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MODEL OF THE SITUATIONS RECOGNITION IN CONDITIONS DISSIMILAR AND INCOMPLETE
DATA

There have been proposed model of situations recognition in determined alphabet, based on combination of quantitative and qualitative characteristics,
considered the data dissimilar, coming from information sources. In the model improved the quality of the formalized description of quantitative
characteristics using histograms instead of fuzzy L-R intervals, which gives the possibility of organizing a self-learning recognition system situations
based on the processing statistics of recognition. Recommendations for formation of characteristics sets to overcome the data incompleteness have
been present. Proposed model may be use for formalization knowledge about situation recognition process. Subject areas for implementation taken
results are diagnostic in medicine and energetic, situation assessment at the military control points, making prognosis in economic.

Keywords: situations recognition, alphabet of classes, quantitative characteristic, qualitative characteristic, fuzzy measure, incomplete data

IIpencraBisieTbCs MOJIENb PO3ITI3HABAHHSA CUTYALil y AeTepPMiHOBaHOMY an(aBiTi HA OCHOBI CYKYITHOCTI KiJIbKICHUX Ta SKICHMX O3HAK, IO BPaXOBYE
PI3HOPITHICTE TaHMX, IO NOCTYNAIOTH BiX Jukepen iHGopmamii. B Mozeni BIOCKOHATIOEThCS SIKICTh (hOPMaTi30BaHOTO ONHCY KUIBKICHHX O3HAK 3a
pPaxyHOK BHKOPHCTaHHS TiCTOrpaM 3aMiCT HediTKMX L-R iHTepBaiiB, 110 HaJae MOMXJIMBICTH OpraHi3aiii caMOHAaBYaHHS CHCTEMH PO3ITi3HABAHHS
cHUTyaliil Ha OCHOBI 0OpPOOKH CTATHCTUKH po3mi3HaBaHHs. [IpeacraBneni pekomenaanii moao GopMyBaHHs HaOOPiB O3HAK IS MOIOIAHHS HEIIOBHOTH
JTaHUX.

Karwo4oBi cii0oBa: po3mi3HaBaHHS CUTYaIlii, ajdasiT KJIaciB, KiIbKiCHa 03HAKa, SKiCHA 03HaKa, HEYiTKa Mipa, HETIOBHOTA JIaHUX.

Ipencrasisercst MOJeb pPaclO3HABAHHS CUTyallli B JETEPMHHUPOBAHHOM aJi(paBUTE HA OCHOBE COBOKYITHOCTH KOJMYECTBEHHBIX M KaueCTBEHHBIX
MPU3HAKOB, YYUTHIBAET PA3HOPOJHOCTh JAaHHBIX, MHOCTYNAIOMMX OT MCTOYHHKOB uH(poOpManuu. B Mozenu ycoBepIIEHCTBYETCs KauecTBO
(hopMaIM30BaHHOTO ONHMCAHHS KOJIMYECTBEHHBIX IPU3HAKOB 32 CUET HCIIOIB30BAHUS IHCTOIPAMM BMECTO HedeTkux L-R mHTEpBasos, uto nossomser
OpraHu30BaTh CaMOOOYYEHHE CUCTEMBI PACIIO3HABAHMS CHTYallii Ha OCHOBE 00paOOTKH CTaTHCTHKH pacro3HaBaHus. IIpencraBieHsl peKoMeHJaluy

110 (HOPMHUPOBAHHIO HAOOPOB PU3HAKOB JUIS IPEOI0JICHUS HEIIOIHOTHI JaHHBIX.
KnioueBble ci10Ba: pacrio3HaBaHHE CUTyalMd, aj(aBUT KJIAcCOB, KOJIMYECTBEHHBIM NPHU3HAK, KAYECTBEHHbIH INpPHU3HAK, HEYeTKas Mepa,

HCIIOJIHOTA TaHHBIX.

Introduction. At the present stage of management
processes automation principles development more often
automation system execute analytical information
processing, which necessary for effective decisions
making. In set of these task also must be include
recognition situations task.

The theoretical basis of recognition situations present
in [1]. Modern recognition situations methods base on
fuzzy sets [2], functionality ordinal networks [3],
Bayesian approach [4] and neural networks [5]. The
difficulty of using some detection methods, in particular
Bayesian approach and neural networks is that their
application requires the collection of statistics over a long
period. To obtain such a set is not always possible. A
portion of the methods works only with the characteristics
of situations, which are continuous variables. Therefore,
more and more to recognize situations relies on methods
that based on the formalization of expert knowledge. At
the same time must retain the possibility of training the
system to improve recognition quality. It can argued that
the methods of pattern recognition, which fully satisfy
modern requirements for this class of systems does not
exist.

In our time actuality of decision this tasks we can see
in medicine [6], in military affairs [3, 7], also in robotics,
in automatic control, during economic analysis. Research
in this scientific area, along with research in the field of
pattern recognition, correspond introduction of intellectual
data processing methods in control points activity, which
is an additional evidence of this research area actuality.

The purpose of the article is development of
method, which allows to represent data for identification
of different nature and to ensure situations recognition in

conditions of incomplete data.

Resolution of the situations recognition task. The
situations (or objects) recognition task is to make
conclusion about the class of observed situation (objects)
by analyzing their characteristics (parameters and
relationships with other objects subject area).

The concept of "class" meets a set of observed
situations (objects), characterized by the regularities of
manifestation properties.

The features of the observed situation, presented in

recognition system as set of characteristics {X, ,...,.X },

where L — number of characteristics used to identify

situations of a certain type. The list of features is common
to all type situations, but these symptoms manifest
themselves differently in different classes of situations.

The observed situations classes grouped in the
alphabet. The alphabet is disjoint set of classes:

A, =KD KD KD 3, M

where  K;" — classes of alphabet A, ;
M, —number of alphabet classes.

Typical tasks of this type is to determine the general
condition based on initial examination of patients based
survey in foster recognition department or type of airplane
or ship according to the various technical means.

The formalization of disparate source data. Based
on the analysis of characteristics used in the detection, we
can conclude that their composition is diverse in terms of
mathematical properties values.

In many cases, the set of possible values of the
characteristic is a subset of the real numbers:
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Xy E[kam’ka]v (2)

where X, — k-th characteristic used to identify classes
of objects in the m-th alphabet;
X X, — minimum and maximum possible

values of attributes for objects that are recognized.

Such characteristics called quantitative. For
example, for the recognition of aircraft objects types such
characteristics are speed and altitude, in medical
diagnostic — are temperature and human height.

Characteristics that take value from a specified list
and do not have the structure in any order, called quality:

2.} (3)

Kk ’

min

k k
X e{z) 2,5,

where ZE — p-th possible value of k-th characteristics
used to identify classes of objects in the m-th alphabet;
Z, — total number of possible values of this

characteristic.
The assignment to a class of situations involves
determining measures of proximity of the object observed

for each of the classes val(K") and the decision to

situations class selected in accordance with the rules.

For this type of characteristics in solving the problem
of recognition of air objects include the size of the group
aircraft or the nature of the maneuver; in medicine — the
overall functional state or the nature of employment.

The basis for constructing rules of measures of
proximity of objects observed classes alphabet is to define
the set of alternative groups characteristics, patterns of
manifestation which will be analyzed. Formally, this can
be determined by the following expression:

UG —UﬂXk, (4)

q=1 q=1keRj

where G, - alternative group characteristics g, which

allow to make recognization;
Q, — number of alternative groups characteristics

used to identify i-th class situation;
R, — set of indexes of g-th
characteristics group, used to identify the i-th class
situations.
For each characteristic, which used for recognition

i-th class situations as part of g-th group, experts

alternative

determined the pattern of values characteristics
appearance for a particular situations as fuzzy set N,
which can be presented as

N =X, k™ (X} (®)

u™(X,) — degree of belonging to i-th class

m
k as part

where

situations according to values of characteristic
of g-th alternative group of characteristic.
One approach to knowledge representation pattern of
display values in the form of quantitative characters is the
use of histograms. This presentation simple to understand

experts allows a satisfactory degree of reliability to pass
basic laws of the subject area and is easy in processing.
To construct a histogram certain features expert must

set the width of the interval R* or their number K.

In the last case the width of the interval is calculated
according to expression:
X =X,

max

R =

For each interval of histogram expert must determine

the value of belonging situation to a certain class.

Membership function values for of quantitative characters
takes shape:

mlqk|x E[ ,ka Rk [.

inm

. WX, e [X,, +RE, X, +2*RE [

ume(x, )=1" . (7)
l”l'rKﬂE!(| Xk € [ Rll:lm’ kam, ]’

where ™M™ — the function belonging situation to the i-

th class of alphabet m, if the value of characteristic X,

consisting of g-th group is the interval s.

Graphic illustration representing regularities of
quantitative characters values shown in fig. 1.

In [3] presents another well-known version of the
presentation patterns of display characteristics is the use
of fussy L-R intervals — trapezoidal functions with key
points (A, 0), (B, 1), (C, 1), (D, 0), where A and D
correspond to boundaries of the possible values of the
trait, B, and C— the range border of most possible values.

It exist possibility this model representation of
quantitative characteristics in the model based on the
histograms. This requires the respective intervals of the
histogram to assign the degree of conformity the same
intervals of the trapezoid used in model of L-R intervals.
However, the use of the proposed model for formalization
of quantitative traits allows to consider more complex
patterns of onset, and, therefore, to provide more accurate
situation recognition.

To formalize of the appearance regularities of quality
attributes in the objects of a certain class expert must
determine the extent possible assignment object to a class
for all possible values of certain properties. Membership
function values on quality characteristics shall look as
present below (expression (9)):

mlqk‘xk _ Zl :
) mlqk Xm — Z
w(x, )= 12 | ©)
e =2,
Graphic illustration representing regularities of

quality characteristics values presented in fig. 2.
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Common list of alphabet classes list of characters on
which the identification and description of regularities of
characters in object form a formalized description of the
authentication process.

A description of the appearance regularities of
characteristics in classes of a given alphabet is a
formalization of the initial stage of recognition. For
further situations recognition it is necessary to establish
rules for attributing to a particular class of situations,

depending on the specific values of characteristics. In [3]
a description of these rules is proposed to be based on
AND-OR graph. In fact, this graph corresponds to a
Boolean expression. But any logical expression, if it is not
a logical contradiction, can be represented in disjunctive
normal form. This approach proposes to use, i.e. features
will be divided into groups and the class situation will be
identified at identification of compliance by all indications
the group.

n™(X,) R X ¥ — current value of
2 quantitative characteristic
1 _________________________________
T
o . THe
vm'q(Xﬁe) B e |
[
[
0 [
l . X,
X kmin X IEEK kaax

Rk

Fig. 1 — Graphic illustration of the formalization of the laws of manifestation quantitative characteristics values using histograms

u™x,) 1 o X i€ — the current value of quality
Ha characteristic
l ______________________________________________
THes
A i T T B OLEETEr | | o
0 1 X
k K tek K
Z Z, Xy Zo

Fig. 2 — Graphic illustration formalize patterns of display values of quality features

The recognition procedure. The class definition of
the object observed made in the following order:
getting a set {X;°,..., X[*} — set of characteristics
values of particular observed situation;

determining extent of truth v™(X ), which show
accordance the current value of characteristic X, to
experts describe patterns of their appearance in situations
in the i-th class of m-th alphabet, when characteristic
looking as part of g-th alternative group of characteristic;

determining measures ®™ (G,), describing the
proximity of the situation at to the i-th class of m-th
alphabet on the results determine the extent of truth of
alternative signs G, ;

determining generalized measures of proximity
situation w(X,") to classes of m-th alphabet;

determining class K™ of situation according to the
set rules of decision making about the class object.

The value of the signs X information have been

taken from sources in the form of estimates, which are for
quantitative traits — point estimation of their values, for
signs of quality —possible values of a given set.

Evaluation of truth quantitative trait determined
according to expression:

*RY

X :1 n + (S _l) mm’l:. (10)

miq teky __ , migk tek i
vi(X = ‘X e
(X =k K {X;"m+s*R.“

inm
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Evaluation of truth qualitative characteristics will be
determined in accordance with rule:

Vmiq(x tek) _ Hmiqk‘x tek _ Zk

k - Ms k = "

S

(11)

For further recognition, the following equality, just
as the theory of fuzzy sets:

v(X; N X,) =min{v(X,), v(X,)f; (12)

v(X; UX,) =max { v(X,), v(X,)}. (13)

Defining measures proximity object to the i-th grade
m-th alphabet degrees of truth for signs of alternative G,

carried out according to the rules of crossing the fuzzy
sets (expression (12)). The result is:

o™ (G,) =min{v™ (X )}

keRjq

(14)

Defining measures proximity object classes alphabet
is made by applying the rules of association of fuzzy sets
(expression (13)). The merger assessments proximity of
the object to a class, the value is:

o(K") =max {o"(G,)}.

q

(15)

The basic rule is used to make decisions about the
class object of observation is the following:

K™ =arg max{o(K")}. (16)

Under this rule class of situation is one measure
which is close to the maximum.

To ensure the required probability recognition results
using a rule the following form:

K™ =arg max{o(K")} | o(K™) >§. (17)

According to this rule in determining the class of
sutiation are considered, a measure of intimacy which
exaggerates set to 8. The value threshold & lies in the
range [0, 1].

While the decision to object class may be a situation
where a measure close to one object slightly exaggerates
the extent of that proximity of the object to another class.
If necessary, prohibition decisions on class facility in such
conditions can be used the following rule:

3] (o(K") w(K.*)>A)A(I¢ - 18)
(K "= Kim)

The value A called typical margin. Its importance
also are in the range [0, 1]. Also must note, when A =0,
will be taken rule, represented by expression (17).

In practice can be applied all at once strategy.

In case of dissatisfaction with the requirements of the
rules of decision-making about the class object carried
refusal of recognition.

Conclusions. Results of the research question of
formalizing recognition process suggest as follows:

dissimilar of data sources appears in traits nature —
they can be evaluated either quantitative or qualitative; the
development of the recognition system must be treated
mentioned traits in both groups;

incomplete data can be overcome through the
analysis of the situation or object from some positions,
which increases the amount of formalized description, but
increases the likelihood of obtaining results;

use histograms to represent quantitative traits is a
good alternative to the use of L-R intervals, providing the
possibility of self-recognition system as the accumulation
of relevant statistics.

Presents the results and findings are the basic for
development, testing and introduction into practice of
corresponding personal recognition situation subsystem
software. Important for the implementation of the model is
to develop and implement self-learning model algorithm .
In turn, this task makes it relevant to the question of
comparative analysis of work procedures for the
recognition of situations on the basis of the proposed
model with the procedures of recognition based on
Bayesian approach and based on neural networks.
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