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i nvention generally relates to systens for anal yzing

Syetens for o EIEROAIMPRBIIFE 1) L
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there is often a need for a laboratory technician,

e.g., 10 a cytot eg@?ﬁ BEi@#E E\E)\Z%'.(‘ﬁ\“@e'\ﬁw a cytol ogi cal

speci men for the presence cell types.
For exanple, there is presently a need to review a
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reducing nortality fromcervical cancer by as nuch as
70% This once precipitous drop in the death rate has

States for i i EARRGERI O PUb Rl i ned

virtually constant, at about 5,000 per year since the
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tool for detecting cancerous and precancerous cervical lesions. During that time, the
Pap smear has been credited with reducing mortality from cervical cancer by as
much as 70%. This once precipitous drop in the death rate has slowed however,
and the mortality rate in the United States for this preventable disease has remained
virtually constant, at about 5,000 per year since the mid-eighties. Therefore, about
one-third of the 15,000 women diagnosed with cervical cancer annually still die,
because the cancer was detected too late. A further cause for concern is National
Cancer Institute data that shows an annual 3% increase in the incidence of invasive
cervical cancer in white women under 50 years of age since 1986.

A number of factors may be contributing fo this current threshold, not the least

of which is the fact that many women, particularly in high risk populations, are still
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not participating in routine cervical cancer
screeni ng. Another contributing factor that has
WO e@siozs38s much attention is the limtation of PEEUS2004/017414
traditional Pap snear nethod. The reliability and
. o Cvi cal N et , _
noﬁetsrh&g%lyr]q 1% yrg?tgw% dé/ér\%éél c%ﬁ&&%?%lﬁugﬁﬁgéf%dnws ﬁﬁ%agr that
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possi bl e exi stence of a small nunber  of | i gnant or
acayyapy el the Cvipiegical dderpsetation;sThesgnventicnal Papsineas bagdalse
as other tests requiring detailed review of
negatiieggiasdrneiag diomal 0-50%y e g Srdiedn 'arpe pad tathimvasi nymber of
negative rate due to fatigue inposed on the .
colzanhobipels (yisafiaes Manses AP0 EOBROB) Bebgu:st be reviewed by
aut omat ed systens have been devel oped to focus the
a tedutician tadetsrmaine dng posside existenae of a sarallinyeier @émaggnant or
with a potential to discard 15 the remaining cells
pré-matipfiant chls. Tlewd, &ap snasy petalasaveloarotbdr teptstreauiring detailed
i ncludes an imager and an automated opti cal
reviéw 106 biotgical Bratafdl yhavelseffereddmm adighbielsspwoatieel rate due to
provi de a series of nunerous images of a cytol ogical
fatRjuedinpesedsdn the teelmtibiadepi cting a different portion of
the slide. The imager then processes these inmges to .
det gp M diRafetRisTEGEWIROdsB ealtoMiatdogistamhs bhweeisden dereloped to
review on the slide, and their 20 locations (x-y

fo&kRARE idtAh RN Pattd RN Dni tHE moBb pértihehtadamtwigna pstentiginto discard
passed onto the m croscope, which autoratically

thdFRERRAS cbfs #H® firtierGRAEN Mol pRaPAdoRERIE &M ifdiRles an
bi ol ogi cal objects for review by the technician.

. ! ! ( e an
m?@%ﬂuégﬂitalﬁrg%lﬁtoﬁ%Yéoe(%t%Pﬁl?c?@scon. BriBHiy; tes r®hhlbe operated to

y step through the x-y coordi nates of the
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determine the most pertinent biological objects for review on the slide, and their
locations (x-y coordinates) on the slide. This information is then passed onto the
microscope, which automatically proceeds to the x-y coordinates and centers on the
biological objects for review by the technician. During this review process, the
microscope will sequentially step through the x-y coordinates of the biological

objects, placing the biological object within the center of its field of view. For

example, if the number of pertinent biological objects to be reviewed equals 22, the
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WD 2005/ 024395 PCT/ US2004/ 017414 technician wll

review 22 regions on the slide as the m croscope
wa@oiosagdTal |y or sem -automatically noves theCt/ustod4/017414

of viewto the defined x-y coordinates of the

recPpPiBtal By ER o2k ies PR A HIOR R tﬁ@ﬂ%@eﬁbﬁ%ﬂr@@éﬂ?@% or

further review ol o
sebpueretfal e,vabﬁytgfetﬂ?féfo% o R A
or pre-maligna cel ener al hi t
DiopReiR GBI J P BvaEet 6B %ueeréﬁmtbleiﬁ 8L tnat e or
technician's attention is fQc (%fo alimted
shopelsiededir BEYPEITIRY Ph LR P! eRambEe A ePfierigving
revi ew t he vast nunber of objects | ogi cal or not
attghutes eonsigect Withmaggeani e Pﬁ%@a{'@@f’i‘& P%Irsan ° must )
typically review hundreds of slides per day
howsvganeralniis aitematasiproegdure has ArRysd &¢ bﬁusa%‘gﬁse& since the
objects, the technician may still be subjected t
tedhatdiayeattantiondslfacused on Rdintteduabes Oéoﬁéﬁ‘{ﬁeﬁalé‘{i%ting the need
aspect that nust be taken into account. The cost
fortthe texhbicidreto e orthe sastoungsr @ﬁ\pme’r@l(@glogeqal opeet) AR
such as Pap snear specinens, is tied, at least in
sppeirrien. Bechbes thertechmigian nust tyaicay teviesy Aundreds efslisigs per day,
each slide. That is, the nore tine it takes for a
hotveesmaad dust tenkof nlmdsemdmoﬁbibldglcatdtéemrtbe teshnidian may still
| abor the laboratory incurs. Conversely, the less tine
bet didfectdd toakirfuef dn aaditieahhbri iamisoa cavinercial aspedehat hest be
nore noney the |aboratory can save. SUMVARY OF THE
talldNMENTADUMD THREcHRTBateBNabarbidiibs té rwesw tytologial specimens,
bi ol ogi cal screening systemfor 20 presenting OOs is

sueg Q¥ IFBhmek8pay, ﬁ{eﬁg‘ iSQiEB! Ata84st ﬂn?érﬂﬂd ket E adkedrfof ar
taining 1nmages of a specinen slide, and generating

tebHPRGS %QIGW%EHJ@GI REES; théd Meore SV ietakbY fdhetechnician to

conpri ses at st one processor for filtering and/or

re&%@%eﬁﬁl'egﬁletrﬂ&e dd@@ﬁagﬁltﬁe ‘ébo%&@'lﬁcl@ EondédefyOthe less time

to each FO, at | easft

thig_t?{ tgkggs 3 tga’ﬁﬁaaﬁgb {{ﬁv@%h@é‘ 'f‘ﬁ‘é"FnoFg %tﬁé’la%l%%ry can

signmen to 25 eac can
acconplished in the sane nmanner described above. The
stem

SUMMARY OF THE INVENTION

In one embodiment of the invention, a biological screening system for
presenting OOls is provided. The system comprises an imaging station for obtaining
images of a specimen slide, and generating imége data from the images. The
system further comprises at least one processor for filtering and/or processing the
image data to obtain OOls, and for assigning one or more OOls to each FOI, at least
partially, based on the assignment of OOlIs to other FOIs. Assignment of the OOls to
each FOI can be accomplished in the same manner described above. The system
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-3 WD 2005/ 024395 PCT/ US2004/ 017414 further conprises

an autonmated or sem -autonmated m croscope for scanning
W@2d05024395 of view (FOV) relative to each FO tRCPUSREH017414

the one or nore OO's in each FO. BRI EF DESCRI PTION OF

A S r i . .
o R B O Oh B ok g e
S r ar

o SR PRI R R LD HEER 12 e SBRIOOR frgato
standard m croscope slide carrying a biological
specinen; 10 Fig. 2 is a plan view of a biol ogical

arhodi ment oETRE Trsentr o e BRI of 2"

field of interest (FO) and marker indicator as shown

e T3 e e hee Yt 5k Bl pTLTHGREREof BBt dhion
in B 1) et 2p [er®l B76T arRo Rl R iy g

Fig. 5is a flow diagram of one processed used by the
* processor to determine if an 001 is collocatable
with OOs previously assigned to an FQ; Fig. G is.a
il a1 op P UON A B e R AP Rpe P eTyiad ashloksgied
Fig. 7 is a diagram of the boundary box of Fig. 6
spekif¥ided to include another 20 001; and Fig. 8 is a
di agram of the boundary box of Fig. 6 expanded to
i nclFigde is einlan viaw s petiolggical screepii s sangigicted in
PCT/ US2004/ 017414 DETAI LED DESCRI PTI ON OF | LLUSTRATED
acEnBante/miiTgne embodiment of the invention; :

Fig. 3 is a view of a field of interest (FOI) and marker indicator as shown
through a field of view (FOV) of a microscope used in the system of Fig. 2;

Fig. 4 is a flow diagram of process used by an FOI processor of the system of
Fig. 2 to assign objects of interest (OOIs) to FOls;

Fig. 5 is a flow diagram of one processed used by the FOI processor to
determine if an OOl is collocatable with OOls previously assigned to an FOI,

Fig. 6 is a diagram of a boundary box expanded to include an OOI;

Fig. 7 is a diagram of the boundary box of Fig. 6 expanded to include another
0OO0I; and

Fig. 8 is a diagram of the boundary box of Fig. 6 expanded to include still

another OOI.
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Referring to Fig. 2, a biological screening system 10
constructed in accordance with one enbodi nent of the

WO pwsene43eh i s described. The system 10 is conPCTyUSEO4/017414
for presenting a biological specinen 12 |ocated on a
Mt 05GPk BD e eRIPTIORFEF IENIFRAPED BvpbDIENS
technicran, such as a cytotechnol ogi St, 0 can then
review objects of interest (OO s) located in the

0SSP (AL bR Taoe g g S B
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typically found on a Pap snear slide. In this case,
subprgUEDly Teeured PROPIswithyt thedu?ls; @ihar than slidejgaiopg fiat are not
clusters that are reviewed to check for the possible
pepinesbntee slideattt thievided wWith fiduciabmarisyté thesfungden ghahiel wil
or pre-malignancy. The bi ol ogical specinmen 12 wl|
betdgscibéd in fhehe dedaitbelow. t he slide 14 as a thin
cytol ogical |ayer. Preferably, a cover slip (not
showithough 2@ sydteer @ cam be need prepriesent ary, bielpgicalgpecimen (or
fixing the specinen 12 in position on the slide 14.
evéhe spesiblvgital @evimern esush ak rexbmputér chip) thali reqbires further
stain, such as a Papanicolaou stain. The system 10
regewethel dypteno NP idreigstséll parisularhgiel do HtegiresentaiBorf ofrcytological
obtai ning 1images of the biological material contained
cefVicdl e vagingiecel diaprthtagRnesuah ia ghatligsitalgrioend @baiRapgemear
data fromthe i mages; (2) a server 20 for filtering

i88d |PIhRcass e OO tbhREER fobm \WOINARARIAD 24I8%nd cell clusters that are
PCT/ US2004/ 017414

reviewed to check for the possible presence of an abnormal condition, such as

sl

malignancy or pre-malignancy. The biological specimen 12 will typically be placed
on the slide 14 as a thin cytological layer. Preferably, a cover slip (not shown) is
adhered to the specimen 12, thereby fixing the specimen 12 in position on the slide
14. The specimen 12 may be stained with any suitable stain, such as a
Papanicolaou stain.

The system 10 generally comprises (1) an imaging station 18 for obtaining
images of the biological material contained on the slide 14 and generating electronic
image data from the images; (2) a server 20 for filtering and processing the image
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data to identify OOs, and for assigning one or nore

of s to each FO; and (3) a plurality of review ng
W@ t@bionsss 22 (3 shown), each of which provi desPer/Usmodo17414

of view (FOV) (illustrated in Fig. 3) that is scanned

ool TP RUS P PR3 of Bl B3Pl B
RT3 P 2 NG P T oS40
B R SERIEL 5 SR BT A PRI B

his t within a

i 14, ' i cal l ' .
g iardiqie Bl nsundroRe s TRES TR Th Mok Bymarpe =
PGS ER B0 HBYY [ BALh A B oEr e PR 207 LGP NN o

the cassettes in a serjal fashion. In the illustrated
shewpb gerieal the cietechnalgaishcan infarast With ing syalsabI & of
processing up to 10 cassettes, each holding up to 25
sl i dbe mpgingistation 16 imeenfigurethie Imaagiﬂh@slﬁea%’r,d\‘h'%'s typically
conprises a canera 24, a nicroscope 26, and a ) .
contaiired within steageetis(norshovenraiong with etet slides. fRiyimorthe imaging
i mages of the slide 14 15 through the m croscope 26.
priddesscthemlide® drenmmyndyed &y braesiecive gassettps.dmaged, and then
conventional cameras, such as a charge coupl ed device
refUEEd) tochereassetishiic h safiarfashiar. inrthe dhistratetieprbagimant, the
ot her conponents, such as an anal og-to-digital (A/ D
imeging etatin, 1&g capaidd of progessigy tplto d0cpseeties, sadhfhiadiegup to
resolution to allow processing of the captured
25i dag€Sn about exapmke a digital inmage having a
resol ution of 640 X 480 20 pixels. Preferably, each
Pi XgheiifagPg\sestiodd 8 dintpriz8s & @hierdizy, ¥ atices¢pd 26,20)a
depending on its optical transmttance, with
motBHSNN8e JBeiThg dahferass Icaﬁﬁéesymb?mﬁé@ [madeRasithasient4
of |ight passing through the pixel, and "11111111"

th&%'gﬂ%é hecrBssiped THEAddSerb @ MaPhe ahe she dMB WAk of
I'Tght passing through the pixel.” The slide 14 is

co@?%@%%h@&géﬁséﬁghoﬁ & %r?é RE6pI188 de¥ibe FOCBY @Qﬁleté"'h, gvhich alone

ive to the view ng region of

or'Mh CERESARR ith othB} ESmpdHent2REER ad 4n SRBIVYLIESigita (A/D)
converter, can produce a digital output of sufficient resolution to allow processing of
the captured images, for example a digital image having a resolution of 640 X 480
pixels. Preferably, each pixel is converted into an eight-bit value (0 to 255)
depending on its optical transmittance, with “00000000” being the assigned value for
least amount of light passing through the pixel, and “11111111” being the assigned
value for a greatest amount of light passing through the pixel.

The slide 14 is mounted on the motorized stage 28, which scans the slide 14

relative to the viewing region of the microscope 26, while the camera 24 captures
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regi ons of the biol ogical specinen 12. The shutter
wep®em243pst he camera 24 is preferably rel ati veCyukiogho17414

so that the scanning speed and/or nunber of i mages

im%@é&eﬁl @Q{'ﬁ %n@coégfe dfi)lé-lgglcgp O@ckﬁ&%% El‘gg sagttv%ﬁ%?ééd of the
t.h r
ca%ﬁ:gq E@ﬁso%fer%tg& r%l fi ve@ﬁlg‘éﬁ %oztﬁa tﬁg srcgﬁr‘?\e sgdsﬁﬁglgpﬁ%ﬁer of
toriz stage ,2 k h
migs BRRRCrs B en ST Rd 80 Oq%fﬂzgedystt%% 28t ﬁ%ﬁ?ﬁ(?f fhe x¥
These coor di nat es t ve
cop RSP E g 6y 219 Fard eﬁfﬁa@ﬁ&amaﬁ 1 Foterue:
in Fig. . d her
engeilasy Tiqtisbioun) eabe catpIem IS TesnaYe HickerSios T B ogged
the reviewing station 22 to ens re tﬁat t
stagg i asorack fee B el Gl e m%m{@éﬂy”ng
can be correlated to the x- coordi nates of the sli
imadingbTaPsR goRINGIRS arﬁénﬁarwngelaﬁw%é%ﬁ@ fidhiah JapEh E6 bffixed to
processi ng conponents that are not i mredi at el
theelidsi Tefshowo iaTig. dhdés wilbhrifergriged imiirthacdelail gﬁ',owt, Hese
server 20 conprises (1) an inmage processor 30 that is
fidodalmgrksel® wit alspelra used [oohs reviewingiséatiamedietodrsare that the x-y
acquired fromthe canera 24; 15 (2) an FO processor
coB@ijnates ohthesliden# idytngthet reviawsirgeess@an heocareiatef d the x-y
(3) a routing processor 34, which is configured to map
covwiiiatag opihelslidbdd dbtmecbdurm@ithgimagiag poee22 will use
to scan fromone FO to the next; and (4) a nenory 36

confangingastherf grocedsiing cugngdmentsGhat aedof Chsediakaly pertikemigo an
and x-y coordinates of the OOs, and the routing path

understdritind 6 the ihdentibouhé sboeapp b@ﬂpﬂiesj(ﬂ) hatmbge processor 30
functions performed by 20 the respective processors

th#8s c&igupdWiodde i) s PO e MEgdYat squgbe fionobesantera 24;
or alternatively, perforned by nore than three

(2PEPEBF BRICEssdl 38 Whith is tbnifeRifed® asRifpf @OIAfotshchiFD!; (3)@

menory 36 can be divided into several nenories. The

ro%ﬁ%o%&%‘?%ﬁ%h%ﬁ id Qcﬁﬁlbhfe'd% rﬁaﬂﬁro@@hé péihttﬁ!aﬂhb ti'@\/lewmg

ogi cal” speci nen by mani pul ating the digital

stAtlBREESwhiRE 1Y Slad fBM &H&%GIQW@n%&, ARy @) SUhERBHE36 éonfigured

for storing the OOIs and FOls, the ranking and x-y coordinates of the OOls, and the
routing path for the FOIs. It should be appreciated that the functions performed by
the respective processors 28, 30, and 32 can be performed by a single processor, or
alternatively, performed by more than three processors. Likewise, it can be
appreciated that the memory 36 can be divided into several memories.

The image processor 30 identifies the OOIs within the biological specimen 12

by manipulating the digital images received from the camera 24 in a suitable
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enbodi nent, the imge processor 30 acconplishes this
W@g0089243pF | mary and secondary segnent ati on opePEL/USI084/017414

In the primary segnmentation operation, the image

m%é%é?@25%9%%@5Eﬂ%prﬁ?ﬁﬁaﬁéﬁéﬁ%%ééz%f‘a cHriRhas tisausine
LBiSi teraflb: Pt Pildes! 36 "acéormi sh
oripOn PR Esrer et A et ielS. by i Tt ueof thei 1

l'ightpess, are unlikely to be cell clei. Th
r enih i gk rdena oot it lirParsRtl Bp dpgoves
avin |, manner, of . shapes and si zes. Jhe inmage .
ariach BBt ARl BT GHeaaRe aroseessy T Sedahes fis by
bl obs in order to renove fromfuyrther . consideration
AN GB AR (eIl jraer i fomebhen e eiin GG bY Yhue of
narrow strands 10 extendi ng from bl obs or connect i,n_g
theiidjchinass. aecpuikelyfie be galBUgelo JdedBMadtng piggls in the digital
determ nes whet her each blob in the image is an
impgriformdhlpbsohg\éeg abmaaner fshapesiand sizest e dpagripigesser 30
the nunber of pixels in the blob. For exanple, a blob
thereérfrgmsraprerosina pra®es pintied blops gherdeetaieravediany fusther
clustered object, whereas a blob having 500 or |ess
copsidelatombiphs that ace nsiydeieadixgls iImdametas and sisiowt strangp
i ndi vi dual objects, 15 blobs that do not neet certain
extandingrfrean blebataz donnedtiog aldjaaerihlolps r Theeimeaget woegssar 30 then
ratio, optical density standard deviation, and
detrayresalieetherasachi bie invht irrage is andndividoakohjested a clustered
further. In the secondary segnmentati on operation, the
objg¥RARPENEIAG DBAKe BOmbendisigels bl thb$ldbh aforaaxempid, iaksbly hadng
e individual cells or clustered cells. For individual
m&HBitest 500 piBistrhight F@EENIMPEE a BMsteI8d PBJekh Wikréasse biobshaving
of erosion operations, which renove small objects and

508dr MgaadiRsSs Rigtt®etdopBisiefddn hbwiduanssjedtn & obiresduobjects,
dil ati on operations, which renove holes fromthe

bIdRRANUSotRhOb TertBRY criditsichited! tPf 6Fch, pbRMeldFa@area ratio,
processor 30 sharpens the edges of the object to

A R i e ot o
cohB8bMaddher 8

In the secondary segmentation operation, the image processor 30 removes
blobs that are unlikely to be individual cells or clustered cells. For individual objects,
the image processor 30 performs a series of erosion operations, which remove small
objects and eliminates projections from the remaining blobs, and dilation operations,
which remove holes from the remaining blobs. For clustered objects, the image

processor 30 sharpens the edges of the object to provide a defined border. From

the defined clustered object, the image processor 30 then selects an individual
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havi ng the highest integrated optical density. The

w0 pabso2oml obj ects extracted from cl usters oPEUSH04/017414
will be flagged as cluster-extracted objects. In the

objggggrfébg%&g%%\ﬁfg%g%%{@%%ﬁggrggérgge@ dBE RUREFSTRE Fﬁgvli%aélobjeas
ol g Bur eI Gi Bu Ghlobe STl BRI o

Based on thi

NI R TR R o

fea%lpfggtég{e%%g%?h%tn iyl@r&g 9@% élalg %Léﬁtroq 8&119? t,%l%@ﬁwtesn'calculates
I ndi vi dual objects representing indiyidual T(q)@‘ls

an OpiRFL 850re M ach oviect hasest %tf@uﬁ%ﬁ%d }é%P%%e Phg features.
clustered OO's (COA s). The image processor 30 10 then

Bagea podtie scarRethedngge groaeradn3drgRIaves Nditida! ebisgtnpand
average optical density, and ranks the OOs in

clustered dbinets thattatie likely o é@ﬁﬁkﬁ%ﬁts-d@h@ﬁq PMANING are FRjisideseth
digital imge, the imge processor 30 stores the

O@s) with tiedndjvidiialrohjérss representing individikal QP OIs), and the
coordi nates, within the nenory 36 as a frane data

clustsred dbjeEBRepresentirigeclisterest@@tsd@OQIsh otherisrage processor 30
approxi mately 2000 digital imges are obtained for

therpealEltésithe A0 Isandthes rMuclesr ayggreted oaeeepg2eplicHDRysity, and
will be stored in nmenory 36 for each slide 14. In the

ranks the OGIE @tlacvbdaticertith theineptica gengtyoabssorF@@ach midits!
t he nunber of OO's contained in each FDR to 10 for

imbdslithé thadde §Pobessando 3tdres thel OSIs brMgMIstheiFihelafi@ ranking and
processor 32 assigns OOs to each FO based on the

cobrifeié) wiathin the mékb-36Aesa gamRai®fedoh®(FBRE lhshe illustrated
acconplished in a manner that avoids assignnent 20 of

enfdddfimé i, %rgﬂnﬁk{lﬁkom&@itéﬂ iReY aREEHaiABE F@NRhWIit& 1], and

anot her is manner, the OO s can be grouped

thL¥§i %@r&ih@ (le)rF gb@o BRI b8 stdéd RITRERORESY for kave stﬁdhee14. In the

d nu in a coordi nated manner, so that

illdgﬂ%aren%dga%ﬁt {%QHagE%réé%%Hfﬁglimﬂ {3l funffdr of €tls RBntained

maxi m ze ternatively, number of FA's is not

in bRAPANRYBY 0 oWARGIL8] OB nd SRHIdiRgerkd Al ude all of

an be mnim zed n one i ment, 20

1004 B8], B &S 3 R Ror ot 698En R 2688 bh e Felikhg of the
OOls. Assignment of the OQls is accomplished in a manner that avoids assignment
of OOls to an FOI that have already been assigned within another FOLI. In this
manner, the OOIls can be grouped within the FOIs (which in the embodiment, have a
fixed number) in a coordinated manner, so that the number of OOls that are included
within FOIs can be maximized. Alternatively, if the number of FOls is not fixed, the

number of FOIs required to include all of the OOls can be minimized. Inone

embodiment, 20 I00I preferential FOls and 2 COOI preferential FOls will be
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-9 WD 2005/ 024395 PCT/ US2004/ 017414 generated. Thus,
it can be ensured that both IOOs and COOs will be

wo pbzises within the FO s for subsequent revi POU/bg20041€17414
cytotechnol ogi st. Referring nowto Fig. 4, the process

geHégag Py7 J;ep e e ?1%8 22haoth %O%O%]ﬂépﬁlg%ldbe include

er en h1's case I SCuSse

AR BB o I PSR, TocES5e0
o ey AP 5 Bl AP
o e TR PO A,
o e B ST O 4S8 b o
PN ST A e TN S Y

subsequent processing and human revi ewi n
DlarkahOR AGemehyeerior (RAIGHEl SUA FLRIasRY B1S CR BiepTTEgs nto a
consi deration by the FO processor 32 and
singje ligte dhaslustarsixtragird RIS ficodee LoPIs3hak Weiie Qydigetestieam
the FA s, which have a predeterm ned 15 size, by
clustars willrhg flagged 88 stEhatneena embedimeph dealliss comaina y
coordi nates and rankings of the OO s. Specifically,
prédede@ihep nonbesarOGE, ags. HPsIO®ie and 2OrCPREsdfor tegespective
(i.e., the first 1001 in the list) to the initial FO
lis{sadh ittos mzinaek s6BYequEhEpPBCESSiNg aned bsman 3eviewiag tisw iscnisimized
the next ranked 1001 (in this case, the second ranked
byXelLiirasowvaerisku® Otnfrorh Grthdraohsidaratibo bl el Ol progessor 32 and
determnes if the current 1001 and 20 the 100 s
cyttestnologisy. assigned to the initial FO can be
collocated within the initial FO (decision block

56) ThAH@Prycessdr 3h@ichigepbrfpasthe Rle, whichhevé amptedbtermined
1001 will be the current 1001, and t he previ ously

sm%s 81 988 gnih§dypcobirliihaBlty thdhs bHSR) bMehe Y tbaldirdtesand

first ranked)” 1001. If the current 1001 can be
ra@@hdL6ahEe @)CWS.t RpEBACAR TSI Prodsstbp B2 dsdigRd the tbp@anked
|00 (i.e., the first IOOI in the list) to the initial FOI (action block 52). The FOI
processor 32 then selects the next ranked 100I (in this case, the second ranked
[0O0I) as the current [OOI (action block 54), and determines if the current IOOI and
the 100Is previously assigned to the initial FOI can be collocated within the initial
FOI (decision block 56). Notably, in the first pass, the second ranked 100l will be
the current I00I, and the previously assigned I0OIs will only include the initial (i.e.,
first ranked) 100I.

If the current 1001 can be collocated with the previously assigned 100ls, the

current 100l is identified as a collocatable 100! and is assigned to the initial FOI
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25 current 1001 is identified as a collocatable 1001

and is assigned to the initial FO -10 WO 2005/024395
weERADsSSa004/ 017414 (action block 58). |f the PCr/DS2WD4/017414

1001 cannot be collocated with the previously

(aﬂ%ﬁibggﬁﬁdség 'tfe o qurbt%ﬁl Bnc}too%lcdnBcétQ&%t h&ﬂ{%‘/goﬁly

not assli g

bbb T B 5 T3 BB o o
<R L 00T 0 Bhgtha’ R RSl B aes
Bt e S

t hrough bl oc i n order, tag ass 1
goes PGk i BBNES crece (i 1S PR RO REIS9aE a3 dip et 1001

iterations will| be e(%ual to the nu of | s in the
Thussit can Ragpeiesiaed. dhat the ﬁ@é pfwéssqrrﬁ%w'!i|'te?@é®og)rougwk9ﬁks 54-

in this case, wl| be 99 t If the _current 1001
60iig ordes to assign alkalpcataie IQ% tﬁ@he kﬁ‘ft@bﬁgéoTh%QUWbPT of

iterate through the COOT |ist in order to assign any
itecatione oelt b eeuadothe nunberefil@Ols il thedst mings epe (i e;amnrws the

the FO processor 32 selects the next ranked COOT as
initi@ld OQUY, ménith iCUTF cagaotill ba MWitoeds. 64), and deternines if

the current COOT can be collocated with the

pr eVfi tbe sliyermtd O] methell&Xirankecd OChe A@Aqurbedssar BR adlkiterate

66). O course, if the top 15 ranked COOT is the next
thioaigk ¢ioe CODI list inerdiédl to pissige esy coBatakiel COXDIy taltteeinitiaheOl.

if the current COOT can be collocated with the
SpycHicaiy $hey FOs piagassbr 32Wetectsiheamxt tamked ORI astherarrent COOI

previously assigned COO's in the initial FO. In any
(aSiMBlock 64) Bed EdtefrRifies ifAROEuGam GBOCoAN be abletatdd With the

previously assigned IOOs, the current COOT is

pred8mIy Esﬁgnébsl@l@@nbm@@dd@cﬂs@%l@dkdse)s Cigsueet thedtop
the initial FO (action block 68). 20 If the current

ram COMN WO XERINKES BT, M FOf hdcidsdy Bowekd orssdds@sine if

1001s, the current COOT is identified as a non-col

th% gg'?%@tﬁb O‘?‘Q@’?‘b%@g”dété&klt@ﬁ% SeEudIp a&é]?nééd;ldd)%l sinE&there

processor” 32

wifl BEHoBrEGSudiy aEQSn&P&b@]E i nitig) EAE 1h 8 V@K@ the current
COOI can be collocated with the previously assigned 100ls, the current COOl is
identified as a collocatable I00I and is assigned to the initial FOI (action block 68).
If the current COOI cannot be collocated with the previously assigned 100ls, the
current COOlI is identified as a non-collocatable 100! and is not assigned to the initial
FOI (action block 70).

The FOI processor 32 then determines if the current COOQI is the last ranked
COOI (decision block 72). If not, the process goes back to block 64, where the next

ranked COOlI is selected as the current COOI. Thus, it can be appreciated, that the

-11-



10

15

20

25

COOT (decision block 72). If not, the process goes

back to bl ock 64, where the next 25 ranked COOT is
waeiso2ees as the current COOT. Thus, it can bePCT/US2004/017414

appreci ated, that the -11 WO 2005/ 024395

Fda ﬁé%§%8r84%\é/&l§é%%ey§9y%ﬁéf&ggsrq é{? gO J19f gv}ﬁgel P%snéﬁ%ﬁ collocatable
o3l Rl %FH?OEBe ol PR B corl el Baimpé! o

| st, . i.n this cas be 20 t If th
Cé@rsr”éﬂft ip dhig fase; é{‘glfb‘? %%E@SEOOT It ﬁsl nitial e

will be defined b assi CO
i Ifth ciiesnt GOg! %arﬁen@ﬁt rmg Mu pfFafiibe S by
col | ocatable OO's (1 QO (action block 74).
asgNiRg XY a@oréus@aqsﬁbwlti% Fqlu??wﬁnn&ém’f inchiies ! qf ﬁ?ﬁ :
manner in whi coordi nates are assigne
coligpataljle; Q@IaKIQ@s anmqoé@bémon biackeidy- g vplhbe deﬁﬁf@ﬁd in
the manner in which the 001s are determ ned to be
furthslr Idetailt etidve. the cnavagt in whieh thel x-ip coersingies a2 asigneedo the
the next FO by assigning previously unassigned
inittal IRQJ oill dbpend, Gopsly iropartaipeaithe Spsoer incuhicly the: GO Is-age
processor 32 selects the next FO as the current FO
def{exniineshtoldeomilo@@pbleand assi gns the hi ghest ranked
previ ously unassigned 1001 to the current FO (action
bl oblexi Fe FEOproerasypl3e,defihes the nexit FOI by adsigeing pdeviously
ranked 10O s have previously been assigned, but the
unbbsigtked eslloediable DM thte FOL , Sgduificaly, tide FahpededSiy B2 selects
will be assigned to the current FO. The FO
thd h@RE=JIs B8 curent B@I @etich bibek NE) bind apkigas fHechigivest kanked
unassi gned 1001 as the current 1001 (action bl ock

pr@\%uslf QhasigERl 1801 1td tHeh®irfeht FOI (tish BlocRIT8).SByesitdmple, if the

OO s have ~previously been assigned, but the eighth

fws?t%ﬁ%‘écé@@ﬂarfk@@ |0Bfs hé\}éepr@{ngbél beah E§anéd3%t Wiel thir®anked

sel ected as the current 1001. 20 In the sane manner

|o§_>®ﬁ8§ 'nB€Qh@¥Pﬁr\ﬁeraM¥téd1ddi§gﬂ?Bé a%QgFl&?td b labnFEd). therol

rocessor termne if the current 1001
oA PR R e S

IOHI g‘étloﬂeﬁgck 80). For example, if the fifth, sixth, and seventh I00ls have
previously been assigned, but the eighth ranked 100l has not, the eighth ranked
00! will be selected as the current [OOI.

In the same manner described above with respect to the initial FOI, the FOI
processor 32 will determine if the current 100l is collocatable with the 100Is
previously assigned to the current FOI (decision block 82). Notably, in the first pass,
the previously assigned I00Is will only include the IOOI that was initially assigned to
the current FOL. If collocatable, the current 100! will be assigned to the current FOI

(action block 84), and if not, the current 1001 will not be assigned to the current FOI
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the previously assigned OO s will only include the
1001 that was initially assigned to the current FO.

w0 Roosor43exat abl e, the current 1001 will be assP@nes2000017414
the current FO 25 (action block 84), and if not, the

(il i A ToE Ty e RBo Bt 'o&%%ﬁ%és?ﬁ%%urﬁ%ﬁf Iggls the
F c | ' [
aef Bked Pty éﬂ%ﬁffﬁ%rdgéﬁ' 3%%@@%%0%@@-2@0& b Eﬁ%ea%gges
1 ' 88).. ,
bRt BRIl Bkt el s BTl
' 1001 1 ) 1 :
selfh{i0 S S Eurel ool df it o] Rt P e Bl aeossr o2
s s PR
R 1001 i
colfgsglebie 1ROl s BUEREA0Ia2 wi Il iterate hrough the
COOr |ist in order to assign an revi ously unassi gned
col I denunne 108 e ast (anked o Pliihe FEl PropesRer A terate

manner described above with respect to the 10 initial
threggh thefe@H listdn oyder tpassign apy preyioyisly uRssigned eeliqcatable
next ranked previously wunassigned COOT as the current
CQsisito the eureant (1) dik theogameamanaest dasgiiped abgver Wigh raspeetdatthe
COOT can be collocated with the previously assigned
initid 0. Sivecificallys the(@kprotensoh B2 sklegt®)the Agxl ranked prelvipusly
hi ghest ranked previously unassigned COOT is the next
unassidgresti ©COOT asttive cEENt (1QREE@shon BRck 8e) aod dgtatmiresrii the
if the current COOT 15 can be collocated with the

-cuperhCO0$ tyn s solpratedl Wit the wevioesly hesigned |GOIBeanaCOOIs

previously assigned COOIs in the FO. If

(dexfdioroblatibRR, Agdie, iCtherrigiesCaketMpldvidisly assisigmed Q@O is the
the current FO (action block 94), and if not, the

negtuahlesd COXDTthel Hd| grotedser 328864 08i¢ deteririte it tHe @mtenECIO O]
(action block 96). The FO processor 32 then

cafl 8k bbdERed With &Iﬁ@pr‘éWoU@Igtas d IG0Isheinkarere aAkBs no
previ ously unassi gned O (decision block 98). If

préVusiyt AsidHeRCEO B 1LiRake PatKifalidaetie, He ceftecbbewiend
ranked previously unassigned COOT is selected as the
asSYREEH th€ e rentBEBactibn 5iBBk 88), and if not, the current COOI will not be
assigned to the current FOI (action block 96). The FOI processor 32 then
determines if the current COOlI is the last ranked previously unassigned COOI
(decision block 98). If not, the process goes back to block 90, where the next ranked
previously unassigned COOlI is selected as the current COOI. Thus, it can be
appreciated, that the FOI processor 32 will iterate through blocks 90-96 in order to

assign all previously unassigned collocatable COOls to the current FOI. If the

current COOl is the last ranked COOI, the current FOI will be defined by assigning x-
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appreci ated, that the FO processor 32 will iterate
t hrough bl ocks 90-96 in order to assign all

wEe@siopi3sd y unassi gned col | ocatable COO s t o tPET/US2004/017414
current FO. If the current COOT is the |ast ranked

CW%E’%800@%“%’?%@&E%P%%Bﬁ%ﬁﬂ%%‘%ﬁge%"éQﬁ’f‘f‘é?sﬁg aihis

Oél@? SO togg QC"%PW‘&{OO hat includes all of the

coI ocat COd s) (action block

the' 85T ﬁf qﬁa?&?éf@ﬂ%? gty P DR FRATS et
'O{DEE?%&%ﬁfi%'é*@‘W%'ﬂ%E%% o5 0L Al o

e current F

pr@s@?‘%}ﬁﬁf gﬁ et Y A ATe agfetﬁ%satﬁfa;@tfo' and
Tibe rude H%%’%"grr@éco R E@é&ar@ﬁg@q%@%ﬁ SR i

104 and then the FO processor enerat e

o e?féreeeawr%nt Fﬁw%m ot (B BreraeBtsiie. feaposss etds) aeit @pton
simlar_to that used to generate FO s set

b'OPb 10(’1) tﬁnsét@n e F@bprogersos B3 it genaratedr P Pb peirentia FO'S

that the previously unassigned collocatable COOs wll

thip gages sneyfieal 2 Otshi FoEENBRYIGHRr torBaljisedite gsngrate FOIs set out
unassi gned collocatable 100 s are. Another difference

in Blpekas76-1066h The significanidifferenes is thalthedrevieusly umrasigned
previously unassigned COOs |left after the 20 1001

colpoatahie @QOQIs WHDbe assignedyoribe &Cdsl pefanelthehureyioasly lusassigned
one of the COOT preferential FO s cannot be

collovatabdd 1G@E dar. Winblhea diffie@hcelsterhé frencths dactitiha théde may be
processor 32 will attenpt assign previously

lessibas 2 pnedoud|yighassigeet (GO deft @XDkisthei20d 001 IpaderertibbfOls are
have been flagged as being extracted fromcl usters)

geheératdte ah@lt$9, at lehast hrey 6f the €OVt prefepergial POy sl We initialized
unassi gned cluster-extracted 00 s, the FO processor

witBd @00, #$§iigtady, @\ POBHrceEaE SR Q\ﬂlﬁé’ttemﬁﬁéslgnhﬁbwwﬁl?
not extracted fromclusters to the FO (s). 20 As

unBéé@iéchmﬁei bR AIYR, (1.4 N ORARShaVE baBhGRgHE® aBbimg

are determned to be collocatable, and the manner in
exiRit6H rbRFciisrd RO THE FBISS 1Ah8reAs8IndeRoldh brBSiously unassigned
cluster-extracted 100Is, the FOI processor 32 will assign previously unassigned
IO0Is that were not extracted from clusters to the FOI(s).

As briefly mentioned above, the manner in which the OOls are determined to
be collocatable, and the manner in which the x-y coordinates are assigned to the
FOls are interrelated. For example, if the x-y coordinates are assigned to the FOI,
such that it is centered over the initial OOI assigned to it, the FOI will be fixed in

position, and OOls falling within the borders of this fixed FOI will simply be

considered collocatable, while the OOls falling outside of the borders of the fixed FOI
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FOs are interrelated. For exanple, if the x-y
coordi nates are assigned to the FO, such that it is

W@ eovsme3e5 over the initial 001 assigned to it,PeHESHO0017414
will be fixed in position, and OOs falling within

Wﬂﬁ%&?/ﬁ%ﬁ%ﬁ%@%ﬁ%@éﬁ IR léWi %00%%'6%5?? ﬁ%ﬁgned tothe
BoBiBads W Bl b1l Sl St gt atovea o
m%ﬁs' e wgﬁxﬂaé’s‘?s'aﬂ'a%‘@? aoakee BRI HEhGR T e

cent ered over ro , d thus is allowed
YRRIDGaR GRvee FOIES SIS KehR ﬁﬂémovegﬁomomquﬂ?gtge ool
W|th| n the borders of the dynani cal npvabl e %e
an(i at.lfrerﬂj celipgataiie Q). wgh%\ﬁéersma Bty gatecatanie B§X to
and the current collocatable wi t hout causi ng
falboui%m@ Shthebaseers i éheaﬁ% wilbhe 9@8@%{?11 cemcﬂ%e grhileras OOI
borders of the FO, will be considered collocatable,
eithgr faling puiBie ofdhe h@fderSapfl thﬁg‘)"@@ﬂ@ﬁkﬁb@m@f’a@ﬁ &EQor gavgngp
the dynamically novable FO or causing currently
cugehtlyoeslipedibbletto falhw’tSIdatoéth@éoqmiersh)éth@olF@brV\ell be C@mfédered non-
FO, will be considered non- collocatable. The |ater
colhsiabaite. The lad¢remethidd ds/prefarires! dver ther formemnsimcetit will generally
generally 10 allow nore OO's to be collocated within a
allogw vweore [BIDIs té\ bE@ollccatedwitbiormavgivereROl.y centered over a
group of collocatable OO's (either or both 100 s and
COOAT)Olmanuss cunvenicaiy esrdaledevboa gddupgoftimmiocatable OOIs (either
Specifically, and wth reference to Figs. 5-8, the
or b6 100018 ANEXIPORKAbY @sing wadxpgndaie boinding bber 8pésifidally, and
determ ne whether FO's are collocatable is described.
withi referendeht Hgs! 508, nthehe of 2R exandibis Bowmding B&an 50 @ iteratively

as a point, will be initialized by making the x-y

defPRirE WREtRSr POIL &8 colleutishia s Rsril&d ﬁi@éiaﬂhetbbuhblﬂg box 150,
ig

coordi nates of the initial 001 (shown as 0010 in

wh@h \K/rﬁ%ﬁérPBff Bk %%lr?t(s\%l beThlﬁal%lﬂtbngékn(u mx%o%teé Bf the

Is identified as th current” 001 (action
mmw S 808 15 ot o A o v o

&Bhfb'lo%ﬂ%'oy TRE h¥xdt |(§h9\$ﬁ 280 b6 PRUBsNGeR%d 13%he
i g P

ecessary to’inc
current OOI (action block 162), and the bounding box 150 is then expanded to

include the current OOI (action block 164).

Significantly, only the sides of the bounding box 150 necessary to include the
current OOl are expanded. In other words, if the x-coordinate of the current OOl is
less than the minimum x coordinate of the bounding box 150, the left side of the
bounding box 150 will be expanded, such that the minimum x-coordinate of the
bounding box 150 matches the x-coordinate of the current OOI. Similarly, if the y-

coordinate of the current OOl is less than the minimum y-coordinate of the bounding
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current 001 are expanded. In other words, if the
x-coordinate of the current 001 is less than the

wOorRevs/eu3x coor di nate of the boundi ng box 150, PeTiEsioed/ 017414
side of the bounding box 150 will be expanded, such

o 5 5 L B S e PO P
e

cuwthcaqjtgf %@hwocﬁ Bl 3¢ g0 58 S e sy
cowdinatese 1he eRadn Revt SbuiDk GOHLEIES B M BrRounamE it SHgAl be

If the x-coordinate of the current 001 i eat t han
expanseAns RPN N et SR ISeO B0 RA NG B2 160 MetHips
right side of the bounding box 150 will be 5 ex
thesxrepordingte efbe SHNERLADK- kﬁg&w%ﬁ@a@ ofithe CHEEE%‘S%S
150 matches the x-coordinate of the current 001, I
tharttbe ynaxirovii Yneeasdinhte: ¢fdhe bewrding b 15Q tae & wde of then
t he maxi num y-coordi nate of the boundi ng box 150, the
botiaging b 160 wilhiee ekpandgidngdbdRatitbe m@xmuBe/-esqsdinatedrl the
such that the maxi mnumy-coordi nate of the bounding
bobieding 56x 10 cretshdshbe y-aooadinkia af theofurteineé OLAUr r ent 001.
10 In the exenplary case illustrated in Fig. 6, the
X- crohdienatlapy cO&illusteatbdBsFigt Gidhe kiveordimatensfi OOy is less
x-coordi nate of the boundi ng box 150 (which is
thesHeminmhury xecoopdinate)of tieentsbuiriding tidxe! S0efthicti id@seéntiatie a
boundi ng box 150 is expanded outward, so that the
polft)aAY MAus-tRe sFsiaabethefbdunging @erdi50gds brpantizd aulwardeso that
the x-coordinate of OO 1. The y-coordinate of 001, is

th%hmm%ﬁatc&ﬁrdtﬁéweﬁ A8 DBBXAIAY By 160 eialtHat the G cobbdihte of
oundi ng box 150, and thus the top side of the

0BRUAHL VL RAKnA QIO R IPASKIGE ated Hiatpthe mS@mUIAY-cbdrdinate of

maxi mum y-coor di nate of theé boundi ng box 150 nat ches

th(%rggtérydg%d:?%f \?\;1(2’?%?% tRis Rl shedRRS 5@)%6%@0)& $50 f%%i(ganded

er any di nension of the bounding 0X

oubwikd %i {hgar@((rﬁgﬁﬁ{ﬁ? XCEF@;‘EJ#@ oPth@IJHRIREIhE HoRf15bhRatches the y-

curre ecl sl o

ded,
ls*ﬁg;ater
f

coordinate of OOl.

A determination is then made as to whether any dimension of the bounding
box 150, after expansion, exceeds a dimension of the current FOI (decision block
166). If not, the current OOl is identified, as being collocatable (action block 168),
and the expanded boundary box will be set as the new boundary box for the next
iteration (action block 172). In contrast, if the bounding box 150, after expansion,
exceeds the dimensions of the current FOI, the current OOl is identified as being
non-collocatable (action block 170), and the expanded boundary box will revert back

to the previous boundary box (i.e., the previous boundary box will remain the new

-16-



10

15

20

25

20 166). If not, the current 001 is identified as

bei ng col | ocatabl e (action block 168), and the
wezpaneises boundary box will be set as the new POUDSENY017414

box for the next iteration (action block 172). In

R SR e e
dmqul 'Sofbflﬁjﬁeﬁ“ ‘?{?R‘g‘s, e hclb8§i‘§c§\ nggbég}ﬂ?%o

oun
umggl%lélzjﬁ ﬁghﬁg"%i %%f?“f’aﬁ%%' 5%@%?‘1?9?%8(05 4@0 urh R8gg . both
RS CL IR PO BBt B BT LN I e PRt drpfef Ol and

case, the dinmension of t a box
thusx P&towt] begdedieg s Qﬁﬁ’nglcoqlpga‘@g ﬁ@weﬁi@amﬁﬁ?‘ boundary box
_Assunming that the FO has a predefinped di nension of
wnlummseﬁmsih@.oewmﬁunsam@ox&%@ﬁgi%@ra ot he boundary box
are less than the di nensions of the current 1701,
5 tAdsterourtioniis fhepanadrean forwaiheishe sHigN 8P iSche a5 50'
and the expanded boundary box w Il be set as the ne
astignerttitarthe [FEX (degision élcwé)a%) tlepatthe Rrocsss ends fﬁqtia'ﬂ |b&9&k 178).
is then made as to whether the current 001 is the | ast
If r@Bhe pewiegn @l thentrelerrFol actide dlosk dA21 eeder iy ggterminedipthe next
the process ends (action block 178). If not, the
OQr(slomers asvd Ol trhEig. 7 ) woltodatabdes t FerexXan in 67 exeroplawrcase
to determine if the next 10 001 (shown as 0012 in Fig.
illugjrated i Blg. O trieabteordifate eh@@plieless thanttbe @memmrawycwa:b@ate of
illustrated in Fig. 7, the x-coordinate of 0012 is
thd 88 bbbiRdIng bex M60] anmhys treoieflisftataf tied bowringibex 150 is
boundi ng box 150, and thus the left side of the
exPAHAI AW sd Hhtithe niviP@NRTiedosrdinaty of, the dotihdihg g 150
M ni mum x- coordi nate of the boundi ng box 150 matches
mét!?ﬁesxthé QUdrAAsR Ffod012he Thwohttinnebd 0T} ie lefs thad the s
| ess than the 15 m ni num y-coordi nate of the boundi ng

mlon 12%0%”1‘?3’(5 Ry ehel Surafiot sx oden@ thushiBe Beomnel the new

O is expanded outward, so that the m nimm

boYJn&le rbgk N8hes Q%pédﬁ%d e Mth@@%elﬁ@wﬁ@h%ﬁ&ﬁ)r@lhﬁe of the

-coordi nate o As i'llustrated in Fig. 7, the

boﬂh@ﬁ@%{g? 3 ngnétpﬁe%ﬁg PRGREY RDOIL,MENusHREH ﬂ\eﬁlgt P, the

pm X
dimension of the new boundary box, when expanded to include OOlz, is 600 pm X

350 um. In this case, the x-dimension of the boundary box is greater than the x-
dimension of the current FOI. Thus, OOl, will be identified as being non-
collocatable, and the previous boundary box will remain the new boundary box for
the next iteration.

In the exemplary case illustrated in Fig. 8, the next OOl is shown as OOls.
The x-coordinate of OOl; is greater than the maximum x-coordinate of the new

bounding box 150, and thus the right side of the bounding box 150 is expanded
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350 pm In this case, the x-dinmension of the boundary
box is greater than the x 20 di nension of the current
wo-al05/024395, 0012 will be identified as bei ng nPCF/US2004/017414
col | ocat ﬁbl e, agd t he previous boundary box wl|
remai n the new boundary box f t he next i at | on,
out‘f(\)/grl% fe t@é@ﬁﬁ)wwl&awq%rq“ﬂ%? obthePqURdRg 0’%{5%{ atgs he x-
)1 is shown as 0013. The x-coordinate '
cocgilatea blan ASHSHAIECRFG: o 6 G RATEN of TP By Mgy box,
boundi ng box 150, and thus the right sjde of t .
whérpexpiindgd oinchsle QlseisrRidenx 1094 =9a58439f8 dimensions
PCT/ US2004/ 017414 outward, so that the maximum
of the boondtiry abx ate lesh hasaha dinmensirne of 4ie AuTH&LO) ARd fhus, OOIs
coordinate of 0013. As illustrated in Fig. 8, the
willdierreerstifier] asfbeingecalionstoblendad {heprpandeghBtrdanaRas wilt ke set as
i nclude 0013, is 300 pmx 100 pm In this case, both
thetiemebsiroiasy bof for tes bod itdzatin bbshawld beagried Hah anee the
di mensi ons of the current FO, and thus, 0013 5 wi |l
bolrRlinglesit hds esbrafinaiigisay teoF Obpratessoe 32080 easdy expanged Ol
boundary box wi |l be set as the new boundary box for
ovérhiBe BEIdcatddeDots Ippasdignisdian katobedimade eaithetz@| eqrat &0 thee
boundi ng box has been finally set, the FO processor

avéragé antreafininiut emdenatifarmBetoordinatestdithe bblratieg Box GY,sand
by assi gning an x-coordinate to the FO equal to the

likeWSE 888ghg BRECABréinBleNo ansiF OREqual o thecveraljenafttbs rufimum
t he boundi ng ‘box 150, and 10 |i kew se assigning a

ané(h%?(ﬁﬁ%%%r&iﬂa{e@%fﬁ@ b&fdilg Box 150 aver age of the

m ni mum “and nmaxi mum y-coor di nates of the boundi ng box

150pd)f e‘illeé%lab'ls RAcTideh JERErtEE the BONBFcTessor 3dhstofSlthe x-y

processor 32 stores the x-y coordinates of all of the

cogradwsatéé% gfﬁ.rtlé(e %@Ig Wmérﬂfn‘?/r%‘ll%?la@éf UsB®ytAdrbiitthg processor 34.

o gests]or oy e F%'Clggtr%g r;?gst EheFr out i 'n_g pr ocHee%sor 34_'
Spﬁjl?g%gr Igwsrrggp}q?g Oa}e%]or : ; hmp Stugﬁ(—%o%gél'lrﬁrggéi@fc?éd FOls using a
su'imrfgf ;?tmg\%l%oﬁgﬁr{s) I%n‘\%‘thga% %%&)E@Qﬁm—?‘_ rréf\’%'rllgg gﬁl%?ﬁﬂ%ﬁ?‘ﬁ@%ﬁt&?@ &hich
celafinesib B3 R Rien] VEblsitorG acPEpb il R OIS TFRRTEEting
station 22. The routing processor 34 then stores the x-y coordinates of the FOls,
along with the routing plan (which in the illustrated embodiment, is accomplished by
simply placing the FOls in a list in the order that they will be reviewed), in memory 36
for subsequent access by the reviewing station 22.

Referring back to Fig. 2, in one embodiment, a total of three reviewing
stations 20 are shown coupled to the server 20, so that up to three cytotechnologists
have simultaneous access to the pertinent information stored in the server 20.

Notably, the system 10 can typically process the slides 12 much quicker than a

cytotechnologist can review them. Even if the specimen processing speed of the
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along with the routing plan (which in the illustrated

enbodi ment, is acconplished by sinply placing the
WO@0s/024398 | ist in the order that they will bePCT/US2004/017414

reviewed), in menory 36 20 for subsequent access by

o AR P B
o TSR 08 By S |

the pertinent information stor g q e.server
up e BP

cytolBE ARG b OB SV PP B8R oy PlyREEYCT S soreening

slides 12 nuch qui cker than a |st ca
proness Gapurek o BUENRN pvdl i dpe S Rd [ GRE St e 88‘88' Bteria
the -18 WD 2005/ 024395 PCT/US2004/01 syste }q
conitaingdl ondine slisies 12 elhiiselt carRe 2RRTEERED @@él}”@f of muifiple
cytotechnol ogi st, the system 10 can generally be
revisven@siationsi2heleviates thig botilpesckatherey RrpKiding for a much more
cytotechnologist will only work 8 hours a day. Thus,
effitieat protédseneck in the screening process occurs at the
human level, i.e., the detailed review of the
bi olBegsire aliscaieg it delaitooftiae revieving sladors RAeference is made
Thus, it can be appreciated that the use of multiple
to FigV3 avhiolgilstates s ex8mpldre O tbst eadhgepioningsiatian centers
t hereby providing for a nmuch nore efficient process.
ov&ed POE i tB6 URSira@dtenebatirhent, thedfOV hes meliaregiengf 2.2 mm, and
stations 20, reference is made to Fig. 3, which
thd FOLigldefh &S bRA oemnﬁb(awrrﬁos/qmdnatc.raanmrbewmmagov In the
station centers 10 over a FO. In the illustrated

acﬁl%p&qbﬁﬁfent the bbidérdésthe Fdil areinedgirdry 2n@ canmotebedseenhso
i's defined by a 0.4 nmx 0.4 nm square

the{i%ﬁ&%ﬁhmg IQtys \%E\ﬁ' o? Ny ONs idot obetrueted ebodiertninore

ers are i magi nary and cannot be

qu&ﬁ@%reﬁ% eéH?\%Id‘gYét@taﬁﬁm 8QhS F O avt eyVpRivid réfédesice

ucted. I'n order to nore QUICku di rect

thaﬁ?}%\gg% 19 n Jb?é)é fg e%aﬁre?ﬁh%he% yti9e Inhyifrsdy bRRdert @f the FOI,

erence eneral ly i'ndi cates the

BEE BN BT g IS bt
F r| lé Iarr]ldolp%%ts%ruarleSgor? 8\9 t1 ]5'5 8§thter?ﬁark indicator 152 borders the left and
bottom sides of the FO!). A 0.05 mm margin is provided between the mark indicator
152 borders and the imaginary borders of the FOI, so that the portions of OOils
extending outside of the left and bottom borders of the FOI (resulting from an OOl
that is included within the FOI, but centered near the left or bottom border of the FOI)
will not be obstructed by the mark indicator 152. The mark indicator 152 also serves
to provide a means for the cytotechnologist to electronically mark the FOI (e.g., by

pushing a button that electronically colors the mark indicator 52 ) as requiring further

review by a pathologist (e.g., if an OOl has malignant or pre-malignant attributes).
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FO (i.e., an open square portion 154 of the mark
i ndi cator 152 borders the left and bottom sides of

W b@sBE3Ys A 0.05 nmmargin is provided betweePCT/I82004/017414
mark indicator 152 borders and the inmaginary borders

Gl Hi 108 BN Saf R ar S o
s S b T8, 0 A PR o

the FQO wi Il not be obstr ed by .th rk indi
thelrsqtprlzrﬂrf?estﬁae ®#0; Which &y es i%%glﬁesﬂ“f @eét\ysio Wsw%: %@t"ﬁr"f
means for the cytotechngl ogist to electronic
InetTeTRpig 86 Gassdgn NG BEM K PR Taaton of the X7 ¢
el ectronically colors the mark indicator 52 ) as
cogrdifjatesiaighg BPinhebtapsd fom BemeyY %6-p§9ﬁ6ﬁ%ﬁj'wsfﬂ“e§%?<@’., i f
an 001 has malignant or pre-nalignant attributes).
coordipatas, pOTh/voa IgquiriTalAive da MerTy $Rordinste sYSiay %é%%
to Fig. 2, each reviewing station 20 conprises a
imaxgig s{sﬁmmésasmmctr@sfmmgiirztedheswgc@omﬁnatmws@m ofdhe 4
(after image processing) is nmounted on the notorized
revidvigg sélion biusingthe éisuciblemaikis 46 affixeddpaine glide; t# tshewn in Fig.
viewi ng region of the mcroscope 38 based on the
1).I Dhidg, ftds phauredititht the x-gresbatimedes ofthefslided4 guging the reviewing
coordi nates of the FO's obtained fromnenory 36.
provRes bfd cattdlated tid erex-y cyordirmtesdifitae etide Whilutingwedmaging
acquired relative to the x-y coordinate systemof the
prdc@88li Mhe SicAbrA stdge 20 Will then towsdf accrrdancet with the transformed
coordinate systemof the review ng station 20 using
x-yf ERrdih &S ot tha Ok ad Bickdiéd K¢ thd @uting plaini de 14 (shown
in Fig. 1). Thus, it is ensured that the x-y

coo[dhBalREaRld diSodmiAe tolddvdmEt RBnt e Feviceadiger, H2

process are correlated to the x-y coordi nates of the

cyi?{téé%@o@féisﬂﬂﬁs@?iéh e cliviRigh RitcP (R% 8ASwn T e thiBlsehsd, ake

en nove I n accordance with the

re{;é\ﬁiﬂﬁfs?ét%ﬁ% ié 's)épmg-%g{o%é%iﬁt %ﬁeﬁati%l?, FOFSIs afe ditohatiesdly

e routin I'n the i ustrated enbodi nent, to

adggr\éc%gggoréroﬂgltc? B fe&. Fﬂh%%&?ﬂi}wggﬁ@ﬁ%ﬁ%@?ﬁ @f? myp&ﬁt%hally

n activation swtc
ooHEC 5t BB 268 L B s SHRTH g
station 20 is fully automatic.

As the selected FOls are presented in the FOV of the microscope 38, the
cytotechnologist reviews the FOls and makes decisions about the level of cell
abnormality, if any. The cytotechnologist will electronically mark any FOls that are
suspect. The cytotechnologist is capable of returning to a previously viewed FOI,
and manually moving to (and viewing) locations on the slide not encompassed by

FOls. Following review of the slide 14, if any FOls have been marked by the

cytotechnologist, the reviewing station 22 preferably automatically scans the entire
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advanced fromone to the next. In this case, the

notori zed stage 40 may optionally pause for a
w@e@deesrin ned anount of tinme for each FO . | nPe@TiUS2004/017414

sense, the reviewwng station 20 is fully automatic.

sifftisad sesiend 2 g 80y Porilg ﬁﬁ@?drsa?é% Salrbudho ne’
Cy@gﬁ;gpagg‘stngkaeqslq gozgﬁise%ﬁ%aﬁvﬁgﬁrb {9' rg\éfleelé{h%\fl\it%ge 40 in order to

electronlcally mar k an hat are suspect. The
repopttionandmncest veal ‘@“SCOJ%';QSISB % ’raest‘i?}efsr‘lrieﬂg to a
previously viewed FO, and manually noving to (and
viewi ng) locations on the slide not enconpassed by
FOs. Followng review of the slide 14, if any FOs
have been marked by the 25 cytotechnol ogi st, the
reviewi ng station 22 preferably automatically scans
the entire -20 WD 2005/024395 PCT/ US2004/ 017414
bi ol ogi cal specinen 12, so that 100% vi ewi ng cover age
is ensured. The cytotechnologist is able to pause the
aut oscan and to nove the stage 40 in order to
reposition and access | ocations on the slide 14, as
desired. 5 -21 WD 2005/ 024395 PCT/ US2004/ 017414
CLAIMS 1. A biological screening systemfor presenting
objects of interest (00ls) |located on a m croscope
slide within fields of interest (FOs) covering
portions of the slide, conprising: 5 an inmaging
station for obtaining scanned i mages of the slide, and
generating image data fromthe scanned i mages; at
| east one processor for filtering the inmage data to
obtain OO's, and for assigning one or nore OOs to
each FO, at least partially, based on the assignnent
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of Qs to other FAO's; and 10 an automated or

sem -aut omated m croscope for scanning a field of view
W@ EFOsp243e3 ati ve to each FO to present the onePOr/USINE017414

OQ's in each FO. 2. The bi ol ogi cal screening system

of claiml1, wherein the a{;Lkﬁ\ﬁ@t one processor

assigns one or more OO's To each FO by: sequentially

seI ecting OO s that have not been aSSI gned to any FO;

15 gl %ﬁ:pgo‘??gf} 5 SRkl %a%gr{nﬁ?)b?ésjse bk rtbrest (0OIS)
ocfis aaserroriee dasnlbighe §ﬁw¥eyfg§*3|=§ el arighs of e

.col | ocat abl e 001 based on the determnination. 20 3.
sligggh COPIPSSBYF cal screening systemof claimi1, wherein
the FO s have red t erm ned d| nsi Qns.. 4.. The f
bi oPBYNEANI SEtiE rﬁ?rrfgﬁ@p@%ﬁ%@e images £ inelids; And ggnerating
nunber of FOs is fixed. 5. The biol ogical screening
'mgg%ﬁiéﬁftﬁmém%ﬁ?ﬁ”fed\m%geeﬁ n the at |east one 25
processor is further for centering each FO ovgr an
i ni B} gRBlORERIOgAEE b iteringoinggnags gtigapiain OCTs, and for
PCT/ US2004/ 017414 6. The bi ol ogi cal  screening syste
assigningaine ar, mevecP@lsrfoereh £OI) %A@qsf baially.ased oh th Zssignment
further for centering each FO over a group of
of €8Pk de athed FOM¥;and7. The bi ol ogi cal screeni ng syst em of
claiml1l, wherein the OOs are cells. 8. The
bi obogu«mﬁa@droeeamngut@gr@tmwosqoaeﬁ@rzscawn@g@ field Reviaw
| east 5 processor is further for ranking the OO s,
(FON relitivet foeeaOBIFO]do presehtitieeuei of meredP Bdneachirh. t he
ranking of the OO's. 9. The biol ogi cal screening
sysem ofrhe biilogi@l sedeeniagsystem G@aimat,eviereindhe at least one

processor assigns one or more OOls to each FOI by:

sequentially selecting OOlIs that have not been assigned to any FOI;

assigning an initially selected OOl to the FOI;

determining if each subsequently selected OOl can be collocated with OOls
previously assigned to the FOI; and

identifying each subsequently selected OOl as a collocatable OOl based on
the determination.

3. The biological screening system of claim 1, wherein the FOIs have

predetermined dimensions.

4. The biological screening system of claim 1, wherein the number of
FOls is fixed.
5. The biological screening system of claim 1, wherein the at least one

processor is further for centering each FOI over an initially assigned OOI.
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10. The biological screening systemof claim?9,
wherein the cells are ranked in accordance with the

wo pdosloe43end that the cells are at risk of haviPQI/ES2000017414
abnormal condition. 11. The bi ol ogi cal screening

it Ponanty® B! sEEhRL b8, GV lnsF it piBatione
e R e e R el e T

can_be col lpcated with . 15 [ ly . ' dt

he”ror “Bye BERGEeLF 5 aing Ry o e S eliace e pl oers.

[ des_the jinitially selected 001 in th

poufidar y 1S SGHE FETING SURR ofidty 2 HEeran-heAdersy

each s tly sel 001, . ' th r ent
PRI TP Ton el G e OLt BSHEIE IR b UG st A ecion

and i f each dinension of the expanded 20 boundary is
aceprdaneevitd thesiaaking of theaRO4S-cor r espondi ng di mensi on of

the FO, identifying the subsequently selected 001 as

col Pocat &g biokngirat sgreenipg sheeauyariadB. Wsrein g Oss are cells.

new current boundary. 13. The bi ol ogi cal screenin
sysflém ofhe bigiagical sgireniag systre ef@lama, évhecﬂﬁHVitld%qu%rﬂr@
primary FO s and secondary FA's, and the OO's are
ranked id @gcondancepwithiire/likefisoaq@iChst thedede stmatdisk adBasing amnd
the at | east one processor is for assigning one or -23
abW@n24@sn0iBd895 PCT/ US2004/ 017414 nore primary OO s to
each primary FO, at |east partially, based on the
assignnetihe bofogiral seregniisgstem aftdiesm Pwheseip theaksnoraradl
for assigning one or nore secondary OO s to each
cofeitiom tamyligridncy at pteedsligrzacy.i al | y, based on the
assignment of secondary OOs to other secondary FO s.

5 142. Thehdboloiiat stres8ing enstath Ssdien, afhetdipitiie aBleast one
wherein the at | east one processor:
processor determines if each subsequently selected OOI can be collocated with
OOls previously assigned to the FOI by:
initially defining a current boundary that includes the initially selected OO,
wherein the boundary is geometrically similar to the FOI; and
for each subsequently selected OOI, expanding the current boundary to
include the subsequently selected OOI, and if each dimension of the expanded
boundary is the same or smaller than a corresponding dimension of the FOI,
identifying the subsequently selected OOI as collocatable and setting the expanded
boundary as a new current boundary.
13.  The biological screening system of claim 1, wherein the FOls are

divided into primary FOls and secondary FOls, and the OOls are divided into primary

OOls and secondary OOls, and the at least one processor is for assigning one or
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assigns one or nore primary OOs to each primary FO

by: sequentially selecting primary OO s that have not
whe®s/oassi gned to any primary FO; 10 assi gni PQI/ES2004/017414

initially selected primary 001 to the primary FO ;

mdfE Pt s i o Tk Bl f@'ﬁ@r el ] Bieasdibhment
of Bieh o0 R 08 @rﬁ%ﬁrﬁ&'ﬁnﬂi@kﬁ%ai&%@ng bpbbr Bfhu Sefendary

rimary 00 he det ation;, and
0§§§B SRR GbeER et et pruabs Bared G0 e Ssqdnestihar y
and_ assigns one or re secondary OO's to each

Seg%radﬁm Smﬂ%yse@éawe% Sal |y sel ecting secondary

OO s that have not been assigned to any secondarty

FO 1420 482 PgHgig! ﬁ?fe?rrh'ﬂglsﬁtpw feqlaiey By Wheein dig 9t lgaat one

to the secondary FO; deternmining if each
pregassequent |y sel ect ed secondary 001 can be collocated

with secondary OO's previously assigned to the FO;

i demssigns ape eamerepiBey At tp eosh edmady EOEbyidary 001

as a collocatable secondary 001 based on the

det er mi nag¢quentialyretleting psimgny ¢ e theth heee baldeaen assigned to any

col l ocatable 001 to the secondary FO. -24 WO

2005/ 024p9%5aRCIDIJS2004/ 017414 15. The bi ol ogi cal

screeni ng system of claim 13, wherein the at | east one

pr ocessoassignifigiat rétally seleatsi mimary @dketodne pomary FOI;

secondary OO's to each primary FO, at |east

parti al | getehaisrd ibeadhhsibssgigniyseiectsfd mnanydaDycddbs

to other primary FOs and secondary FOs. 5 16. The

bi ol ogi cablloateganimginsatytGOIsYredbadyaddignedhtertaé pritrizey FOI;

at | east one
and
identifying each subsequently selected primary OOl as a collocatable
primary OOl based on the determination; and
assigning each primary collocatable OOl to the primary FOI; and

assigns one or more secondary OOls to each secondary FOI by:

sequentially selecting secondary OOls that have not been assigned to
any secondary FOI,
assigning an initially selected secondary OOl to the secondary FOI;
determining if each subsequently selected secondary OOl can be
collocated with secondary OQls previously assigned to the FOI;
identifying each subsequently selected secondary OOl as a

collocatable secondary OOl based on the determination; and

assigning each secondary collocatable OOl to the secondary FOI.
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processor: assigns one or nore primary OOs to each
primary FO by: sequentially selecting primary OO s

wWao b@at/ohseye not been assigned to any prinmary FEET/USD04/017414
assigning an initially selected primary 001 to the

ri gar ;s a ' _
el 21 b ot PioldbfiaE ol Y sk SteFAAHPRE WHERHh e atiegst one

PR P B LT Sy s RB P o Ra §eB ey PO

| based h .
ot ebontatl Ban af i CEae@rgRnplely Batecarigy Lo
0l [ FO ; [
3O PEUER <Ceondary Fa by. seduentially sel ectng

secqpdar t hat have not, been assjgned to,k an
secOar JERPROGT B AR R IaR A el JreEiB it east one
secondary 001 to the secondary FO,; determning if

PracShi®subsequent |y sel ected secondary 001 can be
collocated with secondary OO s previously assigned to
t he 3pRiPNS Oﬁ‘%%rn’i‘P?eyﬁ’rH@arda%@'SstB@éh@émaFX/FééP)Sct ed
secondary 001 as a coll ocatabl e secondary 001 based
on the dtdeerizliseietingrimasy Q64s hat Agveaeihesscassiened to any
col l ocatabl e 001 to the secondary FO; and -25 WO
2005/ 02439BapER1US2004/ 017414 . assigns one or nore
secondary OO's to each primary FO by: sequentially

sel ect i nepsigndgharainjtiathpselectestprimzarg Gfditto Heeeprimagyi KOk d

to any primary or secondary FO, the secondary OO s

bei ng sedeieteningdfeash subeequantimisgledtgprimary OOl can be
collocated with primary OOls previously assigned to the primary FOI,
and
identifying each subsequently selected primary OOl as a collocatable
primary OOl based on the determination; and
assigning each primary collocatable OOl to the primary FOI;

assigns one or more secondary OOls to each secondary FOI by:

sequentially selecting secondary OOls that have not been assigned to
any secondary FOI,
assigning an initially selected secondary OOl to the secondary FOI;
determining if each subsequently selected secondary OOI can be
collocated with secondary OOls previously assigned to the FOI;
identifying each subsequently selected secondary OOl as a

collocatable secondary OOl based on the determinaﬁon; and

assigning each secondary collocatable OOI to the secondary FOI; and
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5 determining if each subsequently sel ected secondary

001 can be <collocated with primary or secondary OO s
wEe@siopissd y assigned to the primary FO; i dene¢T/ys1004/017414

each sel ected secondary 001 as a secondary

ool | 858 800E o AT BERARLATOIL B AR Mg ety and 10

ol ai m 1aeckiaidy PR de Rl oFS F5F bRt BRI Rsignea to
e it iab 0 BRagt By TBY BB bi 2oRER
assi gnne%}&qf%ﬁ%gﬁrlfgrayrléog s to pri rriary FA s and ot her

secondar he bi ol ogi cal screening system
of claim 17, wherein the at |east one processor:
assi gns %"ﬂ@rnﬂip'”ﬁdff%acﬁreluﬁﬁ?‘}“edfﬂ@e'@&%gaﬁ?ﬁoﬁ‘? rméf@@be
by: sequentially selecting primary QO 's that have not
been asstQReated WithrRyimayy oraesondery Oots preyioyslyagsiged to the
initially selected primary 001 to the primary FO ;
det er m nPHBaYfFQ@ach subsequently sel ected primary 001
can be collocated with primary OO s previously
assi gnedidentifying egeh saliepted@econdaty QQiasta sggangaaaediiocatable
subsequently selected primary 001 as a collocatable
25 pri maPPl bogethars this detetrnisatien;@ndi nat i on; and -26 WO
2005/ 024395 PCT/ US2004/ 017414 assigning each prinmary
col | ocat adsigniipdachosadoadpnyicotiogatide OCQIdeithgprivaey KO!.
nore secondary OO's to each secondary FO by:
sequ@nt i @hé piokelicat scragniangcesidar of cBOINS1 3, vdierdiattes atdeast one
been assigned to
processor is further for assigning one or more primary OOls to each secondary FOI,
at least partially, based on the assignment of primary OOls to primary FOIs and
other secondary FOls.
18.  The biological screening system of claim 17, wherein the at least one
processor:
assigns one or more primary OOQls to each primary FOI by:
sequentially selecting primary OOls that have not been assigned to any
primary FOI,
assigning an initially selected primary OOl to the primary FOI;
determining if each subsequently selected primary OOl can be
collocated with primary OOls previously assigned to the primary FOI;
and
identifying each subsequently selected primary OOl as a collocatable

primary OOl based on the determination; and
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any secondary FO; 5 assigning an initially selected
secondary 001 to the secondary FO; determning if

we2amh/osubsequent | y sel ect ed secondary 001 can PET/US2004/017414

collocated with secondary OO's previously assigned to

o ST PR Ao
L ST s i
ot OB e o BB B W s s

assigned_to an rigary or secondary FO, the primary
Shdede O

00 s bei AY T& ter the secondary OO's; 15
o RS BRIt B o

previously assjigned to the secondary FO; identifying

each sel %%?%”ﬁ%i 'ﬁ%ﬂ‘ Boseauendly seierigdyseceniyy ) @bean be

001 based on the determ nation; and 20 assigni ng _each

pri mary ¢WPFed il secondary O Qs @ravdeushyassionad to the FOthe

bi ol ogi cal screening system of claim 13, wherein the

pri mary identdyingeach supsacyeally sedesied seerndeneOSd @sdar y

OO's are cell clusters. -27
collocatable secondary OOl based on the determination; and
assigning each secondary collocatable OOl to the secondary FOI;

assigns one or more secondary OOls to each primary FOI by:

sequentially selecting primary OOls that have not been assigned to any
primary or secondary FOI, the primary OOls being selected after the
secondary OOls;
determining if each subsequently selected primary OOI can be
collocated with primary or secondary OOls previously assigned to the
secondary FOI;
identifying each selected primary OOl as a primary collocatable OOI
based on the determination; and

assigning each primary collocatable OOl to the secondary FOI.

19.  The biological screening system of claim 13, wherein the primary OOls

are individual cells, and the secondary OOls are cell clusters.
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