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TECHNI CAL FI ELD OF THE | NVENTI ON 5 This I nvention
relates generally to systemand nethod for efficiently conputing the _
fractal dinension of a surface, particularly to a system and nethod for use
in a digital signal processor for determing efficiently the fractal

di nension of an intensity image, and, nore particularly, to a system and
met hod for use assisting the classification of cells based on the intensity
texture of tMatleyucl eusINTENSTEY TEXTURE BASED CLASSIFICATION SYSTEMIRPUND
OF THE I NVENTION In the _nedical industry there is often the need for an .
experi enced Iaboratorym “Ci an to review a specinen of biological matter
for the presence of cells of a certain cellular type. An exanple of this is
the need to review a Pap snear sli de for t he presence of rral [ gnant or
premal i gnant cells. A Pap ERC HNTC il o BTk IoB 1OF THE INNENTION
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Pap snmear perforned the cancer nay have advanced to its invasive sta e from
25

> Cian, (o Fe¥ieh & SPesimerof bipl ogﬁ%lﬁeete&ﬁorstm pregence ofesllsaf acs
the |nport anceudly GpbeChn/VkatidR BY B3R VreBid £'Pap dofdd Hibd Wﬁfe or

premal i gnant ce nong usan s of I's 1n snear

cannot be ov@raesencecaf. mallgnamtompmnhhgnapt edkntArﬂanmﬁenmomgmmlmﬂw ar e
i nacgurate. lLn.fact sone,. | abor at orj.es hav een foun to have
i nc_g$r ectly épg@@ﬁft? @E}&@@Btﬁ’erﬂﬂﬁ clls M%@G i?-'e‘ft‘Free"é:Eé)S ‘ﬁBﬂé % MYstso
mal i gnant or iRfiGidBAllyGiRsHREt ndrdet to Abtefnitie R Joutible Preésende vF ve W rﬁﬂig?ﬂmt or
attenpts to automate the cell inspection or classification have been
unsuccessf ul premalignant cells. Pap smear tests, as well as other tests requiring equally exhausting
- cell-inspection techniques, have therefore suffered from a high false negative rate due to
the tedium and fatigue imposed upon the technician. -
20 - Several thousand women die each year in the United States alone from cervical

cancer; a cancer from which a woman theoretically has a high probability of survival if
detected in its early in situ stages. If not detected early, however, the chances of survival
may decrease. If a malignant cell ina Pap smear is missed, by the time the woman has
another Pap smear performed the cancer may have advanced to its invasive stage from
25 ~ which a woman has a smaller chance of survival. Consequently, the importance of
detecting the presence of only one or a few malignant or premalignant cells among the
hundreds of thousands of cells in a smear cannot be overstated. Unfortunately, present |
manual screening methods are inaccurate. In fact, recently some !aboraitories have been
~ found to have incorrectly cla.ésiﬁed as benign up to 30% of the specimens containing
30 malignant or premalignant cells. Also unfortunate is that many prior attempts to automate -
~the cell inspection or class:ficatlon have been unsuccessful.



2 One sys ssful at helping to inprove the accuracy
classificéﬁﬁgﬁaﬁggthat di sclosed in U S. Patent Nos. 5, 287P§g9§%@"@§7 182;
and 4,965,725 and U.S. Patent Application Serial Nos. 07/425, 665,

07/502, 611, 07/944,819, 08/196, 714 and 08/ 196, 982, which are incorporated
in their entireties by this reference. A cgmercially 5 avai |l abl e
automat ed Pap snear screener, using a primary classifier in conjunction

wi th a neuroconputer based secondary classifier is produced by Neuronedi cal
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a method for classifying objecCts based on surface texture _includes the

steps of f or n¢fiigieaty ithe ltmmgeobmm@oﬁmerme@ﬁmgmelims eperatol;si ng a
har dwar e ranker t
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image as likely to have a'certain characteristic based on the val ues
of the sl opesintansity dmagei finding,she Wifferenget hesweansthe maxispum {gad imigismim geey spale

system for cl g55Ld XY distances from the pixel, determining the slope of the log of the differences
as a function of the log of the distances, storing the slope at the pixel location in a
20 resultant image, and identifying objects in the intensity image as likely to be malignant

or premalignant based on the value of the slope.

In accordance with another aspect of the invention, a method for classifying
objects based on surface texture includes the steps of forming an intensity image of the
surface of the object, using a hardware ranker to find-the maximum and minimum grey

25 scale values at a plural number of distances from each pixel in the intensity image,
subtracting the minimum grey scale values from the maximum grey scale values at like
distances -from each the pixel, looking up the slope of the log of the differences as a
function of the log of the distances in a look up table for each pixel, and identifying
objects in the intensity image as likely to have a certain characteristic based on the values

30 of the slopes. |
In accordance with a further aspect of the invention, a system for classifying

objects based on surface texture includes a camera which obtains an intensity image of



Obj ects bawods/g;mgeurface texture includes a canmera whi ch Qibis9&§07R06
intensity i mge of 3 the surface of the object, a ranker which finds the
maxi mum and m ni num grey scal e values at a plural number of distances from
each pixel in the intensity inmage, an arithnetic logic unit which subtracts
the m ninmumgrey scale values fromthe nma@ numgrey scale values at |ike

di stances from each the pixel, and a | ookup table containing the 5
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systemin accordance W th the present invention; gure 2 is a di agrammtlc
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of Figure 1 Icular enp asi sTon e processing sys Igures
4a through 4Cma1emlfalcemhahisa-am¢d enstodinhéno of thie nvention; this beingindicative, however,
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In the annexed drawings: _
Figure 1 is a schematxc illustration of a cytologlcal or histological classlficatlon

system in accordanee with the present mvent:on,
Figure 2 is a diagrammatic ﬂlustrauon of the scanning passes Wthh the screening
20 system performs,
Figure 3 is a schematic illustration of the class1ficatlon system of Figure 1 with
particular emphasis on the proeessmg system; and
Figures 4a through 4c are flowcharts illustrating the primary classification function
_ of the present invention. o .
25 | " DETAILED DESCRIPTION OF THE INVENTION
| With reference to the several figures in which like reference numerals depict like
 items, and initially to Figure 1, there is shown an automated cell classification device 10
in accordance with the present invention. Briefly, the device 10 includes an automated
optical microscope 12 having a motorized stage 14 for the movement of a slide 16
30 - relative to the viewing seg_ion of the viewing portion 18 of the microscope, a camera 20
' for obtaining electronic images from the o‘ptical' microscope, a processing system 22 for
classifying objects in the images as likely to be of a predetermined cell type, and a



optical mcroscope 12 having a notorized stage 14 for the novenent of a
slide 16WVaDIS534045 relative to the view ng region of thBCH/DS8&076 porti on
18 of the mcroscope, a canera 20 for obtaining electronic imges fromthe
optlcal m croscope, a processing system-:22 for classifying objects in the

I mages as likely to be of a predetermned cell type, and a 4 menory 24
and a high resolution color nonitor 26 for .the storage and di splay
respectively of objects identified by the processing system as being likely
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resol ution or exanple 1/2 mcr.on per pixel, . and is called the
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resol ution ? fﬁé ?Mas a resolution of 1/2 mcron per pixel

(40). Duri ngF ? 9%t the sli de, approximate focal planes for
thgs specific ar enﬁc@drdiﬂte withithteineentioh chemttontated mlcmscapetlerpnfenﬁlyvﬂwbhns t hat
- area of the slide _contains a portlon of the spgci a low resol ution
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resolution, for example 8 microns per pixel, and is ‘called the low resolution scan (30).

The second scan is performed at a higher resolution, for example 1/2 micron per pixel,
20 . and is called the high resolution scan (35). The third scan is referred to as the high
 resolution rescan and preferably has a resolution of 1/2 micron per pixel (40).

During the first scan (30) of the slide, approximate focal planes for the specific

- areas of the slide are found and it is determmed whether that area of the slide contains

a portion of the Speclmen Once a low resolution scan (30) has been performed of the

25 whole slide, and the focal planes and areas of the slide contammg the specimen have been
" logged, the high resolution scan (35)is performed |

The high resolution scan (35) is performed only on thé areas of the slide found
in the low resolution scan (30) to contain a portion of the specimen. Consequently, the

_ comparatively long high resolution scan (35) is performed only on relevant areas of the

.'30 o slide and the processmg time is greatly reduced. During the high resolution scan (35),

 the automated microscope 12 scans the relevant areas of the slide, and the camera 20

takes electronic images of these areas and sends the images to the processing system 22.
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reduced. During the high resolution scan (35), the automated m croscope 12
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10 - the object is a cell t he type for ich classification is
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val assi gneget Y e r S a B'rnﬁgg t he
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t he hi ghest G&mtduakenﬂslwbjtmmsecm algo trimked dmseth o 48 valne aasrgmﬂathadxghahe
m croscope 12 wil frt‘ﬁcz)l .each of the highest 64 ranked objects and the
canera 20 wi | ¥ Bﬂnresol ution color inmage of the object. These 64
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24 which may be a rermva e device, such as an optical di or a tape,

etc., or a fiiscerformediéor the highestHdcranked obierts. dD!mg thenraseam0) v gutomwed
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The si xt y-f ouobtainl highi tesolutionkeolerpinmmge i pbjsctr e'ﬁhesuMdhgh seqohmbn rmiaggs, an
8 x 8 matrix of Bl GRobs hOP SR dhd meSiony 5 Waldindy B¢'S RESbvabiy dewich, (@
such as an optical disk or a tape, etc., or a fixed storage device such as a hard disk.
Alternatively, the sixty-four t:olor tiles may be transferred to another computer via a
20 network or through transportatidn of the data on a removable storage media.
The sixty-four color tiles make up a summary screen which is preferably an 8 x
8 matrix of high resolution color tiles feamnng a suspect cell in the center of each tile.
It will be appreciated, however, that other numbers of color tiles may be displayed
-concurrently to produce a summary screen, such as a 4 x 4 matn_x. These summary
25 - screens are displayed on the hig_h resolution color monitor 26 for tertiary analysis and
classification by a cytotechrlician. This analysis may take place at anytime after the
highest sixty-four have been secondanly t:lassified and ranked. Further, through the use
of a removable memory dewce or a network connection, the 1mages and tiles of the
summary screen may be transferred to a workstatlon remote from the microscope 18,
30  camera 20 and processmg system 22 for dxsplay and analysis. In such an instance a
separat¢ graphics processor 41 may be employed to drive the high resolution color
monitor 26 and provide a suitable interface with the cytotechnician,



It will be appreciated, however, that other nunbers of color tiles may be
di spl ayedvoossdess ently to produce a sunmary screen, suchpagusosiomsosd natri x.
These sunmary 25 screens are displayed on the high resolution col or
monitor. 26 for tertiary analysis and classification by a cytotechnician.
This anal ysis may take place at anytinme after the highest sixty-four have
been secondarily classified and ranked. Murther, through the use of a
renovabl e menory device or a network connection, the images and til es of
the sunmary screen nmay be transferred to a Workstatlon remote fromthe

m croscope 18, 3QAA cytotechmcmmeammaalmamﬂwd SPNURESETeTy m;eatnhmfan objert hhvsw ay
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for the presgiae apparesi tsiaqetson dF oRtinary kkifl in te/@y et thistis vhlylantiBuspies 8t to
a person of ordinary skill :inthe art that this'is onlﬁé an i]lustrative use

and t hat théﬂﬁmmmsﬁﬂféﬂmﬂﬁn FA3Y bp useddiB screening samplas of othgRbiologics} mattere

bi ghogi cal r I

teggnl ques, such as netailofé:tellghﬂélﬁ%t@x? o*u?égt#lghyst%{)ﬁg?gaga%mmﬂ%e%stem
and net hod dwue twbso’[’hqosystenahhcbmedtodlmsals’m apphcahle (4] classsﬁittahoglofdhstelpgmalrmns
and speci nens_ whi ch ve been tr w t.h an a yari et
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the screening may ‘be 15 - .. performed for the detection of other cell-
cl asses or t mnveraxmmgssrmtfermm@tpﬁpmmnmtsel}sstheﬁcrsvm@awr%em
i nygntion | g?p@ screening device 10 is
sh\(g%n W t h art [ c ng‘r %ﬁ%@g%ﬁ’@eﬁ assl F’ L on el enents enbodied in

the processing syRirsing 38w t3 aenqre dn-depth dmmaﬁﬂwprpseat invention witle bpedific an
| mage pr ocess *r‘en%g go ﬂlg%ret 5 Ztﬁtre sélr%emf%g trl]e%lilcre t i w?’tﬁ pa%.{]cgﬂa% emphasis on the
' cla:-: ‘cation elements embodled in the processmg system 22 The processing system 22 |
prefe; ably includes an lmage processor and drgmzer 42, a neurocomputer 44, and a
20 general processor 46 w1th penpherals for pnntmg, storage, etc.

N The general processor 46 is preferably an Intel" 80486 mxcroprocessor or faster
nucroprocessor based mreroeomputer although it may be another computer-type devxce
suitable for efficlent executron of the functlons described hereln The general processor

, 46 controls the functioning of and the ﬂow of data between components of the device 10,

. _. 25 | 'may cause executton of addmonal pnmary feature extractton algonthms and handles the
storage of i unage and classrﬁcatron mformanon The general processor 46 additionally
controls penpheral devrces such as a printer 48 a storage devrce 24 such as an optical
or magnetic hard disk, a tape dnve, etc., as well as other devxces such as a bar code

' reader 50 a sllde marker 52 autofocus cxrcurtry, a robottc slide handler, and the stage
30 14. . '
| The 1mage processor and dlgmzer 42 perfonns the pnmary cell classrﬁcauon

functions described more fully below The nnage processor and digitizer 42 may be a



20 wo9: r, processor 46 wi.th peripherals for pringd s/500¢ 29¢€,
etc. The general processor 46 is preferably an [err] 80486 m croprocessor
or faster microprocessor based mcroconputer although it may be another
conput er-type device suitabi’é for efficient execution of the functions
descri bed herein. The general processor 467controls the functioning of and
the fl ow of data between conponents of the device 10, 25 may cause
execution of additional prirary feature extraction algorithms and handl es
the storage ofow gt mo@helbgiesll ffeatutt | etractibr rimage Qlassifier WEN edsa lthed ABRENS Or
46 additional]ly controls O heral devices i"“i‘% as a printer 48, a storage
devi ce 24 suchicemorated, BIREY REQGRSSPT Which deg among ;ofhe 1 things ampimage 5

wel | as ot herdfgﬁﬂmmaﬁ& Imﬁcrtssﬁbolﬁ.oMaﬁpxﬁ%) uiﬁrmankeeéxeé%nary

autofocus circuitry, a robotic slide handler; and the
The i mage pr oRBPESImagnprogesgon is described more fullyrn UhS. PatentaNoy 46601I,055 theenttre

S G 1oy RS bERRARARLABOIY S el herthif G BERBEDPRS

o 2 bt sl o st
I(Ingoni c to Syfeblesian ?%gl?g‘ﬁé’ﬂtdﬂsﬂfgg WF‘]*“?" ﬁ'F(S%%tQ’@gel s
described norgg m}%ﬂ&h&h@ Bisbhssed %@ntrwm% Gidocitny ahd gg% b fihetions could

di scl osure of I's incorporated by t erably the I mage
pr ocessor 42 almm;mly betseparated intmvcheniorsicomponsnts: Below athe image prodessarand a

of tvvov ue it |cu t and sufficient
rT%{mem)ry fh Hﬁgﬁgorﬁuécﬁgelgggﬁerrg%% gﬁ%ﬁ%‘ﬁé%??g sed bel ow. The
' mage processing GSEiontl@y belllﬂisisiﬂtatfiomistpeﬁﬁﬁnm}i 4l 1eust &feﬁﬁhrdcemputbﬁu The
separ at ed into two or nore conponents. Below, the inage processor and 10

digitizer wi|PeUsRCommYfes A is\AFompuier-smbediment of 3 meurahaefwork sateddp identify
Secondary cel éus“%epc?%él'lsfb @d'oﬂ%'r?na @reﬁrﬁ"té%e? lﬁ‘teotn% tiof® With @H&P@?&H}(ﬁhﬁﬁ

44. The neurocohput er s a co ment o a neural ne
trained to idregarding thesipmge, suchlas aaqsa_mitameaneasmgﬁ ﬂtepent_turel ofhthe anuclens as

quanty ot ve. PEYURH B5n Saral PR of R Rt of M8 altlEE; 2R Siodimen, e
by a fractal pﬁaﬂla%uec@feorh@wéuf{ha&q Yéébhﬂépr htidfSneutal néthioPk RERMGHEER{tht he

parall el structure of a two or three- er bac pr opagati on neur al network
i s enul at ed wpipalined serial processing techmques executed on one of a host of commercrally available

neurocomputer accelerator boards. The operation of these neurocomputers is discussed
_ in Hecht-Nielsen, Robert, "Neurocomputing; Picking the Human Brain", IEEE Spectrum;
| 20 March, 1988, pp. 36-41. The nenrgl.network is preferably implemented on an Anza
Plus™ processor, which is a commercially available neurocomputer of Hecht-Nielsen
Neurocomputers Such a neurocomputer could be easily configured to operate in a
manner suitable to perform the secondary classxﬁcatlon functions by one of ordinary skill
_ in the art through reference to correspondmg manuals, etc. Alternatively, secondary cell
25 classification functxons could be performed using a template matching algorithm designed
' to identify shapes known to be typrcal of a pathological cell. A template matching or
other group processmg algonthm could be efﬁclently 1mplemented in a parallel drstnbuted
processing network, for example Another alternative secondary classification
embodiment is a holographic nn_age processor designed to perform group based
30 classification. o | |
The i unage processor 42, the neurocomputer 44 and the’ general computer 46 may
each access read-only and/or random access mernory, as would be readily apparent to one



pi pel i ned serial processing techni ques executed on one of a host of
conmmer ci wiolog/3easi | abl e neur oconput er accel erator boar ds.pClmssspmoat i on of
these neuroconputers is discussed in Fbcht Ni el sen, Robert, _ .
"Neur oconput i ng: Picking the Human Brain"; |EEE Spectrum 20 Mar ch,
1988, pp. 36-41. The neural network is preferably i npl ement ed on an Anza
[err] processor, which is a connerC|aII§ avai | abl e neur oconput er of
Hecht - Ni el sen Neuroconputers. Such a neuroconputer could be easily
~configured to operate in a manner suj-table to performthe secondary
classifi catskdhdflnrtbe jay fornthe (staragsy andk exeqytion eﬁ@qftwam neqessagy o perfermy the

reference t FO@E#S I | 25
cl assifi catflﬂo un ﬁg%s&ga(t)g?gygﬁ?%er gurj%rééghﬁ&s#ﬂ% ate %gﬁgmng?ceﬁp%

al gorithm dus |4§nnciudes umtnmtyl, fchiips hetpiefor lthmcontnobof)eommpmcadomtbr @tpa'amferogl cal
cell. ‘A te t h r sin r| t hm

efficientl “8? Qgi‘?rgl“ &%ﬁyp f%fos"g gesF@'s ﬁi?’%@l}’e for
exgnpl e. - A‘@ kbﬁfedaJ ter nat i vesecondary classification enbodinent is a

hol ographi c "I mage processor designed to perform group based 30 .

cl assi fi cati on. lg@ discyssien; ef the pperatign ﬁéﬁwdlsawsdpethema erFBé plide

2ol o nelS A Soblb AR RA] daiefs U, fesitels gD AL "

st or age ancbfexqasisized fietds. s Bachnfield matpwmra,rea of qhe lsliale which@on'espondsamn
descri bed relative to that: processi ent.. - Furth eac. nent
42, 44, 46 ipdj¥idyalimage rte??Ft‘Bf)w OE‘T g}) %{F]eofm‘f'ﬂﬂ’o%nt @Eé%fﬁﬁ cati on
Orlod at a tr apaheproe¥stsr 42) eaélﬁﬁéad bnn bEilepireseﬂeh by a5 fotlcR@mplklST2 bpass ingeixcal |
simlar processors_as woul - - appreciated. Returning to a

di scussi on asfarmyeof pixelsat E%Qh R:H‘eltﬂi@ 1§Ripsents the brightngsse g gray stle depsify of @

Ol ¢ JRhg a0 OE S R T) et Blay Yoalk \enSP o 'Gabh il WGTRRARES | 10

whi ch corr eremmhtedthy ansbi;d:)gmaﬂvainelbﬁmyequenﬂb,eemhpmellwdhsephgsor elgrzaaangadr)]mfel ol d
e .

w11 be P e skt Satkn, b 8 aY S8 pveL rngine fron 2415, ) 2457 IR oprapo it

pipsel s. Eavshreehmg uetlb@mu ﬁtﬁfd?ﬁﬁi’lbw r&hmnlwsam (B@)S@u eadh figld de@pthine 4Fmhay ty of
of fie

a discrete area I mage. scal e density of_ each pixel

is further ﬂ%ﬁ@@@!ﬁs &eplqs}caérmastebu andg Ql&halesﬂm%sc%%@e%é?ﬁm of the fislds,; x e
_ w il repr eslﬁ%gaﬁoﬁ)rgfcgl ?Jatter to detect objects contained therein which are likely to be

malignant or premahgnant cells. A third scan (40), the h1gh resolutlon rescan, may also |

be perfonned ona field, or a pomon of a field if dunng the hxgh resolution scan (35)
20  the processing system found an obJect w1th1n the field which is hkely to be a mahgnant
- or premalignant cell. - ' '
During the low res'olutio'n'scan (30) the objeetive ‘of the _mierdseope 12 issetat
‘the appropriate magnification power and the microscope begins scanning the individual
fields of the slide 16. For each field the microscope 12 will automatlcally determine the
25 o approxtmate focal plane for that area of the slide 16 As the cover slip covenng the’

- specimen tends to be somewhat wavy or poss1bly angled such as due to air bubbles
contained under the cover slip, the focal plane may vary from field to field. Once the
focus is determined for the field bemg_ vxewed, the_cam_era 20 will capture the image of
the field and send that image to the image processor 42 through a suitable digitizer. The

30 - image processor 42 then determines whether there are areas of interest' in each field
' correspondmg to objects ‘which may ‘be blologlcal material. Ifa field contains material
* which may be blologxcal ‘the field is identified along wnh its approxnnate focal plane and _



the field image by a gray scale level ranging fromzero to 255. In

oper at i on, W@ 34945 screeni ng device wi'll perform aRCEHSPHEIEIUL | on
scan (30) on each field to determine if that field contains biol ogical
matter, and a high resolutien scan (35) on each of:the fields having

bi ol ogical matter to detect objects cont aid‘ned therein which are likely to
be malignant or premalignant cells. A third scan (40), the high resolution
rescan, may also.be perforned on a field, or a portion of a field, if
during the high resol ution scan (35) 20, . .the processing_system found
an obj ect i (FRIRA dhaRERRa Jor,Fs Smalysf duripe the Bigh tedpio sta (3. Ths low
prenal i gnant reghktiond¢hn (D) i$) Perfdtiied ToOAIN FiElas ofi @Rs1id80)6. t he obj ective of the
m-croscope 12 is set at the appropriate nagnification power and the

ni croscope begi ns Qreanthe dgwt resolptien seam30) fliag been gpmpleteds apdyall 10f, theotieldych
field the m. VIR - L R e
b oxt et o {BPRE Gl B4 ALY i Sy B Uy Rt fy ey,

covebi ng t he thphighnesolutiondscan §35)cis begunnh Hitiallyy \a scan pathsis idetermingd svhichswidh as

from 1ol d ¢ MGl TRFRROPRCLY S isw Safi e hasoy ofrialng wblodfe) bt ¥
viewed, the GeRfablyRithithé leastRimbuft b RovdmatR obithd ARlel 162! Horthe h%ﬂtég(ghﬁén
e

i mage to the imaga% processor 42 through a suitable digitizer. The &
i mage processian £35); anpbjectivercernsspondingte dhe 12anicren per-pixgl Jespfutiontis inserted

each field c Jo l.EC: ' | Qhagi cal Loyl s - a
Firel'd cont ai e SEVARPpI of Bedtibibatie 1, B upSest| S PRUF R G RR nde, °
al olrlg Wi tg it&ampﬂhoxmaa\mh A &:rdsoopdl lz)lﬁmdxem?tgrizecﬂstagﬁ)lfdrilil movelrtlmf slideol6 Intd ur e
anal ysis during the hi resol ut i scan 5).. Thi ow resol pytion scan
(30) ¥ pert o Aesranyfuck thac e e Sl Which| varwidemibid psciiving Pigloeical gt ib
scan (30} hasqupR@rhé 96W ! edohstionnidam! wilPbe il ehef FiSldISE FieW!GH the Qﬂcfb‘@é@@? sTHéI ch
are possibly biological material have been identified in nenory,

t he hi gh resdnigreseepestawill dep, ibaseddpitially joni the foqal plage sletgrmingd hﬁlxngg the low

cont ai ni ng_ birstoiin jeafl QB FOclE o S8 e igh desbthn SARAiACA 1985 Tl Y

of tlse slide fifid i digitizbd tdcrglte racgray staleintensioy ingdfe) andathe irhageqprosessor 42 then

Vi ewi g pat h BSOS i BERuAS: S adation R e obleG b e B A SsABoRI RS ORS o) g

inthe 10 fully befofANTRA!pHmal elalifiéAih Gs U cobrdis o oBRLA'ih 2th fiehdity 14

' ' image that have the correct size and gray scale density characteristics. The primary
classification also separately finds objects in each intensity image having a nucleus with

20 a surface intensity texture that is representative of a certain cell characteristic, such as

dysplasia.

" When an object in an intensity image has been identified as having the size and
gray scale density or surface intensity. texture characteristics of a premalignant or
malignant cell, a N x N array of pixels, for example 24 by 24 or 48 by 48, surrounding

| 25 - the object, called a net image, is transferred to the secondary classifier for further
| classification. Net images of the requlred objects may be obtained through a further scan
of the specimen or by from the high resolution image obtained during the high resolution
scan. : ' '
“The highest 64 ranked objects are displayed on the summary screen 26. As
30 - discussed above, the summary screen may be an 8 x 8 matrix of 64 discrete images,
call_ed-célbr tiles, a 4 x 4 arrangement of 16 color tiles, or some other arrangement.
Color tiles are obtained during the rescan pass (40). Each color tile represénts an



a position such that the first field, which was identified as having

bi ol ogi cc¥oasis4e4s al- during the | ow resolution scan, wil| PEE/USHSATA fj el d of
view of the microscope. The microscope .12 will then, based initially on the |
focal plane determ ned during the |ow resolution scan (30), focus the field
under the high resolution magnification {evel . The 15 fieldis '
digitized to create a gray scal e intensi (K/ i mage and the inage processor 42
then perfornms the primary classification of the objects in the intensity

i mge as discussed nore fully below. This prinpry classification.finds the
centroi ds ofPbbj St 148 Sk MiGranAFd ?’Wg@ggﬁﬁ&“ﬁg@%%@sw&l&w %e and
gray scale ?@éﬂsl ¥ @hGHeahicedr pér sigel. ThachPédIoRtil produces fal Kigh ir@sohiiofColor

separately finds objects In each intensity inmage having a nucleus with 20
a surface i imensbtiasuspoct celband-surropading eellsand biglogieal matigr, weith thesuspery cell

characteristic, su dys B s%ﬂ:ﬂ?i;eﬁ%ee' _ L L Riish }u?-' e has
been i denti ffed 'gs'%%gﬁhlg' t'ﬁ%qé%ggm n ggr-ay stal e (ratr?g%%gr sur ggg&%
i ntensi ty t.extur ey edsily atdssifyi the ihigh rebolatiqn enled imagesof the suspectgedist cel | ,Ia N
x N array of pixels, for exanple 24 by 24.0or 48 48, .surr.oundin 5
t he object, ¥all eﬁF’f&‘“ﬁ'ﬁ? by &R on p °‘f’“’éf¥s$‘é'?.’r,"e‘a° ?’8%@%8@%@?‘9“&&3@% i er
for further ,gl assifiical yae- deddibell HBERS tRése ipafticufil Walues! a@bﬁ%ﬁlﬂm‘zﬁﬂﬁhﬁﬂl

1 g

obt ai ned through ‘a further scan of the specinen or by fromthe F
resol ution ifmge ‘olsppiceiated dhat differem sesolugions, dmege parametstsa magnifisationyexels, 64

ranked objects are displaved, o I Cl.e8n.:12H. .

di scussed afBve, tRE 2 y%gf‘%ﬁlﬁgﬁg&gﬁ %'%H@%m?%%gfmgfﬁmsugret e

i mpges, cal legd. cOL.0F of ithechwentioft deseritedrabowes nadt that all Suchodifiiering iresplutions,s o

ot her arrangenent. Color tiles %;ig obt ai ned duri ng I he rescan pass (40).
Each col or tFle replgl§Bnes. ar¢ within ghe,scope, of the RISFIh BXEBHORG A  1vi cron ar ea
surroundi ng t he cent:Lei : *smfs@fo of W ; i€l anid xel .
Each color tile pr'%gﬁ%gdsjagﬁphrlél ' esg 'utio’h og\gll%r of acﬁgggig?{?glnﬁéand _
surroundi ngreel | s, andFigures.clgi twbughatee there ishshowa g uflpwehartc of | the npramaryt i | e. .

By review ng,the su ry.Scr s Ci) L ca : :
easily cl asgr‘f y -t "H@Woigs@ﬁ& la%n“%%?c}’?x #%’geggﬁ%' 'sﬁg%gg %ograluée'd wi |
“appseci at ed vy a .pentheses bélowcdirespoyd skliké mimberdastepstin thecflowdbaite Sinilatly,ul ar -

resol uti ons and sizes were descri bed .above, _ these parijcul ar. values are
exenpl ary. Bt i | y+ained within parentheses denote the' flow ,o? .lmnge- ita at various steps in ?he

fi- . Oncea field of the specimen has been focused and taken by the camera 20,

. grocessor 42 will digitize the field and grab the 8 bit gray scale red and green

ir; . .rom 'thg cam_efa (100). The red and green 8 bit gray scale images are then

20 c: 430 produce 2 monochrome intensity image (105) which is stored in a segment

C - of the image pfocessor 42, called the frame buffer. The Papanicolaou stain

Y .3ting a Pap smear-dyes the nuclei of biological cells within the smear a purple

¢ e the colors red and green when combined approximately equally make a

MRS . green color. which: is directly opposité the color purple on a color space

25 . ~smbining red and green, without blue, creates an image wherein the purple

| s -s<lei appear very dark and the areas of other colors appear brighter. Other
s .z responses and measurements may also be used.

::fly, the primary classifier performs two segmentation routines to segment out

S . ubjects from the intensity image based on a variety of characteristics. The

30 . fo ~»tation routine (110) finds objects that are of the approprigte size and gray

S for a premalignant or malignant cell. The second segmentation .routine



fun appreciated that different resolutions, image paraneters, nmagnification
| evel s, en¥DA@§@404% 0 acconplish the same or simlar result PCEUIIHNET006 '
particular 10 of the invention described above, and that all such
differing resolutions, etc..are within the scope of.the present invention.
to a nore in-depth discussion of the pri m‘iliy classification routine, and

Fi gures 4a through 4c, there is shown a flowhart of the primary functions
whi ch the i mage processor 42 perforns. Nunbers cont‘ai ned 15 bel ow

correspond to | Lk er ed in the flowhart. Simlarl ai.ned wthin
parent IEleses o@ﬁa Mﬁ%ﬁ%ﬁ?‘gﬁéé‘“ﬂﬂ%w% 383y Hale ‘Ié‘feéﬁg' W%@‘F\b‘ab‘k&d 3 |
field of the g n Wifich ReRdicdtie bTesk ﬂﬁ@eu%@f%’bréhﬁaﬂéﬁﬁn@&rﬁﬂi’gxﬁﬁb cell.

processor 42 wilT digitize the field and grab the 8 bit gray scale red and

green the camera (Tledjrst sepaentatipnaouting a0, wvhightis diseyssedomore fuliy il . Safatenhen
50 . = o . < i
2 segment of Nheoutise FHICRRTad A IRtel, doffRAfis aiHGHpAtDLER) wi BBt ' "

Papaisi col aou whigh filtetsrint abjeets tisavasy the \sire df hepremalighantodr thalidnant cetl orcsmbdller

ppr oxi mat o1 yO20k TS TRHRRE ageceqpraoing onf phifhe Shigh ALion Jrgh s Facees

col or purple Qi dick? i9thefi@StPactd from the origifil irhilié doRMiARFAIbEGR objktsT2Y),
blue, creates_an inmage wherein the purple appear very dark and the areas of

ot her col ors Gepseauenty, whatds lefCrm cbjectssqf ghe sorrent gizews smaliere nAsseparptesimage be

used. fly, th i Lfier. . . tatl o . nes. t
segment out - oy Sebated SRRE e, g hole DnbH Bl SRR By Bhiels? WiiliCdre'sBo
chart@cteri st i gnall tbite 6f@oncern (130). Witenithis lateer irnage, céritdifjngfonhrisbjeds edich dréat
are of the appropriate size and dg;,r%é/llf or, a gr emal i gpant or malignant cell.

The second seQReWah iihHensubiragied from, the image haying aBlsciscqfsthesizer Ot pessiple
nucleus with g SebormlallE S 1A FebullaB rtdg? il Sonfiin Bnly WG R offié C

is indicative of the nucleus of a premalignant or malignanht c frrst
segnment ati on sizaxfiapostibie@ancersuschll nuclelisdd3Hs ckhereonteoids of the dbjedss B thizdimage

M gori thm . art théd derniBe® AT (AL ERapts' Ehilred S0l Hosd IRRBAC a0 10 e
prendl i gnant stontaty classifierdor further Slasification (140). |
The second segmentation routine (115) gauges the texture of thé surface of the

nucleus by estimating the fractal dimension of the area surrounding each pixel in the grey
scale image. The fractal dimension analysis is performed using a Hurst operator. The
Hurst operator is implemented in a manner that relies on fixed point arithmetic, a
20 hardware ranker and lookup tables as opposed to conventional time corisuming floating
point operations. A detailed discussion of tﬁe Hurst operator is provided in Chapter 3
of "The Image Processing Handbook" by John C. Russ, CRC Press, 1992, which is
incorporated herein by this reference. Typically the surface of the nucleus of a non-
malignant cell will exhibit a fractal dimension significantly lower than the fractal
25 difnénsion of the sﬁrface of a nucleus of a malignant or non-ﬁlalignant cell. Since the
* Hurst coefficient bears a direct relationship to fractal dimension, the Hurst coefficient of
various portions of the image can be 'uséd_ to further segment the image to find cells that
are likely malignant. Further, it has been found that the fractal dimensions of various
-abnormalities tend to fall within certain ranges making it possible to identify specific
30 - dysplasias, such as -adenocarcixiomas, ‘within the image. Addiﬁona_lly, the fractal
* dimension information can be used to segment out undesired material on the slide such
as dirt and debris. | | |



(120). The resulting inmage, containing only objects which are too large to
be canceMRIM¥MS nuclei, is then subtracted fromthe or PEFHEISN¥Ege
containing all of the objects (125). Consequently, what is left are objects ,
of the correct size or snmaller. A separate image is then prepared fromthe
original imge which will contain only tijects whi ch are too 10

small to be of concern (130). When this Tatter imge, containing only

obj ects which are too snmall, is then subtracted fromthe inage having

mnge w11 thus Aoer HusRoperin BT BT e o @husd Brsek imecdont 6

cancerous C8ukbst opéedatdr SndylEeonsed .THFheCS by 1SCimpfenidntatidn usél @e tfollowing lbctagbihoe
are then determ ned and the inages centered around those centroids are sent
to the 15 Pixelmaskiocondary classifier for further classification (140).
The second segnentation routine (115) gayges phe tgxture of the surface of
t he nucl eus by estimting the fractal dinmension of the area surroundi ng
each pixel in the grey scale i mage. Vthe ¥R2act &l div@nsi¥h analysis is
perfornmed using a Hurst operator. -The Hurst oBerat?r iszinplenented in a
manner- that relies on fi-xed point a ithnétic, a 200 har dwar e r anker
and | ookup tables as opposed to conwvéntiefal tine €enswaisng floating point
operations. A detailed discussion of the Hurst operator is provided in

© Chapter 3 of "The Image Processing Handb¥ek" By JO¥A-C. Russ, CRC Press,

11992, Whi ChyhSeal ' v f
of ihe. nucl e i QABOLEER pBEfic th B nlalk SerfeSefis A Buclldt GRlande b | 2
sikhi f i cant tentdrixel (tepresentédeby zexe imthe 2Bask) to the pixeHatrthatgiositionfin tHedmmge.f ace ‘

of a nucl eus of mal i gnant _or -.mal i nt cell. Since the Hurst -
coefficient bear .ea%?'g tm\ag? éﬁd&rﬁaﬁg‘?f"r X’cﬂhlapmd‘f Birdware upplemeied
coef fi ci ent ragkery &hich\ietepmiries ditsmaXimuezreyRgR iiRfisiefor R Erbkp fpikdleit thegnent

the image tg find cells that are_ likely malignant. Further, has been

found ¢ hat | ians b drom the; Rales Borel 204 SpHRd e SHANGRRAS W(Deg 48 The sarir |
dyspl asi as, ReI0RRL TR the ipuc piRAS S Phpled ik wRPAGH, dofoss e quire |
frifct al di nistensigninageandautpots themakiguurs & each eantereinel.o The mmatésum evdiverds er i al
"0 thi s exaiiph SIMpd oty et Sapescven siores g et ot B P
used. The Sdibtinde from! theesiter piRel fof @act Eenter Plixed\th Bk NS} Riddge. - The mask
' determines which pixels in the window are to be compaied_and ranked for the purposes
. of determining the maximum. For the case of the pixels at a distance of 1 from the
20 center pixel, all pixels in the window. surrounding the center pixel are masked with the
exception of the pixels being at a distance of 1 from the center pixel, as indicated in the
octagonal distance mask above. A suitable ranker would have the capacity to perform
_ its ranking functions on an 8 by 8 grey scale. intensity image.. An example of a ranker
. is the L64220 Rahk-Value Filter manufactured by LSI Logic Corporation. It may al§6
25 be desirable to mask the outer 2 _pixel wide border of the intensity image. |
Once the maximums M(1) at the distance 1 have been found for all pixels in the
intensity image, the intensity image is again passed to the ranker using the same masked
window, but the ranker is instructed to provide the minimum intensities m(1) for the
pixels at a distance of 1 from the center_pixelé (150). The minimums m(1) found for
30 each center pixel in the intensity image are then stored in a minimum image,'aﬁd the
maximums M(1) and minimums m(1) for the distances 1 are passed to the arithmetic l_ogic

unit ALU which calculates the differences between the maximum and minimum grey



pi xel mask: , - . _ ~ [err] .where the value at each
posi tion iWOSB4MEsk represents the Euclidean distance fr BOCHURISATHO6
center pixel (represented by zero in the nmask) to.the pixel at that
position in the image. The intensity inmage (105) is passed to a well known
har dwar e i npl enent ed ranker, which determ Ses t he maxi num grey scal e

I ntensity for the group of pixels at the dPstance 1 fromthe center pi xel
and stored the maxi nrumas M:1) (145). The ranker computes a rank of the

I nput pixels in a, msked wi ndow whi.ch npves, across the entire 15
i ntensity i matfaleaffiensiiep fo5 qorEsnoRding, pixels in the maximusm aad, EYnimuEL MALESUM

val ue i s thenyplREefm(1) Gnd sty BsIrROGcHIXeDiSs 446 " tifiggd BXi nuns found
at a particular distance fromthe center pixel for each center pixel in the

intensity imge. THee samsk procedureridiscussethpbayein,ataps 144 andelSf) iscepeatadefarghee

cosbof the. pPEAEY il & B JUARAE Soqlne SEhE Ml 002, V3 SR Brodftl delF
pi xelss in theinvigeslofvYs,uvy and W) fier thése distarices (155>xall 160¢ 165 ik 70y 175 dnde180,

exception of the pixels_bei at _a di stance of fromthe center pixel, as
i ndi cated in Wﬁ&é@goﬁhﬁ’“ﬁ%ﬁ%ﬁ% ke GmpIaYY, & differentimasked windawelp s it
have the capag] bikelsQuiiE bRk it the dBifdd isthiB Thook B QiR BiI DY 8 orey scale
intensity inmage. An exanple of a ranker is the L64220 nk-Val ue Filter
manuf act ur ed by LIDnt¢eogll foBbdelta images have beery deteguingd, containing the grewiscalel e

to mask the outer. 2 .nLxel w,de,bqrder, wf.the intensi [ . ce t

ot s w1 i ate et X A8 etk B, infpy trhaes [R Riome 9t e BB of
intewsity i ma@g Y, b8 firktiemef thy ldgGfake distad@X, Trodk 8Rrresponbling © ixél g

t he sane masked w ndow, but the ranker is,instructed to provide the mninm
intensities npefeterpingd,for sach.pixelin the ItenSiHIMAZSE 1 from the center pixels

(150 The mi ni mivgnddide de3fliot R edéh pixel in the Fiolies Bifslis fitflrsd 'Wet
intensity inage are t é%e storg(? ?{r{ a n?lryl‘fnlll}mei magqun ﬁ%meng%r%dr?gf 1

and mi ni nuns H(foy thatpixelh Thei soperof ¢l log X; bogp¥pletcan be determined byraiéast squates
unit ALU whic al cul at es di fferences between the maxi rum and m ni mum .
grey 13 scﬁ? ﬁ'mf:'ﬁ?réffgﬁsf’%g‘ﬁ%r correspondi ng pi xels in the maxi num and

m ni mum i nages, [err], and stores the result at each pixel in a "delta"

i rage. The same procedure di scussszéi abOY XD~} &% Y45 and 150 is repeated
for the intensity inmge at the di%%¥%

ﬁce_"f ‘ mg “genter pixels-of 2, [err]
and [err] to produce delta "i 5‘?)'( ?‘i)

15 ~ where: ' n = the number of distance sets at which the grey scale intensities

of the surrounding pixeis were compared (4);
X, = the log of the distances 1, V2, 2, V/5 from the center pixel
(0, .1505, .3010, .3494, respectively); - o
Y, = the log of the grey scale differences for the set of pixels at
20 : the same distance from the center pixel. ' '
This equation can be separated into components so that eventuélly a simple
subtraction step can be performed to determine the slope, H:

. H=A-B

where:

93297

- n(X X)X X)?



5 imges of [err] and [err] for these distances (155 and 160, 165
and 170, ‘1935’%%5' 180, respectively). In each case the ra @WSMP%S a

di fferent nmasked window to mask out all pixels which are not at the desired .
di stance fromthe center pixel. Once all four delta inages have been - '
det erm ned, containing the grey scale i njgnsity differences [err] and Y4
for the intensity inmage, the slope of the plot of 10 log [err] as a
f.unction of the log of the distance [err] fromthe correspondi ng center

pi xel must be determ ned for each pixel in the intensity inage. The sl ope
of the plot for each pixel in the int ¥ty image is the Hurst coefficient
H for that pixel. The sl ope-of tﬂ?&-l-@%r—].—t( Werr] plot can be

determ ned by a | east squares fit nl(Ele')-tﬁE dbresented as: [err] 15

wher e: - .n t he nunber of distance sets at which the grey scale
intensities of the surroundi ng _pixels were.conpared (g&é [err] = the | og of
the distances 1, SineeepchrdigiancenX; fremthe centsrepixql ds knawmghe porsicps of Aqand B |
respectivel @dep' xﬁ%’m] = r&ti?:@ I W=rael nces for the set of:
pi xel s at 2 ¢ .of‘thélﬂﬁeﬂsﬁﬂdﬁfe _ ﬂcﬁgégg‘lkgdgﬁ fsoiugﬁg'e fromthe center

pi xel . This equation can be separated i nto conponents so that eventually a
sinpl e subtraction step can_be pe.r_f.n_.l:._.nﬁ'.d_t_o_dﬂgggsn‘i ne the slope, H H=A -B
where: [err] 14 [err] Si nce'ea@aaﬂfp(%xy [err] fromthe center pixel is
known, the portions of A and B in endent of the intensity difference-
[err] can be solved as follows: [err] Therefore, the Hurst coefficient H
may be rewitten as: [err] As the su@X,.i on of the distances [err] is also
known, equation 7 can be expanded 670 o

EH-Ew ‘

" Therefore, the Hnrs_t coefficient H may be rewritten as:
'#13.332&1;-2.67@ Y,
| As the summation of the ndes X;is le0 kﬁown, eqﬁation 7 can be expanded:
H=13.33(. 1505103f2+.301(ilog¥3 +.3494logY) -2.670(logY, +logY, +logY3 +logY)
5 _ By multiplying the constant_é and regrbuping the variables, the following equation
resulté | | | .' '
H=(1.987logY,+1.342l0gY,) -(2.67ozogr,+.66410grz)
‘In order to allow for é.’simple; i;on-ﬂoating point grey scale subtraction step once
" the values for A and B have been determined, the cd_efﬁcients in equation 9 are scaled

so that A and B each can be a value'bgtween zero and 255. This is done by multiplying
10 the coefficients of equation 9 by 31.82 to yield equation 10:

H=(63.22l0gY, +_4_2._7010gY3_) -(84.94'loglf'1 +21.12l0gY,)
Acéordingly,

A=63.22l0gY, +42.70l0gY,



[err] By multiplying the constants and regrouping the variables, the

foll owi ng WQUaB4EH results: [err].In order to allow for a ROTA{ES07606
non-floating poi.nt grey scale subtraction step once the values for A and B
Rave been determ ned, the coefficients in equation 9 are scaled so that A
and B each can be a value between zero and_255. This is done by nmultiplying
10 the coefficients of equation 915y 31.82 to yield equation 10:
[err] 15 [err] The possible values for A and B based on the -
corresponding intensity values are stored in a two value |ook up table for
each of A and B, thus elininating gl r ting point operations to
sol ve equation 10. Once the set orﬁ{%%iggﬁ’??t‘{/ﬁallzpﬁg?ences [err] for a center -
pi xel has been determ ned, the 5 val ues for A and B can be found
usi ng the two val uEhel poskiblevalugh FarsA amd B based om thef con@spondingdintensityvalubstage

find a correspondi.ng .val ue i,n val | u apl e f.or t.he val

(185) " wni 1 o EREtR 8 Al ol uh e for fioh 3EA #8 B S eliinalipd e MBS
val ue in the flouing Poiif opérationsito lsalvt @qiistionA0val ues (190). Since the Hurst
coefficient has previousl een scaled b ltiplyin he equations 10

for A and B by 31.‘5‘2"%@#8%‘“@%‘%&(@@9# i'ﬁaagﬂ¥q§ hes Begp detgamiped the o o
and 255, it i ' k& Y THE Vhledof Wi DY,
3183 and mul TRRE IO AR B Gul 6 KRR phing it b vl ook Tpfitiedy The (LG 3
conveni ent - i nandg¥y atecused 4o find raccoxrespoiding Wuesin 3 twio ivelua dodkhup tabde fancthe A ue

| ook up table fLpdi ng..a val N the | tabl respondi tg the
val ues obt ai n%ag'yqsr{llgﬁpg’?’gf éhe[ Yfg\?eésfgf yll %dgﬁ% a%plfsfgg? %mﬁﬁfée ?cggﬁp?'&ﬁ‘?g Y%ue

Hur st coef fi cinaié twb ivalué Todk jpt @bledot B vahrs @198y, Hur st coefficient inage at
the location of the center pixel. Since the intensity inmage_ contained,

cyt opl asm and ot hémﬁﬂnﬁfc%ﬁwtmawvwl}smn sﬁﬂE‘Y@f’,““ Xingtheieguations ¢ he
Hur coef fi cj ' ' ' : | f '
9 ed out *F A RATBER I0E S0 HaFihe taluck Rpth Bt B FoB T ermleln B8 dHISISY
by it is desirable to rescale the Hurst coefficient by dividing it by 31.82 and multiplying the

Hurst coefficient by 100 so that it is a convenient integer between zero and 200. This
is done again in a two value look up table by finding a value in the look up table
corresponding to the values obtained in separate tables for A and B (195). The resultant

15 Hurst coefficient H is then stored in a scaled Hurst coefficient image at the location of
the center pixel. | _

Since the intensity image contained cytoplasm and other material as well as the
cell nuclei, information in the Hurst coefficient image which does not relate to a nucleus
is preferably filtered out of the image. One way of performing this filter operation is by

- 20 logically ANDing the Hurst coefficient image with an image of solely cell nuclei, such
as the resultant image from step 135 described above relative to the first segmentation
routine. In such a procedure, the Hurst-cocfﬁéient 'image is preferably thresholded to
assign pixels in ihe image having Hurst coefficients falling within a certain range a binary

_ 1 while assigning pixels with Hurst coefficients outside the range a value of Binary 0.
25 By ANDing this_ binary Hurst image with a binary image having pixels falling within a
nucleus assigned a binary 1 and pixels falling outside the nucleus assigned a binary 0, a
- resultant image is obtained which indicates the only those areas within the nuclei of the
specimen that have a texture that is of interest (200). Alternatively, other filtering
operations could be performed on the Hurst coefficient image to remove information from

30 the image that does not relate to the texture of cell nuclei.



20 ' - logically ANDing the Hurst coefficient image with an image of
sol el y cavo9amdedsei , such as the resultant inmage from st epct/@Sosieesr i bed
above relative to the first: segnentation routine. In such a procedure, the
Hurst coefficient image is preferably thresholded to assign pixels in the

I mge having Hurst coefficients falling within a certain range a binary 1
whi | e assigning pixels wth Hurst coef fil€i ents outside the rTange a val ue of
" binary 0. 25 By ANDing this binary Hurst inmage with a binary inmge
having pixels falling within a nucleus assigned a binary 1 and pixels
falling outside Theobiets idgntifiedas susnect-byishe texqure segmentation routine imeyche used

-obt ai ned whjch & ndecat QR Yy thase .ar eas,. Mt b |

speci nmen thgot ﬂﬁ%\é}gﬁfg&t@f%@e T é)tﬁ Jégqgﬁlﬁ%‘?gfle%%& FHZ%B%F#%@T%%%@? '

ot her filt ethefirstssegmentationsronting basbd opeel sizerantl guey tsbale itensity c oxdfernatively]

i mage to repove jnformati.on om 30.. . ... the imge that does. not relate
Lo the. text HPausler SRty e bl cBnriepts in arindficiofe dinge ey, bF pdsd pohe
.sugpect by 6!?&:& Gdentified H9 ABE Frst! dePrhefitation FoutitRY  WCeithef Gade) the! aétiA Hist t er

t he nunber of ohjects identified as |likely to represent malignant cells by
the first sephlicientiof a-suppsst sellomay be gen glong| withsthe dmage;of;thesuspegy cell; tarthersi t y .

Al ternati Veie\éo cﬁk&‘?ﬂiﬁifo{;ﬁﬂﬁgr Eﬁssﬂ?c‘égoﬂ'.'urs'[' coefficients in-a suspicious
dtothe 5 0

range may be a _ jects identified by the first .
segnent at i on rouGiven the disaissibn abovesand a generat knowledge off image fprocessont, suth a

t cell b _along with the ir of the ect.cell to.th
Socondary. cPuBE ety BIPES Rihe Brdctsst fr 4 SRR focdsiy, A BERGT of Gftneat il bove
ang a gener il thk af\Wotlddredide the'Pemary clasifieatich fudttidhs 36 appropate solwdre cbae 1

| mage processor or, a simlar_ processor, a person of ordinary skill 10
in the art 5 xecution foea sytable: image \pregessos within g rezsonahie amonat efotimpprdpr i at e

software co cut g ' {?g@ééa | , '

reasonabl e g@n%lg%a |’n%1%ﬂ V\%ﬁigé e apB{é@%ﬁ‘W@gg@%WB@‘ﬁWmed,
burned, or acessibleé by therimage gracessor 42: forrexecution byithe imdge prbeessornge processor
42 for execution,by .t |_mag rqcessor... An_N x N.array of pixels

surroundi ng t he é’éﬁ‘! R‘&sm 9?@5@58%0‘8’8}‘13 thglpe%trq*gtofl%suspec? cef, PIa Jet
idgntified ﬁ)&fg&,hﬂeﬁ[ﬂdﬂfb'ynh@bﬁﬁﬁtywlfsﬁﬁcﬁibﬂmﬂ&bh@fﬂ%‘inia@@ptd&ﬁer492 RaR&pOr 42
is then transterred to the general processor 46 for storage. In the case
wher e the clEansferred toqbagensraliprogesspro 46 ok stomge. o ginethe Rase Whersy therellawapei ng

suspect, t hgefifed HPffR tgmfebﬁegmemation*rqutine as being suspect, the net image may be
centered around the area of the cell nucleus found to have a Hurst coefficient within a

_ suspect range. A secondary classification of the objects represented by these net images
. 20 - may then be performed. - . ' -
The general processor 46 individually transfers each net image, and possibly its
suspect' Hurst coeffitient, to. the neurocomputer 44 for secondary classification.
Alternatively more' than one neurocomputer may be employed. For example, objects
found to be suspect by. the first segmentation ro_utiné :may be sent to one neurocomputer,
25 while objects found by the texture éegmentation routine may be sent to a second,
diffefently trained neurocomputer. The task of the secondary classification is to |
distinguish the premalignant and malighhnt cells from other objects which may pass the
primary . classifier, such as cell clumps, debris, clumps of leukocytes and mucus.
~ Based on training performed with a training set of several hundred or thousﬁnds
30 of known benign and premalignant or malignant cells, as described more fully above, the
neurocomputer 44 will assign each net image with a value, called a net value, ranging



tentered around the area of the cell nucleus found to have a Hurst

coef fi ci ervOWsBIMs a suspect range:. A secondary classifi cardcrwssshH7ohe

obj ects represented by these net inmages 20 ~ may then be perforned.
The general processor 46 individually transfers each net imge, and
possibly its suspect Hurst coefficient, to_the neuroconputer 44 for
secondary classification. Alternatlvely nﬂ?e t han one neuroconputer nay be
enpl oyed. For exanpl e, obj ect.s found to be suspect; by the first -

segnent ati on routlne nay be“Sent to one neuroconputer, whi |l e
obj ects foundreM dht® t%xasudetermingdeby she Hkelihgod jthat thawbmt deAtpremalignase ond,
differently thA §#ﬁﬁh &Qgur oconputer. . The task of the secondary cIaSS|f|cat|on
is to distingul e premalignant and malignant cells from other objects

whi ch may pass t hdt ghouldrbe recogizetii that, whﬂehheaamayl processomand digitizes 42 [therps
Several i Ba0EH Brbton e aag the nedtocbghbichd e Gewred oerefifiin i uiah:
or nslignant @aires, m%émdﬁ%ﬁéﬁcb%ﬁ' A8y %ﬂcﬁbﬁﬁ»’wmﬁetfdrﬂed Wﬂmww;ﬁfsslﬂl@

wi |l assign each net i mage with a value, called a net value, ranging
from.1 to .dConsequeatiyr Rieneampopents A2, .4@ 46 3y pws@ssmﬁe@s} glide segraents or

e

neur oconput era slidear e descrl bed operati ng in a seri aI rranner in
actual practice as, m nct ons wi.l | he perf orned |n aral |l e S,
possi bl e. ConsequeMt P9‘¥ #heve hrserenAty il% igy, is wained, to aysgeiate 2 ‘?W'bbgﬁgn

sl'i d@ segmentimagé vHlihf dncsudpit o@r Eafd QW?thcﬁpﬂ%é RAth dryoutplit ORLOY Such
reducing the time required to screen As not'ed above the secondary
classifier | SOWtpus FepEeseny, for eaamplecthy drewse/ef pertaingy tha a cell is normaherabngrmal, an

out put of %&1{; %i%o"Wn&? OJeQﬁ]dﬁ A clhdbfile %%ée}?@@d i » nkrlng %‘éﬁ? it

out put s repres r exanpl e degree o arnty
normal or ab r‘gﬂnaﬂllzesrmmsttmmhg and\deacheshe netemmed@rme chhml Thetloser that the

resented with new, lizes fromits tra|n|n
gttaches a neiecmec ngﬁé‘q%ﬁéﬂéa E‘PféZ%éﬂ% OWR Afageigta %% $ier
is aleto caél@&?@:&en&bﬂuee&mw 1. "e&fvetstiy? the o8y thatt

wnlifa
closer is its net val ue equal 1. Conversel y,. the rrrgre cl osel y that "the
unknown i mageappears to resemble the nonbemgn images of its training set, the closer is the net value

assigned to that image equal to .9.
Once all objects classified by the primary classifier to be possibly premalignant
' or malignant have been classified by the secondary classifier, the net values assigned to
- 20 ~ those objects by the secondary classifier are ranked from closest to .9 down to.1. The
highest ranked 64 objects are then stored. This completes the end of the high resolution

scan (35).

Once the highest ranked 64 objects in the specimen have been identified which are
most likely to be malignant or premalignant, the high resolution rescan (40) is begun.
25 During the rescan.(40) the stage 14 will move the slide relative to the microscope 12 so
that one of the highest 64 ranked object is in the viewing path of the microscope. The
‘image is then focused according to the previously determined high resolution focus
‘parameters, and the camera grabs, at 512 x 484 resolution, the 128 x 104 red, green and
blue component image around the centroid location. This high resolution color tile is
30 _ then stored in the memory 24, such as on an optical disk or tape. These operations are
then performed for the next cell until all 64 of the highest ranked cells have been
rescanned and their high resolution color images have been stored in the memory 24.



appears to resenbl e the nonbeni gn irriagés of its training set, the closer is '

the net wasss4edssi gned to that i mage equal to . 9. Once abCTURISHI0S
classified by the primary classifier to be possibly prenmalignant or

mal i gnant have been classified by the secondary classifier, the net val ues
assigned to 20 t hose objects by the secondary classifier are
ranked fromclosest to .9 down to .1. Th¥8 highest ranked 64 objects are
then stored. This conpletes. the end of the high resolution scan (35). Once
t he hi ghest ranked 64 objects in the specinmen have been identified which
are most |1 [iscarplefes feirpghm niss d#0)pr Ehe

(40) is beg i . : - stage 14 wll nove
t he slide rgﬁ%%%\%ereplgc? Hem%dg@gggiéwrfg@%ﬁ%&;ﬁf t he hi ghest 64
ranked object i sOnce stoeedyithe\64 golontilesahay be displayed asp sumfiiaey scraerein theirhen

b et oro. et Sedef o ey e posiioBd e on o ke, 8L 8 BB, oo

reds green gnghrd StferCArAMBEREN:. m&,@ﬁﬂwﬁﬁﬁm@eﬂbﬁﬁd@bﬁ D6Abtedthicidean hi gh

resolution color tile is 30 - en stored in the nenory 24, such as
on an opti c&henctaksplaee _ﬂaﬂ@&;%e__se operations-are then perfonned for the

next cell until all 64 trm IEN’Q‘ gy °‘|ﬁaﬁe|ﬂ’i’l ) n rescanned and
their high resolution Cgié'r_Tﬁﬂ'gEzﬁﬁdve T oréu%nenory 24. 18
Thi's conpl etes t IThe preseminveation k&pplicalﬂeetoany systene which @ampldyisaextiréd sarfadehen
AR R MR ST DI AR AT Y T e
SURGRrY SCI @By 'aHal?ﬂ?'of R SGRGEH GH0the sffaceOhnd & fdriichlardly) 8pplicaBie| ihi vioRgic -
relation to each ot her |n-t_'heg§f)em men, or S5 i'n sone other

ar r angenent, classificationt ina.ggneralasnd fmare t passiculashy -dn thel -qlgssificatjans o€ contelegisdl can

then take pl ace I45e. T : . L APPLI CATI ON The

pr esent ihvéﬂ?w%%%fgﬂéﬁ%ﬁgﬁa € tgagﬁgkéﬁg#ggggﬁﬁé.'enploys t ext ur ed
surface anal ysis or fractal analysis, including navigational systens and
ot her systens dependent 10 ~upon analysis of the contour of the
surface and is particularly applicable in biologic classification in
general and nore particularly in.the classification of cytological

speci nens, such as Pap snears, and histol ogi cal specinens.

5

autemated classifierniymay thes| remp¥htheescan” -



19 What is clainmed is: 1. A et hod bjects within a
speci men awol9sié¢l4y t o be premal i gnant H“Im"mmlﬂwmnams mms%muog t he
steps of: a) form ng an intensity image of a gpecsi men;

b) cal culating and storing the maxi numand m ni mum gr ey scal e val ues at .
‘a plural nunber of distances.froma pixel in said: lnten5|ty | mage; c)
finding the difference between the nmaxi nuA¥ and i ni mum grey scal e val ues at
| i ke di stances from said pixel; d) determ ning the slope of the | og of
said differences as a function of the log 10 of said distances; e)
storing said thécmmgdaxsa pi er | ocation in a resultant inage; and f)

i dentifying objectss in I (KR
prenal i gnant based on tﬁﬁe val ue o?‘ sal Hﬁa%je@é wif é/_Fhéekuﬁgz% %dl o# riPal m1,
wher ei n sai d prempligrantcer malignantgells rmmmsmjheams ofs m ni-muns is

done using a rank%épeSIf%@lﬂgggnﬂgﬁsﬂgqmgée &lfk@c y\herel n said step of

determ ning the sl es "usi eas Ares fit. 4. The net hod

of ckaim 1, whereib) salcdlcﬁlhmaiddmnwmax@nmhendhﬁnmumgfdydeﬂemluega@tvvo
val ue | ook up t abl e. The nefhod of claima1l,

i ncl udi ng detRips ngerméhmcs% fremet P‘ixEll ’Grﬁ“db‘&?@ﬂtyowagﬁa d slope. 6. The

met hod of claim 1,,incl ﬂmﬁ" ?@hﬁﬁﬁﬁ ﬁllé‘!} S&h1&
neural network. 7. © fﬁﬂiﬂ%et ho‘gﬁof cl al m 1, q.{nclu I ng masking o

i nf or mat i on i valueaiatilike:distancestfrars said pixel; i nage whi ch does not correspond to

cl assi i ng obj cotd badeterpindk by Sobe bERE slor sl ireEens o th ERfaR G gBlog,

formong an i néfeand distandegge of the surface of the object; using a

har dwar e ranker to_find the naxi mum and m ni mum grey scal e
e) storing said slope at said pixel location in a resultant image; and

f) identifying objects in said intensity image as likely to be malignant or
premahgnant based on the value of said slope.’
2. The method of claim 1, wherem said step of calculating the maximum and
15 - minimums is done using a ranker.
3. The method of claim 1, wherein said step of determining the slope includes
“using a least squares fit.
4.  The method of claim 1, wherein said step of determining the slope includes
using a two value look up table. | .
20 , S. The method of claim 1, including determining the Hurst coefﬁciexit based
on said slope. |
6.  The method of claim 1, including classif)"ing said identified objects using
a neural network. '
7. The method of claim 1, including masking out information m said resultant
25 image which does not correspond to the locéti_on of cell nuclei in the intensity image.
8. A method for classifying objects based on surface .texture', comprising the
steps of: o ' |
©a) forming an intensity image of the surface of the object;
b) using a hardware ranker to find the maximum and minimum grey scale
30 values at a plural number of distances from each pixel in said intensity image;
¢)  subtracting the minimum grey scale values from the maximum grey.scale
values at like distances from each said pixel;



- 30 val ues at a plural nu ' fromeach pixel in said
i nt ensi t Wwo 9533645 C) subtracti i mlﬁl "mgiley scal pcrasesmsotsr om t he
maxi mum grey scal e values at |ike%s s each sai d pixel; 20 20

d) | ooki ng up the slope of the log of said differences as a function of
the log of said distances in a | ook up table for each said pixel; and e)

i dentifying objects in said intensity i#fge as likely to have a certain
characteristic based on the values of said slopes. 5 ' 9. A
system for classifying objects based on surface texture, conprising: a

camer a whi ch obt®i ns laekingiup thei slapejofslipalog fof said differencesand fungtionof Gedog o
ranker whic i . ' 1. Qi LV, | e val ues at a plural
nunber of d S{%@%@&?ﬁlﬁ%@p?%fg?ﬁ sal ﬁlﬁ%ﬁ 'a‘g‘?ty i mage; an arithnetic
| ogi ¢ unit whi che)subtidemifying lobjecisninsaid gntensityciniage \as| kikely fto diave ccefain

maxi num grey scal ,e,vsl ugs gltj%l_'i'ke (%i St %:es fromeach said pixel; and a

| ookup t abl feristic, Pasgd ORdbe Yalpes rsaldfOReSy of said differences as a
furction of the .b?g_%sfﬂétﬂf&iﬁisiﬂﬁﬁgobjb&sbaseﬁf‘tﬁxs k& textifre, CdoMphisthg: Wherein

WO up '

s
" sai'd | ookup table'is a val ue 100 table. 1 1. The

system of cl ai m®caniese Whigh-eptaing,an, intgnsicy, iragerafishe; surfase |0f heLgbiechnl es.

a ranker which finds the maximum and minimum grey scale values at a plural

number of distances from each pixel in said intensity image;
_ an arithmietic logic unit which subtracts the minimum grey scale values from the
10 ' maximum grey scale values at like disfan_ces from each said pixel; and . = ‘
. a lookup table containing the slope of the log of said differences as a function of
the log of said distances. - '. E B '
10.  The system of claim 9, wherein said lookup table is a two value look up
. table. o _ _ ,
15 | ~11.  The system of claim 9, including a plurality of two value lookup tables.



