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Keywords Abstract

Identification; fuzziness; The methods of forming the components of fuzzy knowledge base in the form of basic digital plan-scheme of
space monitoring; territories determined by the morphology of satellite images, natural data and the results of subjective as-
informativity; sessments are considered. Variants of implementation of the algorithm of identification of the increased rel-
vision system. ia-bility taking into account fuzziness of initial data are investigated. During the development of the model of

mod-ern monitoring of territories in the interests of economic and social development of the population, it
became obvious that the characteristics of the information with which this model should operate, does not
correspond to those objects that describe the "deterministic” mathematics, that is, having certainty, accuracy,
completeness, isolation, consistency, etc. Man-machine systems (namely, these should include the system of
space monitoring) and components of the apparatus of representation of knowledge in them, in reality, reflect
those properties of the human model of the world that do not fit into the deterministic mathematics and are
characterized by the presence of "non-factors" - incompleteness, lack of accuracy, nonclosure, possibility of
contradictions, etc. In this paper we propose a developed and successfully applied in practice by the authors’
method of accounting for non-factors in the identification of objects of the Earth's surface. Within the frame-
work of this method, the fol-lowing sequence of actions is performed: a vector three-dimensional model of
the reference object is obtained by geometric construction, then, changing its position in space (rotation, re-
flection, scaling), a number of the above parameters are obtained, which are stored and used in the future for
recognition to recreate the corresponding angle of the reference object. The paper considers the importance
of non-factors in the process of identification of objects of the earth's surface during monitoring using satel-
lite data, their condition, the variant to overcome the negative impact of different types of fuzzy initial moni-
toring data and improve the reliability of its results on the principles of quorum reservation is proposed.
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Kiaw4yeBsble ci0Ba AHHOTaLUA
WpenTudukanus; He4eTKOCTD;
KOCMHYeCKUU MOHHUTOPHHT;
I/IHCI)OpMaTI/lBHOCTb,' cucreMma
TEXHHU4YE€CKOIr'o 3peHus.

PaccmaTpuBaroTCsi METO/bI GOPMUPOBAHHUS KOMIIOHEHTOB HeYeTKOM 6a3bl 3HaHUM B BU/ie 6a30BbIX LUPO-
BBIX [JIaH-CXEM TEPPUTOPHH, Onpe/iesisieMbIX MOPHOIOTHel CIYTHUKOBBIX CHUMKOB, HATYPHBIX JAHHBIX U
pe3y/bTaToOB Cy6heKTUBHBIX OLleHOK. UCCieyloTcss BApUAHThI pealn3alyy alropuTMa UAeHTUGUKALUH
MOBBILIEHHOH J0CTOBEPHOCTH C yYE€TOM HEYETKOCTH HCXO/HbIX JAaHHBIX. B X071 pa3paGoTKu MOAe/ I COBpe-
MEHHOT'0 MOHHUTOPHHIA TEPPUTOPUIN B HHTEPECAX SIKOHOMUUYECKOTO ¥ COLIMAbHOTO PA3BUTHS HACeTEHHS,
CTaJI0 OYEBU/HBIM, YTO XapaKTEPUCTUKH HHPOPMAILKH, C KOTOPOH 3Ta MOJEeJb AOIKHA ONIepUPOBaTh, He
COOTBETCTBYET TE€M 0GbEKTAM, KOTOPbIE OMUCHIBAET «AeTEPMUHUPOBAHHAs» MaTeMaTHKa, TO eCTb 06J1a/a-
IOLLMIM OIpe/IeJIEeHHOCThI0, TOUHOCTbIO, TIOJTHOTOH, 3AMKHYTOCTbIO, HEIPOTHBOPEYHBOCTBIO U T. 1. YesioBe-
KO-MalllMHHbIE CUCTEMBI (2 IMEHHO K TaKUM U CJIe[[yeT OTHECTU CUCTEMY KOCMHYECKOI0 MOHUTOPHHIA) U
KOMIIOHEHTBI alapara peACTaBJeH sl B HUX 3HAaHUH, B PeaJlbHOCTH, OTPaKAIOT Te CBOHCTBA YesoBeve-
CKOUM MOJieJId MUPa, KOTOpbIe He BIUCHIBAIOTCS B IETEPMUHUPOBAHHYI0 MaTEMATHKY U XapaKTePU3yHTCs
HannureM «HE-$pakTopoB» — HEMOIHOTOM, OTCYTCTBUEM TOYHOCTH, HE3aMKHYTOCTbI0, BO3MOXXHOCTbIO IPO-
TUBOPEYHUH U T. [. B JaHHOM pa6oTe npeAsiaraeTcst pa3paboTaHHbIH U YCIEHO TPUMEHEHHBIH Ha TPaKTHKe
aBTopaMu crnoco6 yyeta HE-pakTopoB npu nieHTHOHKALNN 06BEKTOB 3€MHOM MOBEPXHOCTH. B pamkax
3TOro Croco6a MPOU3BOASAT CJEAYIONIYIO TOC/IEA0BATENbHOCTD IeHCTBUIL: 0/Iy4al0T BEKTOPHYIO TPEXMep-
HYI0 MOJIeJ/Ib 3TAJIOHHOI'0 06bEKTA MyTeM FeOMETPUIECKOT0 IOCTPOEHHUS], 3aTEM, U3MEHSIsI ee MOJI0KEHHE B
npocTpaHCTBe (IOBOPOT, OTPaXKEHHE, MAaCIITAGUPOBAHHUE), TIOJNYYAIOT PsiJ| BblllleyKa3aHHbIX apaMeTpPOB,
KOTOpbIe COXPaHSIOT U UCIO/b3YIOT B Aa/ibHENIIeM IPU PACo3HABaHUU JJis BOCCO3[JaHUsI COOTBETCTBYHO-
I[eTr0 paKypca aTajoHa o6beKTa. B pa6oTe paccMoTpeHo ucciefoBaHo 3HaueHre HE-dakTopoBs B mpouecce
HeHTUOUKALUU 06 BEKTOB 3eMHOMN MTOBEPXHOCTH B X0/l MOHUTOPHHIA C UCMOJIb30BAHUEM CITYTHUKOBBIX
JIAHHBIX, UX COCTOSIHUSI, IPE/JIOKEH BApUAHT MPEOA0IEHHsI HETATUBHOTO BJIUSHUS Pa3JIMYHbIX BU/JOB He-
YEeTKOCTHU UCXOHBIX JAHHBIX MOHUTOPHHTA U MOBBIILIEHHUs JOCTOBEPHOCTH €r0 PE3y/IbTATOB Ha MPUHIUNIAX
KBOPYMHOTO pE3€PBUPOBaHHUSI.

Introduction No-Factors in space monitoring

of the territories
The most part of existing methods of identification of image subjects

in vision systems (SVS) [1-4] use idealized (exact) model of informa-
tion of subject environment of both benchmarks and real images, that
significantly limits the accuracy of identification.

As stated in the work [5], during the development of the model of
modern monitoring of territories in the interests of economic and so-
cial development of the population, it becomes obviously that the
characteristic of information, which should be operated by this mod-
el, does not correspond to those objects that are described by “deter-
ministic” mathematics, that is, having certainty, accuracy, complete-
ness, isolation, consistency, etc. During the development of the model
of modern monitoring of territories for economic and social develop-
ment of the population, it becomes apparent that the characteristics
of the information with which this model must operate, does not cor-
respond to the objects that Describes the “deterministic’ mathemat-
ics, i.e. possessing certainty, accuracy, completeness, reticence, con-
sistency, etc. Human-machine systems (namely, system of space
monitoring should be classified to such type [6, 7]) and components
mechanism of knowledge presentation in these systems “reflect those
properties of the human model of the world, which are characterized
by incompleteness, lack of accuracy, non-ambiguity, the possibility of
contradictions, etc.” [5].

Vol. 14, no 2. 2018 ISSN 2411-1473 sitito.cs.msu.ru

No-Factors of the model of the monitoring, as human-machine sys-

tems, reflect fundamental differences about objective reality and its

model, because developed model is always built taking into account
its “innate” features: principal incompleteness and principal possibil-
ity of errors and contradictions.

No-Factors associated with incompleteness [8, 9].

1. Underdetermination of common knowledge. Every typical entity
in aggregate of common knowledge about environment is pre-
sented, usually, as not one (separate) approximation, but system
of approximations.

2. Underdetermination of concrete knowledge. In common case
available information about fragment of reality is not complete
even in frame of fixed system of common knowledge. This in-
completeness may apply to types of objects, values, relations be-
tween them and etc.

3. Uncertainty of knowledge (current model) leads to necessity to
make decisions in condition of uncertainty. It means to use the
mechanism of the theory of decision-making in the frame of
game theory: probability theory, expert evaluations, minimax
strategies and etc.

No-Factors associated with approximateness of model: errors, mis-

conceptions, contradictions Incorrectness of model.

4.  Errors and misrepresentation of basic data [9, 10]; errors of the
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system: errors of modelling, approximation, interpretation of
basic data and results; errors in data base: rules of output and
calculations, that are able to lead to incompatible and contradic-
tive conclusions in human-machine systems.

5. Incorrectness associated not only with final accuracy of measur-
ing instruments, but also with underdetermination of measured
values. [9, 10, 11].

6. Fuzziness based on fuzzy formalisms [12, 13, 14]. Fuzzy-ap-
proach offers to speak in every case about membership function,
which is about correlation level of one to another, evaluating it in
interval from 1 to 0.

Every of No-factors includes whole series of factors, although reflect-

ing mathematically similar (or even physically related) phenomena,

but still different in nature [14 - 16].

Now mathematical theory is the most fully developed and the mecha-

nisms of its realization for fuzzy processing [15]. It is related that

No-factors was introduced among the first in the 1950s. Over the past

years, several hundred thousand publications have appeared, mainly

by Japanese, Chinese and, less often, European and American scien-
tists. These publications describe various nuances of fuzzy mathe-
matics. And it allows using for its processing mechanisms that are
designed for work with fuzzy. In addition, uncertainty may be pro-

cessed by different probabilistic and statistical methods [16].

The most scantily explored No-factors are incorrectness and under-

determination. And, if mathematical theories for work with incorrect-

ness more or less were developed, “because interval arithmetic is
necessary in many application areas of human activity, but underde-
termination as separate No-factors was highlighted just recently”

[10], that reflected as on scientific processing of question as on num-

ber of publication about underdetermination.

Methods of identification of the objects
of underlying surface with account
of No-Factors

Let reference image is kept as vector threedimensional model; the set
of parameters for affine transformation is fixed for every such model:
rotation angles of the axes x, y, z and scale. This set of paramenters is
determined for every model with accounting of the complexity of its
form: the more complex the form the more quantity of perspectives is
necessary for the most complete description of possible variants of
object position in areas for carrying out the most accurate identifica-
tion.

Produce the following sequence of activity: receive vector threedi-
mensional model of reference object by geometric construction, than,
changing its position in areas (turn, reflection, scale), receive the
number of mentioned above parameters, which save and use in fur-
ther identification for recreate the appropriate view of the object ref-
erence.

Flat image is presented as two-dimensional massive, its elements are
values from 0 to 255 - gradation of gray color.

Besides to these parameters, the set includes an additional correla-
tion of sides of dimensional image of object container and object cod-
ed representation, which allows defining its position inside dimen-
sional container. Dimensional container is considered minimal
rectangular area on flatness, in which the object images is included.
Coding is produced by partition of dimensional container, for exam-
ple, on 25 identical areas and by definition of presentation of object
part in each of them. Thus, 25-bit code of given object perspective in
binary view: if the part of object is in areas, it is marked by “one”, in
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other case is marked by “zero”. The code is received by enumeration of
mark values in areas from left to right, from the top to down. These
additional parameters substantially reduce the amount of variants
considering for recognition.

The input of resolver gives the image represented by the array of pixels
in grayscale, that is way every element of array has a value from 0 to
255. The dimension of the array depends on the discretization parame-
ters. The recognition is made as follows: dimensional container of input
image of the object is defined, than by method mentioned above is en-
coded. Based on the sides proportion of dimensional container and re-
ceived code the set of parameters is chosen from reference base. Than
the vector models transformation of referral object is transformed ac-
cording to the parameters previously installed: turn and scale.

After that, a flat image of the referral model is built, which is com-
pared with the input image by means of a neural network of the per-
ceptron type. The comparison is produced by analyzing the grayscale
for each discrete area of the image: per-pixel comparison is made. The
module of difference is found for each pair image pixels, which is in-
put in resolver, and for received projection of vector model of refer-
ence object and is compared it with threshold value. The received
data is given on input of neural network of the perceptron type, in
dependence on the value of its activation function the decision about
the similarity of the vector model projection of the reference object
and the input images is made.

SMART as complex hierarchical system

By uniting set of elements of the geoinformation space into a single
system for a targeted set of features, it is always possible to divide this
set into subsets, under the conditions of the decomposition theorem
of Croun-Roudz, thereby isolating its component parts-subsystems
from the system. The consequence of this theorem is such a situation
in which “every system with finite number of states can be conve-
niently coordinated so that the coordinate actions are divided into
separate simple types” [17], implemented by a number of subsystems
obtained by the allocation from the original system. The decomposi-
tion process can be continued to the level of elements.

The division, in which the subsystems obtained by the decomposition
of a single source system, is referred to as subsystems of the same
level (rank), and subsystems obtained by further decomposition are
referred to as objects (subsystems) of the lower level, are called hier-
archy. It is possible to decompose into subsystems in different ways
for the same system, depending on the rules of combining elements
into subsystems.

The number of levels, the number of subsystems of each level can be
different, but always an important condition must be fulfilled: subsys-
tems directly included in one system of a higher level, acting together,
must perform all the functions of the system in which they are includ-
ed. In other words, the hierarchical system is the multilevel form of
organization of objects with strict correlation of objects of the lower
level to a certain object of the upper level.

Model of SMART structure

For a visual representation of the hierarchy of a multi-level system
SMART, it is able to use the mathematical model proposed in [7-9].
With regard to this work, we consider its shortened version (Pic.1).

The probability of error in obtaining reliable data from each source of in-
formation was estimated [7,9]. Let’s estimate how general probability of
correct identification of the earth’s surface object will change with using
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additional sources of information (operational digital plan-scheme).

Approval is combination of the results of the identification of the ter- Satellite ruulti-dimensional
ritory based on information from satellite system, basic and opera- information

tional digital plan-scheme [9] and technological accompanying infor-

mation can increase the probability of successful identification. u

Corroboration. To solve this problem, let take collected satellite moni- o Opertional Processing Final digital
toring for the main source of information, and the other two sources Audministrant digital plan- :> methods ¥| plan-schere
(basic and operational digital plan-scheme, found on basic one with achuame

questionnaires for the administration of municipalities and direct us- Teers Pl scele @ :

ers of natural resources) - as a reserve. wtnring Apchive: Data hase

To improve the reliability of the monitoring of the object of the terri- (:: Basic digital plan-scheme

tory, it is possible to use the principle of quorum backup of data ob-
tained from various sources, and control its reliability. Let’s consider
the example of the use of quorum reservation for monitoring of agri-
cultural objects of specific area of the Rostov region.

Fig. 1. The structure of the territories monitoring

Puc. 1. CTpyKTypa MOHUTOpPUHTA TEPPUTOPUI

Table 1. Crops of Novorogovskoe village settlement of Egorlyksky district

Ta6sinua 1. [loceBrl nocesioka Hosoropojckoe B EropJibikckoro paitoHa

Field Crop Area, Data of sowing Field Crop Area, ha Data of sowing
ha
209 corn 79 Apr.2013 280 sp.barley 22,2 Apr.2013
211 sunflower 154 May 2013 281 corn 12,4 Apr.2013
217 sunflower 87 May 2013 282 sp.barley 29,6 Apr.2013
225 sunflower 93 May 2013 282 corn 7,4 Apr.2013
230 sp.barley* 14 Apr.2013 301 corn 19 Apr.2013
230 sunflower 52 May 2013 285 sunflower 22,2 May 2013
232 sunflower 72 May 2013 286 sp.barley 22,2 Apr.2013
231 corn 7,4 Apr.2013 290 corn 98 Apr.2013
267 corn 40 Apr.2013 291 sunflower 4,6 June 2013
265 corn 62 Apr.2013 292 sunflower 32 May 2013
264 sunflower 64 May 2013 292 corn 44 Apr.2013
254 corn 7,2 Apr.2013 288 corn 66 Apr.2013
261 sunflower 22,2 May 2013 288 sunflower 22 May 2013
269 corn 25,2 Apr.2013 307 sunflower 50 May 2013
270 corn 29 Apr.2013 307 corn 30 Apr.2013
271 corn 64 Apr.2013 307 sunflower 64,9 May 2013

Eropneixciai paiton, Hosoporckoe G
e -

a) Natural evaluation
Fig. 2.Variant of source of additional information

a) EcrecTBeHHas oljeHKa
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b) Fragment of natural monitoring

b) dparmeHT ecTeCTBEHHOTO MOHUTOPHUHTA

Puc. 2. BapyaHT HCTOYHMKA JJONIOJHUTEbHOW HHOpPMaLUu
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Fig. 3.Variant of final digital plan-scheme

Puc. 3. BapyuaHT OKOHYaTeIbHOr0 IIUGPOBOTro MIaHa-CXeMbl

If several data sources are used, it is advisable to apply quorum reser-
vation r from s, where s is the number of sources, r is the quorum
level [18-21]. Due to the probabilities of proper identification of ob-
jects and their position in different sources of information are differ-
ent, the reliability of the quorum reservation should be calculated by
generating function of general theorem about the repetition of the
experiments [21, 22].

H(% +p)= ZPm,an; P, =1-
i=l pord

where P - the probability of m successes in n experiments;

zis random parameter.

Forr=2, s=3 P2,3=1-(q1 q2 +ql1q3 +q2q3-2q1q2q3);
forr=2,s=4 P24=1-(q1q2q3+q1q2q4+ql q3q4+q2q3q4-3ql
q2 q3q3).

In dependence on how many sub-objects k need to be identified to
determine the target objects of the territory, the probability identifi-
cation error is equal to

k
q=1-1]01-g)
i=1

As the probability of error in the questionnaire (full-scale) list for all
objects is considered to be the same, that

q,=1- (1 -q,,,.)"

The effectiveness of the reservation can be estimated by using the co-
efficient of increasing the reliability of the K identification

7

—1
i,52
i=0
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Kefr= ql/(1 - Pr:)'

Let’s calculate the efficiency of quorum reservation.

The probability of error in the identification of the state of the earth’s
surface, for example:

8

g, =1-[J(1-4,)=1-0,7=0,3.

i=l
Let the probability of error of the subject (representative of the ad-
ministration, land user) in filling of questionnaire list
q,=1- (1- g, ) = 1- (1- 0.01) = 0.08,
when k - the number of identifiable objects, when k = 8.
Then the probability of error in the identification of the object of the
earth’s surface (for three sources of information):

3
g, =1-]J(1—¢,)=1-0,83=0,17.

i=1
Probability of identification success in the redundant system
P,.=1- (q,9,%9,9;+4,9,~- 29,9, 9,) = 1-0,03=0,97.
Ccoefficient of reservation effectiveness
K.=P,,/(1-q,) =097/(1-0,3) = 1,39.
Thus, it is shown based carried calculation, that unification of the
monitoring results of territory object based information about its
characteristics can increase its reliability by 39% [1, 2, 22].
Promising, in terms of information content, are, as studies have
shown [10. 23] vector signs of recognition, called “matrix of the form”
[1, 2, 24, 25] based on orthogonal exhibitor, allowing use a general-
ization of first and second order moments, known from the classical
theory of recognition [3. 4].
Thus, the value of No-Factors in the process of identification of earth’s
surface objects and its states are considered, the variant of overcom-
ing of negative influence of different types of fuzziness of monitoring
basic data and increase of accuracy of its results on principles of quo-
rum reservation is offered in the paper.
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