1V International Conference “Problems of Cybernetics and Informatics” (PCI'2012), September 12-14, 2012
www.pci2012.science.az/2/12.pdf

Estimates Calculations Algorithms in Condition of
Huge Dimensions of Features’ Space

Mirzoyan Kamilov', Shavkat Fazilov’, Nomaz Mirzaev’, Sobirjon Radjabov*

Institute of Mathematics and Information Technologies, Academy of Sciences of the Republic of Uzbekistan
'komilov@yandex.ru, *sh.fazilov@mail ru, >mnm2005@rambler.ru, *s_radjabov@yahoo.com
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L INTRODUCTION

Analysis of pattern recognition literature [1-9] shows that
currently the problem of building of recognition algorithms in
condition of huge dimensions of features’ space is not studied
enough. The experience on solving of the problem of pattern
recognition in condition of huge dimensions of features’ space
shows that objects’ features are often correlated. That is why
the problem of building of recognition algorithms in condition
of huge dimensions of features’ space is urgent problem.

The goal of this work is to improve estimates calculations
based recognition algorithms for classification of objects, given
in the features’ space of huge dimensions. For this the approach
on the base of the method of algebraic extension of recognition
algorithms is used. This method was proposed by academician
of Russian Academy of sciences Yu.l. Juravlev.

II.  STATEMENT OF THE PROBLEM

We introduce following terms and definitions based on [2].
Let T" be set of possible objects, which consist of / disjoint
subsets

KKKy K,OK, =B,i % j i, j € {ll}.

Knowledge about the division of T" is not complete, only some

initial information J, about classes is given.

Let objects S,...,5,,....5,, (VS, eF,i:I,_m) are given in

the given features’

m

space X (X =(X,00p X500 X,) )
Sy =(a)15 @y 5054y, s 8 =@ @yrensy) 5o

S, =(a,..a a,,) - We introduce following definitions:

mjsees

S" =188, ). K, =S"NK,, CK,=S"\K .

m

Then initial information J, could be given as
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ms
where /(S;) is information vector of the object .S, , it is given
as

1, ifSieEj;

A(S) = (s s O 5 Ap=1 N
0,if S, ¢ K.

The set of information vectors corresponding to the objects
S™ forms information matrix "0‘;/" .

It is assumed that for any object S eI the numerical
characteristics J(S)=(a,,...,a,,....,a,) of the object could

be matched in the feature space X = (x,,...X,,..., X,

We consider random set of objects S?=1{S,....,S,}

(§q cT'). Let objects S is given in the space X. Here the
dimensions of the features’ space n is huge (for example,
n>200). The problem is to build the algorithm 4, which

calculates the value of the predicate Pj(S,f ) by the initial

information J,, .

transforms the set (J,, S¥) to the matrix ”/5',]" (B = Pj(Si' ),
qx

In other words, required algorithm A

P(S))="S €K,") 2]

AUy S)=|pl,,. Bel0LAL
Here B, is interpreted as follows. If §; =A , then the
algorithm is not able to calculate the value of the predicate
Pj(Slf). If pe{0]1} then B, is the value of the predicate

P,(S,), calculated by the algorithm A for the object S, by

using its numerical characteristics.

III. SOLVING METHOD

In this paper the research results on building of recognition
algorithms on the base of estimates calculations considering the
features' correlations are presented. It is assumed that because
of the huge dimension of feature space the likelihood of
correlations between them increases. Proposed algorithms can
be divided into three types based on the features’ correlations:
1) algorithms given in the set of uncorrelated features (the fist
type of recognition algorithms); 2) algorithms on the base of
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estimates’ of features’ correlations (the second type of
recognition algorithms); 3) generalized algorithms, which are
built on the base of integration of the first and the second type
of recognition algorithms (the third type recognition
algorithms).

Next the detailed description of these algorithms is given.

A.  The first type of recognition algorithms
These algorithms consist of following nine stages:

1. Forming of subset of strongly correlated features. Let
E, (g=1,n")- subset of strongly correlated features. Distance

could be

measure L(E,,Z ) between subsets =, and E,

given by using different methods, for example [5]:

1
= x.,x. N
L T )

J

Where N,,N, are numbers of features of the subsets =,
E, respectively; 7(x;, x;) — a function that characterizes the

strength of mutual correlations between the features x, and
x; [10].
As the result of this stage we get the set of "uncorrelated"

—_ —_

subsets of strongly correlated features W, = {El,nz,...,z,,,}.

2. Defining of representative features in each subset of
strongly correlated features. In this stage the set of
representative  features  y,,»,,...,y, 1S formed. Each
representative feature is typical representative of the extracted
subset of strongly correlated features [10].

3. Defining preferred features. Selecting of preferred
features from representative features {y,....,y;,....y .} , defined
in the previous stage is carried out on the base of dominancy of
each feature, which divides objects of the set S™ into two
subsets IZ/ and CI?/ [11]:

Jj=18eK; S, €K ;

DI (ai_aiu)z ’

SeK; S, eCK;

le(ml(ml—l)+m2(m2—l))/2 , N2:m1xm2 , mI:‘IZ/

i

NS Y S (aq-a,)
N,

>

m, :‘Clzj

The smaller the value R, , the greater the preference gets
the appropriate feature in separation of objects belonging to
K, . In calculating R, it is suggested that S and S, —
different objects (i.e. S#S,).

Preferred  feature, ~which is denoted by 7,

(X; =X Xases ) )» 18 determined in this stage for each

subset K ; - Next, we consider only the preferred features.

<IEEE

185

4. Defining the system of supporting sets. Let H - be all
the possible subsets of the set { y,,7,,....¥, ;. We define

collection of such subsets by Q. Fourth stage of the first type
recognition algorithms is defining the system of supporting sets
Q,(Q,c0).

5. Defining the distance function between objects. Let’s
consider possible objects S and S, . In the fifth stage of the
first type recognition algorithms distance function z;(S,S,)

between objects S and S, in the @ -part of the features’ space
is defined.

6. Calculating of estimates on the objects of fixed
supporting set. In the sixth stage of the first type recognition
algorithms numerical characteristic called estimate I';(S,S,)

is calculated:

[5(8,8,) = Autt5(S.S,)
where A, is given parameter of the algorithm.

7. Calculating of estimates for the class on the fixed
supporting set. Let’s assume that values T,(S,S,) (S, €K ;)
were calculated. Estimate for the class is determined as:

F(TJ(S,K,-) = 2 rJ5(5.8,),
S,eK;
where ¥, is given parameter of the algorithm.

8. Estimate for the class K, on the system of supporting
sets. Let numerical parameter 7(@) corresponds for each
vector @ . Estimate on the system of supporting sets Q , is

defined as
['(S.K,)= Zz T(@)F{T)(S,Kj) .

e 4

9. Decision rule. In the last stage of the first type
recognition algorithms decision rule is defined as [2]:

0,if I'(S;,K ;) <¢,,
B, = C(T(S,, K ) ={Lif T(S,.K,)>c,,
A if ¢ <T(S,,K;)<c,.

where c,,c, are parameters of the algorithm.

B.  Second type recognition algorithms

This algorithm consists of eight stages. The first and the
second stages of the second type recognition algorithms
correspond to the first and the second stages of the
abovementioned algorithm. That is here we consider remaining
stages of the algorithm.

3. Determining the models of correlations in each subset of
Jfeatures for the class K, (j=11). Let X; - be any feature

belonging to the subset E, and
X;, —argmax 2 n(x;, x j) Then model of
x;€8, x; €84 \x;

correlations in = . could be defined as

Baku, Azerbaijan



1V International Conference “Problems of Cybernetics and Informatics” (PCI'2012), September 12-14, 2012
www.pci2012.science.az/2/12.pdf

x, =F(c, x;),

where ¢ - vector of unknown parameters, F- function from
some given class {F'} .

X, €E,\x,,

4. Extraction of preferred correlation models. Let N, — be
power of the subset =, of strongly correlated features. It is

assumed that (N, —1) models of correlations is defined in

= . for the class K I

Xy =F(x), x €k, \;(q, i=1,(Nq -1),
where y, is representative feature (7, €E, ).

The search for the preferred models of correlations in = is
carried out on the base of estimating dominancy of the
considering models for the objects belonging to the set S :

m; ZN |Zq —F(E, xi)|

SeCK j

~ J— > m
m; 3, |;(q - F(c, x,.)|

Sek Ji

After completing this stage preferred model of correlations
for the features' subset =, is determined, and it is defined as

CK |.

J

J

Tl_:

K,

|

X, =F(c, x;)) Hereinafter only these models of correlations

are considered.

5. Determining elementary threshold rules of decision
making. We denote all correlation models in the features’ set
E,by 3,. We define elementary threshold rules of decision

making 6; (i=1,...,N, —1) on the base of correlation models

Xi :Fj(caxiﬂ) (F/(E,X[O)GS,,, J=L11)in :‘q:

6,-<K,f,s>={f; if o, ~F@.a, ) <A;

R else,
where g, , a; are the values of iy-th and i-th feature of the
object S; A, is given threshold.

6. Estimate B,(K,,S) for the class K; by the set of
strongly correlated features =, . Distance function B (K ,S)
for the class K; (j =1,_l) could be given by using different
methods, for example:

[~
B,(K;,8)=b;6,(K;,S)- gbﬁq(Kj,S) ,
i ]
where b j,l;i are parameters of the algorithm.

7. Estimate for the class by the set of strongly correlated
features. The estimate for belonging of an object to the class

K, (j=11)is calculated as:

B(S) = (14,(S)y v 115 (S)yeees 14,(S)),
14,(S) = ZyB (K, S),

<IEEE
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where y, is parameter of the algorithm (u :m),n' - set of
strongly correlated features.
8. Decision rule. Decision rule C(c,c,) is given by the

same way as that of the first type recognition algorithms (see
the ninth stage of the first type recognition algorithms).

C. The third type recognition algorithms

This type recognition algorithm is based on the principle of
integration of the first and the second type recognition
algorithms. Forming of generalized algorithms is curried out on
the base of algebraic method of building of recognition
algorithms [2].

Let random type (the first or the second) recognition

operators B,(J,,87) = a;

[ (u 6[1,2]) are given. For these
qx.

operators we introduce the operations of addition and
multiplication by a scalar:

B

x[

B(J0.85")+ B,(J0.8") = |aj +af],

£B.(2)=|exai]

where g is real constant.

gxl i

These operations make it possible to build such recognition
operator that allows to more accurately solving the recognition
problem when the number of features is sufficiently large.

Formation of recognition operators within the generalized
pattern recognition algorithms are carried out in various ways,
such as the sum of two operators:

B(S) =g,B,(S)+g,B,(9),
where B, and B, are the first and the second type recognition

& » &
generalized algorithm (0< g, g, <1).

operators respectively; are parameters of the

Decision rule of the generalized algorithm C(c,,c,) is
given by the same way as that of the first and the second types
recognition algorithms (see the eighth stage of the first type
recognition algorithms).

We defined class of the generalized recognition algorithms
based on the calculation of estimates. Any algorithm A from
this model is fully defined by the set of parameters

7= ("4, 5,41, 007,35 10,,0,3, 71, 81, €2, ¢1,¢,) - We define
the collection of all recognition algorithms form the proposed
model by A(r,S). The search for the best algorithm is carried
out in the parameters’ space 7 , and their effectiveness (as well

as all the heuristic algorithms) is determined by the results of
their application in solving a number of practical problems.

IV. EXPERIMENTAL RESULTS

For practical use, and verify the performance of considered
algorithms the recognition software have been developed. The
efficiency of the developed software is tested on solving of
practical problems.
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There is no doubt that the proposed algorithms perform
better than classical recognition algorithms in condition of
features’ correlations. To show this, we consider the problem
of person identification on the base of face images as a
practical example for checking the efficiency of the developed
recognition algorithms. Choosing of this problem can be
justified for the following reasons. Typically, the human face is
symmetrical, and therefore the characteristic features of the
face (i.e. the distance between the points, selected as features)
have some correlations.

The initial set of features in solving of this problem is the
distance between anthropometric points in the image [10, 12].

The number of classes is / =4 , sample size — 400 objects,
the numbers of objects in the classes are different (between 80
to 120 objects).

Conducted experimental studies in solving the problem of
person recognition on the base of face images showed a higher
effectiveness of the proposed algorithms in comparison with
the classical estimates calculation algorithms (recognition
accuracy is 9.7% higher).

V.  CONCLUSIONS

The generalized recognition algorithms based on the
estimates calculation were developed on the base of conducted
experiments. The developed recognition algorithms can be
used to create computer systems aimed at solving applied
problems of computer vision, medical and technical diagnosis,
biometric identification.

<IEEE
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