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ABSTRACT

.Introduction of computers and image analysis systems to quantify the asse~sment of living cells
for prognosis al)d diagnosis is gaining momeJtum. It also aims at relieving the operator from the tedium
of microscopic observation and reducing o.pe~tor bias and human error. This paper discusses the design
and configurat\on of an interactive image analysis system built indigenounsly for cell analysis and
classification. It also discusses the progress made in the diagnosis of cervical cancer and in the prognosis
of breast cancer u~ing computerised interactive morphometry..

.INTRODUCTION system is built around ail IBM PC AT 386 computer and
,

Microscopic eJQaJ.ination of cells on the slides for l6-bit PC AT bus compatible frame grabber from
diagnosis/prognosis df cancerous and other types -of Maharshi Electronics. The system is equipped with a

cells is a tedious prpcess. Moreover, quantification of microscope and a colour CCD video camera for

the assessment of ceJls manually is time consuming and acquisition of cell images. The system uses Carl Zeiss

is often error-prone. Image prQcessing techniques offer universal microscope that has a provision for mounting

a great promise in this regard. \The current efforts are to video camera on top. It carries a fast scanning stage with

achieve automation in cytol6gy using i~age processing a motor control unit. The scanning stage can beand pattern recognition tech~iq'uesl- .This paper .

discusses the image processing system de.signed and .I CYTOSCAN SYSTEM Iconfigured in the Defence Bioepgir\eering & I "'T IV;;)"""~ ;;)T;;)It:M I

Electromedical Laboratony (DEBEL), for this purpose.
The system works in an interactive, user-friendly mode

wherein the user can select the cell'of his interest. This
is aided by a library of subroutines to compute various
morphological and textural parameters of the cell, thus
eliminating the need for a skilled operator fo& the

assessment of cells. A ready reference of cell parameters
could be made available by creating a database useful

for diagnosis and prognosis. The paper also discusses
the experiments carried Jut to classify the cervicalI I
cells and the progre~s made towards prognosis of breast

cancer.
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controlled by host computer through IEEE-488

interface. The stage can be moved in steps of I micron

or higher in both X and y directions. A solid-state CCD

colour video camera from Oscar, Japan, which sends out

RS-170 video output signals is used to grab the images

of cells scanned below the microscop1. The frame

grabber accepts video data in RS-170 format sent from

the camera and converts the image into 512 X 512 pixel

digital image of 256 grey levels. It also converts the

digital image into RS-170 signal's for displaying the

image on the monitor. It also stores Qne frame of the
digitised image and the same can be accessed by the
host computer for further processing. The ",ouse with
RS-232C interface to the host computer is made use of

for marking the cells of inte~est on the monitor and for

controlling the fast scanning stage. Once the area of

interest is marked, rest of the processing is done in near

real-time by the various image processing software
modules to extract morphological and textural

parameters of the cell and to classify the cells into

respective categories.

information on chromatin d,istribution and clumping in

the nucleu~.

4.
, ,

EXPERfMENTAL RESULTS,

4.1 Cervical Cytology
.t

A database of abou,t 2000 cells of cervical smear

belonging to various :categories of normal (superficial,

intermediate and parabasal) and dysplastic (mild,

moderate and severe) cervi~al cells has been created and

stored on the magnetic tape. The survival smear slides
'were acquired from Kidwai Memorial Institute of
Oncology, Bangalore. 1'he slides were picked up from
general pool of cervical ~mears. The smears were

prepared using stanpard Papanicolaou stain under

identical controlled cpnditions. The abovesaid

morphologiqal and textural parameters were computed

for each cell to cre~te database after interactively

isolating the cell intage and the nuclear image from the

backgroundl Table I gives the comparative study (mean

and standard deviatior) lof some important parameters
of cervical celJs. I

,

Table I. Comparison or morpholo~lcal and textural para-

meters or cervical cells

3. SOFTWARE DEVELOPMENT

Software has been developed to control the fast

scanning stage of the microscope using the mouse. The

stage could be moved in steps of n:ticrons or

continuously at required speed. Subroutines have been

developed to isolate the image portion of interest and to

compute various morphological and textural parameters

of the cells. Computation of morphological parameters,

like nuclear area (NUA), cytoplasm area (CYA), total

cell area (TCA), nucleus-td-cytoplasm ratio (NCR),

nuclear optic~1 density average nucleus intensity (ANI)

and cytoplasm optical density, average cell intensity

(ACI), is based on the image grey level histogram

approach. The parameters, like perimeter shape, long
axis and short a~is are determined using geometrical

approach. Texture parameters are computed by grey
level run length method and Markovian method based

on grey level co-occurrence matrix. Grey letel run

length method provides five textured parameters,

namely, short run emphasis (SRE), long run emphasis

(LRE), grey level nonuniformity (GNU), run length

nonuniformity (RNU), and run percentage (RP). The

grey level co-occurrence matrix is used to compute

three textural parameters, namely, measure of
homogeneity of texture (TI), measure of contrast (T2)

and measure of cbrrelation (T3) that responds to highly

ordered structUres. Texture parameters provide

Cell area N C R

(sq micron) (%)

Cell type pp\ical
density

LRE Total run

lengthffl

Superficial 2321:1:7971.10:1:0.4 66~91.16:1:0.05 1.8:1:0.1
,

Intermediatel660:1:609 5.991:t;1.9 113:1:101.29:1:0.05 26.7:1:12.7

Parabasal 682 :1: 249 16.0 :1:4.? 106 :1: 15 1.30:1: 0.0'.? 31.2:1: 15.6

Mil«il 1100:1:500 10.2:1:0.8 86:1:27 1.30:1:0.07 31.2:1:30.0

Moderate 414.t 178 37.4.t 17.7 86:1: 21 1.32:1: 0.07 50.0:1: 22.0

~evete 189:1: 53. 35.4:1: 17.8 77:1: 19 1.49:1: p.26 .22.0 :1: 20.0

Based on the statistical infor~ation obtained from
I

these computations, two approaches, na"mely, (a) Linear

discriminant approacq and (b) Hierarfhical approach,

were used fQr classification of cervical cells, and the

required algorithms were developed.
,

I The linear discriminant approach based on

coniputation,of Mahalanobis distancflO gave success

tate of 85 per cent for the classificatiQn of cervical cell

as either normal or su~picious, whereas hierarchical

approach based on decision tree gave success rate of 94
,

per cent. The linear discriminant approach gives good
I

classification rate for cells' of moderafe and severe

dysplastic type; however, the results of cl~ssification for

cells of mild dysplastic type are dot all that
t
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