
ISSN 2079-0023 (print)  

ISSN 2410-2857 (online) Системний аналіз, управління та інформаційні технології 

Вісник НТУ «ХПІ». 2016. № 37 (1209) 17 

UDK 004.827 

D. E. DVUKHGLAVOV, O. V. MUZYKA, S. O. HLAZKOV 

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 

Представляється модель розпізнавання ситуацій у детермінованому алфавіті на основі сукупності кількісних та якісних ознак, що враховує 

різнорідність даних, що поступають від джерел інформації. В моделі вдосконалюється якість формалізованого опису кількісних ознак за 
рахунок використання гістограм заміст нечітких L-R інтервалів, що надає можливість організації самонавчання системи розпізнавання 

ситуацій на основі обробки статистики розпізнавання. Представлені рекомендації щодо формування наборів ознак для подолання неповноти 

даних. 
Ключові слова: розпізнавання ситуацій, алфавіт класів, кількісна ознака, якісна ознака, нечітка міра, неповнота даних. 

Представляется модель распознавания ситуаций в детерминированном алфавите на основе совокупности количественных и качественных 

признаков, учитывает разнородность данных, поступающих от источников информации. В модели усовершенствуется качество 
формализованного описания количественных признаков за счет использования гистограмм вместо нечетких L-R интервалов, что позволяет 

организовать самообучение системы распознавания ситуаций на основе обработки статистики распознавания. Представлены рекомендации 

по формированию наборов признаков для преодоления неполноты данных. 
Ключевые слова: распознавание ситуаций, алфавит классов, количественный признак, качественный признак, нечеткая мера, 

неполнота данных. 

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 },...,{ 1 L
XX , 

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: 

 },...,,{ 21

m

M

mm

m m
KKKA  , (1) 

where 
m

iK  – classes of alphabet mA ; 

mM  – 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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 ],[
maxmin kkk XXX  , (2) 

where kX  – k-th characteristic used to identify classes 

of objects in the m-th alphabet; 

mink
X , 

maxk
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: 

 },...,,{ 21

k

Z

kk

k k
zzzX  , (3) 

where 
k

pz  – p-th possible value of k-th characteristics 

used to identify classes of objects in the m-th alphabet; 

kZ  – 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 )( m

iKval  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: 

 k
Rk

Q

q
q

Q

q

m

i XGK
iq

ii



 
11

, (4) 

where qG  – alternative group characteristics q, which 

allow to make recognization; 

iQ  – number of alternative groups characteristics 

used to identify i-th class situation; 

iqR  – set of indexes of q-th alternative 

characteristics group, used to identify the i-th class 

situations. 

For each characteristic, which used for recognition  

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

determined the pattern of values characteristics 

appearance for a particular situations as fuzzy set 
miq

kN , 

which can be presented as  

 ))}(,{( k

miq

k

miq

k XXN  , (5) 

where )( k

miq X  – degree of belonging to i-th class 

situations according to values of characteristic 
m

kX
 as part 

of q-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 
kR  or their number 

kK .  

In the last case the width of the interval is calculated 

according to expression: 

 
k

kkk

K

XX
R minmax


 . (6) 

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: 
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where 
miqk

s  – the function belonging situation to the i-

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

consisting of q-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)): 
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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. 
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Fig. 1 – Graphic illustration of the formalization of the laws of manifestation quantitative characteristics values using histograms 
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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 },,{ 1

tek

L

tek XX   – set of characteristics 

values of particular observed situation; 

determining extent of truth )( tek

k

miq X , which show 

accordance the current value of characteristic 
kX  to 

experts describe patterns of their appearance in situations 

in the i-th class of m-th alphabet, when  characteristic 

looking as part of q-th alternative group of characteristic; 

determining measures )( q

mi 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 qG ; 

determining generalized measures of proximity 

situation )( m

kX  to classes of m-th alphabet; 

determining class *mK  of situation according to the 

set rules of decision making about the class object. 

The value of the signs tek

kX  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:  

 .
*
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Evaluation of truth qualitative characteristics will be 

determined in accordance with rule: 

 .)( k

s

tek

k

miqk

s

tek

k

miq zXX   (11) 

For further recognition, the following equality, just 

as the theory of fuzzy sets:  

  ;)(),(min)( 2121 XXXX   (12) 

  .)(),(max)( 2121 XXXX   (13) 

Defining measures proximity object to the i-th grade 

m-th alphabet degrees of truth for signs of alternative 
qG  

carried out according to the rules of crossing the fuzzy 

sets (expression (12)). The result is: 

 )}({min)( tek

k

miq

Rk
q

mi XG
iq




. (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: 

 )}({max)( q

mi

q

m

i GK  . (15) 

The basic rule is used to make decisions about the 

class object of observation is the following: 

 )}({maxarg
* m

i
i

m KK  . (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: 

  )(     )}({maxarg
* m

i

m

i
i

m KKK . (17) 

According to this rule in determining the class of 

sutiation are considered, a measure of intimacy which 

exaggerates set to . 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: 
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The value  called typical margin. Its importance 

also are in the range [0, 1]. Also must note, when 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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