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Abstract

In this work we present a matrix, C-Matrix,
and its characteriatics, me the output of
C-Transform that we have Just introduced
and used in our previous works. )
Furthermore we'll illustrate some appli-~
cations of our matrix in the field ofP.R,
by showing how much some features that we
congider are gtrictly related to the aig-
nel to which we applied our transform.

In a pecond phame we'll desciibe a mat-
ching between textures from which we had
extracted some features by C-Matrix method
and by methods presented by other authors,

Introduction

Our work lies in the field of texture a-
nalysic, that is, as known, cna of the
most important mepects of P.R. (1,...,5).
Infact, the problem is to describe textu--
re in terme as rigorous Poasible, because
it plays an important role in deacridbing
objects that belong our wordl.

Actually they have not provided a full
description of texture bwt in empirieal
and often approximate termsa.

Let ue remember, to a8implify, a definition
that seem to be more accepted than others

proposed for the attempt of describing tex .

tures "an effect of texture is produced
when a pattern consist of a high number .
of subpatterne with a gize much smaller
than that of the entire patterm.

These subpatterns must exhibit a certain
density and regularity, which might be co
arse over the entire visual field. They
may have also their own substructures®.
According to our method, we consider tex-
ture to be a signal (in this case two-di
meneional because it is conceired by com~
puter as an array whose size is MxN),then

we apply & Transform (C-Transform)(6,..,10)
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obtaining as output the C-Matrix, from
which we may extract some features which
wo retain to be usefull %o the attempt
of realizing all that we earlier gaid,
Therefore our method belongs to the rege
arch using eignal transformationa for di
splaying its characteristics (11,12},

C-Matrix °

In thia section we introduce some basic
concepts for interpretating C-Matrix,

O the set representing the range of the
signal, we make a run of partitiona into
subsets whoge dimension vary between :
1 and m, where m is the width of the Tan
€e, computing step by step the differencen
between mavrimum and mintmum grey values
that signal exhidbits in each element of
the partition itmelf.

Let us now remember that we refer digiti-
zed eignals and that, for shortness, we'll
omitt this adjective in the following.

If we carry out, in a table, the frequen-
¢y of the various differences between the
extrema with reepect to the 8izes of the
sets partitioning the range, we obtain a
matrix, ealled C-Matrix, that really is
the transform of the input signel,

For a better understanding, let ue note
that rows indicate the guccessive pizep
(according to an ircreasing order of the
set "window") and columns indicate the dy~
namic of the signal, i,e. the differences
introduced above,

In earlier worke, we have illuatrated the
theoretical foundations of this method
(6,7,8,9,13).

Here we'll briefly summarize the main
differences we have introduced and advan-
tages we have obtained with respect to
the previous applications.

1) The scansion of two~dimenaional pignals
£088 area Ly area instead of row by row,

2) We have a different description of our
experimental results which allows am.
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easier and better interpretation of them. i
From (1) we see that: I ‘ .
a) the transformed signal is invariant \\ -

40 imege rotation ]
b) we can compute the spatial frequency

¢) we have & redution of computation time. 31
While from (2) we can : ’ !
1) eliminate the phase of representation 1 - ¢
of the data obtained in a j=dimensio-
nal space, "C-Space®, 1
11)extract. from the signal the smmlest
monotonical zone, the front of increment, -
of decrement, the maximal smplitude, evez
] .
tual “plateanx”, otc. . : 0011223344

Becauge the operating way of our transfor 0 1 o 3 "

mation is independent on the kind of sig=

nel to which we apply it, we'll consider,

in our exemples, one-dimensional signals 2

{i.e. those ones that are computer repre 3

gented by an array of digite whose size 4

is 1xn). 5

By observating a large punber of artifi- 6

cial signals that we have just coneeived 7
B
9
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and their own C-Matrices, we always noted

a corrispondence between the structural
characteristics of the matrix (here we

just mean the spatial placements of non 11
garo elements through the natrix iteelf) 12
and the signal characteripstica from which

we derived this matrix.

The following figures clarify the meaning
of our earlier explanations.
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The sequence of numbers appearing in sha-
ded form through the C—Matrix has been
considered as a set of features and their
formal definitions are shoun in the table
displayed in the following pagea.

Let us note that the matrix hosts these
features in different combinations depen-
ding exclusively on the type of the signal,
At a firat level the presence or the abe
sence of these numerical siringe identi-
fies the kinds of fronte constituting the
impulase, while at a duper level, i.e. te=
oting some characterisgtic parameters we
are able to state the front behaviour.

In order to verifying the general availa-
bility of the ipotesis we have formulated
for unidimensional signal, we havwe reali-
zed a computer progrem that, by repeating
unidimensional signal along certain direc
tionse, generates artificial textures.

The C-Matrix we have computed for these
textures, as we aleo can see from the fi
gurea carried out, preserves all the fea
tures which we juet know.
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Tables of features extracted from
C-Matrix .
Fotatione. ‘
In the following paper we indicate with:

[e] , the G-Matrix
’ L
T, the h-th row of [c]m’Jn lshsnm,
¢y the k-th column of [ci,n l<sksn,
8. x the element of [C]m n “hich crosses
?

between the row h-th and the column
k-th,
F.1) the feature i-th.

Let us display now gsome of the main featu-

Tres that may be extracted from an indefini
te matrix,

r.1)
Pla) = 0 if jsl

P.la) =1 if 3 Sl
where:

=l,,. 40

/20,2
for hslf...,nAVﬂi: B, =

1% % 9 ’1+1’“1+g.3+1
A By~8; . =7 whith £ 1 »¥ oconstants ﬂo}

F.1p) = 0 if j 8,
rIp) =1 1z 3s,
where:
S ~{oyay, 60 /¥ [max
for h = L,...,m A >

AVa,s BT84, 57 P12® Bup o g

. oonstants ¥ 0O }.

&, 2%0]

whith O , §

-




F.lc) = 0 if 333
F.lo) =1 if 333

where:

A 2 ) 3/ aI,k £ OE rt}

F.14) = 0 if 3/54
F.ld) =1 if 35,

: |
2(a,,8,,,) 2 437801 4 and
die1 = a‘;1'+'..Pf 2B+ Y
whith *{ » M constants > 0 A

where!

I)5 z{di = ar'SG[CJm’n /if v (di’di"'l)enl’

dina Bﬂﬂ-di+1=5q+$"+~\_—f_-,>f

0,8

I Al L .
ﬁ;’j(disd )2 di -'—".aql'ga'nd..;:

i+l

3
a141% Bqra4 ,ee

whith §°%§ »m oconstants > Oy
/\(d’-dj Y=0A B ’vﬂjla ]5
i i+l r-1,0 1~ *T+le

(.)(..) p and ¥ are two parameters depen
ding on the presence or on the lacking

S, ’)51 28y yreed g T ’T.,k/m' 8,%0 A

where S, is the set extracted from [t’:ll
4 B

whose elements have some properties given
by verious combinations of those that
cheracterize the elements of the sets

Sl and Sz.
*.2)
F.2a) = 0 if iﬂnl
F.2a) =1 if 7 Dy
wheres
Dy “{di = ar,s&[ch,n/V (sl’ﬂid-l)e

€ 5= isn} P By =88 ai+1!aq+f,a+q

Ma=ds 4) =0 A8 18 Fa ke

F.2b) = 0 if #nj Lor jm2yee K
© 4 whith k< p ()

P.2b) = 1 =max j if EI]):i
for j=2,..,k wnith X<p ()

of the following feature; they may be ob—
tgined by knowing the set marking 1t.

F.3)
£.3) =0 if AP

r.3) =1 if 3P

where P ig defined as follows:

P;:{. By T &h,’l/ ah,l v 0, b=l,ees,m }

The results we have obtained are leading -
us, therefore, to proced along this way;

to this purpose we have consldered a cer-
tgin number of natural textures (in a di-
gitized form) and we are obtaining now 8o

me experimental results that we'll inter<
pretate in a8 next time. -

An other application of C-Matrix.

At the some time we have mede enother
work, by giving a different interpretation
of the elements in (-matrix.

Beginning from a number of naturasl textu-
re images, we have applied three different
algorithma to feature extraction from them
for a successive automatic clasgification.

The first method (14) consists in con—
pidering as texture feature the sgqueared
euclidean distance: '

2 bl ?
RE(I',I'') = a, ., ~a,
iep J=0 13 143 ﬂy,j-h‘ex
and costrmeting an array X, whose elementsa

are theee distances depending from two -
different parameters. N

The second method (15), the one called
" oo-occurrence matrix method", uses & pat
of 4 meaguree considered ae characteriatics
of the exsminated texture. From these ones
you may extract a mumber of features, as
countrast, entropy, maximum cooccurrance
frequency, etC.y related to a particular
texture.
In thia mecond case Wo realized a feature
array, too.

The third method (16,17,18,19), that
we call "C-Matrix method" works, as the




preceding ones, on & digiﬁized image
I ﬂ"ﬂ,j i=1’oa.'mi J‘l'---,n

whith L grey levels. On thia image we ope
rate transformation, C-Transform, along -
the some lines that we have precedently
descrived, to get a C-Matrix,

Prom this matrix we note that if texture
is busy, correspondently to amale scansion

pubmatrices i.e. through the beginning rows

we have meximum frequencies in high values
of the dynamice of the signal.

Indeed, when texture exhibits uniform re-
glions quite large, C-Matrix elements,
whith respect to =mall sizes of “window",
are very high.

Prom these conslderaticns, we have conai
dered as features those cnes that empha~
size element distribution in the C-Matrix,
Prom C-Matrix we have totally extracted
27 features, syntetizing them in the fol
lowing three claspes:

a) feature referring to the successive
distances of first non zero elements
appearing in each row of the matrix,with
respect to O column

b) features refering to an .ordered
successlon, row by row, of maximum values
of frequency in the C-Matrix,

¢) femtures refering to window width
to which corresponds maximum absolute va
lues of frequency.

The typical property of features in our
method is eesentially that they are not
gtatistica, in opposition to the ones ex
tracted by the other two methods we have
said about; therefore our features are
non pensitive to random phenomena {(mnoise).

The results we obtained by applying a clu
ptering algorithm to feature arrsy, an
output of oach method experimented, allo-
wed us to werify the goodneee of our ipo-
thesis in most of the cases we have analy

aed.

Statistical comparinge and conclusions.

To realize a comparing between the
methods, we have tranglated into correla-
+ion tables the experimental results ob-
tained and computed Pearson-Bravais index
that has provided us the correlation coef
fi{cient between the three methods, every
time considered two by two.

We have obtained the following resultas:
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rI'II = 0,88 -

Frr,zxz = 0093 \\\\\ ’

*r,111 = 089

As we can note from the table and graphic
below the method of co-occcurrence matrices
and that of C-Matrix are much more corre
lated each other than to the method of
shifted submatrices.

From the graphic we also can note what

are the cases in which each method hag
failed down.

I Iz ITI
1 200% . 1006  100% ‘
2 100% 25% 50%
3 | 75% 0% 50%
4 5% 100%  100%
5 O 0% 100%
6 0%  100% o%
T 0% 506 . 75%
8 0% 0% o
9 100% 100% 100%
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