Cell movement is a fundamental process of
importance to aspects of cell biology as

se as migration of cells in embryological
opment, and to host defense mechanisms. 1
S become increasingly evident that the cell
fface plays a pivotal role in the life, devel-
ent, and regulation of cells. The surface
ction lies in the transmission of information
M the environment to the cell. Hot only are
ular signals involved, but also mechanical
stemming from adhesions and junctions

. affect the cytoskeleton, which influence
cellular events. For example, development
| embryo requires that cells know where they
nd where they should be going. The mecha-
5 that regulate this social behaviour of

Ie not understood. However, more than in-
don informs us that the cell membrane is in-
’ed both as the donor and receptor of such

al signals. Current studies related to can-
research (i.e. invasiveness and metastasis) ,
rimarily concerned with the interaction

en external factors and cell internal proc-
 that occur at or within the cell membrane .
¢ there is no existing method to quantify
rvable changes in membrane shape that oc-
| locomotion.

the main goal of this research is to develop
age interpretation system capable of analyz-
quence of pictures in order to provide a
iption of the structural changes in the

f a moving cell. To achieve this, the
pProgram would have to be able to:

the moving cell, and detect the signifi-
ges in its location, shape, and

ure. A system which accomplishes these

ives involves three major areas of image
sing: (1) automatic processing of micro-
ages, (2) dynamic scene analysis, and

ape analysis and description.

eoretical model for a general dynamic
analysis system has been constructed. The
sists of three basic entities: (1)

- data, which change continuously during
lysis, (2) static data, which remain un-
iy and (3) a collection of analysis proc-
‘each of which is assigned to a particular
The different types of data which may be
ated by the system have been classified as
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follows: (a) A sequence of images which forms
the main input, (b) A group of objects (moving
or stationary) and subobjects, each of which may
be decomposed into its primitive subparts, to
give a collection of subobjects, (c) A set of
features which define the different properties
of the shape, structure, or motion of the objects
and subobjects to be analyzed, (d) A group of
descriptors used to classify and describe symbol-
ically the different numerical values of the dif-
ferent features, (e) a group of characteristics
which describes the global behaviour of the mov-
ing object, (f) a set of rules, which may be
classified into representational rules and con-
trol rules. Whereas the former are responsible
for generating the descriptions and characteris-
tics of the cells, the latter are needed for ac-

tivating and scheduling the different processors
of the system.

Based on this model, and by using a
relational database structure, we._have implement-
ed a rule-based image interpretation system for
moving cells. The system consists of different
cooperating computational bProcessors. Concept-
ually, two different memories are used, a Short
Term Memory (STM) and a Long Term Memory (LTM).
Both are implemented as a relational database.
The STM is designed to work as a communication
channel for all of the processes. It contains a
dynamic record of the instantaneous cell motion,
shape, and structural changes, as well as the
current global description of the cell behaviour.
The LTM data are static, and are implemented as
rules. These describe the general model of the
morphology of the cells under analysis, as well
as control information pertinent to the computa-
tional processes. The latter are activated by
the control rules throughout the three hier-
archical analysis stages: static, incremental,
and global. They interact through the STM using
the infcrmation stored in the LTM, until a com-
plete description of the dynamic cell motion and
morphology is obtained.

The analysis is designed to execute through
a hierarchial structure consisting of three lev-
els: (a) Static Scene Analysis: to identify
the desired moving object, segment it, and des-
cribe its morphology and location in each frame.
(b) Incremental Change Detection: To detect and
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describe the incremental changes in shape, struc-
ture, and motion of the moving object between two
sequential frames. (c) Global Analysis: to ana-
lyze the static and incremental data, in order to
detect and describe the global observable changes
within a sequence of frames. 1In this way, a
characterization of the consistent dynamic behav-
iour of the cell is obtained.

It is of interest to have the computer de-
- scribe the dynamic activity of the cell using
symbolic terminology which is meaningful to the
concerned biologist. For example, with the aid
of the global observable changes in the cell
locomotion, one of the main behavioural charac-
teristics is mathematically quantified and de-
scribed; namely, the chemotaxis behaviour (the
directional locomotion of the cell with respect
to the directional effect of an external factor).
Consequently, the effectiveness of an external
factor on modifying the cell locomotion is quan-
tified. Also, an expression for measuring the
complexity of an arbitrary shape pattern has been
developed and used to describe the membrane shape
and its observable changes. The global changes
in the cell structure are also analyzed; hence,

a subpart of the cell is classified as being a
"pseudopod or cell body", and a pseudopod is
described as "growing, contracting, or stationary”.
Furthermore, some aspects of the global behaviour
of the cell are summarized and described. For
example, the "domination" of a pseudopod in lead-
ing the locomotion of the cell. Description (1)
is an analysis of the global locomotion charac-
teristics of a cell which was tracked for 450
frames.

This computer study might provide clues to
the nature and distribution of "receptors" on or
within the membrane, which is a vital link in the
interaction between the external factors and cell
internal processes. Also, it might lead to a
better understanding of the role that the cell
membrane plays in the mechanisms which regulate
the social behaviour of cells.

KEY WORDS: DYNAMIC IMAGES, BLOOD CELLS, IMAGE
UNDERSTANDING, RULE-BASED SYSTEMS.
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DESCRIFPFTION

The fallowing is & global dizcription af the
locomotion analuysis of 3 MEUTROPHILE cell. The cell motion
was recorded in real time orm 1émm cine film at rate of THO
frames per second. The cell was in the presence of
BACTERIA which is locsted in the SOUTH-WESTERLY direction
af the ariginal location of +the cell. The +otal
obzervation time was 285 seconds (456 frames). The
following is  a description of the cell locomction betuween

frame number 200 and 458 (1285 0 secands)
CELL PATH and MOTION ANALYSIS :

The spsace domain of +the cell motion is  diwvided into
EIGHT egual directiconsistates). First. the cell path was
chtained by sampling the displacement betweer frames in

increments of sppraximatly 2 @ microns. Then =zequences
with the zame incremental direction were merged intoe one ta
produce  the final cell path which consists of 34 steps.
The description of the time. distance. speed. direction.
and accelerstiorn of the cell szt each =tep is as follows

TIME

YERY GHORT
YERY SHORT
YERY LONG
SHORT
SHORT
SHORT
MEDTUM
VERY LONRG
LOHG

SHORT
MEDTUM
SHGRT
SHORT
MEDTIUM
MEDTUM
LOHG

MED TLIM
MEDIUM
SHORT

DIZTANCE

VERY
SHORT
YERY LONG
YERY
MED ILM
YERY
SHORT
MEDTIUM
MEDTIM
MED TLIM
LONG
MEDTUM
MEDTUM
VERY LUONG
MEDTUM
MEDTUM
MEDTLIM
MEDTUM
MEDTUM

SHORT

SHORT

SHORT

SPEED

VERY SLOW
YERY FAST
AYVERAGE
VERY SLOW
VERY FAST
VERY SLOW
AYERAGE
SLOW
AYERAGE
YERY FAST
FAST

VERY FAST
WERY FAST
VERY FAST
AVERAGE
SLOW
AYERAGE
AYERAGE
YERY FAST

DIRECTION

NORTH-EASTERLY
EASTERLY
WESTERLY
NORTH-EASTERLY
SOUTH-WESTERLY
NORTH-EASTERLY
SOUTH--WESTERLY
S0UTH
SOUTH-WESTERLY
EASTERLY
SOUTH-MWESTERLY
EASTERLN
NORTH-WESTERLY
SOUTH
SOUTH-WESTERLY
SOUTH
S0UTH-EASTERLY
SOUTH-MWESTERLY
SOUTH-EASTERLY
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ACCELERATION

NONE
VERY FRST
AVERAGE

VERY FRST
YERY FRAST
VERY FAST
VERY FRST
NONE
SLOK
VERY
VERY
VERY FAST
VERY FRST
RYERAGE

AYERAGE

AVERAGE

AYERAGE

SLOW
VERY

FRET
FAST

FAST

FOSITIVE
NEGATIVE
NEGRTIVE
POSITIVE
NEGRTIVE
POSITIVE

POSITIVE
POSITIVE
NEGATIYE
POSITIVE
NEGRTIVE
NEGARTIVE
NEGRTIVE
NEGARTIVE
POSITIVE
POSITIVE
PDEITIVE
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MECTIUM MEDILIM FAST SOUTH-WESTERLY VERY FRST
LONG MED UM SLOW SOUTH AVERAGE
MEDLTUM MEDTIUM AYERAGE SOUTH-WESTERLY AYERAGE
MEDTUM MEDTLIM AVERAGE SOUTH HONE
SHORT MEDTLIM FAST SOUTH-MESTERLY VERY FRST
YERY LONG YERY LONG AYERAGE SCOUTH AYERAGE
MEDTUM LONG YERY FAST MWESTERLY VERY FRST
MEDLTLIM MEDTUM AYERAGE SOUTH-EASTERLY FAST
YERY LONG MEDTIUM SLOW SOUTH AYERAGE
LG MED TN AYERAGE SOUTH-EASTERLY SLOW
YERY SHORT WYERY SHORT WERY SLOW NORTH-EASTERLY VERY FAST
SHORT MED IUM FAST ERSTERLY VERY FRAST
MEDTIUM YERY GHORT VERY SLOM NORTH-EASTERLY VERY FAST
SHORT SHORT AYERAGE EASTERLY YERY FRAST
MEDTUM MEDIUM AYERAGE SOUTH-ERASTERLY AYERAGE

= STOWTO ™ T

CHEMOTARIS ANALYSIS

Chemotaxis is +the response of a wotile cell +a  the

directional influence of z chemical substance or any external
factor (BACTERIA in this film). The following is a summary of
the directional wmovemsnts of the cell under analysis when
compared to typical random moticn of & similar cell:

DIRECTION TOTAL DISPLACEMENT
EASTERLY AVERAGE
NORTH-EASTERLY MONE
HORTH MOKE
MORTH-WESTERLY SHORT
WESTERLY AYERAGE
SOUTH-MWESTERLY VERY LONG
SOUTH VERY LORG
SOUTH-EASTERLY RYERAGE

Aot = o
ONCLUSTON
The resultant directionsl locomoction is in & SOUTH

directicn. which is ALMOST THE
BACTERIA is located  This motion
the total dif‘F'laCement of the cell.

SAME directiorn in which the
represents  THREE-FIFTHS of

Frem the abowve analysis we may conclude that

THE CELL HAS AN AVERAGE POSITIVE CHEMOTANIS MOTION
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