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AHOTAIIS

Coxonog K. A. MeToau afanTUBHOTO OI[IHIOBaHHS MTapaMeTPiB pyXy MaHEB-
pytodoro manopo3mipHoro BIIJIA 3a manumu Bijleokamepu Ta Jajexkomipa. —
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

JucepTarttist Ha 37100yTTS HAYKOBOTO CTYIICHS JAOKTOpa (¢iocodii B ramysi
3HaHb 17 «EnexTpoHika Ta TeleKkoMyHiKallii» 3a cremiaibHicTio 172 «Tenekomy-
HiKalii Ta pagioTexHikay. — HallloHanbHUI TEXHIYHUM YHIBEPCUTET YKpaiHu
«KuiBcbkuit nmomiTexHiuauit 1HCTUTYT iMeH1 Iropst Cikopebkoro» MOH VYkpainu,
HanionanbHuil TeXHIYHUHN yHIBepcUTET YKpaiHu «KuiBCbKUI MOJITEXHIYHUM 1H-
ctuTyT iIMeHi Irops Cikopcskoro» MOH VYkpainu, Kuis, 2025.

MeTo10 10CTiAAKeHHS € [T1IBUIICHHS TOYHOCTI BUBHAYEHHSI MICLIETIONO0KECHHS
MaHeBpyr4oro Manopo3mipHoro BITJIA nuisxomM po3poOKu METO/IB aIallTUBHOTO
OLIIHIOBAHHSI TApaMeTpPiB HOTO pyXy 3a JaHUMU BiJIEOKaMEpH Ta JlaJekoMipa, K1 He
BUMAraroTh 3HAYHUX OOUHCITIOBAIIBHUX BUTpPAT.

Ha cbhoronHimHii AeHb HIMPOKOTO PO3MOBCIOKEHHS HAOyJId Maniopo3MIpH1
BIUJTA (MBIUJIA) 3 pisaumu OaratodyHkiiioHaibHUME Moaudikamisimu. Le crpu-
YUHUJIO MPOOJIEMY Y CTBOPEHHI CUCTEM KOHTPOJIIO 1 MOHITOpUHTY 3a MBIUIA nns
3a0e3nedeHHs 0e3nexu. OKpeMuM 3aBJIaHHAM y BUPIIIECHHI L1€i MPOOJIEMH € MOKpa-
IICHHST METO/IIB BUSABIICHHS Ta cliakyBaHHs 3a MBIIJIA 3 BUkopucTaHHsM JOCTYII-
HUX Ta TOUIMPEHUX MPUCTPOIB.

OO6po6Oxka indopmarllii oTpuMaHOi 3 MOCIHIIOBHOCTI KaJIpiB BiJeOKaMepu Jae
3MOTYy BU3HAYUTH HAIpPSIMOK Ha 00’€KT, MPOTE HE MICTUThH 1HPOpMAaLIi Mpo Aalib-
HICTh 710 00’ ekTy. KomIiekcyBaHHs BijieoOKaMepH Ta JajeKoMipa Ja€ MOKIIUBICTh
BU3HAYHUTH MICIIETIONIOKEHHS 00’ €KTa y IPOCTOPI.

AxtuBHe MaHeBpyBaHHS MBIIJIA nipu3BOIUTH 10 YCKIIAIHEHHS MPOLECY CY-
IPOBO/KEHHS Ta 3HWKEHHSI TOYHOCTI OLIIHIOBaHHS napameTtpiB pyxy. [ToOymnoBani
Ha OCHOBI KaJIMaHIBChKOI (DUIBTpaIlil y TUCKPETHOMY Yaci aJrOPUTMH BU3HAUCHHS
napameTpiB pyxy 00’€KTIB 3a JaHUMU TPAEKTOPHUX BUMIPIOBaHb MAOTh PEKYPEH-

THY CTPYKTYpY, 10 3pyuHo peamizyBatu Ha EOM. Ilpote, Taki aaroputMu mpu



OLIIHIOBaHHI MapaMeTpiB pyXy IHTCHCUBHO MaHEBPYIOUUX 00 €KTIB 4acTO € PO30iXK-
HUMHU.

baifeciBchkHi1 METO/T aIalITUBHOTO OLIIHIOBAHHS MPOIECIB 3 BUMAJAKOBOIO CTPY-
KTYpOIO B JUCKPETHOMY 4aci MPU3BOAUTH 10 (DIIBTPIB 31 3pOCTAIOYMM YHCIIOM Ka-
HaJIB, SIK1 MPAKTUYHO HE MOXJIMBO peajizyBaTH, 1 HE 103BOJIIE OTPUMATU PEKYPEH-
TH1 ONITUMAJIbHI aITOPUTMHU OI[IHIOBAHHS TaKUX MPOIIECIB.

ToMmy akTyaapbHOIO HAYKOBOK 3aJauyel0 € Po3poOKa METOMAIB aJanTHBHOTO
OIIIHIOBAaHHSI MapamMeTpiB pyxy MmaHeBpyrouoro MBIIJIA 3a nanumu Bigeokamepu Ta
JajgeKkoMipa, o 3a0e3MeuyroTh MiJIBUIIICHHS TOYHOCTI BU3HAYEHHS MOTO MICIIETO-
JIO’KEHHS 1 HE BUMAraroTh 3HAYHUX 0OUUCITIOBAIIBHUX BUTpPAT.

3MiCT JUcCepTalifHOrO TOCIIHPKEHHS BUKJIAIEHO Y YOTUPhOX PO3JIiiax, y KO-
KHOMY 3 SIKUX TPECTABIICHO 3 TIOSCHEHHSIM OCHOBHI pe3yJIbTaTH JOCI1IKESHHS.

VY BeTyni HajaHO OOTPYHTYBAHHS aKTyaJlbHOCTI 00paHOi TEMU JucepTaliiHOl
pobotu Ta chopMyJIbOBAaHO HAyKOBY 3afady. OKpeclieHO 00’ €KT 1 MpeaIMeT JOCHTi-
JUKEHHS, c(hOpMYJILOBAHO METY pOOOTH, Ta, HA 1i OCHOBI, IOCTABJICH] 3aBJAHHS 3
BKa3aHHSIM METOJIiB J0ociiKeHHs. [IpeacTaBieHo OCHOBHI HayKOB1 pe3yJIbTaTH, 00-
I'PYHTOBAHO 1X HOBU3HY. 3a3HAY€HO OCOOUCTHI BHECOK 37100yBayua y JOCIIIKEHHS,
a TaKO BUCBITJICHUH 3B'A30K 3 HAYKOBUMU IIpOrpamMamu, TUIaHAMH, TEMaMH, TpaH-
tamu. ONMCaHO TPAKTUYHE 3HAYECHHS OTPUMAHMUX PE3YyJIbTaTiB Ta HABENICHO JaHI
1010 arpoodarlii MarepiajiiB AUCepTaIlli.

VY nepumioMy po3aijii BUKOHAHO aHaJI3 HAYKOBUX JHKEPEN 31 3a3HAUYCHHAIM
aKTyalbHUX JOCSITHEHbB, OB’ I3aHUX 3 TEMATHKOIO TUCEPTALIMHOTO TOCHTIIKEHHS.
Hanano knacudikamito piznoBuaiB BITJIA, Ha oCHOBI SIKOi BiIMiU€HI OCHOBHI Xa-
pakTepHi 0COOIMBOCTI TOBEIIHKHY TAHUX JIITATLHUX arapaTiB, BAKIMBUX B paMKax
HayKoBoro jaociimkeHHs. Po3risiHyto tunoBy OynoBy BIIJIA, xapaktepny s
kiacy manorabaputaux BITJIA. VBary 3ocepemxeHo Ha JUHAMIYHUX XapaKTepUC-
TUKaX, BIJIMIHHOCTSIX JIaHOTO KJIacy JIITAJbHUX anapariB 3 MOMDXK 1HIIUX. Takox
PO3TISIHYTO 0COOIUBOCTI ()YHKIIIOHYBaHHS, OyJI0BM Ta BUKOPHUCTAHHS Cy4acCHUX
pIIIeHb Y CUCTEMAaX BiJIEOCTIOCTEPEKEHHs. 3a3HaYeH1 KJIacH BlCOKaMep B 3aJICxK-

HOCTI BiJI KyTiB iX orysiay. [lokasaHi mepeBaru Ta HEOJIKH BUKOPHCTaHHS



BY3bKOTIOJILHUX Ta MTUPOKOIIOIBHUX CUCTEM BiZIEOCTIOCTepEKEHHS. BiqMiueHo Ba-
MKJIMB1 JUTSL AOCHIIKEHHS XapaKTEPUCTUKU CUCTEM BiaeocnocTepekeHHs. Po3ris-
HYTI JIBA OCHOBHHMX BUJIU JAJIEKOMIPIB, K1 MOXXYTh OYTH BUKOPHCTaH1 ISl OTPH-
MaHHS JaHUX CIOCTEpEKEHHS. 3a3Ha4eHi OCHOBH1 (PI3WYHI IPUHLIUIN QYHKIIIOHY-
BaHHs J1azepHux ganexkomipiB Ta FMCW panapis. [linkpecneno BaxiuBy s J10-
CJIIJDKEHHS XapakTepHy pizHUIo B poooti FMCW panapiB Ta ia3epHUX AaJIeKO-
MipiB. [IpoananizoBaHo akTyajabHI METOJM BHUSBJICHHS Ta CYMPOBOKEHHS PYyXO-
MUX 00’€KTIB Ha MOCIIJOBHOCTI KaJpiB CUCTEMHU B1JI€OCIIOCTEPEKEHHS. [leTanbHo
PO3MIISTHYTO KOPEALIMHO-EKCTPEMAIIbHUN METOJ] CTEKEHHS, HABEJIEHO OCHOBHUIA
MaTeMaTUYHUH anapar, 110 BUKOPUCTOBYEThCA y JaHOMY MeToi. [IpoBeneno ana-
J13 aKTyaJIbHUX METOJIIB aJIallTUBHOTO OLIIHIOBAHHS MapaMeTpiB pyXy MaHEBPYIO-
4yoro 00'ekTa. PO3rIIsIHyTO OCHOBHI 3aca/ii KJIACHYHOT'O METOTy OLIIHIOBaHHS Mapa-
METpIB pyXy 00’€KkTa — KalMaHIBChKOI (impTpartiii. Hagano 3aransny kinacudika-
I[1F0 METO/I1B aJJalITUBHOTO OIIHIOBAHHS MTapaMEeTPiB pyXy MaHEBPYIOUOro 00'eKTa.

JIpyruii po3aisl MpUCBSIYEHO PO3POOIl aNrOpUTMIB aAalNTUBHOTO OILIHIO-
BaHHs napameTpiB pyxy MBIIJIA 3a qanumu Bijleokamepu 3 BUKOPUCTaHHS KOpe-
asuiiHoro nomyky. HaBegeHo Metoauky po3paxyHKy Tpaektopii pyxy MBIIJIA
3a BIJICOJaHUMH, OonmcaHo Mojenb pyxy MBIIJIA y matpuunomy Burisiai. Buko-
HaHO aHai3 TouHOCTI mo3uilionyBaHHs MBIIJIA Ha moTounomy kanpi. OnucaHo
OCHOBHI 3acajyd MOOYyJOBH aJIFOPUTMY aJalTHBHOTO OI[IHIOBAHHS IMapaMeTpiB
pyxy MBIUIA 3a manumu BileOKamMepu 3 BUKOPUCTAHHSM KOPEJSAIIAHOTO TO-
mryky. [IpoBeieHO cHHTE3 ONMTUMAIBHOTO Ta KBA310NTUMAIBHOTO alTOPUTMIB aja-
NITUBHOTO OllIHIOBaHHS napameTpiB pyxy MBIIJIA 3a nanumu Bimeokamepu 3 BU-
KOPHUCTaHHSM KOPEJSLIHHOro MOonryky. BukonaHo aHani3 KBa3ionTUMajabHOTO aj-
TOPUTMY aJIalITUBHOTO OLiHIOBaHHS napameTpiB pyxy MBIIJIA 3a nanumu Bineo-
KaMepH, 3 BUKOPUCTAHHAM KOPEJISAIIMHOTO MONTYKY METOJIOM CTaTUCTUYHOTO MO-
nemoBanHs Ha EOM y cepenosuiii MATLAB.

Y TperbomMy po3aisi 10CTIKEHHS] BUKOHAHO PO3pOOKY METO/IIB aJanTHB-
HOTO OLIIHIOBaHHS MapaMeTpiB pyxy maHeBpytouoro MBIIA 3a nanumu naneko-

Mipy. CHHTE€30BaHO ONTUMAIBHUM 1 KBa310NTUMAIbHUI aJrOPUTMHU aJIallTUBHOTO



OIIIHIOBAHHSI MTapamMeTpiB pyxy ManeBpytouoro MBIIJIA 3a nanumu gamekomMipy Ta
IIPOBEJICHO aHaJi3 KBa310NTUMAJILHOTO anroputMy. Ha ocHOBI KBa3ionTUMaabHOTO
QITOPUTMY aJJalITUBHOTO OIIHIOBAHHS MMapaMeTpiB pyxy maHeBpytouoro MBITJIA
3a JaHUMH JTaJIEKOMIPY pO3pO0JICHO aJanTUBHUN aJITOPUTM 3 TIOCTIHHIMH Koe(i-
I[IEHTaMH TJCUJICHHS KaHajiB GiIbTPy Ta BAKOHAHO HOro aHali3. BUukoHaHo po3-
pOoOKY ONTHUMAIBHOTO 1 KBa310MTHUMAIBHOTO aJTOPUTMIB aIallTUBHOTO OIlIHIO-
BaHHs napaMmeTpiB pyxy maHeBpytouoro MBIIJIA 3a nanumu nanexomipy npu Ha-
SIBHOCTI MPOIMYCKIB Ta XUOHMX BUMIPIOBaHb Ta MPOBEJCHO aHAJII3 KBa310NTUMAb-
Horo anroputma. [IpogeMoHCTpOBaHO MepeBary OTpUMaHuX ajJrOpUTMIB HaJ Kia-
cuyHuM ¢iasTpom Kanmana y MOTEHIIHHIM TOMUIIII B TOYHOCTI OIIIHIOBAHHS J1a-
JILHOCTI.

VY 4erBepTOMYy poO3aiji HajaH1 MPOMO3UINT MO0 MOOYAOBU KOMIUIEKCY
ctexxeHHs 3a MBILJIA 3 BukopuctanHsM BiJieokaMepH Ta Jiajekomipa. Po3risiayTo
NUTaHHS OTPUMaHHA Ta EPBUHHOI 00poOKH BigeonoToka 3 [P kamep. Po3pobiieHo
anroputm kepyBanHs [P PTZ xameporo 3 Bukopuctanasm API Ha 6a31 mpoTokomy
ONVIF. Cunre3oBaHO onTHUMalibHY ITUGPOBY CHUCTEMa KEpPyBaHHS KPOKOBUMHU
JBUTYHAMH PYXOMOI TOBOPOTHOI uiatr@opmu gaiexkomipa. Onucani 1B1 KOHDIry-
paiii komriekcy ctexxeHHst 38 MBITJIA ta Hamano pekoMmenaiiii mo Bubopy ioro
CKJIQJIOBUX MOJYJIIB. 3a3HAYEHO PEKOMEHJIOBaHI XapaKTEPUCTHUKU MOJIYJIB IS
KOHCTPYKTUBHOTO BUKOHAHHS KOMILJIEKCY.

B 3arajbHUX BHCHOBKAX ITiJICYMOBAaHO OCHOBHI pe3yJbTaTH JOCIIIKEHb,
MPOBEICHUX y JUCepTaLliiHIi pOOOTi.

HaykoBa HOBU3HA OJIep>KaHUX Pe3yJIbTaTIB MPU BUKOHAHHI JUCEPTALIHHOT
poOOTH MOJIATAE Y HACTYITHOMY:

1. Po3po6sieHo MeTo aJanTUBHOTO OLIIHIOBAHHS MMapaMeTpiB PyXy MaHEBpY-
touoro MBIUJIA 3a manumu Bijeokamepu 3 BUKOPUCTAHHSM KOPEJSIIIITHOTO TO-
IIYKY, B IKOMY, Ha BIAMIHY BiJ] ICHyIOUMX, BUKOHY€ETHCS PO3MI3HABAHHS BUIY HOTO
pyXy, IO JTO3BOJISIE MIABUITUTH TOYHICTh OI[IHIOBAHHS 1 OyAyBaTH CTpoOU CyIpo-

BOJy aJIeKBaTHO MMOTOYHIN CUTYaITii.



2. Po3po0neHo MeTo/1 aaliTUBHOTO OLIIHIOBAHHS ITApaMeTPiB PyXy MaHEBPY-
toyoro MBITJIA 3a nanumu najgexomipy nmpu HasBHOCTI MPOITYCKIB Ta XUOHUX BH-
MIpIOBaHb, B IKOMY, Ha BIIMIHY B1JI ICHYIOUHX, BUKOHYETHCSI CYMICHE PO3ITi3Ha-
BaHHS BUAY HOTO PYXY 1 XHOHUX BUMIPIOBaHb, IO JO3BOJISIE IMiIBUIIUTHA TOYHICTh
OIIIHIOBAHHS 1 3a0e31euye CTIMKy poOOTy aJanTUBHOTO PLIBTPY.

3. MonugikoBaHO METOJT aJaNTUBHOTO OI[IHIOBAHHS MapaMeTPiB PyXy MaHEB-
pytouoro MBIUIA 3a ganumu nanexkomipy 3a paxyHOK (hIKCyBaHHS Koe(illi€eHTIB
M1JCUICHHS KaHATIIB QUIBTPY, 1110 3a0e31euye 3HUKEHHSI 00UMCITIOBAIbHUX BUTPAT.

IIpakTU4He 3HAYEHHS] OTPUMAHUX PE3YJIbTATIB MOJIATAE Y HACTYITHOMY:

Po3pobnenuit anantuBHUil PUIBTP 3a TaHUMHU BiJIEOKAMEPH 3 BUKOPHUCTAH-
HSIM KOPEJIALIMHOrO MOIIyKy 3a0e3neuye po3Mi3HaBaHHs 3aBUCAHHS 1 Mailke piB-
Homipauil pyx MBIIJIA 3 limoBipHOCTsIMU He HIbk4ue 0.9. Ha ninsgakax piBHOMIp-
Horo pyXxy 1 3aBucanus MBIIJIA CKB noxu6ok nporHo3y ioro koopauHar B 3.2 1
6.5 pa3iB MeHIIe, HDK Ha JUISTHKAX PyXy 3 MAaHEBPOM, IO 3HM)KY€E WMOBIPHICTb
NOTPAIISIHHA B CTPOO CTOPOHHIX 00’ €KTIB.

Po3pobnenuii MeTo/] a7anTUBHOTO OIIIHIOBAHHS MapaMeTPiB PyXy MaHEBPYIO-
yoro MBIIJIA 3a naHuMu BigeokaMepu MoKe OyTH 3aCTOCOBAHMI 0€3 CyTTEBHX
3MiH MIPU BUKOPUCTAHHI METOJIIB MIXKKQJPOBOT PI3HUIN Ta OOUUCIEHHS ONTHYHOTO
MOTOKY JUIsl BUSIBJICHHS 1 BUMIPIOBAaHHS KOOpAUHAT MaHeBpytouoro MBITJIA

Po3poOnenunii aganTuBHUN (QLUIBTP 3a JaHUMU AAJEKOMIpY Ha JIIISHKaX
Maike pIBHOMIPHOTO pyxy 1 3aBucanHs 3a0e3neuye CKB moxubok mporHosy ma-
apHOCTI Ha 70 % MeHiIle, HIXK Ha JUISTHKAaX pyXy 3 MaHEBPOM, a IIBUAKOCTI, B1IIO-
BiTHO, B 3.8 pa3 menmie. Ha minsakax 3aBucandss MBITJIA nomatkoBo MokHa mij-
BUIIUTH TOYHICTh TMPOTHO3YBaHHS B 2 pa3u. llpu mpoMy BiH 3abesneuye
pO3Mi3HaBaHHA XMOHUX BUMIPIOBaHb 3 UMOBIPHICTIO OJIM3BKOIO 10 OJUHHUIIL.

Po3pobnennii ananTuBHMA GIIBTP 32 TAHUMHU TAJIEKOMIPY 3 TOCTIHHUMHU KO-
edilieHTaMHd TiICWICHHS KaHaliB (UIBTPY HE MOTIPIIye TOYHOCHI XapaKTepHC-
THUKH B CTallIOHAPHUX PEKUMaX pOOOTH 1 JO3BOJISIE 3MEHIITUTH KUIBKICTh OTlepaliii
MHO>KEHHS Ha OJIMH TakT poOoTH anroputMmy y 31 pas, a KUIbKICTh Onepariii Joa-

BaHHS — y 8 pasiB.
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Po3po6neni: anroputm kepyBanas [P PTZ xameporo 3 Bukopuctanasm API Ha
6a31 npotokoay ONVIF, moaens onTuManbHOT HUPPOBOI cucTeMa KepyBaHHS Kpo-
KOBHUMH JIBUTYHAMHU PYXOMOI ITOBOPOTHOI IIaTGOPMH, IPOMO3ULIT HI0J0 BUOOPY
BiJleOKaMep Ta Ja3epHHUX JAIEKOMIpiB, IKi MOKYTh OyTH BUKOPHUCTaH1 IPU 00y 10B1
KoMmruiekcy ctexenHs 3a MBITJIA 3a nBoma koHIryparismu.

KarouoBi cioBa: Oe3ninoTHuil mitanpHuil amapat, BIUIA, moBiTpsHuii
00’€KT, KOMI ' I0TepHUil 3ip, ¢pinpTp Kanmana, ananTUBHUI alropuT™, ONTUMAIb-
HUW aJNropuTM, aaroput™m, metoa Monrte-Kapio, 00po6iaeHHs 300paeHb, 0e3-
neKa, KOpessiiitHi (yHKI1i, JaJIbHICTh BUSBJIEHHS, TpaekTopis pyxy, PID koHTpO-

aep.



ABSTRACT

Sokolov K. A. Methods of adaptive estimation of motion parameters of a
maneuvering small-sized UAV Based on Video Camera and Rangefinder Data. —
Qualifying scientific work as a manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
field of knowledge 17 "Electronics and Telecommunications" with the specialty 172
"Telecommunications and Radio Engineering." — National Technical University of
Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" of the Ministry of Education and
Science of Ukraine, Kyiv, 2025.

The purpose of the study is to improve the accuracy of determining the
location of a maneuvering small-sized unmanned aerial vehicle (UAV) by
developing methods for adaptive estimation of its motion parameters based on data
from a video camera and a rangefinder, which do not require significant
computational resources.

To date, small-sized UAVs (SUAVs) with various multifunctional
modifications have gained widespread use. This has led to challenges in developing
control and monitoring systems for SUAVs to ensure safety. A specific task in
addressing this issue is enhancing methods for detecting and tracking SUAVs using
accessible and widely available devices.

Processing information obtained from a sequence of video camera frames
allows determining the direction to the object but does not provide range
information. Integrating a video camera with a rangefinder enables the determination
of the object’s spatial location.

Active maneuvering of SUAVs complicates the tracking process and reduces
the accuracy of motion parameter estimation. Algorithms for determining object
motion parameters based on trajectory measurements, built on discrete-time Kalman
filtering, have a recursive structure, making them convenient for implementation on
computers. However, such algorithms often diverge when estimating the motion

parameters of highly maneuvering objects.



The Bayesian method of adaptive estimation of processes with random
structures in discrete time leads to filters with an increasing number of channels,
which are practically infeasible to implement and do not allow obtaining recursive
optimal algorithms for estimating such processes.

Thus, a relevant scientific task is the development of methods for adaptive
estimation of motion parameters of a maneuvering SUAV based on video camera
and rangefinder data, which enhance the accuracy of determining its location without
requiring significant computational resources.

The content of the dissertation is presented in four chapters, each accompanied
by explanations of the main research results.

In the introduction, the relevance of the chosen dissertation topic is
substantiated, and the scientific task is formulated. The object and subject of the
study are outlined, the research goal is defined, and based on it, the objectives are
set with an indication of the research methods. The main scientific results are
presented, and their novelty is justified. The personal contribution of the candidate
to the research is noted, as well as its connection to scientific programs, plans, topics,
and grants. The practical significance of the obtained results is described, and
information on the validation of the dissertation materials is provided.

In the first chapter, an analysis of scientific sources is conducted, highlighting
current achievements related to the dissertation topic. A classification of UAV types
is provided, based on which the key behavioral characteristics of these aircraft
relevant to the scientific study are identified. The typical structure of SUAVs,
characteristic of the small-sized UAYV class, is examined. Attention is focused on the
dynamic characteristics and differences of this class of aircraft compared to others.
The features of operation, design, and application of modern solutions in video
surveillance systems are also considered. Video camera classes are specified
depending on their field of view angles. The advantages and disadvantages of using
narrow-field and wide-field video surveillance systems are demonstrated. Key

characteristics of video surveillance systems relevant to the study are highlighted.
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Two main types of rangefinders that can be used to obtain observation data are
reviewed. The basic physical principles of operation of laser rangefinders and
FMCW radars are outlined. A significant difference in the operation of FMCW
radars and laser rangefinders, crucial for the study, is emphasized. Current methods
for detecting and tracking moving objects in a sequence of video surveillance system
frames are analyzed. The correlation-extremal tracking method is examined in
detail, with the primary mathematical framework used in this method presented. An
analysis of current methods for adaptive estimation of motion parameters of a
maneuvering object is conducted. The fundamental principles of the classical
method of estimating object motion parameters—Kalman filtering—are reviewed.
A general classification of methods for adaptive estimation of motion parameters of
a maneuvering object is provided.

The second chapter is dedicated to the development of algorithms for adaptive
estimation of SUAV motion parameters based on video camera data using
correlation search. The methodology for calculating the SUAV motion trajectory
from video data is presented, and the SUAV motion model is described in matrix
form. An analysis of the SUAV positioning accuracy in the current frame is
performed. The basic principles of constructing an algorithm for adaptive estimation
of SUAV motion parameters based on video camera data using correlation search
are outlined. The synthesis of optimal and quasi-optimal algorithms for adaptive
estimation of SUAV motion parameters based on video camera data using
correlation search is conducted. An analysis of the quasi-optimal algorithm for
adaptive estimation of SUAV motion parameters based on video camera data using
correlation search is performed through statistical modeling on a computer in the
MATLAB environment.

In the third chapter, methods for adaptive estimation of motion parameters of
a maneuvering SUAV based on rangefinder data are developed. Optimal and quasi-
optimal algorithms for adaptive estimation of motion parameters of a maneuvering
SUAYV based on rangefinder data are synthesized, and an analysis of the quasi-

optimal algorithm is conducted. Based on the quasi-optimal algorithm for adaptive
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estimation of motion parameters of a maneuvering SUAV using rangefinder data, an
adaptive algorithm with constant filter channel gain coefficients is developed and
analyzed. Optimal and quasi-optimal algorithms for adaptive estimation of motion
parameters of a maneuvering SUAV based on rangefinder data in the presence of
missing and false measurements are developed, and an analysis of the quasi-optimal
algorithm is performed. The advantage of the developed algorithms over the
classical Kalman filter in terms of potential error in range estimation accuracy is
demonstrated.

In the fourth chapter, proposals for constructing an SUAV tracking complex
using a video camera and rangefinder are provided. Issues related to obtaining and
primary processing of video streams from [P cameras are considered. An algorithm
for controlling an IP PTZ camera using an API based on the ONVIF protocol i1s
developed. An optimal digital control system for stepper motors of the rangefinder’s
movable rotating platform is synthesized. Two configurations of the SUAV tracking
complex are described, and recommendations for selecting its component modules
are provided. Recommended characteristics of the modules for the practical
implementation of the complex are specified.

In the general conclusions, the main results of the research conducted in the
dissertation are summarized.

The scientific novelty of the obtained results lies in the following:

A method for adaptive estimation of motion parameters of a maneuvering
SUAV based on video camera data using correlation search has been developed,
which, unlike existing methods, performs recognition of the type of motion, enabling
improved estimation accuracy and the construction of tracking gates appropriate to
the current situation.

A method for adaptive estimation of motion parameters of a maneuvering
SUAYV based on rangefinder data in the presence of missing and false measurements
has been developed, which, unlike existing methods, performs joint recognition of
the type of motion and false measurements, enhancing estimation accuracy and

ensuring stable operation of the adaptive filter.
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The method for adaptive estimation of motion parameters of a maneuvering
SUAYV based on rangefinder data has been modified by fixing the filter channel gain
coefficients, reducing computational costs.

The practical significance of the obtained results lies in the following:

The developed adaptive filter based on video camera data using correlation
search enables recognition of hovering and near-uniform SUAV motion with
probabilities of at least 0.9. In sections of uniform motion and hovering, the root-
mean-square errors of SUAV coordinate prediction are 3.2 and 6.5 times lower than
in sections with maneuvers, reducing the likelihood of extraneous objects entering
the tracking gate.

The developed method for adaptive estimation of motion parameters of a
maneuvering SUAV based on video camera data can be applied without significant
changes when using interframe difference methods and optical flow computation for
detecting and measuring the coordinates of a maneuvering SUAV.

The developed adaptive filter based on rangefinder data ensures root-mean-
square errors of range prediction 70% lower in sections of near-uniform motion and
hovering compared to sections with maneuvers, and velocities 3.8 times lower,
respectively. In hovering sections, prediction accuracy can be further improved by a
factor of 2. Additionally, it enables recognition of false measurements with a
probability close to unity.

The developed adaptive filter based on rangefinder data with constant filter
channel gain coefficients does not degrade accuracy characteristics in stationary
operating modes and reduces the number of multiplication operations per algorithm
step by 31 times and addition operations by 8 times.

Developed components include: an algorithm for controlling an IP PTZ camera
using an API based on the ONVIF protocol, a model of an optimal digital control
system for stepper motors of a movable rotating platform, and proposals for selecting
video cameras and laser rangefinders, which can be used in constructing an SUAV

tracking complex in two configurations.
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BCTYII

AKTyaJbHICTHh TeMU. Ha ChOTOMHINIHIA J€Hb MHUPOKOTO PO3MOBCIOIKCHHS
HaOynu pi3HOMaHITHI 6e3mijoTHI JitanbHi anapaTtu (BITJIA). Cepen HuUX BaxiInBe
3HayeHHs MaroTh ManorabaputHi BIIJIA (MBIUIA) 3 pi3aumu OaratodyHKII0OHA-
JpHUMU MoaudikamisiMu. lle 3yMOBHIIO THYYKICTh 3aCTOCYBaHHSI Ta 3ampoBa-
mxeHHs: MBITJIA y pi3Hux cdepax >KUTTEIISIBHOCTI JIOJCTBA. 3 1HIIOTO OOKY BU-
HUKJIa TOCTpa MpobiieMa y CTBOPEHHI CHCTEM KOHTPOJIIO 1 MOHITOpUHTY 32 MBITJIA
JUTst 3a0e3rneyeHHs 6e3nexku. OKpeMHUM MUTAHHSIM Y BUPIIICHH] 11€1 Tpo0IeMu € To-
KpalIeHHS! METO/IIB BUSBIICHHS Ta CJIIJIKYBAHHS 3a MOBITPSHUMHU 00’ €KTaMH 3 ypa-
xyBaHHsIM ocoOmuBocteid MBIIJIA 3 BUKOPUCTaHHSAM JOCTYIMHHUX Ta MOIIMPEHHUX
IIPUCTPOIB.

CyuyacHi BiJiecOKaMepHu J103BOJISIIOTh OTPUMYBATH 300pakK€HHS BHUCOKOI PO3-
JIJTBHOT 3/TaTHOCTI, Ta MAIOTh IIUPOKHHM J11alma30H pi3HOMaHITHI KyTH oryisiay. O6po-
Oxa 1H(dopmaIli, OTpUMaHOi 3 MOCJIIOBHOCTI KaJpiB BiJICOKaMepH, Ja€ 3MOTY BH-
3HAYUTH HANPSIMOK HAa 00’€KT, MPOTE€ HE MICTUTH 1HQOpMAaIli TPO JATbHICTh /10
00’exty. KommiekcyBaHHsI BiJleOKaMepu Ta JajeKkomipa J1a€ MOKJIUBICTh BH3HA-
YUTU MICIEMOJIOKEeHHSI 00’ €kTa y mpoctopi. IlepeBaroro nazepHuX AaJIEKOMIPIB €
MOJYJIBHICTb, TOCTYMHICTh, KOMIAKTHICTh Ta TOUYHICTh BU3HAYEHHS JAJIbHOCTI. Pa-
J10a7IEKOMIpH, OKPIM JadbHOCTI, MOKYTh JIOAATKOBO BU3HAYATH PajliajbHy IIBU/I-
KICThb 00’€KTa, a TaKOK Horo curHatypy. [IpoTe naHi mpucTpoi TEXHIYHO CKIIAIHI,
MaroTh 3HAYH1 MacO-rTa0apuTHI XapaKTEPUCTUKU Ta BUCOKY BaPTICTh.

MBITJIA € BucokoMaHeBpeHI Ta 3/1aTHI AUHAMIYHO 3MIHIOBATH HAIPSMOK I10-
JBOTY, LIBUIAKICTh pyXy. AkTHBHE MaHeBpyBaHHs MBIIJIA npusBoauTts 10 yckiai-
HEHHS TMPOIIECY CYMPOBOKEHHS Ta 3HMIKEHHS TOYHOCTI OI[IHIOBaHHS MapameTpiB
PyXy.

[TobynoBaHi Ha OCHOBI KaJIMaHIBCbKOI (iIbTpaIlii y AUCKPETHOMY Yaci, ajro-
PUTMU BH3HAYCHHS TapaMeTpPiB PyXy OO €KTIB 3a JJAHUMU TPAEKTOPHUX BUMIPIO-

BaHb MaIOTh PEKYPEHTHY CTPYKTYpY, 1110 3py4uHO peanizyBatu Ha EOM. IIpore, Taki
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aJITOPUTMHU TIPH OLIIHIOBAaHHI TapaMeTPiB pyXy IHTEHCUBHO MAaHEBPYIOUUX 00’ €KTIB
9acTO € PO3OIKHUMH.

baifeciBchkHi1 METO/T aIalITUBHOTO OLIIHIOBAHHS MPOIECIB 3 BUMAJAKOBOIO CTPY-
KTYpOIO B IUCKPETHOMY 4aci MPU3BOAUTH A0 (PUIBTPIB 31 3pOCTAIOYUM YHCIIOM Ka-
HaJIB, SIK1 MPAKTUYHO HE MOXJIMBO peaii3yBaTH, 1 HE I03BOJISIE OTPUMATH PEKYPEH-
TH1 ONITUMAJIbHI aITOPUTMHU OI[IHIOBAHHS TaKUX MPOIIECIB.

ToMmy akTyaapbHOIO HAYKOBOK 3aJauyel0 € Po3poOKa METOMAIB aJanTHBHOTO
OIIIHIOBAaHHSI MapamMeTpiB pyxy MmaHeBpyrouoro MBITJIA 3a nanumu Bifeokamepu ta
JajgeKkoMipa, o 3a0e3MmeuyoTh MiJABUIIICHHS TOYHOCTI BU3HAYEHHS MOT0 MICIIEMO-
JIO’KEHHS 1 HE BUMAraroTh 3HAYHUX 0OUUCITIOBAIIBHUX BUTpPAT.

3B’A30K po0OTH 3 HAYKOBMMH MPOrpaMaMu, IJIaHAMH, TeMaMHU, TPaH-
Tamu. JlocnikeHHs 1aHoi poOOTH MPOBOAUIUCH 3TIAHO 3 TJIaHAMU HAyKOBO-J10-
CIIHUX POOIT KadeAapu pagloOTEeXHIYHUX CHUCTEM PaJIOTEXHIYHOTO (DaKyJIbTeTy
HanionanbHOro TeXHIYHOTO yHIBepcuTeTy YKpainu «KuiBCbKMU MOMITEXHIYHUN
1HCTUTYT IMeH1 Irops CikopchKkoro» B pamkax Aep:kOroxeTHoi Temu: Ne 23170
«IIporpaMHuii KOMILIEKC MOJEIIOBAHHS MPOIECiB 0OPOOKH TPaEKTOPHOI 1H(OP-
Malli B CUCTEMI 3aXMCTY B1J MaJOpO3MIPHUX O€3MUIOTHUX JIITAIbHUX arapaTiBy»
(HoMep aeprkaBHOi peectpariii — 0120U102321).

006’exTOM JoCaiTKeHHs € BU3HaUeHHs napameTrpiB pyxy BIIJIA 3a nanumu
BIJICOKaMEpH Ta JaJIeKOMipa

IIpeaMeTom QoCHiIKeHHSI BHCTYIAIOTh METOAM aJAlTUBHOTO OIIHIOBAHHS
napaMeTpiB pyxXy MaHEBPYIOUOro 00’ €KTy 3a JaHUMH BiJlEOKaMEpPH Ta JajJeKoMipa.

MeTo10 TO0CTiAKEeHHS € ITIIBUIIEHHSI TOYHOCT] BU3HAYEHHS MICIIEITOJIOKEHHS
MaHeBpyro4Yoro Manopo3mipaoro BIUIA nmisxom po3poOku METOMIB alaliTUBHOTO
OIIIHIOBAHHSI MapaMeTpPiB HOTO PyXy 3a JaHUMHM BiJIEOKaMEPH Ta JajeKoMipa, Kl He
BUMArarTh 3HAYHUX OOUHCITIOBAIBHUX BUTpPAT.

3T11HO 3 METOI0 POOOTH OCHOBHUMU 3aBAAHHSIMM JOCIIIIPKSHHS €:

1. BukoHaTu aHami3 iCHyFOUUX CUCTEM BiJCOCTIOCTEPEIKEHHS 1 JAJIEKOMIpIB, a
TaKOXX METOJIB aIallTUBHOTO OIIHIOBAHHS MapaMeTPiB PyXy MaHEBPYIOUOTO 00'e-

KTa.
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2. Po3po0Outu MeTO1 aJanTUBHOTO OI[IHIOBAHHS MapaMETPIB pyXy MaHEBPYIO-
yoro MBIUJIA 3 BUKOpUCTaHHAM KOPENALIHHOTO MOIIYKY.

3. MoaudikyBaTd METOA aJalTUBHOTO OIIHIOBAHHSA IapaMeTpiB  PyXy
MBIJIA 3a ganumu gajnekoMipy 3a paxyHOK (ikcyBaHHS KO€(IIIEHTIB MiJCHICHHS
KaHaIiB QUIBTPY.

4. Po3pobut MeTOA  aJanTHBHOTO  OI[IHIOBAHHS  MapaMeTpiB  pPyXy
maHeBpytouoro MBITJIA 3a nanumu ganekoMipy npu HasSBHOCTI MPOITYCKIB Ta XUO-
HUX BUMIPIOBaHb.

5. IlpoananizyBatu €peKTUBHICTh OTPUMAHUX KBa310MTUMAaIbHUX aJITOPUTMIB
oLiHIOBaHHs napameTpiB pyxy MBIIJIA nuisixom cTaTUCTUYHOTO MOJEIIOBAaHHS Ha
EOM.

6. Po3poOuTu nipomno3utiii 110,10 moOyA0BU KoMIUIEKCY cTexkeHHs 3a MBITJIA
3 BUKOPUCTAHHSIM BiJIEOKaMepH 1 JaJIEKOMIpY.

Metoau nociigkeHnsi. B po60Ti BUKOpUCTOBYBaIUCh MaTEMAaTUYHUI anapar
Teopii KUMOBIPHOCTEM Ta MATEMAaTUYHOI CTATUCTUKH, MAPKIBCHKUX BUIAIKOBHX MPO-
1€CIB, METOJM TE€OPIi aIaNTUBHOTO OI[IHIOBAHHS BUITQJIKOBUX IPOIECIB B UCKPET-
HOMY 4acl, cTaTUCTUYHE (IMITalliiHe) Ta BI3yajbHe MoJentoBaHHs Ha EOM, a Takox
TEOPETUYHI OCHOBU CHCTEM KOMII IOTEPHOI'0 30py Ta 0OpOOKH TpaeKTOpHOI 1HGDOP-
Marii.

HaykoBa HOBH3HA OTPMMAaHHUX pPe3yJ/ibTATIB.

1. Po3po6ieHO MeTO T aIanTUBHOTO OIIIHIOBAHHS ITAPAMETPIB PyXy MaHEBPYIO-
yoro MBIIJIA 3a gaHumu BileoKaMepu 3 BUKOPUCTAHHAM KOPEISLIMHOTO MONIYKY,
B KOMY, Ha BIIMIHY BiJ] ICHYIOUHX, BUKOHY€ETHCS PO3II3HABAHHS BUAY HOTO PyXY,
I110 JIO3BOJISIE M IBUIIIMTH TOYHICTH OIIHIOBAHHSA 1 0y1yBaTH CTPOOU CYyIPOBOY ajie-
KBaTHO MOTOYHIM CUTYyaIlii.

2. Po3pobneno MeTo1 aanTUBHOTO OIIHIOBAHHS TApaMETPIB PyXy MaHEBPYIO-
yoro MBIUJIA 3a nanuMu nanekoMipy IpHu HasiBHOCTI MPOMYCKIB Ta XMOHUX BUMI-
pIOBaHb, B IKOMY, Ha BIJIMIHY BIJl ICHYFOUMX, BUKOHYETbCSI CYMICHE PO3Mi3HaBaHHS
BUJy HOTO pyXy 1 XUOHUX BUMIPIOBaHb, 110 AO3BOJISIE MiIBUIIUTH TOYHICTH OI[IHIO-

BaHHA 1 3a0e31euye CTiKy poOOTy aJanTUBHOTO (DUIBTPY.
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3. Moaun¢ikoBaHO METO]T aAANTUBHOTO OIIHIOBAHHS MapaMeTPiB PyXy MaHEB-
pytouoro MBIUJIA 3a nanumu nanexkomipy 3a paxyHOK (iKCyBaHHS KOe(illi€HTIB
M1JICUJICHHSI KaHaJliB PiIbTPY, 10 3a0e3Meuye 3HIKEHHST 00UHCITIOBaILHUX BUTpAT.

OcoOucTuii BHecok. OCHOBHI TEOPETHYHI TOJOKEHHS 1 Pe3yabTaTH JHCEp-
TaliiHii poOOTI OTpUMaH1 aBTOPOM CaMOCTIHHO. Y CIIBaBTOPCTBI 3 HAYKOBUM Ke-
piBHUKOM c(hOpMYIIbOBaHI METa, 3a/1a4a Ta 3aBJIaHHs TOCIPKeHb, BACHOBKH. OcO-
OuCTHII BHECOK aBTOpa B HAYKOBHX MpaIlsiX, OMyOIIKOBaHUX y CIIBaBTOPCTBI, Ta-
Kkuii: B [1] po3po0iieHO afanTUBHUN aNrOpUTM BU3HAYEHHS MAapaMeTpiB pyxy Ma-
HeBpyrouoro MBIJTA 3a nanumu Bineokamepu i FMCW-nanekomipy; B [2] cun-
TE30BaHO ONTHMAJIbHUM 1 KBa310NTUMAJIBHUN aJallTUBHI aJTOPUTMHU OL[IHIOBAHHS
napametpiB pyxy MBIIJIA 3a nanuMu BifieokaMepu 3 BUKOPUCTAHHSAM METOAY KO-
peNsILiiiHOro nomyky; B [3] oOrpyHTOBaHO BUOIp MOJENl pyXy MaHEBPYHOYOTO
MBIIJIA Ha ocHOBI aHai3y XapaKTepHUX 0coOIMBOCTEM Oy0BH Ta pyxy BIIJIA;
y [4] 3amporoHOBaHI MNPOMO3UINT MIOA0 MOOYIOBH KOMILUIEKCY CTEXKEHHS 3a
MBITJIA 3 BUKOpUCTaHHSIM BiJIcOKaMepH Ta JajieKoMipa.

IIpakTH4He 3HAYeHHS] OTPMMAHMX pe3yJIbTAaTiB.

Po3poOnenunii anantuBHUil PUIBTP 32 JaHUMH BiJIEOKaMepU 3 BUKOPUCTaH-
HSIM KOPEJIALIMHOTO MOIIYKY 3a0e3nedye po3Ii3HaBaHHs 3aBUCAHHS 1 Maiike piB-
Homipauit pyx MBIIJIA 3 iimoBipHOCcTsIMU He HIbkue 0.9. Ha minsakax piBHOMIp-
Horo pyxy 1 3aBucanHsi MBIIJIA CKB noxu6ok nporHo3y Woro koopauHar B 3.2 1
6.5 pa3iB MeHIIle, HIXXK Ha JUITHKAX PyXy 3 MaHEBPOM, IO 3HIKYE WMOBIPHICTD
MOTPATUISIHHS B CTPOO CTOPOHHIX 00’ €KTIB.

Po3pobnenunii MeTo/] a7anTUBHOTO OIIIHIOBAHHS MapaMeTPiB PyXy MaHEBPYIO-
yoro MBIUJIA 3a ganumu Bieokamepu MOXke OYTH 3aCTOCOBaHHUM 0€3 CyTTEBHX
3MiH [IPU BUKOPUCTAHHI METO/1B MI>KKaJPOBOT PI3HUII T4 OOYMCIEHHS ONTUYHOTO
MOTOKY JUTsl BUSIBJICHHS 1 BUMIPIOBAaHHS KOOpAUHAT MaHeBpytouoro MBITJIA

Po3po6nenuii agantuBHUN (UIBTP 32 JaHUMHU JAJICKOMIPY Ha JUISHKAX
Maif)ke pIBHOMIPHOTO Pyxy 1 3aBucaHHs 3a6e3neuye CKB nmoxu0Gok mporHosy naa-
apHOCTI Ha 70 % MeH1Ie, HiXK Ha AUIIHKAX pyXy 3 MAaHEBPOM, a IMIBUAKOCTI, BIATIO-

BifHO, B 3.8 pa3 meHme. Ha ninsakax 3aBucanHss MBIIJIA nomaTkoBoO MoOKHa
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MIJBUIUTH TOYHICTh MPOTHO3YBaHHA B 2 pasu. [Ipm mpomy BiH 3a0e3medye
pO3Mi3HaBaHHS XMOHUX BUMIPIOBAHb 3 IMOBIPHICTIO OJIM3BKOIO IO OJTUHUIILI.

Po3po6ienuit anantuBHUM GUIBTP 32 JAHUMH JAIEKOMIPY 3 MOCTIHHUMHU KO-
ediieHTaMu TiACUICHHS KaHaliB (UIbTPY HE MOTIPIIYE TOYHOCHI XapaKTepHC-
THUKH B CTaIlIOHAPHUX PEKUMaX pOOOTH 1 IO3BOJISIE 3SMEHIITUTH KUTBKICTh OTepariii
MHO>KEHHS Ha OJIMH TakT poOoTH anroputMmy y 31 pas, a KUIbKICTh Onepariii o1a-
BaHHS — Y 8 pa3iB.

Po3po6neni: anroputm kepyBanss [P PTZ kameporo 3 Bukopuctanusm API Ha
0a31 nmporokoay ONVIF, Mmozens onTuMalibHOI HU(PPOBOT CUCTEMA KEPYBaHHS KO-
KOBHMH JBUTYHAMH PYXOMOi IMOBOPOTHOI IJIATGHOPMH, MPOTO3HUIIIT 1010 BUOOPY
BiJICOKaMep Ta JIa3epHUX JAIEKOMIPIB, IKi MOXKYTh OyTH BUKOPUCTaH1 IPHU MOOY10B1
KoMIuiekcy crexxeHHs 32 MBIIJIA 3a nBoma KOH(IrypauismH.

Amnpobaunia martepianiB gucepranii. 3a MatepiagamMu AucepTarii omyoi-
KOBaHO: 15 poOiT, 3 IKMX 5 — 1€ CTaTTl y )KypHajax, U0 BXOAATh 10 MEPEITIKY
(daxoBux BuaHb 3arBepkeHnX MOH Ykpainu 3a cniemiaibHICTIO [ucepTalli abo
y Iep1OIMYHUX BUJIAHHSX 1HO3EMHUX JiepKaB, 10 — myOmikarii y Marepiaiax KOH-
depenuii, y Tomy yucii, MbkHapoaHux [ 1-15].

CTpykTrypa Ta obcsr aucepranii. {ucepraliiifHe TOCTIHKECHHS CKIIaIa€ThCs
31 BCTYIy, YOTUPHOX PO3JILIIB, 3aralbHUX BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIXKe-
pen (147 mxepen). Bukinanena Ha 187 cTopiHKax MalllMHOMKUCHOTO TEKCTY, MICTUTh

8 Tabmuib, 105 pucyskis, 144 hopmymnu.
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PO3JLI 1. AKTYAJBHICTD 3AJJAUI OIIIHIOBAHHS ITIAPAMETPIB
PYXY MAHEBPYIOUOI'O MBILJIA 3A JAHUMHU BIZIEOKAMEPH TA
JTAJEKOMIPA 1 AHAJII3 ICHYIOUHX 3ACOBIB I METO/IIB ii
BUPIIIEHHSA

1.1 AkTyaJbHicTh 3224l ONIHIOBAHHS MapaMeTPiB pyXy MaHEeBPYIO40I0
MBILJIA 3a nannMu BileOKaMepH Ta JajiekoMipa

Ha tenepimniii yac Bukopuctanus BITJIA oxonuo BennKy KiIbKIiCTh cdep pi-
3HOMAaHITHOI JisJIbHOCTI. PUHOK BUTOTOBJIEHHS Ta 30yTY JPOHIB HEBITIMHHO 3POCTAE
3 KO)KHHM POKOM Y T€OMETPHUYHIN MPOTpecii, 0 MOKHA MPOCIIIKYBaTH 3a (piHaH-
COBHMMH Ta KIIbKICHUMH TOKazHukamu [16—-20]. IlepcnekTriBM aBTOMaTH3AIli IPO-
11eCiB, 3MEHIIICHHS] pOO0YOi CUJIH, MiABUIIECHHS €PEKTUBHOCTI 0OYMOBIIOIOTH TaKi
BHUCOKI TEMITH, OTUPAIOYNCh HA €EKOHOMIUHY JOLIBHICTh BIPOBAIXKEHHS Ta 3aCTO-
cyBaHHs BITJIA.

VY 3B’s3Ky 3 nomupeHHsM BIIIA pi3Hux TumiB y pisHOMaHITHUX cdepax, Mu-
TaHHS PETYIOBAHH, KOHTPOJIIO Ta CIIOCTEPEKESHHSI 33 TAHUMHU IPUCTPOSIMU € BKpan
aKTyaJIbHUM Ta BaXXMBUM. DYHKIIIOHAIBHUM MOTEHIIAJl TAKUX MPHUCTPOIB € Ha-
3BUYANHO BUCOKUM. Y 3B’s13Ky 3 UM, BUKopucTaHHs BIIJIA pisHumu cioyxx6amu
JUTsl BAKOHAHHS crieluIYyHUX 3a7]a4 HEBIUHHO 3pocTa€e. 3yMOBJIEHI MTOMTUTOM, 3PO-
CTalOTh 1 TEMITH BUPOOHMIITBA JJAaHUX JITaabHUX anapatiB [21-23]. TexHnonoriyaui
PO3BUTOK CIPUSI€ 3MEHILICHHIO I[IHU KOMIIOHEHTHO1 0a3u, Ta 3MEHIIICHHIO rabapuTiB
1 BaroBUX IMOKA3HUKIB TAKUX MPUCTPOIB. JIOCTYITHICTB IIUX MPUCTPOIB 3pOCTAE, a Ke-
pPYBaHHS HUMHU CIIPOIIYIOTHCS Ta PO3IMIMPIOETHCS 32 PaxyHOK OararormiaTdhopMeHo-
CT1 Ta BHYTPIILIHBO1 B3a€MO/I11 PI3HUX CUCTEM KepyBaHHs. Tak, KepyBaHHS MOXKJIMBE
3 PI3HUX HAa3€MHHUX CHCTEM KEpYyBaHHS: MOPTATUBHUX TaJKETIB, MEPCOHAIBHHUX
koMt torepiB (I1K), cnenianizoBanux aBTOMaTU30BaHUX pOOOUYUX MiCIlb OllepaTopa
ta T.1H. OKpiM TOTO, TaKl MPUCTPOI 3/IaTHI B3AEMOJISITH 3 THIIMMH MPUCTPOSIMU B
paMKax IHTEpHETY pedei, MpOrpaMHMX 1HTETpaIlii Tomo. Y 3B’ 43Ky 3 BCEOIUHUMU
MOIIUPEHHSM JIPOHIB TAKOXK 3POCTAE iX PIZBHOMAHITTS . 3alIPOBAIKYIOTHCSI HOB1 KOH-
CTPYKIIii, pO3pO0ISIIOTHCS HOBI MaTepialiu, 1o crpusie po3iupeHHio napky BITJIA.

YacTimaroTe BUNAAKKA BUKOPUCTaHHS TPyl JpoHIB, poiB. B pamkax 3agau
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KepyBaHHsI Ta 0OpOOKU JaHUX 3 BUKOpHCTaHHAM MHOKUHHUX BITJIA oco6mmBo ak-
TyaJbHUMU € PI3HOMAaHITHI NMPakTUKu peanizamii inTerpamiit MBITJIA 3 Texnosnori-
SIMH IITYYHOTO 1HTENEKTY [24].

Po3risneMo ocHOBHI THMH O€3MIIOTHUX JITaTbHUX anapatTiB. KoxkeH Tun mae
CBOi OCOOJIMBOCTI, 110 BUPI3HSAE 1X 3 MOMDK 1HIUX. LI 0coOIMBOCTI 3yMOBIIEH] 1X
o0y 10BOIO Ta CIIeU(PIKOI0 BUKOPUCTAHHS y Pi3HUX cdepax JJIsl BUKOHAHHS p13HO-
MaHITHUX 3a7a4. Ha pucynky 1.1 300pakena uactkoBa kiacudikaris BITJIA [25—

28], sika 11IKaBUTh HAC B paMKaxX JOCIIIKCHHS.

Pi3uHoB

bnllA

3a THIoM:

3a migifoMoM (aepompoMHi, 3aITyCKHi, NalyOHi, BOIHI,
PYUHi, HETUIIOBO MiAKOMHI, MYJIbTHITiTHHOMHI )

3a mocaIkoro (aepoIpoOMHi, TOYKOBI, MaTyOHi, BOJIHI,
0e310CaIKOB1, HETHIIOBO I1OCAIKOBI, MYJIbTUIIOCA/IKOBI)

\ 4

3a THIIOM JIiTJIBHOTO arapary':

3a JIITaKOBOIO AEPOIMHAMIYHOI CXEMOO
3a reikoNTepHOIO aepOAUHAMIYHOIO CXEMOI0
Jlermii 3a noBiTpst

3a pamiycom nii:

BbrmxHBOTO pamiycy
Mautoro pagiycy
CepenHboro pazgiycy
JlaneHborO0 paniycy
Benmukoi qainbHOCTI TOMbOTY

A

\ 4

3a HanpsSIMKOM:

3a HanpsMKOM MiiioMy (TOPH30HTaIbHI, BEPTUKAJIbHI,
MYJIbTHITITHOMHI)

3a HanpsIMKOM NOCa/IKK (TOPU30HTAJIbHI, BEPTUKAIIBHI,
MapallyTHi, Ma4TOBi, 6€3110CaAKOBI, MyIbTUCITY CKOBI)

3a MPaKTUYHOIO CTENEIO TIOJIBOTY: 3a mMacoro:
ManoBHCOKi ‘ _ |- Manopo3mipHiMm
CepexHBOBHCOKI CepenHbOPO3MIpHI
Bucotni Benukopo3mipHi
CrparochepHi Baxki

3a TPUBAIICTIO NOJIBOTY:

Mauoi TpuBanocri
CepenHboi TPUBANOCTI
Benmkol TpuBaocri

A

\ 4

3a THUIIOM CHCTEMH KepyBaHHSI:

JlucraHIiiiHo MioToBaHi

JucraHmiitHO KepoBaHi

ABTOMATHYHI

JlucraHIiiHO KepoBaHi aBialliifHOK CUCTEMOIO

3a KiJIbKiCTIO BUKOPHCTAHb:

OnHopa3oBi
Bararopazosi

A

\ 4

3a ThIIoM Kpma:

®dikcosani
ITnaBaroui

Pucynok 1.1 — YacrtkoBa knacudikamis BITJIA
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HaBenena knacuikailisi OpieHTye€TbCS Ha BpaxyBaHHS caMe€ THUX O3HaK, SIKi
BIUTMBAIOTh Ha nuHamiky pyxy BITJIA. B cBoto uepry, nepin 3a Bce, IMHAMIKA PyXy
3yMOBJICHA BHYTPIiIIHKOI0 Oy 10B010 BITJIA: hopmoro drozensiky (Koprycy), ABUTY-
HOM, TIPUHITUTIOM [ii MiTHOMHOI CHiu, rabapuTaMu, KOPHCHUM HaBaHTAKCHHSM,
TOIIIO.

Buytpimnus OynoBa BIIJIA BapitoeThcsi B 3a71€KHOCTI BiJf HOTO THITY Ta MPHU3-
HaueHHs [29-31]. Ha pucynky 1.2 (a) 300paxxeHa cripoiieHa cxema OyJ0BU KBaj-
pokonTepy, a Ha puc.l.2 (6) mexanika podotu (MBIIJIA) MynbTUPOTOPHOTO THITY,

10 3aBHUCac.

7| Bok HaBiranii Ta o,
KepyBaHHS 3
M0JIbOTOM

X Buox 2
ynpaBiliHHSA

G i
Hponyabcnera [ Baok

CHCTEM A Kopl[yc CHEPTOKHBJCHHA

2\ 3

i 3 \

R 5 Baok o )
3B'SI3KY

e coemiaabHe [
obIaTHAHES

a) 0)
Pucynox 1.2 —bynoBa Tta npuHIun podoTH KBaAPOKOIITEPY

Tak, MeBHI TUIH anapaTtiB MalOTh BU3HAYEHI 1X T€OMETPII0 IEBHI 0COOIUBOCTI
noBeiiHKU. BITJIA 3 ¢ikcoBaHUM KPUIIOM MOXKYTb 3aCTOCOBYBATHUCS JJISI TIEPEITHO-
TIB Ha 3HAYHI JIUCTaHIlii{, MAHEBPEHICTh iX y MOPIBHSAHHSA 3 iHIUMU Turiamu BITJTA
B IIJIOMY HI)KYa, 110 3YMOBJICHO MaKCHMAaJIbHO JIONMyCTHMHUMH HaBaHTaXKCHHSIMU
IpH iX XapaKTEpHiM TeoMeTpii Ta BpaXxOBYIOUM MaTepialii BUTOTOBICHHs. KBanpa-
KOIITEP, IK OKPEMHI BUIAIOK MYJIbTHKOIITEPY, Ma€ 3HAYHO MEHIII rabapuTH, BaH-
TaXKOMIIHOMHICTb, 1 BIJIMOBIAHO O1IBIITY MAHEBPEHICTh Y 3B’S3KYy 3 KOHCTPYKIIIEIO.
binbia MaHEeBpPEHICTh JO3BOJISIE BUKOHYBATH O1JIBII CKJIAJIHI Ta cieudivHI MaHEB-
poBi pyxu [31-34].

Posrnsaemo ocHoBHI TN pyXxy Ta MmaHeBpiB BITJIA. Jleski 3 HUX 31aTHI IPoO-

BOAUTU BepTHKanbHUU B3mT Ta mocaaky (VTOL), ocobmuBo KBagpokonTepu
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MOKYTh MiIIHMATUCS Ta CiIaTH BEPTHUKAIBHO, 110 POOUTH IX 17]€aIbHUMU AJIS PO-
060TH B 0OMexeHuX mpocTopax abo B ryctomy Jici [35]. binmemricts BITJIA MoXyTh
BUKOHYBAaTH TOPU30HTAIILHUM MOJIT, IO JTIO3BOJISIE iM JIOJIATH BEJIMKI BIACTaHI Ta
BUKOHYBaTH pisHOMaHITHI 3aBaaHHs. CydacHi BITJIA maroTs cuctemu crabimizarii,
K1 JIO3BOJISIIOTH IM YTPUMYBATH CTaOUIbHE MOJIOKEHHS B TIOBITP1, HABITh 32 CHJIb-
HOTO BITPY, 10 aKTUBHO BUKOPHCTOBYETHCS B 3aBAAHHAX, Kl BUMaraloTh BHCOKOT
TOYHOCTI, TaKHX sIK poTorpadysanns ado Bigeositomka. [1eBui Tunu BITJIA MoxyTh
BUKOHYBATH ABTOHOMHI TMOJbOTH, BUKOPHUCTOBYIOUM IE€PEABCTAHOBIICHI TOYKHU
NUISIXY @00 CUCTEMU IITYYHOTO 1HTeNneKTy AJist HaBiraiii [36]. BIIJIA MoXyTh BUKO-
HYBaTH PI3HOMaHITHI MAaHEBPH, BKJIIOYAIOUM MMOBOPOTH, METIi, 3MIHY BHUCOTH Ta
mBuakocTi. Cepen ocHoBHUX MaHeBpiB BITJIA 31aTHiI BUKOHYBaTH MOBOPOTH Ha Pi-
3HI KyTH, 110 JO3BOJSIE TM 3MIHIOBAaTH HAMPSMOK MOJBOTY. MOXYTh BUKOHYBAaTH
MeTJI1, 0 JI03BOJISIE TM IIBUJIKO 3MIHUTH HarpsMok Ha 180 rpamyciB. 31aTHi miaH1-
MaTHCS Ta OMyCKAaTHCS, 110 I03BOJISAE iM MepeOyBaTH Ha PiI3HUX BUCOTAX JJISl BUKO-
HaHHS PI3HOMaHITHUX 3aBJIaHb, a TAKOX MOXKYTb IMPUCKOPIOBATHUCS Ta YIOBIIBHIO-
BaTHUCS, 1110 JO3BOJISIE TM aanTyBaTUCS 10 PI3HUX yMOB NoyboTy [37]. Takox, Mo-
YKHA BUOKPEMUTH CIIeL1aJIbHI MAHEBPH, TaKl IK 00epTaHHS HABKOJIO CBOET OC1, 3aBH-
CaHHS.

3a KUTBKICHOIO O3HAKOIO TOBITPSIHI 00’€KTH, IO CIOCTEPITarOThCs, MOXKYTh
OyTHU MOOJUHOKI ab0 PO3MO/IIIEH], SIK 1€ MoKa3aHo Ha pucyHky 1.3 (a). [Tpukian

Bi3yaurizaIlii HOBITPSHHUX 00’ €KTIB MPEICTABICHO HA PUCYHKY 1.3 (0)

= = - T
Ilogi i 06° o = - e
OBITPHAHI 00" €KTH OOTHHOKIH rpyna - el e
o0'exT

e

ITooguHoKi Posznonineni

|
Poi I'pynosi

e

a) 0)

Pucynok 1.3 — Knacudikaiiis Ta cxemaTuyHe BiIoOpaKe€HHS MOBITPSHUX 00’ €KTIB



29

[ToBeninkoBi ocobmuBoCTI pyxy nooauHokux BITJIA Oynu onmcani Buiie, po-
3MOJLNIEH] K 00’ €KTH MaroTh HU3KY BiaacHUX ocoOnuBocted. Komu BIUJIA mitote y
rpynax, iX MOBEIIHKOBI OCOOJHMBOCTI MOXYTh IIe OUIbIIE YCKIAIHIOBATUCS, TOMY
BU3HAUHY POJIb Ma€ KOOPAMHALIIS OJUHUIIL B TPYIax, PO3MOALT poJiell y BiAMOBIA-
HOCTI JIO TIOCTABJICHOTO 3aBaHHSI.

Tun geuryna BrumBae (puc. 1.4) Ha momatkoBi dakTopu BusiBieHHS BILIA,
OCKUTBbKY 3aJTUINAE «CIIau» pi3HOI (izuunoi mpupoau [25, 38, 39]. Lle moxHa Bpa-
XyBaTH MIPU CTBOPEHHI KOMITJIEKCHOI CUCTEMH 1X BUSBIICHHS Ta BIJCIIAKOBYBAaHHS.
Cninu pi3HO1 (13UYHOT TPUPOIU BU3HAYAIOTH JIOJATKOBl KaHAIM CIIOCTEPEKEHHS,
K1 OyJIyTh TIPAIFOBATH 32 IEBHUM 30ypEHHSIM — 30yI>)KEHHSM 30BHIIIHBOTO cepe-
JOBUIIA 00 BUTIPOMIHIOBAHHSIM, 1110 3T€HEPOBaHO BHACIHIIOK podoTu BITJIA.

Tak, peakTUBHI IBUTYHU CTBOPIOIOTH 3HAYHHWI TEIUIOBUW CIiJ, IO J03BOJISIE
YiTKO CIIOCTepiratu ioro B iHppauepBoHoMy criekTpi. [Iponenepuuii Ta BEHTUIATO-
pHUI ABUTYH CTBOPIOIOTHh 3HAYHY KUIBKICTh XapaKTEPHOTO IIyMYy — 3BYKOBHUX KO-
JMBaHb, SIKi 3/JaTHA 3UMTATH YyTJIMBA T4 BUCOKO CEJIEKTHBHA ayaiocuctema. Enexr-
POJIBUTYHHU Ta €JICKTPOHIKA Ha OOpTY T€HEPYIOTh €JIEKTPOMArHiTHE BUIIPOMIHIO-
BaHHS, SIKE TAKOXK MOXke OyTH 3a(1KCOBAHO CIEKTPOAHATI3ATOPHUMHU CUCTEMAMHU.
JlaHi METOIY BITHOCATHCS 10 MTACUBHUX METO/IIB MOIIYKY 00’ €KTIB. 3 aKTUBHUX Me-
TO/IB MOHA BUKOPUCTATH KJIIACHYHY PaJi10JI0KAIliI0, OCKUIBKU KOPITYC ((hr03esIK)

Ma€ MeBHYy €()EeKTUBHY IIJIOILY PO3CIFOBAHHS.

— Enepeia

Ocobansicmy
deuzyia

Cmpyxnrypa

Exextpiana | Koymorenmu
cucmesu
nocTynaabHit il_i ‘

3popoTio-

‘ Typbopeax.

Airiesi Haasii
Oarapei

I I Cymxponmmii gsuryn 3 nocriirnm marnitom (CAITM)

‘ Typoorsnmur.

‘ TypOosenr. ‘

‘ Typoosaanmit Crpareris kepysarmst erextpoxusaentsiv (CKE)

Besmyitkosuit guryn nocriitnoro erpymy (5 AIC)

Pucynok 1.4 — Knacudikamis npomnyiabcuBHuX cucteM BITJIA
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OxpeMuM acreKToM, IO BU3HAYAE 3aCTOCYBaHHS JIPOHIB y pi3HUX cdepax €
HAsSBHICTh MOXJIMBOCTI JPOHIB HECTH Ha c001 KOopucHE HaBaHTakeHHs (payload)
[40—45]. 3a paxyHOK KOMIUIEKCHOTO Ta MOAYJIbHOTO Mixoay Maii BITJIA 3 mpoctux
MPUCTPOIB MPU3HAYCHUX I PO3BaKaIbHOI cdepu, KiHemarorpady, crocrepe-
JKEHHsI TIepeTBOPUIIMCS Ha OaratoliyiboBi miat@opMu Ta cucTeMu. Taki cucTeMu
3MIaTHI MMOETHYBATH Y CO01 KiJTbKa MOAYJIIB JJIsl BUKOHAHHS CTICIM(IYHUX Ta CKIIA-
HUX 3aBJIaHb. TaKOX, Il MPUCTPOI MOKYTh BUKOPUCTOBYBATHUCS SIK POITUPECHHS BXKE
ICHYIOUUX CHUCTEM, TIPHU iX MOKpaIIeHH] Ta MOepHi3alli. TakuM Y4MHOM, BOHU JIOTIO-
BHIOIOTh BK€ ICHYIOYI IIIXO/IM Y BUPIIIEHHI BY3bKHX 33J]a4 KOKHOI1 3 00J1acTeil, 30-
KpeMa, ceKTopiB Oe3neku [46], monrykoBo-psATyBaJIbHUX orepartliii [47], MOHITOpH-
HTY 00’ €KTiB, aep0odOTO3HOMKH, KOHTPOJIIO TPAHCIIOPTHOTO pyXYy. [IpoHU Takox BuU-
KOPUCTOBYIOThCS Yy 0araTb0X MpHUKJIAAHUX chepax, HOUYMHAIOUHN Bl PO3BAKAILHOTO
CerMeHTy, 3agau (ororpadyBaHHs Ta KapTorpadyBaHHS MICIEBOCTI, CIOCTEpe-
YKEHHS 3a IHPPACTPYKTYpPHUMH 00’ €KTaMH, CEPEJI SIKUX JIIHII eJIeKTponepeaay, Ten-
JIOCHEPrii, 3aKIHYYIOUH CTBOPEHHSIM PI3HOMAHITHUX 1H(OPMAIIHHUX 30H MOKPUTTS
y T'yCTOHACENEHUX MICTaX, a TAKOK BUKOPUCTAHHS y arpapHii cdepi uu chepax 00-
cinyroByBanHs [40, 48-51].

3anss 3a0e3MedYeHHs] KOHTPOJTIO, 0€3MEKU Ta YIPaBIIIHHS MOBITPSHUM IPOCTO-
POM ICHY€E TOCTpa HEOOXITHICTh Y CTBOPEHHI HOBUX Ta MOJICpHI3AIIil BXKE ICHYFOUHUX
CHCTEM MOHITOPHHTY Ta CIIOCTEPEKEHHS 3a 00CTaHOBKOI. OKpeMHUM MUTAaHHSIM B
[IbOMY 3aBJaHHI € ONITUMI3allisl Ta MOKPAIIEHHS METO/I1B BUSIBJICHHS Ta CTEKEHHS 32
NOBITPSHUMHU 00’ €KTaMH 3 ypaxyBaHHSIM OCOOJMMBOCTEH iX OyJ0BH 1 MOBEAIHKHU 3
BUKOPUCTAHHSAM JOCTYITHUX Ta MOIIMPEHUX MPUCTPOIB, HA KIITAIT BiJIcOKamep Ta
JaJICKOMIpIB.

KomMriiekcr MOHITOPUHTY MOBITPSIHOTO MPOCTOPY 0a3y10ThCS HA BUKOPUCTAHHI
PI3HHMX TEXHOJIOT1/ BUSABIICHHS, CYMPOBOKCHHS MOBITPSHUX 00’ €KTiB [52, 53]. Cy-
YacHI pillIeHHs BKJIIOYaTh B ce0e OTpUMaHHs Ta 00poOKy iH(DOpMaIllii 3 KaHaATIB Pi3-
HO1 (13u4HOI Npupoau. B TakoMy BUMMAAKy MOXKYTh OyTH 3aJlisIHI KJIACHYHI pajiio-
JIOKAIIiHI METOAM BHSIBICHHS 1 CYNMPOBOKEHHSI 00’€KTIB, METOAM BIICIIiIKOBY-

BaHHS y BUIUMOMY 4H 1H(ppauyepBOHOMY Jiaria30Hax, aKyCTUYH1 METOU BUSIBICHHS
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tomo. OAHUM 3 HaienmeBmux crnoco0iB aerekuii Ta Bincrexxenns MBIUIA € Bu-
KOPHCTaHHSI HEIOPOTUX BiJleOKaMep, Ta 0OpOOKH OTPUMAHUX BiJIEOMOTOKIB 3 HHX.
BukopucTaHHs JanekoMipiB y MO€IHAHHI 3 KAMEPaMH B OJTHOMY KOMILIEKCI JI03BO-
JIsi€ OTHO3HAYHO BU3HAYATH IPOCTOPOBI KOOPAUHATH 00’ €KTA JIsI TOAAIBIIOTO Bij-
ciiakoByBaHHs. OTXKe, 3a/1a4a OLIIHIOBAHHS [1apaMeTPiB pyXy MaHEBPYIOUOro MaJo-

po3mipHoro BITJIA 3a nanumu BileokaMepy Ta JaIeKOMipa € aKTyaJIbHOIO.

1.2 Oco0.1MBOCTi Cy4aCHHUX CHCTEM Bile0CIOCTepeKeHHS

HaiinmommupeHimuMu Ta HaipO3MOBCIOKCHIIIIMMHU KaMepaMU, SIKI BUKOPHUCTO-
BYIOTbCS Y 1TOOYTI, y BUpOOHHUIITBI, Y chepax Oe3neku € IP kamepu [54, 55]. OcHo-
BHOIO BIJIMIHHICTIO TaKMX MPUCTPOIB BiJl CTAPOTO MOKOJIHHSI aHAJOTOBUX CHUCTEM
BIJIEOCIIOCTEPEXKEHHS € (hopMaT JAHMX HAa BUXOJl TaKUX NPHUCTPOIB. Taki kamepu
BHUJIAIOTh HAa BUXO/1 ITU(POBUM MOTIK JAHUX, KU IM1IIa€ThCS MOAAIBIINH 00po0ITi
nporpaMHuMU 3acobamu. [IpuHIMmoBa MoayIbHa Oy/1I0Ba TAKOT'O MPUCTPOIO TTOKA-

3aHa Ha puc. 1.5.

Alwg o L ALM | CM | OM’—©

Pucynox 1.5 — CTpykTypHa cxeMa OTpUMAaHHSI BiJICOTIOTOKY

Ha pucynky 1.5 ocroBHi enementu: C — criiena, OM — onTuyHu MOIYJb ,
CM — cencopnuii moaynb, ALIIT — ananoro-uudposuii nepersoproBau, MITO —
MOIYJIb TIPOIIecOpHOi 00poOku, MU — MepexeBa yactuna, [| — naHi.

3 oIy Ha OCHOBHI €IEMEHTH Cy4acHOI BiJICOKaMepH CIIOCTEPEIKEHHS 3yIH-
HUMOCSI HA OCHOBHHX IMapaMeTpax, IO BIAIrParOTh HaUOUIbILY poOJib TIpU 00poOIIi
BIJICOTIOTOKY. Y3arajibHeHa CTPYKTypHa cxema Ha puc. 1.5 HajaHa B CHPOIIEHOMY
BUTJISIAL, alie BioOpa)ka€ MPUHIIMIIOBI KOHCTPYKTHUBHI AUISHKU, HEOOXIJTH1 AJis
OTPUMAaHHsI OTOKY B1/I€0JaHUX. 3 OISy Ha 11, OIyCTUMO BEJIUKY K1JIbKICTh KOHC-
TPYKTUBHHX [TAPaMETPIB 1 3yMMHUMOCS Ha MPUHIIMIIOBO BaXKJIMBUX B paMKax JaHOTO

JOCITIIKEHHS.
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Jlo BuMor BijieoAaBauiB (ONTHYHHUX Kamep), IK1 MOXKYTh BUKOPHUCTOBYBATHUCS B
CHUCTEMax, HaJeXaTh TaKl apaMeTpH, K PO3/iIbHA 3JaTHICTh, Yac CIIPaI[IOBaHHS
3aTBOPY, KUIBKICTh KaJpiB Y CEKYHAY, KyTH orjiaay (hoKycHa BiJICTaHb) Ta IHIII.
Koxen nmapametp Bu3Havae JUisl SKUX YMOB MIPU3HAYEHA KOHKPETHA Kamepa.

BaxxnuBy poiib B crcTeMaX MOHITOPHUHTY, BIJI€OCIOCTEPEKEHHS, CTEKECHHS 1
aBTOMATHU30BaHUX CHCTEMaX BIIITpae poJib onieparopa-moanan. Oneparop sk CKiia-
JI0Ba CUCTEMH € KJIFOUOBUM aCIleKTOM y MPUKHATTI pilieHHs. binbiie Toro, onepa-
TOp 371aTEH He JiniIe Bepu(DiKyBaTH HASIBHICTh 00’ €KTY, a TaKOX 1 1IeHTU(]IKyBaTH
caM 00’€KT, SIKILIO € TaKa MOXKJIMBICTh Ta BUKOHYIOTBHCS BIANOBIAHI yMOBH. JloaaT-
KOBOIO (DYHKIIIE€IO ONEPATOpa € KOHTPOJIb POOOTH CUCTEMH Y LIJIOMY, BUSBICHHS
HENOJIa/10K Ta 3001B, 32 MOXJIMBOCTI YCYHEHHS Ta BUIIPABIICHHS OCTaHHIX.

[Ipn HasBHOCTI omeparopa MOKHA BUKOpHUCTaTH Tak 3BaHy ePTZ (electronic
pan-tilt-zoom) texnosorito. 3Buyaitna PTZ xamepa siBiisito o000 KEpOBaHY pyX-
JUBY TUIaTHOpMy, IO 37aTHA TIOBEPTATH KaMepy 3 MOTOPHU30BAHUM 00’ €KTHUBOM Y
BEPTUKAJIbHIA Ta TOPU3OHTANIbHIN MIIOMKMHAX. PAKTUYHO KaMepa MOKe 3MIHIOBAaTH
MIOJIOKEHHST CBOET ONTUYHOI BiCl Ta BUKOHYBAaTH MacIITabyBaHHs 300paykeHHs (Ha-
ommxenns/BigganeHus). Texnonoris ePTZ — Takok 103BoJIsI€ 3M1MCHIOBATH €JIEK-
TPOHHE TAHOPAMYBaHHsI, HAXWJI Ta MacIITaOyBaHHs, aJI€ 3aMICTh MEXaHIYHOTO PYXY
BOynoBana ¢yukiisi PTZ imiTye manopamyBaHHs, HaXWJI 1 MaciITaOyBaHHS, SKIIO
PO3/1JIbHA 3/IaTHICTh KaMEPH JIO3BOJISE 11€ pOOUTH O€3 ICTOTHOI BTPATH SKOCTI 30-
Opa’keHHS.

CermenTatis 300pakeHb TaKOXK € BaXXJIMBUM IHCTPYMEHTOM Ha LUISAXY JI0 OIl-
TUMaJIbHOT 00p0oOKHU 300paxkeHb. CydacHi KaMepy MalOTh 3HaYHUHN BOYJ0BaHUH (Y-
HKITIOHAJ nepeoopoOku 300pakenb. ROI (region of interest) 1 € mpuKIag0M TaKOTO
GbyHKU10HATY, 0 3JaTHUNA 3HIMATH P13HI YACTHHU 300pa’KE€HHA 3 PI3HOIO0 PO3/ILIIb-
HOIO 3/IaTHICTIO, MOKPAIyI0uH 300pakeHH y MEBHII 00J1acTi Ta 3HUKYIOUH SKICTh
300paKeHHs y THIIIH.

Jlnst BUpilieHHS 3a4a4dl aBTOMATHYHOIO BUSIBJIEHHSI Ta CYIPOBOJIKEHHS
MBIIJIA 3acTOCOBYIOTBCS IIMPOKOTIONbHI (TAHOPaMHi) 1 By3bKOIIOIbHI CUCTEMH Bi-

neocrnioctepesxxents (CB) [56-58].
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3a3BuYail Taki CUCTEMH BUKOPHUCTOBYIOTHCSI CYMICHO, YTBOPIOIOYH KOMOiHO-
BaH1 CHCTEMH BiJI€OCIIOCTepEKEeHHS prC. 1.6. Y IbOMY BUMAIKY 32 JOIIOMOTOIO IIH-
pokomnonbHOi CB BUKOHYeTbCS BUSIBJICHHS Ta NEPBUHHA CEJNEKIIS MIIO3PLINX
00’€KTiB, BUMIPIOBaHHS KYTOBUX KOOPAHMHAT, sIK1 IEPEJAIOTHCS Y By3bKOIMOJBHY TIi-
JICHCTEMY ONTHKO-EJIEKTPOHHOT'O MOHITOPUHTY JIJIsl HOJAJIBIIOTO aHalli3y, po3Ii3Ha-

BaHHA Ta CYIIPOBOIKCHHA.

By3bKOMNO/bHA

8l

LllnpokononbHa

cB
ey
Pucynok 1.6 — KoHcTpykTuBHE BUKOHaHHS KOMOiHOBaHOi CB.

CrpykrypHa cxema mupokonosbHoi CB nmponemoHncTpoBana Ha puc. 1.7. 30-
OpakeHHs 3 KaMep HAJXOATh y BUTJISAIL BiACOMOTOKY. BIIOK BUAIICHHS KITIOUOBUX
KaJIpiB 13 3aIaHUM JUCKPETHUM KPOKOM BHUOHMpAE KaJpH 3 MOTOKy. UuM MeHImi
KpPOK, TUM OUTBIII TOYHUHN pe3yibTaT 3a0e3neuye cucTema, ajie 3 iHIIoro 00Ky THM
Ols1bIlIe 0OYMCITIOBAJIbHI BUTPATH.

301IbIICHHS 30HU OTJISITY, IIJIKOM JIOT14HO, MiIBOJIUTH 10 SKICHOTO TIEPEX0Ty
3 CHCTEM OOMEKEHOTO KaJIpy J0 MAaHOPAMHOI CHUCTEMH, KA CKIIAJIA€ThCS 3 KUTBKOX
Kamep, 1110 3/1aTHI 3a0€3MeUn T TOBHUM orJisi mpocTopy Ha 360 rpaxycis (puc. 1.7).
Taxi cucreMu, Ha IPOTUBAry OCHOBHIM mepeBasi, MalOTh JEsKI TEXHIYHI YCKIa-
HEHHs y Mo0y10B1 Ta rpu 00poOIeHH1 300pakeHb. HeoOXiTHO KOPEKTHO BUKOHATH
(GIIUTTS CHHXPOHI30BaHUX 300paKe€Hb 3 PI3HUX B1J€0JaBauiB, KOMIIEHCYBATH JIH-
CTOpCii Ta BUPIBHATH KOHTpacTHiCTh. Ilicas Takoi oOpoOKM MOKHA OTpUMATH

O1BII-MEHIIT OJTHOPIAHE Ta MpUAATHE IS MOAAJIbIIOT poO0TH 300paxeHHs [59].
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BunineHHa - @ opMyBaHHA

Kamepa 1 —» .
KIHOY0BHX KaIpiB MAHOPaMHOI'0 300paKeHHA

e IlocToGpoOka |—»

2

a)

FRO FR1 FR2|FR3|FR4

Pucynok 1.7 — CrpykTypHa cxema pobotu mupokonoiasHoi CB ta popmyBaHHs

MMaHOPAMHOTO 300paKEHHS

OOO0B’SI3KOBOIO CKJIaJIOBOIO MIMPOKONoJapHOT CB € 050K (hopmyBaHHS MaHO-
pamu, 110 BUKOPUCTOBYE METOU OOpOOJIEHHS 300pa)KeHHsI ISl YCYHEHHS ONTHY-
HUX CIIOTBOPEHbB, [0 BUHUKAIOTh BHACIIIOK BUKOPUCTAHHS HTUPOKOKYTHUX 00'€K-
TUBIB. AIrOpUTM (POPMYBAaHHS AHOPAMHOI'O 300pakKeHHSI 3[1MCHIOE 31CTABJICHHS
300paxeHb, 1110 OTPUMaHI1 BiJl KaMep KpyTrOBOTO OISy, Y €JMHE IaHOpaMHE 300pa-
JKeHHsI 0€3 IIBIB. AJITOPUTM CKJIQIA€ThCs 3 IEK1IIbKOX eTariB [60, 61]:

— YCYHEHHS JUCTOPCIi Ha OIep)KyBaHUX 300paKEHHSX 3 KaMep;
— aBTOMAaTUYHA KOPEKIIIS ICKPABOCTI 1 KOHTPACTY 300pakeHb;
— 00'eTHaHHS BUNPABJIEHUX 300paKe€Hb B €MHE MAaHOPAMHE 300pa’KEHHS.

KaniGpoBka BUKOHY€ETbCS OJIMH pa3 JJisl JaHOT ONTHYHOI CUCTEMH, IMICIIS YOTr0
OJIHI 1 T1 caMi MapaMeTpH KaniOpOBKH BUKOPUCTOBYIOTHCA JUIsl yCYHEHHS TUCTOPCIi
Ha KOKHOMY 300pakeHHI, 10 MOCTYTAE 3 BiAKaIiOpoBaHoro (poronpuiimaya.

Jlst ButIpaBieHnX 300pakeHb MOKe BUKOHYBATHUCS €KBaJIi3allisl X TiCTOrpaM,
a TaKO 3aCTOCOBYBATHCS aJITOPUTMH MMOKPALIEHHS 300paXKeHb Y BUIIAAKY HEOOX1/I-
HOCTI, TICJISI YOTO 3 HUX (POPMYETHCS PE3YyIbTyI0ue aHOpaMHE 300pakeHHS.

bydep Hakonuuye oOpobIieH] 300paXkeHHs sl MOJANbIIOr0 BUPIIICHHS 3a-
naul suaBiendas MBITJIA.

3aaya aBTOMaTUYHOTO BUSIBJICHHSI PyXOMHX OO’ €KTIB BUPIIIYETHCS LUIIXOM
BUIiIEHHS 00J1acTi pyXy. [i pilleHHAM € CYKYMHIicTh o01acTei 300paxeHHs sl KO-
KHOTO KaJIpy, B AKOMY B1AOYBA€ETHCS pyX OJHOTO a00 AEK1IbKOX 00’ ekTiB. /s cTa-

IIOHAPHOI KaMepH, BUAUIEHHS 00yacTell pyxy BiIOyBa€eThCs HUIAXOM BU3HAUEHHS
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PI3HUIIl MK MOTOYHUM MAaHOPaAMHHUM 300pakeHHS Ta MaHOPaMHHUM 300pa’keHHSIM
($hoHOBOT 0OCTAHOBKH, 110 MOXE OyTH C(POPMOBAHUM ILIIXOM HAKOMTMYEHHS MTaHO-
paMHUX 300pakeHsb [62, 63]. 3a pe3ynbraTramu BUpaxyBaHHs (GopMyeTbes OiHapHE
pi3HuUIEeBE 300paKeHHS, Ha SKOMY HYJI1 03HAa4aroTh (JOH, a OJAMHULI — MiA03pLl Ha
00’ekT 30HU. OTpUMaHe pi3HUIIEBE OIHApHE 300paKE€HHS € BXITHUMU JAHUMHU IS
HACTYITHUX €TaIliB.

SAxio BUsABIICHI 001acTi Ha 300pa)KEHHI MAIOTh JOCTATHI PO3MIPH, TO MOXKE
BHUPIINIYBATHUCh 3aJ1aua PO3Ii3HABAHHS BUILJICHUX 00’ €KTiB. SIKIIIO K BUSBIICHI OiHA-
pH1 300pa)XeHHS € HE3HAYHUMH 33 PO3MIpPAMHU 1 HE MIAJIAral0Th PO3MI3HABAHHIO 32
TUTIOBUMU O3HAKaMH, BUPIIIYETHCA 3ajlaya BUSIBJIICHHS TPAEKTOPIi pyXy THUIIOBHX
00’exTiB. KoxHuii BUSBIICHHUI 00’ €KT MiJIsTae MpoIeaypl aBTOMAaTUYHOTO PO3Mi-
3HaBaHHA. /{715 aBTOMAaTUYHOTO PO3Ii3HABAHHS HAHO1IBII IUPOKO 3aCTOCOBYIOThCS
METO/IM PO3MI3HABAHHS 3 BUKOPUCTAHHIM HEHPOHHUX MEPEK.

Cepen 3aaa4 B 00J1aCTI CUCTEMHU KOMIT FOTEPHOTO 1 TEXHIYHOTO 30py 0COOJIMBO
BUJIUISIFOTHCS 3aJ1a4i CYNPOBOJIKEHHSI 00’ €KTiB. BiciaiakoByBaHHS 00’ €KTIB MOXKE
OyTu peanizoBaHo JBOMa Metodamu [64, 65]. B mepmomy MeToi CynpOBOKEHHS
3MIIACHIOETHCS 3a JIOMOMOTOI0 OL[IHIOBAaHHSI KOOPJAMWHAT 00’€KTa y KOKHOMY KaJpi
CIIOCTEPEKEHHS, (POPMYIOUH TUM CAMHUM TPAEKTOPIO MEpEeMIIICHHS. AJie TaHUH Me-
TOJ HE TOTpelye MEpEeMIIIeHHS] CaMOTo JlaTyhka croctepekeHHs. Came Tak 115 3a-
Javya BUpilIyeTbes B mmpokononbHux CB. B npyromy meToni CympoBOJIKEHHS
3MIIHCHIOETHCS 32 TOTIOMOT'OI0 BU3HAUYCHHS KOOPAUHAT 00’ €KTa, 1110 TIependavyae yr-
pyUMaHHS 00’€KTY y IEHTPI Kajapy, THM CAMHUM IIPOBOKYIOUH PYX CaMOT0 JaTYHKa.
Jlanuit MeTO BIICIIIIKOBYBAHHSI Tiepe10ayae opraHizalliio yrpaBIiHHS IePEeMIIIeH-
HSIM JaTurKa 300pakeHHs. Came Tak 115 3ajja4a BUPIITY€EThCs B By3bKkomnolibHUX CB.

CTpyKTypa THITOBOI BY3BKOMOJBHOI CHCTEMH CYNPOBODKCHHS TOKa3aHa Ha
puc. 1.8. By3pkomnoipHa cuctemMa CynmpoBOIKEHHs BKJIIOYAE B cebe JaTunK 300pa-
YK€Hb, PO3TAIIOBAHUH, SIK MPaBUJIO0, Ha CTaO1Ii30BaHIl MIaTdopMi, MPUCTPINA aHa-
713y 300paxkeHb, MPUCTPiN yrnpaBiaiHHA MIaTGOPMOIO 3a IBOMa ab0 TphOMa KOOp-

JTUHATAMU 1 MOTYJIh B3a€EMOJIIT 31 CIIOKUBadeM iHhopmMariii.
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Pucynox 1.8— CTtpyKTypa cUCTEMH aBTOMaTUYHOT'O CYITPOBOKEHHS
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Bysbkononbaa CB, sk mpaBuio, OTpuMy€e BUXIJIHY 1H(GOpPMAILIIIO MO0 KOOp-

JIUHAT 00’€KTa Bl HIMPOKOMOJBHOI CUCTEMH, a00 1HIIOI MIJICUCTEMHU KOMILJIEKCY

npotuaii MBIUJTA. Ilicis nboro BoHa po3ropTaeThesl y BKA3aHOMY HAIIPSIMKY 1 3/111-

CHIOE aBTOMATUYHMM TMONIYK, PO3MI3HAHHS 1 B3SITTS Ha CYIPOBOHKEHHS 00’ €KTY y

BKa3aHUX KOOpAWHATAX.

Jloriuaum JOIIOBHCHHSIM CHUCTCMU BiI[GOCHOCTepe)KeHHH € BUKOPHUCTAaHHA da-

JISKOMIPIB JIJIsl OTPUMAaHHS TOBHOTO HAbOpy 1H(pOopMAIIii 010 TPOCTOPOBUX KOOP-

nuHat. Ha pucysky 1.9 HaBenena cuctema, o CKJIAJAEThCS 3 LIMPOKOMNOIBHOIL Ka-

MepH Ta JlaJiekoMipa Ha OBOPOTHIH miatdopmi.

Mone zopy
naHapamMHoi Kamepu

PI/ICYHOK 1.9— 3aHpOHOHOBaHa CHUCTEMaA CTCIKCHHS Ta BUSHAYCHHSA KOOpAUHAT
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1.3 Oco6uBoCTi QyHKIIOHYBAHHS Ta 32CTOCYBAHHS JIa3ePHUX JAJI€KO-
mipiB Ta FMCW panapis

1.3.1 O2na0 xapaxmepucmuk ma 0cooaueocmeil pooomu 1a3epHux oanie-
KoMmipis

JlazepHuil qanexomip 1e NpucTpii, SKUil BUKOPUCTOBYE J1a3epHE BUIIPOMIHIO-
BaHHS JJIs BUMIPIOBAHHS AUCTaHIIT 10 00’ €KTy. € TpU OCHOBHI KaTEropii Ja3epHUX
JaJIEKOMIPIB: PYUHI JIa3epHI JaleKOMIpH, MPOMHUCIIOBI JIa3epH1 TaJICKOMIpHU Ta Ja-
JIEKOMIpH creliagbHoro npusHadeHHs. Ha pucynky 1.10 (a, 6) HaBeeH1 NpUKIaau
PYYHOTO Ta MOJYJIbHOTO JIa3€pHUX AAJIEKOMIPIB BIAMOBIAHO. JIazepHi nanekomipu
MaloTh YUCJICHHI MepeBaru cepesl MPUCTPOiB BUMIPIOBAHHS JUCTAHII, TaKl K BU-
COKa TOYHICTh, IIBUJKHM Yac peakuii Ta MOMXJIMBOCTI OE3KOHTAKTHOI'O BHMIpIO-

BaHHA.

Pucynok 1.10 — JlazepHi nanexkomipu

JlaH1 npucTpoi MaroTh BEIUKY KUIBKICTh oOnacTeit 3acrocyBanHs [66]. [Ipuk-
JIaTHE 3aCTOCYBAHHS JIA3EPHI JATCKOMIPH 3HANIILIN B CUCTEMaX POOOTOTEXHIKH, aB-
ToMaTu3allii Ta 3a0e3neueHHs 0e3meKku, 30KkpemMa 1 y 000poHHUX I11J1s1X. BoHM € Ba-
YKJIMBUMHU JTaTYMKaMU JIJI BUSIBJICHHS 00'€KTIB, JJoKaji3allii Ta Hairariii. [Ilupokoro
PO3MOBCIO/IKEHHSI BOHM HaOyJIM y aBTOHOMHUX TPAHCIOPTHHUX 3aco0ax, ApoHaxX Ta
IPOMHUCIIOBUX poOoTax. JIazepHi qanexomipu 3a0e3neuyroTh HaliiiHI BUMIPIOBaHHS
BIJICTaHEeH y paMKax Halpi3HOMaHITHIMIMX 33/Ja4. 3arajbHy Kiacu@ikalliro Jaszep-

HUX JaJIE€KOMIpIB HaBe/IeHo Ha puc. 1.11



38

JIazepHi
JaTeKoM pH
3a cheporo BE|ICTDC}?'BE{HH$IZ 3a
KOHCTPYETHEHHM 3a TIPHHITHIIOM Jil:

— ITpOMHCIOBI CTE BHKOHAHHAM:
— By BHHIITEO Ta apXiTeKTypa — Yac nonsoty (TOF)
— I'eonesid Ta kaprorpadis — PysmHi — @azoBuit 3cyB (Phase-Shift)
— CHopT Ta BiJIIOYHHOK — MoHToBaHiI

— PoBoToTeXHiKa TAa aBTOMATH3alliA
— JIiciBHHIITBO Ta €KO/OTi9HHH MOHITOPHHT
— BificpKkoOBe 3acTOCyBaHHA Ta 00OpOHA

Pucynox 1.11 — Knacudikanis gazepHux 1ajJeKkoMIpiB

binbi geTanbHO 3yMMHUMOCS Ha JABOX OCHOBHUX IMPHUHIUIAX, 3aKJIAJICHUX Y
poboty nazepaux aaiexomipis Lle metoau yacy nonboty (TOF) 1 meTon ¢azoBoro
3cyBy. TOF-nanekomipu BUMIpIOIOTH Yac, HEOOX1THUM SISl TOTO, 1100 Ja3epHUM 1M-
MyJIbC TI0J10J1aB BIICTaHb JJ0 00’ €KTY 1 TOBEPHYBCSI, TO/I 5K (ha30B1 JaJIEeKOMIpH aHa-
J3YIOTh (pa30BY PI3HUINIO MK BUIIPOMIHIOBAHUMU 1 TPUUHATUMU JITA3EPHUMHU CHUT-
HajamMu. BUKOpUCTaHHS IUX JBOX OCHOBHUX MPHUHIIUIIIB JISTJIO y PI3HOMAHITTS Te-
XHIYHUX PIlIeHb, sIK1 OyJn 3po0JieH1 Ha ix 0a3i.

Hanexomip TOF (Time-of-Flight), To6TO Ha OCHOBI IPUHLIKITY «YacC MOJIBOTY»,
BHUMIPIOE Yac, HEOOX1THUM SIS TOTO, 100 JIa3epHUHN IMITYJIbC AIHIIOB 10 00’ €KTY Ta
MOBEPHYBCS Ha3aja. BUCOKa TOYHICTh TOCATAETHCS 3aBIASKH BUKOPUCTAHHIO TEXHO-
JIOT1i TOYHOTO BUMIPIOBaHHS 4acy, TOMY TOYHICTh MOKE JIOCATaTH PIBHS MITIMET-
piB. Jlamekomipu, sIKi MPAIIOIOTh 32 MPUHIIMIIOM METOAY BUMIPIOBAHHS Yacy IMpo-
JBOTY, MOXKYTh IIBUJKO BUMIPIOBATH Bi/ICTaHI, 3a3BMYail HA PIBHI HAHOCEKYH/I, 1[0
pPOOUTH IX MPHUAATHUMHU JJISl 3aCTOCYBaHb, SIK1 MOTPEOYIOTh BUCOKOIIBUAKICHUX BH-
MiproBaHb. Taki JajgeKkoMipH 3AaTHI 3a0€3NeYUTH 3HAYHUI J1aria30H BUMIPIOBaHb,
1110 3HAYHO MEePEBUIIYE 1ana30H, IKUH MOXKYTbh 3a0€3MeUNTH JeAK1 THII TPUHITUATIN
BUMIiproBaHb. OJTHAK 3[JaTHICTh MPOTHUISTH 3aBajIaM Y METOJTY Yacy MPOJIbOTY € CJia-
oxoro. Hanpukiaz, 3a CKJIaIHUX YMOB OCBITJICHHS, TAKUX SIK CUJIbHE COHS'YHE CBITIIO

a00 3MiHU (POHOBOT OCBITIIEHOCTI, TOYHICTh BUMIPIOBaHb MOXKE 3HIKYBaTHUCS [66].
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OCKUTBKY JIJ1s1 OJHO3HAYHOTO BU3HAYCHHS BIJICTaHI 3 TOUYHICTIO 10 CAHTUMETpPA
JIOCTaTHHO OJTHOTO IMITYJIbCY, @ TOYHICTh c1a00 3aJICKHUTh BiJ BIICTaHI, IIEH METOT
0COOJIMBO MIAXOAUTh, HAPUKIIAI, IJI1 BUMIPIOBaHb Ha BIICTaHAX Olabie 1 MeTpa,
JUTSI 3aCTOCYBaHb 0€3 BUKOPUCTAHHS B1IOWMBAYIB 1 JUIsl MIBUJIKUX BUMIipIOBaHb. Ta-
KO BapTO 3ayBaXKUTH, 1110 HA MPAKTUII HEOOX1THO BPaXOBYBAaTH TapaMeTPH HABKO-
JUITHROTO CEPEIOBUIIA — TEMIIepaTypy, BoJIoTy Ta T.iH [67, 68]. [Toganbsira o6po-
Oka BUMIpIOBaHb Ta YCEPEAHCHHS MOXKE 3a0€3MEUUTH JOCSITHEHHS MIIIMETPOBOI
a60 HaBiTh cyOMiTIMeTpoBO1 TouHOCTI. [lepeBara TOF nosnsrae B ii npsiMoMy rpuH-
LUl BUMIPIOBAHHS, OCKIJIBKH SK BUIIPOMIHEHUH, TaK 1 BIAOUTHI CUTHAIU MPOXO-
JSATh, 110 CYT1, OJTHAKOBHM MPpSIMUM NUIAX 10 00'€KTa 1 Ha3aj J0 mpuiiMada. [69].

Cxematuuny 6ynoBa nanexkomipy TOF posrisuayTo Ha puc. 1.12

OnTU4YHa cucTema

(\ A 3
AdeTektop ‘T_a //
niacunosas /T o

Niacuniosay
3 APN

Mepepnasau

KiHeub Mouvartok
imnynocy imnynscy

BumiploBaHHA Yacy | —

Pucynox 1.12 — Cxematuyna Oyaosa nanexkomipy TOF

3arasioM, metoa TOF € HaailtHUM 1 BUCOKOTOYHUM OOJIaTHAHHSIM JIJIs BUMIPIO-
BaHHS BIJCTaHEH, AK€ MAXOAUTh JIIS BUNAJKIB, III0 BUMAraloTh BUCOKOI TOYHOCTI
Ta MacITaOHUX 3aCTOCYBaHb, TAKUX SIK HABITAIlisl pOOOTIB, MPOMHUCIOBA aBTOMATH-
3a1lis Ta Ha3eMH1 BUMiproBaHHs. OHaK HEOOX1/IHO BpaXOBYBAaTH MOro repeBaru ta
HEJIOJIIKH 3aJIeKHO BiJl KOHKPETHUX TOTPEO 1 OI0/IKETY.

Janexomipu Ha ocHOBI ¢azoBoro 3cyBy (Phase-Shift) BumiprooTs pizHulio
a3 Mi>k BAIPOMIHEHUMH Ta OTPUMAHUMU JTa3epHUMU curHasiamu. L{sg pizauis das
BUKOPUCTOBYETHCS JUIsl PO3PAXYHKY BiJICTaH1 HA OCHOBI B1JJOMOT JIOBKWHU XBHJII JIa-
3epa. IX TouHiCTh MOKe 10CATaTH CyOMIKPOHHOTO PiBHS. BUsABIEHHS B CTAHIAPTHUX

YMOBax 3a3BHYail OXOIUIIOE Jiama3oH BiJ KIJTbKOX METPIB JO0 JAECATKIB METPIB.
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BumipioBaHHs y 1IbOMY J1iama3oHi € MOMKUPEHUM 3aCTOCYBAHHSM 1 MIAXOIUTH JJIs
IPOMUCIIOBUX BUMIPIOBAIBHUX MPUIIAAIB, aBTOMAaTH3allli BUPOOHUYMX MPOIIECIB,
BIJIJIAJIGHOTO MOHITOPHUHTY TOINNO. SKIo moTpibeH OUIbIIMK aiama3oH BUMIPIO-
BaHHS, MOXYTh OyTH HEOOXIJHI 1HIII MPUHIUIHN JA3€pHOTO BUMIPIOBaHHS a0o
O1IBII MPOCYHYT1 METOH.

MeTton ¢a3oBoro 3cyBy 3a0e3nedye BUCOKY TOUHICTh, BEJIMKHH J1alla30H BH-
MIpIOBaHb 1 BUCOKY CTIHKICTh J0 IEBHUX 3aBajl. BogHouac nasexomipu, 1o mpaio-
I0Th Ha OCHOBI (Da30BOT0 3CYBY, 3aJIe’KaTh BiJ] BIACTUBOCTEH BIIOUTTS 1 BIIOMBHOT
3IaTHOCTI TOBEPXHI 00’ €KTY, & TAKOXK MOXKYTh OyTH MiA/IaHl BIUIMBY TaKUX (aKTo-
piB, SIK BOJIOTICTH 1 Temmnepatypa. JIazepHi f1ajgekoMipH, 0 BUKOPUCTOBYIOTH IIPHUH-
U1 (pa3oBOr0 BUMIPIOBAHHS, BUMAraloTh CKJIAIHIIIOT0 O0JIaHAHHS Ta aJITOPUTMIB,
110 MO>K€ CTBOPIOBATH NI€BHI TEXHIYHI TPYIHOLII MOPIBHSAHO 3 IHIIUMH TPUHIIUIAMHU
BUMIPIOBAHHS.

VY Bumnajky BUMIPIOBaHHS Ha OCHOBI (pa30BOTr0 3CYBY 3aMiCTh IMITYJIbCY CTBO-
PIOETHCSI CUHYCOINAJIbHUI CUTHAJI, 1 BICTaHb 0 00 ’€KTa OI[IHIOETHCS 32 3CYBOM
dasu BigouToro curnany [70, 71]. Cxematuuna OyaoBa 1ajieKoMipy Ha OCHOBI ¢a-

30BOTO 3CyBY HaBeJieHa Ha puc 1.13.

L

. . . . O6'ekT
BinburHii curaan BunpomiHIOBaHHIH CHIHAI

Pucynok 1.13 — Cxemaruyna Oy1oBa 1ajgeKkoMipy Ha OCHOBI (pa30BOro 3cyBy

VY 3arajgpbHOMY BHITQJIKY Ja3epHi JAJIEKOMIpU HA OCHOBI MPUHIUITY (ha30BOTO
3CyBY 3a0€3I1euy0Th BEJIUKUH JIi1alla30H BUMIPIOBaHb 1 BUCOKY TOUHICTb, ajie MalOTh
TIEBHI HEJIOJIIKH, TaK1 K 3aJIKHICTH B1Jl BIACTUBOCTEH MOBEPXHI 00’ €KTa Ta HABKO-

JUIIHIX YMOB. B KOHKpETHHX 3aCTOCYBaHHSX TOYHI BHMOTH JI0 TOYHOCTI Ta
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Jiana30Hy BUMIPIOBAHHSI CIIiJ OI[IHIOBATH HAa OCHOBI peajbHOI CHUTYyaIlii, a TaKOX
BUOMPATH BIANOBIIHI IPUHIIUIIN JIA3€PHOTO BUMIPIOBAHHS Ta BUMIPIOBAJIbHI TPHU-
CTpOI.

1.3.2 O2na0 xapaxmepucmuk ma ocoonueocmeit pooomu FMCW paoapie

Kiracuuna ctpykrypHa cxema FMCW panapy nojgana Ha pucyHky 1.14 [72].

AHTeHa TX

MopgynaTop = [lepegasav

AHTeHa RX

AHnanizaTop
4YacToTn

IHavkaTop Miacuniosay 3miwyeay

Pucynok 1.14 — CrpykrypHa cxema knacuunoro FMCW panapy

VY panapi FMCW nepenaBanuii curHai € JiiHIHHO 4aCTOTHO-MOJYJIbOBaHUM
curnaiom (JIYUM), Bimomum sik chirp. Curnan 3011bIryeTbest (a00 3MEHIITYETHCS ) 110
4acTOTI MPOTATOM BU3Ha4YeHOro nepioay. Kimroyosa nepesara pagapy FMCW nossi-
ra€e B MOro 3JJaTHOCTI OI[IHIOBATH SIK NAJIbHICTh, TaK 1 MIBUJAKICTh 00’ €KTIB, BUKOPH-
croBytoun nepenanuii JIUM curnan. J{anbHicTh 0 00’ €KTy BU3HAYAETHCS 3a JOTO-
MOTOIO YaCTOTH OUTTS, KA € PI3HUIICIO YaCTOT MK MEePEJaHUM 1 TPUHHATUM CHUT-
Hanamu. IBuaKiCTh pO3paxoByeThCS 3a TONOMOTOK JIOIJIEPIBCHKOIO 3CYBY, IO
CIIPUYMHSE 3MIHY YaCTOTH Yepe3 BIIHOCHUM pyXx 00’ekty [73, 74].

Y FMCW panapi FFT Bimirpae kiar04oBy posib B OTpUMaHHI KOPUCHOI 1HOP-
Mairii 3 npuitHatux curHaiiB. FFT — 1ie maTematnuHa TexHika, sika BUKOPUCTOBY-
€THCS JUIsl IEPETBOPEHHS CUTHAJIIB 3 4aCOBOI 00JIACTI B YaCTOTHY, IO TMOJIETIIIYE
aHai3 YaCTOTU OUTTA Ta 1HIIUX KOMIIOHEHTIB, 1[0 MICTATh 1HPOPMAILIIIO PO J1ajb-
HICTb 1 BUAKICTh 00’ekTiB. TpupiBHeBuit npouec FFT € ocHoBHUM ai1s1 00poOKu
curHaniB FMCW panapa. I[lepme FFT Butsarye indgopmartiiro nmpo aiamnas3oH, Apyre
FFT ouintoe mBuaKicTh uepes 3MmimieHHs Jomiepa, a tpete FFT renepye kapty na-

JBHICTH-IIBUAKICTh JIJII BHSIBJICHHS KUIbKOX 00’ekTiB. lleli mporec mo3Bolisie
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FMCW panapy BUSBISATH Kilbka 00'€KTIB, OI[IHIOBATH iXHI BiICTaHl Ta OOYHUCITIO-
BaTH IXHI IMIBUIKOCTI 3 BUCOKOIO TOYHICTIO [75].

Kapra manbricTe-mBuzKicTh (RDM — Range-Doppler Map) renepyetbes
nusixoM 3actocyBanHs nepiioro FFT mis ominku miamasony Tta apyroro FFT mms
orinku edexrty Jomepa. Pesynasrar 2D-FFT siBisie co6010 TBOBUMIPHY MATPHIIIO,
JIe PSAAKY BIAMOBINAIOTH PI3HUM MATBHOCTSIM, @ CTOBIIII — PI3HUM IIBHIKOCTSIM.
[Tiku Ha KapTi BKa3ylOTh Ha HAABHICTh 00 €KTIB HA MEBHUX Jlama3oHax 1 MIBHIKOC-
X [76, 77].

Oxpemoto nepeparoro Bukopuctanuss FMCW pagapy € MOXKIMBICTh JOJIaTKO-
BO1 171eHTH 1Kl 00’ €KTIB 3a CUTHATYPOIO, IO JIETaTbHO HABEICHO Y JOCIIIKEHH1
[78]. Tax, Ha pucynky 1.15 npexacrasneni curnatypu pizHomanitTHux MBITJIA. Ha-
SBHICTh THUIIOBUX CUTHATYp J103BOJIsI€ pO3p13HATH OCHOBHI TUIM MBIIJIA mix co-
0010, ajie i BUAUIATH 1X 3 OMDK 1HIIUX PYXOMUX 00’€KTIB, Hampukiaa nraxis. Lle
JI03BOJISIE€ 3MEHIIUTH YMCIIO XHOHMX CIPAIlOBaHb MpH AeTekii. Takox, BapTo 3Be-
pHYTH yBary Ha HaiOue nomupeni MBITJIA 3 rBuHTaMu, TOOTO pi3HOMaHITHI KO-
nTepy. IX cUrHaTypa 3HAYHO BUPI3HAETHCS 3 IOMIXK 1HIIKX Yepe3 crenudiuHy Kap-
TUHY, 0 cripuuuHse egekt Jlomnepa Bia poropis. Lleit edexT onucanuii y nitepa-

Typi K MiKpo-aoriep (micro-Dopler).

3
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range (m)
&
range (m)

N oW

N

0 0 0
200 150 -100 50 0 50 100 150 - 4150 -100 50 0 50 100 150
Doppler Velocity (m/s) Doppler Velocity (m/s)

a)

0
200 -150 -100 50 0 50 100 150 5 o 5
Doppler Velocity (m/s) Doppler Velocity (m/s)

8)

0 0
200 -150 100 -5 0 50 100 150 200 -150 -0 60 0 50 100 180
Doppler Velocity (m/s) Doppler Valocity (m/s)

r) a)

Pucynok 1.15 — RDM xkapra s pizaux tumis MBITJTA
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Ha nomnepennbomy pucynky 3o06paxeni MBIIJIA, pyx y mpocTopi SKHX 3Be-
JeHo 10 MiHiMyMy. [IpoTe mig 4ac BUKOHAHHS TUIIOBHX MAHEBpIB, sIKI XapaKTepHI
JUIS IOTO KJIacy JIITaTbHUX amapaTiB KapTUHA TPOXU CIIOTBOPIOETHCA. THIIOBI Ma-
HeBpu MBIIJIA naBeneno Ha puc. 1.16 (a). RDM kapty s pi3sHUX MaHEBpiB

MBITJIA moxeMo crioctepiratu Ha puc. 1.16 (0).

\VA H ] Bﬂnanemm-uaﬁnnu\‘elnm ) Bepn{]{aﬂhﬂni’[ Bepn{xanbuni’]
Beprukajibumii, = | l'li,[lﬁOM = CIYCK
FMCW pyx

Radar R 1 Radar

Haoauxenus Bignanenusn

TopusonTajabumii

Pyx nisopyu Pyx npaBopyu
Odeperanns p .ﬁ_ ﬁ 2
FMCW V -
| Radar / < ' Perepcu
‘-"‘I FMCW ﬁ i UL
) /; Radar — OobepTaHHs obepTaHHS
a) 0)

Pucynok 1.16 — Tunosi maneBpu MBIIJIA ta RDM kapra 111 pi3HUX MaHEBPIB

MBITA

Tomy Bukopucranua FMCW panapy y 3ajayax AeTeKlii Ta CTEXKEHHsS Haaae
3MOTy HE€ TUTBbKM BH3HAYATH MIBUAKICTH Ta naibHICTh 10 MBIUIA, a 1 3a paxyHok
edeKTy MIKpo-JI0Iuiepa Halae 3MOTY 1IeHTU(PIKYBAaTH JAHUM TUI 00’ €KTa 3 TOMIXK
IHIIIUX, a TaKOX, 32 HEOOX1THOCTI, BIIHECTH HOTO J0 MEBHOIO Kjacy 3 Orjsay Ha
TUINIOBY CUTHATypy. BapTo 3a3HaunTy, 1m0 1 peanizalii Takoro Mmiaxoay 4acTo 3a-

CTOCOBYIOTh HEMPOHHI MEPEXi Ta MAllTMHHE HaBYaHHS.

1.4 Anani3 meToiB BUSIBJICHHS Ta CYNIPOBOIKEHHSI PyXOMHX 00’€KTIB HA
MOCJIiIOBHOCTI KA/IPiB CHCTEMH Bi1Ie0CIOCTEPEeKEHHSA

KoM toTepHuii 1 TEXHIYHUM 31p OMUCYIOTh HU3KY PI3HUX MiAXOAIB 00po0-
JIEHHSI 300pakeHb 1 B1/1€0, Cepel IKUX METOIU BUSBJICHHS, pO3II3HABAHHS, BIJCIII-
KOBYBaHHsI 00’ €KTIB Ha 300paKEHHSX Ta 1X MOCTIAOBHOCTAX [79—-81].

Buxoasuu 3 i1ei po30utTs 300pakeHHs Ha Girypy i GoH peasi3oBaH1 aJirOpH-

TMH BiJICTIAKOBYBaHHS Ha 0a3i MeToj MojemoBanHs (HoHy. MeTom MoaenoBaHHS
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b oHy momsTae B CTBOPEHHI CTATUCTUYHOT MOJIE1 J71s1 (DOHOBOT CIIEHU 1 TOATBIIIOMY
BUJIUICHHI pyXOMUX 00'€KTIB IUISXOM BHU3HAYEHHS BIAXWICHD Bif 1€l Mozeni. J{o
OTO KJIaCy BIHOCSTh, HAIPUKJIIA, HACTYIIHI METOJU: alb(a-3MIlIyBaHHS, METO]T
3BOPOTHOI XBWJII, METOJ] BIACHUX 300pakeHb, cyMim po3moautiB ['ayca,
baiieciBcbke MmoaemoBanHs [82].

BusnadueHHs pyXy 3a paxyHOK 00UnciIeHHS AudepeHITIaTbHOI TOKaIPOBOI Pi3-
HUIIl € HAUTIPOCTIIIOO pealli3alli€lo NeTeKTOPYy PyXy Ha Bif€0, OCKUIBKU JTO3BOJISE
MPOCTO Ta MIBUAKO 3HAXOIUTH TPYIU MIKCEIIB, [0 MEPEMIIIYIOThCS 3 yacoM [83—
85]. ®opmyna hopMyBaHHS PI3HULIEBOTO 300paKEHHS Y 3arajilbHOMY BUTJISII1

D, (x,y)=B,(x,y) = F(x,y) (L.1)
ne  B,(x,y) — ®on, F,(x,y) — nepeaHiii mian

Anroput™m A00pe mpairoe B ymMoBax, ¢ ()OH BIJHOCHO CTATUYHUM, Ta MOXE
e(eKTUBHO BUSBIISATU 00'€KTH, SIKI 3HAXOJATHCSA HA Tl OJTHOTO TUNY (HAMPUKIA],
He00). HenmonikoM Takoro migxoay € HU3bKa CEJNEKTHUBHICThH MO BIJHOIIECHHIO J10
00’exTiB pyxy. ToOTO y clieHaxX 3 JUHAMIYHUMU 3MiHAMU (DOHY, HATIPUKIIA, PyXO-
MHUMH POCIMHAMH, KOJTUBAHHSAMHU OCBITJICHHS 1 T. 1. ToOTO, Ha MpakTHLll MU MoOa-
YUMO PI13HOMAaHITHI apTe(aKkTH, pyXu JepeB, TJIOK Ta IHIIUX TUI, K1 € HE HIKaBUMU
JUIsl Hac B pamkax Bu3HadeHHs pyxy MBIIJIA na Bigeomnotomi. OTxe, OCHOBHOIO
BUMOTOIO € MOCTIMHE OHOBJICHHSI MOAel (JOHY JIJIs afanTailii 0 3MiH.

[Tpuknan poOOTH TaKOro alropuTMy HaBeJeHO Ha pucyHky 1.17. [le yopHum

KOJILOPOM TI03HAYeHO MacKy ((hoH), a 011uM — 00’ €KTH, 10 3MIUCHIIIN PYX.

Pucynok 1.17 — Ilpuknaa poOoTu MeTOLy MOJEIIOBaHHS (POHY
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[HIII0F0 MPUHIIUTIOBO BiIMIHHOIO TPYIIOI0 METO/IIB ACTEKIII1 pyXy Ha BiJ€OMOC-
J1IOBHOCTI € METOAM Ha OCHOBI OOYMCIIEHHS ONTUYHOTO MOTOKY. ONTHYHUHN MOTIK
— 11€ BEKTOPHE MO0JI€, SIKE MIPEICTABIISE HAIPSIMOK 1 HIBUAKICTh PyXy KOXKHOI TOUKU
300paXeHHsI MK JIBOMA MOCIIIOBHUMH KaJapaMu. XapaKTEPHOIO OCOOIUBOCTI IHX
METOJIIB € T€, IO BOHU Yy pe3yJibTaTi 00pOOKM HAJAIOTh HE TUIBKU KOOpPIUHATH
00’€KTIB pyXy, a TAKOK BU3HAYAIOTH I1I€ U MIBUIKICTH MepeMIilieHHs TikcemiB. [lani
METOJM JTO3BOJIIOTH BUSABIATHU SIK TJ00alIbHI, TaK 1 JIOKaJbHI PYXH, BKIIOYAIOUU
MIBUIKI 1 CKIIQH1 3MI1HU ClIeHU. TakoX 111 MeTo U e()EeKTUBHI PU HEBEJIMKUX 3MIHAX
OCBITJIEHHS. 3 1HIIOTO OOKY, BOHHM MOKYTh OYTH MEHIII TOYHUM Y pa3i BEJIUKUX I1e-
peMillieHb a00 CHJIBHUX 3MIH OCBITJICHHSI Ta BUMAraroTh HasBHOCTI TEKCTYpH abo

XapaKTEPHUX TOYOK Ha 00'€KTax JJIsi OOUYMCIICHHS ONMTUYHOTO MOTOKY [82]. Bineo-

MOTIK MOAAETHCA Yy BUTIISAL PYHKIIIT yacy Ta KOOPAMHAT TiKCemiB [ (x (1), t)

8I(x(t),t) _a_ja_x+a_]_0
ot Ox Ot Ot

I(x(t).1)

I[O MeTOI[iB O00YHMCIIEHHS ONTHYHOIO IMOTOKY HaJIC)KATh: MCTOI HyKaca-Ka-

(1.2)

Hajie, Metosl XopHa-lllanka, 6;i0koBe mopiBHsIHHS Ta 1H [86—88]. [Ipukian podbotu

OJIHOTO 3 METO/IIB MoAaHo Ha puc. 1.18

Pucynok 1.18 — Ilpuknaa po6oTu MeTOly BU3HAYEHHSI pyXy Ha OCHOBI

00YHMCIICHHS ONTHYHOTO INOTOKY

[TokparieHHs M METOAIB OOUMCICHHS! ONTUYHOTO MOTOKY 3 METOI0 YCYHEHHS
HEOTIKIB € BUKOPUCTAHHS IECKPUNITOPIB 0COOIMBUX TOYOK. OCOOIMBI TOUKH — 11€

TaKl TOYKH SIK1 3aKPITUTFOIOTHCSA Ha 00’ €KTI ISl MOJANBIIOTO HOTO BIICTE)XKYBaHHS
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(o3HakM). [laHUX IECKpUMNITOPIB ICHYE 3HaYHA KUIBKICTb, SIKI BApIIOIOTHCS 3a MPUH-
TUIIoM oOpaHHs X ocobymBux To4ok. Ile o3raku SIFT, GLOH, MSER Ta 6e3miu
iHmmx [82, 89, 90]. 3 momixk iHmUX BuALIAeThCs MeTod FREAK, ockiabKku BiH 10O-
OyZ0BaHUI HA OCHOBI CTPYKTYPH CITKIBKH OKa [91].

Takox y pamkax 00poOKH BIJIEOMIOTOKY BAPTO BIIMITUTH BaXKJIUBICTh CEIMEH-
Tallii Ta KjIacTepusarlii 300pakeHb (po30UTTS Ta 00’ €THAHHA). 3arajoM, CETMEHTa-
151 300pakeHb JO3BOJISIE€ MPULIBUALIUTH 00poOKyY iH(opmMalii 3a paxXyHOK BUKOPH-
CTaHHS aJITOPUTMIB MapajeIbHOro 00UKCIeHHs, TOOTO BiJIJal0YH MIEBHI 001acTi Ha
00pOOKy MEBHUM MPOLIECOPHUM MTOTOKaM. Lle 103BoJIsIE TTABUIIIUTH IIIBUJIKOI1HO 00-
poOKH BiJIeONOTOKY. TakoX cerMeHTallis, sika 1Mo CyTl BUKOPUCTOBYETHCS Y METO/II
0JIOKOBOTO MOPIBHAHHS IIPU OOYMCIICHH] ONITUYHOTO IMOTOKY MOKe OyTH MOKpaIieHa
32 paXyHOK BBEJCHHS BarOBUX IMOBIPHICHHX KOE(DILIEHTIB.

[HIIMM KJTacoM anroOpUTMIB BIJCIIAKOBYBaHHS 00’ €KTIB Ha 300paKeHHI € Me-
TOJM CTEKEHHS 3a 00'€KTOM Ha OCHOBI MONIYKY 3a adioHoM. HaliipocTimmii 3 HUX
— MeTOo/ 111abJIOHHOTO 31CTAaBJICHHS, CXeMaTUYHO NTOKa3aHui Ha puc. 1.19. Bin Bu-
KOPHCTOBYE TPYyOO-TOUKOBY CTpaTeriro 1 Habip JOMIHYIOUMX O3HAK IS 3HAXO-
JKEHHSI KaHIUIATIB Y BChoMy 300paxkeHH1. [IoTiM y KOXKHOTO KaHIuIaTa iHiiami-
3YEThCS JIOKAIbHUI TIPOIIEC 3CYBY CEPEIHBOTO 3HAYEHHS, 1 111 TIPOIIECH 3HAXOASITh
HaWOIMKIMH JTOKaJIbHUM MAaKCUMYM Y CBOiX BIIOBITHUX CyCiiB [82].

Hactynuuii MmeTon /uist BiICTEKEHHs 00'€KTa HA MOCTIJOBHOCTI KaJIpiB — IIe
METOJI KOPEeJSIIHHOTO nomryky. KopensiiitHo-eKcTpuMaibHII METOT — 1€ METOT
BIJICTEKEHHS 00'€KTIB Ha B1/I€0, IKMIl BUKOPUCTOBYE KOPENALINHI (PUIBTPHU 11l BU-
3HAYCHHS TOJIOKEHHS 1 pyXy 00'€KTIB Ha MOCiOBHOCTI KajpiB. [aHni ¢iabTpu 3a-
CHOBaH1 Ha BUKOPHUCTAHHI KOPEIAIHHNX QYHKIIH. MeToa KOPENSIIHHOTO TOITyKY
0a3yeTbcs Ha TII00ATBHUX XapaKTEPUCTUKAX PYXy 00’€KTa y BiJIEO Ta MOXKE 3aCTO-
COBYBaTH, Hanpukiag, GiabTp Kanmana nis KOpuryBaHHs TPA€KTOPIT BIICTEKEHHS
pyxomoro 06’ekta. Takuit METOJ] 103BOJISIE CYTTEBO MIABUILUTUA TOYHICTh 1 HaJl1M-
HICTbH BIJICTEKEHHS 00'€KTIB Ha BIJ€O.

B MeTonax Takoro THITy BaKJIMBUM HIOAHCOM € HASIBHICTh SKICHOT Ma0JI0HHOT

BuOipku. ETanon nomyky mijijaroTh Npoleaypam poTaili Ta MaciiTabyBaHHs, s
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3HaXOJ[KeHHsI OUTBII SIKICHUX CHIBNAAIHb Ha 300pakeHH1. Hegomikom Takux mMeTo-
JIiB € TXHsSI HEHAAIWHICTh B YMOBAX 3alllyMJIEHOCTI 300pa’KE€HHS Ta B yMOBaX CKJIa/I-
Horo (hoHy. JleMOHCTpaIlito MPUHIIMITY METO/Ia IIIa0JIOHHOTO 31CTaBJICHHS HABEJICHO

Ha puc 1.19.

rr
Eranon ml'losopor

¥

! MacwrabysaHHs /

Pucynox 1.19 — JlemoHcTpallis NpUHIMITY METO/1a IIa0JIOHHOTO 31CTaBICHHS

[IInpoke BUKOPUCTAHHS HA MPAKTUILIl IPU CYNPOBOHKEHHI PyXOMHUX PO3MOIi-
JeHuX O0’€KTIB y HIMPOKOIMOJBHUX 1 BY3bKONOJBHHUX CHCTEMAaX BlAEOCIOCTEpPE-
KEHHS 3HaXO0/ITh METO/IM, 110 3aCHOBAH1 Ha KOPEJALIITHOMY nowyky [92-96], skuii
BITHOCHUTBCA JI0 METOAY CYIPOBODKCHHA cuiiyeTy. B manomy Bumaaky BigOyBa-
€TbCSI 31CTaBJICHHS (hparMeHTy 300pakeHHs 00’€KTY, 110 CIIOCTEPIraeThes, 3 eTa-
JIOHHUM 300pa)KE€HHSM, SIKE OTPUMAHO y pe3yJbTaTi aBTOMAaTUYHOIO BUSIBIICHHS Ta
po3mi3HaBaHHsA 00’ ekTa. [IopiBHAHHS MOTOYHOTO 300pa)KEHHS, 1110 OTPUMAHE 3 J1aT-
YHKa BIJICOCIIOCTEPEKEHHS, 3 €TAJIOHHUM 300pa)KeHHSM, 1110 OTPUMAaHEe 3aBYaCHO, €
OCHOBHUM TPUHITUIIOM [Iii KOPEJSAIIMHUX CUCTEM ciiakyBaHHs. [IpuHIun 3ictas-
JICHHSI 300pa)K€Hb IIMPOKO 3aCTOCOBYETHCS JIJIsi BUPIIICHHS 3aJlady aHalli3y pyXy
00’€KTIB, @ TAKOXK 3aJ1a4 31CTaBJICHHS 300paXXeHb PI3HUX CHEKTPAJIbHUX J1aNa30HIB
a00 3po0JIeHUX y PI3HUH Yac.

[Tpu 3icTaBnEeHHI OKPEMOTO €JIEMEHTY 300paxKeHHs He0OX1AHO BU3HAUUTHU CTY-
MiHb NO0110HOCTI. DYHKIIIS MOAIOHOCTI € TOK CaMOI0 MIPOI0, 32 KO0 MPUUMAETHCS
pIILIEHHs O PiBHI MOAI0HOCTI 300paxkeHb. KiacuuHuii anropuT™ BKIIIOYAE IBA €TAITH:

— BU3HA4YeHHs PyHKII{ MOAIOHOCTI.
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— MOLIYKY I EKCTPEMYMY.

[ToBHEe cmiBmagiHHS €TalIOHA 13 SKOIO-HEOYh YaCTUHOI 300pakeHHs OyBae
PIIKO yepe3 10 IIyMIB Ta CIOTBOPEHbD, 110 BUKJIMKAIOTHCS TPOCTOPOBOIO JTUCKpE-
TU3aLII€I0 1 KBAHTYBaHHSIM SICKPABOCTI, a TaK0>X BHACIIIOK BIJICYTHOCTI arpiopHOi
iH(opMaIIii BITHOCHO TOYHOI (DOPMU 1 CTPYKTYpH 00’ €KTY, 1110 HEOOX1THO BUSBUTH.
Came TOMY BHUKOPUCTOBYEThCS (DYHKIIIS MOAIOHOCTI, TOOTO Mipa, 3a JOIMIOMOTOIO
SKOi TPUMMAETHCS PILLIEHHS O CTYIEH1 MOI0HOCTI 300pakeHb. AITOPUTMH, 1110 BU-
KOPHUCTOBYIOTBCS AJIsl 31CTaBJICHHS 300pakeHb, 3a3BUYail BKIIOYAIOTh oneparii 00-
paxyBaHHs (DYHKIIIT MOJI0HOCTI 300pakeHb 1 onepalii MOIIYKy eKCTPEMYMY TaKoi
GyHKITI.

VY sxocTi ¢yHKIIIT MoA10HOCTI MPUUMAETHCS B3a€EMHA KOpETSIIAHA (PYHKITIA,
110 € CTAaHJAAPTHUM METOJOM BH3HAUYEHHSI BIAMOBITHOCTI IBOX MOCJIIOBHOCTEH. Y
KOPEJISITOP1 BiZI0OYBA€ThCSI BU3HAYEHHS B3aEMHO-KOPEAIiHOT PyHKINT. MakcuMym
(GyHKLIT 3HAXOUTHCA y T 0011acTi, e 300pa’KeHHs CIIBNAIaI0Th HAHOIbILIE.

VY KJIacMYHOMY METOJ1 BU3HAYEHHS B3a€EMHOI KOPEJALIMHOI (PyHKII MOTOY-

HOTO 1 €TaJIOHHOTO 300pakeHb BiIOYBAETHCA 1O (popMyIi:

N-1M-1
K('xlayl): Z Z h(-xay)g(x+x19y+y1)9 (1‘3)

x=0 y=0
ne g(x,y) — eTajloHHe 300pakeHHs; #h(x,y) — TIOTOYHE 300paKeHHS,

K (x;,y,) — B3a€MHa KopessuiiHa QyHKIis.
3HadeHHs (X, ), IPU SIKUX OTPUMYETHCS TII00aTLHUN MaKCUMyM, OepeThes B
SKOCT1 BEJIMYMH, 10 XapaKTEPU3YIOTh 3MIIICHHS €TaJIOHY B3JI0BXK OCEH KOOPINHAT:
(x,y) =argmax{K(x,y)}. (1.4)
TeopeTHYHO¥O MiICTaBOIO 3aCTOCYBAHHS KOPEIAIIHHOTO METOAY € HOTO CTpOTa
ONTUMAJILHICTh JIJI1 BUSIBJICHHS J€TEPMIHOBAHOTO CUTHAIY y OUTOMY IIyMi 13 ray-

CIBCBKUM PO3TOJIIJIOM SICKPABOCTI.

J1o HeOJTIKIB KJIACUYHOTO aJrOpUTMY CIIij BigHEeCTH [6]:
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1. Benukuii 06’eM 00paxyHKiB, OCKIJIBKM OOYHUCIIOBaNIbHI (PyHKIII B3a€MHOT
KOPEJISALIi MPOBOSATHCS MPU BCIX MOMKIIMBUX BITHOCHUX 3pYIIEHHSIX 00POOIIOBAaHIX
300paKeHb.

2. OyHKIIIS KOPETAIii MOKe MaTH PO3MUTHI MaKCUMYM, 110 YCKIJIaTHIOE HOT0
HOIIYK.

3. llym Ha 300pakeHH1 MOXE MPUXOBATH MAKCUMYM KOPEJISIIii.

4. SIxo HeoOX1THO BUSBICHHS 00’ €KTY, TO €TATOHHUI (PparMeHT He MOBUHEH
MICTUTH €JIeMEHTH (OHY, 00 HE TPAMUIIOCS MPUB’SI3KH 10 GOHY.

BaxnuB1 HEIOJIIKU KOPESALIMHUX METO/11B BUSIBJICHHS IPOSBIISIIOTHCS MTPHU HA-
SIBHOCTI CIIOTBOPEHb SICKPABOCTI Ta OCOOJMBO T€OMETPUYHHUX CIIOTBOPEHb MOTOY-
HOT'0 300pa)K€HHsI y MOPIBHSHHI 3 €TAIOHHUM. 30KpeMa, CIIOCTEPIra€ThCsl LIBUAKE
3MEHIIIEHHS KOPEALIHHOTO 3B’ SI3KY MPHU TaK 3BAaHUX PAKyPCHUX CIIOTBOPEHHSIX, Ha-
MPUKJIa] TOBOPOTax 00’ ekTy. HasiBHICTh cIOTBOpEeHB TUITY "Warping" 3a3Buuai yxe
HE JI03BOJIAIOTH BUKOPUCTOBYBATH KOPEJSALIMHI METOAMN BUSBIEHHS. Y TOH camuil
yac, /Uil TAKOTo KJlacy aJirOPUTMIB 3alPONIOHOBAHO 3HAYHA KUIBKICTh MPOLIEAYP, 110
JTO3BOJISIIOTH 200 MIBUILMUTH 1X Mpale3/1aTHICTh, a00 3HAYHO MPUCKOPUTHU TIPOLIEC
MOIITYKY.

o6 3mMeHmMUTH MOXUOKY BHU3HAYECHHS €KCTPEMYMY B3a€EMHOI KOPEIALIHHOT
byHKII{ y BUMAAKy KOJHMBAHHS SCKPAaBOCTi, MOYXHA BUKOPHUCTOBYBAaTH HOPMOBaHI

GyHKILIT, [0 MatOTh BUTJISIA:

N-1M-1
h(x,y)-g(x+x;,y+ )
x=0 y=0
R = ) 1.5
(x1571) NIML NAMT (1.5)
> Y ATy Y Y g (x+x,y+ )
x=0 y=0 x=0 y=0

3HadeHHsI (X, ) BU3HAYAIOTHCSA 32 JIOMOMOTOI0 BUPIIIAIIBHOTO MPaBUIa;
(%, ) = argmax{R(x, y)} . (1.6)
Ha ocHOBI po3paxoBaHOT0 KOE(hIIEHTY KOPEIii R(X, ), TAKOXK MOXKE Tepe-

BIPSATHUCS TOCTOBIPHICTH BUSBICHH. SIKIII0O BUKOHY€ETHCS YMOBA:

R()’eaj))ZRmin: (17)
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TO BUSIBJICHHSI BUSHAETHCS JOCTOBIPHUM.

HopMmoBani (yHKIII1 3MEHIIIYIOTh BIUIMB Pi3HHUIII SICKPABOCTI Ha TOYHICTH BU-
3HAYCHHS KOOPJIMHAT, ajI€ Y IbOMY BUITQ/IKYy 301IBIITYETHCS CKJIQIHICTh Ta 00’ €M 00-
paxyHKiB.

Mo:xHa MOTIIIIIATHA MIPY KOPEJISIii TAKUM YUHOM, 1100 Yy Hi BpaXxOBYyBaJIUCS
CTaTUCTUYHI BIACTUBOCTI 300paxeHb. [IpakTHYHO 11€ 3BOAUTHCS 10 MOMEPEIHbOI
dinpTparii 300pakeHb. OCOOIMBO YaCTO 3aCTOCOBYETHCS JCKOPETAIliS CJICMEHTIB
300pakeHHs a00 Bi01IIOBaHHA, TOOTO 00poOKa 300pakeHHs, MPHU KM €HEepris 30-
OpaxxeHHs 10piBHIOE ouHuULl. 100 moOyayBaTH KilacuuyHUM BIAOUTIOIOYNE (PLIBT,
HEOOX1THO OOYMCIIUTH BJIACHI BEKTOPH 1 BJIACH1 3HAUCHHS KOPEJALINHIX MaTpPHIIb,
10 BUMarae BEJIMKUX OOYMCIIOBAIbHUX BUTpaT. OOUUCICHHS MOXHA CIIPOCTUTH,
AKIIO0 300pa)K€HHS MOJIETIOIOTHCS PO3IIIbHUM MapKOBCHKHUM ITPOLIECOM 1 BIACYTHIN
1IyM, TO QUIbTpALlis 3BOJUTHCS 10 3TOPTKU 300pa’kKeHb 3 MACKOIO BUSIBIICHHS IIEpe-
najiB, a B T(paHMYHOMY BUIAJIKy — 3 Mackolo oneparopa Jlamnaca. TakuM 4uHOM,
SIKIIO 300paXKeHHsI CUIIBHO KOPEThOBaHi, TO 300pa)KEHHS MPEICTaBISIIOTHCS B KOH-
TYPHOMY BUTJISA]II 1 BAKOPUCTOBYETHCS OIHAPHA KOPEIISIIIS.

YacTo KJIaCHYHUI aITOPUTM BUKOPUCTOBYETHCS 151 0OpOOKH 300pakeHb HE B

CUTHAJILHOMY MPOCTOPI, a B IPOCTOP1 nepeTBOpeHb Dyphe:
K(x,p)=F " {H*(w,w,)-G(w,,w,)}, (1.8)

ne F' — 3Bopotne neperBopenns @ypoe; H(wy,wy) 1 G(wy,wy) — NEpEeTBOPEHHS
dypbe 300pakeHsb A(x,y) u g(x,)); * — CUMBOJ KOMILIEKCHOTO CIIPSKEHHS.
Ile nae MOXJIMBICTBH 3aCTOCYBATH Ul CIIEKTPAIIbHUX MEPETBOPEHD AJITOPUTM
MIBUAKOTO nepeTBopeHHs Dyphe, 110 T03BOJISIE 3SMEHIIUTH BUTPATH HA OOPaXyHKH.
VY Oinb1I 3arabHOMY BUIIJIKY, BUKOHYETHCS «B3BIIIYBAaHHS PI3HULIEBOI MIpU

CHEKTPAJTbHUX KOMITIOHEHTIB 3a IOMOMOTO010 (DYHKIIIT B3BILIYBaHHS ¢(Wx,W)):

N-1 M-1 2
K(xlayl): Z Z C](Wx,Wy)H*(Wx,Wy)'G(Wx,Wy)eXp(j—(xlwx+y1Wy)j-
wx=0wy=0 NM

(1.9)
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TouHicTh JOKaMi3aIlli BU3HAYAETHCS KPYTHU3HOIO KPOC-CIIEKTPAIbHOI (PYHKITIT 1100-
JU3y eKCTPEMYMY, a Y TPAaHUYHOMY BHUMAJKy — Iie AenbTa-pyHkiii. 1{o0 ii otpu-

MaTH, PYHKIIIS] B3BILITYBAHHS Ma€ BUTJISI;
-1
q(wx,wy):‘H*(wx,wy)-G(wx,wy)‘ . (1.10)

BusisitoBau 3 nepeiaBajgbHOI0 (PYHKIIIEIO TAKOTO BUTIISY IIPEICTABIISIE COOOI0
dazoBuii PiIBTp, TOOTO DIITBTP, MO MpEACTaBIsgEe (Pa30By YACTHUHY KOMIUIEKCHOTO
CIeKTpy 0€3 3MiH, a aMIUIITYJHY CKJIaJIOBY CIIEKTPY HOpMaiizye. AIroputm (azo-
BO1 KOPEJIAIii, y MOPIBHAHHI 3 KIIACHYHUM KOPEJISAIIHHUM aJIrOPUTMOM, Kparie ¢y-
HKIIIOHY€E MIPU HAsBHOCTI CIIOTBOPEHb Y BUIJIAJI BY3bKOIIOJOCHOIO IIyMy. AJro-
puTM (a30BOi KOPEIALIl pEKOMEHY€E€ThCS 3aCTOCOBYBATH JIJ1s 0OPOOKH 300pakeHb,
10 OTPUMAaHI B pi3HUX YMOBaX OCBITJICHH:. Da30Ba KOPEIAIIA € 111e OIbII YyTINBa
JI0 TEOMETPHUYHUX CTIOTBOPEHb.

Pi3Hu1eB1 KOpesliiiHi AITOPUTMH 3aCHOBAHI Ha MOEJIEMEHTHOMY O0paxyHKy
PI3HHUII IHTEHCUBHOCTI 300paXeHb. 3 TOYKH 30py 3aTpaT Ha 0OpaxyBaHHS, Pi3HU-
1I€B1 AITOPUTMH MAIOTh TIEPEBAry Mepes] KIaCUYHUM aJlfOPUTMOM. 3arajibHUN BUPa3

JUTSL pI3HULEBUX QITOPUTMIB MA€ BUTIISAL:

T(x,y) =2 2 |hx,»)-gx-x,y-y), p=012.., (1.11)
Xy

Ha mpaxTuiii HaigacTiiie BUKOPUCTOBYIOTHCS HACTYITHI aJITOPUTMU:

M(x,y) =2 Y |h(x,») - g(x = x1,y = y))l; (1.12)
x

E(xlaJﬁ): ZZ[h(x,y)—g(x—xl,y—yl)]z; (1-13)
x y

S(xl,yl)=rr;ayX\h(x,y)—g(x—xl,y—yl)\- (1.14)

Mipu noai6HocTi 300pakens (1.11)—(1.14) piBHi HyIO NpH iX TOBHOMY 31CTa-
BJICHHI, OJIHAK PEAKI[is WX AJITOPUTMIB Ha PI3HOMAHITHI THUIU MOMUJIOK HEOHA-
KOBa. 3a o3HakaMu SIKOCTi, (1.12), (1.13) anroputmu 6116111 OJIM3BKI 10 KJIACUYHOTO

KOPEJISILITHOTO aJITOPUTMY .
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[Tpu HassBHOCTI T€OMETPUYHHUX CIOTBOPEHb ICHYE ONTHMAJIbHHUI po3Mip eTa-
JIOHHOTO 300pakeHHSI, 110 JO3BOJIE€ MIHIMI3yBaTH MMOBIPHICTh IIOMUJIKOBOI IIPUB'-
s3kd. ONTUMANBHUN PO3MIpP €TajloHa MPONOPLIMHUM MIUPUHI HOTO aBTOKOPEISIIIii-
HOT (DYyHKIIIT 1 3MEHIIYETHCS 31 301JIBLICHHSIM T€OMETPUYHUX CIIOTBOPEHbB. Y 3aralib-
HOMY BHUITQJIKy, MiHIMIi3aIlisi KIMOBIPHOCTI TOMHUJIKOBOI MPHUB'SI3KUA MPOBOIUTHCS 3a
JIOTIOMOT'OX0 BUOOPY HE TUTBKU PO3MIpy, ajie TaKoK (hOPMH 1 Opi€HTAaIlli €TaJJOHHOTO
300paKCHHS.

3a3Buuail He MOKHA MEPeI0AYUTH 3 TOYHICTIO 10 HAWJIPIOHIIIMX JIeTajel 30-
OpakeHHs, 110 MPEACTABIAETHCS A7 BUsBICHHs. OHAK B Oy/Ib-IKOMY BUIIAJIKY 1C-
HYIOTh €JIEMEHTHU 300pakeHb, SIKIi MOKYTh OyTHU Mepe0avyeHi 3 BEIUKUM CTYIICHEM
BiporigHocTi. TakuM 4YMHOM, OJHA 3 HAHOUIBII BaXKIMBUX IIPOOJIEM IIPU pO3poOIT
KOPEJSILIITHOMX CUCTEM 1 BUOOP1 AITOPUTMY iX (PYHKIIOHYBAHHS MOJIATAE B 1I€HTU-
dikarii mux eIeMeHTIB JJIs 3aIaHUX THUITIB 300pakKeHb 1 IaTUHKIB.

B pe3ynbrari aHanizy BiIoMO1 JIITEpATypy BCTAHOBJICHO, 1[0 HA MPAKTHUI[l Hal-
OlsIbllIe MOMMPEHHS HA0YB KOPENSIIHHUN alropuT™M Ha OCHOBI HOPMOBAHOI B3a€M-
HOT KopensiiHoi ¢yHkii (1.5), skuif Mae HU3KY TepeBar 3 TOUYKH 30py 3aCTOCY-
BaHHs. OCHOBHA MepeBara — 1€ HeUYTIMBICTh J0 BIAMIHHOCTEH B 3arajibHii SICK-
paBoCTi 300paXkeHb. TakoX 3pydyHUM 3 TOUKU 30PYy 3aCTOCYBAHHS € Te, 10 1151 QyH-
KIIisl mpuitMae 3HaueHHs Big —1 no 1. 3HadyeHHs —1 o3Hayae, 110 TOTOYHE 1 €TaJIOHHE
300pakeHHsI 3HaX0AThcA B mpoTudasi. [Ipu upomMy s ii BU3HAaUEHHS! BUKOPUCTO-
BYIOTHCSI aJITOPUTMHU OOUYUCIIEHBb B CIIEKTPAIILHOT 00J1aCTi 32 IOMOMOTOIO IIIBUAKOTO
nepeTrBopeHHs Dyp'e.

3HayH1 TPYAHOIl aBTOMaTUYHOTO CYIPOBOXKEHHSI CUCTEMaMHU BiJI€OCIIOCTE-
pesxxerdst MBITJIA nos'sizani 13 3MiHOIO (hOpMU 00'€KTIB, OCKUTEKH 00’ €KT €BOJIIOITI-
OHY€ y TIPOIIECI CYMPOBOIKEHHS, TOOTO 3MIHIOEThCS Y MacIiTadi, paKkypci, OBO-
poti. Kopensiiauii MeTo 1 T03BOJISE MOI0IaTH IO CKIATHICTD MIJITXOM OHOBJICHHS
€TaJIOHY, 110 BUKOPUCTOBYETHCS, 13 3aJJaHUM MEPi0JIoM ab0 M0 3HAYEHHIO KoediIri-
eHTy Kopessii. [lepe3anuc eTanona asis KOpEIsifHOro CyIpoBOIKEHHS Bi10yBa-

€TbCS Ha OCHOBI OTPUMAHOT0 Ha IOTOYHOMY KaJipi cTpoOa CIliIKyBaHHSI.
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3ananns cynpoBomkeHHss MBIIJIA Takox ycKIagHsAIOTbCS HACTYIMHUMH (a-
KTOpamMH YMOB CIIOCTEPEKEHHS. [82]:

— HasIBHICTh CKJIQJTHOTO HEOHOPIAHOTO (hOHY;
— cnabKi KOHTPACTH;
— cia0Ke CHiBBIIHOIIEHHS! CUTHAJI-IITYM;

Cepen iCHYIOUHX aITOPUTMIB CYIIPOBOKEHHS 00’ €KTIB METO] KOPEIAIIHHOTO
MOIIYKY B YMOBaxX HEPIBHOMIPHOTO (POHY BBAKA€ThCSA OJHUM 13 Haikpamux. Llei
METO]I MOKe 3a0e3IeuyBaT BUCOKI Pe3yJbTaTH MPHU CYNPOBOIKEHHS 3aMaCKOBa-
HUX O0’€KTIB Ta 00’€KTIB, 110 MAIOTh MOTaHy KOHTPACTHICTh, OCKIIBKUA aJrOPUTM
BpaxoBy€ HE TUIbBKM XapaKTEPUCTUKHU KOJbOPY, a TaKoX (PopMy 1 HMOJIOKEHHS
00’€KTY.

OmHOIO 13 TOJIOBHUX BUMOT TAaKOXK € 3a0€3MeUeHHs peasizallii airopuTMmiB 00-
poOKH 300pakeHHS y pealbHOMY 4aci. MOXXJIMBICTh BUKOPHUCTAHHS ISl 00YMC-
JICHHSI B3AEMHHMX KOPEJALINHUX (YHKIIN IBUIKUX TU(POBUX aITOPUTMIB CIEKT-
paNbHUX MEPETBOPEHB 3a0€3MeUy€e MOXKIUBICTh MPAKTUYHOI peanizaliii Kopesiii-

HOTO JITOPUTMY Ha Cy4acHI1i eIeMeHTHI! Oa3i.

1.5 AHani3 MeToiB aIaNITUBHOTO OLiIHIOBAHHS MIAPAMETPiB PyXy MaHeB-
py040ro 00'ekra

JIOTIOBHEHHS KOPEJSAIIHHUX alTOPUTMIB CTEKEHHS aITOPUTMOM KaJIMaHIBCh-
KOi (pinbTpanii 03BOJISE OLIHIOBATH MAapaMETpU PyXy 00’€KTy 1 3a0e3rneuyBaTh
OUTBIII TOYHE MPOTHO3YBAHHS MOTO TOJIOKEHHS Ha MOTOYHOMY Kajpi. Kpim Toro,
OCKUJTBKU TpU poOOTI PLIHTPY BUZHAYAIOTHCS TAKOXK JUCTIEPCIi MOXUOOK MPOTHO3Y
MOJIOKEHHS 00’ €KTa, BUHUKAE MOKIIUBICTh ONITUMI3aLlli pO3MipiB 00J1aCTI i MONIYKY
Ha MOTOYHOMY 300paKeHHI.

OinbTp Kanmana Takox BUKOPUCTOBYETHCS JJ1s OI[IHIOBAHHS MapaMeTPiB pyxXy
00’€KTa 3a TaHUMH PaJI10JOKALIMHUX CUCTEM, Y TOMY YHUCII 1 Jainekomipy [97].

®dinpTp Kanmana OyB BriepIie 3anponoHOBAHHM K PO3B'sI30K MPOOIEMH OI1i-
HKM BHYTPIIIHIX CTaHIB JIHIWHUX AMHAMIYHUX cucTteM. OpuriHaiabHe (HOpMYIIrO-

BaHHs Pynonbda Kanmana mnpumyckae, mo auHamMika CHUCTEMH Ta MOJEI
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CTIIOCTEPEKEHb € JIHIMHUMH, a IIyM, 10 BIUIMBA€ HA CUCTEMY Ta CIIOCTEPEKEHHS,
Ma€ TayciBChKU po3noii. 3a ux ymoB ¢iasTp Kanmmana Hafae onTUManbHy OIli-
HKY y CEHCI MiHIMi3allli CepeTHhOKBAIPATUYHOT IOMUJIKH OIIHKH.

Anroput™m ¢inbrpa Kanmana npaiitoe uepe3 peKypCUBHUN LUK 3 ABOX KPOKIB:
MIPOTHO3YBaHHS Ta OHOBJIEHHS. Ha Kpolii mporHo3yBaHHs MOTOYHUNA CTaH CUCTEMHU
MPOEKTYETHCSA B Yacl HA OCHOBI BIJJOMO1 MOJeIi, HaJal0ul OI[IHKY MaiOyTHHOTO
cTaHy cucteMu. Ha KpoIi OHOBIIEHHS! MPOTHO30BaHUM CTaH KOPUTYETHCA 32 JIOMO-
MOTOI0 OCTaHHBOTO BUMiptoBaHHs. L pexypcuBHa npupona poduts puietp Ka-
MaHa 00YMCIIIOBAJIBHO €(DEKTUBHUM, OCKIJILKM HE BUMArae 30epiraHHs BCix momepe-
JTHIX BUMIPIOBaHb, JIUIIIE OIIIHKKA TOTOYHOTO CTaHY Ta KOPEJSIIHOT MaTpHUIll TOMHU-
JKHU OIIHKH[98].

OcHoBHuMH niepeBaramu ¢iabTpa Kanmana [99] e:

1. ®uIbTp € peKypeHTHUH, 3pyUHUl A1 peanizallii Ha HuPpPoBUX 0OUUCITIOBA-
JBHUX TMPHUCTPOSX, AITOPUTM OOYHMCIICHHS OIIHKYA CTaHy TUHAMIYHOT CHCTEMHU MPHU
MMOBHICTIO BIJOMIH i1 MOJENI.

2. O11iHKa BEKTOPY MapaMeTpiB pyXy € JIIHIHHOIO 32 CIIOCTEPEIKEHHSIM.

3. Po3paxoByrOThCS KOpPETSALIMHI MAaTPHULIl IPOTHO3Y 1 OLIIHKY [MapaMeTPiB pyxXy
00’€eKTa.

4. ®inptp Kanmana minimizye CKB nomumku ¢insTparlii He TUIBKH B CTAJIOMY
peXuMI, ajie 1 B X0 1 MePEXiAHOTO MPOIIECY.

V¥V monorpadii [100] BukoHaHO aHaJi3 MOMIJIMBOCTEH MPAKTUYHOI peaizallii
niHiHOTO QibTpa Kanmana 1 mokaszaHo, 0 JJIsl IbOTO HE MOTPIOHO 3HAYHUX 00-
YUCTIOBAJILHUX BUTPAT.

Opnak pa3oM 13 3a3HaUCHUMH niepeBaramu, GunbTpy Kanmana nputamanHuit i
CEepHO3HUI HEJOJIIK, IKH OTPUMAaB Ha3BY PO301XKHICTH, IO MPOSBISETHCI B 3HAY-
HOMY TEPEBUINCHHI AucTepcii a0 MaTeMaTHYHOTO OYiKyBaHHS (DaKTHUYHUX TTOMU-
JIOK OLIIHIOBAHHSI BIZIHOCHO JUCTIEPCli MOMUJIOK OLIHIOBAHHS, PO3paxoBaHUX (PLIbT-
poMm [100]. OcHOBHUMHU TIpUYHMHAMH PO301’KHOCTI €: HETOUHICTh 3aj]aul MOJeJIeH
poliecy, Mo MisraoTh (PUIBTpaIllii, 1 CIoCTepeKeHHS, JTIHeapu3aIlisi piBHIHb, Bi-

JICYTHICTb MOBHOI 1H(pOopMaIlii mpo peanbHy (Pi3UUHyY 3a7a4y, a TAKOX BCIKOTO POy
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CHPOIIEHHS, IO JO3BOJSIOTH OMHUCATH 3a/1a4y MaTeMaTH4HO. PO301KHICTH MOXKYTh
BUKJIMKATH TAKOXK MIOMUJIKA OKPYTJIEHHS, 00yMOBIICHI IIM(POBOIO peati3aIli€ro aj-
TOPUTMIB OI[IHIOBaHHS.

Sx 3aszHaganocs B miapo3aun 1.1, cywacni MBIUJIA € mBuakicHuMu
00’€KTaMH, SIKI MOXXYTh BUKOHYBAaTU PyX 3 PI3HMMH BUJAMH MaHEBPIB, IO JUIs
crioctepirada € HeBigomuMmu. [Ipu BiACYTHOCTI IOBHOI ampiopHOi iHopMaIlii npo
MOJIeJb PyXy O00'eKTa Ta PIBHSHHS CIOCTEPEKEHHS, aJITOPUTMHU TPAEKTOPHOI
dinpTparlii Ha ocHOBI (inbTpa KanmMana gacTo € po301KHUMH.

ManeBpoM OyaeMoO BBaKaTU 3MIHY JAMHAMIKH pyXy MOBITPSHOTO 00’€KTY
(MBIJTA), 1m0 06yMOBIIEHO 3MIHOIO MapaMeTpiB HOTro pyXy, TAKUX SIK IBUJIKICTH,
HaANpsMOK, IPUCKOPEHHs. BinoBiAHO, MaHEBPU YMOBHO HMOJUIMTH 32 MIBUKICTIO
3MiHM MapaMeTpiB Ha MOBUIBHI Ta P13K1, @ TAKOXK 3@ CKJIAJHICTIO HA CKJIa/IHI Ta MPO-
cti. [Tig mpocTuMu MaHEBpaMU PO3yMIETHCS 3MiHA OJHOTO 3 MApaMETPIB pyXy, CKIIa-
JIH1 %K MaHEBPH Nepe10avyaroTh 3MIHY KUIBKOX IMapaMeTpiB OAHOYACHO. Y BiAIMOBI/I-
HOCT1 70 moBeliHKoBUX ocobimBocteir MBIIJIA, Takox MoXHa BUIUIMTH Pi3HI
BHJIM MaHEBPIB, III0 3aCTOCOBYIOTHCS IS JIITAJIbHUX amapaTiB, HalpUKIIAJl, 3aBH-
CaHHsI, PO3BOPOT, TIOBOPOT, CKUIAHHS IIBUAKOCTEH, OapaKyBaHHs, Tomo. Moeni
PYXY, L0 OMHUCYIOTh MaHEBPH, € OCHOBOIO I MOOYJOBH aJalITUBHUX AJITOPUTMIB
OIIHIOBAHHSI MApaMETPiB PyXy 00’ €KTa.

Ha notouynuii yac po3po0J€HO HU3KY aJTOPUTMIB OLIIHIOBAHHS MapameTpiB
pyxy MaHeBpyr4oro o0’ekra. Po3risiHeMo MeTOAM OIIHIOBAHHS CTaHy, sIK1 JI03BO-
JISIFOTH PO3POOHTH aTOPUTMH OLIIHIOBaHHS, 1110 3a0€3MeUyr0Th aJanTallito 0 MeB-
HUX TUIIiB HEBU3HAYEHOCTEH. Ix 6a30By Kiacupikalliio Skux HaBeaeHo Ha puc. 1.20.

Cy4acHi METOJI aIaNITUBHOTO OIIHIOBAHHS 0a3yIOThCS HA MIPEACTABICHH] MO-
nenel pyxy 00’€kTa y BUTIISAAI TUCKPETHUX IWHAMIYHUX CTOXACTUYHHX CHUCTEM.
OpHuM 13 TUMIB HEBU3HAUYCHOCTEH, 110 PO3TISIAIOTHCS, € HEBIJIOMI BXIiJIHI 30Y-
JUKEHHS! TUHAMIYHOT CUCTEMH, K1 XapaKTepH1 JUisl MAaHEBPYIOUUX 00’ €KTIB. [HIINN
TUIN — 11€ HEBU3HAYEHICTh MapaMeTpiB a00 CTPYKTYpH JTUHAMIYHOI CHCTEMH, IIIO
MaroTh JUCKPETHY MHOKHHY 3Ha4eHb. [logansmmi aeTanbHui ONUC BUILIE3a3HaYe-

HUX METOJIB HaBeIeHO Ha OCHOBI mparti [101].
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Ha ocHoOBI MHOKHHHHX
mopeeii (MNM)

3 IACKpeTHAM
KOPHIYBAHHAM

piBHA OIymy

3 HenmepepBHHM
KOPHIYBAHHAM

pPiBHA OIymy

3 Kopekmicio
ONIHKH BeKTOpa
cTaHy

3 po3smHEpeHHEAM
BeKTOpa CTaHy

Ha ocnosi
CTATHYHHX

MM

Ha ocHoBi
JTHHAMIYHHX
MM

Pucynok 1.20 — Knacudikariist ananTUBHUX aarOpUTMIB OI[IHIOBaHHS MapaMeTPiB

pPYXy MaHEBpPYHOUOro 00’eKkTa

JliniliHa MOZEJIb MAHEBPYIOUOTO 00’ €KTa OMUCYIOTHCS PIBHAHHIM
x(k)=F(k,k-=1Dx(k)+B(k —Du_ (k -1)+ G(k)o(k), (1.15)
ne X(k) — BEeKTop cTaHy TMHAMIYHOI CUCTeMH; ® (k) — IIyM 30y IPKCHHS JUHAMI-

YHO1 CHCTCMU, SIKUM € FaYCiBCBKI/IM BHITAIKOBHM IIPOICCOM 3 BiI[OMI/IMI/I XapaKTCpu-

CTUKaMH; u (k) — BXIJIHMH CHIHAJ yNPABIiHHA 00 €KTOM, AKMH € HEBIIOMHUM;
F(k,k-1), B(k), G(k) — BigOMI MaTpHIIi.
Metonu, K1 MO>XKHA 3aCTOCYBAaTH MpU BUKOpHUcTaHHI moaenl (1.15), moains-

I0TBCS Ha JIB1 INMPOKI KaTeropii: HeBIIOMUM BX1J u (k) MOJEIIOETHCS K BUIAIKO-
BUM nporiec a0 HEBIJJOMMI BXiJ u, (k) OLIHIOETHCSA B PEKUMI PEANBLHOIO Yacy.
JIns mpejncTaBlIeHHs CUTHAIy yNpaBiiHHA u,(k) SAK BHUIIQJKOBOIO IIPOLECY

HAWOUIBII MIUPOKO BUKOPUCTOBYIOTHCS: JUCKPETHUN OUTIHMIA IIyM 1 KOpPEIhOBAHHI
IyM. 3a3Ha4uMO, 1110 TAX11 10 0OpOOKH HEBIJOMOTO BXOJY SIK BUITAIKOBOTO TIPO-
IIECY 3BOJIUTHCS IO MOTO TPAKTYBAHHS SIK JJOJJATKOBOTO IIIyMY, [0 MOKE BUMaratu
PO3IIMPEHHS CTaHy CUCTEMHU.

MaHeBpH 3a CBOEIO MPUPOJIOI0 MAIOTh PI3HY IHTEHCUBHICTD y P13HI MOMEHTH
yacy. OuH 31 c1oco01B ypaxyBaHHSI IIbOTO — KOPUTYBAHHS MOTY>KHOCTI LIYyMY.
OnuH 3 BapiaHTiB — Oe3MepepBHE peryIr0BaHHs MOTYKHOCTI IIyMmy. [HImii BapianT
— BUKOPHUCTAHHS JEKUJIBKOX JUCKPETHUX PIBHIB MOTY>KHOCTI IIyMY Y MOJENI, pU

IbOMY PI1BEHb IIyMY 3MIHIOETHCS BIIMOBIAHO 0 MeBHOTO mpasmia [101].
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[Tpu BUKOPUCTAaHHI KOPETHOBAHOTO IIYMY ISl MOJICITIOBAHHS MAaHEBPIB M1AX1]T
MOJISAITa€ Y «BUOLTIOBaHHD» IIIYMY Ta PO3LIUPEHHI CTaHy CUCTEMH MiICHCTEMOIO BU-
OuTIOBaHHs. MeToau KOpUTyBaHHsI PiBHS LIyMY MOXHa 3aCTOCOBYBATH 10 PO3IIU-
PEHOI CUCTEMH, IO KEPYETHCS O1TUM IIyMOM.

[Tpu 3acTocyBaHHI MIAXOAY 3 O€3MEPEpPBHUM KOPUT'YBAaHHS PIBHS IIyMy Ma-
HEBp MOKe OyTH BUSBIICHUH NUISIXOM aHali3y HOpMali30BaHUX HEB’SI30K. SIKIIO
BOHH MEPEBUILYIOTH IOPOrOBE 3HAYCHHSI, TO MOYKHA MIPUITYCTUTH, IO 00’ €KT BIXU-
JIMBCS Bl CBOT'O MOIEPETHBOT0 TUITY PYXY. T/l MOYXHA BUKOPUCTATH KOPUTyBaJIb-
HUM KOe(]IIEHT A1 301IbIIEHHS PIBHS IIIyMYy MOJIEJII TAKUM YHHOM, 100 MOoaudi-
KOBaHa KoBapiallisi Mporuo3y Oysa J0CTaTHbO BEJIMKOI0, 1 HOpMajli30BaH1 HEB’ SI3KU
3aJIMIIATINCS HU)KYE BCTAHOBJIEHOTO MOPOTY.

AnpTepHaTUBHUHI NiAX1]1 Iepeadavyae MpUITyIIEHHs PO HASIBHICTh KUJIBKOX pi-
BHIB LIIyMY MOJIeJ1 Tpouecy. Y I[bOMY BUNIAAKY B OyAb-sIKHH MOMEHT 4Yacy € AMHUN
(GLIBTp Opaltoe 3 MOTOYHUM pIBHEM IIyMy. Ilepexin Mixk piBHSIMH IIyMY 3111MCHIO-
€THCS 32 MIPOCTOIO0 CXEMOIO MIEPEMUKAHHS 3 TOTOYHOT'O PIBHS HAa BUIIMI a00 HUX-
ynif. HopmanizoBaHi HEB’A3KHM KOHTPOJIOIOTHCS LUISIXOM PO3PaxyHKY ix cepen-
HBOT'O 3HAYEHHsS Ha KOB3HOMY BikHI. L{e cepeqHe 3HaUE€HHS MOPIBHIOETHCS 3 MOPO-
roM, 0OYKCIIEHUM Ha OCHOBI PO3MOITY Xi-KBajapaT. SKIIO el mopir mepeBUIIeHO,
GIIBTp MepEeXoUTh HA BUIIUN PIBEHB IITYMY MOJIEI MTPOIIECY.

Metonu, o 6a3yr0TbCs Ha MOJICIIFOBaHHI MAHEBPIB K BUIMAJKOBUX MPOLECIB,
€ HaOJIMKEHHIMH, OCKIJIbKM MaHEBPH, 3arajioM, HE € CTOXaCTUYHUMH MPOLIECaMHU.
[Ipote Taki miaXoau NPOCTi Ta MOKYTh OYTH TOCUTH €(hEKTUBHUMHU.

Jpyruii miaxig — OI[iHKa CUTHaly YIpaBiiHHs. BiH peanizyeTbcs 3a mpumy-
LIEHHS, 1110 BXIIHUI CUTHAI ynpaBniHHﬂ u_ (k) 3aMMIIAETHCS CTATUM IIPOTIATOM I1e-
BHOTO Tiepiony dacy. O1iHIOBaHHS MOKHA 3IMCHUTH Ha OCHOBI KPUTEPiIO0 HAMEH-
mux KBaapatiB. OTpUMaHU pe3ynbTaT MOKe OYyTH BUKOPUCTAHUM JIJISi KOPEKIIiT
OIIHKY BEKTOPY CTaHY AUHAMIYHOI CHCTeMH. [HIITUI miaXia mossirae B po3IIMpPEHHI
BEKTOPY CTaHy CUCTEMH 1 BKJIIOUEHHI B HBOTO CUTHAJIy YIPABJIIHHSA B SIKOCTI J10/1aT-

KOBOT'O KOMITIOHCHTY.
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Haii6inb1mn nmpocTuii MeTof mojsirae B BUKOpUcTaHH1 ABox (inpTpiB Kanmana,
1m0 moOy0BaH1 Ha MOJIEJIi HEMAaHEBPYIOYOTO 00’ €KTY Ta MOJIENi 00’ €KTY 3 BIIOMUM

BEKTOPOM yIpaBliHHA u (k). Ha 0CHOBI HOpMOBaHMX HEB’A30K MEPUIOTO (BiIbTpa
Kaynmana HeoOX11HO: BUABUTH BXIJIHUHI BIUIMB u(k), OL[IHUTH HOT0 Ta BUKOPHC-

Tatu B Apyromy ¢biuneTpi Kanmmana. BusBiaeHHs 1 OliHIOBaHHS YIIPABIIHHSA u BHUKO-
HY€THCSl Y KOB3HOMY BiKHI, 1110 MICTUTh OCTaHHI s BHMIipIoBaHb. [IpoTsaromM mporo
1HTEpBaTy Yacy BX1JIHUI BIUIMB # BBaXXA€TbCs cTAIUM. OILIHIOBAHHS MOMEHTY I10-
YaTKy MaHEBPY BIIOYBA€ThCS 3a KPUTEPIEM MAaKCUMabHOI MpaBaonoaioHocTi. Le
BHUMArae napaineiabHoOro 3amycKy AEKUIbKOX airoputMiB. KoxkeH anroputm oOuuc-
J10€ (DYHKITIO MPaBIONOI0HOCTI U1 MPUITYIIIEHOTO Yacy Mmovyarky mMaHeBpy. Oue-
BUJIHO, 110 LI€¥ MIAXi1 € TOBOJI pECYPCOEMHUM.

B Metoi 31 3MIHHUM pO3MiIpOM MIPOCTOPY CTaHIB MaHEBpP 00’ €KTa po3rJsia-
€ThCS SIK CKJIaJIOBa BEKTOPY CTaHy MOJIENI pyXy, a HE K IIyM. Y BIJICYTHOCTI MaHe-
BpiB (QUIBTP MPALIOE, BAKOPUCTOBYIOUH MOJIENb PYXy 0€3 MaHeBpy. K TIIbKH Ma-
HEBP BUSABJIEHO, 10 BEKTOPY CTaHy JOJIal0ThCs HOBI KOMIIOHEHTH — TOMY LIeH Me-
TOJ HA3UBAETHCS MIJIXOJA0M 31 3MIHHUM pO3MipoM mpocTopy ctaHiB (Variable State
Dimension — VSD).

BenuunHa BUSBIEHOTO MaHEBPY BUKOPUCTOBYETHCS ISl OLIHKH JJOJATKOBUX
KOMITOHEHTIB CTaHy, MICIs YOr0o KOPUTYIOThCS 1HILI KOMIIOHEHTH cTaHy. [lonanbiie
BIJICTE)KCHHS 3/IMCHIOETHCS 3 BUKOPHUCTAHHSAM MOJICI 3 PO3IIMPEHUM BEKTOPOM
CTaHy, 1OKH MIPUIMAETHCS PILIEHHS PO MOBEPHEHHS 10 KBa3iCTalllOHAPHOI MOJIEI.
MaHeBp BBaKA€ThCSI BHSIBICHUM, KOJIU CEPEAHE 3HAYCHHS HOPMAaTi30BaHHUX
HEB’SI30K MEPEBUIILY€E TOPOTOBE 3HAaUCHHs. MaHeBp BBa)KAa€ThCS 3aBEPIICHUM, KOJIU
OLIIHKH JIOAATKOBUX KOMIIOHEHTIB CTaHy (MPUCKOPEHB) CTAIOTh CTATUCTUYHO HE3HA-
YYIIUMHU.

HaiiGip111€e BUKOPUCTOBYIOTHCS /1B OCHOBHI MOJI€NIl — MOJIENb (Maiike) cTa-
JI0T MIBUAKOCTI JJIsl KBa31CTalllOHAPHOTO CTaHy Ta MOJieJb (MaiKe) CTajaoro mpuc-
KOPEHHS 11 MAaHEBPOBOT'O CTaHy. BUKOpUCTaHHS HUKYOTO MOPSAIKY MO y KBa-

31CTAIlIOHAPHOMY PEXHMI Ta MOJIEJII BUIIOTO TOPSJIKY B MaHEBPOBOMY PEXHMI
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JIO3BOJISIE TOCSITTH XOPOIIMX XapaKTEPUCTUK CTEKECHHS B 000X Bumaakax. Hampu-
KJIa]1, SIKIIIO0 00’ €KT HEe Ma€ MPUCKOPEHHSI, BAKOPUCTAHHS TPETHOTO MOPSIKY MOIET1
301JIbIIIY€ TTOXMOKHU OITIHKH SIK JIJISI TTOJIOKEHHS, TaK 1 JIJIs1 IIBUJIKOCTI.

Ha mpaxTuiii, HEIOMIKOM PO3TIISIHYTHUX BUINE MiAXOJIB € HE3AaTHICTb YTPH-
MaTH MIKOBY MOXHOKY OITIHKH IMOJIOKEHHS (1111 YaC MaHEBPY) HUKYE MTOXUOKU BHU-
MIpIOBaHHS MOJIOKEHHS.

[HIIMM TiAX0A0M O BHpIMIEHHS 3a7ad alanTUBHOI (GiIbTparii €, Tak 3BaHi,
QIrOpUTMH MHOXUHHUX Mojenert (Multiple Model — MM) [102]. 1i anroputmu
MPUITYCKAIOTh, 110 00’ €KT MOBOJUTHCS BIAMOBIIHO /10 OJIHIET 3 KIHIIEBOTO YHCIIA MO-
nenet, To0To nepedyBae B OAHOMY 3 JICKIJIBKOX PEKUMIB POOOTH. Mojieni MOXKYTh
BIJIPI3HATHCS PIBHSIMH ITIyMY a00 CBO€IO CTPYKTYPOIO — TaKO>K MOXKYTh BPaXxOBY-
BaTHCS P13H1 pO3MIPU CTaHy Ta HEB1AOMI BX1JIHI CUTHAJIH.

Cratuunuit MM-anroput™m nependayvae, 1mo MoJIesb, SKii TiAMOPSIKOBYETHCS
00’€KT, 3aJTUIIAETHCS] HE3MIHHOIO ITPOTIATOM YChOTO TIpoIiecy omiHoBaHHs. Lle mpu-
BOJUTH JI0 CTATHYHOTO OIIHIOBaYa 3 MHOKHHHUMH Mojiesamu. [lompu Te, o akTh-
BHA MOJIETTb 3JIMIIAETHCS (PIKCOBAHOIO, AJITOPUTMH, 1110 OyAYIOTHCS Ha 1HIIHUX MO-
JIEJSIX TaKOXK BHOCSITH BHECOK B PE3YJIbTYIOUY OIIHKY BEKTOpa CTaHy.

Haii6inp1oro nmommpeHHsi oTpuMannu quHaMidHi MM-anropuTmu, 3acHOBaH1
HAa MHOXUHHIA MOJien pyxy o0’€KTa 3 MepeMUKaHHSAM Mojenei. Taky mojaenb
O00€KTYy MOXXHa TPEACTABUTH Yy BUIJISAJAlI CTOXACTUYHOI JUHAMIYHOI CHUCTEMHU 3
BUIIAJIKOBOIO CTPYKTypoto. [lapameTpu abo cTpykTypa Takoi AUHAMIYHUX CHUCTEM,
BIJIOMI 3 TOYHICTIO JI0 HAOOpy TiNOTE3, 3MIHIOIOTHCA CTPUOKOM B BHIIAJKOBI
MOMEHTH Yacy 3a 3aKOHaMUu MapKiBChbKOTO jaHIfora [103, 104].

PosrimssaeMo 0cOOJIMBOCTI METOMIB aJanTUBHOTO OIIHIOBAaHHS Ha IPHUKIIAII
3arajibHOi Mojell 00’€KTa y BUIJISAAlI AMCKPETHOI HENIHIWHOI CTOXaCTHUYHOI
JTUHAMIYHOT CUCTEMH 3 BUIIAIKOBOIO CTPYKTYPOIO:

u(k) =F(u(k —1),a;(k))+ G(a,;(k))o (k); (1.16)

u’ (k) = h(u(k),a, (k) + C(a,; (k) v(k), (1.17)
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ne u(k) — BEKTOp CTaHy JHAMIYHOI cucTeMu; (k) — BEKTOp HEKOPEIbOBAHOI

rayciBcpkoi mocmimoBHocTi N (0,Q(k)); u”(k) — BEKTOp CIOCTEPEIKCHHS,

v(k) — BekTOp HEKOpenaboBaHOI rayciBcbkoi mocmigoBHocTi N (0,R(k));

F(u(k —1),a;(k)), h(u(k),a;(k)), j=1,M — BEKTOPHO3HAYHI (YyHKLII;
G(a,;(k)),C(a;(k)),j=1M — B1JIOMI1 MaTpuili; M — YHUCIIO CTPYKTYP JAUHAMIYHOL
cuctemu; u(0) — MOYaTKOBUN BEKTOp CTaHY TUHAMIYHOT CUCTEMHU.

BunaznkoBy BenuuuHy a;(k) OPUNHSTO HA3MBATH 3MIHHOKO IICPEMHKAHHS
[160]. ITpexcTaBuMO 3MIHHY IIEPEMHUKAHHS a ; (k) y BUTJISAI MAPKiBCBKOTO JIaHI[FOTa

3 MAaTPULEIO HMOBIpHOCTEH mepexoAis 1, (k,k —1) 1mMOYaTKOBUMHU HMOBIPHOCTSIMU

p;(0), i,j=1,M , BIATIOBIOHO.
PiBusiHHs cTtany (1.16) xapakrtepusye HAMHAMIKY CHCTEMH, a pIBHSHHS
cnocrepexenHs (1.17) ommcye MexaHI3M YTBOPEHHS JAHUX, JOCTYIHHUX

CIIOCTEPEKEHHI0. B HUX BUKOPUCTOBYEBCS OJIHA I Ta)K 3MIHHA NTIEPEMUKAHHS a (k)

I CIIPOIICHHSA MAaTCMATUYHHUX BHUKIIAI0K.

Jlnst BUpINIEHHS 3a/ayl OIIHIOBAHHS BEKTOpa CTaHy u(k) 3acTOCOBYETHCS

OailieciBChbKMM MeTO aganTuBHOro omiHoBaHHs [105, 106]. baifeciBcbke pilieHHS
3a/layl  aJanTUBHOIO OLIHIOBAaHHS TIOJISIra€ B 3HAXOJ/KEHHI amnocTeplopHOT
HIiIbHOCTI MMoBipHOCTI W (u(k)) = P(u(k)/ E(k)) BekTOpa, IO OIIHIOETHCS u (k)
3a OTPMMAHOIO MOCIIIOBHICTIO BUMIpIoBaHb Z(k) =u” (1), ...,u” (k). 3a 10mOMOrom
Ii€1 IIJTBHOCTI UMOBIPHOCTI BIA€THCS OTPUMATH ONTHUMAabHI OIIHKU sl Oy/Ib-
SKUX pO3yMHUX (PYHKITIH BTpaT.

JIJ1st CHHTE3y ONTHUMAIIBHOTO aJITOPUTMY OIIHIOBAHHS J0 PO3TJISTY BBOJIUTHCS
MHOHHA (k) BCIX MOKJIMBUX IOCIIIOBHOCTEN 3HaueHb [ (k)= a,(0),...,a (),

o . . . . k+1
NPUHHATHX 3MIHHOIO IIEPEMHUKaHHA a ; (k) , Ha 1HTepBanl 0,...,k , iKe MICTUTh M

eqeMeHTiB. PiBHAHHS 111 amocTepiopHOl MIUTBHOCTI MMOBIPHOCTI BEKTOpa CTaHy

W (u(k)) mosxxe OyTu 3amMCcaHO y BUTIISI
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W(u(k)) = > st(k) (u(k))W[S(k)(k), (1.18)
I,(k)eQ(k)
ne W g(u(k))=Pa(k)/I,(k),E(k)) — yMOBHa amocTepiopHa MIIILHOCTI

MOBIPDHOCTI BEKTOpa CTaHy 3a ymoBu [ (k); W, (k) =P (k) /E(k)) —
arnocTepiopHa HMOBIPHICTb MOCTIIOBHOCTI (k).

HomoBanus y dopmyrni (1.18) mpoBomuThCs 3a BCiMa IMOCTIAOBHOCTSIMH

MHOXXHUHH Q (k).

AJTOpUTM OOYHMCIIEHHS YMOBHOI amoCTEepPIOPHOI HIIJIBHOCTI WMOBIPHOCTI

W (k) (u(k)) Moxe OyTtu 3anucanuit y surisiai [100]:

W, @) = [ TLu(k) fa(k =1),a, ()W, ) @k —D)du(k -1); (1.19)

—0o0

W, oy (k) = Pu® (k) / w(k).a ,(kDW o (k) | PCEGR) / 1, (K),E(k ~ 1)),
(1.20)
ne W;;( (k) = P(u(k) /I (k),E(k —1)) — yMOBHA CKCTPAIIOJIbOBAHA LIUIBHICTH
fiMmoBipHOCTI Bektopa wu(k), 3a ymoBu [ (k); P(u’(k)/ u(k),a;(k)) —
OJTHOKPOKOBA (DYHKITIS MPaBAONOIIOHOCTI, IO BU3HAYAETHCS HA T1CTaBl PIBHSIHHS
(1.17);  M(u(k)/u(k—1),a;(k)) — yMOBHAa IIUIbHICTE HMOBIPHOCTI, SKa
BU3HAYAETHCS Ha mmigcTaBi piBHAHHA (1.16); P(u”(k)/1,(k),Z(k —1)) — ymMOBHa

IIIbHICTh KMOBIPHOCTI, III0 BU3HAYAETHCS 32 IOIIOMOTOO PIBHSIHHS

P’ (k)/ I,(k),E(k=1) = | P(é(k)/u(k),aj(k))Wzi(k)(“(k))dU(k)-

—00

PiBHsAHHS [1711 00UMCIIEHHS] €KCTPanoJIbOBaHUX W,* iy (k) =P (k) / E(k -1))

. . o . o . o k+1
1 amnocTeplopHux W, (k)(k) HMOBIPHOCTEM TmocaigoBHOCTeH [ (k), s =1, M

MAaroTh BH]I

Wlt(k)(k):Hij(k’k_l)er(k_l)(k—l); (1.21)
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W, oy (k) = P’ (k) / 1,(k), E(k = D)W, 4 (k) / PQ” (k) / 2k = 1)), (1.22)

ne P(u”(k)/E(k—1)) — yMOBHa IIiJIbHICTh HMOBIPHOCTI, II0 BH3HAYAETHCS 32

dbopmyoro

P (k) /E(k-D)= Y P (k)/I,(k).E(k ~ )W, (k).
1,(k)eQ(k)

Ontumansauii anroputM omiaoBaHHA (1.18)—(1.22) € HemiHIMHUM, 1 SBISE
co00I0 ONTUMAalbHI pPIMICHHS 3a7adl CIUIBHOI MPsAMOI I1HTEPHOJALIi 3MIHHOI
NepeMUKaHHs a (k) Ha IHTEpBal crocTepexeHHs 0,...,k 1 diapTpamii npouecy 3
BUIAJKOBOIO CTPYKTYpOIO u(k).

3 Bupasy (1.18) BurumBae, 1110 anocTepiopHOI MIIITLHOCTI KMOBIPHOCTI BEKTOpa

crtany W (u(k)) 3HaXOaUTBhCS SIK 3Ba)KEHA CyMa YMOBHHUX IIIJIbHOCTEH HMOBIPHOCTI

W, y(u(k)). Baru OLiHOK JIOPIBHIOOTH YMOBHHM alloOCTEPIOPHUM HMOBIPHOCTSIM
s
W, (k). Ha KOXHOMY Kpomui k 3arajbHe 9YHCIO MOXIHMBHX IOCIIJOBHOCTEH

3HauY€Hb 3MIHHOI MepeMUKaHHs 3pocTae B M pasiB. ToMy HaBiTh NpU MOMIPHUX k
ONTUMAJIbHUM aJIrOPUTM HE MOXKJIMBO peanizyBaTu. Takl ONTUMallbHI HMPHUCTPOT
OTpUMaJH Ha3By (QUIBTPIB 31 3pOCTAIOUMUM YUCIIOM KaHAIIB.

Ha puc. 1.21 mokazaHa CTpyKTypHa cXeMa ONTHMAJIbHOIO MPHUCTPOIO 31

3pOCTalYMM YHUCJIOM KaHalliB Ha iHTepBam £=0,...,2 npu M=3 [100]. V Osokax

nporuo3y bIT 004K CIIIOI0TECS €KCTPAoJIbOBaH1 PO3MOLITH W;; iy (u(k)), W;;( INCIE
a B O10kax ¢iabTpailii b BUKOHYETHCS 1X KOPEKIid Ha OCHOBI ciocTepekeHHs §(k)
1 BU3HAYAIOTHCS alIOCTEPIOPHI PO3MOILIN Wi ey (k) W, ey () . [Ipu nepexoi Ha
HACTYMHUHN KPOK PO3MIpHICT, MHOXKMHU (k) 3pocTtae B M pasiB, a OTKE, B T€ K

caMe YHUCJIO pasiB 30UIBIIYEThCS YUCIO (UIBTPIB, HEOOXITHUX JJISI OOYMCIICHHS
YMOBHUX allOCTEPIOPHUX PO3MOJLIIB, 1 0OOCAT maM'siTi, HECOOX1AHUM AJ1s 30epiraHHs

pe3yJbTaTiB 00UHCIICHbD.
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Pucynox 1.21 — OnTumanbHul OIpUCTPIN 31 3pOCTAI0UUM YUCIIOM KaHaIIB Ha 1H-

tepBaii k=0,...,2 npu M=3

st moyionaHHs OOYMCTIOBAILHUX TPYIHOINIB OTPUMAHO 3HAYHY KUIBKICTh
PI3HMX KBa3lONTUMAJIbHUX aJTOPUTMIB OLIHIOBaHHA. CUHTE3 KBa310MTHUMaIbHHUX
QITOPUTMIB OIIIHIOBAaHHS 3aCHOBAaHUN HAa PI3HUX aNpPOKCHUMAIlSAX aroCTEPiOpHOI
HIUTBHOCTI MiMOBIpHOCTI W (u(k)) . HaltG11b111 IIMPOKO BUKOPUCTOBYETHCS YSIBICHHS
amoCTEepIOPHOI MITLHOCTI WMOBIpHOCTI W (u(k)) y BUIJISAI CyMH TayCIBCBKHX
IIIIBHOCTEH, 11 OOYHMCIICHHS MOMEHTIB SKHX 3aCTOCOBYIOTHCS Y3araJibHEHI
¢bineTpu Kanmana. Jlo yncna Takux ajropuTMiB BIAHOCATHCS MCEBAOOANECIBCHKI
anroputMu 3 mam'sTTi0O Ha A kpokiB [101, 107], B skux mpu po3paxyHKax
pPO3TISIAI0TECSA  MOCTIJOBHOCTI 3MIHHMX TMEPEMHUKAaHHS TIIbKM Ha I1HTEpBai

k—A,.. k. na peamizamii nceBno0aileCiBCbKUX aJITOPUTMIB BUKOPUCTOBYETHCS

A+l o :
M """ dineTpis Kanmana, mo Bce % BMMarae 3HauHUX OOUMCITIOBAILHHX 3aTpar.
CuHTe3 KBa310NTUMAIBHUX aJTOPUTMIB MOXHA 3IACHUTH TaKOX, OOMEXYHOYH
YHCJIO PO3TIITHYTUX TTOCITITOBHOCTEH 3HAUYE€Hb 3MIHHO1 IIEPEMUKAHHS 32 JIOTTOMOT OO0

BIJIKM/TAHHS HAMEHIIT HMOBIPHHUX TTOCITITOBHOCTEH.
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HeoOximHo BiaAMITUTH, 10 Oal€CiBCbKMM MIIXiA J03BOJISIE BUPINIyBaTH
3aBJIaHHS OI[IHIOBAHHS TPOIIECIB, B MOJIEISIX SAKUX BHUIAIKOBY CTPYKTYpy Mae€ He
TIIBKU PIBHSIHHS CTaHy, a 1 PIBHSHHS CHOCTEpekeHHs. Taka 3ajaya BUHUKAE IpU
HAsIBHOCT1 aHOMAJIbHUX, XUOHUX BUMIPIOBaHb Ta MPOITYCKIB CUTHAJIIB.

OnHak B HIII0My 0aii€CiBCbKHI METOJ] aAalTUBHOIO OL[IHIOBAHHS IPU3BOIUTH
70 OaraTokaHalnbHUX (IIBTPIB 3 YHUCIOM KaHAIIIB ONITUMAIBHOTO IPUCTPOIO, L0 EKC-
MIOHEHI[1ATbHO 3POCTAE 1 K1 MPAKTUIHO HEMOXKIIMBO pearizyBaT. KBaziontumanbHi
niceB00ai€eCciBChKI IANTUBHI AITOPUTMHU OTPUMYIOTH IIJITXOM OOMEKEHHS MaM'ATi
Ha KOB3HOMY IHTEpBaJ 33JaHO1 JOBKMHHU, aJie )K BOHU TaKOK BUMAaraloTh 3HAYHUX
O0YHCITIOBAJIbHUX BUTPAT.

3 METOI TNOJO0JIaHHS 3a3HAUYEHUX TPYAHOUIIB JUIsl BUPIIICHHS 3aBAaHHS
¢dbuibTpanii MpoIEeciB 3 BHUIAAKOBOI CTPYKTypoto, B pobotax [108—-110]
3allpOIIOHOBAHO BHMKOPUCTOBYBATH amapar 3MIMIAHUX MApKIBCBKUX MPOLECIB B
JUCKPETHOMY 4acl, aJIeKBATHUI UPPOBUM 0OUHCITIOBAIBHUM NpUcTposiM. Jo 3po-
CTaHHS YMCia KaHaIIB B ONTUMAJIbHOMY IIPUCTPOI MPHU 3aCTOCYBAHHI 0aileCIBCHKOTO
MIIXO0My TPU3BOJIUTH BIJICYTHICTh MAapKIBCKOI BJIACTHBOCTI y Tmpoleca 3

BUMAJKOBOIO CTPYKTYporo u(k). OmHaK 11 TPYAHOILI MOXKHA OOIWTH MPU CUHTE31
ONTUMAJLHOTO QJITOPUTMY OI[IHIOBAHHS 3MIIIAHOTO MAapKIBCHKOTO MPOLECY
(u(k),a;(k)), mo BOJIOJIIE MApKIBCHKOIO BJIACTHBICTIO. [Ipu 11bOMY OonTHMalIbHUI
QJITOPUTM OI[IHIOBAHHSI OE€3MEepepBHOTO KOMIIOHEHTa u(k) Oyae 4YacTHHOIO

QITOPUTMY  CIUIBHOTO  OI[IHIOBAaHHS  3MIIIAHOTO  MAapKIBCBKOTO  MPOILIECY

(u(k),a; (k).

1.6 IlocTanoBKAa 3aaa4i JOCJIiI:KeHHS

Buxonsun 3 NpoBeCHOTO aHalli3y aKTyaJlbHOIO HAYKOBOIO 3a/1a4el0 € pO3po-
OKa METO/I1B aJaNTUBHOTO OI[IHIOBaHHS NapameTpiB pyxy ManeBpyrouoro MBITJIIA
3a TaHHMH BiJICOKaMepH Ta JajeKoMmipa, 110 3a0e3MevyoTh MiJBUIIEHHS TOYHOCTI
BU3HAUEHHS MOT0 MICLIETIONOKEHHS 1 HE BUMAratoTh 3HAUHUX O0OYMCIIIOBAJIBHUX BU-

Tpar.
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O0’exkTOM HoCTiIzKeHHs € BU3HAUeHHA MicuenonioxkenHs BIUJIA 3a nanumu
BiJIeOKaMepH Ta JaJeKoMipa.

IIpeameTom goCHiIKeHHSI BHCTYIAIOTh METOAM aJAlITUBHOIO OIIHIOBAHHS
napaMeTpiB pyxXy MaHEBPYIOUOro 00’ €KTy 3a JaHUMHU BiJICOKaMEPHU Ta JajJeKoMipa.

MeTto1o gocaigeHHs € 1BULIECHHS TOYHOCTI BU3HAYEHHS MICIEMOIOKEHHS
MaHEeBpYy4YOoro Mamopo3mipaoro BITJIA mmsxom po3poOku METOMIB alallTUBHOTO
OIIIHIOBAHHSI MTApaMETPiB HOTO pyXy 3a JaHUMU BiJIEOKaMepH Ta ajJeKoMipa, sKi He
BUMArarTh 3HAYHUX OOUHCITIOBAIIBHUX BUTpPAT.

3T11HO 3 METOI0 POOOTH OCHOBHUMU 3aBJAAHHSIMM JOCIIIJIP)KCHHS €:

1. BukoHaTtu aHasi3 iCHyIOYMX CUCTEM B1JI€OCIIOCTEPEKEHHS 1 JaJIeKOMIpiB, a
TaKOX METOJIIB aJIallTUBHOTO OLIHIOBAHHSA MapaMEeTPiB PyXy MaHEBPYIOUOro 00'e-
KTa.

2. Po3poOuTtu MeTo afanTHUBHOTO OI[IHIOBAaHHS MapaMeTpPiB PyXy MaHEBpYIO-
yoro MBIIJIA 3 BUKOpUCTaHHSIM KOPEJSALIMHOTO MOIIYKY.

3. MogudikyBaTd METOJA aJaNTHBHOTO OIIHIOBAHHS MapameTpiB pyxy
MBIUIA 3a nanumu nanekoMipy 3a paxyHOK (hiKCyBaHHS KOS(III€HTIB MiICUICHHS
KaHaiB QUIbTPY.

4. Po3poOuTH METOJ] aJaiTUBHOTO OI[IHIOBAHHS IMapaMeTPiB pyXy MaHEBPYIO-
yoro MBIUJIA 3a nanuMu nanekoMipy ImpH HasBHOCTI MPOMYCKIB Ta XMOHUX BUMi-
pIOBaHb.

5. llpoananizyBatu e(heKTUBHICTh OTPUMAHUX KBa310NTUMAIbHUX aITOPUTMIB
olLliHIOBaHHS napameTpiB pyxy MBIIJIA muisixoM cTaTUCTUYHOTO MOJIETIOBAaHHS Ha
EOM.

6. Po3poOut mpono3utiii 1m1o/10 no0y10Bu KomIuiekcy crexenss 3a MBITJIA

3 BUKOPUCTAHHSIM BiJICOKaMepH 1 JaJIeKOMIpy.

BucHoBku 10 po3ainy 1
1. Ha Tenepimniii yac Bukopuctands BITJIA oxonusio BequKy KiIbKICTh cdep
PI3HOMAaHITHOI JiSUTBHOCTI. Y 3B’s3KYy 3 akTUBHUM nomupeHHsM BIUIA piznux tu-

1B Ha BCECBITHLOMY PUHKY, IUTAHHS PETYJIOBAaHHS, KOHTPOJIO Ta CIIOCTEPEKEHHS
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3a TaHUMH 00’ €KTaMH € BKpal aKTyaJbHUMH Ta BOXKJIMBUMH. 321151 3a0€3MCUCHHS
KOHTPOJTIO, O€3MeKH Ta YIpaBIiHHS MOBITPSIHUM MPOCTOPOM ICHY€E TOCTpa HEOOX11-
HICTh Y CTBOPEHHI1 HOBHX Ta MOJIEpHI3allii BXK€ ICHYIOUMX CUCTEM MOHITOPHHTY Ta
CTIIOCTEpEKEHHS 3a 00cTaHOBKOI0. OKpEeMUM MHUTAHHSAM B 1IbOMY 3aBJIaHHI € OITH-
Mi3allisi Ta TMOKpAIEHHS METOMAIB BHUSBICHHS Ta CTEXEHHS 3a MOBITPSHUMU
00’€KTaMH 3 ypaxyBaHHSIM OCOOJIMBOCTEH 1X OYJOBH 1 MOBEIIHKH 3 BUKOPUCTAHHIM
JOCTYIHHX Ta MOMIMPEHUX MPUCTPOIB, HA KIITAIT BiJICOKaMep Ta JaIeKOMIpiB.

2. PesynpTaToOM aHamizy CydyaCHUX CHUCTEM BIJEOCIIOCTEPEKEHHS 3aKLIEHTO-
BaHO yBary Ha HOBIiTHiX [P BizeocucreMax, Ha OCHOBI SIKMX MIOCTABJIEHO BUMOTH JIJIs
peanizaiii cucremu crexxeHHs 3a MBIJIA. BigmiueHo posib onepatopa B cUCTEMax
B1JICOCIIOCTEPEIKCHHS, K BaXKJIMBUM KOMIIOHEHT CHCTEMHU, 110 TIOKpAIye ii Hasii-
HICTh Ta €()EKTUBHICTh Yy LIIIOMY. YacCTKOBO BHUCBITJIEHO JOJATKOBHUI (DyHKIIIOHAI,
sakui cydacH1 [P kamMepu MaroTh 3a 3aMOBUYBaHHSIM, 1[0 MOXE MOKPAIIUTH €EeKTH-
BHICTb BUsiBIIeHHSI MBITJIA. Po3riisiHyTO 0COOJIMBOCTI BY3bKOIOIBHUX Ta HTUPOKO-
MOJIBHUX CUCTEM BiICOCTIOCTEPEIKEHHS, HA OCHOBI SIKMX OyAYIOThCS BIATOBITHO Ji€-
TaJbHE Ta MAHOpPAMHE 300paKCHHS CIICHHW K 30H OTJIAy CUCTEMH CTEXEHHS 3a
MBIUIA.

3. B nporieci orsisay MOTEHIIHHIX MOXITMBOCTEH Ta 0COOIMBOCTEH pOOOTH J1a-
3epHux aanekomipiB Ta FMCW panapiB 3 MipKyBaHb POCTOTHU CUCTEMHU Ta €KOHO-
MIYHOI JIOIIIBHOCTI 0YyJI0 BAOPAHO BUKOPHUCTAHHS JIA3EPHOTO AAJIEKOMIpa, SIK OCHO-
BHOTO TMPHUCTPOIO BU3HAYEHHS JalbHOCTI 10 00’ekty. [lompu 11e, BUKOpUCTAHHS
FMCW panapiB TakoxK € 0OOTpYHTOBAHHMM 3 OIJISIZIOM Ha OTPUMAHHS JJ0JIaTKOBOI 1H-
dbopmMariii mpo 06’€KT, a caMme — BUMIPIOBAHHS IIBUIKOCTI pyXy 00’ €KTY, Ta 10AaT-
KOBOi MOKJIMBOCTI HOTO i7IeHTHdIKAIlIl HA OCHOBI e(PeKTy MIKpO-JI0IIIepa.

4. JleranbHuid aHalli3 METO/I1B BUSBJICHHS Ta CYNPOBOXKEHHS 00’ €KTIB Ha TO-
CJIIJIOBHOCTI KaJIpiB CUCTEMH BI€OCIIOCTEPEKEHHS MOKa3aB MepeBaru Ta HEJOJIKH
KO>KHOT'O METOAY BUSBJICHHS Ta BIJICI1IKOBYBaHHS 00’ €KTiB. OOpaHO KOpeNsIiiHuN
METOJI CTeKEHH. B1H 103B0JIsI€ 3a0€3ne4n T OJIM3bKI 10 HOTEHIIWNHO JOCSHKHUX Xa-
pPaKTEpUCTUKU BUSBICHHS 00’€KTa 1 BUMIPIOBAHHS MOr0 KOOpAMHAT Ha (POHI He-

KOPEJIbOBAHUX TayCIBCBKUX 3aBaj MPHU BIJICYTHOCTI F€OMETPUYHUX CIOTBOPEHB
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eTaJIoOHy. AJle K B ICHYIOUMX aJITOPUTMaxX KOPEISIIAHOTO CTEKEHHS HE BPaxoBY-
I0ThCS Pi3HI THUIH PyXy 00’ €KTa.

5.V miacyMKy po3ryiSHYyTO METOAM aJanTHBHOIO OILIIHIOBAHHS IapameTpiB
pyxy MaHeBpytodoro o0'ekra. OrnsiHyTo MeTo (inbTparii Kanmana, itioro moandi-
Kallii, 110 MOXYTh OYTH 3aCTOCOBaHI B pi3HUX BUMNaakax. OKpeMo OKpeclieHl METO U
a/IalITUBHOTO OIIIHIOBAHHS MTapaMeTpiB pyxXy MaHeBpyrodoro 00'exta. [lokazani oco-
O1MBOCTI (PYHKITIOHYBaHHS OCHOBHUX METO/IIB, HATAHO iX 3arajabHy KiIacuikaIlio
Ta OKpECJICHE NEePCIEKTUBHI Mojenil. Pe3ynpTaToM AOCHIIKEHHS MPOBEACHOIO Y
MepIIoMY PO3/iJI1l € BUX1JT Ha 3a]1a4y PO3pOOKH ONTUMAILHUX Ta KBa310NTUMAJIbHUX
QITOPUTMIB (TaKHX, [0 MOXKYTh OyTH MPAKTUYHO pPeasi30BaHl HA MPAKTHUIl) ajar-
TUBHOI (DUITpAIlli TapaMeTpiB pyXy MaHEBpYyrO4oro 0o0’ekra. [lani anropurmu 31a-
THI pO3Mi3HAaBATH TUIIM MaHEBPIB, a OT>KE OUIBII TOYHO ONMCYBATH MAPaMETPHU PyXy
00’€KTIB Y peaJIbHUX MOJIbOBUX yMOBaX.

6. baiieciBcbkuii METOJT aJanTUBHOTO OI[IHIOBAHHS TMPOIECIB 3 BUMAIKOBOIO
CTPYKTYPOIO B IUCKPETHOMY Yacl IPpU3BOAUTH 10 (DUILTPIB 31 3pOCTAIOUUM YUCIIOM
KaHaJIIB, SIK1 MIPAKTUYHO HE MOXJIMBO PEali3yBaTH, 1 HE JI03BOJISIE OTPUMATH PEKY-
PEHTHI ONTHUMAaJIbHI AJITOPUTMHU OL[IHIOBAHHS TaKUX IpolieciB. MaTeMaTuyHuil ana-
paT 3MIIIaHUX MapKIBCHKUX IMPOIIECIB B JUCKPETHOMY 4aci JO3BOJISIE CHHTE3YBaTH
PEKYPEHTHI ONTUMAIBHI 1 KBa310NTUMAJIbHI AJITOPUTMU OLIIHIOBAHHS TIPOLIECIB 3 BU-
MAaJKOBOIO CTPYKTYPOIO, a OTPUMAaHI MpPHU LbOMY (IUIBTPH BIAHOCATHCS 1O KIlacy
MPUCTPOIB 31 3BOPOTHIMH 3B'I3KaMH MK KaHaiamu. ToMy NIt BUPIIIEHHS 3a/a4l
OLIIHIOBAHHS MapaMeTpiB pyxy MmaHeBpyrouoro MBITJIA 3a nanum kamepu Ta nane-
KOMipa JIOIIITFHO 3aCTOCYBATH MAaTEMAaTUYHU armapat 3MIilaHuX MapKiBCHKUX MPO-
LIECIB B AUCKPETHOMY Yaci.

7. AKTyaqpHOIO HAYKOBOIO 3a/1a4el0 € po3poOKa METOIB aJanTUBHOTO OIli-
HIOBaHHS mapamMeTpiB pyxy ManeBpytouoro MBITJIA 3a manumu Bieokamepu Ta 1a-
JeKoMipa, 10 3a0e3MeuyroTh MiABUIICHHS TOYHOCTI BU3HAYEHHS HOTO MICIIEIOJI0-

’KCHHS 1 He BUMararTh 3HAYHUX 00YHMCIIIOBAIILHUX BUTpaAT.
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PO31J1 2. PO3POBKA AJITOPUTMIB AJJAITTUBHOI'O
OLIHIOBAHHS ITAPAMETPIB PYXY MBIUJIA 3A JAHUMHUM
BIJEOKAMEPH

2.1 O0rpyHTyBaHHSI MATEMATHYHOI MOJeJIi PyXy MaHEBPYIOYO0ro
MBIIJIA Ha noc/aig0BHOCTI KaapiB

[lepen TuM, SIK IEPEUTH O CHHTE3Y aJITOPUTMIB OLIIHIOBAHHS MTApaMETPiB pyXy
MBITJIA, HEoOX1IHO PO3TISHYTH OCOOIMBOCTI Ipoliecy (OpMyBaHHS MOTO Tpa€ek-
TOpIi Ha TOCTIAOBHOCTI KaJpiB HA OCHOBI TPAEKTOPII PyXy B TPUBUMIPHOMY MpPOC-
topi. Lle gouinbHo npu nmoodyoBi Tpackropii MBILJIA sik TOukOBOi, Tak 1 po3MoIi-
JICHOT 11111, OCKIIBKHA PO3MOUICHUN 00’ €KT CIIOCTEPEKEHHS B KaJpi MPEICTaBIIsA-
€TbCS y BUTJIA1 NPAMOKYTHOI 00xacTi, B siKy BnucyeTrbcss MBIIJIA. Koopaunatu
LEHTpa MPSIMOKYTHUKA PO3IJIAIAIOTHCS K T€OMETPUYHUN LEHTp 00’ekta. Tomy
TpaekTopist pyxy MBIIJIA Bu3HauaeThCcsi KOOPAUHATAMH LEHTPA MPSIMOKYTHOI 00-
nacti. MozaentoBaHHs pyxy reoMerpuaHoro ueHtpy MBIUIA B TpuBuMipHOMY IpO-
CTOPI 3 MOJAJIBIINM IPOEKTYBaHHAM IIPOCTOPOBUX KOOPAUHAT B IUIOIIMHY BiJI€OKa-
JIpiB TaKOX JI03BOJIMTh OTPUMATH aJICKBaTH1 TPAEKTOPIi pyXy Ha MOCIIJOBHOCTI Ka-
JIpiB.

Ak nmpaBuiio, BijicTaHb MK Bigeokameporo Ta BITJIA 3HauHO nepeBuirye ¢o-

KYCHY BiICTaHb / ONTHYHOI cucTeMHU. ToMy OyneMO BUKOPUCTOBYBATH MPOEKTH-

BHY Mojienb Bigeokamepu [111, 112], B Akiil npoekTyBaHHs 300paXKeHHs! TPUBUMIP-
HOTO 00'ekTa y (oKajIbHYy IUIONIMHY (IUIOMIMHY 300pakeHHs) BUKOHYETHCS Yepe3
ONITUYHUN LIEHTP.
Ha puc.2.1 3agana touka P, sika xapakrepusye reomerpuunuid ieHTp BITJIA

B TPUBUMIPHOMY MPOCTOPI, @ TAKOK KOOPAUHATH MIKCEIS 11 MPOEKIIii Ha Kap.

BuKopuCTOBYIOTHCSI TPU CUCTEMH KOOPIMHAT:

1. miciieBa cucrema koopaunar X Y, Z ;

2. cucTeMa KOOpAMHAT KaMepu X Y. Z ;

3. mKcelbHA CHCTEMa KOOPAMHAT MaTpHIll Kamepu XM .

[Ipoekuist Touku P Ha muionuHy 300pakeHHs] CUCTEMU KOOpJUHAT KaMepH BU-

3HAYA€ThCS 3OBHIMIHIMUA 1 BHYTpilHIMU napamerpamu [111, 112]. 3oBHimHI
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napaMeTpH IpeCTaBIAIOTh OJOKEHHSI KaMepy B TPUBUMIPHIH CIieH] Ta BU3Haua-
I0Th TIEPETBOPEHHS BiJl MICIIEBOi CHCTEMH KOOPJIMHAT JI0 CUCTEMHU KOOPAMHAT Ka-
Mepu. BHYTpIIIHI TapaMeTpy IPeACTaBIIsAIOTh COO0I0 ONTUYHUM HEHTP 1 GOKYyCHY
BIJICTAaHb KaMepH, 3aBISKU SIKUM BUKOHYETHCSI MPOCKTUBHE MEPETBOPEHHS BiJ KO-

OpJIMHAT B TIPOCTOP1 10 300paKeHHsI B MIKCEILHOMY YSBJIEHHI.

Micueea cucrema

KOOpAHUHAT (xu.,y“.,z“.) .P ('xc’.yc’zc‘ )
Z,
y X
X w N (06H)
w 23
M L)

Cucrema koopguHaTt
~ N, Kamepw

Pucynok 2.1 — IIpoekuis Touku P Ha MaTpuiiro kamepu.

Otxe, Ha TepHIOMYy eTall BiAOYBAa€TbCS MOJEIIOBAHHS TPAEKTOPII PyXy
BILJIA B wmicuesiit cuctemi koopaunar. Monens pyxy BITJIA ommcyeTscst cToxac-

TUYHOIO JUHAMIYHOIO CUCTEMOIO 3 BUIAJIKOBOIO CTPYKTYPOIO, a caMe:
u,(k)=Fu, (k-)+G 0, k), j=1,M, 2.1)
sKa BpPaxOBY€ TPU OCHOBHMX BUIU PyXy M =3: 3aBucaHHA | =1, Mmaiike
pIBHOMIpHUH pyX j=2, pyx 3 MaHeBpoM [=3. Bekrop crany
u,’ (k) = (x,, (k). %,,(k), %, (k), »,, (k), ¥, (K), 3, (k), 2,,(k), 2,,(k), Z,,(k))  BKTOUAE
KOOpAMHATH TMOJIOKEHHS, IIBUAKOCTI 1 IPpUCKOpeHHs 1o ocsix micuenoi CK.

Marpuiii, 110 BXOASTh B MOJIEb PyXy (5.1) MaroTh BUJ
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F? 0 0 G) 0 0
_ b _ b
F; (k,k—1)= F/ o0l.G;(h=/0 G5 ol (2.2)
b b
I 0 Fj_ I 0 0 Gj_
b ~b . _Ta
Je Fj ,Gj, j =1,3 MarOTh BUJ
o T
[1 0 0] [1 T 0] 2
F1b=|0 0 ol sz’:lo 1 ol, F/=|0 1 T
[0 0 0] [0 0 0] 00 1
- (4, T (2.3)
aZW'T 6
Iralw.T—i 2 Tz
b b b asy -
Gi=| 0 |, Gy=la T G;3= 32
L 0 J 0 ayw-T
a,,»a,,,,ay,, — CKB BuUnagxoBux (ayKTyallil IIBHIKOCTI, IPUCKOPEHHS 1

HIBUAKOCTI 3MiHU npuckopeHHs: BIIJIA nns mepuioro, Apyroro i TpeThOro THUIIIB

PYXY, BIATIOBIIHO.

Ha npyromy eramni BinOyBa€eThCs mepepaxyHOK KOOpAUHAT TOUKH P 3 MicLieBoi

CUCTEMU KOOPJMHAT B CUCTEMY KOOpAMHAT Kamepu 1o gopmymi [111, 112]:

x, =Bx ,

(2.4)

T .
ne x,.=(x,,y.,z.,1)° — KOOpAMHATH TOYKUM P B cucTeM1 KOOpIMHAT KaMepu;

x, =(x,,¥,,2,,l) — KoopauHaTi Touku P B MicuieBiii cucremi KoopauHat; B —

MaTpPHIIs, KA OMUCYE TTOBOPOT 1 3MINICHHS] CHCTEMU KOOPJIWHAT KaMepH BIJTHOCHO

MICIIEBIM CUCTEM1 KOOPAMHAT 1 Ma€ BUTJISAT

|_cosa-cos;/+sina~sinﬁ-sin;/

|
|
L

B

sina - cos f§

0

cos f3-siny

—sina -cosy +cosa -sin ff-sin y —n-cosa-cosy—p-cosﬁsinﬂ

—-cosa -cos f

0

p-sinf+h

0s¢ -siny +sine-sin f-cosy —cosf-cosy —sin@-siny-cose-sinff-cosy -—n-cosa-siny+ p-cosf-cosy
sin
0

B

(2.5)
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1€ y — KyT IIOBOPOTY BIIHOCHO OC1 Z, ; f/ — KyT OBOPOTY BITHOCHO OC1 X ; &
— KYT IIOBOPOTY BIHOCHO OC1 Y, : A — 3CyB B3JIOBXK OCl Z ; p — 3CyB B3JIOBXK
ocl Y, ; n — 3CyB B3JIOBXK OCl X .

Ha Tperpomy etami micis BU3HAYEHHS KOOpAWMHAT Touku P B cucremi
KOOPJIMHAT KaMEPH, PO3PaXOBYIOTHCS KOOPAMHATH MPOEKIIii Touku P B mikcenpHIN
CHUCTeMiI KOOpPAMHAT MATPHUIll KaMmepH, sKa BHU3HAYAE KOOPJAMHATH TOYKH B
MIKCEIIbHUX OJMHHUIISIX BUMIPIOBAHHS.

[ToyaTok MiKCENBHINA CHCTEMI KOOPAMHAT 3’€JHAHWUA 3 BEPXHIM JI1BUM

mikceneM 300paxeHHs puc. 2.1. KoopauHat LEHTpANbHOrO MmiKCems (c,,c))

(ONTUYHUM TEHTP) 3HAXOATHCS Ha MEPETHHI TOJIOBHOI ONTHUYHOI OCl 00'€KTHBA 3
MaTpULEel0 Kamepu. BOoHM TakoX SIK 1 KOOpAMHATH OyJb SIKOi 1HIIOI TOYKH Ha
300paK€HH1 BU3HAYAIOTHCA B MUKCEIISIX — OKPYIJIFOIOTHCS C TOUHICTIO JIO MTUKCEIS.

Koopaunatu npoexinii Touku P B KCENbHUX OJUHUIISAX BUMIPY PO3paxoBy-

—%Z 0 Cx__%_
y% (2.6)

0 0 1 1

I0ThCSI IO (popMmyi:

[
Il
(an)
\\
>
=
(@
<

— X

1

ne Ay, Ay — po3Mipu KOMIpKH MaTpuill (Macmtadu) rmo ocsx X 1 M BIJIIOBIIHO;
/ — (oKycHa BiJCTaHb.

Po3pobnena metonuka po3paxyHky tpaektopii pyxy MBIIJIA na mocmigos-
HOCTI Ka/IpiB HE BUMarae 3HaYHUX OOUYMCITIOBAILHUX BUTpAT.

B pesynbrari MmoxemoBaHHs npoekinii TpaekTopiid pyxy BITJIA B dokanbHiit
IUIOLIMHI BiZI€OKaMEpH 3 BUKOPUCTAHHSIM METOJY CKIHUEHHUX PI3HMIb TAKOX MO-
XKyTh OyTH pO3paxoBaHi MBHUIKOCTI 1 mpuckopeHHs pyxy BIIJIA mo ocsix cucremu

KOOPJIMHAT MaTPHIl KaMepu 1o popmyiam

. k) — — )
2k =28 ;f(k D it =

pk) — p(k =1)

= 2.7)
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JAD =270+ (=) o k) =2p(0) T k=)o o
T 2T

x(k)=
Ha puc. 2.2 nokasani napameTpu pyxy Manespytodoro bIIJIA mo ocsam X7,

CK xamepu. Ha puc. 2.3 nokazani napamerpu pyxy maneBpytouoro BITJIA no ocsim

U,V CK kanpa.

xl’."yC »

Pucynok 2.2 — IlapameTpu pyxy manespyrodoro bIIJIA no ocam XY, CK ka-

MEpH.

LT

i

o

Pucynok 2.3 — IlapameTpu pyxy maneBpytodoro bIIJIA no ocsam U,V CK kagapa.

[To 3nauennsm napametpiB pyxy MBILJIA B cuctemi KoopMHAT MaTpUIll Ka-
MepY MOKHa BUAUIUTH JIUISTHKY TPAEKTOPIi, IO BIAMOBIAAIOTH 3aBUCAHHIO, MaKe
PIBHOMIPHOMY PYXY, PyXy 3 MaHEBPOM. 3HAHHS PEaIbHUX 3HAYCHb MPUCKOPEHHS
pyxy BIIIA no ocsix X, M CK matpuiii, 403BOJIsSIE aI€KBATHO BU3HAYUTH XapaK-

TEPUCTUKH ITYyMiB 30YJIXKEHHSI 1711 MOJIeJIeH, 10 OMUCYIOTh Pi3HI TUIH PYXY.
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Po3risiHyTa MeToiMKa MOJIEITIOBAHHS J103BOJISIE€ aIEKBATHO BUSHAUYUTH XapaK-
TEPUCTUKH MaHEBPY B CHCTEMI KOOPAMHAT MATPHUIIl KAMEPH IUIIXOM MOJCIIOBAHHS
TpaekTopii pyxy MBIUIA B micueBiit CK a6o CK kamepu.

Taxum unnom, ans onucy Tpaektopii MBIIJIA B CK Matpuii kamepu Takox
MO’K€ OyTH BUKOpUCTaHa CTOXAaCTUYHA JUHAMIYHA MOJEINb 3 BUIIAJKOBOIO CTPYKTY-

poto [100, 113]. Bona mae Buriisia

u(k)=Fuk-1)+G,ek), j=1M, (2.9)
1 BKITtOUa€ B cebe Tpu BUAM PyXy M = 3:3aBUcCaHHA j = 1, Maiie piIBHOMIpHUHN pyX
j =2, pyx 3maHeBpoM j=3; u' (k)= (y(k), z(k), 7 (k), u(k), a(k), fi(k)) — Bek-

TOp CTaHy, IO BKIIOYA€ KOOPAUHATHU ITOJOKCHHA, HIBI/IIIKOCTi 3MIHU ITOJIOKECHHS 1

MPUCKOPEHHS M0 BIANOBIAHKUX ocsx mikcenpHol CK HM ; @(k) — mrym 30yKeHHS

3 OJIMHUYHOIO KOPEJLIMHOI MaTpuler. MaTpuili, 0 BXOJATh B MOJEIb PyXy

(2.9) maroTh BUJ

|FF§’ 07| |rGl; 01|
F,=| , G .(k)= : (2.10)
J b J b
[0 F] [0 G}
Je Fj,Gj,j=1,3 MAaKOTh BUJI
_ 2]
1 7 —
(1 0 0] (1 T 0] )
F1=|0 0 OI, F2:|O 1 oI, F,=[0 1 T |, (2.11)
[0 0 0] 0 0 0] 00 1
- 5 _a3 T3_
a, T 6
G1:| 0 I G,=| a,- T |, Gy= a32 ; (2.12)
Lo ] 0 o

a,,a,,a; — CKB BUnankoBux (QayKTyamiil IBUIKOCTI, IPUCKOPEHHS 1 INBUKOCTI

3mian npuckopenHss BIUJIA nns mepmioro, Apyroro i TpeTbOTO THUMIB PYyXY,
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BIAMOBIAHO, 7 — TEMII HAAXOKEHHS TaHUX.

g onucy tumy cTpykTypu mojaen pyxy MBIUIA (2.9), mo Bignosimae

IICBHOMY BUJTy MaHCBDY, 3aCTOCOBYETHCS 3MIHHA IEPEMUKaHHA a(k), j=1,3, siKa

BITHOCUTKCS JI0 KJIACy JIAHIIOTiB MapKoBa, i3 MaTpHUICI0 MMOBIPHOCTEH MEePEX0/IiB

Hij (k,k—l) Ta TIOYAaTKOBUMU WMOBIPHOCTSMHU pi(O),i,jzl,M. Ile nae

MOKJIMBICTh BpaxyBaTW MEpPeXOAu MIK PI3HUMHU BUJAMU MaHEBpPY OO €KTy B
BUIIQIKOB1 MOMEHTI 4acy.

Ha ocHOB1 MpoeKTUBHOT MOJIEN1 BiICOKaMEPH TaKOX MOKE OyTH po3paxoBa-
HuM po3mip 300paxkenHs BITJIA B mikcensix, B 3aJIeKHOCTI BiJ BiICTaHi JO HBOTO.
Jlnst BupimieHHs Ii€l 3aa4l BBEJAEMO MO3HAYCHHS: @ — IIMpPUHA MaTpuIl, b —

BHCOTA MAaTpHLl; L — INMPUHA 00JIACTI OTIIANLY, L, —Bucora obuacTi orusny; L.

— BIICTaHb J10 00’ €KTA; 0. — KYT OISy IO TOPU3OHTAII, 3 — KYT OTJIsAy 1O BEp-

TUKaTl; N, — PO3AUIbHA 3[ATHICTh MAaTPUIL 10 TOPU3OHTAN, N, — PO3AiNbHA

X

3/IaTHICTh MATpPHIIi 110 BEPTHKAJI. [X reoMeTpuuHHil 3MiCT OKa3aHO Ha puc. 2.4.

TOPMIOHTANBHHIA KYT

Xapaxrepucrtuia CCD ornagy

XapakTepuciuka
€CD 1/3° o6'exTuBy

\ BipcraHs L:

_— — 3

Marpuua

Pucynox 2.4 — ['eoMeTpuvHe npeacTaBICHHS TPOSKTUBHOT MOJIETI BiIeOKaMepHu

Metonuka po3paxyHky po3mip 300paxenuss BIIJIA B mikcensix, sKuil 3HaX0-

JWTHCS Ha BIACTaHl L_, BKJIOYA€ HACTYIIHI €Talu:

1. BuzHauaeMo rOpu30HTAILHUM 1 BEpTUKAIBHUM KYyTH OTJISATY:
o = 2arctg(<00). B = 2arctg(—2—) (2.13)
=2arctg(—), =2arctg(—). .
& 2-f & 2-f

2. 3HaXOIMMO IIUPUHY 1 BUCOTY 00JIACTI OTJISIY:
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(2.14)

(2.15)

L. -a L. -b
V4 V4
L. = 7 , L, = 7
3. II{i7BHICTP MIKCENIB — IO TOPU30HTAII 1 [10 BEPTHKAJl Ha BIACTaHl L_:
SN N
L YL

4. 3Hax0IuMO KIJIbKICTH mikcenniB B oomacti BITJIA:

HpOBeI[eMO PO3PaAXYHOK I ABOX THUIIOBHUX MATPHIIb:

(2.16)

1. 2 Mm, 1/3 mroiimoBa (4.8Mm X 3.6MMm). Po3mip komipku MaTpuil 6yae 1opi-

BHIOBATH 2,5%3.3 MKM

2. 8,3 Mn, mmpokopopmarHa (36mMm x 24mm). Posmip KoMipku piBHUU

9.3x11.1 MKM.

®dokycHa BijcTanb / =12MM. Po3mip npssMOKyTHO1 00J1aCTi, B SIKHI BITUCYETHCS

BIUTA x, x y,=0.5M x 0.5M. Bincrans 1o BIIVIA L_=100m. Pe3ynsraT po3paxy-

HKIB HaBexeHl B Taoi. 2.1.

Tabmuusg 2.1 — Ilapamerpu kamepu

Po3mip matpurii (Mmm) 4.8%3.6 36x24
PozninpHa 3maTHICTh (TIIKC. ) 1920x1080 3840%2160
lNopuzoHTansHUi KyT orusiay (rpaju.) 22.62 112.62
Beprtukanbuuii Kyt ornsny (rpai.) 17 90
[upuna nons orysiay (M) 40 300
Bucora nons ornsiny (M) 30 200
[ibHICTH MIKCENIB MO TOpU30HTaNI (TIiKC./M) | 48 12.8
IimbHICTH MIKCEMIB TI0 BepTUKam (mkc./m) | 36 10.8
Kinbkicte nikceniB B 300paxeHi BITJIA 432 34

upuna 1 BUCOTa MOJIS OTJISAY Y IUPOKO(GOPMATHOT KaMepH 3HA4YHO OLbIIIe.

AJte X KUIBKICTB miKceliB B 300paxeHi BITJIA MeHIie Ha mopsJIoK.
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2.2 Anaui3 Tounocti nosunionyBanass MBIIJIA Ha kaapi 3 BUKOpHCTaH-
HSIM KOPeJSUiifHOT0 MOLIYKY

Jlyis oGrpyHTYBaHHS MOJIENI CIIOCTEPEKEHHS BiICOKaMepH MPOBEIEMO aHaIi3
ToyHOCTi no3unionyBanHs MBIIJIA Ha morouHOMY Kajpi 3 BUKOPUCTAaHHIM Kope-

JSAIIAHOTO TOMIYKY. [[7s 1IbOTO PO3PaxoBYIOTHCS AMCIEPCii TOXUOOK MO3UIIIOHY-

BaHHS 3 BUKOPUCTAHHIM KOPESALIHHOTO MOIIYKY 0;2( (k), ai (k) mUIAXOM CTaTHC-

TUYHOT'O MOJICJIFOBaHHS y cepeaoBuilli Matlab. Byno BukopucrtaHo BUXiHI TECTOBI
300paxkenHst MBILJIA puc. 2.5, pizHoro po3Mmipy y popmati JPEG. [Ipu BukoHaHH1
MOJIEIIOBaHHs 300pakeHHsI MPOHOPMOBaH1 10 iHTepBany [0,1] Ta mpencrasieHi y
(dbopmari 3 MmIaBar4voI0 TOUKO. J/laHi 300pakeHHs BUKOPUCTOBYIOTHCS JJIs TOOY-
JIOBU €TAJIOHHUX 300paK€Hb, a TaKOX IS aHAI13y TOYHOCTI NO3ULIOHYBaHHS NpU

nepeminieHHsXx MBITJIA 6e3 moBopoTy 300pakeHb.

.

L ]

a) 50x30 mikceniB, 0) 25x15 mikceniB, B) 10x6 mikceniB

Pucynok 2.5 — 300pakeHHs €TajIoHy

EneprernuHi XapakTepUCTUKHN TECTOBUX 300pa’kKeHb HaBeACH1 B TabmuI 2.2.

Tabnuus 2.2 — EHepreTudHi XapakTepUCTHUKN TECTOBUX 300pakeHb

Pozmip E,, (enepris) | o, (CKB) | o; (aucmepcis)
300paKeHHsI

50x30 136.62 0.3018 0.0911

25x15 36.79 0.3132 0.0981

10x6 5.19 0.2943 0.0866

HopwmoBani kopensititini pyHKITT 300pakeHb MpeAcTaBieH] Ha puc. 2.6-2.8.
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X785

Z;0.8988

0.8 -
0.6 —
0.4 -

0.2

0.2
100 R

150

Pucynox 2.6 — HopmoBana kopensiuiiHa GyHKIis eTanoHoro 300paxenns 50x30

MHIKCEIIIB

. X 37
1~ Y:22

Z: 0.9988

0.8 -

0.6 -
04 -

02

02l
50

Pucynok 2.7 — HopmoBana kopensiuiiHa (GyHKIs €TaloHOro 300paxeHHs 25x15

MHIKCEIIB

08|
06
0.4

02

02
200 T~

30

Pucynok 2.8 — HopMoBana kopessiiiina pyHKIIis eTaJoHoro 300paxeHHs 10x6

MIKCEJIB
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Etanonne 300pa)keHHs MpEACTaBIsi€ COOOI0 MPSIMOKYTHUK, CTOPOHU SIKOTO Y
TPH pa3u OUIBIIE 32 CTOPOHU TeCTOBOTO 300paykeHHss MBIIJIA, sike 3HaXOaUTHCS Y
1eHTpi cTpoOy. [ToTouHe 300pakeHHsI Ma€ Ti 3K caMi PO3MIpPH, 1110 1 eTaJoHHE 300pa-
xeHHs. [Ipu mpoBenenHi BunpoOyBanb TectoBe 300paxkenns MBIIJIA po3tamoBy-
€TbCA B TMPSAMOKYTHIA 00JIaCTI TOTOYHOTO 300pa)keHHs piBHOIMOBIpHO. Ha
puc. 2.9 (a) mpeacTaBICHUA BUTIIST €TAIOHHOTO 300pakeHHs, a Ha puc. 2.9 (0) Te-

CTOBOI'O 306pa)KCHH$I, HC CIIOTBOPCHUX 3aBag0X0.

a)
Pucynok 2.9 — ETanoHHe Ta noTOYHE 300paKeHHs

B sikocT1 3aBaii BUKOPHCTOBYBABCS JUCKPETHUM OLMI rayCiBChKHI IIyM 3
mucrepciero o). JlocHimKeHHs MPOBOAMIOCH MPHU Pi3HUX 3HAYEHHSX BXiTHOTO

BCIII, sike po3paxoByBajock 1o ¢hopmyii (2.17)
g=o; /o, (2.17)
e o, — aucmepcis 306paxenns MBITIA.

JleMoHCTpalisi poOOTH CHEKTPATbHOTO AJTOPUTMY PO3PaXyHKY HOPMOBAHOI
KOpeJSIiitHOT (YHKIIIT 3 BUKOPUCTAHHSIM JIBOMIPHOTO JTUCKPETHOTO MEPETBOPCHHS
dyp’e nokazana Ha puc.2.10 Ha nmpuKIaal HECIOTBOPEHOTO 3aBaI0K0 300paKEHHS
50x30 mikcemniB. [ToToune 300paxeHHs 3MIIIIEHO BITHOCHO €TAJIOHHOTO 300pasKeHHSI

mo ocsiM X, M Ha OaMH BIIJIIK.
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0.8 |
0.6 -
0.4 |

0.2

p2=l
100

150

Pucynox 2.10 — HecnioTBopeHe 3aBaaoro 300paxenHs S0x30

SAx BuruBae 3 puc.2.10, HopMoBaHa B3aeMHa KopesiiiHa GyHKIs nudpo-
BUX 300pa)KE€Hb € MEPIOAUYHOIO. Ii MaKCHMYM 3HaXOAUTHCA B TOYIIl 3 KOOpPJIUHA-
tamu X=1, M =1.

[ToBHOTO CHiBMA/IIHHS €TAJIOHY 13 TOTOYHUM 300pa’KEHHAM MPAKTHYHO HE OY-
Ba€ yepe3 MOCTIMHY HasBHICTH IIYMIB, 3aBaJl 1 CHOTBOpeHb. L1 HeratuBHi (akTopu
TaKOX BIUTUBAIOTH 1 HA BUTJISA]] B3AEMHOI KOPEIAIINHOT PYHKITIT 300pakeHb.

Po3risHyTO BIUIMB IIIyMy Ha 300pa’keHHI Ha BUTJISA HOPMOBAHOI B3aEMHOT KO-
pensuiinoi PyHKIii 300paxeHb. [ Hboro eTanoHHI 1 MOTOYHI 300paKEHHS CIO-
TBOPIOBAJIMCH TUCKPETHUM O17IMM TrayCiBCHbKUM ITyMOM. TecToB1 300pakeHHs, CIO-

TBOpeH1 mymoM 3 CKB o, = 0.3, moka3zani Ha puc. 2.11.

a) 50x30 mikceniB, 0) 25x15 mikceniB, B) 10x6 mikceniB

Pucynok 2.11 — 3amrymiieHi TeCTOB1 300paKeHHsI

Ha puc. 2.12-2.14 npeacraBieHi pe3yjabTaTd OOYUCIEHHS HOPMOBAHOI B3a€M-
HOT KOPEJNAIiiHOT PYHKIIIT €TaJOHHUX 300pakeHb 1 TOTOYHUX 300pakeHb, CIIOTBO-
PEHUX ITYMOM.

HasBHICTh IIyMy MpHU3BOAWTH 10 3MEHIIEHHS KOe(DIIEHTY KOpesiii 300pa-

XKEHb, a TAKOX JI0 MOSBU JOJATKOBUX JIOKaJbHUX eKcTpeMyMiB. [lpu 3meHIIeHH1
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po3Mipy 300paskeHHs (€Heprii CUTHAIBHOT CKIaJ0BO1 ) BILTUB IITYMY 301JIbIITY€ETHCS.
HasBHICTB TOKaTbHUX €KCTPEMYMIB MPU3BOIUTH J0 MOKIUBUX MOXHUOOK (XHMOHMX
pillIeHb) Y BU3HAYEHHI 3CYBY ITOTOYHOTO 300pa’keHHS BIIHOCHO €TaJIOHHOTO 300pa-
KEHHSI.

["0JTOBHUM HEJIOTIKOM KOPEJSAIIMHIUX METO/IIB 31CTaBJICHHS 300paKeHb € iX BU-
COKa YyTIUBICTH JO T€OMETPUYHUX CIIOTBOPEHBb Y MOPIBHAHHI 3 €TaJOHHUM, 30K-
peMa y BHMAIKy PaKypCHUX CIIOTBOPEHB MPH MTOBOPOTI 00’ €KTA CITiKYBaHHS.

Ha puc. 2.15 npoaemonctpoBano 300paxenHss MBIIJIA pi3aux po3mipis, 1110
OTpUMaHI 3 BIAMOBITHUX 300pakeHb pUcC. 2.5, ajne 13 noBopoToM Ha 45 rpaaycis. Lli
JIlaH1 BUKOPUCTOBYIOTHCSA JIJIsl aHATI3y TOYHOCTI MO3UI[IOHYBAHHS MPU MEePEMIIIEHH1

MBIUIA 1 npu HassBHOCTI TEOMETPUYHUX CIIOTBOPEHb.

X 76
05 Y 46
Z0.477

Pucynox 2.12 — HopmoBana B3aeMHa KopesiliitHa GyHKITIS 3alTyMIEHOTO

300paxkeHHs 50x30 mikceniB

X 38
05 Y 23
Z0.4835

Pucynok 2.13 — HopMoBaHa B3aeMHa KopeJisliiiHa QyHKI[Is 3alIyMJIEHOTO

300paxkeHHs 25x15 mikceniB
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Pucynok 2.14 — HopMoBaHa B3aemMHa KopeJsiiiHa GyHKI[S 3alIyMJISHOTO

300paxenHs 10x6 mikceniB

— e

a) 50x30 mikcemniB, 0) 25x15 mikcemnis, B) 10x6 mikceniB

Pucynox 2.15 — 300pakeHHst moBepHyTi Ha 45°

Ha puc. 2.16-2.18 npencraiieHi pe3yibTaTd OOYHMCICHHSI B3a€EMHOI KOPEIs-
1HOT QYHKIIIT eTaJJOHHUX 300paKeHb pHUC. 2.5 1 MOTOYHUX 300paxeHpb puc. 2.15

IPU BIACYTHOCTI IIyMY.

0.5 -
04
03 .
02

0.1 -

01
100

150

Pucynox 2.16 —HopmoBana B3aeMHa KopessiifiiiHa (yHKIIisI PU BiICYTHOCTI
IyMy B €TaloHHOMY 300paxeHH1 50x30 mikceniB, MOBOPOT MOTOYHOTO 300pa-

YKEHHsI TI0piBHIOE 45°
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X 38
0.5

2:0.4022

0.4 -
0.3 -
0.2 -

01—

01 =l
50 =

80

Pucynok 2.17 —HopmoBana B3aeMHa KopessiiiiiHa (yHKIIS PU BIICYTHOCTI
IIyMy B €TaJIOHHOMY 300paxxeHH1 25x 15 mikceniB, IOBOPOT MOTOYHOTO 300pa-

KEHHS JOPIBHIOE 45°

0.8 —
0.6
0.4

0.2 -

02l
20 T

30

Pucynok 2.18 — HopMoBaHa B3aeMHa KopeJisLiiiHa QyHKIIs IPU BIACYTHOCTI
IIyMy B €TaJIOHHOMY 300pakeHH1 10x6 mikceliB, TOBOPOT MOTOYHOTO 300pasKeHHS

OpiBHIOE 45°

[ToBOPOT 300pa’keHHS MPU3BOAUTH 10 3MEHIIEHHS KOePIIIEHTY KOpELii 30-
Opaxxenb. Kpim TOT0, €KCTpeMyMHU B3aEMHHX KOPEISALIMHUX (PYHKIINA € PO3SMUTHMHU.
Po3riissHyTO BIUIMB IIyMY Ha 300pa)K€HH1 Ha BUTJISA]l B3a€EMHOI KOPEISIINHOT
byHKIii 300pakeHb MPU HASIBHOCTI T€OMETPUYHUX CIIOTBOPEHB. [Ijisi mboro era-

JIOHHI 1 MTOTOYHI 300pa’K€HHS CIMOTBOPIOBAIMCH JAUCKPETHUM OUIMM TayCIBCBKUM
mymoM 3 CKB o, =0.3. ITorouni 300paxenHs, cnotBopeHi urymom 3 CKB o, =0.3,

nokas3aHi Ha puc. 2.19.
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a) 50x30 mikceniB, 0) 25x15 mikceniB, B) 10x6 mikceniB

Pucynok 2.19 — 3airymiieHi moTo4Hi 300pakeHHs

Ha puc. 2.20-2.22 npencrapiieHl pe3yiabTaTd OOYHMCICHHS B3a€EMHOI KOpEIIs-
iHOT (PYHKIIIT €TaJOHHUX 300paXkeHb puUC. 2.5 1 MOTOYHHUX 300paxkeHb puc. 2.19,

CIIOTBOPCHHUX ITYMOM.

Pucynox 2.20 — HopMoBaHa B3aeMHO KOpeTsiiiiHa (GyHKIIIS 3alTyMJICHHOTO

300paxeHnsa 50x30 mikceniB

X 37
Y 21
Z0.2308

RS
] .,s’\‘"\"‘é‘\\u

10

Pucynox 2.21 — HopMoBaHa B3aeMHO KOpesiiiHa (QyHKIIIS 3alTyMJICHHOTO

300pakeHHs 25x15 mikcemniB
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X186

Y 10

Z0.2545
o

Pucynok 2.22 — HopMoBaHa B3a€MHO KOpemsiliiHa (PyHKIIIS 3alyMIIEHHOTO

300paxenHs 10x6 mikceniB

HasiBHICTh T€OMETPUYHUX CHOTBOPEHb MOTOYHOTO 300pa’KEHHS MPU3BOIUTH
710 3017bILIEHHSI HETaTUBHOTO BILTUBY IyMy. [Ipu oJHaKOBUX €HEPreTUUHUX XapaK-
TEPUCTUKAX 300pakeHb KOe(ILIEHT KOpesslii 300pakeHb 3MEHIIY€EThCA, a XUOHI
BUKUIM KOPEJAIAHUX (QYHKIIN 3011bIIyI0ThCs. Lle mpu3BoauTh 10 301IbIICHHS
MOJKJIMBUX TIOMHJIOK Y BH3HAY€HHI 3CYBY MOTOYHOTO 300pa’keHHsS BiIHOCHO €Ta-
JIOHHOTO 300pakKeHHS.

Metonom Mownre-Kapio mo 1000 peanmizariit ouintoBanocs CKB o, 1 o, 10~

xn6ok nosuiionyBanus MBIIJIA no ocsix X, M. 3 MeTOIO MOPIBHAHHS TOYHOCTI
MO3UIIIOHYBAHHS JUIsl PI3HUX TECTOBHUX 300paKE€Hb PO3PAaXOBYBAJIMCH HOPMOBaHI

CKB &, 1 0, moxubok nosunionysanus MBILJIA 3a popmymamu

6,=0,/l,, &,=0,/1,, (2.18)

Ji(S ll, lﬂ

— pO3MipH CIIOCTEPEKYBAHUX 300paKEHB 1O BIATIOBIIHUX OCSIX.
Pe3ynbpTaTu MozentoBaHHs HaBeleHO Ha puc. 2.23-2.25. Kpusi-1 1 kpusi-2 —
XapaKTEePHU3YIOTh CUTYaIlli, KOJU €TAJTOHHE 300pakKeHHS € 17ICaJIbHAM 1 CIOTBOpPEHE
3aBaJI010 BIAMOBIHO MpH BiacyTHOCTI ToBopoTy MBIIJIA Ha 300paxeHHi, 110 cro-
crepiraerbes (kpuBa-1 — 0€3 nryMy eTanoHy, 0e3 MOBOpOTY 300paKeHHs, KpuBa-2
— 3 II[yMOM €TaJIOHY, 0€3 MOBOPOTY 300paKeHHs), a KpuBi-3 1 KpuBi-4 — Mpu Hasi-

BHOCTI MOBOPOTY (KpuBa-3 — 0e3 MIyMy €TajoHy, 3 MOBOPOTOM 300pa)KeHHS,

KpHBa-4 — 3 IIyMOM €TaJIOHY, 3 IOBOPOTOM 300pa>kE€HHS).
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3paaox 50 na 30 — 3pazox 50 wa 30

x u
05 o5
0.4 0.4
03 - g 0.3 / A
0.2 0.2}
04 \\,_h MT“*- 3
0 \—-: i e e — | 0 ;:‘;:;7 T esSessssrrrrssssssssssosso
05 1 2 5 8 9 05 1 2 B § g
a) 0)
Pucynok 2.23 — Pe3ynbpTaTi eKCcriepuMeHTIB Ji1s 300paxkeHb 50x30
— 3p=:m« 25 wa 15 — 3pasox 25 ma 15
&, 8 ]
0.6 1 06
0.5 1 05
05 1 2 77_-——__75—__7-_5_-" 2 : . 8 j ¢
a) 0)

Pucynoxk 2.24 — Pe3ynbpTaTu €KCIIEpUMEHTIB JIJIsl 300paskeHb 25x15 mikcemniB

3pa3oK U Ha b

3pazok 10 Ha 6

a) 0)

Pucynox 2.25 — Pe3ynbpTaTi eKcriepuMeHTIB JJ1st 300pakeHb 10x6 mikcemniB

Sk BUIUIIMBAE 3 KPUBUX- 1, KOpETALIHHUN METO/ 3a0e31euye CyOmnmiKcenbHy TO-
YHICTh OI[IHIOBaHHS. 3alllyMJIEHICTh €TaJJOHHOTO 300paKE€HHS MPU3BOJIUTD JI0 OSIBU

IIYMOBOi CKJIaJ0BOT TMOXMOKM TO3MIIIOHYBaHHS, fKa 3HAYHO 3pOCTa€ MpHU
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3MeHIIeHHI po3MipiB 300paxenHs 1 BCII ¢ . IToBopoT crocTepexyBaHoro 300pa-

»eHHss MBITJIA BiZHOCHO €TanoHHOTO (TEOMETPUYHE CIIOTBOPEHHS ) IIOCUITIOE 3PO-

CTaHHS MOXUOKHU Mo3uIlionyBaHHs npu 3meHeHHi BCII ¢ .
OTpuMaHi pe3ynbTaTu CTAlOTh 3PO3YMIUTUMH, SKIO NopiBHATH BuxXigHi BCII
h*, AKi OTPUMYIOTBCS B Pe3yIbTaTi BUKOPUCTAHHS KOPEALIHHOTO anroputMy. Bu-
ximae BCII 4? mpw criBIajiHHi €TaTOHHOTO i HOTOYHOTO 300paxens MBITJIA po-
3paxoBYeETHCA 10 GopMyITi
h =E, /20" (2.19)
ne E, — eneprig 300paxenns MBILIA.

B tabnumi 2.3 po3paxoBaHi 3HAYEHHS BXiTHOTO ¢ i BuXigmHoro h° BCII mpn

pi3Hux 3HaueHHAX CKB mymy st Tppox TectoBux 300paxenb MBILJIA puc. 2.5.

Bigomo, mo aucnepcis moXuOKH MO3UIIOHYBAHHS 3MEHIIYETHCS TIPH 30171b-

nrenHi BuxigHoro BCIII, a 3Ha4eHHs h” 3aleXKUTh Bijl €HEPrii KOPUCHOTO CHTHAIY.
Enepris TectoBoro 300paxkenHst «50x30» B 26.3 pa3u Ouiblie, HIX €HEpris TeCTo-
BOro 300paxkeHHs «10x6». Enepris tecroBoro 300paxkenns «25x15» B 7.1 pa3 0i-
JIbIIIE, HIXK eHepris TecToBoro 300paxeHHs «10x6». CaMe ToMy, TOUHICTh HO3HULIO0-
HYBaHHS T€CTOBOTO 300paxkeHHs «10x6» nmpu 301IbIIEHH] AUCTIEPCii IIyMYy 3HAYHO
MOTIPITY€ETHCA.

OTtpuMaHi pe3yabTaTH Jal0Th MOKJIMBICTh BU3HAUYATH YMOBU MMPUHHSATHOTO BH-
3HaueHHs nojoxkeHHs MBITJIA Ta BiporinHi ymoBu, koiu cynpoBing MBITJIA Oyae
31pBaHoO, 10 B CBOIO YEPr'y 103BOJISIE 3’ ICYBAaTH YMOBH €(DEKTUBHOT'O BUKOPUCTAHHS
KOpEJISILITHO-eKCTpeMallbHUX cucTeM cynpoBoxeHHss MBITJIA B cuctemax Bifeo-

CIIOCTEPEIKEHHSI.



Tabmuus 2.3 — Bxignai 1 Buxigai BCIHI

87

o, 0.1 0.2 0.3 0.4 0.5 0.6
9.10/ 2.27/ 1.01/ 0.57/ 0.36/ 0.25/
q
9.591b 3.57 ob 0.05 b —244 16 | —4380b | —5.96 nb
50x30
5 6831/ 1707/ 759.02/ 426.95/ 273.24/ 189.75/
h
3834 16 | 32.32 b 28.8 1b 26.3 b 24.36 nb 22.78 nb
9.81/ 2.45/ 1.09/ 0.61/ 0.39/ 0.27/
q
0.31 b 3.89 nb 0.37 nb —2.121b | —4.06 1b | —5.64 nb
25x15
5 1839/ 459.88/ 204.39/ 114.97/ 73.58/ 51.09/
h
32.64 1b | 26.62 nb 23.10 nb 20.60 nb 18.66 nb 17.08 nb
8.66/ 2.1/ 0.96/ 0.54/ 0.34/ 0.24/
q
10x6 9.38 nb 3.351b —0.17 gb | —2.7 nb —4.6 1b —6.2 1b
X
5 259.7/ 64.9/ 28.8/ 15.2/ 10.4/ 7.2/
h
24.1 nb 18.1 nb 14.6 nb 12.1 ob 10.2 nb nb

2.3 CuHTe3 ONTUMAJIBHOI0 AJITOPUTMY A1alITUBHOIO OLiHIOBAHHA 3 BH-

KOPHCTAHHAM KOPeJSAUiHHOI0 MOIYKY

B nigpo3aun 2.1 opumano moaens pyxy maHeBpyrouoro MBITJIA B CK mart-
pUIIl KaMEpH Yy BUTIISI CTOXAaCTUYHOI JMHAMIYHOI CUCTEMU 3 BUMAJIKOBOIO CTPYK-
Typoro (2.9). HacTymHUM KpOKOM Jisl BUPILICHHS 337a4l CUHTE3y ONTHUMAJIbHOTO
QITOPUTMY aJIaNTUBHOTO OILIIHIOBAHHS IMapaMeTpiB pyxy ManeBpyrouoro MBIIJIA e
CTBOPEHHSI MOJIENI CIIOCTEPEKEHHS BIICOKAMEPH 3 BUKOPUCTAHHSAM KOPEIAIHHOTO
nomyky. Ha puc. 2.26 npencraBineHo 00’ €KT, K CYKYIHICTb 3B’ 13aHUX TOYOK 3 LIEH-

TPOM «TSDKIHHS» (x, 44) B IPAMOKYTHil cuctemi koopauHat (CK) Matpuii kamepn

XM vy mikcensx. Toai npsSMOKYTHE BIKHO, B SIKy BIIUCY€Tbcs 00 €KT OyleMo BBa-
YKaTH MOJICJUTIO OCTAaHHBOTO. B KOpENAIIHHUX alfOpUTMax 3pa30K 00’ €KTY Y Tpsi-
MOKYTHOMY BIKHI HA3UBA€ThCS €TAJJOHHUM 300pakeHHsIM. ETanon Bu3HayaeThCs Ha
MOTIEPETHIX KPOKaxX POOOTH alrOPUTMY CTEKEHHS, 10 SBJISIE COOOI0 €JIEMEHT HaB-

YaHHs KopeJsiiitHoro anroputmy [114, 115].
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J10 OCHOBHUX 3a/1a4 CHiAKyBaHHS BXOAUTH (DOPMYBaHHs CTPOOY, K AUISTHKUA y
K11 00’ €KT 3HAXOAUTHCS 3 BUCOKOIO IMOBIpHICTIO. [IpocTip cTpoOy € mpsIMOKYTHUM
BIKHOM, PO3MIPH SKOTO BH3HAYAIOTHCS Y BIAMOBIIHOCTI 10 KMOBIPHOCTI MOTpar-
JSTHHS 00’ €KTY B 1110 0071acTh. LIeHTp cTpoOy BUCTABISETHCS 3TiTHO 3 MPOTHO30BA-
HOIO TOYKOIO MTOJIOKEHHSI 00’ €KTY Ha TOTOYHOMY KaJIpi, 110 B CBOIO YEPTY CITIBIAIa€

3 KOOPJMHATAMH LIEHTPY ¥, 1, , ETATIOHHOTO 300pakeHHs: (puc 2.26).

3aai1s BU3HAUEHHS 3CyBY 300payKeHHS 00’ €KTY BITHOCHO €TAJIOHY 3aCTOCOBY-
€THCSI KOPEJALIMHUI anropuT™. [IpoBoIUTECSA pOo3paxyHOK B3a€EMHOI KOPEISALIHHOT
¢byHKIIi eTanoHa 3 pparMeHTOM MOTOYHOTO 300pakeHHs y cTpoOi. Po3TanryBanns
100abHOTO MaKCUMYMY KOPEJSLIMHOI (PYHKINT XapakTepHu3ye 3CyB 300paKEHHSA

00’exty (Ay,,.An,, ) BigHOCHO eranony. Ilin miero BIUHMBY mymy, 3aBaf, GoHY,
3MiHU PO3MipiB Ta reoMeTpHuHOi GOpMHU 00’ €KTY 3CyB 00’ €KTY (Ay,,,Au,, ) BU-

3HAYA€THCS 3 MIEBHOO MOXHUOKOI0 [116].

P
=
&

| B

nomoune emalonne
JOOPANCCHRA > J06PaNCEnna

cmipob

Kaop

My

Pucynok 2.26 — Intoctpaitist cTpoOy, €TaJIOHHOTO Ta MOTOYHOTO 300pakeHHs

Po3paxoBanuii 3cyB LIECHTpY 300paxeHHs1 00’ €KTY BIJTHOCHO LEHTPY CTpOOy Ha
k -My KpoOLll OUCYIOTHCS HOpMYyTIaMu:
Ay’ (k)=Ayx(k)+v, (k)
Au® (k) = A,u(k) +v, (k),

(2.20)

ne Ay" (k), Au” (k) — pospaxoBaHi 3cyBH LEHTPY 00 €KTY BiTHOCHO LICHTPY €Ta-
JIOHY Ha k -ToMy Kpomi; Ay (k), Au (k) — iCTHHHI 3CyBU IEHTpY 00 €KTy CHOCTe-

PEXEHHsS. BIJIHOCHO €TalloHy Ha k-My kpoui; v, (k), v, (k) — noxubku
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BHUMIPIOBAHHSA 3CYBY LIEHTPY 00’ €KTa BIIHOCHO €TAJIOHY Ha k -My KpOlLii, KOTpI € ra-
YCIBCBKUMH 3 HyJIbOBHM MaT. OUiKyBaHHSM i KOpeJANiiHO0 MaTpueto R (k).

3 BpaxyBaHHAM Mojeni pyxy (2.9), piBasians crioctepesxennss MBITJIA Ha mo-

TOYHOMY KaJipl MalOTh HACTYITHUI BUTJIAL:
27 (k) =z (k) + Ax" (k) = 2. (k) + Ax (k) +v, (k)= 2 (k) +v, (k);

T 2.21)
1o (k)= (k)+Au” (k)= po (k) +Au(k)+v, (k)= pu(k)+v, (k),

ne x” (k), u” (k) — orpumani koopauHatu 06’exra B npsiMokyTHiit CK.
[lepenumiemo piBHSHHA criocTepexeHHs (2.21) y BeKTOpHO-MaTpu4Hiil popmi:
u’(k)=Hu(k)+v(k), (2.22)
me u’ (k)=(x"(k),u" (k))T — BEKTOp CIIOCTEPEIKEHHS, 10 BKJIKOYAE BUMIPSHI
KoopauHaTH 00’€kTy B npsamokyTHii CK; v (k)= (v L (K).v, (k)) — BEKTOp TOXHU-

OOK BHMipIOBaHHS 3 KOPEJALiHHO0 MaTpHIelo R (k) , IO Ma€ BUIIA

Lafm (%) ai (%) J
H — MaTpuiist CioCTepeKeHHS, 1[0 MA€ BUTJIISI:
1 0 0 0 0 0]
H = .
LO 0 01 O OJ
ToOto, 3agaua oniHoBaHHs napameTpiB pyxy MBIUIA, sikuii € po3noaiieHuM
00’€KTOM, CITIBCTAaBHA JI0 3aj1a4l OLIHIOBaHHS TapaMeTPiB PyXy TOUKOBOTO 00’ EKTY,
JIe TOYKOIO € IEHTP «TSDKIHHSD MPSIMOKYTHOTO BIKHA, Y SIKE€ BIIMCAHUMN 00’ €KT.

JI1st cMHTE3y ONTHUMAIBHOTO aJTOPUTMY aJalTUBHOTO OIIHFOBAHHS ITapaMeT-
piB pyxy ma"eBpyrodoro MBITJIA 3 BUkopuCTaHHSM KOPETSAIIAHOTO MOITYKY BUKO-
PUCTOBYETHCS MaTeMaTUYHHM amapat 3MIIIaHUX MapKOBCHKHX IMPOIIECIB B TUCKPE-
THOMY 4aci [113].

OnTumanbHe BUPILMICHHS 3a]1a4l OI[IHIOBAaHHS, MOJISITa€ y BU3HAUEHHI arocTe-
piopHoi mineHOCTi fiMoBipHOcTi (II[M) npouecy, 1o miansrae ouinoBanHo. 1106

BUPIIINTY II€ 3aBAaHHA, BBEAEMO J0 PO3MNISLY CHUIbHY amnoctepiopny U
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W(u(k),a;(k)) = P(u(k),a;(k)/E(k)),ne E(k) = u’(k),...,u” (1) — HOCIIJIOBHICTb
BUMIpIOBaHb. [Ipy 11bOMy poO3IIMpEeHUid poiiec (u(k),a;(k)) BIJIHOCUTKCS JI0 KJIacy

3MIIIAaHUX MapKIBCHKUX MpoIEeciB B nuckperHomy yaci [100, 113]. BukopucroBy-

FOUM MapKiBChKY BIIACTUBICTH CHinbHA anoctepiopra LI W (u(k),a ;(k)) po3paxo-

BYETHCSA PEKYPEHTHO Ha OCHOBI PIBHSIHHS:

M ©
W (u(k),a (k) = P” (k) u(k),a; (k)Y TL,; (kk —1) [ T(u(k) /u(k —1),a;(k)) x

i=1 —00

W (u(k —1), a,(k —1))du(k —1)/ P(u’ (k) / E(k 1)),
(2.23)

xe I(u(k)/u(k —1),a;(k)) — ymoBHa HIIJIBHICTh UMOBIPHOCTI, SIKa BU3HAYAETHCS
Ha migcraBi piBHsHHA (2.9); P(u’(k)/u(k),a ;(k)) — OnHOKPOKOBa (YHKIIiS
MPaBAOINOAIOHOCTI, 1110 BU3HAYAETHCS HA OCHOBI piBHAHHS (2.22). [TouaTkoBi yMOBHU
MatoTh BUrIA W (u(0),a,(0)) = P(u(0)) p,(0), i =1, M .

3anpoBaKYIOYM  TIO3HAYEHHSI  €KCTPAIOJIIOI0UMI 1441 W*(u(k),a (k)
= P(u(k),a,;(k)/E(k 1)) 3MIIIAHOTO ~ MapkiBchbkoro  mporecy  (3MII)
§(k) = (u(k),a;(k)), CHIBBIJIHOIIEHHS (2.23) MOXKHA MPEICTaBUTH B BUTJISIIL IBOX

PEKYPEHTHUX PIBHSHbD:

M 00
W (u(k),a; (k)= 3T (kb —1) [ TI(u(k) /u(k =1),a (k) x

i=1 —00

W (u(k —1),a,(k —1))du(k —1);

(2.24)

W(u(k),a;(k)) = 2.25)
= P’ (k) [ u(k),a; (k)W (u(k),a (k) / P(u’ (k) / E(k ~1)). '

PiBusuus (2.24) ommcye epomowito excrpanomsoBanoi A W' (u(k),a ;(k))
Ta SIBJIIETHCA ONTUMAIBLHUM anroputMoM ekctpanoisnii 3MIIT &(k) Ha oauH KpOK.

3a 101IoMOro0 CHiBBiAHOIIEHHS (2.25) MPOBOAUTHCS KOPEKIIisl €KCTPaIroabOBaHOI
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IITM Ha OCHOBi OTPHMAaHOTO BUMIpIOBaHHS u’ (k) Ta BH3HAYA€THCS AIOCTEpPiopHA
LI W (u(k),a (k).
[Tomaneine mepeTBopeHHs BuUpasiB (2.24), (2.25) moxe OyTH BHKOHAHO 3a

JIOTIOMOTOI0 TEOpEeMH MHOXKEHHsI HMoBipHOCTEeH. [lpu mbomy onTuManbHUN

anroput™ Quterparii 3MII &(k) (2.23), mae Burmsag [100, 113]:

M
W (k)= Y 0, (k,k =W, (k —1); (2.26)
i=1

M o0
W (u(k)) = ZZZIHU.(k,k - DWW, (k - 1)_{OH(u(k) [u(k =1),a;(k)) > 2.27)

W, (u(k = ))du(k —1)/ W (k);

W (u(k)) = P’ (k) 1 uk),a; (k)W (k) / P’ (k) / a,(k),E(k —1)); (2.28)
W, (k)= P(u’ (k) / a;(k),E(k — D)W, (k) / P’ (k) / Bk 1)), (2.29)
ne W (u(k) = P(u(k)/a,;(k),E(k 1)), W, k)= P(uck)/a;(k),E(k) —
YMOBHI eKCTparnonsoBaHa Ta anocrepiona I1[H HenepepsHOro KomMnoHenty u(k) 3a
ymosn  a;(k); W, (k)=P(a;(k)/E(k-1), W, (k)=Pla;(k)/E(k) —
eKCTPAIIOJIbOBaHa Ta allocTepiopHa HMOBIPHOCTI IMCKPETHOTO KOMIIOHEHTA a ; (k) ;
P("(k)/a ;(k),E(k—1)) — yMoBHa II[M, mo BW3HAYAETHCA 3a JIOTOMOTOIO

bopmyu:

P(u’(k)/a;(k),E(k—1) = [ P’ (k) /u(k),a, (k)W (u(k)du(k), (2.30)

ne P(u” (k) /E(k —1)) — yMOBHa HII71, sIKa 0OYHCITFOETHCS BUPA3OM:
M %
P(u’(k)/E(k-1))=> Pu"(k)/ a;(k),E(k =)W, (k). (2.31)
i=1
Cunre3oBaHuil anroput™ QuibTpauii (2.26)—(2.29) € HeniHiiHUM. PiBHSHHS

(2.26), (2.29) BUKOPUCTOBYETHCS NIl PO3PAXYHKY E€KCTPAroOIbOBAHUX W;(k) Ta

aroCcTeplOPHUX W, (k) AIMOBIPHOCTEH AMCKPETHOTO KOMIIOHEHTY a ; (k) . PIBHAHHA
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(2.27), (2.28) BUKOPHUCTOBYIOTHCS JJII PO3PaxXyHKy YMOBHHUX €KCTParoJbOBaHUX
W;(u(k)) Ta armoCTepPiOPHUX W, (u(k)) L1 HENEPEPBHOIO KOMIIOHEHTa u (k).

OcCOONMBICTIO CHHTE30BAHOTO AJITOPUTMY € HENEpEepBHA 3B’S3aHICTb PIBHIHb
¢iapTparii Ta eKCTpanoALii AUCKPETHOTO Ta HEMNEPEPBHOTO KOMIIOHEHTIB MK
co0010.

Anroput™m dinbTpamii (2.26)—-(2.29) Bu3HaYa€e CTPYKTYpY ONTHMAIBHOTO
npuctpor. OntumanbHuil QUIbp BKIIOYae M KaHANIB Ta BITHOCUTHCA JO KJacy
OPUCTPOIB 31 3BOPOTHIMU 3Bsi3kamMM MK KaHamamu. Ha puc. 2.27 mnoka3zana

CTPYKTYpHA CX€Ma I-I'o Ta j-I0 KaHaJIIB ONTUMAJILHOTO IPUCTPOIO.

N e W k) |
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Pucynox 2.27 — Ontumansauit npuctpii pinerpartii 3MII B auckpeTHOMY Yaci

Koxuuii kanan ckmagaerbest 3 Onoky mnporHo3yBanHs (BII) Ta Omoky
dimprpanii (B®). OnrumansHa oninka 3MIT £° (k) po3paxoByeTbcsl B HPUCTPOT
MPUIHATTS pilieHHs. Po3paxyHOK anocTeopHOTO PO3IMOAICHHS 3 BUXO/I1B KOKHOTO
KaHaja 13 3aTPUMKOI0 3BOPOTHHOTO 3B’s3Ky B BII iHIMX KaHaIIB ONTUMaIbHOTO
MPUCTPOIO, & TAKOXK HA BXiJ 010Ky npuitHATTs pimenHs (I1P).

[IpoTe, iHTErpyBaHHS 0araTOMiIpHUX IILTBHOCTEH HMOBIPHOCTI IPU3BOIUTH JI0

3POCTaHHA 004 CITIOBAJTEHUX BUTpaAT.
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2.4 CuHTe3 KBa3i0NTHMAJIBHOI0 AJITOPUTMY AJANITHBHOIO OLiHIOBAHHA 3
BHKOPHUCTAHHAM KOPeJSAUiiHOI0 MOIIYKY

Jis  cuHTe3y KBa3lONMTUMAJIBHOTO AITOPUTMY BHUKOPHCTAEMO METOJ

rayciBChbKO1 almpoKcuMallli yMOBHHUX aroCTepiOPHUX HIIIBHOCTEH WMOBIPHOCTEH

W;(u(k)), W;(u(k)). Mnsxom 3aminn onepuiil max 1M B onrumansHOMY

anroput™i giabTparti (2.26)—(2.29) po3paxyHKOM iX MaTeMaTHUIHUX OUIKYBaHb Ta
KOpEeJSIIMHUX MaTpullb, OTPUMaHUN KBa31ONTHUMaJIbHUN adropuT™M QuIbTpariii

3mMimranoro npouecy §(k) y urasai [100, 113]:

M
W;(k) = > ;i (k,k =)W, (k =1); (2.32)
i=1
% M S
) (k) =Y I, (k,k =)W, (k = DF 0, (k = 1)/ W; (k); (2.33)
i=1
M

* - T T
P, (k)= Z{FjPl.(k—l)Fj +G Gl (k) +
i=1

+(F i, (k= 1) =’ (k) (Fi, (k—1) —u’, (k)" } x (2.34)

X TL; (ko k = DI, (k = 1) /W] (k);

i (k) =u’ (k) + K, (k)(u’ (k) — Hu', (k) ; (2.35)
K (k)=P;()H" (HP;()H" +R)™; (2.36)
P.(k)="P,(k)—K (k)HP (k) ; (2.37)

W,(k) =P’ (k) / a,(k),E(k - )W, (k) / P(u’ (k) / E(k -1)),  (2.38)

Ie uj. (k),a ;(k), P; (k), P (k) — MaTeMaTHYHi 04iKyBaHHs Ta KOPEIILIIHI MaTPUL

YMOBHUX €KCTPaIroJIbOBAHUX W; (u(k)) 1 amoctepiopHOi W, (u(k)) I j=1,M;

K (k) — Koe(ilieHT MOCHICHHS j-TO KaHala KBa3lONTHMAIBHOTO MPHCTPOIO

i=LM; P@"k)/ a;(k),E(k -1)) = N(Huj. (k),D;(k)) — ¢ rayCiBChbKHM;
D, (k) — BU3HAYAETBCA 32 bopmyiioro:

D;(k)=HP(k)H" +R. (2.39)
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[TogaTkoB1 yMOBH JjIsl KBa310MTUMAILHOTO anTropuTMy dimbparii (2.32)—(2.38)

MarOTb BUI'JIA:

i, (0) =d(0), P, (0)=P(0), W, (0)=p, (0),i=1,M .

CuHTe30BaHUI KBa3lONTUMAJIbHUU anroput™m Qiabtpamii  (2.32)—2.38)
SBIISETCS HEMHIMHMM 1 BKIIOYae B ce0e KBa3lONTHUMAJIbHUN  aJrOpUTM

exctpanossmii (2.32)—(2.34). HeniniifHi omepariii BUKOHYIOTBCSI IPU BU3HAYCHHI
ymosHoi LM P(u” (k) / a ,(k),E(k - 1)).
[IpucTpiii, KOTpuil peanizye KBa3lonTUMaIbHUI anroput™ (2.32)—(2.38), mae

CTPYKTYpPHY CXE€MYy, aHAJIOT14HY IpeJACTaBIeHHIN Ha puc. 2.27. Pi3HUII MK HUMHU

CKJIAJAa€eThcsl B TOMy, 10 B Onmokax B® ta BII kBa3ionTUMaibHOTO MPHUCTPOIO

. . . * A o .
PO3paxoBYIOThCS TIILKM MaTEMATUYH1 OYIKYBAaHAH u;(k), u (k) Ta KOpenALlMHI

MaTpHuIIi P; (k), f’j (k) ymoBHux 11} W; (u(k)) u W, (u(k)), j=1,M .CTpykrypHa
CXeMa YacTWHU j-TO KaHajia, 0 BHKOPUCTOBYETHCS JJISI BU3HAYEHHS OIIHOK
HETMEePEPBHOTO KOMITIOHEHTY u(k) KBa31ONTUMAJIBLHOTO MPUCTPOIO (PUIbTpallii, IO

MoKa3aHa Ha puc. 2.28.

AnoctepiopHa [I[U HenmepeBHOro KOMIOHEHTY PO3PaxoBY€ETHCS 3a (POPMYIIOIO:

M
W k)= W; ()W, (u(k)). (2.40)
j=1

3 Bupazy (2.40) BumIMBae, IO CHHTE30BaHI KBa310MTHUMAJbHI aJITOPUTMHU
(2.32)~(2.38) 36epiraioth ysBieHHs anoctepiopHoi I W (u(k)) Ha KOKHOMY
Kpolll y BUIVIIAY CyMH M  rayCiBCbKMX  IIUJIBHOCTEH. AHAJIOTIYHO,
KBa310MTUMATBHBIN  anropuT™M ekcTpamoismii  (2.32)—~(2.34), Ttakox 30epirae

YSIBJICHHS LA W (u(k)) y BUTJIS1 CyMU M rayCiBChKHUX L.
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uv(k) R Jz o 1 (k)
H J

u; (k) @i F(k,k-1)
-
) (k-1
PR F (kDY
Wy (k) I1, 7, (k 1) TLW, (k - 1)

Pucynok 2.28 — CtpyKTypHa cxema j-ro KaHaja KBa3loNTUMaIbHOTO MPUCTPOIO

¢iapTpamii

Ha 1pakTHIli, HEXTYIOUH B3a€MHOIO KOPEISIEI0 o

~u (k) mOMHUIIOK BUMipIO-

BaHHS Vv, (k), v p (k) , sIKa 4acTO € HEBIIOMOIO, MOKHA HE TIIbKU CIIPOCTUTH aJIr0-
PHUTM, a TaKOK 3MEHIIMTH O0YHCIIOBaIbHI BUTpaTH. [loKIagaroun B3aEMHYy KOpe-
JISIITI€F0 0}2( .. (k) piBHOIO HyIIIO, MOYKHA IOKA3aTH, IO KBa3iONTUMAIIbHHIi allrOPUTM

OIliHIOBaHHS mapametrpiB  pyxy MBIIJIA Ha moCnimoBHOCTI 300pakeHb
pO30UBaETHCS HA CKIa0B1. JI0 HUX BXOAATH:
— owiHoBaHHs napameTpiB pyxy MBIIJIA no oci X:
M
%, (k)= ZHU(k,k - DWW, (k - I)ij(i(k - /W, (k) (2.41)
i=1
* g (b bT b bT
P, (k)= E{FjPZi(k -DF" + G G (k) +

#(F) 7, 0 = 1) = 2 G)(F PR, (k= 1) = (6) ) % (2.42)

x I (k,k =DW,(k=1)/ W (k);
7 (k) =15 () + K (k) g (K) = g (K) (2.43)
K, (kb)=P, (R WH"P (HH" +0° (k) '; (2.44)

P, .(k)=P,.(k)-K ;(kHP, (k) (2.45)
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ne ;{j (k). % ; (k), P; (k) 131 ;(k) — MaTeMaTH4HI OYIKYBAaHHS Ta KOPEILINHI
MaTpHIll YMOBHUX €KCTPaIoIbOBaHUX W; (x(k)) Ta amocrepiopHOl W, (x(k)) H.[I71
j=LLM; K (k) — KoehIUieHT MOCHIICHHS j-TO KaHala KBa3lONTHMAaIbHOIO
IIPUCTPOIO | = I,_M; x(k) = (;((k),;’((k),j('(k))T — BEKTOp CTaHy, LI0 BKIIIOYA€E KO-
OpAMHATU TOJIOXKEHHS, MIBUAKOCTI 3MIHHM MOJIOKEHHS 1 MPUCKOPEHHS 1o oci X,
H’ = [1 0 0] — BimOMHUI BEKTOP-CTpOKa.

— Anroputm oniHoBaHHA napameTpiB pyxy BIIJIA mo oci M mae BUTIIA:

M
W (k) = X0 (ko k = DW,(k = DF 7, (k = 1) /W (k); (2.46)
i=1

M
P, (k)= §{F]’?13m(k ~DFY + GG (k) +
+(F7 R, (k= 1) = () FJi, (k1) = (k) | x (2.47)

X T1; (ko k = DI, (k = 1) /W] (k)

(k)= 5 () + K, () (g (6) ~ Hp (K)) (2.48)

K, (k)=P, (HHTHP, (OH" +o, (k)" (2.49)

P, (k)=P,;(k)-K , (HH"P, (k), (2.50)

ne uj (k). i ; (k), P; ;(k), l3ﬂ (k) — MaTeMaTH4IHl OYIKYBaHHS Ta KOPEISIiHHI

MaTpUIl YMOBHUX €KCTPANOJIbOBAHUX W;(p(k)) Ta aroctepiopHoi W; (n(k)) 10441
j=LM; K, ; (k) — KOoehili€eHT MOCHICHHS j-r0 KaHala KBa3iONTHMAIbLHOTO

MPUCTPOIO | = 1L,M : n(k) = (u(k), f1(k), ji(k))" — BekTOp CTaHy, IO BKIIFOYAE KO-
OpJIMHATH TIOJIOXKEHHSI, IIBUIKOCTI 3MIHU TIOJIOKEHHS 1 IPUCKOPEHHS 10 OCi M .

AJTOPUTM pO3paxyHKy arnocTeplopHUX KMOBIPHOCTEH TUIIIB pyXY I[1JIl Ma€ BU-
LIS

M
Wj(k)zZHl.j(k,k—l)Wi(k—l); (2.51)
i=1
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W (k) =PEK) / a, (k). Bk —1)W; (k) PEK) / Bk 1)), (2.52)
neP(S(k)/a;(k),E(k =1)) = P(y (k) /a;(k),E, (k=1))P(uy (k) / a;(k),E,(k-1)) —¢€
nobyrkom raycisesknx WA P(y,, (k) / a,(k).E ,(k—1))= N(H",(k).D,, (k)
P(uy, (k) / a;(k),E,(k—1)) = N(H"W)(k),D, ;(k)); D, (k),D, (k) — Bu3Hada-
€ThCS 32 (YOPMyITAMH:

D,;(k)y=H"P, ,(kH"" + o (k); (2.53)
D, (k)y=H"P, (A" + o7 (k). (2.54)

[ToyaTkoB1 YMOBH ISl aJallTUBHOTO (DUIBTPY NP HAIBHOCTI BUMIPIOBaHb Ha

JABOX TaKTax IIO0 KOOpI[I/IHaTi 1o oci X MaroTh HaCTyrIHI/Iﬁ BU:

(2 (2)] 2w @ [ (@)
2)-xu( 2)-z,
PHE I APAEI T S QPP R MR MUY
L o | _ . | _ . |
] 2 ]
2
o2 (2) 7@ 0
[62(2) 0 0] T
7 c2(2) 22
Pa@=] 0 0 0) Ppr2)= ZT 2 ;2 tay T? 0 ;
0 0 0
{ 0 C
! o2 (2) 1
o, (2) = 0
0, 0@, o,
P;(3(2): pn 2 2 +a;-T 0
0 0 a32

[ToyaTkoB1 YMOBHU Ui aJaiTUBHOTO (UIBTPY MPHU HAIBHOCTI BUMIPIOBaHb Ha

JIBOX TaKTax IO KOOPAWHATI 10 0ci M MaroTh HACTyIHUMN BHI:
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My (2) ] w2

2)— 1 2)— 1
L, (2) = My ( )T,UM() L s (2) My ( )TNM() :

I_ﬂM (2)—|
| |
L o ] 0 0

2
o (2
o, (2) ”T( ) 0
[62(2) 0 0] , ,
| | c,(2) o, 5,
P,(2)=| 0 0 0; P,(2)= — 2 = 2.1 0 |
0 0 OJ
0 0 a3
i , _
0,(2)
o, (2) “T 0
2 2
c,2) 0,2 , ,
P.2)=|-"~ 2-£ a; -T 0
M3 2 3
T T
0 0 aiT?

[ToyaTkoB1 HMOBIPHOCTI PI3HUX THUIIIB PYyXY MOKJIAIaI0THCS OJTHAKOBUMHU:

W.(2)=1/M,i=1,M .

[Ipu po3poOIl aJropuTMIB CTEKEHHs, SK MPaBWIO, OOMEXKYIOThCS
po3rIIAIoM 001acTi cTpoOa CTEXKEHHS, B AKYy Ma€ MOTPANUTH I[Ih. 3a3BHYail Ha
MPaKTULI, MPU OLIHIOBAHHI KOOPJMHAT LIl B MPSMOKYTHIH CHCTEMI KOOPJIMHAT,
CTpOO CTEeKEHHS MPEACTABISIIOTH K MPSIMOKYTHUK, PO3MIPH SKOTO BU3HAYAIOTHCS
HEOOX1THOIO WMOBIPHICTIO BIIYYE€HHS B HBOTO ITLITI.

Po3po6ienuii kBa3ionTUMaIbHUN aJITOPUTM aJaNTUBHOTO OLIHIOBAHHS J10-
3BOJIsSIE BUKOHATH OMTHMI3AIII0 PO3MIPIB CTPOOIB CyMPOBOIY HA OCHOBI OTPUMAaHHX

OLHOK 3MIHHOI mepeMuKaHHs a (k). O4YeBUIHO, IO 31 30UIBLICHHSIM PO3MIpIB

cTpoOa MMOBIPHICTh 3pUBY CYNPOBOAY MAHEBPYIOUOi METH 3MEHUIYETHCS, OJHAK
MIPHU IIOMY, ITABUITYETHCS HMOBIPHICTh ONIAJaHHS B CTPOO MOMMJIKOBHUX BIAMITOK
Ta 1HIIMX 00’€KTIB, IO TAKOXXK MOXKE MPU3BOJUTH JIO 3pUBY CTe:KCHHS. [loTouHMIA

CTpoO BHU3HAUYAETHCS 3 BUKOPHUCTAHHSAM XapPAaKTEPUCTUK MOMUIIOK EKCTPamoJsIii,
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PO3paxoBaHUX I MOJEII PyXY 1Tl / , eKCTPAIoIb0BaHA HMOBIPHICTH SKOi € MaK-
cumanbHOO. KoopawmHaTh meHTpy cTpoOa 30iraroTbCsi 3 EKCTPAOIbOBAHUM

MOJIOKEHHSIM T€OMETPUYHOTO IIEHTPY LI Ha TOTOYHOMY KPOIIi:
2. (k) = 77 (k);
w1, (k) = g7 (k).

Po3mipu cTpoOy 3anexaTh Bijl JIHIKHUX PO3MIPIB €TAJIOHHOT'O 300payKeHHS 1

(2.55)

MOMMJIOK eKCTparnosisiii Ta no3umionyBand bITIA:

S 1K) = A (k) + 27,/ D, (F); (2.56)
8,0 (k)= A (k) + 2,4/ Dy (). (2.57)

ae A, (k), A, (k) — JHIHI pO3MIPH €TAJIOHHOTO 300pa)K€HHs Ha k -My KpOlii;

D, (k), /D, (k) — nucmepcii HeB’s30K, 5IKI PO3PaxOBYIOTECS MO (opMyTam
(2.53), (2.54); y, — KoediLIeHT, IKUI pEryI0e KMOBIPHICTb NOTPAILIIHHS 300pa-

»kenHs BITJIA B cTpo0.

BusiBneHHs BiICYTHOCTI 00’ €KTY y cTpoO1 CYIIPpOBOlY BUKOHYETHCA ILISIXOM
MOPIBHSHHS I100aJIbHOT0 €KCTPEMYMY HOPMOBAHOI B3a€MHOT KOPEJSIINHOT (yHK-
mii R 13 3aJJaHUM IIOPOTOM /i,

X

R._.. =hg, (2.58)

max —
[Tpu HeBuKOHAHHI YMOBH (2.58) mpuiiMaeThCsl pIlIEHHS PO BIJICYTHICTH IIUTI
B CTp0Oi1 cTexeHHs. B 1bOMy BUIAJIKy pO3paXxOBYIOThCS XapaKTEPUCTUKU IpyOOTo
cTpoOy mo GopMyiam aHajoridHuM (2.56), (2.57), B SIKUX THII pyXy MOKIATAETHCS

=3 (pyX L1l 3 MAHEBPOM) 1 BAKOPUCTOBY€ETBCS KOS(ILIEHT ¥, > ¥, . AJIE K B SIKOCTI

IIEHTPY CTPOOY MOKIaIal0ThCsl BUMIpyBaHHS mosokeHHs bIUJIA kopensmiitaum Me-
TogoM y,, (k—1), u,,(k—1) Ilicasd nporo BiAOYBa€ThCA MOBTOPHUI MOIIYK IILIL.
K10 11Tb BUSBISETHCS B TpyOOMY CcTpoO1, TO BiIOYBA€THCS OLIIHIOBAHHSA 11 KOOP-
nuHaT. [Ipu BiACyTHOCTI 1Tl B TpyOOMy cTpoOi OIiHIOBaHHSI HE MPOBOAUTHCS 1 B
SKOCT1 anoCTepIOPHUX BUKOPUCTOBYIOTHCS €KCTPANoOJbOBaHI XapaCTUPHUKU PyXy

U1 1 KUMOBIPHOCTI BUIIB pyXy. Takoxx (opMyeThcsi 03HAaKa HEBUSBIICHHS 1111 Ha
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MOTOYHOMY Kajpi. PillIeHHS Mpo 3pUB CTEXKEHHS MPHUIMAEThCA NMPU HEBUSBICHHI

I m, Pa3iB HOCHIIb B OCTaHHIX OIIAAAX.

2.5 AHaJi3 KBa3ioNnTUMAJIBLHOI0 AJIrOPUTMY AANITUBHOIO OLIHIOBAHHS
IIJIIXOM CTATHCTHYHOI'0 MOEJIIOBAHHSA

AmHaii3 po3poOJICHOr0 AJITOPUTMY CTEXKEHHS BUKOHAHUHM 3 BUKOPCTaHHAM
cepenosumia MATLAB. Tpaektopis pyxy noOynoBana MBILUJIA B CK kamepu

X_.Y.Z,.. ®opmysanns tpackTopiii MBIIJIA 311licHIOBaNnOCHE HA OCHOBI MOJEII T0-

n16HO1 110 (2), 3 TpbOMa OCHOBHUMHU BUAaMH pyxy. KokHa TecToBa Tpaektopis Oyna
po30MTa Ha CIM IHTEPBAJIIB 3 IEBHUM TUIIOM PyXY, JAaHl HaBeAeH1 B Tabauui 2.4.

Tabnuus 2.4 — BynoBa TecTOBO1 TpaeKTOPii

Il::ae;)- TakTn Tun pyxy Innexce Tuny pyxy

I 1<k<8 PIBHOMIpHHH pyX j=12

II 9<k<l14 MAaHEBp j=3

1 15<k<19 PIBHOMIpHHUH pyX j=2

IV 20 <k <24 | MaHEBp «CKHJIAHHS IIBHUIKOCTI» j=3

\Y 25<k <32 3aBHCaHHSI j=1

VI 33<k <38 MaHEBP j=3
VII 39<k<45 PIBHOMIpHHUH pyX j=2

I[TouatkoBi mapamerpu pyxy MBIUIA: x (-1)=110 M, x.(-1)=-20 m/c,
X (-1)=0 M/, y (-1)=-25 ™, y,(-1)=0 Mm/c, y,(-1)=0 M/c?, z (~1)=300
M, z,(-1)=-20 m/c, Z,(-1)=0 w/ ¢*. Temn dopmysanus Tpaekropii MBILTA

7=03c.
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Pucynok 2.29 — Tpaekrtopis pyxy MBIIIA B pi3Hux cucremax KOOpJAHHAT

[Ticnst BUu3HaueHHs koopauHat nojoxxeHHs B CK kaMepu po3paxoByeTbCst HOro
npoekuii B mikcenpHit CK marpuiil kamepu, sika BU3HAYa€ KOOPAWHATU TOUKHU B
MIKCEJIbHUX OAMHUIIX BUMIpIOBaHHA. Po3mip matpuii kamepu 36MM Ha 24MM.

PosninpHa 3gatHicTh Kamepu 4K. ®dokycHa Bijgcradb / =12MM. TunoBy TecToBY

tpaekTopito pyxy MBIIJIA B CK kamepun XM mnokazaHo Ha puc.2.29.

byno BcranoBneHo oniHtoBaHHs CKB miymiB 30yIKeHHS AJid PI3HUX THIIB
pyxy MBIUIA: @, =1 mikc./TakT; a, =10 mikc./c*; ay = 60 mike./c’. Kopensuiiiaum
METOJIOM BCTAHOBJICHI MOMUJIKM BUMIPIOBAHHS MPSIMOKYTHUX KOOPIWHAT 00’ €KTY

c,=0,=07 mikc. Kinpkicts peanmizatiii Mmetona Monrte-Kapio nopisatoe 100.

Ha puc. 2.30 mokazani napametrpu pyxy ManeBpyrodoro MBIIJIA mo ocsx

X_.,Y. CK kamepu. Ha puc. 2.31 nokasani mapaMeTpu pyXy MaHEBpPYIOYOIO

MBIUIA 1o ocsix U,V CK kaapa.
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Pucynox 2.30 — Ilapamerpu pyxy manespyrodoro MBIIJIA no ocax X ,.,Y. CK
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Pucynok 2.31 — I[TapameTpu pyxy maneBpytouoro MbBIIJIA nmo ocsax X,M CK

MaTpHUIll KaMepu

Ha puc. 2.32 300paxkeHo ocTaHHIA KaAp (ikcauii TpaekTopii, B SKOMY
sHaxoauthcsi MBIIJIA 3 posmipom 25x15 mikceniB. 300pakeHHS Kaapy Mae

CIIOTBOPEHHS y BUIIAJ1 O1I0r0 TMCKpeTHOro rayciscekoro mymy 3 CKB o, =0.05.

Pucynok 2.32 — OcranHiii kaap, B skoMy 3Haxoautbes MBITJIA
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Ha puc. 2.33 (a, 6) 300paxeHO MaTeMaTH4Hi O4iKyBaHHs m ,,m , (KpuBI-1) i

l b
CKB o,,5, (xpusi-2) noxubok BusHaueHHs koopauHat MBITIA kopensuiinum

MCTOOOM, IO OTpI/IMaHi OuIAXOM CTaTUCTUYHOI'O MOACIHOBAHHA. Takox Ha puc.

2.33, (a, 6) nokasano teopernane CKB o ,0, MOXMOOK BU3HAYCHHS KOODPIHMHAT

7
MBIJIA, sike BUKOPUCTOBYETHCS B alaliTUBHOMY (kTP (KpuBi-3). MaTtemaTuyHi
OUIKyBaHHS pealibHUX MoXuOok no3uitionyBanHs MBIIJIA Ha 300pakeHH1 He nepe-
BUIIYIOTH BcTaHoBeHOro CKB B Mojieni BUMIpIoBaHHS, 1110 3a0e31euye nparies/ia-

THICTh AJAIITUBHOI'O AJITOPUTMY.

> 08 7 0.8
m, m, —
& 06} 37 G, 08 3
X
‘ 2
O} 2 'O-MOA ™~

0.4 \ TN~ ————
I'_\’\/"\; \ /—'\/\/\’/\\/ 02

0.2
0+
0 3

-0.2 1/
-0.2 1/ 04+
-0.4 06|
0 10 20 30 40 0 10 20 30 40

Pucynok 2.33 — I'padiku CKB noxubok oouncienss nosnoxennss MBITJTA

KOPEJISIIHIM aJrOpUTMOM

*

Ha puc.2.34 (a, 6) mokasaHi MaT. OYIKyBaHHS m;,m: (xpuBi-1) 1 CKB 0'; O,

— (KpuBi-2) TOMHUJIOK ITPOTHO3Y MOJIO0KEHHS 00’ €KTY, 1110 BU3HA4YEH1 MeTog0M Mo-
* * .
are-Kapio ta CKB OMHIIOK IPOTHO3Y 4/ p 4>\ P, (KpHBI-3) MOJIOXKEHHS 00’ €KTY,

aKi obuncneHi GubTpoM. MaTeMaTHYHE OUYIKYBaHHS PEATBbHHUX MOXHUOOK MPOTHO3Y
no0pe koperyerbest 3 CKB moxubok nmporHosy, po3paxoBaHUMH (PLIbTPOM, 1110 CBI-
JTYHUTH TIPO KOPEKTHY poOOTy anroputmy. Ha minsHkax Maiike piBHOMIPHOTO PyXy
MBIIIA CKB noxu6ok mporao3y Horo KoopauHar B 3.2 pa3u MEHIIe, HiXK Ha Js-
HKax pyxy 3 maHeBpoM. Ha ginsukax 3aBucandst MBIIJIA mokHa qocsrTH MiABU-
IICHHST TOYHOCTI TPOTHO3YBaHHS HOro mosioxkeHHs B 6.5 pasiB. e mo3Bomsie dop-

MyBaTH CTPOOU CYNPOBOKEHHS aJICKBATHO MOTOYHIM CUTYaIli.
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Pucynok 2.34 — I'padiku maTemaTnuHux ovikyBaHb 1 CKB nmoMumnox omiHku mno-

noxeHHs1 MBIIJTA, po3paxoBaHux aganTUBHUM alTOPUTMOM

Ha puc. 2.35 (a, 0) moxasaHi MaTeMaTH4Hi OYiKyBaHHs 7,7, (KpuBi-1) 1

6,6, (KpHBi-2) HOMHUIIOK OLIHKH MOJIOKEHHS 00’ €KTY, KOTPI BU3HAYCHI METOJIOM

Moure-Kapiio, Ta CKB nomusok owisku , [ p e |p . (KpHBi-3) IIOJIOXKCHHS 00’ €KTY,

skl oouncineri GpinbTpom. PakTuyHi Ta po3paxosani ¢piabTpoM CKB momuiok oriri-

HOK Y3TO[K€H1 MK CO0O010, III0 CBITYUTH PO aJIEKBATHY POOOTY aIrOPUTMY.
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Pucynok 2.35 — I'padiku maTeMaTnyHux ovikyBaHb 1 CKB noMunok mporaosy

nonoxeHHss MBITJIA, po3paxoBaHi afanTUBHUM aJITOPUTMOM

Ha puc. 2.36 nokasani #iMoBipHOCTI p,, (xpuBa-l1), p,, (kpuBa-2), p,;

(kpuBa-3) po3mi3HaBaHHS aJaNTUBHUM aarOpUTMOM pizHUX THUMIB pyxy MBITJIA:
3aBUCAHHS, Maii>ke PIBHOMIPHUHN PYX, pyX 3 MaHEBPOM. AJTAalITUBHUIA aJITOPUTM 3a-
Oe3rnevye po3mi3HaBaHHA Nepuioro i apyroro tumiB pyxy MBIIIA 3 itmoBipHOC-

TaMu He HrxKue (0.9.

pml - / ) ;\
Por | 2- /3 [ N ‘- 1
pm.‘ il |

02k f < -

:I_ [ { |

5 10 15 | 23 ] kL] 40

Pucynok 2.36 — IMOBipHOCTI pO3mi3HaBaHHS aIallTUBHUM aJITOPUTMOM PI3HUX

BUiB pyxy MBIIJIA
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HmogipHoCTI 3puBYy ctexkeHHss MBILJIA p_, iMOBIPHOCTI XMOHOTO CYIIPOBOIY
MBIUIA p ., matematnyHi ouikyBaHHA m, 1 CKB o, KIZBKOCTI TaKTiB ICTHHHOTO
cynposony MBIIJIA npu pisHux 3HadeHHAX CKB noxu0Oku mymy o, U TECTO-

Boro 300paxkenHst MBILJIA po3mipom 10 Ha 6 mikceniB npeAcTaBieHi B Tadbaui 2.5.
Jlan1 oOuucieni 3a gomoMoror Meroxy Monte-Kapio.

3pUB CyIIPOBO/Iy BU3HAYAETHCS aJITOPUTMOM 32 YMOBH, 110 KOE(DIIIEHT B3aeM-
HOT KOpEJIIii mpuiiMae 3HaYEHHSI MEHIIIC TIOPOTOBOTO PiBHSI MIPOTATOM TPHOX TaK-
TOBOTO nepioAy. [IpuiHATTS pilieHHS Mpo XUOHUHN CYIPOBIJ BU3HAYAETHCS, SAKIIIO
CIIPaB/IXKYETHCSI YMOBA BUXOJ/IY TECTOBOTO 300pak€HHS 32 MEX1 CTpOOy CynpoBOIY
Ha IHTEPBaJl 3 TPbOX MOCIIAOBHUX TaKTIB. Y MPOIEC] PO3PAXyYHKYy MAaTeMaTUYHOTO
ouikyBaHHs m, 1 CKB o, npuiiMaeTbCs 10 yBaru BUHATKOBO YaC ICTUHHOTO CYIIPO-
Boay MBIUIA. Byno npoBeneno 100 ekciepuMeHTIB.

ITpn 3HaveHnAX o, = 0.1 (h* =24 1B) po3po0iIeHHil alIropuTM peanisye HH-

3pKy #MOBipHiCTh 3puBY cynpoBogxy MBIUIA. Ilpu 3madennsax o, >0.2 (

h* =18 1b) 3pocTae HMOBipHICTH XMOHOTO CYNPOBOIY 00’€KTY p... IIpuanHOIO

OCTAHHBOTO SIBUIIIA € 3MEHIIIEHHSIM MAaKCUMYMY B3a€MHOT KOpEJAIIHHOT PYHKITIT 3a-
IIYMJIEHUX €TaJOHY 1 MOTOYHOTO 300pakeHb. SIK HACHII0K, AJITOPUTM BUKOHYE 3a-

XOIUICHHS XHOHUX MAaKCHMYMIB B3a€MHOI KOPENAIINHOT (PYHKII, sIKI CTBOPEHI 3a-
BaJIOKO 1 cimiakye 3a HuMH. Ilpn o, = 0.3 (h* =14 1B) cynposin TecToBOTO 306pa-

JKEHHS MMKCEIB CTAE HEMOXJIMBUM.

Ta6muns 2.5 — MmoiprOCTi 3puBy cynpoomxeras MBITIIA

o, 0.01 0.05 0.1 0.2 0.3
P, 0.033 0.067 0.067 0 0
D.. 0 0 0.067 0.17 1
m, 44.6 42.1 42.1 37.71 4.81
o, 1.81 4.6 8.3 10.4 3.1
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BucHoBku 10 po3aisiy 2

1. 3 BUKOpUCTaHHSIM pO3pOOJIEHOT Ha OCHOBI MPOEKTUBHOI MOJEII BigeoKa-
MEpH METOJIUKHU PO3PAXYHKY TPAEKTOPIi PyXy 1 XapaKTEPUCTUK 300pa’KeHHS MaJIo-
po3mipaoro MBIIJIA Ha moCHiOBHOCTI KaJpiB MOXYTh OyTH pO3paxoBaHi HOro
npuckopeHHs o ocsax CK maTpuiil kamepu, 0 J03BOJSE aJCKBATHO BU3HAYUTH
napamMeTpu MaHeBpYy LUl B airoputMax cynpoBomkeHHss MBITJIA Ha mocnigoBHO-
cTi KajpiB. OTpuMaHa METOIMKA MOKe OyTH BHUKOpPUCTaHA MPH IMITAIIHHOMY MO-
JICIOBaHHI ISl OLIHKU €(EKTUBHOCTI aJTOPUTMIB BHSIBICHHS 1 CYIPOBOJIKEHHS
MBIUIA.

2. MeTtoa KOpensuiiHOro TMOIIYKY peali3ye CyOmiKCcelbHYy TOYHICTh BHU3HA-
yeHHs koopauHaT MBITJIA Ha 300pakeHH1 3 (POHOBUM HEKOPEIbOBAHUM IayCIBCh-
kuM mymoM. CKB moxuOku mo3uIIOHYBaHHS MpU 3HWKEHHI BuxigHoro BCII
MeH1Ie, Hik 16 n1b nokasye cyrTeBuil 3picT. 3allyMIIEHICTh 300paXK€HHs TPU3BO-
JUTH J10 3MEHIIEHHS KoeDilieHTy Kopeslii 300pakeHs Hikue, HiK 0.4, a Takoxk
NOPOKY€E JOJIaTKOBI JIOKAJIbHI €KCTPEMYMH. SIK HACHIiIOK, po3Mip 300pakKeHHs
(eHeprii cUrHAJIBHOI CKJIAJ0BOI) € OJHUM 3 BUPIIIAILHUX (DAKTOPIB, 1110, Y IIIOMY,
CYTT€BO BILJIMBA€E HA TOUHICTH 1 €(peKTUBHICTH cynpoBoy MBIIJIA.

3. CuHTE30BaHMI1 HA OCHOBI MaTEMAaTUYHOTO anapary 3MilIaHUX MapKIBChKUX
MPOILIECIB B AUCKPETHOMY 4Yacl ONTUMAJIbHUN JITOPUTM aIalITUBHOTO OI[IHIOBaHHS
napameTpiB pyxy ManeBpyrouoro MBIIJIA 3 BUKOpHUCTaHHSM KOPEJSALIMHOIO MO-
IIYKY € PEKYPEHTHUM 1 OITUCYE €BOJIIOIIIO CIIJILHUX allOCTEPIOPHUX PO3MOILIIB TIa-
pametpiB pyxy MBIIJIA i 1uckpeTHOro KOMIIOHEHTA, 1110 OMUCYE TUIl KOTO PYXY.
OnTuManbHUM NPUCTPIN € OaraTokaHaILHUM 1 BITHOCSITHCA 10 KJIacy MPUCTPOIB 13
3BOPOTHUMH 3B'sI3KAMU MIXK KaHajdamu. B onTumanbHOMY NPUCTPOI BIACYTHE 3pOcC-
TaHHS YKCIIa KaHATIB y MOPIBHSAHHI 3 BIJOMUM ONTUMAaJIbHUM (PLIHTPOM HA OCHOBI
0aileciBCHKOTO METOY aJalTUBHOTO OIIIHIOBaHHS, 10 0OYMOBJIEHO MapKiBCHKOIO
BJIACTUBICTIO 3MIIIIAHOTO TIPOIIECY.

4. B oTpuMaHOMy 3 BUKOPUCTAHHSM IOJIIrayCOBCHKO1 alpOKCUMAIIIT arocTepi-

OPHUX PO3MOAUTB KBa310NTUMAJIbHOMY QJITOPUTMI aJalTUBHOTO OLIHIOBAHHS
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napameTpiB pyxy ManeBpyouoro BITJIA 3 BuUKoprucTaHHAM KOPEJIAIIHHOTO TOITYKY
TIOPSITT 13 3a/1a4Y€t0 OIIHIOBAHHS TTApaMETPIB TPAEKTOPIi, TAKOK BUPIIITYETHCS 3a/1a4a
posmizHaBaHHs pi3HUX BUAIB pyxy MBIIJIA. 3a o6oma ocsimu CK mMatpuii kamepu
BUKOHY€ETHCS OIL[IHIOBAHHA MTAPAMETPIB PyXy aAaNTUBHUMHU P1ITPAMHU TPETHOTO O-
PANKY, SIKI TIOB’si3aHI MK COOOIO0 CHIJIBHHUM OJIOKOM OOpaxyHKYy amoCTepiOpHHX
HMOBIPHOCTEH THUIIIB pyXy 00’ €KkTy. BusBieHHS 00’ €KTY Y CTpOO1 CYIIPOBOTY BUKO-
HY€ETHCSL CIOCOOOM TMOPIBHIHHS TNI0OATBFHOTO €KCTPEMYMY HOPMOBAHOI B3a€MHOI
KOpeJsIiiitHO1 hyHKIIIT 13 3a/]JaHUM ITOPOTOBUM 3HAUYCHHSIM. Y BUIAJIKY HEBUSBIICHHS
00’€KTy BIJIOYBAETHCS KOT0O MOBTOPHUI MOILIYK Y TpyOoMy cTpoOi, cpOpMOBaHOMY
BUXOJISTYH 13 TIIIOTE3U PyXY 3 MAaHEBPOM.

5. Po3po6iieHnii KBa310NTUMAJIbHUM aJTOPUTM aJIallTUBHOTO OIIHIOBAHHS 3
MoBIpHOCTSIMU He HIK4e (.9 3a0e3neuye po3Mi3HaBaHHA 3aBUCAHHS 1 MaiiKe piB-
HomipHuil pyx MBIUIA, mo no3Bossie OyayBaT cTpoOU CypoBOAY aJ€KBATHO MO-
TOYHIM cuTyamii. Ha gingHkax Maii’ke pIBHOMIPHOTO pyXy 1 3aBucaHHs MBIIJTA
CKB noxubok nporso3y #oro koopauHar B 3.2 1 6.5 pa3 MeHile, Hi’K Ha JUISTHKaxX
PYXy 3 MAHEBPOM. Y CBOIO YEPry II€ 1a€ MOMJIMBICTh 3HU3UTU WMOBIPHICTh MTOTPa-
IUISTHHSL B CTPOO CTOPOHHIX 00’ €EKTIB.

6. Po3po0iieHnii KBa310NTUMAIBHUN alTOPUTM aJalTHBHOTO OIIHIOBAHHS 3a-
Oe3rnedyye HU3bKY WMOBIpHICTH 3puBy cymnpoBoay MBIIJIA npu Buxignomy BCIII
oiunbiIe, HiXk 18 1b, 1m0, BiANOBIIa€ TPAKTUYHUM CUTYaLIsIM MPU CYIPOBOA1 pO3IIO-
nineHoro 00’exty. 3a ymosw, mo BCII npuiimae 3Hauenns menie, Hix 14 1b, cte-
xeHHs 3a MBIIJIA cTae HEeMOXKIMBUM, IO OB’ A3aHO 31 3MEHIIEHHSIM KOe(iIllEHTY
B3aEMHOI KOpEJAIlil 300paxeHb 1 MOSBOIO PIBHOBEIMKNX XHOHUX MaKCUMYMIB KO-
pesiitHoT PYHKITT, 32 SKUMU 1 BIIOYBAETHCS XUOHE CTEKECHHSI.

7. Po3pobiiennii MeTO ] aJaliTUBHOTO OI[IHIOBAHHS MapaMeTpiB PyXy MaHEBPY-
toyoro MBIUTA 3a nanumu Bijzieokamepu Moke OyTH 3aCTOCOBaHM 0€3 CyTTEBHX
3MiH MPU BUKOPUCTAHHI METOJIIB MI>KKaJPOBO1 PI3HUII T4 OOUMCIEHHS ONTUYHOTO

MOTOKY JIJIsSl BUSIBJICHHS 1 BUMipIOBaHHS KoopauHaT MaHeBpyrodoro MBITJIA.
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PO3JI1JI 3. PO3POBKA METOIIB AJAIITUBHOI'O OINIHIOBAHHSA
ITAPAMETPIB PYXY MAHEBPYIOUOI'O MBIUIA 3A JAHUMH
JAJIEKOMIPY

3.1 CuHTe3 ONTUMAJIBHOIO | KBa3i10NITUMAJIBHOTO AJTOPUTMIB a1alI THUB-
HOI'O OLIIHIOBAHHSA TA IX aHAJI3

Cyuacui MBIUIA, BiHOCATBCS 10 1HTEHCHBHO MaHEBPYIOUHX 00’€KTIB, SKi
CITPOMOJKHI 31MCHIOBATH PI13Kl 3MIHU HANPsIMKY PyXy, IHTEHCUBHI MaHEBpH, a Ta-
KOK 3aBHCATU 1 HE pyXxaTtuch y npoctopi. Lle 00ymMoBII0€ HEOOXITHICTH PO3POOKHU
aJIaNTUBHUX JITOPUTMIB OIliHIOBaHHS napameTpiB pyxy BIUIA, sxi BpaxoByroTh ii
MO>KJIMB1 MaHEBPH.

Jnst onucy pyxXy MaHEBpPYHOUOTro 00’€KTa MO JaJbHOCTI BUKOPUCTOBYETHCS
JiHIAHA JUCKPETHA CTOXAaCTUYHA JUHAMIYHA CUCTEMA 3 BUIIAJIKOBOIO CTPYKTYPOIO
BUITY:

r(k)=F, (k,k —Dr(k —1)+ G ;(H)o(k), j=1M, (3.1)
ne r(k) — BekTop cTaHy, IO MICTUTh MapameTpu pyxy 00’€KTa Mo JaIbHOCTI;
F,(k,k-1), G (k) — MAaTpHIIi, 1110 OTUCYIOTh Pi3HI BUAM PYXy; ®(k) — HEKope-

JbOBaHAa MOCIII0BHICTh F'ayCIBCHKUX BEKTOPIB 3 OIMHUYHOIO KOPEISALIMHOIO MaTpH-
LEIO0.

st onucy TUIY CTPYKTYpH Mojieli pyxy o0’ekra (3.1), o BiAMOBIIAE TEB-

HOMY BUJIy MaHEBPY, 3aCTOCOBYETHCSI 3MIHHA TIEPEMHUKAHHS k), j=1M. Bona

BIJIHOCUTBCS A0 KJIacy JIAHLIOTIB MapKoBa 3 MaTpUIICI0 IMOBIPHOCTEN NEPEXOAIB
I, (k,k=1),i, j=1,M, 1 IOYaTKOBUMU MMOBIpHOCTSMU p;(0),i =1, M , 1110 103BO-

JIsi€ BpaxyBaTu MEePeXo Iy MIX pi3HUMHU BUJIaMU MaHEBPY 00'€KTa y JOBUIHHI MOMeE-
HTH 4Yacy.

PiBHSIHHS CITOCTEPEKEHHS TaJIEKOMIPY Ma€ BUTIISI:
r’ (k) = H(k)r(k) + v(k), (3.2)
ne r” (k) —BeKTOp CHOCTEpeX)eHHs; V(k) —BEKTOpP NMOMHUJIOK BHUMIPIOBAHHS 3
Hy/IbOBUM MAaTEMAaTUYHUM OYiKYBAaHHSIM 1 KopelsmiiiHoro Matpuinero R (k);

H (k) — MaTpHIIA CIIOCTEPEXECHHS, SIKa € BiJOMOIO.
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PiBastaas (3.1), (3.2) € BUXITHUMU JJII CHHTE3Y ONTHMAIBHOTO aJITOPUTMY
TpaekTopHOi pinbrpanii BITIA 3a nannmu ganexkomipy. Y po3risHyTiil TOCTaHOBIII
3aJ1a4i, MOPsJI 3 OI[IHKOI HEBIJOMHUX IapaMeTpiB pyxy 00'€kTa, Ma€ BUPIIITYBaTUCh
3aBJlaHHS pO3Mi3HaBaHHS BUAY Horo MaHeBpy. ToMy CHHTE30BaHI Ha OCHOBI
piBHsHB (3.1), (3.2) anropuT™MH BITHOCSATHCS JI0 KJIacy aJalTUBHUX.

[Iporiec 13 BUIAAKOBOIO CTPYKTYPOIO (k) HE HANECKHUTH J0 KIaCy MapKiBCHKUX
nporieciB. Lle 3HaYHO yCKIIaHIOE CHHTE3 AITOPUTMIB OIIHIOBAHHS TaKHX MPOIECIB
1 P BUKOPHUCTaHH1 0all€CIBCHKOTO METOAY aJallMBHOTO OLIHIOBAHHS MPU3BOAMTH
710 GIIBTPIB 31 3pOCTAIOYMM YHCIIOM KaHaJIB.

Opnak 10 mpoOaeMy MOXHa OOIUTH MPU PO3TISAlI PO3LMIUPEHOTO MPOIECY

(r(k),a;(k)), SKAW HAJICKHUTh JO KJIacy 3MIIIaHUX MapKiBCBKHUX IPOIECIB Yy

muckpetHomy daci [113]. Ilpu npoMy ONTHManbHUN aNrOpUTM OLIHIOBAHHS
HEIMepEepBHOT0 KOMIIOHEHTA (k) € 4aCTUHOIO aJITOPUTMY OIIHIOBAHHS 3MIIIAHOTO
npouecy (r(k),a;(k)).

HaiiGinpm1 moBHE pimieHHS 3aaadl  (QuIbTpalii MoJiArae y BH3HAYEHHI
aroCTEPIOPHOI HIIILHOCTI WMOBIpPHOCTI (iapTpoBaHoro mporecy W (r(k),a (k)
= P(r(k),a;(k)/E(k)), ne E(k)=r"(1), ..,r’(k) — OTpEMaHa MOCIiIOBHICTb
BUMIPIOBaHb J0 K MOMEHTY BKJIIOUHO. Ha i1 0CHOB1 MOKyTh OyTH BU3HAUYEH1 OI[IHKA
HEBIJIOMUX TNapameTpiB Oynb-akoi ¢yHkuii BTpaT. Ha ocHoBi mogem (3.1), (3.2),
HACIAyoud MeTOAuKy, HaBeaeHy B [100] omrumanbHMil anroput™m (GuUIbTparii
MO3Ke OYTH MPEJCTaBICHUN y BUTIISIL:

M ©
W (r(k),a, (k) = P (k) [ v(k) Y T, (k,k =1) [ TL(e(k) / v(k =1),a (k) %

i:1 —00

W (r(k —1),a;(k —1)dr(k —1) / P(r" (k) | E(k 1)),
(3.3)
pe I(r(k)/r(k—1),a;(k)) — ymoBHa HIUTHBHICTh UMOBIPHOCTI, 1110 BU3HAYAETHCS
3a gomomororo piBasHHA (3.1); P(r”(k)/r(k)) — OIHOKpPOKOBa (YHKIIis

MpaBAOMOAIOHOCTI, IO  BU3HAYAEThCA Ha  miactaBi  piBHAHHA  (3.2);
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P(r’(k)/E(k—-1)) — yMOBHA MIUIbHICTh HMOBIPHOCTI, BHKOHYE pOJIb
HOPMYBaJIbHOT'O MHOYKHUKA. PiBHsIHHS (3.3) onmucye aaropuT™ HENMHIRHOT CHTIBHOT
hinpTpauii BekTopa craHy r(k) i JMCKPETHOTO KOMIIOHEHTY a (k).

3aCTOCOBYIOYM TEOPEMY MHOKEHHS HMOBIPHOCTEH, MEPENUIIEMO aJrOpUTM

(3.3) y BUIIIS111 CUCTEMH PEKYPEHTHUX PiBHSHbD:

) = 3T (k= D, 1) (34)
i=l1

M 0
Wj(r(k)) = > 0, (k,k=DW (k=1) [ [ TI(r(k)/r(k =1),a;(k))x 655)
i=1 —00 —00 .

xI(r(k) / r(k =)W, (r(k —1))dr(k —)dr(k—1)/ W;(k);

W, (x(k)) = P(e” (k) / x(k),a (k)W (x(K)) | P(x? (k) / a;(k),E(k - 1)); (3.6)

W, (k)= P(r"(k)/ a;(k),E(k —1)) W; (k)/ P(x"(k)/ E(k —1)), (3.7)

Ie W; (r((k)) = P(r((k)/ a;(k),E(k —1)) — yMOBHa EKCTpanoyibOBaHa ITIJBHICTD
iiMOBIpHOCTI Bekropa r((k) 3a ymoBu a;(k); W;(k) — EeKCTparojiboBaHa
MMOBIPHICTb a;(k); W, (k) — amocTepiopHi HMOBIpHOCTI a;(k); W, (r((k)) —
YMOBHA aloCTEPiOpHA IIUIBHICTh WMOBIPHOCTI BekTOopa r((k) 3a ymoBHu a;(k);
P(x’(k)/a ;(k),E(k —1)) — yMOBHa IIIIBHICT HMOBIPHOCTI, [0 BU3HAYAETHCS 38

dhopmyIioro:

P (k) fa,(k).E Gk~ 1) = | PG (k) e((k)va, kDI (e ((RDde((R): (3.8)
P(r’(k)/ E(k — 1)) — yMOBHA LIUIBHICTh HMOBIPHOCTI, 110 BU3HAYAETHCS 34
hopmymoro:
PV (k) I E(k - 1)) = glru(y(k) [ a;(k),E(k ~ )W (k). (3.9)
iz
ITouaTkoBi yMOBH J1st anroput™y (3.4)—(3.7) MarOTh BH:

W, (r((0),a,(0)) = N(1i(0), P(0)) p,, i=1,M.
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CunrezoBanuii anroput™m (3.4)—~(3.7) € wenminiitaum. PiBasaus (3.4), (3.7)

* .
BUKOPHUCTOBYIOTBCS J1JIsi OOYMCIIEHHS €KCTPANOIbOBAHUX W ; (k) Ta anocTeplopHHUX
W, (k) FMOBIPHOCTEH NMCKPETHHX KOMIIOHCHTIB a (k). PiBmsHHs (3.5), (3.0)
*
BUKOPHUCTOBYIOTHCSI I OOYMCIECHHS YMOBHUX €KCTPaIroIbOBaHUX W, (r(k)) Ta

amocTepiopHux W, (r(k)) IUIBHOCTElH WMOBIPHOCTI HENEPEPBHOIO KOMIIOHCHTA

r(k). OcoOnMBICTH CHHTE30BAHOTO AJITOPUTMY MOJISATAE Y HEPO3PUBHI 3B'sI3aHOCTI

piBHSAHB (DUIBTpALll Ta EKCTPAMOJIALIT TUCKPETHOTO Ta 0€3MEPEPBHOIO KOMIIOHEHTIB
MK c00010. Anroput™ (inbrpartii (3.4)—(3.7) BU3HaUa€e CTPYKTYPY ONTUMAIILHOTO
npucTporo. OnTuManbHUi (QUIBTP MICTUTh M KaHAJIB 1 BIAHOCUTBCA 1O Kiacy
IPUCTPOIB 31 3BOPOTHUMHU 3B'SI3KAMHM MK KaHalamMHu. 3BOPOTHI 3B'SI3KYy MIXK

KaHaJIaMu 00yMOBJICHI MapKIBCHKOFO BIIACTHBICTIO 3MIHHOI MEPEMUKAHHS a ; (k) .

[IpakTyHa peanizallisi CHHTE30BAHOTO ONTUMAJIBHOTO AJITOPUTMY CHUIBHOT
binpTparii 3mimaHoro Mapkicekkoro mporecy (3.4)—~(3.7) 3ycTpidyae 3HauH1
TpyaHoii. BoHM 0OyMOBJI€HI BUMOIOI BETUKHUX OOCSTIB MaM'sTi 1 MIBUIKOJIL
oOuyuCiIIOBaYa TIPH BUKOHAHHI YHCEJBHOTO 1HTETPYBaHHS OaraToOBUMIPHUX
HIUIbHOCTEW HWMOBIpHOCTE. ToMy TpencTaBiise 3HAYHUWA 1HTEPEC CHHTE3
KBa310MNTUMAJILHUX aITOPUTMIB (DUIBTpAIIii.

KBaziontuMansbHui aJanTUBHUNA aJITOPUTM MOXKHA OTPUMATH MUISIXOM

BUKOPUCTAHHSAM  TayCCIBCBKOI  ampOKCHUMaIlli YMOBHHUX  €KCTParojJOBaHUX
. v u . . * . - .
IIUIEHOCTEN UMOBIPHOCTL WV (r(k)),j=1,M Ha xoxHoMy Kkpoti k. [Ipu mpomy

KBa310NTUMAJIbHUN ~ aJIFOPUTM  aAanTUBHOI  (QuIbTpalii mapameTpiB  pyxy

MaHEBPYIHOYOro 00'eKTa 3a TaHUMU JajIeKOMipa Ma€ BUTJISI:

W}k(k):%Hij.(k,k—l)Wi(k—l); (3.10)
i=1

M
r; (k)= Y10, (k,k =)W, (k =DF; (k,k = )i, (k = 1)/ W} (k); (3.11)
i=1
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P (k)= i{Fj(k,k—l)lai(k—l)Ff(k,k -)+G ()G’ (k) +

+(F (ke = D)F, (k = 1) =1, ())F,; (k, k= DE (k=) =1, () }x - (3.12)

X T1; (ko k=D, (k= 1) /W] (k);

£, (k) =15 (k) + K ()" (k) ~ H(b)r; (k) ; (3.13)

K (k) =P;()H" (k)(H (k)P;(k)H" (k)+R(k)™"; (3.14)
P.(k)=P (k)- K ()H (k)P (k) ; (3.15)

W (k)= P(y(k)/ a,(k),E(k — DWW} (k)| P(y(k) | E(k —1)), (3.16)

ne r; (k), . (k), P; (k), P (k) — MaTeMaTH9Hi OYIKYBaHHS Ta KOPEJLILIIIHI MAaTPHLI
YMOBHUX IIIJIBHOCTEN MMOBIPHOCTI W; (u(k)), W, (u(k)) ; K (k) — xoediuieHT
1JICUICHHS j-TO KaHaIly KBa310MITUMAJILHOTO IPUCTPOIO;
P(” (k) /v(k),a;(k)) = N(H(k)r; (k),D ;(k)); D, (k) — po3paxoByeTbcs 3a Hop-
MYJIOIO:

D (k)=H(k)P;()H" (k)+R(k). (3.17)

[ToyaTkOB1 yMOBH /I KBa310NTHMaILHOTO airopuTmy (inbpairii (3.10)—(3.16)

MalOThb BUIJIAL:

£, (0)=#(0), B, (0)=P(0), W, (0)=p,,i=1,M.

KBaziontumansuuii anroputm (3.10)—~(3.16) € neniniiinum. Ha BinMiHy Bij
ONTUMAJILHOTO AJITOPUTMY, TIPU HOTO pearizarlii 00UMCITIOITHCS JUIIEe TEPIIi 1
JPYTUii MOMEHTH YMOBHHX amocTepiopHUX po3noaiiiB. [lpu oMy amocrepiopHa
HIUTBHICTH WMOBIpHOCTI W (r(k)) mpu mepexoai Ha HACTYNMHHMM KpoOK (uIbTparii
alpOKCUMYETBCSI CyMOKO M TayCiBCbCKUX  MIUIbHOCTeW. CuHTe30BaHUM
KBa310MTUMATBLHUN (QUIBTP TaKOX BKJIIOYAE A KaHAIIB 1 BIIHOCUTHCS IO Kiacy
MPUCTPOIB 13 3BOPOTHUMH 3B’ SI3KAMU MK KaHAJIAMHU.

AHai3 TOYHOCHUX XapaKTEPUCTHK CHHTE30BAHOTO JITOPUTMY OI[IHIOBAHHS

napameTpiB pyxy MBIUIA 3 posmizHaBaHHSIM Pi3HUX BUIIB PyXy BUKOHAHHH 3a
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JIONIOMOTOI0 CTaTUCTUYHOTO MojentoBaHHs: HAa EOM. Mogens pyxy BIUIA onucy-

€THCS CTOXaCTUYHOIO TMHAMIYHOIO CHCTEMOIO 3 BUTIAJKOBOIO CTPYKTYporo (3.1), sixa

BpPaxOBY€ TPU OCHOBHUX BUIIM PyXy M =3:3aBUCaHHS | =1, Maibke piBHOMIpHUN

pyx j =2,pyXx 3 MaHeBpoM j = 3. BekTop cTany rT(k) = (r(k),r(k),r(k)) BKIIOYAE

KOOpOIWHATH IMOJTOKCHHA, IHBI/II[KOCTi 1 IMPUCKOPCHHA 110 I[aJILHOCTi.

Martpuiii, 1Mo BXOIATh B MOJENb pyXy (3.1) MaroTh BUI:

F (kk—1)=

ne ap,a,,a,

1 0 0]
Io 0 ol,

[0 0 0]

F,(k,k—1)=

[1 T 0]
Io 1 oI,

0 0 0]

F,(k,k—1)=

\S]

g
2
0o 1 T
0 0 1
a3-T3_
6
a3-T2.
> ;
ay-T
(3.

18)

— CKB BumankoBux (uyKkTyariidi MIBUIKOCTI, MPUCKOPEHHS 1

MIBUAKOCTI 3MiHU nipuckopenHss MBIIJIA st mepiioro, Ipyroro i TpeTbOro THUITIB

PYXY, BIATIOBIIHO.

TectoBa Tpaektopis pyxy BIIJIA Bxmtouae Ttaktn 1<k <182, po3dourta Ha

I’SITh IHTEpBaNIB 3 MEBHUM THIOM pyXy, JaHl HaBeneHl B Tabmuui 3.1. Temn

dbopmyBanns Tpaektopii MBIIJIA 7 =0.1 c.

Tabnuus 3.1 — BynoBa TecToBO1 TpaeKTOPii

InTepBan TakTu Tun pyxy Inpexc Tuny pyxy
I 2<k<47 PIBHOMIpHHIA pyX j=2
11 48 < k <77 MaHEBp «CKUJIaHHS IIBHIKOCT1» j=3
11 78 <k <119 3aBUCAHHS j=1
vV 120<k <141 MAaHEBpP «IIPUCKOPEHHS» j=3
\Y% 142 <k <183 pIBHOMIpHHH pyxX j=2
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Ha puc. 3.1 noka3zano 3anexHicTs 3MiHu napameTpiB pyxy BIUIA: ganbHicTi

r(k), mBugkocti ' (k), mpuckoperHas r"(k), a TAKOX TUIIH PYXYy a (k). 3a 3Ha-

YEHHSIMH IIBHJIKOCTI 1 TPUCKOPEHHS TaKOK JIETKO BU3HAYAIOTHCS AUISHKH 3 PI3HUMU

tunamu pyxy BITIA.
Fiik) 20
(M) 700 :
0 20 40 60 80 100 120 140 160 180 200
k
r,(]() 13 L T T T T L) T Ll Ll L) -
(M/C) -g r A A i L A A 1 I A ]
0 20 40 60 8 100 120 140 160 180 200
k
(k) of — — . : , . . .
(M/c?) . . . . . | . | . .
0 20 40 60 80 100 120 140 160 180 200
k
a (k) *
)l |
0 20 40 60 80 100 120 140 160 180 200
k

Pucynok 3.1 — 3anexHictb 3MiHu napametpiB pyxy BIIJIA Ha npomixky 180

TaKTIB

ITepeipka anroputmy (3.10)—(3.16) Oyna npoBeneHa sl JadbHOMIPY, IO

BuUMiproe JanpHicTh. IloMunka BumiproBaHHl panbHOCTI o, =0.5M. KinbkicTe
peamizariit Meroga Monte-Kapio mopisaioe 100.

. . . % . . £

Ha puc. 3.2, a nokasani MmatemaTuuH1 ovikyBaHHs m, (kpuBi-1) 1 CKB o,

(KpuBi-2) MOMUJIOK MPOTHO3Y JAJIBHOCTI, KOTP1 BU3HaUeH1 MeTogoM MonTe-Kapio,
ta CKB nomuinok nporunosy +/p, (kKpuBi-3) JaJbHOCTI, K1 OOUUCIEH] QLIBTPOM.

Ha puc. 3.2, 6 noka3aHi MmaTemaTHuH1 ouikyBaHHs m,. (kpuBi-1)1 CKB o, (kpusi-

2) MOMWIOK TPOTHO3Y IIBUJIKOCTI, KOTpl BU3HaueHI MeTojoM Monte-Kapio, Ta
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CKB noMmiok mporao3y mBHAKOCTI \/ p:, (xpuBi-3), siki o04uciIeHi GpiTpTpoM. Ma-

TEMaTUYHE OYIKyBaHHS PEAIbHOT MOXUOKHU MPOTHO3Y 100pe Koperyerhbes 3 CKB mo-
XHUOOK MPOTHO3Y, PO3paxOBaHUMHU (PUIHTPOM, 1110 CBIAYMTH PO MPaBUILHY POOOTY
anroputMmy. Ha ninsiakax maiixke piBHomipHoro pyxy MBIIJIA CKB noxu6ok mpo-
rHO3Y nanbHOCTI Ha 70 % MeHIle, HiX Ha AUIIHKAX pyXy 3 MaHEBPOM, a IIBUAKOCTI,
BiAMOBiAHO, B 3.8 pa3 menie. Ha ainsukax 3aBucanus MBIIJIA nogaTkoBo MOXHa

T1BUIITUTH TOYHICTh MTPOTHO3YBAHHS B 2 pa3u.

-1 L 1 1 I 1 1 1 1 1 )

0 20 40 60 80 100 120 140 160 180 200

(M/c) o™

& 1 i . s L I : I L |
0 20 40 60 80 100 120 140 160 180 200

6) k

Pucynok 3.2 — [loMuiku nporao3y JajbHOCTI Ta IBUJIKOCTI TP BUKOPUCTAHH1

aganTUBHOTO (LIBTpa

Ha puc. 3.3, a mokasani maremaTtu4Hi odikyBaHHs m, (kpuBi-1) 1 CKB &,
(KpHBI-2) TOMWJIOK OLIIHKH JAIbHOCTI, KOTP1 BU3HaYeH1 MmeTo1oM MoHnTte-Kapio, Ta
CKB noMuIiok o1iHK¢ \/Z ( xpuBI-3) manbHOCTI, ikl 00umucieHi ¢purpTpoM. Ha puc.
3.3, 0 moka3zaHi MmaTeMaTH4H1 04iKyBaHHS 71, (kpuBi-1) 1 CKB &, (kpuBi-2) momu-
JIOK OLIIHKHU IIBUIKOCTI, KOTp1 BU3HaUeH1 MeTo oM MonTte-Kapio, Ta CKB nomuiiok
HIBUIKOCTI \/E (xpuBi-3), K1 obuncieHl QiIbTpoM. MareMaTuyHe OYiKyBaHHS

peanbHOi MOXMOKHU OIiHKH 100pe KoperyeThes 3 CKB nmoxubok oiiHku, po3paxoBa-

HUMHU (DUIBTPOM, LIO CBIAYUTH MPO MPaBUIbHY poOoTy anroputMmy. Ha minsHkax
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maibke piBHOMipHOTO pyxy MBIIJIA CKB moxu6ok ominku naigpHOCcTi Ha 40 %

MEHIIIe, HIXX Ha AUITHKAaX PyXy 3 MaHeBpOM, a IIBUIKOCTI, BIAMOBiIHO, B 3.3 pa3

menuie. Ha minsgukax 3asucadass MBITJIA 1onaTkoBO MOKHA ITIABUIMTH TOYHICTD

oniHoBanHs Ha 50 %.

] "
-
» e &% . "ya -

Y [ - & Bed Abey
_t.l_nq X} dRayV i plarn *.': = a“vy =

»
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“'a,
/{

x
y

_0‘5 | 1 1 1 1 1 | 1 1
0 20 40 60 80 100 120 140 160 180 200

0 20 40 60 80 100 120 140 160 180 200
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Pucynok 3.3 — [loMuiIKM OLIHKY JaNbHOCTI T4 IIBUAKOCTI IPU BUKOPUCTAHHI

aganTUBHOTO (IbTpa

Ha puc. 3.4 mokasani KmoBipHOCTI p,, (kpuBi-1), p , (kpuBi-2), p, ;
(kpuBI-3) po3Mi3HABAHHS aJANTUBHUM aJrOPUTMOM pi3HUX BUIB pyxy MBIIJIA:

3aBUCAHHS, MalKe PIBHOMIPHUH PyX, pyX 3 MaHEBPOM. AJJaNTUBHUN aJTOPUTM 3a-

Oe3rnevye WMOBIPHICTh pO3Mi3HaBaHHs pi3HUX BUAIB pyxy BIIJIA Onu3bky 10 oau-
HHUIII.
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PucyHok 3.4 — VMoBipHOCTi Bu3HauenHs Tuiy pyxy BITJIA Ha OCHOBi pH BHKO-

PHUCTaHHI aJalTUBHOIO (PUIBTPA

3.2 Po3poOka aJanTHBHOI0 AJTOPUTMY 3 NOCTIMHMMHU KoeinieHTamMu Iri-
ACHJICHHA KaHAJIB QiabTpy

BpaxoByroun BHUCOKHMI TeMNn HAAXOMKCHHS JaHUX, [JIS peai3artii
CUHTE30BaHUX aJTOPUTMIB MOTPiOHI, BCE K TaKW, 3HAUHI OOUHCIIIOBAIbHI BUTPATH.
Jlnst cripolieHHsT CHHTE30BaHOro KBasiontumaibHoro anroputmy (3.10)—(3.16)
MO>Ke OyTH BUKOPHCTaHUI MeTo 1 (pikcarlii (3aMOpOKyBaHHA ) 3HAUEHb KOE(DILIEHTIB
MIJICUJICHHS] KaHaJliB KBa3lonTUMalbHOro (pinbTpa. [laHuii MeTo] 3acHOBaHUN Ha

TOMY, IO TOYHICHI XapaKTEpUCTUKN KaHaTy aJalTUBHOIO (PiIbTpa, IO BiAMOBIIAE

ICTHHHOMY 3HAa4€HHIO JUCKPETHOTO KOMIIOHEHTa a ;(k), cxonarbca B

CepeIHBOKBAAPATUIHOMY CEHCI J0 TOYHUX XapaKTEPUCTHUK HEaJalTHBHOTO
QITOPUTMY, 1110 HANAIITOBAaHWN HA ICTUHHE 3HAYEHHA HeBijoMoro napamertpa [100,
113]. OnTumanbHUM anropuT™MOM (GibTpallii 11k CTAIlIOHAPHKUX JUISTHOK CUTHATY
€ muiiHui QineTp KanmMmana, sSKuil miciisg 3aBEpIICHHS MEPEXiTHOTO PEXUMY
BUXOJWTh Ha CTaIllOHApHY IUISHKY pobotu. Ilpu BHUKOpHCTaHHI METOMY

3aMOpPOXKYBaHHS KOe(IIIEHTH MiJACWICHHS KaHaJiB KBa31ONTUMAalIbHOTO (PiibTpa,

K, (k), j=1,M BBaXalTbC] DPIBHUMH 3HAYCHHSM KOCQILIEHTIB IIi/ICHICHHS
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BignoBiiHUX (ineTpiB KanmaHa B cramioHapHOMY pexuMi poOOTH 1 Hajxaial He
HepepPaxoBYIOThCH.

CrpoiieHuii  KBa3lONTUMAIbHUNA — alITOPUTM  (QUIBTpALl  OMNUCYETHCS

PIBHSHHSMU:
M
W) (k)= 3 T (k k=D, (k = 1); (3.19)
i=1
k M *
vy (k)= YT, (k,k — W, (k = DF , (k,k = Df (k= 1)/ W (k); (3.20)
i—1
£ (k) =r;(k)+ K (k)" (k)—H(k)r;(k)]; (3.21)

M
W (k) = P(e? (k) / a; (k),E(k =)W (k) ) 3 P(x¥ (k) / a;(k), E(k = D)W, (k). (3.22)
i=1

st peanmizanii anroputmy (3.19)—(3.22) B nopiBHAHHI 3 KBa310NMTUMAJIbHUM
anroput™MoM (3.10)—(3.16). [loTpiOHO 3HAYHO MEHIIE OOYMCIIOBAIILHUX BUTpAT,

OCKITbKM B OCTaHHHOMY TaKOX PO3PaXOBYIOTHCA KOPEISIIMHI ~ MaTpHIIl

P; (k), P (k) Ta xoedimientn nocunenus K (k),j=1,M . CIpykrypa Ta 3B0OpOTHI

3B'SI3KM MDK KaHaJaMH CIIPOLICHOro (ibTpa Npu oOMiHi ouiHKamu F, (k) , j=1,M

30epiraroThCs TAKUMH 3K, 5K 1 y KBaziontuMaiabHoro ¢uistpa (3.10)—(3.16).
3a 101OMOTror0 CTaTUCTUYHOTO MojentoBaHHs Ha EOM 0yio BUKOHAHO aHai3

anroputmy (3.19)—(3.22).
Ha puc. 3.5, a moxa3aHi MaTemaTnuHi odikyBaHHs m, (kpusi-1) i CKB o

(KpuBI-2) MOMUJIOK MPOTHO3Y AAJIBHOCTI, KOTP1 BU3HaYeH1 MeTogoM MonTte-Kapiio,
ta CKB nomuinok nporuHosy 4/p, (kKpuBi-3) JaJbHOCTI, K1 OOUUCIEH] QLIBTPOM.

Ha puc. 3.5, 6 noka3aHi maTemaTHuH1 ouikyBaHHs m,. (kpuBi-1) 1 CKB o, (xkpusi-

2) MOMUJIOK MPOTHO3Y IMIBUJIKOCTI, KOTpl BU3HaueHi metogoM Monte-Kapio, Ta

CKB nomMuiok mBUAKOCTI 4/ p,. (KpuBI-3), Kl 00UUCIIEH] QUIBTPOM.

MarteMaTnyHe O4iKyBaHHS PEIbHOI MOXUOKU MTPOTHO3Y T00pE KOPETY€EThCS 3

CKB noxu6ok nporsosy, po3paxoBaHUMHU (PLIBTPOM, 1110 CBITYUTH PO MPABUIBHY
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poboty anroputmy. Ha ninsakax maibke piBHomipaoro pyxy MBIIUJIA CKB noxu-
OOK TPOTHO3Y JATBHOCTI B 3 pasw MEHINe, HDK Ha TUISHKAX PyXy 3 MaHEBpPOM, a
IIBUJIKOCTI, BIIMOBiAHO, B 7 pa3. Ha minsukax 3aBucanns MBITJIA nomgaTkoBo Mo-

YKHA TABUIITUTH TOYHICTh IPOTHO3YBAHHS B 5 pa3.
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Pucynox 3.5 — [loMuiku mporao3y aabHOCTI Ta MIBUKOCTI TPU BUKOPUCTAHH1

aganTUBHOTO GLILTPA 3 PIKCOBAHUMH KOE(iIIEHTAMU

Ha puc. 3.6, a mokaszani maremaTtudHi odikyBaHHs m, (kpuBi-1) 1 CKB &,
(KpHBI-2) TOMWJIOK OL[IHKH JAIbHOCTI, KOTP1 BU3HaYeH1 MmeTo1oM MoHnTte-Kapio, Ta
CKB nomuiok o1miHKu \/Z (xpuBi-3) mambHOCTI, K1 oOuncieHi ¢piapTpoM. Ha puc.
3.6, 6 moka3aHi MaTeMaTH4H1 o4iKyBaHHS 71, (kpuBi-1) 1 CKB &, (kpuBi-2) nmomu-
JIOK OI[IHKH MIBUAKOCTI, KOTp1 BU3Ha4YeH1 MeTogoM MoHnTe-Kapio, ta CKB nommiiok
IIBUIKOCTI \/E (xpuBi-3), saxi obuncieHi ¢piabTpoM. MareMaTuyHe OYiKyBaHHS

peanbHOi TOXUOKH OIiHKU A00pe KoperyeThes 3 CKB moxubok oriHIoBaHHS, pPO3-
paxoBaHUMU QUIBTPOM, IO CBIAYUTH MPO NMPABUIbHY poOoTy anroputmy. Ha mins-
HKax Maibxke piBHOMIpHOTO pyxy MBIIJIA CKB noxu6ok ouinku ganbHOCTi Ha 60

% MeHIIIe, HDK Ha JUISHKAX 3 MAHEBPOM, a IIIBUIKOCTI, BIANOBIAHO, B 6.4 pa3
5 9 b b
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menite. Ha minsakax 3asucadass MBITJIA 1o1aTkoBO MOKHA ITIABUIIMTH TOYHICTD

OITIHIOBAHHSI B 2 pa3Hu.
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Pucynox 3.6 — [loMuiku omiHKY JaTBHOCTI Ta MIBUAKOCTI IPU BUKOPUCTAHHI

aganTUBHOTO QUIBTPA 3 PIKCOBAHUMH KOE(ILIEHTAMU

SAx BumnnuBae 3 puc. 3.5 1 puc. 3.6 aanTUBHUN aNTOPUTM 3 MOCTIHHUMHU KOe-
¢iLieHTaMU Ma€ TOYHOCHI XapaKTEPUCTUKU OJIU3bKI 3 KBA310NTUMAIIbHUM aJalTHB-
HUM asiroput™oM (3.10)—(3.16). CriocTepiraeTbcs HassBHICTh NEPEXITHUX PEXKUMIB
poOOTH BCTAHOBJICHHSI TTIOMUJIKM OLIIHKHU MPHU MEPEX0Jil BiJl pyXy 3 MaHEBPOM JIO
pyxy 06e3 MaHeBpy 1 3aBUCaHHA. B cTamioHapHHX pexuMax poOOTH TOYHOCHI Xapa-
KTEPUCTUKH aJITOPUTMIB CITIBIAAAIOTh.

Ha puc. 3.7 nokasani iimoBipHOCTI p,,, (kpuBi-1), p, . (xpuBi-2), p, ; (KpHBI-

3) po3mi3HaBaHHS aJaNTUBHUM QJITOPUTMOM 3 MOCTIMHMMHU NapaMeTpaMu Pi3HUX
BuiB pyxy MBIIJIA: 3aBucanss, maiie piBHOMIPHHI pyX, pyX 3 MaHEBpOM. Ana-
NTUBHUN alITOPUTM 3a0e3medye BUCOKY WMOBIPHICTh PO3MI3HABAHHS PI3HUX BH/IIB
pyxy BIIJTA. V nopiBHSIHHI 3 KBa310NTUMAJIBHUM aJalTUBHUM ajnroputMoM (3.10)
—(3.16) cmoctepiraeTbcsi HE3HAUHE 3MEHIICHHS HMOBIPHOCTI PO3Mi3HABAHHS PYyXiB

MIEPIIOTO 1 APYTOro TUIIIB B IEPEXIAHUX PeKUMaX POOOTH.
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3a BUKOPHUCTAHHA CHPOIICHOTO aITOPUTMY Yac PO3Mi3HABAHHS PIBHOMIPHOTO
pyxy Ta 3aBucaHHs 3poctae Ha 20—40 %. IIpore, 3 ypaxyBaHHSM TOro, WIO
TPUBAJICTH AUISHKU CTAI[lOHAPHOTO PEXHUME, SIK MPABHUIIO, HA TMOPAIOK BUIIE YaCy
pO3Mi3HaBaHHs, TO Taka 3aTPUMKa HE MPU3BOAUTH IO CYTTEBOTO 3HIKEHHS SIKOCTI
¢inprpanii. Yac posmizHaBaHHA Yy PO3IJBILYBAHUX AITOPUTMAX MPAKTUYHO

OTHAKOBHIA.
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Pucynok 3.7 — NmMoBipHOCTI Bu3HaueHHs tuiy pyxy BIIJIA Ha ocHOBI pu BUKO-

pHUCTaHHI aAanTUBHOTO (UIbTpa 3 (PIKCOBAaHUMU Koe(iliEHTaMH

CuHTe30BaHl KBa3iONTUMAaJbHI AJITOPUTMH OIIHIOBAHHS CTOXAaCTHUYHUX
MPOILIECIB 13 BUMIAJKOBOIO CTPYKTYPOIO € HETTHIWHUMU HaBITh Y BUNIAAKY, KOJIU JIJIS
OIKUCY Pi3HUX BUIB CTPYKTYPU BUKOPHCTOBYIOTHCS JiHIMHI JUCKPETHI cucTeMH. [x
aHaJii3 MOXe OyTH BUKOHAHMM JIUIIIE 3a IOTIOMOTOI0 CTATUCTUYHOTO MOJIEIIFOBAHHS
Ha EOM. Tomy 1ikaBuTh po3poOKa CHPOIICHUX METOAUK BU3HAYEHHS TOYHICHHUX
XapaKTEPUCTHK OL[IHIOBaHHS. SIK BKe 3a3HA4YaIOCs BUILE, TOYHICHI XapaKTEPUCTUKU
KaHaJly aJanTUBHOTO (iIbTpa, M0 BIJMOBIAE€ CIPABXHHOMY 3HAYEHHIO
JUCKPETHOTO KOMIIOHEHTa, CXOIATHCS B CEPEIHbOKBAJAPATUYHOMY CEHCl 0
TOYHICHMX XapaKTePUCTHUK HEAJalTUBHOTO aJlfOPUTMYy, HAJIAIMITOBAHOTO Ha
CIpaBXHE 3HA4YeHHs HeBigomoro mapamerpa [100, 113]. OntumansHuM

anropuT™MoM GUIbTpallii s CTalllOHAPHUX JUISHOK CUTHAIY € JIHIMHUN (PiabTp
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Kanmana, sikuii miciis 3aBepIIeHHs MePEXiTHOTO PEXKUMY BUXOAUTDH Ha CTAI[lOHAPHY
IUISIHKY  po6otu. Tomy TouHicTh BiamoBigHuUX ¢iasTpiB Kanmana wmoxxHa
pO3IJISIIATH SK TMOTEHLIWHO AOCSHKHY JUISI OI[IHOK CTOXACTUYHOTO TIPOLECy 3

BUIIAJIKOBOIO CTPYKTYPOIO.

Ha puc. 3.8 (a) naseneno CKB moMHIIOK MPOTHO3Y MANbHOCTI p; Y p;r >

* . % * *
\ D3, » @ Ha puc. 3.8 (6) CKB noMuioKk poruosy mBuaKoCTi \/plr' ) \/Pzr/ ) \/P3r/
, K1 o0uncieHi ginbrpamu Kanmana npu BUKOPUCTaHHI TPhOX PO3TIISIHYTHX BUIIIE

mozenelt pyxy. Ha puc. 3.9 (a) HaBeseno CKB MOMUIIOK OLIHKH JAJIBHOCTI +f p

1r »

P2, » \/P3, » a HA pHC. 3.9 (6) CKB NOMMIJIOK OLIHKH MIBHAKOCTI /Py, » /Do,

\ D3, » KOTpi 00uncneni dinsrpamu KaaMana npu BUKOPUCTaHHI TPHOX PO3IJISIHY-

THX BHIIE MOJICJIEH PYXY.

10 12 14 16 18 20
0) k

Pucynok 3.8 — [loMuiku mporao3y JajabHOCTI Ta IIBUJIKOCTI, sIKi 004HCIeH1 (i-

apTpamu Kanmana npu BUKOPUCTaHHI TPhOX MOJIENEH pyXy

[ToTeHIiiinui BUTpaIl B TOYHOCTI MPOTHO3Y JaNIbHOCTI IIPU 3aBUCAHHI CKIIaJIa€
omu3bko 4.2 pa3, a mpu piBHOMIpHOMY pyci 6mm3bko 2.3. [loTeHiiitnuil Burpam B

TOYHOCTI IIPOTHO3Y HIBUJIKOCTI P PIBHOMIPHOMY pyci 01u3bK0 7.3 pas.
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Pucynok 3.9 — [loMuIKHM OLIHKY JaIbHOCTI Ta MIBUAKOCTI, sIKI 00UncIeH1 (iIbT-

pamu KanMana ripu BUKOPUCTaHHI TPhOX MOJIENEH pyXy

Ha puc. 3.8, 3.9 Mo>kxHa BUIIITUTH TIEPEX1THUMN 1 CTAIIOHAPHUM AUISTHKYA pOoOOTH
¢inpTpa Kanmana. IToTeHuiiHuii BUrpam B TOYHOCTI OL[IHIOBaHHS JAJIbHOCTI NIPH
3aBUCaHHI CKJagae OIu3bKo 2.8 pas, a mpu piBHOMIpHOMY pyci BUTpar ckiagae 60
%. IloTeHuiiHUN BUTpall B TOYHOCTI OI[IHIOBAHHS IMIBUAKOCTI MPU PIBHOMIPHOMY
pyci 6au3bKko 6 pas. JloBkuHA MepexiTHUX IUISTHOK POOOTH KaJIMaHIBCHKOTO (Dijib-
TPY TAKOX MO€e OyTH BUKOPHUCTAHA JJIsl OLIHKHU MEPEX1THUX PEeKUMIB poOOTH aj1a-
NTUBHOTO aJTOPUTMY.

O1iHMMO BUMOTHU J0 HEOOX1HOTO 00CATY OOUYMCIICHD 1 TTaM’SIT1 PU peatizarlii
3aIMPONOHOBAHKX AJITOPUTMIB aaanTuBHOI (inbTpariii Ha EOM, 1o npairorots y pe-
anbHOMY MaciTabi yacy [117, 118]. ¥V nupomy BUNaAKy OJIHIEIO 3 OCHOBHHUX XapaK-
TEPUCTHUK aJTOPUTMY € Yac OOYHCIICHb, BUTPAYCHUI HAa OJIUH KPOK (ibTparlii.

Ileit vac Bu3HaUYaeThes K mBUAKOAIEI0 EOM, Tak 1 3aranbHOI0 KUTBKICTIO OITe-
pariii, HeoOXiTHUX g oOuncieHHs 3a (Gopmynamu. TouHima OIiHKA MOTPeOye
3HAHHS CHUCTeMH KomaHj KoHKpeTHoi EOM, Ha sikiit peanizyerbest GinbTp. [Ipote
IIpU MOPIBHSAHHI PI3HUX CHOCOOIB OpraHizailii 004HMCIOBAIBHOIO MPOLIECy B 3a/a-
yax (uUIbTpallii NepIIuM 1 TOCUTh T0OpUM HAOIMKEHHSIM JJI 4acy O0UHCIEHb MOXKeE

CIYryBaTH HEOOXIiJHA KIJbKICTh omepaliii MHoxkeHHs (mineHHs). Lli omeparii
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BUKOHYIOTHCSI MIOBUIBHIIIE, HIXK OMNepallii J0JaBaHHs, TOMy OCHOBHMIA 4ac BUTpayda-
€ThCS caMe Ha BUKOHaHHS 1ux omeparii. HeoOxiguuii o6csr mam’ari O3I1 BuzHa-
YAETHCA PO3MIPHICTIO BIATOBITHUX BEKTOPIB 1 MATPHUIlh, III0 BXOASATH JI0 PIBHSIHB

anroputmy. 111 mani HaBeaeHi B Tabmuii 3.2

Ta6mui 3.2 — IloTeHIiiHa KIJTIBKICTh PECypCiB 0OUHMCICHHS

3minHa Po3wmip | IToTpidHa KigbKicTh KoMipok O3I1
f'j (k) nxl n
F,(k,k—=1) | nxn n>
Kj nxs ns
r’ (k) sx1 s
H (k) sxn sn
f)j (k) nxn n>
R (k) SX 8 52
* 2
P (k) nxn n
G (k) nxr nr
* 1
r; (k) nx n

3 ypaxyBaHHSIM OCHOBHUX IPaBUJI MaTPUYHOI aareOpu MOKHa pO3paxyBaTH
KUTBKICTh Oomepaliiii MHOKEHHS (1 J0/IaBaHHs), HEOOX1THUX JUIsI OOUHMCIICHHS OIITH-
MaJIbHOI OLIHKK (PinbTparlii 3a oaquH Kpok. [lependavyaeThes, 110 0OCpHEHHS MaT-
PUIL BUKOHYETHCS 32 CTaHJAPTHUM aJiropuT™MoM [ ayca.

B nammx pospaxynkax n =3,s =1, =1. Ozapa3y miacraBumo s =1, =1 ocki-
JbKA BOHA MAlOTh HAMEHIIIMH BIUTHB 3a TOTOYHUX 3HAYCHb OTPUMAEMO:

3arayibHa KUJIBKICTH OIepalliii MHOKEHHS Ha OJWH TaKT (IbTpallii:
M(n)=57n" +63n° +48n + 3. (3.23)

3arayibHa KUJIBKICTH OIepallii ToJaBaHHSA Ha OJWH TaKT (QiabTpalrii:
A(n)=21n +12n* +18n +3. (3.24)

Sk BUJIHO 3 HaBEJICHUX CITIBBIAHOIIEHB, 00CIT 00UHUCIICHb TPONOPIIHHUN KyOy
po3mipHOCTI cuctemMu. BuHukae HarajibHa motpeda y po3po0ili aaropuTMiB siKi IpH-

BOJSITH 10 3MEHIIICHHS] PO3MIPHOCTI CUCTEMH.
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Bupasu (3.23) i1 (3.24) oTpumani ajis BUMAAKy, KOJIU BC1 O0UNUCIICHHS BUKOHY-
I0ThCS B peaiibHOMY MaciuTali yacy. OqHak, y pasi pikcyBaHHS €JI€MEHTIB MaTpHy-
HOTO KoeiIlieHTa MiJICHICHHS, BOHH PO3PaXOBYIOTHCS OJMH pa3 Ta B MOAAIBIIIOMY
HE 3aJIeKaTh BiJ] BUMIPIOBaHb.

VY TakoMy BUNIAAKY B pealIbHOMY MacIITadl yacy moTpioHO 00UHCIIIOBATH JIUIIIE
nmoTOYH1 OIiHKM. OTXe, 3arajgbHa KUTBKICTh OTepalliii MHOYKEHHS 1 J0JIaBaHHS TIPH

bOMY 3MEHIIY€EThCA J10 3HAYEHB!
M, (n)=3n" +15n; (3.25)
A,(n)=9n" +3n, (3.26)
HeBaxko HaOJIMKEHO MOPAaXyBaTH BUTPallll, IKI MU OTPUMYEMO Y 3B SI3KY 3 BH-

KOPUCTaHHSIM MiAX0AY 3 (PIKCYBaHHSIM KOE(QIII€HTIB, OCTATOYHO IiJCTaBUBIIU

n=3:

WM :_9WA =" (327)

ne W,, ~31.3 — BUIpall B pa3ax II0 OIepalisgx MHOXKEHHA, W, ~ 8.1 — BHUIpall B

pasax 1o omneparisax J101aBaHHs.

ToOto, Burpain anroputmy 3 ¢ikcyBaHHsIM KoedimieHTiB csarae 31 pa3 3a ore-
pauisiMi MHOXKEHHS, Tak 1y 8 pa3iB 3a onepauisiMi J01aBaHHS.

3.3 Po3poOka azjanTMBHOIO AJTOPUTMY IIPH HASIBHOCTI NPONYCKIB Ta XHU-
OHHMX BUMipIOBaHb

Oco0auBOCTAMHU pOOOTH AJIEKOMIPY € MOKIIUBICTh IPOITYCKIB Y BUMIPIOBaHHI1
KOOpJIMHAT a00 MOSIBM XMOHMX BUMIiproBaHb. [lo-niepiie mpomnycku 06’ ekTa 00ymMo-
BJICHI THUM, 1110 WMOBIPHICTh NMPABUILHOTO BUSBICHHS 00’ €KTa, SIK MPABHUIIO MEHIIIE
oJMHAUL. IMOBIpHiCTB T10SIBM XMOHMX BUMipIOBaHb, IMOBIPHICTb IOSIBM XHOHNX BH-
MIpIOBaHb Ha IHTEPBAJII CIIOCTEPEKEHHS BU3HAYAETHCSI XUOHOIO TPUBOTOKO BUSIBITIO-
Baua. HeoOxigHo BigmitutH, 110 MBIIJIA € manopo3mipaum 00’ ektoM. s miaBu-
nieHHs1 “MoBipHOCTI BusiBiIeHHsS! BIIJIA cnoci® 3HMXKEHHS MOPOroBOro piBHs BUSB-

JIOBaHa, B MPHUCTPOI MEpBUHHOI OOpOOKHM CHUTHANIB. Y MOPIBHSIHO 3 I1HIIUMHU
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METOaMH JIaHWUH CIIociO He BUMarae BHECEHHS 3MiH B KOHCTPYKITIIO pagapa. Ase kK
IpU LOMY BiI0YBA€THCS 3pOCTAHHS HMOBIPHOCTI XUOHOT TPUBOTH.

Tako miarpama HaIlpaBJICHOCTI JAIEKOMIPY € BY3bKOIO, 11100 3a0€31eYUTH I10-
TpAIUISHHSA B Hel caMe OJ{HOTO BU3HAYEHOT0 06’ ekTa. Floro HanpsMoK BU3HAYAETHCS
3a JJaHUMH BiJIEOKaMepU. 3a PaxyHOK MOMMIOK BHU3HAYEHHSI KyTOBUX KOOpPJMHAT
00’€KTa BiZIEOKaMepOr0, MOKIIMBI BUXOIM 00’ €KTa 3a MEXI llarpaMu HarmpaBJIeHOCT]
aHTEHU JaJIeKoMipa.

[Ipormycku 1 XvOHI BUMIPIOBaHHS TaKOX MOKJIMBI 32 PaXyHOK 3HHUKHEHHS
00’€KTa 3a MepeKoIaMHu.

Pyx BIIJIA mo majibHOCTI CTOXaCTHYHOIO TMHAMIYHOIO CUCTEMOIO 3 BUIMAIKO-
BOIO CTpykTyporo (3.1). PiBHAHHS crHocTepeXeHHS 3a HasSBHOCTI XHOHHX

BUMIpPIOBaHb MA€ BUTJIS:

r’ (k) =b,,(K)H (k)r(k)+v,(k))+1-b,, (k)v,(k), (3.28)
ne b, (k), m = 0,1 — 3MiHHa MepEMUKaHHS, 1110 € O1HAPHOIO BUMAIKOBOO MOCIIII0-
BHICTIO; v, (k) — HEKOPENbOBAHA IIOMMJIKA BUMIPIOBAHHS 3 HYJIbOBUM MaTE€MaTH4-
HUM OUiKyBaHHSM i ucnepcieto R, (k) mpu HOpManbHOMY BUMIPIOBaHHI; v, (k) —
HEKOpeJIbOBaHa KOOpAMHATA XUOHOTO BUMIPIOBAHHS 3 MATEMAaTUYHUM OYIKYBaHHSIM
m, (k) i qucnepciero R (k) mpu XuOHOMY BHMipIOBaHHI.

3HaueHHs 3MIHHOI NepeMUKaHHs b, (k), m = ﬁ BU3HAYA€ BUJI BUMIPIOBAHbD.
Ilpn b,(k)=1 BumiproBanHsa HopMmanbHe. llpu b,(k) =0 BUMIpIOBaHHS XHOHE.

bynemo BBaxkatu, 1m0 3HaY€HHS 3MIHHOI MEPEMUKAHHS b, (k), m=0,1 Ha pI3HUX

TaKTaX CTATUCTHUYHO HE3aJIeXkKHI 1 B1IOMI HMOBIPHOCTI iX NOsABH ¢, , m= 0, 1.

HeoOxigno Ha ocHoBi moneni pyxy BIIJIA (3.1) 1 piBHSIHHS CIOCTEpEKEHHS
(3.28) cuHTEe3yBaTH ONTUMAIBHUM 1 KBa310NTUMAJIbHUN QJITOPUTMU AAANTHBHOI
dbutbTpanii napamerpiB pyxy MBIIUIA 3a manumu nanekomipy MpU HasiBHOCTI
XUOHUX BUMIPIOBaHb.

3aCTOCOBYIOYM METOAMKY PpO3LIMPEHHS BEKTOpa CTaHy (PUIBTPyeEMOTo

npouecy, po3misiHyTy B [170], MOKHa MOKaszaTd, IO PO3LIUPEHUN MPOIEC, IO
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BKJIFOYA€ Oe3MepepBHUN KOMIIOHEHT ¥(k) 1 JUCKPETHI KOMIOHEHTH a (k) b, (k)

BIIHOCUTBCS JO0 KJacy 3MIIIAaHUX MapKIBCBKHUX TMPOIECIB B JUCKPETHOMY dacl.
3aBiaHHA CHHTE3y ONTHMAJIBHOTO alropuT™My GiabTpaiii 3BOIUTHCS 0O
OOYHCIICHHSI armoCTEePIOPHOT IMIUIBHOCTI MMOBIPHOCTI PO3IIMPEHOTO MPOIECy
W (x(k),a(k),b,, (k) = P(r(k),a;(k),b, (k) E(k)), ne E(k)=r"(1),...r"(k) —
OTpUMaHa MOCIiJOBHICTh BUMIPIOBAHb /10 k-TO MOMEHTY BKIIIOUHO. JlOTpHUMYIOUUCH
METOJMKH CHUHTE3Yy, PO3MJISIHYTOI B MiApo3ault 3.1, onTUMalbHUNA aJanTUBHUMI
QITOPUTM OIlIHIOBaHHS mapaMeTpiB pyxy MBIUIA 3a ganumu nanekoMipy MOXHa
MPEACTaBUTH TaKUX MOXKHA y HACTYNMHOMY BUTJIsAl. OCKUIBKHM HA4Y€HHsI 3MIHHOT
NIEpeMUKaHHs b, (k) € CTaTUCTMYHO HE3AJCKHUMH, IIOYaTKOBUMHU YMOBaMH JUIA k -
ro  KpPOKy  OIIHIOBaHHS €  afocTepiopHa  HIUIBHICTh  WMOBIPHOCTI
W(k—1),a;(k-1)=W.(r(k—D))W,(k—1). ToMy ONTHMalbHUH  AJITOPUTM
EKCTPAINOJIALI] 3MIIIIAHOTO TIPOLIECY MA€ BUTIISIA;

W (k)=4q,; (3.29)

- (k, k=W, (k-1); (3.30)

L)

i,=1

N M
Wj(k)=zn

M 0
W (k) = 3 T (k, k= DW,(k = 1) [ TI(r(k) / v(k —1),a,(k)) x o)
i, =1 e )

x W, (r(k = 1)dr(k —1)/ W (k).

YTO4YHEHHSI €KCTPaNoJIbOBAHUX PO3IMOALTIB Bi1IOYBAETHCS MICIs OTPUMAHHS
BUMiproBaHHS  r” (k). YMOBHI  amocTepiopHa  IIJIBHICTE  WMOBIPHOCTI
W, (x(k)) = P(r(k)/ a;(k),b(k),E(k)) i arocTepiopHa HMOBIPHICTh
W (k) =P(a;(k) | b (k),E(k —1)) po3paxoByIOThCs 32 YMOBU OTPUMaHHS HOpMaJib-
HOTO BUMIPIOBAHHS JAJIbHOCTI (3MIHHA IIEPEMUKaHHA NpuiiMae 3Ha4eHHs by (k) =1)

3a hopMyJIaMu:
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Wi () = P (k) 1K), @ (), by ()W (1K) /

| P (k) @, (), b, (), 20k = 1); (3.32)

W (k) = PV (k) ] a, (k)b (k). E(k —~DYW; (k) / P(x" (k) / by (k), E(k 1))
(3.33)
ne P(r"(k)/r(k),a ;(k),by(k)) — yMOBHa INiIBHICTH HMOBIPHOCTI, IO PO3PAXOBY-
eTbcsi Ha ocHOBi piBHsHHA (3.2) 1 € rayciBcekoro  N(0,R,(k));
P(r’(k)/ a ;(k), by (k),E(k—-1)) — ymoBHa HIUIBHICTD ~ MMOBIPHOCTI, IO

BH3HAYAETHCS 32 (POPMYIIOIO:

P(x?(k)/ a;(k),by(k),E(k - 1)) =

o . (3.34)
= f P(r? (k) /v (k)b (k)W ; (x(k))dr (k);
P(r” (k) /b, (k),E(k —1)) — BH3HAYAETHCS 32 POPMYIIOFO:
M 2
P(r’ (k)| b (k),E(k-1)= > > P(r" (k)| a; (k),b,(k),E(k - 1))W;(k).
im (3.35)

ITpn ymMOBi , 110 3MiHHA IEPEMHUKaHHA IpUMac 3Ha4eHHs b, (k) = 0, Bi1OyBa-
€ThCSI XMOHE BUMIPIOBAHHS, 1110 HE MICTUTh 1HGOPMAIIIT IPO JAITBHICTH 10 00’ €KTA.

Tomy B SIKOCTI YMOBHHUX amoOCTEPIOPHHUX IITBHOCTEH HMOBIPHOCTI W (r(k)) 1aro-

CTEpIOpHOI KMOBIPHICTI W0 (k) =P(a;(k)|by(k),E(k —1)) BHKOPHCTOBYIOTBCS
EKCTPAIoJbOBaH1 PO3MOILIN:

W0 (e(k)) =] (r(k)); (3.36)

Wi (k) =W, (k). (3.37)

3 BpaxyBaHHSIM OTPUMAHHMX PE3YJIbTaTIB alOCTEPIOPHI UMOBIPHOCTI 3MIHHO1

niepeMuKaHHs b, (k) po3paxoBylOThCs 3a TeopeMolo balieca o gopmyii:

W, (k) = P(e" (k) / b, (k),E(k —1)g,, / P’ (k) / Bk -1);  (3.38)



130

ne P(r’(k)/b,(k),E(k—1)) — yMOBHa IIUIBHICTF HWMOBIPHOCTI, IO PO3PaXOBY-

€TbCs Ha OCHOBI piBHAHHA (3.28) i € raycicbkoro N(0,R, (k));

3aBepIIyETHCS ANTOPUTM PO3PAXYHKOM aroCTEPiOPHOT MIIBHOCTI HMOBIPHO-

el W(r(k),a;(k)) =W, (x(k))W,(k) 3a hopmynamu:
1
W, (k) = 3 Wy, (R, (K); (3.39)
m=0

1
W) = 3 W, W, (KO, (1)) | W (). (3.40)
m=0

Anocrepiopri posmoninu W, (r(k)), W;(k) € nouarkopumu st (k +1)-ro

KpOKy ¢iapTparii.

[ToyaTkoBi ymMoBH AJist anroputmy (3.29)—(3.40) MaroTh BU/I;

W,(r(0),4,(0)) = N(#(0),P(0) p;, i =1,M .
OcoOnuBICTh aNTOPUTMY TMOJSTAa€ B HEPO3PUBHOMY 3B'SI3KY PIBHSHB

OOYHUCIICHHS aIllOCTEPIOPHUX PO3MOJIIIIB JJIsi JUCKPETHUX 1 O€3MepepBHOrO

KOMIIOHEHTIB.
OCKUIbKH PO3paxyHOK aroCTEPIOPHUX PO3MOIUIIB MapaMeTpiB 1 THILY PyXy
pyxXy o0’ekTa B1AOYBA€ThCA JMIIE 3a YMOBHU 3HAY€HHSI 3MIHHOI TMEpPEMUKAHHS

b (k) =1, oNnTUMaIbHAN NPUCTPIA € OaraToKaHAJIBHMM 3 YHMCJIOM KaHaluiB 2M .

KoxxeH kaHanm y3rojkeHud 3 BIJANOBIIHUM 3HAYEHHSM 3MIHHOI MEpeMUKaHHS

a; (k). YMOBHa arnocTepiopHa IIUIBHICTB WMOBIpHOCTI W, (r(k)) Bektopa r(k) Bu-
3HAYAETHCA NUISIXOM YCEpPEAHEHHS YMOBHUX aroCTePIOPHUX 11 W, (r(k)) 3 BU-

KOPUCTAaHHAM alloCTEPIOPHUX UMOBIpHOCTEM W, (k).
[Tpu nponycky cUrHaiay BUMIPIOBAHHS HE B1I0YBAETHCS 1 3aMICTh allOCTEPIOP-

HUX PO3IOIiIiB W,(x(k)), W, (k) BUKOPHCTOBYIOTH EKCTPAIoJIbOBaH1 PO3IOILIN

W (x(k)), W, (k).
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[IpakTruHa peamnisiisi TOYHOTO (ONMTUMAILHOTO) PIIIEHHS 3a1adi HeJiHIHHO1
dbimpTpamii (3.29)—(3.40) 3ycrpivae 3Ha4HI TPYAHOII, MOB'sI3aHI 3 HEOOXITHICTIO
IHTErpyBaHHS OaraTOBUMIPHUX IIUIBHOCTEH HMoOBIpHOCTeH. KBaziontumanbHUM

aI[aHTI/IBHI/Iﬁ AJITOPUTM MO’KHa OTPHUMATH NUIAXOM BHUKOPUCTAHHSAM FaYCCiBCLKOi

cee . o o . . *
alpOKCHMALli YMOBHHMX CKCTPAIOJOBAHMX IIUIBHOCTEH HMOBIpHOCTI W, (r(k)),

j=1,M Ha KOXHOMY KpOLll k 1 Ma€ BUTJISI:

W (k)=q,,; (3.41)
N M
W (k) =31 ;(k.k = DWW, (k-1 (3.42)
i=1
r] (k) = %Hy(k,k — W, (k= DF (k. k =DF (k=1)/ W; (k); (3.43)

i=1
M ~
P (k)= Z{Fj(k,k—l)Pl.(k—l)FjT(k,k -)+G ()G’ (k) +
i=1
+(F; (k,k = Df; (k = 1) = x; (k))(F ; (k, k = 1)F,(k - 1) - r;.‘(k))T} x  (3.44)

X TL; (ko k = DW,(k 1) /W] (k);

1

K (k) =P} () (k)" (H(k)Pj(k)H(k)T ; Rl(k))_ : (3.45)
£, (k) = ;l(k)+Kj(k)<r“(k)—H(k)r;(k)); (3.46)
P (k) =P} (k)-K ,()H (k)P (k); (3.47)

W06 = P (K) ] @, (), by (k). 20k = D)W () / PO (K) /by (), E(k = 1));

(3.48)
Fro(k)=1(K); (3.49)
P (k) =P (k); (3.50)
Wi (k) =W, (k); (3.51)

W, (k) = P (k) / b, (k). E(k —1)q,, /PG’ (k) /E(k-1);  (3.52)
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1
Wy (k)= 3 W (k7 (K) (3:53)
m=0
1
B0 = X W (KW, (KO, () /WY (K) (3.54)
m=0

1
P.(ky=S W. (kW (k)P. (k
(k) mZ:O Jjim KWV, ()R, () + (3.55)

(8, () = 0, (O)E, () =, (KD ) 1, (),

A€ T, (k), P im (k) — mareMaTH4yHe O4YIKYBaHHS 1 KOPEIALIMHA MAaTPULST YMOBHOI
armoCTepIOPHOT  MIIBHOCTI  HMOBipHOCTI W, (r(k)), K (k) — KoedimieHT
1JICUICHHS j-To KaHaly KBa310MITUMAJILHOTO IIPUCTPOIO;

P(t’ (k) / a,;(k), b, (k),E(k —1)) = N(H (k)r; (k),D ,(k)); D, (k) — po3paxoByeTbes
o ¢hopmyii:

D . (k)=H(k)P;()H" (k)+R,(k); (3.56)

P(r”(k)/by(k),E(k —1)) = N(m, (k),R, (k)) — BU3HaYa€THCS HA OCHOBI PiB-

HSIHHS criocTepeskeHHs (3.28) 1 € raycCiBChKOIO.
[ToyaTkoBl yMOBU HJisi KBa31ONTHUMAJIbHOTO aJIrOpuTMy (QGuUIbpailii MaroTh

BUTJIS;

£, (0)=#(0), P, (0)=P(0), W, (0)=p,;,i=1,M .

KBaziontumansuuii anroputm (3.41)—~(3.55) € neminiitnum. Ha BinmMiHy Bin
ONTUMAJILHOTO JITOPUTMY, TIPU HOro peaiizallii 00UHCIIOITHCS JUIIE MEePUIni 1
JIPYTUil MOMEHTH YMOBHHX aloCTEPIOPHUX po3no B, [Ipu oMy mipu nepexoii
Ha HACTYMHUU KPOK (PUIbTpallli BUKOHYETHCSA TayCIBCbKa ampoKCHMAIlisi YMOBHOT
arocTepiopHoi MIIBHICTI fiMOBIpHOCTI W (r(k)). OCKUIBKH PO3PaxyHOK OLIHOK
napaMeTpiB pyxy o00’€kTa BiOyBa€ThCsl JMIINE 3a yMOBU 3HAYEHHS 3MIHHOI
NepeMHUKaHHs b, (k) =1, CHHTE30BaHMI KBa310NITUMAIBHHAN (UIBTP TAKOK BKIIHOYAE

M xaHadiB 1 BIJIHOCUTBCS JO KJIacy IMPHUCTPOIB 13 3BOPOTHUMH 3B’SI3KaMHU MIXK
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kaHamamu. KoxeH kaHam y3ro/pKeHMH 3 BIJMOBIAHUM 3HAYEHHSM 3MIHHOI

NEePEMHUKaHHA (k).

[Tomampmie  COpoIeHHS KBa3i0NTHUMAIBHOTO  AJalTUBHOTO  AJITOPUTMY
orintoBaHHA (3.41)—(3.55) Moxke OyTH BUKOHAHE MIJIIXOM 3HAaXO)KCHHS OI[IHKH I1a-
pameTtpa b, (k) 3a KpUTEPIEM MaKCUMaJbHOI IPaBJONOAI0HOCTI Ha OCHOBI BUpIIIa-
JLHOTO TpaBUJIA:

L v —
b,(k)=argmax P(r"(k)/b, (k),E(k -1)). (3.57)

m

3 BUKODUCTaHHSAM OLUHKH b, (k) MaTeMaTH4HE OYIKyBaHHS (k) 1

KopensIiitaa MaTpuns P (k) mo pospaxoByBamuch 1o (opmynam (3.54), (3.55),

MOJXHA OTPHUMATHU Y BHFHHI[iI

£, (k)=F;,(k); (3.58)
P.(k)=P, (k). (3.59)

Sk BUIUIMBa€e 3 OTPUMAHOrO KBazlonTUMaiabHOro aiaroputMy (3.41)—(3.55),

MIPU MPOMYCKY CUTHAy BUMIPIOBaHHS, BiJOYBA€EThCA MOTO CIPOIICHHS, 1 3aMICTh
MaTeMaTHYHOTO OYiKyBaHHs f;(k) 1 KOpessiLiiiHa MaTpULs 13j (k) BUKOpHUCTOBY-
I0Th €KCTPanoJibOBaHI MaTEMaTUYHE OYIKYBAHHS r; (k) 1 xopemnsUiiiHA MaTPULIS
P (k).

AHaJli3 TOYHOCHUX XapaKTePUCTHUK CHHTE30BaHOTO anroputmy (3.41)—(3.55)
omiHiOBaHHs mapameTpiB pyxy MBIIJIA 3 posmizHaBaHHSIM pi3HUX BHIIB PyXY
BHKOHAHUH 32 JOIIOMOTOI0 CTaTUCTUYHOro MoaentoBandsg Ha EOM. MopenroBanHs
pyxy MBIUIA 1 po6otu panexkoMmipy MpH HOPMAIBHOMY pPEXHUMI poOOTH
BiI0yBaJIOCH 3T1IHO OMHCY, HaBeICHOMY B Tiapo3aii 3.1. Baxkanoch, mo xubHi
BUMIPIOBAHHS MOXYTh 35BJIITUCH HAa 1HTEpBaJll BUMIpIOBaHb AanbHOCTI 0—1000 M.

B 3arasibHOMY BUMaIKy KOOPJMHATA XUOHUX BIAMITOK PO3IOALIEH] pIBHOWMOBIPHO

Ha [[bOMY 1HTEpBaIi. Y BIAMOBIIHOCTI O MOJeil BuMiptoBaHHs (3.28) piBHOMIpHA
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IIUIBHICTh WMOBIPHOCTI KOOPJIWHATH XHOHOTO BHMIPIOBAHHS AalpPOKCUMYETHCS

rayciBcbKoii 3 mapamerpamu m, =500 M, R ,=170%wm*. VIMOBipHOCTI [OSIBH XHOHUX
BUMIPIOBaHb MOKJIaganack g, = 0.01 . OkpeMo MOJIe/IIOBAIKCH JIBA BAP1aHTHU MOSBH

XUOHUX BUMIPIOBaHb — MOOJAMHOKHUX 1 IOCIITOBHOCTEH.

Ha puc. 3.10 noka3ani 3aJIeKHOCTI IMOBIPHOCTEW BUSBICHHS MOOJMHOKUX
XUOHUX BUMIPIOBAHb AJbHOCTI. AJANTUBHUMA (iIBTP JO3BOJISIE PO3MI3HATH MOSIBY
XUOHUX BHUMIPIOBaHb 3 UMOBIPHICTIO OJIU3HKOIO JO OJMHHUIII. ﬁMOBipHOCTi MMOSABH

XHOHHMX BUMIPIOBAHb ¢, = 0.01 .
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Pucynox 3.10 — MIMOBIpHOCTI BUSIBIEHHSI TOOJMHOKUX XUOHUX BUMIPIOBaHb

Ha puc. 3.11 (a) nokazaHi MmaTeMaTU4Hi OYiKyBaHHS m: (xpuBi-1) 1 CKB o-:

(KpuBI-2) MOMUJIOK MPOTHO3Y AAJIBHOCTI, KOTP1 BU3HaYeH1 MeTogoM MonTte-Kapiio,
ta CKB nomuinok nporuHo3sy +/p, (KpuBi-3) JaJIbHOCTI, K1 OOYMCIEH] (PLIBTPOM.

Ha puc. 3.11 (6) nmoka3zani mMaTeMaTH4HI OYIKyBaHHS m: (xpuBi-1) 1 CKB 0:'

(KpuBI-2) HOMUJIOK MPOTHO3Y LIBUJIKOCTI, KOTP1 BU3HAUEHI MeToIoM MoHTe-Kapo,

ta CKB mOMMIIOK POTHO3Y WIBHUAKOCTI 4/ p, (KpHBi-3), siKi oGuncneHi QinbTpom.

MateMaTuyHe O4iKyBaHHS PEabHOI MOXUOKHU OIIHIOBAHHS J00pE KOPETyeEThCs 3
CKB noxu06ok nportosy, po3paxoBaHUMHU (PUIBTPOM, 1110 CBITYUTH PO MPABUIIBHY
poOoTy anroputMmy. HassBHICTh MOOAMHOKMX XMOHUX BUMIPIOBAHb HE CYTTEBO BILIH-

HyJia Ha MporHo3yBaHHs. Ha finsgHkax piBHOMIPHOTO pyXy MiKOBI HOMUJIKHU CSITalU
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3HayeHHs 0.5 M 1o JanbHOCTI, Ta 0 2.2 mM/c o mBHAKOCTI. Ha MaHeBpoBUX IUIsH-
Kax pyXy HiKOBI MOMUWJIKH csiraiy 3HaueHHs 10 0.73 M mo 1ainbHOCTI, Ta 10 2.7 m/c
1o MmBUAKOCTI. Ha AiIssHKaX 3aBHCAHHS SK 110 JAJILHOCTI, TaK 1 II0 IIBUIKOCTI OO~
JTUHOKI XMOHI BUMIPIOBaHHS IPAKTUYHO HE BIUIMBAJIA HA 3HAYCHHSI MPOTHO3Y Y TO-
PIBHSIHHI 3 QJITOPUTMOM 0€3 TTOSIBU IMOOAMHOKUX XMOHUX BUMIpIOBaHb. L{e cB11UuTh

PO OCOOJUBO SAKICHY POOOTY aIrOpUTMY Ha JTIISTHKAX 3aBHCAHHS.
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Pucynox 3.11 — ITomuiku nporHo3y JaiabHOCTI Ta IUBUIKOCTI TPU BUKOPUCTAHH1

aJanTUBHOTO (UITPa 3 HASBHICTIO MOOJMHOKUX XMOHUX BUMIPIOBAHb

Ha pwuc. 3.12 (a) nokazani MaTeMaTn4Hi o4ikyBaHHs 1, (kpuBi-1) 1 CKB &,
(KpHBI-2) TOMWJIOK OL[IHKH JAIbHOCTI, KOTP1 BU3HaYeH1 MmeTogoM Monte-Kapio, Ta
CKB noMuIiok omiHKu \/Z (xpuBI-3) naNbHOCTI, K1 o0uncieHi ¢piabTpoM. Ha puc.
3.12 (6) noka3ani MaTeMaTU4Hi 04iKyBaHHA 1, (kpuBi-1) 1 CKB &,. (kpuBi-2) no-
MUJIOK OIIIHKH IIBUKOCTI, KOTpi BU3HaUeH1 meTogoM Moute-Kaprio, Ta CKB no-
MUJIOK IIBUAKOCTI \/Z (xpuBi-3), ki oO0uucieHi GiIbTpoM. MaTeMaThuyHe OYiKYy-

BaHHSI peajbHOI MOXUOKH OIIHKU J00pe koperyeThes 3 CKB noxubok oiiHku, po3-
paxoBaHUMH (IIBTPOM, HIO CBIAYUTH MPO MpaBUIbHY poOOTy anmroputmy. Hass-

HICTB ITIOOAMHOKHX XUOHUX BI/IMipIOBaHB HC CYTTE€BO BILIMHYJIA HA OIIiHIOBaHHH. Ha
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JUISTHKaX PIBHOMIPHOTO pyXy MIKOBI MOMWJIKH cATald 3HadYeHHs 0.5 M 1o JajabHO-
CTi, Ta A0 2.2 mM/c mo mBHUAKOCTI. Ha MaHEeBpOBUX AUISHKAX PYXY MIKOBI MOMUJIKH
caranu 3Ha4eHHs 10 0.73 M o maabHOCTI, Ta 10 2.7 M/c o mBuaKocTi. Ha minsitHkax
3aBHCAHHSA 5K 0 JAJIbHOCTI, TaK 1 MO MIBUIKOCTI MOOJWHOKI XUOHI BUMIPIOBAaHHS
NPaKTUYHO HE BIUTUBAJIM HA 3HAUYEHHS OIIHKU y MOPIBHSHHI 3 aJITOPUTMOM 0O€3 T10-
SIBM TIOOJJMHOKUX XHUOHUX BUMIpPIOBaHb. L{e CBIMUUTH PO 0COOIMBO AKICHY pOOOTY

QITOPUTMY Ha JUISTHKAX 3aBUCAHHS.
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Pucynox 3.12 — IloMuiIku OLIHKY JAJIBHOCTI Ta MIBUAKOCTI MPU BUKOPUCTAHHI

a7anTUBHOTO (GIIbTPA 3 HASIBHICTIO MOOJMHOKUX XMOHUX BUMIPIOBAHb

Ha puc. 3.13 nokasani ¥imMoBipHOCTI p,, (KpuBi-1), p , (xpuBi-2), p, ;

(kpuBi-3) po3Mi3HABAHHS QJANTUBHUM aJTOPUTMOM pi3HUX BuiB pyxy MBIIJIA:
3aBUCaAHHS, MalyKe PIBHOMIPHUH pyX, pyX 3 MaHEBPOM. AJJaNITUBHUI aJTOPUTM 3a-
Oe3rnevye BUCOKY UMOBIPHICTh PO3Mi3HaBaHHs pi3HUX BUIB pyxy BIIJIA monpu Ha-

SIBHICTh TIOOJJUHOKUX XUOHUX BUMIPIOBaHb Ha IHTEPBAJIAX 3 PI3HUMHU TUTIAMH PYXY.
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PucyHok 3.13 — ViMoBipHocTi Bu3HauenHs THiy pyxy BITJIA Ha OCHOBi Ipu BH-

KOPUCTaHHI aIalTUBHOTO (LIbTPA 3 HASIBHICTIO MOOJUHOKUX XUOHUX BUMIPIOBaHb

Ha puc. 3.14 mokazanHi 3aJeXHOCTI MHMOBIPHOCTEH  BHUSBIICHHS
MOCIAOBHOCTEN XMOHMX BHUMIPIOBaHb JAJIBHOCTI. AanTUBHUM (DIIBTP J03BOJISIE
PO3IMI3HATH TOSIBY XMOHUX BUMIPIOBAHb 3 WUMOBIPHICTIO OJM3BKOIO 10 OJWHHUIII.

TecToBa TOCIHIIOBHICTh XWOHUX BUMIPIOBaHb CKIIAJAETHCS 3 TPbOX I1HTEPBATIB

JIOBXKMHOK y 21 TaxT.
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Pucynok 3.14 — MIMOBIpHOCTI BUSBJICHHS MTOCTIJOBHOCTEH XMOHUX BUMIPIOBAHb

Ha puc. 3.15 (a) nokazani MaTeMaTU4HI OYiKyBaHHS m: (xpuBi-1) 1 CKB o-:

(KpuBi-2) TOMUJIOK MTPOTHO3Y JIAJLHOCTI, KOTP1 BU3HaUeH1 MeTogoM MonTte-Kapio,

ta CKB noMuiiok nporHosy \/ p, (KpuBi-3) nanbHOCTI, 5IKI 004YMCIIEH] (DIIIBTPOM.
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Ha puc. 3.15 (6) mokasani mMaTemMaTwuHi odikyBaHHS m . (kpuBi-1) i CKB o

(KpuBi-2) MOMHJIOK ITPOTHO3Y IMIBUIKOCTI, KOTP1 BU3HaUeH1 MeTo10M MoHTe-Kapiio,

ta CKB nmoMunok npor1o3y mBHAKOCTI \/ p, (kpuBi-3), skl o64nCiIeH] QUIBTPOM.

MatemaTuyHe O4iKyBaHHs pealbHOT MOXHOKH MPOrHO3y A00pe Koperyerbes 3 CKB
NOXMOOK MPOTHO3Y, PO3paXxOBaHUMHU (LIBTPOM, IO CBIAYUTH MPO NMPABUIBHY PO-
6oty anroputmy. HasiBHICTh TOOAMHOKUX XMOHHMX BUMIPIOBaHb HE CYTTEBO BILIHU-
HyJIa Ha MPOrHO3yBaHHA. Ha niisiHKax piBHOMIPHOTO pyXy MIKOB1 IOMUJIKH CSITaju
3HAYEHHS 2 M 0 AAJIbHOCTI, Ta 710 2.4 M/c o mBuKkocTi. Ha MaHeBpoBuX AlISHKaX
pyXy MIKOBI MOMUJIKU CATAIM 3HAYEHHS 10 5.6 M MO JAJIBHOCTI, Ta 10 8.8 M/C 1o
mBHUAKocTI. Ha ninsiHKax 3aBHCaHHS SIK 1O AAJIbHOCTI, TaK 1 [0 MIBUAKOCTI OOU-
HOKI XMOH1 BUMIPIOBaHHSI PAKTUYHO HE BIUIMBAJIA HA 3HAYEHHS MTPOTHO3Y Y MOPIB-
HSHHI 3 aITOPUTMOM 0O€3 MOSIBU MOOJUHOKMX XMOHHMX BUMIpPIOBaHb. Lle CBITUUTH

PO O0COOJIUBO SKICHY POOOTY aIrOpUTMY Ha JUISTHKAX 3aBUCAHHS.

Pucynox 3.15 — IMomuiku nporao3y JaabHOCTI Ta MIBUAKOCTI TPU BUKOPUCTAHH1

aJanTUBHOTO (IILTPA 3 HASBHICTIO TIOCIIIOBHOCTEW XNOHUX BUMIPIOBAHb

Ha puc. 3.16 (a) nokazani MaTeMaTH4Hi o4ikyBaHHs 71, (kpuBi-1) 1 CKB &,
(KpuBi-2) TOMWJIOK OIIIHKH JAThHOCTI, KOTP1 BU3Ha4YeH1 MeTo1oM MoHnTe-Kapio, Ta
CKB nOMUIOK OIHKH +/ p, (KpHBi-3) HanbHOCTI, siKi o6uncieni ¢isprpom. Ha puc.

3.16 (0) mokasaHi MareMaTu4Hl o4iKyBaHHs 71, (kpuBi-1) 1 CKB &, (xpui-2)
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MOMMJIOK OIIIHKHU IIBUKOCTI, KOTp1 Bu3Ha4yeH1 MetoioM Monte-Kapio, Ta CKB mo-
MUJIOK IIBHAKOCTI +/ P, (KpuBi-3), ki o04ncieni ¢pinbrpom. MaremaTuuHe 04iKy-

BaHHS peasbHOI MOXUOKHU OIIHKHU 100pe KoperyeThes 3 CKB moxubok omiHku, po3-
paxoBaHUMH (ITBTPOM, IO CBIAYUTH MPO MpaBUIbHY poOOTYy anmroputmy. Hass-
HICTb MMOOJIMHOKUX XMOHMX BUMIPIOBAaHb HE CYTTEBO BIUIMHYJIA HA OlliHIOBaHHs. Ha
JUTSTHKaX PIBHOMIPHOTO PyXy MIKOBI MOMWJIKU CATAJIX 3HA4eHHA 1.8 M 1Mo JaibHO-
CTi, Ta 70 2.2 M/c o mBUIKOCTI. Ha MaHEeBpOBUX JUISHKAX PYXY IMIKOBI TOMUJIKH
csArajay 3HadueHHs 10 4.75 M 1o JaibHOCTI, Ta 10 8 M/c o mBHAKOCTI. Ha aiistHkax
3aBUCAHHS SIK MO JAJIBHOCTI, TaK 1 MO MBUAKOCTI MOOJMHOKI XMOHI BUMIPIOBaHHS
MPAKTUYHO HE BIUTMBAIM HA 3HAYCHHS OI[IHKH Y MOPIBHSHHI 3 JITOPUTMOM 0€3 10-
SIBU MTOOJIMHOKUX XMOHUX BUMIpIOBaHb. Lle CBITYUTH PO 0COOIUBO SIKICHY pOOOTY

aJIropuTmMy Ha IIiJ'IHHKaX 3aBHCAaHH.
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Pucynox 3.16 — Ilomuiku OIIHKY JAJIBHOCTI Ta MIBUAKOCTI IPU BUKOPHUCTAHHI

aJanTUBHOTO (UIBTPA 3 HASBHICTIO MOCIIIOBHOCTEH XUOHUX BUMIPIOBaHb

Ha puc. 3.17 nokasani ¥mMoBipHOCTI p,, (KpuBi-1), p , (xpuBi-2), p, ;

(kpuBi-3) po3Mi3HABAHHS AJANTUBHUM aJTOPUTMOM pi3HUX BuiB pyxy MBIIJIA:
3aBUCaAHHS, MalyKe PIBHOMIPHUH pyX, pyX 3 MaHEBPOM. AJJaNITUBHUI aJrOPUTM 3a-
Oesrneuye BUCOKY HMOBIPHICTh PO3ITi3HABAHHS PI3HUX BUJIIB PYXY MOMPU HASIBHICTh

MOCIIJOBHOCTEM XMOHUX BUMIPIOBAaHb Ha IHTEPBAIAX 3 PI3HUMH TUIIAMU PYXY.



140

S —

P

P2 09l
Pi3

0.8

0.7

0.6

0.5

0.4

0.3

0.2]

A

t : : :

. i Vo o . Yo ki
0 20 40 60 80 100 120 140 160 180 200
k

0.1

-~ - -
T T L o e e st AR e

% b}
0 G L B W

Pucynox 3.17 — MmoBipHOcTi Bu3HaueHHs Tuny pyxy bIIJIA Ha ocHOBI npu Bu-
KOPUCTaHH1 aIalTUBHOTO (IbTPA 3 HASIBHICTIO MOCIIJOBHOCTEH XMOHUX BUMIPIO-

BaHb

Ha puc. 3.18 naBegeno noteniiiai CKB momMuinok mporHosy JaabHOCTI JJIst
TPHOX THUIMIB PyXy Ha PI3HHUX 1HTEpBasax, siki o0uucieHi ginbrpamu Kanmana npu

BUKOPHUCTaHHI TPHOX PO3IIIIHYTUX BUILE MOJEIIEH PYyXYy.

Pucynox 3.18 — Ilorenmiitai CKB momMuinok mporHo3y AajibHOCTI JJ1sl TPHOX THITIB

pYXy Ha pi3HUX IHTEpBajax

[ToTeHiiiina MOMuUIKa B TOYHOCTI OLIHIOBAHHA JaidbHOCTI Ha 20 TakTax Mpu

MaHeBpi y 106.7 pa3 nepeBulllye MOMUIIKY MPOTHO3Y MPHU 3aBUCAHHI, a IPU P1BHO-

MipHOMY pyciy 21.3 pa3.
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Ha puc. 3.19 naBegeno norenuiitni CKB noMusiok mporHo3y mBHIKOCTI JUIst
TPHOX THUIIIB PyXy Ha PI3HHUX IHTEpBaNax, siki oduncneni putpTpamu Kanmana npu

BUKOPHUCTaHHI TPHOX PO3TJIIHYTUX BUIIE MOJCIIECH PYyXY.
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Pucynok 3.19 — Ilorenuiitni CKB nomMuiok nporaosy mBUAKOCTI AJi1 TPOX TH-

B PyXy Ha pI3HUX IHTEpBAJIAX

[ToTeHmiitHA TOMUJIKA B TOYHOCTI OILIHIOBaHHS MIBUJAKOCTI Ha 20 TakTax mpu
MaHeBpi y 38.9 pa3 nepeBuiiye MOMUIKY TpU piBHOMIpHOMY pyci. OTpumaHni pe-
3yJAbTATU MIATBEPKYIOTh JOILUIBHICT BUKOPUCTAHHS aalTUBHUX aJTOPUTMIB

OIIIHIOBAaHHSI MapaMeTpiB pyxy MmaHeBpyrouoro MBIIJIA 3a manbHicTO.

BucHoBku 10 po3aiiy 3

1. CuHTe30BaHMI1 HA OCHOBI MaTEMAaTUYHOTO anapary 3MilIaHuX MapKiBChKUX
MPOIIECIB B JUCKPETHOMY 4Yaci ONTUMAJILHUI aJlTOPUTM aJallTUBHOTO OLIIHIOBaHHS
napametpiB pyxy MBIIJIA 3a nanumu pajexkoMipy € pPEKypeHTHHUM 1 OIHCYE
EBOJIIOIII0 CIUIBHUX AaloCTEPIOPHUX PO3MOAUIiB mapamerpiB pyxy MBIUJIA 1
JUCKPETHOTO KOMITOHEHTA, SKHH XapaKTepW3ye pi3HI BHAM HOTO pPYyXy.
OnTuMansHUN TPUCTPiN (imbTparlii € 6araTokaHaJIBHUM 1 BIIHOCUTBCS 10 KJIacy
MIPUCTPOIB 13 3BOPOTHIMHU 3B'sI3KaMU MK KaHaiamu. B onTumaibHOMY TPHUCTPOI
BIJICYTHE 3pOCTaHHS YMCJIa KaHAJIB y TOPIBHSHHI 3 BIJIOMOMHUM OITUMaJIbHUM
¢biIbTpOM HAa OCHOBI 0al€CIiBCBKOTO METOAY aJalTHBHOIO OIIHIOBAHHS, IO

00yMOBJIEHO MAapKIBCHKOIO BJIACTUBICTIO 3MIIIIAHHOTO MPOIIECY.
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2.B cuHTe30BaHOMY  KBa3lONTHUMAJIbHOMY  aJTOPUTMI  aJIallTUBHOTO
OIIIHIOBAaHHSI MapaMeTpiB pyxy MaHneBpytodoro MBIIJIA 3a nanumu gaiekomipy Ha
BIIMIHY BI1Jl ONTUMAJIBLHOTO JITOPUTMY OOYHMCIIOIOTHCS JIMIIE MEPIIud 1 Apyrui
MOMEHTH YMOBHHX amocCTepiopHUX po3nonauniB. [lpu mpomy BiH 3a0e3medye
aIPOKCHUMAITII0 allOCTEPIOPHOI NIIJILHOCTI WMOBIPHOCTI MapameTpiB pyxy IpHu
Nepexo/ii Ha HACTYNMHUW KPOK (inbTpaiii y BUIISAI CyMH M TayCiBCbCKHX
ITbHOCTEH WMOBIpHOCTI. CHHTE30BaHWUN KBa3lONTUMAIBHUANA (PUIBTP TaKOXK
BKJIIOYA€ M KaHaJIB 1 BIAHOCUTHCS JI0 KJIACy IPUCTPOIB 13 3BOPOTHUMH 3B'sI3KAMU
MDK KaHaJaMHU.

3. CuHTe30BaHUN KBa31ONTUMAJIbHUN QJITOPUTM aJIalITUBHOTO OI[IHIOBaHHS
napameTpiB pyxy ma"eBpyrodoro MBIIJIA 3a qanumu panekomipy 3abe3rneuye pos-
MI3HaBaHHS PI3HUX BUAIB pPyXy: 3aBUCAHHS, Maike PIBHOMIPDHUH pPyX, PyX 3
MaHEBPOM ——3 IMOBIPHOCTSIMHU OJU3KUMH O OAWHUIN. BUSABICHHS 3MIHU THUITY
pyxy 00’ekTa BUKOHYeThbCs 3a 10—15 TakTiB podotm amroputmy. Ha ninsHkax
Maii’ke pIBHOMIPHOTO pyXy 1 3aBUCaHHs ajantuBHUM (puibTp 3a0e3neuye CKB mo-
XMOOK TIpOrHO3y nainbHOCTI HA 70 % MeHIe, HiX Ha JUITHKAaX PyXy 3 MaHEBpOM, a
IIBUJIKOCTI, BIIMOBiAHO, B 3.8 pa3 meHie. Ha ninsukax 3aBucanns MBITJIA nona-
TKOBO MO>KHA ITIIBUIIMUTH TOYHICTh MPOTHO3YBaHHS B 2 pa3H.

4. Po3po0OieHuii KBa310NTUMAJILHUN alTrOPUTM aJalTHBHOIO OIIHIOBaHHS
napaMeTpiB pyxy maneBpyrouoro MBIUIA 3a nanumu jgajaekoMipy 3 MOCTIHHUMU
Koe(dilieHTaMH MiICUJIEHHSI KaHaIiB (PUIBTPY HE MOTIPIIYE TOUHOCHI XapaKTepUC-
TUKH B CTAI[IOHAPHUX peXUMax pobotu. Hac nmepexiHuX peKUMiB PO3Mi3HABAHHS
PIBHOMIPHOTO PyXy Ta 3aBHcaHHs 3pocTae Ha 20—40 %, 1110 HE € CYyTTEBUM, Bpaxo-
BYIOUH BUCOKHUU TEMIT OTPUMAaHHS JIaHUX 3 najekoMipy. DikcyBaHHs KOe]IIi€HTIB
NIJCUJICHHS KaHaMIB QUIBTPY 03BOJISIE€ 3MEHIIUTH KUIBKICTh ONepaliii MHOKEHHS
Ha OJIMH KPOK poOOTH anroputmy y 31 pas, a KUIbKICTh OTNepaIliil 1ogaBaHHs — y 8
pasis.

5. CuHTEe30BaHMI1 HA OCHOBI MAaTEMAaTUYHOTO anapary 3MillIaHUX MapKiBCHbKUX
MIPOIIECIB B AUCKPETHOMY 4Yaci ONTUMAJILHUN JITOPUTM QIaITUBHOTO OI[IHIOBaHHS

napamMeTpiB pyxy maneBpyrouoro MBIIJIA 3a ganuMu nanekoMipy Ipu HasiBHOCTI
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MPOMYCKiB Ta XMOHUX BUMIPIOBaHb € PEKYPEHTHUM 1 OMUCYE €BOJIOLIIO CIIIBHUX
arocTepiopHHUX po3noAiIiB napamerpiB pyxy MBIIIA 1 AuCKpeTHUX KOMIIOHEHTIB,
K1 XapaKTepu3ye BUJI HOTO MaHEBpY 1 TUN BUMIpIOBaHHS. ONTUMaIbHUN TIPUCTPIN
¢iapTparii € 6araTokaHaJIBHUM 1 BIAHOCUTBCS JI0 KIJIACy MPHUCTPOIB 13 3BOPOTHIMHU
3B'SI3KaMU MK KaHajlaMu. B onTuMalbHOMY NPUCTPOI BIACYTHE 3pOCTaHHS YMCIIa
KaHaJiB y TOPIBHAHHI 3 BIJIOMOMUM ONTHMaJIbHUM (IIBTPOM Ha OCHOBI
0aiieciBCHbKOTO0 METOJly aJalTUBHOTO OI[IHIOBAHHSA, II0 OOYMOBJIEHO MapKiBCHKOIO
BJIACTUBICTIO 3MIIIIAHHOTO TIPOIIECY.

6. CUHTE30BaHMI KBa310NTUMAIIBHUN QJITOPUTM aJalTUBHOIO OI[IHIOBAHHS
napaMmeTpiB pyxy maHeBpyrouoro MBIUIA 3a nanumu nanekoMipy npu HasiBHOCTI
MPOIYCKIB Ta XMOHUX BUMIPIOBaHb € HEIIHINHUM 1 pekypeHTHUM. Ha BinMiHy Bif
ONTUMAJILHOTO JITOPUTMY, TIPU MO0 peali3allii 00UYUCIIOIOTHCS JUIIE MEePIIun 1
JpYTMii MOMEHTHM YMOBHMX aIllOCTEpIOPHUX pPO3MoAUIB. OCKUIBKA pPO3paxyHOK
OI[IHOK MapaMeTpiB pyXy 00’ €KTa BIIOYBAETHCS JIMIIIE 32 YMOBH, 1110 BUMIPIOBAHHS
HE € XUOHUM, KUIbKICTh KaHaJllB KBa310NTUMAIBHOTO (DUIbTpa JOPIBHIOE KiTBKOCTI
tumis pyxy MBIUIA.

7. CUHTE30BaHUW KBa310NTUMAJIbHUN AITOPUTM aJANTUBHOIO OI[IHIOBaHHS
napameTpiB pyxy ManeBpytouoro MBIIJIA 3a nanumu mganekomipy npu HasiBHOCTI
MPOMyCKiB Ta XWMOHHUX BUMIPIOBaHb 3a0e3Medye pO3Mi3HaBaHHS XHOHHUX
BUMIPIOBaHb 3 WUMOBIPHICTIO OJIM3bKOIO A0 OAWHUII. HasiBHICTh MOOJUHOKHUX XHO-
HUX BUMIPIOBaHb (PAKTUYHO HE BILUTMBAE HA TOYHICTD OIIHIOBAHHS MMApaMETPiB PyXYy,
1110 00YMOBJICHO BUCOKUM TEMIIOM HaJAXOKEHHS BUMIpioBaHb. [Ipu mosiBi mocigo-
BHOCTEH XMOHHUX BUMIPIOBaHb HAHO1IBII TOMUJIKH OI[IHFOBAaHHS OTPUMaHI Ha JIJIS-
HKax pyXy 3 MaHeBpOM, II0 0OYMOBJIEHO PI3KHM 3POCTaHHSIM IOMHUJIOK MPOTHO3Y
1py 30UIBIIEHHI IHTEpBaJly MPOrHO3YBaHHS ISl TaHOTO TUIY pyXy. HeBpaxyBanHs
XUOHUX BUMIPIOBaHb MTPU3BOIUTH MPH 1X MOSB1 O HEKOHTPOIHLOBAHOTO 301JIbIIIEHHS
CKB ¢aktnyanx nmomMmiiok ouiHok mnapametpiB pyxy MBIUIA mo nmanbHOCTI 1

HeTpare31aTHOCTI aJrOPUTMIB OI[IHIOBAHHSI.
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PO3/ILI 4. TPONO3ULIT IIOJ0 NOBYA0BU KOMILIEKCY
CTEKEHHS 3A MBILTA 3 BAKOPUCTAHHSAM BIJJEOKAMEPH TA
JAJIEKOMIPA

4.1 OTpumaHHA Ta nepBMHHA 00po0Ka Bineonoroka 3 IP kamepn

Po3rissHyTO OCHOBHE MUTaHHS MPU poOOTI 3 BiIEOKAMEPOI0 — OTPUMAaHHS Bi-
neonoToky. CydacHi BiJIGOCUCTEMH BIIXOMSTh BiJi BUKOPHUCTAHHS aHAJIOTOBUX Pi-
HIeHb Hajatoun nepesary [P cucremam. Lle 103BosIsIE HE TIIBKU OTPUMYBATH Ta T1€-
penaBaTu 300pa)kKeHHsI OLIBIIOT PO3IIBHOI 3/TAaTHOCTI Ta SKOCTI, aJie 1 Ha/la€ MOX-
JIMBICTh IPOBOJIUTH JT0OJAATKOBY 00poOKy 1udpoBux ganux. Tak, cydacHa IP kamepa
11e TOTOBE PIIIEHHS, SIKE Mepedadae poooTy «3 KOPOOKHM», OCKIIBKY Ma€ HEOOX1THE
NepeIBCTAHOBJICHE MPOTrpaMHe 3a0e3leueHHs, 10 3a0e3neuye MHUPOKUM CHEKTp
cnoco0iB B3aeMoii 3 HUM. KoprcTyBad e, y CBOIO YepTy, BUKOPUCTOBYE TaK 3BaHE
kimieHTcbke [13 11 poboTH 3 Takor KaMepor. 3 METOI0 yHiBepcaslizallii Ta Crpo-
HICHHST B3a€MOJI11 HAMMPOCTIIINM KIIEHTOM JJIS TIEPETIIsy BiJIEONOTOKY Ha BUKO-
HaHHS TIOTIEPE/IHIX €JIEMEHTApHUX HAJIAIITYBaHb MOKE BUCTYIIAaTH BeO-Opay3ep.

[Iporokon ONVIF mis kepyBanHsA Ta mepenadi 300pa)xeHHs po3poOieHui
xoMmmaniero ONVIF nicis 2008 poky 3 MeTor0 3a0€311e4eHHs] HACTYITHUX TPUHIUITIB
[119]:

— Crangaprtuzanis KoMyHikauii Mixk [P-opieHTOBaHUMU NPOAYKTaMH Ta MOCITY-
ramu y cepi piznyHoi Oe3nexu.

— Bzaemogis He3anexxHO B OpeHAy Ta CrocoOy po3ropTaHHs (JOKalbHO, Y
XMapi, y TIOpuaHUX PIIIeHHSX ).

— BiaxkpuTicTh JJ1s1 BCIX KOMIIAHIM Ta opraHizailiil.

[Ipu Bukopuctanui nporokony ONVIF nns kepyBanHs Ta mepenayi 300pa-
xenHs [120] ciix 3a3HaUUTH, IO BIJEOMOTIK MEPEAAETHCS 3 BUKOpPUCTaHHSIM Real
Time Streaming Protocol (RTSP) mpotokomy [121]. [{nst oTpumMaHHs BiI€ONOTOKY 3
PTZ xamepu (00’ ext nocmixenns kamepa DH-SD22404DB-GNY) HeoOXiqHO KO-
pextHO chopmyBatu RTSP nocunanusa. Anamituanuii Bupas s popMyBaHHS J1a-
HOTO MOCUJIaHHS HaBeJieHo Hux4Ye (4.1):

S ='rtsp://UN:PW@IP:PT/cam/realmonitor?channel=CN&subtype=ST', (4.1)
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ne: S — o00’ext Bigeonotoky, UN — im’s kopuctyBaya, PW — maposns, [P — IP
anpeca kamepu, PW — nopt RTSP 554, CN — Homep kanany, ST — Tun nortoky,
1HIIa 1HpOopMallis € cIyK00BOIO.

[TotokoBuii mporokosn RTSP (Real Time Streaming Protocol) [121] € yniBep-
CaJIbHUM MPOTOKOJIOM TIepe/iadl BiIeO Y CY4aCHUX CHUCTeMaXxX B1JEOCTIOCTEPEKEHHS
1 BUKOPUCTOBYEThCS JJIsl IHTErpallii y CUCTeMH 1HIIUX BUPOOHMKIB. Iy nexomy-
BaHHs Ta BimoOpaxeHHs RTSP moToky MoXxHa BUKOPHUCTOBYBATH Pi3HI TOTOBI pi-
menHs1, Hanpukiaa VLC media player na [1K.Inmmuii BapianT opranizariii TpaHcs-
1ii B peaJIbHOMY MacITadi yacy Bifieo 3 kamepu Hamnpsamy y cepeaouiiie MATLAB
€ BUKopucTaHHs cremianizoBanoi 6i6moteku (MATLAB Support Package for IP
Cameras by MathWorks Image Acquisition Toolbox Team), 1o 103BosIsIE AISITH B
cepenosuii 113 MATLAB, 3amnsa yHidikarii pimenss. Jlanuii makeT miaATPUMKA
[122] npusHauenuii A nepenadi Tpancisiii 3 [P-kamep y MATLAB. 300paskeHHs
MOXYTh HagxoauTh 3 [P-kamep, sixi miarpumytors MIPEG uepe3s HTTP a6o RTSP,
abo H.264 uepe3s RTSP-motik i3 miaTpuMKoro0 0a30BOi 4M xXemI-ayTeHTH]IKaIi
(digest authentication). Pe3ynbpTaTi MomentoBaHHs MpolieCcy BiOOpaKeHHS Bi€O-

noToKy 3 BukopuctanusiM MATLAB HaBeneHo Ha puCyHKY 4.1

[4] Video Preview - rtsp: i 102.168.110.87:554 hannel=1 - o X

16:18:43:848 | 1920x1080. Framerate:25.9

Pucynok 4.1 — OtpumaHnHs BiJ1eonoToKy 3 Bukopuctanusim MATLAB
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3amuc BiIEOMOTOKY MiJ] 4ac poOOTH KOMILIEKCY MOKHA peajlizyBaTH KiJbKoMa
nuisxamu. [lepmmuii BapiaHT — BUKOPUCTAHHS 3aIUCY BiJCOMOTOKY Y (haiis B ca-
MoMy cepenoBuiili MATLAB, nipu boMy MH MaEMO pealli3yBaTH MiANporpamy 3a-
MUCY BiZICO Y pealbHOMY MacIiTadl yacy mapaieilbHO 3 BUKOHAHHSM OCHOBHOTO
KOy aJITOPUTMIB, 1[0 PO3MIISIIAIOTECS y poOoTI. Jpyruii BapiaHT — BUKOPUCTAHHS
cremianizoBaHoro cepseproro 113 mist 3amucy BimeonoToky. TpeTiM BapiaHTOM €
BUKOPHCTAHHS CIICIaIi30BAHOTO BiZIeO0 OOaIHAHHS Y BUTJISII MEPEKEBOTO PEECT-
patopa NVR (Network Video Recorder), KoHCTpyKTHBHE BUKOHAHHS SIKOTO IOKa-
3aHa Ha pUcyHKY 4.2. [lanuii mpucTpiit nepegdavyae MOKIMBICT, BCTAHOBJICHHS Ha-
Konmu4ayBaya(iB) pi3HOT EMHOCTI JJIsl 3a0e3MeUeHHsT He0OX1THOT IITMOMHY 3a1HCy ap-
xiBy. JlogaTKkoBO peecTpaTop Ja€ MOKIIMBICTh MiAKIIOUEHHs 1HIIUX [P Bimeokamep
3a HEOOX1JHOCTI, a TaKOX Nependayae BUKOPUCTaHHA BOY/IOBaHUX 1HTEP(ENCIB Ta

JIOAATKOBOTO (PYHKITIOHATY 3a3Ha4YCHUX BUPOOHUKOM [123].

a) 0)
Pucynok 4.2 — 16-ch NVR na 8 PoE kananis

[lepeBaru Bukopuctanas NVR nossratoTs y 3SMEHIICHHI BUKOPUCTAHHS 004H-
cioBalIbHUX ToTykHOCTe! EOM, a BOyaoBanuii komyTatop 3 TexHojorieto PoE
(Power over Ethernet) [124—126] 103BoJ1si€ BUKOPUCTOBYBATH OAHY KaOEJIbHY JIIHIIO
JUISL )KMBJICHHS Ta Mepeadl 1aHuX MiX MPUCTPOSIMU. Y CBOIO Yepry MepiIuii Ta apy-
ruil BapianTH (y BUMaAKy BUKOpUCTaHHs oHiel EOM) 301b11yt0Th OoTpedu B 00-

YUCITIOBAIBHUX NOTYXKHOCTAX EOM.
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4.2 AJITOPUTM NIPOrPaMHOr0 KepyBaHHsl podoTu3oBaHow IP PTZ kame-
poro
s gociimkeHHsT poOUTH aNrOpUTMY MPOTPAMHOTO KEpPyBaHHS pOOOTH30Ba-
Hoto [P PTZ xameporo 3anpornoHoBaHa eKCIepuMeHTaIbHa MOJIEb POOOTH KOMILIE-

kcy crexxeHHst 3a MBIUIA (puc. 4.3).

Mone 3opy nosopoTHO! PTZ kamepu

Mpue'azka CK Ao nieHoui

Mone sopy
naHapamHoi kKamepu

MaHopamHa kamepa

PTZ xamepa

LraTtus

Pucynok 4.3 — ExcniepuMeHTanbHa Mo/iesIb POOOTH KOMIUIEKCY CTE€KEHHS 32

MBITA

Komrieke ckiiaaeTbesi 3 MaHOPaMHOI KaMepH, 10 Mae Maiy (OKYCHY BiJiC-
TaHb, Ta TOBOPOTHOI poboTu3oBaHoi PTZ kamepu. Ha pucynky 4.3 He Bi1oOpakeHO
aBTOMAaTH30BaHE poOOYE MiCIIe onepaTopa, ke siBisie coooro EOM 3 BcTaHOBIEHUM
crnerianizoBanuM [13. CyTTeBOI0 YMOBOIO POOOTH KOMILIEKCY € Y3TOIKEHICTh CHUC-
TEeM KOOpPJAMHAT Kamep MK cO0010, 1 MPUBEICHHS Kamep J0 3arajibHoi a0COIIOTHOI
Ta CIIBHAMPSIMIICHICTh ONITUYHUX OCEH B HYJIbOBOMY TOJIOKEHHI. DOpMyBaHHS I1a-
HOPAMHOT'O 300pakKeHHS MOKE 3/IIMCHIOBATUCS 32 PAXYHOK CyMIIICHHS Kamep 3 (i-
KCOBaHOI0 (POKYCHOIO BIJICTAHHIO 3 MTOJIAJIBIITUM 3IITUBAHHAM 300pakeHHs. B Takomy
BUIAJKY HEOOX1JHO MPOBOAUTH JAOAATKOBI HaJaIITyBaHH i1 4ac 0OpoOIeHHS 30-
OpaxxeHHs JUIsl yCYHEHHs AucTopcii Ta T.iH. Ha npoTuBary icHyrouruM pillieHHSIM Ha
punky IP PTZ [127, 128] kamep (puc. 4.4) € MOXJIUBICTh CTBOPEHHS BJIACHUX MO-

OyJIbHUX 301pOK 3a paXyHOK BHCOKOI MOTEHIIHHOI 3AaTHOCTI cydacHux [P kamep
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BiJICOCTIOCTEPEKEHHS JI0 IHTETpallii y cTopoHH1 cuctemu. Lle 103Bostsie cTBOproBaTH
O1JIbIII CITEeIiajIi30BaH] KOMIIJIEKCH IS BIAITOBIIHOTO ITiJ TEXHIYHOI'O 3aBIaHHs, 1110

MOXYTh OYTH JTOOCHAIIEH] JOJAaTKOBUMH MOIYJISIMH, HAPUKJIA, TaJIeKOMipaMHu.

@hua
HIKVISION

Pucynok 4.4 — CyuacHi [P PTZ Bineokamepu 3 BOy10BaHMM MAaHOPAMHUM

MOAYJICM

Kommieke, sikuit qocnimkyetbes (puc. 4.5), Ma€ BAKOHYBAaTH HACTYIHI Aii. AJl-
TOPUTM BHJIa4ul KOOPAUHAT, SIKUI MPAIIO€ 3 MTAHOPAMHOIO KaMEPOIO BU3HAYAE 1 TTe-
penae KyToBi koopauHatu Ao cremianizoBanoro [13. 3asnauene [13 BukoHye HOp-
MyBaHHs KOOpAuHAT 10 ¢opmary 3akiaaeHoro 113 camoi PTZ kamepu, popmye Ta
HaJicuiiae 3anuT Ha cepBepHy yactuny [P PTZ xamepu. Kamepa PTZ Bukonye no-
BOPOT Y 33JIaHOMY HarnpsaMmKy. OnepaTop crnoctepirae o0’ €KT Ta MOXKe CKOPUTYBaTU
KyTOB1 KoopJinHatu nmoBopoTy PTZ kamepu Ha 00’€KT.
abConTHI KyTOBI HOPMOBaHi KyTOBI HagcunaHHa BUKOHAHHA

KOOpAVHATK KOOpAUHATA 3annTy noBopoTy

AnropuTm Bugadi HopmyBaHHs! dopmyBaHHA o BUKOHYOUMIA L~ o
KoopauHaTt 3anuTy npucTpin .

-

GesnocepeaHs | | MOTOuH
KOpeKUin ' 1 KoopArHaTH
---1 OnepaTop f=--

Pucynok 4.5 — [liarpama anroputmy po00TH KoMIuiekey ctexenHs 3a MBITJIA

[lepen moyaTkoM poOOTH MOTPIOHO MTPOBECTH MOTEPEAHE HaAMTyBaHHS PTZ
kamepH 3a npotokosoM ONVIF. Kamepa mae OyTu akThBOBaHa, iii Ma€e OyTH MpHC-
BoeHa BiiacHa IP aapeca, crBopenuit kopuctyBau ONVIF 3 anmiHicTpaTUBHUMU

npaBamu (puc. 4.6) Ta mae OyTH HaJAIITOBAHWK THUN ayTeHTU]IKAMi s
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OTPUMAaHHS JOCTYITy 10 KepyBaHHs kKamepoto (puc. 4.7). [lonepeani HamamTyBaHHS
IPOBOAUTHCA HA BeO-1HTEepQeiici KaMepH 3 KIII€HTA KU MiIKII0OUYEeHU 10 KaMepu

y nokanbH1l [P Mmepexi.

System A S 2 admin fo 88 Product Material

O General User Group ONVIF User
2 Account |
Add
No. Username Group Password Strength Operation
1 admin admin Medium EA8 §

Pucynok 4.6 — Indopmaiiis moo icuyrouoro kopuctyBaya ONVIF

Network Settings

IP TCP/IP p2p ONVIF RTMP

@ Port

Login Verification ()
P PPPoE
Apply Refresh Default

Pucynok 4.7 — HanamrryBanns tuny ayrertudikarmii ONVIF

API (Application Programming Interface) ONVIF mnpaitoe 3 BUKOpUCTaHHSAM
HTTP (HyperText Transfer Protocol) 3anutiB y ¢popmari SOAP (Simple Object
Access Protocol) 3 cuntakcucom XML (eXtensible Markup Language) ta Bukopu-
ctanusaM WSDL (Web Services Description Language) nist onucy onepartiii [129].

Jiarpama B3aeMO/Iii KJIIEHTa 3 KaMEPOIO MTOKa3aHa Ha PUCYHKY 4.8.

P
(]
S

(
T
| ]

A

KnieHT Cepsep _Kamepn

| Bipnpaewntw SOAP 3annT 3 napameTpamn PTZ |
| (XML, 4yepes HTTP) !

L
>

| BukopucTanua WSDL ons onwucy onepadin Iﬁ:

| OBbpobka 3anuTy Ta pyx KaMepu

BigpnpaewTtu SOAP eignoeiak (Ycnix/Momwnka) |
(XML, 4epes HTTP) |

|
-~

KniéHT Cepsep 'Kamepn
— —

(] \
Ly [

I N
VAN

Pucynok 4.8 — Jliarpama niporecy B3aemoii 3 API PTZ xamepu
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Ha pucynky 4.9 naBeneno yactuny onucy WSDL ¢aiiny, sikuii mokasye: n1oc-
TYTIHI omeparlii Ha cepBepi (B Hamomy Bunanky PTZ kamepn), mapamerpu HEOOXi-
JTHO TiepefiaBaTH Il BUKOHAHHS KoMaH/ nepenbaduenux y WSDL ¢aiini, napame-
TPH Ta JaHi K1 MOBEPTA€E cepBEp KaMepH Micisl BUKOHAHHS NeBHOI omneparii. XML

— 11 MOBa PO3MITKH, sIKa HaJla€ MpaBuiIa JjIsl BU3HAYEHHS Oyab-skux nanux [130].

O nVI F®http://www.onvif.org/ver20/ptz/wsdl 22,12

Operations

Port type PTZ

1. AbsoluteMove
Description:
Operation to move pan,tilt or zoom to & absolute destination.
The speed argument is optional. If an x/y speed value is given it is up to the device to either use the x value as absolute resoluting speed vector or to map x
and y to the component speed. If the speed argument is omitted, the default speed set by the PTZConfiguration will be used.
SOAP action:
http://www.onvif.org/ver20/ptz/wsdl/AbsoluteMove
Input:

[AbsoluteMove]
= ProfileToken [ReferenceToken]
A reference to the MediaProfile.
= Pasition [PTZVector]
A Position vector specifying the absolute target position.
= Speed - optional; [PTZSpeed]
An optional Speed.
= PanTilt - optional; [Vector2D]
Pan and tilt speed. The x component corresponds to pan and the y component to tilt. If omitted in a request, the current (if any) PanTilt
movement should not be affected.
= Zoom - optional; [VectoriD]
A zoom speed. If omitted in a request, the current (if any) Zoom movement should not be affected.

Output:

[AbsoluteMoveResponse]

Pucynok 4.9 — ®parment WSDL ¢aiimy

VY aucepTtamiiHoMy IOCIKEHHI BUKOpUCTaHO orepaliro AbsoluteMove, 110
JI03BOJISIE 33/IaTH TO3HUIIIIO Y SIKY TOTPIOHO CTIpsSAMYBaTH ONTHYHY Bick PTZ xamepu.
Komannia BukopuctoBye HacTymHi BXiaHi nadi: ProfileToken, Position, Speed (ta
OIILIIY).

ProfileToken B ONVIF — 11e yHikanbpHU 11eHTUDIKATOD, SIKUH BUKOPUCTOBY-
€ThCS 1151 TOCWJIAHHS Ha KOHKPETHUM Mpod ik KOHGIrypalii mpucTporo (Bizeo, ay-
nio abo PTZ). Tlpodins 06'eqnye HamamTyBaHHs, TaKi K pO3AUTbHA 3/1aTHICTh, KO-
IyBaHHs a00 mapaMeTpu KepyBaHHS kamepoto. Lleil TokeH 103BoJis€ KIIIEHTY 3BEp-
TaTUCS 10 TMOTPIOHOTO MpodUII0 M 4Yac BUKOHAHHS KOMaHJ (HampUKiIa,
AbsoluteMove), He BKa3yrO4H BCl HaJIAIITYBaHHS 3aHOBO. BiH HeoOXiqHUM AJs TO-

4yHOT i1eHTU(DIKaIlT BUKOPUCTOBYBaHOTO Mpod 0. Position — BeKTOp MO3MIlii, 110
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BHU3HAYa€ a0COJIIOTHE MOJIOKEHHS 3a7aH01 TOUKU. Speed — mBuaKicTh. Heo60B s13-
KOBUH mapameTp mBHAKOCTI. [IIBUAKICTH MOBOPOTY MO ropusoHTam (pan) Ta Bep-
tukaii (tilt). KoMmmoneHTa X BiAMOBIa€ 3a MOBOPOT MO FOPU3OHTAI, a KOMIIOHEHTA
y — 10 BepTuKaji. SIKIo mapaMeTp He BKa3aHUU y 3aMUTi, BUKOPUCTOBYETHCS TO-
toyHui. [lIBunkicTh 3MiHu MacmTady (zoom). SIKio mapameTp HE BKa3aHUM y 3a-
MIUTI, aHAJIOT1YHO, BUKOPUCTOBYETHCS TIOTOUHUIN O€3 3MiH.

Y WSDL ¢aitni PTZ onwucani omepartii, ki BUKOPUCTOBYIOTbCS IS KEPY-
BaHHS PyXOoMoI0 4yacTuHow: GeoMove — omnepailisi 3MiHA KYTiB TaHOpaMyBaHHS,
HaxujIy Ta 3MiHa KoedilieHTa HaOJIMKEHHS BIMOBIIHO /0 TOYKUA PU3HAUYCHHS Ha
OCHOBI reosiokarlii 00’exty; ContinuousMove — omnepaiiist Jyist 3a0e3nedeHHs 0e3-
NEepepBHOI 3MIHU KYyTIB MaHOpaMyBaHHS, Haxmwiy Ta KoedilieHTa HaOIMKEHHS;
MoveAndStartTracking — onepariist 1yt BIAIPaBKH aTOMapHO1 KOMaHIU AJI MPHU-
CTpOIO (MEepeMICTUTH KaMepy B Oa)kaHy IMO3HIIII0, epeaaTy kepyBanus PTZ anro-
PUTMY BIACIIIJIKOBYBAHHS).

KoxHa oneparrist Mae BiacH1 BX1JIHI IapaMeTpy Ta yMOBH BinpaioBaHHs. Oc-
HOBHOIO YMOBOIO BUKOHaHHS omepartiii € HasBHICTh WSDL ¢aitmi PTZ onucanux
oneparliii. HacTynmHOIO yMOBOIO HEMOKJIMBICTh OJHOYACHE BHKOHAHHS KOMAaH]I,
OCKIJIbKHU 1€ TIPU3BeAe M0 Kouizli. B Takomy Bumanky Oyne BUKOHYBaTHCS Ta KO-
MaH/Ia, sIKa Ma€ BUIIUNA MIPIOPUTET, BCTAHOBIICHUI BUPOOHUKOM Yy BOy10BaHOoMY [13
(firmware). IIpoTe BUKOpUCTaHHS TOBHOTO HA0OPY OMepailiil MOXe CIPOCTUTH Ke-
pyBaHHS y nuyiomy. OCoOJIMBO 11€ CTOCYETHCS BUMAJIKIB CTEKEHHS 32 00’ EKTOM.

MopnemntoBannst B3aemonii 3 API ONVIF ayig kepyBaHHS TOBOPOTOM KaMepu
npoBoauioch y [13 Postman [131]. /lane mporpamue 3a0e3reueHHs MprU3HAYCHE JIIs
TECTyBaHHS Ta HajaropkeHHs poootu pisHoMaHITHUX API. 13 Postman nagae mo-
XKJIHUBICTH (DOPMYBATH Ta HAJACHUIIATH 3alUTH Ha CepBEp AJII BUKOHAHHS KOMaH]I, a
TaKOXX OTPUMYBATH BiJIMIOBII BiJl cCEpBEpA.

[Iporiec HamaroKEHHS MOYMHAETHCS 3 MPOXO/KEHHsI ayTeHTU(diKallii Ha cep-
Bepi Hamoi PTZ kamepu aJ1st oTpuMaHHs A0CTYIy Ha ii kepyBaHHs (puc. 4.10). Tun

ayreHTudikamii Digest BXia 3a JOriHOM Ta mapoyieM SIKi 3a3Hau€Hl Ha Kamepi y
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po3aim kopuctyBad ONVIF, [P agpeca — nmokanpHa agpeca Kamepw MpU3HAYCHA

KOPHUCTYBAa4eM.

POST v http://192.168.110.87 fonvifiPTZ m

Params  Authorizations  Headers (8)  Bodye  Seripts  Settings Cookies

Auth Type B ; ; B
(D Heads up! These parameters hold sensitive data. To keep this data secure while working in a ™
Digest Auth ~ collaborative environment,we recommend using variables. Learn more about variables.

Username admin

Password qwerD987

By default, P

values from the

> Advanced cenfiguration

add it to the reqi

you want to disal

Yes, disable retrying the
request

Pucynok 4.10— HanamryBanns 13 Postman

Hanani popmytorses Tectoi 3anutu (puc 4.11, 4.12) Ha OCHOBI IOKyMeHTAITli
ONVIF [132] Ta BUKOHY€ETHCS MEPEBIPKA ONPALIFOBAHHS 3alUTIB cepBepoM. Ha puc.
4.11 moxna nobauntu cam 3anuT GetDevicelnformation, a Takox JaHi, sIKi IOBEP-
TaroThes 3 cepBepy PTZ kamepu micis iioro BukoHaHHs. Cepel MOBEpHEHUX JTaHUX

MOXHa MMOOaYUTH MOJICNIb KaMepH, ii cepiitHuil Homep, Bepcito 113,

o] Get device info [ save ~ | Share B

POST v http:/f192.188.110.87/envif/PTZ m =

Params Authorization Headers (8) Body e Scripts Settings Cookies >
none form-data x-www-form-urlencoded O raw binary GraphQL XML Beautify

12 =mlns:x
13 <GetDev.
14 </siBody></

Body Cookies Headers (3) Test Results 200 OK 33ms - 715B ‘:@:l Save Response eee

Preview

2
3
<tdsiGetDeviceInformationResponse>
ctds:ManufacturersDahuac/tds :Manufacturers
<tds:Model»DH-SD22404DE-GNY</ tds Model>
<tds:Firmwareversion>3.200.0680011.1.R</tds: Firmvareversion>
9 ctds:SerialNumbersA 4</tds:SerialNunber>
10 <tds:HardwareId>1.00</tds:Hardwarele>
11 </tds:GetDeviceInformationResponse>
12 </siBody>

13 </siEnvelope>

Pucynok 4.11 — 3anur GetDevicelnformation

Cama CTpyKTypa 3amuTy OIUCYETHhCS HACTYIIHAM YHWHOM: OOOJIOHKA

(Envelope); Tino 3anuty (Body); enemeHTH 3amury.
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3anut AbsoluteMove:

O6omnonka <s:Envelope> € konTteliHepoMm it Bcboro SOAP-moBigoMIIeHHS.
[TpocTip iMmen xmlns:s="http://www.w3.0rg/2003/05/soap-envelope" Bka3ye Ha BU-
kopuctanast SOAP Bepcii 1.2. Tino 3amuty <s:Body> micTuTh ocHOBHY iH(pOpMa-
1110 JIJIs1 BUKOHAHHS 3anuTy. B enemenTi AbsoluteMove 3a3HadaeTbcst MpoCTip iMEH
xmlns="http://www.onvif.org/ver20/ptz/wsdl", sxuit moka3sye, mo 1ei MeTo 1 HajIe-
xuTh 10 PTZ (manopamyBanns, Haxui, 3yMm). ProfileToken — inentudikarop mpo-
¢imo kamepu (MediaProfile00000), mo acoritoeTbest 3 BineonotokoM. el Token
noTpiOeH aiid ineHTudikanii kontekery PTZ-komang. [To3umis (Position) Bu3Hauae
KoopauHatu naHopamyBaHHsA (Pan), maxumny (Tilt) ta 3ymyBanus (Zoom). 3Ha-
yeHHs: X = "0.5" tay = "—0.5" — no3wuiis nanopamyBaHHs/Haxuiy, x="1.0" — ma-
citabd 3ymy.

[Tpoctip imeHn xmlns="http://www.onvif.org/verl0/schema" mnoxkasye, mo mi
napameTpu 0a3yroThcs Ha crneuudikamii ONVIF Schema. [IBuakicts (Speed) —
OMI[IOHATIBLHUIN TTapaMeTp, 1110 3a/1a€ MBUJIKICTb MTEPEMIILICHHS 1JI TAaHOPaMYyBaHHS,
Haxwity 1 3yMmy. 3HadeHns x="1.0" ta y="1.0" — mBuIKICTh MaHOpaMyBaHHSs/Ha-

xuiy. x="1.0" — MBUAKICTH 3yMYy.

i Set absolute position ~  Share B

POST v http://192168.10.87 fonviffPTZ m =

Params  Authorizations  Hes 10)  Bodye Scripts  Settings Cookies <>
none form-data w-www-form-urlencoded  Q raw binary GraphQL XML Beautify

1 «s:Envelope xm
2 nlnsixsd="http:/ /www.w3.0rg/ 2001 /XML Schema”
3
<Positions
<PanTilt x=" .onvif.org/verl@/schema" />
<Zoom x="1.0" vif.org/ver1@/schema” />
</Positionz
9 <Speed>
10 <PanTilt x="1.8" mlns="http:/ /www.onvif.org/verl®/schema" />
11 <Zoom x="1.0" waw.onvif.org/verli®/schema” />
12 </Speed>
13 </AbsoluteMove>
14 </s:Body>
15  </s:Envelope:
16

Body Cookies Headers (3) Test Results 200 OK 336s  442B lﬂ- Save Response oo

3.0rg/20883/@5/s0ap-envelope
r20/ptz/wsdl™>

<tptz:AbsoluteMoveResponse/>

</=:Body>

7 </siEnvelope>

Pucynok 4.12 — 3anut AbsoluteMove
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Ha pucynkax 4.11 ta 4.12 mpoeMOHCTPOBAHO CKJIAJ] 3aIUTY KUK HEOOX1THO
Ha/IICJIaTH KaMepH JIJIsl BAKOHAHHA NIEBHUX omepaliii. B jaHoMy BUIaKy 1€ ornepa-
11151 OTpUMaHHs 1HGOpMaIIi PO MPUCTPIH, 3aBASKH SKIH MU MOXKEMO JT13HATHUCS MO-
JIeNb IPUCTPOIO, HOTO CepiiHUI HOMEP, BEPCIIO MPOIINBKH, a TAKOK HABEJEHO KO-
MaHJy JJIsl BUCTABJICHHS KaMepH y MEBHY MO3MINI0 3a KOOpAUHATaMH. SIk MOxHa
MOMITUTH, KOOPAMHATH MEPEIAIOThCS Y HOPMOBAHHUX BEITMUMHAX.

HacTtynHum eTanom aJiroOpuTMy € MOB'sI3aHHSI HOPMOBAHUX BEJIMYHUH KaMEPH 3
aOCOJIOTHUMM BEJIMYMHAMHU Yy 3arajibHiil cucTemi koopauHat. Jyis mepexony 1o
c(heprUUHOi CUCTEMHU KOOPIMHAT 3aCTOCOBaHO BUpa3u (4.2). 3anexHocti (4.2) 1aioTh

MO>KJIMBICTh TpaHCTIOBaTH KoopAuHaTH 3 ojHie€l CK y iHIIly Ta HABMAKH.

N-N_.
R:Rmin +(I\(I _;m.) )'(Rmax _Rmin);
(;ax_R ml)n (42)
N = Nmin + min '(Nmax - Nmin )9
(Rmax - 1{min )

ne: R — noroune 3Hauenns y chepuuniit CK, N — moroune 3Ha4eHHS Y HOpMOBa-

Hiii CK, R R_.,N N_. — IpaHU4YHI 3HAYEHHS MOBOPOTY Ta HAXWIy Ka-

max’ ~min® " max®> = min
MepH y chepuuHiii Ta HopmoBaHiid CK BiIOBIIHO.

AHaJOTIYHUM YUHOM OOpPaxoBYETHhCS KOE(DIIIEHT HAOIMKEHHS 300paKeHHs
(Zoom). Y tabnuui 4.1 HaBeleHO BUXI1/IHI JIaH1 JUIsl po3paxyHKy nepexoiB Mk CK
[132, 133]. 3nauenns Pan Ta Tilt HaBeneHi B rpagycax, Zoom B pazax. MiHIMalbHI
Ta MaKCUMallbHI 3HAY€HHS KOOPJWHAT BKa3aHI 3 BpaxyBaHHSIM BIIA3€pKaJCHHS

CIIEHU Ha MO BEPTUKAJII.

Taomuus 4.1
3MiHHA R N

I'panuni | min | max | min | max
Pan 0 [355 | 1 -1
Tilt 0 | 90 1 -1

Zoom 1 4 1025] 1
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Ha pucynky 4.13 HaBeneHo yactuHy Koy cnemianbnoro I13 mis momyns ke-
pyBannsa PTZ xamepoto, 1m0 MictuTh paaku reaepaiii SOAP 3anuty y pamkax B3a-

emonii 3 API ONVIF y Bukonanui GUI inTepdeiicy y cepenoBuii MATLAB.

[ Editor - DAAlgo_matlzb\ONVIF_control\Ukn\PTZ_Control_GUI_speed.m ® x
PTZ_Control_GUI_speed.m +

1% - end —

a7 if sbsSpeed < 0 || absSpeed > 1 =

- | error dlg('Speed must be between 0 and 1', 'Input Errar'); 4| PTZ Camera Control - o X

49 = return;

S0 - nd Pan (0-355): 221 (0-355)

51

52 xoopmMEaTH e “ e

53 - zoomPosition] = absoluteToRelative (absPan, absTilt, absZoom);

54

= % map Zoom (1-4) 2 -4

s6- |  camera P amos epu

it username Speed (0-1) 05 @1

58 - passwon

59 — profileToken

€ Send

61 s 3 CAP-samer

62 — ®ml sprinc(l ope:

63

€4

€5 ..

&6 ... % Homasamss meMmEOCTi

67 ‘1, profileToken, panPosition, tiltPosition, zoomPosition, absSpeed, absSpeed):

8

] % B

70 - url

7 - opt pplicatic pxm

72

73

7 % Binnpa

75 - tTy

76 -

78 —

79 -

g0 — fprinte (‘Nommea OpM EMKOHAEMI ZamuTy: $5\n', ME.message);

81 - end

82 — end

83 - lend

84 v

Co -’

PTZ_Control GUI_speed

Pucynok 4.13 — GUI inTepdetic kepyBaHHSI KaMepOIO

[lepeBipka eheKTUBHOCTI pOOOTH AIITOPUTMY CTIPSMYBAHHS IOBOPOTHO1 pOOO-
THU30BAHOI KaMEPH 3a 33ITaHUMHU KOOpANHATaMU Bi10yBaJIOCs MPU MOBOPOTI KaMepH
3a BUNAJKOBMMH KOOPMHATAMH 3 PiBHOMIPHIM 3aKOHOM posnominy IIIH Bumaaxo-
BO1 BETMYMHU. AJITOPUTM T'€HEPY€E KOOPJAMHATH 3 BpaXyBaHHIM OOMEKEHb MEXaH1-
3MiB TOBOPOTHOI KaMepPH sIK1 HaBeIeHo y Tabnuii 4.1.

Ha pucynky 4.14 BimoOpaxeHo pe3yiabTaTH MOJICTIOBAHHS POOOTH aITOPUTMY
y cepenoBuii Matlab [134], Tpancsiito Bifieo B peaibHOMY MacIiTadi yacy opra-
Hi30BaHO!O 3a jonomoror VLC media player (puc. 4.14). 3aznauene 113 [135] Bu-
OpaHO 3a KpHUTEpIIMH: € OE3KOIITOBHUM MYJbTUMEIIMHUM TUICEPOM 3 BIIKPUTHUM
BUXIJTHUM KOJIOM; 37]aT€H B1ITBOPIOBATH MYJIbTUMENIMHI (ailsiu pi3HUX (HOpPMATIB;

BUKOPUCTOBYBATH Pi3HOMaHITHI MOTOKOBI MPOTOKOIH, 30Kkpema RTSP.
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4 Figure 1 - o X
File Edit View Inset Tools Desktop Window Help
DgEe |2 08| LKE

PTZ Camera Movement

5 Mepewa % npucrpitt saxonnerts

Byab nacka, sseaiTs Mepexesuli LRL:

192, 168, 110, 87:554/can channel=" v

MokasaTi Ginswe napaveTpis

KewysaHHs 1000 M |5 Yac no4aTk)

Hac syrrkm T 00 Cec. 000 |+

[[] BinTsopymu cmxpormo inwe mesia (sosmiumiii 38 yKoBMi daiin Towo)

MRL Ir 192.168.110.87:554/c channel= |

300
r 200

PeaarysaTi napaveTpu | inetwork-caching=1000 |

Pan (degrees)
Barsopurh || | Cracysati

P3.7T4.8 7Z:4

IP PTZ Camera

Pucynok 4.14 — Jlemonctpauia podotu PTZ kamepu

4.3 MoaeiloBaHHS pOOOTH AJITOPUTMY KepPyBaHHSI IOBOPOTHUMH MeXaHi-
3MaMH pyXoMoi IJ1aT¢opMu JajieKoMipa

JI1st 10Oy 10BM CUCTEMU KEPYBAHHS PyXOMO1 IIaTHOPMH JajeKoMipa BUKOPH-
CTOBYEThCSI TOBOpOoTHA maTgopma PTZ kamepu, e 3aMicTh KaMepu BCTAHOBJIEHO
nanexomip. i BUKOpUCTaHHS MOBOPOTHOI mu1atdopmu tunosoi PTZ kamepu (puc.
4.15) BuzHauuMoO ii OCHOBHI xapaktepuctuku. Ha puc 4.15 BimoOpaxeHO Kamepy
DS-2DE5425TW-AE(S6) Bin Bupobuuka — komranii Hikvision [136], 30BHiIIHIif
Burisig (puc 4.15, a) ta BHyTpimHio OyaoBy (puc 4.15, 6) 3 MoayseM KUBJICHHS Ta

1HIIII KOMIIOHEHTH TIPUCTPOIO.

HIKVISION

Pucynok 4.15 — 3oBHimHii BUrIsia Ta BHyTpiHa 0ynoBa PTZ kamepu
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Ha pucynky 4.16 BimoOpakeHO B11I€OMOYJIb, IO SIKOTO arapaTHO MiAKII0UYEHO
MOJIyJIb KEepyBaHHS Ta Mpolecop oOpoOKu Bigeo. Moaynb MICTUTh ONTHYHY 4ac-
TUHY (MOTOPH30BaHUI 00’ €KTUB) 3 (DUIBTPAMH, JIIH3aMH, CaMy MaTPHIIIO, SKa € J1a-

BaueM 300paKCHHS, Ta JOJIaTKOBI KOMIIOHCHTH.

Pucynox 4.16 — Bineomonyns PTZ xamepu

By3zon kepyBaHHS IBUTYHAMU MICTUTh KOHTPOJIEp, HEOOX1AHY niepudepito s
3a0e3MeUeHHs nepeadi CUTHAIIB KepyBaHHS Ha MOKPOKOBI JBUTYHH MOKa3aHO Ha

puc. 4.17

Pucynoxk 4.17 — By301 kepyBaHHS ABUTYHAMH



158

o cxnany 6ynoBu PTZ xamepu BxoauTh MepexeBHil iHTepdeiic, OJI0K KUB-
JICHHSI, Ta PI3HOTO POy (PYHKIIIOHATBHI BY3JIH, SIKI HE HABECHI JIETAIbHO Ha PUCY-
HKaX, OCKUIBKH € TIPUXOBaHI B paMKax BHYTPIITHLOTO KOHCTPYKTHBY, a00 BUHECEHI
3a paMKH KOPITyCYy MTPUCTPOIO (30BHIIIHIM OJIOK YKUBJICHHS).

Ha puc. 4.17 (6) BuaHO KpokoBi ABUTYHH [137], XapakeTpUCTUKH SIKUX

HaBeJIeHI Ha PUCYHKY 4.18.

Specification

Phase

Steps/ Revoluion 200

Model Numbering System

Step Angle
Step Accuracy 5%

Insulation Class. B, 130°C
MS17HD 4 P 4 040 -M
Insulation Resstance 100 MegOhs |
Optiens
25N (56Lbs.) Push
Avial Load (20,000 hours at 1000RPHM )
65N (15Lbs)Pul

Radal Load (20,000 hours at 1000RFM ) 30N (6.5 Lbs )AL Flat Center

Operating Temp. 20°C-50°C

1P Ratng P40

Approvas UL Recognzed Fie £465363, RoHS
Pucynok 4.18 — XapakTepucTuku KpOKOBOTO IBUTYHA

Cucrema no3uuionyBanHsi PTZ kamepu BUKOPUCTOBYE MO OJHOMY JIBUT'YHI B
KOXH1 TUIOIIMHI Ta CKEPOBYE ONTUYHY BICh 10 a3UMYTY Ta KYTY MICIIsl BIATIOBIIHO.
Kananu kepyBaHHSI MOBOPOTY KaMepH 3a a3UMYTOM Ta 3a KYTOM MICIIS 1ICHTUYHI.
B nucepraiitHiit poOOTI IPOBEACHO MOCTIAKEHO CUCTEMHU KEPYBaHHS ITOBOPOTOM
3a KaHAJIOM KEpPYBaHHS a3UMYTAJIILHUM KYTOM. 3a KyTOM MICII pO3’ICHEHHS Oyay
TaKl K cami, 3a BUHATKOM KyTOBUX 00OMEXEeHb TOBOPOTHOIO MeXaH13My 00yMOBJIe-
HUX KOHCTPYKTUBHOIO OyaoBoto PTZ xamepu.

KpoxoBi 1BUTyHH, SIKI MOXYTb 3aCTOCOBYBATHUCS JI1 IOBOPOTHOTO IPUCTPOIO
Janexomipa MOAUISIIOTHCSA Ha JIBa KJIACH: CTaHAApPTHI Ta npeuusiitHi. CtaHaapTHI
KpPOKOBI JBUTYHH MatOTh Kpok 1,8 rpamxyca [137], mpenusiitni — 0,9 rpamyca [138].
3acTocyBaHHS PEIYyKTOPa J03BOJISIE 3a0€3MEYUTH O1IBIITY TOYHICTH TOBOPOTY PyXO-
MOi TIaTHOPMHU.

Y sKOocTI MOAENBHOTO OO0 ’€KTYy TMOBOPOTHOI IUIaTGopMU AajieKomipa 1
BU3HAUYCHHSI JUHAMIYHUX XapakTepucTuk B3sTo kKamepy DH-SDT4E425-4F-GB-A-

PV1 [127]. Ha pucynky 4.19 nHaBeneno TexHiuHi xapaktepuctuku PTZ xamepu
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Dahua tumy X-Spans TiOC, ski BiMOBIAAIOTh 32 MOXKJIHMBICTh MIATGOPMH IO MO-

BOPOTY, Ta IIBUIKOCTI ii pearyBaHHsl HA CUTHAJIA KEPyBaHHS.

Lens

Focal Length
ud Max. Aperture
Field of View

Optical Zoom
Focus Control

Close Focus Distance

Pan/Tilt Range

Manual Control Speed

Preset Speed

Panora

Panorama: 2.8 mm;
Detail: 5 mm-125 mm

Panorama: F1.0;
Detail: F1.6-F3.6

Panorama: H: 101% V: 537 D: 120",
Detail: H: 51.9°-3.0% V; 39.7°-2.2%; D: 63.1°-3.7°

Panorama: NA;
Detail: 25x

Auto; semi-auto; manual

Panorama: 0.2 m (0.66 ft);
Detail: 0.1 m-0.5 m (0.33 ft-1.64 ft)

Observe  Recognize Identify

9875 m 500 m 250m

(8202.10t) (3239.83ft) (1640.42ft) (820.21ft)

Iris Control Auto; manual
Detect
DORI Distance
2500 m
PEZ

ima camera: Tilt: 13° to 23%
Detail camera: Pan: 0° to 360° endless; Tilt: 15° to
90", auto flip 180°

Pan: 0.1/5-200%5;
Tilt: 0.1%/5-120%s
Pan: 2407s;
Tilt: 200°%/s

Pucynok 4.19 — Kamepa DH-SDT4E425-4F-GB-A-PV1 Ta 1i XapakTepucTuku

Jlnst xepyBaHHS KPOKOBUM JBUTYHOM MOBOPOTHOI IUIAT(HOPMHU PO3POOIEHO

PID xontposnep [139]. lanuii KoHTpoJIep € OAHOYACHO MPOCTUM Ta YHIBEpCaTbHUM

1 MAXOIUTH JJIsl BUKOHAHHS 3aJ1ayl KEpyBaHHS KPOKOBUM JIBUTYHOM. CTpyKTypHa

cxema kepyBaHHs Ha ocHOBI PID konTtposnepa Ha pucynky 4.20

3apamHa
BEAWYMHA

napamerpy
r

PID koHTponep

>+

________________ :
: p I
| Kpe(® |
| |
' |
' |
: t |
— » K,J’ e(t)dt I
| 0 I
' |
| |
| de(t) |
| Kp dt |
' |
- J

CvrHan 380pOTHOrD 3B'A3KY

Kepytoua PerynboBaHui
aia napamerp
u OB'exT y
KepyBaHHA "

Pucynok 4.20 — CtpykTypHa cxema KepyBaHHs Ha ocHOB1 PID koHTposepa
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[Tponopiifinuii KaHai BUa€ BEIMUYMHY BUXITHOTO CUTHAITY, IKUI pO3paxoBy-

€ThCS K TIOMUIKA (Pi3HHIIA, HEY3TO/UKEHICTB) e () CUTHATy 3BOPOTHOTO 3B'SA3KY i
CHTHAJIy 3aJlaHHsI 7, IOMHOXeHa Ha KoediwieHT K . SIKio npudpar (IpupiBHATH

1o Hyms) iHm koedimieatu PID xoHTponepa, To pe3ynbTaT Takoro KOHTpoOJepa
OyZie MaTl CTaTHYHY TTOMUJIKY, OCKITBKY MPOTOPIIHHNNA KaHa MOXKE TIJTbKA KOM-
MEHCYBAaTH YaCTUHY Hey3ropkeHocTi. [loganbiie 301IbIIeHHsT 3HaUYeHHs Koedilie-
HTa B CIIpo0ax 301IbIINTH €PEKTUBHICTD, MPU3BEJIE 10 MEPEPETYTIOBAHHS (TIEPEBU-
IICHHS BETUYMHY HaJI 3aJaHUM PiBHEM, 1HO/1 6araTopa3oBoOro i MOBTOPIOBAHOTO, B
TIpIIOMY BUIAJKY y BUIJISIAI ABTOKOJHMBAHb) IPH MOSIBI BEJIMKOI HEY3rOJKEHOCTI
(HampukJIa myck abo pizka 3MiHa mapameTpa). JlaHuii kaHal BIANOBIIA€E 3a IIBU/I-
KOJI1}0 KOHTpOJIepa B IIJIOMY 1 HAlOUIbIy YacTHHY poOOTH (KOMITEH callisl O1IbIIOT
YAaCTUHU HEY3TOJ[P)KEHOCT1).

[HTerpanbHUil KaHA B 3arajJbHOMY TEX Oepe 3a OCHOBY MOMWIKY PEryIo-
BaHHsI, ajie, NMPU I[bOMY, BUXIJ 1HTErpye IO MOMUIIKY, TOMHOXKEHY Ha Koedili-

eHT K. Lle nae MOXKIMBICTH KOMIICHCAIIl CTATUYHOI MOMHIIKH, AKIIO CHCTEMA HE

BI/IUYBA€ 30BHIIIHIX 30ypeHb, ajie He 1030aBJisie Bl AMHAMIYHOI HOMIIKH. CipoOu
3MEHIIUTH AUHAMIYHY TOMUJIKY 200 SIKOCh 3MEHIIIUTH Yac, 3a SIKUH KOHTPOJIEp KOM-
MIEHCY€E MOMMIIKY, IPUBEIYTH O TOTO, 10 TEX 3'IBUTHCS IEPEPETYIIOBAHHS 1 MaliKe
rapaHTOBAaHO aBTOKOJIMBAHHS.

) . ) ) ) de(t
HudepeniianpHuii KaHa MOJIa€ HA BUXIJ MIBUJKICTh 3MIHU TTOMUJIKH a’( ) ,
e

IIOMHOKEHY Ha KOoe(IilieHT K ,, IO Ja€ MOKJIUBICTh K OM IEpen0adynTh ONUCAHY

BUILE P13KY 3MiHY HEY3TI0JKEHOCTI (IycK abo pi3Ka 3MiHa mapameTrpa) i TMM CaMUM
JIOTIOMOTTH OUIBII MOBUIBHUM KOMIIOHEHTaM KOMIIEHCYBAaTH BEIUYHUHY MOMMUIIKH.
Hanani, 3a aii nponopuiifHOro Ta IHTErpajibHOTO KaHaIIIB, POJib TU(EepEeHIIaTbHOTO
KaHaJly TIOBMHHA 3aracaTy. JludepeHianpbHnil KaHall 9yTIIMBUI JJO BUCOKOYACTOT-
HUX 3aBajl. Tomy, mpu noOyn0B1 KOHTpOJIepa, HEOOXITHO BXKUTH 3aXO/IB JIJIS 3aXU-
cTy Bij 3aBaj. JlogaTkoBoO AuQepeHLiaabHUM KaHal MOXKE 3MEHIIUTH 3HAaYEHHS I1e-

peperyjioBaHHs, OTPUMAaHOTO TMpPH  HaJalITyBaHHI  MPOMOPIIMHOTO  Ta
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IHTETpaJIbHOTO KaHAJIIB 32 PaXyHOK OLIbII IIBHAKOTO 3MEHIIEHHS MOMUJIKH pery-
JIIOBAHHS 10 MOMEHTY 3a/IisTHHS 1HIITMX KaHATIB.

IcHytoTh pi3H1 MeTOU 11 HajamTyBaHHs PID koHTposepa, HULTIo SIKUX € TI1-
n0ip onTUMATBHUX KOE(]IIiEHTIB KOXKHOI 3 TaHOK. KOXKHUI METO Ma€ CBOIO MEBHY
00J1aCTh 3aCTOCYBaHb BUXOJIIUM 3 YMOB BUKOPUCTAHHSI KOHTPOJIEpa, OCKUIBKHU TPO-
IIECH, L0 MIJUIATal0Th PETYIALIl MOXKYTh OyTH IIBUKI Y MOBLIBHI.

HaiinpocTimmM MeTo0M € pyYyHU METOJ HANAIITyBaHHS, IKUHA OMUPAETHCS
Ha KOPEKIII0 MapaMeTpiB METO0M pod Ta HeBaayd. Crepiny Bpy4HY HajalllTOBY-

I0Th K ,, MONEPeAHBO NPUPIBHABIIK A0 HYJIS IHII KaHAIM, TTOTIM K, 8 OCTaHHIM

K, , OLIHIOIOYYM PE3yJIbTaT pOOOTH 3a rpadikaMu 3 OMIAAY Ha MOXKIIMBICTB MOOY-

JIOBU PE3YJIbTYIOUMX TpadikiB MICIs KOXKHOTO pPeryiroBaHHs. Taki MeTOau 1€ Ha-
3UBAIOTh EMITIPUYHUMU 200 €BPUCTUYHUMU.

[HI1 mMeToau omTuMizallii mapaMeTpiB KOHTpoJiepa: TaHTCHIIATIbHUM METOJ]
HanamryBanHs PID kontponepa (nepmuii metoy 3irnepa-Hikomnbca), METO KOJIH-
BaHb (a0o npyruit yactoTHuM Mmeton 3irnepa-Hikonsca), meroq CHR (Chien,
Thrones 1 Reswick), cnekrpanbanii metoa, meton Kyna, meton Crorecrama, METOI
[Menens [139, 140]. V maniit quceprauiiidiil poOoTi onTuMainbHi koedimientu PID
KOHTpoOJIepa 00upalich NIITXOM HanamTyBaHHs 00’ ekty PID koHTposepa 3 1soma
crynenssmu cBoboau (2DOF) GesnepepBHOro dacy y cepefoBHINI MOJCITIOBAHHS
Simulink.

Knacuunuit PID xoHTposep MICTUTH MPOMOPIIIHHUN KOMIIOHEHT, 1IHTETPaJlb-
HUM KOMIIOHEHT, Ta JudepeHIiadIbHU KOMIIOHEHT, sIKI MalOTh CBO1 IepeBaru Ta He-
nomiku. O0'eqHaHHS [IMX KOMIIOHEHTIB JO3BOJISE HIBEIIOBATA HEIOIIKH 1 TOEIHATH
nepesaru [140]. Matematuuna mozaens poootu PID konTposnepa, sikuii hopmye ke-
pyrO4y Jit0 Ha OCHOBI TIOTOYHOI ITOMUJIKH:

u(t) = Ke(t) + K, [ e(t)dt + K, dz(;) , (4.3)
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ne u(t) — kepytoua fisi, e(t) — moMuiika, K — KOeQIIi€HT MiICUICHHS TTPOIIOp-
LIHHOI CKJIaNoBOl, K, — Koe(illi€HT MiICUIEHHS 1HTETPalbHOI CKIaN0BOoi, K, —
Koe(DimieHT macuieHHs qudepeHITliaabHOl CKIIaI0BOi.

Cunres PID xonTposnepa npoBoauscs B cepenopuiri Simulink. PID konTposep

OyB po3paxoBaHuii 3a Bupa3om (4.3) y S-muionuni (3 neperBopenHsm Jlamnaca):

1 N
Cs)=P+l —+D ————.
5 1+ N -~

S

(4.4)

OO0'exT, HAJA SIKUM 3A1MCHIOETHCA KEPYBAaHHS, CKIAAAETHCS 3 KPOKOBOTO JIBU-
TyHa, pelyKTopa Ta KOPIyCy JalieKomipa, 110 MPeACTaBIAIOTh COOOI0 BiJIMOBIAHO
IHTErpaJIbHY JIAHKY, JIAHKY IM1JICUJICHHS Ta anepioJuyHy JaHKy MepIIoro MOPSIKY

[141]. 3aranbHa MOJIeb MpeAcTaBiIeHa Ha puc. 4.21.

ﬁgx e ﬁgux
-

Kpokosuin
ABUIyH

PID [—=

— PeykTop —®=Kopnyc

Pucynok 4.21 — 3aranibHa MOZIENIb CUCTEMU KEPYBAHHS

Ha pucynky 4.22 HaBe1IeHO JOCII>)KYBaHY MOJIEb CUCTEMU KepyBaHHs cop-

MOBaHy B cepenoBuii Simulink.

| =

0.4sl+1 —

Pucynox 4.22 — Mopens cuctemMu KepyBaHHs B cepenouiii Simulink.

j error PlD(S) -

Cunres ontumansHoro PID konTponepa npoBoauscs B cuctremi MATLAB wme-
TOJIOM ONTHUMI3allii Koe]illieHTIB, BIMOBIAHO 10 MeToAa 3iraepa-Hikonbca.

Yac BCTaHOBJICHHS MEPEXiAHOTO mporiecy Bu3HauuMo 10 200 mc.

dopmyna (4.5) nokasye nepenaBanbHy GyHKIi0 PID koHTponepa po3paxoBa-

HOT'O 3a3HAYCHMMMU BHUIIC ITapaMCTPaAMU:
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C(S):5221S2+21.15-104S+2942. .5)
s~ +3860s
JIJis iepexoy y z-IUIOMMHY HaJl BUPa30M HaBEJACHHUM BUIIEC HEOOX1IHO MPO-
BeCTH omepaiiro auckperusantii. CepenoBuie Matlab nepegdadae ximpka METOMIB
JUIs 371dcHeHHsT nepexony [142], B mucepramiiiHiii poOOTI BUKOPHUCTAHO METO]
Zero-Order Hold (ZOH).
dopmyia (4.6) BU3HaUYaE repeaaBaibHy XapaKTepUCTUKY Y Z-TDIOIIHHI 3 Yac-

toToro auckperu3aiii 100 kI

2 4
52211 —-1.044-10 Z+5221. (4.6)
z°—-1.962z+0.9621

C(z)=

[Ipo sikicTh Ta TOYHICTH AUCKpeTu3alii Hamoi ¢pyHkuii PID konTposnepa cBia-
YUTh CHIBIAIHHA JOTapU(DMIYHUX aMILTITYyTHO-4aCTOTHUX Ta (a30-4aCTOTHHUX Xa-
paktepuctuk (puc 4.23) HemepepBHOI Ta JUCKPETHOI HUGPPOBOI CUCTEMHU KEpy-

BaHHA.

Bode-giarpama PID

Magnitude (dB)
B [=}]

=]
=]

Phase (deg)

-@132 10° 102 10* 108
Frequency (rad/s)

Pucynok 4.23 — JIAUX ta ®UX PID xonTpoOJiepa

Ha pucynky 4.24 HaBeieHO NepexiiHy Ta IMIYJIbCHY XapaKTEPUCTUKHU JTOCIIi-
JOKyBaHO1 Mozieni. 3 pUCyHKY 4.24 (a) BUIHO, 1110 IepexiaHuii mpouec Tpusae A0 0.2

CEKYH/IH, 10 3aJI0BOJILHSIE 3aJJaHUM BUMOTaM.



Amplitude
s = o

Step Response
From: Step

To: Transfer Fen

164

Impulse Response

faaH

Amplitude
o

From: Step To: Transfer Fen
T T

15

0 0.2
Time (seconds)

a)

0.1 0.15 0.2 0.25
Time (seconds)

6)

Pucynox 4.24 — IlepexinHa (a) Ta iMmmysbcHa (0) XapaKTEepUCTUKU MOJIEI1

Pesynbraty aHamizy CTIMKOCTI CUCTEMU KEpyBaHHs HaBEJEHO Ha PUCYHKY 4.25, a

came KapTy HYJIIB Ta MOJIOCIB MoAel. Beil montocu 3HaxoaaTbes B JIiBii HA MIBILIO-

IIUHI, 110 CBITYUTH PO CTIHKICTh JaHOT CHCTEMH.
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6)

Pucynok 4.25 — Kapta HyJ1iB Ta M0OJIIOCIB

Ha pucynky 4.26 BioOpakeHO pe3ysIbTaTi poOOTH CUCTEMHU MPY BUKOHAHHS

CKaHyBaHHs J1aJIEKOMIPOM B a3UMYTaJIbHIM IJIOIIMHI B Mekax +10 rpaayciB BIAHO-

CHO HYJBLOBOTO MoJokeHHs. ['padik Ha puc. 4.26 1eMOHCTpPY€E 3HAUEHHS MTOXUOKHU

CUCTEMU TpH 1ii Kepyrouoro BIumBy. Jlana moxuOka He mepeBuinye +0.003 Bix
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MaKCHUMaJIbHOI'O aMHJ'IiTyI[HOI‘O 3HAYCHHA B BCTAHOBJICHOMY pe)KI/IMi, 10 CTaHOBUTDH

0.3 %.

w103 error

Y

B \/

o 10 20 30 40 50 60 0 80 a0

Pucynox 4.26 — I'padixk TOMHIIKHM TpU BiANPaIIOBaHH1

Jlnst peanizariii Takoi cucteMu MoxHa cuHTe3yBaTu PID koHTposnep Ha muiat-
dbopmi MikpokoHTposiepy STM320F030 [143]. Bkazanuii MiKpOKOHTPOJIEP Ma€E MO-
YKJTUBICTD MIIKIIOYSHHS TIepudepii A1 po3mupeHHs PyHKIIIOHATBEHUX MOKITHBOC-
Te cUCcTeMM KepyBaHHs, 31aTHuil 3a0e3neuntr 100 xI'11 yacToTy AucKpeTu3arii
AIII Ha pucynky 4.27 noka3aHna miata koHtpoiepa STM32 Ta fioro xapakrepuc-

THUKH.

« Reset and power management
— Digital & I/Os supply: Vpp=24V1to 36V
— Analog supply: Vppa =Vppto 3.6 V
— Power-on/Power down reset (POR/PDR)
— Low power modes: Sleep, Stop, Standby
+ Clock management
4 to 32 MHz crystal oscillator
32 kHz oscillator for RTC with calibration
Internal 8 MHz RC with x6 PLL option
Internal 40 kHz RC oscillator

Pucynok 4.27 — Ilnara korntponepa STM320F030 Ta iioro xapakTepucTUKu
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4.4 Koudirypauis kommiekcy crexxenns 3a MBILJIA

Ha pucynky 4.28 moxHa moOaynTy Ba BapiaHTH KOHQIrypaiii KOMIIEKCY.
Bapiant A nepen6adae HasiBHICTh y CBOEMY CKJIaJll TAHOPAMHOI KaMepH, pyXOMOi
PTZ xamepu Ta manexomipy. B Takiit koH]iryparii Bich AanekoMipa Ta ONTHYHA
Bicb PTZ kamepu criBHampsMIieHi. 3a3HaueHe KOMIIOHYBaHHS T03BOJISIE HAIPaB-
JISITU OJTHOYACHO 1 1alieKoMip 1 By3bKomnoiabHy PTZ xamepy 11t OTpUMaHHSA JeTallb-
HOTO 300pakeHHsA 00’€KTa, 10 CIOoCTepiraloThesa. B Takomy BUManKy KepyBaHHS
CUCTEMOIO Bi10yBaeThcsa mporpamMuo 3a npotokosiom ONVIF. Bapiant b nepenoa-
Yya€e BUKOPUCTAHHS OKPEMOI MOBOPOTHOT IIATPOPMH, CUCTEMA KEPYBaHHS AKOI I0-
OynoBaHa Ha 0a31 PID koHTposiepiB Ta KpOKOBUX JIBUTYHIB. B Takomy BUNIaAKy, Ha
MOBOPOTHIH MIaThopMi pO3MINITYETHCS BUHATKOBO fanekomip. Pucynku 4.28 (a, 6)
B1JI00pakaroTh J1Ba BaplaHTH KoMIUIeKCy cTexeHHs 3a MBIIJIA, koHdirypanii skux
BIJIPI3HSIOTHCA 32 CKJIAJIOM B 3QJIEXKHOCTI BiJl BAMOT 3aMOBHHKA Ta 3a/a4, K1 BOHU
OyayTh BukoHyBatu. Ha puc. 4.28 a nokasani By3bKOIOJIbHA Ta IIMPOKOIOJIbHA Ka-
MepHU pa3oM 3 JaJeKoMipoM, a Ha puc. 4.28 (0) moka3aHi MIMPOKOIMOJIbHA KaMepHu
pa3oM 3 JaJIeKOMIpOM Ha MOBOPOTHIH miatdopmi. B sikocTi manekomMipa Moxe 0yTu
BUKOPUCTaHUH 5K ja3zepHuid, Tak 1 FMCW nanexomip. By3bkomnosibHa Ta HIMPOKO-
MOJIbHA KaMEPH TaK0K MOXKYTh OyTH 00paHi BUXOJA4YU 3 KOHKPETHUX YMOB I1OCTa-

BJICHOTO 3aBJIaHHSI KOMILUIEKCY (BiJICTaH1, KyTH OTJISIAY Ta T.1H.).

£ £

- e

@

a) 0)

Pucynok 4.28 — 3-D mozaens cucteMu BU3HAYECHHSI KOOPIUHAT
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3aranpHa KOHIENTyalbHA 3-D Mozenb, sika IEMOHCTPYE POOOTY KOMILIECKCY 32
NpU3HAUYCHHSM TOKa3aHa Ha pUCYHKY 4.29. YV 6a30BOMy BapiaHTI BeCb KOMILJIEKC
po3TanoByeThcsa Ha TpUHO31. Ha pucyHKy He moka3aHi poboye Miclie orneparopa y
Burisiai 11K 31 cremianizoBanum I13, mo BUKOPHUCTOBYE 3amporOHOBaHI y poOOTI
anropuT™Mu. 3a pamMku 3-D mMojem BHHECEHO JIiHII 3B’S3KYy Ta J0JaTKOBE 00J1ajI-
HaHHS, [0 MOEIHYE POOOYE MICIIe OnepaTopa 3 KoMIiekcoM cteskenHs 3a MBITJIA.

Jlist moOyA0BH KOHIIENTyaJIbHOI 3-D Moens qeMoHcTpailtii poO0TH KOMILUIEKCY

OyJM BUKOpPHUCTaH1 poOOTH aBTOPIB y BUIbHOMY Aoctymi [144-147].

Pucynok 4.29 — KonnentyanbHa 3-D Mozenb 1eMOHCTpallii poOOTH KOMILIEKCY

BucHoBku 10 po3ainy 4

1. 3anponioHoBaHO JBa BapiaHTa KOHPIrypaiii KOMIUIEKCY CTEXKEHHS 3a
MBIIA. Ilepma koHbiryparlisi moeaHye: mMpokonoiasHy IP kamepy 3 manorw ¢o-
KyCHOIO BifcTaHHIO 1 miarpumkoro RTSP mpoTokomy; pyxoMy By3bkomojibHy [P

PTZ xamepy 3 niarpumkoro npotokoiay ONVIF; nazepauit najexomip 3akpirieHuii
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Ha pyxomiii mnatdopmi [P PTZ xamepu. B miit kondiryparii 060B’s13k0B0 HE0OXi-
JTHO 3a0e3MeuyBaTi CyMIIIEHHS ONITUYHHUX OCEeH KaMepH Ta Janekomipa. Jlpyra KoH-
dbirypartis BKJIOUYae: MUAPOKONonasHy [P kamepy 3 Masioro pOoKyCHOIO BiJICTAHHIO 1
niaTpumkoo RTSP npoTtokomny; nazepHuil nanexkomip, KUl 3aKpiIuIeHUN HA PyXO-
Miii moBopoTHii matdopmi. [loBopoTHa miardgopma modyaoBana Ha ocHOBI PID
KOHTPOJIIB Ta KPOKOBHX ABUTYHIB U PyXY 32 a3UMYTOM Ta KyTOM MICIIS.

2. Po3pobseno anroputm kepyBanHs [P PTZ kamepoto 3 Bukopuctanusim API
Ha 6a3i mporokosry ONVIF. Anroputwm onpanboBye KOMaH 1, K1 OTpUMaHi BiJI ajia-
NTUBHUX (PUIBTPIB 3a JAHUMH IIMPOKOMOJIBHOT KAMEPH Ta JaJE€KOMIPY ISl BU3HA-
yeHHs mapameTpiB pyxy MBIUIA.

3. CuHTe30BaHa onTUMaibHa IIMGpPOBa CUCTEMa KEPYBAHHS KPOKOBUMU JBU-
TYHaMH PYyXOMOi ITOBOPOTHOI Mm1aTopmu 3a0e3Ieuye peakiio Ha KEPYIOUHid Cur-
HaJl 3 TPUBAIICTIO MepexiHoro npouecy 10 200 Mc Ha 371HCHEHHS OBOPOTY 3a
nBoMa KoopauHatamu. [Ipu mboMy, moxuOKa CUCTEMH OIPAIIOBAHHS KEPYHUOTo
BIUIUBY He nepeButrye 0.3%. s peanizaliii cucteMu KepyBaHHS IOBOPOTHOIO T1a-
THopMOIO JameKkoMipa MOXYTh OyTH BHKOPHUCTAaHI MIKPOKOHTPOJIEpH cepii
STM320F030, mo 3aaTHi 3a0e3neuuTy 4acToTy auckperusarii 100 kI'm.

4. J11s1 KOHCTPYKTUBHOT'O BUKOHAHHS KOMILJIEKCY PEKOMEH/I0BaHO BUKOPHUCTO-
ByBatu [P xamepu 3 po3ainpHOIO 3/MaTHICTIO He HIbk4Ye HiK 1920x1080 mikceni. Y
SKOCTI IIIMPOKOTOJIBHOI KaMepH, JJIsl 3a0€3MEUCHHS IIUPOKUX KYTIB OTJISY, PEKO-
mennoBaHi [P kamepu 3 manoro GhoKycHO BijicTaHHIO Ta miaTpuMKoo RTSP mpo-
TOKOJTy. 3 METO0 3a0€3IeUeHHsI AETaIbHOTO 300pa)KEHHsI MOBITPSIHUX 00’ EKTIB pe-
KOMEH/I0BaHO BUKOPUCTOBYBATH By3bKoNOJbHI [P PTZ kamepu 3 miaTpuMKoro mpo-
tokory ONVIF. ¥V sikocTi mamekoMipa mponoHY€EThCS BUKOPUCTOBYBATH JIA3€PHUN
JageKkoMmip, 110 3abe3reuye TOYHICTh BUMIPIOBAHHS JadbHOCTI He MeHIie 0.5 M Ta

MICTUTh IU(ppoBuUli iHTEpdElic TIepeaadi JaHuX.
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BUCHOBKHA

1. B po3po0GaeHOMy MeTO/1i aJanTUBHOTO OLIIHIOBAaHHS MapaMeTpiB pyxXy MaHe-
Bpytouoro MBITJIA 3 BUKOpHUCTaHHSIM KOPEJISIIIHHOTO MOITYKY ONTHUMAJIBHUHN aJiro-
PHUTM aIaNTUBHOTO OI[IHIOBAHHSA € PEKYPEHTHHUM 1 OMTUCYE €BOIIOIIO CIIJIBHUX aIlo-
CTEpIOpHUX PO3MOALTIB apaMeTpiB pyxy MBIIJIA 1 quckpeTHOro KOMIIOHEHTA, 1110
BU3HAYA€E TUI Horo pyxy. B onTumanbHOMY MPUCTPOI OILIHIOBAHHS BIJCYTHE 3pOC-
TaHHS KaHAJIB 1 BiH BIAHOCUTHCS JI0 KJIACy MPUCTPOIB 13 3BOPOTHUMH 3B'A3KaMU MIXK
KaHajamMH. B oTpuMaHOMY 3 BUKOPHUCTaHHSIM HOJITayCIBChKOI alpoKCUMAIlli aroc-
TEpPIOPHUX PO3MOJLIIB KBa310NTUMAIBHOMY QJITOPHUTMI, OLIHIOBAHHS MapaMeTpiB
pyxy MBIUIA 1o ocam CK maTpuiil kaMepu BUKOHYETBCSI OKPEMO, a OTPUMaHI pe-
3yJlbTaTu 00’€HYIOTbCS HPHU PO3pPaxyHKy amocTepiOpHUX HMOBIPHOCTEW THILY
PYXY, IO J103BOJISI€ 3MEHILIUTH PO3MIPHICTh aIaNTUBHUX (PUIBTPIB B JIBa pa3Hu.

2. Po3po0nenuii kBa3ionTUMaIbHUIM alroOpuT™M aJalTUBHOIO OLIHIOBAHHS Ma-
pametpiB pyxy maHeBpyrouoro MBITJIA 3 BUKOprUCTaHHAM KOPEJSIIIHOTO MOITYKY
no3Bossie 3MeHIUTH CKB moxuOok nmporuo3y KOOpJAuHAT Ha AUISIHKAX PIBHOMIp-
HOTO pyxy 13aBucanHst MBIIJIA B 3.2 1 6.5 pa3u, HiX Ha JUISTHKAX pyXy 3 MAHEBPOM
B1AMOBIAHO. PO3p006ieHn KBa310NTUMAIBHUIN aJITOPUTM aJJalITUBHOTO OLIHIOBAHHS
3a0e3nedye po3Mi3HaBaHHS 3aBHCaHHS 1 Maixe piBHOMIpHUHN pyXx MBIIJIA 3 iimo-
BipHOCTSIMHU HE HIbkde (.9, mo 103BoJIsie OyIyBaTH CTPOOM CYNPOBOAY aJeKBAaTHO
NOTOYHIA CHUTyalli 1 3HM)KYE HMOBIPHICTh NOTPAIUISHHA B CTPOO CTOPOHHIX
00’ €KTIB.

3. Po3pobuiennii kBa3ionTUMaIbHUN alTOPUTM aJalITUBHOTO OLIIHIOBAHHS Ta-
pameTpiB pyxy MaHeBpyrouoro MBITJIA 3 BUKOpHUCTaHHSIM KOPEJISIIIIHHOTO MOITYKY
3abe3neuye HU3bKy WUMOBIpHICTH 3puBY cyrnpoBory MBITJIA nipu Buxigaomy BCII
oOinbire, HiXk 18 1b, 1o, BiANOBIIa€ MPAKTUYHUM CUTYaLIsIM MPU CYIPOBOA1 pO3IIO-
nineHoro 00’exty. 3a ymosw, mo BCIII npuiimae 3Hauenns menie, Hix 14 1b, cte-
xenHs 328 MBITJIA cTae HEMOXKIMBUM, IO TTOB’S3aHO 31 3MEHIIIEHHSIM KOe(IIlieHTY

B3a€EMHOI KOpeJAIii 300pakeHb.
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4. Po3pobnenuit MeTO/1 aAaNTUBHOTO OLIIHIOBAHHSI ITApaMeTPiB PyXy MaHEBpY-
touoro MBIIJIA 3a nanuMu BieoKaMepH 3aMiCTh BUKOPUCTAHHS KOPEISAIIMHOTO
MOIITYKY MOe, 0€3 CYTTEBUX 3MiH, 3aCTOCOBYBATH METOJIU MIDKKAIPOBOI PI3HUIII Ta
OO0YHCIIEHHS ONITUYHOTO TTOTOKY JUISl BUSIBJICHHS 1 BUMIPIOBAHHSA KOOPAMHAT MaHEB-
pytouoro MBIUIA.

5. B po3poGieHoMy METOI1 afanTUBHOTO OLIIHIOBAaHHS TApaMEeTpPiB PyXy MaHe-
Bpytouoro MBIUIA 3a ganumu ganekoMmipy Mpu HasiBHOCTI MPOMYCKIB Ta XUOHUX
BUMIPIOBAHb CHHTE30BAaHUI ONTUMAaJIbHUM aJrOPUTM aJalTHUBHOIO OL[IHIOBAHHS €
PEKYPEHTHHUM 1 OITUCYE €BOJIIOLIFO CIUIBHUX aIIOCTEPIOPHUX PO3MOILIIB MTAPAMETPIB
pyxy MBIIIA Ta auckpeTHUX KOMIIOHEHTIB, SIK1 XapaKTepU3ye BUJl HOTO MaHEBPY
1 Tun BuUMiproBaHHs. ONTUMaNbHUNA TPUCTPIA PuUIbTpalii € GaraToKaHAJIbHUM 1
BIJIHOCUTBHCA 1O KJacy IPHUCTPOIB 13 3BOPOTHIMHU 3B'A3KaMH MDX KaHajiamu. B
CHUHTE30BAHOMY, 3 BUKOPHUCTAHHSIM HOJIrayCiBChKOI anpoKcuMariii,
KBa310[ITUMAJIbLHOMY QJITOPUTMI OOYUCITIOIOTHCS JIUIIE NEPIIUNA 1 APYTUil MOMEHTH
YMOBHHX arOCTEPIOPHUX PO3MOALTIB mapamMeTpiB pyxy. OCKUIbKH PO3paxyHOK
OIIIHOK TTapaMeTpiB pyXy 00’€KTa B1IOYBAETHCS JUIIIE 32 YMOBH, III0 BUMIPIOBAHHS
HE € XUOHUM, KUIbKICTh KaHaJllB KBa310NTUMAIBHOTO (DUIbTpa JOPIBHIOE KiTBKOCTI
tumis pyxy MBIUIA.

6. CUHTE30BaHUN KBa31ONTUMAIbHUNA aJTOPUTM aJalTUBHOIO OI[IHIOBAHHS
napameTpiB pyxy maneBpyrouoro MBIIJIA 3a nanumu nanexomipy 3adesnedye
pO3Mi3HaBaHHS XWOHUX BUMIPIOBaHb 1 PI3HUX BHUJAIB PYyXy: 3aBUCAHHS, Maike
PIBHOMIPHUN pyX, pyX 3 MaHEBPOM — 3 IMOBIPHOCTSIMU OJM3KUMHU 10 OJMHMIII.
BusBrieHnns 3MiHU TuUny pyxy 00’e€kTa BUKOHYyeThcsi 3a 10—15 TtaktiB pobotu
anroputMmy. Ha nainsiHkax piBHOMIpHOTO pyXy aganTuBHui GiabTp 3a0e3neuaye CKB
noXUOOK MPOTHO3Y NanbHOCTI Ha 70 % MeHIIe, HiXK Ha AUISTHKaX pyXy 3 MaHEBpPOM,
a MBHJKOCTI, BiamoBigHo, B 3.8 pa3 menme. Ha ginsakax 3aBucanns MBITJIA
nonatkoBo MoxkHa 3MeHIInTH CKB noxunbok nporuno3y B 2 pa3zu. HasBHICTE mooau-
HOKHX XUOHUX BUMIpIOBaHb ()aKTUYHO HE BIJIMBAE HA TOUHICTh OLIIHIOBAHHS Iapa-
METpIB pyXY, 10 0OYMOBJICHO BUCOKUM TEMIIOM HAJXOKEHHS BUMIpIOBaHb. [Ipu

MOSIB1 TOCTIAOBHOCTEH XWOHUX BUMIPIOBAHb HAWOLIBII TOMMJIKK OIIHIOBaHHS
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BUHUKAIOTh HA JUISTHKAX PyXy 3 MaHEBPOM, 110 OOYMOBIJIEHO Pi3KUM 3POCTAHHSIM
MOMMJIOK TPOTHO3Y MpH 301IbIIEHH] 1HTEpBaly MPOTHO3YBAHHS ISl TAHOTO THUITY
PyXy.

7. Po3pobneHuii KBa3iONTHUMAIbHUN alIrOpUTM aJalTHUBHOTO OI[IHIOBAHHS
napaMeTpiB pyxy maneBpyrodoro MBIIJIA 3a naHumu ganexkomipy 3 MOCTIMHUMU
KoedillieHTaMH  MIACWICHHA KaHaiiB  (QUIBTPY HE TMOTIpUIye TOYHOCHI
XapaKTepUCTHKU B CTAlllOHAPHUX pexumax podotu. Yac mepexiiHUX PpexuMiB
pO3ITi3HaBaHHS PIBHOMIPHOTO pyXy Ta 3aBucaHHs 3pocTae Ha 20—40 %, 1o He €
CYTTEBUM IPU BHUCOKOMY TEMIIl OTPUMaHHS AaHUX 3 Jajnekomipy. DikcyBaHHS
KOe(DIIIEHTIB MIJCUJICHHS KaHaiiB (UIBTPY [03BOJSE 3MEHIIMTH KUIBKICTh
orepaiii MHOXEHHS Ha OJUH TakT poOoTH anroputMy y 31 pa3, a KUIbKICTb
omepailiii Jo1aBaHHg — y 8 pa3iB.

8. Po3pobuieni anroputm kepyBanus [P PTZ kameporo 3 Bukopuctanusm API
Ha 6a3i npotokory ONVIF, monens ontumanbHOi UGPOBOI cUCTEMa KepyBaHHS
KPOKOBUMH JBUTYHAMH PYXOMOi MOBOPOTHOI IJIAT(HOPMH, MPOMO3ULi OO0 BH-
Oopy BiJleOKaMep Ta JIa3ePHUX JAJIEKOMIpIB, SIKI MOXKYTh OYyTH BUKOPUCTAHI1 MPH TO-
OynoBi komIuiekcy crexkeHHs 3a MBIIJIA 3a nBoma koH(irypauisiMu, 3 IKUX Ipyrui
BapianT Ha 30 % npocTimmii 3a MepIrii 3a KUTbKICTIO MOJIYJIB, 1 Ma€, BIITMOBITHO,

HUXKYY BapTICTh.
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