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Abstract.

In this work the authors intend to propose an expert
system that has been developed and experimented for
texture analysis and classification. As well known,both
the psychology and neurcphysiclogy theories, attribute
to the textures a fundamental rule: in the entire percep
tion process, and a lot of algaritlms proposed in the
latest years, to approach a wide range of pattern recog
nition problems, are based on texture extraction,analy
gis and classification.

Howewer, still today, there is no formal defin'‘-ion of
texture that can be considered as a gsneral one.

The system iz experimented on many images, particularly
on biamedical pictures.

Experimental results will be presented in the paper.

Texture and Analysie classification.

Many algorithms for texture and analysis classification
are already present in the literature, same are based
on statistical analysis, other follow an analytical ap
proach. Our clasgification model is inspired from the
Gestalt and structuralism theories. Such theories allow
us to cansider a texture anstructured entity coming
fram a structuring entity (background). A structured
entity satisfy same uniformity rules; for instance tho
se ruies could be refered to the color, shape, the
thread, etc. From the above theories come out the dif-
ferent rules that such structured and structuring en-—
tities have in the perception process. Indead, analy-
zing the structured entities individually we cbtain

some informaticn only on the vigual field of that side
where the structure talls, If we have a good knowledge
abu:ttrerelatimsmdﬂ'emlesthatarganizemdde_
scribe the structures totally we can percept the forms
and cbjects existing in the whole visual field.

As a first example of structured quantities, we study
the concept of texture which we give a formal definition:

1)A discrete function y-f(xl,xz,...x ) défined in a
discrete n-dimensional domain {s sail "texture® if there
is at least a partition s=(sl,52,....s ) of the domain,

such that an isomorphism exists ancng évery element of

the partition.

2)The discrete function y=f(xl,x sreerx ) defined in
a generic element s, of 8 is sa.té "piece of the texture”.
Of course, we can recognize the presence of more texty-
res (structures}) in our image..

Such texture definition finds immediate applicability
in the theoretical texture analysis and study. By the
way, far real textures, which are our more interesting
research efforts, the igcmorphism among several pieces
of texture can be satisfied with certain apprmd.mationr
Due to the presence of noise and little texture deforma-
tion. In order to use, for classification purposes, our
mode”l, we have introduced a control system that evalua-
tes how the isamorphism among the pieces is satisfied.

The system we have proposed, formalized and tested refle
ot a typical expert system architecture {fig.l},

The inference engine of ocur system is camposed by two
fondagenta) moduli: the first one prodaces a low level
image analysis and this is responsable for the extrac-
tion of all textures for structures located in the imput
image. Morcever, the model identifies all the areas not
classificable as structures since they are evidently
place of transition (contours) from one texture to ano—
ther. The cutput produced by this model is stored in the
knowledge base of the system, in particular, are stored: .
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all the texture located, the places were they have been
found (spatial coardinates), single pieces and relative
dimensions. The second modulo of the system is responga-

through adequate similarity
functions, different textures; stared in the knowledge

base. This kind of analysis is necessary in arder to de-
termine if two textures previously classified as diffe-
rent, due to non uniform illumination or rotation or de-
formation, can be brought into the some Cluster. Scome of
the similarity functions We use concerns with shape com-
parison, translaction, rotation and other spatial tran-

Inference engine
tructures Structures
action comparison
and
correlation
_ ¥ 1

Images Camparison
Structures rules

Source
Image

Texture
output

Knowledge Base
fig.1

In the following we introdxce the rules presently avai-
lable far the compared analysis:

1) Form comparison

2)shift among textures

3) Rotations among textures

4) Distance Effect

tion of the rules
Let A and B two textures, we define: PaandPBrespecti—
vely the piews of textures A and B;

mA'nA and %'nB respectively the numbers of rows and
PB.

PA(x.y).PB(x.y) the gray value of the pixels at coordi-

colums of PA and

nate (x,y) in PA and FB, with 1g xg my» levg nA.and
lex¢n, leye Ny
SHIFT among textures.

Def. "I\uotextureshandahavethesatefmandare
shified among if'uhqga, ny=n, and result

PA(x,y)-PB(xm.yi'jhk for each 1¢ x‘mA and

l‘y(nA and h,k,j integer constants.

piecePAisrqxodned:tmeetimsbamwmm
columns, After this phase the piece P is shifted both
@ rows and colums of the cons texture.

For each shifted position of PAthemlelisverifi'ed.

Results analysis and conclusions.
'Iheimswepxesentint}ﬁslastparagraphhavabm
chosen from the results of a big testing of the system.
The first image representea theoretical texture with
relative processing and the others rapresene real textu-

-
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res. In order to make it clear that hetween two textures
carpared has been found a relation, those have been reu-
nite in one texture. The output fram each image has been
Put into four figures: in the first, we fomd the image
"input" of the System; in the second are visualized the
extracted textures with the first modulo of the system,
In the third one, arepointedmtthemsthatthe
System has not been able to classified as textures;
further, in the last one it is reported the clagsifica-
tion respect to the input.,

The algorithm for the extraction of textures has been

tral one, The algorithm has classified as belonging to
uxeleftatrwturealsonmﬂﬁchsize is less than
e piece and further enters slightly into the central
structure because there exists an ambiguity zone.

The fig.2.3,2.4 Tappresent the results after one carpa-~
rison,

Fig 3.1 show real flower textures rotated by 180% and
fig 3.2, 3.3, 3.4 the relative results. Fig 3.1 has been

Fig.4.]1 shews two Pieces of material on which
not-exist a uniform {llumination for. which we can see
three textures which are successively reunite in one
wnique structure to keep the form and rotation at ‘90=
(fig.4.2; 4.3; 4.4).

The system, experimented on a
both theareticat ang real,

great quantity of images

ble results, ﬂmtmageustnimreaseawiderm
rimentaticon, particularly on bicmedical pictures (radio-
graphies, T.A.C., echographies, etc.).

References.

P.Ekys-noth.D.A.Wate:mm,D.B.Iemt: "Building Expert
Systems™. Addison Wesley,Reading, 1983.

Rich: "Artificial Intélligence®. International Student
Edition, 1983. '

A.Gisolfi,S.Vitulano: *A structural approach to image
segmenitation” Plat,Jub.Conf.on Systems & Signal
Processing. Bangalore, India, 1986

A.Giaolfi.S.Vitﬂm,A.Eq:oaito,A.Cacqce:"Elaborazicne
di immagini bicmediches un approccio strutturale”
Con.Int. Computer Graphics, Milanc 1986

A.Gisolf{,S5.Vitulano,A.Cacace: "Texture & Structure”
In advances in Image Processing and Pattern Recog-
nition, North~Holland Ed.V.Cappellini, 1986



IA 1.1 265 IA 1.1

Fig.4.1




