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ABSTRACT

In this work we intend to propose an ori-
ginal algorithm for image segmentation by textures
properties.

A lot of algorithms proposed in literature, make
use of an "atomistic" approach for the scolution of
the problem: in fact they totally leave out of con
sideration from a contestual analysis of the whole
image. The algorithm we are presenting here, on
the contrary, utilies a "structural" approach to
same problem. In the next paragraphes, we are
going to present the algorithm description and may
be some experimental results we obtained will bet-
ter clarify which is our proposal.

INTRCDUCTION

In the broad and diverse landscape of the existing
literature on automatic pattern recognition, one
often come across the definitions which are deri-
ved by appealing to the theory of form (Gestalt),
which is the theory of the 'totality".
Nevertheless such an appeal is somtimes realized
by making use of certain axloms proper to the theo
ry of assoclations or atomistics to which the Ges-
talt theory is opposed.

It has been sald that the Gestatlt is the theory
of the totality (it is superfluous to add that in
as much as the whole is something more than the
simple sum of the parts, that the properties that
the total set enjoys as the whole cannot be redu-
ced to theose of its single parts) of that very sa-
me totality which is necessary but not sufficient
in order to define a structural analysis. In fact
what is peculiar to a structural type cof orilenta-
tion is an explicative attitude toward the struct-
ures.

More precisaly, one is not interested in conside-
ring them simply as "emerging totalities"™ in con-
trapposition to "atomistic" entities, but one want
to analyze them with respect to their internal
structure. So, since the concept of structure wor-
ks on all levels, one wants to consider them in

terms of relations, namely as forms.

We have introduced the word "form'" without giving
a definition of it, not even a non rigorous one.
Since we have not found any satisfactory defini-

tion of "form", we will try to explain such a con-
cept by defining its laws, which are laws of orga-
nization: '

1) The form is distinguisched from the relatively
unidifferentiated background, as a figure
which constitutes a unity;

2) The perceptive field, in analogy to the elect-
ric field, is a dinamyc sistem which tends
towards an equilibrium state a good form, or
structure;

3) The condition of the field and the formal re-
lations between its elements determine the
emergence of form. The relations are those of
similarity, proximity, symmetry, closure, con-
tinuicy of direction.

After having proposed some laws for the form, our
aim is to try out a possible meaning for such a
word, setting apart from the philosophical problem.
The first meaning of the word form is the figure,
the exterior picture of a thing, The form is then
opposed to the different appearences caused by the
changes of prospective, orientation and distance.
Thus, one notice that this meaning coincides with
one of the functions of the Gestalt theory. 5o,
between Euclid's two fondamental geometric relati-
ons - equality and similarity between geomatric
figures - it is the latter which properly defines
the form, since the form is invariant under the
action of the group of its similitudes.

Let's go back to the dialectic between local and
global or, in a more traditional way to the
"structural'" understanding of the organized whole,
We can Interpret a structure as a system of tran-
sformations. This implies that we have certaln
laws which evolve through the transformation itself
and which realize themselves in the universe under
consideration.

Hence a structure enjoys the following features:
totality transformations and self relugatiom.

A further fundamental characteristic of structures
is the following: they regulate themselves, and
the self-relugation determine their conservation
and certain closure. So the transformationms inhe-
rent in a certain structure do not lead oufside
its borders, but generate elements which always
belong to the same structure and which presecve fts
laws. It is In this sense that the structure *¢
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closed within itself. sfies condition 1.

This does'nt imply that it can not be part of a - This fact implies that our definition is invariant
second structure containing it. We can then talk under translation of the partition (of fig. 3}.
about self relugation of the structure, and deter We notice that the arguments given so far for a
mination of the self-regulated structure leads us unidimensional periadic function still continue to
to conclude that we have arrived at a more intima be valid for any discrete function z=£(x,y) de-

te knowledge of the system. fined in a discrete bidimensional domain (of figg.
So we have introduced two different types of ma- 4,5,6). .

gnitutes: structured and structuring and we have
hinted at how the letter are bewarers of informa
tion. As an example the sound may be a single note
hold to infinity or a homogeneous natural scene do

not give any information or - and this is the case

which interestes us in this paper - don't give

rise to any form. We claim that the variations, or

alterations of the structured magnitudes are the

sources of information. In fact in natural scene,

it is the varjation among the various structures /
which allows the emergence of the contours, the

forms or more clearly the object contained in the

natural scene.

STRUCURED MAGNITUDIKES: AN EXAMPLE, TEXTURES

Two different motivations lead us te consider, in
this paper, the problem of textures: the rule this
plays in the entire process of perception and the
problem itself; indeed the study of textures can
be considered a scince in itself,

Obviocusly, texture also plays a determinaf rule in
automatic pattern recognition and the literature
contains very many articles which illustrate a
greac variety of algorithms dedicated to the de-
scription of classification of textures.

In spite of this, still today there is no defini-
tion, not even a coarse one, of texture, and the
entire problem of its elaboration and classifica-
tion has to be regarded as unsalved.

We think of a wett, or a texture, as a stazionary
oscillation in a domain of arbitrary dimension.

The wish to formalize our idea of texture leads us Fig. 2
to:
Def. 1:

A discrete function z=£f(x,y) defined in a discrete
two-dimensional domain is a texture if there exi-
sts at least a partition of the domain such that
all partition-elements are isomorphic among them-
selves.

Def. 2:

The function z=f(x,y), which isdefined in a parti-
tion element, is called "piece of texture".

The following simple examples clarify the defini-
tion given above.

Let'sconsider the periodic function in fig. 1.
Such a function represent a texture since there
exists at least a partition of the domain, whose
amplitude equals the period of the function sati-
sfying condition 1 (of the fig. 2}. It is worthy
to notlice that a generic translation of the par-
tition in the domain of the functionm, still sati-

Fig. 3
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Each piece of the texture can be described by a
structure which might be rather complicated or not;
then it follows almost immediately that a texture
is nothing but the very same structure which re-
peats itself as many times as the number of parti-
tion elements cccourring in the domain.

One immeéiately notices that once the structure is
determined then a correct and complete description
and classification of the texture follows natural-

ly.

ALGORITHM DESCRIPTION

In this paragraph we give the algorithm descrip-
tion proposed for image segmentation.

Generally, the problem of dividing (segmenting)

an image in its different components, can be con-
sidered as a decisional process, through which we
can assign a valus k identifing the k-th region
that the pixel is assigned to.

A lot of algorithm proposed Iin literature, makes
use of an "atomistic' approach for the solution
of the problem: in fact they label the only pixel
of the image indipendentely from the value of the
surrounding pixels. Then such algorithms totally
leave out of the consideration from a contestual
analysis of the whole image: e.g. the simplest

of such algorithms give the sepmentation fixing
in the same region all the pixels presenting the
same gray-tone or, with a little more refined
technics, graytone compouned in a fixed threshold.
The algorithm we are presenting here, on the coun-
trary, utilies a "structural” approach, because it
sepments the image through a comparede analysis of
the different regions already located.

The algorithm can more precisaly be articulated

in two phases: in the first phase the several
structures present in the image and those areas
not classificable as single regions, bacause place
of transiction among different regions (contours)
are evidencied. '

Then the first phase begin with the research of
any pixel of the image which has not been classi-
fied yet as belonging to some region.

Called p such a pixel, the algorithm goes on the
formulation and the control of ‘different hypothe-
sis, about the possibility of identifying an uni-
form region starting from it.

Expressing a hypothesis means to try a partition
of the neighbouring region of the pixel with ele-
ments (windows or pieces) of wrxw dimensions,
similar among them in a [\ percentual.

Verifying the hypothesis meauns to calculate the
ratio:

number of the pieces found similar

rs total number of comnsidered pleces

The tipically "bell” behaviour of the law descri-
bing the Sr ratios when varying r and s In:
5
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{1,2,0254s00000,n), allows to individuate the W

and ¥ dimension of the piece in corrispondence?of
ics mgximus, which gives the best partition of the
neigbouring region of the starting pixel.

After labelling all the pixels belonging to the
region individuated in a such a way with the k
value, the first phase of algorithm again start
from the initial point for the research of an
eventual k+lst region of the image.

In the second phase, there is a compared analysis
of the individuated regions in the precedent phase,
trying to put them in.corrispondence, utilizing
proper functions of similarity. Some of the fumc-
tion of similarity we utilize are: rotations, roto-
translations, shape-comparision, upsetting, etc.
For example, we utilize the shape comparision in
order to be able to recognize as equal two regions
resulting different just for different illumina-
tion; rotation and translation study instead, allo
ws to uniform different reglons that can be put in
corrispondence through an appropriate rotation or

translation.
A-3

EXPERIMENTAL RESULTS

In this partagraph there are some of experimental
results gec through the algorithm application,
both to theoric images and to real omnes.

For some of the presented results, in addition to
the input image and to the segmented output one,
we have thought opportune to evidence some inter-
medial phases of the elaboration too.

In picture A-1 a radiographic image relative to
an abdominal section is presented, in which we
can recognize parts of different organs.

The plctures A-2,A-3,A-4,A-5 shawn the different
individuated regions on the source image; and the
plcture A-6 shaws the final result of the effec—

tuated segmentation.
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-In picture C-1, we have an Image where is possi-
ble recognize the same real texture illuminated
with two different source of light. The result of
segmentation obtained on this image is presented
in picture C-2.

CONCLUSION

What we have precedentely shown, in our opimion,
finds several application to different real
problems such as:

1)Texture classification

2)Elaboration of aereal images

3)Elaboration of blomedical {mages, etc.

The experimental results we obtained have been
very good and they encouraging us to further
research and to a much more sistematical expe-
rimencation of the algorithm in wider and wider
fields.
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ABSTRACT

In this work we intend to propose an ori-
ginal algorithm for image segmentation by textures
properties.

A lot of algorithms proposed in literature, make
use of an "atomistic™ approach for the solution of
the problem: in fact they totally leave out of con
sideration from a contestual analysis of the whole
image. The algorithm we are presenting here, on
the contrary, utilies a "structural" approach to
same problem. In the next paragraphes, we are
algorithm description and may
results we obtained will bec-
our proposal.

going to present the
be some experimental
ter clarify which is

INTRODUCTION

In the broad and diverse landscape of the existing
literature on automatic pattern recognition, one
often come across the definitions which are deri-
ved by appealing to the theory of form (Gestalt),
which is the theory of the "totalicy".
vevertheless such an appeal 1is somtimes realized
by making use of certain axioms proper to the theo
ry of associations or atomistics to which the Ges-
talt theory is opposed.

[t has been said that the Gesratlt is the theory
of the totalicy (it is superfluous to add that in
as much as the whele is something mere than the
simple sum of the parts, that the properties that
rhe total ser enjoys as the whole cannot be redu-
ced to those of its single parts) of that very sa-
me rocality which is necessary but not sufficient
In fact
what i5 peculiar to a structural type of orienta-

in uvrder to define a structural analysis.

rion iz an expliecative attitude toward the struct-
ures.
“dore precisaly, one is not interested in conside-

ring tnem simply as "emerging totalities'" in con-
“rapposition to "atomistic' enticies, but one want
va analvze them with tespect to their internal

structure.

Za, since the concept of structure wor-

ks on all levels, one wants to consider them in
Lerms ot -olations, namely as forms.

i have introduced the word "form'" witheut giving
ic,

i definicion of not even a non rigoraus one.

Cince we have not found any satisfactory defini-

(Italy)
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tion of "form", we will try to explain such a con-
cept by defining its laws, which are laws of orga-
nization:

1) The form is distinguisched from the relatively
unidifferentiated background, as a figure
which constitutes a unity;

The perceptive field, in analogy to the elect-
ric field, is a dinamyc sistem which tends
towards an equilibrium state a good form, or
structure;

The condition of the field and the formal re-
lations between its elemencs determine the
emergence of form. The relations are those of
similarity, proximity, symmetry, closure, con-
tinuity of direction.

After having proposed some laws for the form, our
aim is to try our a possible meaning for such a
word, setting apart from the philosophical problem.
The first meaning of the word form is che figure,
the exterior picture of a thing. The form is then
opposed to the different appearences caused by the
changes of prospective, orientation and distance.
Thus, one notice that this meaning coincides with
one of the functions of the Gestalt ctheory. So,
between Euclid's two fondamental geometric relati-
ons - equaliry and similarity between geomatric
figures - it is the latter which properly defines
the form, since the form is invariant under the
action of the group of its similitudes.

Let's go back te the dialectic between local and
global or, in a more traditional way to the
"structural' understanding of the organized whole.

2)

3)

We can interpret a structure as a system of tran-
sformations. This implies that we have certain

laws wnich evolve through the transformarion itself
and which realize themseives in the universe under
consideration.

Hence a structure enjoys the following features:
rotality transformations and self relugation,

A further fundamental characteristic of structures
is the following: they regulate themselves, and
the self-relugation determine their conservation
and certain closure. So the transformations inhe-
rent in a certain structure do not lead ourside

its borders, but generate elements which always
belong to the same structure and which presecve ite

laws. Lt is in this sense that the structure *-
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h“a ‘ Each piece of the texture can be described by a
structure which might be rather complicated or not;
then it Eollows almost immediately that a texture:
is nothing bur the very same structure which re-
peats itself as many times as the number of parti-
tion elements occourring in the domain.

One immediately notices that once the structure is
determined then a correct and complete description
and classification of the texture follows natural-
ly.

& ,ALCQRIW DESCRIPTION

that the pixel is assigned to.
A lot of algorithm proposed in literature, makes
use of an "atomfstic" approach for the solution
of the problem: in fact they label the only pixel
of the image indipendentely from the value of the
surrounding pixels. Then such algorithms rorally
leave out of the consideration from a contestual
analysis of the whole image: e.g. the simplest
of such algorithms give the segmentation fixing
in the same reglon all the pixels presenting the
same gray-tone or, with a little more refined
technics, graytone compouned in a fixed threshold.
The algorithm we are presenting here, on the coun-
trary, utilies a "structural" approach, because it
segments the image through a comparcde anatysis of
the different regions already located
The algorithm can more prec1saly be articulared
in two phases: in the first phase the several

Fig. 5

structures present in the image and those areas
not classificable as single regions, bacause place
of transiction among different regions (ceontours)
are evidencied. :

Then the first phase begin with rthe vesearch of
any pixel of the image which has not been classi-
fied yet as belonging to some region.

Called p such a pixel, the algorithm goes on the
formulation and the control of different hypothe-
sis, about the possibility of identifying an uni-
form region starting from 1t,

Expressing a hypothesis means to try a partition
of the ni -hbouring region of the pixel with ele-
ments {w' .ows or pieces) of W xw dimensions,
similar among chem in aApercentual.

Verifying the hypothesis means to calcuiate the
rTaclio:

number of the pieces found similar

rs toktal number of considered pieces

The tipically '"bell" behaviour of the law descri-
Fig. 6 bing the 5,5 ratios when varying r and s in:



In picture B-1 we have an aereal images, and in
picture B-2 is reported the same area of source
image in which the algorithm has recognized an

uniform background.
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c-2

-In picture ¢-1, we have an image where is possi-
ble recognize the same real texture illuminated
with two different source of light. The result of
segmentation obtained on this image is presented
in picture C-2.

CONCLUSION

What we have precedentely shown, in our opinion,
finds several application to different real
problems such as:

1)Texture classification

2)Elaboration of aereal images

3)Elaboration of biomedical images, etc.

The experimental results we obtained have been
very good and they encouraging us to further
research and to a much more sistematical expe-
rimentation of the algorithm in wider and wider
fields.
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