmomspmvl) . SiPapetkor, BOChhes,and BeCOoWNeR), tFimeaesohdd Face, sai d
op4oal oi, i;aal source dixectiag en optical aigaal (e, g. iuseT beaYn) to

cinch otefreaeaﬂcelaﬂ tHinsfuftihOdr 1 %bfin Pl AitaaREhé bPsstd brRARAGRRILO ayL] cal

sigaal a detvotcrl from eac sal d out put reglions s~: g ‘corrospondirg

seer | Aot P b 75828k @9*295533" e 5 Mo & ié%acwmt% tu bt A

medi um c~asacterizad t sai,d noechad furth . ~Nnr gencr adng
a prisr m‘%@“%f‘r‘i“&ﬁ? ﬁ%?éb‘ﬁotaﬁl grerbed g’y aé?ﬁa%@? "E‘B? Hf‘if nzdi um
ueir~g fc~ ~ each input region a $rst i nput re~inn apredetermaed size and
nsi ag f gieasy’s MpaliOptid6.14587-4580( 1PODad¥. Marim & ChatigniaA-MM2ilewud: er ni ned si ze) -
and genec~ag a tr~rt~tar sc~s of inage data de~ti~ed by scanning said tumd
medi t ub Paincheydfand ©. Beandry; Hiime-domginpermarbstioncanalysis pf# scattezingislab¥, ippt udat oani ned
size groater than that of said first irra.ut regi~ sad using for each
output regioil said .fast output ragioa o;f pr~dcl~ertairred erf~e. T.tne
present iavetttioa in another septet provides a nmethod for aceaning a
turbid nedivar for g~.~ ~a~ating au i2xnagG thereof tier the detection of
ono ar nore anama~i e9 coaraiaed wituin tlio tunhid madiuxn) said turbid
rnedi urn having ~ first face end an opposite saeond fsco, whareiu sai ~,i
tv~bid mediumis scanned by displacin tical si~tat routes and a
Gomaspondi ng v~neal det cct ox’ §§§1 g '{?f'%'d' & i al Vocation to anot her
about the tuxb| d rredl um each sI |t til I Iecstl on be| ng assom at ed W|th a
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sing for each ou -



S AMENDED SHEET 22 July 2003 WD 00147902 PCTI CA0O0100052 generating a
secondary set of inmage data |a derived by scanning said turggdu&e& gm usi ng
for each input region said first input region of predeterm (f [ 8 and

usi ng for each output region a second output region of predeterm ned size
greater than that of said first output region and generating a tertiary set
of inmage data |Ic derived by scanning said turbid medi umusing for each

i nput region a second input region of predeterni ned size greater than that

of sai d fpricat ToniprbhphyBUIPeciivicopyiof Bishid B COhMLE, U R AHEAméBL ¥ fir st
out put region of predeterm ned Size. In accordance with the present -

i nvent i OfvoinBGgVelis], Prit. SEIE3I0Y, Gmﬂwﬂ'% ¥, Mclﬁﬁd.gﬁm@ﬁﬁéﬁ?}{'.wﬁm{ SQ?Si red or
necessary order. In accordance:with the present invention, the various sets

of i magey gahalt mumismur?ﬁ*'ﬂmmpheﬂwg@w&wb@Bbﬁfeaﬁsdnw manner

(i.e, subjected to a data processing technique) so as to for exanple

i 9! Ot sheesioh AGRCOR: FYG8EIEITIOAY UISTAAPHIRRE SIH0EIIISANG: 0. - (0

obtain a conposite s ta 1 ndrcative of an’ anomal y(i

br east &H'mﬁ%g%%“??ﬂg@gg’e’%ﬁ?%éﬂ i d medium); such mani pul ati on or data

processihg t by sinple subtraction or by
exploiting nore sophisticated techni ques such as for exanple KL transfornmns.

cai d pr g PSRl ArE iy SER A lE Il Gy B0 AR A Biorfla? 101 0"
9T i BRI 6Pl BERRl NPl M iy 210 o O
rmge. odrRe af Ui By AN A biomBdio NI B o e e Bt
SUBSTT! TG o7 Tt id Gl diSn b manser in which light propagates through tissue depends on its

alysorption and scartering properties, Thus, if abnornmel fissue can be said to differ from

n:rmal in its absorption or seattering of light for some physiological or morphological reason,

it then becomes possible to optically differsntiate between normal and n.bnorma.l condidions.

A spacific application is optical mammography where tumors could be differentiated from

nermal breast tissue on tae basis of aprical properties.

1; would, for example, be advantageons to have a mechanism for the detection of an

anomaly(es) in turbid medium such as for example a tumour In tissue such as breast tissue.

An::cording'ly. the present invenrion in one aspect provides a method for scanning & turbid
nuadium for generating an irmage thereof for the detection of one or more anomalies contained
within the nirbid medium, said turbid medium having a first face and an opposite second face,
wherein said turbid medium is scanned by displhcing an optical signal source and &

comresponding optical detector from one respective spatial location to another about the

b

t:bid medium, each spatial location beinp asgociated with a corresponding input region on
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WO 00142902 22 July 2003 pcr/cnoo/ ooosa a product sec of image data wherein
the simlarities and/or differences between the said prinmary set of imge
data and said further set of image data are highlighted.; ( ?Jﬂer?ﬁp%i ng
said primary set of inmage data said secondary set of imge data and said
tertiary set of inage data so as to generate a product set of inage data
wher ei n t-hﬁéi rgfl arities andl or differences between said ptirnary set of

i mage dat?d® Hr¥ikredad 3 cemespording SutpUlIsHion on tls appobite atcdod frce,i sudd/opdrel Of | mage
data are highlighted; etc.. Thus, nore particularly, for exanple, a

conposi t &1Esksowre fireajingdn onticahgighed (e leerbeark) bycash bf saiipTedibes, sg@ondar y
set of image data fromthe primary set of inmage data; a conposite set of

i mage datirethdettstonin mepanse do bptical digrahaietsord ot datki 6¥RId du@hin Mpidnynoe dat a
fromthe primary set of image data; a conposite sec of inmage data may be
gener at esitodingouespdadiog detottbr dutput eipdsitdamtol ai irhage procdduing dBar@ 60" dance with
the present invention a system for perform ng optical inmaging neasurenents
on a tur pimtratiog s sendfhm AgeCdBOSMBEYI ey, BRENO6Td AThASSA idled Aghei N My,
for exanple, conprise any suitable (known) neans for generating a

col i mat ednpmyfses cal signal (e.g. laser) directing neans for directing said
optical signal, to an input area or region of predeterm ned size on a face

on one side Wafind &

det ection rregérf'ls foré_ d*%?é’%%ﬁﬁ?%%f%ﬁi‘@%%’&iﬁ“’g‘?‘%{’ﬁ@%‘b{%%e;? ea or
opposi t &% ?“&é@?ﬁEﬁ%e?ﬁ%?ﬁmé‘@#éﬁﬁm%éﬁ%gﬁst : mﬁl ffirfﬁ?s@f St eak

i roct ] rovena el oot theol bR IRART RS 880 “The det cot on means whi ch
Lonvert (o A CP oot e 282 0GR R R ™
ol pur SR iR kB ol BRI ol s
br i i ed LM A ot e STspoicaTEEad et Grae B BR SR

output ragion,

The prosent invention in another aspect provides a method for scanning & turbid medium
fiz- gemerating an image ﬁwteof for the detection of ong or more anomalies conuined within
th turbid raedium, suid turbid medium baving a first face and an opposite second face,
wlierein said turbid medium i scanﬁnd by displacing an optical signal source and a
corregponding optical detector fromi one respective gpatial location to agother sbout the
turbid medium, each spatial location being asso;':iated with & corzesponding input region on
s1id firet face and a corresponding owput region on the opposite.second face, said optical
vi(nal source directing an optical signal (e.g. laser beam) to each of said ioput regions, said
opiical detector in tesponss to a;;tical signale detected from each of said output regions

serding corresponding detector outpur signal dars to an image proceasing means for
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menory, etc...). The system may al so of course incorporate any suitable
mechani sm or neans for mani pul ating the size of the input and out put
regions as referred to herein, It is to be understood herei n?? #ule200%r the
pur poses of the present invention) that the optical signals) may be of

el ectromagnetic radiation which is not only in the visible but as well as
in the infra-red or the near infra-red part of the spectnimkeeping in m nd
the pur ppcRrafihg & 88 of il dats dAG: fuftiid i@liuRPLAFR e RbMIhat YRY nleto e be a
| aser beam The techni que of the present invention may as nentioned above

I nvol ve Q‘M@Prmsthree (successive) scans of the turbid nmedium (e.g. breast
tissue) so as to provide two or three projection inages. These two or three
i mages may be useqd to i:mage stntctures according to their depth inside the
breast. The f&§PERONEH; difcofimpes daa derived by seenaing saithnuchid medivam uging i cal
techni ques. A second inmge preferentially highlights the structures near

t he i npulr eashfgpis reprwey Brat inpytivegion Pﬁmg@tmegmnw&miggmmioymus t he
structures near the output surface. Hy a conbination of two or three of the
i mages) tegione frstaitiit eapion ¢fipyédetagmincd kize,anduct ures in the central region of
the breast and attenuate the structures near the surfaces. In the figures

\éﬂg I(:?lLJESEt%e :gan@bﬁ?j%ﬁg%gégggf?é %ﬂpresegtfjﬂg%%g&é?ﬁwgmiugBS:TTUTE
. : . . S . cH B_ E . :

i TP B e ST R AR )
conf i qunsievpis i dibe') el R MEL Y Bt B SRRl B e eRBiig 88 U1 ¢

wherein the quali-tatively indicates the transmtted |ight versus transverse
posi t r orltisgresentdtvention inpumothier wapect provides 2 method for scanning a turbid medium for

geleradng an image thereof for the detection of one or more anomalies contained within the

tui'bid medium, said turbid medium having 4 first face end an opposite second face, wherein

said turbid medium is scanned by displacing an optical signal source and a cormesponding

optical detector from one respective spatial location 1o another about the turbid mediunt, cach

spatial location being assm';ined with & corresponding input region ori said first face and ¢
oorresponding output region on the opposite second fase, said optical signal source directing '
un uptical signal (e.g. 1aser boam) 1o each of said input repions, said optical detectar in

reyionse to optical signals detested from cach of said output regions eeading corresponding

deinctor output signal data to an image processing means for gencn'ﬁng 8 s¢t of image data

of vhe turbid medium, characterized in that asid method Surther comprises

Eencrating a primary set of image data I, dexived by scanning said tusbid medium
usizg for each input region s first input region of predetermined size and using for each

output region a first output region of predetermined size,
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Figure 3 illustrates in schematic fashion a Scanning system for imaging
t hrough a turbid nedi um having a point-sourcell arge-area de&gg&&&ooe’
configuration Figure 3A shows a graph for the configuration 0 igure 3

wherein th hhbatively indicates ,0 the transmitted i V,
transverse%‘ggﬁz?dg)n for each configuration Figure 4 ill us??g’tc g&‘;ﬁg&

schematic fashion a Scanning system for inmaging through a turbid nedium
havi ng a | arge-area sourcel poi nt - det ect?r configuration, Figure 4A shows a
graph for theg@éfﬁ\“ﬁ‘&g%lﬁe&PF‘gﬁW &%t of frgage data WS‘?W%CH@WM‘P&M wediym; ndi cat es
the transmtted Iight versus transverse position for each configuration; S
Fi gur e Susing fos eachtingsit segiorosaid firslanpud fegionpif aredetammifddgireandusing foseacht es a si de
view of the phantomof figure 5; Figure 7 is a graphic illustration of

Spati al pipht regios D5EROAAGUPIGreyBR df predaethinedizk aregres tieh (had of SaiSERSTI TUTE
SHEET ( RULE Z6) 22 July 2003 w0 O0~42902 di scrim nation; PCT/CA00/ 00052
Figure 8oaphaembis@l |y illustrates an optical fiber arrangement for a

poi nt - sour cel poi nt detector configuration Figure 9 schematically
illustrates an optical fiber arrangenent for a point-sourcellarge-area 5
detector configuration Figure 10 schematically illustrates an optical fiber
arrahgenent f gmeatihga tpetiary sat cfomageadapdi. denvid b edanning said furhid atediom Fi gure 11
is an illustration of the spatial profile conbination for P,,-PB of a

l'iquid pRand RelchpuR réefor Hseddhd d&ﬁdz' SdokH drPredeermiind sﬁé?&éa?e} tHah Hak b

conbination for P'-P~ of a liquid phantom |0 Figure 13 is an illustration

of the spag Gl iBlQblibh af@URA'RE LR ol defion sdi firs owBht Bzibd §¢1 d Phantom

predetermined size.

In accordance with the present invention the various sets of image data may be generated in

) any desired or necessary order.

In accordance with the present invention, the various sets of image data obtained as described
herein may be manipulated in any manner (i.e, subjected to a data processing technique) so as
1o for example highlight the differences and/or similarities between the images (e.g.. to obtain
a composite set of image data indicative of an anomaly(ies) (e.g. breast tumour) in the body
5 of the turbid medium), such manipulation or data processing treatment may be carried out
by simple subtraction or by exploiting more sophisticated tcchniq:ues such as for example K-
L transforms. Thus, for example, the method(s) described herein may comprise (a)
combining said primary set of image data and said secondary set of image data so as to
generate a product set of image data wherein the similarities and/or diffcrenc?s between the
0 said prin;ary set of image data and said secondary set of image data are highlighted.; (b)

combining said primary set of image data and said further set of image data so as to generate
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Figure 14 is an illustration of the spatial pnfile for P'" of aliquid
phantom I n bi omedi cal optical inmaging) two types of inages gaj

generated; 3D reconstructed i mages and 2D projection inmages. The fornmer are
produced using tonography which is S typically based on a nulti-point
geonetry | wooloMR99g a | arge nunber of detectors ( see S. BCTCaPMNO0S2D. G
Papai oannou, G W Hooft) M B. Van der Mark, H Sehonberg, J. C J.
Paasschcns) J. B. M Melissen) and NN A A J. Van Asters, Tom)graphlc

i mage r egcppduct et bf imagk daawhmkinaid sxmﬂmtmchnMﬂxffemnbosghmdm{hizwmdng medi a"
Appl Qot 36, 180-213 10 SUBSTI TUTE SHEET (RULE 26) ,~..~,~ .. ...,r..,;

pnmar§' 867 of image data and said furtherset- of image data are }ughh hted.;(c) combining
~ ~~= 22 003 00142907

o
pcr~c oo t ted,

howev er) neégrﬁargr}r%%t? s"\21 egEt?éégg%egF |e{o€1rs"t“g?&ed a%c?f‘ %%@@Eﬁa@fﬁ grrgﬂigéﬁsum ng.
2D projection imges. ar ased det ecti,on. a enters
e’ ot (A4 R BSe Sh P RL ol Moge sy besen e au b el et um and
that exits the nediumover a small detection area facin e entrance ar ea.
The i magk® W@WM”@US%?—‘%&%‘%‘%ﬁﬂjdﬁ%“d[aﬁ"ya?ﬁ‘s‘}ﬁl@%%dhlalaﬁﬁt“ R FEta manner
at a |l arge nunber of points as both tl-.e Ilight beamincident on the nedium
and the ofdmage ﬁa(mardé\ghhghted‘etCsc'ﬁhnedomymmluhmfmlemlﬁngcmsghﬁ gfce of the
medium This imaging schene is illustrated in Figure 1 wherein arrow 1 is

i ndi cat i nfapetata nlagde gereeasy bywhbreaeting the s@wvndary sat dfhtlageatntafronothe ptimarycar uzi ng
direction of the beam 1l; wherein the optical detector neans is indicated by

ref erencgy Bﬁ?ﬁ?a%é‘hatﬁ)' 54 cofhPREIR s8t cTifa détal mﬁyI be @b:fe?étéd\'lﬁ/ s@btrdchify e Altheng

direction o e optical detector neans 5; d wherein the scattering

medi um ' system
schlelr:at: geéﬁgﬂagpgétggﬁog%’hé ﬂ%}‘{rgur e {fﬁgﬁﬂé{ﬁ‘“a)c&ln ‘gsr‘m‘é ls:gr e ggggﬂgy ? ﬂot ys hown)
wher eby t he ser m 1 aggFt he 0 ldet ect or rreans 5 are respectively
di spl ace&exﬁ"?‘?‘et%h’él aﬂF‘?’@”@FFHH °9Wé’° 8 and 7 in synchronise fashion,

i.e. such that the optical detector S |s al ways opposite the | aser beam 1.
Al t hough al so not shown (in detail) in figure 1) the optical detector 5 (aa

vel | as {hecoRars Wilhdfefrahidibord b@sieasefpmﬁmheaﬂmmmagagns for directing
the laser beamto the scan surface or face ) may be coupled in any (known)

manner t g gy ﬂe‘n?smn% et ORPABD R Hrp&gérﬁhﬁg whitf e nidthdd(s) TOAERLHRA hérei nidyOCeSSi Ng

system Ttor I'mately generating or deriving an Iimage (1.e. a set of inage
data) frgmthe  se ignal data obtained fromthe !0 optical detector S
during tﬁé‘é%ﬂ% 'thog rﬂsgcess. Figure 1 does show in block diagramfashion a
proceéssing unit Sa coupled to the optical detector 5 for processing the
detector output signal data into i nmage data. 11 SUBSTI TUTE S~I EET (RULE 26)

22 Jul'y 2003 any suitable (known) means for generating a collimated optical signal (e.g. laser)

5 directing means for directing said optical signal to an input arca or region of

predetermined size on a face on one side of the turbid medium (e.g. using a suitable optical

fiber)

detection means for detecting a optical output signal from a second area or region of
predetermined size on the face of the turbid medium on the opposite side of said turbid
0 medium (e.g. photomuliplier tube, streak camera, etc..); the detection means may include

optical fibers for directing the optical signal to the component of the detection means which

7

SUBSTITUTE SHEET (RULE 26)



wo 00i 4z90i pcx~cAOO~-000s2 The scanning technique illustrated by the system
in figure 1 has the advantage that it is fast and conpati bgﬁtmb{ﬁb%

ti me-resol ved neasurenents. However, information is limte 0 two

di nensi onswotone290et ect ed Li ght giving i nformati on about ageeigtAvdRoext endi ng
over the whole line-of sight joining the input point of the | aser beam and
the detector. This is illustrated in Figure 1) where the gray region 10

Wi thin tiag celiveh € dpticu Sighal teiitoutput (€L R8A6g e  HipRalehictigl]) s{phavady Wi ch

det ect ed photons have nost |ikely propagated. The shape of this volunme can
be understood by considering that all photons enter the scattering nedi um
at the sane point and all detected photons leave it through a small area
faci ng the detans{eg. coraputerhéor prdsessingasaid ppicehoutputisiggalal(inang kdetvrect ed phot ons
to wander away fromthe direct line-of sight joining the | aser beam and the
det ect Ofmanidh) 2 sbedin 0§t DEIntge dBny (13l dariwHidemfifprefest @bme Heateaen the

two. As illusuated in Figure |, the scanning techni que provides no

| ongi t ugi i i - S (0 01-T0} t he whol e

t hi ckneggpgé‘mdtuhﬁeﬂgggéri gﬁ“ﬁ‘g‘*"@i %Ar%?er%r eové)‘@cgyggdﬁaaﬁa\r}g%%ﬁﬂet erogeneity,
wth opipi hﬁg&ogerties different fromthose of the scattering nedium is
nore |i 5&@ e visible when Located close to the input point of the

| aser beam or the output point facing the detector. This is so because it
is then probed by nost detected photons, whereas a snaller fraction of

det ect eqhpRRleRI1ayPIARALSrSe BSPoER sh{ QiABIBIRIBRPSAAGIS YorSt andi ng i n the

m ddl e of t'he scattering nmedium where the probed volune Is the w dest. For

orcast PRy Het e PR B chpRHBs SR BRuaRr Ak | 07 UG, LVEE Such

as veins |located near the surface. The detection nmethod in accordance with
the present invention may provide for the basic evaluation of heterogeneity
dept h i ftisuoteamnie@stosttheretl (ilefor thePurgosdsidif therpestient ijvehtiort) ethastheloptizall 2

SUBSTI TUTE SHEET (RULE x6) :,,.. ,.;,..,.r,,...TI. A " ,

T NYV. |, Signal be of electromagnetic radiation which is not onl ’int-h-e-v?s?olévﬁtiés%@b‘;ﬁs 1‘&0
oo~a290|slgf-}>%:(ﬁ? Eﬂg‘_f’ o%goeoegszmc%nnjlfjlr?c%ai on wt opt?gal i magi ng based on |ight

h
transm t{,t ance asur enent. and the.pr Ct | of  proj i i . Depth
nsacssmilRNFErelar LR Hesred selir B SpiFbinRirghe RS mibosEBERE . c )
It can aJsq aid, visualjzation of stryctures located in the central plane of
a turbi d‘gﬁﬂiﬂ&'ﬁiﬂ“ﬁ}"?t&é $ % @%E?ﬂ FPEU ocated close to surfaces)
whi ch can then be taken out of images. Finally) know edge of the-
| ongi tudi nal position of the heterogeneity can be used during data

Pr ocess g ek RnifBr M Prdsbit iANeARSH Mby 2 hafioRéd dbB0e MPEIVE BLo &QRfceast of the
said heterogeneity with regards to the surroundi ng scattering nedi um

Wthin t(ﬁ%ce(éﬁwﬁ&s if t%%ﬁ%%ﬂﬂ@’@eg ?H‘ggst ﬁgﬁg’;?&\,\% ytb gﬁvie&%% ok Gf@@Ni tion. The

present “Inventi'on ere xanple as Dual

Spatial Integration (DSI) permts |ocalizatiopn.by separating the scattering
ol um PRRTPGAEES (EsMoDR R g ol B e sHRRhess Hebrie s nout
surface where the light is injected, a central zone andlor a zone close to
t he out pheir dspthfinside thbseast.t Fhe firstgmage shows sl thestuctmys e inithg vayakapdcatedi um i nt o
two or three segnents, structures close to surfaces can be extracted and
set asi dejnigue. atsecoot imese greferenially highlightsthel struetntes neardbe inputisudacg) 3 and 4
(as well as respective figures 2A) 3A and 4A) illustrate (in schematic

f ashi on)Anatar, ABkEiidg® Prefesédtal( fighlights MP siuddGad Feadhe iblesuefate. Byzes nay be
used to achieve a

combination of two or three of the images, it is possible to highlight the structures in the

central region of the breast and auwenuate the structures near the surfaces.

In the figures which illustrate example embodiments of the present invention:

SUBSTITUTE SHEET (RULE 26)



certain dev,~ree of longitudinal |ocalization of an inclusion within a
scattering slab, e.g. by appropriately nodifying the input ?gmggb@yt regi on
sizes while nmaintaining the other variables (i.e. essentia? y e samne)
during the jon of each of the sets of image data duyrj canni ng
procedur es.%@ﬁ’ré’%&sﬁwr E S~i EET (RULE Z6) 22 July 2003"‘!\%@%@@%2
pCT1CA0010005Z DSI nay as nentioned above use three different

source. -detector confjgurations to achieve this sectionjng; exanple

conf i gur dtigwnhkillpealgs| ingehematic fshion a nisanning systemfor imagingghrpughae tarkid 4; f or
each of the shown configurations the sane scattering mediumis used, i.e. a
scatteri myediedi um contai ning three inclusions at different deprhs (i.e. the
three black dots or circles shown in these figures). Specifcally, the first
configuration (i,e. configuration 1 ) shown in figure 2 conprises a point
source (i,e. small area input |aser beam) 20 and a paint detector

(i . e., sndllgurgd ddushaes n sshemat faghiong ranning systens forimaging brough & igbifat i on.

' The second configuration (i.e. configuration 2) shown in figure 3

conpr i sesnediymmhavinggopginesogreeipoinsdeipdiorgonfiguraiiont | aser bean) 20 and a | arge
detector (i.e, large area detector) 24. The third configuration (i.e.
configuration 3) shown in figure 4 conprises a |large source (i.e. large
area.i nput. | aser, bea 6. and a point detector (i.e, s |, area,det ector)
7 abe gLk s AR BRT GO SR doeisin e SRR IR Se. ¢ nb

| aser beamis generated in any known suitable fashion; the |ight |eaving

t he scat tths FangmitiedilightversugEansvarsepopijom foy eraboanfiguatioabl e detector; the beam
and detector (or alternatively, the nediumitself) are (is) displaced (i.e.
so as to facilitate scaruning of the nmedium longitudinally in synchronise

fashion if_ any.{knovrn) suit.abl e. fashion across.opposed, faces af,the
scatteri dg%%ﬂf}%{a Snd Sfﬁ%aég?a&slgnﬁe fi F%@’s?%@{ F’ﬁa@‘%g{“@gglb?t |i%nal s by
any suitable kpown processi syste e.g. conputer system). For each of
figures ﬂ“@%ml%zaR°H§'Sg‘ﬂf5§r7}g§ﬂ?aaa@cﬂpké@f g‘?ﬂj’lgégﬁgnthe turbid medium the
dark circles indicate the placenent of the inclusions or heterogeneities in
the turbid nedium the dark |ine above each rectangle refers to either a

large ar efﬁﬁ\fjﬁ%ﬁ?ﬁogff za(ég%&s} l'hE't@ nfiuraRo6f Fl%\g??%ﬁﬁth@ bﬁﬁ&tiv%liynx‘ﬂ&icﬂtes

reference ers 4, e arrows | cate e t'ype of “source used:

S| ngbe e %’rvanfsx%1rttec?1l uEr?:'Jc‘Psuss tcr)yr{ssgseaprbgiti%# fo%légc%-go;[ 1gu§auso|;|1EET (RULE 26)

Figure 4 illustrates in schematic fashion a Scanning system for imaging through a turbid

medium having a large-area source/point-detector configuration

Figure 4A shows a graph for the configuration of Figure 4 wherein the qualitatively indicates

the transmitted light versus transverse position for each configuration;
5 Figure 5 illustrates a front view of a phantom;
Figure 6 illustrates a side view of the phantom of figure 5;

Figure 7 is a graphic illustration of Spatial profile combinations used to enhance longitudinal

SUBSTITUTE SHEET (RULE 26)



22 July 2003 WD 0042902 PCTI CA00/ 00052 nmultiple arrows for a |large area
source, nanely the elenents specified by reference nunbers @Jwgb(%G; and
the thin lines within the turbid nmediumdelimtate qualitatively the

vol urnc bei nmgo pw@ked by detected photons, The figures 2A P%%‘/ ot show
graphs wherein each respectively qualitatively indicates the transmtted

| i ght versus transverse position for each configuration. In accordance with
t he preseﬁiﬁscﬁrﬁﬁﬁﬁ%&xi on the detection nmethod may proceed as di scussed

her ei naft er: e stattering nediumis scanned with the scanning
configuration shown in figure 2 and an inmage (1") generated. In the inage
(I") so obtained) sntctures close to both the exit and entrance faces are

hi ghl i ght Bidufeed Rhér¥RichIfy NBQTEesh bPiidAl fibke aR4Hpkment 1S polifsdupcdfoinpeam and :
detector are noved transversely along the surface of the scattering nmedi um

the inclugj the input and output surfaces have a stronger

i npact ona‘%‘ﬁ%&cfg{]@j?aéﬁﬂl i ght) as discussed above. This is represented
qualitatively by the graph shown in figure 2A) which depicts the detected
light (signal) as a function of the position across the surface of the
scatteri nBigmedi sohemétidally {jmsRatetartptical fibér angndehiRft HrdFdintisbirediafe@lardahe poi nt
detector so as to obtain the second configuration shown in figure 3. This
changes t B&exécunfukdiRh | S probed by detected photons, as illustrated in
Figure 3. The scattering nmediumis scanned with this second configuration
and an image (1B) generated. In this image (1B), structures closest to the
entrance fact are highlighted) relative to those within the bulk or close
to the exFigured®sshepaticallys!lustrates an eptivalfiterarapgemdnd foy e darfe-aea soome/pbint-he
detected photons. This is represented qualitatively by the graph shown in
figure 3Adewdwrebnfignpitions t he detected |ight (signal) as a function o>cthe
position across the surface of the scattering nedium Thirdly, a |large area
source is substituted for the point source and a point detector replaces
the | arge_area detector |5 SUBSTI TUTE SHEET (RULE 26 22 July 2003 WO
00142902 FigtredAodanidpsitatian ofhe spatighnrafila combination for Fodiniof g liguid pidatom; s
changes again the shape of the vol une being probed by detected photons, as
shown in Figure 4. The scattering nediumis scanned with this third

confi gur aj (Bl | 3 Jns Ehl S i Lol uct ures
cl osest tgigt e@g%rfm? %%Eggggéﬁlﬁ)gevﬁﬁ{%ﬁ@%gﬂptghalrogpgﬁ*v%%? glxéw.hgélgnm hin the
bulk or close to the entrance face. This is represented qualitatively by
the graph shown in figure 4A, which depicts the detected light (signal) as
a fulkct i ohigofe I3hearmidlusttatiom ofithe spsial prefils vorhbinstionffont e Bxc By ofexliquig

phantom
Figure 14 is an illustration of the spatia] profile for P, of a liquid phantom

In biomedical optical imaging, two types of images can be generated: 3D reconstructed
images and 2D projection images. The former are produced nsing tomography which is

5 typically based on a multi-point geometry involving a large number of detectors ( see S. B.
Colak, D. G. Papaicannou, G. W. Hooft, M. B. Van der Mark, H. Schomberg, J. C. J.
Paasschéns. J. B. M. Melissen, and N. A. A.J. Van Asten, "Tomographic image

reconstruction from optical projections in light-diffusing media”, Appl. Opt. 36, 180-213

10
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medi um | f images 1B and I~ (i.e. their image or signal data) are added and
image |I" (i.e. its imge or signal data) subtracted, structggggylzgg@ted

wi thin the buI k of the scattering nediumcan be nore readily visualized
than in images generated with the base configuration (I,a alone. It is to
be under st owg olvezsez N t hat t he expression "snall area" is pefieat/oes a
surface whose dianeter is relatively small corrpared to the scattering
(turbid) nediumthickness while the expression "large area" is to be

under st 0qgods), 1858 antddd id Rardps gegfa %%ﬁﬁdm%ﬁ b Heatdeafical SaTe orIEL of

magni t ude as’the’s er| ng ness pl'i'cati on of DSI
to the georretr |IIus rate ures 5 .was eval uat ed nerically
and exper F‘?‘Pgﬁ[‘é‘l?rﬁ ar%&“?f%&%“ﬁ“ﬁ °?r grme: 6213 HE’J‘?B%R ‘F@E?‘ﬁﬁ‘%ﬁ%%ﬁ fsas
emthick slab containing three identical inclusions |located at S, 25 and 4S
mm f rom tdgecen i ahicight Hapeniers the edmghrovpea sadl aresi atprepagatesthrgugh e ance of

4 cmfromone another in a direction parallel to the ' face of the slab.

The sl ab melivr amithiteniys heinpdiven Ser nimdil detestionaréafaiingthe spmpeecared. Tha apar t
from. the nearest neighbour inclusion, is SUBSTI TUTIg SHEET (RU)LE Z6)

22 Jaly 3n@ge W\eerefatedi0m 430 sGRO Dalsmitfea liktrin Utk a manier acallrgs ntibatofons, the
turbid nmedi umwas assuned to be purely scattering (pr =1 mis, po =0

mm ). Tfp%mw@slwm 1RO K g MYV fim ARl (hOmBBurk @hdthe hét&:ﬁ}m Hevice afeoschﬁi!@ a
vani shingly small volume. They were also assuned to differ fromthe

scatteri i t (vol une);
catteri ng, %{Fﬂ%ﬁghgtﬂc"}uk&@ of i BRBRE TR i Ty s'cﬁ’e%rﬁgl;é SR ih Pifarel VOl 1T
Iarge- area det.ector .and .sourc he. di £fusi on._nodel
(e hr SPwhhf Gt 1 el a MGyt wBereamatt i inddfiveiob g Repdtine

refl ectance and transmtt%nce for the noninvasjve_neasurenment of t| ssue
optical phspranof e Whezginsthe gpyical derectormengs is indingterl by referarseadmenl account
for the refractive |ndex m smat ch between the turbid medi umand the

sur r 8undiSgvherain arowd it indisetive Of theseanning dirgttionpfthedticsl davecioneans Scandt i )
"Photon mgration through a turbid slab described by a nodel based on

di ff usi orwleepgin te iscapterimgmedium Thémippated Yypthle refdrénce Biherd 33 7FRRRAcirh@Z7) ), was
used to describe |ight propagation through the sinulated nmedium The effect

of the plpaenRaiemalicANy ilithies idFgurdf RnbWs) MR 48pNRRedRAChbOR) Wty a
pertur bats?on anal ysf?sls}(l see Mﬂl\?brl nms‘hﬁ)Chatl gﬁ?/) Aeq\ﬂ/al |1 oux) Yéw

Pai nchaugj, gf@ bExm Paad!HeYbprical AR i¥RAS RET (fsﬂ:’éi:mw tﬂi]:l&@@in ¢ diretfiorfof

scattering in Optical Tonmobgraphy and Spectroscopy of Tissue Ill, B,

Chance, 67-78
(1999)). F&f%g”c“a%lﬁ gt'f‘% as?gﬁaﬁgé‘?tha“g? H‘?‘qﬁe ¢rs °‘r"%g‘i%°‘?{§ ﬁ‘;"gz i ght
wer el aunghed |ntot at r|n The d Li ght |ntenS|ty
cal cBl at | BROEDS lfsﬁf f I}%ﬁg‘f%l Hl'?or‘i‘@ (jnflste Hg @H F’n@ gﬁf b they
entered the slab. The spatial .intensjty profiles P', PH and Pc thus

obt ai ned 4ffeFRT é&%‘ﬁ"eél‘élséﬁ mgARs &SSF‘}"&HF&{“%#EWF@ andfhe eansder 4iseting the ansver se
scan along a line joining the inclusions; P~ is profile for configuration
1) PB i s lgseobsameo thgr scamsirfageiorsfagedmay barusupled insyp (knbwh)andnoer to aistitahler at i on 3.
These profiles were then nornalized and conbi ned t.0 enhance depth

di scri m r(hdvar) proasssthigamit{6.gtompuresised proedsing wystemn) Jér uldinaely geneitingbs ons ar e
shown in Figure 7 after their 17 SUBSTI TUTE SHEET ( RULE 26) 22 July 2003

wo 00/ 4z HAviBEan iR 10 A%e: drwgaldmaﬁﬁére helser df Sighal datkbBtHingd ffoth$hed 9r aphic
illustration of Spatial profile conbinations used to enhance | ongi t udi nal

di scpi i "b%hbé?ﬁeteéf&es SUrrfy e RunylidiroRse Sﬁg\?}xﬁ‘?%i sShdwin'tié: on of the

m ddl e inclusion (see Figure ont Vie e val ue o ~ ~refers to

t he di spl t face of the
rodi um ( SERE A Yctidtl (EREEbpbe o B Blelofs Rt aw@r“ B | cs

cal cuI ated with anni ng system conflguratlons shown in figure 2) 3 and 4
(i.e. nar®f ts'é‘&i&?‘@ﬂf‘%?’l’?%sd“ ) 2 and 3). In Figure 7 for the profile of
P" m' nus PH 15 illustrated by the graph |ine which contains the synbols
-.-0-- (designated by the reference nunber 30 ); the profile of P" m nus P~
is illustrated by the graph Iline which contains the

11

SUBSTITUTE SHEET (RULE 26)



synbols ---O- (designated by the reference nunber 32 ); the profile of P8
plus P~ mnus P" is illustrated by the graph |ine which doegopgy 2004t ai n
any synbol (designated by the reference nunber 3~ ). Referring to figure 7,
as expect ed)y he prof le for configuration 3 (Pc) is r from
t hat of confi%\ﬁbﬁgﬁoi&on 1 (P"), only the signal fromthe ingﬁﬁg“c@g@ggr t he

i nput surface remains. On the other hand, subtracting the profile for
conf i gur ey aQRarmink Rk i z. (P) nearly elimnates
the. st gnalechaing ehnbA MR o7 tockPRi BHEEH e ot bien it it

Fi gure 7 aldso sagggs z hte effzct when the ggofi | es for,conlf_i %urati ons 2 (P8)
and 3 (P-3POgPmPalicath tigeteralyed meagispments. Eloypyes,ipforpationiglimted 19,0407 | ¢ f or
configuration 1 (P,,) is subtracted fromthe resultant sum These results .
clearly sHBEnsRms thaietasied Nghtgiving informptanmbowaarhene exrending bvssiterwhade | ocat ed
close to either surface of the scattering medium The geonetry in Figure 5
was i nveslinegdisigtt jebnjrgrtheapit abinyofuld lager beaphamntthadeteatos) Sthislgilswied iae

i nclusions placed into a SO mMmtthick cell containing a scattering solution

of pol ystBiggee, viercThBEEY Tddioh 19WHRR thRibded 2ifds 11 2Ad 19 WpYeseftOhe Vo fenfd0! 42902
PCT/ CACQ OOOSZ mi crospheres. The inclusions were purely absorbing) 5 mm

cyl i nder s glblvﬁﬁ#d@@étédi;ﬁ\gﬁéﬂ&a@ﬁ{ohilﬁ@%%gﬁ%%@é&?&ﬂgsﬁaﬁe bA\Gis VoRMRIEY

illustrated 'n Figure 5. e scatterin I on was" nonabsorbing with p =
1 m'. The | j ; i | he tteri medi um usi ng an
Fnput optthaaARERy Buigdg R0 pilonk siEinE RaeRediiS At et um
was col |l ected wth an out put, tical fiber_that carried the light to the
det ect or. ‘m&s"ﬂ ﬁ'&ﬂi‘ﬁ’&%f@éiﬂ@@d&'ﬁ%ﬁh FF‘BH& arga f3rige g dFF‘&WF-Q“f‘F?J%‘P‘?’q&“‘F’ar ge area
source was sinul ated by sinply noving the input fiber far fromthe nmedi um
Si mi | ar | ysFattering plipavsaietsoted phatans ¢ wander awayifrom W disget Hoe-phgshtiminisgtheut i ber
far fromthe nmedium Moving the input fiber away fromthe phantom such that
phot ons vieseebean] and tledieteewr, tlds warderingbeidg aximonear the halfidisraack eswécnehd ar ge
area source. The large.area detector was |ikew se achieved by noving the

out put fiderAsilRratdddnFighe 1pihe Béahng tehniglprondena Nengiedifal Gefoiretiond over a
surface of 3.8 cm. . The three exanple.optical Fber arrangenents are

i 11 ustrat ggheitR Jritdt veluide e%]gxﬁl@@vér%e_ \Eﬁcﬂé’&xf‘ckﬁes? 6N @Il g edishUSt rat es an

optical fiber arrangement for a point-source/point detector configuration,

& e glhals LSRRl a0L 04 ra0 FABEH R AP LA WOY A 2

scanni ng reglion or surrace ar IYon region or surrace area

“whi ch have a small. size an re nmore or |ess the-same~size. Figyre 9
SCherat Ry hetiuf ute Bk TR SIbIE BAsrIOCHSAHRgE o pBh ot ofthe

poi nt -sourcel | arge-area detector configuration i.e, the optical fibers 40
and 42 arl@seE Beam et poistfacing the detgtor; Dhip issoibgeause i B IbamiRERpeAdY Mot or
surface area and a detection region or surface area which are not the sane
si ze i . e.detagted pbatens; Whereasnsmalies fragtkagenf dethcted photans propagate Grough theysameie out put
fibers 42 are noved away fromthe phantom Figure 10 schematically

i |1 ustr at keterogeneifytstanding firi dhemidaie afmlpescarering arediam, svheye tserprabed volume is

sour cel poi nc-detector configuration i.e. the optical fibers are configured

and spacegie Wc&SPergﬁéaDmiaﬂﬂxo%\aﬁgﬁﬂﬂicﬂﬂb&@o\ﬁ%ﬂé,wﬁnﬂr‘ﬁﬂteﬁ 2~ 22
July 2003 WD 001 42902 pC~YCAO0100052 region or surface area and a detection

regi on or : : e area is

| ar ger th\gﬁlﬂfx%ﬁ?ﬁg%{h gwbéﬁ{'ﬁ%ﬁﬁ?@%&{ %ﬁnﬁﬁ%gﬁ?ﬂgﬁgéﬁxgﬁgestn%@xe away fromthe

phant,om h t he.figures show that the size of the input and out put

ar eas' or rrg\lét'?ugttlég}%w%‘ée'vari ed by displacing the fibres 40 and 42 an ocher

type of nechani sm may of course be used to effect the change in area. The

phant om was scanned usi ng each of these co~gurations using a near-infrared

i magi ng s¥stem as described by Y. Painchaud, A Milloux) M Man) S

Vet r eaul t Therfigtertiongaethadrip pecordange. withthe presspt invention mayipreyidedpetde basihiat i on

bet ween scattering and absorption”, Appl. Opt. 38, 3686-3693 (1999)). The
evaluation of heterogeneity depth in a scattering medium (e.g. turbid medium) to be used in

12
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scarf was done by noving synchronously both the input and output fibers 40
and a2 respectively along the surface of the nediumin two Z) J@nsoems in
order to sequentially illumnate the entire surface. The detected signa

was digiti sent to a conputer that was used to construct the inmages
based of t@%géﬁgﬁs of neasurenents performed during a sgaﬁ?fg"é)ﬁ@épﬂ

nmeasur enment corresponding to one pixel of the image. Figure 11) 12 , 13 and
14 show the resultant projection inmages fromscans of a liquid phantom The
hor i zontcamumtios%!blop@csgmsthasqdm lightirenvroitiende méaswrementtand thet he i ncl usi ons.
These i mages were nornmalized and conbi hed as described earlier for the

si mul at iposdsictioRiod progécrion thesges Depthpedesstmeanis herssannfor gfulleB-Ddocatiegioh bfd i n t he
imge inFigure 14. Figures 11 and |2 show i mages denonstrati ng the saecess

of the [ nhei@bdtfelty. I caxilEaill viRGalizdn b s@uturbO6edidn MRFentrdlplabibf Aces. A
conparison of the imges in figures 13 and 14 shows that the inclusion

2, el o SRRSOl 10 L
R et TN T T T e

atool to aid in the visualization of structures located in the central

pl ane ofbeaseddupng dHepresFFinDE) impedye dheqyarti fieationmefitenantietitconfrashoftbsssikt to t he
prior art in that one gains depth information content usually obtained with
muf t i - pdieretogdrsity otithoegagisdortttersyrrodndingstatieting mediomnMithinithe comextoSts. This is
achi eved by using different sourec detector configurations to section the
medi um) HamRbgtaphy, thidlchrONeEp inlissddvecopaiiher i ng medi umis scanned using a

poi nt source and point detector (i.e. configuration 1 ). 2. An image (1")
is generated based on the detected |ight using configurarion 1. As an
exanpl e, the detection of |light can be done in a tinme-resolved manner in

which o -the first arrival photon re consi dered. ifmge can al so be
Goner as olmeRtsHny vkaHop it Bey BOBLARE S EREE S RIS G2"i The

FI DM net hod described el sewheto~ 3. The scatter] n%ég,edi,um IS Sﬁ’?nned usi ng
a poi nt BEgReEe @ remity lgeslizaton Ry SeRADS theSopHerige MeiNBhint) tWor jireés second

image (IB) is generated using the same nethod as in 2 but with
confi gurlamgit@ﬁingl_zones: a zone close to the input surface where the light is injected, a central zone

and/or a zone close to the output surface where the light is detected. By dividing the medium
into two or three segments, structures close to surfaces can be extracted and set aside, and

structures located in the bulk enhanced.

Figure 2, 3 and 4 (as well as respective figures 24, 3A and 4A) illustrate (in schematic
fashion) how detection surfaces and input beams of different sizcs-may be used to achieve a
certain degree of longitudinal localization of an inclusion within a scattering slab, e.g. by
appropriately modifying the input or output region sizes while maintaining the other
variables (i.e. essentially the same) during the generation of each of the sets of image data

during the scanning procedures.
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5. The scattering nediumis scanned using a large area source and a point
detector (configuration 3). 6. Athird inmage (I~) is generat t he
same nethod as in 2 but using the :0 configuration 3. 21 SU HEET
(RULE 26) 22 July 2003 WO 00l 42902 PC fI CA00100052 7. Image IBis
subtract ed WPEM#29%hge 1" to enhance structures |ocated cl ;eF/gancndisz out put
surface of the scattering nedium 8. Inmage I~ is subtracted frominmge |I"
to enhance structures |located close to the input surface of the scattering

medi um  BSI mapgandntiontdabdubiise alee differentzdutie-deedlopdonti pRains tofhemeek | ~ t O
produce an image wherein the cenvally-located structures are enhanced

relati Vethls%eétﬂﬁﬁzg SlaRipte ctoﬂﬁéﬂ?ﬁlo%@rafﬁﬁ@stra“ﬁ%&eh'ﬂﬁéall?ﬁxbﬁ%xrﬁ%”?E{hat{;. d&.ns of

images |", e and Ic or other data processing Invo | ~ may

al so res r matio gi ven above, -

a poi nt é‘ e %&h?g‘“ Jng?{}%%éw 1838 | W‘ﬁ%eglﬁﬁdfﬁﬁﬁﬁ%‘@ a smal |

ar ea,; ala ge area sourcel'efers tg the injection of 8 |nthe medi um
over a IEF@E’“&P@&"““& IhRsF Hiclugiopeatdiferentdeptys .6 t%‘h@"&é’ﬂ?élé PHPF @Elce | ght t hat
energes fromthe nmediumover a small area; a |arge area detector refers to
t he det eshpwonnd\ﬁselﬁgms)that energes fromthe mediumover a large arcs. Note
again that "small area" refers to a surface whose dianeter is small
conpared to the nediumthickness while "large area" refers to a surface
whose dianeter is on the sane order of magnitude as the nmedi umthi ckness.
The appr Qpeifahis, tu‘erm&zceﬁﬁlg@moatueebﬁﬁgusa:%ﬁﬁ)fmwnb&ﬁsﬁéﬁe zp%ﬁsu Ll cally

far any given turbid nediwn to be subjected to anal ysis. | TUTE

SFEET (RUEA0) smaifred ol B0t 0 8l adecrd (L BhIIPH] e AN N0 2

turbid gener |ng an 1‘'nmage thereo |on one or
~anor~ea_0|alle cotttelnthhln he t ur bi id turhid
wpxcﬁarc used as the base cont 1guration. T}\e second confi guranontaxrg con?igurattmnﬁ

shown in figure 3 comprises a point source (i.¢. small area input laser beam) 20 and a large

detector (i.e, large area detector) 24. The third configuration (i.e. configuration 3) shown in
figure 4 comprises a large source (i.e. large area input laser beam) 26 and a point detector
(i.e. small area detector) 22 are used as the base configuration. For each _of the cohﬁgumions
the laser beam is generated in any known suitable fashion; the light leaving the scattering
medium is detected by any known suitable detector; the beam and detector (or altematively,
the medium itself) are (is) displaced (i.e. so as to facilitate scanning of the medium)
longitudinally in synchronise fashion in any (known) suitable fashion across opposed faces
of the scattering medium; and images are generated from the detector signals by any suftable
known pracessing system (e.g. computer system). For each of figures 2, 3 and 4: the gray-
shaded rectangle is the turbid medium; the dark circles indicate the placement of the
inclusions or heterogeneities in the turbid medium, the dark line above each réctangle refers
to either arlarge area detector (long line) or a point detector (short line) - reference numbers

22 and 24, the arrows indicate the type of source used: single arrow for a point source and
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medi um having a fast fact and en opposite socand face, whatia said turbid
mediumis scatimed by displacing an optical signal sauarce22gg6§ 2803
eomapondi n, g optical detector Croat ono respcctiv~e spatial |ocation to
aaot bar about the turbid tuvdium such apenal iocatian being asaucirted
with a ~o~'YQeBU2di ng i nput region oa said first face arRFTACAWEMEXpondi zi g
out put region cn the opposite second dace, acid Optical eigaal aoutre ,~
ditrctin,~ en optical sagnal to each of said input regivas, said optical
det ect omuiltiple g8yycdera hrgeapsaisoutte, aamely tie elbrieatstspetifitd by refaedve attmbas d out put
eegi ocns sendi ng correspondi ng detector output signal dn~a to an inmago

pr ocessi20@ndveg)aad the thi® Bnékavittii the nabid eledftim ddhRgRtet@iiRatvElylhd voldn bi d medi um)
characterized in that said nethod further ', coraiuiaas generating a

primry 'gga@g t Fri (c%Te i lefeiiBdham usi ng fur
esoh ingﬁrt?lgpgfgf%n a ?‘ci rﬁoﬁogﬁ\ﬂhggg%gy% ’p3r%e o%s‘?xﬁa&r\’%‘gfp&g\%&id ue~g Per each
out purt Te: .~ on..a. first. out put_ reqj on. rodet crnti aed s32e, and
geoacr atrfsg&c%g&lé‘gg%ﬁ%g/ﬂy @Slcat(ﬁ Rﬁeﬁraggg{t#;{ggtygﬁ sgréléfvfff/e %"@gﬂﬁ?c’ﬁéa@ai d turbid
at edi um xu; i ng, for each input region said 9rst input region of

pr edet e PRGNSR 276 and usi dg tbr eacb , ou hut tegian a seooad out put
region ofpradeta:rriaed size ~eat~ that that of said first au tput rcgi.on,
, 2. A nmethod as debned, in clait~ 1, cvzapcisi~g peaernting a caao~posite
set oticnage data by subtractirt~ the secondary s~ of image data from cha
pri nssy Isetcomtanderwithgbe prasknt D3endivh NRER cHiiniethod miy pro@2d dudisgu@€D3 3~ A
rnett~ad tvr scaming a turbfd ndiuaa for geaerati~ an inago thereof for
tho det eRieinafier0The Bttering ¥aédiura fuEnke @ Sith Gt sodriniig cohfigiiation fidwnti bi d nedi um
caid to:bid . utcdiumhavio.g a first aca and an opposite aocond fact)

wo~ei a sl A 4 h SndR41Y BRrefat&C aRCintiye 1) 3 RbAfeD St @R dids8ho &dug~| souxco

cad a CGorraspondi ag~ optical dvkctor tnra one respective spatial |ocation

cad a Gorte cal” dvictor tira”one respect i ve spa on
wth e QR byt Gl R GRSl Py B 2 BPED 000 O
i oat | 5o A et e R e B Al e o AP GORE- SRt opt | cal

dotector, in ~" rnspoase to optienl output signals detected fr each v said
out put ringlesinns glosefotly inpytead SRy 5HH“R§§§@’G@(§F°’E&§E '&EP§°"§P11} &é?ecﬁiw@tt 0 ua

i mage procesanag nenus fan generating a sd of iatage d$ta of the tuzbdd tn
edi tt m asdisevssedeppysdThip istrepresentsd qualatively by the grapheshowsbindiguredd. whicher at i ng a
primary set of inage data.derived by acaaning said turbid nediumusing f
r::~ eaddepictsphetdereetgi diphty(signal) asiat fuyation o£ihe positidnperdethesuniacecaf thd ze and usi ng
foe aaah output ru~iion a 8ret output rngioa of predoterm ned eizo, and
gonecar isogiefing mediogr A lefe ateafdeictropie rlibhtsabstifitededr thy peim-deglossial td ur bi d

medi um u~g fa; eaeb input regia:a a, sa:ond input region of predetorm aed

Si ze Or et tht bRend EhkigRraciSPdndwhiif Afurt!] THE cﬁﬁgésg.?vi famnét thidt i§Erobdabycash

out put region sand ,t9rst output regfou otpr,o A net hod ae defined

I's clal igercl HP&&&', &%l%ﬁ&ﬂ% Piiure 39%?&!&&&8?&8{1 id st:ﬁﬁgfwgﬁﬁ'@s

second configuration and an image (I5) generated. In this image (ia), structures closest to the

entrance face are highlighted, relative to those within the bulk or close to the exit face,

bacause they are probed by a larger fraction of the detected photons. This is represented

qualitatively by the graph shown in figure 3A, which depicts the detected light (signal) as a
- function of the position across the surface of the scattering medium, Thirdly, a large area

source is substituted for the point source and a point detccrtor replaces the large area detector
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by substracting the itinher set of umage data fromthe primer jr set of

i anage data. 5. let ~i method for scanning z ttarbid nedi ugpfiar 2weserai ~, g
an i mgo thereof, for the detection of one os:aoxe anonalies contai nod

wi t hvn tho _t urbi d xoodi um ea~d turbid 2A. AVMENDED Louo; ~T 22 July 2003
medi um b~sWOY4PRi st Sao and ~ opposite aecowd f8e~, WREKEGAIGMWSH ¢ ur bi d
meditvn is scal u~ed by displacing an optical ngnat source and a ear n~ponddg
optical detector ~vmvne respoctivo Spatial |acadon to aaodaer about the
tur bi d tsoiagthi dbeedr) the thitd copfighratien Thizeharigesagaini tingshapeafthetohmebeily a

ear maQo~adi ~ag input region ou said first face and a. coznepondi ng out put

tc, gi aa psbet By depqaspHotons,ee SuvnfiR Eiglresai The Soattbrdit mefiurdl iv's3inné@Wige di recting
an opti~eal signal to each of said input regions, said opticR dstoator in

r espons gy %lgﬁqﬁﬁ’éurﬂiéh P4 R araigalae) geﬂe?a?édeﬂl this mggq%p HoLtp

xegi ott 3 seadi ag cnrrcspoaul |ng ect or out put ata to as |r~agt
proceSS| dat.a L urbid nmodi um
char act eﬁe?%{@é% ar{rﬁ&’\\{ '%gﬁf%ﬂedq?lﬁglg 9 &‘%‘? 8‘?“”585 Wk glgieq&g}?eepg. fig a primry
sot of i ge data r,, |vd awd urbid ing for
Barb in r%fﬁr‘i“%"sg’é’f‘ q fi‘f"’% Ehé‘f”&rﬁ‘ E‘H"éﬁr\gﬁlﬁ'ﬁa C‘%'g‘ﬁsg far each

ni ~cpntregioa a first output region ofpredetsnnl ned cizs, g~enarating a
secondardgtested light ($ipnab)ers ddunsrion ofahq npemomycrga;ahmurfgceﬁitmsmmnm azediurrr
raring far cacti inpue raglon said first inpat regi on of p~detarm nod sl ze
cad usi ngedi’ah. each ~n.itput region a scoond outpus region of prodctam ned
Ssize greater than ttuu of said fcr~t e,:atput reegion and gcaaretiag s
tertiary sat of inage d~ ~ derived by seanming arid turbid medium~:n:drrg
fer Barb, fnput regivu s aecoad iaDUt region of predeteom ned sire gtaatar
risen “"mméges L r&ﬂ&’lﬁf é‘tlhdurl n%c Jr‘%%hﬂrﬂaﬁf'ﬂe‘dﬁdéaﬁnf iﬁ'iag@@cg €Ol Bibge bregi on: axd

First output gl oa of ~:~; nfx~ed size. u. ene#hod ac ~ie~avd itt
Leitr~ 25 AMENDED
SrEET %@ﬁﬁﬁaté @%%%@9 59‘@@?‘%?@?%2%‘?'%}?% éi%@?%@%@]ﬁ?%ﬂ%ﬁ%@?@%ﬁ@%%ﬁ h the

equation le + | cC
a more readxly vxsuahzed than in images generated w1th the base configuration (I,) alone.

It is to be understood herein that the expression “smal] area" is refers to a surface whose
diameter is relatively small compared to the scattering (turbid) medium thickness while the
expression "large area” is to be understood as referring to a surface whose diameter is on the

sarne order of magnitude as the scattering (turbid) medium thickness.

Application of DSI to the geometry illustrated in Figures § and 6 was evaluated numerically
and experimentally. As shown in figure 6 the scattering medium is a 5 cm-thick slab
containing three identical inclusions located at S, 25 and 45 mm from the entrance face of the
slab. The inclusions are at a distance of 4 cm from one another in a direction pﬁrallel to the
face of the slab. The slab is 10 cm long (figure 5) with the inclusions spaced 4 cm apart from

the nearest neighbour inclusion.
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7. A nethod as defined in claim21 conprising conbining said primary set of
i mge data and said secondary set of imge data so as to gepE)@y 2063 pr oduct
set of image data wherein the simlarities andlor differences between the
said primary set of inmage data and said secondary set of inage data are

hi ghl i ght ed WaB00/42002et hod as defined in claim3 conprising AMY08eF2sai d
primary set of inmage data and said further sot of inmage data so as to
generate a product set of inmge data wherein the simlarities andl or

di ffer enceggr hehuRaital S@uRaon, tBE {uikld Yhetidim s assunpd t6lbé purslydeatting fuy+t her set
of image data axe highlighted. 9. A nethod as defined in claim5 conprising

Thi C . _ y . . q ' £ dat
and sai d VAR 4F DEE Y, P indleudnf Rk ARAaFLEpREMRE O BRE AT oat o
i dat a ) i h imlariti dl i fere . Saj [
et of | ragEnaEy smal AfyRe cthsh e 58 a2 o e G B HRe Bl BB P "o
AL, ARG Ao gt (G onn ATASBIISRY bt APy AL £ Ay
. Ah. A Ay. AaS; <=n:sS |

}wr mhb] Mmm@]a;; ef:jottuthe krgecangadieterion prdsonest svaress) #4P8 s’ aT k@ caU] ca] ca]
caU] ca] ca] ca] ca] ca] cTa] caU] caU] ca] c: a] ca
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profile for configuration 1, Py is profile for configuration 2 and P is profile for configuration

3. These profiles were then normalized and combined to enhance depth discrimination, as

discussed above, The results of these combinations are shown in Figure 7 after their
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U] caU] ca] ca] ca] caU] cal] cal] ca@\Zt TR5~| vgke_YSzup] U] cal] cal] cal] caU] ca] cal] c
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cal) ca<=ncD 10%&
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10: y&? e@zn% 101@55& r&S( fron@’m%ﬁle(valwe of x@naekers !)omdtmaer(t)mth

10% & ()- WMIXY:/

10: 0% ! 18:3pdeeto(tis siEih Agyiie(ffonvFirfa0 fthé melibaoME: Kijure 8 TRSAMVIEY). P#10%VE. () -
10: oxmbC 10: 0#10% & ()- 10M 10M

10MB<10%4dfér. filés¥alddiady 20
L! 10% & () - i?_o;tloof & 8*6 ! al 109% #zfﬁ;r&s‘l(() lg/me@cnﬁﬁg& oAb Ehowa in figure 2,

R Nl s i R otk e
L!'10% &

T0: 7100 desiferediy, t&ééﬁk@ﬁ% WhiED §opyainshe symbols 59— (GESIENEIeg B FHRIEFRRES | pg 006
8O- (OO R PGt Orcble OFp, (thius Bk Diasirhied by 12 coraph s Wheb-codtains the

symbols ---O-- (designated by the reference number 32 ); the profile of Py plus Pe minus P,
is illustrated by the graph line which does not contain any symbol (designated by the

reference number 34 ).

Referring to figure 7, as expected, when the profile for configuration 3 (Pg) is subtracted from
that of configuration 1 (P,), only the signal from the inciusion near the input surface remains.
On the other hand, subtracting the profile for configuration 2 (Pg) from that of configuration 1
(P.) nearly eliminates the signal change caused by the inclusion close to the input surface.
Figure 7 also shows the effect when the profiles for configurations 2 (Py) and 3 (P¢) are
added together to get a resultant sum and the profile for configuration 1 (P,) is subtracted
from the resultant sum. These results clearly show how DS] per;nits to determine whether an

inclusion is located close to either surface of the scattering medium.

The geometry in Figure 5 was investigated experimentally using a phantom consisting of

three inclusions placed into 2 50 mm-thick cell containing a scattering solution of polystyrene
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an input optical fiber. Similarly, the light transmitted through the medium was collected with

j an output optical fiber that carried the light to the detector. Using the divergence of light

emerging from a fiber, a large area source was simulated by simply moving the input fiber far

from the medium. Similarly, a large area detector was simulated by moving the output fiber

far from the medium. Moving the input fiber away from the phantom such that photons were

injected over a surface of 3.1 cm?® functioned as the large area source. The |arge area detector

) was likewise achieved by moving the output fiber away from the phantom such that photons

were collected over a surface of 3.8 cm?.

The three example optical fiber arrangements are illustrated in Figure 8, 9 and _10. Figure 8
schematically illustrates an optical fiber arrangement for a point-source/point detector
configuration, i.e. the optical fibers are configured and spaced so as to provide a scanning

S region or surface area a.nd 'a detection region or surface area which have a small size and are
more or less the same.sizg. Figur;: 9 schematically illustrates an optical fiber arrangement
for a point-source/large-area detector configuration i.e. the optical fibers 40 and 42 are
configured and spaced so as to provide a scanning region or surface area and a detection
region or surface area which are not the same size i.e. the detection area is larger than in

0 figure 8 - only the output fibers 42 are moved away from the phantom. Figure 10
schematically illustrates an optical fiber arrangement for a large-area source/point-detector

configuration i.e. the optical fibers are configured and spaced so as to provide a scanning
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may be varied by displacing the fibres 40 and 42 an other type of mechanism may of course
be used to effect the change in area. The phantom was scanned using each of these
configurations using a near-infrared imaging system as described by Y. Painchaud, A.
Mailloux, M, Morin, S. Vemreault and P, Beaudry, "Time-domain optical imaging:
discrimination between scattering and abso.rption”, Appl. Opt. 38, 3686-3693 (1999)). The
scan was done by moving synchronously both the input and output fibers 40 and 42
respectively along the surface of the medium in two dimensions in order to sequentially
illumninate the entire surface. The detected signal was digitized and sent to a computer that
was used to construct the images based of tﬁe series of measurements performed during 2

scan, each measurement corresponding to one pixel of the image.

Figure 11, 12, 13 and 14 show the resultant projection images from scans of a liquid
phantom. The horizontal axis corresponds to the transversal placement of the inclusions.
These images were norm;lized anci combined as described earlier for the simulations. The
point detector/point source configuration resulted in the image in Figure 14. Figures 11 and
12 show images demonstrating the success of the DSI method in extracting inclusions located
near the surfaces. A comparison of the images in figures 13 and 14 shows that the inclusion
placed in the céntral plane of the phantom was highlighted relative to those near the surface

using DSI.

20

SUBSTITUTE SHEET (RULE 26) _ '



10b3S> "10%& ()-9!3S> "10% & ()- 9HHCIKLt LANdE~_@

10" s! 109@& () - S109@& ()-f#109%@& ()-s 10%@& ()-Ys 2 July 2003
109@& () - Ysf f 109%@& () - ANNNSOOP) PdE~_ @ 10" s, 5910%@& () - 210%@ 0)-

0! 10%@ ()- volfaeals ()-s, 10%@& ()-*S 10%@&: () -) P, PHPI PJ PR/ RaM6s2

10" 1 10958 () - FLO0%%' ()-"f 10958 ()- 10@ 10@ 10@ >100/@ ()-

10%@&. () - SPSSTUSWKAEDC 10° 6- 10958 () - YAZLOYGE' () - f#! 10%4G8 ()- 9!

10968 () -f 109%6& () - F@ L0%G&' () - X XIWXXXXXXXbC 10" Y10% & ()-" @0% & ()- 10G
10G 10G-@La9vBay 9 appreciated fagn (b abovebeRul)Spaial ktegratipg pehndnue@DSI) of the

10% & ()-S10% & ()-& 10% & () -

10% & () - 1§¥86ed ifiYentonlid Propobed-adZ1padd aid in] ELiSuatiPatiBn bOSE (e} Joédt0dindhd ) - 9
10% & ()-ml0% & ()-10% & ()-!10% & ()-c] ] x " +_K_dEbC

10" 5@L0% &cehgra %me/‘bfg‘a @m@ﬁﬁ:@%&dﬁ repk@%&nﬁhpfow&nent with respect to the prior art
10% & () - 90X 008 (Y KN K T

10" @o% Ofk that oﬁJ@a%Adgﬁhﬁafon#&Qr{ QMLsually obtained with multi-point detection

] geometry without its concomitant time costs. This is achieved by using different source-

detector configurations to section the medium, namely as foliows:

1. The scattering medium is scanned using a point source and point detector (i.e.

configuration 1).

2. An image (I,) is generated based on the detected light using configuration !. As an
J example, the detection of light can be done in a time-resolved manner in which only the first
arrival photons are considered. The image can also be generated using indirect characteristics

of the detected light as in the FIDM method described elsewhere®

3. The scattering medium is scanned using a point source and a large area detector

(configuration 2).

5 4. A second image () is generated using the same method as in 2 but with

configuration 2.

5. The scattering medium is scanned using a large area source and a point detector

(configuration 3).

6. A third image (I.) is generated using the same method as in 2 but using the

'0 configuration 3.
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surface of the scattering medium.

; 9. Image I, is subtracted from the sum of images I and . to produce an image

wherein the centrally-located structures are enhanced relative to those close to the surface.

Note that other combinations of images I, I and I or other data processing involving I, Ip

ahd I may also result in obtaining relevant information.

In the summary given above, a point source refers to the injection of light in a medium over
) a small area; a large area source refers to the injection of light in the medium over a large
areg; a point detector refers to the detection of light that emerges from the medium over a
small area; a large area detector refers to the detection of light that emerges from the medium
over a large arca. Note again that "small area" refers to a surface whose diameter is small
compared to the medium thickness while "large area" refers to a surface whose diameter is on
5 the same order of magnitude as the medium thickness. The appropriate input and output area

sizes may be determined empirically for any given turbid medium to be subjected to analysis.
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1. A method for scanning a turbid medium for generating an image thereof for the
detection of one or more anomalies'contained within the turbid medium, said turbid
medium having a first face and an opposite second face, wherein said turkid medium
is segtmed by displacing an optical signal source and a cozresponding optical detector
from omo respective spatial location to another about the turbid medium, each gpatial
location being associated with a gorresponding input region on said first face and &
comresponding output region on the opposite second fece, safd optical sipnal source
/ divecting an optical signal 10 each of said input regions, said optical detector in
response o optical signals detected from each of said output regions sending
corresponding detector output signal data to ap image processing means for generating
a set of image data of the turbid medium, characlerized in that said method further

comprises

generating w priynary set of image data derived by scanning said trbid medivm using
for each inpint region a first input yegion of predetemiined size and using for each output

Teidon & first output regiop of predetenmined size, and

generating a seccondary set of image dars derived by scam:i;xg said nwbid medium
using for each input region <aid first input region of predetenmined size and using for each
¢li'put region a sasond output region of predetermrined size graatex: than that of said first

oullput region.

A A method ax defined in claitn 1 comprising generating o composite set of image date

by subtracting the secondary sct of image data from the primary set of image data.
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detection of ouc or more ancmalies contained within the turbid medium, said turbid . '
medium having a fivst face end an opposite second face, wherein said turbid medium
is scanned by displacing an optical signal source and g corxesponding aptical detector
from one respective spatial location to another about the turbid medium, each spatial
location being asgociated with a corresponding input region on said firut-face and &
corresponding output region on the opposite second f;cc, said optical signal solrce
directing an optical signal to cach of said input regions, m:d optical detectorin

* response to optical output gignals detected from each of sald output regions sending
' c&xresponding detector output signal data to an image processiag means for generating
a set of imuge date of the turbid meditm, characterized in that said method further

comprises

Benerating a primary set of image dala derived by scanning said turkid medium using
$ur: each input region & first inprat region of predetermined size and using for each output
rofion & firs¢ output region of predetermined sizo, and

generatng a fuechar set of image data derived by scanning said turbid medivm nsmg
fu each input region & second input region of predetermined #ize greater than that of said first

input region and using for cach outpnt region said ‘ﬂm output region of predetermined size.

4 A method az defined in claim 3 compriaing gencrating a composite set of image data
by subsuacting the further aet of image data from the primary set of image data.

~

5. In a'method for ecaming 4 trbid medium for generating an image thersof, for the

detection of onc or more anomalies contained within the turbid medium, ea!d turbid
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10! 10 h 10 ib.scmmed by displacing an optical signal source and a corresponding optical detector
from one respective spatial location to another about the Turbid medinm, each spatial
location being aggaciated with a corresponding input region on said first face and a
corresponding ouiput region on the opposite second face, said aptical ufmal source
directing an eptical sigual to each of said input regions, said optical detector in
response to optical output sighals detected from each of said output regions seading
mﬁespmding detectar output signal dara to an image processing means for generating
' aset of imuge data of the turbid medium, characterized in that said methed further
comprises

generating 4 primary set of immage data I, derived by scanning said turbid medium
wijug for each input region « first input region of predetermined size and using for each

oiuput tegion a first output region of pradetecrmined size,

gemerating 4 sezondary set of image dau. I; derived by aoannmg said turbid medium
ning for cach input region said first input region of predetermined size and using for cach
output region @ seoond output region of predetermined size greater than that of said first

¢:atput region and

Eencrating u tertiary set of image data I desivad by scanaing said mrbid medium
vuing for eash inp}xt region b second input region of predetermined size greater thaa that of
vidd fizat input region and ueing for each sutput region said first output togion of
Jiesdetermined size.

v

b, A method as defined in claim § comprising gensrating a composite set of image data
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Lt HSYR () B+, - . Ok &REPAERABnsd in clzum 1 comprisin combmm said primary set of image data
<= >’>@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ _abcdef ghi | k mopqgr st uvwxyz{] } ~
and said secondary set of image data so as to generate a product set of image data
wherein the similarities and/or differences between the sald primary set of image data

; and said secondary set of image data are highlighted.

8. A method as defined in claim 3 comprising combining said primary set of image data
and said further set of image data so as to generate a product set of image data
wherein the similarities and/or differences between the said primary set of image data

and said further set of image data are highlighted.

. 9. A method as defined in claim 5 comprising combining said primary set of image data
said secondary set of image data and said tertiary set of image data so as to generate a
prod-uct set of image data wherein the similarities and/or differences between said
primary set of image data, said secondary set of image data and said tertiary set of

image data are highlighted.
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