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Title: ~ BOUNDARY MAPPI NG SYSTEM AND METHOD

FI ELD OF THE I NVENTION 5 The present invention relates
generally to a system and nethod for obtaining ' | mages and
det ecting boundgiiggssdsp the images, particularly, to a systenpapgs d
for mappl ng boundaries of a speginmen, and nore particularly,
to a system and nethod for mappi ng areas of interest on a

slide such as areas lying within a coverslip and containing

speci nen mat eri al Title: 10 BOUNDARY MAPPING SYSTEM AND MEBFBDOROUND OF THE
| NVENTI ON In the nmedical industry a specinmen is often
affixed to a slide to performa variety of tests and

classification functions on the speprIEED OFTHE INVENFIONY. | n pathol ogi cal
anal yses,_ for exanple, specinens, such as tissye sections, fluids and

snears f fom _ The' present iyaRtiopoReiates; geagrally & fSYFER) W mehed fferopbtaiging
slide and cover edigxg&&@ Je[e@iﬁiolﬁ’duﬁ&’atrie}f’n the images. parfiQYRIyS td psy%ﬁgpmaeﬁemb@?&

possessing the neceSsary optical properties m cr oscopy.

coverslip may serWapping ies (o€ asspecimens rand mare particulaely e @ systemeandsmethed for
a protective : I t ' ° ; . .t
PSTat oult to meRping arpss o itbesed o i SRSk R Hing it » ENeRIp AR L Eilning
| ocati on on the sipecimenhimterialer, air nmy becone entrapped

between the slide or specinmen and the coverslip, form ng undesirable

i nclusions or 20 bubbl es which interfere with view ng the

speci merno OBACKGROUND OF THERINVENTIONNg a slide is a
Pap snear test. In a Pap snear {est e of cellular

. a_sanl _
material is smeared orfdhefmeqicalindusty.g speimen ds ‘Eff?é‘r‘?f@ﬁ?gg? 8§14 torperform a variety

glass or plastic ¢fayses sdd dassifiefiondindiiohaon the shétdfienisng mitosdspy) I I Pathelbgitdl
aut onmat ed m croscopy faor the presence of particular cells In
the specimen, sucimalygespfac gEample,aspecimens;ssuch as tissue sqopipnsy fliids apd jsmears from

E?r ;i cularly wheny;fferehtObdly e Bredgpichlfy éposited SN shdH MHIPESEred! Wi af drfipdraift
15 coverslip or cover glass possessing the necessary optical properties for microscopy. The
coverslip may serve to affix the specimen on the slide and/or may serve as a protective
layer for the specimen or both. Unfortunately, it is difficult to accurately position the
coverslip at a precise location on the slide. Moreover, air may become entrapped
between the slide or specimen and the coverslip, forming undesirable inclusions 6:‘

20 bubbles which interfere with viewing the specimen.
One pathological analysis using a slide is a Pap smear test. In a Pap smear test
a sample of cellular material is smeared onto a slide, stained and then covered with a
glass or plastic coverslip. The Pap smear is then analyzed using manual or automated
microscopy for the presence of particular cells in the specimen, such as pre-malignant or

25 malignant cells.

Particularly when performing an automated or semi-automated classification of a
specimen on a slide, such as a Pap smear specimen, it is desirable to identify, or develop
a map, of the areas of interest on the slide for which the classification is to be done. For
example, it is beneficial to inform the classification system of the boundaries of the
30 coverslip so that the classification functions are confined to areas of the slide containing
matter to be classified. It is also desirable to inform the system of the location of air

bubbles or similar inclusions so that these areas can be segmented from the analysis.



speci nen on a slide, such as a Pap snear specinen, it is desirable to

i dentify, or devel op a map, of the areas of interest on the
slide for which the classification is to be done. For exanpl e,
it Yig beneficial to informthe classification systemof the boundaries of

t he 30 coverslip so that the classification functions are
confined to ar £as @;%‘%he slide contai ni ng matter to bhe
classified. It X desirable to informt I"‘LF syst em of t he ACTESPM 81
air bubbl es or simlar inclusions so that these areas can be
segnented fromthe anal ysis. WO 97/ 22946

PCT/ US965 19987  This can reduce the processing time required of the system to analyze the specimef as
5 This can reduce the processing tinme required of the sygtemto

anal yze the speciWelrRspgssibly improve the accugeqyl of pertpisdests| y i nprove the accuracy
of certain tests. . | Y; N I
Pf%s%rgg technicians marﬁgﬁyg Fnlggtg stide bf’ ﬁﬂ%ﬁﬂéﬁe%‘é Z)lrf élYe J1ae

a slide by digitizing areas of t

occupi ed by the thatiess ocghpied by thelurdisimbleaaicl bubibdescabdcthe edges bf theasomerslip jso simt
t hat hese areas are n considered for eval uation,by.a
brocessor or cyt SieEs AP Al S0t pidestf For SARAS] §Y o BlorSYR Lt Xy Gy e
pen to 1@ ace ar ovpetatohasesadigitififgben orteRs ardund R widbsiable iareds of fe'slide (i.e., air

bubbl es, air incL sbions, .scratches; .and edges of the covers|ip). This
met hod of nanual ';}Jb les, air inclusions, scratghes. agd SQEHFiWI%sTBFMPPQ@TB@N&HY

ef fective net hodmabpiRg GRS Epedihed Hak ipdévehQb be an effective method W PrBfasig AN aAldéStos -
However, the present nanual] nethod is tinme consum ng and

expensi ve. |t wodftametd anplysisie sSHpweyes, the presens|rmanual metheds iting |consyming 1aad

boundaries of 15expensive. It wotlPRESbdEddirable to be able to automatically map the b i
SUMVARY OF THE | NVENTI ON e Browany, map the boundaries of

provi dedS a syst emspasimenst hod of aut omat ed boundary mappi ng.
The systemuses a pair of |ight banks directing scattered or obliquely

i nci dent light on the slide to enhance air bubbles trapped
under the coverslip and to det ecSUMMARY OF THE INVENFHANof the coverslip.

A camera captures ther "BaCS: Qfvehfish PR\ sydlith Shd Hendd briautomated boundary

- mapping. The system uses a pair of light banks directing scattered or obliquely incidemt

light on the slide to enhance air bubbles trapped under the coverslip and to detect the

20 edges of the coverslip. - A camera capmres the images of the specimen and slide and a
processing system then generates a boundary map of the areas of the specimen within the

edges of the coverslip which are not obscured by air bubbles and the like. The system

may also display the results of the mapping to enable a user to edit the mapping process.

In accordance with one aspect of the present invention, a method of mapping areas

25 of a slide includes the steps of selectively illuminating the slide from a first light source
oriented generally obliquely to the surface of the slide, obtaining a first image of the slide
illuminated by the first light source, selectively illuminated the slide from a second light
source providing generally scattered light, obtaining an image of said second image
-illuminated by the second light source, and generating a map of areas of significance

30 . based on the first and second images. -

In accordance with another aspect of the invention, a slide mapping system
includes a first light source oriented generally obliguely to the surface of the slide to
create a first image, a second light source providing generally scattered light to the
surface of the slide to create a second image, a camera for obtaining the first and second



processi ng systemthen generates a boundary map of the areas of the

specimen within the edges of the coverslip which are not
obscured by-air bubbles and the like. The system may al so

di splay the results of the mapping to enable a user to edit the mapping
process. In accordance with one aspect of the present
i nvention, a methgg ¢9heg@PPi Ng areas 25 of a slide i ngtpiissenobs
steps of selectively illumnating the slide frama first |ight source
oriented generally obliquely to the surface of the slide, obtaining a first
I mmge of the slide “illumnated by the first |ight source,

sel ectivel § illuni rimagss, asdea processorifongengrating armap ¢fgieas of significance basedur the first
provi di ng general | i ght, obtaining an i nage of said second

I mage |§F%B§2%Lby the second light source, and generating a
map of areas of signifi dmacoordfice with a furthedaspest afrthe fnventionsa nwedwdsefcanditing the
| mages. . | n, agcordance quﬁ a‘Hot her .aspect of .tge .

i nvention, a slide WARBiReRfoumation for a specimen includes the steps of eenerting a pye] fytensity map
source oriented gepgtlspacimbh, deidfhiing Jodatinsof irtére irDthe bptGinten|, skeighing pixels within
create a first image, a second |ight source providin enerally scatter%d
light to tfe ¢ locations;of interest ene of gisher|odd gr eysnapwhers, Wik the gssignespymberfor

gg{? nggfiggg;ai Ni Rgei fiRellchpreden@fith STafsGensity, assigning other pixels the Q&r%yeﬁl?e%ﬂogd or
5 i mages evemuumbess, owitis the rassigned qumben for egchn pixghrepresentative offits intensity,
significance based Lr . : ol fs%ne .

I n accordance with dg&BF&F‘?hIehtb @s‘%%cfv’%fm% rPe'xellsn\l/len o%ﬁaaﬁh‘n'é. 1303 %utgﬁefongemg
t he displayedtywith & diffeednt colorf charagtesistisdhangpixalhlavingas evéremenbep sssigined

generatingc.a pixel jgntensity m : f. t S .[en, determning
| ocat i onsqgf I nter élgeget?har{dr%eng.%lgrg We?ﬁe“é%rstf’d:m%g ﬂb‘? &gflslgt\%ﬁ%’ 1’10

the | ocations of interehiavbflasde it & dartieed dspreet ofvihe inventiar, sa, methdd of ketecting the
assi gned nunber for . . each.pixel representative af i.ts .
intensity, assigni ARF2H9MHaF buhblesin atsﬁé Hipdes the %"FWEPE’@HW%? Yirst imége of the slide
even nunbers, W thjfiginaes i\ﬂﬂ&da'm#ﬂbﬁ%m'hgrcoﬁdiﬁhn,pb ining€P 'second tidagd ®f Othe | stide
i ntensity, .. . .displaying t _egixels“vvitht e pi xel s having odd
nunbers assigned t HBmeingingcgrdgr a second lighting conffitiqn. fipdine Fs b Hier fist ang second
col or chapgcteri st iggadel3hl Siniisining 1R eSS (& ForVaMird HARR! fifdifg BoiRMed areas defined by

thereto. and permtting an operator to change the pixel intensity map. )
I n accordance wi t hthe §dges incthe thirdcionagefealcnlating, ¢ &Ry Sale iptensity [ayeragt forcael afea dn

the the second image corresponding to a bounded area in the third image, and comparing the

calculated averages for each area to a threshold based on the gray scale intensity of a
corresponding area in the first image.

25 In accordance with a further aspect of the invention a method of finding a lipe in
an image formed of a plurality of rows and columns of pixels includes the steps of
summing the intensity values for plural pixels in a row with the intensity values for
previous pixels in the row and storing the sum for each of said plural pixels, comparing
the stored sums for a plurality of said plural pixels in the same column to a threshold

30 value, and estimating a point on the line as a function of the pixels having stored sums
exceeding the threshold.

In accordance with still a further aspect of the invention, a method of finding a
line in an image formed of a plural.ity of rows and columns of pixels inclndes the steps
of summing the intensity values for plural pixels in a row with the intensity values for

35 previous pixels in the row and storing the sum for each of said plural pixels, comparing
the stored sums for a plurality of said plural pixels in the same column to a threshold



| ocation of bubbles in a slide includes the steps of obtaining a first

| mage of the slide I1lum nated under a first lighting
condition, obtaining a second i mage of the slide i1lum nating
under a second lighting condition, finding edges in the first and second 20
i mges and conbining the edges to forma third inmage, finding bounded areas

defi ned by the edges in the third i mage, cal cul ay
scale intensity g\%’ﬁf@% for each area in e t he Se?yﬁgﬂ‘*‘@%’
corresponding to a bounded area in the third Tmge, and conparing the_

cal cul ated averages for each area to a threshold based on the gray scale

intensity of a yaye, , gstimating ng a FR&PoRR O thd BnePds@PfuhetionUT the ?ﬁ&ls 'hﬁﬂﬁg stored sums
I n accordance W|th a further aspect of the invention a ne i nding a

line in cxceedmarthq thagsholfl o bisectiing fthesimaee, inte plupaloubimages. obtpining thesymst
pi xel s incl udes Pp%thheg for piural pixels u?is'm Qﬂmﬁﬂ‘é‘ach Bhiimagd Yor YPiakiy R7

plural pixels in arowvm yva ues previ ous
pi xel s in the rowowsadjstent thagstﬁmaeds pmnt.@pmaa'mx ¢ 0htaingdp$m$ ta ﬂlplﬂxrémld value,

bl s 1 the sadld csimirene Y8ain, Bt KRl foidlh Suht tfe B YolchoR o1 picis

a point 1on the | ina¢ingdbRaided 30ihs oxceeding the tiwestlds havi ng stored suns
exceedi ng the threshold

. Il n ccor ce with s
further aspect of thelR ACROFIANER, With qyeR Boffrther W‘?ﬂﬁ‘ (}atge invention, 2 mehoﬁé’f
in an inmage formaddigthg %a?*)ﬁﬁﬁnfohﬂat% foP U inddad ifchidesTise ﬂépsmfméfrﬁyingt‘d fifke fnap

the steps summ ng t he |ntens,|f}¥ val ues fo@glp ral xel s
in arowwth thefianimags havingargasof signifieance diffefentiated, preaeinsthe impgte

row and storing ;p@ H@M eﬁ?&‘ho%ﬁmgé'tﬂ: Mro@kxgmm@&osm BRI Gigpldy) dnd gcneratm

the stored suns |ty of Id plural pixels in the same col umm
a thresiidl d a second map in accordancy\wyith/the figs gap and any changes made by the operator
PCT/ US96/ 19987 The foregoing and other feann'ef of the invention are hereinafter fully descﬁ' bed
5 val ue, esti et % g ?d St polnt on tﬁ PI ne as am?unc of

t he pi xel s havi ngnmpanmdlaﬂy r]mmted -out in. the claimdhemllvgvmmdexnpmmddme annexed
bi secting the i e.into u .SUDJ . L o

of the intensi t;/r%gihvf seftﬁ}g %ﬁhrﬁ%@%ﬂnﬁm&%%vg%m Hé}e{g@hmgd venuon KP'S
a plurality of being indicative, however, of but one of the various ways in which the pnnclples of the

20 invention may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings:

Figure 1 is a schematic illustration of a boundary mapping system in accordance
with the present invention and an automated classification system which uses the

25 boundary map information generated by the boundary mapping system;

Figure 2 is an illustration of the optical components of the boundary mapping
system in position to generate an image in which edge information in the image is
enhanced;

Figure 3 is an illustration of the optical components of the boundary mapping

30 system in position to generate an image in which bubble or inclusion information in the
image is enhanced;

Figure 4 is a schematic diagram of the representative optical paths iltustrating the
formation of an image with edge information enhanced,;

Figure 5 is a schematic diagram of the representative optical paths illustrating the

35 formation of an image with bubble and inclusion information enhanced; and,



rows adj acent the estimated point, conparing the obtained sunms to the

t hreshol d val ue, and estimating the | ocation of additional
points on the line as a function of the pixels 10 havi ng obt ai ned
suns excegeding the threshol d. I n accordance with even a
further enbodi nent of the invention, a nmethod of audi ting

mappi ng i nf or mat i on w@p723s46i mage i ncl udes the steps of displ ayi ng REWYSIEE9987
map of an inmage having areas of signi¥icance differentiated
fromother areas in the inmage, permtting an operator to

change the areas of signifigcance in the djsplay, an enerat i 15 .
a second map Pn accordancepm%tlﬁé fehqragtic ‘éﬂﬂ“ gﬂﬁgéﬂ"&%‘&&gﬁ&g gyeration to find

oper at or. coverslip edgzbﬁlmgg_i ng and other features of the
i nvention are hereinafter full'y descri bed and particularly

pointed out in the clains, the follow ng description and the annexed

dravi ngs setting forth in detal | pkofi i PESCRWHON OFPTREMVERTION! he

i nvention, this bei ng indicative, however, of but one of the
various ways in which the §Withwefarnse topthe sengrat Gigures, and initialiyntedfigerer. theye isshown an
enpl oyed. . . S X .
DRAW NGS inventive aytomtpd, b%“ﬁﬁ%?e‘&“@%ﬁéggz or proditit bosdary or mapping
Figure 1 is goschenat iigforthition] sihia® o 2 exemplanyncilrciassifigavion gystens 1 2nThe mapping system
accor dance W th the present jnvention and an ayionated ,
classification syst eml\QA‘W‘E\‘fP"ﬁéé?ggﬁ upep whidh § Shde {%@&ﬁmﬁﬁﬁlﬂcﬁ&&mh& light
generated by the bounggags 20Pdndi220a Aiffisér24 and a processing system 26 for e @8Ming’the boundary
an illustration of the optical conmponents of the boundar rrawgpl n K
systemin position toRAPnhamapaing Fyrege10 mayase inclide e rabrtp mfﬁ_ er; 2§ for,wansferring
I mage IS sfSHIAHFAN a storage cassette 30 and the Jg?é 94! £ bat dode géhder 32 for reading

illustration of the optical conponents t oun y mapping 3
systemin podbtion tobgerasoded informatimgefrom theistile débindea alisptayc 84136 dacilitate operator

information in the . . | | Si: ) :

Figure 4 is a schemat i"é°’3.°‘é{’é‘r“£ﬂ1‘%fr’ra?‘§‘ei‘fﬁé‘§‘2§§g%”?%P nggp%p%g pﬁgﬁeﬁsé

illustrating the As noted abovie| the slidle mappingsystemi Hthis paieularly asefelt foo providing

enhanced; infi . Fi &Ere 5.is.a scthemat i c_di agr am %{; t he

representative opti caffBERation regafing the;lorations of specimen matertdl ona slids (9, an gutomated or

i mage Wi th bubbl e and s¢mmahtdmaRd shedintenBhistifier. €I BasHCEsbnteRt) Qhe slide mapping information can
20 be used by the specimen classifier to localize its classification functions to those areas on

the slide where biological materiat is likely, thus possible reducing classification times.
Moreover, by providing a map of the specimen on the slide, accuracy in placing the
specimen and the coverslip on an precise area of the slide is not required and the
specimen classifier can be used with specimen slides having coverslips of varying shapes
25 and sizes. A number of exemplary specimen classification systems for which the
mapping system 10 could provide mapping information are disclosed in co-owned U.S.
Patent Nos. 5,287,272; 5,257,182 and 4,965,725 and U.S. Patent Application Serial Nos.
07/425,665; 07/502,611 and 08/196,982, the entire disclosures of which are incorporated
by ‘this reference. - One commercial specimen classification system is produced by
30 Neuromedical Systems, Inc.® of Suffern, New York under trademark PAPNET®,
However, it is noted that the mapping device of the present invention has a broad :=...,
of potential applications and is not limited to use with specimen classifiers or for use w’
slides, or slides with coverslips, these being but exemplary means of describing

inventive mapping system.
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PCT/5US96/ 19987 5 | Figure 6 is a schematic illustration
of an irnventive bisecting operation to find coverslip edges
i nian i mage. . DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Wth reference to the several figures, and
initially to Figure 1, there is shown an I nvent | t&gated
boundary mappiwggg'%’fﬁm 10 for providing boundary or mappi ng%%/%sfﬂl

i nformation, such as to an exenplary cell classification system 12. The -
mappi ng system 10 includes a stage 14 upon which a slide 16

to be ngpped is placethe 1ghf BafkE 201dhd 23 @il the diffuser 24 cooperitenk protfuce ditfetent a
di ffuser 24 and a_processing system 26 for devel opjn iklll?et‘agoundar

C t .
map. The mappi ndighiiag spnditionsdpcidant onthe sidfe cachy ?ﬂ?g’ct'iog ad t%&‘??ﬂ!"é?wﬁ“?'ﬁr
transferring optical featur antt dé'nglf%éteﬂﬁidé?? thedsliat @hdiills EPEhgick AeBBricH6F febires

o) er 3 or reading 15

stage 14. a bar e rea bar encoded
i nformation fromsucihes inclusions] dubhles, andiiceyersip edges; Prefesably thadighbbanks 28rand 22

i nteraction and ermt. | b : &} bkl ' : :

As not ed above, abﬂél?e s‘feuipﬁie‘“?r‘&akgé’? nwgéq;sl@‘g{éé?ng %ddlﬂge %ﬁ??wﬁ%ﬁ%ﬂ%sg?g?&?@?wmg
provi dilg by the camera18)rsualt asarfirstdoageifherpin dnedge insage bingvhich edge iafonnation
material on a sl.ide to an .automated or . . em | ren
classifier. In éﬁM‘?ﬂd&(ﬁ° iinage (berein 2 bubpls image) i vfl:}i'cé:ﬁﬁ@é%g f%g%%ﬁ
be used by the sma6diofsinthespediines arelemhbmted| i ze its classification functions
to those areas on . the slide_where, biolqgical terjal J
likely, thus possibl é’“’r%ﬁ%_‘%f’%@ﬂ g%ﬂ“&??@ﬁﬁ’é%ﬁﬁe%gbyr{hae gbhq“_el%ﬁ%‘lﬁ%r,
by providing a maRyviih §i&isSIRACIOTROsIRR at Rfarigld pilalleR 6£hLaAT YarallelRb s t0f sirfifte
speci men and the coverslip on anragéem se area of the slide is nat required

and théS  of the sliglgecl fsfnok psed i oB@INAL.AN SEF FMAFSANM i HIUS IP1ated
having coverslipg oﬂier\)ﬁﬁé ?ﬁ#d%gd ﬁt'ilaéfef‘t%ld?téf- view of the canferd 18] 88 light RSHRRE oBlique

18
exenpl ary specinen classiftication systens for which the
mappi ng syst em lightbapk@0pncidention thapdgesof thefcovershin Brierdsdo be scattersd by ithe edges,

co-owned U S. rect toWaﬁZB@MSS nér@zt%Zn Agit mcghe%g(% thSopdiffad otGhe dide

and U. S. Patent aR%Sf rcation Ser - .07/425,665; 0//502, 611
and 08/ 196, 982, 16lur comerslip aslisstiscossed ewrofullytbetow. aThis light saprured tbythe camera 18

of oduc2l by 30 Torms 5 Safes A il ok ORI e Mppear spiiBy S HrigHlek tnag, e
Yor k under tr adeemésikdér 6tNBE [imagel . The edge image is tidosfevesk (o the processing systenn 26

t he mappi ng device .0f. the present invention has a broad [err]
of potenti al apﬁYﬂ“é‘hE‘P‘iﬁn‘S‘&ﬁ'ﬁTsi‘%ﬁ‘ﬁ&Bg‘T A ed to use with specinen

classifiers or for usebubble image is obtaifidd Bichserahg Gk idifiser 4 e dield opeiew of
t hese being but exenpl ary neans of describjng . .. . i nvent v

nmappi ng sygt em the czml)era IyS adjacent the sl(gde 16 ‘and r1“1|mmatmg the diffuser With r?lght from the

25 overhead light bank 22 disposed above the slide and diffuser. The diffuser 24 scatters

the light so as to be incident on the slide 16 from a variety of angles. Due to the

refractive differences between the slide 16, the coverslip 35, the specimen material and

an air bubble, light incident on an air bubble will tend to be reflected toward the camera

18 more than light incident on the specimen, as is discussed more fully below.
30 Consequently, bubbles will appear brighter in the resuiting bubble image than other
information in the image. The bubble image is transferred to the processing system 26
where the bubble boundaries are found in the image. The bubble image also may include
information on the location of scratches in the coverslip or inclusions in the specimen

which are collectively referred to herein as bubbles.
35 Based on the detected coverslip edges and bubbles, the processing system 26

generates a boundary map indicating the areas of the specimen within the confines of the
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5 ' - The light banks 20 and 22 and the diffuser 24 cooperate
to produce different | ighting conditions incident on the
slide; each condition adapted to accentuate certain optica
features and chayaGygsseti cs of the slide and thus to enhance ggxpgign@ss70f
features such as inclusions, bubbkes, and coverslip edges.
Preferably the lIight banks 20 and 22 and the sel ective use of

the diffuser 24 produce separate inmages of the slide for view ng 10
by the carfera 18, swefslipexalusive of bubbige (This boundary wmapds comejatyd itm thehidentifying

edge information jRformation far él%é éﬁxgri%g% S ﬁ}nﬁ‘le%a§ E6R Wadel B9 Gnd NEEIR Igﬁ hse by

bubbl e i mage) in si‘m’Tar I ACI'USi ons 1 n

speci nen are enhanthecutomated classification system 12. AA serigeeof beupdany Smapls tradynisg stbsed on
I1lumnating the slide.16 by the oblique l.ight hank.. . 0 I ch
directs light to ¢ Freo@jne medip, sych A8y '3"%}!5?‘% é’PP“i?? dﬁF&aﬁ"Fﬁ“ﬁ’a?’%&‘ﬁ‘eﬁz "‘t@’/@t Qrage
top surface 15 cassette 300br tahSoudliirg emapl itaydbd elecw@onichily tPansfetred X6 Cthé automated

obt ai ni ng_an edge imag_e and is thus rotated . . or qtherw se npoved
out of fi¥ld of vigdssHicatiqnesysiem:la such asQuen 2 SAMmMuUAiAtion, BetyRYK. ¢ classification

L1 gnt bank 20 1Nl 48k Rmby el 96 the Buddify B R kisiin Taskif Hitht 3pddfinen, such as

scattered by the edges, o irected toward the canera 18 nore
than |ight incidenty tesakizing thepclassification &f areps: of [they specimen within a covegslipr and not
coverslip, as is di f bel | ' captured by the
canmera 18 20 %Qmﬁ%%%sé%yﬁoﬁgﬁwﬁg{@hﬁé gg%iersl i p edges

appeari ng somewhat bri ghursing theato Figure 2, the optical compongnia jofithe bowridarytmeappingsystem

The edge jdmage is nsferred to th LOCESSI S m. 26 .

which s the ediﬁa@’ | Hc’%g‘eeed‘é% aﬁ“ﬁﬁ@é"% fiaged dre° SR Th Preater deggil, The houndary
i Lrage i s obtai ngd xhypﬂimﬁrsteinnmdhbhddié gass |e|6 aild} réan platet ﬁuﬁdﬁl}?ﬂﬁﬂm\ﬂaﬁbﬂﬁpﬁcal
the canera 18 adjacent the ide 16 and illunm nating the diffuser wit

[ ght Trom t he. b Componenss of e RprESE T A TAPRSD SALIHE SR Pt hhckpee s tas o
and diffuser. The dif dgodSetich’#sIiie A6 tEbSmapped is secured. TheStagd Diinay Be foiimed dftectly
incident on the sljide 16 froma variety _of angl es,

. [ e to the .
refractive differcfdBibase.auhadapied 2o fagilitae autpmated ng‘?"é‘?’ﬁt ﬂ“‘gﬁ’,mWﬁ‘é’fs‘b’e&l}%

materi al gnd the sta%e sucf s frbu kftout deflitin 40) O RNdtage Iy bePh SepariadbiBment
will tend to be reflected toward Tt he canmera 18 nore than |ight

i nci dent on the spBeynkhto the base. i Rrefesblygthecitager 14 ingludes a\posiigning apparatus (not
Chan ot her 17 36nl't ehAE He Bidelly Bealely Lo’ G0 fo {AndWP BoBuof Biin is
transferred to theopsigensswithhtheppsitiomtiig the slide is held in the system to which the boundary
mapping system 10 is providing mapping information, such as the exemplary cell
25 classification system 12. A suitable positioning apparatus is described in copending U.S.
Patent Application Serial No. 08/498,321, which is incorporated herein by this reference.
Also mounted to the base 36 and oriented to project light to substantially the
complete periphery of the slide 16 is the oblique light bank 20. The oblique light bank
20 preferably includes four separate light sources 42 placed adjacent each side of the slide
30 16 and slightly elevated above the slide to direct light towards the slide from an oblique
angle nearly parallel to the top surface of the slide. The light sources 42 may include
arrays of LEDs 43 or other suitable means for producing light.
Mounted to the rear plate 38 are the camera 18, the overhead light bank 22 and
a diffuser assembly 44 which selectively positions the diffuser 24 in the field of view of
35 the camera. The camera 18 is positioned directly above the slide 16 at a distance and

with suitable optics to permit a full view of the relevant areas of the slide, such as the



where the bubbl e boundaries are found in the inage. The bubble i mge al so

may ~i ncl ude I nformation on the |ocation of scratches in the
coverstip or inclusions in the specinen whi ch are
collectively referred to herein as bubbles. 35 Based on

thesdetected coverslip edges and bubbles, the processing system 26

generates a bowﬁq,%ihgmp I ndi cating the areas of the speci rrer}%s%ﬂg§7he

confines of the WD 97/ 22946
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then to Figure 2ot tofwswmtltheaéammclm&h@felévhm dreas rof akieystide p (Fhe ®vetheddhght 5

10 producmgthe ed bl e i mage . sh 1.n eater .detail. The
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38 upon whi ch tlﬁﬁy\barmeapmamfmm asscmbly44 is SORNTOREE Bétive€t the REITPO Rd e
system are nounted, At the center of the base 36 is the sta

14 upo®d whi ch aO¥gthead light bank22 and isadapted toselectively P%H@“&%@@%ﬂ 2fhin the optical
formed direct!y path of the camera 18. anH& WARG, R éﬂﬁteacfﬁﬂﬁ ff Gverlxt:ﬁ’d:héﬂttbﬁﬁl& 22 is

aut omat ed pl acenment and renoval of the s’I i'de on he stage such

as through the &cattewsd bydhe diffuser@4 towardiie sé@agéan%ygmeﬂpcseéﬂaﬁbﬁemmls

appar at us (ot i scdlefu” AR o pr Blip Kaftret Ml e Gmipghs: e Mitmuser 24
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cell assembly 44 includes an actuator (not shown) which selectively positions the diffuser 24

into a location, as shown in Figure 2, slightly above the slide 16 and in the optical path

of the camera 18 when a bubble image is to be obtained or out of the optical path of the

camera, such as adjacent the rear plate 28, as shown in Figure 3, when an edge image
25 is 10 be obtained.

The conditions of the light banks 20 and 22, i.e., whether the light banks are
generating light or not, the position of the diffuser 24 in or out of the optical path of the
camera 18, and control of the camera, including the instructions to the camera to obtain
an image of the slide 16, are controlled by the processing system 26 (Figure 1). The

30 processing system 26 is preferably a conventional microcomputer having suitable
“interfaces for controlling the light banks 20 and 22, the diffuser apparatus 44, the camera
18, the robotic slide handler 28 and bar code reader 30, as well as for receiving image

data from the camera and slide identifying information from the bar code reader.

In operation, once a slide 16 has been positioned on the stage 14 and with the

35 diffuser 24 rotated out of the optical path of the camera 18, the processing system 26
instructs the light sources 42 of the oblique light bank 20 to illuminate the slide. This



25 classification system 12. A suitable positioning apparatus is
descti bed in copending U.S. Pat ent Application Serial No.

08/ 498,321, which is incorporated herein by this reference.

Al so_mounted to the base 36 and oriented to project light to substantially
the = conpl ete periphery of the slide 16 is the oblique |ight
bank 20. The 0%6%9“ ght bank 20 preferably i ngdnickdsndosur
separate |ight sources 42 placed adjacent eaagh side of the slide 30
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camera so as
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sour ces be enpl oyed ser ass

posi ti oned bet vveé’ﬁ"%lﬂﬁ’ s G@“&@“Rﬁ t FRF 1‘!? Whe e aré 86@?%58“5 1“9?& aig bipbls

and is agapted tcbnﬁ@xj tﬁ@édv)éﬁshﬂ 350%k bblﬂ{l‘xeiyhﬁcléﬁni figta eayde sba’ttei'dﬁéanﬁpéﬂec&tl toward
path of the canera . nseciuent ht emtted fromthe_ove[head llag

banks 22 is the camera, ctipn pl s OCFUTERREY fom gedgx
and light reflected bagk I‘chsrﬂéxk'lgnéh 'Zﬂ%e'nﬁieacuvates the obliquea tﬂam&ﬂﬁﬂﬁmcts

with a portion being scattere ward the canera 18. The diffuser 24

the diffuser assembly 44 to rotate the diffuser 24 into the opucal path of the camera 18.
The processing system 26 then activates the light sources 46 of the overhead light bank

25 22. The light generated by the overhead light bank 22 thus illuminates the slide 16 and
coverslip 35, as shown in Figure 5, through the diffuser 24. (It is noted that in Figure
S, the diffuser 24 is shown at an exaggerated distance from the slide 16 for illustrative
purposes. The diffuser would preferably be located sufficiently close to the slide so that
the lateral offset of the slide image as represented through the diffuser would not be

30 significant.) The diffuser 24 scatters-the light so as to be incident on the slide 16 and
coverslip 35 from a multitude of angles. Considering an exemplary light ray 64, the ray
from the light bank 20 is scattered by the diffuser 24 in many directions including those
designated by rays 66 and 68. The exemplary rays 66 and 68 are partially transmitted
into the coverslip 35 and a portion 70 is reflected at the air-coverslip interface 72. The

35 portions of the rays 66 and 68 transmitted into the coverslip 35 are then either reflected

at the interface 74 between the coverslip and the area 76 of either specimen material 78




includes a light diffusing el ement 50 which scatters incident |ight, such
as a—rryl ar sheet, 20 and may al so include a frane 52 supporting
the light di ff usi ng el ement. The diffuser ' assenbly 44 includes
an*actuator (not shown) which selectively positions the diffuser 24

into-a location, as shown in Figure 2, slightly above the slide 16 and in
the opti cal pa‘gva 1229 of the canera 18 when a bubble inmage is to be
obtai ned or out "o2¥8% optical path of the canePgIUSPRI998]s

adj acent the rear plate 28, as shown in Figure 3, when an edge inage 25

Is to be obt ai ned. The conditions of the |ight banks 20
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not , t he position o the%t‘{?guser 24 in or out, of the optical path of the
canera 18, and cBHt 1§ areds ending:enthe apgle atjwhigh t“FferaV%%RPFQ?% thenigterface i and
canmera to obtaingn the differepce in &R m&@&eopfeffat!ﬁoﬁ bf Q&ersﬂg%n&%é a8 ﬁ\fb%lebg
the processing system 26 (Figure 1). essi ng sys B
is preferably a SPetimeptmateral. n¥Ferr a)dzrgwhf&remwnr@e sudmamferefracuon between two
interfaces for I
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bar cod® reader thé)medmmmhan isseflected rttbe inérfage betwgen mediums having similai indice9of

I operat  on.  onslidiosy TRE el AR g BrCBn Fovesiol e e em£HEHIE oRAERE areen
the 35 (hdiefrfﬂﬂlédithl@ xemawapsﬁecmfentdmmxl cal path of the canera
18, the processing sy i,nstructs the |ight sources 42 of

the oblique |ight barﬁi’%"?‘ﬁlyr @s H}ﬁqig?@“‘ieﬁé“ the; ipdicesof; refraction of the coverslip 35

WO 97/ 22946 and the specimen material 78 are relatively small, a very small portion of the light ra
PCT/ US96/ 19987 . , 0 , e g
5 1 i || §%iimEaflested at the interface ard the majasity isfransmijted thronshdhe interface minatee d

nearly parallel jg Mﬁﬁaﬁﬁdlﬂ'eabsorbed by the s 'f'&s nfieral 98" HERERRL ACALLY of Ble

one edge of the covers E I'n FIgure I'n .

predoni nat el y orintgrfagegitk %weﬂnttw e@ev}lptiﬁemd@vansbubpled@gemcﬁ)éfcrdjffa'cndeeésthe
partly directed E’Q'a?'%t > Jhe TR Such | ght. |

i ncident on the “tl%f)essolf %%cgog ?thg l%rggg%%ﬁ ﬁbﬁ' &c}l%iﬂ?‘ g?’ {ngxéem
surface of the i!h!!ealllbubbie)ﬂﬂ\rsenﬂe@m bapkaowany the diffiiser 241czisaﬂesigndnédghy ray 82.

represgpted 10 S S Ak ﬁp el

reflected at t he ang '8 lgfg@fmlélfbé oﬁgg gﬁ@%‘?& IQ)& el &%ﬂ‘@ﬁgeo alcﬁgil Fﬁé

on the canera 1@ir BubblehBO do veflested (baekl g thet interfato bétweercthet bubbleyandothg fslide 16
enhancing the reflection caused by the bubble. The light ray 82 reflected by the bubble
80 is again scattered by the diffuser 24, as represented by the rays 84, and a portion of

these rays are incident on the camera 18, thus making bubbles appear brighter than the
25 specimen material 78. The processing system 26 instructs the camera 18 to capture the
bubble image of the illuminated slide 16 and the image is transferred to the processing
system. The processing system 26 then returns the slide 16 to the storage cassette 30.
Once both images have been transferred to the processing system 26, the images
are analyzed to find the coverslip edges and the bubbles lying within the coverslip edges
30 as discussed more fully below. A boﬁndary map is then generated of the areas of the
slide 16 which may contain specimen material. Preferably the boundary map is a list of
the locations, or identifications, of pixels in the image corresponding to non-bubble
obscured areas within the coverslip edges, such as those areas likely to contain specimen
material. The boundary map is then correlated with information identifying the slide to
35 which it relates, suéh as through information supplied by the bar code reader 32, and

stored for use by a system. such as the automated classification system 12, which can



and thus scatter light, however, the light on the coverslip edges wll be
scattered, represent ed by rays desi gnated by arrow 60, with a
portion of the light, represented by : rays desi gnated by arrow
62, being scattered in the direction of the canera 18. Once the 15

slide is illuninated by the oblique |ight bank 20, the processing system 26

W Il instruct wooe72246 the canera 18 to capture an i mage périSRs9os7
illumnated slide 16. Since predonmi nately onhy the |ight
scattered fromthe coverslip 35 or slide 16 edges is incident on the
canera, the edges wi || appear brighter in the formed edge
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slide 16 and coverslip 35 as shown in Figure 5, t
di ffuser 24. (|t formeddromithe gaverslip efdgegdpund in the edge image. The prgeessing ﬁm 26 first s
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coverslip 35 frooffset mdddcd wodhke Mglm@@amampxémm@possllﬁiimqﬁlnegayivé imdrsitiesy
64, the ray fromthe, I| 0 scattered. by the

Gt user 25 in nANGT e FeSeeEo et s HilFrl At 2 reférehSiniage 5 g st e

rays 66 and 68. ilieeolegmatpimgy té &Mﬁoﬁﬁaﬂiﬁd:tsﬁ&udi a@s [afatches lny tHer AagenivhicAdmight

into the coversll 35 and 70 is re cte€ at the air-coversli

interface 72. Th8MK8HYIses ow up int "p i1AEE: oft T G REBECENEE GBETRHNT JRAY; ey

into thgocoversl b paforiied on'thié redhitantédge GinafeCioSfilter out short and curve@llinkd8s well as
i nterface 74 between the coverslip and the area 76, of either specinen

mat erial 78 to thin the edges in the {p3gg-, Using the filtered image, the remaining long, straight
PCT/ US96/ 19987  edges are found which lie within a certain windows at the left, n%ht top. and botmnjr Br
5 or air bubbles 80 sandw ched between the covers

slide 16 or are thesliderand ang closest to the center of the image. By finding the straxght lme nearer
the center of the slide, the coverslip edges are distinguished from slide edges.

25 The coverslip edges in each window are found using a repeatedly bisecting
projection algorithm which finds an initial point which is likely to be proximate the center
of the coverslip edge and then uses that point as the staring point for a further bisection
of the image. The image is repeatedly bisected using the center point found in the
previous bisection until the algorithm has focussed on a series of points over small

30 discrete pieces of the coverslip edge which relatively accurately represent the coverslip
edge. |

To explain, consider the original and cumulative projection pixel images presented

below as well as Figure 6. (The original image corresponds to the filtered edge image,

except that the gray scale intensities for each pixel have been represented as 1I’s and 0’s

35 as opposed to actual gray scale intensities for ease of explanation and ease of summation

in the cumulative projection image. Further, the presented images are only a partial



into the area 76 depending on the angle at which the rays approach the

I nterface 74 and on the difference in the indices of
refraction of the coverslip and the air bubble or speci nmen
material. For a large difference in the indices of refraction between two
mediunms, such as between glass and air, nore light is reflected at the
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5 then limt its analysis to the pixels in the map indicating the
|l i Kel y presence of specinen material. Prior to the boundary
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edges are found whi ch%Pi‘g“‘i/\Ft‘%"f‘fs ] gﬁ‘a’ﬁ e\’ﬂf‘ﬂ%‘ﬁ\/\/g%a?dsgﬂ@ ﬁ’ehg,“mr oY Asing, the,
and bot igm of cumulative projettich ifilagél @ahoprafiRifor ail inRiAbdeaich viidoweslilely edntdikhiag
i mge. By finding the straight Line nearer the center of the

slide, the cover &5 i8edy examingd Hp@tq‘ﬁgiﬁeg‘@ﬁe?r%rﬂ‘%ﬁ?% of 4k edeeoimage working

The coverslip edgsfari the@ufer eitie 0P e Fr ph@lWflicH Bhs WsufnrhRDAVAIRE eXcebAinE & bitfn
projection algorithmwhich finds an initial point which is likely to b

e
proxi mate the cefeshold. (The pixels in the profile ate examined siartiae &iom theanixelscdasestithe
poi nt as the stagipg tBQiiéiﬁlgﬁdiT‘.}f ﬂ‘%_&%r&l&?éd&@'f&%? tHeQlide edge since, as notélf abovE, both

y d ds

i mage. The inmage Is repeat i sect ing the cent'er point found in the
previ ouglbi sect i edgesare likelyrepeasented intthe image and itds kepvanthat he covetslipiedge Wil be
over small 30 di Lece t rgl | -
relatively accur gkoseﬁrfo rtheep‘lfeéfsééﬁf ﬂ{eﬁgﬁgeo%l? E‘Fisg&e E&Qé% A “}e&hﬁqgebggggé %} this pixel
To explain, consantbeach ipixed whizh fellovasnmtit apixebisieneouptergdemyinga somumkion beigwsthe

present ed .bel ow.as well as Fiqure 6. he ori.ginal i e
corresponds to t HE"%“PH"t’EF%’BP‘EHf)%”F‘L&‘bﬁ’F sraftafichn Vitud 167 S lf"ﬁ?avte tF%ﬁ"@‘P&V'
scal e i ntensiti el thothreshold wis2e$, thenvhe beightedeveragewdbeld bazalcuisted fisk 16k sevahth,
as opposged to actual qr scale intensities for ease of.explanation, and
Gase. of 2 unmat | offkih and ikt pixéls frppy e e i iR arcHe B st ol hars dgmaatioR ke
the presented i meg®s4 a5 Ofebpéciivear Theilveighted average is then taken as an assumed point 94
on the coverslip edge 90 in the center of the initial search window 92. The initial

detected edge thus yields the initial assumed horizontal edge 96.
The cumulative projection image is then bisected into two search windows 98,
30 100, or subimages and the center point 94 found in the last calculation is used as the
starting point for finding a new weighted average and new assumed edge 102, 104, for
each of the subimages 98, 100, réspectively, created by bisecting the previous image 92.
These subimages 98, 100 are bisected and the bisected images again bisected in a
repeating fashion until each image includes a relatively small number of pixels
35 representing a relatively small distance in the original edge image. This way the detected
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5 .« 7 depiction of the larger nunber of pixels in the w ndow i nage.)
The _original image represents the pixel intensities for the
pi xels in a w ndow i ncluding the area wherein one hori zont al
coverslip and ' ge would lie. The top of the original | In.this
exanple, is tﬁzbgﬁg?g edge of the edge inmaggg wth the Iomekﬁggﬁ?vﬁﬁnof

t he i mage bei ng the pixels closer to the center of the edge

I mmge. The cunul ative projection inmage is a 10 runni ng sunmati on
of the iSnt ensi t yedgalcar folfow tha lattuatiedge 90 irelatively acansatelyoand ¢andollova jrregularizizsnin

di stance fromt i e (o[> | Qi i r ki rom.t he l.eft
nand i de of " the sBERAE s lred i G e JFRERG W chrishure Bt sete
into a one-di menisiteaoaie profileifbceach sibiBiage can be calculated by Gblittaddig theiftefisity ifthe
exanpl e, the pi xels1 jn the f'ir,st 9 coJumns of the first rowin the,

ori gi nal imge dMKelnithe Lumplative PEIPion Image COMEIPORYIRE Lo, the lefinnst Rixehiin dhes

in the 15 subimdg8 FdnPthk #fenbityPofhd piRel ih m%%nﬁfaﬁv@érbjeéﬁﬁxﬂmaéécéﬁ’é%pﬂdﬁg S
in colums 10 and 11 each have, ) an_intensity of one, the pix
in col dfn 10 of terihe Hghrmost pivel inthejsubimage, rathes than y pegforping redundant summationse
one, or the su Y . ' i ' ' r l.xel
T col um Ok eath gt BRPHI Gt e vliviRh td ucubed ONEATE B pllnt

t he summation ofleashaquares\fitduaction or similar curve-fitting funcdon ¢antbiearsedymPreferably, the

| ol ; . ) 8 o

"mage for a Sumbspigied RABEH blecks I Enchid ablif B ed 9ol ke, Soh 29 by,
of the origi nal summing the portions ofthe profile djadentzihe calculited covershis pdgedion eachiof eties
inth | at i | egli ' ] : th h I f
ot T SUTU! 21 AL R g o s iR oS
i2n ':1 he Sﬁme row of tmgumgp?piom hgeperiﬁt?xs?maaﬁowﬁm‘tre_ 'l_ﬁavihg}sldﬂnﬁ'cgﬁkduiﬁws

throu tq formthe cunul ative projection | mage shown,
bel ow wth t he JFRM dbFEE HAF Fias Pt dny of & mimbes gt Wl ke oFEyERioma
col um of pi xel smérpliolBgicilh GlerikEs opérafdiisD Qrefeablyo at edmulfive) opéning!- %perationois

5 2, 0, 4 and 2. Or1.gi nal. Edge | mage; L. .

0 0 o0 Pperfgrmed gn the cumplative prpjection jimage prior to gpplication @f the bisecting
éo 020 8 proje%ion algcﬂ'iﬂ(x)m de§2:ri8ed a&vg to resﬁlé in an @gect sin'iigr to 8 on(e) dimtg'asiéma! 0
0 0 0 morphological opening operation, i.e., erosion followed by dilation. For a horizontal

edge the operation makes two passes over the rows of the cumulative projection image.

On the first pass the operation scans from right to left, changing from positive tb negative

the cumulative sum at pixels' corresponding to edge points which are to be removed from

25 the image. As an example consider the rows illustrated below for an original and
cumulative projection image. The pixels in the Cumulative Projection Row to be

removed are those whose n-pixel sum in the original image is less than a predetermined

threshold. For the example take "n" to be four and the threshold to be four as well. The

n-pixel sum for each pixel in a row is determined by subtracting-the nth pixel to the left

30 of the current pixel in the Cumulative Projection Row from the value of the current pixel
in the Cumulative Projection Row working from right to left. This has the effect of an

n-pixel erosion, in this case a four pixel erosion. An n-pixel dilation, or in this case a

four pixel dilation, is achieved by setting a counter equal to "n" whenever the n-pixel

sum is greater than or equal to the threshold and decrementing the counter at each step

35 to result in the Counter Row below. Where the Counter Row values are less than or
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5 Cumul ative Projection | mge: 0 0 0 0

0 0 0 0 0 1 2 2 2 1 1

1 15 1 equal to zerg, the values at cogesponding pixels in the Cumulative Brojection Row are
8 . 8 8 ch%ged frogx positivg to negatg:e valueQ 50 result g: the Le[‘zi’-to-Righg Pass chn belowg
10 0 Original Ro®: 0 0 0 0 0 1 2 3
4 5 0 0 0 2 3 4

. > A s 0 12 10 %0 % A 2o 3 d of
3 3 3 Projéttion Row: 3 0 0 0 0 0

0 0 0

0 0) 0 0 0 Tq, fin
a cover &9 p edge (forlexan%)l e, 3 he édge %0 i P Fi g|§re 67 usi%g t H 15% %
cumul ative proj eghiglr RBRIe, the profile for an initial search w ndow 92
|'i kel y cont ai ni ng the edge is exami ned fromthe pixels closest
to the center of the ddge 2magelworfing 1 2 3 téwardthe Buterl edgd
for the first pi M&w:sumt I on val ue exceeding a certain
threshol d. (The prxers itn € profile are exam ned starting fromthe pixel
cl osest the -1 c@nter3to B stiguish thé covérsli® edgd-frdm th®
slide edge since, as 0% ; L kel .
represeg'?ed in the i rr'gg%&g?@%% 'S n?\r/\(/l%‘q%eﬁtat?nlgﬁtéc%lg@er_ I'p %&g{laé%b\r('lke?emg
cl oser to the cetrack ofche néve camuigtivetshmrant hile errordieone thpeoriginal wang)hti vedsuan: e abe
for this pixel ﬁ‘ﬂ'reép%?i?‘%ﬁg Blgqag{%hﬁ?éﬁéft Wgs'scip pgﬁhwbe?\'éﬁe 54 'o{ltpat B{x)éﬂ'orltﬁe

encount ered havi

Left-to-Right Pass equals the current pixel plus the error. If the corresponding pixel in

the Right-to-Left Pass is negative, the new output pixel in the Left-to-Right Pass equals

20 the previous output pixel current pixel in the Left-to-Right Pass and the current pixel in

the Error Row is updated to be the previous output Pixel Plus the current Pixel. As an

example, as the leftmost pixel in the Right-to-Left Pass is “1", therefor the leftmost pixel

_in the Left-to-Right Pass will be "0" as there is no previous error pixel, and the leftmost

_ pixel in the Error Row is “-1" since there is no previous output pixel and the current

25 pixei in the Right-to-Left pass is “-1 ".. The second pixel in the Left-to-Right Pass will

again be zero since the corresponding pixel in the Right-to-Left Pass is negative, "-2",

and the previous Left-to-Right pixel is "0". The second pixel in the Error Row thus

becomes "-2" since the previous pixel in the Left-to-Right pass is zero and the current

pixel in the Right-to-Left Pass is “-2", and the sum of these values is "-2". The fifth

30 pixel from the left in the Left-to-Right Pass (the first having a corresponding pixel in the

Right-to-Left Pass which is positive) will be “1" since the value of the corresponding
pixel in the Right-to-Left Pass is "4", the current pixel in the Error Pass is not updated -

and thus is "-3", and the sum of "4" and “-3" is “1". The remainder of the row is

calculated in accordance with these examples.

35 Error Row:



threshold is conputed based on the summation val ue for each pixel above the
t hr eshol d. If the threshold was 2.5, then the wei ghted average
woukd be calculated for the seventh, 25 sixth and fifth pixels
fromthe edge in the profile, as these pixels have summati on val ues

of 3, 4 and 5, respectively. The weighted average is then taken as an

assuned poi nt on the coverslip edge 90 in t of t he
initial search %ﬂﬁ%@v 92. The initial 1 det ect edgga'éfé%ﬁ%%
yields the initial assunmed horizontal edge 86. : The

cunul ative projection inmage is then bisected into two search wi ndows 98, 30
100, o subi naggg-tamigﬁtlmg:Rmer point 94 found in the last calculation is
used as the startln p0|nt f?r flnd anw i ght ed ayver age
and new assuned edg@ 108, 10% %r gh of subismage 98,

100. respectively, ¢hedfafids Yy ablﬁﬁ-%—kiﬂt tpag RbﬁVé@Ltﬁed @ﬁ&ﬁm&% for those in a
These subi mages 98, 100 are bisected and _the bisected i nages again bi sected

in a correspewt;eg iGrgnulative Biojegtien |Image- And (edgrs amgcfognpd dnothe dmage s y
smal | nunber ofy, ‘ﬁé representing a relatively small
di stance in the original edge imge. This way the detected

WO 971Q2946 Based on the coverslip edges found above, a coverslip mask is generated
PCT/ US96/ 19987
5 o gisnyisting 1, aopas . s, ytin coversie o5, deermines by e fayr poyesf

can foll ow irr edgésafroin the areas that lie outside ofthetcbeerslin.ual edge. It is noted

St hat the. prof | e NPRHBE Bpesse AR 2L e B %l‘ela%wwm e

intensity of tlflage as well as edges fo@ﬁd(ﬁllbdtmbﬁﬂbﬁ mgvhmmuedgvﬂa €.t Fast
corresgondl ng to the leftnost pixel in subi- age fromthe

i nt end ty of t iBags; iy threshgtded, WPWV@'W%T’E@?‘WS&"

to the right n"DgigeRirdiRled wufe%v&um AHROHr sﬂibres&oﬁtsnmg%dmfcenﬁwﬂﬁhmauﬂmnt
sunmat i ons for each 'subimage. To fill 'in the gaps between the

cal cul at ed cov8Pdr ths edge émpasi nEheseareas of oxidized cells, @lsorknown 45 égmﬂﬁlﬁesf maydeon
or simlar C”Wé‘paﬁt% aﬁeﬁ%ﬁ' ?&t&ﬁrlﬂlaﬁsélﬂﬁfaﬂon F’is?n?ram y, the

predi cted edge | to ensure t ed a coverslip edge,
such as by Before the bbbl image ipanalyzedhby 8 nrmsq@ma)wﬂem 2fdjarifacts in the

cal cubgted ooVl nfilof'ehoRa lbublibelroterencs imape B uRShia Huovie

subi néges and xcee d stre
Wi l'e the pr epumag:ssThegefmem:aumagws obtingd hbomurﬁuganmvpﬁgblahbrsthWIMVed

i nes convent £ Sﬂ\éﬁrshp usxng tge gu%?e :lllum thation teclin uﬁfe"flg&i i%nthg nm% tﬂé’gﬁﬁf\al%ilbwgl |

known,
image, as described above, including the use of the diffuser 24. An offset is added to

the bubble image before subtracting the reference image to ensure that the resultant image
25 contains all positive pixel intensity values. The edges in the resultant bubble image are
found using a conventional morphological edge detector and thresholding operation.
These edges are combined with the edges found in the edge image to yield a combined
.edge image. As this image likely contains small gaps in the edges, a dilation operation
is used to dilate the appropriate edges in all directions to close the gaps. As the
30 combined edge image now includes a number of contiguous or connected areas defined
and bounded by the connected edges .in the image, these areas can be analyzed to
determine whether they represent bubbles or specimen material.
To distinguish connected areas representing bubbles from those representing
specimen material, an average gray scale intensity is determined for each of the connected
35 areas using a histogram. Based on whether the average for each connected area exceeds
one of two thresholds a determination is made as to whether the connected area is a



nor phol ogi cal filtering operations, preferably a cunul ati ve openi ng

operation is performed on the cunul ative projection inage
prier to application of the bisecting 20 proj ection algorithm
described above to result in an effect simlar to a one dinensional

nor phol ogi cal opening operation, i.e., erosion followed by dilation. For a
hori zont al wo 9722046 €dge the operation makes two passes Oyghaish&obVs
of the cumul ative projection imge. 17 On the first pass tlne

operation scans fromright to left, changing frompositive to negative
the cumul ative sum at pixels corresponding to edge points which are to be
renmoved BHrom 25 bubble or containg specinpn materialn Tw Akrpsholdcorapplycto a pagticudarsconnected

illustrated bel i gi cu i. [ection
mger | ahe piwer anials Grined ol the Bidness of me same e e bhiiBaPhde GRS as
renoved are thosdubbleswhich pbx:]tﬁh oﬁ“fmﬂ n:lzzllshppe;r bejgindh ltliermigmal &dge dmagd, fbﬁ?dcﬁnot
det I ned . .thre ., For the exa take ., ' n' .to he four
PG the ©hr eshol dPPGF 8 brigth e, pupble fase, ' sty fow fieEeholl it pplieg, Ocken
pi xel in a row i sofificRa Hrededn e tubbleridagd Ekﬁ'résbkﬁidﬂighoﬂiﬂfgﬁi ares fnhfie bff#nalPlige

of the %ﬁrrent pi.xel in the Cunul ative Prog'&ection Row from the val ué of the

current i xel image to determing, ifithe.conneqted-areas arehubples.¢ FW&W%%F Michappear
right to left. Thiakk fithe digiral bdige! infie _%Welative_l* higher thresiold %%h?ﬁ’erd%' distinghish
this case a four pixel erosion. An n-pixel diTatton, or in this case a
four pixel dil ativhsther thesonnested @ragycosraspondstos bubbleros to spegimen; matenial. \Fheraeeaer
t he n-pi xel ; i B2l ﬁ)qx‘é?\lesén?

decrenenti ng thee’é%el?‘rilltn %rmi%gpggﬁhﬂésﬁgfg%%td fled 0 regg{;l?eslt%{dﬁﬁgpt%qﬁﬂt?gr
Row bel ow. Wher e bubbje @agnt er Row val ues are | ess than or

WO 97/ 22946 . . . .

PCT/ USO87 19987 By logically combining the coverslip mask and the bubble mask, a boundar;ixgap
5 equalbof the areasof interestvaf! the slide!, i.eqrihe seasebntuining secindn mitBbal within
Cumul ative Projegtion Row are . changed from positive to

negati ve val ues ﬁ'&"?"é’g Tjes Pﬁﬁlﬂrfé?"?_'élm gﬁ"oquSbW%Pass Row bel ow.

Origi nal Row: In some cases it may also be desirable forlthe processitg systerd 26 to develop and 1
1 1 0 0 1 . . . Projection Row._ 10 .

1 2 3 provide to thg operatorcan indicgtion of tl{;z greegof confidgnce of ¢he processing
Sount 622@0“5 5 systeml’s generaéion of a vali®boundary map solas to addist the operhtor in viéwing onfy

certain boundary maps for their accuracy. The confidence in the accuracy of the
boundary map can be estimated using a variety of measures including: whether bright
bubble areas have been found which lie outside of a cbverslip edge, the error in the
detected position of the slide from the calibrated position, the error in rotation of the

25 detected position of the slide from the calibrated position, error in parallelism of the
detected coverslip edges, whether bright areas have been detected in the image which are
not contained within detected bubbles, the difference in the slide background from the
calibrated background and the total bubble area detected. Other measures of confidence
can also be used.

30 To allow the operator to review the boundary map, the processing system 26
generates 2 mapped image for display on the monitor 34. The mapped image is an image
of the slide 16 which results from combining the bubble and edge images and essentially
overlaying the combined image with a transparent overlay having colored areas, for
example, greenish areas, indicating the areés 10 be excluded from the map sent to the

35 classification system 12. The overlay is generated by assigning pixels corresponding to
specimen material in the combined image a certain designator, such as making the gray



Left-to- R ght Pass Row. -1 -2 -3 -3 4

5 ° 6 7 8 - 8- 8 9 15 The second
pass proceeds fromleft to right, calculating the new i nage by keepi ng
track of the new cunmul ative sumand tile error fromthe original cunulative
sum |f the correspondi ng pixel in the Right-to-Left Pass is
positive, the ut pixel for the Left-to-R ght Pass
equal s the cur‘?g\r%?&g?gel plus the error. If ﬂpe cor r espondi n§CHURM19P§]

the Right-to-Left Pass is negative, the newoutput pixel in the

Left-to- R ght Pass equals 20 t he previous output pixel current

pi xel i & the LefscaledntBhsities oPdrse pixels Alheitier bi 06 oPinéVen hiimber, and assigning pildfs
Error Row i s updated 9. be the Br'evi ucf out put Pixel Plus the cur ent

Pixel . As an  corresponding to.areasdp be excludeddrqmg the houndasy sap a differens identifier, such
Ri ght-to-Left Pagsmiling th gray sdaR' infensitits6r tedel i ither L
the Left-to-Right Passg Wi I% ybe .'0" as there iesﬁg%%g{ree(%i/?éguog eéﬂrl?ro?n 8%(87 Vehd
t he | ef t nost number assigned; 10 pixgly, correspending tRopedimen -nfaterial.ncEott leanple S thiz0

previ ous out put : t : . 0 xel in the
Ri ght -t o- Lef t pé&% o halt ?ﬁ%”é’feg‘%‘nﬁ% image t"ﬁ"e‘até‘f'{e-s?%‘!“ﬁnﬁ KR Ea do be |
agai n BR zero siexeladed fromdhe mapoowdd he assigued aiproxiinate Rverdumier had theRaggsitySof

TS o et spif e b e 3 Tl Bt e e
pr ev: ous pihxel ithe iap cbe?tbet ossighagha 'ppagmdes::gnaﬁmmﬂd ptr?erasyr éa@ﬂtplixel intensity

P XEl Dot W ik S b i G by e et o Sy e
(the first havi fier the pixel ambusiiiednieig! ofithe b¥eall image. Pixels beifj %ﬁé&lgydaf&
Pass _;hch IS positi\éﬁ% WHI be_"1" since the value of the correspohdi ng

pi xel the R §HE WEMQUE change,cwill, of cgurse, ot be ghanged. Gpnsidering as jap exkample tRass

i's not updated pixels in the comb@ied ikApeS he firsSpixeloifires WoOn ait in the
is "1". The remai nder of the row j§§ P . c_aﬁ@ﬂﬁgte nlarlli%abcl@ggdxgngg
with these exanﬁq)rggmetggmage and having, 3 grayRsgale intensity of 199 and the sectnd piskl

E; 1;’/ 225 2 5 -3 c&respo&ing 'to33pecix'n§n matetial and ﬁaving' i gray scale intensity of 150, thevgay
PCT/ US96/ 19987 scale intensity of the first pixel will be changed to an intensity value of 200 to desigfiate
S 20 Lef fhat fe Bl borkedpond bR an area to be excluded from the boundary map and the gray
scale intensity of the second pixel will be changed to 151 to designate that the second

pixel corresponds to an area to be included in the map.
A look up table is then used to determine the red, green and blue intensities for
each pixel in the display. The look up table is constructed with a red, green and blue
25 intensity for each of the possible gray scale pixel intensities, for example, 256 gray scale
intensities. In the look up table, the odd number gray scale intensities are all assigned
individual red, green and blue intensities which are equal and correspond to the input
gray scale intensity. The even number gray scale intensities are assigned red and blue
intensities of zero and a green intensity corresponding to the input gray scale intensity.
30 Accordingly, for a pixel corresponding to specimen material and having an odd number
gray scale pixel intensity input of 151, for example, the look up table will provide red,
green and blue outputs each of 151. For a pixel corresponding to an area to be excluded
from the boundary map, such as an air bubble, and having an even gray scale pixel
intensity input of, for example, 200, the look up table would provide red and blue output

35 intensities of zero and a green intensity of 200.
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The® values in a Left-to-Right Pass Row are then substituted for those in a
conrespondlng Cumul ative Projection Imge and edges are found in the inmge
as . descri bed above. 10 Based on the coverslip
edges found above, a coverslip mask is generated

di stingui shi ngwdwrasseas that lie within coverslip as det er mpgagisosdoie
four coverslip edges, fromthel®eas that |ie outside of the
coverslip. Next the processing system 26 forns the

bubbl k based h bubb | |
cdges 1 aund i n bot h IBreRfn gl AR oh demgered impee WHLEE Pe B s e
i mge is threshajigeicanm éybanhewaﬁﬁmfmawwdﬂzeﬁpwadxsrlayédk@ thbr aaphe! e

image to yield edges related to the coverslip and air bubbles
cont ai ni ng oxi ditis and|white\pd axeastods explydpd from the map, such,gs areps dorated pytside of

i mage. These ar f
g afs c&fe pr O\Z;ﬁg g@ﬁ&x&nlgaé ﬁfb | Cappkgﬁﬁg b rakifish hidYSige the

separately recorded an to classif n system
Bef ore the bubblgsay smgaemegmms@lf pixels nged enly b changedsbyhonesy makefheantensityi anadds

in the g0 n AP bEnbdrn o Ridive SHRHSHRS Y BEORAAST 1 ubBLE ERE e

I mage fronlthe orlgln e refer
obt ai ned by captsubstamgialin mairm;uedahusapehhmﬂg al opdntomo Wiswithe image and reliably Judge

OOy e o oo S b Sl ol e S 4 56 i i b
of the diffuser biindaty map fcs:ebe aoeomﬁlebhéi fhﬁough use of a light peit,embusb lok thfbfmble
bef ore subtractlng theg&FLerence |na eto sure that the resulta

25 corfitriace PSS thra ops 958‘[ ‘q i Wymeaﬂr%?'“ﬁ'fyé“’gﬂgésm?ﬁ he
resul t gt bubbl andii®0® 18 fhap or to exclude frond fiéftRhpusi Ng a conventi onal

nor phol ogi cal edge detector and threshol di ng operati on. These

edges are conbined with the edges found in the edge inmage to yield a

conbi ned edge image. As this image likely contains small gaps

in the edges, a dilation operation is used to dilate the

appropriate edges in all directions to close the gaps. As the 30
conbi ned edge i mage now i ncl udes a nunber of contiguous or connected areas

defi ned and bounded by the connected edges in the inage, these
areas can be analyzed to det erm ne whet her they represent
bubbl es or specinen nmaterial. To di stingui sh connected
areas representing bubbl es from t hose representing speci nmen
material, an average gray scale intensity is determ ned for each of the
connected 35 areas using a histogram Based on whether the
average for each connected area exceeds one of two threshol ds

a determnation is nade as to whether the connected area is-a
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a particul ar connected area is determ ned by the brightness
of the same area in the original edge imge. As bubbl es whi ch
contain oxidiz el |l s appear bright in the original edge i 0 not
appear as bri gﬁggl’ﬁ”f‘ﬁe bubbl e image, a relatively | ow thregﬁg&@s%}% plied
to the connected areas in the?Subble i mge corresponding to
bright areas in the original edge 10 image to determine if the
connectgd areas are bubbl es. For connecteg¥£ﬂ§g§ whi ch appear

dark in"the original edge inage a relatively higher threshold is applied to
di stingui sh What is olaitedds: t he connected area corresponds to a

bubbl e or to specinen mategriak. .T . . s 2XC j he
applied threshold ar 3 det §rw?‘hg%°t°§m$é§§§f§%sn?“’bﬁﬁ%1 %%mrghs gg{ep'g?fr% t he
bugb![ﬁ mgsllgbl 15 ) a) ; selechyely (luntindting theostide ][fi'cimgﬁatﬂm light/mmdf bei <:namr
an e bubbl e nmask, a boundary na . 0 e areas of interes:
of the slide, i .gé’?“,"'a]l'*\@ﬁgq“élﬂﬁ)é%f‘&aﬁ‘? aGthe S48 ren material within

the boypdaries of the coveysl i gbisining Refigbirtdgeest.the slide illuminated by the first light
sonme cases it nmay al so be desirable for the processing system 26 to devel op
and Soulsfovi de to the operator an indication of the degree of
gonf hdence of the p: ocessbﬁg tz%lectively itnumixﬁtéat_ﬁm gi&emlﬁﬁtal Qétofid FyghyY Mdoufke
oundary map so as to assi's e operator in view ng only

certai n boundar yprovigiag generallycscatiere¢ lighicy. The confidence in the accuracy of
the boundar y gmep gag T Gl UStofl ifag Aldckiniie by FRABLAS
i ncludi ng: whet her bright af® nﬂﬁaﬁ%&é bl e areas havg(‘aé been ?oujr’\d V\/n?l{:
i e outl§i de of dighvsoswres)iapdedge, the error in the det ect ed

position of the slide fromthe_cali.brat Lkd - 1 [ i

of the 25 det cofkd pBarRDh Lfeh PERE}S G eiphilfunpt boles dh 8 ety iR
position, error seconfdmagdsel i sm of the detected coverslip
edges, whet her bright, are have .b .detected 1n the i i

not contai ned Wit hi ntzdete B’eﬁﬁﬁt??(g@fm ?h‘gﬁedflﬂfs?sepeokgﬁ ﬁgﬁe'ﬂg%llﬁgeﬂfa first
backg(rjound ffjomgéﬁem“‘“ includes i[]?mﬁﬁﬁﬁféofr&h_ ; @lurblogidey rof wisedslided t he t ot al bubgl e
area det ect ed. er measures of confidence . .o can al.so.he  used.
30 2 e o ar Mg, metiod a1, pieren, pemyof LB g e 32
processi ng syst a@oaf light source includesqRSRIOANES S dHfESH Pethetrthg Sedond light stusye 2
the monitor 34. The mapped inmage is an i

. p | mage . ) of .the s|i 16
whi ch resul ts T riBhsiids R fegeeond lisbisomss iilhmiagiog e ide aa%aosgg@a&t#*%&ﬁvser
overlaying the goubyif&dnt ft}dﬁ‘ Wwiknahd AP APR sBikce BVMhnatiig tendids.ol or ed.
areas, for exanpl'e, greenish areas, indicating the areas to be
excluded from the nmag- sent slige mappizg system. comprisfiBassi fi cation system 12.
The oveglay is generated %rrrgﬁﬁhsguum el geﬁﬂlrﬁaﬁaﬂaywtrk%ﬁace of the slide
speci nen material in the conbirfed I mage a certain desighator, such as
maki ng t he gray to create a first image;

a second light source providing generally scattered light to the surface of

the slide to create a second image;
a camera for obtaining the first and second itnages; and
30 a processor for generating a map of areas of significance based on the first

and second images.

5. The system of claim 4, the second light source including a diffuser for
scattering light. '
6. The system of claim 4, wherein the first light source directs light incident

35 on the slide from four sides of the slide.
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5 : scale intensities of these pixels all either a y "

nunmber, and assi gni ng pi xels corresponding to areas to be
excluded fromthe boundary map a different identifier, such

as maki ng the gwownsegl e intensities of these pixels the ot haicralsegidoher an
odd or even nunber assi gned taa pi xels corresponding to

speci men material. For exanple, the . - intensity for each pixel
i n the conbi ned i mage, which corresponds to, an areig to be 1

0
excl uded® from t he map-coulldesysien of glam 4, whersin the, lightfrom the seeend Light seuree is

intensity of directed through £ affusE ®StadeP tHeNneOMbi ned i mage whi ch
corresponds to an area o? specinen material 1 n the map coul d

be assigned a proxi mdt-e odde susierarof diaims Br whargindhe diffisgeis selecéyely pysitionable
whi ch nust be ch&l&g v S . t keknCht s

i ntensity val ue &qaf)&"&m&%&@%gpgﬁ?‘%eﬂ?ﬂ%ﬁ%ﬁ?‘ﬁ:gos?%egr| %Ofgfle @iE@
overal | inage. Rifxwit¢w obthergmerarrectly odd or 15 even w t hout

change,, W |1, of course, not.be changed. Considering as an exanple two

pi xel s %O\r,:n t he conbi ned i ngbi}',“eﬂrgpi’%%!g‘”& g(oﬁprgglrgr esponding to an air
bubble in the a cagerabi ned i mage and having a gray scale
intensity of 199 and the segaond pi xel .. ) corr.esponding. to .
speci men material and hayiari’éf%éf‘b?%“_%ﬁ?sé“qnﬂtflﬁl’%i‘ths‘cH"s'i‘B’_é)?“ gﬁé”egﬂ of view of
scal e intensity i cirhéta fahd alseddnd Pbsitidrl dburfide 6 BE BRI JfOvidW of HeQamefay Val ue of
200 to designate 20 t hat theogl xel corresponds to an area to be

excl uded from the boundar yhessn tingamera ofjiaing a first image of the slide:when th diffuser i
of the gecond pixehe Rist boﬁﬁoﬂ}ﬁ’%?ééoﬁ@ﬂag& of eheckgiak mag he diffuser R€ inS e 38hnd

pi xel corresponds to an area to be Inc ed in the
A | ook up tabl e positiohieandused to deternine the red, green and bl ue

intensities for a proceSBFfdr g&%ﬁdﬁ.gg g g&ag%f g}eﬁ%ﬁ.@@ntﬁmﬁcé t?:gé} SPenk Bigds ©

I's constructed with a red, *green an ntensi or eac
of the possi bl e agdagcond &nagesi xel intensities, for exanple, 256 gray scale

intensities. In the l.gok tabl e, .t he qdd nber .ar cal e int itie

are all assigned 16, Hﬁesys%“h&f\?ﬁﬁﬁ P 2‘%‘@&9? éﬁﬁqéﬁﬁ%rﬁe"'ﬂ&gﬁ%@ﬁa&
whi ch a@0e eqﬁal mquatp%mmemmml idenput . graé scgl e. o
intensity. The even e ray scal e iptensities are assigned yed,and. bl ue
intensities of zerog:ﬂd a[lBg@@Y?’q @ﬂ&? “@B#’P%gﬁﬁ‘f?&ﬁﬁ’ﬁﬁtt?%Fﬁé)qeﬁ‘ﬁﬁlm gl’?ﬂ
scal e intensi ty.lighDtoward the slide hdhe@ifhiser wthen thepdiffRser GO RS AV PosiGod. O

speci nen material and_having an odd nunber gray scal e pixel
intensity input of 133 fArMeEPHEAYEtemy FIMPISG: up table w || provide red,

_ first light source oriented generally obliquely to a surface to create a first
25 image;
second light source providing light to the surface;
diffuser for scattering light from the second light source reflected by the
surface to create a second image; '
camera for obtaining the first and second images; and
30 processor for generating a map of areas of significance based on the first
and second imageé.
13.  The system of claim 12, wherein the diffuser is selectively positiombie
- between a position in the field of .view of the camera and a position outside of the field
of view of the camera. '
35 14. A method of displaying mapping information for a specimen, comprising
the steps of:



green and bl ue outputs each of 151. For a pixel corresponding to an area to
be excl uded from the boundary map, such as an zﬁulmtml ’H"""””"l
having 'an even gray scal e pi xel intensity input (WY n e
exanpl e, 200, the | ook up table would provide red and bl ue output 35
inténsities of zero and a green intensity of 200. , WO

97/ 22946 WO 97/22946 PCT

PCT/ US96/ 19987 22 TUS96/1998Ty

5 Consequently, the areas of the napped i mage which are to
be passed to the classification system 10 as part of the

boundary map are di spl ayegensratinigen pikelihiapsity4mapof the specimen; bl ack and
white and areas to be excluded. _frqm bhe ‘rgfaﬁ{e SECh as _areas | ocated outside
of the cover SFIEnIIMg logatigns of inferest i he SpeGiBSl: o appearing wit h
a greenish hue. Since the assigning pixels withfii 1Y Iafdns of Miter8stionk ©F eitfier Udd @k Sven
need only be changed by one to , make the intensity an odd, 10 or an

even nurmber, the'_‘“r"éqe&%i"(,i@ the assigned _F‘E@'_"?fffo’c'??é’hm I"@“Fsﬁm?‘ﬁ‘_@ %ﬁﬂ@@?ﬁiﬁﬁge are
substantial | y maintai ned %@&gﬁm&%ﬁ&ﬁﬁmanﬁrbm%%ﬁtﬁér ddal of 9¥h hiBbérS Pt 3
reliably judge . he accuracy of the boundary map as well as to
edit tH® map if aseigeeskaympber fofjeachpixelfreprggentative of its intensityi Addary map can be
acconpl i shed through use L, RO v i . ek
i nterface which all ows thQESB%:!{PS?%rP‘?%Qi"HQ‘. tgg? g@ltsg&?ﬁégﬁ%@éus& ngﬁrs‘?/ds 8‘??1‘026
areas to 15 being displayed with a diffetent celpr chardcteristic thad gixelsdravingenneven number
WO 97/ 22946 ssigned th
PCT/ US96/ 19987 2ssigned thereto.

' 15.  The method of claim 14, wherein the pixels within the locations of interest

15 are displayed in black and white.
16. The method of claim 14, wherein the pixels outside of the areas of interest

are displayed in a certain color.
17.  The method of claim 14, wherein the pixels within the locations of interest
are assigned an odd number.

20 18.  The method of claim 14, wherein the pixels outside of the areas of interest

~ are assigned an even number. |
19. The method of claim 14, wherein the number assigned to a pixel is
different from the gray scale intensity of the pixel by a visibly insignificant amount when
the pixels are displayed.

25 20. The method of claim 17, wherein the number assigned to a pixel is
different from the gray scale intensity of the pixel by a visibly insignificant amount when
the pixels are displayed.

21.  The method of claim 14, further including the step of permitting a user to
edit the pixel intensity map.

30 22.  The method of claim 14, wherein the step of generating a pixel intensity
map includes the steps of:

a) selectively illuminating a slide containing the specimen from a first
light source oriented generally obliquely to the surface of the slide;
b) obtaining a first image of the slide illuminated by the first light

35 source;

c) selectively illuminated the slide from a second light source;



20 5 CLAING.
\6/1%2][; 112 Cl(:glnpnf?sz flg the steps of: b A method of rﬁ(ﬂl‘[ﬁllﬂllﬂ:ﬂltﬂ“!'l

sel'ectively illumnating the slide froma first |ight source ori ent &d
generally obliquely to the surface of the slide; 10

b) obt ai ni NOwR ohlrtest | Mge of the slide illum nated by thephbikgbsrobdht

sour ce; c) sebactively illum nated the slide
from a second |ight source a provi ding generally scattered
l'i ght; d) obtai ning an imge of said second

i mage il 5um nated by the sérondobt#ining an image of said second image illumigated by the second
e) generati ng l?ghp?tﬂxr&f- afid €8s of significance based on the first and

second i mages. 2. The nethod of claim1, wherein
step of illum nating the skj de genenating fimapt of areas of significante bised oauthe dirst and
includes illumnating.fromplural sides of the slide. 20

3. The met hod SBYOPRMPEES- 1 wherein step of illuminating the slide from
a second 28] ghiA fiethddosf abdiihg the Inapinis infoithA1ion Jordi sbbdimen, dopiprismp
t he secogd | i ght source and t he slide when the second |ight
source i@ i1l um rﬂ!ﬁf‘ﬁ@ 9fhe slide and positioning the diffuser

inadifferent a position whepihig phiel frterdsitg ap Of ieCedimen; | UM nating the
sl ide. 4. ,R sl 1 de _mappi ng system conprising: 25

a first |ight source ori entetermiging jogations @ intergset|in thespeeimeniur f ace of t he
slide to creaj: dink | . : : :

second |ight source provi d{lsﬁlé gég@?&sl\}l@ﬁg@aetl%nggs ?ﬁ%‘ﬁtres{ gnq[%feengﬁrr?%{ic%r% n
the slide to creatmbersswithmit dssigned; number for each pixel representative of its intensityrer a

o oD ggrt g N TSt 2GRS Wi 585 B 3 e gt o, i
first ~ assigred dumberofor] edctigees representative of its intensity; 5. The
Seattering |ignt. e aaplayinghe pillegSiin e gt ol ey b arsned heras
the first |ight ®eipispliyed&ith al différenti idrdpmactfistic than pixels hiving £ etidnl Sifnber
fromfour sides of the slide.
assigned thereto; and
20 permitting an operator to change the pixel intensity map.

24. The méthod‘ of claim 23, wherein the pixels within the locations of interest
are displayed in black and white.

25. The method of claim 23, wherein the pixels outside of the areas of interest
are displayed in a certain color.

25 26.  The method of claim 23, wherein the pixels within the locations of interest
are assigned an odd number.

27.  The method of claim 23, wherein the pixels outside of the areas of interest
are assigned an even number.

28. The method of claim 23, wherein the number assigned to a pixel is

30 different from the gray scale intensity of the pixel by a visibly insignificant amount when
the pixels are displayed. '

29. The method of claim 26, wherein the number assigned to a pixel is
different from the gray scale intensity of the pixel by a visibly insignificant amount when
the pixels are displayed.

35 30. A method of detecting the location of bubbles in a slide, comprising the

steps of:
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ECTAUS?G/ 19987 7. The system of claim4, wherein thelllllmullu“llulmulll

secénd | i ght source is directed through a diffuser to scatter
the*light. 8. The systemof claim7, wherein the
diffuser is s | y positionable bet ween a LLJ I n
the field of 5‘!"@%’%’}(’% EfiispeSbb

he camera and a positipn outside of t hE
of view of the canera. 10 9. A slide mapping system

conpri si ng: a canera;

a diffuser selective posi tg)onalpbRining #fifst irfage pfrhe sliderilluminkied uhde? b dirst Tighttimpy
of t he, canera and a second position outside of the fiel 5

vi ew of the camgfondition; wherein the canmera obtains

a first imge of the slidg)ywhegpdy | §dcbiPimags of the slide illuminating unB& £ iecsitd
position and a second image of the slide when the diffuser is i'n the second

position; and lighting condition; a processor for generating a map
of areas of significance sedgggi i : OariCStiifini

| mages. ' t& 10. nh%ﬁééss@‘:qwe r%r%fanglsgforlﬁd df“a?%c‘f“?d. ng am$ iﬂ}est
|'i ght sifurce oriasigeeth fpemar thir \image; obliquely to the surface of

:[sggoflldi Fieéht source ori ent®d tgnéi%x'géagvn?es a%%%egfbﬁhaiﬁ‘{?fsgf%b@g%%%?i de

t hrough the diffuser whenejhe daltdlatingra gray scite ihensity sveragedor datlorea in the second

12. A mappi ng system conpri sing: . . . first light
source oriented %F%‘F?s}"’%g %8?}‘“981 area if} the third fmagevands 5 st 25

i mage; comparfig @ tdichiatav €6t eétifeato A Ghredhold babéd

t he surface; - D i . paritg di ffuser for scattering light from
the sedénd I i ghtonsbagsay scale intensity afy qofresponding area in the first Image- to create a
second i mage; 3., The method of claim 30° ¥HRfcin bR AP Ehiig Gorditort inkfbbies
and second i nmages; and 30 processor for generating
a map of areas dlumingting thecslide withbliqualy ingident; light. and second

| mages. : T t P FRALiRoheVe S LGt

di ffuser is selecti veazy p(')rshftnlleghrﬁgl oef é}ﬁmsjf(ﬁ “&le%s\éene‘jn@nggg?ﬁ%%& ?’Em?ﬁe

field of view ofilluminatingrthesslide avith spasteredi light.out si de of the field
20 33. The method of claim 30, including the step of connecting gaps in the edges
in the third ilinage. |
34. The method of claim 30, wherein the areas in the second image having
calculated averages exceeding the relevant threshold are determined to represent a bubble.
35. The method of claim 30, wherein the areas in the second image

25 corresponding to areas in the first image having a relatively high gray scale intensity are
compared to a lower threshold than areas in the second image corresponding to areas in
the first image having a relatively lower gray scale intensity.

36. A method of finding a line in an image formed of a plurality of rows and
columns of pixels; comprising the steps of:

30 a) summing the intensity values for plural pixels in a row with the
‘intensity values for previous pixels in the row and storing the sum for each of said plural
pixels;

b) comparing the stored sums for a plurality of said plural pixels in
the same column to a threshold value; and,

35 c) estimating a point on the line as a function of the pixels having
stored sums exceeding the threshold.



of view of the camera. 35 14. A nmet hod of di s'inl Fﬁi Hﬁ

mappi ng i nfornmation for a speci nen, conprisin

mapping i nf P "pri sing AR
PCT/ US96/ 19987 22

5 ~ generating a pixel intensity map of the

speci nen; WO 97122946 determ ni ng | ocati ons opct/osssnesst i n

t he speci nen; asgisgni ng pi xels within the

| ocations of interest one of either odd or even nunbers, with

t he assi gned nunber for each pixel representative of its intensity;

assi gni n@ ot her pi xel $7t he Thé hacthaf ofi ¢laiar 36ddwhereinvibe siemindr estimajing, ingjudesQ
assi gned nunber for,each pixel representati. ' ' ity; and

di spl ayi ng the pi%@w%%%e'wﬁ‘f%?&&&ﬁ&ﬁ‘#gsg d%%%@ggési gned thereto
bei ng di splayed with agdi f fTas mithog of claint b6 rincinding tieistep ofiasing the ebtimated point tan
even nunber . assi gned ther et o. . 15. The
met hod of cl ai m eatimagdhe-josationeof anotherspajptionithe & | ocations of interest 15

are di splayed in bl aclggand 140 idefhod of claim 36, including the furthékGtep of bisectifigithe iindpe
claim 14, wherein the pixels outside of the areas of interes

: : t iy
are di spidayed i n intoqiwrabsubinagesand using the estimated point to estimate the logation ofiadditiopsl

claim 14, wherein [ within the | ocations of interest
are assigned an c%’gfnénaﬁn%ﬁegﬁﬁm 18. The met hod of claim

14, wherein the pi xel #0out Thelenetiodtdfelaim$9s inghuding: the sicp of obtaining the sumg, ph.the

assigned an even .nunher. . . . ;LA '
wherein the nunbdMeaRY; Values forpiura pixsls ip 8 row withi cachmﬁg{lig# gér} ceknﬁﬁ??l%bt lﬁe
gray scal e i nt ensidjagemithé Estimated @loirio ynd cothpsaring whe susisgniaf threshold yafpeint when
the pixels are displa

yed. . 2 Th 0 l.aj
17, wherl@in the nunbe ﬂ?assﬁgﬁmg of claim 40, ngerchhe step OFOBI?’%{AEE%% %’n lﬁ#longls
\tAﬂe gray scal e i njBieciiny the stbit@ siinxfk i/ pielvitonb|distilrcolupmi 6f & aubimageo fiom the
en stored sum at the other distal column of that subimage.

42. A method of finding a line in an image formed of a plurality of rows and

columns of pixels; comprising the steps of:

20 a) summing the intensity values fbr plural pixels in a row with the
intensity values for previous pixels in the row and storing the sum for each of saiq plural
pixels; '

b) comparing the stored sums for a plurality of said plural pixels in
the same coluﬁm to a threshold value;

25 c) estimating a first point on the line as a function of the pixels having
stored sums exceeding the threshold;

d) bisecting the image into plural subimages; |
e) obtaining the sums of the intensity values for plural pixels in a row
within each subimage for a plurality of rows adjacent the estimated point;

30 £ comparing the obtained sums to the threshold value; and,

g) estimating the location of additional points on the line as a function

of the pixels having obtained sums exceeding the threshold.
43. The method of claim 42, wherein the step of obtaining the sums includes
subtracting the stored sum for the pixel at one distal column of a subimage from the

35 stored sum at the other distal column of that subimage.



the pixels are displayed. o 21. The nethod of claim 14_,
pixel Fntensity map 3o ¢ o Lo e e metnod of |HRAILARRIANI I

wherein the step of generating a pixel intensity mag i hcl lides -~
t he steps of: a) selectively illumnating a
slide contai ni dBkesPeCi men froma first | i ght _source
oriented genelr“gP?y g‘gl iquely to the surface,of the slide; PCT/US96/19987

b) obtaining a first imge of the slide iTlumnnated by the first Iight

35 sour ce; C) sel ectively

'9 I7} ;2192? ed the slidg4froTheams@ed bfl claimlal, Siefefifihe step of estimating the location WP
PCT/ US96/ 19987 @additional points includes performing a weighted average of the pixels and the obtaingd
5 . sums. d) obtaining an i mage of said second inmage
illum nated by the second | i ght source; and

e) generating a n&b ofAamethod offauditing niapping defotyeation foman imagé. camprising the
second i mages. s of: 23. A met hod of auditing the mapping
information for a specinen, conprising 10 the steps of:

gener al® ng a pi xel i nt endditpjayingp aoffirst hmap pef> ianeimage having areas of significance

determ ni ng | oCgdi ¢ of .interest in the specinen;
assi gni ng pi xelgﬁiﬁ%{&ﬁﬂﬁg{rﬁ’@ ?‘éi’aﬂr?aﬁﬂgt“&fmiagf'er est one of either odd or even
numbers, with the assi gneqerminiigedn dpefatsrao thageahe kRl cSRstifdInYEir e idisplay:

intensity; 15 assi gni ng other pixels the other of
ei ther odd or eWn nunbers, with the assi gned nunber for each

pi xel representative of igdeferhtitiglietdndmap in accordance with the first map and hang
di spl aﬁ' ng the pixels, with the pixels r?avi ng odd nunbers asspi gnezlgytc e g‘fo

bei ng spl aye & by ﬁ‘ecﬂPFIfannt col or characteristic than pixels having an
even number 46.  THRSALHERL S CIARA 450 indMAfch the operator is permitted to make

changes by use of a mouse.

47.  The method of claim 45, in' which the operator is permitted to make
changes by use of a light pen. _ _
20 48.  The system of claim 5, wherein the diffuser is selectively in the field of
view of the camera. ' ,
49.  The system of claim 4, wherein the first light source directs light incident
on the slide from plural sides of the slide.



20 permtti ngi an operator to change the pixel

I ntensity map. ' . 24, The method of claim 23, wherein
the.pi xels within the |ocations of interest are displayed in
bl ack and white. 25. . The nmethod of claim 23, wherein
t he*pi xel s outside of the areas of interest are displayed in a
certain color. WO97/22946 26. The net hod of cl ai m e usrbessy n
the pixels within tnﬁe | ocations of interest are assigned an
odd nunber. — 27. The met hod of claim 23, wherein the
pi xel s outside of the areas of interest 1/ are assigned an even
nunber . - 28. The r-m-t—hed—j]; claim 23, wherein the
nunber assigned @~a pixel is 30 34 ~—{DISPtitlerent fromthe gray scale
intensity of the pixel by a visibly insigniffi cant amount whig

the pixels are displayed. 260\ 29 he -n@{-hé—ef—e-l-a-l—m 26,
wherein the nunber asgignged to a ERBtESSING SYSTEM | ACGOMATEDom the
gray scal e intensi fthe pixel H-S+By—rrstoni | i icep A SBPINATIONEN
the pi xels are display&d.f 35 39. A gt §ogTei det ecti g
the | ocation of bubble n a sli Lsji ng tihe St+-eps—of :
WD 97/ 22946 22— O BAR CODE

PCT/ US96/ 19987 \ 7 READER 24

5 a) o] 1 ' firgt inmage of the slide

i I'1um nat ed undsg—e—T=r—t1 Bi ng condi ti on;

b) obt ai nin ond of the slid¢g éUd natfi n 4p a seeeqd

l'i ghting condi ET{ . 28—~ RANDLER fi ﬁE %ﬁ?r | 3@ he
first and secofd | mages and co \Nad]g the 10 € Erm a
third i mage; \ d) findi ng bounded areas
defined by the edges injghe third inage; e)
calculating a gray scale intensity average for each ar eaELGhe lsecond

38




i mge corresponding to a bounded area in the third i mage; and
f) . conparing the cal cul ated averages for each area to a threshold based

15 on the gray scale intensity of a corresponding area in the
fi-rst inmage. 31. The met hod of claim 30, wherein the
first lighting condition includes illumnpnating the slide with
obliquely i ncm.?‘p,(;i.n#eght : 32. The et heokneso6a998T m 30,
wherein the secon I'ghting condition includes illum nating
the slide with scattered light. 20 3 33. The met hod of
claim 30, including the step of connectiﬁg'gaps in the edges

inthe third ilinage. ",,34. The nmet hod of claim 30,
wherein the areas in the second i nage _Bavi g cal cul at ed

aver ages exceeding the relevant th aé’gld Are#ternmned to represent a
bubbl e. 35, he met hgd of claim 30, wherein the
areas in the second i mage 2 cgeesponding to areas in the first
i mage having a relatively Hfgh gray 50a(al.h>ensity are

conpared to a | ower threshgqid than ared
to areas in tHe first img
scale intensity. B
i mge fornmed of a pluralitylof rows_&nd

he second i mage correspondi ng

ng a relatively | ower gray

nmet h of finding aline in an
colums of pixels;

conprising the steps of: 3( 3 N, a) sunmmi ng t he

intensity val ues for plural]jpi xel Srdwesrtih t he intensity

val ues for previous pixelsnin the romwq 3‘Eﬂﬂﬂung the sumfor each of said

pl ur al pi xel s; b) conparing the

stored sunms for a plurality t he sane
colum to a threshold val ug; 20 C) -
estimating a point on the I 2 -H%gls havi ng

stored suns exceedi ng the tf WO 97/ 22946

PCT/ US96/ 19987
5 37. Th
estimating includes
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perform ng a wei ghted average of the pixels and the stored suns.
38. « The nmethod of claim 36, including the step of using the esti mated

poi pt- to estimate the | ocation of another point on the line.
397 . The nethod of claim36, including the further step of bisecting the
i mge 10 into plural subimages and using the estimated point to
estimate the | v aemeof addi ti onal poi nts on t hectiisdenoes?
40. The net hod of claim 39, including the‘Ftep of obtaining the suns of
t he intensity val ues for mtﬂeﬁ pi xels in a row within each

subi mage for a plurality of rows adigcent the esppmat ed poi nt
and conparing the sums to a threshol m 15 x 41.  The
met hod of claim 40, wherein the step piefi ni ngpttre—goms | ncl udes

subtracting the stored sumfor the pjxdl at one d[stal cefUM® of a subi mage
fromthe stored sum at ot her di stfal ¢ol'umm of t hat

subi mage. 42. thod of fi agl ine in an imge
formed of a plurality of rows and col ugms of pi xels;
conprising the steps of: 20 a) summi ng t he
intensity values for plural pixels/ intensity
val ues for previous pixels in the i
pl ur al pi xel s;
stored sunms for a plurality o
colum to a threshold val ue;
first point on the line as a [
stored suns exceeding t ,yﬁfé hoj (d;
bi secting the inmage int pIuraI [

arowwthth

b) conparing the
t he sane

64
a c) estimating a
d)

e)
pixels in a row

ng the oftained suns t he
511 Dﬂf?ﬂg t he
. i of the

w thin each subimage for a plur
30

t hreshol d val ue; and,

| ocation of additional
pi xel s havi ng obt ai ned suns exce® 50
43. The net hod of claim 42, bt ai ni ng the suns

i ncl udes btra Spi xel at one

di stal colum of a subiMage™ 2 ped sum at the other
di stal colum of that S'Gbﬁm
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T‘ne met hod of claim 42, wherein the step of :estimating the | ocatﬁ‘limP
' poi nts includes perform ng a wei ght eg
suns. )
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(57) Abstract

A method of mapping areas of a slide (16) includes
the steps of selectively illuminating the slide (16) from a
first light source (42) oriented generally obliquely to the
surface of the slide (12), obtaining a first image of the slide
(16) illuminated by the first light source (42), selectively
illuminating the slide (12) from a second light source (46)
pmwdmg generally scattered light, obtaining a second
image of the slide (16) illuminated by the second light
source {46), and generating a map of areas of significance
based on the first and second images.




