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OT3bIB BEAYUIEA OPTAHU3AITUA

DeepanbHOTO TOCYAAPCTBEHHOIO YHATAPHOTO IpeAnpusIThs «I 0Cy1apCTBEHHBINA
HayYHO-UCCIIe0BATENbCKUI MHCTUTYT aBUAI[MOHHBIX CHCTEM)
na quccepranuio E.B. [llansHoBa «MccnemoBanue u pa3paboTKa METOHOB
COTIPOBOXKJICHHUS JIFOJIEU U 4aCTEH UX Tella B BUAEOIIOCIENOBATEIbHOCTH,
MPeACTaBICHHYIO HA COUCKaHHe YUeHOU CTEeNeHH
KaHAraTa QU3NKO-MaTeMaTHIECKUX HayK no crenuansHocTr 05.13.11 -
MaTeMaTHIeCKOe U TIPOorpaMMHoe o0ecrieueHHe BhIYUCIIUTENBHBIX MAlllkH,

KOMILIEKCOB H KOMIIBIOTCPHBIX ceTel

AxkTyanbHocTh TeMbl. Jluccepranmus IllansmoBa E.B. mnocesiieHa 3amade
COTIPOBOXKICHHSI JIFOJCH B JaHHBIX CUCTEM BHIeOHAOIFOIeHUS. DTa TeMa aKTyallbHa I10
JIBYM IprA4MHaM. Bo-TIepBBIX, 04EHL MIMPOK KJIACC IMPAaKTHYECKHX 3amad, KOTOpPhIE
MOJKHO PeILUTh C MOMOIIBIO aBTOMAaTH3alMK CUcTeM BUIeoHabmoneHus. Hanpumep,
CI0JIa MOKHO OTHECTU MOBBIIIIEHUE 0e30TaCHOCTU T'OPOJIOB U AHAIU3 3aIrpyKEHHOCTU

ropoackoil uHGpacTpyKTyphl. BoO-BTOpBIX, I NPAaKTUHECKOIO HCIOIb30BaHUS



HeoOX0/1MMa BBICOKAs BBIYUCITATENbHAS 3()()EKTUBHOCTS HCIOIB3YEMBIX aITOPUTMOB,
9TOOBI aBTOMATH3alds HE INPUBOAWIA K CYIIECTBEHHOMY ITOBBIUIEHHIO CTOMMOCTH
cucTeMbl BHaeoHabmomenus. IlosToMy B HacTodlllee BpeMs Ha IPAKTHKE
HCIIOJIB3YIOTCA KpaifHe IpOoCThie alrOpUTMBI aHalli3a BHUIEOJAHHBIX, CYIICCTBEHHO
OTCTAOIIHE 10 KAYeCTBY OT HanuboJee TOUHBIX METOI0B KOMIIBFOTEPHOI'O 3PCHHUSL.

Crpykrypa n coaep:xanue padorsl. Juccepranus E.B. IllancHoBa cocTOUT U3
BBEJIEHUS, IIIECTH IJIAB, 3aKJIIOYSHHS U CITUCKOB JIUTEPATYpPHI, TAOIHIl U PUCYHKOB.

Bo BBeleHWM ONMCHIBAETCS pellaeMas 3a/ada COINPOBOXKICHMS IJIIOIEH B
BUJIEOTIOCHEIOBATENBHOCTH U IpousBoautcs e nexommosunus. [llansroB E.B.
IPUBOJMT IPUMEPEI, MOATBEPXKIAMONINE aKTyalbHOCTh pPabOTEI B BHEIOPAaHHOM
HaTpaBIeHNH.

B nepBoit rnaBe npemnaraercs 0030p CyMIECTBYIOIIMX METOJOB PElIEHHs 3a/1a4,
Ha KOTOpble pa30uBaeTcs COMPOBOXKACHHE JIOAECH B BUIEOIOCIENOBATENLHOCTH.
OmnuceIBaeTCs TEKyIIee COCTOSHWE O0JacTH M OTPaHHYEHHs, KOTOpPble HeOOXOIMMO
MIPEOI0NETh ISl MIOBBIIIICHNS Ka4eCTBa PEUICHUS KaXI0M MOA3a1aqH.

Bropas rmaBa mocBsieHa PENICHUIO 33034l OIpPEACNeHHs HaIlpaBICHUA H
TIIOJIOKEHNUS HETIOJIBUAKHOM KaMephl B CLEHE TI0 pe3ysibTaTaM OOHapyXeHHs JIoAeH Ha
nzobpaxenuu. [Ipennaraempie METOJ UHTEPECEH TeM, YTO He TpeOyeT IpUBHECEHUS
UCKYCCTBEHHBIX KalWOpPOBOYHBIX IMabJIOHOB B CIEHE, a WUCIOIB3YeT TOJIBKO
pacrpezielleHre pa3MepoB Jiojei Ha nzobpaxenuu. B paboTte mokaszaHo, 4To Jaxe IpU
HACTPOHKM pa3paboTaHHOTO MeTo/a TONBKO HA CHHTETHYECKHX JaHHBIX, OH
06o0011aeTcsa Ha peanbHbIe JaHHBIE BUIEOHAOIONEHHS.

Tperps rmaBa MOCBSIEHAa IPUMEHEHHMIO TMOJIYYEHHBIX JAHHBIX O IIOJOKEHUU
KaMmeppl U1 YTOYHEHMs] M YCKOpeHHMs ainroputma oOHapykeHus mojaei. B rnase
npeanaraeTcsi croco® IOCTPOEHHS ANpPUOPHOTO  paclpeeNleHHus]  BO3MOXKHBIX
MOJIOKEHHH M pasMepoB IHOJeH Ha H300paXKeHMHM Ha OCHOBE HMH(OpMalUU O

IMOJIOXKEHHUH KaMEpPhI B CIICHE. HOK&SI:»IB&GTCH, qTO npe,[[ﬂaraeMmifi METOJ ABJISACTCA



HAJCTPONKOW Haa 0a30BBIM IETEKTOPOM H II03BOJISET MOBBICUTE €r0 TOUHOCTH H
CKOpOCTH 00pabOTKH TaHHBIX.

Yerpepras I1aBa IOCBSIIEHA 3a1a4e [TOCTPOCHUS TPASKTOPUH JBMKEHHUS JIFOIEH.
Ipemnaraetcs cmoco® KiracTepusallddl OOHAPYXKEHHM, OTHOCAMIMXCA K OAHOMY
YeJIoBeKy, Ha OCHOBE CTaTHCTHKE O IBIKeHuu. B IWlaBe mpejiaraercss crnocod
YMEHBIIIUTh KOMMYECTBO pa30OWeHHi TPaeKTOpMHU IBIKEHHS OJHOTO deJOBeKa Ha
¢GparMeHTHl 32 CYET OrpaHUYEHHUs PErHOHOB BO3MOXHOIO HaJajlla TPaeKTOPUH
001acTsIMH BX0J1a B CIIEHY.

B mnaroii rmaBe mpeanaraeTcsl allOPUTM peLISHUs 3aladd  COIIPOBOKICHMS
(¢ukcupoBaHHOTO HabOpa CYCTaBOB Tela HEIOBEKAa, TO €CTh ONpeIeNleHUs I103bl
yesjoBeKa Ha KaxiaoM kaape. IIpemnaraercs crnoco0 oO0beOUHEHUS MOJEIM CKeleTa
YyelloBeKa Ha U300pakeHUH ¢ TUHEHHOU AMHAMHYECKOW MOJENBIO ABMKEHUS KaXI0T0
cycraBa. s mnpemioxennoid moxenu E.B. IllaneHOB paszpabotall HTepaTHBHBIH
AITOPUTM TIOUCKA KOH(HUTYpAIliK CYCTaBOB Tella YeJloBeKa Ha H300paKeH!H, KOTOPbIM
ITO3BOJTHI TTIOBBICUTE TOYHOCTE PEIIeHUA 3a/1a4d B CLIeHAPUW HEIIOJBIKHON KaMephL.

B 1mecroii rnaBe ONMCHIBAIOTCS TPOTPaMMHBIE CpPEACTBA, OCHOBaHHBIE HAa
pa3paboTaHHBIX ajropurMax. B aguccepTaldioHHONW paboTe NpPUBOAATCS JAeTalu
paspaborannoro E.B. IllansHOBBIM M HCTIONB3yeMOro B KOMIAHUU «TeXHOIIOTHH
BUICOAHAIM3a» MIPOTPaMMHOr0 CPeJICTBA I0JcYeTa JIFoIeH, MPOIIENIINX CUTHANBHYIO
nmuHMo. Taroke mpemjiaraeTcsl NMPOTPaAMMHOE CPEJICTBO aBTOMAaTH3ALMU [TOCTPOCHUS
SKCIICPTHOM pa3MEeTKH MO3bI YeNIOBeKa B BHeorocnenoBaTenbHocTy. [lokazaHo, 4To
npesioxkeHHoe [1C mo3BoseT ympocTHTH Mpolecc pa3MeTKH JaHHBIX, YTO KpaiHe
Ba)KHO U1 TIOCTPOEHHUA 00Jee TOUHBIX allTOPUTMOB OIpe/IelIeHUs 1036l Ye0BeKa.

Hayuynas HoBu3Ha. Pa3paborannsie B puccepranuu E.B. IllansHoBa anropuTtMel
SIBJSIFOTCSI. HOBBIMU M CIIOCOOHBI YBEIMYUTH CTCIICHb aBTOMATH3aLlUU IIPU aHAIHU3E
NaHHBIX B cHUcTeMax BuAeoHabmomeHus. OcHOBHaA HOBU3HA pPabOTHI COCTOUT B

CIACAYIOIICM:



1. BriepBble TpeNIOXKeH alrOpUTM OIpe/eieHHs] MOJOKEeHHWS M HallpaBIEeHHS
CTATMYHOM  KaMephl B  cCleHe 10  OOHapyXeHWsIM  JIIOJed B
BH/IEOMIOCIIEIOBATEIFHOCTH, OCHOBAaHHBIH Ha MAIIMHHOM OOy4YeHHH C
BO3MOKHOCTBIO HACTPOMKH TOJNBKO Ha CHHTETHYECKHUX AaHHBIX. [TokasaHo, 4To
B OTJIMYWE AHAIOTOB IPH aHAllM3e peajbHBIX MIAHHBIX BHACOHAOIIOJCHUA
TOYHOCTB IIPEJIOKEHHOTO alITrOpUTMa HE YMEHBIIAeTCS ¢ YBEIMYECHHEM YIUIa

HakJ10Ha kamepsl oT 0 10 90 rpasycos.

2. Broepsble mIpemiokeH aNTOpPHTM KiIacCHOUKAIUH OOHApyXKEeHUH Imonmel Ha
M300paXeHNH CO CTAaTUYHOW KaMmephl Ha NpaBAONONOOHBIE M HEMNOILyCTUMBIE
IJIS JAaHHOM CIIeHBI, OCHOBAHHBIM Ha MAaIIMHHOM OOYYEHHH C BO3MOXKHOCTBIO
HACTPOMKHM TOJBKO Ha CHUHTEeTUYeCKUX INaHHBIX. Ilokasano, 4ro npuMeHeHHe
NPEeNIOoKEHHOTO aJroOpUTMa IIOBBINIAET CKOPOCTh M CPEQHIO TOYHOCTH

oOHapyxeHus MoAed Ha n300paKeHUH.

3. BmepBele ObUTa TIpeyIoKeHA MOJENb CKelleTa YeJ0BEKa, OIMChIBAOIIAS
OJHOBPEMEHHO TMOJIOXKEHHWE W JBWKEHHUE Ka)XJOoro cycraBa 4ejoBeKa B
BUIEOIIOCIIEIOBATENPHOCTH B BHUIE JIMHEeHHOH AUHAMHUYECKOH CHCTEMBI.
IToxazaHo, 4TO paHee CYLIeCTBOBABILIHE MOJCIN ABJISIOTCS YACTHBIMH CIIy4asiMU
IpeIoKeHHOU. Ha ocHoBe MaHHOM MOAENU MpeasioKeH HOBBIM alropuTM
olpesieNIeHus ckeneTa (11036l) YeloBeKa B KaKIOM Kajipe BHIEO 3a CUeT IOUCKa
JIOKAJIGHOI0 ONTHMyMa IeleBoro (yHkuuoHana. [IpemyiokeHHBINH anropuTM
MoKa3anl 0oyiee BBICOKYIO TOYHOCTH OIpEIeNeHHs] II03BI 110 CPABHEHHIO ¢

aAJlropuTMaMiy, OCHOBAHHBIMH HA paHee U3BECTHBIX MOJIEIX.

IlpakTnyeckasi 3HauuMoOCThb. JluccepranyoHHas paboTa WMMeeT BaKHYIO
NPaKTUYECKYIO 3HAYUMOCTH JJIsl OOJACTH aHalW3a JIaHHBIX BHUAEOHAONIONEHUS CO

CTaTH4YHOM KaMepou. IIpennoxkeHHbIE aNrOPHUTMBlI OLIGHKH IOJIOKCHHS KaMepbl H



IIOCTPOEHMsI AIPHOPHOTO pacIpelelleHrss BO3MOXHBIX IIONOXKEHWH Jroleid Ha
M300paKEHHM ~ TO3BOJAIOT — PAclIMPUTh  KIace  ITOPHUTMOB  OOHapyKeHwWs,
IPAMEHUMBIX Ha MPaKTHKE.

B  macrosinee BpeMs OCHOBHBIM  JpaiBEpOM  pa3BUTHA  AITOPUTMOB
KOMIIBIOTEPHOTO 3PEHHUs SBJIAETCS HaTUuUe BHIOOPOK pasMedeHHBIX JaHHbIX. B TO ke
caMoe BpeMsl IOCTPOEHHE TaKWX BBIOOPOK KpaifHe CIOXKHBIM M JIOPOTOCTOSLIMH
IIpoIlece M3-3a HEOOXOAMMOCTH GOJBIION0 KONMYECTBA pydHOro Tpyna. OcobeHHO
OCTPO CTOMT 3Ta TpobieMa AN BUACOJAHHEIX, IZle TPeOyeTCs pasMeTKa KaxIoro
xajpa. [TosToMy paspaboTaHHOE MPOrpaMMHOE CPEJICTBO aBTOMATH3AIIMH TOCTPOCHH
SKCIIEPTHON OIEHKM MO3bI JIIoZed B BUIEO SBJAETCS BAKHBIM LIAroM Ha IYTH
CO3JIaH¥sI HOBBIX, 00JIce TOUHBIX AJITOPUTMOB OLIEHKH I1035] YeI0BEKa.

3ameuanus. B uenom muccepraumonHas pabora E.B. IllaneHoBa HammcaHa
TIOHATHBIM SI3BIKOM, BCE MPEJIOKEHHBIE METOBI IETaTbHO OMHUCaHBI M 000CHOBaHEL. B
paboTe XOpolIo IpopaboTaHa MOTHBAIIMS UCCICJIOBAHMS U €€ MECTO B HUCCIIEAyeMOH
obmacth. B 1ienoM nmccepraiius MpOU3BOIUT ITOJIOKUTEIBHOE BIICYATIEHHE, OJHAKO
AMEIOTCS TaKXKe HEKOTOPBIEC 3aMEeHaHuUs:

1. Ilpu ouenke pa3paGOTaHHOIO METO/Ia OTPEeEeICHIs TTOJ0XESHHUS U HaIlPaBIICHMS
KaMepel B CIeHe HCHONB3YeTCs Maloe KOJMMYECTBO pealbHbIX JaHHEBIX
BUJCOHAOMIONEHNs, W OOJBIIMHCTBO DKCIIEPUMEHTOB IIPOBOJUTCSA  Ha

CHUHTETHYECKOH BBIOOpPKE.

2. Pa3paGoTaHHBIA METOJ COIPOBOXAEHHUS CYCTAaBOB BHUPTYAJIBHOIO CKelleTa
YyeJoBeKa B BHIEOIOCIENOBATENHFHOCTH OTPAHUYUBACT MOJIEIL JIBIKEHHUSA
KaXXJ0ro U3 HUX JHMHEHHOW JMHAMHYECKOW MOIEINbIo, COJIEpXkKAlIed TOJIBKO
MOJIOYKEHUE U CKOpocTh. OMHAKO Mpu X0Ab0e JBMXKEHHE TAKUX CYCTaBOB, Kak

KHCTh WK CTYIIHA, IIITOXO OITHCBIBAETCS TaKOW MOJEINBIO. ,[lJlH OIIHCaHusA HX



JABUXKEHHUA CTOHIIO HCIIOIB30BaTh XapaKTCPUCTHKH 0oJjiee BBICOKOI'O nopsaaKa

TaKue, KaKk YCKOPEHUE U CKOPOCTh €r0 U3MEHEHHS.

3. Ilpn omeHKe KadecTBa AITOpPHUTMa OIIPEACIICHMS IIOJIOXKEHHA CYCTaBOB Tella
yenoBeka wucnonbdyercsi Kputepudl PCP, KOTOphIM HMeeT CYyIIeCTBEHHBIN
HEJOCTaTOK, OTMEUYEHHBIA TaKKe B JUCCEpTAllMOHHOH paboTte. Bwmecto
BeIOpaHHOTO JIydile OBUIO wcnonb3oBath Kputepuit PCK, kxoropsli ceddac

ABJBICTCH CTAHOAPTHBIM.

O6man omenka pa6orbl. OTMEYCHHBIC HENOCTATKM He BIMIOT Ha O0OIIyrO
TOJIOKUTENBHYI0 OLEHKY paboTel. [luccepTanys MMeeT 4eTKyH CTPYKTYPY, XOpPOIIOo
opopMIIeHa, COIOECPKUT 3HAYNUTENBHOE KOJIWYECTBO WILIIOCTpauuil. ABTopedepar
JIOCTaTOYHO IOJIHO OTpaXkaeT coAeprkaHue qucceprauuu. JJocTOBEpHOCTE pe3yIbTaToB
onpenemnsieTcss KOPPEeKTHOCTHI0 MaTeMaTHYeCKUX IIOCTPOSHHM M IIOATBEPKIaeTcs
pesynpTaTaMH IPOBEAEHHBIX JKcnepumeHToB. [lo MaTepmanmam  jguccepranuu
OnyONMKOBaHO 5 Hay4yHeIX paboT, cpeam HMX 4 CTaTbM B JKypHalax,
pexomenzioBaHHbIX BAK, u psia 10KIa10B HA pOCCUMCKUX U MEKIyHAPOIHBIX HAyYHO-
TeXHUYECKUX KOH(PEPEHITHSIX.

Pabora sBnseTcss 3aBepIIeHHBIM HAay4YHBIM HCCIIEJOBAHUEM, BBITIOIHEHHBIM
JMYHO aBTOPOM, COHEPXXWUT pe3yJbTaThl, OOJaJarollle HAay4YHOH HOBH3HOH U
UMEIOIINE TEOPETHUECKYIO U MPAaKTUYECKYIO 3HAYUMOCTh. B IIenom quccepTalluoHHas
pabora IllaneHoBa EBrenuss BamumoBuda cooTBeTCTBYyeT BceM TpeOOBaHUSM,
npenesBisieMblM BAK kx KaHIMZAaTCKAM AMccepTalvsM, a €€ aBTOp 3aciIy)XKUBaeT
MPUCYKIEHUA €My Y4YEHO! CTeNeHM KaHauaara (U3MKo-MaTeMaTH4ecKWX HayK IIo
cnenupansuocty  05.13.11  «Marematuyeckoe u  mIporpaMmHoe  obecrieueHue

BBITHCJIUTEIIBHBIX MAllluH, KOMIIJIEKCOB H KOMITBIOTEPHBIX ceTemn.



JluccepTanus U 0T36IB 00CYy X eHs! U ogoOpeHsl 11 nexadbps 2018 r Ha 3acenanuu
Hay4YHO-TEXHUYECKOTO coBeTa noApasaeIeHus 3000 ®enepanbHOro
rOCYIapCTBEHHOTO  yHUTapHoro mnpexampusitua  «l'ocymapcTBeHHBIH — HAy9IHO-
YCCIIeIOBATENECKUA MHCTUTYT aBuanuoHHeIX cuctem» (OIVII «ocHUHACY),
125319, r. Mockga, yi. Bukropenko, 7, Ten. 8-499-157-94-98, snekTpoHHas 1M04YTa:
info@gosniias.ru, cait: http://www.gosniias.ru. IIpotoxon Nel4 ot 11 nexabps

2018 r.

Hauansuuk moapaszaenaenus 3000,

a.¢.-M..H., c.H.c., npodeccop PAH Buzunsrep 10.B.

Cexperaps cexiuu HTC
noxpasnenenus 3000 %‘ — MHnosaiickas E.b.



