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AUTOVATED | MAGE ANALYSI S FI ELD OF THE SUBJECT MATTER
‘The subject matter described herein relates to nethods

BACKGROUND Cyt ol ogi cal i nmaging of medical specinens is
a tedious but crucial tool for nedical analyses.
Aut omat ed cyt ol o4UdOMAREY EMAGEANABYSES devel oped to
neet the need for nore uniformcytol ogi cal inage
dHRUDYGFIISIE SNBIESHMAGAER yt ol ogi cal i magers do not vary as
greatly in their interpretations of slides, are |ess
subj edihe tsubjéd tmagferedesenitgd dareirpretasdsde nmatledds gné devdees useful in
t %Pg n a ared to humans. Several previously
ggloe olgelgqta%eng a@%% currently avail abl e aut omat ed
ﬁit‘:% e used in conjunction with additional human
%a yglﬁg],%and are used to increase the nunber of
sanpl ssayed and to lLessen .the fatigue experienced
oy T hE KT affet Paah el ok eikGs P B A ERY o
troedi@al ewdlysks. 0 Auaated satidgical igesstimvé beenf develbhped toungen the

50 P IR0 Gl S BBy e s
elda1vo Marg ak bicallginhéif ntdrretto3ifeldes, £¢ ldshéubfeesto thilgue, and
each s le to be anaLﬁ/z a human. However,

ed b
&80 BreYtde M ychgrates thagughpyt 35 P%%/Pal'ﬁi P HEM&Bp| ¢ and dat a

provided to the d by their progranmm ng.

Addli £ PEPHIRYSVIQUSlY Seelonse 4pF sorad CUPRRY pelas e ggjamated systems

gawph:&:ﬁhi_l yorgﬁle:ltia@mﬁma@iﬁaﬁdl (humﬁﬂl alcdfys@,:,n hankre tulﬁefdi e 8@ ase the
or .their anal yses, ereas the sanple itse nma

FPBPEY 8 aaraﬁswswﬂg%ﬂofp lepren (e fatighe Sxperiancseiut the human

| anhIQstBA IO Mated Bbrkéett @l Be 40l & Y418t FRnf BddhYsadbRl BEEcts for

sanpl es. For exanple, in the automated i mage anal ysi s

drrthes Jumpmreyiey. skipnetod eanenerpass diersersilivil ot schapives: wathe
GRicBik $ndy'Indte SABNE BMd RBAImiBMyAHBH:BF 1D & SRS is¥Rbt& each
can be conplicated by the présence of normal
ranplsita e aralyzed bsa BHeRnot her conf oundi ng obj ects. Sone
I magi ng systens identify cells of interest in )
pap- s HMRRer. 3penitabimacsiy arh Emiad by thefsamiple and sjeta rrayided to
GRS iahy ’b%' Qfeil Px%gragﬁniﬁ .ergﬁfdﬁeilﬁr', f&%n@ﬂﬂﬁ@ﬁ 1 rélRbdse Flﬁagers
(more optically dense) and/or I'arger than do norna
drrigally use preaodyeredtiveblackvindaphitesimagesdfet their iapplyses whereas the
ine ' . al pl.as . .
%%I%Eféqﬁsgﬁfﬂﬁ&& :}ggfbc%eg %réé@‘f&g‘éa&ﬁ‘sp%&h‘? cla@a AR @{ﬁgr information,
particularly for cytologically stained samples.

For example, in the automated image analysis of pap-stained samples, the
classification of abnormal objects in a conventional automated screening system can
be complicated by the presence of normal metaplastic cells and other confounding
objects. Some imaging systems identify cells of interest in pap-stained specimens on
the basis of their optical density, as they or their nuclei may appear “darker” (more
optically dense) and/or larger than do normal cells in the specimen. Metaplastic cells
in the stained specimen also have dark cytoplasms and consequently reduced
nuclear:cytoplasmic contrast that may contribute to errors in measurement. The

metaplastic cells can be quite numerous on a slide, while abnormal cells may appear
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nucl eapcytoplasm c contrast that may contribute to
errors in neasurenent. The netaplastic cells can be

W@ Ri0ba18388TEr OUS Oon a slide, while abnormal cel PET/IE3006/015720

appearinfrequently, and thus automated inmagers can
undesirably select the netaplastic cells for human
riefyéquentlys anch‘élyls atppmapd topgersahe nndegirahdy keldch thetmeetaplastje cells
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burnechivs daacharbgatnal ecllse tthafamtselectmelrats obthe tﬁia@mmag@umng
thus,.limts accurateds etectlo
OB S G R R, RHEDE F ik s ol e cldde

dieseti@sed herein, an aut onat ed i magi ng process
includes: a) obtaining digital imges of objects in a
Busvrgrvoal THE 8BIEeT MaYTERel ecting a plurality of objects
of interest fromthe digital imges; c) obtaining

nul ti h ecdonageswih ohdembdijieeitslieioséhhetiasin atoraated imaging

I |t f ff t | engt ini,
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&3‘}"@&1@6 i IRage; [3pé Pb@xab/amgémnz%mqs‘)m@@ @&rﬂﬁgo gharjcgegize the
WSoLibl’ehpef interest fromthe digital images; c)
obt al ni ng at | east one image of the at |east one

obj eCtyy OfcchrahRE e%tth ahoBePbibadimbyt @clfich! Bir8AL an automated
wavel engths to forma set of multi-wavel ength i mages;

dynaging| ffeseny inchides e) obtaiming figgidleimages AT PhiEge dn janbiological
QL ABle; Bﬁe%ﬁ{?&ﬁ&ﬁﬂ o€ obiB& JPiRd89 seR th@@iglﬁél%naéeg ¢) obtaining

accor dance w get anot her enbodi nent scl osed
Heé rledish oneaimags pafrtae @k lepgrong sebjach of inderess rehteekluialigigefngjfferent

R{/:R@f%ﬁgthé S)C%OHH @3et &’)mlﬁﬁ v&a@éﬁﬁ%’[ aée& gﬁtanfﬁ?ﬁﬁg:ﬁle tséﬁ{f multi-
can provide at |east one spec région to a sanpl e;
byavatengtb ameges reordertte chamctetrizathedmi%j@qi eumplat | east one
set of inmages of portions of the sanple when

i 11 umilpagasttiabee witle yetandthersmbogicnespdisdlesadl hereigi gnapparatits for
Cx)sgfh‘i al aﬁé&i”&ng&gg}ﬂé)c%gs nPRlest 2 4 §d ?F&neaﬁ%hk t‘é@%{;e 3 can

set 0 ased on at 'I'east one
aqrrotide atdeast cﬁnenspc@rat tegion tovpsaselle bpht ledseonerdrtpetor thatcan detect

lcag gésa cgn%ds’et 5 n;%lsage d&fap%ﬁi%ngg %esal%?fmvh%g qll&n%ngtgcﬁ ﬁ%ﬂ{eeart least

one co it ast one co
nang spéctral @p@hyand o Ia‘ele&ebme @fimpuen e cdnogelecha 1sast metsebbet of

subset and can | ect a further bset. of the set

e otecp Rl 38 47 Bedaue oL attegh BRRE A o Bus T lages
are collected, those images may be combined to form at least one combined image.
Then at least one computer may also analyze the sets of images for the selected subset
and can select a further subset of the sets of images based on a second set of criteria

which may be the first set of criteria or a different set.

In accordance with still another embodiment disclosed herein, an apparatus for
use in an automated imaging process includes: a) a first light source that can provide

a first spectral region to a sample; b) a first detector that can detect first images of
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which may be the first set of criteria or a different

set. In accordance with still another enbodi nent
waoele@elitssesl herein, an apparatus for use in an BUI/ORBINEO015720

i magi ng process includes: a) a first |ight source that

can provide a first spectral region to a sanple; b) a
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10 RPN gE Biooq B s e 50 o6 GO hiCh B (S distsget of
f@ﬁaﬂaﬁa&mmaahsgf t he conbi ned i mages based on a
second set of criteria which may be the first set of
Cri t erthac@rdahcé infith @ it fufiBdr-enlbddRAEHOAHPEE h‘é&eﬁrh afl apparatus
i1l further enmbadi nent disc] osed herein,
%b A5%{1,an pRiomated imaging Pasesniaeladesi ahaitHe lgﬁhé@@yge that can

| 1516{/1%1@ %Sﬁrsﬁépe@tramrégbn o Qh;ﬁmﬁféuﬁfﬁ ﬁrﬁadetééﬁﬂ Rt Q4h Wetedt first
|rSt spectr al reg|0nt0 a Sa a first detector
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V‘h@ﬂcdrﬂﬂu&é’ﬂﬁ&%zﬁ%ef@& 4 diBset | bir Rl ﬁfspﬁx‘fa{%Eﬂ)as&le?ﬁgﬂset ?% criferia; d)
first conputer that can select a bse rst
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sfﬁé@ftdr éﬂteqﬂﬁg wahdnﬁ}f be et fitktr (km?QtdfreOI‘f a dEfferQ;lp deteetat, that can

c 0

20 (SRR secoha SnafeAe ARIACHPe SN IR e Eniled by the
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Wy for the_sel ected subset. and can select a

E?ﬁq literlsal)%rgé} bettﬂ‘éﬁfsﬁeg? Ghgrat asiEeisdes based on

second set of criteria which may be the first set of

criteria or a different set.BRI EF DESCRI PTI ON CF THE

FI GURE Figure 1 depicts the increnental nuclear:

cytoplasmc contrast levels for a dual wavel ength

(570nm plus 2nd wavel engt h) conbi ned i rage as conpared
to a single
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wavel ength (570 nn) image, for 11 nmeasured objects.
Circle= normal internediate cell, x=normal netaplastic

Aut omat ed i magi ng processes and/ or devices utilize
nmul ti ple wavel engths of light to illum nate the sanple
aBRIED DESRIPTINFSSEFIGARE can be mani pul at ed

automatically or by an operator, as described herein.

| magesFigirai depints denincrementalmucleafaytoptasineconast vsle fcbei dual
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th.white | d. I t | t
Sél or i ar e fosees Sef ks Ao abalerovelgts of

Olight T4 Glauikingte Othe Okdagle Cande b&amAlrﬁQQEEr fhatMchR be manipulated
SMAtC ﬁgh? lor filters %o be utilized. In sone
& OHAN GBRPAL G crltbﬁ% g dmaﬁasxth@bcqyé?é% rqlgyant
tllﬂﬁ)rﬁleihdn baﬁCﬂ§d 68 ,obtafnea a@@l‘iﬂfdré‘dﬂ'v@e[veﬁﬁéth@ﬁn bRRPES subject the
"cel ] interest", and produce or
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Cl Rl febted @ diffefRNivevelihgihd of ﬁQiR' n@tohﬁg td Haly-L ft}i%rdii?éct Mdepth
abgut the sanple or specinen. rovi ded herein ar

seejp é?ndﬁ%%@ésagnw%@é%e% ﬂmﬁyrrméwu mef enzhodingepts, relevant
f

e 4SRN ol 3 B R

LPé‘éd’@lﬁﬁ@‘lt {pagong ﬁOlébﬁlltﬁr ipaivieom the Fhecdmetisatriple andet IEHS‘E one TV

| AR BIJRP cé}}?ér?' ﬁe&mg%:é] WAL With e ?&H)reﬁﬁ&s ?1 ?1% b B 11];zed

wavel engt hs, l's or usters con
i Intseme gmqunpo@s,tan\peg‘atpr obthe betdpembpgo tiatcktto ﬂgwueﬁ m:ealtmn ifa

f aﬂf&uia?%@@ oﬂnﬂ%%@ oJon{E)?ge%t év‘%elf“ %k ifte egt”aﬁncig grq%gce Pr retrleve

pepj IC Cce such as endong
eaddibiondl vimegds toedid She msearadiet, Sopiputer o tdchnitian in @bmpletihgy the

qﬁﬁgﬁhﬁﬁﬁgﬁﬂ (ﬁﬁ%@fled t hr ough such interrogation. A
er

C.0 ccimen
I scre nﬁ% ﬁﬁ Systens are connerC|aIIy

avai | q}%op%‘?zlﬁgé &S 4 ar se eka ncef;l‘tfgf rpég‘%fﬁleg %,ltl DidRorbhS for

presen was fi ,
Cfoxtlpewriav¢sﬁgatmgTa4lsNP5Ela(>}e¢ts lbyagm ngtomasddetmagth) ewhiich Bedtivds,

Q%Pga?wgge%gﬁ%@ ﬁ@tss‘l e 1%0"\3({&%'&18% é"“i([i ihq usgg of

Imf@gnat@n@WH?dyQﬂélynmg SyRrteny mmibld Baveuaizatetells or clusters
c%ﬂt%fcfl)(ng( {'egg.lrels ncg‘qlntggest (“positives™) can be better distinguished from false
alarm or negative cells in a selected set. Specific cell types, such as endometrial cells
or endocervical cells, or cells of a certain abnormality, may also be identified through

such interrogation.

A number of discrete imaging systems are commercially available as of the
time that the application for the present patent was filed, including Cytyc
Corporation’s THINPREP® Imaging System, the TriPath FOCALPOINT™
Profiler, the ChromaVision ACIS® System, the CompuCyt iCyte Imaging System,
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System It will be appreciated that these apparatus
and devices can be nodified to incorporate additiona

current THINPREP(r) Imaging System ("TIS") identifies
fields .of view Ing one of nore objects of interest
i he &P@B%i FW%‘E%PXQ%W{%% Systgen g fig Vwicel ¥eragsE” Imaging

CSysken. AN0widll BéSdppresiated iRkt MBde *aypra@atﬁ’saaﬁn&e@%@% 15 AbBY to
process ag%ﬁg%gltatly i maged. The TI'S can conpile a
I

ngerporpga [reagingsstepresUging thosegseribesd eedis on a
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densi tipearigrent THINPREP® fraagine System £7S V) ifentifise finldy loé yiew

AR ErEOSheOdH th6rd| obfRRSIf tereS HEL slye%in&@xssaﬁfpleoéiid@,cﬁéluéﬁag both
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T ) e :

i 8 nidtep S raBEURA BLE RO B BPOBEP afflutory oan be
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B0 o BRORNS hefelt BER0IE BB rBliaf oFopel st B end SR
andlydie o€ thesenidergified opjacts.i This additionat leselgifiafaysisistufige in that

SR LSRR iR WP e LR e cgul ar

or irr ' | s.t.hr hout the ectr.al. regqian,
ond 1ol hESE S b RERNA W N i A e
iimgefeénd?ftqmorimti_b?_ ofhe @ytoh‘igiog] dafpler _Giﬁ/blvef scaﬁning a slample
ngt h-specific i es.. One_.portion of t sanpl| e
L RNEh Rae R ichiof nf S EGuintaE To P S ateneResd P Rincthat
tragion ghou for tilpros@beikdgatizdtion o0 A sa\lﬂﬁﬂlb pﬁéﬂﬁaer. The sample may be
wayvel ngthﬁfeciﬂic oryion bﬁing revi ened -
asﬁ%%‘ﬁgﬁ SEgUA) g pirperiqryintegaly throyghaut the spectgl Frgiqny gpd then
wawdiedghhdiggeai Vie wimassuafodihe SRR ROt Wall &k d&MBore

S le. Avarjety of different sanple paraneters my
&@gg{ﬁ‘glwslan&%ﬂ&&ﬁérwgﬁé- Orepertign pethe sapple may alse be sqanned

ta® rdBalae oA REhIal BleyvlAthREGHhIVE ShePPedt FREBEH -
soégnenquﬁﬁents, Yt ma 2b$ gégﬁﬁgblg%tg%?gg%§P€§N?ﬁgﬁl
gfﬁ@ 1f

58P PRFioR Reing freieaied . autmatipally drai thy s, thhe crspféngemultiple
t"meﬁﬂgh-@ﬂ&itﬁqﬂla&s‘%‘ftlfé%ﬁl@B&{iBﬁﬂfthQ Laggygﬁ. as to the

status of the inaged ce and an irr arity in the

nucl ey v&RBPST difitentNdnpRE 3B Il ine thei
Ther eror e an i o ohed i LT o ARl 1y R ey as e
fSpctedmif wilityylo] Helcesimiglic eriesonige ahemagwhsanipde. In some
g?ﬁ)b@i%nﬁ,ni@ may bORdsBasTE oAbty WeSblicPr thm&e\ﬁngﬁ@}eEﬂgrity

of the shape of the nucleus can provide important clues as to the status of the imaged

cell and an irregularity in the nuclear shape can indicate a pre-malignant status.
Therefore an improved ability to identify the nucleus, for example, by increasing
contrast between the nucleus and cytoplasm, would yield an improved method of

automatically diagnosing the condition of the cells.

such as those descri bed herei nPCT82006/015720



automatically diagnosing the condition of the cells.In
sone enbodi nents, imagi ng the nucleus of the cells
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shape, the integrated darkness, the average darkness

or a conbination thereof. Texture refers to analyzing.

t he vdhgemprmhodjingets ipagiag thennuelsip af the sallavinglgdes determining
ek
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RS e Felbanise ea@eﬁh?rﬁnea%wmﬁct. on wi th

sanpl e ed r suit d/.or conyentiona

pr oceé§l %hgl? oFX eér\%é?lg. e@f e q 9gied %‘F’Qeﬁlsﬁﬂne Ly a
nietphsicisladunethidihg JAeUTEs, dX3Houl Wﬁlncﬁftﬁioﬂ thitah infdthods described
Feul.gen stain, DNA staining, stoqichionetric stajning

AR S8 P8 U T Ay UncHiAn S sERRIeTItABRL by otfive SH’é%bt%&%d/or

r@))ivdbrﬂil@hél C@o&%seh’ tanli/oZ nafeAR! e odBinpRted! RaifiRl ndiRdl&felude
ddi ti onal , althaough the exanpl es depict the use of

SR wsmt%@&ﬁaulgﬁl HincYACHIREE: sighnesiric staining,

%Haéd&ﬁtérstaﬁxﬁﬂg paﬁa s%ﬂieaefn%odﬁﬁ%tss lihé ﬁmh%d? bfqa'blﬁé’é or utilize
simlarly be util i zed

cFoSples beF 768 Bt saneike A OBl gy Bofhe el eiepist e use of
he& Sidthods twﬂhsregzgd ke #gﬁ%‘éf %&gp%rﬂé;@t WA from N pap smears, any

subconbi nati on~of hat co

dugeble pieksigicalbmamiple lnﬂywh@@b'cbeamﬁzerdsn vietrhéthods Idescsb@kier@ﬁ
the subject matter. Conversely, where different

el enenVierpp cgmbmpi@nw distlesedrhereimitais ¢h bolnslswstpod that each sub-

C&mﬁéﬁt)ﬁ ?lﬂ&h e RGe fof Haf céjnﬁiﬂatwns‘ig Ealgg‘ ?;gemfg\g’l? (%ﬁcﬁ{)@éd and is

el enent o e subject matter 1s disc
prithialthe 900@ﬁ= od| the ISlllJﬁaQCIt vsgter. e Xampéredy, ofhard dfffegend mements or

r%&lgﬁ of El@ E ﬁx@ d?s%ﬁ)@ea?h&?l% Hrﬁ otnﬁ ﬁw}e%f ? e%lsg g%glosedn g&x’lblere any

yCO nation w rnati ves
adlenaenih enf. é:by SdeSQtI mmd is miscbostchan havieg el phmeality of altematlves

C I nat t.er n,have such

ST A Bl T R S G B0 P o

esogibirsiiom svithr tﬁe hoiree ka}texdamls asedlso Uelebyp Slisdipbdda@tbre than one
tlher sfe 1e 80 arI qllct ates otherw se,

Slgnaen contemp ated " su Jec er can have such exclusions, and all

combinations of elements having such exclusions are hereby disclosed.

Unless defined otherwise or the context clearly dictates otherwise, all
technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs.

Although any methods and materials similar or equivalent to those described herein
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technical and scientific terns used herein have the
sane neani ng as comonly understood by one of ordinary
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i dent I thig cpmerhpleted eelrr;bloéuneatj d)bﬁd@enofadﬁbrést QRAIdehtiiRUCH the

re o um nating. the
Q%mlélg eag'ﬁ V&R eﬁﬁ“i[tﬁma 1glﬁgeét03 élFeS? 88}%{% are opf?énegdqy 1{11ngh1aqmg the
phngge avitirenghdo epevontiegienk. byheediditivnil REEds| ber%?rﬁ)ﬁled%
ractively, or In a ra

ﬁl?'dt}ie gg%% ﬁl%gﬁs &u(}ﬁﬁ%y &8 @gélqulhas[qbftr%quﬂm@é)r ARy raléo 1n the
canbineibiinagthalae mtunrte/d iinBEE @8ayMeLodnihiitda Nak %ﬁgmg? iffages
%%Hhﬂlml{ %§}| a as.described herein, and the resu

A " CWB &P oot AT heriase Srssabied hesvignd fieaesndty @ne@nrgpar ed
td thosd olsthined fromNsihgle-Sval@EHRE illv@dilitoh O lthlgslﬁ#ﬁler additional
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|ky
I%S&&‘ ﬁIBW&at‘Pmﬁﬁé%le }?Sa ) be drentificds m@d@ncgtahsmm dtea

@tdzvéile h
e AT A% 1R ALy D -

S et Er datertpessitdmdsen €y, Db]agema)abe @lqohted ahd fep
ifagepatalpARaIt) §f€‘§%léng§9rrrﬁrgﬂ%ﬁ By 'aE g Anot her

cont enpl at ed” aut omat ging prt cess as descri bed

h
er elAhot}fe@nwnte%ﬁﬁatecﬁ)auQHIafé'd” rgﬂzu b %5r00?ett s nge%éeb%peggfln

objects in a biological sanmp
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A dasi (ﬁie%yﬁi of iBRREt HOR tﬂenagi?al images; c) obtaining at least one image

of the at least one object of interest at a piurality of different wavelengths to form a

set of multi-wavelength images; d) analyzing the set of multi-wavelength images in

order to characterize the biological sample.

In this additional contemplated embodiment, at least one image collected at a

plurality of different wavelengths is used to extract features from the images. For
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of the at |east one object of interest at a plurality
of different wavel engths to forma set of
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apa&’plmgrepalr types efogenbr zs"pﬁcils ach dsl'weﬁapbﬁlgtnuélypcbrﬁﬁlﬂléd objects

[ Ise al ar ns.
D ) T By A 26} B aﬁ'ﬁg’%ee‘iéf&’@f t S
r.artifacts s a
over | o Sl AR hIREBroRided Bork By i i Plder s i B dpyitied
lobificts emd appdies piditivaelantlysis bulaBiss tamektdr Rert GME ﬁlﬁlbfiﬁzmobjeets
rovide 1. er return
TR RO ek, BAr R fier R0 o s M Gl atysis
awalingbids spectah ah@lﬁs&ﬁ o$ tnabiet tdefectsRl talflld lchie 1@‘8[1}%51{(’){%{5?1?3%1‘[5
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erforned on ecl fic subset
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%‘3%9 SPesdodrhs geed; Cth% BISE &1 chaga%@rm ﬂt,et Samnledmﬂs incteasing
hdamragﬁ Oficel thesubeRE b EtIREDEMed %W&F bn §1Paz)?sfjs L t% %20
need of the user to characterize the Sa
}n}?gpse%rsqb,]@ts from that subset can be selected based on sultable crlterla So, for
example, a subset of objects may contain 2000 i images taken at one wavelength. At
another wavelength, 1000 images are collected. During analysis, 120 images are

pulled from each of the 2000 image set and the 1000 image set.

In other embodiments, rather than returning to the subset of objects, images at

a plurality of wavelengths may be stored at the time the initial images are acquired.
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accuracy. Once the subset of objects is selected and
stored, an analysis of the top 120 i mages or objects

criteria. So, for exanple, a subset of objects nay
contain 2000 i nages taken at one wavel ength. At
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i nformation gan gl so Eg used to Jdenilfy specific

tpaRlage Eenpgce A PiBer snecifigensll; tyss rign e yssful go the

Clystb@sts Int bk Wlshs R idasifcahe atRrihid aBel oy BAGRABE Eal be
cells, or endocervical cells hi identifying a |ist of

sqetgmined fhiough spegial anplysia@s grovidednhereip| Syeh enegsurements can

eiﬁéiﬁ&@ﬁ%leﬁﬁénd%?{ok)ﬁts@fc rXaRGEs c?fﬁx?&hﬁdl&gy%ﬁh ke RGSfoARRIRE
useful to the Cytologist. hi types of

i dent idpb@al iffHhmaBiof 84t Alsé dét@afec'ertﬁﬁ calRNEA dHahdek séss%alatea Quith
detern1ned t hrough spectral ana is as provided

Héseasenor o Ieehidersdprgesnier %WPﬂ%éPG’d@quU@ﬂ way cause a cellular
th'%iﬁ’éél tﬁa?t%s‘&ltﬂﬁlaaséﬂe&ﬁll Qfla ggr PhRl.a0Ye @e@&teﬁgag/%g 1&1'21%& allowing

i nformati on. ectra rmation can al

ctee sannme todrel ldﬁnaﬁed: aﬁabﬁy@sm&sts@ Siith ttERY , wiithhuideg s molecular

(o} 8 cel lul ar changes. For exanple, HPV infection may
cause a ceIIuIar change that results in a spectra
changepa. ted v r

t he sans Q% entl?'fe g g?ﬁ%&%%fggleg&ﬂ%pﬁ& often
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ten demonstr presence o
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attached to a unique color label that is not normally present in the stain being used, for

example a standard Pap stain. This label can comprise a certain absorption spectrum,
or it may fluoresce only when a certain wavelength of light is used for illumination.
The color analysis and/or illumination of the marker can be done on the identified

objects.

Overall, this approach provides subsequent analysis of a reduced number of

objects on the slide, which allows faster execution than can be obtained with a full
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nol ecul ar markers, such as nucleic acid probes or
aptaners, can also be used to indicate the presence of

be attached to a unique color |abel that is not

rnall rese the stain being used, for exanple
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upon anal ysi's a decl Si
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d d f d
Rl ﬂ@ﬂﬁ'@f%%?%&%%@toéeﬁw%ﬁ%&%; ysis of

speC| f sorti Qr.s gcgln cells
for addi ttloo]%afm 3 hgf tef1g} Wg‘past e%‘ll%r?s ’dué*‘faéi%e gskeand
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el engths with narrow bandw dths, for exanple as
m ght pe y a laser source, and sonewhat
br oadEE @%?&ngtcﬁé)ﬁénw referrqskto gs the apecinenn, takisghalyzedy
thebd il s@ﬁrccf, bit BislbSicntderia] MAQAH be Qﬁtalﬂw fbm R B%ahfs&ht

spurce. ght emtting diode (LED) illum nati can
rectly or 1nd1rect1y, including cells, tissue or fluid.” Nonlimiting examples of the

sample include blood, urine, semen, milk, sputum, mucus, plueral fluid, pelvic fluid,
synovial fluid, ascites fluid, body cavity washes, eye brushing, skin scrapings, a
buccal swab, a vaginal swab, a pap smear, a rectal swab, an aspirate, a needle biopsy,
a section of tissue obtained for example by surgery or autopsy, plasma, serum, spinal
fluid, lymph fluid, the external secretions qf the skin, respiratory, intestinal, and

genitourinary tracts, tears, saliva, tumors, organs, a microbial culture, a virus, and
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that is anal yzed can be any source of biol ogical
material that can be obtained froman organi sm
ciamglss lo iroritre crdi qubtmtelcynstltutmﬂsu Thagurpdd ¢ag be nipssities w@nirol
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For i TG B BRECH F AR oS Rlo PR R kAl &h Rt any
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Sy malp Daityiideell Ghe @mﬁmy Rolateathb cM 4 m&ﬁse mﬁmﬁa%@ct in,
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S R £lebha st bacr B PGhister P bR af profooan.
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di seas]acﬁ{l'ar kers incl udi ng t he quter menbrane protein

SRRG I Rutajed celb ﬁ&?‘i‘f‘élcalb’dﬁ%rél?m%ﬁ gl s tumen gelLiety-
gpl 20.1n ¥YhedRodditfen® Rir %Sxtforhrern@thﬁ ShtbmBEd ffloingGRIARQR ABLcriBEd

product, the cell can be of
herein, a device includes one or more light sources capable of illuminating the
specimen at multiple wavelengths of light. The device also includes one or more
detectors capable of obtaining images of the specimen at multiple wavelengths of
illumination.
The device also includes a computer or other selection means capable of

selecting a subset of objects of interest from images obtained from the specimen at a
first wavelength. The device may select these objects based on any set of criteria,

which may include one or multiple separate analyses. Examples of such criteria are
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type. The cell nmay be a cultured cell line or a

primary isolate, the cell nmay be mammalian, anphi bian,
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rffg.» BEOowS teypprsatie, <¢-J bus seme emerlmemalasr@s angkdefvtioe should be
I Abddnfldleyy. | Mages can be added together or conpared to
one anot er by anal og devices or by digital devices.

@Jan@l‘eam&een&\é‘foﬂ NIREpE W]eﬁ%‘h%qﬁgrc}vg 9\%({?1?2&@&}41&1&%

t urni ng on two col ors of nat n simu aneou
f
(5 A SR B

twelenagsasout&yenb@cel ithyi Opezaexdn mfdhadcbad segmmnmaread/or feature
n a set . faort
Rt igﬁ gagloﬂg V1¥| Dof%e cgErlaner e agpcemmr tc%l?s and many

ordi nary
Ommﬂzstle cbdls clravpt lredlut:ed)fnd&mat toOnmk eluand u&e thivk cytoplasms

oA TR SRS g SR TSN

single color of illumination may not be optimal for all cells in the sample. For
example, Papanicolaou staining can produce cells with red, blue or green cytoplasms,
and a single wavelength as used with some digital imagers may not provide optimum
imaging of such divergent cells. Therefore, overall improvement in contrast was used

as one means to assess potential methods for improving analysis.

A set of eleven microscope fields containing normal, abnormal and metaplastic
Papanicolaou-stained cells was digitized using 51 different wavelengths using a Zeiss

Axioskop microscope with a black and white video camera. This was accomplished by
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devi ati on shoul d be accounted for. Exanple 1.

Screening for Miltiple Wavel engths to | nprove

Arlecing b eorionirginegr AGE&GpBodas85-2n betpeerd therlixht source and the
i.ne i.f imeging.a s I t multiple wavel th

oS o et 8D SRS, &, pv it "R R g, 700

ameibmetefseat steps ek § mamdnicders. 0 Peca theomaltipr WivelnbdNBlageh were

i er. Sone.abnormal . cells,and many nmefaplastic cells
SIBREL, a lEGr R et oot tp 2¢F Somngthn By V’pot ifflages together, and
cthtro phtamaticallpddiciria® abhtbast EpREnSdedl dikcRD arky &6 ®ms. Contrast
pr od rrulti“gl e Cloﬁlgﬁiqr in a stained sanple, and a
s‘fv?isgilf ngd | as rthey grey) Iey Rl didrenss 1060 el diok; wiglhn ftg: nucleus
addmpagdd|ts ai 10x1 MpixslaER! ithiHe HHREIIE A RAPRRIAOLAA 570 nm,

st al&BiPng can ‘%roduce cells with red, blue or green

Vs L gaxePryme] Gogirast i MOSEGErs- as used with sonme
digit I.nagers . not provide optinum i nmagi ng of
such dfi ps ob|thig Imgge ih dpe othsy evayelength ik Aratyzed to

| dete?RiHe tBS that@d ilIEEtadt Frof@ic FRA MM fufag8 SBER SoMBhEN ihak (the
met hods for |(gf)row ng anal ysis. A set of el even
C

|
ieriBagspeeTs peied dosetist andiheydixidedry 2)- abigeerfeshownd scatterplot
nattRPhe Shirfpe RABHRLG BB WnShék REE GRS LSnd\BFrefha {) g%%ﬁ\éaéues

using 5 1 different wavel engths using a Zeiss AXi0
rRebY 8 dBpleusgnd sytaplesma & thadraluvitetengihd megs arieusabe differsnce in

2B DI, RS ST G TRLRE W TAE o TRA) o

bet ween t g urce an m Crosco
| 938k 65 clgeancotisvémfor i ist i wavdlength wambinetigis I(p akie) witk thedSM nm
qglq%goo nanoneters, in steps of 5 nanoneters. Once the

mul T pl e wavel ength i mages were digitized, an

al gori | . : i g ¢
rages FAuE R FR RO ki SATR O e e convas
cwrtmasyed st theembiedd imagecoeall ebjerts yegopllas nfcytdpasmiasior or

fi vel diff.erence of. .a. 10x10
L e o BRC BRoA MR ol st e oAy BirkgMfedrom
rowdtiple avelengtis. cyt opl asm A singl e wavel ength, 570 nm
was chosen that gave optinmal contrast for nost inages.
dxapiplead. i MnltipleWaveles gth imggingunipirotds e\ natykis bf DiffiedleSigtintens
were anal yzed to determ ne the change in contrast from
t he 5T0 order itorggpelpref the @teatiatbofnesthg magple( vaecldngth IMRURS a

g t her, and .t hen .divi ded_b . Figure 1
U85 S PUELSD RSB R e
(@%iﬁzfeid gsing h&Zejss avsiicskordl hﬁdgoséoﬁehﬁ}tld hfme?k&n@ ﬁvhiitg vﬁllfeﬁ)(:amera
val ues net en n eus._.and CcyIro sm for the dua .
B R TR P RL R 59 1%t e
were digitized to allow “confusion” of clusters, debris, blood, etc. The images were

first analyzed using only a single wavelength — the standard green illumination used

in many Pap test imaging systems (570 nm). The images were then analyzed using a

combination of the two wavelengths 570 and 650 nm.

Cells were then automatically segmented to find the nuclei. The segmentation
algorithm works by automatically finding potential nuclei (dark objects), and then

uses an iterative method based upon the grey level histogram of the image. This
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570 nmimge. A range (between approxi mately 600 and
670) was identified where contrast was inproved in the
copthph etbnitons grhaniges imlthe mijimotsandr meximyiedasknehs values from a

CMEtBQJaﬁSS? the %ﬁalgolrcve% wﬁﬁﬂ ! thet: ﬁg&m -gtﬁ!liﬁe %? m%nc?oﬁ Jc@t el@laﬁ}h g{her
contrast can I mpr oved COnMbi ni ng | mages om
nisEmeghigonvaetbbdsmgh fhs apiibed g logat2 nudlkil, tytpplesmAfor eltten gbjkcts in

I ing Lproves alysis of . Difficult cinmens Ln..
AR AR R G XEh e ol e R ] R eciébiion of
watifaksrigdbnd, ivagd ngpon ahape rahé sextiire alxaQremdnts elnl Grdanid test the
nor pal  net astic. cel.ls from Pap.stained slides were
g e SouBineT imes, oRRBE TbE GEGEIS MO SN the
bhga@i@teglngbtighi tensity ;dﬂ@mgnsg e gaisn gTI‘iiMeai&ﬂV aé @ﬁ@tolhi%he more
570 an 5 sel ecte se n Ex e 1.. Fu

B S o L e MEGUBY DSl Esn HETBI Gffcdlty has been
CéridSiirRérsd wilk blatg®/dafk ®athor@hIC‘meldpfastieB@BSappRarfglih pSsitions in
aﬁﬂab%tzed usi ng onl Y?fi singl e wavel ength - the standard
ge b among feheergrl ¢ldled i n nany Pap test imaging

systens (570 .. IThe imges were then anal yzed using

a conﬁaﬂéﬁtise;‘ﬂ&gg With o TQURIS SRS, SN ERRJRTE cellrgvessiingnd thed0 cells
Galth theWgiRst OB werd spdtih 6 st YWREDSRN b 8flgleQvdvEiagbth Mas used,
nucl ei .. The segnentation al gorithmworks b

. > . , y .
JnEBRasicc ANl FERarmpGarpbtia e dist ARang; a (sgok abpgrawt gpclei

adtdracRERIHSEHge Bralib @?ﬁh{oﬂ@ it ASEHs URR Nt ;pbﬁti&f £y and
| evel histogramof the imge. Thismethod nonitors

cRaiggR sositions 8 thipvahyrimMany abasnelnvcd merreund ial thelist of 100
f 5 it iRip-ahe ra%eﬁ%ﬁ/tgia?&enklﬁﬂa s within the current

outl 1 ne of the object. ny other segnentation nethods

can b eWﬁé}pédnﬁﬁlnetde%&%oﬁl RALELE {Vavéféﬂgﬁlg LRSIt QbfE Pw list

objects 1 n an | mage. ter segnentation, features o _
t ofecellen 3D spluescram Hersewle apfiEnhsanyjlesc hovven pf thetfirstal@tmgiclei
| fhe G0 - -
o R el B o il Bl
siuefsii evarg shpwig infthe dirsts4q positieterin hs higt. t Abus, rthe gombidtion
0 i S s N ' M [13 I 1Y t’ j
oo ey b Llceos By Afurf vty Bk Poni B Wil tre
niepsarkin ol showed diss uddbiveseof tvdi Edlorcarlatyyis veith thsevery difficult
g&ﬁ@%t ered with "large/dark” but normal "netaplastic"”

el ['s appearing in positions in the |list anong the

<0 By S5 e L 5k R Py SORHEbS SR g
from matching clusters in the single wavelength and dual wavelength combined
images. The data showed a significant improvement in the difference in standard
deviation of grey levels between the “salt and pepper” appearance of white blood cell
clusters and the smoother clusters (less variation in pixel density) of abnormal cells.
This feature is important as it allows removal of “false alarms” due to white blood cell
clusters. ~Without this discrimination, an imager may select some of the very
numerous white blood cell clusters to show a cytotechnologist instead of the less

frequent abnormal clusters that might be on the same slide. These data clearly

indicate that contrast was improved, permitting better discrimination by the imager.
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with the highest 10D were stored in a list. Wen only
a single wavel ength was used, netapl astic nuclei were
wappeatssas i n the |ist anong a set of abnornmal PCEUE2006/015720
characteristic of high grade squanous intraepithelia
| esions, one at position 28 and nore in positions 33
ltl])‘ll’aO Wé?elér%-th VRBinagibn Qllc{]ﬁ?dd hlﬁllptri]ﬂve% sevBteatafion aet d:li(ijssiﬂ&etion iln a
iSf O 00 nuclei,. wth_ the hjghest integrated optica
&é‘ﬁ‘f?ltaypﬁwgﬁwétgﬁﬁlﬂs\r?@é"Parpat@%§h om the two wavel engt hs
wer e ed to.create.the ligt of celluylar. |OD values
fom {ES SRR SR agiments, sogS Of piGeape ppplisptiops & pf pagroved
Ae{ﬂtdﬂwfédg hmagaearfan@isagyétsegn ha/venﬁéeﬁplii&ﬂ@dg@. nucélheuua ll)e apparent,
peared in posjtiaon : w, nore abnormal  nucl ei
Joievery, danithash Sied (n i aﬁgﬁaﬁdg?rm BArS W%‘l%gatmn%fb?m}%@s)se
tadhi@adsOdEirRl bR PoSSHID AahsR deshridiy A the inwehive BidepBHetetn.
by providing fewer "false positive" nuclei in tﬁe top
ranki ng and shows the useful ness of two color analysis
with this very difficult problem As a final check
the i mages were anal yzed for clusters by conparing
data from matching clusters in the single wavel ength
and dual wavel ength conbi ned i mages. The data showed a
significant inprovenent in the difference in standard
devi ation of grey levels between the "salt and pepper"”
appearance of white blood cell clusters and the
snoot her clusters (less variation in pixel density) of
abnormal cells. This feature is inportant as it allows
renoval of "false alarns"” due to white bl ood cel
clusters. Wthout this discrimnation, an. inmger nay
sel ect sonme of the very nunerous white bl ood cel
clusters to show a cytotechnol ogi st instead of the
| ess frequent abnormal clusters that m ght be on the
same slide. These data clearly indicate that contrast
was i nmproved, permtting better discrimnation by the
i mager . Dual wavel ength illum nation all owed inproved
segnentation and classification in a clinica
application with cells from Pap test slides. Thus,
speci fic enbodi nents, nethods of use and applications
of an inproved automated i mage anal ysis system have
been disclosed. It should be apparent, however, to
those skilled in the art that nany nore nodifications
besi des those al ready descri bed are possi bl e w thout
departing fromthe inventive concepts herein. CLAI M5 1.
An aut omat ed i magi ng process, conprising: obtaining
digital inmages of objects in a biological sanple;
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selecting a plurality of objects of interest fromthe
digital images; obtaining nultiple imges of the

wavel engt hs; conbi ning one of said nultiple inmages
with a corresponding digital inmage to produce a
conbi ned i mage; and anal yZLABMS he conbi ned i nage in
order to characterize the biological sanple. 2. The
aut omdt ed Amagiongtep irnaghgsproess lcamprising:wher ei n t he
objects of interest conprise objects of relatively
hi gh optainieg didieah dmdggs cinbjratsenl a hioldpicat fserplebj ects in
t he bi ol ogi cal sanple. 3. The automated i nagi ng

pr oc essleaingalphirality of attjestssdfnntedest fobingibe digitalntageesi s
obtained fromat |east one wavel ength in the range
f r om wbtaimdng rohlgipletinages bf the ebjects of iMiteeesbat tagpiraelisy of didigienty
RIQGESS ng claim3, wherein the digital imge is
obtai H%tg from at | east one wavel ength of |ess than

ST Rl T R

vawdice agdibinad nagt; andi f orm i ncrenments. 6. The

aut omat ed i magi ng process of claim1, wherein the

obj ectasalpfing tht eorebinedciorape insedadd tlsrackrizd the baddgicabtantple.
i magi ng process of claim1l, wherein the process is
used t20 deflee aitoreated mogmglpraspssaifivkaim 18wheFéie theubiEnitogd

i [ r of. ¢l .ai m.L rein.th [ 1S
LR SR el e WG U BRI SER b 1y
abjeotseb ¢t bictagjcatganpl@cess of claim 1, wherein the
characterization of the biological sanple includes

det ect3i on @he automatbdeimagih@.pracess celadomdf whbreimdgi digjtal image
process. of claim 1l wherein the characteri.zation. of
i 85ERE7 Bm el oo B LSS e HoBr MR GR g Ml
spectral signatur f an abnormal . or ,infected cel .11,
- automa: S Rl ims2ReRE T i 3 MFoh B fifahiphe
ds gi t abtaimd iem aleastone ehseléngtivofies kiagiabalt 63@nml e;

sel ecting at | east one object of interest fromthe

di gi tal i nAbesytornittdinmiging padcessed staim newhareig eheqflurtlitg ofit

ld?ﬁ'éc'rtent%]a%e er?étﬁsc gre gtfunk 01tme {nglsétrneg S. a plurality
6. The automated imaging process of claim 1, wherein the objects of

interest comprise cells.

7. The automated imaging process of claim 1, wherein the process is used

to determine a normal specimen.

8. The automated imaging process of claim 1, wherein the process is used

to identify an infection or other disease.

9. The automated imaging process of claim 1, wherein the

characterization of the biological sample includes detection of a marker.

10.  The automated imaging process of claim 1, wherein the
characterization of the biological sample comprises detection of a spectral signature

of an abnormal or infected cell.
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bi ol ogi cal sanple. 12. The autonated i magi ng process
of claim1l, wherein the at |east one objects of
interddt campriometsd inaging ereeessicomptising:vel y hi gh
optical density relative to other ob{ects in the

bi ol ogbtetingsdigial nageof objrstsdne bivkagiw! sammlfi ng process
of claim 11, wherein the digital inmage i s obtained

fr om aelestingst leash enqpbiest afigicrest om fhe gigEnagesm
ultraviolet to infrared. 14. The automated inm |n?

pr oc e Sbtaimngat Mashong imags of Bierst leaw ope eliech pf infpggeatiaglurality
QRUATRGH WaU Rt 1b fRla LN ANSa00BIM Bagkess L han
about 670 nm . The aut omat ed i magi ng process of

cl ai mahd mﬂ‘@ﬂ’q@ @étr&f LhRi-Rhvlbintihas il btfdfexetﬁ %Ha{ractenze the
waveleng?hs are at uniformincrenents. .

dielegigtl s@plgmgi ng process of claim 11, mhereln the at
| east one object of interest conprise cells. 17. The
aut onmded iThagitomated imaging pegcess oficlpim 11, wiisesinthg at lgest one
RIbRetsST 1rit§re§f %&q?ﬁs‘as Q‘?&g&%ﬂ%mﬁ%ﬂy ﬂfgﬁ%ﬁl@_ﬁ&qj d@Rity feqa)ﬁvE &
accurately I nucl eus he aut omat ed
|Qﬁm§|0hlg0tpﬂb’fb@b@lqgfcabﬁlamph 17, wherein the process is
used to determine an increased ability to accurately

i dent ilBy t Fbe yuomated imegingpeocssscifelasgm 11,ovherdiethy digifebimage

&hi‘ﬂgd RO GE Rast gﬁe &Lv%le‘i{gﬂ-‘]i? tH@l_‘}gl{ iﬁ%n{ l!ﬂﬁavwlet to in ared

aracterization of th ogi c sanple inclu
det ectjiyon fﬁlf anemg@ﬁn %g rJaass AU ShheldRE rd%ltal image
process of alm 11, wherdin th process 1s use
dekipimphaon ahbﬁﬁﬁrane ‘s@@tqns’élrpf legg_tharr Reous6ilomat ed | magi ng
process of claim1l, wherein the process is used to
i dent i1fy adb¢ aifferoatedimagingaroress ofickimd b, vetpreimihe plurality of
YR EHcloARA RORRAEES ficfinilsal M 11, wherein the

aracterization of glcal sanpl e conprises
det ectjgon ?P Qutg’rﬁ@cg& ﬁn’%ng% ﬁmgwf%la% 1?%&@“‘1% leé’s”t one
infected ce f appar at us conpri si ng: I rst
|quﬁo@o@ﬁ@@xmmmwe@ﬁn provide a first spectral regi on
to a sanple; a first detector that can detect first
i mged7of B be automatedimaging Psepest ad clginen 1, wherein the process is

used to determine an increased ability to accurately identify the nucleus.

18.  The automated imaging process of claim 17, wherein the process is

used to determine an increased ability to accurately identify the density of the nucleus.

19.  The automated imaging process of claim 11, wherein the

characterization of the biological sample includes detection of a marker.

20.  The automated imaging process of claim 11, wherein the process is

used to determine a normal specimen.

21.  The automated imaging process of claim 11, wherein the process is

used to identify an infection or other disease.
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whawedi1sssg i rst set of criteria;

illumnated by the first spectral region; a first
conputer that can select a subset of the first inmages

which may be the first |light source or a different

i ght source, that can provide a second spectral

regi on2di f The sidmdi¢doimaging pfocesstof slpie 1 1, atherefigthen; a
second.det ector,. which may be the first detector.or a
ShFpapwRona Bt bolBer ol AL e aL B NF T RSB
tdfen hR@as dr fidiel @kl ect ed subset when il uninated by
the second spectral region; and a second conputer,

whi ch28Ry Ba apfreatiid dosdprisiagput er or a different
conputer, that can produce a conbi ned i mage conpri sing
t he sadsidightsagee dadcanpeovidersfirst spagel fegionthesagllect ed
subset and can select a further subset of the conbined
I magesa fhssledctonthat cae daed fise imades of pordons af thiaisahplasete

t.he fir et. of criteria or a different t. 24. Th
dB‘EEW@‘F@@Y@FfHﬁéP rlﬁlsr?gli%’fer ei n tlﬁe secondsgon'puter, ©
whi ch be the, first t di ff t
conpudpst caRusie 9 segepd putiseof Hi fiy mases bissil g fust g of
tdnigeriagl ect ed subset and can select a further subset of

the first and second i mages based on a second set of
Cri t emisacontilight sowyge, dhidhheayf bertbd fiselight bouedd dr erdifferant light

di fferent set...25. The a ratus.of claim?2 wher ei n
SPUieE {03! CROFE R RreoRd SREFIAL SqeiQydiferpt iy it fREcira
segiomd set of criteria conprises at |east one
wavel engt h.

a second detector, which may be the first detector or a different detector, that

can detect a second image of the images in the selected subset when illuminated by

the second spectral region; and

a second computer, which may be the first computer or a different computer,
that can produce a combined image comprising the second image and the first image
for the selected subset and can select a further subset of the combined images based

on a second set of criteria which may be the first set of criteria or a different set.

24.  The apparatus of claim 23, wherein the second computer, which may
be the first computer or a different computer, can analyze the first and second images
for the selected subset and can select a further subset of the first and second images

based on a second set of criteria which may be the first set of criteria or a different set.

25.  The apparatus of claim 23, wherein at least one of the first set of

criteria or the second set of criteria comprises at least one wavelength.
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