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2. Localization and navigation of mobile wheel robots using computational intelligence methods

Pedepar:

1. Y nuceprauiiiniii po6OTi 3aIpONIOHOBAHO PillIeHHS aKTyaJIbHOI HAYKOBOIIPAKTUYHOI 3a51a4yi po3poOKyU ribpruiHIX
METO/IiB JIOKasli3alii Ta Hagirauii Mo6iIbHUX KOJIiICHUX POOOTIB 3 3aCTOCYBaHHSIM HEUIiTKUX Ta HEMPOMEPEKEeBUX
MoJeJel, o MOXYTb OyTH €(PEKTMBHO BUKOPUCTAHi y CepeoBUIIAX 3i 3MiHHUMU BJIaCTUBOCTIMU. OO’ €KTOM
IOCJIiIKeHHs B poOOTi € IpoLiecH JIoKaslizauii Ta Hagirauii Mo6iIbHUX 06'eKTIB i3 3aCTOCYBaHHSM METO/IiB

004U CII0BAILHOTO iHTEJIeKTy. MeToiy NOCIiIpKeHHs B pOOOTi OCHOBaHI Ha BUKOPUCTAaHHI MeTO/iB JIoKasi3allii
PYXOMUX O0’€KTiB 3 BUKOPHCTAHHSIM PalioCUIHAaIiB, METO/IiB ONITUMI3allii MapIpyTiB Ha rpadax, MeTomiB (pinbTpari
KanmaHa i barieca, MeTO/IiB HEYITKOI JIOTIKM, METO/IiB MAaIMHHOIO HABYAHHS 3 MiJKPINJIEHHSIM Ta METOJiB
HepoOMepeskeBOro MOJeJII0BaHHS. B po6oTi 3anrpornioHoBaHO MeTox, JloKasi3alii Ta Hasiranii poboTiB B cepenoBuIi
31 3BMiHHMMU BJIaCTUBOCTSIMU 32 YMOB OOMEXKEHUX MOKJIMBOCTEN 7151 AUCTAHLiITHOTO KEPYBaHH4, 10 Ilependaydae
MOXJIMBICTb IEPEMUKAHHS PEXXAMY KEPYBAHHS pOOOTOM B CTaH aBTOHOMHOI HaBirallii. 3alipolioHOBaHO METO/
aBTOHOMHOI Hagiraii po60TiB B HEBIJOMOMY CepeIOBULLi 3 KOMOIHOBAaHMM 3aCTOCYBaHHSIM HEYiTKOI MogeJti i RL-

METOJ|B, SIKUH [103BOJIsIE€ NTOKPAIyBaTU Habip HEYITKUX IPaBUJl, BAKOPUCTOBYIOUM CUTHAJIM MiTKPIiNJIeHHS.



3anpornoHOBaHO YIOCKOHAJIEHHS METOy JIoKali3alii MOGiIbHMX 06'€KTIB 3 BUKOPUCTAaHHSM TexHoJIorii iBeacon ta
JAHUX aKCEJIEPOMETPA y IPOCTOPI 3 BiTOMUMU KapTaMu IPUMIlllEeHb, O T03BOJISIE CKOPOTUTH KiJIbKiCTh
HeOoOXiHUX 17151 JIoKaJli3allii nepenaBayis. 3alIpOIIOHOBAHO YAOCKOHAJIEHHSI METOAY JIOKaslizallii poOoTiB i3
3aCTOCYBaHHSM npouenyp ¢inprpanii Kanmana i ¢pinprpauii baiteca, siknil 03B0J1sI€e BpaxOBYBaTHU OCOOIMBOCTI
JI0Kasi3allii MojoXeHHs: po60Ta 32 YMOB HAasBHOCTI 200 BiJICyTHOCTi IPONPiOLE€NTUBHUX JAaHMX. 3alIPOIIOHOBAHO
yIOCKOHaJIEHHSI METOZy aBTOHOMHOI HaBiraliii po60oTiB B HEBiLOMOMY CepeloBUILi 3 06XO[I0M IIEPELIKO] i3
3aCTOCYBAaHHSM HEUiTKOI MOJieJli, SIKUI [103BOJIsI€ peasli3yBaTy Pi3Hi TUIIM IIOBEAiHKM poOOTa B yMOBAaX HASIBHOCTI i
BiZicyTHOCTI mpornpiouentuBHoi ingopmauii. B po60Ti HabyB 110AANBIIOrO PO3BUTKY METOJ, BU3HAUEHHS MapLIPYTy
PYXy MOOiJIbHUX 00'€KTiB 3 BUKOpUCTaHHIM MoaudikoBaHoro anroputmy Jump Point Search, mo no3BoJisie
3MEHIIUTHU KiJIbKICTh HEOOXiTHMX 00YMCIIeHb B IOPiBHSIHHI 3 6a30BUMU anroputmamu. [IpakTuyHe 3Ha4eHHSI pO6OTU
IIOJISITA€ B TOMY, 110 OTPMMAaHi TEOPETUYHI PE3yJIbTaTH PEAi30BAHO 32 JONIOMOTOI0 HOBUX iHTEJIEKTyalIbHUX
mpouenyp Jiokasizarii Ta HaBirauii MO6iIbHUX 06€KTIB, 10 3a6e31e4ye MOKIMBICTD iX e)eKTUBHOIO BUKOPHUCTAHHS
B CUCTe€Max KEPYBaHHs pOOOTOM B CepeoBUli 3i BMiHHMMU BIACTUBOCTSIMU 32 YMOB OOME>KEHUX MO>KJIMBOCTEN
L7151 AUCTaHLiHOTO KEPYBaHHS. Pe3ysIbTaTy TECTYBaHHSI 3alIPOIIOHOBAHUX METO/IIB Ta BiJIIOBiIHUX

004K CII0BAIbBHUX NIPOLENYP MiATBEPAXYIOTh ii IpaLe3JaTHICTh Ta NePCIEKTUBU ITPAKTUYHOTO 3aCTOCYBAHHSL.
Oxpemi NI0JI0KEeHHS, BUCHOBKY Ta peKOMEeHJIaLlil cepTauiiiHoi po60TH BUKOPHCTAHO B HABYAJIBHOMY IIpoLeci 1is
niaroroBku ta Moaudikalii Kypcy «BOyoBaHi CUCTEMHU B iHT€JIEKTyasbHiN POOOTOTEXHILI», & TAKOX Y KYPCOBOMY
Ta AUIVIOMHOMY IIPOEKTYBaHHi Ha Kadepi eJIeKTPOHHUX OOYMCIIIOBAJIbBHAX MAallMH XapKiBCbKOTO HalliOHAJILHOTO

YHIBEpCUTETY PaflioeIEKTPOHIKY, 110 HiATBEPIKYETLCS BiATIOBIIHMM aKTOM.

2. In dissertation work the solution of the actual scientific and practical task of developing hybrid methods of
localization and navigation of mobile wheel robots with the use of fuzzy and neural network models that can be
effectively used in environments with variable properties is proposed. The object of research in work is the
processes of localization and navigation of mobile objects with the use of methods of computing intelligence.
Methods of research in work are based on the use of: methods of localization of moving objects in using radio
signals, methods of optimizing routes in graphs, Kalman and Bayes filtration methods, methods of fuzzy logic,
methods of machine learning with reinforcements and methods of neural network modeling. The paper proposes a
method of localization and navigation of MPs in a medium with variable properties under the conditions of limited
possibilities for remote control, which provides for the possibility of switching the mode of control of the robot to
the state of autonomous navigation. The method of autonomous navigation of MR in an unknown environment
with combined application of fuzzy model and RL-methods is proposed, which allows to improve the set of fuzzy
rules using reinforcement signals. The improvement of the method of localization of mobile objects using iBeacon
technology and accelerometer data in space with known maps of premises is proposed, which allows to reduce the
amount of transmitters necessary for localization. The improvement of the method of localization of AMP with the
use of Kalman filtration and Bayes filtration procedures, which allows taking into account the features of
localization of the robot's position in the presence or absence of proprioceptive data, is proposed. The
improvement of the method of autonomous navigation of MR in an unknown environment with obstacle bypassing
with the use of fuzzy model, which allows to realize different types of behavior of the robot in the presence and
absence of proprioceptive information. In this work, the method for determining the route of mobile objects
movement using the modified Jump Point Search algorithm has been further developed, which allows reducing the
number of computations required in comparison with the basic algorithms. The practical value of the work is that
the obtained theoretical results are realized with the help of new intelligent procedures of localization and
navigation of mobile objects, which ensures the possibility of their effective use in control systems of the MR in a
medium with variable properties under the conditions of limited possibilities for remote control. The results of the
testing of the proposed methods and the corresponding computational procedures confirm its efficiency and
prospects of practical application. Some provisions, conclusions and recommendations of the dissertation work
are used in the educational process for the preparation and modification of the course "Embedded Systems in
Intellectual Robotics", as well as in course and graduation designing at the Department of Electronic Computing
Machines of the Kharkiv National University of Radio Electronics, which is confirmed by the relevant act.
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