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Abstract. Hybrid systems of pattern recognition in the conditions of large
volumes of the training selections and not stationarity of classification objects
are offered. Asymptotic properties of their decision function are investigated.

1. Introduction

Perspective nature of sharing of parametrical and local methods of approximation was for
the first time noted in work [1]. Its idea was used at restitution of stochastic dependences in
the conditions of existence of partial data on their look [2, 3]. The developed models were
called hybrid. This concept is natural and is based on procedure of correction of initial
parametrical approximation. The next analogs of the used approach are semi-parametrical
models of stochastic dependences [4].

The offered technique was developed at the solution of the two-alternate problem of
pattern recognition in the conditions of existence of partial data on a type of the dividing
surface equation [5, 6].

In this work the technique of synthesis of hybrid systems of pattern recognition in the
conditions of large volumes of the training selections and not stationarity of objects of
classification is offered. The basis of a technique is made by serial procedure of correction of
decision functions.

2. Synthesis of hybrid system of pattern recognition
Let there is a training selection V = (x' ,c(x'),i =1,_n) of large volume n, where o(x') -
instructions on situation x' belonging to one of two classes Qq, Q,. The objects of

classification which are characterized by a feature set x = (xv vV =1_k) can be nonstationary.

These conditions are characteristic, for example, at data processing of remote sensing. Let's
apply the principles of hybrid model operation at synthesis of system of pattern recognition.
The idea of the offered approach consists in realization of the following actions:
1. Let's carry out decomposition of the initial training selection V on N

partsV; = (xi ,c(xi ),i € Ij), J=1,N. The basis for realization of this operation is formation
of selections V; according to their accessory to various time frames of overseeing by signs of

the classified objects.
2. By data V4 construct the decisive rule
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xeQq, if fh(x)>0,
mip(x):q }f() (1)
XeQz, if le(X)<0'

where the nonparametric assessment of the equation of the dividing surface is

B} 1\ k —x
fiy(x)= k; ZG(X' )H d{%}
My chv(n1)|6|1 v L S
V=

Ny - quantity of elements of set I;.

Here values are c(xi):l, when x! €Qq and c(xi):-l, when x! € Q5. Nuclear functions
®(u, ) in nonparametric assessment fllz(x) obey H: positive, the symmetric and the
normalized [7]. Diffuseness coefficients c, of nuclear functions decrease with body height
ng.

In this case the decisive rule (1) corresponds to criterion of a maximum of a posterior
probability.

3. By results of computing experiment to create data V, = (x' ,ql(x' ),i € Iz). They reflect
difference of "decisions" El(xi) of rule mllz(x) (1) from "instructions" olx' | from the
training selection V; . Here values of the correcting function are

fovoi)ak) |
ql(x'): (fllz(x')+A) v El(x'):—l and c(x_'):l,
-(fllz(x' +A) v El(x' =1 and c(x') -1.

In the presence of a pattern recognition error the correcting function accepts value inverse

on a sign of a nonparametric assessment of the equation of the dividing surface f112 (x) also

exceeds itonasmall A.
4. To estimate the correcting function g;(x) on selection V, on the basis of nonparametric

regression

=

_ icly (x) =
ql(x): ZBi(X) ’ BI( ) v= Cv(n2)

iels

qu(xi)ﬁi(x) _—
q{uJ
1

5. Then the intermediate hybrid algorithm of pattern recognition will register as



TIAA2016 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 155 (2016) 012036 doi:10.1088/1757-899X/155/1/012036

T(): XeQy, if 1‘__122(x)20
xeQ,, if f3(x)<0,
where

fi3(x)= T (x)+ (%)

The choice of best valuesc, (n, ),v —1,k is carried out from a condition of a minimum of a

statistical assessment of probability of an error of pattern recognition in the mode of "the
sliding examination™.

6. Generally serial correction procedure of the dividing surface equation has an appearance
as

(0= 5200+ G (0), t=2.N. @

Nonparametric assessment of the correcting function

_ _ iel;
qt—l(x)_ ZBi(X) B (X)— qu) nt)

iElt

s a1ld Bi(x)
5

is formed according to computing experiment

ovG(x‘)zat 1( ‘)

qt—l(xi): (ft 1( )+A) v oy 1(

-1 and c(x') 1,

(ft 1(x )+A) vV Gi_ 1(x) 1 and c(x'): -1.
Here Et_l(xi) "solution" of algorithm mlt2 1( ) in conditions x', and c(xi) - are

"instructions” from selection V; = (x ,c(x ),i IS It).

On the basis of decision functions f,,,(x), t=2,N serial synthesis of algorithms of pattern
recognition is carried out

_ (3)

Expression (2) is a nonparametric assessment of decision function

i ()= fltz_l(x)+ qto_l(x)- )
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For simplification of the subsequent transformations we will consider that

f5 (%)= pi (%) - 5 ().

0
ac-a(x)=fats p[qt‘% j d gy,

Hereinafter the infinite limits are passed.

In expression (4)

3. Asymptotic properties of hybrid decision function
Let's consider asymptotic properties of one-dimensional hybrid model (2) type at a known

collateral probability density p(x) of distribution x in classes ©;, Q. Let the algorithm of
classification (3) correspond to criterion of maximum likelihood. The correcting function is

optimum in sense of a minimum of a mean squared deviation between qto_l(x) and G;_¢(x). In
these conditions nonparametric estimates of the equation of the dividing surface fltz_ 1(x) and

the correcting function q?_l(x) in (4) are presented in the form

fiy ()= Py H(x) - P (%),

Gt_1(x) = (nece py (X))_l_ > Qt—l(xi )q{x ;tXi ] : )

|E|t

Here ﬁtj_l(x) - is nonparametric assessment of a probability density of distribution x in
class Q.

Let f.5%(x), pe(x) are limited and continuous with all the derivatives to the second order
inclusive. We will designate these conditions through G;_;.

Theorem. Let: 1) the equation of the dividing surface fltz_l(x) and a collateral probability
density p;(x) of distribution x in classes obey G;_j; 2) nuclear functions ®(u)>0 in
nonparametric statistics Gy_1(x), f.5'(x) obey H; 3) sequences c, =c(n;)—0,

(nl,t—l A )

A:A(nt)—>0, —)0, N{Ct > © at Ny — o, nllt_1—>oo, nzyt_l—)OO.
M t-1 N2 t-1 G

Then the hybrid model fltz(x) possesses properties of an asymptotic unbiasedness and

solvency of rather decision function f.},(x).

Proof.
1) Let's consider expression

2)
M (75 00) = M (75 200+ G2 ) = M(E5L00)+ M (G2 (), ©)
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where M - is the sign of expected value.
By definition of expected value, if qt_l(xi)z qto_l(xi )+A , We have

MG5(0)= i) 084610 * )

t

a0 0% )

t

Let's carry out replacement of variables in integrals of the received expression
(x=1)c;t =u. Let’s spread out functions gqd4(x—cuu), pr(x—cu) in Taylor series in a point
X. Taking into account properties of nuclear functions at rather great values n; we will

receive
2

M (G2 () = q9_1<x>+A+ﬁ(X)((q9_l<x> o (0)f? +a P00t

2
Here (qto_l(x) pt(X)} ), pt(z)(x) - are flexons of the corresponding functions. By symbol

O(ct“) are designated the composed order trifles ct"’.

From the analysis of expression (7) when performing conditions ¢, >0, A—>0 V

ny — oo property of asymptotic not shift of the correcting function qt_l(x) follows.
Asymptotic expression first composed in (6) is determined by analogy

M (fltz‘ 1(x))= M (Iﬁl,t—l( X)— P2,t-al X)):

1 X—1 1 X—1
=—[®D _ dt——— [ D _ dt.
Ct—lj (CHJPM 1(t)dt ‘ | (Ct JpZ,t 1(t)dt

After simple transformations we will receive
2
St _ Ci_
M {500 155200~ 2 (6(2) 400 021 (0). ©

In this expression pgzt)_l(x) - density flexon of probability p;_4(x) on x, j=1,2.

From condition ¢;_3 —0 at njy_j—> o0, Ny 53— oo, property of asymptotic not shift of

nonparametric statistics f,, *(x) follows.
Taking into account expression (6) and the received results (7), (8) asymptotic not shift of

hybrid decision function fi5(x) follows.
2) Let’s investigate asymptotic properties of a mean square deviation
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M{£L ) F5 00 =M(£520)+ a0, (0 F52(0)- gy (x)f =
M50 - £5100f + M0, (00 -Ga (f +
+2M (5200 - £510) (00, ()~ 81 (x))). ©)

Let’s consider expression

M{a®, (-G 1 (f =00, 00f ~200, (G M@Ga)?. (o)

Carrying out similar transformations, we will calculate

M2 607 = (e G [z M{(qtl afor{; B

iel t Ct

+Iezlltjez|tM{(qt . +A)c1{x tX DM[(qtol(i)JrA)cp(X—cij _
1#

- (he m(x)y{n{f e o[

+2quto_l(r)d>2(x_rj pt(r)dHAZ;q)Z(X:J pt(r)er+

Ct

o ){J(qtol( )+A)(D(XC_T] Pt(f)dTJzi*

C‘tfj o (€) de+

t

2
(8040f r0?@)a 60,00+ af +M((qt0_1(x) 0 00f) pt(Z)(x)j. (11)

neCt Pr(x) - pe (x)

Substituting expressions (7), (11) in (10), at n; — oo we will receive

- 5 - B : ); Lf;;
0 2
AL (60.00 mf+ 4 o9 1) 42
When performing these transformations composed trifles 0(/n; ), 0(c; /n; ), 0(A/(ncy)),

O(ct4 ) weren't considered.
Let’s define asymptotic expression for a mean square deviation
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M(15200- 75200 = M(pyea()— prea(x)P -

—2M ((Dl,t—l(x)— ﬁl,t—l(x)xpz,t—l(x)— ﬁz,t—l(x)))JrM(Dz,t—l(X)— ﬁz,t—l(x))z . (12)
Asymptotic expression for a mean square deviation ﬁj,t_l(x) from pj’t_l(x), j=1,2 is
received in [8]

_ [@%(u)du +c{‘_1f(p§2,)_1(x))2dx

_ t
MIpi+—1(X)—Pi t_1(X 2
(pyc-s0= Pyl ~ 250 y

It is easy to show that
M ((pl,t—l(x)_ ﬁl,t—l(x)xpz,t—l(x)— pZ,t—l(X)))'“ Ct g pﬁ)_l(x) pgz,t)_l(X)-

Then at rather great values of nj_4, j=1,2 asymptotic expression for a mean square
deviation (12) is presented in the form

(X))z _ J<I>2(U)du(nl,t—1+n2,t—1)
M,t-1 N2,t—1 Gt

M (15200 51 (13)

The composed trifles O(ct4_1) are excluded. Substituting expression (11), (13) in (9) at
Mt —>, Ny 1 —>0, Ny —oo, we will receive

. J®?(u)du (”1,t—1+n2,t—1)
M (14 () 5 )f ;
M,t-1N2t-1 Ct—1

0 (x 2(u) du 0 (x)Ac?
(qtl(nt)z L:sz)( ) +( to—l(X)JFA)2 + qt_lét ()XA) : ( t0—1(x) Pt (X))(Z) + A%,

+

In the course of transformations the composed trifles O(ct“_l), O(ct2 A) weren't considered.

(nl,t—l + n2,t—1)
Mt N2t-1 G

From conditions c¢; —0, -0, nc¢ >, A0 at ng —> oo,

M g —> %, Ny y_q —>o0, CONVergence in mean square statistics f,5(x) follows. The last

statement and asymptotic not shift of hybrid model f_lt2 (x) defines property of its solvency.

4. Acknowledgment

Hybrid systems provide the effective solution of problems of pattern recognition in the
conditions of non-uniform data of large volume. Sources of the non-uniform training selection
are: not stationarity of objects of research, existence of the completed admissions of data and
their polytypic character. The structure of hybrid system of pattern recognition in a two-
alternative problem of classification is based on consecutive procedure of correction of the
equation of the dividing surface. At each its stage the intermediate hybrid model of the
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equation of the dividing surface is specified by the correcting function. Estimation of the
correcting function is carried out by results of computing experiment with the intermediate
decisive rule and use of one of uniform parts of the training selection. As its model
nonparametric regression is used. The hybrid equation of the dividing surface possesses
properties of asymptotic convergence.

The type of the correcting function and feature of the training selection generate family of
hybrid systems of pattern recognition . Use of consecutive procedure of formation of structure
of hybrid system allows to organize the accounting of partial aprioristic data on a type of the
equation of the dividing surface. Further development of a technique of synthesis of hybrid
system of pattern recognition is connected with its generalization on a multialternative
problem of classification and the analysis of its properties in a multidimensional case.

This work was carried out as part of assignment No. 2.914.2014/K of the Ministry of
Education and Science of the Russian Federation.
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