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06’exkmom Oocniddcenns € tpouec o0podku iHpopmaiii B G0pTOBOMY
koMt rotepi BIIC.

Ilpeomemom oocnidxcenns € METOIM, MaTEMAaTUUHI MOJIEII Ta aJITOPUTMHU
00po0Oku 1H(popMallii B 00pTOBOMY KOMIT FOTEP1 O€3M1IOTHOTO MOBITPSIHOTO CY/IHA.

VY BcTymi 00IpyHTOBAHO aKTYaIbHICTh O0OpaHOi TeMH, CHOPMYIIBOBAHO METY Ta
OCHOBHI 3a/la4l JOCHIPKEHb, TOKa3aHO B3a€MO3B'A30K BUOPAHOIO HAMpPSIMKY 3
OCBITHBO-HAyKOBHUMH TPOTpaMaMH, TUIaHAMH Ta TeMaMH, COPMYJIHOBAHO HAYKOBY
HOBH3HY Ta MOKA3aHO MPAKTUYHE 3HAUCHHS OJICPKAHUX PE3YJIbTATIB, PUBECHO JIaHi
Mpo O0COOUCTHI BHECOK 3700yBaya, MyOsikalli, ampoOari0 Ta BIPOBAIKEHHS
PE3yJIbTaTIB AOCIKCHb.

VY nepiomy po3ziii IPOBEACHO aHa3 ICHYIHOUMX METO/IIB Ta 3aC001B 00pOOKH
iHbopMartii B 6e3niioTHrx noBiTpsiHUX cyaHax (BIIC), nmpuBeneHo ocHOBHI MoAedi,
0 BHUKOPHUCTOBYIOThCA it 00poOku i1Hdopmanii B BIIC, mnpoBeneno anami3
MEPUIOKEPEN 3 MMTAHb ICHYIOUMX METO/IIB Ta JITOPUTMIB Jy1s1 00pOOKH 1H(pOpMAaLili B
BIIC Ta necrabimizyrounx ¢aktopiB. Bim3zHaueHo, Mo HaWNEpCHEKTUBHINIUMU
METOaMH, 1110 BUKOPUCTOBYIOTHCA JIJIs 1H(DOPMAIIHHUAX TEXHOJIOTIH 1pu 00poOiIi
iHdopmanii B BIIC € HelipoHHI Mepexi, 1110 3aCHOBaHI Ha HaBYaHHI Ta HEYITKa
JIOTiKa 3 3aCTOCYBaHHSM EKCIEPTHUX CHCTEM TPH HAKOMWYCHHI 3HAHb IS
3a0e3nevyeHHs] ePEeKTUBHOrO PIIIeHHsS 3a7a4. BcTaHOBIEH! OCHOBHI (PAKTOpH, IO
BIUTUBaIOTh Ha 00poOKy iHpopMmariii B BIIC, nmoka3anoi Tta oOIrpyHTOBaHI OCHOBHI
METO/IM Ta aJTOPUTMH, 1110 BUKOPHUCTOBYIOThCS B 1H(GOPMAIIHHIX TEXHOJOTISX TPH
00po0611i iHdopmariii. 3a pe3ynbraTaMu MPOBEACHOrO aHal3y Oyyio chopMyIHOBaHO

MeTy poOOTH, BU3HAYEHO OCHOBHI HAYKOBI 33jadi, 10 HEOOX1MHO PO3B’sI3aTh I il



nocsirHeHHs. CrUparoyuch Ha MPOBEICHUN aHANI3y CTaHy 3aayl CTOCOBHO MOJIENe
Ta MeTo/iB 00poOku iHPopmarii B BIIC, 3anpornoHoBaHi METO/IU Ta aJrOPUTMU JIJIsI
BUPIIICHHS 3a/1a4i.

B npyromy posaun po3riisiHyTo Metoau oOpoOku iHdopmarnii B BIIC,
MpOBEJCHO Kiacudikaiio Monaenei. BusHaueHo MOHATTSA KIIBKOCTI iH(opmarii
JUTSI TITUPOKOTO KJIacy MMOBIpHICHUX 00’ €KTiB. PO3risiHyTO icHYI0UI MaTeMaTHYHI
MOJIeNIl KepyBaHHs O€3IMUIOTHUM TOBITPSHHUM CYJHOM Ta IPOBEICHO Ta aHaJi3y
JMHAMIKK CHCTEMHU KEpyBaHHs B LIJIOMYy Ha Oynb-ikux ii pexkumax. [Tokazano
OCHOBHI Ta JIOKAJIbHI HETIHIMHOCTI: JJII aepOJMHAMIYHUX CHJI Ta MOMEHTIB, JIJIs
PUCKOPEHHSI TPaBITALlIMHOTO, BUPA3U MIUIBHOCTI MOBITPS, CUJI TSATH JIBUTYHIB.
JJ1st BU3HAUEHHSI TPAEKTOPIi MONBOTY 311MCHEHO MEePEXi] BT OPUTIHATY A0 MOJENI.
J11st mepeBipKU aIeKBaTHOCTI MOJIENI TPOBEICHO MOPIBHAHHS 3 EKCIIEPUMEHTOM Ta
3 1HIIOK MOJEIUIIO, aAeKBATHICTh SKOI MIATBEpI)KEHAa EKCIEPHUMEHTOM Ta 3
BUKopucTaHHAM kpurtepis dDimepa. [IpoBeneHo aHami3 NpUYMH Ta HACHIJIKIB, 3
BUKOPUCTAHHSM IIJIXOy 130JIbOBAHOTO YSABJICHHS, NPUYUH 1 HACHIJKIB.
3anpornoHOBaHO CTPYKTYPY MOJIEPHI30BaHOI 0araTopiBHEBOI CUCTEMU KEPYBAHHS.
[IpoBeneHo aHali3 BIUIMBY HAa TOYHICTH Ta MIBHJKICTH JBOCTOPOHHBOI TMepemaul
iHdopmanii Mix omnepatopoM Ta OoptoBuM kKomm 'roTepoM BIIC B ymoBax
HeBU3HaueHoCTi. [loOynoBaHo y3araibHeHy CTPYKTYPY 1HTEJIEKTyalbHOI CHCTEMU
KepyBaHHS.

VY TperboMy po3/ii PO3MISTHYTO MPOLeC OTPUMaHHs, 0OpoOKH 1 mepeaayi
iHdopmari 3 BIIC, Ha skl MO>ke BITMBATH 30BHIITHE cepenoBuiie. [IpoBeaeHo
OIIHKY 1H(hOpMaIiitHUX mapamMeTpiB B 3amadax kepyBanas bIIC i3 3actocyBaHHsIM
¢inpTpy Kanmana. 3anponoHoBaHo kiacu@ikamiio iHGOpMaIiiHUX TEXHOJOTH
st o0pooku iHdopmarii 3 BIIC. Busnaueno, mo cucrema s oOpoOKH
iH(dopmaii npu nepeaayi ta kepyBanHi bIIC noBuHHa 3a0e3meuyBaTH BUKOHAHHS
TakuX (QYHKIIHA SK MIBUIIEHHS TOYHOCTI Ta MIBUIAKOCTI 00poOKu iH(dOpMalii B
CHUCTEMI KEepyBaHHA B pEXKuUMI peadbHOro 4dacy. Jlms mpencraBieHHs
(GyHKIIIOHATBHOTO TPU3HAYEHHS CHUCTEMH CTBOPEHO JllarpaMy BapiaHTIB

BUKOPHUCTAHHA Ta JUIsl OMTUCY CUCTEMHU Ta i CTPYKTYpH — JllarpaMy KJaciB, I€pEBO



byukmin - g npouecy oopobku iHdopmariii B BIIC. Po3pobaeno aaroputm
HABYaHHS IITYYHOI HEHPOHHOI MEpEeX 1 Ha OCHOBI MaTeMAaTHUYHOI MOJEII pyXy B
BIIC 3 BukopucTtaHHsSIM peKypeHTHOI HeipoHHOi mMepexi LSTM. IloOymoBano
CTPYKTYpPY HEYITKOI €KCIEepPTHOI CHUCTeMU JUIsl MPUHHATTSA pillleHb B yMOBax
HEYITKOCTI Ta HEMOBHOTH. [loka3zaHo METO MOAETIOBAHHS MOJIBOTHOI TPAEKTOPIL
70 3aJaHol TOYKM 3 OOXOJOM TMEPEIHIKOJ 3 BHUKOPUCTAHHSIM CIUIAlHIB Ta
3rJIa/KyBHAHSIM — TPAeKTOpii 3a  JOMOMOrol  KyOiuHux kpuBux  bes’e.
CdopmynpoBaHO MOCTAHOBKY 3a/adi KepyBaHHs TpaekTopieio monboTy BIIC 3
00XO/UKEHHAM TMepelkol. Po3po0ieHo ajropuTM Ta CTBOPEHO OJIOK-CXeMy
QITOPUTMY JUISL CUCTEMU KepyBaHHsA Tpaektopiero nonboTy BIIC. Ilokazano, mio
npu o00X0J1 MEepelKo] Ppo3po0JIeHU anropuT™ (PopMye KyCKOBO-JIHINAHY
anpOKCHUMAIIlI0 TPAEKTOPIi 00XOKEHHS MEPEIIKO]] B pealibHOMY yaci. Po3risiHyTo
npobiieMy 3abe3nedyeHHs 3axucty ganux B cuctemi 3B’ s13ky BIIC abo JAITAC npu
JBOCTOPOHHBOMY OOMIHI 1H(QOpMali€l0 MK OOpPTOBHM KOMII'IOTEPOM Ta
orneparopoM. J[Jis mporHo3yBaHHs CTaHy cucTeMH 1H(opMaIliiHoi O6e3neku 0yIio
3aIpPONOHOBAHO BUKOPUCTOBYBaTU (hisibTpa Kanmana, 1o 103B0s1s1€ 00po0stoBaTu
iH(dopMarrito, mpuOupaT 3aBaju Ta IHINY 3aiBy iH(pOopMaIlito. Busnaueno 3MiHHI
Uit oOyJIOBU MaTpullb Mpu 3acTtocyBaHHI (iabTparii. [loOyaoBaHo nepeBo
BJIACTUBOCTEHN crucTeMu mnepenayi iHpopMmarii Mix 0oproBuM koM torepom BIIC
Ta ONIEPATOPOM, BPAXOBAHO MOKIIMBICTh BIUIMBY Pi3HUX (HDaKTOPIB HA TOUHICTH Ta
IIBUJIKICTH Mepeiadl iHpopmarrii.

B yeTBepTOMY pO3/ii1i MPOBECHO aHai3 BIUTUBY HA TOUHICTH Ta MIBUJIKICTh
nepeaadi iHGopMarllli Ha pe3yibTaT MEeTOAIB (GiIbTpaIlii, BpaXOBaHO MOXJIHBICTH
BIUTMBY 30BHIIIHIX (hakTopiB. [100yn0BaHO JOTIKO-TIHIBICTUYHY MOJAENb Jis
KOpEKIIii TOYHOCTI Ta MBUAKOCTI Tepenadi iHpopMarlii 0yso molOyaoBaHO, IO
J03BOJISIE MPUWMATH YIPAaBIIHCHKI pIIIEHHS 32 YMOBHM BIJXWJICHHS IIHMX
XapaKTePUCTHK BiJl BCTAHOBICHOTO OMTHMAIbHOTO 3HaueHHA. [loka3aHo BIUIHB
CUTYyaIlil, M0 MOTPeOYIOTh YNPABIIHCHKOTO BIUIMBY JUIsl TIOKPAIIEHHS TOYHOCTI,
IIBUJIKOCTI Ta JOCTOBIpHOCTI mepenaui iHdopmarii B cuctemi 3B’s3ky BIIC,

PO3MIITHYTO MOJKJIMBI yMPAaBIISIOYl Orepailii, HaBeJeHO orepalii, HeoOXiaH1 aJis



HaJaITyBaHHS HaBEACHOI JIOT1KO-TiHTBICTUUHOI Mozeni (JIJIM), 3anpornoHoBaHo
BUKOPHUCTOBYBATH MiAX1A JJIsI BUBEJCHHS pinieHb Ha ocHOBI JIJIM. Po3pobiieHo
QITOPUTM Ta HAMWCAHO TPOTpaMy i TPOBEICHHS MOJICTIOBAHHSI PyXy 3
BpaxyBaHHIM 30epekeHHs 1mo3/10BKHbO1 oci BIIC B ropu3oHTanbHINA IUIOLIUHI,
JUTsT 3amoOiraHHs 3HIDKCHHS BpAaxOBAaHO 3amac BEPTUKAIBHOI IIBHUAKOCTI Ta
MO>KJIMBI 3MiHU KyTa KpeHy Ha 90 ta 180 rpamxycis. [IpoBeeHO eKCIEpTHY OIIIHKY
TPHOX XapaKTEPHUCTHK, [0 BU3HAYAIOTh JOCKOHAJICTh Mepenayl iHpopmarlii B
iHbopMalliiiHIi cucTeMi. 3HAUEHHSI BEKTOPIB MPIOPUTETIB Ta OTPUMAHO 3BEEHI
OIIIHKU XapaKTepUCTUK 3a MeTo/IoM Jlendi. BuznaueHo cepeHi 3HaYeHHS OLIHOK,
CepelHl KBaJpaTU4HI BIAXWJICHHS, HIDKHIM Ta BEpXHIA KBApTUIi, MPOBEIACHO
KOperyBaHHs 1H(opMalli, sSIKy OnpaiboBy€ aHaJIITHYHA Ipyna. 3a JOMNOMOTOIO
merony Jlendi 3MeHIIEHO KOJWUBaHHS MO BCIM CYKYMHOCTI 1HIMBITYaJIbHUX
BIAMOBIZEH, OOMEXKEHO KOJIMBAHHS  BCEpPEIMHI Tpyl.  3amporoOHOBAHO
BUKOPHUCTOBYBAaTH METOJIM MAIIMHHOTO HaBYAaHHS 3 IMiJIKPIIUICHHSIM, 30KpeMa
anroput™ Q-Learning /is moOyI0BH TPaeKTOPii MiXK ABOMA 33 aHUMHU ITyHKTAMH
MIPU3HAYEHHS 3 MOXKJIMBICTIO 00X0/Ty HEpYXOMUX Teperikoa. B pe3ynbrarti podoTn
OyJI0 CTBOPEHO Mporpamy JJis HaBYaHHS HEUPOHHOI MEPEXi, JIJISl PO3PaXyHKIB Ta
pyxy BIIC o 3ananiit TpaekTopii 3 00xoa0M nepemkoa. [IpoBeaeHo nianyBaHHs
tpaekTopii pyxy BIIC B nuHamiuyHOMY cepeloBHILI 3 BpaXyBaHHSM MEPEIIKO 3
BUKopucTaHHsAM HelpoHHoi Mepexki CNN, ta riopumy CNN+LSTM. CtBopeno
mporpamy Jjsl 3alpoIOHOBAHO1 peasti3aliii.

B 3aranpHMX BUCHOBKAax IiJICyMOBAaHO OCHOBHI pPE3YyJbTaTH JOCIIIKECHb,
MIPOBEICHUX B JUCEPTAIIiHIN pOOOTI, IK TEOPETUYHUX, TaK 1 EKCTIEPUMEHTAILHUX,
OTPUMAHUX TIPU MPOBEJAEHH1 CUMYJISIIII.

TakuMm YWHOM, y TPEICTaBIICHIM TUCEPTAIliiiHIA pPOOOTI BUPINIYETHCS
HayKOBO-TIPUKJIa/IHA 33/1a4a 3 MMiABUIIEHHS TOYHOCTI, IIIBUKOCTI Ta IOCTOBIPHOCTI
00poOku 1H(opMarii npu mnepemaadyi B cucremax 3B’s3Kky BIIC, posrisHyTO
MOXJIMB1 YIPABJISIFOY1 OmeEparlii, 3ampornOHOBAHO BUKOPUCTOBYBATH MIAXiM MJIs
BUBEJICHHS PIIIEHb HA OCHOBI JIOT1KO-JIIHIBICTUYHOI MOJIEJ1 Ta 3 BUKOPUCTAHHSIM

HeWpoHHMX. PilIeHHS TOCTaBICHOI 3ajavl 3IWCHIOETHCS MUISIXOM PO3POOKH
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iH(popMaIiiiHOT TEeXHOJOr1i, METO/IB, METOJUKH Ta MPOrpPaMHUX ITOJATKIB, 3a
JIOTIOMOT'OI0 SIKMX CTBOPIOIOTHCS IMEPEAYMOBH AJIs MABUIIICHHS KOCT1 pe3yJIbTaTIB
MJIaHyBaHHs Ta neperutanyBanHs Tpaektopii pyxy BIIC a6o AITAC B ctatuuHOMY
Ta JUHAMIYHOMY CEpPEeIOBHUIIII 3 00XOA0M MEPEIIKO.

B nucepTamiiiniii poOOTI énepuie OTpUMAHO TaKi HAyKOBI pe3yJbTaTH:
gnepuie TIPOBEICHO aHaI3 ICHYIOUUX METOIIB 13ac001B po3poOKH iHPOpMAITIITHIX
TexHoJorii no kepyBaHHiO BIIC; enepue po3pobiieHo HOBY iHMOpMaIliiHy
TEXHOJIOT1I0 TPOCKTyBaHHS 300py Ta o0poOku iHbopmarii y BIIC; snepuie
po3pobieHo Metoa oopobku iHopmMmartii pu kepyBaHHi bIIC 3 BukopucTaHHsIM
KOMOiHaIlli HEHPOHHUX MEpEeX Ta 3 BUKOPHUCTAHHSIM HEUITKOI JIOTIKU; 6enepuie
po3po0IeHO HOBUI MeTO A 00pOOKH 1H(POpMaLIli TPH MOOYI0B1 TPAEKTOPII MOTBOTY
BIIC; snepuie 3arponoHoBaHO HOBY MaTeMaTUYHy MOJIe]Ib 00poOKku iHpopMallii B
KOMIT IOTEPHUX CHCTEeMaXxX OJIOKY KepyBaHHS.

Ompumana nooanvuuii po36umox 1HQPOpMaIliiHa TEXHOJIOTis BU3HAYCHHS
KOOpPAMHAT IEPEIIKOJ B CTAaTUYHOMY CEpENOBHUIIl Ta NEepeOdyd0BH TPAEKTOPIi
nonboTy BIIC npu 3MiHI KOOPAMHAT B IMHAMIYHOMY CEPEAOBHILI. 3aMpPONOHOBAHA
iH(hOopMaIliiiHa TEXHOJIOT1I MOXe OyTH BUKOPUCTAHA Yy CUCTEMAaX 1HTEICKTyaIbHOI
00poOku 1HpOopMallil B aBialliiiHIi raimy31i, 30KpeMa B aepornopTax Y KpaiHu.

Yoockonaneno CTpyKTYypy MOJEpPHI30BaHOI OaraTopiBHEBOI CHUCTEMHU
KepyBaHHsA.  [IpoBeneHO  CHMHTE3  CHUCTEeMH  TNPUHUHATTA  pIillleHb B
KOMIT FOTEpU30BaHIil CUCTEMI KepyBaHHs OE3MUIOTHUM MOBITPSIHUM CYTHOM.

Pesynpratu mucepraiiitHoi poOoTH BOpOBaKeHO Ha mignpueMctBax [TAT
HBO «KwuiBcbkuit 3aBoj; aBTOMaTUKM» Ta [lepskaBHOMY TianpuemMcTBi «3aBoj 410
[{A», a TakoK B HaBYaJIbHOMY Tpolieci HallioHaabHOro aBialiifHOro yHIBEpCUTETY
py MIATOTOBIN OakanaBpiB 3a cremianpHICTIO «lH(DopMmalriiftHi BUMIpIOBaIBHI

cucteMm» Ta «ENeKTpOTeXHIYHI CUCTEMU €JIEKTPOCTIOKUBAHHS.

Knrouosi crnosa: 1tHpopmariiiini TeXHOJOT1i, OE3MIJIOTHE TOBITPSHE CYIHO,
JUCTAHIIIMHO IMIJOTOBaHA aBialliifHa CHCTEMa, KOMII IOTepHU30BaHa CHCTEMA,

1HTEJIeKTyalbHa cucTeMa 0OpoOKH iHPOpMaIlii, MIIaHyBaHHS TPAEKTOPII.



SUMMARY

Graf M.S. Models and information technologies of information processing
in unmanned aerial vehicles - Qualifying scientific work on the rights of the
manuscript.

The dissertation on competition of a scientific degree of doctor of philosophy
(PhD) by specialty 122 — «Computer sciences» - National Aviation University,
Kyiv, 2021.

The object of the research is the process of information processing in the on-
board computer of the BPS.

The subject of the research is methods, mathematical models and algorithms
for processing information in an on-board computer of an unmanned aircraft.

The introduction substantiates the relevance of the topic, formulates the goal
and main tasks of research, shows the relationship of the chosen direction with
educational and scientific programs, plans and topics, formulates scientific novelty
and shows the practical significance of the results obtained, provides data on the
personal contribution of the applicant, publications, testing and implementation of
research results are given.

In the first chapter, the analysis of existing methods and means of
information processing in unmanned aerial vehicles (UAVS) is carried out, the
main models used for information processing in the UAV are given, the analysis of
primary sources on the issues of existing methods and algorithms for information
processing in the UAV and destabilizing factors is carried out. It is noted that the
most promising methods used for information technologies when processing
information in a UAV are neural networks based on training and fuzzy logic using
expert systems in the accumulation of knowledge to ensure effective problem
solving. The main factors influencing the processing of information in the UAV
have been established, shown and the basic methods and algorithms used in
information technologies in information processing have been substantiated. Based
on the results of the analysis, the goal of the work was formulated, the main

scientific problems were identified, it is necessary to solve for its achievement.



Based on the analysis of the state of the problem with respect to the models and
methods of information processing in the UAV, methods and algorithms for
solving the problem are proposed.

In the second chapter, the methods of information processing in the UAV are
considered, the classification of the models is carried out. The concept of the
amount of information for a wide class of probabilistic objects is defined. The
existing mathematical models of control of an unmanned aircraft and the conduct
and analysis of the dynamics of the control system as a whole in any of its modes
are considered. The main and local nonlinearities are shown: for aerodynamic
forces and moments, for gravitational acceleration, expression of air density,
engine thrust forces. To determine the flight trajectory, a transition was made from
the original model. To check the adequacy of the model, a comparison was made
with the experiment and with another model, the adequacy of which was confirmed
by experiment and using the Fisher criterion. The analysis of causes and
consequences is carried out using the approach of an isolated view, causes and
effects. The structure of the modernized multilevel control system is proposed. The
analysis of the influence on the accuracy and speed of two-way information transfer
between the operator and the on-board computer of the UAV under conditions of
uncertainty is carried out. A generalized structure of an intelligent control system
has been built.

The third chapter discusses the process of receiving, processing and
transmitting information from the UAV, which can be influenced by the external
environment. The estimation of information parameters in the control problems of
the UAV with the use of the Kalman filter is carried out. The classification of
information technologies for processing information from the UAV is proposed. It
has been determined that the system for processing information during
transmission and control of the UAV should ensure the performance of such
functions as increasing the accuracy and speed of information processing in the
control system in real time. To represent the functional purpose of the system, a

diagram of use cases was created and to describe the system and its structure - a



class diagram, a tree of functions - for the information processing process in the
UAV. An algorithm for learning an artificial neural network based on a
mathematical model of motion in a UAV using a recurrent neural network LSTM
has been developed. The structure of a fuzzy expert system for decision-making in
conditions of fuzzy and incompleteness has been built. A method for modeling a
flight trajectory to a given point with avoiding obstacles using splines and
smoothing the trajectory using cubic Bezier curves is shown. The formulation of
the problem of control of the flight trajectory of the BPS with obstacle reversal is
formulated. An algorithm was developed and a block diagram of the algorithm for
the control system of the flight trajectory of the UAV was created. It is shown that
when avoiding obstacles, the developed algorithm forms a piecewise linear
approximation of the trajectory of avoiding obstacles in real time. The problem of
ensuring data protection in the communication system of the UAV or RPAS during
the two-way exchange of information between the on-board computer and the
operator is considered. To predict the state of the information security system, it
was proposed to use the Kalman filter, which allows you to process information,
remove interference and other unnecessary information. Variables are defined for
constructing matrices when filtering is applied. A tree of properties of the
information transfer system between the on-board computer of the UAV and the
operator was built, the possibility of the influence of various factors on the accuracy
and speed of information transfer was taken into account.

In the fourth chapter, the analysis of the influence of the filtering methods
on the accuracy and speed of information transmission on the result of filtering
methods is carried out, the possibility of the influence of external factors is taken
into account. A logical-linguistic model was built to correct the accuracy and speed
of information transfer, it was built, which allows making management decisions,
subject to the deviation of these characteristics of the established optimal value.
The influence of situations requiring managerial action to improve the accuracy,
speed and reliability of information transfer in the UAV communication system is

shown, possible control operations are considered, the operations necessary to



adjust the reduced logical-linguistic model (LLM) are given, it is proposed to use
an approach for deriving solutions based on the LLM. An algorithm was developed
and a program was written to simulate the movement, taking into account the
preservation of the longitudinal axis of the UAV in the horizontal plane, to prevent
a decrease in the vertical speed fund and possible changes in the roll angle by 90
and 180 degrees. An expert assessment of three characteristics that determine the
perfection of information transfer in an information system has been carried out.
The values of the priority vectors and the summary estimates of the characteristics
by the Delphi method are obtained. The mean values of the estimates, standard
deviations, lower and upper quartiles, correcting the information processed by the
analytical group were determined. With the help of the Delphi method, fluctuations
in the entire set of individual responses are reduced, fluctuations within groups are
limited. It is proposed to use methods of machine learning with reinforcement, in
particular, the Q-Learning algorithm for constructing a trajectory between two
given destinations with the ability to bypass fixed obstacles. As a result of the work,
a program was created for training a neural network, for calculating and moving
the BPS along a given trajectory with avoiding obstacles. The planning of the
trajectory of the UAV movement in a dynamic environment, taking into account
obstacles, using the CNN neural network, and the CNN + LSTM hybrid has been
carried out. A program has been created for the proposed implementation.

The general conclusions summarize the main results of the research carried
out in the dissertation work, both theoretical and experimental, obtained during the
simulation.

Thus, in the presented dissertation work, a scientific and applied problem is
solved to improve the accuracy, speed and reliability of information processing
during transmission in UAV communication systems, possible control operations
are considered, it is proposed to use an approach for deriving solutions based on a
logical-linguistic model and using neural ones. The solution to this problem is
carried out by the development of information technology, methods, techniques

and software applications, with the help of which the prerequisites are created to



improve the quality of the results, planning and redevelopment of the trajectory of
the BPS or RPAS in a static and dynamic environment with avoiding obstacles.

In the dissertation work, for the first time, the following scientific results
were obtained: for the first time, an analysis of existing methods and tools for the
development of information technologies for the control of UAV was carried out;
for the first time a new information technology was developed for designing the
collection and processing of information in the UAV; for the first time a method of
information processing was developed when controlling UAV using a combination
of neural networks and using fuzzy logic; for the first time a new method of
information processing was developed when constructing the flight trajectory of
the UAYV; for the first time a new mathematical model of information processing
in the computer systems of the control unit was proposed.

Information technology for determining the coordinates of obstacles in a
static environment and restructuring the flight trajectory of the UAV when the
coordinates change in a dynamic environment has been further developed. The
proposed information technology can be used in intelligent information processing
systems in the aviation industry, in particular at the airports of Ukraine.

The structure of the modernized multilevel control system has been
improved. The synthesis of a decision-making system in a computerized control
system for an unmanned aircraft has been carried out.

The results of the dissertation work were introduced at the enterprises of
PJSC RPA "Kiev Automatics Plant" and the State Enterprise "Plant 410 CA", as
well as in the educational process of the National Aviation University in the
preparation of bachelors in the specialty "Information measuring systems" and

"Electrical power consumption systems".

Keywords: information technology, unmanned aerial vehicle, remotely
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