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1. ALGEBRAIC STRUCTURE

It we call S a non-empty set,we can consider the
H-{s S, ,e.s }aat a et obtainad by doing all
the dif erent partitions of S,

The H set is tnerafore clearly non-smpty., In fact,

it contains at least S. Let be § l e
generic element of H; we can dcfinn the Einlry
operations:

&, @a = max(a, ,a) {1)

J 1)
10 aj - min(ai.lJ) {2}

on the & eloments. Here, max and min have the
usual meaning whith regard to the cardinality
of the elements.

Operations (1) and (2} poecaess commutative, as-
sociative and distributive properties.

It is possible to order hisrarchically the esle-
ments of S; using opecations {1) and (2), and
80 introduce into these elements a binary rela-
tion ' & *; reflexive, antisymmetrical and
transitive. So 5; can be considered a partially
ordered sst whith regard to such an operation.
Now, let us suppose that the S set is discrets
and finite.

Using tha binary relation ' £ ', we can arder
the elements of S, in pairs, o S5 is transfor-
med into a completely ordered eet, or chain.

An theé S, get can be defined the minimum and
maximum elements,

The minimum olcement 16 characterlsed by its

being lass than or squal to each element of the
set, and the maximum element is bigget than or
squal to eath element of the eet,

Ler us re~conaider now the H set. We can now see
it elementu uu chaine. If we re-apply operations
{1) and (2}, we obtain an H set which satisfies
the chain conditions,

The product of two of these chains does not chan-
ge the order, but produce & refinement, Let us
suppose, Tor sxample, that e¢ach partition con-
tains a maximum finite number of elements.

The partition product {of these partitions])
contains & greater number of elements with re-
gard to tha partition factor.

Remsmbering that « pertially ordered set is
called a lattice if Lhe r-intersection and
r=union of each pair of ite elements exists, it

can be saicd that H with the operations introduced
into it is a lattice.

2, CONVERGENCE AND FILTERING

The tranemission and elaboration of signals, of
any dimension, has led to the proliferation of
many algorythms more or less 'ad hoc'.

We have proposed the use of tha algabraic structu-
re, (see paragraph 1) in the successive phases
which characterize the eluboration of signals,

An exampla, although simple, allows us to illu-
strate the idea which has inspired our ressarch

to the reader: let us consider a totally ordered,
one-dimensional vectorial space V4 {(fig.1), and

on it we produce a partition S4,which satisfies
both the chain conditions and ths lattice.

If 82 is a second distinct partition of S4, the
Cartessian productof thess two chains produces a
partition-chain, which is & refinemant of tha
partitions-cheins-factora,

On fig.2 we demostrate the Cartesian product of

94 and S
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By repeating the procedure wa cbtaln the required
refinement. If the vectorial space ls discrete
the procedurs finishes after a finite number of
products, and s0 we obtain all the points in
which ¥4 has been sampled. It is also clear that
the number of products to be done is limited to
the dimensions of the elements of the partition.
Let us consider a functien uln}, {(fig,3),monotone.
Hers, we can produce a partition of both the axis
X and the axis y=u(x),

We can clearly state that the partitions obtained
in this way satisfy the chain conditions,
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Remembering that in & chain the minimal and the
maximal coincide with the extremes of the ele-
ment of partition, we can Now rapresent the fun-
ction u{x) ae a string Sy of quadruplast

uilx ) ('1'x2'y1',2)"(('1°'1+1"J'3J+1)

whers xi and xy.i afe respsctively the minimal

and the maximal of the i-th elpment obtainedoy

partitioning the axis of x, and where yj=u(x)
: t

and 31*1 -u(n1+1) ars respactively the minimal

and the maximal of the i-th element obtained by
partitioning the axis of y.

Lat us consider a secand string 85, different
from the Tirst one. If we realize the cartenian
product 51.‘ sa ‘ P1
we can affirm that Py (see the cartesian chain
product) represents a refinament not only of

the axis of x but also of the axis of y, in
short of the function ulx),

By repeating tha procedure we obtain the deai-
red refinament of ulx},

If the function u{x) is discrets the maximum ob=
tainuble refinement coincides with the sampling
used to digitise the ulx}.

Ramembering that the properties which the Car-
teslan chain” product has do not depend on the
dimenaions of the space in which the elements
pelonging to the chain itself are represented,
we can also affirm that it is also true for

this kind of function u(n1.:2,...,un) therefors,
it is also valid for the pictures ul{xq,x2},

Let us consider, for simplicity sake a generic
function u{x) whoss domain is ona—-dimensional.
This question eprings to mind: it is still poe-
sible to obtain n refinement of the function
ulx) which is as pracise as we would like it to
be.

This could bs the answer: we cah produce & par-
tition of the domain of the function uln) so
that in sach element of the partition the fun-
ction ls monotone or, in other words, we impoas
the condition that the dimension of sach element
of the partitian, which from now on will all be
coneidered squal in the same partition, must be
half of the smallest zone of monotonicity con-
tained in the signal. We can therefore construct
a certain number of partitions, This numbar di-
pends an the dimensions pf the smallest zones

of monotonicity in the mignal, which satiafy

the chain conditions.

The Cartesian product of thess chainm ensures us
both the convergencs of the procedurs and the
maximum possible refinsment of the signal.

For thoss interested in this srgumant, esee (&}
for a diffarent demonstration of this ides.

From now on, we will study only the discrete
functions and therefors the maximum possible re-
finement will be the sampling one.

The lattice theory allows us to stats that the
above mentioned considerations do not depend on
the dimensions of the domain,

Since in this article we intend to concentrate
our attention on Pattern Recognition, in the
following parsgraphs, we will look at signals
whose domain is one or two-dimensional.

We have a signal and cone of ite partitions whoee
elaments all have the same dimension (see rigH).,
We ask ourselves if it is possible to reconstruct
the entire signal, as precisely as we would like.
An answer springs immediataly to mind, as we

have shown in tha preceding parsgraphs we can
say that only the zones in which the condition

1¢ sstiefied will be raconstructed.

In this way wé have introduced the idea which

has guided us in the realisation of & digital
filter whose tranfer function can be thus descri-
ped: the filter gives ue all the zones of the
signal (ss precisely as we would like} in which
the condition ie satisfied (2), and removes all
the after zonas in which the condition is not
satiafied, (fig.h }.

3., MATRIX OF THE FEATURES

Now, we have to solue tha problem of how to de-
tarmine the dimensions of ths element of parti-
tien, so that we can filver or re-construct the
signal.From now on, we will adopt the work
'window' in place of the slement of a partition.
Let us consider a signal u(x), discrate and who-
se domain D, is finite and one~dimensional ,and
realize a partition of the signal with & window
which contains only two points, that is:

LI lilt*J V:ic D and =l

Definition. Let us define tha following memsu-
res CAPried out on the signal tdynamic':

d-lu(xii -u(!hjll VI’..D

We hope that the reader has recognissd in the
definition, the operator & 'differential’
introduced into 'finite diffsrence equations'(3).
Now, let us introduce the vector n~dimensional,
whoss first componant is ralative to the value
dr 0, the sacond ons to the value d s1,etc,

.



The cardinality of the component is the frequence
with which the dynamic ds0,...,n occours with re-
lation to the partition under investigation,wuZ.
If we condider a eecond window .
WEK Ry | Yxi¢ D and j=2, we obtain a second
vector. .
The vector obtained for the different values of
Jt A, with A finite because the signal 1s discre-
te and finite, conetitute the rows of our matrix,
the columns of which —also finite-~ have as 1n-
dexes the different values of the dynamic,
Definition, Let us define the 'shape’ of the
signal: u(xi+i)—u(xi) \

shape = - (fig.6.7.8.9)
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4, SOME REMARKS

In this paragraph we wish to present the experi-
mental results obtained by the application of
the method proposed in the preceding paragraphs
on some of the most meaningfulphases which cha-
racterise the entire process of pattern recogni-
tion.

4.1 .Cantours

The perhaps too coplous literature with regard
to Pattern Recognition proposes several defini-
tions of the contour of an object and at least
as many algorythme which are more are less sui-
table for the extraction of it,

We agree in part with Pavlidis (4) when he in,
reference to the theory of Gestalt, sustains
the difficulty in the perception of ths contour
and a rigorous definition of it. We agree with
him & little less when he sustains that the use
of local operators, such as the gradient or the
laplacian, permits the determination of it.
Amongst the varous mpproaches, soms openly ‘'ad
hoc', the 'facet model', even if it is time con-
suming, saems to us to be the most worthy of aur
attention,

Let us begin with a definition of a region of
the visual fleld.

Definition. A part of the visual field is defi-
ned as a region if it eatisfies a predicatas of
uniformity (e.g. the same tone of grey,texture,
contour, et¢.}.

This is our cdefinition of contour.

Definitlon, The 'region' sxisting between twd
distinct contigous regions of the visual field
is definad as a ‘contour’,

Since it is possible to associate a fungtion

with sach regien, the level of the curresponding

polynomial of approximation is linked to the
major or minor complexity of the region, it can
pe deduced that there is a noticeable 'variation!'
of wuch & function in the contour oD,

The *variation' which we proposs in our algorythm
for the extractien of the contour is the ‘shape’
of the function,

Is it, in fact, from the matrix of the featurss
that we can determine the shape of the function,
and by the application of our filter to the who-
la picture we can re-construct only the contour
zona,

We balieve that & further obasrvation is opportu-
ne at this stage: after having determined in the
matrix of the featuras the dimension of the
window suitable for filtering, we choose the
dynamic inside the window so that it as greater
than or aqual to a dynamic~threshold.

The choise of this dynamic—threshold ie made by
returning once again to the matrix of the featu-
res, In fact, the dimensions of the window indi-
viduate, in an unambiguous very, & row of our
matrix and from this we can choise the most
suitable dynamic.

A rigorous formalisation of the matrix of the
foatures and of its inverse (from the matrix to
obtain the reconstruction, point by peint, of
the signal} is the theme of & paper which will
appear shortly.

4,2, Textures

The study and further classification of taxtures
can be considered a sclence 'in itself'. In fact,
textura is of not little importance in psycho-
physiological studies of visual perception.(5)
Pattern Recognition contains several algorythma
which are proposed by the etudy of textures,
A classification, even if it is imprecise, of
thees algorythms, could be tha following:

a) linguistic epproach (6)

b) statistical aprroach (7)

e) structural approach (T)
A precise definition of texture is not sasy to
give using layman's language, and it becomes
extremely difficult when using mathematical
language. Models suitable to describe textures
have been proposed by several rssearches.
Amongst these there is the model proposed by
Prof.R.M.Haralick (B}, who suggests that thare
iz a relationship between the texturs and move-
ment of & particle- relation of De 8roglie-.
This models seams to us to be one of ths most
interesting, and offers ue some sort of relatio-
whip with ths algerythm proposed by us.
In one of our previous works, we listed the con—
ditions that & region must satisfy to be consi-
dared a texture:

a) the texture must contain 'pleces' which
have more or less the same 'shape';

b} then must be a spatial disposition law of
the 'pieces' in the sntire region;



¢) the number of ‘pleces' contained in the re-
plon must ba meaningful. We would like, before
illuetrating the assential phases of ocur algo-
rytm, to show the matrix of the features rela-
tive to a few artificial textures. (Fig.10.11.12}
We would now like to describe the essential steps
of our algorythm of the classification of textu-
res;

i) determination, from the matrix of the fea-
tures, of tha shape of the piece;

iildetermination of the distance betwean the
pisces in tha visual field.
We belleve that some experimental results obtai-
ned with natural taxtures are particulary suita-
ble for & more complete underetanding of our al-
gorythm.
A confrontation betwesn tha algorythm proposed
by Prof.Haralick and ocurs is at an advanced
stage, using as pictures those proposed by
Brodatz in his book (8.},

4,3.Extraction of the features

The extraction of the features and their further
classification are cbligatory steps in the re-
cognition process of models,

In this phase, the main point to be resolved is
the choice bhetween various fragments from a mo-
del: the problem im to chooet those which con-
tain the greatest amount of information. It must
be pointed out that the valuatlon of the amount
of information conatitutes a problem which is
not sasily resclvable, given the absolute lack
of references, since this valuation is totally
subjective,

The algorythm proposed by us can be set out in
this way:

a) sxtraction of the fragments relative to
the contour zenes in which there is a marked
curvature;

b} elimination of those fragments which do
not satisfy a particular condition-threshold
on contrast.

We believe that & ‘local’ measure of the curva-
ture must be linked to the global behaviour of
the entire contour.
As fur the contrast, we have already been able
to see, by pressnting the algorythm for the
extraction of the contour, now it plays as im-
portant role in the description of the features
of a picture. A further selection enables us to
improve the 'meaningfulnasa‘’ of the extractad
fragments, Thers are different measures of con
trast in use, Later, we will refer to tha one
uvsed in neurophysiclegy {10):

¢ = Aaﬂ - B!'—B

where B, and B indicate respectively the lumi-
nance of the object and of the region immedia-
tely surrounding it,
We believe that some indications as to the de-
termination of the 'window' suitable for tha
realisation of the above mantioned steps arse
useful. The chosen window are indicated respec-
tively by wq &nd wy, for the extraction of the
contour and for the test on contrast where:

wam { w' if w* is odd

! w+1 otherwise
Wy in such a way that it tenda to one relation-

ship 2 2
Hz - Na'
R

w1

where w' is the window choeen from the matrix
of the features for the extraction of the con-
tour. The selection of the points of curvaturs
is obtained by scanning with window w, each
point, P., balonging to the contour of the object.
The scaneion window is centred on P, over point
Py and Pz, (the existence of thems pairs of
points is ensured by the obssrvation that the
contour of an object is a closad line) which
interssct the lateral edge of the window.

The condition:

i ki Al
9,(P P, = [11 -

12,+|J1— Jpfew, 12
Jy#
where 1,J indicate respectively the row 1lndex
and column index of Py, we are ensured the se-
leacticn of the points of curvature of the ¢on-
tour. On sach point chosen in the previous step
& test is done on the contrast in this way:
P, is a point of the contour thare it, tha two
windows wq and w, are centered. The dynamic exi-
sting whitin the areas w; - wy &nd wq are indi-
cated respectively by d, and dy, ths condition
that point P. must satisfy so that it is chosen
as the centre of an informative fragment is the
following: ld. - dil,d'

where d* corrisponds to the chosen dynamic of
the matrix of the features for the extraction
of the contour,

%. CONCLUSIONS

We have alrady underlined several times in thie
particular work how the universe of the racogni-
tion of model is starred by an eccess of algo~
rythms more or less suvitable for the rasclution
of a very small part of the whole process, and
very aftsn only of & rather narrow Tield of
models.

The absence of & aclid theory which not only
Justifies tha variocus sorts of existing algo-
rythm but which enables a confrontation betwesn
them is enaugh to justify the doubts and criti-
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ciasms about the ‘'science of the recognition of

modela’.

The axistence of & uniqus theory which Justifies

and which parmits a formalisation of the various

phases presented in this work is of small confort

to us,

We would now like to make a list of a few appli-

cations of this theory and various real problems:

1)analysis of the rugosity of materials (11}

2)analyeis of the cut surface obtained with a
laser

3)analysis of palatine marks (12)

4ybiomedical applications (13): alclassification
of human banded chromosocmes; b) elaboration of
picturea from T.A.C.; ¢) elaboration of ecogra-
phic pictures; d) elaboration of thermographic
pictures,
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can be sald that M with ths operations introduced

It we call S a non-empty set,we can consider the
H={S1.S ,...} set, & sat obtained by doing all

the different partitions of S.

The H set is therefore clearly non-empty. In fact,
it contains at least S, Let be S -‘a1.a sees
generic element of H: we can dofino the Einary
cperations:

a, e aJ - mal(li,lJ) (1}

a & aJ - min(ai.lJ) (2)

on the S elements. Here, max and min have the
usual meaning whith regard to the cardinality
of the slements.

Operations (1) and (2) possess commutative, as~
sociative and distributive. properties,

It is poesible to order hierarchically the ele-
ments of S; using operations (1) and (!), and
6o introduce inte these wlements & binary rela-
tion ' & ‘: reflexive, antisymmetrical and
transitive, So S, can be considered a partially
ordered sut whith regard to such an operation.
Now, let us suppose that the S set is discrete
angd finite,

Using the binary relation ' £ ', we can order
the slements of S; in pairs, so S; is transfor-
med into a completely ordered set, or chain,

An thd 5, set can be defined the minimum and
maximum elements.

The minimum element ie characterised by its

being less than or equal to aach alament of the
sst, and the maximum element is bigget than or
wiual to each element of the set,

Lat ue re-consider now the H set. We can now see
itw e¢lements us chains. If_we re-apply operatlions
{1) and (2), we obtain an H set which satiasfies
the chain conditions,

The product of two of these chaina does not chan-
ge the order, but produce a refinement. Let us
suppose, for example, that sach partition con-
taine a maximum finite number of slements.

The partition product (of these partitions)}
containe a greatar number of elements with re-
gard to the partition factor.

Remembering that « purtially ordered set ls
called m lattice if the p=intersection and
r-union of each pair of its elements exists,it

into it is a lattice,

2. CONVERGENCE AND FILTERING

The transmission and elaboration of signals, of
any dimengion, has led te the preliferation of
many algorythms mors or less 'ad hoc'.

We haves proposed the use of the algebraic structu-
re, [eee paragraph 1) in the successive phases
which characterize the elaboration of signals.

An ‘example, although simple, allows us to 11llu-
atrate the idea which has inspired our reasarch

to the reader: let us consider a totally ordared,
one-dimensional vectorial space ¥4 (fig.1), and

on it we produce a partition S4,which satisfies
both the chain conditions and the lattics.

If 32 is a second distinct partition of 5., the
Cartesian productof these two chains produces a
partition-chain, which is a refinement of the
partiticns-chains-factors,

On fig.2 we demostrate the Cartesian product of

S4 and 8

2
fig.1:vy & totally ordared vy
vectorial space B -
84 a chain made up of 84
the sloments of V, . s Ve e e e
S5 & chain made vo of 5,
the elements of V, LA S
Fig.2 5, A R R T I R
* * * * " * »
52
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By repeating the procedurs we pbtaln the required
refinement, If the vectorial space is discrate
the procedure finishes after & finite number of
products, and B0 we obtain all the points in
which V4 has been sampled. It is also clear that
the number of producta to be dones is limited to
the dimensions of the elements of the partition.
Lat uve conslder s function u(x}, (fig.3),monotone.
Here, wa can produce a partition of both the axis
x and the axis ysu{x}.

We can clearly state that ths partitions obtained
in this way satisfy the chain conditions.



fig.3d
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Remembering that in & chain the minimal and the
maximal colncide with the extremes of the ele-
ment of partition, we Can NOw reprasent the fun-
ction ulx) as a string Sq of quadruples:
[] e
TR O A T PR VT I L

whers xi and Xj,q are respectively the minimal
and the maximal of the i-th element obtainagby
partitioning the axis of x, and whers yj=uln)

and yj+i :u(:‘+1l ars respectively the minimal

and the maximal of the i-th elamant obtained by
partitioning the axis of y.

Let us consider & secend string S, differant
from the first one. If we realize the cartesian
product 515 52 ¢ P_‘

we can affirm that Py (ase the carteaian chain
product) represents a refinemeant not only of
the anis of x but also of the axis of ¥y, in
short of the function ulx).

By repeating the procedurs wa obtain the desi-
red refinement of ulx).

If thes function uix) is discreste the maximum ob=
tainable refinament coincides with the sampling
used to digitise the wix).

Remembering that the properties which the Car-
tesian chain product has do not depand an the
dimensions of tha space in which ths elemants
belonging to the chain itself are represented,
we can &lso affirm that it is also true for
this kind of function u(x1.x2,...,xn) tharafors,
1t is aleo valid for the pictures uluq,xp).

Let us consider, for simplicity sake & generic
function u{x} whose domain ie one-dimensional.
This quesation springs to mind: it is still pos-
sible to obtain a refinement of tha function
wix} which is as precise as we would like it to
be.

This could be the answer: we can produce & par-
tition of the domain of tha function u{a} so
that in each elemsnt of tha partition the fun-
ction is monotona or, in other words, we impose
the condition that the dimension of gach alement
of tha partition, which from now on will all be
considered squal in ths aame partition, must be
half of the smallest zone of monotonlcity con-
tained in the signal. We can therefore construct
a certain number of partitione. Tnis number di-
pends an the dimansions of the smallest zOnes

of monotonicity in the signal, which satisfy

the chain conditions.

The Cartesian product of thess chains snsures us
both the convergence of the procedure and the
maximum possible refinement of the signal.

For thoss intersstsd in this argument, see (1)
for s diffarent demonstration of this idea.

From now on, we will study only the discrete
functions and therafore the maximum possible re-
finemsnt will be the sampling one.

Tha lattice thaory allows us to stats that the
abovs mentionad considerations do not depend on
the dimensions of thes domain.

Since in this article we intend to ¢oncentrate
our attention on Pattern Racognitien, in the
following paragraphs, we will look at signals
whose domain is one or two-dimensional.

We have a signal and ons of its partiticns whose
alements all have the same dimension (ase Tig4).
We ask ourselves if it is possible to reconstruct
the entire signal, as precisely as we would like.
An answer springs immediately to mind, as we

have shown in the précedine paragraphs we can

Ay thut.only the zones in which the condition

1s satisfied will be reconatructed.

In this way wé have introduced the idea which

has guided us in the realisation of & digital
filter whosse tranfar functicn can be thus descri-
bed: the filter gives us all the zonas of the
signal {as precisely as we would like) in which
the condition is satisfied {2), and removes all
the after zonas in which the conditicn is not
satisfied, (fig.h ).

a. MATRIX OF THE FEATURES

Now, we have to solue tha problem of how to de-
termine the dimansions of the element of partl-
tion, so that we can filter or re=conatruct the
signal.From now On, wa will mdopt the work
'window’ in place of the element of a partition.
Let us consider & signal u(x}, discrete and who-
s¢ domain D, is finite ane ons~dimensional ,and
realize a partition of the signal with a window
which containe only two points, that is:

LA V';‘ D and =%

Definition. Lot us define the following measu-
res carried out on the signal 'dynamic':

de ,u(uil -"('1+j) ‘ Y :11 D

We hope that the reader has recognised in the
definition, the operator O ‘'diffsrential
introduced inte 'finite difference aguations' (3],
Now, lst us introduce the vector n-dimensional,
whose first compenent la relative to the vilue
dr 0, the sacond one to the value d »1,etc,



!

The cardinality of tha component is the frequance
with which the dynamic d=0,...,n occours with re-
lation to the partition under investigation,ws2.
If wa condider a second window!
waxing,] Yxi€ D and j=2, we obtain a second
vector.
The vector obtained for the different values of
Jt A, with A finite because the signal is discre-
ts and finite, constituta the rows of our matrix,
the columns of which —also finite- have as in-
dexes the different values of the dynamic,
Definition, Let us define the ‘shape’ of the
signal: lu(li+J)—U(li)l

shaps = " © (fig.6.7.8.9)

w1 M

4, SOME REMARKS

In this paragraph we wish to present the experi-
mental results obtained by the application of
the method proposed in the preceding paragraphg
on some of ths most meaningfulphases which cha-
racteriae the entire process of pattern recogni-
tian.

4,1,Contours

The perhaps too coplous literature with regard
to Pattern Recognition proposes saeveral defini-
tigns of the contour of an object and at least
as many algorythms which are more are less sui-
table for the extraction of it.

we agree in part with Pavlidis (4) when he in,
reference to the theory of Gestalt, sustains '
the difficulty in the perception of the contour
and a rigorous definition of it, We lgrue'with
him a little less when he sustains that the use
of local oparators, such as the gradient or the
laplacian, permits the datermination of it.
Amongst the varcus approaches, some openly 'ad
hoc', the 'facat model', even if it is time con-
suming, seems to us to be the most worthy of our
attention,

Let us begin with a definition of a region of
the visual field.

Definition. A part of the visual fleld is defi-
ned as a reglon if it satisfies & predicate of
uniformity {e.g. the same tone of grey,texturs,
contour, etc.).

Thie is our definition of contour.

Definition. The 'region' exlsting between two
distinct contigous reglons of the vieual field
is definad as & 'contour',

Since it is possible to associmte & function
with each reglon, the level of the carresponding
polynomial of approximation is linked to the
major or minor complaxity of the region, it can
be deduced that there is a noticeable tvariation’
of such & function in the contour zone.

The ‘variation' which we propose in our algarythm
for the axtraction of the contour is the ‘ahaps!
of the function.

Is it, in fact, from the matrix of the features
that we can determine the shape of the function,
and by the application of our filter to the who-
le picture we can re-conetruct only the contour
zone, -

We believe that & further observation is oppartu-
ne at this stage: after having determined in the
matrix of the featurss the dimension of the
window suitable for filtering, we chooss the
dynamic insids the window so that it as greater
than or equal to & dynamic-threshold.

The choise of this dynamic-threshold is made by
returning once agaln to the matrix of the featu-
ree. In fact, the dimenaions of the window indi-
viduate, in an unambiguous very, & row of our
matrix and from this we can choise the most
suitable dynamic.

A rigorous formalisation of the matrix of the
features and of its inveree {from the matrix to
cbtain the reconstruction, point by point, of
the signal) is the theme of a paper which will
appear shortly,

4.2, Textures

The study and further classification of textures
can be considered a sclence 'in itself'. In fauct,
texture is of not little importance in paycho-
physiological studies of visual perception.(B)
Pattern Recognition contains ssveral algorythme
which are proposed by the study of texturas.
A classification, even if it is imprecise, of
these algorythms, could be the following:

al linguietic approach (6)

b} statistical aprroach (7)

¢) structural spproach (T)
A precise definition of texture is not easy to
give using layman's language, and it bascomas
extremely difficult when using mathematical
language, Models eultable to describe textures
have been proposed by setveral researches,
Amongst these there 1s the model proposed by
Prof.R.M.Haralick (B}, who suggests that thare
iz a relationship between the texturs and move-
mant of a particle- relation of De Broglie-.
This models seems to us to be one of thes moat
interssting, and offers us soms sort of relatio-
ship with the algorythm proposed by us.
In one of our previocus works, we listed the con-
ditions that s reglon must satisfy to be conei-
dered a texture:

a) the texture must contain 'pieces’ which
have more or less the same 'shape';

b) then must be a spatial disposition law of
the 'pieces’ in the entire reglon;



¢} the numbar of 'pieces' contained in the re-
gion must be mesningful. We would like, before
illustrating the essential phases of our algo-
rytm, ‘to show the matrix of the features rela-
tive to a few artificial textures. (Fig.10.11.12)
We would now like to dascribs the essential steps
of our algorythm of the classification of textu-
res;

i} determination, from the matrix of the fea-
tures, of the shape of the piece;

iildetermination of the distance betwéen the
pieces in the vieual field.
We believe that some experimental results obtai-
ned with natural textures are particulary suita-
ble for a more complete underatanding of our al-
gorythm.
A confrontation between the algerythm proposad
by Prof.Haralick and ouras is at an advanced
stage, using as pictures those proposed by
Brodatz in his book (9.).

4,3, Extraction of the features

The extraction of the features and their further
classification are cobligatory steps in the re-
cognition process of models.

In this phase, the main point to be resclved is
the choice beatween various fragments from & mo-
del: the problem is to chooee those which con-
tain the greatest amount of information. It must
be pointed out that the valuation of the amount
of information constitutes a problem which is
not easily resolvable, given the absolute lack
of references, since this valuation is totally
subjective,

The algorythm proposed by us can be set out in
this way:

a) extraction of the fragments relative to
the contour zonas In which there 1s & marked
curvature;

b) elimination of those fragments which do
not satiafy a particular condition-threshold
on contrast,

We believe that a 'local’ measure of the curva-
ture must be linked to the global behaviour of
the entire contour.

As for the contrast, we have alraady been able
to see, by presenting the algorythm for the
extraction of the contour, now it playse as im-
portant role in the description of the features
of a picturs. A further selection enables us to
improve the 'meaningfulness' of the extracted
fragments, There are different measures of con
trast in use. Later, we will rafer to the one
used in neurophysiclegy (10):

c.hb; Beop

where B, and B indicate respectively the lumi-
nance of the object and of the region immedia-
tely surrounding it.
We belleve that soms indications as to the de- R
termination of the ‘window' suitable for the
realisation of the above mentionsd steps are
usaful. The chosen window are indicated respec-
tively by wq and wy, for the extraction of the
contour and for the test on contrast where:
. [ w' if w' is odd
1 w+1 otharwiss
wa in such a way that it tends to one rslation-
ship 2 2
Wy = W,y
w

Where w” 1s the window chosen from the matrix

of the features for the axtraction of the con-
tour. The selection of the points of curvature
is obtained by scanning with window w, each
peint, P., belonging to ths contour of the object.
The scension window is centred on P, over point
Py and Pz, (the axistence of these pairs of
pointes is enasured by the obaervation that the
contour of an object iz a closed line} which
intersect the lateral edge of the window.
The conditicen:
i 41 Ai
6 (PPt =4y - 1y pfewy 12
RIS
where i, indicate respectively the row index
and column index of P;, we are ensured the se~-
laction of the points of curvature of the con-
tour. On each point chosen in tha previcus step
a test is done on the contrast in this way:
Pc is a point of the contour thare it, the two
windows wy and wy are centered. The dynamic exi- i
sting whitin the areas wp - wq and wyq are indi-
cated respectively by dy and d;, the condition
that point P, must satisfy so that it ie choaen
as the centra of an informative fragment 1s the
following: Idc _ dilidi

where o® corrisponds to the chosen dynamic of
the matrix of the features for the extraction
of the contour.

5. CONCLUSIONS

We have alrady underlined pevaral times in this
particular work how the universe of tha recogni-
tion of model is starred by an eccass of algo-
rythms more or less suitable for the resclution
of & very small part of the whole process, and
very aften only of a rather narrow fleld of
models,

Tha absance of a s0lid theory which not only
Justifiss the various sorts of existing algo-
rythm but which enables & confraontation between
them is enaugh to justify the doubts and criti-



wh

cisms about tha ‘science of the recognition of

modela’'.

The existence of a unique theory which Justifies

and which permite a formalisation of the various

phases presented in this work is of small confort

to us.

We would now like to make a list of a few appli-

cations of this theory and various real problemsa:

1)analysis of the rugosity of materials (11}

2)analyeis of ths cut surface obtained with a
lager

3)analysis of palatine marks (12)

4)biomedical applications (13): a)classification
of human banded chromosomes; b) elaboration of
pictures from T.A.C.; ¢) alaboration of ecogra-
phic picturea; d) elaboration of thermographic
pictures,
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