AHOTAIISA

leaniok O. I. Mopens Ta wMeToJ iHGOpPMAIIHHOI TEXHOJOTIi HaBirari
aBTOHOMHHMX MOOUIPHHUX CHCTEM B YMOBaxX HeBU3HadeHocTi. — KaamidikamiitHa
HAyKOBa Ipallsd Ha MpaBax PyKOIUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTtopa ¢imocodii 3a
cnemianpHicTIO 126 — IHdopmariitHi cucTeMu Ta TEXHOJOTii. — YKpaiHChKUIA
JIepKaBHUHM yHIBepcUTeT 3aii3HuuHOro Tpancnopty MOH VYkpainu, Xapkis, 2021.

HucepraiiiiiHy poOOTy NPUCBSIYEHO BHUPIIMICHHIO BaXJIMBOTO HAyKOBOTO
3aBJaHHS 3 PO3POOKM MojeNl Ta MeToay 1HGOpMaIiitHOI TEXHOJOT1i HaBiraiii
aBTOHOMHMX MOOLUIbHUX cucTeM (AMC), o 3a0e3neuye 0JTHOPIAHY IHTETPALIIIO TAKUX
YOTUPHOX 3aBJIaHb HABITALIMHOTO IUKITY, K CIPUHHATTA 1H(MOpMAIlii, JIOKai3alis,
TUHAMIYHE IUIaHyBaHHS MapmipyTy Ta CHUTyalliiHe KEpyBaHHSI pPYXOM y
HEJETEPMIHOBAHOMY YaCTKOBO CIIOCTEPEKYBAaHOMY OTOYCHHI.

YacTuHM JOCIHIKEHb, PE3YJIbTaTH SIKUX BUKJIAJCHO B JAMCEpTallii, BAKOHAHO B
MeXaxX HayKOBO-IOCHIAHOI poOOTH YKpaiHCHKOTO AEpPKABHOTO YHIBEPCUTETY
3aIII3HUYHOTO TpaHCOPTy «Po3yMHI MamuHM Ta I1HTEpPHET pedl 31 MITyYHHM
iHTenekTom», Ne JI[P 0120U104276 Ta nepxOr0KETHOI HAYKOBO-AOCIIIHOI pOOOTH
XapKiBCbKOI'0 HallIOHATBHOTO YHIBEPCUTETY paaioeneKTpoHIKu «I TnOMHHI riOpuaHi
CUCTEMHU OOUYHCIIOBAIILHOTO 1HTEJIEKTY NJisi aHali3y MOTOKIB JaHUX Ta iX IIBUIKE
HaBuaHHs», Ne JIP 0119U001403.

OO0’ €exT TOCTIKEHHS: TIPOIEC HaBirailii aBBTOHOMHUX MOOIJTbHUX CHCTEM.

IIpenmer mocmimKeHHS: MOJENi, METOAM 1 TEXHOJOTil HaBiramii aBTOHOMHHX
MOOUIBHUX CUCTEM B YMOBAaX HEBU3HAYEHOCT1, HETIOBHOTHU Ta HEUITKOCTI 1H(pOpMAIIii.

Mertoto nucepTaliifHoro JOCTIIKEHHS € PO3IIMPEHHS MOXKJIMBOCTEH HaBiraiii
MOOUIBHUX CHCTEM B aBTOHOMHOMY PEXHMI B yMOBaX 4aCTKOBO HEJIETEPMIHOBAHOIO
OTOYCHHSI.

JIJist MTOCSITHEHHST TIOCTABJICHOT METH B AMCEPTAIiiHIN poOOTI BHUPIMIEHO TaKi

3aBIaHHA JOCIKECHHS:



1) npoBeZicHO aHalli3 ICHYIOUHMX MOJEJICH Ta METOJIB HaBiraiii, Mo
BUKOPUCTOBYIOTHCS B aBTOHOMHUX MOOLTBHUX CUCTEMAX;

2) po3po0JIcHO MOJIe]h CHUTYAIIHHOTO YIPABIMIHHS IEPEMIIIEHHAM TI0
MapuipyTy aBTOHOMHOiI MOOUIBHOI CHUCTEMH B yMOBax mepeadaueHuXx 30ypeHb Ha
OCHOBI KOHIIENITYaJIbHOT MOJIEJ1 CIIPUMHATTS 3 MEXaH13MaMH YIPaBIiHHSI KOHTEKCTOM
1 IepEeKIIIOYEHHS YBary,

3) po3po0IIEHO MOIEITb Ta METO CUTYAI[IHOTO YIIPaBIiHHS IEPEMILIICHHSIM 110
MapuipyTy 3 AHMHAMIYHUM TMEperyiaHyBaHHAM MapHIpyTy aBTOHOMHOI MOOUTBHOI
CUCTEMU B yMOBax Herepea0aueHux 30ypeHb;

4) po3BUHYTO 1H(pOpPMAIIiHY TEXHOJIOTII0 HaBiraiii aBTOHOMHOI MOOLIbHOI
CUCTEMHM Ha OCHOBI MOJENI CHUTYalldHOTO VYOPABIIHHSA NEPEMIIICHHSIM Ta
JUHAMIYHOTO TIepeTIaHyBaHHS;

5) mpoBeleHO KOMILJICKCHE TECTyBaHHS pO3POOJICHHX MOJCNi, METOIy Ta
1H(pOpMaIIITHOI TEXHOJIOTII.

HaykoBa HOBH3HA nucepTaIifHOi pOOOTH MOJISATAE B TAKOMY:

— yIepiie po3poOJICeHO MOJelb CUTYAIIHHOTO YIPaBIIHHS TMEPEMIIICHHIM
aBTOHOMHOI MOO1JIbHOI CUCTEMH 3 MEPEIUIaHyBaHHIM MapIIpyTy, SKa, HA BIAMIHY B[
ICHYIOYMX, BpaxoBy€ BIUIMB 3a3JalieTib  HemependadeHux 30ypeHb, 10
YHEMOXJIMBIIIOIOTh TEPEMIIIEHHS [0 IUIbOBOI MO3MINI MapuIpyTy, Ta 3aBISKH
CUTYaIlIHHOMY TE€pEIUIaHYBaHHIO Ha IIIJICTaBl CEHCOPHUX JAaHUX TMPO TOTOYHY
CUTYAIlII0 JI03BOJIsIE aBTOHOMHIM MOOUIBHIN CHCTEM1 TOCITHYTH I

— YIOCKOHAJICHO METOJ] CUTYaIliHHOTO YIIPABIIHHS 3 YpaXyBaHHIM KOHTEKCTY,
KWW aJlaliTOBAaHO JI0 3aBAAaHHS YIPABIIHHS MEPEMIIICHHSIM aBTOHOMHOI MOOLIBHOT
CUCTEMHM B30BXK 3aJaHOr0 MapuIpyTy, IO JTO3BOJSIE Ha IiM MiACTaBl BUPILIYBAaTH
3aBJaHHS HaBIramii MOOITPHHUX aBTOHOMHHX CHCTEM B yMOBax HEBHU3HAYEHOCTI M
HETMOBHOT 1H(hOpMAIIii;

— 3a0€3MeYeH0 MOJANbIINNA PO3BUTOK 1H(POPMAIIIHHOT TEXHOJOTII HaBiraiii
aBTOHOMHOI MOOUIBHOI CHCTEMU 3a PaxyHOK BHKOPHCTAaHHS MOJENl Ta METOIy
CUTYAIITHOTO YIIPABIiHHS 3 MePeIIaHyBaHHSIM MapIIPYTY, IO JTO3BOJISIE PO3IMIHUPUTH

34CTOCYBAHHA aBTOHOMHUX MOOUILHMX CHCTEM B dABTOHOMHOMY pe)KI/IMi Y 4aCTKOBO



HEJIETEPMIHOBAaHOMY OTOYEHI, KOJU BIJICYTHI MOXJHUBICTh a00 €KOHOMIYHO
HEOOTPYHTOBAHE YIOPSIIKYBaHHS OTOYCHHSI.

[IpakTiuHe 3HaYEHHS OTPUMAHUX TEOPETHUYHUX PE3YJIbTATIB MOJSATAE y TOMY,
[0 3aMpoINOHOBaHI y poOOTI MOJAEIb 1 METOJA CHUTYyaIliiHOTO YIpaBIiHHSA 3
MePETUIaHyBaHHSIM MapIIpyTy aBTOHOMHOI MOOUIBHOI CHUCTEMH € YHIBEpCaTbHUM
3ac000M, SIKM MOK€ BHMKOPHUCTOBYBATHCH y 3aBJAHHAX YIPABIiHHS PO3YMHUMU
MallMHAMU IIUPOKOro Kiacy. dparMeHTH AucepTaliiHoi poOOTH 3alpOBaIKEHO: B
nporeci BUKOHAHHS JIEP>KOIO/DKETHOT HAyKOBO-AOCHIIHOT podotu  «[ mmbunHI
riOpuHI CUCTEMHU OOYMCIIOBAJIBLHOTO THTEJIEKTY JIJISl aHali3y MOTOKIB JaHUX Ta iX
mBuake HauaHHs», Ne JIP 0119U001403; y nHaByaibHMii mporec YKpaiHCHKOTO
JIEP>KaBHOTO YHIBEPCUTETY 3aJ13HUYHOTO TPAHCIIOPTY.

VY nepwomy po3oini npoBesieHO aHai3 GYHKIIOHATLHOTO HaBaHTaXeHHs, chep
3aCTOCYBaHHSA Ta TEPCHEKTUB BUKOPUCTAHHS ABTOHOMHUX MOOUTBHUX CHCTEM.
PosrnssHyTo BigOMI MigXoau 0 BUpilieHHs 3aBaaHHs Hasiramii AMC. BucsitieHo
CYTHICTh 3aBJlaHb, 110 (POPMYIOTh HaBITAIMHUKN IUKI: COPUUHATTS 1HMOpMAIT PO
OTOYEHHS, JIOKaJ3alisl Ta KapTorpadyBaHHs, IUIAaHYBaHHS MapIpyTy, KepyBaHHS
pyxoM. [IpoanaiizoBaHo BiJJoMi1 MO/JIeJTi Ta METOAW BUPIIICHHS IIMX 3aBAaHb. Po3kpuTo
CYTHICTb MIJIXOAY CUTYalIMHOT0 YIPaBIiHHS, HOTO MepeBaru Ta J0CBIJl 3aCTOCYBaHHS
B IHIIKX MPEAMETHHUX rany3sax. Ha miacraBi HaBeaeHOro aHami3zy 3po0jJeHO BUCHOBKH
o0 (pakTopis, SIKI HaKIaAaOTh OOMEKEHHS Ha BUKOPHUCTAHHS METOJIB 1 Mojeiei
HaBirauii B aBTOHOMHUX MOOUIbHUX cucTeMax. ToOTO B yMOBax HeIETEPMIHOBACTI i
OOMEKEHOTO CIOCTEePEIKEHHSI 3a OTOUYEHHSAM TOTPIOHI METOAUM aBTOMATHYHOTO
NepeTUIaHyBaHHs MapIIPyTy, [0 IHTETPOBAHI 3 MOJENSIMH CHPUUHSATTS JaHUX BiJ
CEHCOPIB 1 CUTYyallllHUM YIPABIIHHSIM.

Y  Opyeomy po30ini BUKIAJAEHO 3aCTOCYBaHHS MIAXOIYy CHUTYyaIiitHOrO
VOpaBTIHHSA 3 YypaxXyBaHHSAM KOHTEKCTY JO 3aBJaHHS HaBiraimii aBTOHOMHUX
MOOUTbHMX cucTeM. Ha OCHOBI BIZOMOro MiJXOJIy CHUTYalUlIMHOTO YHpPaBIIIHHI
3alpPONOHOBAHO MOJIeNh yrpaBiinHsa nepemimenasM AMC. Jlns 11p0oro BUKOHAHO
ctpatudikamniro 6azu 3HaHb AMC 3a piBHAMU aOctparyBaHHi. OJHOPITHICTH

1HTerpalii pileHs 3aBJaHb, SKi BAHUKAIOTh HA PI3HUX €Tanax HaBIramiiHOTO IUKITY,



JOCSITHYTO 32 PaxyHOK BHUKOPHCTaHHS OJHAKOBOi JJisi BCIX pIBHIB MOJENI
MPE/ICTABIICHHS 3HAaHb, & CaM€ HEUITKUX MPaBUII, 1[0 0OpOOIISIIOTHCA 32 JOIMOMOTOIO
MeXaHi3My BHUBEIEHHS MojaudikoBaHoi HewiTkoi Moxeni Takari-CyreHo-Kanra.
HaBeneHo meTo1 peIcTaBlieHHs Y BUTIIAI HeUiTKUX npaun Takari-Cyreno-Kanra
JUIS T1ATH PiBHIB 0a3u 3HaHb: 3HAHHSA, M0 ONHUCYIOTH 1l AMC; 3HaHHS MPO IJIaH
JOCATHEHHS 1UTl; KapTorpadiuHi 3HAHHS; 3HAHHS MPO CTpaTerii pyxXy B KIIOUOBUX
TOYKaX poO0OYOro MpOCTOPYy Ta Mi>K HUMH; 3HAHHS PO CTPATETii KEPYBaHHS PyXOM.

HaBeneHo koMIT I0TE€pHI €KCIIEPUMEHTH 3 Po3pobIieHo0 Moaeio. Pesynbratu
eKCIIEPUMEHTIB IOKa3alM, 110 MOJENb 3abe3leuye yCHilllHE BUKOHAHHS 3aBJIaHHS
nepemimeHHss AMC y370BX 3a3/1aj€erip 3alIaHOBAaHOTO MapuIpyTy 0€3 NEepenIkos;
nepeMiiieHs, ko B nam’sati AMC MICTUTBCS JIeKiIbKa MapIIpyTiB, 30KpeMa i
TaKuX, 10 MalOTh CIUIbHI JUISHKH, IIPU IbOMY KOJi31i HE BUHUKAIOTh; IEPEMIIICHHS
AMC y310BX MapuipyTy, Koau 30ypeHHs, IO TMOB’f3aHI 3 OOMEKEHHSIMU
CIIOCTEPEKEHHSI OTOYEHHS, YCKJIAJHIOIOTh BHUPIIMICHHS 3aBAaHHs Jokamizamii. Ll
30ypeHHs J0Jat0ThCs IIJISXOM y3arajbHEHHS CUTYallll, 110 BUKOHY€ETHCS MEXaHI3MOM
BUBEJIeHHS HeuiTKOi Mojeni Takari-Cyreno-Kanra.

Y  mpemvomy po3dini po3poOJIEHO METOJ CHUTYaIllHHOTO  YIIpaBIIIHHS
aBTOHOMHOIO MOOUTHHOIO CUCTEMOIO 3 MEPEeIIaHyBaHHIM MapHIpyTy, 110 3a0e3reuye
BUKOHaHHS 3aBnaHb AMC B yMoBax Henepen0ayeHuX MepenKko. 3anpornoHOBAHUMA
MeToa BukopuctoBye 3HaHHS AMC mnpo Biomi parMeHTH MapIIpyTiB JJIsi CHHTE3Y
HOBUX MapHIPYTIB PYXy 3 METOK 3a0e3MedYeHHs JOCSATHEHHS Il B YMOBaxX 3MIHU
OTOYEHHS.

Y uemeepmomy po30ini 3aPONOHOBAHO PO3BUTOK 1HGOPMAIIIHOI TEXHOIOTIT
Hapirauii AMC Ha OCHOBI MOJedl yHOpaBiIiHHS Ta METOJy IMepeIulaHyBaHHS,
HaBEJICHUX y po3aiIax 2 Ta 3. 3ampornoHOBaHO CTPYKTYPY MPOTrPaMHOTO 3a0€3MeUCHHS
ooptoBoi cuctemu AMC, mo miarpumye iHGOpMaliiHy TEXHOJIOTIIO i HaBiraiii.
CtpykTypa CKJIQJa€ThCsl 3 IISATH MOJYJIIB, TpU 3 SAKUX 0a3ylOThCAd Ha MOJENI,
po3po0IIeHiit y 111k poOOTI.

[ndopmariiitHa TeXHOJOTISS BUKOPUCTaHA JUIsl TMPOBEIACHHS  HATYpPHUX

eKCIIEPUMEHTIB. Y XOJ1 €KCIIEPUMEHTIB 3/11HCHIOBAIOCH BapilOBaHHS MOBHOTH 0a3u



MapuipyTiB AMC Ta JOMHaMiYHO JOJABajJUCh TNEPEIIKOJM B OTOYEHHI, WIO0
YHEMOXJIMBIIIOBAIM PYyX 3a BiioMUMU (200 aBTOHOMHO TMOOYJIOBaHUMH TMIPH
OTPUMaHHI LUl PyXy) MapuipyTamu. MeTor eKCHepUMEHTIB OyJio MpOBEICHHS
KOMILJIEKCHOTO ~TECTYBaHHS IPOMOHOBAaHOI 1H(POPMAILIMHOI TEXHOJOTIi 00
MO>KJIMBOCTI 11 3aCTOCYBaHHS JIJIsi BHPIMIEHHS 3aBJAaHHS MOHITOPHHTY IMPOCTOPOBO
po3ocepekeHnX 00’€KTiB. 3a pe3yiabTaTaMd EKCIIEPUMEHTIB OyJj0 BCTAaHOBIICHO
NPUAATHICTh MPOMOHOBAHOI CUCTEMHU [JISl YMOB, KOJHM JOCSYKHICTH LIJILOBOI TOYKU
PYXy € MPUHIMIIOBO MOXJIMBOIO, BPaXxOBYIOUM HasBHI 3HaHHSA, T00TO AMC 31aTHa
oOpatu ab0 caMOCTIiiHO MMOOYyayBaTH MapIIpyT B YMOBax TOSIBU JUHAMIYHHX
MEPEeIIKo/I, M0 TMOEAHYE TOTOYHEe Micue3HaxomkeHHss AMC 13 mimboBuM. SIKIo
MPUHIIAIIOBE JOCSATHEHHS LITFOBOI TOYKM HEMOXKIMBE 4Yepe3 HEIOCTATHIA oO0csT
noToyHUX 3HaHb, AMC 31aTHa NEPEXOJUTH Y PEXKHUM BHUIAJKOBOIO PyXYy, SKHUN
JT03BOJISIE 3A1MCHUTH MIOTIOBHEHHSI IOTOYHOI 0a3U 3HaHb.

Pesynprat nucepTaliiHuX AOCTIIKEHb BUKIAIEHO y 17 HayKOBHX Mpansx
aBTOpa, a came: 4 HayKOBI CTAaTTI B NEpPIOAMYHUX BUJAHHIX, 3 SKUX 3 CTaTTl y
BUJIaHHSX, BHECEHHX JI0 TIEPEIiKY HayKOBUX (haXxOBUX BHIIaHb Y KpaiHu KaTeropii «by,
1 crarTa y 3aKOpJIOHHOMY TiepioiuyHOMY HaykoBoMy BuAaHHi (bonrapis); 1 po3nin y
KOJIEKTUBHIN MoOHOrpadii, Buganiii 3a kopaoHoM (LlIBeinapis); 12 myOmikariii y
MaTepianax MI>KHAPOJHHUX Ta BCEYKPAiHChKMX HAYKOBHX KOH(EpEeHIiil, cepen akux 1
JIOTIOB1/Ib OMYOJIIKOBaHA B MaTepiajiax MDKHAPOAHOI HAyKOBOI KOH(EpEeHIlii, M0
1HAEKCYETHCS HAYKOMETPUYHOIO 0a3010 Scopus.

Knwouosi cnosa: aBTOHOMHa MOOUTbHA CHCTEMa, HaBIiraiis, CHUTYyalliliHe
yHOpPaBIiHHS, TEXHOJOTIT IITYYHOTO 1HTEIEKTY, KOTHITUBHA pOOOTOTEXHIKA, CUCTEMH,
3aCHOBAaHI Ha MpaBUJIaxX, HeUITKa 00poOKka iH(opMallii, IHTerpaiis HUPPOBUX PIlICHb,

HaBYAHHS 3 ITAKPITIICHHSIM.



ABSTRACT

Ivaniuk O. I. Model and method of information technology of navigation of
autonomous mobile systems under conditions of uncertainty. — Qualifying scientific
work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy is specialty 126 — Information
Systems and Technologies. — Ukrainian State University of Railway Transport,
Ministry of Education and Science of Ukraine, 2021.

The thesis is devoted to the solution of an important scientific problem on the
development of a model and method of the information technology of navigation of an
autonomous mobile system (AMS), which provides homogeneous integration of four
navigation cycle tasks such as information perception, localization, dynamic path
planning and situational motion control in an indeterminate partially observed
environment.

Parts of the research, the results of which are presented in the thesis, were
performed within the research work of the Ukrainian State University of Railway
Transport "Smart machines and the Internet of Things with artificial intelligence”,
Ne DR 0120U104276 and the state-funded research work of the Kharkiv National
University of Radio Electronics "Deep hybrid systems of computational intelligence
for data streams analysis and their fast learning", Ne DR 0119U001403.

The research object is the process of navigation of autonomous mobile systems.

The research subject encompasses models, methods and technologies of
navigation of autonomous mobile systems in the conditions of uncertainty,
incompleteness and fuzzies of information.

The research aim is to expand the possibilities of navigation of mobile systems
in the autonomous mode in a partially indeterminate environment.

To achieve the research aim the following research tasks have been solved:

1) an analysis of existing models and methods of navigation used in autonomous

mobile systems has been carried out;



2) a model of situational control of movement on a path of an autonomous
mobile system in the conditions of the provided disturbances based on the perception
conceptual model with mechanisms of context management and attention switching
has been developed;

3) a model and method of situational control of movement on a path with
dynamic re-planning of a path of an autonomous mobile system in the conditions of
unforeseen disturbances have been developed;

4) the information technology of navigation of an autonomous mobile system
based on the model of situational control of movement and dynamic re-planning has
been developed,;

5) comprehensive testing of the developed model, method and information
technology has been carried out.

The scientific novelty of the thesis is as follows:

— for the first time, a model of situational control of an autonomous mobile
system movement with re-planning of a path has been developed, which, unlike others,
takes into account the impact of unforeseen disturbances that make it impossible to
move to the goal position of the path, and due to situational re-planning based on
sensory data about the current situation allows an autonomous mobile system to
achieve the goal;

— the context-sensitive method of situational control has been improved, which
is adapted to the task of controlling the movement of an autonomous mobile system
along a given path, which allows on this basis to solve the problem of navigation of
mobile autonomous systems in conditions of uncertainty and incomplete information;

— the further development received the information technology of navigation of
an autonomous mobile system using the model and method of situational control with
re-planning of the path, which allows to expand the use autonomous mobile systems in
a partially indeterminate environment, when there is no possibility or economically
unreasonable a streamlining of the environment.

The practical significance of the obtained theoretical results of the thesis is that

the proposed model and method of situational control with re-planning of the path of



an autonomous mobile system is a universal tool that can be used in the control of smart
machines of a wide class. Fragments of the thesis were introduced: in the process of
performing state-funded research work "Deep hybrid systems of computational
intelligence for data streams analysis and their fast learning”, Ne DR 0119U001403; in
the educational process of the Ukrainian State University of Railway Transport.

In Chapter One, the analysis of functional loading, spheres of application and
prospects of use of autonomous mobile systems is carried out. Known approaches to
solving the problem of an AMS navigation are considered. The essence of the tasks
that form the navigation cycle is highlighted: perception of information about the
environment, localization and mapping, path planning, motion control. Known models
and methods of solving these problems are analyzed. The essence of the situational
control approach, its advantages and experience in other subject areas are revealed.
Based on the above analysis, conclusions are drawn on the factors that impose
restrictions on the use of methods and models of navigation in autonomous mobile
systems. That is, in conditions of nondeterministic and limited observation of the
environment requires methods of automatic re-planning of the path, integrated with
models of data perception from sensors and the situational control.

In Chapter Two, the application of the context-sensitive situational control
approach to the task of navigation of autonomous mobile systems is stated. Based on
the known approach of situational control, a model of an AMS movement control is
proposed. For this purpose, an AMS knowledge base was stratified according to the
levels of abstraction. The homogeneity of the integration of solutions to tasks that arise
at different stages of the navigation cycle is achieved through the use of the same for
all levels of the model of knowledge representation, namely fuzzy rules that processed
by the inference mechanism of the modified Takagi-Sugeno-Kang fuzzy model. A
method of representation in the form of fuzzy Takagi-Sugeno-Kang rules for five levels
of the knowledge base is given: knowledge describing the goals of an AMS; knowledge
of the plan to achieve the goal; cartographic knowledge; knowledge of movement
strategies at key points in the workspace and between them; knowledge of motion

control strategies.



Computer experiments with the developed model are given. The results of the
experiments showed that the model ensures the successful completion of the task of
moving an AMS along a pre-planned path without obstacles; moving an AMS without
collisions when an AMS memory contains several paths, including those that have
common areas; moving an AMS along a path when disturbances related to
environmental observation limitations make it difficult to solve the localization task.
These disturbances are overcome by generalizing the situation, which is performed by
the inference mechanism of the Takagi-Sugeno-Kang fuzzy model.

In Chapter Three, a method of situational control of an autonomous mobile
system with re-planning of the path, which ensures the performance of an AMS tasks
in the event of unforeseen disturbances is developed. The proposed method uses the
knowledge of an AMS about the known fragments of paths to synthesize new paths to
ensure the achievement of the goal in a changing environment.

In Chapter Four, the development of information technology of navigation of
an AMS based on the control model and re-planning method given in chapters 2 and 3
is proposed. The structure of an AMS on-board system software that supports the
information technology of its navigation is proposed. The structure consists of five
modules, three of which are based on the model developed in the thesis.

The information technology is used for field experiments. During the
experiments, the completeness of an AMS path database was varied and obstacles in
the environment were dynamically added, which made it impossible to move on known
(or autonomously constructed when obtaining the movement goal) paths. The purpose
of the experiments was to conduct a comprehensive test of the proposed information
technology on the possibility of its use to solve the problem of monitoring spatially
distributed objects. According to the results of the experiments, the suitability of the
proposed system was established for conditions when the reach of the goal point of the
movement is fundamentally possible, given the available knowledge, i.e., an AMS is
able to choose or build a path in dynamic obstacles, combining the current location of

an AMS with the goal point. If it is impossible to achieve the goal point in principle



due to insufficient current knowledge, an AMS is able to switch to a random motion
mode, which allows replenishing the current knowledge base.

The results of dissertation research are presented in 17 scientific works of the
author, namely: 4 scientific articles in periodicals, of which 3 articles in periodicals
included in the list of scientific professional publications of Ukraine category "B", 1
article ina foreign periodical (Bulgaria); 1 chapter in a collective monograph published
abroad (Switzerland); 12 publications in the proceedings of international and all-
Ukrainian scientific conferences, among which 1 publication published in the
proceedings of the international scientific conference, indexed by the Scopus database.

Keywords: autonomous mobile system, navigation, situational control, artificial
intelligence technologies, cognitive robotics, rule-based systems, fuzzy information

processing, integration of digital solutions, reinforced learning.
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