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systens for anal yzing biological specinens, and 5

nore particularl Q te for classifyin

bi ol ogi cal sﬁg Fﬁﬁhgoéégh%ggﬁﬂﬁuGéﬂﬂ§§§ﬂ¥é%&5

suspi cious using scatter plot distributions.
BACKGROUND OF THECANNERTTERT IHSTREYEENSI i ndustry,
there is often a need for a laboratory technician,

e.g., 10 a cytote ol agi st review a cytol ogi cal
speci nen for the p?qég'elﬁé%iﬁ'féﬁg@'\’reﬁ{% cell types.
For exanple, there is presently a need to review a
cer
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cancerous and precancerous cervical |esions. During
alnegmak ¢riRYSPiCiods 15N Seakeraipt JiRtebyions. credited with
reducing nortality fromcervical cancer by as nuch as
70% This once precipitous drop in the death rate has
sl owed however, gagikRHENTPOE FHE MVEIRON the United
States for this prevent aBII e di sease has renai ned
virtually constant, at about 5,000 per year since the

m dyei@hb8iRal iMMRtS! Plefe istiiRHla nd¥erol BilKbraon) @hnician, e.g.,
15, 000 wonen di agnosed with cervical cancer annually
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Pe?posr%eér ugsl be%n c?géiperd vgin1arteducmg 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 to 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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has received nuch attention is the imtation of the

traditional Pap snear nethod itself. The reliability
wapwsebfsgracy of a cervical screening nethod iBCT/US2004/015834

nmeasured.- by its 5 ability to diagnose precancerous

o PO Y e B i A o
0 e BB e PR R0 o e metod

its%ﬁt hol ogi st may performa single cell analysis on a
ol ogi cal speci nen by | ooking at the characteristics
of _indiyvidyal cel| nuc]ei, or a contextual analysis )
on tfﬁ‘é* rﬁi'%ﬁ"gé ?Eéleﬁhcﬁ@éP ReiFal FBREMHE Methestis measured by its
char ag_teri stic patterns in the architecture of the .
alilily fQ,diggneseeRreapiresousdasiont (sensigidty) while @t fiieesame time avoiding
erform ng both single cell and contextual analyses,
fa@ﬁéoswﬁ@@snpsﬁéw isitWrda turpaibesardteria agadenandent e the
rangi ng between 10-50% This is due in large part to
aqcHeacy £ theneiiglegicaliniegretatiamd Tesslitionaby, @ gashelagisimay perform a
many as 100,000 to 200, 000) that nust be revi ewed by
single eelhanalysis on @ kielbgical specintan moloskiby at e eharadtensties of
a smal |l nunber of malignant or pre-malignant cells.
individeal dedmusiekaxr a copdxéyal asalysis londise bickogical epeéamen by looking
requiring detailed review of biological material, have
foscifaractedsticrpatteandhingine aichiectoegztthe eelisadsethdy@ppear on the slide.
fatigue inposed on the technician. To facilitate this
r evibven wheaqssforaingdioti sidglewet @nt ROnRYRiak Bhaligass tHeeen
devel oped. In a typical system an inager is operated
cohverftiondi Bgp 8meer hastalte ridfadesratddrapbing Bativet®9058b%. This is
speci men slide, each depicting a different portion of

duehe 155é fart td\HY RRERGMbet FJRIPEAS 8BRS (i y ok
furnish quantitative and prognostic information about

1001000 200 1080) thBR frURE BE BSEeFPa REHhRIZA ® ddisiiRe the possible
single cel | anal ysis or a contextual analysis, or

exid@rte dfa MRAMhGHHIRE df maﬁigﬁérﬂgﬂ?%é-%lipﬁérﬂrc@ﬁé.i Phus F}r%;é?near

perform ng a single cell anal ysis, e processor

eSSt WEINSs éfh%htélé?s! .leqaﬁngfga@fa%g LS 'of PioficaY b‘%f?ér%?ma%

area ratio, nuclear 1ntégrated optica
SRR 578y L AORONS 40 T BB AT B

V\he% ‘?gcgilftglre%fggre\%ew process, automated screening systems have been
developed. In a typical system, an imager is operated to provide a series of images
of a cytological specimen slide, each depicting a different portion of the slide. A
processor then processes these images to furnish quantitative and prognostic
information about the specimen. The processor can perform either a single cell
analysis or a contextual analysis, or both, in providing this diagnostic information.

When performing a single cell analysis, the processor may determine such cell

characteristics as cytoplasmic area ratio, nuclear integrated optical density, average
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contextual analysis, the processor may determ ne such
architectural characteristics as (1) average

WO paosioom4ads ear di stances within clusters; (ii) BCHOS204015834
deviation of the cytoplasmc grey values; (iii) means

f the. f i aki ,
B DA R A A
e E@g%‘?%’og‘ra%%@‘ﬂﬁﬁ%é et B8l characentis
asz‘ﬂnt %)é%ql@ntq?ﬁg%%%zjs %are @\ ?I a4 ??%ﬁ—é‘"gt[‘%n of the

prﬁessor ﬁ{ﬁé {;}% di a n? tlc Eo:rrrgtaiégn.to ’ © -
cvtaﬁiaﬁwgaer@vwlé gt IR e L ISR i) AL deyieton
t
of the asea pf iechase %ﬁlﬁﬁ?\ﬁ é%é%é#mﬁ%ﬁ Fea %lugfqmo%r'wé&ﬁe"
t hus reducing oad. In other a
invgesedeier ey d@ygeemThet 'ﬁéU'Eﬁ%@% §'aelem§@@npr¢@ntﬁxgtg% gaglyges are

information to delineate between nornmal and
combinedde autveratel Gaanawis- mat erial within each specimen.
That is, the processor will focus the
cyt bt ssonmatiogiated scraenieg syHiemanihne EOGesser yrestthe giagnostic
cells, with the potential to 15 discard the renaining
informationfto delifaate hetweesvnemal’ and ‘sispieiaus’ slithe Hbﬁhé@hmlﬁ@l
device uses the diagnostic information to determ ne
labiohatoryp shiyflesdd slieies flaggedas suspiaihjserowld beexgminadiey a
cells and cell clusters nostly likely to have
cy@tdohnblabiss teusssdsitieg thevivbik loadl ilgoter actonpated seleegingnt
cells), and their locations on the slide. This
sy$tes! iherprota¥fsor 03ds the disgnbbtrinfoanstoh tndedinaate between normal
m croscope, which automatically proceeds to these 20
ant @08pitioNs bronshica Fizdsrial Withinheachispeoigienal Thaljss thiespriooessor will
review by the cytotechnol ogi st. The cytotechnol ogi st

fod’Ms'the EftBfechhSIB PO bdition oMBhé nmidye phitinbagiets] withfrecictential to
hat are the nost pertinent (for exanple, the objects

dlé&é?ﬂ g r%tafriu@*éeﬁ@ flopRirberiviadl. t IR tABlda88 Rk scR¥ening device
pre-malignant” cells) for further review by a

usB&IHY A sstic |Hf8rn9&P6ﬁrt§|detetrrlﬁﬁ'leL{ﬁ§ rTRfst BitAERL @Qlogical objects

screenl g syst ens has proved to be 25 successf

L O L

mf g&é“%%(?e /rr?e%gﬁgﬁt c }%H%ﬂéﬁtloﬂg oﬂ ¢]1: Ig?d%ee dTl\@é' HRéfion

nore "per ent I'n eac
information is then passed onto a microscope, which automatically proceeds to these

locations and centers on the biological objects for review by the cytotechnologist.
The cytotechnologist will then electronically mark the biological objects that are the
most pertinent (for example, the objects having attributes consistent with malignant
or pre-malignant cells) for further review by a pathologist.

In general, the use of automated screening systems has proved to be

successful, since the technician’s attention is focused on the those slides that are

3-



aut omat ed devi ce, however, has thus far elim nated
fal se negative and fal se positive results at

waedosioeideht |y | ow cost to be practical. | n addP€T/082004/015834
there is also a commercial aspect that nust be taken

Lés'b'i@oﬁc&% Ilm-@c?nﬁrﬂﬁér M&%I@QA%P%J%%% I%i%é%’m%w ew,

cyt ol ogi specl nens, SUC ap s

autﬁmtﬁ'te%dde\ﬁée lhg\ﬁ'léver' Ha?ﬁ{u%’f e?a‘fenaqﬁl]g% £$ gégqlﬂen ! glse positive

nician to révi ew eac

fe%%ﬁtﬁgfsﬁmqt@' o S8 GPeM a0 e e o fmmerc
et et bl IO BrEstiL Ihe §??b‘3’[9§ft‘ffhe BaH i, cpdf

st. review, a he ess tine that it takes for th
> C@B%?fﬁ?'apﬁﬁ'”mst 8“‘15@? et SNSRI IRECINRENS: Hples, ﬁbl‘?@?“f‘rpé‘” to the

la ator n_save. The occurrence of false positives
tig ke e 1e Bt 16 o Fab s i fonge s trt o

| ow zi\I [ ty stains. For exan‘g a technician may fail
CRIeFsalAIPLRESt reyiRierr the 8105 mef'btﬁk%fﬂrﬁl taghnician to review

parti cuI ar stain to the biological specinens, or if

Q?Br%“é%ﬁ"iﬁ dhspmoegicost frelabpeihe 13 qr@toaf inews. Stotivarsely the less

have expired. Otentinmes, specinens 15 are not fl agged
sliges Hal priechnidiawmyshieviey, endithe leas timeahatst takhe fortibe echnician

been manually reviewed by the cytotechnol ogi st,

10 torevewisyslidasthie more anersly the tabomtoSldasRYe OF THE

I NVENTI ON I n one enbodi nent of the invention, a nethod

of dhasschiyéng of false posjtives sorrﬁiinm;saebulﬁﬁrmrtﬂmlbgieal

identifying a nunber of objects of interest (OO s)
spacintans withdowkjualitygitains. Bpreeamgpie, alteichnician &y fail to follow the

acconpl i shed by acquiring i mages of the biological
preperqiratencldodagplyicg apartputdi stdimto®e Hisodidsdpetineds) &r if

The nethod further conprises neasuring a first (e.g
corecileaypliad ciap saBli-ife GfaBe BRI Bag havd BRPIRAY. Oftéﬁtmgésabs&umens

optical density (10D)) feature of each 001, and then

15 ar@abeiiged dshavhatd Bv-dhlib) Qéln@ntlﬁﬁ%rﬁﬁé}?h’é\@béénr rﬁénually

features versus the neasured second features.

roMEN20BFHDAASBCRIETSYSARAIRG BRASIdTfe. S {her

classified (e.g., as normal’ or suspicious) based at
least in part on a distribution of points within the
scatter plot. In one enbodi nent, the specinmen is

SUMMARY OF THE INVENTION

In one embodiment of the invention, a method of classifying a biological
20 specimen comprises identifying a number of objects of interest (OOIs) within the
biological specimen. This can be accomplished by acquiring images of the biological
specimen and processing the images to identify OOls. The method further
comprises measuring a first (e.g., nuclear area) and a second (e.g., nuclear
integrated optical density (IOD)) feature of each OOI, and then generating a scatter
25  plot of the measured first features versus the measured second features. The
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classified as normal based on a spread of the point
distribution, which is relatively small in the case

w@boos/oerexi nen exhi biting normal cellul ar attrP@UUSR4/015834
and relatively 5 large in the case of a specinen

) s ARl S i%%é‘éan?rﬁ' ab%@%&’ﬂ“%v%asw B Pt ona
Bl a R?Hﬂ s BbE e sttt ol éé‘éeﬁggm%dﬁeapewsges

artiall on di stri huti ol Nts w
c %?éf'ey&ft damep e hd ﬁweed@a:\?r@ penelapBaidhe it F ety
Ess fied as sus icious If the gplnt di stribution
F35& &/%0‘%? R eXHBIigY naEnaeeluial alriuies; gnd sefatively
can be applied in any one of a variety of scenarios,
lagedn (e GhsecraPeckR eI ngRaG Tahsaliss ayaueS: & i gase.
or prOV|d|ng a standard for other devices. In one
the speameantill baslassified pa opraald§ the @ont disiiwtiar spwad is below a
reqU|r|ng further review, in which case, subsequent
threstplew THE speeimasedayaisoderclassifiedraseispisiauy at frest partially
t hereby reducing the nunber of slides that a
basgd enecdinibibuliprsof pairks witbin tbevscatteripotc ointthiasase dhe specimen
suspi ci ous specinmen is flagged as requiring further
will beickassifie@al segpieints ifdive peinbdistribetiepsuead is a@ovelzethreshold.
performed in any one of a variety of nmanners, but
This elbssiéddtipn @ap berapbli¢d/ incdnyforel afa rietydfescensridd) @tg., to remove
include the 001s are generated in order to focus the
nocyabslielel frohoglibstqeerdtrédaliop providitdie ssisiardiod dther devices.
obj ects. 20 In one enbodi ment, the point distribution

Spr éadné sm@uéiRient, lrﬁﬁmulssmurﬁéns aedla Pgéd as yiat feguifingffurther
techni ques. For exanple, the quantification step can

reieWPIn wiich tadd, BUbsqueROERIc &F the 8pscifen Gan b@rboﬁk/éhléﬁtﬁ/)
to the points, determ ning at |east one of the |

padsé® ﬂﬁér@ﬁ? rleuan@QhQ ROABEF b&ll@@@ﬂ%t aQﬂ"y@Bt&&’fﬁé@BQlé’iQ’m@st review.

value that is a function of di ménsi on(s)~.

In @REAt Sa sBspF We&:ﬁné’?@ﬁ%g?é@ a& FaRfruRher P@Qlew

di nensi ons) ¢ be conputed conput ed val ue can

l:
i L L

ré’ Mk Ebéf%r%m;}rd ﬁ@raﬂ@ao?ﬁ‘l\%o‘g%f Hte egmt fﬁ@fﬁdé‘i’ﬁé b'd?é‘ ale

eature

geﬁleraa%éd ?zn' o?gerata f&gfs'm!a c%?eecﬂngl% spg ttgrﬂlo% “?1 the suspicious

objects.

In one embodiment, the point distribution spread is quantified using any one
of a variety of techniques. For example, the quantification step can comprise fitting a
geometric shape (e.g., an ellipse) to the points, determining at least one of the
dimensions of the geometric shape, and computing a value that is a function of the
dimension(s). For example, a composite score (in the case of two dimensions) can

be computed. The computed value can then be compared to the threshold value.
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addi ti onal neasured feature(s). By way of non-limting
exanple, this additional infornmation can be used to

waledosom4pe i f the scatter plot is reliable. , A¢EUS2004/015834
addi ti onal 5 feature can be any suitable feature

t ot alhexTie <3 SafenatiogPrite rrasaed PHeRst izl feature
ensi t of the

| . t |
of it st R, wicteinge Roesitnetyis SBSeRG asneidnd erethirigr on the
il relmass R 163 deih B SaeTl R gReIgPIc: Bissddfag

for obtaining i mages of the specinmen and generating. .
qua@aﬁoraa@rm HegH wtwﬁﬂ@%g therggatiey plob i reliali@reThe additional
nprises at | east one processor for processi n? (e.g.,
5 feﬁtum ean g pny Rdtabimteaturatneluding tereial pumbaLeifPIsoN twdl
within the biological specinmen, neasuring a first
speetelT, éotak nwaker dartifagie asﬁhlemgcnme@e gomhneraatugear gptical
each 001, generating a scatter plot of the first
dansiy of e @@kt ure versus the second measured 15
feature, and classifying the specinen at |east in part
bas dd anothehembpodiewdt of the lirvenfon,ret bidiogtcal sereerming sfidiemdor
functions can be perfornmed in the sanme nmanner as
clgmsifying adbiglodiesicspebiateraib gveviddd. Theesydternfcomptieesah imaging
(FO's) are optionally generated, the system conprises
10  stationefot otainddy intages of theldpechtetandcyéemmbaiigy gtz data from the
scanning a field of view (FOV) relative to each FO
imagedr T BYstemcuing cdmprises allehst drie racdssdP idrGrocdsBingie.g.,
DESCRI PTI ON OF THE DRAW NGS The drawings illustrate

filteRRg A8 i Bg&a8taud iddntity PhurBPHOsH OO Rt tHMological specimen,
invention, in which simlar elenents are referred to

m@as&ﬂgmsmé@f@ap@acn@@r Fhasufii a's%c315d véyuﬁe of 2880,
2005/ 001438 PCT/ US2004/ 015834 g is a plan view

ge‘hﬁara’%m@taaif%ﬁéfjplm &fthe Q%Q%eﬁsh% f%@fu’ié’ V&%u@tﬁé’ é@c%% Sasured
speci iren; Fig. is a plan view of bi ol ogi cal
15 fe%Fe?%ﬂH%s%bfﬁﬁ&fﬂe%ﬁﬁéﬁéﬁgaétrh part based on the spread of the
point distribution. These functions can be performed in the same manner as
previously described above. If fields of interest (FOIs) are optionally generated, the
system comprises an automated or semi-automated reviewing station for scanning a

field of view (FOV) relative to each FOI to present the one or more OOls in each

20 FOL

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the design and utility of embodiments of the invention,
in which similar elements are referred to by common reference numerals, and in

25  which:
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accordance with one enbodi nent of the invention; 5
Fig. 3 is a scatter plot of the nuclear area (y-axis)

wo egosiel4sdhe nucl ear integrated optical densitBCT/US2004/015834

(x-axis) of objects of interest found in a nornal

bi ol I | ot of the
nucl'ﬂ 1C%rael%llé %- axi's Stgéé(?asrﬂimfﬁ%gg g Ca”%)' yr'] OQW“
Fgét&} &R denS|ty (x-axis) of objects of |nterest f ound
I'n a suspicious 10 biological specimen; Fig 5is a

| a [ hrst ndadmcrosc
garp: nég;'\élaa @?@I\" é“?ﬁ blogglg@ THERSNIRG §Ys ?%nl@ngtrlbqt%qllr\” ew
o) b| ol. C eeni stem constructed in
accgc%nﬁg%@qm teﬁn%?f@?]ﬁ%tr r}g%%'éf?m of the invention;
of a field of interest and
rmr lfi‘? ﬁ}:ﬁ% 5@3#6" plgtsofjgh%wclgﬂrrq{ga KY-gXis} YIsks Bye RHGSAr of
m crosgc used in the systemof Fig. 5. DETAILED
in %9 P’ﬁ#@gﬁw'w&arﬁpfgﬁrwggf Ewwlfwmins a paTeal pioipgical
to Fig. 2, a biological screening system 10
SPEEWE T uct ed in 20 accordance with one enbodi ment of
the invention is described. The system 10 is
configydrie @ scatipr Rekeafsheinudearcarealy-akie) vrrsopihesiucttes 12
in order to cIaSS|fy a biological specinmen 14 (best
iniepeied ppiicel gensity (weXis) ehehjects of imtdrest fommccin ansusipiioust
require review by a cytotechnol ogi st, or "suspicious,”
biglhgiedl speaine; equire review by the cyt ot echnol ogi st .
-7 WD 2005/ 001438 PCT/ US2004/ 015834 Alt hough the
sy st@md19 agdan Yiewus edother staadaidfriceosgope slideaéataling a biological
speci men as normal or suspicious, the system 10 | ends
spetis@inf particularly well to the presentation of
cytol ogi cal cervical or vaginal material, such as that
t ypFiabliy afptamdewnf a bRapgicaemsenild sigterh Borﬁﬁf&téiﬂﬁe
the cells may reflect abnormalities (e.g., cytolysis,
acadrdapty with ahothectmbodinEAlBORE invERtibeEHCY Or
premal i gnancy, such as Low G ade Sguanous

Fig. 7 is a view of a field of interest and marker indicator as shown through a

field of view of a microscope used in the system of Fig. 5.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Referring to Fig. 2, a biological screening system 10 constructed in
accordance with one embodiment of the invention is described. The system 10 is
configured to process a series of microscope slides 12 in order to classify a
biological specimen 14 (best shown in Fig. 1) as either “normal,” which would not
require review by a cytotechnologist, or “suspicious,” which would require review by

the cytotechnologist.
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Intraepithelial Lesions (LGSIL) or H gh G ade Sguanous
Intraepithelial Lesions (HGSIL), as well as all other

w@yiskhayss cat egories as defined by The Bet hesPEI/US2004/015834
Syst em for Reporting Cervical/Vagi nal Cytol ogic

Ui 1o D1 P B 386 E0 aﬁﬁfyi%”%/ﬁ'%éﬂ e Rof8ich s
Bkl SRUFL 4P o I A
o BRIk o Pig LT, el wiariel et B8 ?_%aﬂ‘iwaaﬁ'yia e(ndb §na Pap
S"EG%F' Co"(‘ﬁﬁiééétsg#tﬂs.cgv%@g?é& F ERTorBRLSE. S hSTHgS trophy,

h are typically contained within a
mfea%ogle#@@aeﬁbfn HBAREY. OFEGVDEE'QF}@@CY HRsCh ﬁﬁ@ongfﬂd@c%%@mous
the s are removed fromthe respecti
'”féaé‘@ét@?'taéées'a% LGPl oF H@@ééradamuw@ﬁs ﬂréfaﬂpﬂe@ileﬂ besipgs
cassettes in a serial fashion. Then, the system 10
(Hepwdlly aewell ge a&o@qraaytql%@@%teg@nqwdei@eﬂ &y hedzetaesde
slide is processed, or offline when processing of all
Systemy fos Re@oﬁm@@w@ywa}glml&;ﬁolp@c@msfs}/ Therdological specimen
speci mens 14 as either being normal or suspicious. 20
141will pypidadly b iipaerdeoni thaglidey 12 pe adhinayioledieal dayer.e Rreferably, a
conprises a canera 16, a mcroscope 18, and a
covert shipi(ueicsheway s @herdhie thaspecmet 1dafitcnemsixireygihiefspedimen 14
i mages of the slide 12 through the m croscope 18. The
in pasidoreorl henslide 12, dig speeimert 14amagbieatsined with avg Btitabiaktain,
cameras, such as a charge coupl ed device (CCD)
suclae®ad@apahicolaoalstale. or in conjunction w th ot her
conponents, such as an analog-to 25 digital (A/ D)
conperih@processin@rtnddpstem 1 @hthidk iMEgEIsF KIblogidalf dpeicidns 14
resolution to allow -8 WD 2005/ 001438

caftleli/tysha84 4 D 1WoRidH ardtyprampLotlaifbd WithinCRpissead (hé’f%ﬁ@ﬁ/n)
for exanple a digital inmage having a resolution of

DL@f‘l the iy lrgq];?ﬂ@céss reediRIeaVare PaRBYAY #&h the réspR¥RI ed

o an eight-bit value (0 to 255) depending on its

ca%ﬁtﬂeg?&l%ﬁéll@”r%gbé& ad?\%%eﬂ"l*ét@me@@@@@%% tﬁfé A% $dMail fashion.

assi gne val ué for |east anount passi ng

ThER rtﬁé’ stﬂah‘ﬁ (Pé?fﬁ{/zesatﬂg mgﬂt Ha#é% (elﬁ't%\’ Q&.é@%%@ﬁ%n&ﬁ%d

val ue greatest a passrng throug

prddaSsdl, SE bfflink \héh bAReddng of all slides is complete) in order to classify
the specimens 14 as either being normal or suspicious.

In performing the imaging operation, the system 10 comprises a camera 16, a
microscope 18, and a motorized stage 20. The camera 16 captures magnified
images of the slide 12 through the microscope 18. The camera 16 may be any one
of a variety of conventional cameras, such as a charge coupled device (CCD)
camera, which alone or in conjunction with other components, such as an analog-to-

digital (A/D) converter, can produce a digital output of sufficient resolution to allow
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is nmounted on the notorized stage 20, which scans the
slide 12 relative to the view ng region of the

won@sosaspe 18, while the canera 16 captures |PEDES2004/015834
over various regions of the biological specinmen 12.

PrPEFSi N O RrBRTE Biacksof ARFOs Al gﬁé%%ﬁéﬁ%’é Bresolution of
ofERAED #Blel R AR Wil B relfe it 58Pl vaiue (0o

rises an.inmage rocessor 22 t erforms, a .
223 ABhe g 85 8 PRy B STERES ot 1odBbodl: beniingssianes
fro he canera 16,  For exanple, the image processor
VallE b Pagt A Gh, 5 ONERAPSI G 489 Biieh SRR GHUIAAg 1T being the
segnent ation, classification, and contextual analysis.
a%%gg YRR faha ofenteri @Bk ef light eassingihrerghithe ipixehoFpgyplide 12
. or suspicious. In the primary segnmentation operation,
IS {MpaIng therrpetegzest stage RBnwhish scans ihpsdde 12relativaiiotther
.consideration. The inmage processor 22 acconplishes
vigwing region phtrimigrascees 48, whiteHbe ghgietaal 6 cagigeesfimages over
further consideration that, by virtue of their
variog regierss, ofdhe bigiddided bpedimend 2c dhk shuttérespeetitod the camera 16
remaining pixels in the digital inmge 20 form "bl obs”
is heafenaglyaklatively high, o6 theh dpescamnihgsipeed andive numibge of images
processor 22 then perforns an erosion process on the
takerotmn hbemaxiddeed.o renove from further consideration
bl obs that are only a few pixels in dianeter and
nar fropersdrmamgithe anealysiediungtidn; tie $His@ps 10corprises ah fgage
adj acent bl obs. The i mge processor 22 then
prdedssonk ittt pogdiey a eadly bf oferhtioridéh theRigital Fnédes obtained
i ndi vi dual object or a clustered 25 object, dependi ng

fromm tHeh@anmaraier Fojr e&émgle?tﬁeﬁn{a?@ pRb&Rsof 2y m%g?%ﬁbﬁn pAimary
bl ob having -9 WD 2005/001438 PCT/ US2004/ 015834 nore

segRAtRiBA, ScvRbST Cs@@n*éﬂté%i@?)?élﬁ@s{iﬁ@ti@n,f%dé?&o%%eg*é%lingﬁ/gis

whereas a bl ob having 590 or |ess pixels can

opeRftiohs & &&terink MChachdyas 1984 R&imal BPEudPRGSE, dual

obj ects, blobs that do not nmeet certain criteria

rel ¢ 8d drithdrPs8dmeh@fon gﬁ%ﬂgﬂ@ﬁ,%e ‘rﬁaq;é;] @%cé?stoir 992 removes

optical density” standar viation, grayscal e mean

a4 roturtfe Al éhsifratior® O iRlgE DrodskBES2 accomplishes this by

masking pixels in the digital image from further consideration that, by virtue of their
lightness, are unlikely to be cell nuclei. The remaining pixels in the digital image
form “blobs” having all manner of shapes and sizes. The image processor 22 then
performs an erosion process on the blobs in order to remove from further
consideration blobs that are only a few pixels in diameter and narrow strands
extending from blobs or connecting adjacent blobs. The image processor 22 then
determines whether each blob in the image is an individual object or a clustered

object, depending on the number of pixels in the blob. For example, a blob having
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In the secondary segnentation operation, the inmage
processor 22 renoves blobs that are unlikely to be

w0 pabswddeml cells or clustered cells. For indiR¢OUS1004/015834
objects the image processor 22 perfornms a series of

mBfORLRBOBRKM LA cYflidfiol ST Ter8MBLlect, AMeriEdsSa B paving

m nat e rojections rromthe renal

S LR AR
o 65538 e BT HRS S8FTo e ABRIn B

ect, . .th Juacessor 22 hen sele an

ot Bt B R B A B et eV are no

i nte optical density (10D) and that satisfies a
C%ﬁpﬁﬁ%ﬁft ﬁﬁ ®shape requirement. The individual objects

extracted fromclustered 15 objects will be flagged as

cl usht He-g8epp %fvésgfsﬁpb?&pg OPpAlloReihg iTH8eS PISEETRITZ removes

eration, the inmage processor 22 measures_various

b'?tg%f{‘at @& unfkely i he Sfd'\f'%ﬂl AR Qn dupieredisplist Bordngividual objects,

clustered objects, and then calculates an object
the #iBage ProcesssE R255TTeEms Bscaes eheronien ppakalions Whithiesmere small

these features. Based on this score, the inmge
obaﬁ%%é@,%gﬁmmatasmm@téonﬁmmrtrmmmam‘p@btobsaarw diation operations,

clustered objects that are likely to be artifacts. The
whighhtgniveghdlesiiramndba rerodiningtidobs: &-or clustsreld pbigctshiredmge

of interest (OO s). The inage processor 22 then
precesisau22 sharhens (D@l esiges rof theedhbject e praridel A0Mef(reidt boeder. From

corrected or uncorrected), and ranks the OO s in
thedefinadiciestensidtdbjadhehé Chag@proesssof 22 therge ests @nandioitiudl2

al so nmeasures the nuclear area of each of the OOs for
objeve having ehd highestmatigar hitegigedophes deasiowOBPand 2t eatdfies a

digital imge, the imge processor 22 then stores the
paditlsar shhpa gquiremehh eTtie indMUUACLEBEB/RPAAEE from clustered

PCT/ US2004/ 015834 ranki ng, and measured nucl ear areas

Wmcﬂeefﬁggb% clustdritixirabes JbRiEy.Y 24 as a franme
data record (FDR). In the illustrated enbodi nent,

applrp%bfﬁpés%khéat?&p%)é}b%ﬁ Fhe inhdHRIKScdsBr Qﬁ’h%a@@%sf\%ﬁlous
each slide 12 t hus approxi mately 2000 FDRs w |

fedtBresTHOERH I RIIRAdLa? BbjEes a%ﬁ‘ihh sirbdBbikeis, and %éﬂ“@ai%ulates
cont extual anal ysi's oper atl on e | mage prfocessor
anWRiétt 88orb OB ddifbject based on the measured values of these features.
Based on this score, the image processor 22 removes individual objects and
clustered objects that are likely to be artifacts. The remaining individual objects are
considered objects of interest (OOIs). The image processor 22 then evaluates the
OOils for their nuclear 10D (either corrected or uncorrected), and ranks the OOls in
accordance with the 10D values. The image processor 22 also measures the

nuclear area of each of the OOIs for the contextual analysis, described below. For

each digital image, the image processor 22 then stores the OOls, along with their
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FDRs, the nuclear area and nuclear 10D s of the 100
hi ghest ranked 001s, and generates a scatter plot of

w0 b@sneaBear area (y-axis) versus the nucl ear PQDUS2004/015834
(x-axis) of each of the OOs. For exanple, the

i o0 Bariyiohg aed P oyr Bt bR AP S g 2%
fra%eqll\é. 5 ééé?pz& Zl?@gﬂﬁotﬁg i %5'33'9%%%! g&;};{)gﬁ%g?ug 3060 digital
im3fen arerapaN e aPBeUAR 46 s s Foigpeititel cPad EPRs e

specinmen 14 as normal and flag the biol ogi cal specinen
storgd xmgBtory 2 iRfisach g9l Eher review by a P
cytotechnol ogi st, or classify the specinen 14 as .
sus i besestexfidl apalysis Rretalien.dhe Fap0e prsEHRn 220bfains from the
requiring further review by a 15 cytotechnologist. In
FDiRss dreanucleardired Eﬁ@mU@B@rc'iQ%ﬁQf e alt00dighest Fﬁrkl(ég |QOlshaid
refl ect abnormalities tend to have a w der
gederated dacattan plai of themdlgar peren(yraxis) darsugrtea ndelgani@i baaxis)
IOD (i.e., the scatter points tend to forma | oosely
of bacindittie IQQiso o eaamplel tetscattenplotiliwtptediin Aig. 3 was generated
contrast, biological specinmens that contain nornal
frooeh Iside eardying a hénlegical speciown2@thdiaal tellsi wheiaasttike aeatter
of both nuclear area and nuclear 10D (i.e., the
plat datstretedpoiFiy. ¢ wasgehdratet drom a stidegtartyndya bivdiegical specimen
region), as illustrated in Fig. 3. Thus, the spread of
withhebreaaiit azils p Bayed dnsthisi deatieraplotp trevimeige paoceassdi 22 tvillagither
of whether the biological specinmen 14 |ocated on the
claskiffltelepechndinATas nofm4l W Biflay s biolbyfsallispdcrmenada dsmot
the scatter plots illustrated in Figs. 3 and 4 stens

redi9hg fuiBef AStevi PRb cidisthmBlogke!dr elaskify thedpebitth 10as

have | arger nuclear areas and hi gher nucl ear |10Ds (by

su¥piEibUS aRf flbgﬂf@ﬁ%%@icar dde 7 99 85 PEGY further review by a
CT/ US2004/ 015834 ~anount of chromatin) than normal

fddrsiolodld thus will spread the scatter points away
Cyffbrom ﬂ?g ot herwi se wel | -defined regi on defined by the

Scafi @nfﬁéhi, Bioiddics éb%éﬁ&tr{aﬁwﬁéﬂn%l@ Er%még%fcﬂ%normanties

cel I'sT The scatter point distribution can
AR B o Sl lop g .
the® Qcattg? pgfﬁ%t tteﬁa to form a loosely bounded region), as illustrated in Fig. 4. In
contrast, biological specimens that contain normal cells tend to have a narrow
distribution in terms of both nuclear area and nuclear IOD (i.e., the scatter points
tend to form a tightly bounded region), as illustrated in Fig. 3. Thus, the spread of
the scatter point distribution provides an indication of whether the biological
specimen 14 located on the slide 12 is normal or suspicious. The difference in the

scatter plots illustrated in Figs. 3 and 4 stems from the fact that abnormal cells will

tend to have larger nuclear areas and higher nuclear IODs (by virtue of increased
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points, as illustrated in Figs. 3 and 4. Notably, the
scatter point distribution froma normal slide wl]l

wao eqvd/ooa3he sonewhat elliptical, and thus an epPdT/psioo&d15834
fit is preferred. Using the general principle that

arhBEntYr ShRh &) ttﬁa&ergdgéﬁt%{”célﬂcéﬁdq‘ﬁ‘nné I! %gg | ong?/aq@ §glnts away

suspi ci ous as’t ér poin

fré@‘?ﬂ% B!F.'eﬁm%é %ﬁl'cbaég H% %&J&e%éf@teh%s gh%gﬁ%&? St Hﬁs rbtf’dn%r‘?
regfilﬂﬁ%frw ﬁorﬂ{a%él%e an i ndication of yvh_et her grﬂe

cal speC| men is normal or sSuspl ClI ous.

th m nor..axes. m ht ed
and 1Eeqens e irPhih At Eiusd BFpd husse & adEHEY of
Sco as_been conpyted, it is conpared again
L R %embfénmbﬁﬁw%tﬁa i ogde ondne scatier
comput ﬁ Q nEnner such that the suspicjon of a
POIS) ! H%ira %@& 3P fneteNoblvadhg ﬁ@t@e geit fligtibgligeiom a
ore hj her than the threshold value will indicate
ngyr Wéf S'tdﬁéN'B I0igiReatongydat eliptical, andsthus ap ediptigalifit is preferred.
score lower than the threshold value will indicate
Using they grnersl priggicteathatihe diglegical spagmeal incrementally begerses more
the image processor 22 will classify the specinmen 14
sUSBICiPoE ARl the scatias PRIt distibetips varessrerh dinis tigbtiyt bounshellipical
value, and will classify the specinen 14 as
shape phe sizesofithe elipses @smesassirast yaitemiriciandtrhajor éress ol grovide
val ue. Significantly, selection of the threshold val ue
andegieatipn @‘annevtberctbﬁpi;ﬂcbgi@l spedinenss nornel ge sespitious) Tiie
fal se negatives (i.e., slides containing abnornal
dimehsisng bfdhe rﬁr@ureamiemnnor dred inbiy &8 vasightod amd used tb téleulate a
generation of false positives (i.e., slide 25
coopusiée acorg. normal cell s that have been identified as
suspicious). In general, the -12 WO 2005/001438
PCT0d52 QiR 5655 834 bege @em@me@nnt &f cdnpared Rgemkt ¥ Bfredtfold value.
| ess tol erable than the generation of false positives,

Assumiry thaetheaesiddiscobrputfd iIMaSAAREIRBLR th HFEaSDHiNEH oNs
heavi |l y agai nst the possibility of requiring

bidlS €41 RpEafENiRire8YE NS @le“s\éb@ |ﬁ§ﬂé@§é§%‘ Sore Fgh8Nthh| 'tﬁ'e
the threshold value is preferably selected, such t

ththI@ol@Qéﬁ:@WMﬁ‘gﬂlc%fte fl'%k fHe tfl&ggk?lvﬁ%cfn%rﬁls%b LaL8 e\ﬁhl%t? §core
low level, e.g., 5% ng the pe centage 0

lovié tBi&h ﬂ%SthFés‘ﬁ%ﬁi value will indicate that the biological specimen is normal. In
this case, the image processor 22 will classify the specimen 14 as normal if the
score is less than the threshold value, and will classify the specimen 14 as
suspicious if the score is greater than the threshold value.

Significantly, selection of the threshold value depends on two competing
factors: the generation of false negatives (i.e., slides containing abnormal cells that

have been identified as normal) and the generation of false positives (i.e., slide

containing normal cells that have been identified as suspicious). In general, the
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to increase to a high level, e.g., 50% Although, in
this case, twice as nmany slides than necessary are

wGaaseouant |y revi ewed, the reduction in the neebEs2004/015834

slides actually reviewed by the cytotechnol ogi st has

gé?\%‘?éh&%f félgxﬁ bé‘uve%k?é %Sjs {olerraB% thémr{e%%?ﬁfbf é‘gsls? positives,

s~ anal

Slmet sglﬁﬁlﬁf&’trﬁlsaig n(?sqﬁé g@%as@ \%%h%ggéw&rﬁ@%ggs? g'ggféqssalblllty

processing require

PRI ph RS daRaY 55 SR Bl o
AR R R el %%ﬁh%é“erﬁéé“taé?af %m?%a‘?@tﬁétvsef he

" I er at he hi.ghest r e S iS
B '™ By 8L ) 5ok e G undF BRiosnEs scg&eq%p?%ves
nucl ear, ar ea nuc ODs of all 001s can
JIEFeaSR 9 MR @&téoefgeﬁéthaw@ i ieA5% B as Ty slides
score, like :ﬂg core derived fromthe scatter plot
tha Recessaly 3" aHPBeRoRilY FRviswad hesredaeian indhg nyeber of slides
ared to a threshold val ue and used to determ ne
aqfﬂ?énp FRfewse bY fra-peirchnplogisidasdese cel byl i ed as
normal or suspicious. In this case, if either of the
scoNeakly.dhe letemwféb@ﬂv@bemf@@@r@Iyazl@d\(eet pely 100 OOls
respective threshol d val ues, the specinen 14 will be
arg pged o generale tee seattsr oles), nThely reduices heocepsiog nequirkments, but
be classified as normal both scores nust be bel ow the
alsodgiesta safeguare sbainet falsk negativeist sinpattievadagter ploewsicor es
derived fromboth scatter plots can be wei ghted and
presoymia bty be ganerated fodralansnaicikeed sethuf sbspicious DOisbe
conpared to a single threshold value. -13 WO
2005T0iitth88mPLhizZe3286 4L §4thés Jaddiidnal infarheitioRican beGRBd to
be used to determne if the scatter plot generated
enburerthat the shaitdrasdt geaskaget hsheé Righebt rabké&d OENS is reliable. For
exanpl e, the nunber of artifacts in the biol ogical
exapplE, asatt@rpled Risat o thel AlCleatdre¥d bAd niB¥ar KDY &f INDOIs can
deceptive score, can be neasured and conpared agai nst

begehbrasd)@ind vsabiue gehdratddhoimaRbred f THIS bESBCHIR the sb§re
above this threshold val ue, the speC|nen 14 may be

T von Ty ot e dereted REPNLE MRS, R RS e
combhfR t4 thfeshold value and used to determine whether the specimen 14
should be classified as normal or suspicious. In this case, if either of the scores from
both scatter plots are above the respective threshold values, the specimen 14 will be
classified as suspicious. Thus, for the specimen 14 to be classified as normal both
scores must be below the respective threshold values. Alternatively, the scores

derived from both scatter plots can be weighted and combined into a total score,

which can then be compared to a single threshold value.
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normal . Al so, the nunber of OO s can be neasured and
conpared to a threshold value or a threshold range.

wo-o005e0Bpl e, a relatively small nunber of OO0IBCTHF2004/015834
i ndicate that the pool of OOs fromwhich the scatter

p! ofﬁtggrs iggojﬁ}%g% 8Qn Bé u§é&‘{3 &éﬂafrﬁﬁé{ei‘f th@%c f@'phottg%nerated from

‘pgo resul'ts O a relative |large nunber
. t I '
e R QB ekl fror SR RFuerRE anliah i the
. plot. In.thi Lt th o
oo oo g e UGS iy b b b

t hreshol d val ue,

i.e., th b f I :
cob o ko e AR BBl er v
is %g&@g?ﬁ%g&ﬁ@ ?gluégtf;%sgp&gmsegtﬁ\@gy F)E%Faggkﬂégt%ﬁ g@%@ﬁ@us, even
thovh e ganue S ves JoBrta etler by Bayindprieciridhe S 11

nmeasured and conpared against a threshold val ue or
nottdleshol d range. For exanple, a relatively |ow

optical density nmay indicate that the specinen s n

20 Algbf theinsimbey of ORlsean bmeéageda?nd&%&%ﬁo ﬂiV‘%ﬁShO%

optical density may indicate that the specinen S
valoeer yhssholdedngesi torexanpie arglptivlyemaldumRar @&P\Qﬁway

nmeasurenents, thereby creating a deceptive score. In
indidaite thatthes podi of BOIsrEram wipch thel Scati@h@p{)vaii genergtedipan a

| ow threshold value or greater than a high threshol d
statiglicsfly tdo emall tt prevideaccapte reabltse@s b relativa lpsgepkngpereof OOIls

of a threshold range, the specinen 14 nmay be -14 WO
ma3/0eBUID M BBy PR bIS2T GifadS 813t may siesav thieggsidts obtained from the

suspi ci ous, even though the score derived fromthe
scattatdi&@r Ipltalk oasy, if ihedivediee of Dalls tsHessthade 0@ theeshold value or

normal . It should be noted that the system 10 can
gréAt@sHihh ¥ eIt {ane 01 ks aambet bie@Olshialis outside of a

determ ni ng whet her a slide should be reviewed by a
thr‘élxr%é]& ?&n’ﬁb’é?ltﬁégé&écimeﬁ1E%ye@@méseﬁedwmpidsqwcemnmpugb the

classified by the system 10, can be used to

scolePRiREdingm ARUBIBNSIot RHE dRts taetRi side SiPss aommalhat
require the cytotechnologist to review all slides.

fg{ gﬁé ﬁﬁ@%lneoptfcﬁﬁdéiﬁﬁwéithépeérirét%@oﬁ@ét) BEs/REIDOERS flall OOIs
can be measured and compared against a threshold value or threshold range. For
example, a relatively low optical density may indicate that the specimen was not
sufficiently stained, whereas a relatively high optical density may indicate that the
specimen was overly stained. Either case may skew the nuclear IOD
measurements, thereby creating a deceptive score. In this case, if the mean optical

density is less than a low threshold value or greater than a high threshold value, i.e.,

the mean optical density falls outside of a threshold range, the specimen 14 may be

-14-



10

15

20

25

the screening systemto provide a standardi zed nean

nucl ear optical density. Subsequent unprocessed
wGep@siomass can then be processed through the sPCEHESINYG015834

10 system |If the subsequent speci nens have neasured

C'é'fﬁﬁr%&%@é%@@!]m?f%?ﬁﬁmpﬂgﬁ Pl Rlen g%er %c%ﬁtg'd@ﬁt may
B her Fo S tr RBE it e), "The Tosul 1S wi T be

rejected . The u f, scatter, plots cgn al so be_used by
scr dEIoHlS 5 BoERnalaE SURpTLRa8 classTy sbsel@ens &anurposes
nd, suspj ci pus cellular material wthin each speci nen,

ot dpf PEIRTING Vifigther e sidsiauid e Fviswest buasyileshnelpist.
screening system 110 constructed in accordance with

FOLRSERBIS, BRBGAI SRERIMERE, £hElaRsiledey 1f SYStan fGctardeused to
The screening system 110 is generally the sane as the

standaydize nyiPaESh SUBR @s Sgeeaing Ry stems that eguire heepitotephnologist
that the system 110 requires the cytotechnol ogist to

toseview@lislidesy E@ﬁ@mp@%m norg)al geecimens Camke presassedthrough
Fig. 5), focusing the cytotechnologist's attention

the gEieeping sysieseiorprgvidea stdndandizepreanewclesroptiosf density.
to as fields of interest (FOs)) that are suspicious.

Suhiseguént unpocsbsetbspetierisesamtheh bspspiessed troagrethe screening
di scarded prior to review by a cytotechnol ogist. The

systest. elfittelfibsegserd specitriees hple thdasuieddnheat pusiaradptical
slides 112 are suspicious, thereby cautioning the

dengities & natydprs thd stapdardizad imeznl rmicle2b opticat dehsitied a givea
suspi ci ous slides. -15 WO 2005/ 001438

aniitiht (53 0 F4nd 3 G4 uerinspesisdramalié begarediéd boGRIEH biSOS litte),
(1) an inmaging station 118 for obtaining scanned

thé reages wilf bd Rged¥é@! ogi cal material contained on the
slide 112 and generating electronic inmage data from

t he TheREE®F séatler BloRCEMEAISS BE UsBH bl isktie@hind%ysttnd HRD8elineate
data to obtain the OOs and for assigning one or nore

beBledrforfal 8ind SuSAGHu gll;ugaﬁ"?ﬁjaté | wthih %dﬂﬁﬁﬁ%%@f Specifically,

reviewi ng stations 122 (3 shown), eac

wit%rr@i‘éiré*%_ 8 Fid.&, H?(f)lo%i'k:gl‘@‘,crééﬁ?ﬁ se)és'ct:%\lrh :iéf) keh&ﬂ;dééb fil 9-

that is scanned relative In order to

ac?ﬁrgéﬁég witth BRothE} émBBdiHaE%a gﬁé tﬁwgtiﬁ\felﬂﬂ% isdtratdd erivy 84r&8hing

may al so conpri se
system 110 is generally the same as the previously described system 10, with the

exception that the system 110 requires the cytotechnologist to subsequently review
all slides 112 (one shown in Fig. 5), focusing the cytotechnoloéist’s attention only on
those regions of the specimen 114 (referred to as fields of interest (FOIs)) that are
suspicious. That is, no slides 112 (even if suspicious) are discarded prior to review
by a cytotechnologist. The system 110 uses a scatter plot to indicate which slides
112 are suspicious, thereby cautioning the cytotechnologist to pay particular

attention to the suspicious slides.
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interface (not shown), including a nonitor, keyboard,
and nouse (all not shown), so that the

W@ iosveabsiol ogi st can interact with the systenrdl/0S2000015834
The imaging station 118 is configured to inmage the
sli j ..l ar ; j :
o et P TBRBEI A 1| By RS 556} 198 tann

ect to™t ree
S PR PSP o sonortn
BT 5 b T R B PGBt
AR RIS RS o i oy o
oI 588 e SREERSA O I S B
RV ed 5 s e g ) P A e

coordi nates are nmeasured relative to fiducial marks
the {15t theceytetgchnplogist dhesystens htfhinay@isg gpmprise angser
Wl be described in further 20 detail bel ow, these
interfage (nat shawr)s inclwling & magites kerbagsédansymerssh(allant shgwiy, so
station 122 to ensure that the x-y coordi nates of the
thal tha eytpieehaglogisg caminteraol with thesystes tHh  be correl at ed
with the x-y coordinates of the slide 112 obtai ned
dur iThg imagingratajiong! 1878 corfigsiredrodmage e slicz0! Chingr inseser
(1) an inmage processor 130 that is configured to 25
simbardp thatldesities! dhaymwitnerebped o thetsareemning systerh rOmTohtkis end,
canera 124; (2) a FO -16 WO 2005/001438
theChadisg 6G4iO0 158 Bémppisex e samerd 324, mibiosbopes 128 rindgnisterzed
to assign OOs to each FO; (3) a routing processor
stdgst] 28mhiat birel Ssmilamibitgel catiet01 8Tapic@steps 13 Gnahbtotibed stage 20
the reviewing station 122 will use to scan from one
ddsClibddoatidve. Mextro@riged $hgs8 B! Howeter, GRidftioaHNerbdpertrack of the
storing the Qs and FA's, the ranking and x-y
x-¢ e66rdinasisest thd inidfes@d they ardedpigred byand taderpt 4. f Rér
the FOs. It should be appreciated that the functions

exBRipie RBEUdY (ndthPolvAS BAThE KEURIEPEPHE PEShetive mbidts oRiHE

136 can be perforned by a single processor, or

m&oHEE @b 408 in BRIE &Y Rk tRY nBPEiStahB&RatdIEEfh the x- and y-
processors. Likew se, It
directions during imaging. These coordinates are measured relative to fiducial
marks 116 affixed to the slide 112 (shown in Fig. 5). As will be described in further
detail below, these fiducial marks 116 will also be used by each reviewing station
122 to ensure that the x-y coordinates of the slide 112 during the review process can
be correlated with the x-y coordinates of the slide 112 obtained during the imaging
process.

The server 120 comprises (1) an image processor 130 that is configured to

obtain the OOls from the image data acquired from the camera 124; (2) a FOI
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can be appreciated that the nmenory 136 can be divi ded
into several nenories. The inmage processor 130 is

w@eowslars3g o t he previously described i nage 10 PCDUSNS40015834
22, with the exception that it ranks the ABCs (i.e.,

AR e i
prbioe . 2g%gdb§4 A7 e 5Bl bl IR il aon
123 51i5e S PR OB 1 Mot n@ri??gu%éﬁo?iﬁég ﬁa@?’%ﬁed for

|OD's of the 100 hj hest ranked 001 and era
sargd QIS greir Q. PR anliig e X O qaIER P
nucl ear % of each of the OO s.
rogfingiceaii tﬁr th@ Gitrelh should @refapema%@d that the fymgt'oag:- p%?'nﬁ@' by
or suspicious based on the scatter plot, an
the paspentive grosessostitdd.itShAaand 134 eambe pemormed h?shé sf\9iede
112 is classified as suspicious, the inmage processor,
prag@sol, br altemetively perfagnedh byraere {hanthreerapessspry Hkewise, it
The FO processor 132 defines FOs based on the x-y
caader afipnediated dfattthe me@@irg 136 gan he dividagsintossaygral memories.
enbodi nent, 22 FO's are defined, 20 of which are
res é’heéadagé procesk, 13@risl sitnilaf tcx/\ﬂlbcplne\dmtﬁly desariped irhage
ABCs, i.e., abnornmal clusters. In the sinplest case,
précesebr 2heniffiGhe exceptvartheatriednky tre AB@s 4. Hthglabsormalwkusters)
OA's, and the remaining 2 FOs are centered over the
and dibrebess ABEskeldnd\RiEs the taakings, wit $he RDRs.2Bhé-Dhageaprecessor
defined in a manner that avoids inclusion of OOs and
130B{RitionaMNstbfds the @bordinkled/é? tRE Ti316@hd4 ABCs within the FDRs. In
PCT/ US2004/ 015834 are al ready included w thin another

th&Shme Inflaridir s MR Medge rocedaot 32 aR iMEEes praBsds 130rabiEIes!from
within the FOs in a coordinated manner, so that the

th& Fmr tHf n (B Adland\Rided 8D fbfthe 10D WsdeRéa Jesksand

can be maximzed. Alternatively, iIf the number of

geh grq?eé a st éﬂ#&‘ﬁﬁ thd BNGcIEUHERES E%X@Qe?sdsetﬂé'nheréaF oD éX-aXIS

i ncl ude a e O s and can be mnimze

of%%éi’% fh%ebﬁghsT H@H%ggﬁ Soe{ R tﬁ?n c §|f|§gmeoélﬂ%eﬁ%oés

S ores nates o e FOs in

ndMRAPEYsEBR: ofugrbasga Bh e gcﬁt%r blde drdtigiBlaRf AfFsdRonal

information. If the slide 112 is classified as suspicious, the image processor 130 will
store a flag in memory 112 indicating so.

The FOI processor 132 defines FOls based on the x-y coordinates of the
OOls. In the illustrated embodiment, 22 FOIs are defined, 20 of which are reserved
for OOls, and 2 of which are reserved for ABCs, i.e., abnormal clusters. In the
simplest case, 20 of the FOls are centered over the 20 highest ranked OOQls, and the
remaining 2 FOIs are centered over the 2 highest ranked ABCs. Alternatively, the

FOls are defined in a manner that avoids inclusion of OOls and ABCs in an FOI that
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136. Specifically, the routing processor 136 maps the
x-y coordinates of the FOs using a suitable routing

w@bk@snotsbsn such as a "traveling sal esnan” al geeT/URvp4/015834

whi ch 10 determ nes the m)st efficient view ng route

aleAreB g el E’%&E@%ﬁ; §kd Eﬁh'g?%%ngsfﬂﬁ% qP13'ahdhECE san be
9%%%5‘@% 201} [ bodrimated FRthetuiq el B Ritbba bR ag and

Agﬁat’[ t;%?,}/qﬁrqd'%% Hyréeégl,:\gdfbé rrr]1ﬁ>a<‘| 1S Aﬂ;e[ ?y%y ﬂhe number
ofERE R g e e g1 FEIS fequbpot ﬁ%@éé%ﬂﬁ%ﬁwe&?ﬁmd ABCs

of three reV| ew ng st atl ons 122 are shown coupled to
Cqmige BWHM#Eed120, so that up to three cytotechnol ogists
have simultaneous access to the pertinent information
st orAfterithe ERls ikavekaenigrmeratpd. 4he 7O pragessgistdrstargsdagx-y
pically process the slides 112 nuch qui cker than a
cw@laet@@mﬁarggthﬁFQlann remasy 188 éanlatey ese by theneutipg piagessor
processi ng speed of the 20 system 110 is slower than
13theSpguifidalinrine eautisy pspresdorof3tameys tteocisobrsigiates ofthe FOIs
system 110 can generally be operated 24 hours a day,
usihga stibalilé eoutipgiatgdritioyt sitchclsreoitayeking salésmanil algavdhik, hich
hours a day. Thus, the bottleneck in the screening
dgiendiess thecnosteffdientiviewingreoutd for @resenting the F@lsdrttiiese texiwing
review of the biological material contained on the
stafiord€22. 12 roliing pradessant 3dethep ploess thtedy tdatlinktes oftiee FOIs,
of nmultiple -18 WD 2005/ 001438 PCT/ US2004/ 015834
alory ivtimtigrositi ag pRIMSWhith ialkthelMiigitzted embsadiamnt | ieaeedmplished by
thereby providing for a nmuch nore efficient process.

siP@fyoslgcifg grUsQisng atlideindRé afdes tiat tﬁéiﬂmﬂ%‘él r@WeW@d) ln memory
stations 122, reference is nade to Fig. 7, whi

134 ok St sHgBEn Bt R3S BPHR neviehd ftatiorefeh revi ew ng

station 122 centers 5 over a FO. In the illustrated
e”b‘méf&‘?lﬂ%; sstiff R?FIEQY lh%ﬁe%n?ﬂo@lfﬁérﬁra Wtalfor @B reRBHirgRations
is defined ) .4 mm squar e

ér‘é%ﬁrg é&ﬁglegﬁﬂ'{ﬁbesé: @4‘ 1é0n s& f5at u % Yaee gi&@éﬂh%ﬁbrsts have

e bor e FO "are | nagi na y an

su%ﬁﬁéheoﬁg ackO& 1ol E@ pFPﬁE@ﬁ@ Hﬂ%@%{) %ére% ikt e Qe Yo Aehbly,

'S not SbStricte
the system 10 can typically process the slides 112 much quicker than a

cytotechnologist can review them. Even if the specimen processing speed of the
system 110 is slower than the specimen review speed of a cytotechnologist, the
system 110 can generally be operated 24 hours a day, whereas the typical
cytotechnologist will only work 8 hours a day. Thus, the bottleneck in the screening
process occurs at the human level, i.e., the detailed review of the biological material

contained on the slides 112. Thus, it can be appreciated that the use of muitiple
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qui ckly direct the cytotechnologist's attention to the
FO and to provide a reference 10 that generally

w0 pabsoel4es t he exact regi on bound by the i nagi P@r/ys2004/015834

borders of the FO, an L-shaped mark indicator 142 is

ré(%éw hg tiodd ?Zfrglreﬂnétggﬂﬁé’"%&ﬁeﬂe %Fét#/ﬁﬁ'ﬁvnwﬁ; fof £huch more

an open square ron 1

42 borders the |eft and bottom sides of
eﬁuﬁ%hﬁ@os%ssk 0.05 mmmargin is provided between t he

o i e S MR LEE B e
oSt il kP GateS Rh s8 Mo RRLFOM tﬁé’tﬁ%%irsﬁfevé@rﬁtﬁ“%@z centers

FQO t,_centered near the |e ot t om bor de

oyt Tk yim G IS il satbgericihe £ty Rene YRmRer i Cap and

cator 142 al so serves [ OV]
th?ﬁﬁ%'gsgs?n%%ve CLRBLRRA D) Sh20e CErseriBRe LXIErS Fiagy in the
ushi n button that

aﬁap@l&r@%ﬂﬂﬁ'@aﬁﬁ %%%qreg s of ﬂ@gﬁ@l R 'H@QM%@“@%”% be seen, so
requiring further 20 review by a pathol ogist (e.g i f

thahtherytateahneladis saiaw e?awgoﬂmlﬁur@hamtn&m i |Blﬁr@%f)t° more
Referring back to Fig. 6, each reviewing station 122

qw%dlrefégh%cﬁp@cbg@l@@ét s atgAtian do thenfPbandzledpreyidg @ refepence
The slide 112 (after image processing) is nounted on

theheenaselbr indieatesttiag) exact 0egio beunchby the imaginary kierdensof the FOI,
relative to the viewng region of the m croscope 138

am bsbdpethmaheindiwatariig2i$ arovisied. Xhe noarrinticatoetd DEaptures the
FA s 25 obtained fromnenory 136. The slide 112 (after

FOhtige aprapeessiuacg) porfomiddh bEithe omark iridical@ PADBArA6sAB8 left and
PCT/ US2004/ 015834 the notorized stage 140, which

battove sides of e FiRl).1AD. 0% hmt meaegih ¢s proeidet detwigerr tbgingark dddicator
the m croscope 138 based on the routing plan and a

142 lorsésramit the imaginatyeborders ©f tHedF ORO 3h4lfthé pertiblE 8f OOIs
obtained from menory 138. Specifically, these x-y

exteqdinl oatsRie, of e left anarRtBATBErEEE of ehédF OV Geb@tihdBorh-ah OOI
coordi nate systemof the 5 imaging station 118, w ||

thBis lifichfgaokitRel tHe Ol bEceft¥red GREH HRAER of Méﬁ&mbefdérfaﬁthe FOl)
revi ewi ng station 122 using the fiducial narks

wifHnbt K@Qbi‘,tﬂxﬁ&?b)‘i EHeQﬂaﬂ(]iﬁdlfz%P‘M‘Z | Phe Friafk W@)cat&hﬂ@ aléé serves

is ensured that” the x-y coordi nates of the slide

tocﬁr‘é\héi@ a tn'f@ansrfSP’ fh@"&yf&ﬁedﬂn@fb@%‘f t@%l@ct?&fnéﬁllyﬁéﬂ th® F@ ?e.g., by

X-y coordi nates of "the slide 112 dur
pushing a button that electronically colors the mark indicator 52) as requiring further

review by a pathologist (e.g., if an OOI has malignant or pre-malignant attributes).

Referring back to Fig. 6, each reviewing station 122 comprises a microscope
138 and a motorized stage 140. The slide 112 (after image processing) is mounted
on the motorized stage 140, which moves the slide 112 relative to the viewing region
of the micréscope 138 based on the routing plan and x-y coordinates of the FOls

obtained from memory 136. The slide 112 (after image processing) is mounted on
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I magi ng process. The notorized stage 140 will then
nmove in accordance with the 10 transforned x-y
w@owsdinat es of the FO s, as dictated by the rpel/Uszy04/015834
plan. In the illustrated enbodi nent, to advance from
, l,di , .
tHeMFolbited &ag% Q%lgﬁ\xlrelﬁh{r“r?osv%m% Qﬁif@nnﬂtzﬁrglaﬁ{/e toofh%s\ﬁﬁéma?eglon of

activation I'S sense, t
HRHFRLDRR dpg bheRL OE el Py an Sk Ridefomanon et atp <
oo BRRERS Wi O fEitke riytny B3 s TiPldbefivnea
oG Rl rynieh er Aea B el et nete sistemof e
niRRo s 54 BrBeRREd i ety exorBenieneTig <

and . makes decisions about the |evel of cell )
O RETRg T8 PoRAIS Ma RSt Hhairoes & tnpiside 2 dshown in
electronically mark FO s that are 20 suslpect. The
F'eyg)otTé&ﬁn6|'Soai¥%{req hag {ieanV eodtinatas pfihe glidep 12 during the
previously viewed FO, and nmanual I%/ moving to (and
reyiedichif P ce e alei eofigladed inibie sty erordipatesret dimpalisiset! 2guring the
~FA's. Following review of the slide 112, if any of the
IMaging pracessh el matokiged BipgeHE0 wil thengaensoin@gcerdancawith the
reviewi ng station 122 automatically scans the entire
trayisforagidoay cogdinatersef tha FOIs @stdiciated Gy%he retingglan. In the
coverage is ensured. The cytotechnol ogist is -20 WO
iz DemhadneoT,/ U2 0aediss 8de F&lllteanathpa tiseecytbiechnologist
aut oscan and to nove the stage 140 in order to
presgeEssarnt adivatordswitdc@esshavagt ilmthss sansehtheskevideirgl@&atiars122 is
desired. Notably, the reviewing station 122 w ||
seafigautaratideAlbyrhatvedh tra BQIssdre ialitdniaticabpadvanesd Fb b&sto the
been classified as suspicious (e.g., by providing an
nextidinthis @ise, thevhotohtel stageakd midy opfibadllyoRRRe foNe
cytotechnol ogist will pronpted to performa nore
predieteaniabd BMoLANODEME R e3lh ¢©| 1 IRthasserRBPReqevibRiry station 122
review that the cytotechnol ogist would performon a
is flllyGRitsradticyi Ng a speci men that has been classified as
normal . The use of scatter plots can also be used to

det sthe8elelRdtBIsidry pRischffd is i ﬁOVrbf%@ﬁlF&gséggle 138, the

speci mens. It has been discovered that biologic
cyRREGH RISt Welidwd B8 FOIs and makes decisions about the level of cell
abnormality, if any. The cytotechnologist will then electronically mark FOIs fhat 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
FOIs. Following review of the slide 112, if any of the FOIs have been marked by the

cytotechnologist, the reviewing station 122 automatically scans the entire biological

specimen 112, so that 100% viewing coverage is ensured. The cytotechnologist is
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10 quality stains (e.g., the stain protocol has not
been foll owed or the age of the stain has surpassed

wo ewsohaBs | ife and has deteriorated) tend to PEI/ESH04/015834
wi der distribution in terns of both nuclear area and

ucl ear | i.e., the scatter poi .tend to forma
ot 3 BegpDRAIIFoRL GO Mo HELsipaAF0 I Pipp i teRpoiior and
rTs?pec'meswit hi.ghqali .stains tend to have a
aqr&r? 5 7 BIG: S8R 1A 2%99W€df both nucl ear area and
nuclear 10D (i.e., 15 the scatter pojnts tend to.faor
¢ iRy, Bevmicunostation |22 Mhepridrhg st iR e
scatter ‘?oi nt distribution provides an indjcation Q
spasineuAi4 ngs Been plasytied as SHSPININHSIS L PY p@ﬁ@m%ﬁgwﬁ le or
located on the slides 12. The difference between
vigiblgrsignal)dn athich easee et @iptechnwliaaisy wvilhprampted ineenfesim a more
quality stains stens fromthe fact that a |low quality
theraaigh reewsh thenslider 2 asrepmpaned (g @ revigyy g thereytaieghnaegist
poi nts away fromthe 20 well-defined region otherw se
wogd petforny ohraostida carryingranspesiinaethiat bes berraclessitiedtaepermal.
to cytoplasmc contrast. The scatter point
di stThebusei afrscatber peaisivas pisoi heewseddn determirenthiefquadityusf itimeystain
any one of a variety of approaches. In one
oreabatthrndf specimegeo ftdtasibeehidiscogenpd thairhiadgioal spekimens with low
scatter points and a value is conputed in the sane
quEtitynstaing €8.g1, ithe staibpretoconhadnal éeen fidlloweg orttied bge ofithe stain
specimen is normal or suspicious. A conbined value is
hdsh&ifpassed itéBhal Ik AHHH3Bdd6ridraiad) Qe D334 a widectikiabetbn in
fromthe val ues conmputed for a batch of specinens

tekrfis 8f both MlicleBPafdan@itnuclex® |0DJte.t e sthebNpdlHiltehd toform a
t he speci nmen batch, as a whole, can be quantified.

lod$y BBGHAY rRbidhieInP@infrastd brlddidii Eh&dimeas Wah l’ﬁﬁ] qlidl®y stains
e

speci mens can be calculated.” Alternatively,
teﬂ?@d ﬁé‘\llqéé nBRbWLdistHsition ik tdrRfs of BbtEsud & a«’r\e@g?é A0&BEEI0D (i.e.,

of 5 the specinens (e.g., the lowest 10 poin

thg 'sﬁéﬁérmﬁtﬁgbﬁbgﬂﬁffsﬁ] g‘%@@t(l};}és%dr}ﬂae\g gl?%)gﬁ Jhﬁ?&ﬁb%pr&t@@ef the

si ng the poin

sc\‘%gt% é&iﬁf;(gi.k@ggfr(]&lcé%%deg %H iripcﬁcé{i%ﬁ é@uggaolw‘gf tgg%iteﬁﬁ‘ on biological

nmpute can termn

sp%%g]%g’lz{ %ﬁ%ﬁé@ﬁtﬂ% gﬁ@eesq % Hiﬁ‘gleen%g %@t\ﬁééwgaltt%r plots

stai hed.
generated from high quality and low quality stains stems from the fact that a low-

quality stain is non-uniform, and thus will spread the scatter points away from the
well-defined region otherwise resulting from a uniform and well-delineated nuclear to
cytoplasmic contrast.

The scatter point distribution for each specimen can be quantified using any
one of a variety of approaches. In one embodiment, a geometric fit is performed on
the scatter points and a value is computed in the same manner described above in

determining whether a specimen is normal or suspicious. A combined value is then
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10 acconplished in a variety of manners. For exanpl e,
the nmedi an val ue can be conpared with a baseline

wo 200ae0@sput ed (e.g., by taking the mean of pRCTUS2004/015834
di stribution values) from speci nens that are known to

B8 BRI ST bmo LI A of HiEc egngovaq e i s

I Mens use t he baseline ne N
sﬁezc;rﬁsnéﬂg&&%aczesé;fé@ﬂu%ﬁtg (R BB LB e

t he

aufRERR DT BletiR Grb® §?ﬁ3@ﬁ@§f S VAol Fitlng apeﬁmsrxs can be

i ehgﬁ’é et e B R AP R fhrclbies e metrentage of
|1 d

th??f%%h?%?{? o-gag vest 1§ Gois HeHO g vRuee) éacn%ﬂa@@wy

% In this case, .the i mage processor 20 22
Rglbg e“séﬂg Bemerdig, the fnodg or ryeageiah e print q"ﬁtébU“O“ values
recen%ﬂy anal yzed speci mens may not be properly
- A subset of these suspect specinens may then
be reviewed manually to visually confirmthe quality
of tPrecesthgimedian V@Hﬁgﬁs Peew | coraqu(ﬁd bgaabe usedto detetaine
met hod can be used for evalulating the nedian value
whgtheh@equrieshspesimens idfvesyreani nreperiyceiaipad e d hisccantize
nmedi an val ues of 25 previous batchs of specinmens. For
agsoambibled ii aveariehhef maurers.offor e2mWe hedaéda ¢al8e can be
PCT/ US2004/ 015834 c2 = (f - ,)2/f , where c2 equals
cargaret witBqulbase)iné valeg Lcamputdde(e@x 2y takihgribe meanalf pemt
and fe equals the expected nean value, it can be

disteibetion vetdes)ffronhspddrhersd thabatecinowin teecpropady stamed.
| owquality stain. For exanple, if the nean val ues of

Piteferably pisie rfumier bassduitens usdeeo dmiiuite e Badlind hfédiahMlue is
100, and 170, respectively, fe 5 equals

1 t 14 Brolitfe+d kOrnTal 88mp Ethe a&nﬂe?n% dessed th h th
A oG 10 ol el Sampy oF e spSbimichi podessed through the

S'tf% Vgg%‘gth§2r£i§§g sgsﬁapig Idcatedt545 +3 6667 + 7. 7575

Assuming that the point distribution values are computed in a manner such
that the values increase as the stain quality of the specimens decrease, a median
value higher than the baseline value by a given amount will indicate that the current
batch of specimens may have a low-quality stain. In this case, the image processor
22 will generate an error or a flag indicating that the recently analyzed specimens
may not be properly stained. A subset of these suspect specimens may then be
reviewed manually to visually confirm the quality of the stain.

Alternatively, a Chi-Square statistical method can be used for evalulating the

median value of the current batch of specimens compared to the median values of

previous batchs of specimens. For example, given the equation:
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Usi ng a standard statistical, handbook, the Chi-Square
c2 can then be <conpared to a cutoff value at a given
w@onkiaesre | evel to determ ne whether the neR@I/UsSi00€615834
of the specinen batches fall within a nornmal
i st.ributg,on. If not, it is 10 determ ned that the
ENEEIA G gieTe S eialn e GE-S0a5 Iy gavale Jhespataied mean
Al ternatively, rather than determ ning a nean fromthe
valoeq) ahdd. quatd theddxpetied uheamvalae, Uiesan Bndeteimgined if the latest
conparing that nmean to a baseline val ue, the point
battls of sfBdirhens Nad & @sv-gaalitp etaih. r Pertdxanmple)fene theunt Valudseof the
baseline value. In this case, a nunber of the point

lagli fileriaicHdsadT spatiHrpisidhat 36, U524 $0,1109, BAG ai70,nesyadtivelybiy
a given 15 nunber can be cal cul ated, and conpared to a

t hr eshl thonumbeneo Fefo exanpl e, ,if twenty percent of

5 equas poi i i rore V3, @88 S&r pass the threshol d
val ue by the™ given nunber, it may be determ ned that
the quality of the stain js suspeci, thereb
(39 o) nfl a3l 0+ B2Vt (@A-asdbr, (0-di3pTag. 20 - 23
WQ32005/ 001488 PCT/ US2904/ 01588% CLAI MB32l. A

0.0368-0nismBl 3366 PENTHEs S)09308Fars4gd assi fying a _
bi ol ogi cal specinen, conprising: an imaging station

B R % el o
458 RGOl 0 B R ot v
RS8P f B e dptab o bt G5l BRIt i

ucl.ear .i nt.egr at optical .densjt f eac 001,
10 ofieiined el et badRler Shecmenbesafnrddan st bar
ar egﬁ versus the nuclear 10 integrated optical )
denstermalivelynipthgrdaan fotergininge gisanifiaanthescommuied Paipt
least partially based on a distribution of points
digiribuian vaheess @adl than ¢arpparing thatraes i a gaselineyaiuse Henpint
systemof claim1, wherein the at |east one
distribution values can be directly compared with the baseline value. In this case, a

number of the point distribution values that surpass the baseline value by a given
15 number can be calculated, and compared to a threshold number. For example, if

twenty percent of the point distribution values surpass the threshold value by the

given number, it may be determined that the quality of the stain is suspect, thereby

prompting the generation of an error or a flag.

20
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processor is further for flagging a normal specinen as
not requiring further review. 3. The bi ol ogica
W@ eremmi4sy) system of claim 1, wherein the at |PEFUSHNE015834

15 processor is further for a classifying the specinen
as either normal or suspic'ﬁﬂiwsbased on the point
distribution. 4. The biolog screeni ng system of
claim3, wherein the at | east one processor is
further f :
requiti ng PR SOgein 3By APPELIRIATbBRlgical spegimen.
@Bgﬁ n as requiring further review 20 5. The

‘cal screening system of claiml1, mherein the

spec . ified.as nornmal. based.on a s f
mﬂ difl SEIRT T hfFniad <SR et b e stetlidfgnd
mof claim5 heseC| nis classified
g%ri @'Pwaqer@%tﬂér%w%tsca”%# pread is bel ow a
thr 7. The bi |cal screenl ng . systemuaof c¢lai
" et ind peodispeRs ke S Bneaead 8 BBl Pl dntiving a
antl t he 0| nt distribution spread,
F»e rpé)Jecptg H{]lggeﬁ%?rt 4OQIs)within tredrglpgicalspecimen, measuring a
/U82004/ 015834 val ue, and conparing the quantified
Frargd of ?@%@%dﬂ@@%@aa ayIdaqs integratgeopriicakdansity of each
mhereln the specinen is classified as normal based on
ORheoRh AN & %m':lﬁes plotpethgiraeasyiecinuclear eseanersys thernustear
claim7, wherein the at | east one processor
Intﬂga@iﬁdﬂpéealtd&ésww renddilassifyiba theospespnerads byrmaltat iaagt partially
geonetric shape to the 5 points, determ ning at. | east
based afi ardisyibwtion fof poistsgethiethe scaﬁhla;piet. and conputing a
value that is a function of the at |east one
di mehsi o hedigogiharseraenirntesysterh efisibinohewh@reocibesad feast one
conpares the quantified point distribution spread to
probession issfsiitbedfor agindy nocraipspecingert denatosiuitieg furtded eeview.

to the threshold value. 9. The biol ogical screening

syst3®m ofTheltdoloyiBal soreamnérignsyisteen geclami 1] Wherkth hbapGedssone
an ellipse. 10. The bi ol ogical screening system of

protessor i further for B daeifghg trRasfeciieh aPeieie Hdahal or suspicious
quantifies the point distribution spread by conputing
basedanuBe pothe dRitibutiBe.

4. The biological screening system of claim 3, wherein the at least one
processor is further for flagging a normal specimen as not requiring further review,
and flagging a suspicious specimen as requiring further review.

5. The biological screening system of claim 1, wherein the specimen is
classified as normal based on a spread of the point distribution.

6. The biological screening system of claim 5, wherein the specimen is
classified as normal if the point distribution spread is below a threshold.

7. The biological screening system of claim 5, wherein the at least one

processor is further for quantifying the point distribution spread, defining a threshold
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Proges I Gomparescine quzofd@ﬂm%tn@slonﬁwéeaﬁ *@|tb@ thrgghold value by
screeni ng systemof claim 11, wherein the at | east one

CREBRNNIIAGICOMmPAtash alug tedhe thyeshold valsan nucl ear opti cal
density of the OOs. 16. The biol ogi cal screening
syst®m ofThel kivlagical sgrrsningnsyishem piialbien 8pwher@ldl theigeometric
predeterm ned. 5 17. The bi ol ogi cal screening system

10  shgpeds anmllpsewherein the at | east one processor is

further for generating a plurality of fields of
i nt etlest The hivloginaesctdeming@ystan of tlhien T pebensinthe st least one
cl assified as suspicious, the systemfurther

prooesgEor sjuagtifies thepoinadietibotiors spread by eomipeting & vakiel Wherein the
station for scanning a field of viewrelative to each

cdmauitdd obluens esrapareti o fHeBfsshotd@lggd s. 10 18. A
bi ol ogi cal screening systemfor classifying a

e et e ek
15  proeesiontd MEhenmRe eddlthd 4t08adt BRe HBMBRS ARELSS! thdBiblogical
specimen, wherein the specimen is classified as normal based further on the at least
one additional measured feature.
12.  The biological screening system of claim 11, wherein the at least one
processor is further for determining that the scatter plot is reliable based on the at
20  least one additional measured feature.
13.  The biological screening system of claim 11, wherein the at least one
additional measured feature is a total number of OOls in the biological specimen.

14.  The biological screening system of claim 11, wherein the at least one

additional measured feature is a total number of artifacts in the biological specimen.

25-



at | east one processor for filtering the image data to
obtain OO's, identifying a 15 nunber of objects of

wo paosoesss (OO0 s) within the biol ogi cal speci mePCT/US2004/015834
measuring a first feature of each 001, neasuring a

secopd f eﬁliéJBiSIogfcar %gg?rg g% s¥sqgllﬂ%f g 1aw§§r?§% s atPdedt one

of the first nedsu ure ve:rsushthgé
SEBRBH Sl 8 R P el A e o

classgifyi he specimen as . nor .at | east partially
basezé'on 'ﬂﬁee&gg)pg%gscg?eqlﬂ%s%%?rﬂtoqgagpﬂi, H’ﬁf’feérh. eJgimieprof
]&ﬂg isbir%l o%i cal screening systemof claim18, wherein
QI8 ISprepERITNSde  processor is further for flagging a
nor speciten as not requiring _further review = 20. -
> Thenﬁ-m g@l%%l?‘%@%%‘?%”%w&t%%ﬂa&n & Wheigin {jecatdeast one
the at |east one processor is further for a
PEesSars et frs GePiling A Phyally oh ieldh of Wigresito include the OOIs if
suspi cious based on the point distribution. -26 WO
theRpscitanssiaseifiedgssospisipysathe systemiuether esneryising an
screeni ng system of claim 20, wherein the at |east one
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toseaqhi fislbokintgsess itereresast the@@Isi ng further review 22.
The bi ol ogi cal screening system of claim 18, wherein
10 t he BheciArbinlogical scre¢ring isf$tent fasclassifymg a biolohapspatimen,
di stribution spread is below a threshold. 23. The
cnptisigd:cal screeni ng system of claim 18, wherein the
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plot having a distribution of points having a spread, and classifying the specimen as
normal at least partially based on the spread of the point distribution.

20 19.  The biological screening system of claim 18, wherein the at least one
processor is further for flagging a normal specimen as not requiring further review.

20.  The biological screening system of claim 18, wherein the at least one

processor is further for a classifying the specimen as either normal or suspicious

based on the point distribution.
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25.  The biological screening system of claim 24, wherein the geometric
shape is an ellipse.

26. The biological screening system of claim 23, wherein the at least one
processor quantifies the point distribution spread by computing a value, wherein the
computed value is compared to the threshold value.

27.  The biological screening system of claim 18, wherein the at least one
processor is further for measuring at least one additional feature of the biological

specimen, wherein the specimen is classified as normal based further on the at least

one additional measured feature.
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28. The biological screening system of claim 27, wherein the at least one
processor is further for determining that the scatter plot is reliable based on the at
least one additional measured feature.

29.  The biological screening system of claim 27, wherein the at least one
additional measured feature is a total number of OOls in the biological specimen.

30. The biological screening system of claim 27, wherein the at least one
additional measured feature is a total number of artifacts in the biological specimen.

31.  The biological screening system of claim 27, wherein the at least one
additional measured feature is a mean nuclear optical density of the OOls.

32.  The biological screening system of claim 18, wherein the number of
OOls is predetermined.

33. The biological screening system of claim 18, wherein the at least one
processor is further for generating a plurality of fields of interest to include the OOls if
the specimen is classified as suspicious, the system further comprising an
automated or semi-automated reviewing station for scanning a field of view relative

to each field of interest to present the OOls.
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