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TEXTURE ANALYSIS BY MEANS OF C-CALOULUS ,

E.R. Caianiello+, A. Ginolfi, 3. Yitulano
Istituto di Seienze dell'Informazione d:ll'Univermitd, Balemo, Italy
+ Istituto di Fisica dell'Universitd, Salermo,Italy and
Laborgtorio di Cibermetica del (NR, Arco Felice (Naples), Italy.

This work utilizes the concepts of C-Transform and C-Spae in order to digcriminate and classify some textu
res. By getting some filtering properties of C-Calculus we adopt the C-Filter in order to filter different
textures and to extract olyjects from a textured picture. Some experimental results anong many carviod out
onto goveral different textures, are presented, ‘The philisophie on which the proposed mothod i based is
bricfly discussed against the other existing in literature.

INTRODUCTTON

We live in a world very rich in textures that we re
gognise and, also if in gross and empyrical temms,
we are able to describe and classify them.

The texture plays an important discriminant role a-
mong the objects of a visual field because any ob~
ject has its own texture, but yet it determines the
depth of the field in the image and the distances
within the different planes of visual field (1),

A very difficult and extremely important problem
concerning the pattern recognition is to individuate
a texture by the means of the computer. '

Several authors (2 B)mtrgngtostudytexnmby
the computer even 1f many difficulties arise from u- v
sing a model that is quite impossible to describe ac
curately "¥extures can be considered as a mpet:.twe
lay-out of some subpatterns or wiit-pieces. This i-
dea han sugpested two different approches for the
stwly ad clansitication of the textures: the struc
tural one and the statistical one.

ITom a sitructural point of view texture is conside-
red nade Ly subpatterns dimensicnally constant that
repeat them-selves periodically in the whole visual
field (4).

The statistical approch makes us considering the tex
ture as a whole of statistical properties extracted
from a large number of measures made ontathe image.
Lot us observe, now, that a first order statistics,
for instance average and standard deviation of grey
tones in a pattern is not sufficient to completely
describe a texture. .

More significant is the second order statistics teo
m\a.lyau textures; Julesz (5), for instance, used tran
sition pmbdblhty from a level to ancther, still in
order to describe the textures.

Some techniques referring to the probability of tran
sition have been studied by other searchers (6,7).

A further approch to describe the textures is based
on the probability by which several features are pre
Gent in a certain pattern: for example the frequency
of angles, of lines or of others features in a model
may be eonsidered parameters useful to describe the
textures (8,9).

The standard operators to outline ‘the angles work by
congidering the differences of the levels of grey-
ness batween couple of points near that under consi
deration.

Some authors (10,11) resorted to measures of this
kind,in order to select different textures present
in the same visual field. Instead of gingle points
couples the use of couples of average » values cal
culated an not over-lapping wholes is adviceble:
this approch dicreases noiee effect. The differepn
ces between values depend on dimengions of inter—
vals considered; in fact the dimensions for which
the differences are major trend to corrispond to
the dimensions of the elements of the textures, so
that this optimal dimensions can be itselt’ used as
texture measure (12).

In this paper, we are going to give an, ‘application
of C-Transform (13) and, at same time, a filtering
method based on C-Calculus (14) that seems to on
phasize the above mentioned properties’of textures.
This method we have already axpefmonted on di fforent
Types of toxtures, gives vory appreciable oty
cither in the classification of textures: in tme C=lipa
ve,or in the extraction of obiccts from a textured
picture.

Vi have used the C-Filter also to select and to re-
constryet just one texture from a matrix hosting two
different textures.

C~TRANSFORM

Method proposed takes the start-up by the observation
{7) that visual feeling of a texture is due to com
bined action of two events: the dimensions quite al
most constant of the “pmoes" making texture and a_
Tule in the layout of the pieces, even if gros,onto
the whole region of the texture.

So we naturally spend our attention not to an even
tual substructure that can leank the elementary "pie
ces", but moreover to the differences between exter
nal greyness tones of the elementary patterns and
to their dimensions.

Events and corrispordent parameters choosen may be
easily correlated to the wellknown corcepts of the
contrast and of the resolution power of the human
eye both fouhd i the vision physiology (15).

In a previous work {16) we have introduced the (row)
(=Transform as' follows: in a row-by-row scansion of
the matrix which hosts the texture,all the differen
ces between extrema values of tones of greyness in
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thie ponolonic epion of "iignal®™ are computed wd
rrported on the axis "™ of a tridimensional space
called C-fHpace.

On "v" axis of such a cpace half distance plus one
between the exirema values of monotonic region. The
why this distance has been considered will be clea
red further on. Cach point in the image under analy
£is will occur with a frequency t that will be repor
ted on third axis x of C-Space, -
It is quite easy to check that as the amplitude of a
signal constant in the period changes,so the posi-
tion of C-Space rapresentative point changes along
a direation parullel to "u" axis, Ingtead peried va
riations ocowrring in a signal constant in amplitude,
generate a shift of the point along directions pa-
rallel to "¢ axis.

S0 we can nay a ninusoyde in C-Space is raprescnted
Ly a poinl and, penerally speaking, all signals ha-
ving equal amplitude and equal frequency are ausocia
ted 10 the same iransform. Consequently we can also
uay that C-Transform does not have only one inverse
transfonn.

Let us present now, a new observation that can better
introduce us in the C-Space philisophie: the maw-min
and their relative distances give us measures affec
ted by a precise meaning regarding the signal; "v'
value of C-Space is able to inform us about major
spectral properties of signal, whilst "u" variable
refers 1o the phencmenon (well accepted by the vi-
sion phy:iology) by which human eye can comparate
luninances.whereas it is not able to appreciate the
ir alwolute valuo, -
in order to introduce our filtering method (9) we
are here-after presenting basic features of C-Calcu
lus, ard we refers the reader interesting in a more
complete explication to our previcus works (17,18).

C-CALCULS .

The main idea of C~Calculus is to take over from the
ordinary number system the two distinct roles of fi
gures, values and position, 5o to define, with appro
priate interpretation, strings of sets and operation
on them. Its corv definition and rules can be listed
in a very compact formy

a) if as d'n-l""’ -
repregents some covering of a given set U, the cor
respondling C=set is desceibed by the strings

o dal.so

b} sun () 3 prcduet (8) anong describing otrings
are (kbalt with like the corresponding operation of
arithmetic, with the anly prevision that the sum
{product) of digits be substituted with the union
{imtersection) of sets. .

Assuming that a «digitized picture be presented as
usual as a nxn matrix

*oelvig)

a C-set is.rthen,readily associated with A in the fol.
lowing way, : '

Sugose that an instrament is provided, which can tell
the maximum M andd mininmm m values attained by y o
ver some finite area w, when A is locked at througt

a window matching w. :

LY
rarther, avrange a scanning of fhe picture that T
ades the pvader succensively on to oonligous non o
verlapping position within the same row and then on
the other tows so as to "cover" completely the ia
This is tantamount to looking at A througt a grid
that partitions A into a set of rectangles,each
bearing information about maximum and minimem value
assumed by y within its area.
If position in the grid are ordened now in some way
ard the numbers within each guadruple are regaided
as closed intervals in the continuum, then the ali
pnement of all quadruples in a string represent o
C-get, for instance €. Thus, ¢ clearly in o Gan-
pling of A by means o quad:ruplgs;, ag rough as the
window 15 wide.
Have now the grid underge a ripid translation and
let €, be the second C-set thus obtained. lpona -
multi%lication of € aml C,, not only a finer |ar
Lition is achiewed 8f the %uppor'ting euclidean
space, but also a more detailed description of
the picture itself.
If several such products are carried out among ap
propriately chosen C-set, one would intuitively
expect to get, eventually, a complete resolution of
the picture under conditions that we are going to
recall. )
For the unidimensional case, it has been shown (17)
that a sufficient condition for the procedure 1o “con
warge" at. each-paint ofay is that:

vk + 1 e}

" where D is the lenght of the smallest interval wi-

thin which y displays a monotonic behavior.,

C~-FILTER

This circunstance (1) enables to consider a very pecu
liar mapping of the variation of y in a neighbonrhobd
of sare point onto the point itself and is at the
basie of our filtering procedure. Thus, for instance,
considering a signal that shows some periodicity in
a certain region and a ron periodic behavior outri
de that regicn, we can isolate these two #ifferent
behaviors and screen out one of the two,without
blurring the other in any way. The underlyng prin—
ciple is that, for a window width larger than the
peried, all C-sets in the family will display coms
tant (mM} values. Reconstruction with such window
width leads therefore to non converponer in all points
in the region of peviedicity, while in 1 non-perio
dic region some convergence nocessarily arises,thus
enabling to select automatically a window widih and
a scanning pattern that extract the region thar di-
splays the wanted characteristies or features from
it alone. ) ;

The condition before explaned that the window width
plays a relevant rele in analysis of the images; in
fact convergence occurs only for regions of picture
where the distances involved among contiguous grey to
né extrema are constrained by the inequality.

By concluding we may say that, due to the pecularity
of windon consisting"generating signal convergence
only in some regions our methot operates as a filter
that we call C-Filter.

C-Space is able to evidenciate quite well the opera



Wion of C-Filter: we can rasily sioe that the plane
m dividhn ¢ Space into lwe repions so thal conver
gance o consequently vonstruction will be obtal
ned only for points which fall in the semiplane
vVEw,

APPLICATICN OF TEXTURE-ANALYSIS
The abow: mentinned concepts seem fo put at our Ji-

sosal two devices such as  C=Transform and C-Filter

that quitce well adapt themselves to the textures.
The uses possible already experimented as we have
seen early in this paper are the following:

1) clasgification of textures

2) extraction of objects from textures

3) textures filtering
and finaly

%)biomedical applications.

1) Classifieation of the textures.
Textures have been visualized as pattern with folle
wing characteristics -
a) costituted by pieces roughly uniform either in
dimensionions or in greyness-tone variations
1) Uw e of soch "pieces" i extremely lar
ge against the features of others abjects in the
texture tuch a characterization of texture let-us
forvcast a texture transform extremely clasterized
in €-Space. We have considered several textures
(19,20} that we have digitized in eight greyness leve
15 in a 256x256 matrix and, finaly, reported their
transform into C-Space by applying a well known al
goritm of clasterization (21,22).
Experimental results have fully supported our fore
casts. T RET
2) Extraction of objects from textures,
A very important problem is rapresented by the ex-
traction of cbjects from a textured background. In.
the case 'in which dimensions and form of the object
are not comparible to them of "piece’ of textures.
As  First expecience we procede to digit several
textures hy overlapping to them nome objects for-
mally and dimensionally differents and, in all ca
se5, we oxtracted the object. .
The necond experiment realized has interested the
extraction of some objects having the same Texture
as the picture had (fiG;l). .
Fig.2 shows the objet extracted.
Fig.3, instead, shows the complement of initial ima
ge. It results necessary to outline that C-Filter
operates without distroing any information, reason
for wich the union of matrices shewn in fig.2 and 3
gives again the matrix input reconstructed point by
point.
3) Textires filtering.
We have examined some matrices hosting two textures
and we have discovered the problem of texture diseri
mination.To solve the prohlem we have C-Transformed
the whole ma*rix obtaining two different spicks in
C-Space corresponding to the two textures.
By chosinp the dimmaions of w=u (where u is the ax
sciss of atl)a-point Lotwsen two spicks) we can re-
consTruct only one texbure whereas the second-one is
completly cancelled. We have, then, considered a ma
trix hpsting Two texlures partially overlapping this
time: the problem is still the same: to discriminate
one of two textures {(fig.u). Following the same way
above used we "filtered" one texture (fig.5).
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Fig.6 displays the input matrix after extraction of
one of textures.
4) Biomedical application. .
Somebody proposed we select human cariotypes in meta
phase from a biomedical support. Cariotype in meta
phase rapresents a texture, even if gros and with not
very high multiplicity but, in any case, so that by
C-Transforming we obtain a relevant spick in C-3pace.
By choosing in right way the rates of w it was possi
ble to reconstrait only the cariotypes in metaphase,
whilst other cellulas of biclogical support were ful
ly filtered. The results obtained on a narrow slze
sampling, incourage to extand the research on a wide
size sampling.
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Conclugions, The experimental results outlined the
pood filtering capability of C~Filter, against exi
cten methods, either for discrimination of several
textures or for the extraction of objects from a tex
ture. C-Transfonn and C-Space showed, with conside ~
rably casy calculus, their idoncity to classify the
textures. Basic features of our nethed, well suppor
ted by obtained results push us not only to continie
ine study onto biological supports but also to carry
on the theorical studies concerning the scansion of
the images area-by-area more then only rowebhy-row
from last ipothesis exposed, that s able o make our
miathod Lo be still rore flexible, we expect useful
experimental results.
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