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¢-PILTER: A VETHCD FCR PILTERING OF BIONEDICAL SPECIVENS,

Gleolfi,A.3 Vitulano,3.

Istituto di Sclehze dell'Informazione, Universitd
41 Salermo, Italy.

Abstract. A method to filter 'good metaphase’ cells in biomedical epecimens is given.
tha filtering is done with a C-Filter. C~Filter is based on C-Calculus, It seexs that
thie Caleulus gives us two ddviges: C-Filter and C-Traneform,well suited: for enalysis
of textures in generzl, and in particular of biomedical specinens, which can be ¢con-
aidered as textures too. We analysed more than one hundred of biomedical epecimens-~
thet of peripheral bleod and of svinal eord. Por computer the .slides or films of
specimens were digitized and input as $12x512 matrices with 64 levels of gray.

(e rerults were fully confirmed by expsrimente. '
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IWTRODUCTICON,

After a rather painful and difficult beginning
the nese of 8 digital computer in the field of
biomedicine now enjoys 2 complete recognition
and wide apulicatiern.
The use of the comjuter not only gives wundispu
tably reliable results, but also opens new vi
atag for further ant & ore profownd research.
Tuleed the application of the cédmputer for whi
4. ~cormuscles snelyois, for chremcoovns elog
aiication, for detectiorn of @ifferent kinde
oi cancer such as ce.vieal, cancer of the bre
ast, ebdcren, brain, stomach, and of other or
gans end parte of the human body, nct only sup
plire vty whwelutelv nnambigour regulte, but
they are ootwinei such legier than in diagno
ape 01 a pathologist and moresver, are less
costly (L)
e ptuaier of the mechuniw:r of darferent cell
ulsearen, whether the caueey ol the then are
¥nown or not, and waetner tuey are congenital
or sequired later in life, are carried out all
ever the world. ’
The modern pathology subdivides the diseases
ints two categeries: hereditery and acquired.
For the letter it is thought that they are cau
pel by & unfavoruble environrent.
el g Aiscuse briefly the first catecory: a
-netic basis of o dimeasc can be viewed in
the 1ight of Lericlian laws of heredity. It is
entabliighel, without any Acubt, now that cer
4aip treits ir an individua. are determined
by the genes, he irherited, ard ir reilication
of these gerec.
¥e aleo know that the cause in many hereditary
dipenses can be a defective gene, or an altered
one, or the sheence of certain genes.
However there is another cause for a genetie
anomality, which hag nothing bo do either with
g patetion of e gore, or with the aheence of
certaly oneo, but deals with soze anomality
in chﬁﬁ'OGOmea. The anomality cun bhe in the
purbdr,’ or form, or aize of the chromCECTeE.
A clgssic exanple here ip the diseace called

_Kongolien (Down's syndrome). It occurs as of
ten &g once in each 700 newborn babies.
Finally there is a group of discases in which
the genetic anomslity is restricted to somg
tic celln, or rather, *to.the eelle “correree”,
“hese cells, Tiguratively epesiirng, appear
on the staze after the fertizilatirn tecak 213
ce; they are dietinct from the gerrinal celle
recnonsible for the inttieticr of the foetus -
formation.

Tt can aleo havven that a carceno.erous ell,
whether & somatic one or of some cther kinl,

becores enomalous as result of ruteticon in.one .

or several of ite genes. Fror. this moent on
the srtire progery o1 this culi can glse le
carcinogenous {?). : .

With the new techiques and the use vi rom.ute
new methods, sim le and accurate, for the dg
terminaticn of numbers andi configusations cof
the chronosores have been deveinped, accelars
ting the research of today and enanlins fur
ther progress. !

These methods let to discovery ol new diseg
ses, contimue to lead to discovery of the new
ones, the causes of whith should be sought in
the nutations of genes, as above mentionad.
There is, thus a greet need of furthvr estud es
in thie direction, as well as in thr stadi-sv
concerned with the clasesification of the hu
pan chromosomes, or, in brief, there in a 4Tg
at neei of research in the ficld of "goeold™ =i
toses.

In these studies we propose to use & C-Calen
ius end a filtering procedure with a C-Pilter.
We have introduced theese methods, applied them
to many cases of "image processing", in parti
cular, search of a "good" miteeis in the big
medical specimens. .

C-QALTIUL
In & nuuericnl spstem e¢ach of ite elecunta

(mumbers} has two veluee: one-ihe intripgic
value of number jteelf, rnd the other - the



there and ,lotting them in C-Grace, or, in
other worls, forming C-Transforms, will inre
diztely irdicate the trpec oF tihc patierns or
sicnele present in the image. Peacks in tue
C-Space, i.e, sirilar velues of ‘u' (difTeren
ce in éxtreme velues - anplitude) will indiea
te on presence of periedic or guasi-periodiec
pi;nals with frecuency 'w' in the ire e, whe
reas soottered points - on irrejularities, on
the noice in the ina_e.
A¥FLICAVICH
8 )Y exture. g
A concent of texture is paranount for the dig
criziration of objeets in o visual field.Zzch
object has its texture, Lence to diczcern the
textures neans to be able to distinfuish the
objects. ..oreover the texture gives tne irfor
mation on tae depti of the packgrourd, the di
gtonces of the objecte fror tae observer (L)
Hernce tne texture enslysis is vitelly imuortant,
Thir anclgsis preccnts alsc & very coznlex nro
blen ard therefore it is imnerative to do it
on g digital comnouter,
To use e digital comvuter in the texture analy
sis resents in its turn & very cosplex tesk.
rnerc are attemts {f,1C) to analyse the tcxture
on & disitel cor uter using certain nodels.

_These models however ere guc: that they could

pot be described in exact terms, Es result dif
ficulties arise when they are used,

Por & purpose of an analysis and classification
one can think s texture as a repetitive layout
of some subpatterns, some subareas. Such & no
tion of a texture suggests two approaches: a
ptructursl and a stetistical one.

Prom the point of view of the structural appro
ach a texture can be inagined as if assenbled
of 'patches' (small arems of similar pige) of
subpatterns, .
These sreas (patches) then repeat thems elves
pariodically over the entire visual field (11).
FProm the point of view of statistics a texture
im = set of statistical parameters evaluaded
from numerous meacurenents carried out over a
pieture, or texture.

At thie point it is neceseary to observe that
for the grey tones in the patterns the first

" order of statiatice (i.e. the average and the

gtonderd deviation) is mot sufficient.

The second order of statistice here is elso ng
cespary, S0 Julesz (12), for instance, has used
the tranuition probability vetween the different
tones - levels of greyness.

Other techniques with the transition probabili
ty have been also developed {13,14,15,16,17,
16,1¢ ). ’
Ons can think of textures as of patterns with
the following characterictica:

1) they consist of 'patches' or ‘pieces' roughly
uniform, whether in saize, or in variation in
the tones of grey.

2) The nusber of such 'pieces' is very high &8
compared to the occurences oi other characteri
gtice which can be extracted from patterns.

For such a description of a texture we obtained
& C-Tronsform with the points extremely cluate
red in the C-Space.

Alveady in our previous paper (20} we presented
pevercl exverimental results, these of classci
fication of textures, of extraction ¢f the oh
ject outlinea from & textured beckground, as
well, as finally, we gave the sxaaples of ihe

25)e - -

filtering of overlapping textures.

b) Dioucdical epecimens. : -
Yorm, size and density in a bionedical specimer
cen thought of na sufficient parcmeters for a
hunsn observer to distinguish different tyyee

of celle. . ,

To some of the cbservers, however, the ides oc
cured to think e specizen as a coudleXx texture
end make usc there the difference in their tex
tures for the clascification of the cells (21,
22,23).

The gzoodi regulis ve hove obtained with the 2=
pransform for Ji.cricin.ticn and clascification
of texturee vroamted us to apply this method to '
biomedical speciuens in order toc filter there
the 'gocd' metashase,

7e worked witih snecirens of tie perirnersl blocd
znd of spinal cord. They heve been given to us
in two different for—e, asi '
a) o filn taken with a mieroscoie,
ra of 24x3b6mm,

b) glase-slides of ¢ nicroscove.
For the innut of specirens {b) a tclecanera woa
omtically linked to a microscope, then this ca
rera was connected to a computer,civing there

a metrix of 256x256 with 16 levels oI grey.

ie eprlied the C-trenciorm to this inzut using
the well-lmewr algcritam of clusterization (24

L

with 8 cang

Twe distinet peakes were noticeeble ir the -
Space, one much higher then the other.

1t also had low values of 'u's' and 'v'e} Lence
corresponding to the high level of noise ir the
gpecimen,

The second peak had not only much higher volu
eg of "u' than the first, but the values oi 'v!
in it have been much more consistent then in . .
the first peak.

The latter peculiarity prompted us to modify
the manner of operation of our C-Filter{26).
Indeed, until now we worked not only modifyrg
frequency by choosing the pize of the window
(u®) but we aleo imposed conetraints that the
variations of the signal within the window had
to excéed a certain value (v°},

The selection of u® and v° has been done auto
matically by the program, in fact, these values
have been determined by the algoritm of cluste
rization from a relation ship betwsen *he aocﬁ
recy and the dizmensions of the @ unpikes in tre
Plane u,v.

It is necessary to peint out, that as for the
input of the film -~ so long the magnification
of the microscope remained constant, so — for
the routine input by a human operator, elvaye
the sane vealues of u and v have been obtained.

. The constant values of u? snd v° for nunerous

imeges {100), we have examined, induced ue to
thinik sbout applicetion of a spscial hardwere

for our filter,
The Fig.l &ives a photograph of & specimen of

" peripheral blood taken through microscope {in

put=picture), In this picture one can see 6
cells, from which 4, close to the edge of pig
ture, are in metaphase. The Fig.2 shows the re
gult of filtering.In it one can notice tnat the
noise has been completely eliminated - leaving
only mitosee.

CONCLUSIONS

The resultc we have obtained prompt ue to the
ext stage of appiieation of our meihod.

iﬁ the future we intend %o epply our mcthed Tor
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.aition of the number in systen. Thinking of
thet &n idea cene to mind that, if to combine
separata numbers into groups, or gets with so '
me common coordinates, then manipulations on i
mmsnsmmtnmucumthMamrma
of numbers and, thus, to show some features
in the system, which otherwise would remain
hidden when aystem is described by separate
nunbers onlyJd3,4,5).
ve decided to cormbine separate numbers into
strings, such that numbers there would be mo
notonously increasing and/or decreasing, aleo
that each atring would never contain more than
a pair of extreme values, and %o ascrive to
each of thess strings the coordinates of maxi
pun and minimum there.

Such a string
.nanml"“o
we named a "com osite set", or, simply, & "0~
set*, therefore the nane - g~-Calculus.
vie used formel rules of srithmetics for opera
tiona on theae gtring-set. From all orerations
we ~hoge two: the product and the sum, or, in
terns of ordinery set-caleculus, intersection
and unioni
19 regponed, that if seversl descriptions of
syetem in terms of such C-set will be made, in
each description the stringe-seta belng formed
1 tne same direction glightly overlappin on .
ly esach other, then the yroducts (intersections)
of such sets would ennance the trendas in the
rane nf mebers nore intengely than when they
wocre exyresued in aseparate descriptions. Repg
- ¢{tions ¢f this procedure might lead then to
convergence of these trepds to local maxima ]
and minima and thus reveal the pattern/s in
the system.
Thia procedure developed for a digital compu
ter for a purpose ot pattern recognition wass
s furction 'y', a# 2 digitized imaege, WaB fed
into the commuter as a squars matrix of order n
A s[y ] 1,§=1,2,...0
i,

fhe matrix was scanned horizontally (row-by-
row) bezinning from & certain position in &
vow, with a jevies, a "reader” with a window
ayn, Thin "reader” real only extrerne values

" of the function tyt in the area vyt of the
matrix, “seen" through this window wy", The
aistance between the points of extrene values
wae recorded too, as well as ordinate of the
row. The window 'w' was applied contigzaously
1 o+ £ON Wd over the entire npatrix. Such a

L rdee iy, O the entire natrix can ve thought
an partitioning of the original matrix A by
subratrices "w". +or each position of the
winiow a aquadruple of values was obtnined:the
mar et and miniaum values of the funetion in
pide of the window, the distance between the
se velues, and the ordipate of row. The orde
ving of theso quairunrles into a string gave
then 8 description of the matrix &, #s a C-oet
-0

m~he scanning wnd repeated for a alightly shif
+ed (fractdon of the width of the window “q")
nogition of the window in ragpect to the firsat
snanring, and another C-set -C,— was obta%ned.
mpe product of thepe (-~gets gave then & finer
partitioning of the original natrix and a mo .
re datailed deseription of the funection '¥y'. '
Corsecutive application of such procedure:
geonnin and forming of the products, for an

- o+ firast

_patterns from an image.

aporopriate size of the window, lead the trends
in the descriptione of the function to converge
to the points of local maxima and minima,.Hence _
the characteristic features in the pattern could
be extracted. ‘
In has been shown (6) that the condition for
convergence for one-dimensional capne es
wsgD/2+1 1)
hexe D is the shortest interval in the image,
where the 'y' is still monotone.

C=-FILIER

The existence of condition (1), that is, that
in order to obtain convergence to local maxina
and minima in an image, the width of the scan
ning window should be less or equal to the shor
test interval of monotonicity between two extre
me values - clearly indicates on the possibili
ty of application of C-Calculus as a filter,
Tndeed stipulating the aize of the window will
stipulate the convergence for that pattern or
signal in the image for which the shortest in
terval between the local extremes will be grea
ter or equal to the aize of that window “w".
All satterns or signal in the imnge with the
distances betwsen extreme values smaller than
the width 'w' would give identical values of
differences in consecutive scannings and ,hence,
no convergence for them would take place.

With a proper size of the window a Cw=Filter can
be used for extraction of a signel fron an ina
ge, i.e. to filter a signal ocut of a noisy ba
ckground, and, also for filtering different

C-TRANSFORM

In the above exposition it was tacitly assumed
that the image in question contained numerous
paxima and mipima, a feature typical for tex
tures and periodic signals. However the appll
eation of C~Calewlus is in no way limited to
this kind of patterms.

C-Calculus allows to extract no% only textured
patterns from images, but also such patterns
as object outlines. Horeover it allows to Jju
dge the form and type of the pattern/sigral
precent in an image, This is done with the
¢-Transform for the image. )

Tn the exposition of the C-Calcuwlus (7) the
¢-Space was defined. It is a three-dizensional
arace with the axes: '

axis 'v* - for the width of scanning window
axis 'u' - for the difference between the extire
me values (L-m), for each position of the win
dow during scanningz, and -

axis 't' - for the frequency wiih which the
points of equal 'v' and "at are encountered.
To illustrate a C~Transforn consider a signel
with a constant peried ('v*') and amplitude
(t~m,hence,'ut), 63 €.5. & ainus curve - such
a siznal will be represented just by a eingle
point in the C-Space (however, any other regu
lar neriedic sigral with the sane constant
period and amplitude as thig sinusoidal signal
will be as well represented by the same point
in the C-Space). ‘

A signal with a conatant period (w), but with
a varying amplitude (*u') will have ites C—Tran
gform as a siraight line parallel to axis u!
in & plane parallel to the plans 'u,t' at a
diotance 'w' from it. Scanning un image, con
puting the differences petween extreme valudd
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