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Purpose. Elaboration of a method of defining and raising the topologic observability level of multivariable space-
distributed systems, processes in which are formalized both by analytical and algorithmic relations between the GIS object pa-
rameters of these systems.

Methodology. Definition and optimization of topologic observability of multivariable space-distributed systems based on
the transformation of their models, formalized in the geoinformational space of these system parameters, into a classical bi-
chromatic graph.

Findings. The need for solving the defining and optimization problems of topologic observability of multivariable space-
distributed systems is well-founded. The method of formalization of the systems of such type was analyzed; special attention
was paid to the original model formalization method in the geoinformational parameter space related with GIS. We have sug-
gested the method of transformation of the model from this parameter space into a classical bichromatic one, for which the so-
lutions of the topological system’s observability optimization problem are known. The suggested method was realized on an
example of the mathematical normalization model of the mine microclimate.

Originality. For the first time, the method defining the topologic observability of a multivariable space-distributed system
(MSDS) has been suggested. It was based on the formalization of this system in the geoinformational space of its parameters
with further transformation into a classical bichromatic graph, which allows defining not only the MSDS observability level
but also an appropriate variant of the model improvement, which will ensure full observability of this system.

Practical value. The use of the given method of defining observability of multivariable space-distributed systems allows
us quickly and efficiently optimize their system of collecting and processing information, add and delete control and observa-
tion devices, improve the model of the system and take other measures for its full observability.

Keywords: observability, geoinformation systems, geoinformational space of parameters, multivariable system, bichro-

matic graph, matching

Introduction. Many modern multivariable systems be-
long to the class of space-distributed systems, for example,
electric energy and electric systems, pipeline and transport
systems, river systems, etc. Such systems have a big number
of parameters that vary in time and space. It is typical for
them when in some areas or in some periods of time these
parameters are observable and in other areas or periods they
are not.
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Analysis of the latest researches and works. For solv-
ing the observability problems, there is a developed math-
ematic apparatus for electric energy systems (EES). Firstly,
their mathematic models are well studied, as they are not
natural objects but results of mathematic modeling and
technical projecting. Secondly, all their prescribed parame-
ters can be measured precisely. Thirdly, raising controlla-
bility and efficiency of functioning at least 0.01% have giv-
en a significant economic effect. It is necessary to mention
the scientists that are known for defining system observa-
bility, including EES: Gamm A.Z., Golub LL, Clements K.A.,
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Krumpholz G.R. and others [1, 2]. These scientists usually
define observability of space-distributed systems with the
help of a bichromatic graph (a graph with two node types:
variables-nodes and dependencies between these variable
nodes) and classical methods of its analysis and optimiza-
tion by searching for maximum matching between different
type nodes and their number optimization.

However, one of the main problems of this mathe-
matic apparatus use for EES or other multivariable space-
distributed systems (MSDS) is the problem of construct-
ing a corresponding bichromatic graph. This problem be-
comes especially difficult when processes in an MSDS
are described not only analytically but also algorithmical-
ly, and systems consist of a big number of subsystems or
their separate areas for every of which there is a separate
mathematic model and the structure of this model can
vary in certain moments or under certain conditions.
Meanwhile, geoinformation systems are known as an op-
timal formalization of MSDS parameters that consist of
many subsystems and areas with different characteristics
[3]. V.B. Mokin and O.V. Havenko suggested a method
formalization method of a model similar MSDS as a
graph in the geoinformation parameters space (GSP) that
is spatially-logically related to objects in the GIS of MSDS
while the model, formalized in the GSP, can be stored in
the system layer of the same GIS due to the method [4].
A model in the GSP also looks like a bichromatic graph
but different from the classical bichromatic graph with
the help of which the analysis of MSDS model topologic
observability is carried out.

Previously unsolved parts of the general problem.
There is a need for improvement of the approaches and
methods of solving the general problem of defining and
optimizing topologic MSDS observability based on the
model analysis in a bichromatic graph form of this sys-
tem. In particular, a search for automation ways of such a
MSDS model construction taking into account analytical
and algorithmic dependencies between parameters that
should have spatial or logical relation with objects of this
GIS. Automation of model construction would signifi-
cantly accelerate the process of its identification and op-
timization associated with the search for an optimal vari-
ant of the model improvement that would make the
system observable.

Setting the problem. As the method of formalization
of the MSDS model like a graph in its GSP which is the GIS
element of this system suggested by Mokin V.B. and
Havenko O.V. eliminates the automation problem of such a
model construction taking into account analytical and algo-
rithmic dependencies between parameters that should have
spatial or logical relation to objects of the GIS of this system,
the optimal solution of the above-mentioned problem would
combine the formalization method of the MSDS model of in
the GSP with a method of analysis and optimization of this
MSDS for topologic observability. However, the construc-
tion and marking principles differ a little for bichromatic
graphs of these two methods. Therefore, it is necessary to
elaborate an algorithm and rules of transformation of one
graph type into the other for combining all advantages of the
both methods.
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Presentation of the key material. Let us characterize
the construction method of the MSDS model in its GSP in
more details.

Let us consider such a vivid MSDS example as a city
transport net. The geoinformational parameter space is a ge-
ometric image represented with a multitude of all possible
parameters possessing the natural proximity notion of all
possible spatial objects at all layers of which the MSDS
geoinformation system consists [3]. The multitude of all pa-
rameters represented as points (nodes) with coordinates
(x, v) from a mathematical point of view creates a two-
dimensional sub-space and from an informational point of
view, a system layer of the geoinformation system the pa-
rameters of which it describes.

It is suggested to use GSP for formalization of possible
analytical (functional) or algorithmic relation between pa-
rameters by means of polygon creation, nodes of which are
the GSP points that correspond to all interrelated parameters,
while the dependencies that describe these relations from
the informational point of view are formalized (“are bound
to”) as attributes (parameters) of these polygons that are
stored in the GSP data basis. If K is the parameter number of
the dependence that it relates, then three variants of such de-
pendencies can be singled out:

- K> 2: the GSP points are nodes of the polygon (mul-
tangular) the attribute of which is the dependence that re-
lates these parameters.

- K = 2 (a confluent variant of the first type): two GSP
points are connected by a line the attribute of which is the
correspondence that relates these two parameters.

- K=1 (a confluent variant of the second type): the
very point of the GSP is a geometric image of the relation,
for example, when a parameter is prescribed with a con-
stant or a function that depends, for example, on time but
not on other GSP parameters (however time, of course, can
also be a spatial object parameter of the GSP MSDS, then
this dependence transforms into a confluent variant of the
first type).

In every dependency that is formalized in the GSP, all
parameters are divided into incoming if K>/ and one result-
ing that is calculated through the incoming ones, meaning
that every dependence is a solution to a certain mathematic
model concerning one resulting variable or an algorithmic
calculation of this variable from the incoming variables.
Every parameter can be incoming in one dependence and
resulting another in such a way formalizing a system of de-
pendencies. Such a model formalization approach also lim-
its the use of the method — in the GSP it is impossible to
formalize dependencies that cannot be solved (expressed)
in relation to one variable.

A parameter is considered dependent on another pa-
rameter if its change results in a change of the other param-
eter. A parameter is considered independent of another pa-
rameter if its change does not result in a change of the other
parameter. A parameter is called independent (input) if
there is no parameter which it depends on.

A parameter is called influencing other parameters if it
is dependent on this other parameter. A parameter is called
non-influencing other parameters if it is independent of the
other parameter.
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A parameter is called non-influencing if there is no pa-
rameter that depends on it. A multitude of influencing pa-
rameters of a parameter is a multitude, every parameter of
which influences on this parameter. A multitude of non-
influencing parameters of a parameter is a multitude of the
GSP parameters, no parameter of which influences on this
parameter.

Thus, every parameter (signified as Py) in the GSP cor-
responds to two multitudes of parameters:

- a multitude of influencing parameters Py

Py =[P, Py, ..., Bal,

where k; — a number of parameters that influence the pa-
rameter Py;
- a multitude of non-influencing parameters Pyy

Pyv = [P, Py, oo, Beal,

where k, — the number of parameters that do not influ-
ence the parameterF, , k; + k; = K — 1, excluding the
B, parameter in every multitude. Namely, general possi-
ble 2¥'combinations of parameters that influence the pa-
rameter Py. In general, any r combination of parameters
(signified as B;) from the multitude of influencing pa-
rameters Py, that influence the parameter P, can be repre-
sented as

B, = [byb,bs - ..o by by ], k< ky,

parameter j from the multitude of influencing parameters
Py is irrelevant; b; = 1 —parameter j from the multitude
of influencing parameters Py is relevant.

Every object from the GSP preserves a dependence
identifier (FID) based on which the calculation of the pa-
rameter is carried out. Thus, for K = 4 an example of the
system model formalization in the GSP and schemes of cor-
respondence of the graph elements to dependencies be-
tween the parameters of the model is shown in fig. 1.

Functional dependance
Py =F(Py);

Py = F(Py, Py);

Py = F(P,);

Py~ F(P,, Py);

Py = F(Py).

Fig. 1. An example of a scheme correspondence between el-
ements of the GSP and dependencies between para-
meters of the GSP

Let us compare models of systems formalized in the
GSP with the above mentioned classical bichromatic sys-
tem graph used for identifying its topologic observability
(table 1).
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Table 1
Differences between Model Formalizations
as a Graph in the GSP and as a Bichromatic Graph

Element Formalizing Formalizing as
of Model a Graph in GSP a Bichromatic
Graph
Variable Allocate of influ- | First type of nodes
ential and depen-
dent nodes
The relationship | Edge of the graph | Second type of no-
between the var- des

iables

Thus, in table 1, one can see that for transforming the
first graph into the second it is necessary to transform varia-
bles-nodes into nodes of the first type and edges of the
graph, into nodes of the second type. In addition, if trans-
forming variables of the first type nodes into a multitude of
the first type nodes is a simple procedure, transforming edg-
es of the first graph into nodes of the second one requires
study in more details. Let us suggest a system of rules (ta-
ble 2) for transforming edges of the model formalized in the
GSP into nodes of the second type of the bichromatic graph.
In case a model formalized in the GSP has a shape of a ge-
ometric figure, we find its center, which is transformed into
a dependence-node. If a model formalized in the GSP is a
confluent variant of the first type, then the very edge is
transformed into a dependence-node that is bound to other
edges with variables-nodes. Thus, having constructed a bi-
chromatic graph, we can apply to it typical identification
methods of the system observability. In particular, one of
such methods is the search for maximum matching de-
scribed in the work [1]. This method lies in finding a multi-
tude with a maximum edges number of the formed graph
that does not have pairwise common nodes. It is known that
if there is a match where every variable that describes the
system state corresponds to a strong edge then the system
that is described with a prescribed equation is topologically
observable or fully observable [1, 2]. A strong edge means
an edge that belongs to the maximum matching.

If at least one of variable class nodes in the studied
graph does not correspond to an edge from the maximum
matching, then we deal with partial observability in space or
in time depending on the system model specificity.

In this analysis, special attention is paid to identifying
so-called “black spots”, namely parts of the graph where
precise defining of parameters, results of measuring, values
of the system state indicators is impossible. The task of dis-
tinguishing “dark spots” is equivalent to distinguishing so-
called deficit submultitudes in a bichromatic graph, which
are submultitudes with nodes that are not included into the
maximum matching. Theoretically, these submultitudes can
be simply excluded leaving only observable areas, which
will make the selected subsystem observable. However, the
main goal is to eliminate these submultitudes. It is possible
to achieve this only by adding new nodes both from the
class of dependencies and from the class of variables, which
will make the system observable. It will provide a possibil-
ity to estimate effectively the state of the MSDS under any
conditions.
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So, for solving the set problem the following algorithm
is suggested:

1. The model formalization in the GSP.

2. Transforming the model formalized in the GSP into a
bichromatic graph by means of the rule system (table 2).

3. Searching for maximum matching in the synthesized
bichromatic graph.

Optimizing the MSDS model (placing additional devices
at not observed areas, identifying new dependencies in the
model, etc.).

Table 2

The Rule System for Transforming a Model Formalized in the GSP into Second Type Nodes
of the Bichromatic Graph

Type of Depending | The Formalization of GSP | Rules for Transforming the Model | The Formalization of Bichromatic
Formalized in the GSP into a Bichro- Graph
matic Graph
The dependence f; on ) ] )
one input parameters P fa .Pn &) &
Pi=f; (P] 1) ‘ J} { \
Pi P]I. Pi Pi
The erendence f>on Pi Py
two mput parameters
o {L\A
pl P’ Pl Ph
The dependence f; on Pi [ Pi P
three input parameters
(for more options this
rule applies similarly)
fz
P = f3(P}'1' sz’ PJ3)
is i Pi Pi Pi Piz

Thus, having transformed the model of the system for-
malized in the GSP into a classical bichromatic graph it is
possible to analyze it for identifying topologic observability
and optimization — for its raising.

Taking into account the advantages provided by formal-
ization of the system model in the GSP, such transformation
significantly broadens the application sphere of the identify-
ing method and topologic observability optimizing of the
system with the help of a bichromatic graph constructed ac-
cording to its model, since in the GSP not only analytical
dependencies but algorithmic ones are formalized too. Be-
sides there is a technology of adapting the GSP to models of
various structures and integrating the model with the GSP
objects parameters of which it contains [3]. On the other
hand, taking into account the advantages and the wide
sphere of use of the identifying method and the system op-
timizing topologic observability with the help of the bi-
chromatic graph constructed according to its model, the
suggested transformation methodology from a model for-
malized in the GSP to the graph significantly raises the for-
malization importance of the model in the GSP. Now it is
possible not only to conveniently store and carry out calcu-
lations according to the model of the MSDS at the system
layer of its GIS but also to analyze and optimize the MSDS
observability.
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Let us consider an example of a problem solving for the
microclimate normalizing process in deep metal mines
which is described with a model with such equations [5]

k k
(@) =t~ +kz+ (to-tH +b—1) ePiz, (1)

(0 <z <H);

by
(0<x<L): (2)

k k
t,(x) =t,+k-H + <(t0-tH + b—l) e'bl‘*-—> eb2x,

ts(2) = t, + =+ k-z+(—£+((t0—tH+
b3 b3

+ i) e bt — l) e‘b2L> ets=H (0<z<H), (3)
by by

where t;(d)(j =1,2,3) — the identified temperature at
area j, to — the temperature of the air at the first area at
z =0, ¢, — the temperature of the neutral layer, °C, b — a

coefficient that takes into account increasing temperature, £,
b — a coefficient that takes into account the mine geomet-
rical sizes and the air physical parameters; # — the depth of
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the mine shaft, m, L — the length of the horizontal working
mine, m, z — a current coordinate during movement of the
air down the shaft.

Let us apply the method suggested in this article to the
model (2-4).

At the first stage, let us select a set of parameters from
the above described model that are interrelated and most
characterizing the system state or influence it, namely: t, —
the temperature of the air at the first area at z =0,
t; ()t (t1 (Z)) — the temperature of the air at the first area
of the shaft, t, (x)t, (t2 (x))— the temperature of the air at
the second area of the shaft, t5 (z)t5 (t; (2))- the tempera-
ture of the air at the third area of the shaft, L, H.

The next step is defining of the connections and rela-
tions between the parameters, their types, meaning defining
incoming data and such data that have to be calculated.
Then we formalize the model of relations between the pa-
rameters (1—3) in the GSP.

The model of the system (1-3) formalized in the GSP
looks as shown in fig. 2.

ts(z)

H

Ny

to

Fig. 2. The process model of microclimate normalizing in
deep ore mines formalized in the geoinformational
space of its parameters t,(z) — the air temperature at
the shaft first area; t,(z) — the air temperature at the
shaft second are; t3(z) — the air temperature at the
shaft third area; t, — the air temperature at the first
areaat z =0

The next step is a bichromatic graph constructing on
the basis of the model formalized in the GSP; the result is
shown in the fig. 3. The triangular graph nodes indicate
the variables (parameters) of the model while the circle
nodes signify the dependencies that relate these parame-
ters, which help to identify resulting parameters, or pa-
rameters that characterize the system state.

The next step of the algorithm of the suggested meth-
od is searching for maximum matching in the bichro-
matic graph. The analysis has shown that under the pre-
sent conditions, parameter relations and dependencies, it
is impossible to find maximum matching for the given
graph, i.e. there is no maximally full edge set which
could not be supplemented with another one that would
satisfy the conditions. In other words, not for every vari-
able-parameter there is a corresponding strong edge.

Thus, this graph presentation proves that under the
given conditions the system is not observable. Therefore,
there is a need for supplementing the graph either with
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variables-nodes or with dependencies-nodes. For solving
the problem, we suggest supplementing the present sys-
tem of equations (1—3) with initial and extreme condi-
tions of these same equations, namely

t1(0) = to;
t2(0) = t;(H);
t3(0) = t,(L);
ty(H) = f1(£1(0), H);
t2(L) = f>(t2(0), H, L);

t;(H) = f1(t3(0),H, L).

ti(z) t(x)
to

Fig. 3. The bichromatic graph for the model of the micro-
climate normalizing process in deep ore mines

Thus, besides the already present variables-nodes of
the graph,: t,, L, H, new variables-nodes appear, namely:
t,(0), t,(0), t5(0), t;(H), t, (L), t;(H). Consequently,
having substituted the variables on this graph and added
new nodes, which reflect the relations between the
above-mentioned variables we receive a graph represent-
ed in fig. 4. At once, let us carry out a search for maxi-
mum matching on the graph and mark the edges that are
included with a bolder line in a different color. The
search for maximum matching is successful when every
variable value corresponds to a strong edge that is in-
cluded in the maximum matching.

:(0)

nIHI\[NV - . p
\

NG
N
T

Fig. 4. The optimized bichromatic graph for the model of
the microclimate normilizing process in deep ore mi-
nes: t,(0) — the air temperature at the first area at
z = 0, t,(0) — the air temperature at the second area
at z = H , t3(0) — the air temperature at the third ar-
eaat Z=Hand x =L
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For the sake of full observability, as it can be seen from
the analyzed microclimate normalizing model in deep ore
mines, it is not always necessary formalizing the very equa-
tions described the system state, it is enough to consider as
variables-nodes the initial and extreme conditions which de-
scribe the system. The main thing is to understand clearly
for what values the equations are made.

In this case, it is not for the state variable values at any
point of the mine but for their values at the ends and certain
areas. That is this model is acceptable for projecting or op-
timizing the microclimate managing system in the mine but
not for current control of its functioning.

This example does not show clearly the efficiency of the
model formalizing in the GSP. If a big mine had been con-
sidered which consisted of many different areas and we had
had to think through many different scenarios of microcli-
mate change with ensuring an automated model identifica-
tion for each of them, then the advantages of such model
formalization would have become clear immediately. How-
ever, solving such a problem can be the material for next
separate research.

Conclusions. Thus, the article deals with the identifying
topological observability of MSDS and the distinguishing are-
as or periods when these systems are not observable. For the
first time, the identifying MSDS observability method based
on the system model formalization in the geoinformational
space of their parameters with further transformation into
classical bichromatic graphs has been suggested. The method
allows not only identifying the MSDS observability level but
also finding the appropriate variant of the model improving
which will ensure full system observability. The provided ex-
ample proves the efficiency of the suggested method.
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Merta. Po3poOka MeTomy BU3HAUEHHS Ta ITiIBUIICHHS
PIBHS TOTOJOTIYHOI CITOCTEPEKYBAHOCTI 0araTo3B’s3HUX
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MPOCTOPOBO-PO3MOAIICHAX CUCTEM, NPOLIECH B SKHX (op-
MAJI3YIOThCS SIK QaHAITUYIHIMH, TaK 1 AJITOPHTMIYHUMHA 3a-
JIGKHOCTSIMU MK rmapaMerpamu 06’ ekTiB ['IC IUX CUCTeM.

MeTtoauka. BuzHaueHHs Ta onTHMi3allisi TOMOJIOTTYHOT
CIIOCTEPEKYBAHOCTI 0araTo3B’siI3HUX IIPOCTOPOBO-PO3IIO-
i, hopmaizoBaHol B reoiH(popMaLifHOMy pOCTOpi Mapa-
METpIB IUX CHUCTEM, Y KIIACHYHHH OiXpoMaTHYHUH Tpad.

Pe3yasTaTn. OOrpyHTOBaHA HEOOXITHICTH BHPIIICHHS
3aj1a4i BU3HAUYCHHS Ta ONTHMI3allii TOMOJIOTIYHOI CIiocTepe-
KYBAHOCTI 0araTo3B’si3HHX MPOCTOPOBO-PO3MOIIICHUX CH-
crem. [IpoBemeHo anami3z meromiB (opmamizamii cucTeMu
TAKOr'o THITy, OCOOJIMBA yBara IpH/IiJICHa aBTOPCHKOMY Me-
Toxy (hopmaizariii Mojeni B reoiHopMaIiitHOMy IIPpOCTOpi
napamerpis, nos'szanoMy 3 I'IC cucTemMu. 3anporioHOBaHO
MeTO TpaHcdopmariii Moziesi 3 LOro MPOCTOPY MapameT-
piB y KiIacuuHmii OixpoMaTtHyHUiA Tpad, Uit SKOro Bijomi
PpillIeHHs 3371a4i ONTHMI3allii TOIOJIOTTYHOI CIOCTEPEeKyBa-
HOCTI cHCTeMH. PeasizoBaHO 3alpoINOHOBaHMI METOX Ha
TIPUKIIA/II MATEMAaTUIHOI MOJIENI HOpMaJTi3arlii MiKpoKITiMa-
Ty B LIAXTax.

HaykoBa HoBH3Ha. Yriepiie 3alpOIIOHOBAHUM METOJ
BU3HAYEHHS TOMOJOTIYHOI crioctepesxyBanocTi BITPC, oc-
HOBaHMH Ha (opmaizaiii Mozeni 1€l cucTemMu B reoingo-
pMariiiiHOMy TpocTopi 1 TapaMeTpiB 3 MOAAIBIIOI TPAHC-
¢dopmariero 'y KIacuuHME OiXxpoMaTWyHWK Tpad, Mo
JIO3BOJISIE HE TUIbKU BU3HAYUTH PIBEHb CIIOCTEPEIKYBAHOCTI
BIIPC, aje ¥ 3HalTH ONTUMAIILHUN BapiaHT yAOCKOHAICHHS
Mozieni, mo 3a0e3-TeunTh TOBHY CHOCTEPEKYBaHICTh M€l
CHCTEMH.

IpakTnyna 3HaYnUMicTh. BukopucTaHHsS TaHOTO Me-
TOJy BU3HAYCHHSI CIIOCTEPEKYBAHOCTI 0arato3s’s;i3HUX MPO-
CTOPOBO-PO3MOILIEHAX CHCTEM JI03BOJIUTH IIBHKO Ta ede-
KTHBHO ITPOBOJUTH ONTHMI3ALiI0 X CHCTEM 30MpaHHs Ta 00-
pobku iH(pOpMAaITii, TOAaBATH Ta BHIyYaTH TIPUIAIN KOH-
TPOMIO ¥l CHOCTEPEeNKEHHs, YJAOCKOHAIIOBATH MOJENIb CHC-
TEMHU, 3IIMCHIOBATH 1HII 3aX0¥ JUIA 3a0e3redyeHHs 1i MMoB-
HOT CIIOCTEPEIKYBaHOCTI.

KiirouoBi cioBa: cnocmepesicysanicmo, eeoingopma-
YItHE cucmemu, 2e0iHPOPMAYiiHULL nPOCmip napamempis,
bazcamose’sizHa cucmema, OixpomamuuHuil epagp, napo-
CNONYYeHHS.

Iens. Pa3paboTka MeToa ONpeieNieH s ¥ TTOBBIIICHHS
YPOBHS TOIOJIOTUYECKOH HAOII0aEMOCTH MHOTOCBSI3HBIX
TIPOCTPAHCTBEHHO-PACTIPE/ICNICHHBIX CHCTEM, IPOLECCHl B
KOTOPBIX (DOPMAIN3YIOTCS KaK aHATMTHIECKUMU, TaK 1 all-
TOPUTMUUYECKHMH 3aBHCHMOCTSIMH MEXKIy IapamMeTpamu
00beKTOB ['MIC ATHX CHUCTEM.

Metomuka. OmnpeneneHne U ONTUMM3AIMS TOIMOIOTH-
YeCKOH HabJII01aeMOCTH MHOTOCBSI3HBIX IIPOCTPAHCTBEHHO-
pacmipenenieHHbIX cucteM (MIIPC) Ha ocHOBe TpaHchop-
MaIi# UX MOZENH, (POPMAITH30BaHHON B TeONH(OPMAIHOH-
HOM MPOCTPAHCTBE MApPaMETPOB ATHX CHCTEM, B KIIacCHYeC-
Kuii OuxpomaTraeckuii rpad.

PesyabraTbl. OG0CHOBaHA HEOOXOAWMOCTH pelie-
HUS 33/1a4¥ ONpEJETICHHUS W ONTUMM3AIMU TOIMOJIOTHYE-
CKOH HaOJIF0/TaéMOCTH MHOTOCBSI3HBIX TPOCTPAHCTBEHHO-
pacmpesienieHHbIX cucTeM. [IpoBeneH aHaiIW3 METONOB
(hopManM3alMy CHCTEM TaKOro THIA, 0co00e BHUMaHHE
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IHOPOPMALIWHI TEXHONOTII, CACTEMHUN AHANI3 TA KEPYBAHHA

yZIeIeHO aBTOPCKOMY METOAY (OpMaNM3aIMy MOICTH B
reorH(pOPMAIIIOHHOM TPOCTPAHCTBE IMAPAMETPOB, CBSI-
3aHHOM ¢ ['MIC cuctemamu. [Ipeanoxen meron TpaHchop-
MAalMu MOJEIM W3 3TOr0 INPOCTPAHCTBA IIAPAMETPOB B
KJIACCHUYCCKHUN OMXPOMATUYCCKUIA rpad, Ui KOTOPOro U3-
BECTHBI PELICHUS 337a4ll ONTUMH3AIUN TOTOJIOTUYECKOM
HAOJIFOJTAEMOCTH CHCTEMbL. Pealn30BaH MpeII0KCHHBIH
METOJ] Ha MPUMEPE MATEMAaTHUECKOW MOJEU HOpMalln3a-
[IMY MUKPOKJIMMATA B IIIaXTaX.

Hayunasi HoBuM3Ha. BriepBble MNpeasiokeH METOJ
OTIpeNIeICHNsT TOMOJIOTHYECKoW Habmomaemoctu MIIPC,
OCHOBAHHBIN Ha (YOPMAITN3AIIH MOJICITH STONH CHCTEMBI B
reOMH(OPMAIMOHHOM IPOCTPAHCTBE €€ MapaMEeTPOB C
nocienyroomeii Tpanchopmanueii B KJIacCHYeCKUil Ou-
XpOMaTHYECKUi Tpad, MO3BOJSIOMIUN HE TOJIBKO OIpe-
JICJIUTh YPOBEHb HaOmomaeMocT MIIPC, HO U HAWTH OII-
TUMaJbHBIA BapUaHT YCOBEPIIECHCTBOBAHUSA MOJEIIH,

Xiaorong Xue', Wei Wang?,
Hongfu Wang', Fang Xiang'

KOTOPBII 00ECTIEYHT TONHYI0 HAOII01aeMOCTh ITOH CH-
CTEMBI.

IMpakTnyeckasi 3Ha4UMOCTb. lICrosb30BaHNe JaHHO-
r0 METoJia ONpe/eNeHNs] HaOII0AaEMOCTH MHOTOCBSI3HBIX
MPOCTPAHCTBEHHO-PACIIPE/IEIICHHBIX CUCTEM TTO3BOJIUT ObIC-
Tpo ¥ 3PHEKTUBHO MPOBOJUTH ONTHMHU3AIMIO HUX CHCTEM
cOopa u 00pabOTKM HWH(OPMAIMH, TOOABISITH U yIAJIATH
nprOOPBI KOHTPOJIS M HAOIFOICHHS, COBEPIICHCTBOBATH MO-
JIeNTb CUCTEMBI M OCYIIECTBIITH IPyTHe MepHI 110 odectiede-
HHIO TTOJTHON HAOJF0IaeMOCTH.

KitroueBble ciioBa: HabnooaeMocmy cucmembvl, 2e0uUH-
opmayuoHHble  CUCTEMbL, 2COUHPOPMAYUOHHOE NPOCHI-
PaHCcmeo napamempos, MHOLOCEA3HAA CUCmeMa, Ouxpoma-
muyeckull epag, napocovemarive
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AN EFFICIENT METHOD OF CLASSIFICATION
OF FULLY POLARIMETRIC SAR IMAGES

Cs10:xyH Ciroe', Beii Ban?,
Xyndy Ban', ®an Csn'

1 — AHBSHCBHKWI TIearoriyHuil yHiBepcuTeT, M. AHbsiH, KHP
2 — [HcTuTyT NONepepKeHHs CTHXIHHNX X, M. [Texin, KHP

E®EKTUBHUIA METO KJIACU®IKALI IOBHICTIO
HOJAPUMETPUYHUX PCA-30BPAKEHD

Purpose. Synthetic Aperture Radar (SAR) can be used to acquire high-resolution images of ground targets during night as
well as day or in good weather as well as inclement weather, so it plays an important role in the national economy and de-
fense. However, according to the characteristics of SAR imaging mechanisms, a geometric distortion and a form of multipli-
cative noise, known as coherent speckle, generally corrupt the resulting image. SAR image classification is the foundation of
SAR image interpretation. For the existing of speckle, traditional image classification technologies cannot work well. In this
paper, in order to further improve the effect of polarimetric SAR image classification, an efficient classification method of ful-
ly polarimetric SAR image that is based on polarimetric features, the scattering intensity information, and Fuzzy C-Means
(FCM) Algorithm is proposed.

Methodology. Combining the scattering properties of fully polarimetric SAR image with the scattering intensity infor-
mation, the total scattering power, based on H/w/4/SPAN(H, Entropy; o, Scattering angle; 4, Anisotropy degree; SPAN, the total
power of polarization), we obtained the initial classification result of polarimetric SAR image. Then with FCM Algorithm, the
result of the polarimetric SAR image classification was achieved.

Findings. The experimental results show that the proposed method is superior to the traditional methods of fully polari-
metric SAR images classification.

Originality. The proposed method not only considers the scattering properties of fully polarimetric SAR data but also
combines the statistical characteristics information. The proposed method provides good result of classification of polarimetric
SAR image and, to some extent, keeps the scattering properties.

Practical value. The experiments have proved that the proposed algorithm can keep the texture and details of SAR image
better, can give better classification result to the traditional classification methods of fully polarimetric SAR image. The pro-
posed method is useful in SAR image interpretation.

Keywords: polarimetric SAR, coherent speckle, image classification, H/o/A/SPAN, complex Wishart distance, Fuzzy C-Means

Introduction. Polarimetric Synthetic Aperture Radar object targets. Compared with the conventional SAR system,

(PolSAR) sends and receives Radar signal with different po-
larimetric mode, by which the Radar system can obtain
abundant information of scattering properties of the ground
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polarimetric SAR can obtain complex polarimetric scattering
matrix according to electromagnetic scattering characteristics
of different targets which can reflect objective inherent char-
acteristic (fully polarimetric mode corresponding to fully po-
larimetric scattering matrix, double polarimetric mode corre-
sponding to double polarimetric scattering vector). Based on
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