Igor Sikorsky Kyiv Polytechnic Institute

2017 IEEE First Ukraine Conference on
ELECTRICAL AND COMPUTER ENGINEERING
(UKRCON)

CONFERENCE
PROCEEDINGS

May 29 — June 2, 2017
Kyiv, Ukraine



2007 IEEE First Ukraine Conference on Electrical and Computer Engineering (UKRCON)
Method for Analyzing and Optimizing the Topologic
Observability of Cognitive Maps of Complex
Spatially Distributed Systems

Witalii Mokin, Hona Varchuk, Kostiantvn Bondaletov, Olena Slobodianivk

Department of Systems Analysis, Compuater Monitoring and Enginecring Graphics
Vinnytaia National Technical University
Vinoyvtsia, Ukraine
whmokinid gmail.com, ilona. varchuki@ gmail.com, bondaletow ki gmail.com

Absract — The work offers o new method for analyzing and
uplimizing the topelegic ehservability of cogritive maps of
compbex  spatinlly  distributed systems in lerms o various
upproaches io setting the sptimization problems. Such method &
Based on a mew eriterion of optinal level of its observability. The
method has been elaburated on the basis of the well-knewn
tnpailogic observability unalysis technigue applicuble to camplex
spatially distributed sysiems which are formalios] in their
peoinformation space of parameters. The work demonstraies an
example of upplication of progosed method,
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L INTRODUCTION

A great number of modern complex svstems belong to the
category of spatially distributed svstems, e.g. electric energy
and electric systems, pipeline and transpont systems, river
syatems, ete. [1. 2] An optimuam control over the processes
and parameters of such systems s achievable through the use
of cognitive maps (CM) [3-3]. Moreover, great importance in
solving the problem of optimization of certain object is
attached o the ability to visualize and standardize solution of
its problem with CM. For this purpose, CMs are effectively
used. A cognitive map is a result of cognitive modeling,
carried out by a team of relevant expents. Generally speaking,
such cognitive modeling consists in describing  cemain
processes within a given svstem and the inmemal evems
occurring therein.

One of the key attributes of conwollability of a system is
the observability of such system. Four kinds of observability
algorithms are used in state estinwtors; algebraic, numerical,
topobogical and hybrid. Algebeaic observability is defined as
the ability of syatem model to be solved for a state estimate
[6]. According to the control theory, a dynamic system is
observable if at a finite time interval ¢ = [r,,,J;j, based on the
system’s output af the end of such interval vir ) and using the
known conteol {input) variables afe ) it is possible o define
all state variable values xie; ) [1]. The wpological algorithms

use graph theory and determine network observability strictly
based on the type and location of the measurements in the
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entive  system.  Consequently, topological
strictly faster than algebraic ones [6].

algorithins  are

There are nuidtiple approaches o detenmining the observabiling
for cognitive maps, vet they mstly consider the algebraic
observability amalysis methods [7, 8] However, such methods are
not universal for many types of cognitive maps; they require nuch
effort and time and are hard to computerize in practioe.

Topologic obacrvability is applicable w optimizing electric
energy  systems (EES). Such topologic  observability  is
determined based on special bichromatic graph (BG) of a
gystern: if there is a match where every variable that describes
the state of the system corresponds to a strong edge, ie. the
edge which belongs o the maximoum matching, then the
system i85 deemed flly topologically observable. Here, it is
worth mentioning such scholars well known in the field of
topologic  observability of complex  spatially  distributed
systems (CSDSs). including EESs, as Clemens KA,
Krumpholz G.R., Shahraeini M. A Gamm A, Z. and others
[@-11]. However, the works of the said scholars do not
consider the process formalization specifics in such CSDSs
with the use of Cha.

The aim of this paper is to develop a method for analyzing
and optimizing the topologic observability of cognitive maps
of complex spatially distributed svsterns. The rest of this paper
i organized as follows: In Section 10, classical formulation of
topologic  observability will be investipated and  famous
technology of topoloegic ohservability analyzes a complex
spatially distributed systern will be deseribed. A new method
for amalvzing and optimizing the topologic observability of
cognitive maps of complex spatially distributed svsterns and
an example of its application will be introduced in Sections 111
and IV, respectively. Finally, this paper will end with some
conchuding remarks and future perspective in Section V.

[l AENOWN TECHNOLOGY OF TOPWOLOGIC OBSERY ABILITY
ANALYSIS

A Classical deffaiton of topologle observaliling

Topelogic observability is determined on the bichromatic
graph basis. Such graph is a graph comprising two types of
nodes: the nodes representing the variables (i =T73) and the




	0тит
	2

