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In this work consider an important problem of simple and effective generation of elementary
features in the general scheme of the approach — branched feature selection in the construction of
tree-like schemes of recognition of discrete objects. Since the correct choice of features in the
process of constructing the recognition system affects the simplicity and efficiency of the result-
ing scheme, a simple method of generating elementary features is proposed and several simple
algorithmic implementations effective in terms of memory saving and performance are given on
the basis of it.

Key words: elementary feature, recognition system, training sample, discrete object.

Introduced.

As you know from the scheme, distributed choice signs that detail has been considered in
[1,2,3] process of incremental construction of the General result tree recognition meets the
faster, the better will be elected subatomic signs at each step [4.5].

A key, requirement which is imposed on the elemental sign is its simplicity. The latter
means that the elementary sign should represent, simple scheme (formula). Let G set n—di-

mensional arithmetic vectors, that is, sequences of real numbers f(y,,¥,,.....,) . Then each
elemental sign on the G set represents a predicate f(y,,,,....,»,) . Simple predicates in this
case would be the following:

L if Za,.yl. +520
1) S, Vs ¥,) = ; (la)

0, if Za,yi +b<0
i=1
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1, lJf Z(y, _aiy)Z -b<0
i=1 .

2) fWis Yo ) = R ; (1b)
0, if D (y,—ay) ~=b>0
i=1
L if a<y<b, (i=12..n)
3)f(ypyzw--»yn)={ 0. s . (1c)

Features (1) have the general scheme: is a function ¢(x,,x,,...,x,) that accepts a valid
value. The function ¢(x,,x,,...,x,) sets the following sign:

P {L i 00 30e3,) 20 o
PRI 0, i Vs y,) <O
Sign (2) depends on the complexity of the function ¢(y,,y,,...,»,). In the case of (1.a)
function ©(y,,,,...,»,) is linear, as in the case of (1.b) quadratic.

In general as a function ¢(y,,),,....»,) can be considered a random polynomial

il iZ in
2 G, VY

1 yeesly

The complexity of this polynomial, you can estimate the number of factor needed to ask.
From this point of view the most simple polynomials are polynomials y, +a,(i=1,2,....,n)

where a— is a real number.
These polynomials representing the signs of the following:

1, if y,2a
07 lf y)ﬂ < a ’
where m— a fixed number of sets of numbers {1,2,....,n} .

(P(ypyza"'oyn):{ (3)

Note that in the case where G is a set of zero-vectors x,,x,,....,x,, i.e., X, €{0,1},

(i=1,2,...,n), then feature (1.1) can also be taken as elementary.

Features of the form (1.1) in the theory of two-digit functions are also called threshold
function.

Let set some staff training picks and some system L - elementary features. The question
arises how from L you can select elementary characteristic ¢, that the best way approxima-
rely training data.

If the number of plural features set L is not very large, then the best feature from L with
can be chosen by a finite search. The latter means that for all features @,,,,...,¢, of the set

L it is possible to calculate the efficiency W, (¢,),(i=1,2,...,n) and select the feature
¢,,,(1<m < n), for which the condition W,, (¢, ) =maxW,,(¢,) [4] is satisfied.

1<i<n
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But only, that this situation is not very common in practice. More often, there is a situa-
tion when the set L is large enough or even infinite. For example, the set of all features of the
form (1.1) is not only infinite, but also continuous. It is clear that in this situation, other ap-
proaches should be used to select elementary features.

Let us proceed directly to the consideration of the ways of choosing elementary features
in the set G of n— dimensional arithmetic vectors.

The general scheme of the generation elementary features.
Let us present a test sample (TS) as follows:

(xlafR(xl))’"-a(xM 3fR(xM )) > (4)
where x,€G, (G - some set), fr(x;)e€{0,1,2,.,k-1},(i=12,..,M) and accordingly
Jr(x)=1,(0<[<k-1) means that x, € H,,H, c G. Here f; is some finitely significant
function that specifies the partition R of a set G, that consists of subsets (images)
Hy,,H,H,,..H,_,.

Thus, it can be concluded that TS is a set (or rather a sequence) of some sets, and each set
is a set of values of some features and values of some functions on this set. We can also say
that the set of feature values is a certain image, and the value of the function relates this image
to the corresponding image (class).

Let (4) the training sample, in which there are only two images H,H,, thatis fr(x;) -

takes only two values 0 and 1, and the objects x; belong to the set G, that is have the form

yf,yé,....,yf, , i=12,...,M) . Consider the classes:
G, = 4%,/ fo(x)=m}, (m=0,1). (5)
Note that if the voters (4) have [ pairs (x;, fz(x;)), that satisfy the ratio x; =x and
Jr(x;))=m,(0<m<1), it is considered that the object x is included in the class G,, - [/
times. Through n, and n,, accordingly, denote the number of objects in the classes G, G;.
The choice of features, which are shown below, is based on the assumption (hypothesis) of
compactness of classes G, G, . The latter means that the objects of each class G,,G, are

grouped around some points, which are the centers of mass of these classes. As these centers, it
is natural to choose the arithmetic mean of classes G, G, , that is:
2 X 2
x;€G x; €G,
Zy="0 ) 7, =5 (6)
ny n
Let Z,=(Z,...,Z)) and Z, =(Z|,...,Z.). Z, and Z, can be interpreted as the centers

of mass of images H,H, and the number n,, n, - the mass of these images.

Let the component r,(1 < r < n) satisfy the relation:
Zf—Z,f|=max Z°—Zl.l| )

: i
1<i<n

It can be concluded that with the help of components Z in some sense the images H,
and H, are separated in the best way. Now you need to find a point @, on the component y,
that would be a feature of the form:
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1, if y. >
cp(y],--.,yn):{ vy, 2a ®)

O’ l:f‘ y}‘ < al‘ '
the best way to share the images H, and H,. It is permissible for certainty that Z° < Z'. If
only the centers of mass are known Z, and Z, then the best thing we can do is choose as the
number g, of the form:
VARYA
a =22, ©)
2
If in addition to centers Z, and Z,, to take into account the mass n, and n,, then it is

natural to assume that:

a - nZ!+n,Z, ' (10)
ny +n,
Formula (10) follows from the following considerations. Let the points are located in this
way — Fig. 1.

a
1, , ",
[ - e
Z° z

¥ ¥

Fig. 1 the location of the mass centers of the classes

If we assume that the masses of images H, and H, are distributed evenly by the argu-
ment y,, then a, we should choose such a way that the ratio is executed:

—7°
4.—4, _ny (11)

Z’—a  n '
Note that the formula (10) can be obtained from (11).

Algorithm for selection of elementary features for discrete objects.

Thus, it is possible to suggest the following algorithm of selection of the elementary fea-
tures of the form (3).

On the sample (4) we calculate the centers of mass of classes Z, and Z,, mass n, and

n, images H, and H,.

According to the formula (7) select the component y, and the formula (10) is determined
a, . Feature (8) will be the result of the selection process just specified. And this choice will be
the better, the more the images H, and H, are spaced on the component y, . After selecting
the attribute (8), all points x whose component » — does not exceed the number a, , refer to
the image H, and all other points — to the image H,.

The advantage of this algorithm is that it has elementary features of a fairly simple form.
Indeed, to represent signs of the form (3), only one number a, should be stored in memory.
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An important property of this algorithm is that the calculation of the centers Z, and Z,,
masses 7, and n, can be performed sequentially in the order of receipt of pairs TS (4). Thanks

to the latter, it is not necessary to store the entire sample (4) in the computer memory.

The above algorithm can also be used in the case when the sample (4) is not stored in the
external memory, and at each step of constructing a logical classification tree is fed in a new
way. In the latter case, the sample (4) should be worked out until the values Z;, and Z, begin

to stabilize for some numerical values.
The above algorithm can be modified as follows:

1) Calculate according to (6) centers Z,(z,...,z.) and Z,(z,,...,z,) , masses n, and n, .

2) For each component y, was calculated as follows, two numbers b’ and b,
i=1L2,.,n).

Let us suppose for definiteness that z] <z, .

Define classes:

Gy =A@y ) (103,) €G3, 2 20}, Gl =A{(1s ¥ ) (9150 ,) €Goy, 2 2 (12)

Through E; denote the projection of the G! class on the i— component. Then 5" we
calculate as follows:

Dy

bim _ )’Egéi ) (13)
G,
Where GT, is the number of Gi,'n class objects.

Note that some objects in the E class can be repeated several times. From (13) you can

see what b" is the arithmetic mean of the classes a . Clearly, b) >z} and b >z/. Among all
components y, we find a component y, for which the difference ¢, =) —5° is the greatest. If
¢, 20, then impose:
b +b)
R (14)
2

If ¢, <0, then q, itis calculated by the formula (9). After that, in accordance with (8) we

a

construct an elementary feature ¢ . Note that the number 5’ indicates the range of masses of
the image H, to the right of the point z{ , number b, of the range of masses of the image H,

to the left of the point z, .

This algorithm has such a drawback that you first need to calculate the numbers
Z!,Z!,(i=1,2,...,n), and then calculate the numbers b’,b',(i =1,2,...,n) .

We draw attention to the fact that this procedure actually needs at every step of the pro-
posed algorithm of the actual double processing of the test sample of the form (4).

Modification of algorithms of formation of the basic characteristics of discrete ob-
jects. Given all the above, we propose a modification of the last algorithm, in which TS of the
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form (4) at each step is processed only once. For ease of recording, we fix the image (class)
H , and the first component of the n— dimensional vector x = (x,,x,,...,x,). Let (x,£,(x,)) -

couple from TS (4). Next, the first component of an arbitrary vector will be denoted by x, .

For certainty, we assume that all pairs (x, f,(x,)),(x, /. (x,)),.... (x, f,.(x, )) and only these
pairs belong to the image H,,.

At each step i of the algorithm we will calculate the number d,,z,, k.l and I,
(i=1,2,..,n,). Let x, <x,. Then you can put:

X, + X,

d, =x,,2z, =

hy=x,.0 =11 =1, (15)

If x, <x,, then in (15) x, is replaced by x,,and x, on x,.

Suppose that we have calculated the number of d,,z,,h,,/; and /7. Onthe i+1 step lay:

i*z, +x, X, —z
Z,'H — .: i+l [+ 1+.1 i
i+1 i+1
Check the condition z, <x,, +1.If z <x,, we have the following:
_ li+ *hi X _ Xis _hi .
o+ EANS T
Fa=0+LIL,=1.d,, =d,.
If x,,, < z,, then put:

oy =ho b5 =100 =1 +1;

P27+l i 2%+l
Tk —
_ li di +xi+1 _ xi+l di
i = — =d. —
" I7+1 YL+

Based on (15), itis i easy to prove the following relation by induction:
d <z <h,’ <il <iforall (i=2,..,n).

Then put d =d, ,z' =z, .k’ =h, . Similarly, we calculate the number d} of compo-
nents (j=2,3,..,n). Thus, as above, you can calculate the numbers z),d,h;, here

VAN
(j=1,2,...,n,) for the image (class) H,. Next, we expect the following:

() 1
-z +zZ
¢, =——= (16)
2
da+n .,
i 5 ~, if z;<z ;
“Taen
L if z >z,
2

Here (i =1,...,n). So in the end we will consider the following features:



26

I. Povhan
ISSN 2224-087X. Electronics and information technologies. 2019. Issue 12

Loify =c;
0, if y,<c,.
Here, (i =1,...,n) too.

Among the signs (17) at the stage of the exam is selected and the feature ¢, for which

@, (Vo) ={ (17)

the value W (¢) will be the greatest.

In addition to features (17), you can check the following features. But first, let the j—

coordinate of the vector x,, that is included in the sample (x,, f(x;)) pair (4) be denoted by

(x,)’ . Next, the ratio f,(x;)=m,(m=0,1) is presented in the form x, € H, . Calculate the

values:

L} = min(x,)’,R" = max(x,)’ . (18)
x;€H, x eH,,

m

Here (m=0,1;j=1,2,...,n) . Next, calculate the following:

L +R!
N RO R
2 J J
D, = (19)
. 1 0
Li+R, 1
5 if R, <R,
After that, based on (19), we construct the following features:
L, if y,2D;
(Ve y,) = ! ' 20
0 (V> 7,) {0’ if v <D. (20)

Among the signs of the form (20) and (17) at the stage of the exam, you can choose the

sign for which the value W (@) will be the greatest.

The characteristic of type (8) can be summarized as follows. Let a,,a,,...,a; some num-

bers the same a, <a, <...<ag. Then as a sign we can take the following:

07 if‘yrgal;
1’ if‘al<yrga2;
O(p,y,) =9 L ifa, <y <a.,; . (21)

S-1, if a;, <y, <ay;
S, if ag<y,.
Here (r =1,2,...,n) .
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The following procedure is used to construct the attribute of the form (21). For each com-
ponent x,, (1<i<n) we calculate two numbers E; and E; suchthat Ef > E . As E and

E; you can take these numbers:

E' =max(z],z)); E; =min(z/,z}) . (22)

Here z!,z], respectively, the coordinates of the centers of mass of images (classes) H,
and H,.As E and E; can take the values:

E/ =max(h’,h); E; =min(d,,d}). (23)

Here (i =1,...,n) and h',h,d’,d' -the values that appear in the ratio (16).

If the images H,, and H, not much "scattered", then as E' and E, you can take the fol-
lowing values:

E/ =max(R",R)); E; =min(L],L;). (24)

For certainty, we fix the first coordinate (that is, we put i =1). Let N - it be some posi-
tive integer. Divide the segment into equal parts:

A ={x,/E +8*j<x <E +8(j+1)}.

Here (j=0,1,3,...,N-Li=12,...,n,)) and § :M. Through X?. denote the number

N J

of pairs (x,£.(x,)) with TS (4) that satisfy the ratio (x,)' € A/, f,(x,)=0.

Similarly 2, ;» denote by the number of pairs (x,f,(x;)) (4) that satisfy the relation
(x,)' €A, fo(x,)=1.Here (x,)' we denote the first coordinate of the vector x, .

Divide the numbers 0,1,..., N —1 into two groups O, and Q,. We define them as follows:

O, =1/ =0 }; O =4i/N) <A} (25)

It is clear that Q,NQ, =0. If the ratio (e Oy Aje€Q)Vv(ieQ AjeQ,) is satisfied
for the numbers i and j, this fact is denoted by i = ;. If the ratio i = j does not take place
then this fact is denoted by i~ j .

Let j, <j, <..<js, (j, =0), be all such numbers {0,1,..., N —1}, that satisfy the rela-
tion:

if j, <j<j, then j, ~j and j,,=j;

if jo <j then jo=j.

Here (r=0,L,...,5-1), and as the numbers a,,a,,...,a5 , that are included in (21), you
can take the following values:

a, =E +8*}
a, = B +8% ), (26)
a; =E; +06* jg

Note that similar values can be calculated for all other coordinates.
The calculation of values (26) for all coordinates in direct program implementation may
not be optimal from the point of view of performing a large number of operations. Therefore,
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among all the coordinates for the calculation of values (26) it is appropriate to choose one or
more coordinates that have some features. For example, among all coordinates, you can select

the coordinates i for which the value E —E; is the largest.

And finally, we note that the last feature selection algorithm can be applied in the case
when the images (classes) H, and H, are not related.

Result.

The paper proposes general algorithms for the formation of elementary features and
schemes for their optimization in the design of discrete object recognition systems.

In this case, an attempt is made to take into account the resource features of implementa-
tions (memory, performance), as well as the main requirement for elementary features — its
general simplicity.

The latter means that the elementary feature should be represented as simple as possible
by a scheme (or formula).
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TEHEPAIIS EJIEMEHTAPHUX O3HAK V 3ATAJIBHIN CXEMI
PO3III3HABAHHS HA OCHOBI JIOITTYHOI'O JEPEBA

I. IToBxan

Kageopa npoepamnozo 3abesneuenns cucmenm,
JIBH3 “Vorceopoocvkutl nayionanbHuil yHisepcumem ™,
8yn. 3anvrogeyroi Ne89F, 88000 YVoiceopoo, Yrpaina
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Pobota migHiMae BayKJIMBE MUTAHHSA B TEOpii PO3IMiZHABAHHS JUCKPETHUX 00‘EKTIB MOB‘sA3aHE
3 3araJibHOI0 CXEMOIO TeHepalil eeMEHTAPHUX O3HAK IMPU MOOYAOBI PE3yIbTYIOUOTO JIOTIYHOTO



I. Povhan 29
ISSN 2224-087X. Electronics and information technologies. 2019. Issue 12

nepeBa knacudikarii. Tak mpeacTaBieHHsT HaBYaIbHUX BUOIPOK (AUCKpeTHOI iHdopMmalliil) Beiu-
KOro 00°‘eMy y BHUIJISIII CTPYKTYP JIOTIYHHX JEPEB Ma€ CBOI CyTTEBI MepeBary B IUIaHi €KOHOMIY-
HOTO ONHUCY JaHUX Ta epEeKTHBHUX MeXaHi3MiB poOOTH 3 HUMH. [[OKPUTTS HaBYaJIbHOI BHOIPKH
HabOpOM €EeMEHTapHHX O3HAK Y BUIAJKY JIOTIYHOTO [epeBa, MOpomKye (GikcoBaHy AepeBOMOIi-
OHY CTPYKTypY IaHHX, sika B sIKICh Mipi 3a0e3Meuye HaBiTh CTHUCK Ta MEPETBOPEHHSI II0YaTKOBUX
JaHUX HaBYAIBHOI BUOIPKH, a OTXKE A03BOJISIE CYTTEBY ONTHMI3allil0 Ta EKOHOMIIO arapaTHUX pe-
cypciB iHdopmartiiiHoi cucremu. OTKe MPEACTABICHHS Pe3yJIbTYI0U0i CXeMH PO3Mi3HAaBaHHS Ha
OCHOBI JIOTIYHOTO ZiepeBa, J03BOJISIE 3a0e3MeUNTH MiHIMaNbHy (OPMY CHCTEMH PO3IIi3HABaHHS Ta
BHCOKY SIKICTh Kiacuikarfii.

B po6oTi mpomoHyeThes 3arajbHa IOKPOKOBA CxeMa TO0YI0BH SIEMEHTAPHUX O3HAK IS Ta-
KO0 JIOTIYHOTO JiepeBa, Ta JA€ThCsl cxema Moaudikaiii JaHOTO airopuTMy B IUIaHI €KOHOMIl
maMm‘sTi Ta MPOLECOPHOro 4acy. Tak, 3AaTHICTh JIOTIYHUX JepeB BUKOHYBATH OJHOMIipHE po3ra-
JIY)KEHHS JUIsl aHaJli3y BIUIMBY (Ba)XXJIMBOCTI, SIKOCTI) OKPEMHX 3MIHHHX Ja€ MOXJIMBICTh MpPALfO-
BaTH 31 3MiHHUMH PI3HHUX THIIB y BUTJISI PEIUKATIB.

B naniit po6oTi po3risaaeThes BaxinBa npodiaeMa npoctoi ta eeKTUBHOT reHepallii eneme-
HTApPHHUX O3HAK B 3arajibHiil CXeMH MiIX0Ay — PO3ralyKeHOro BUOOpY O3HaK HpH o0y I0Bi Aepe-
BOMOJIOHMX CXEeM pO3Mi3HAaBaHHS IUCKPETHUX 00°€KTiB. BimmiTMO, 110 ramy3p 3acTOCYBaHHS
KOHLIETILT JIOTIYHUX JepeB B JaHUIl Yac HaJA3BHUYAHHO 00°‘€MHA, a MHOXHMHA 337a4 Ta Ipodiem,
SIKi PO3B*SI3YIOTECS JaHUM amapaTtoM Mojke OyTH 3BelieHa 0 HACTYIHHX TPHOX Oa30BHX CErMeH-
TiB — 3aJa4i ONUCY CTPYKTYp JaHHUX, 3a]a4i po3Mi3HaBaHHs Ta Kiacudikauii, 3aga4i perpecii. Tak
SIK TIPaBHIBHUM BUOIp O3HAK B MPOLEC] TOOYAOBH CHCTEMHU PO3MI3HABAHHS BILTMBAE HA HPOCTOTY
Ta e(eKTUBHICTH OTPUMAHOI CXEMH, MPOIOHYETHCS MPOCTHH METOJ TeHepalliif eleMEeHTapHUX
O3HAaK Ta Ha OCHOBI HbOT'O HNPHBOATHCS JAEKiIbKa MPOCTUX ANTOPUTMIUHMX peajizawiii edhexTrs-
HUX 3 TOYKHU 30py €KOHOMIT maM‘sTi Ta HIBUAKOIII.

Knmiouosi cnosa: eneMeHTapHa 03HaKa, CHCTEMa PO3Mi3HABAHHS, HABYAIBHUIT 3pa30K, AUCKpe-
THHUH 00’ €KT.
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