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ABSTRACT 

86 pages, 50 figures, 2 tables, 1 appendices, 48 sources. 

VISUAL SURVEILLANCE, PEOPLE DETECTION, TRACKING, 

HUMAN BEHAVIOR RECOGNITION, HIDDEN MARKOV MODELS 

The major goal of this thesis is to study a system of computer vision and 

machine learning in real time for modeling and recognizing human behavior in the 

task of visual observation 

In order to certification work, a system will be developed that is particularly 

interested in identifying when interactions between people occur and classifying the 

type of interaction. Examples of interesting interaction behaviors include following 

another person, changing your path to meet another, and so on
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TIEPEJIIK YMOBHHX TIOSHAYEHb, CHMBOJIIB, OPMHUIb, CKOPOUEHS I 

TEPMIHIB 

TIMM -— Hpuxospana Mapxiscpxa Mogens 

TIIMM -— Hos'a3an1 [puxopani Mapxoscpki Mogesi 

BLOB -— Binapuo Benuxuti O6'ext (anra., Binary Large Object) 

PINs — Imosipnicui Mepexi Busogzy 

DAG — CratuctuuHi Cupsmosani AuuKmuni Dpapu
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BCTYII 

THTepec 40 KOMM'}OTePpHOrO 30py BHHHK OJHUM 3 NepwiHx B OOnacTl WITy4HOro 

IHTeIeKTY Ops 3 TaKHMH 3aBaHHAMH, AK aBTOMaTH4UHe OKa3 TeOopeM i 

IHTeIeKTyaIbH1 irpH. Hapitp ApxitekTypa nepuioi wITyaHOI HelipoHHOi Mepexi 

nepuentpoHa — Oya 3amponoHoOBaHa MpeHkom Po3eHOaTTOM, BHXOAAYH 3 aHasOrii 

3 CITKIBKOIO Oka, aii JOCMIAKeHHA NPOBOAWIOCSH Ha NPHKal 3aBAaHHA PO3M13HaBaHHA 

306paxKeHb CHMBOJIB. 

IIpukiaq0B BHKOpHCTaHHaA KOMbIOTepHOro 30py MO2KHa MIpHBectTu Oarato. Big 

CHCTeM CHCTeMH yiIpaBsIIHHA ABTOMOOLIAMH Ta MeAHYHI CHCTeEMH aHasli3y 300pa2xKeHb 

{O CHCTEMH KOHTPOJIIO TOUHOCTI B OyAIBHHUTBI Ta peKOHCTpyKUIH. Ame HaiicnoxK Hila 

Taly3b BHKOPHCTaHHA KOMBbIOTePHOrTO 30py We MOeuIOBaHHA Ta PO3II3HaBaHHA 

NOBeEHIHKH JIOTHHH. 

Y wii padoti Oye gocmpKeHa CHCTeMa KOMM'OTepHOroO 30py 1 MallIMHHOro 

HaBuaHHA B peasIbHOMY 4aCl DJId MOZeCIOBaHHA 1 PO3M13HABAHHA MOBeIHKH JIOQMHH B 

3a]aul BI3yaIbHOrO cmocTepexkeHHa. CucTema OcOOMHBO 3alliKaBIeHa B BHABJICHHI, 

KOJIM BINOyBarOTbCA B3A€MOMIi MDK JOAbMH, 1 KNacudikatli Tuny B3aemomli. puKknay 

IKaBOi TOBEAIHKH B3a€MOAIi BKIOUaAIOTb B Cee CIITYBAHHA 3a IHIIOKO JIOAMHOL, 

3M1Ha CBOFO LWWIAxy, WOO 3yCTPITHCa 3 IHUIMM, 1 TaK Wasi. 

CucTemMa NOcaqHy€ B COOi 1IH*OpMALIIIO 3BepxXy BHH3 1 3HH3y BrOpy B 3aMKHYTOMY 

KOHTYP1 3BOPOTHOPO 3B's3Ky, IPH4OMY | Te, 1 IHL KOMMOHEHTH, LO BAKOPHCTOBYIOT 

CTaTHCTHYHHH GaiieciBcbkKuii Migx1g. bye nopiBHAHO JBI P13H1 apxITeKTypH HaBYaHHA 

Ha OCHOBI cTaHiB, a came TIMM va IIIIMM, ana mogemtopaHHa NOBeMIHKH Ta 

B3ae€MOIi. 

Hapewiti, a BHpitieHHa mpoOmemH OOMexKeHHX HaBUaJIbHHX WaHHx 

BHKOPHCTOBYETBCA CHHTeTH4HA HaByabHa cucTema " Alife—style" aa po3spo6Ku 

THY4KHX alplopHHx MOgesei poO3i3HaBaHHA JOACbKHX B3aeMODIii. 

3aeMOHCTPYyETbCA 34aTHICTh BHKOPHCTOBYBaTH Li alpiopHl Moe Wa TOdHOI 

Klacu@ikalili peasibHO! JHONCbKOI NOBEAIHKH Ta B3acCMOMI 6e3 WOMATKOBO! HaCTPOKH 

ado HaBuaHHa.
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1 AHAJI3 ICHYIOUMX TTTXOAIB OBPOBKV TIOBEATIHKUY 

3a OCTAHHE JeCATHMITTA B CIWIbHOTaX KOMM'IOTepHOrO 30py Ta MallIMHHOro 

HaBYaHHA 3pic IHTepec WO mpoOmeMM aHas3y MIOACbKOI MOBeIHKH y BIZe0. Taki 

CHCTeMH 3a3BH4ali CKaarOTbCA 3 KOMI'IOTepHOro 30py, HH3bKoro aOo cepeyqHBoro 

PIBHA CHCTCMH JIA BHABJICHHA 1 CerMeHTalili pyxomoro o6'exTa — smOqHHH abo 

aBTomMoOisia. Ta MOzyib 1HTepoipetTali BHWOrO piBHA, AKHii KNacudikye pyx Ha 

"aTOMapHI" THIIM MOBeIHKH, Taki AK, Hampukay, BKa3iBHHii *xecT aOO0 MOBOpPOT 

AaBTOMOOLIA. 

1.1. 3agqa4ui MamuHHOro 30py Ta OOsacTI Horo 3acTOCyBaHHA 

MauiMHHHit 31p — We 3aCTOCyBaHHA KOMIT'IOTepHOro 30py AIA MPOMHCJIOBOCTI 

Ta BHpOOHHUTBa. OOacTIO MalIMHHOro 30py €, AK IH»KeHepHe OOaqHaHHA 1 WHdpoBi 

puctpoi BBozy/BHBOAY Ta KOMIM'FOTePHI MepexKl, UPH3Ha4eH! AIA KOHTPOJIIO 

BupoOHHYOorO ~OONaqHaHHA, TaKl aK poOoTH—MaHinNysATOopH ado anmapaTu aA 

BHUBeeHHA OpakoBaHoi NpovyKuii. 

JlocmgxkeHHA KOMI’}OoTepHoro 30py BKTHOUae He TIWIbKH mporpamMHe 

3a0e3Ie4ueHHA, ayle TAKOXK allapaTHe CepeqOBHIe Ta METOAH OTPHMaHHA 300paxKeHb, 

HeoOxIqHHxX sla oro 3acTOcyBaHHaA. TakHM 4HHOM, BIH BIAPI3HACTBCA BIT 

KOMI'1OTepHOrO 30py, AKHM, AK BUae€TbCA, y OIbUIOCTI KHHT Ha LO Temy € cdbeporo 

MO2KJIMBOTO MpOeKTYBaHHA MporpaMHoro 3aGe3nMe4eHHA, He HATO YBaxKHO CTaBJIAYHCh 

WO IHTerpOBaHOi CHCTeMH 30py (xO4a Cy4aCcHI KHHTH pO KOMM'WOTepHHii 31p 3a3BH4ualt 

K@KYTb JOCHTb OaraTo npo "HempHeMHi peasli” 30py, TaKi 4K yCyHeHHA LyMy Ta aHasi3 

mmpukycy). 

1.1.1 MautuHuHe 3ip B qaHHit 4ac 

B waHuMii uac IcHy€ 4ITKa MexKa MDK MOHOKYJIAPHHM 1 O1HOKyJAPHHM 

KOMIT'FOTepHUM 30poM. Jo mepmioi OOmaCcTI BIQHOCATBCA JOCJII2KeCHHA 1 PO3POOKH B 

OOacTl KOMI'FOTeEPHOTO 30py, MOB'A3aHI 3 IHOpMALLIE1O, MIO HaTXOAUTb BI ODHIEi
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KaMepH a60 BIZ, KO*KHOI KaMepH OKpemo. JIo Apyroi O6macTi BIMHOCATBCA WOCIII2KeHHA 

1 pO3pOOKH, WIO MarOTb copaBy 3 IHMOPMAIIEHO, OAHOYACHO HAXOAHTb BI WBOX 1 

Olibue KaMep. Kitbka KaMep B TaKHX CHCTEMAX BHKOPHCTOBYIOTECA JIA BAMIPIOBAHHA 

rmHOuHH chocTepexeHHa. Li cucTemMu Ha3HBalOTbCaA CTepeOCHCTeMaMH. 

JJo TerlepiIHBOro MOMeHTY TeOpisA KOMM'IOTEPHOLO 30py MOBHICTIO CKIaslacad AK 

CaMOCTIMHHH poO3qiI KIOepHETHKH, WO ciMpaeTbca Ha HayKOBy 1 MpakTH4Hy Oa3y 

3HaHb. Iopi4Ho 3 2aHol TeMaTHKH BUAaIOTbCA COTHI KHUT 1 MOHOrpadili, IPOBOAATECA 

WeCATKH KOHepeHUiii 1 CHMMO3IyYMIB, BHITyCKa€TbCsA Pi3He MporpaMuHe Ta allapaTHO— 

mporpamHe 3a0e3meyeHHa. IcHye paq HayKOBO—TrpOMayCbKHX OpraHi3alllii, 0 

MATPUMyIOTb | AKI BHUCBITJIOIOTh WOCMIA2KCHHA B OOMACTI Cy4YaCHHX TeXHOJOrIii, B 

TOMY 4HCJI TEXHOJIOri KOMIT'FOTEPHOrO 30py. 

1.1.2. OcHOBHI 38aBQaHHA MAalUHHOrO 30py 

B uoMy, B 3€BAaHHA CHCTeM MalIMHHOPo 30py BXOAHTb OTPHMaHHA LWHdpoBoro 

300paxKeHHa, OOpoOka 300paxeHHA 3 MeTOIO BHAWICHHA 3HauyIoi iH*opmaLii Ha 

300paxKeHHI 1 MATeMaTH4UHHI aHasi3 OTPHMaHHX WaHHXx JIA BHPIWIeCHHA MOCTaBJIeEHHX 

3aBaHb. 

OgHak MaluHHHHii 31p 2O3B0J1A€ BHPILIyBaTH Ge3s14 3aBaHb, AK1 YMOBHO MO%KHA 

pO3HiMTH Ha YoTHpH rpynu (PucyHok 1.1). 

Po3ni3HaBaHHa Moo2%KeHHA. Meta MalivHHOro 30py B WaHOMy 3aCTOCyBaHHI Le 

— BH3Ha4eHHA MpoOcTOpoBoro po3sTalilyBaHHa (po3taiyBaHHa oO'exTa Woo 

30BHIMIHBO] CHCTeMH KOOpAHHaT) a6o cTaTHYHOrO NosOxKeHHA OO'eKTa (B AKOMY 

CTaHOBHI| 3HaXONMTECA OO'EKT WOO CHCTEMH KOOPAHHAT 3 MO4UaTKOM BIAJIIKy B 

MexKax caMoro OO'eKTy) 1 Mepegaua indopMalli mpo cTaH 1 oOpieHTaili o6'eKTa B 

CHcTemMy yopaBJIHHaA abo KOHTpOsep. 

IIpukiaqomM Takoro AOqaTKa MOxKe CIyKHTH BAaHTAa%KHO—pPO3BaHTaxKy BaJIbHHi 

po6OoT, Mepey AKMM CTOITb 3aBAaHHA NepeMilleHHA OO'eKTIB pi3HOi (bOpMH 3 GyHKepa. 

TnTelekTyaibHa 3aqa4a MallMHHOrTO 30py Mossrae, HampHksay, y BH3HAaUeHHI 

ONTHMaJIbHOI 6a30B0i CHCTeMH KOOpAMHAT 1 ii WeHTpy Oa MoKami3auli WeHTpy Baru 

netam. OTpuMana iHdopMallia 103B0sIA€ POOOTY 3aAXOMHTH WeTab HasIe%KHHM 4HHOM 1
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MepeMICTHTH ii B HaslexkHe MICLe. 

posni3HaBaHHa 
NosO*KeHHA 

IHCITeKIILA BHMIp 

  

iMeHTHpikalia 

PucyHok 1.1] — 3aBqaHHa MallIMHHOro 30py 

BumipropanHa. Y goqaTkax WaHoro THIMy OCHOBHe 3aBaHHA BIZeOKaMepH 

HOAra€ B BUMIpPI Pi3HHXx Pi3H4HHX NapaMeTpiB OO'eKTa. 

IIpuknagom di3H4Hux MapaMeTpiB MO2Ke CyXKUTH JHIMHHM po3Mip, AiaMeTp, 

KPHBH3HAa, MOM a, BUCOTA 1 KimbKICTb. Tpuknay peam3auli TaHoro 3aBaaHHA — BUMIp 

p13HHx WiaMeTpiB ropsleuka CKIIAHO! MALIKH. 

Tucnexuia. Y qomaTKax, MOB's3aHUX 3 1HCIICKINEIO, M€Ta MAlIMHHOTO 30py — 

MATBEPAHTH MeBHI BIIACTHBOCTI, HaMpHkKay, HAABHICTb a0O BIJCYTHICTb CTHKETKH Ha 

TIAL, GONTIB WIA MpOBeqeHHA OMepali 300pKH, WOKOMaqHHXx WyKepoK B KOpooUl 

a00 HasBHICTb pi13HHX AedexTIB. 

Inentudikauia. B 3agauax iqeHTudikalli OCHOBHe IpH3HaueHHA BIeOoKaMepH — 

3UMTYBaHHA pi3HHX KOIB (WITpHx—KogisB, 2D—xogip 1 T. IL) 3 Metow ix 

poO3M13HaBaHHa 3acoOaMu KaMepH a6o CHCTEMHHM KOHTPOJIepoM, a TaKO2K BH3HAdeHHA 

pi3HHx O6yKBeHO—UMppoBux mo3HayeHb. Kpim Toro 40 3aBqaHb WaHoi rTpymv MoxKHa 

BIMHeECTH CHCT€MH, AKI BHKOHYIOTb 3aBQaHHa Oe3mekH, Taki AK iIqeHTHCpIKallA 

OcOOMCTOCTI 1 TEXHIKH, JETEKTOPH pyxy.
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1.1.3. Metogu o6po6Kku 300paxeHHa 

Y cucTemMax MalIHHHOTO 30py, AJA BHpIWIeHHA MepepaxoBaHHx 3aB/{aHb, 

BUKOPHCTOBYIOTECA P13H1 TexHOsOri 1 MeToqu. Huxxue mnepepaxoBaHi OCHOBHI MeTOAH 

oOpoOKH 300paxkKeHHa: 

JIMvsbHUK MIKCeIB: MiApaxOBy€ KIIbKICTb CBITIHx aOO TEMHHX MIKCeJIB 1 Ha 

OCHOBI pe3ybTaTy POOHTb HEOOXIAHI BHCHOBKH Mpo 300paxKeHHaA. 

BugineHHa nop's3aHHx oOmacTeit: 3B'a3KOBa OOacTh 300paxeHHA — Le, 3 

ogHoro OoKy, Tum oO'eKTa, BCe We Ayxe OH3bKO NOB'a3aHHH 3 pacTpOBHM 

306paxKeHHAM, | B TOM 2Ke 4ac — Le BxKe AKACb CAMOCTIMHA CEMaHTH4HA OAMHUIA, U0 

WO3BOJIAE BECTH NOAaIbuUIn TeOMeTPHYHHH, JOrMHHM, TOMOMOTIYHHH 1 Oyqb—akuit 

IH aHasi3 300paxeHHA 

binapu3allid: MepeTBoproe 300paxKeHHA B CIPHX TOHAX B OlHapHe (O11 1 YOPHi 

mkcesi1). 

Ticrorpama 1 rictorpamHoro o6po6xa: Tictorpama xapakTepr3ye 4acTOTy 

3YCTP14aJIbHOCTI Ha 300pPaKeHHI IIKCeIB OTHAKOBOI ACKPAaBOCTI. 

CermeHTallif: BHKOPHCTOBYETECaA Ia MoulyKy Ta/aOo miapaxyHky erTaseii. 

CerMeHTaliicro 300paxKeHHA Ha3HBaeTbcs PO3OHTTA 300paxKeHHA Ha HECXOXKI 3a WEAKOIO 

o3Hakoro o6sacTi. Tepeg6auaeTaca, Wo OOMAaCTI BIANOBIAAaIOTh peasibHHM OO'eKTaM, 

aOo ix 4acTHH, a KOPAOHH OOsacTel BINMOBIZaIOTb KOPAOHAaM OO'EKTIB: 

- 4MTaHHA WTpHx—KoniB: WexogyBaHHa 1D 1 2D kogis, po3spo6meHux ana 

34HTyIOUH abo CKaHyBaHHA MalliWHaMu; 

- ONTH4HE pO3MiI3HaBAHHA CHMBOJIB: aBTOMaTH30BaHe UHTaHHA TeKCTY, 

Hanpuksiay, cepiitHHx HOMepIB; 

- BHMIPIOBaHHA: BHMIPIOBaHHA PO3MIpiB OO'eEKTIB B WHOMiMax aOO MIJIIMeTpax; 

- 3ICTABJICHHA WaOJOHIB: MoWyk, mgdip, 1 / ado miapaxyHOK KOHKpeTHHx 

Mogesen; 

- 1HBaplaHTHi asITOpHTMH 3iCTaBJIGHHA TOYUKOBHX ocoOmMBocTeli Ha 

300paxKeHHAX: BHABJICHHA 1 31CTABJICHHA TOUKOBHX OCOOMMBOCTel Ha 300paxKeHHAX; 

- M€TOAH ITeCHTHIKaLA OCOONCTOCTI NO paiizy XH OOONOHII OKa;
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- P13HI MeTOZH BIZHOBIeEHHA (opMH OO6'eKTa 110 300paxKeHHAX. 

Y O1IbUIOCTI BUNAAKIB, CHCTEMH MalLUIHHHOTo 30py BUKOPHCTOBYIOTb MOCIIAOBHE 

MO¢qHaHHA UWMX MeTOMIB OOpoOKH A BHKOHAaHHA MOBHOrO IHCIeKTYBaHHA. 

Hanpukiag, CucTema, 1Ka 34HTy€ LITPHX—KO] MO2Ke TaKOXxK MepeBIPHTH MOBepXHIO Ha 

HaABHICTb TOApsAMHH a0O MOWKOI>KeHHA 1 BHMIPATH OBKHHY 1 WHpPHHy 

oOpoOsOBaHHXx KOMIOHEHTIB. 

1.1.4. KomnoHeHTH CHCTEMH KOMM'WTEPHOLO 30py 

Tunopa cHCTeMa MalIMHHOrO 30py CKamqacTbca 3 OHI€i aOO WeKIIbKOX 

uudpopux ado aHaloroBHx KaMep (YopHo—Oim1 a6o KOsbOpOBI) 3 BIAMOBIAHOIO 

ONTHKOIO Ald OTPHMaHHA 300paxkKeHb, MIACBiuyBaHHA 1 OO'exTa (PucyHoK 1.2), 

oOsaqHaHHaA BBeqeHHs/BHBeqeHHA aOO KaHasI 3B'A3KyY JIA QONOBIAI pO OTpHMaHi 

pesyubtTatTu. Kpim Toro, BaxksIMBa 1 MporpaMHa CKsaqOBa CHCTEM MAaLIMHHOro 30py, a 

caMe mmporpamMHe 3a0e3neueHHA Id MIArOTOBKH 300paxKeHb oO oOOpobKu (ana 

aHaJIOrOBHx KaMep Le OLMpoBLINK 300paxKeHs), chelMdi4Hi WOAaTKH NporpaMHoro 

3a6e3ne4ueHHA Aa OOpoOKH 300paxKeHb | BHABJICHHA BIAMOBIQHHX BACTHBOCTeH. 

Csitao 

OG'ext 

- —— —, Jlinsa 

Kamepa [} 

PucyHok 1.2 — Cxnayq THnOBOi CHCTeEMH MalIMHHOro 30py 

Matpuua 4yTIHBHX eJICMeHTIB, UIO BXOAATb WO cCkiaqy BiqeoKaMepH, 

TIpH3HaveHa AJIt OTPHMaHHA WAdpoBoro 300paxenHa. Jlo cKaqy MaTpHUl YyTIMBOTO 

eJICMeHTa BXOAHTb Ge314 aHasOro—uMppoBux MepeTBOPIOBaiB, NPH3HadeHUX AA 

MepeTBOPeHHA 1HOpMaIIli MPO CBITMOBHI IHTCHCHBHOCTI B UM@poBe 3HaveHHA. 

OO'eKTHB JO3B0IINE KAMepl (OKyCyBaTHCA Ha NeBHIN BIACTaHI 1 OTPHMyBAaTH y
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giTKe 306paxeHHa 06'ekTa. Y pa3i, KOM OO'CKT 3HAXOAMTECA 103a POKYCHOI BIACTAHI, 

300paxKeHHA BHXOAHTb PO3MHTHM (pO3MHTHM, 3 HeYITKHMH KpasMH), WO MOripLtye 

MO2XKJIMBICTb OOpoOKuH Bigeopayy. Ha BigMiny BIZ 3BH4alHUx WA@poBux dotToanapariBs 

3 OO'CKTHBaMH, WO MIATPHMy!OTb (PyHKUWi aBTO*OKyCyBaHHA, B MalMHHOMy 30pi 

3ACTOCOBYETBCA ONTHKAa 3 (IKCOBaHOIO POKYCHOHO BIACTAaHHIO a0O HaslalliTyBaHHAM 

doxycy. IcHytoTb pi3Hi THOM OO'eKTHBIB AJIf CaMHX PI3HHX 3aBWaHb (cTaHzapTHli, 

TeJICCKOMIYHI, 3 WHPOKHM KYTOM OrAay, 31 301bUIeHHAM Ta iHUI), 1 BHOIpP 

TIpaBHJIbHOrO THY ONTHKH — BaKJIMBH eTall Ip MpOeKTyBaHHI CHCTeMH MallIMHHOro 

30py. 

ThacspiuyBaHHa — lle O0WH BaKJIMBHIi eJIEMeHT B MalIMHHOMy 30p1. 3aBaaKH 

BHKOPHCTaHHIO pi3HHX THIIB OCBITICHHA MO%KHA PO3LIMPHTH KOJIO 3aBJaHb, WO 

BHPILIyIOTbCA MAalIMHHHM 30poM. IcHye pi3Hi THM MOACBeTOK, ame HaiiOisIbL 

NONMyJAPHHM € CBITIOZIOWHa — B 3B'a3Ky 3 ii BHCOKOIO acKpaBicTio. IIpu ubomy 

Cy¥acHHii PIBeHb PO3BHTKY CBITNOZIONHOi TeXHIKH 3a0e3Meuye BeIMKHii TepMiH 

Cy2KOH MpHCTporo 1 Masle eHeprocno2KHBaHHA. 

1.1.5. Upuuuunu dyHkKuioHyBaHHaA CHCTeEM MAalIHHHOTO 

30py 

Tlocqif0BHICTh iii, BHKOHYBaHHX CHCTeMOIO MalIMHHOrTO 30py, MO%KHAa 

TIpeqCTaBuTH AK Ha pucyHky 1.3. 

306paxKeHHA, OTPHMaHe 3 KaMepH, NOTpamiae B 3arapOHHK KagpiB ao B MaM'ATb 

KOMM'roTepa. 3arapOHHkK KagqpiB — Ue MpucTpiii, akuii MepeTBOPIO€ BUXIQHI aH 3 

KaMepH B UHposuii dopmat (Ak MpaBusO, le ABOBHMIPHHii MACHBy YHCe) 1 pO3MILLye 

306paxKeHHaA B aM'aATI KOMM'roTepa, Tak 100 BOHO mMormo OyTH OOpobseHO 3a 

OMOMOrOrO TporpaMHoro 3aGe3e4eHHA JIA MAlIMHHOrO 30py. 

TIporpamue 3a06e3ne4ueHHA, AK MpaBHIO, pOOHTb KisbKa KPOKIB Ia OOpoOKU 

300paxenb. Uacto 300paxeHHa Aa MouaTKy OOpoOmAeTBCA 3 MeTOIO 3MCHINCHHA 

uiyMy a00 KOHBepTatii 631141 BIATIHKIB C1IPOro B IpocTe MO€AHaHHA YOPHO!O 1 Oisloro 

(GuHapu3aunu). Ilicna novaTkoBoi o6poOku nporpama Oye BBaKaTH, MpOBORHTH 

BUMIPIOBaHHA 1/a0o BH3HadaTH OO'EKTH, PO3MIPH, AedeKTH Ta IHL XapakTepHCTHKH
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300paxeHHa. B akOcTI OCTaHHbOrO KpOoKy, Mporpama mponycKae aGo 3a6paKOBMBaeTCA 

TeTasb BINMOBIQHO WO 3aqaHux KpUuTepiax. AKUIO WeTamb ine 3 OpakoM, mporpamHe 

3a0e3neueHHA MOWae CHTHAasI MCXaHI4HOMY TIPHCTPO!LO AIA BIAXWJICHHA Weta; 1HWHI 

BaplaHT pO3BHTKy Nomi, cucTeMa MO%Ke 3yYNHHHTH BUPOOHHYYy JHIKO 1 MONepequTH 

JHOAMHU NpalliBHuka Id BUPILIeHHA Wei MpOOseMhH, 1 WO MpH3Be0 WO HeBAAaUI. 

  

OTpumMaHHAa 

306pa>xKeHHA 3 
Kamepu 
  

y 

NepetsopeHHa 
  

AaHux B <————-3arap6Hnk Kagpis- 
uvdposun 

|___opmat __ 

¥ 
  

SMeHWEHHA |. AporpamHe 3a6esneueHHA 
ulymy 
  

y   

BumiproBaHHa       
, i 

‘ AF — Hi — Aetanb 3 Tak 

“ 6pakom —~ | SpaKom 
~ 

~~ 

  

Mponyck BigxwieHHa 

Aetani getani 

| 
| 
y - 

3akiHueHHA 

{  npouecy \ 
\NepeBipKU OAH! / 

SS Aetani _ é 

      

  

  

PucyuHox |.3 — THocmigqosHicTb WI CHCTeMH MaLlIMHHOrO 30py 

Xoua OIbUIICTh CHCTeM MalIMHHOrO 30py MoKMaqaTucA Ha «4opHO—OimD» 

KaMepH, BHKOPHCTaHHA KOJIBOPOBHX KaMep CTAE BCe OLIbLI NOWIMpeHHM aABHoeM. Kpim 

TOrO, BCe 4aCTIMe CHCTEMH MaIIMHHOrO 30py BHKOPHCTOByIOTb WMdpoBi Kamepu 

MIPAMOPO MITKTOUCHHA, a HE KAMePH 3 OKPEMHM 3arapOHHKOM KapiB, WO CKOpoUye
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BUTpaTH 1 CMpollye cucTemy. 

1.1.6. CuctemMa BHABIeHHA 1 CYNPpOBOAY PpyxXOMHX OO'EKTIB 
3a O3HAKOW IX pyxy 

TexHOJIOriad BH3Ha4eHHA Pyxy B Hose 30py Kamepu, a6o motion detection, ctama 

OWHICIO 3 TlepmiHwx KOMePIIMHUX TeXHOJOTIi Ha CMOKMBYOMy PHHKy Web—xamep. 

IIpunuun poOotu TexHosorii Ayxe NpOCTHH, OCKIIbKH MepeqOayuaeTECa, WO KaMepa 

HepyXxoMa, a OTKEe, HePyXOMHii 1 (POH. PyxaroTbcs TIIbKH OO'EKTH. XOUA ICHYIOTD | TAKI 

TEXHOJOFli, AKI O3BOAIOTh ETEKTYBaTH PyXOMI OO'€KTH Ha PyXOMOMYy TIIl. 

Po3po6neua B IIT (Inctutyt indopmMaliitHux TexHOJOrii) cucTema NpH3Ha4eHa 

JIA ABTOMATHYHOLO BHAICHHA 1 CYMPOBOAY MasJIOpO3MIPHHX OO'eKTIB 3a O3HAKOHO ix 

pyxy Ha 306paxkeHHax, OTPHMaHHXx 3 PyXOMOIO BiJeoKaMepu. 

Cuctema, peasi30BaHa Ha 6a31 MepCOHasIbHOrO KOMIT'1OTepa, 31MiCHIO€ BBECHHA 

3 BIZeOKaMepH, BI3yasI3allKO 1 OOpoOOky WHudpowux 300paxKeHb PyXOMHX CIIeH B 

peaibHomy yaci. CucTeMa MpoBOAHTb OWIHKy 1 KOMMeHCAaLKO 3arasIbHOrO 3CyBy 

300paKeHHA CLeHH, WO BIAOyBa€TbCaA 3a paxXyHOK BylaCHOrO BIQHOCHOTO pyxy 

TpHiimaya 300paxKeHHA, a TakKOX%K BHAWIeCHHA PyXOMHX MasOPO3MIPHHX OO'eKTIB 3a 

o3Hakoro ix pyxy 1 OMHOUACHHH CyMpoBIA pyXy JeKWIbKOX BHABJIeHHX OO'eKTIB. Ha 

pucyHky 1.4 noka3aHi: 31Ba — Kap BIDeCOMOCMIAOBHOCTI 3 BHAWIeHHMH pyxXOMUMH 

o6'ekTaMu; NpaBopyy — cTamli BHAIeHHA pyxXOMHX OO'eKTIB. 

Y CHCTeM BHABJICHHA 1 CyYIIPOBOAy pyXOMHX OO'€KTIB € P13Hi PYHKUi, TaKI AK: 

- BHABJIGHHA HOBHX OO'CKTIB; 

- CIeHH cnocTepexKeHHa; 

- BHABJICHHA 3HMKJIUX OO'EKTIB CLICHH CHOCTepexKeHHA; 

- peecTpallia HOBO! CLIEHH CHocTepexeHHA; 

KOHTPOJIb BIACYTHOCTI 3pyIIeHb KaMePH WOO CLeHH CHOCTepexKeHHA.
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PucyHox |.4 — BugineHua pyxomux 0O'eKTIB CLIEHH CIOCTepexKeHHA 

1.2. Monzyai o6po6Kku nNOoBeaIHKH 

THM He MeHI, OyIO BIMHOCHO Maso CHpoO 3po3yMITH JIOACbKy MOBeAIHKy, AKe 

Ma€ 3Ha4Hy NPOT#KHICTb y 4aCl, OCOOMHBO KOJIM BOHO M0B'a3aHe 13 B3ACMOTIEIO MLK 

moabMuH. Leti pipeHb inTepmpetali € MeTOIO 

WaHoi cTaTTl 3 HaMipOoM nMoOyayBaTH CHCTeMH, AKI MOXKYyTb BMOpaTHcsA 31 

CKIAQHICTIO OaraTOJHOACbKHX MIMIOXIQHHX 1 JOPO%KHIX CIIeH. 

Le o64uncmrOBaIbHI 3aBaHHA, NOEAHYE B COO1 eeMeHTH WITY4HOrO IHTeseKTY, 

MalIMHHOrO HaB4YaHHA 1 KOMM'}OTepHOrO 30py. 3aBqaHHA MpeycTaBaae ckaqH1 

TpoOs1emu B O60x cibepax: 

- KOMI'IOTePHH 31P NOTpeOye B PexXHMI PeasIbHOrO 4acy, TOUHE 1 HasliiHe 

BHABJICHHA 1 BIACTexKeHHA OO'EKTIB, UO MpeAcTaBAIOTh IHTepec B HeEBHMYIIeHIit 

oOcTaHOBLI; 

- MallIWHHe HaBY¥aHH’ | LITYYHH IHTeMeKT HEOOXIAHi WIA MOEN NOBeTIHKH
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B3a€MOIOUHX AeHTIB NOTPIOHI, WOO IHTepmpeTyBaTH HaOip cmpHiiMaHux Alii 1 

BHABJIGHHA MOKJIMBOrO aHOMAJIbHOrO TOBeMIHKH aOO NMOTeHUIMHO HeOe3meuHHx 

CHTyaliax. 

Kpim Toro, Bci MOAys1 OOpOOKH NOBHHHI OyTH IHTerpOBaHl y3rO22KeHHM 4HHOM. 

1.3. lnm 14x10 AA MOZeNIOBaHHA MIAKOCOOMCTICHHX B3AaCMOTIN 

Y wii poOoti Syze 3aMpONOHOBaHO MOJesIb MDKOCOOHCTICHHX B3aeMOMI, 1Ka 

Moara€ y BHKOPHCTaHH] MeTOZIB KOHTPOJbOBaHOrO CTaTHCTHYHOrO MallIMHHOro 

HaByaHHa. La Mogesb Oyqe HaBYaTH CHCTeMy PO3M13HaBaHHA HOPMAJIbHOi NOBeAIHKH 

ODHIci JIOMHH 1 3BM4aitHHx MDKOCOOHCTICHHX B3aeMOTIN. OcHoBHa mpoOsema 

CTATHCTHYHOrO MIZXxiqy, OCOOMMBO TPH MOeEIOBaHHI PIZKICHHx aO6O aHOMAaJIbHHX 

MOesel MOBeAIHKH, Nossrae B OOMeXxKeHOMY YC MpHKaNiB Takoi NOBeAIHKH Wa 

HaBuaHHaA MOesei. TakuM 4HHOM, OCHOBHAa yBara B Halli poOoTl NpHAimaeTECA 

e(beKTHBHIM OaiieciBcbkoi IHTerpalli OO0x anplopHHXx 3HaHb MOZes 3 HOKa3aMu 3 

WaHux (U11AxXOM HaslallliTyBaHHA WapaMeTp1B KOHKpeTHOi cuTyallii). 

Meta ulei poOoTH nomarac B TOMy, WOO MaTH MOKJIHBICTbh yCMILHO 

3aCTOCOByBaTH cucTemMy 0 Oyqb—sxKOi HOPMAasIbHOI CUuTyalli B3aeMOT1i KIIbKOX 

ToAeli 6e3 AOAATKOBOI MIArOTOBKH. 

THma noTeHuiiHa MpoOmemMa BHHHKae, KOM B CHCTeMI UpeaqCTaBaeTEca 

aOcOJKOTHO HOBHi MaTepH MOBeAIHKH, Mica Toro AK cHcTeMa Oya HaBdeHa Ha 

WeKIIbKOX Pi13HHX AWIAHKaX, paHIlle HecnocTepexyBaHa oBeniHKa Oye (3a 

BH3Ha4eHHAM) PI{KICHHM 1 He3BHualiHuM. L]oO noscHuTH Taky HOBy NOBedIHKy, 

CHCTeMa MNOBHHHA BMITH PO3IIi3HaBaTH HOBY NOBeAIHKy 1 OytyBaTH MOJesI 3 HBOFO. 

1.4. BaecispcpKuhi nigqxig 40 MONeNIOBAaAHHA 

Bajiecipcbki Miqxo0au, Ha BIAMIHy BI MOWyKy MO pelliTHi 1 Horo MoAUdikamli 

— BHMaqKOBOrO MOWykKy, BIACTeKye pe3yJbTaTH MHHYJIMX OWIHOK. OLIHIO1IOUn 

rinlepnapaMeTpH, AKI 39a1OTbCA OIL OaraTOOOILAIOUHMH 3 MHHYJIMX pe3yJIbTAaTIB,



24 

OalieCOBCbK1 M€TOAH MOXKYTb 3HAXOXHTb Halikpalile HalaliTyBaHHA MOJes, HK 

BHMaKOBHH NOUIYK, 38 MeHIIy KIJIbKICTb ITepaliii(pHcyHoK 1.5). 

3acTocoBaHa JO rinlepnapamMeTpiveckoi ONTHMI3aLlli OaiieciBCbKy ONTHMI3aII14 

Oyaye cTOxacTH4YHy MOZenb PyHKUi BINOOpaxKeHHA 31 3HA4eHb Fillepmapametpa B 

IIbOBy QYHKLUIIO, 3acTOCcOBaHy Ha Oe3mi4i mepepipox. IInaxom itepaTHBHoro 

3ACTOCYBaHHA MepcieKTHBHOI KOHdirypalli rinepnapaMeTpoB, 3aCHOBaHOi Ha 

NMOTOYHO! MOZes, a NOTIM ii OHOBMeHHA, OalieciBCbKa ONTHMI3alllA IparHe 310paTu 

AKOMOrAa OlIbIe IHPOPMALI MpO IO PYHKUIFO 1, 30KpeMa, MICLIe ONTHMyMy. 

B qaHomy BHnagKy, KPIM KpHTepitO 3yNHHKH, HeOOXiDHO BH3HaYHTH PyHKUI10, 

WO TIpHiima€ 3HaveHHsA rillepMapaMeTpiB 1 BHBOAMTb AKYCb OWIHKy, AKy MH XOUeMO 

MaKCHMI3yBaTH a60 MIHIM13yBaTH, a TaKOXK KPHTepili, 3BaHHi (yHKUIEoO BHOOpy, TA 

OWIHKH TOFO AKI riflepnapaMeTpu BapTo BHOupaTH HaCTyMHUMH. 

tix
) 

  

  
PucyHok 1.5 — Tpadik anpokcumauli (dopHuii) PyHKuli (4epBOHHIi), ska OMCyE 

ideasbHuli KOpTex rillepmapamMeTpiB 

Ha npaktTuui Oafiecipcbka ONTHMI3aLliA NOKAa3aIa Kpalill pe3yIbTaTH 3 MCHIIOFO 

KIIbKICTIO OOYHCICHb B MOPIBHAHHI 3 MOWIYKOM M0 pellliTHi 1 BUNadKOBMM MOUIyKOM 

Yepe3 MOXKIMBICTh CYA2KeHHA TIPO AKICTb EKCIEPHMEHTIB Le 10 ix BAKOHAHHA. 

Ilepesaru 1 HeqOmIKU: 

— O1IbI WIBHAKa 30DKHICTB 

— AKICTb OMTHMI3alIMHOrO MOWyKy Oe3nocepeqHbO 3aJI@xKHTb BI AKOCTI 

no6yq0BaHoi HaMu MozelI 

Tomy, y Wi poOoTi Oyo FoTpuMaHo OaiieciBCbKOro MIAxXO7y 20 MOJeJOBaHHA,



25 

aKHM BKIOUae B CeOe AK MOMepeHI 3HAHHA, TaK 1 (aKTHUHI WaHil, BBaKAIOUH, IO 

OaiieciBCbKHi MAxiq 3a6esmeuye Haiikpallly OCHOBy Ia poOoTH 3 HeBeJIMKUMU 

HaOopaMu aHux 1 HOBUMH MOgeAMH TOBemIHKH. Ipadigni mMogem [10], Taxi aK 

mpuxoBaHi Mapxkoscpki mMogem (IIMM)[11] ta nos's3aH1 mpuxoBaHi MapkisceKi 

mogem(IIIMM) [12], [13], [14]. I mogem 3yatoTpca HaiiOimbuI MpugaTHuMN AA 

MOe@uIOBaHHA Ta KacHdikalili TIOQCbKOi NOBeAIHKH, TOMy WO BOHM MpOnOHyIOTb 

WWHaMiyHe BHKPHBIeHHA Yacy, BoOpe 3po3yMisMii arOopHTM HaByaHHA 1 4ITKy 

OalieciBCbky CCMaHTHKY AK Aid IHQMBIAyanbHux (IIMM), tak 1 Aya B3aeMomIIOUNXx abo 

noB'a3aHHx TIMM reHepaTuBHHx Mpouecis. 

Il]06 Bka3aTH MpiopiTeTH B CucTeMi, Gyo po3spoOseHa CTpyKTypa Aa NOOyOBU 

1 HABYAJIbHI MOC 3al{iKaBJICHOCT] MOBeEAIHKH 3 BUKOPHCTaHHAM CHHTCTHUHHX areHTIB 

[15]. MogemospaHHa 38 onomMororoO areHTiB ae CHHTeTHUHI aul, AKI 

BHKOPHCTOBYIOTBCA JIA HABYAHHA TOMepeaqHIx Mogene. Ili nomepeqHi Moyen NOTIM 

PeKYPCHBHO BHKOPHCTOBYIOTECA B OaifeciBCbK1H CTPyKTypi Ald OTPHMAaHHA peasIbHHXx 

MOBeAIHKOBHX WaHux. Lei migxig 3a6e3neaye WOCHTb MpocTHi 1 rHy4kKHii MeTOR 

TIpOeCKTyBaHHA TIPlopis, AKMii He BHUMara€ CHJIbHHX aHasITHYHHxX MpHMyuleHb mpo 

cbopmy mpiopos. 

Y ekcnepuMeHTax Oy10 BHABIICHO, WO, KOMOIHY!OUH Taki CHHTeTHYHI Tpiopu 3 

OOM@xKeHHMH peasIbHHMH aHi MO2%KHO JIerKO JOCATTH Ay2Ke BHCOKOi TOUHOCTI 

PO3IlI3HABaHHA Pi13HHX B3A€MOTI MDK JIOXbMH. TakKHM 4HHOM, CHCTeMa cTIiika 20 

BHMaAKIB, B AKHX € TWIbKH KIIbKa IPHKaiB MeBHO! MOBeETIHKH. 

1.5 IpuxoBaHa MapKIBCbKa MOJeJIb: CTAHH Ta 3B’ A3KH 

J[ia MoyesOBaHHA 1 pO3Ti3HaBaHHA MOBeAIHKH JIOQHHH B 3aaul BI3yasIbHOrO 

cnocTepexKeHHA MO%KHA MOeNKOBATH B MpOcTOpi cTaHiB, a He B MpoctTopi 

cnocTepexeHb, TOOTO MOyemIOBaTH B3aeMOIi Mica Mepmworo MepeBeqeHHA 

cnocTepexKeHb B 3arasibHy oOnacTs. [os's3aHi mpHxoBaHi Mapkoscbki Moges € 

TaKHMH MOesAMH WpocTopy cTaHiB. BoHH yTBOpIOIOTh MPHpoOAHe NpOAOBxKeHHA 

CTaHapTHux MpHXOBaHHX MapKOBCbKHX MOJesel. Y qaHiii poOoTl MH BHKOHY€MO
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OIHKy mapametpip mop s3aHHx JIMM bs pamxkax OaifeciBcbkoi mapaqurmu, 

BHKOpHcToBy1ouH BHOIpKy Ti66ca i B paMKaxX MAaKCHMAJIbHOI MpaBAOMoAIOHOCTI, 

BHKOPHCTOBYIOUH AITOPHTM MaKCHMi3allli O41KyBaHb. BIQMiHHOCTI B IPOAYKTHBHOCTI 

MDK OLIHIOBAYaMH JeEMOHCTPyIOTbCA Ha 3MO]{eIbOBAHHX WaHHX, a TaKOK Ha 

OioMeqH4HUX WaHHx. Toka3aHo, WO 3a pONOHOBaHH MeTOA Wa€ 3Ha4uyLll pe3ybTaTH 

TIP MOpiBHAHHI BOX Pl3HHX CHTHAJIB, TAKHX AK WHuxaHHa 1 EET. 

1.5.1 KnacuuyHa IIMM 

CrannaptHa TIMM 31 K ctTaHamu 1 goBxHHOIO N Bu3Ha4acTBCa HaOOpomM 

napametpis, 6 = {A,X,7},ne m novaTKOBa HiMOBIpHicT cTaHy napametpa set*, A — 

HaOip HMOBIpHOCTeli cnocTepexKeHHa, OOYMOBJICHHX CTaHOM, 1 X Hadip HMOBIpHOcTeli 

llepexogy ctany. [padiuHo Bona npeycTaBsieHa y BUIIAA1 po3sropHyToi Moe CyMILL, 

CTaHH «Koi B 4aci t OOyMOBJIeHI CTaHaMH B 4aci t-l(pucyHok 1.6) Takox BIJOMMM AK 

BylacTHBicTb Mapkoga nepmoro nopaaky. 

229-9 
e) @) 3 

PucyHox 1.6 — Crangapronit (ogHomaHuoroBnit) IMM 

O
O
 

OuiHKa 4acTO BHKOHY€TbCH 3 BHKOPHCTaHHAM CTPyKTYPpH MaKCHMAasIbHOi 

Mpapgonomiovocti [17], me mpHxoBaHi CTaHH iTepaTHBHO MePeOI[IHIOIOTbCA AK 

OUIKyBaHl 3HaYeHHA 1, BHKOPHCTOByIOUM ix, MepeOWIHIOIOTbCA MapaMeTpH MOzeWI. 

TIMM moxytp 6yTH po3liMpeHi 3 TOUKH 30py po3mipiB A 1 X aOo WInaxXOM 3MIHH 

po3snogims Ai X . OgqHak B WaHiii poOoTi OyqyTb CHCTeMH 3 Pi3HHMH TOMOJOFIAMH 1, 

30KpeMa, 3 PO3LUZHPeHHAMH OIbI HK Ha OAHY 3MIHHY MpOcTopy CTaHIB.
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1.5.2 los’ s3ani1 TMM 

OaHUM 3 MOXKIMBHX poO3LIMpeHb OaraTOBHMIPHHX CHCTeM € MOB'a3aHa 

npuHxopaHa Mapkoscpka MOjelIb , 1K 10Ka3aHO Ha pucyHKy 1.7. TyT noTOUHHM cTaH 

3aICKHTb BI CTaHIB Horo BwacHoro jlaHuora (X) 1 cycifHEOro sanuora (Y) Ha 

monepexqHbOMy uacoBomy xKporl. Li mogem Oyu BUKOpHCTaH! B KOMI'IOTepHOMY 

30py[3] 1 uudposoro 3B'a3Ky[19]. 

PucyHok 1.7 — lop’ a3ani IMM 1 

Mogemb, xoua 1 ABIae coOorO cCnpaAMOBaHHi aunKuAHH rpad (CAT), micruts 

TeTIHO, WO yCKaqHIO€ OWHKy Napametpis TITIMM. Ogxum 3 pilrens Wiel mpoOmemu € 

3MTTA BY3J11B WMKy 1 POPMyBaHHA €QHHOFO By3J1a OLIbIL BUCOKO! PpO3MIPHOCcTI. Xoua 

We Moxke OyTH 2%KHTTE3L7aTHHM MIAXOA0M Aa Wpoctoi Moyes, NoKa3aHoi Ha pHCyHKy 

1.7, He 3MinHI cTaHy OynyTb oO'enHaHt X;, ¥;, X¢41, Yy41, HEMOKIMBO OO'eqHAaTH 3MIHHI 

cTaHy Jia CKIaqHHx TONOOrI, WoKa3aHHx Ha pucyHKy 1.8, depe3 pe3yubTyIouHii 

BHOyX po3MIpHOcT! By31B[20]. Inui maxi, MAXI 3pi3aHHx MHO*KHH[20], TakoxK 

HeOULIbHHH, OCKIJIBKH YHCIO 3MIHHHX 3P13AHHX MHOXKHH 30UIbLIYETbCA 3 JOB2KHHOIO 

sianurora N. 

IcHye 2 maHWoxKH 3 2, MOXKIMBO, PI3HHMH MOJeAMUM CHocTepexeHHa. AKIO 

MOeml chocTepexeHHa A, B He I2eHTHYHI, JaHUOuKKH He MOXKyTb OyTH MpocTo 

TlepeTBopeui B equHy IIMM mssaxom dopmMyBaHHa AekapToBoro AoOyTKy mpocTopiB 

cnocTepe2xKeHHA
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PucyHok 1.8 — Ios’ a3an1 TIMM 2 

Y qaHiii poOoTl MH BHBOXHMO MOBHI MPAMI-3BOPOTHI PIBHAHHA JIA OWMHKH 

MaKCHMaJIbHO! WpaBgononmiOuvocti. pu we craé oveBHHUM, WO NOBHH mzxig, 6e3 

"SBHOrO" 3HTTA BY3IB 2 , MOKIMBHM TIbKU Wa Monenen"JIAT-onnH". 30Kpema, 

3rmayykKyBad MaKCHMasIbHOi NpaBAONoRiGHocTi (TOOTO NOWMpeHHA MepeKOHaHb AK 

Blleped, Tak 1 Ha3ay y 4aci) He Moxe OyTH OTpHMaHO 6e3 KacTepH3alli By3JIB, B TOI 

yac aK (pisubTpallit (MOWMMpeHHA MepeKOHaHb TIJIbKH Biepeq y acl) Moxe OyTH 

OTPpHMaHa | Ia Oibut BUCOKHx mar. Metoau BHOIPKH, OFHAK, He MOKMaqaIOTbca Ha 

NOWHpeHHA MepeKoHaHb. Tomy 3HTTA By3J1B He MOTPIOHO. 

1.5.3 OuiHka NapaMeTpiB 

BysI0 BAKOpHCTaHO HacTyMHy HOTALIIO: 

O = {Aj, BT} we mocmigoBHicts cnoctepexenb, we A} = {ay,..,a7} 4M € 

CHOCTePp@EXKEHHA MePIMIM saHWIOKKOM; aHaorivHO Mu Bu3Hayaemo Bf ana apyroro 

jlaHyrora 

S = {X7,Y7} ¢ mocminosnictrio cranis, me X7 = {x,,... ,xp} i xE1..M € 

cTaHaMH Tepmioro saHora; aHanlorivHo Mu Bu3Hayaemo Y;). 

P(X¢44|X7, ¥7) € timosipHoctamn nepexoyy cTaHis mepmioro manupora. 

P(%p41|X7, ¥¢) € timopipHoctamu nepexogy cTaHis Apyroro sanupora. 

P(X,) 1 P(¥,) € anpiopHumu MoBIPHOCTAMH Mepuioro 1 Apyroro smaHurora 

BIQHOBIOHO.
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P(A,|X;) 1 P(B,|X-) € WisbHOCTI cnocTepexkeHHA JIaHUIOr1B, AKI TyT 

nepeqOayaroTeca OaraTOBHMIpHHMH Taycosi 3 cepe{HIM BEKTOPIB [,, ly 1 KOBaplaliiiHi 

MaTpH x,y. 

K,,1 Ky Taki po3MipHocTi mpocropy cTany. 

Tlotim @yHkuia mpapqononi6Hocti TITIMM 3anaeteca ak 

T 

£0) = P(X) PM) | [ PAX) PBN) 
i=! 

P(Xt41|Xe, ¥4)P(¥e+1|Xt, Yt) 

me BeKTOp @ MICTHTb MapaMeTpH MOBIPHOCTei Mepexogy, ampiopHi 

HMOBIPHOCTI Ta NapaMeTPH WWIbHOCTI CHOCTepexKeHHA. 

1.5.4 Ouinka napametpiB OalieciBcbKoi BHOIPKU 

Io6 oTpuMaTH NOBHI yMOBH, HeOOxigHI Wa BHOIpKH T166ca, Mu BHOMpaemo 

noB'a3aHi [Ipiopu a4 KOxKHOrO KOeilieHTAa: 

- Ue~N (Ex kx), 
- by~N(éy, ky), 

- ¥y1~Whshart(R,, v,), 

Yy' ~Whshart(R,, vy), 

- P(Xp44|XT, ¥) i P(X,)~Dirichlet(ay,, ..., Oxy) 

- P(%411X7,%1) i P(%)~Dirichlet(ay,, ..., Ay.) 

He U,~N (ey, K,), WO3HAda€ Te L,, LIO B34TO 3 HOPMAJIBHOFO PO3NOALy 3 CepeqHIM Ex 

1 KOBapialliiHoi MaTpuuero k,, aki € ranepnapaMetpamu po3snogisny. Dinepnpiopu 6yiu 

TaKI, IJO BCl Mpiopu Oy. po3snszHMBYacTHuMH abo mocKHMH [21]. 3 ormany Ha Wi MpiopH, 

MOBHI YMOBHI TI03Ha4eHHA € CHOyYeHHMH po3noninamu JIipixme, Taycca a6o 

Yimapta. Pe3ynbTaTH BHOIpKH , MpeACTaBeH! B AaHlii poOoTI, BUKOPHCTOByIOTb 

BuoipKy 1166ca, peam30BaHy Ha WporpaMuHili MoBI BUGS [22].
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1.5.6 Ouinka mapaMeTpisB MaKCHMadbHoi 
mpaBaqonogiouocri 

B ouiHui MakcHMasbHOi paBgonogiOHocti (MII) sBHOo HecTaHyapTHoro 

YaCTHHOIO € NOUIMpeHHA MWepeKOHaHb MpH OO4MCIeHHI MMOBIPHOCTeli MpHXOBaHHXx 

cTaHiB. PiBHAHHA MAKCHMI3aLllli Id MOZemeH CNocTepexKeHHA 1JCHTHUHI PIBHAHHAM 

nuia TIMM. 

Ana crangaptHoi IMM y uac e: 

O41 = POOY*, St) = P(Or41|Se+1) / P(O}, S:)P(Stoi [Se dS: 

= P(Or4|Si+1) [5 1, SOAS; (1.1) 

= P(Oe41|Se41)P(St41|O0}), 

1 YMOBHO?!O He3asIe2KHICTIO 

_ t+1 
O41 = P(O1"", St44) (1.2) 

Jina TITIMM sr3nayaemo 3Minny a It KOxKHOrO JaHoxKa: af i aP. Bina t=1, 

af = P(A, |X) P(X), (1.3) 

af =P(BiJ¥i)P(™%). (1.4) 

IIpu t=2 

a =P(Ad| X2) / / P(A1,X1)P(B1, 1) P(X2|X1,V1)dXidyi 

=P(Ao| X2) / / P(An, Bi, X1, Yi) P(Xo].M1, Vi)dXad¥i (1.5) 
=P(Ao|X2)P(A1, Bi, X2) 

OCKIJIbKH Ay He 3asle2%KHTb BIA A, MaHoro X>, I Tomy 

a} = P(Af, Bi, X2). (1.6) 

TloBpTopeHHa KpOKIB AIA APyroro WaHy1Ox*KKa 1 DJA AOBIIbHO t Mae 

afi. = P(AtalXen) f f ada? P(Xt41|X, Y)dXedY% (17) 

oP, = P(Besil¥ia1) f f ofa? PO |Xt, Yd Xidy% (1.8) 

TaKHM 4HHOM, ICHYIOTb Ba" He3B's3aHHx " piBHAHHA MpPOrHO3yBaHHA, 1 

KaCTepH3allla BY3JIB He TOTp1OHA. 

3BOpOTHI pekypcli 41a craHaapTHux TIMM sr3HayaroTaca HaCTyYIIHUM YHHOM 

bwaikX= P(O;, |S ). (1.9)
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Mu MoxeMo BHPILNHTH Ald HX IHAYKTHBHO HaCTYMHHM 4HHOM: 

Gr =1, 

Bra / P(Or|Sr)P(Sr|Sr-1)dSr 

= P(Or|Sr-1), 

Br-2 = / P(Or|Sr-1)P(Sr-i|Sr-2)P(Or-1|Sr—1)dSr (1.10) 

= i Br-1P(Sr-1|Sr-2)P(Or-1|Sr-1)dSr 

- / P(OF_;,Sr—1|Sr-2), 

= P(OF_,|Sr-2). 

TlopTroproroun KpOKH AIA Oy qb-1KOTO t MH OTPHMYEMO: 

Br = [ Ge1P(SesalS:) POOP aISes1)dSes1 (1.11) 

Uuxn B TIMM aano6irae po3qiieHHIO 3BOPOTHHX pekypciii Ha OBI He3B's3aH1 

pekypcli. TakuM 4HHOM, HeOOxIQHO BHKOHATH Onepaliiio KlacTepH3allli BCIX By3JIIB B 

nuk, a came X;, Y;, Xt44, Yy41, WO NpH3BOAUTb WoO HactynHoi pexypcii: 

Br+1 = P(O21|St) 

=f [Pca bXe1sYoun)PBoalXens Yess) 

P(A}i2, Bool Xt41, Yir1)P(Xt41, Yer Xe, Yd Xt41dYivr (1.12) 

= ff PAcsaBesitXisas Ye) Be P(Xe+1, Yeri|Xe, ¥e)dXtid¥i+1 

= | [PAP BE LXeaa, M41) P(Xeq1, Yeu |X, Ye)dXeqadYiys. 

Ile TakooxK eMOHCTpyé, WO UIBHKO cTa€é HeMOXKMHBHM OCI KYyBaTH p13H1 

TONONOrIi 3B'A3Ky, OCKUIbKH BOHM OyAyTb EKCMOHEHIIAIbHO 301IbLIYBaTH PO3MIPHICTb 

KJIACTepH30BaHOrO KOHTYypa.
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2 CEPMEHTALITA TA BINCTEXKEHHA 

BigctexeHHa OO'CKTIB-BaKIHBe 3aB4aHHA B OOMACTI KOMM'IOTePpHOrO 30py. 

TlowupeHHa MOTyxXHHX KOMM'FOTepiB, JOCTYNHICTb BHCOKOAKICHHX 1 HeOpOrHux 

BIeoKaMep 1 3pocTaroua MoTpeOa B aBTOMATH30BaHOMy BiqeOaHalli31 BUKIMKaIu 

BeJIMKHH IHTepec WO aNrOPHTMIB CTexKeHHA 3a OO'eKTamuH. Y BiqeoaHai3l € TPH 

KJIOUOBI eTanH: 

- BHABJICHHA WiKaBHX PyXOMHX 06'€KTIB; 

- BICTe*KeHHA TaKHX OO'EKTIB BIZ Kapy WO kanpy; 

- aHasi3 CHIZIB OO'EKTIB DJIA PO3MI3HAaBaHHA ix MOBeEIHKH. 

TomMy BHKOPHCTaHHA CTexKeHHA 3a OO'EKTAMH AKTYAJIBHO B 3aqadax: 

- pO3I13HaBaHHA Ha OCHOBI pyxy, TOOTO IMeHTHiKalliA JIOQMHU M0 XOZI, 

aBTOMaTHYHe BHABJICHHA OO'CKTIB 1 T. O.; 

- ABTOMATH30BaHe CHOCTepexKeHHA, TOOTO cHOcTepexeHHA 3a MICLIeEM Mol 3 

MeCTOIO BHABJICHHA IO3plIHXx Wit ado MasJIOMMOBIPHHX NOMI; 

- IHfeKcalia Biqeo, TOOTO aBTOMaTH4He aHOTYBaHHA 1 MOIyK BiqeO B 

MYJIBTHMeAIMHUX 6a3a WaHHXx; 

- B3a€MO]IA JIOQHHH 1 KOMI'roTepa, TOOTO Po3MI3HaBaHHA 2KECTIB, BICTe*KeHHA 

Norsayqy ouveii Wd BBeEeCHHA WaHHX B KOMIT'IOTepH IT. J; 

- MOHITOpHHT Tpadiky, TOOTO 3601p CTaTHCTHKH Tpadiky B pexKHMi peasIbHoro 

yacy JJId yupaBsIHHA TpaHCHOpTHHM MOTOKOM 

- Hapirallid aBTOMOOIIa, TOOTO MlaHyBaHHA IIIAXxy Ha OCHOBI Bigeo 1 

MO2KIMBOCTI OOxOZY MepeliKon. 

Y cpoiii HaliMpocTim PopM1 cTexKeHHA MO2KHA BH3HAYHTH AK 3ABNAaHHA OLIHKH 

TpaekTopii 06'eKTa B TWIOWHHI 300paKeHHa MpH oro pyci HaBKOsIO cyeHH. IHmumMu 

CNOBaMH, TpeKep MPHCBOIOE MOCMIZOBHI MITKH BIACTexKyBaHHM OO'eKTaM B PI13HHX 

Kagpax Bigeo. Kpim Toro, B 3aJIexKHOCTI BIZ, OONACcTI BIACTeXKCHHA TpeKep MOE TAKOXK 

HaylapaTu O6'€KTHO-Opi€HTOBaHy IHOpMaLIli0, Taky AK OPIEHTALIA, OMIA aOO PopMa 

06'eKTAa. 

BigctexeHHa 0O6'eKTIB MOxKe OyTH CKIaHUM 13-3a:
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- BTpata 1HdopMalili, BukKIMKaHa Mpoekuiero 3D-cBity Ha 2D-300paxeHHa; 

- IyM y 300paxeHHax; 

- pyX ckjlaqHoro OO'eKTAa; 

- HexOpcTKa a60 apTHKyIbOBaHa Ipupoa OO'eKTIB; 

- YWaCTKOBI | NOBHI OKIHO3Ii OO'EKTIB; 

- CKaqHi POpMu OO6'eKTIB; 

- OCBITJIGCHHA CIIGHH 3MIHIOETECS; 

BHMOrH 20 OOPOOKH B peasIbHOMY 4AaCI. 

Mo>xkHa CHpOCcTHTH BIACTe2*KeHHA, HakaBLUIH OOMexKeHHA Ha pyx 1/a60 30BHILIHI 

Buraag o6'ext. Hanpukiag, Male BCI aIrOpHTMH CTexKeHHA NPHMyCKaroTb, WO pyx 

oO'ekTa miaBHe, 6e3 pi3KHx 3MiH. MoxHa gam oOMexHTH pyx OO'eKTa MOCTIMHOIO 

WIBHAKICTIO a00 NOCTIMHHM MPHCKOpeHHAM, rpyHTyIOUHCh Ha apiopHiii indopmaluii. 

Tlonepeguili 3HaHHA MPO KIJIbKICTb 1 pO3Mip OO'eKTIB aOO MPO 30BHIWHIM BUTIA 1 

(opi 06'eKTIB TaKOXK MOXKyTb OyTH BUKOPHCTAHI AJA CIPOULeHHA 3aBaHHA. 

By 3ampOmoHOBaHI YHCeHHI MIAXOqM WO BIACTexKeHHA OO'eKTIB. Boon B 

Hepilly vepry BIAP13HAIOTbCA OAHH BI, OMHOFO THM, AK BOHH MI{XOTATb WO HACTYNHUX 

MMTaHb: AKe MpeacTaBeHHA OO'EKTa TMAXOQUTb WIA BIaCTexKeHHA? Aki dyHKUi 

306paxKeHHA CJ BHKOPHCTOByBaTH? AK CI MOWeUOBaTH PyX, 30BHIINHIM BUTIAy 1 

dopmy o6'exta? Biqnopigi Ha Ul WHTaHHA 3asle2%KaTb BI KOHTeEKCTy CepeqOBUIIa, B 

AKOMY 321MiCHIOCTBCA BIACTE2KCHHA, 1 KIHL|CBOrO BAKOPHCTAHHA, AIA AKOTO 3allHTy€TbCA 

IH@OpMaliia BIACTexKeHHA. byn0 3ampOMmOHOBaHO BeJIMKy KIJIbKICTb MeTOIB 

BIACT@2KCHHA, AKI HAMATAIOTbCA BIAMOBICTH Ha Il MHTAHHA DIA Oe3m14 CLIeEHApIiB. 

2.1 O6'exTHe mpeacTaBIeHHa 

Y cuenapli BIqcTexKeHHA 06'eKT MOxe OyTH BH3HAdeHHi AK BCe, WO MpeacTaBae 

iHTepec Oia Nogxambuoro aHami3y. Hanpukianq, 4oBHH B MOpi, pHOu B akBapiyMi1, 

TPaHCNOpTHI 3acoOu Ha AOPO3i, JITAKH B MOBITPI, JOAH, WO HAyTb 10 Wopo3i, ado 

OymbOallIKH y BOMI-Le HaOIp OO'eKTIB, AKI MOKYTb Oy TH BAKIMBUMH JIA BINCTeKeCHHA 

B MeBHIM rasy3l. OO'ekTH MoxyTb OyTH MpegcTaBneHi ix dopMaMH 1 30BHILIHIM 

BHIJIAOM.
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@MopMH AKI BAKOPHCTOBYIOTBCA Y BIACTE2KeHHI: 

Touka. O6'ekT npexCcTaBsIeHHit TOUKOIO, TOOTO LeHTpoizom (pucyHoK 3.1(6)) ado 

HaOopoM TOOK (pHcyHoK 2.1(a)). Y 3arantbHOMy BHMaqky TOUKOBe NpeazCTaBsIeHHA 

MAXONMTb WA BIACTe2*KeCHHA OO'EKTIB, AKI 3a/MAIOTb HEBEIMKI OOACTI Ha 300paxKeHHA. 

\ 
(a) (b) 

  

i
 ~~

 

  

PucyHok 2.1 — O6'exTHe npeacTaBieHHa TOUKH(a) Ta HaGip TOUOK(6) 

TIpumitusyi. Teometpuyuni dirypu. W@opma_  oo'exTta mpeycTapeHa 

IIPAMOKYTHHKOM, eJTICOM (pucyHoK 2.2(a) 1 pHcyHoK 2.2(6)) Ta in. Pyx o6'exta ana 

TaKHX YABJICHb 3a3BH4ali MOJeCKOCTECA TPaHCJAWMHHM, adiHHHM aOo MNpOeKTHBHHM 

(romorpadi4HuM) MepeTBOpeHHAM. Xoua MPHMITHBHI TeOMeTPHYHI dirypu Oise 

TMQXOAATb «AIA MpescTaBseHHA MpOCTHX 2XKOPCTKHX OO'EKTIB, BOHH TaKO2%K 

BHKOPHCTOBYIOTECA JIA BIACTeKCHHA HEXKOPCTKHX OO'EKTIB. 

  

PucyHok 2.2 — O6'exTHe npeazcTaBsleHHa IpAMOKyTHHKa(a) Ta esimca(6) 

CunyetT 1 KOHTyp 06'exta. KoHtTypHe mpeacTaBsieHHa BH3Ha4ae KOPAOH 06'eKTa
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(pucyHok 2.3(a) Ta 2.3(6)). OOnacTb BcepeqHHI KOHTypy Ha3HBa€TbCA CHJTyeTOM 

o6'exta(PucyHok 3.4). CusyetTHi 1 KoHTypHi yaBaeHHa MyzxogaTb ga BigcTrexeHHa 

CK1aHuXx HexKOPCTKHX opM. 

(3) (6) 

PucyHok 2.3 — O6'exTHe NpeqcTaBsIeHHA NOBHHI KOHTyp O6'exkTa (a) Ta 

KOHTPOJIbHI TOUKH Ha KOHTyp1 06'exTa (6) 

  

PucyHoxk 2.4 — OO6'ekTHe NpexcTaBseHHa cusyeta 0O'eKTa 

34sIeHOBAaHI MOtem opm. 347eHOBaHI OO'EKTH CKIaTaIOTbCA 3 YACTHH TIIa, AKI 

YTPHMy!OTbCA pa30M 3a onoMororo cyrm06is. Hanpukian, mrofcbhKe TIsI0-Le 

34sICHOBAHHH OO'eKT 3 TyTyOOM, HoraMH, PyKaMH, FOsIOBOIO 1 CTYNHAMH, 3'eqHaHHMH 

cyrmo6amu. BigqHOCHHH MK JeTasIdMH perysHOIOTbCAH KIHCMATHYHHMH MOZeAMH 

pyxy, Halpyvksagd, KyTOM 3'eqHaHHa 17. O. oO yasutTu 34eHOBaHH OO'eKT, MO2KHA 

3MOeJIOBaTH CKIaOBI YaCTHHH 3a AOMOMOFOHO LHJIHApIB aOo esilciB, AK NOKa3aHO
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Ha pucyHky 2.5. 

  

PucyHok 2.5- OO'ekTHe NpeCTaBJIGHHA 34IEHOBaHOrO OO’ €KTAa 

CkenleTHi Mogem. CkeneT oO'eKTa MOxe OyTH BHTATHYTHH UIaAxXOM 

3ACTOCYBaHHA MepeTBOPeHHA MeabHOI OCI WO cumyeTy oO'eKTa [23]. Ila mogemb 

3a3BHuall BUKOPHCTOBYETECA AK MIPeACTaBJICHHA (POPMH DJIA PO3MI3HABAaHHA OO'EKTIB. 

CkesleTHe yaBJICHHA MO2Ke OyYTH BUKOPHCTAHO JIA MOJeFOBAHHA AK 34JICHOBAaHHX, Tak 

1 2KOPCTKHX 06'eKTIB (pHcyHOK 2.6). 

  

PucyHok 2.6- O6'ekTHe mpeacTaBIeHHaA CKeIeTa OO'eKTa 

IcHy€ KiIbKa CMOCcOOIB MpeAcTaBJIeHHA O3HAK 30BHIMIHbOrO BHTIADy OO'eKTIB. 

3BepHYTH yBary, WIO TOqaHHA OPMU TaKOXxK MOXKYyTb OyTH OO'eqHaH! 3 yABJIGHHAMH 

30BHIINHBOrO BHIIALy Wa BigcTexeHHa. JlesKi 3araibHi yABJIGHHA 30BHILIHbOrO 

BHIIADY B KOHTCKCTI BIACTe2KeHHA OO'EKTIB: 

- I{WIbHOCTI HMOBIPHOCTI MOAB OO'eKTA;
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- wa0JIOH; 

- €AKTHBHI MOJeJIl 30BHIMIHbBOrO BHAT; 

- OaraTOBHAOBI MOJes 30BHIMIHBOrO BHIsIALy. 

IinbHocti HMOBIpHOCT! NosBH OO'eKTa. OUWIHKH WJIbHOCTI HMOBIPHOCTI NOABH 

o6'ekTa MOxyTb G6yTH aOo NapaMeTpH4HuMH, Hanpuknay TayccoBcKHMH 1 CyMIIL 

raycciaH [24], a6o HemapamMeTpHuHHx, TakHx aK BikHa MaplieHa Ta ricTorpaMu. 

IinbHicTb HMOBIPHOCTI O3HAK 30BHIMHbOrO BHraqy oOO'eKTa (KONIp, TeKcTypa) 

BHUMCIIOETLCA 3a OOACTAMM 300paxKeHHA, 3a0aHHMH MOZeAMH POpMH (BHYTPIWHA 

oOsacTb esinmca a6o KOHTyp). 

Wa6n0n. Wla6nonu dopmyroTeca 3 BHKOPHCTaHHAM IPOCTHx reOMeTpHYHHX 

diryp ado cumyertis[25]. Tlepesara maOnoHy B TOMy, WO BIH Hece B COOl aK 

MpocTropopy, Tak 1 30BHIMIHIO iH@opmarmro. UWlaOnoHu, OfHaK, KOMyIOTb TIIbKH 

30BHIWHIM Burda oO'eKTa, CTBOPeHHH 3 OAHOrTO NowaHHa. TakKHiM 4HHOM, BOHH 

MAXOMATb TIIbKH JIA CTe2KeHHA 3a OO'CKTAMH, 103M AKHX B MPOLeCcl CTexKECHHA ICTOTHO 

He 3MIHIOIOTBCA. 

AKTHBHI MOJeJIi 30BHIINHBOrO BUrAaay. AKTHBHI MOJeJI1 30BHILMIHbOrO BHTIALy 

TeHEpyIOTbCA WWIAXOM OAHOUACHOrO MOJeEIOBAHHA POPMH 1 30BHILIHbOTO BHTIALy 

od'exta. Y 3araibHOMy BuaaKy dopma OO'ekTa BH3HAYaeTbCA HAOOPOM OPIEHTHPIB. 

Tloqi6HO KOHTYPHOMy NOdaHHAM, OPICHTHPH MOXYTb PO3TallOByBaTHCA Ha KOPAOHI 

oO'ekTa aOo, aK BaplaHT, BCepegqHHI OOmacTi oO'ekTa. Ja KOxHKHOrO OpicHTupa 

30epira€TbCA BEKTOP 30BHILIHBOrO BUHAY y BHAT KObOpy, TeKCTypH abo BeH4HHH 

rpagienta. AKTHBHHi 30BHIWIHIM BHTIA MOJes BUMara€ HaBYaHHA, KOJI 1 dopa, 1 

NOB's3aHHii 3 HeIO 30BHILLHIM BUTIA BUBYAIOTLCA 3 HAOOPy 3Pa3KIB 3 BAKOPHCTaHHsM. 

Hanpukiay, aHasi3y rosOBHHX KOMMOHEHTIB. 

BaraToBugoOBl MOyesl 30BHIMHBOrO BuTaagy. Li mogem KoOzyIOTb pi3HI 

yaABJIeHHA OO'eKTa. OQHH 3 MIAXONIB 4O MpeacTaBMeHHA Pi3HHX yABIICHb OO'EKTIB 

NOsara€ y CTBOPeHHI M1AMpoctTopy 3 3agaHHx yaBseHb. [liaqmpocToposi M1qxouH, aHasi3 

TOJIOBHHX KOMMOHEHTIB 1 aHasii3 He3aslexKHHX KOMMOHEHTIB, BHKOPHCTOByBasIHCa AK 

TIA TIPeACTaBsIeHHA (OPMH, TAK 1 WJIA TIPeACTABJICHHA 3OBHIMIHbOrO BHTIIALy 

THUMM M1x10 10 BABYCHHA P13HHX yABJICHb OO'eKTAa NOMArae B HABYAHHI HaOOpy
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KacHdikaTopis, HampHksay, MallIM4H ONOPHHX BeKTOpIB ao OaliecIBCbKHX Mepex. 

OnHuM 3 OOMexeHb OaraTOBHAOBHX MOJesei 30BHILIHbOrO BHTMay € Te, 0 

30BHIINHIM BU y BCIX BUAax NOTPIOHO 3a3aseril yb. 

3arasioM, iCHY€ MILHHi 3B's30K MDK yABJIGHHAMH OO'EKTIB 1 asrOpHTMaMH 

BlocTexeHHa. [IpeqctapieHHa 0O'eKTIB 3a3BHuali BHOUpalOTECA BIQNOBIZHO WO oOsmacTi 

porpamu. Jia BigqcTexkeHHaA OO'eKTIB, AKI Ha 300paxKeHHI 3]aIOTbCA y2Ke 

M@JICHBKHMH, 3a3BH4ali MIAXOAMTb TOUKOBe NogaHHa. Hanpuknag, Bunmeu [26]. 

BHKOPHCTOBYIOTb TOUKOBe OAaHHA AIA BIACTe%KeHHA HACIHHA B  pyXOMiii 

MOCIAOBHOCTI Tapis0K. TouHo Tak xe Hadi 1 Max [27] BukopucToBy1oTb TOUKOBe 

MpeACTaBsJIeHHA TIA BINCTe@KCHHA TaseKux Taxis. Jia OO'eKTIB , POPMH AKHX MOXKYTb 

OyTH allpOKCHMOBaH! MpPAMOKYyTHHKaMH a6o esilcaMu, UPHMITHBHa reoMeTpH4Ha 

dopMa yABIICHHA OLIbI WOpeyHi. [Hu] BUKOPHCTOBYBaIIM NPeACTAaBJIeHHA eINTHIHO! 

(OpMH 1 BUKOPHCTOByiiTe KOMIPHy TicTorpamy, OOunCceHy 3 euIMTHYHO! OONACTI, 1a 

MOJ{@JIOBaHHA 30BHIMHBOrO Bursagy. Y 1998 pom baek 1 J>kencou BUKOpHCTOByBasIH 

BACH] BeKTOPH Jif UpeqcTaBIeHHA 30BHIMHbOrO Bua. BaacHi BeKTopuH OysM 

3reHepOBaH! 3 TIPAMOKYTHHX WaONOHIB OO'eKTIB. 3aqA BIACTexKeHHA OO'EKTIB 31 

CkaqHHMH (OpMaMu, Hanpukian, mOel, MAXOHTb KOHTypHe aOo cHsyeTHe 

YABIICHHA. Xapitaorsy Ta 1H. [28] BuKOpHCTOByBaIM CHIyeTH JIA BIACTeKeHHA 

oO6'€KTIB B JOMaTKy cMocTepe2xKeHHA. 

2.2 BuoOip dyHkKul Wa BIN4CcTexeHHA 

Buoip npaBusbHux yHKWi BIaIrpac BUplwaIbHy POJIb y BIZCTe2KeHHI. 

3arasioM, HaliOiibu OaxkaHHM BJIACTHBICTIO BI3yasIbHOrO OO'eKTa € HOrO YHIKAJIbHICT, 

IO WO3BONAE WerKO po3pi3HaTH OO'eKTH B MIpocTopi oO'eKTiB. Bubip o6'eKTa TICHO 

NOB's3aHHii 3 MOAaHHaM OO'eKTa. Hanpukiag, KOuIp BAKOPHCTOBYETbCA AK OO'EKT DIA 

TIpeqCTaBIeHHA 3O0BHIMHbOrO BHIIAZyY Ha OCHOBI ricTOrpaMH, B TOM 4ac AK WA 

TIpeACTaBJIeHHA Ha OCHOBI KOHTYpy B AKOCTI O6'eKTa 3a3BH4ail BUKOPHCTOBYIOTECA Kpai 

oO'ekTiB. 3arasioM, OaraTO aJIrOPHTMIB BIQCTexKeHHA BHKOPHCTOBYIOTb KOMOIHALIIIO 

uux PyHKUI. 

JJeTam 3arasIbHux BI3yaIbHHx OCOOMHMBOCTEe MOJAralOTb B HACTYMHOMY:
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- kosp; 

- CTHK; 

ONTHYHHH MOTIK; 

TeKCTypa. 

Komp. Ha sugumuii Komip o6'ekTa BIWIMBaIOTb B Meply vepry OBa *i3H4HHx 

(bakTopu: 

- CHe€KTPasbHH PO3MOALI NOTyKHOCTI OCBITIIOBAa4a; 

- TOBepXHeBI BIQOHBHI BuacTHBOCTI 06'exTa. [pu o6pobul 306paxeHb KOJIPHHit 

mpoctip RGB (uepBoHuii, 3eeHHii, CHHIii) 3a3BH4Uali BHKOPHCTOBy€TbCA Aa 

TIpeACTaBJIeCHHA KOJIBOpy. 

Oguak mpoctip RGB He € NeplenTHBHO OAHOPIAHHM KOJIPHHM MpocTopoM, 

TOOTO BIQZMIHHOCTI MK KObOpaMH B MpocTtopi RGB He BIANOBIZaIOTb KOJIPHHM 

BIXMIHHOCTAM, ClpHiiMaHuM suOqMHOIO [29]. Kpim toro, po3mipH RGB critbHo 

kopesoroTb. Hasnaxu, L * u * v *1 L * a* b * € mepuenTHBHO OAHOpIAHI KOIPHI 

mpoctopu, B To uac ak HSV (BiqTIHOK, HaCHYeHICTb, 3HaYeHHA) € NpHOM3HO 

OAHOPIAHUM KOJIPHHM pocTopoM. OgHak Li KOJbOpOBI NpPOCTOpH 4yTIMBI NO lyMy. 

TakHM 4HHOM, He€Ma€ OCTaHHbOro cuIOBa pO Te, AKHH KOMIPHHH MpocTip € OIE 

e()eKTHBHUM, TOMY B TpeKIHTy BHKOPHCTOBYBAaJINCA P13HI KOJIPHI MpocTopy. 

Kpai. Mei oO'ekTIB 3a3BH4aii BUKIIMKaIOTb CHJIbHI 3MIHH 1HTCHCHBHOCTI 

300paxeHHa. BusBneHHa KpaiB BHKOPHCTOBYeTbCA DIA iDeHTH@IKaWi WX 3MiH. 

BaoksIMB010 BIACTHBICTIO KPOMOK € Te, IO BOHH MEHL UYTIIMBI WO 3M1H OCBITJICHOCTI B 

MOpiBHAHHI 3 KOJIPHHMH OO'eKTaMH. AJITOPHTM, WO BIACTexKyIOTh MexKi OO'eKTIB, 

3a3BH4all BUKOPHCTOBYIOTb peOpa B AKOCTI pempe3eHTaTHBHOrO O6'ekTa. Uepe3 cBoro 

MpOcTOTy 1 TOSHICTS HaliO1IbI NOMyAPHUM MiQXOAOM JO BHABJICHHA KpaiB € WeTeKTOP 

Canny Edge detector [30]. 

OntuuHHi noTiK. ONTHYHHM MOTIK-Le UIbHe MOE BEKTOPIB 3MIII[CHHA, AKE 

BH3Hadae MepeMILMeCHHA KOXKHOLO M1KCeua B OOmacTI. BiH OO4nCIIOETHCHA 3a HOMOMOTO!O 

OOMe2KeHHA ACKPABOCTI, AKe MepemOaya€ CTAIICTb ACKPABOCTI BIAMOBIQHHX MIKCEIIB B 

MOCIIMOBHHX Kaqpax. ONTHYHHM NOTIK 3a3BHuali BHKOPHCTOBYeTECA AK (PyYHKLIA B 

WOWaTKax cerMeHTawli 1 BIACTexKeHHA pyxy Ha OcHOBI pyxy. IlonynapHi mMeTogau
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OOUMCICHHA WIIbHOrO ONTHYHOrO MOTOKY BKIHOUaIOTb MeTOAH Xopua 1 Iyukxa , 

JIykaca 1 Kanage , bnexa i AHaHyana , a Tako Lemicki 1 Kyrmana . 

Texctypa. TekcTypa-lleé Mipa 3MIHH IHT@€HCHBHOCTI MOBePXHI, AKA KIIbKICHO 

BH3Hadae TaKl BIACTHBOCTI, AK PaQKICTb 1 peryApHicTb. Y NOpiBHAHHI 3 KOJIBOpOM, 

TeKCTypa BHMara€ KpoK OOpoOKH AIA CTBOpeHHA ecKkpuntopis. IcHyloTb pi3Hi 

qeckpuntopu Texctyp: Matpuui 361ris ciporo pina (M3CP) (aqBoBuMipHa ricTorpama, 

aka TloKa3y€ 301TH IHTeHCHBHOCTeli B 3aaHOMy HaliIpaMKy 1 BIACTaHi), TekcTypHI 

3axogH Jloy [31] (qBagusaTs n'aTs 2D-dinbTpis, wo reHepyroTscas 3 n'aTu 1D- dinpTtpis, 

BIQNOBIZHHX piBH1O, Kpalo, MIAMI, XBHJI 1 MybCalili), BeiiBreTH (opToroHasbHuii bank 

(ibTp1B) 1 KepoBaHi Mipamigu. Togi6Ho KpaiioBuM eJIeMeHTaM, TeKCTYPHI esIeMeHTH 

MeHII 4YTJIMBI 10 3MIH OCBITIICHHA Y NOPIBHAHHI 3 KOJIbOpOM. 

B ocHoBHoMy (byHKuii BHOupaloTbCA KOPHCTyBadeM Bpy4Hy B 3aslexKHOCTI BI 

OMeHy Mporpamu. OnHak npo6sleMa aBTOMaTHUHOLO BHOOpy O3HaK OTPHMasa 3HauHy 

yBary B 38BJaHHAX PO3SMI3HaBaHHa OOpa3is. MeToaH aBTOMaTH4HOrO BHOOpy O6'eKTIB 

MO2HA PO3AINMTH Ha MeTORH dbisbTpauli 1 MeTogu oOropTku. Metogu dimbtpauii 

HaMaratoTbcd BHOpaTH OO'eKTH Ha OCHOBI 3arasIbHOrO KpuTepiro, Hanpuksag, oO'ekTH 

NMOBHHHI OyTH HekopesbOBaHHMH. Metogu o6ropTKH BHOupaioTb (yHKUli, 3aCHOBaHI 

Ha KOpHcHocT! QyHKuUIii B KOHKpeTHIi mpoOnemMHii oOsacTi, Halpukiag, 

MpOAYKTHBHICTh KlacHdikawii 3 BUHKOPHCTaHHAM MIQMHOXKHHH O3HaK. AHasi3 

OCHOBHHX KOMNOHeHT (PCA) € npHkiaqom MeTOaIB diibTpauli Wa 3MeHUIeHHA 

dyHkui. PCA Bkmrouae B ceOe NepeTBOPeHHA pALY (MO2XKIMBO) KOPebOBAHHX 3MIHHHX 

B (MeHINe) 4HCIO HeKOpesbOBaHHX 3MIHHHX, 3BaHHX TOJOBHHMH KOMIOHeCHTaMH. 

O6roptka MeTOoqOM BHOOpy AHCKPHMIHaLlMHHX O3HaK JIA BIACTexKeHHA MeBHOTO 

Kilacy OO'€KTIB BUPOBaKyBaeTECA amropuTmMom Adaboost [31]. Adaboost-ue metoy 

NOWyKy CHJIbHOrO KNacHdikaTopa, 3aCHOBaHHii Ha KOMOIHAaIIli MOMIPHO HeTOUHHx 

cmaOKHx Kiacudikatopis. [pu HasBHOCTI BeIMKOrO HaOOpy O3HaK JIA KOX%KHOI O3HAKH 

MO2%KHa HaByHTH ofMH Kyaacudixatop. Adaboost, BuaABHTb 3Bax%xKeHy KOMOIHALIIIO 

KacHdikaTopis (10 MpeACTaBAIOTb O3HAKH), AKI MAKCHMI3yIOTb KiacndikaliiHy 

MPOAYKTHBHICTb aJITOPHTMy: 4HM BHIe Bara O3HaKH, THM OlIbIe BIH 

WucKpuMinauiinni. Ja BiIqCTexKeHHA MOKHA BUKOPHCTOByBaTH Mepui n HaiiOibUI
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3BaxKeHHX PYHKUIM. 

Cepey ycix pyHKUIi KOTIP € OTHIEHO 3 HaOlIbI LIMPOKO BUKOPHCTOByBaHHXx 

(@yHKWi Wa BigcTexeHHa. Komanici ta iH. [32] BHKOPHCTOByBaIH KOJIbOPOBy 

TicTorpaMy JIA WpewcTaBJIeHHA 3OBHIMIHBOFO Buruagy 06'exTa. He3Baxaroun Ha CBOIO 

HOMYJIAPHICTb, OIbINICTh KOJIPHHX CMYF 4YTIIMBI HO 3MIHH OCBITMeHOCTI. OTOx, y 

clleHapiax, We weli ecbeKT HeEMHHY4HH, WIA MOeIOBAHHA 30BHIINHbOrO BHTIALy 

06'eKTa BHKOPHCTOBYIOTBCA IH PYHKUi.. 

2.3 BusapneHua 06'€KTIB 

KoxkeH MeTOA BIACTe@xKeHHA BUMara€ MeXaHi3My BHABJICHHA OO'eKTa aOo B 

KOXKHOMY Kapil, aOo mpH Nepuiit nosBi oO'ekTa Ha Biqeo. 3aranbHHii MIAxig Wo 

BHABJICHHA OO'€KTIB NOJIATa€ B BAKOPHCTaHHI IHopMalli B OMHOMy Kagpi. OqHaK WeaK1 

MeTOZH BHABJICHHA OO'CKTIB BHUKOPHCTOBYIOTb THMYACOBY IHopMallito, oOuNcIeHy 3 

MOCJIOBHOCTI KaqpiB, OO 3MeHINHTH KIJIbKICTb MOMHIKOBHX BHABIIeHb. La 

THM4acoBa IHOpMallla 3a3BHYali MpeACTaBseHa Y BHAI Pi3HHW KagpiB, AKa BUAIIAE 

3M1HH B OOMACTI B MOCIMOBHHX Kagqpax. Bpaxopytoun oOsacTi o6'eKTa TO 3aBqaHHA 

Tpekepa Nousrae B TOMY, W100 BHKOHATH BIAMOBIZHICTb OO'eKTa BI OAHOTO Kagpy oO 

IHWIOrO, WIOO 3reHepyBaTH TpeKH. 

2.3.1 Toukxosi JletexTopu 

Toukosi JIeTeKTOpH BHKOPHCTOBYIOTbCA JIA MOWyKy TOYOK iHTepecy Ha 

300paxKeHHAX, UO MAIOTb BUpa3Hy TeKCTypy Y BIANOBIZHMX Micuiax. TouKn iHTepecy 

BKe ABHO BAKOPHCTOBYIOTbCA B KOHTEKCTI IpoOseM pyxy, CTepeo 1 BIACTe2*KeHHA. 

Il[o6 3HaiiTH TOUKH, UO WikaBlATb, OMepatop Mopasexa [33] oOuncmwoe 3MiHy 

IHTCHCHBHOCTI 300paxeHHA B TaTul 4x4 B TOPH30HTaIbHOMy, BePTHKaJIbHOMy, 

WaroHasIbHOMy 1 AHTHAlaroHasIbHOMy HalpsaAMKax 1 BHOMpace MIHIMyM 3 YOTHPbOx 

Baplallli B AKOCTI pempeseHTaTHBHHX 3HaUeHb ylad BIKHa. Touka oOrosollyeTaca 

IKABOIO, AKIO 3M1Ha IHTeCHCHBHOCTI € JIOKaJIbBHAM MaKCHMyMOM B 12x12 marty.
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PucyHok 2.7 — IIpoueHTH! TOUKH, BHABJICHI IPH 3aCTOCyBaHHI MeTOy Xappica 

Jjetextop Xappica oOuncmoe NOXxiqHi 300paxeHHA Nepmioro nopsyKy I,, 1, B 

HalpaMkKax X 1 y, W106 BHAITHTH COpAMOBaHI Bapialli IHTeHCHBHOCTI, NOTIM AIA 

KOXKHOTO MIKCeA B HEBEIMKIM OKONHLU OOUHCIIOETECA Wpyra MATPHUA MOMEHTIB, Ka 

KOAYe Il Baplarii: 

Yheoly Ly 

Touka iHTepecy IMeCHTH@IKYETECA 3a NOMOMOrOHO WeTepMiHaHTa | criny M, aKnii 

M= (2.1) 

BHMIPIO€ BaplaliiO B OKabHIt OKomMUIR = det(M) — k * tr(M)*, ne k-noctiiina. 

Touku iHTepecy BIZ3Ha4eHI MoOporoBHM 3HayeHHAM R_ oicnwa 3acTOCyBaHHA 

TIpHAyWieHHA He MaKCHMyMiB (pHcyHoK 2.7). Ta 2% camMa MaTpHut MOMeHTIB M, 

HaBeeHa B PIBHAHHI (13), BHKOPHCTOBYE€TbCA Ha eTAMl BHABJICHHA WiKaBHTb TOUKH 

MeTogy cTexeHHa KLT. Jlopipua Touka inTepecy R oOuncmtoeTECa 3 BHKOPHCTaHHAM 

MIHIMA@JIbHOrO BuIaCHOro 3Ha4ueHHA M, Amin. BigOupatoTeca KAaHTMAATH Ha MIPOLeHTHI 

TOUKH IIIAXOM Tloporoporo 3HayeHHA R. cepeq TOYOK-KaHquAaTIB KLT ycysae 

KaHAHaTIB, AKI IPOCTOPOBO OH3bKi OHH WO OFHOrO (pHcyHoK 2.8).
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PucyHox 2.8 — TpoueHTHi TouKH, BHABJIeHI IPH 3acTOCyBaHHi MeTogzy KLT 

KinpkicHo i Xappic, 1 KJIT migkpecmtoroTb Bapialli 1HTeHCHBHOCTI, 

BHKOPHCTOByIOUH Ay2xKe cxox%Kl 3axoqH. Hanpuknag, R B Xappici nop's3aHHi 3 

XaPaKTePHCTH4YHHM TIOJIHOMOM, BHKOPHCTOBYBaHHM JIA 3HaXOJ2KeHHA BAaCHHX 

3HaueHEM: A? + det(M) —A*tr(M) = 0, B Toi uac ax KLT o6uncmoe saacui 

3HaveHHa Oe3nocepenHBO. Ha npakTui oOOuTBa Wl MeTOAH 3HaXOUATb MaiKe OTHAKOBI 

TOUKH IHTepecy. CAHHO!O BIAMIHHICTIO € AOAAaTKOBH KpuTepiii KLT, axuii 3a0e3neuye 

IIpOcTOpoBy BIACTaHb MLK BHABJICHAMH TOUKAaMH IHTepecy. 

Y teopii, mMatpuus M € inBapiaHTHOIO Wo poTauii i mepexnagy. OgHak ua 

MaTPHUA He IHBaplaHTHHM WO adiHHHx aOo MpOeKTHBHHX MepeTBopeHs. LH]o6 BBectu 

HafliiHe BUABJIGHHA TOUOK IHTepecy MpH pi3HHx MepeTBopeHHax, JIoy [31] BBiB Metog 

SIFT (Scale Invariant Feature Transform), akuii ckmagaeTbca 3 YOTHPbOX KpOKIB. Io- 

Tepe, MacimiTaOHHii mpocTip OyaAyeTbca UIIAXOM 3rOpTKH 300paxKeHHA 3 

TayccopckumMu dbisbTpamu B- pi3HHx MacuITaOax. 3ropHyTi 300paxKeHHa 

BHKOPHCTOBYIOTBCA Id CTBOPeHHA 300paxeHb pi3HHu raycis (Difference-Of- 

Gaissoans(DoG)). Tlotim 3 MiHiMyMiB 1 MaKCHMyM1B BHOMpaloTbCa TOUKH 1HTepecy- 

KkaHgugatu. HactynHHuii KpoK OHOBJIIOE MICLe pO3TalllyBaHHA KOXKHOTO KaHqMAaTa 

UWIAXOM IHTepMOMAMi 3HAaYeHb KOJIbOpy 3 BHKOPHCTaHHAM CyCiqHIx mikcesiB. Ha 

TPeTBOMy eTalll yCyBalOTbCA KAHTHAaTH 3 HH3bKHM KOHTpacTOM, a TaKOXK KAaHMAAaTH 

no Kpaax. Hapeuiti, 3a1HUIMBUIMMCa TOUKaM, IPH3HadaIOTbcA OPIeHTalli Ha OCHOBI 

IMKIB B TICTOrpaMax HaMpAMKIB rpagicHTa B HEBeEJIMKIM OKOJMU1 HaBKOJIO TOUKH- 

KaHougata. JleTeKTop mpocitoBaHHa reHepye OiJIbILy KIJIBKICTb TOUOK IHTepecy B



44 

NOpIBHAHHI 3 IHINHMH eTeKTOPaMM TOUOK iHTepecy. Le nos's3aHo 3 THM, WO 

HAKOMMYyIOTLCA TOUKH IHTepecy B P13HHX MacuITaOax 1 Pi3HHxX WO3B0Nax (Mipamiza). 

Emmipw4Ho Oyo nmoKa3aHo B poooTi Muxkonaituuxa 1 DUImiga [34], mo SIFT 

Tepepepiiye OWIbUicTh TOUKOBHX eTeKTOPIB 1 Ob cTIMKHi WO nedopmali 

300paxkeHHa (PucyHoK 2.9). 

  

PucyHok 2.9 — TIpouexTHi TouKH, BHABJICHI pH 3acTOCyBaHHi MeTogy SIFT 

2.3.2 BiqHiMaHHA MoHy 

BusapieHHa 06'ekTa Moxe OyTH AOCATHYTO WIAXOM NOOYAOBH yABJICHHA CLICHH, 

3BaHOrTO (OHOBOIO MO eUO, a MOTIM 3HAXOJ2KCHHA BIDXHJICHb BI MOeM a 

KOKHOrO BXIHOrO Kanpy. byab-aka 3Ha4dHa 3MiHa OOAaCT! 300paxKeHHA BI POHOBOI 

Moyet o3Hayae Pyxomuii oO'ext. Ilikcemi, ckmaqoBi 3MIHIOKOTBCA OO6ACTI, 

MO3HaYaIOTLCA WIA MOAabwo0i oOpobKka. 3a3Bu4ali aNTOPHTM 3B'43HHX KOMIOHEHTIB 

B3ACTOCOBYETECA TIA OTPHMAHHA 3B'A3KOBHX OOAaCTeli, BINMOBINHHX OO'eKTam. [lei 

TIpollec Ha3HBaeTbCA BIZHIMAHHAM (POHy.
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PucyHox 2.10 — Cymim rayccoBckoro MOZesIOBaHHA JIA BIZHIMaHHA (OHY 

BigHimaHHa oxy cTasio nNonysapHHM Micaa poOoTu Pena Ta 1H. [35]. H]o6 

BHBYHTH MOCTYNOBI 3MIHH B 4acl, PeH 1 1H. MPOMOHYIOTh MOJeNIOBATH KOJIIP KOXKHOTO 

mxkcena [(x,y) cTatioHapHoro douy 3 ofHuM 3D (Y, Ui V komipHum mpoctopom) 

raycis, I(x, y)~N(u(x, y), }(x, y)). Tlapametp mogesi, cepenHe 3Hayenna U(x, y) i 

KoBapiallia )/(x,y)), BHTAryIOTbCA 3 KOJbOPOBI CHOCTepexKeHHA B JeKLIbKOX 

MOCJIOBHHX Kagqpax. Ak TIIbKH (OHOBA MOJesb OTPUMaHAa, JIA KOXKHOrO MIKCemsA (x, 

y) Y BXIQHOMy Kapil HMOBIPHICTb Toro, WO Horo komp Oye oTpHMaHHii 3 

N(u(x, y), ¥ (x, y)). o6uncmo€eTKCK, 1 MIKCEdI, AKI BI,XHIAIOTECA BI, POHOBOI MOM, 

MO3Ha4aIOTbCA AK MIKCes MepeqHboro many. OqHak oguH Taycipchka He € TapHOIO 

MOJO JIA 30BHILIHIX CLCH, OCKIIbKH B I€BHOMY MICL1 MO2KHa CHOCTepiraTH KUIbKa 

KOJIbOPIB Yepe3 MOBTOPIOBaHOrO pyxy oO'eKTa, TiHeli abo BINOOpaxeHHA. IcTOTHE 

NOJMMeHHA y CQOHOBOMy pexKHMI MOJeuIOBAHHA OCATaeTbCA 3a PaxXyHOK 

BHKOPHCTaHHA MYJIbTHMOasIbHUX CTaTHCTHYHHX MOJeNei WIA OMMCy KO2KHOrO 

mkcesa KOMbOpy PoHy. Y UbOMYy MeTOAI MIKCesIb y MOTOUHOMY Kapil MepeBIpAcTECA 3a 

(OHOBOLO MO eNO, MOPIBHIOIOYUH Horo 3 KOXHUM rayCOBHM B MOJedI, WOKH He Oyze 

3HaMeHHi BIANMOBIQHHH raycciB Wikcesb. AkuIoO 301r 3HalieHO, TO CepeqHEe 3Ha4eHHA 

1 Qucnepcis 301raeTbca, B IHWOMy BHMagky CTBOpoeTbcA HOBHI Tayc 3 cepeqHIM 

3HadeHHAM. Y CyMILI BBOAHTbCA PiIBHHii MOTOUHOMY KOJbOpy Mikcema 1 eaka 

mouaTkoBpa gAucnepcia. Koken mikcesb KiacHiky€Tbca 3alexKHO BI Toro, 4H 

Mpeactapiae y3royoKeHHii po3nogiu doHospuii mpouec. Pyxomi oOsacTi, «AKI 

BHABJIAIOTBCA 38 HOMOMOFOHO WbOFO MIAXony, Nopsy 3 POHOBHMH MOeAMH 0Ka3aHl 

Ha pucyHky 2.10 Ta pucyury 2.11.
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PucyHox 2.11 — Cymim Dayccospckoro Moqes1OBaHHA JIA BINHIMaHHA (pOHY 

THmui migxiq nomarae B TOMy, WOO BKJIOUHTH perioHabHy (MpocTopoBy) 

IHOpMaLiitO MpO CLICHY 3aMICTb BHKOPHCTAHHA TIJIbKH KOJIPHO! indopmauli. Enraman 

i JJepic [36] BukopHcTOBy1OTb HeMapaMeTpPHYHy OLIHKy WIIbHOCTI sagpa ana 

MOJ@JHOBaHHA QOHY Ha ikcesb. Y mpoweci BINHIMaHHA MOTOUHHH MIKCesIb 

31ICTABJIACTECA He TWIbKH 3 BINMOBIQHMM Mikceslem (OHOBOI MOE, ale 1 3 CyCIMHIMH 

poO3TalllyBaHHAMH MikcewiB. TakuM 4HHOM, eli MeTOA Moxe OOpoOsATH TpeMTIHHA 

KaMepH ao HeBesINKI pyxH y POHOBOMY pexKuMI. Ji i JItou [37] 06'eqHanu TeKcTypHi 1 

KOJIpH! PyHkuli, W106 BUKOHATH BIZHIMaHHA Pouy M0 O0Kax PO3MIPOM 5x5 MIKCeJIB. 

OckiIbKH TeKCTYpa He CHJIbHO 3MIHIOETBCA IPH 3MIHI OCBITIICHHA, Me€TO MeHIII 

4yTIMBHH 20 OcBITMeHHs. Tosma Ta 1H. [38] NpOMOHy!OTb TPHpIBHEBH aNrOopHT™ AA 

BHPIWeHHA 34B0aHHA BIQHIMaHHA Pouy. Ha AogzaToK AO BIQHIMAHHA Ha PiBHI MIKCesIB 

ABTOPH BHKOPHCTOBYIOTb IH@OpMAaLII1O MPO peFiOH | p1BHI Kagpy. Ha miKcesbHOMY piBHi 

aBTOPH MpOMOHy!OTb BHKOpHCTOByBaTH (isbTpauiio Bivnepa gaia OTpHMaHHA 

MMOBIPHICHHX NPOrHO3IB OYIKyBaHHi Komp douy. Ha piBHi perioHy 3aMOBHIOIOTECA 

oOsacTi MepeqHbOrO avy, WO CKaqaroTbCa 3 OHOPIAHOrO KobOpy. Ha piBHi Kagpy, 

AKWO OWIbUIICTh TiKCesIB B Kafpl paliTOBO 3MIHIOIOTBCA, MepeqOauaeTEca, WO 

3ACHOBAHI Ha MIKCeAX MOEN KOUIPHOrO (ouy Ouibie He DiiicHI. Y Weli MOMeHT aO0 

B3AMIHIOETLCA paHille 36epexKeHa M1KCeIbHa (POHOBA MOJeNb, AOO MOeb NOBTOPHO 

IHILMAaI3y€TbCH. 

AsIbTepHaTHBHHH MIAxiq BO BIAHIMaHHA (OoHY MoMAra€ B NOWaHHI Bapialliit 

IHTCHCHBHOCTI MIKCesIA B MOCIIZOBHOCTI 300paxKeHb y BHIIIATI UCKPeTHHX CTaHIB,
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BIAMOBINHHX MOAIAM B HABKOJIMUIHbOMy CcepenqoBuuti. HanpuKsan, 1a BICTexKeHHA 

aBTOMOOIJIIB Ha WIOce MIKcem 306paxKeHHA MOXKYTb MepeOyBaTH y (POHOBOMY CTAaHI, 

CTaHl MepeqHboro many (aBTOMOOiIa) aOO B TIHBOBOMY CTaHl. BHKOPHCTOByIOTb 

TIPHXOBaH!I MaPKOBCbKI MOJes Aa Knacndikauli HeBeHKHX OF0KIB 300paxKeHHA AK 

Hajl@xKATb ONHOMY 3 WHX TPbOX CTaHiB. Y KOHTCKCTI BHABJICHHA NOD BKIOUCHHA 1 

BHKJIOUCHHA CBITIa y KIMHaTI CTeurep [39] BukopucToByBan IMM aa BiqHiMaHHa 

douy. Hepespara pukopuctanHa IIMM nossara€ B TOMy, IO WexKI MoOmIi, AKI BaxKKO 

MIPpaBUIbHO 3MOJEIOBATH 34 OMOMOFOIO HeKOHTPOJIbOBaHHX MIAxonIB (OHOBOrO 

MOJ{@sIIOBaHHA, MOXYTb OYTH BHBYCHI 34 AOMOMOTO!O HaBYaJIbHOi BHOIPKH. 

3aMicTb Toro W106 MOJeuHOBaTH 3MiHy OKpeMHx MikcemiB, OmiBep ta iH [41] 

MPpONOHYIOTh WIJICHHH MIAx1q 3 BAKOPHCTaHHAM DeKOMNO3HUli BIacCHOrO MpocTopy. 

Jina speqenua xagpis go k, [':i=1...k , posmipom n*m, cdounoga matpuus B 

po3mipom k « | @opmMyeTbcaA KaCKayqOM M PAKIB y KOXKHOMY Ka{pl OHA 3a ODHOW, Te 

1 = (n* m), a po3kulaqaHHA Ha BJIACH| 3Ha4eHHA 3aCTOCOBYETbCA WO KOBaplalili 

B,C = BB. Totim dou npegctapnennit HaiiOimbi ONMCOBHMH BaCHHMH BeKTOpaMu 

n, ul, He 1 << k, aKi OXOMFOIOTh BCl MO2KIIMBI 1KOMIHaLli B Hom 30py (FOV Big aHrs. 

Field of View). Takum uHHom, Wel MIAxiq MeHW 4yTIMBHi Ao imoMiHami. O6'exTu 

MepeqHbOro WiaHy BHAB/IAIOTbCA WIIAXOM TIPOCKTyBaHHA MOTOYHOTO 300paxKeHHA y 

BulacHe MPOCTIP 1 3HaXOJ2%KeHHA P13HHLU1 MDK PeKOHCTpyHOBaHHMH 1 peasibHHMH 

300paxxeHHaMu. JleTabHille MOKa3aHO BHABJIeH] OOacTI O6'EKTIB 3 BHKOPHCTaHHAM 

Mxovy BIacHOro Mpoctopy Ha pucyuky 3.12. 
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PucyHok 2.12 — Jlekomno3uuia BaacHoro MpocTopy Ha OCHOBI BIQHIMaHHA (OHy 

OquuM 3 OOMexKeHL BHINe3a3Ha4eHHX MIDXOAIB € Te, WIO BOHH BHMararoTh
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cTraTu4uHoro qdouy. Li mMetogqu 34aTHI MpalkoBaTH 3 MIHJIMBUM y 4aci @OoHOM 

(Hanmpuksayq, XBUJI1 Ha BOI, pyXOMI xMapH 1 ecKaslaTopn). Li MeToqH MOyemOIOTS 

oOsacTi 300paxkKeHHA AK Ipouwecu aproperpecii KOB3HOro cepegHboro (ARMA), aki 

3a6e3neuyIOTb ciociO BHBYCHHA 1 MpOrHO3yBaHHA MWaTepHiB pyxy B cueHi. ITIporec 

ARMA — we Mogemb uacoBux paqis. BiH ckiaqaeTbca 3 CyM aBTOperpeciiHHx 1 

KOB3HHX CepeHIX KOMIMOHEHT, Ae aBTOperpeciiiHHii Mpolec Moxe OyTH ONMCaHHi aK 

3BaxKeHa CyMa HOro NoMepegHIx 3Ha4eHb 1 NOMHKH NOTHHy Oi Wyn. 

TaKHM 4HHOM, OLIbIIICTh Cy4¥aCHHX MeTORIB CTe2xKeHHA 3a diKCOBaHHMH 

kaMepamn. [le nos's3aHO 3 THM, IO Cy4¥acHl MeTOOH BIZHIMaHHA MalOTb MO2KJIMBOCTI 

MO@JIIOBaHHA 3MIHIOETbCA OCBITJICHOCTI, WyMy i HepiogquuHoro pyxy dOHOBHXx 

oOsacTeii 1, OTK, MOXKYTb TOUHO BHABIATH OO'CKTH B P1I3HHX OOcTaBHHaXx. bistbu Toro, 

If] MeTOAH € OO“CIOBaJIbHO ecdeKTHBHUMH. Ha npakTHL NepeAicTopia BIHIMaHHA B 

OaraTbox BunagKax 3aGe3neuye HeEMOBHI OOacTl O6'eKTa, TOOTO 06'eKTH MOxyTb OyTH 

po36uTl Ha KiIbKa OOacTeii aOo BCepedqHHi 06'ekTa MOxyTb OyTH OTBOPH, OCKIIbKH 

HeMae HIAKHX TapaHTiii, Wo OO'eKTH OyAyTb BIZPI3HATHCA BI POHOBHX OO'EKTIB. 

HaviOiibu BaxkKMBUM OOMe2KeHHAM BIZHIMaHHA (POHy € BUMOra CTAaLOHapHHx Kamep. 

Pyx kKaMepH 3a3BH4aii cnoTBOproe oHOBI Mogem. JlaHi MeTOoqH MOoxe OyTH 

3aCTOCOBaHHi WO BiIqe0, OTPHMaHOro MOOIJbHHMH KaMepaMH, LIIAXOM pereHepaltii 

(OHOBHX MOAeNeiH Wt HeBeMKHX THM4YACOBHX BIKOH, HaMpHKIay, TPbOx KagpiB, 3 

HyJId aOO KOMIeHCYIOUH pyxX CeHCOpa, HaMpukay, CTBOPIOIOuH COHOBI MO3aiKH. 

OgqHak oO Ba Ul piLIeHHA BUMaraloTb IPHMyllleHb Mpo MIOCKHX CL{eHax 1 MasIOMy pyCci 

B MOCJIJOBHHX Kampax. 

2.3.3 Cermeutauia 

Metoro asIrOpHTMiB cerMeHTalli 300paxeHb € MOAI 300paxKeHHA Ha 

MeplenTHBHO MOMIOHI OOmacTi. KookeH anlropuTM CerMeHTAallli BHPIITye 1B mpoOmeMu: 

KpuTepli Xopomioro po30uTTA 1 MeTO AOCATHEHHA E*EKTHBHOLO po3OuTTA.
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PucyHok 2.13 — Tlouarkope 306paxkeHHa JIn CerMeHTattli 

J]na BUPILIeHHA MpOOeMu CerMeHTaltli 300paxeHb Comaniciu 1 Meer nponouye 

MAXI CepeAHbBOrO 3cyBy JIA MOMyKy KaCTepiB y CMIbHOMy TIpocTopoBpomy + 

KouIpHomy mpoctopi [l, u, v,x, y], oe [l, u, v| mpenctaBaae komip, a [x, y] MpeacTapiae 

mpocropope mMicue po3tamyBaHHa. IIpu 3aqaHomMy 300paxKeHHI asIrOpHTM 

IHILMAaI3yETbCA BEJMKOIO KIIbKICTIO PIMOTCTHYHHX KIaCTePHHX LeHTPIB, BHMAKOBO 

oOpaHnx 3 WaHux. IotTim KoxKeH WeHTp KIacTepa MepeMIILyeTbCA B CepeqHE 3HAaYCHHA 

WaHux, WO TexkaTb BCepeqHHi OaraTOBUMIpHOrO esincoiqa 3 WeHTPOM B LeHTpl 

Knactep. Bextop, aKHii BH3Haua€TbCA CTapHM 1 HOBHM WUeHTpaMu ksacTepiB, 

Ha3HBaeTbCA BEKTOP CepeqHBOrO 3cyBy. BexTop cepegqHboro 3cyBy OO4HCIIOETECA 

iTepaTHBHO JO THX Mp, MOKH WeHTPH KaCTepiB He 3MIHATb CBOTO CTAHOBHLLAa. 3BePHITb 

yBary, WO Mi 4ac iTepallii 13 cepeqHIM 3CyBOM JeAKI KacTepH MOxyTb OyTH 

o6'eqHaHi. Ha pucyuxy 3.13 noka3aHo HadaIbHui 300paKeHHA, a Ha pucyHKy 3.14 

M1OKa3aHO CefMeHTALIIO 3 BAKOPHCTaHHAM MIAXOAy CepeqHbOrO 3cyBy, 3reHepoBaHOoro 

3 BAKOPHCTaHHAM BHXIAZHOrO Koay, FoctynHoro B MeanShiftSegmentSrc. 

3MiHa KIacTepH3allli € MacUITaOOBaHHM Id pl3HHX IHWIMX DOWaTKIB, TAKHX AK 

BHABJIGHHA Kpalo, 300paxKeHHA perylapH3ali, 1 BIACTexKeHHA. 3MiHa Ha OCHOBI 

CerMeHTallli BHMara€ TOHKOi HaCTPOMKH P13HHX MapaMeTpiB WIA OTPHMAHHA Kpaltle 

cerMeHTalli, Hampuksay, BHOIp KOUbOpy 1 MpOcTOpOBOro ALpa, MPOMycKHOi 34aTHOCTI, 

a NOpir MIHIMAJIbHOrO Po3MIpy PerloHy 3Ha4HO e*eKT B pe3yJIbTAaT1 CerMeHTALIA.
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PucyHox 2.14 — Cermentaia 300paxkeHHa 3 BAKOPHCTaHHAM CerMeHTAaliii 13 

CepeNHIM 3CyBOM 

CerMeHtalia 300paxKeHHA TakoxK MOxe OyTH cOpMyJIbOBaHa AK 3aqa4a 

po36uTTs rpada, He BepummHH (mikcem)V = {u,v,...}rpada (300paxeHHa) G po36uTI 

Ha N HenepeciuHux migrpadis (oOmacteit) Aj, UN, A; =V ,A;NA,=9,i 4), 

oOpi3za1o4uH + 3BaxKeHI peOpa rpada. 3aranbHa Bara oOpi3aHHx pebep Mix BOMAa 

mgrpadamMu Ha3vBacTECA po3pi30M. Bara 3a3BH4aii OOUHCMIOETBCA 3a KOJIbOPOM, 

ackpaBocTl a6o mMomiOHOCTI TeKCTypH Mix By3namu. By 1 Jlixl BHKOpHCTOBYy!OTb 

KPHTepiii MIHIMAJIBHOTO PoO3pi3y, We MeTa MOMara€ B TOMY, 106 3HalTH po3AIIH, AKI 

MIHIMI3Y1OTb PO3pi3. Y ixHbOMy MIXON1 BATH BH3HAYAIOTbCA Ha OCHOBI MOAIOHOCTI 

KOJIbOpiB. ONHHM 3 OOMe2KeHb MIHIMAJIBHOLO PO3pi3y € HOro 3MINLeHHA B O1K HaQMIpHOi 

cermeHTauli 306paxeHHa. Lei edbexT O6yMOBeHHH 301IbIICHHAM BaPTOCTI PO3pi3y 

TPH 30MIbUIeHHI 4HcsIa peOep, IIO MPOXOAATb Yepe3 WBa CEKI[IOHOBaHHX CerMeHTA. 

Iu i Mam [41] npononytoTbh HOpMami30BaHH po3pi3 Wa momqomaHHA 

mpoOslemu cBepxcermMeHTauMn. B ix MIAXOA1 pO3pi3 3ale2xKHTb He TIJIbKH BIZ, CyMH Bar 

peOep B pO3pi3i, ale 1 BI BIQHOLIeCHHA CyMaPpHHX Bar 3B'A3K1B BY3JIIB B KOXKXHOMY 

po30HTTI KO BCIM By3IamM rpada. Jina cermMeHTaltli Ha OCHOBI 300paKeHb Bari MDK 

By3IAMH BH3HAYaIOTbCA TBOPOM KOJIIPHOI CXOXKOCTI 1 MpocTopoBoi OmM3bKOCTI. Ak 

TIJIbKH Bar MK KO2KHOIO Maporo By3J11B OOYMCJIeHI, BaroBa MaTpHua W i WlaroHasbHa 

matpuus D, ne Dii = wey W; ;, MoOyqoBaHi. CerMeHTallid BHKOHYETBCA cmouaTKy J? 

WWIAXOM OO4HCJICHHA BUIACHHX BeKTOPIB 1 BUIACHHX 3Ha4eHb y3arasIbHeHOi BaCHOi 

cuctemu (D — W)y = ADy, To apyruii 3a BeNH4HHOIO BaCHHii BeKTOp
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BHKOPHCTOBYETLCA AIA NODWIy 300paxkeHHA Ha WBa cerMenTa. JIId KOXxKHOrO HOBOrO 

CerMeHTa Lei Npolec peKyPCHBHO BHKOHYETECA WO THX Mp, NOKH He Oyye AOcarHy THU 

nopir. Ha pucyuxy 2.15 noka3aHo pe3yibTaTH CerMeHTAaLili, OTPHMaHI 3a HOMOMOTO!O 

MXOLy HOPMasI30BaHHX PO3p131B 

Y HOpMasi30BaHIli CerMeHTalli Ha OCHOBI PO3Pi31B pilIeHHA y3arasIbHeHoi 

BuIaCHOI CHCTeMH Jd BEIMKHX 300paxKeHb MOxe OyTH AOPOruM 3 TOUKH 30py OOpooKu 

1 BUMOr 0 TaM'aTI. OHaK Ueii MeETOA BUMara€ MEHILOi KUIbKOCTI Bpy4YHy BHOpaHHx 

TapaMeTpisB y MOpiBHAHHI 3 cerMeHTauicro meanshift. Hopmami30BaH1 po3pi3H TakoxK 

BHKOPHCTOBYBasIHCA B KOHTEKCTI BIACTe2KCHHA KOHTYPIB OO'EKTIB . 

  

  

    

PucyHok 2.15 — Cermentaiia 306paxKeHHa 3 BHKOPHCTaHHAM 

HOPMAaJI3OBaHHX PO3P131B 

AxkTuBHi Koutypuv. B akTuBHiii KOHTypHIi CTpyKTypi cermMeHTatia o6'exTa 

WOCATA€TbCA WIAXOM PO3BHTKy 3AMKHYTOrO KOHTypy HO Mexi 06'ekTa TaKHM 4HHOM, 

WO KOHTyp UWIbHO oxonsHoe OOracTb OO'eKTa. Epomrouid KOHTypy ylIpaBJIAeTECA 

eHepreTH4uHHM ()yHKINOHA@JIOM, AKH BH3HaYa€ TIPHCTOCOBaHICTb KOHTypy 0 

rinoTeTHYHO! OOracT1 O6'exTa. ExepreTu4uHuit PyHKIMOHAaI TIA eCBOMIOMi KOHTypy Mace 

HacTyNHy 3arasibHy opmy:
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E(r) = I Eine) + Eim) + Fext(v)ds (2.2) 

We s-HOBxKHHa ayru KOHTypy IT, Ejny BKTHIOUAe OOMexXeHHA perysapH3awii, 

EjmBKIOUaE CHEPriiO, 3ACHOBAHY Ha 30BHILIHbOMY BUTIAl, a E,y,3aae TOWATKOBI 

oOmMexeHHa. F;,,3a3BMuali BKTIOUae B CeOe 4IeH KPHBH3HH, UeH Oe3lepepBHOCTI 

nepmuoro nopsaxy (Vv) a6o apyroro nopsaxy (Vv), mo6 3Haiitu HaiikopoTmuit 

KOHTyp. Exepria Ha OCHOBI 300paxKeHb, Eim, Mooxe OyTH OOuNCHeHa JOKasIbHO a0o 

rmo6anmbHo. JlokambHa iHOpMallia 3a3BH4ali 3HAXOQMTbCA y BHUTAN rpaqicHtTa 

300paxKeHHA 1 OLJHIOETbCH HaBKOIO KOHTyp. Hasnaku, rioOanbHi o6'eKTH 

OOUHCIIOIOTECA ~BCePeAHHI 1 3a MexamMH OOsacTI oO'exTa. TnoOanbHl dyHKuli 

BKJIHOUaIOTb B CeOe KOIIp. 

Pi3H1 OCIIQHHKH BHKOPHCTOByBasIH Pi13Hi eCHepreTHYHI TePMIHH B PiBHAHHI 

(2.2). Kacemic [42] nmpomonye BuKmto4iTb E,,y¢i BHKOPHCTOByliTe TIIbKH TrpaieHT 

300paxKeHHA B AKOCTI eHeprii 300paxeHHa Fj, = g (|VI/), me G-curmoBugHa 

dyHkuis. Y NOpiBHAHHI 3 rTpawicHTOM PyHKUIA TpagleHTa BH3HAUae KOHTyp OO'eKTa AK 

reoyqe3sHuHy KpHBy B PIMaHOBOMy MpocTopl. OgHak rpanqicHTH 300paxKeHHA WarOTb 

Hyxke JOKasIbHy IH(OpMaLiio 1 YYTIHBI WO JOKasIbHHX MIHiMyMiB. L]o6 nogzomaTH WO 

mpoOslemy, JOCJIJHHKM BBeJIM CHepreTHYHI TEPMIHH 300paxKeHHA Ha OCHOBI perioHy. 

Y 1996 pom “xy 1 KOtine[41] 3anponoHyBanu BUKOpHCTOByBaTH IH@OpMalIlIO po 

periOH 3aMICTb rpagqicHTa 300paxkKeHHaA. OQHaK BHKOPHCTaHHA PeriOHasIbHHX TepMIHIB 

B CHepreTHYHOMY (PYHKUIOHA He IPH3BOAUTb AO rapHoi WOKas13alli KOHTypy OO'eKTa. 

OctTaHHim4yac CTasIM NOMyJIAPHI METOAH, WO NOCAHYIOTb B COO AK PerlOHaJIbHy, TaK 1 

rpawicHTHy eHepriio 300paxeHHa. Tlapagxioc 1 Jiepiue [43] mpononyroTb 

BHKOPHCTOByBaTH ONyKy KOMOIHAaLIIO rpagqi€HTHHX 1 PerlOHAIbHHx eHepriii, 

Eimage = AEpoundary + (1—-4)Eregion. 30KpemMa, aBTOpH 3MOyemOliTe NoOsBa B 

Eperioui cymimi raycis. EBomrouis KOHTypy chouaTKy BHKOHYy€TbCA riobasbHO, a 

NOTIM JIOKasIbHO LLIAXOM 3MIHH @ BIT 0 70 | Ha KOKHIM ITepattii. 

BaxkaMBoro mpoOsemMo10 B KOHTYPHHX MeTOAaXx € IHIMaT3allia KOHTypy. Y 

Mxoax, 3ACHOBAHHX Ha rpagieHTi 300paxkeHHA, KOHTyp 3a3BH4aii MOMIMacTbCA 3a
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MexK1 OOacTI OO'eKTAa 1 CTHCKA€TbCA WO THX Ip, MOKH He 3yCTPIHeTBCA MexKa OO'eKTA. 

Le o6MexkeHHaA TOcTaOJHOETBCA B PeriOHAJIbHHX MeTOMaX TaKHM 4YHHOM, LO KOHTyp 

MO2Ke OyTH 1HILas130BaHO abo BCepeAHHI, a60 30BHI OO'eKTA, TaK LO KOHTYp MOxKe ao 

po3lIMproBaTHcs, aOO CTHCKATHCA BIAMOBIZHO, 1106 BIAMOBIZaTH Mex1 OO'ekTa. OnHak 

Il M1XO7H BUMaraloTb TomepeAHbOrO OO'eKT aO0 POHOBe 3HAHHA. BukopucToBy1o4un 

KlIbKa KaypipaOo ONOpHHi Kamp, iHIMami3allia Mowe OyTH BHKOHaHa 6e3 NObyqOBH 

mpiopis o6sactei. Hanpukaag, B poboti Mapa xioc 1 Jlepiue aBTopu BUKOPHCTOByIOTb 

BIAHIMaHHA (OHY WA IHIa3alli KOHTYpy. 

Kpim sBuOopy eHepreTHuHoro dyHKWOHay Ta iHilam3auli, we OHM 

BaKIHBUM WHTaHHAM € BHOIP MpaBHbHOTO KOHTypHOro mpegzcTaBseHHa. Koutyp 

o6'exTa,, Moxe OyTH peazcTaBeHHi aOo ABHO (KOHTPOJIbHI TOUKH, V), aOO HeaABHO 

(Ha6opH piBHiB, ~). B aBHOMYy MpeACTaBsICHHI BIMHOCHHH MLK KOHTPOJIBHHMH TOUKaMH 

BH3HadaIOTbca CIWIaHOBHMH piBHAHHAMH. Y oqaHH! HaOopiB piBHIB KOHTyp 

TIpeaqcTaBleHuii Ha MpOCcTOpoBili CITI, 1Ka KOAYE 3HAKOBI BIACTAHI CITOK BI, KOHTypy 

3 IPOTHIe2xKHUMH 3HakaMH JA OO'eKT 1 POHOBI OOacTi. KoHTyp HeaABHO BH3HaAUaETbCA 

aK HYJIbOBI WepeTHHy B CiTHI Habopy piBHiB. EBomOUIA KOHTypy yUpaBA€TCA 3MIHOIO 

3HAa4eHb CITKH BIANOBIQHO WO eHeprii, oOuNcMeHOI 3a WoMOMOro1 piBHAHHA (14), 

OI[HIOBAHO! B KOOKHIM MO3HIi CITKH. 3MIHH B 3HA4CHHAX CITKH MPH3BOUATb O HOBHX 

MepeTHHIB HYJIIB, OT%Ke, O HOBHX MO3HIIIiM KOHTypy . BuxigqHHii Koa aA 

YHIBepCasIbHHx HaOopiB PIBHIB, AKI MOXKYTb OyTH BUKOPHCTAHI AJA PI3HHX WOWATKIB 

UWIAXOM BKa3IBKH IIBHAKOCTI eBOHOWi KOHTypy, Halpuksiay, cermMeHrTaliia, 

BIACTeKeHHA, TEMIOBHM MOTIK 1 T.4. FocTynH1 Ha LevelSetSrc. HaiiOinpm BaxmHBOIO 

TlepeBaroro HeaABHOrO MOWaHHA Mepey ABHHM € Oro THYYKICTb y BHPIWIeHHI 3MiH 

TONOOMI (MOAI 1 3TMTTA). 

2.3.4 CrexeuHHa 3a 00'CKTOM 

Meta cTexeHHA O6'eKTIB MOsAra€e B TOMy, W106 reHepyBaTH TpacKTOpItO OO'eKTa 

3 TWIMHOM Yacy, BH3HadaIo4un Horo MOO%xKeCHHA B KOXKHOMY Kagpi Biqeo. CTrexeHHsA 3a 

00’ €KTOM TakKOxK MOxKe HayaTH NOBHYy OOsacTb Ha 300paxKeHHI, 1Ka 3aliHATAa OO'EKTOM B 

KOXKCH MOMeHT 4acy. 3aBaHHA BHABJICHHA OO'€KTa Ta BCTAHOBJICHHA BIJMOBIZHOCTI
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MDK eK3eMTIApaMu OO'eKTa mia :peiiMax MO2xyTb BHKOHYBaTHCA AK OKPeMO, TAK 1 

CHIbHO. Y nepwiomy BUNagKy MOxKIMBI OOMacTI OO'eKTa B KOXKHOMY Kapl BHXOJATb 

3a OMOMOFO! aIrOpHTMy BHABJICHHA OO'eKTAa, a HOTIM TpeKep CHIBBIQHOCHTE OO'eKTH 

MDK Kagpamu. B ocTaHHbomMy BHMagky OOsacTb oO'eKTa i BIZMOBIZHICTb CIIJIbHO 

OLMHIOIOTbCA WIIAXOM ITePATHBHOFO OHOBJCHHA IHOpMaLli MPO Micle3HaxO]2KeHHA 

oO'ekTa 1 oOmacTl, OTpHMaHOi 3 NMoOMepegHix kagpis. Upu Oyob-aKomy MIgqxonl 

BIACT@KeCHHA OO'EKTH MOWAIOTbCA 3 BHKOPHCTAHHAM MoOserei dopmu Ta/abo 

30BHIMHBOrO BHTIAay, OOMexye THM pyxy a6o Dedopmalili, AKHM BIH MO2Ke 3a3HaBaTH. 

Hanpuknan, sakujo oO'eKT mpenctapieHuii y BHINaqi TOUKH, TO MOXKHA 

BHKOPHCTOBYBaTH TIJIbKH MOCTyNaIbHHii MOetb. Y Bunagky, KouM Aa OO'eKTa 

BHKOPHCTOBYETbCA TEOMETPHYHE MpeACTaBIeHHA (OPM, Take AK eyINIC , MIAXOAATb 

TlapaMeTpH4H1 MOeu pyxy, Taki AK adiHHi aOo WpoeKTHBHI MepeTBopeHHa. Lh 

YABJICHHA MOXKYTb ANPOKCHMYBaTH PyX %KOPCTKHX OO'eKTIB y culeHa. Ja HexKOpPCTKOrO 

oO'eKTa cHutyeT aO0 KOHTyp € HaiiOIbI OMMCOBHM MOaHHAM, | JIA BH3HAYeHHA 1x 

PYXY MO2XyTb BUKOPHCTOBYBaTHCA AK WapaMeTpH4HI, Tak 1 HeMmapaMeTPHYHI MOEN. 

Y cBITII BHULEBHKIaqeHOro MH HABOAHMO TaKCOHOMIIO MeTOIB BIACTe2KeHHA Ha 

pucyury 2.16 

fon as 
|BigcTe@xKeHHA 0) 
————————— 

    

      

        

   

- ‘ 
( Biactexenua TouoK | ee |) || BigctexenHa cunyety)} 

ey 3epHoBe \ y 

_—ars "I TPS (aeepuinau [es a BUA a) ( TEA “a )( Sai | Sanne | 

Ui J (owen __Ha OCHOBi_ ochosi_) \__kontypy _}} \_—opmn _) 

Npama 

& MIHIMI3aLiiA J 

PE si OM ee >) 
| Bapiauiinuit | Eepucrawnni 

\ niaxia _J) L MIAXIA _y 
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PucyHok 2.16 — TakcoHoMI14 MeTOIB BIACTeKeHHA. 

BigctexeHHa Touox. OO'ekTH, BHABJICHI B MOCIITOBHHX Kaqpax, MpezCTaBsIeHI
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TOUKAaMH, | ACOLMALiA TOUOK 3ACHOBaHa Ha MOMepeHbOMY CTaHI OO'eKTa, AKI MO2xKe 

BKIHOUaTH B cede MONO2%KeHHA 1 pyx OO'exTa. [lei maxiq BuMarac 30BHIIIHBOrO 

Me€XaHI3My JIA BHABJICHHA OO'€KTIB B KOXKHOMY Kagp1. pukiay BIqNOBIAHOCTI OO'eKTIB 

10Ka3aHHi Ha pucyuKy 3.15. 

  

      

PucyHox 2.17 — baratoToukosBa BIACTexKeHHA 

3epHoBe BIACTexeHHA . 3epHO BIQHOCHTECA DO POPMH 1 30BHIMWHbOrO BHTIALy 

od'exta. Hanpuksaq, 3epHoO MoxKe OyTH MPAMOKYTHHM 1WaONOHOM aOO esIMITHUHOIO 

CopMo!o 3 BIAMOBIZHOIO TicTorpama. OO'eKTH BIACTeKYIOTBCA IIAXOM OOUNMCIICHHA 

pyxy s2pa B MocmIMOBHHX Kagpax pucyHoK 3.16. Lei pyx 3a3BM4ali Mae dopmy 

TlapaMeTPH4HOLO MepeTBOPeHHA, TAKOTO AK MepeMIMeHHA, OOe€PTaHHA | ad*iHHe. 

  

  

            

PucyHoxk 2.18 — [lapametpw4He nepeTBOpeHHa NpAMOKYTHOroO MaTua 

BigctexeHHa Cusyety. BigctexeHHA BHKOHY€TbCA LIIAXOM OLHKH OOAaCTI 

oO'ekTa B kKOxKHOMy Kagp. Metonau BigqcTexKeHHA CHsyeTy BHKOPHCTOBYIOTb 

IH@OpMallliO, 3AKOT0BaHy BCepeazHHI OOmacTi o6'exta. Ia indbopmattia Moxe OyTH
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TIpeycTaBleHa y BHIIAI MOJeel WIbHOCTI 30BHIMHbOrO BHTIAAy 1 POpMH, AKI 

3a3BHuall MpeqcTaBeH! y BHIIAqi Kpaliopux KapT. Bpaxosyrouu OO'eKTHI MozesI, 

CHIIyeTH BIACTexKYIOTbCA a00 BIAZMOBIZHICTIO PopMu, a6O eBOUIOLWIEIO KOHTypy 

pucyHok 3.17. Li Metogu no cyTl MOoKHAa po3rmayqaTH AK CerMeHTALtO OO'eKTIB, LO 

3ACTOCOBYETbCA y 4acoBOi OOacTi 3 BHKOPHCTaHHAM alIplopiB, 3reHepOBaHHXx 3 

ToMmepeAHIx Kap. 

    

        
    

Pucyuok 2.19 — JIpa npuknaqu eBomrorli KOHTypiB. 

2.3.5 Binctexeuua Tou0k 

BigctexeHHaA MOxe OyTH CQOPMyJIbOBaHO AK BIANOBIQHICTh BHABJICHHX 

OO'eKTIB, MpeqcTaBieHHx TOUKaMH Ha Kagpax. BIQqMOBIHICTb TOYOK-cKIaqHa 

mpoOsema, OcOOMBO MPHHAABHOCTI OKJO31i, HeMpaBHJIbHUX BH3HA4eCHb, BXOJIB 1 

BHXOIB OO'eKTIB. B WIOMy METOAH TOUKOBOPO BIAMOBIZHOCTI MOKHA PO3TMIHTH Ha TBI 

WIMpOKi KkatTeropli: eTepMiHicTH4HI 1 cTaTHcTH4HI. JleTepMiHOBaHI MeTO_H 

BHKOPHCTOBYIOTb AKICHY EBPHCTHKy pyxy, WOO OOMexKHTH MpoOJIemy BIZMOBIAZHOCTI. 3 

Upyroi CTOpOHH, iIMOBIPHICH] MeTOQH ABHO TPHiiMaloTb BHMIPIOBaHHA OO'eKTa 1 

IIPHUMaroTb HEBH3HaYeHOCTI AO yBar BCTaHOBHTH JIMCTYBaHHA. 

JleTepM1HOBaHI MeTOAH BIANOBIZHOCTI TOUOK BH3HAUaIOTb BapTICTb 3B's3yBaHHA 

KOxKHOrO OO'eKTa B kagpi t — 1 3 ofHuM OO'eKTOM B Kkagpi t 3a WOMOMOro1 Hadopy 

oOMexeHb pyxy. MiHiMi3al[id BapTOCT] BIQNOBIQHOCTIPOPMYJKOCTECA AK 3aBaHHA 

KOMOIHaTOpHO! onTHMiI3alli. PimieHHA, WO CKaqaeTbCA 3 B3A€MHO OJHO3HAYHHX 

BIQNOBIAHOCcTeH (pucyHoK 3.18 cepey ycix MOX*KHBHX acoMallii Ta pucyHok 3.19 mMoxe 

OyTH OTPHMaHO MeTOZaMH ONTHMAaJIbHOrO MPHCBOEHHA, Hampuksay yropcbKuM 

asITOPHTMOM ao MeTOaMH 2KaMIGHOrO NOLyKy.
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PucyHok 2.21 — Bci moxsuBi acouiamli TouKH (06'eKTa) B kagpi t — 1 3 

TOUKaMH (06'eKTamu) B Kagpi t 

BapTicTb kopecnoHyZeHuli 3a3BHuali BH3Ha4YacTbCA 3a WOMOMOrOIO NOEAHAHHA 

HaCTYMHHX OOMeEXKEHB: 

- OJIM3bKICTb MepenOauae, WO MICLIe pO3TalilyBaHHA OO'eKTa He Oye MOMITHO 

3MIHIOBATHCA BIZ, OAHOTO Kaapy WO 1HWIOrO (pucyHoK 2.22); 

- MAKCHMaJIbHa UWIBHKICTb BH3Hauae BepXHIO MexKy UIBHAKOCTI OO'eKTa 1 

OOMeExXy€ MOXKIMBI BIAMOBIAHOCTI KpyroBOi OKOJIML1 HaBKOIO 06'eKTa(pHcyHoK 2.23); 

- Majsla 3M1Ha LUIBHAKOCTI (11aBHHli pyx) MepeqGayae, WO HANpAMOK 1 WIBHAKICTB 

00'eKTa He 3MIHIOIOTLCA Kap AHHasIbHO (pucyHoK 2.24); 

- 3arasibHuii pyx OOMexKY€ IIBHAKICTb 06'€KTIB Y HEBEIIMKI OKOIMI, LOO Oy TH 

CXO2KHMH (pucyHoK 2.25). Le o6MexxeHHA MIAXORMTb WA OO'eKTIB, IpeaCTaBsIeHHx
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TeKIbKOMa TOUKAa; 

- 2%KOPCTKICTh MepeqOauae, WO OO'EKTH B TPHBHMIPHOMy CBITI € 2KOPCTKHMH, 

TOMY BIQCTaHb MDK Oyqb-AKHMH DBOMa TOUKaMH Ha peasibHOMy OO'eKTI 3aIHUIMTECA 

He3MIHHUM (pHcyHoK 2.26); 

- TIPOKCHMaJIbHa OJHOPIAHICTb-Le NOC AHAHHA OM3bKOCTI 1 MaJIHX OOME%KeHb Ha 

3MIHY UIBHAKOCTI. 

  

  

  

PucyHok 2.22 — OOmMexeHHA pyxy — OM3bKICTb 

  

PucyHok 2.23 — OOmMexeHHA pyxy — MAKCHMAaJIbHa WIBHKICTb



  

    
  

PucyHok 2.24 — OOmexxeHHa pyxy — Masia 3M1Ha 

LIBHAKOCTI 

  

PucyHox 2.25 — OOMexeHHa pyxy — 3arasibHHli pyx 

59
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PucyHok 2.26 — OOmexeHHa pyxy — oOMmexxeHHA 2KopcTKocTi. Ho3Hayae 

MOIO*KeHHA OO'eKTa B Kagpi t — 2, ° MosHayae MONO*KeHHA OO'eKTa B kagpi t — 11, 

HapeulTi, X nMo3Hauae MoO2%KeHHA O6'eKTA B Kagpi Ct. 

Cig, OfHaK, 3a3Ha4HTH, WO Ul OOMexeHHA He € CHeuMdI4HHMH WIA 

TeTepMIHOBaHHX MeTOIB, 1 BOHH TaKO2%K MOxyTb OyTH BHKOPHCTaH! B KOHTeKCTI 

BIACTeKCHHA TOUOK 3 BHKOPHCTaHHAM CTaTHCTHYHHX MeTOR. TyT MH HaBOXHMO 

MIpuKay pi3HHX MeTOAIB, 3aNpOMOHOBaHHX B JiTepaTypi B Wit KaTeropia. CeTxi i 

J>xaitin [44] BupityroTb BIANOBIQHICTh 2%xaqiOHHM TQXOQ0OM, 3aCHOBaHHM Ha 

OOMe@exKeHHAX O7H3bKOCTI i %*KOpcTKOcTi. Ix anropHTM posrmagqae WBa MOCMTOBHHX 

Kanpy 1 iHilMati3yeTbca kpuTepiem HaiiOmmxKYOorO cycigqa. KopecnoHaeHuia 

OOMIHIOIOTECA iTepaTHBHO, WOO MIHIMI3yBaTH BHTpaTH. Takox aHasli3y€TEca 

MOZH@IKOBaHa Bepcid TOTO 2% aJIrOPHTMy, AKHH OOUNCTIOE BIAMOBIQHOCTI B 

3BOPOTHOMY HalipaMky (BI OCTAHHBOrO Kagpy WO Mepworo Kagpy) Ha OAaToK Wo 

lpamMoro Hanpsamky. Let mMetoq He Moxe OOpoOsaTH oKHO3Ii, BxoqH abo BUXOmH. 

Canapi1 Cerxi [45] pupimryroTb 1 mpoOsemu, CnouaTKy BCTAHOBJIIOIOYH BIDMOBIAHICTb 

IA BUABJICHHX TOUOK, a NOTIM PO3LIMPIOIOUH BIACTe2xKeHHA 3HHKIIMX OO'EKTIB LIIAXOM
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WOaBaHHA pany rimoTeTHuHux TOUOK. TlouaTKOBI BIAMOBIQHOCTI OTPHMaHI IIAXOM 

OOuHCIeHHA ONTHYHOTO MOTOKY B Meplwivx WBOx Kagpax. Metog He pos3rmaqae BxIy 1 

BHXI, OO'eKTIB. AKIO KIIbKICTb BHABJICGHHX TOYOK 3MEHIIYETbCA, MepemOauaeTEca 

Ok1O310 a60 HelpaBHJIbHe BHABJICHHA. Oxs103ia OOpoOseHa WIIAXOM BCTaHOBJICHHA 

BIQMOBIZHOCTI AJIt BHABIICHHX OO'CKTIB B MOTOUHOMY Kapl. 3aqua iHmIHMx 0O'eKTIB 

MOIO*KeHHA MepenOaraeTbca Ha OCHOBI NpHMyuWleHHA Mpo nocTiiHy wIBUAKOCcTI. B 

poooti Hutuna [46], a4 3icTaBneHHa WeHTpOiniB OO'eKTIB, OO'EKTH BHABJIAIOTECH 3a 

OMOMOrO!O BIZHIMaHHA Pouy. ABTOPH ABHO OOPOOIAIOTh 3MIHY KIJIbKOCTI OO'eKTIB, 

OCI *KYIOUN MeBHI OONacTi 300paKeHHA, HaNpukay WBepi, WOO BUABHTH BxogH / 

BUXOM Mepey, OO4HCIICHHAM BIAMOBIZHOCTI. 

  

    
PucyHok 2.27 — IlocmigoBHocti o6epTOBHX TapiJIOK KOJIpHa CerMeHTAallla 

BHKOPHCTOByBaacad JJId BHABJICHHA YOPHHX KpanoK Ha O11 Tap 

BuxMmaH po3uiuprorts poboty Camapi 1 Cerxi, BBOaTun 3aramibHe OOMexKeHHA 

PYXY JIA BINNMOBIAHOCTI. 3arambHe OOMe2xKeHHA pyxy 3a0e3leuye CHIbHe OOMe2KeHHA 

JIA KOEPCHTHOLO BIACTE2*KCHHA TOUOK , LO JIexKaTb Ha OMHOMY 1 TOMY %K OO'EKTI; OAHAK 

BOHO He MIAXOQUTb AJA TOUOK, LO Jle%KaTb Ha 130JIbOBaHHX OO'€KTAX, PYXOMHX B Pi3HHX 

HanpamKax. AJITOpHTM iHIMai3y€TbCA WIAXOM TeHepallli MOUaTKOBHX TpeKIB 3 

BHKOPHCTaHHAM JBONPOXIAZHOrO amropuTMy, a dyHKIia BHTpaT MIHIMI3yeTbCA 

YIOPCbKOHO MOBOIO.aJIFOPHTM MpH3HaveHHA B BOX MOCIQOBHHX Kagpax. Lei maxing
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MOoxKe oOOpoOmaTH TIOMHIKH OKHO3I1i 1 HelpaBHIbHOTO BHABIICHHA, OHAK 

TepenOavaeTEca, UO KUIbKICTb OO'EKTIB OHAKOBO B BCICi MOCJIZOBHOCTI, TOOTO Hemae 

HIAKHX BXOJIB a00 BHXOTIB 0O'eKTIB. PucyHoK 2.27 414 BIACTexKeHHA Pe3yIbTATIB. 

Iacix i Wax[27] mpononytots OaraTokaqposnii migxiq Wa 30epexeHHa 

THMYacOBOi KOFepeHTHOCTI WBHYKOCTI 1 oO KeHHA (pucyHoK 2.28). Bonu 

(OpMyJIOIOTh BIAMOBIAHICTh AK TeOpeTHKO- rpadoBe 3aBqaHHA. BignoBiqHIcTb 

WeKIJIbKOX KaZp1B N0B'd3aHO 3 3HAXOJ2KeEHHAM Halikpalloro YHIKaJIbHOrO Waxy P; = 

{x°,...,x*} na KoxHOI TouKH (BepxHiii ineKC MpeycTaBiae HOMep Kagpy). JIA 

HelpaBHIbHO BHABJICHHX a60 OKJIIO30BaHHX OO'EKTIB UINIAX CKaqaTHMeTbCA 3 

MponyWeHux NO3HU y BIAMOBIQHHX Kagpax. OpicHToBaHHii rpad), 1kHii reHepyeTEca 

3 BHKOPHCTaHHAM TOUOK B k kagpax, MepeTBOPIOETbCA B ABOAObHUM rpad WIAxOM 

po30uTTA KOxKHOrO By3a (06'ekTa) Ha Ba (+ 1 —) By3IH 1 yABIeHHA CPAMOBaHHXx 

peep aK HeEOpIcHTOBaHHx pebep Big, + 20 — By3IIIB. 

  

PucyHok 2.28 — Baratoxagposi BiAMOBIZHOCTI. 

TloTiM BIQMOBIZHICTb BCTAHOBIIOETECA 2KAaTIOHHM asropHTMomM. Boxun 

BHKOPHCTOBYIOTb BIKHO KapiB M1 4aC TOUKOBO! BINMOBIAHOCTI AA OOPOOKH OKIHO31i, 

TPHBaIICTh AKHX KOPOTUIe THM4ACOBOTO BIKHA, BAKOPHCTOBYBaHOrO JIA BAKOHAHHA 

31cTaBsieHHa. PucyHok 2.29 aad OTPHMaHHA pe3yJIbTAaTIB 10 LWbOMy aJIrOpHTMy 

BINCT@KECHHA MTaXIB
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PucyHok 2.29 — Pe3ynbTaT ABOTOUKOBOrO asIrOpHTMAa BIAMOBIZHOCTI: 

BIACTe2KeHHA MTAX1B 3a JONOMOFO!L aIropuTMy, 3ampomoHoBaHoro Shafique 1 Shah; 

IItaxv BHABIIAIOTECA 34 JOMOMOrO!O POHOBOFO BIZHIMAHH4A.
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3 MOEJIb HOBEAIHKM 

3.1 Ornayq cuctemu 

Y CHCTeMi BHKOPHCTOBYETECA CTATH4HE BIZeEO KaMepH BIZCOCHOCTepexKeHHA 3 

IIMpOKHM TIOJIeM Ormany, WO chocTepira€ WHHaMIYHy 30BHIIMIHIO cluleHy. CucTema 

KOMIT'IOTEPHOPO 30py B PeaIbHOMY 4aCl CErMeHTYE PyXOMI OO'EKTH 3 BHBYEHO! CLIEHH. 

Metog onucy cleHH WO3B0€ BHBYATH 1 TOUHO CKHaTH 3 paxyHKIB Baplaltli 

OCBITJICHHA, NOTONH 1 T. J. 

JIna KOx%xKHOFO pyXOMOro OO'EKTA CTBOPIOETKCA 30BHILHIM OMMC, HO HO3BOIAE 

BIACTexKYBaTH HOrO Yepe3 THMYACOBI OKIIO3Ii 1 3YCTPI41 3 WekiIbKOMa OO'eKTAaMH. 

@Muptp Kasmana BIAcTexye MIC PO3TalllyBaHHa OO'eKTIB, TpyOy dopmy, KOIpHy 

CTpyKTypy 1 wiBugKicTb. Lei TemmopambHO BHOpAKOBaHHii MOTIK WaHHx MOTIM 

BHKOPHCTOBYETbCA JI OTPHMAHHA MOBeAIHKOBOTO ONHCy KOxKHOrO OO'eKTa 1 

BHABJICHHA B3A€MOAI Mix O6'eKTaMH. 

Ha pucyuky 3.1. n0Ka3aHO KOHTyp OOpOOKH Ta OCHOBHI (byHKUJOHAaIbHI OIOKH 

Halloi KIHLeBOi CHCTeMH: 

- MOJyiib BBeeHHA KOMIM'OTepHOrO 30py B peasIbHOMy acl BHABIAE 1 

BIACTexKY€ PyXOMI1 OO'€EKTH B 1 AIA KOXKHOFO PyXOMOLO 06'€EKTAa BHBOAHTb BEKTOP O3HAK, 

IO omMcye Horo pyx 1 HalpAMOK, a TakOXK WOrO MpOCTOpOBe BIAHOIWeCHHA WO BCIX 

TOBKOJIMINHIX PyXOMHX 00'€KTIB; 

- Il BeKTOpH O3HaK € BXIZHHMH aHHMH JIA CTOXaCTHYHHX MOJeselt 

MOBeIHKH, 3ACHOBaHHXx Ha cTaHax. I TIMM, 1 TIIMM, 3 pi3qumu cTpyKTypamu B 

3aJI@2%KHOCTI BI CKI@QHOCT] NOBeAIHKH, NOTIM BHKOPHCTOBYyIOTbCA AJA KacndiKauli 

CIIPHMMaHOro MOBEIHKH.
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    3BEPXY-BHH3 

PucyHok 3.1. Iuka o6po6Ku 3Bepxy BHH3 1 3HH3y Bropy 

Onxke, NOTOKH iHdopMalli 3Bepxy BHH3, TaK 1 3HH3y Bropy OyAyTb NocTIMHO 

KepoOBaHi Ta O6'eqHaHI WI KOXKHOrO pyxOMoro OO'eKTa B Me*KAaX CLeHH. OTe, Halll 

Oalie€COBChKHH MAXI MPOMOHye MaTeMaTH4Hy OCHOBY Jif WOEAHAHHA CIOCTepexKeHb 

(3HH3y Bropy) 31 CKaq{HHMH NOBeAIHKOBHMH MpioputTeTamMu (3Bepxy BHH3), W106 

3a0e3Ne4HTH OFIKYBaHHA, AKUMH Oye MOBepHyTO CHCTeMa CIIPHiHATTA. 

3.2 Mogeni noBeniHKH 

Y IbOMY PO3AIJI1 MH PO3spoOOJAEMO Hallly OCHOBY AIA NOOyAOBH 1 3aCTOCyBaHHA 

MOJesel IHAMBIAyYaIbHOrO NOBEAIHKH Ta MPKOCOOHCTICHHX B3aemMomIi. Ja Toro W106 

no6yHyBaTH e@eKTHBHI KOMIM'FOTePHI MOEN JHOACbKOI MOBeAIHKH, HaM HeOOxiqHO 

BHPILWHTH WHTaHHA Mpo Te, AK 3HAHHA MOXKYTb OyTH 3ICTABIIeH! 3 OOUHCCHHAMH AA 

TMHAMI4HOrO 3a0e3Ie4eHHA MOCMINOBHUX 1HTeplipeTaliiit.
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3 OO4HCIIOBaIbHOI TOUKH 30py ICHYIOTb JBI KIHOUOBI NpoOsemu opH oOpobul 

OeslepepBHOTO MOTOKY TaHHXx O3HaAK, ILO HAAXOZATb 3 MOTOKY BXIJHOTO BITE: 

- ypaBIiHHaA  OOUHCIOBaIbHHM HaBaHT@KeHHAM, WO HakslaqacTEca 

MOKAaPOBUM AOCIIA2KeHHAM BC1X areHTIB 1 ix B3aemMog1a. Hanpuksad, 4Hc0 MOXKIIMBHX 

B3aeMONIM MIK Oyb—AKHMH J{BOMa areHTaMH 3 MHO*KHHH N areutis Wopipyroe N * 

(N — 1)/2 . pu naippHomy ynpaBsiHHl We HaBaHTaxKeHHA MOxXe JIerKO CTaTH BeJIHKHM 

HaBITb JIA TOMipHoro N; 

- HaBITb KOH NOKagpoBe HaBaHTaxKeHHA Masia 1 MOAaHHA OCKIJIbKH MHTTEBA 

MOBeIHKa KOXKHOFO areHTa € KOMMAKTHOW, BCe Ile ICHy€ MpOOMeMa yMpPaBJIHHA BCIEIO 

I1€FO 1HOpMALLErO 3 TJIMHOM 4acy. 

CraTucTH4Hi copaMoBaHi auMKmidH rpadu (DAG) a6o imoBipHicHi Mepexi 

BuBogy (PINs) [8] Moxe 3a0e3meqHTH OO4NCTIOBaIbHO eqpeKTHBHe BHPILIeHHA LHX 

3apnaHb. TIMM ta ix po3smmmpexua, Taki aK TITIMM, moxua po3riaqatu aK IpHBaTHHii, 

npocTtui BunagoK TumMuacoporo PIN a6o DAG kony. PIN cknanaroTpca 3 Hadopy 

BHMaQKOBHX BeIM4HH, IpeACTaBJIeHHX y BHIIA BY3J1B, a TAKOK CIpAMOBaHHX peep 

a0o 3B'93KIB MDK HHMH. BoHH BH3HadalOTh MaTeMaTHYHy (opMy CIisbHOTO abo 

yMosHoro PDF mbk BunaqKOBHMM BeH4uHHamMu. Bouu aBiaIOTh cobor1 mpoctTuii 

rpadiunuit cnociO noxaHHA MpHYHHHO—HACJIAKOBI 3as1e%KHOCT] MIK 3MIHHHMH. 

BiqcyTHICTb CIPAMOBaHHX 3B'A3KIB MIK BY3JIAMH Ma€ Ha yBa3l YMOBHY He3aJIexKHICTb. 

Kpim Toro, icHy€ ciMelcTBO TepeTBOpeHb, WO BHKOHYIOTbCA Hay rpadiqHoro 

CTIpyKTyporo, Aka Ma€ NpsAmMuii Mepeksay B TepMiHaxX MaTeMaTHYHHX OMepalliii, LO 

3ACTOCOBY!IOTbCaA DO Oa30Boro PDF—daiiny. Hapeuiti, Bonu € MOAYAbHUMH, TOOTO 

MO2KHAa BHCJOBHTH CMIbHHuM rnoOambHuii PDF ak mpoaqykKT OKaNbHOrO yMOBHOrO 

PDF. 

PIN sapisatoTh coOor0 KisIbKa BaKIIMBUX MepeBar, AKI M@lOTb BIAHOUICHHA JO 

Hawioi mpoOsemu: 

- BOHH MOXxKyTb OOpoOmATH HEMOBHI aHl, a TAKOXK HEBH3HAYEHICTH; 

- BOHH HaBYeHI | JerKO YHHKHYTH HaMIPHOrO BUKOPHCTaHHA; BOHH KOAYIOTb 

MIPH4HHHICTb IPHPOAHHM 4HHOM; 

- ICHYIOTb aITOpHTMH AK JIA TPOrHO3yBaHHA, TaK 1 Jia MMOBIPHICHOro
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BHBeeHHA; 

- BOHH NPOnOHy!OTb OCHOBY AJ14 0O6'e€qHaHHA MOMepegHIX 3HAHb | WaHHX.; 

- BOHH MOJYJIbHI 1 pO3tapasesmHOIOTECA. 

JlocmyxxyBaHa MOBewIHKa TeHepyeTbcaA MUMOXOAaMH, WO HAyTb y BIAKpHTI 

30BHIMIHBOMy CepenqoBuuti. Hama Meta nomarae B TOMy, WOO po3spobOuTH 3arambHui, 

KOMNO3HUIMHHH aHasi3 CMOCTepexKyBaHOro MOBeAIHKH B TepMIHAaX CTAHIB 1 MepexoniB 

MLK CTaHaMH B 4aci TAKHM 4YHHOM, W06 

- CTAHH BIAMOBIZaIH HaliHM 3arasibHOMpHHATHUM yABJICHHAM TIPO JIOACbKy 

MOBeIHKy 1 

- BOHH Oy Oe3MocepeqHbO 3ACTOCOBHI NO WIMpOKOrO Kosa OO'eEKTIB 1 CHTYyAaLllit 

lepersaqy. 

Ha pucynky 3.2 noKka3aHo THMOBe 306paxKeHHA AJA MIMIOXIQHOrO CLeHapiro. 

  

PucyHox 3.2 — Tunose 300paxKeHHa MIMMOXIZHO! MOI 

3.2.1 Bi3syanbHe po3yMiHHA 3a QONOMOro!O rpadi4¥HHx MOFere;l: 

TIMM 1 TWIMM 

IIpuxopaHi MapKoscbki mogemi (IIMM) — ue nonyaapHa iMOBIpHIcHa



68 

CTpyKTypa 1A MOJeHOBaHHA MpOLeciB, WO MalOTb CTpyKTypy B 4aci. Bonu MaroTb 

WITKy GaiieciBCbKy CeMaHTHKy, e(eCKTHBHI aITOPHTMH OLWIHKH CTaHy 1 MapaMeTpiB i 

aBTOMATHYHO BHKOHYIOTh AHHaMi4He cnHoOTBOpeHHa uacy. IIMM — ue, no cymTi, 

KBaHTyBaHHA Mpoctopy KOHdirypalli CHCTeMH Ha HEBEJIMKe YHCIIO WHCKPeTHHX CTAaHIB 

pa30M 3 HMOBIPHOCTAMH MepexowiB MDK CTaHaMHu. OgHa KIHWeBa AHCKpeTHa 3MIHHa 

IHJeKCy€ MOTOUHHH cTaH cucTemu. byaqb — ska 1HOpMallia MpoO icTOplIO MpoLec, 

HeOOXxIZHH Wa MaiiOyTHIX BHCHOBKIB, NOBHHeH OyTH BIAOOpaxeHHii B MOTOUHOMY 

3Ha4eHHI Wei 3MIHHOi cTaHy. DpadiuHo IIMM uacto 306paxyroTsca "po3sropHyTHMH B 

yaci" y Burmagi PINos, Hampukiay Ha pucyHky 3.3. 

e229 TIpuxopana Mapxpiscpka I i 
Moytelb ( Hoke Hak 4 He} ~ Hu A Hy.) TMomtrominanesca 

=X — \ / anal \ / — \ / ~ 

\/ Y j \/ Y 

: : : eee x XK Xx eee 

Cran TlomiHoMiasbHi /\ /\ / / \ 

S (H)—>)—u,) rh) rs) OOOH ‘ se ) 
p ++ » * om 

| ~[l | | | [« L LC 
O Ap (X> {Xy x, Xs) 

, 
TowiHoMinasibH 

Caperepsannnt — ae 
: 2 Tayccosckad CyMill 

Tayecorckas cymilt 

PucyHox 3.3 — [padiuue npegctapnenua TIMM 1 TITIMM, posropxyTHx y 4aci 

OnuHak OaraTO IIKaBHx CHCTeM CKuIaqa‘oTEcaA 3 Oe3s4l B3aCMOTIIOUHX 

MpOueciB 1 TOMY 3aCJIYrOBYIOTh KOMMO3HIIMHOrO MpeacTaBeHHA BOX abo OimbIUe 

3M1HHHX. [le THMOBO JIA CHCTEM, IO MaIOTb CTPyKTypy AK y 4acl, TaK 1 B MpocTopi. 3 

OHICIO 3MIHHOIO CTaHY MAPKOBCbKI MOJes MOraHO MAXOAATb Wid WHx 3aBqaHb. Ja 

MOJI€JIOBaHHA MX B3aeCMONIM HeOOxigHa OLIbI CKIaqHa apxITeKTypa. 

Po3utupeHHa 6a30B0i MapKOBCBKOI MOJes 3a3BHYali 301IbUIyIOTh OOcar 

maM'aTl cuctemu (durational modeling), 3a6esneuyro4un iff KOMNO3HLIMHHH CTaH y 4acl. 

Hac iikaBiaTb CHCTeEMH, AKI MaIOTb KOMMO3HINMHHM CTaH y MpPOcTopi, HaNpuKay, 

Olible OAHIei OFHOUACHOI 3MIHHOi cTaHy. BiqoMo, WO TOUHE PILIeHHA PO3LIHpeHb 

6a30B0i TIMM jo 3 1 Oinbite WaHUFOriB € HalickmaqHime. Y wx BuMaqKax HeOOXIDHI 

MeTOAH ampoxcumatli [47],[48]. 

Tomy Oy0 BHKOpHcTaHO JBI T10B's3aH1 MIpHXOBaHl MAPKOBCbKI MOJeJI
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(IMM) a4 MoyesropaHHs BOX B3a€MOAIOYUX MpoueciB, B JaHOMy BHMaaKy BOHH 

BIQNOBIZalOTb OKpemuM JOWaM. B wii apxiTeKTyp1 JaHUIO%KKA CTaHIB MOB's3aHi 4epe3 

MAaTPHl YMOBHHX MMOBIPHOCTel, LIO MOJeIOIOTS IPH4HHHI (THM4ACOB!) 3aJ1exKHOCTI 

MDK ix IPHXOBaHHMH 3MIHHUMH cTaHiB. Dpadiahe npegctapneHHa TITIMM noxka3aHo 

Ha pucyHky 3.3. Ha ybomy pHcyHKy BHAHO, WO WJ KOHKHOTO JaHWIO2%KKa CTaH B MOMCHT 

yacy t 3aJI@KHTb BI CTaHy B MOMeHT yacy t; B OOox TaHuoxKKax. BriMB ofHoro 

laHurora Ha IHIWy BINOyBa€TbCaA Yepe3 IPHYHHHO—HAaCJIAKOBHI 3B'A30K. 

Y qauiti poOoTl Mu NMopiBHroemMo mpogyKTuBHicTb TIMM 1 TIIMM ana 

MaKCHMaJIbBHOrO allocTepiopHoro 3Ha4ueHHa (MA3) ouiHka craHy. Mu o6uncsroemMo 

HalOlIbl §=BIPOTIZHy MOCMIQOBHICTb cCTaHIB S B paMKaX MOE 3aaHOIO 

MOCJIOBHICTIO cnocTepexeHb O = {i,,..., i, }. Ia HaiitOimbu HMoBIpHa NOCMIAOBHICTb 

BUXOMMTb WIAxom S = argmax,P(S|O). 

Y pa3i nocmgosHoctTi IMM 3aqnix craHis HMoBipHicts P (S/O) 3aqaeTeca 

copy .s1010 : 

P(S|O) = Py Det (0,) IIt=2 Ps1 (01) Psi lsi—1 (3.1) 

He S = {ay,...,@y} — Oe3m14 WucKpeTHHX cTaHiB, S; € S BiqnoBigqae cTaHy B 

MOMeHT uacy t Pi; = Ps, =ajlsy_1=a; le HMOBIPHICTb Mepexogy 31 cTaHy B cTaH (TOOTO 

HMOBIPHICTh 3HAXO22KCHHA B CTAHI aj B MOMeHT acy t 3a YMOBH, IO cHucTema 

nepeO6yBasla B CTaHI aj B MOMeHT 4acy t)). Hanami Bonu OynayTb OOo3HayaTECa AK P; = 

Py =a, = Ps, Hapemti p;(0¢) = Ds,=a,(0r) = Ps,(O¢) € BHXIQHI HMOBIpHOCTI NH 

KO2KHOTO 3 HHX, (IMOBIPHICTb CMOCTepe2xKeHHA 0; 3a0aHOrO CTaHy aj B MOMEHT 4acy). 

Y sunagky TMM Ham notpi6xo BBectu Wwe OAH Habip HMosipHoctel, Ps |m_, 

AKMM BIQNOBIAaIOTb HMOBIPHOCTI CTaHy St B MOMeHT uacy t B OAHOMY JIaHLO31 3a 

YMOBH, IO 1HLUIMii JaHLor M NO3HayaeTbCA Was cynep $7", mig aac 

t—1. Ii Hosl HMoBIpHocT! BupaKaIOTb NPHYHHHH BIB (34eNeHHA) ODHOTO 

JIaHtora 3 1HUIMM. IMoBIPHICTb 3aqHbOro cTaHy Jia TITIMM gopisuroe:
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Psy (OP sip om (ay) 

P(S|0)= {> t=2 PsilspPsi|s™,Pst|s:_,Psps™,Ps,(Or)Psm (or (3.2) 

Fle sz, 57", 0;, 07" Tlo3Ha4MMO CTaHy 1 CNOCTepexKeHHA AIA KOXKHO! 3 JAHUFOrIB 

Mapkoga, ckmaqoBux TTIMM. Mu wanpapisemo uutaya go MA3[13] aoa Oinpur 

WeTaIbHOrO ONHCy OWIHKH KapTH B ITITIMM. 

Tlopeptarouvch 40 Halloi MpoOseMH MOeMIOBAHHA JIOACbKOi MOBeMIHKH, TBI 

JHOAHHH (KO2KeH 3 AKHX MOJEJIOETLCA AK TEHEPATHBHUH MPOLWec) MOXKYyTb B3aeMOTIATH, 

He MOBHICTIO BH3Ha4atoOuH NOBeAIHKy OAMH OfHOTO. Hanpotu, KoxeH 3 HHX BOOTIE 

BJIACHOIO BHYTPILUHBOIO AHHAMIKOIO 1 3HaXOQMTbCA iQ BHIMBOM (cmaOKHM abo 

CuibHUM) inwmiit. Amosipuocti Ps jsm, Ta Psms, , OMMCYIOTh Wel BH B3acMOMIM 1 

TNIMM npwv3HaveHi aia ix MOfeNIOBaHHA HacTIbKH edbeKTHBHHM ciOcobOoM 

HAaCKUIbKH We MOKJIMBO. 

3.3 CuutetuuHnit Tlopeninxosui AreHtT 

ByB po3po6meHuit dpeiimMBopk a CTBOPeHHA CHHTCTHYHHX areHTIB, IO 

IMITYIOTb NOBeAIHKY JIONHHU y BipTyalbHoMy cepegosum [15], [16]. Arentam 

MOKYTb OyTH MPH3HAaYeH! P13H1 MOC MOBEAIHKH, 1 BOHH TaKO2K MOXKYTb B3A€MOMIATH 

OHH 3 ofHuM. B yaHHii 4ac BOHM MO2xKyTb reHepyBaTH 5 pi3HHX B3a€MOAIIOUHX 

NMOBeIHOK 1 P13H1 BHA IHAMBIAyabHO! NoBenIHKH (6e3 B3aemonii). Napametp uiei 

BIPTYAJIbHOI CepeAOBHIIa MOEIIOIOTECA HA OCHOBI PeaJIbHO! MMIOXITHO! CLICHH, 3 AKO 

OTPHMa€M BUMIPIOBaHHA THMOBOLO IMIMOXIAHOrO pyXy. 

OaHUM 3 OCHOBHHX MOTHBIB NOOYAOBH TaKHX CHHTeTHYHHX areHTIB € 34aTHICTb 

reHepyBaTH CHHTe€THYHI aHi, AKI O3BONAIOTb BH3Ha4HTH, aka ApxiTeKTypa 

MaPKOBCbKOi MOE Halikpalle MAXOAHTb IA poO3Mi3HaBaHHA HOBO MOBeIHKH 

(OCKINBKH BaxkKO 310paTH peasbHi UpHkKiaqH piQKICHHX BHIB MOBeIHKH). 

KouctTpytorouw MOesl CHHTeTHYHHX areHTIB TaKHM 4HHOM, W106 BOHH BOJOTIIM 

HalikpallMMH BuaCTHBOCTAMH y3arasIbHeHHA 1 IHBapiaHTHOCTI], MOXHO OTPHMaTH 

THY4KI aNpiOpH! MOesI, WO MepeHOCATHCA Ha PeasbHa NOBEAIHKA JIOOMHH WpakTH4HO 

6e3 HeEOOXIZHOCTI NOAaTKOBOrO HaByaHHA. BukopucTaHHaA CHHTeCTHYHUX areHTH JIA
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CTBOPeHHA HasiiiHHx MOemel NOBeAIHKH 3 Ty2xKe HeOaraTbOx peasIbHHX MPHKay1B 

NMOBeIHKH MalOTb OCOOIMBe 3HAYeCHHA B 3a aul BI3yaIbHOrO CHOCTepexKeHHA, Te, AK 

mpaBuio, NOBeAiHKa NpevcTaBAe HaMOWIbUIM iHTepec OyBalOTb 1 HalipiAKICHILI. 

3.3.1. Apxirextypa AreHta 

JJaHa WHaMi4Ha MyJIbTHareHTHad CHCTeMa CKWaqaeTbcA 3 eakoro “NCHA 

areHTIB, AK] BHKOHYIOTb NeBHY MOBeAIHKy 3 HaGOpy MOXKMHBUX MOBeqIHOK. CucTema 

3ally CKA€TbCA B MOMEHT 4acy 0, WHCKpeTHO pyXarOuHCb Biepey AO MOMeHTYy yacy T abo 

TO THX Tip, MOKH areHTH He 3HHKHYTb 31 CICHH. 

ATeHTH MOXKYTb CIAyBaTH TPbOMa PI3HHMH UWIAXaMH 3 TBOMa MOXKJMBUMH 

HalpaMKkaMu. Bouu pyXxarloTbcea 31 BHMAKOBHMH WIBHKOCTAMH B Me2Kax IHTepBally. 

Bouu 3'ABIAIOTBCA Y BHMAXKOB1 MOMeHTH 4acy. BOHH MO2KyTb CMOBIJIbHIOBaTHCA, 

MIPHCKOPIOBaTHCA, 3YMMHATHCA aOO 3MIHIOBATH HaMpaAMOK He3aIexKHO BI IHINHX 

areHTIB Ha cileHa. Komu 3a0BOJIbHAIOTbCA MeBHI TWepesyMOBH, BIaOyBacTbCa 

cneuM@iuHa B3aeMOZid MDK BOMa areHTamMu. KoxeH areHT BOJIOMI€ OCKOHaIHM 

3HAHHAM CBITY, BKJIFOUaIOUH MOJIO2KCHHA IHINMX AareHTIB. 

Jam Oye omMcaHo ByXxareHTHYy!0 CHCTeMy, AKa BAKOPHCTOBY€TbCA JIA TeHepaltli 

alplopHHX MOJemel 1 CHHTCTHYHHX WaHHx B3a€MOIM areHTis. KoxxeH areHT mpHitmae 

CBOi BaCH1 PIeHHA B 3asle2%KHOCTI BI THMYy B3a€MOIi, Horo MICA PO3TaLlyBaHHA Ta 

MICI[A PO3TALyBaHHA IHIMOTO areHta Ha cieHl. He icHye *xONHOTO CLIeHAapitO MOBeAIHKH 

a00 ampiopHOTO 3HaHHA MpO Te, AKOrO POAY B3aCMOMIA, AKIO Take Oye MATH MICIe. 

Tlopeqinka areHTIB BH3HA4aCTbCA CIIPHMaHOi KOHTEKCTYA@JIbHOWO IHOpMaItIero: 

- TMOTOUHOFO NO3HIIEK; 

BIJHOCHHM T0JI02%KeHHAM IHIMOTO areHta; 

IIBHKOCTI; 

- IUWIAXH, B AKHX BOHH 3HAXOZATbCA; 

- HanpaMKH xogb6u 1 T. 2. 

A TakoxK 3a CBOIM BuaCHHM pellepTyapOM MOKIHMBHX MOBeEAIHOK 1 3allyCKalOTb 

nowii. Hanpukiag, sKU{O OAH areHT BUPILIMTb "CAyBaTH" 3a 1HIHM areHTOM, BIH Oyze 

PyXaTHCa 10 CBOEMY BJIaCHOMY LIJIAXy, NOCTYMOBO 301JIbILTYyIOUH CBOIO WIBHAKICTb, HOKU
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He JOCATHE 1HINOrO areHTa, AKHM TaKOxK Oye HTH THM %Ke IIJIAXOM. Ak TIIbKH areHT Oyne 

WOCATHyTHH, BOHH ayallTy}OTb CBOi B3a€MHI IWBHAKOCTI, WOO TpHMaTHCA pa30M 1 

MPOAOB2KyBaTH PyXaTHCA pa30M AO THX Mp, MOKH He MOKHHYTb CLeHy. 

J|t KO2KHOTO areHTa BUMIPIOEThCA MOO%KCHHA, OPICHTALNA 1 LIBHKICTb, 1 3 LHX 

maHux OyMy€TbCA BEKTOP O3HAK, AKHM CKMaqaeTEcsA 3: diz— MOXIDHOI BIAHOCHO! BIACTAaHI 

MDK J[BOMa areHTaMH Qy 2 = Sign(< v4,V2 >) ao CTyMIHb BHPIBHIOBaHHA areHTiB, | 

vi = f/x? + y?,i = 1,2 — senvunna ix mBuaKoctTeli. 3BepHiTb yBary, WO Takuit BeKTOp 

O3HaK IHBaplaHTHH WO aOcOuOTHOrO NOO2%KeHHA 1 HalIpAMKy areHTIB 1 KOHKPeTHOMY 

CepeNOBUIM, B AKI BOHH 3HAXODATECA. 

IIpaputbHe MpoeKTyBaHHA IHTepaKTHBHOi MOBeAIHKH BHMara€ BI areHTiB 

3HAaHHA MPO MOO%*KeCHHI OHH OAHOTO, a TaKOXK CHHXPOHI3alli MLK MOCTOBHUMH 

IHJMBIZY aIbHUMH MOBeAIHKaMH, AKTHBOBaHHMH B KOXKHOMY 3 areHTIB. 

Ii B3aemogli MOxKyTb BINOyBaTHca B Oyqb—sKHM MOMEHT 4acy 1 B Oyqb—saKOMy 

MICIIl, 38 YMOBH TIJIbKH, WO MepeAyMOBH Wiad Wx B3aeMONI 3aqoBoseHi. HI BuqKIcTS, 

3 AKOIO BOHH XOJATb, TPHBAICTb ix pO3MOB, 3MIHa HalpaMKy, MOuaTOK | 3aKIHYeHHA 

Mii CHIbHO po3pi3HatoTeca. [la BucoKa AHCMepcia B KIIbKICHHX aciieKTax B3a€MONIii 

Haflae CTIMKICTb BABYCHHM MOJeJIAM, AKI, AK UpaBUsO, PIKCyIOTb TWIbKH 1HBaplaHTHi 

yacTHHH B3aeMonii. IHBapiaHTHICTb BiqoOpaxae mpupony ix B3aemMonii 1 

HaBKOJIMINHbOTO CepesOBHiita.
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4 EKCHEPHMEHT AJIbHI JTAHI 

Meta ekcnepemeHTa nousra€ B TOMY, 00 MaTH cHcTemMy, aka Oye TOUHO 

IHTeplipeTyBaTH MOBeIHKy 1 B3A€MOAIIO NpakTHYHO B OyAb—aKIM MIMIOXIQHIM CLeHI 

pakTH4Ho 6e3 HaByaHHa. Tomy OfHIeIO 3 HaliBaxkKIMBILIHX MmpoOemM € CTBOPeHHA 

MOJesel, WO BIQOOpaxkaroTb Halll MOMepe AHI 3HaHHA Mpo OACbKy NoBegInKy. Budip 

IIpiopop — ogue 3 HaiOiIbul CMIPHHX 1 BIAKPHTHX MMTaHb B OailieciBCbKOMy 

yMOBHBOAI. Lo npoOmemy Oyo BUpieHO 3a WOMOMOrO!O MakeTy MOJeJIOBAaHHA 

CHHT€THYHHX APreHTIB, AKHM WO3BOME HAM OyayBaTH THYYKI aMpiOpH! Mose 

NOBeIHKH. 

4.1 Tlopeginxa ArenrTis 

TlopeqinkoBa CHCTeMa areHTa CTpyKTypoOBaHa lepapxi4Ho. IcHy!oTb NPHMITHBHI 

aOo mpocti dopMH NMoOBewIHKH Ta CKaqHl IHTepakKTHBHI (POPMH NOBeAIHKH, WO 

IMITYIOTb JIOACbK1 B3a€MOHII. 

B ekcnepHMeHTax omvcaHHx OyIO po3riaHyTO M'sTb pl3HHX B3ACMOIKOUHX 

MOBeIHOK: 

CHIAYIOTh, HOCATAatoTb 1 HAyTb pa3om (B3aemonisa 1); 

MMAXOATh, 3YCTPIUaIOTECA 1 HAYTb Was MOpi3Ho (B3aemMonia 2); 

MMAXOAT, 3YCTP1YaOTLCA 1 MPOAOB2KyIOTb pa3om (B3aemMonIaA 3); 

3MIHAIOTb HalIpaAMOK, WOO 3yCTpiTHca, HaOWMxKyIOTbCA, 3YCTpluaIOTBCA 1 

MIPOAOBKYIOTb pa3om (B3aemMogiA 4); 

- 3MIHAIOTb HalpaMOK, WOO 3ycTpiTHca, HaOMWKYIOTbCA, 3YCTpiyaIOTLCA 1 

HyTb Wai oKpemo (B3aemonia 5). 

JIpa areHTH OMWHAIOTbCH Ha OHOMy UWAxy, WoyyH B OHOMY 

Hanpamky(pucyHoK 4.1). AreHT no3aqy BHpillye, WO BIH xou¥e AicTaTuca WO iHUIMi. 

Tomy BiH mpucKoproeTsca, 106 BocarTu inmoro areHtTa. Komu ue BiqOyBaeTbCA BIH 

COBIJIBHIOETECA TAK IO BOHH TIPOAOBKYIOTb HTH pa30M 3 TIEHO %K LWBHAKICTIO.
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Sones ee mens 4 Meee eee 

3 | 1 
Bextop 03Hak JIA B3aemMonii | 

  

        

  

  

Tpaextopii areHTis Ju1a B3aemoyii | 

PucyHox 4.1 — IIpuknay tpaektopili i BeKTOp O3HaK JJId B3aeMOMIIt: 

«CrinytOTb, HOCAraroTb | HyTb pa3om» 

AreHTH iidyTb WO OfHOMy 1 TOMy % IWJsAxy, ale B MpoTHsexXHOMYy 

Hanpamky(pucyHoK 4.2). Komu BOHM JOCHTb OH3bKi, AKUIO BOHH PO3yMIIOTb, IO 

«3HAaIOTb» APyr Apyra, BOHH CHOBLIbHIOIOTBCA 1, HapellTl, 3YMMHAIOTBCA, WOO 

norosopuTu. ica po3MoBH BOHH HiyTb OKPeMO, 3HOBY CTalOUH He3ase2xKHUMH. 

  

  

    

            

TpaektTopia areHta Jia B3aeMoii 2. Bekrop o3Hak IIa BXaeMoyi 2 

Pucyuox 4.2 — IIpuknay Tpaextopiii i BeKTOp O3HaK Jia B3acmomIM: «I axig 

+ 3ycTpi4 + nponOBxKeHHA OKPemo»
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B ubomy Bunayky areHTH MOBOAATCA AK B B3a€MOMIi 2, alle TeMep McA po3MOBH 

BOHH BHDpilIyIOTh NPOAOBKHTH pa30M(pHicyHoK 4.3). Tomy OHH areHT 3MIHIOE CBOE 

HalpaMoK, WOO caAyBaTH 3a 1HLIMM. 

  

  

  

  

        
  

TpaekTopis areuta 114 B3aemomii 3 Bextop o3Hak Jd B3aeMomII 3 

Pucyuox 4.3 — IIpuknay Tpaextopiii i BeKTOp O3HaK Jia B3aemomIM: «I axig 

+ 3ycTpi4 + NpoqOBKeHHA pa3om» 

ATeHTH TOUMHaIOTb MO pi3HHxX wWyaxax. Kom BOHM 3HaXOAATbCA OCHTb 

O13bKO, BOHH MO2KyTb Oa4HTH OAHH OAHOLO | BUPILIYIOTb B3a€MONIATH(PHCyHOK 4.3). 

OquH areHT 4ekae, NOKH 1HUIMi WOSepeTbcsa WO HEOTO. THM 3MIHIOE HalIpAMOK, 1106 

NONpaAMyBaTH WO OUikye areHta. TloTiM BOHH 3yCTpI4aIOTLCA, Oa3lkaIOTh WeAKHM 4ac 1 

BHPILIYIOTb MpOAOB2KHTH pa3oM. 

    

  

    

        

  

    

TpeextTopia arenta U1 B3acMomli 4 _Bexrop o3HaK Ju1a B3aeMonil 4 

PucyHox 4.4 — IIpuknay tTpaekTopili i BeKTOp O3HaK JJId B3ae€MOMIIt: 

«3M1HHTH HanpaMoK + MigiiTH + 3ycTpiTHCca + MpOAOBXKHTH pa3s0M»
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Bsaemonisa 5 Taka %K, aK 1 B3aeMogii 4, 3a BHHATKOM TOrO, U0, KOJIM BOHH 

BHpIWy!oTb =6TH) «=6ami = ICIS ss PO3MOBH, BOHH MOIMAIOTBCA,  cTalouH 

He3asle2KHHMH(pHcyHoK 4.5). 

  

    

    

  

  

          

Tpaextopia areHta JUIM B3aeMoyl 5 Bextop O3HaK JIA B3aEeMoOri 5 

PucyHoxk 4.5 — IIpuknay TpaekTopili i BeKTOp O3HaK JI B3aeMOMIIt: 

«3MIHHTH HalpaMoK + migiitTu + 3ycTpiTuca + MpOAOBKHTH OKPemMo» 

  

  

. Ls 

  

        

  

  

Tpackropia arenta 114 BiCTYTHOCTI = Bexrop o3HaK JI BiCyTHOCTI 

B3aeMOIIi1 B3aeMONIlL 

PucyHox 4.6 — IIpuknay TpaekTopili i BeKTOp O3HaK JJId B3aeMOMIIt: 

«BIQCyTHICTb B3a€MOTIOY4OI NOBeTIHKY) 

4.2 TlopipysHHa apxitextyp TIIMM i IIIIMM 3. gaHumu 

CHHTCTHYHOTO areHtTa 

Byo noOyaqyBaHO Moe B3aeMOli n'ATH paHiile OMMCaHHX CHHTCTHYHHX 

areHTiB 3 060ma IIMM 1 TITIMM. Takox 6yn0 BukopucToBaHo 2 a6o 3 cTaHH Ha
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aHuroxKOK y Bunagky TTIMM 1 sig 3 go 5 cranip y Bunagky IMM (3anexHo Bin 

CK1a{HOCTI P13HHX B3aeMOTIi) (pHCyHOK 4.7). 

KookHa 3 WHMX apxITeKTyp BIANOBIAa€ pi3HI Pi3sH4aHit rinoTe3i: TITIMM kozyrotp 

MIpOcTopoBHit 3B't30K y 4acl MDK QBOMa areHTaMH (Halpuksay, HecTalioHapHuit 

mpouec), Tomi 1K TIMM mogesmrorwTb ai AK 1301bOBaHH CTalioHapHuli Mpouec. bys 

BukopucTaHo Bi 11 go 75 nocmAOBHOCTeH WIA HaBYAaHHA KOXKHOI 3 MOseNei, B 

3aI@KHOCT] BI iX CKAaQHOCTI, Tak WO He OyO HaqMIpHOrTO TepeHacH4eHHa. 

ONTHMaJIbHa KIJIbKICTh HaBYaJIbHHX CTAaHIB JJId KO2KHOI B3aeMOnli, a TaKOK 

ONTHMaJIbHI TapaMeTpH Mogem OymH OTpHMaHI WsaaxomM 10%—HOi MepexpecHoi 

Bamigamli. Y Bcix Bunagkax MOeml OymH HalaliTOBaHi 3 NOBHOIO TOMOOrI€EIO 

3'eqHaHHA MDK CTaHaMH, TaK WO aIrOpHTM HaBYaHHA BIZMOBIAaB 3a BH3Ha4eHHA 

BIQNOBIZHOI CTpyKTYpH CTaHIB AJid HAaBYaIbHUX WaHux. BexTop o3Hak O6yB 6—MIPHHM 

y Bunagky IIMM, toni ak y Bunagky TITIMM koxeu areHT MOseIOBaBCA P13HHM 

JIAHUIOXKKOM, KO2KEH 3 AKHX MaB 3—MIPHHii BEKTOP O3HAK. 

IJo6 nopiBHATH MPOAyKTHBHICTh ABOX paHillie OMMCaHHx apxITeKTyp, MH 

BHKOPHCTOBYBaIH Kpallll HAaBYeHI MOJe WA Knacudikamli 20 HeBuqHuMUux HOBHX 

nocmigoBHoctei. U]o6 3HalitH HaliOinbut HMOBIPHy MOgeNb, OyB BHUKOpHCTaHHii 

anmroputm Bitep6i aqua IMM. A N—heads anroputm quHaMi4dHoro MporpaMyBaHHA 

IIpaAMOrO 1 3BOpOTHOrO NowMpeHHa Dia TITIMM. 

Ta6nnusa 4.1 — Tounicrs aaa TIMM 1 TIIMM ua cunteTra4nux qaHHx 
  

  

  

  

  

  

  

  

TOUHICTh CHHTETHYHUX TECTOBHX WaHUx (%) 

TIMM THIMM 

Hema B3aemonii 68.7 90.9 

Bsaemogia | 87.5 100 

Bsaemonis 2 85.4 100 

Bsaemonis 3 91.6 100 

Bsaemonis 4 77 100 

Bsaemogia 5 97.9 100          
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PucyHox 4.7 — Xpononoria m'aTH CKIaqHHX NOBEAIHOK 3 TOUKH 30py MOAI 

1 IPOCTHXx NOBeAIHOK 
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CknaqHICTh y 4acl Ta MIPOCTOPi € BaxXTHBOKO MpOOeEMOIO MPH MOeOBAHHI 

WWHaMi4Hux 4YacoBHX pagiB.4ucno cTyneHiB cBOoOOgH (HMOBIPHOCTI BIA cTaHy Oo 

CTaHy+BHXIQHi CepeqHI+BHX1ZHI KOBapialli) B HaOWIbUii MOZem 3 HaiikpaliuMu 

omlHkamu cKano 85 ana TIMM 1 54 ana TTIMM. Takox Oys mpopeqeHuit aHasi3 

TOUHOCTI MOeNeH 1 aPXITeKTYP [ONO KIJIbKOCTI MOCIIZOBHOCTeH, 0 

BHKOPHCTOBYIOTECA Aid HaBYAaHHA. EdbeKTHBHICTb B TEPM1HAaX JaHl HABYAHHA OCOOHBO 

B@KJIMBI B OHJIaiiH CHCTeMi HaBYaHHA B PeasIbHOMy 4aci. TakHx, AKHMH B KIHLeBOMy 

paxyHky 6yze U4, B AKMX 3601p YACTHX NO3HAYeHHX WaHHx MO2xe OyTH yTpyHeHHi. 

Mixnpogzyxtosi TIIMM, wlio BHHHKaIOTh B pe3yJIbTaTi BKJIIOUeCHHA O60x 

TreHepaTHBHHX NpPOUeciB B ODHE | Te 2K 2K TIPOCTIP CTAHIB CHIJbHOTO NpOAyKTy, 3a3BH4ali 

BUMaraloTb HaGaratTo ObUIOi KIMbKOCTI MOCMIAOBHOCTeH Wd HAaBYaHHA 3a OisbUIOrO 

yqucia Hapametpis. Asie ie, 30a€TbCA, IPH3BOAHTb WO CTem TOUHOCTI O1H3bKO 80% AA 

OyQb-aAKOi KIJIbKOCTI OLWIHIOBAHHX TpeHyBaHb, B TOM yuac aK ga TTIMM Oynzo 

WOcarHyTO npH6mH3HO 100% TOUHOCTI TIIbKH 3 HEBEJIHKOIO KIIbKICTIO TpeHyBaHB. [3 

UbOro pe3yJbTaTy BuMIMBac, WO apxitextypa IITIMM 3 gBoma nos's3aHuMu 

TeHepaTHBHHMH WpolecaMu ¢€ OlIblIe MAXOQHTb AIA 3aBQaHHA MOeKOBaHHA 

NMOBeIHKH B3A€MOMIIOUHX areHTIB, HK TeHepaTHBHH Mpolec, 3aKOROBaHHii OHM 

TIMM. 

Y CHCTeMI BI3yaJIbBHOrO CHOCTepexeHHA YaACTOTA MOMHJIKOBHX TPHBOr 4acTO TaK 

CaMO B&KIHBa, AK 1 TOUHICTh Kiacndikamli. B igeanbHiii aBTOMAaTHUHI CHCcTeMi 

cnocTepexKeHHA BCe WWIecipaMOBaHe NOBecIHKa Mac OyTH BHABIICHO 3 OH3bKOIO 0 

HyJIA YACTOTOIO MOMHJIKOBHX TPHBOT, LOG MH MOF pO3yMHO NonepegqHTH JHOAHHY — 

olepatopa mpo HeOOxigHIcTb ix Nogxanbmoro BuBYeHHA. I]oO npoaHam3yBaTu Ler 

acieKT UPOAyYKTHBHOCTI Halloi cHcTeMH, MH po3paxyBaH ROC-KpuBy cHcTeMH. 

PucyHok 6.4 noKa3yé, UO UWWIKOM MO2%KIHBO JOCArTH Ay2xKe HH3bKa yacTOTa 

MOMHJIKOBHX TpHBOr pH 36epexeHHI XOpowoi TOUHOCTI KNacndiKawii.
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PucyHok 4.8 — Tounicts TITIMM (cyuispya minis) 1 IMM (nyHxTupuHa nia) a4 
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PucyHox 4.9 — Kpusa ROC ua cuHTeTH4HHx WaHHux. 

4.2 Tlopeginka Ilimoxogis 
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False alarm rate 
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Meta po6OoTH — po3poOuTH OCHOBY JIA BHABJICHHA, KacHdikalli Ta BABYeCHHA 

3arasIbHux MOJesIel MOBeAIHKH B CHTyalli Bi3yambHOrO cnocTepexeHHa. BaxkuBo,
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106 Moe Oy yHIBepCcasIbHUMH, 3ACTOCOBHHMH 0 OaraTbOx pi3HHX CHTyallii, a He 

HajlallTOByBaJIMCa Ha KOHKpeTHe Bizeo ao caiit. Le Oy10 OHHM 3 TOMOBHHX MOTHBIB 

TIA PO3POOKH BIPTyaIbHOFO CepeNOBHILa APeHTA JIA MOJEOBAaHHA MOBEMIHKH. AKIO 

CHHTC€THYHI areHTH FOCHTb "Cxoxi" B CBOIH NOBEAIHUI Ha Oe, TO Tl 2K MOI, AKI 

OyH HaBYeHi 3a AOMOMOrOKO CHHTe€THYHHX aHHX, MOBHHHI OyTH Oe3mocepeqHbo 

3ACTOCOBHI JO JIKOACbKHX WaHHx. Y WbOMy pO3Ais1 OMMCYIOTbCA eKCHePHMeHTH, AKI 

Oy MpOBeeHI, AHaTI3yIOUH PeaIbHI MMOXIQHI WaHl 3 BHUKOPHCTaHHAM AK 

CHHTeTHYHHKX, Tak 1 cneuMdi4HHx Aa O6'eKTa MOvemel (Mozeei, HABYCHHX Ha aHHXx 

3 KOHTPOJILOBaHOrO 06'eKT). 

4.2.1 360ip Ta nonepeauHa OOpoOKka WaHUXx 

BuikOpucToByIouH CHCTeMy BHABJICHHA Ta BIZCTexKeHHA JODel, OMMCaHy B 

po3mim 2, 6yn0 oTpumMaHo 2D — o6'exTu «blob» a4 KooKHO JIOQMHH 3a KiIbKa TOHH 

Bigeo. by0 BuABAeHO Ta OOpoOeHO Wo 20 npHKmaqiB HaCTyNMHOrO Ta Pi3HHX THMIB 

NOBeAIHKH TPH 3ycTp14l. 

Bektop o3HakK X, UO HaqXOqHTb 3 MOnyIA OOpoOKH KOMM'IOTepHOrO 30py, 

cknagasca 3 2D (x; y) Lentpoig (cepeqHe nosoxKeHHA) Kparil KOXKHOi JOQHHH, CTaH 

dbinstpa Kammana ayia KOx%KHOrO MOMeHTy acy, WO cKanaeTECat, *,9,9, ne *: 

TIpevqcTaBae OWIHKY (ibTpa 1 KOMMOHEHTH (1, g, b) cepeqHboro 3Ha4eHHa Tayccosa 

TT gaa KOxKHOrO 3rycTKy B KOMIPHOMy poctopi. UactoTa KagpiB 30poBoi cHcTeMu 

cTaHoBua Onn3bKo 20-30 Tuy Ha xomm'totep1 SGI R10000 O02. Konu 6yno 

BID@INbTpyBaHoO ahi HH3bKOUaCTOTHUM (pisIbTpoOM 3 YacToTorO 3 [i BupaxyBasM AA 

KOKHO! NapH HaiOMMKUNX OTe BEKTOP O3HAK, WO CKMaqaeTEcs 3: dio, MOXIDHA BIT 

BIJHOCHO! BIACTaHi MDK 7BOMa sHORbMH, |v;|,i = 1,2, HOpMa BeKTOPa INBHAKOCTI WIA 

KOKHOI JHOAHHH, a = sign(< v4,V2 >), aOo CTyMIHb BUPIBHIOBaHHA TpaeKTOpiii 

KO2KHOI JIOQHHU. THNOBI TpacKTOpii 1 BEKTOPH O3HaK DJIA MOBEAIHKH "MIAXIL, 3yCTpl4 1 

MIpOAOBxKeHHA OKpeMo" (B3aemMogia 2) HoKka3aHi Ha pucyHKy 4.10. Le Toi xe Tun 

NOBeMIHKH, 10 1 "B3aeMoia 2", TOKa3aHHii Ha MasOHKy 4.2 It CHHTCTHUHUX areHT. 

3BepHITb yBary Ha CXOXKICTb BEKTOPIB O3HAK B OOOX BHMaaKax.
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Pucyuox 4.10 — IIpuxknay tpaextopli 1 BeKTOp O3HaK 1a B3aemMOmli 2, aOO «KMIAXIA, 

3YCTP14 1 IPOAOBKEHHA OKPeEMO» NOBEIHKA. 

4.2.2 Mogeni noBeqiHKH Ta pe3ybTaTH 

AnropuTm TITIMM sukopuctopyBasica Id MOeNIOBaHHA TPbOX pi3HHX 

MOJesel NOBEAIHKH: «3YCTPITHCA 1 MPOAOBKUTH pa30M» (B3aeMoniA 3); «3yCTpPITHCA 1 

po3qiuMTH (B3aeMonia 2) 1 «cmgyBaTw) (B3aemonia 1). Kpim Toro, OyB Takox 

IIpOBeeHO TeCT Ha BHABJICHHA B3A€MOAIi NOPIBHAHO 3 BIACYTHICTIO B3aemMogli. IMM 

noka3aiu HaOaraTo rip pe3ymbtTaTu, Hix TITIMM, 1 tomy He 6ygemo po3rmaqaTu 

pe3yIETAaTH. 

Byslo BUKOpHCTaHO MOJesI, HABYEH! BOM THMaM JaHHx: 

- MOesi TWIbKH Ast MoMepeqHix (CHHTeTHYHHX WaHHx): TOOTO MogesI 

NMOBeEAIHKH, BHBYCHI B CepeOBHII] CHHTCTHYHHX AreHTIB, a MOTIM Oe3mocepeqHbO 

3ACTOCOBYIOTbCA AO peasIbHHX TaHHx 6e3 WOAaTKOBOrO HaByaHHA ao HaslalliTyBaHHA 

llapaMerTpiB; 

- 3a]H1 (CHHTCTHYHI MOC peasbH WaHi) MOJes: HOBI MOJes NOBeAIHKH, 

HaB4eHI 3 BAKOPHCTaHHAM B AKOCTI BIAMpaBHOi TOUKH CHHTCTHYHUX Kpalllx MopeseH. 

Mu BuKopucToByBanH 8 MpHKaaIB KOX%KHOI B3a€MOAIi WAHHX 3 KOHKPeETHOLO Cality. 

TOUuHICTh PO3MI3HABaHHA AK Jia Wx "MonmepeqHIx", Tak 1 Wa "3amHix " TTIMM 

macyMopaHa B TaOmMu 4.2 MpHMITHO, WO TIIbKH 3a WomOMoror1 8 HaBUasIbHuX
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MIPHKaMiB TOUHICTh pO3M13HaBAHHA Ha PeaIbHHX WaHHX MO2xe OyTH MIQBHIeHa 10 

100%. Li pe3ybTaTH ZEMOHCTPYIOTh 30 aTHICTh 301CHIOBATH Had3BH4aliHO WIBHAKe 

BIAHOBJICHHA Halllwx MOeeli MOBeEAIHKH B MOPIBHAHHI 3 BHXITHHMH MomepeqHIMu 

MOCJIAMH. 

Ta6smuusa 4.2 — TounictTb ak WJId HeHaallITOBaHHX, allpliopHux MOsesel, Tak 1 Wa 

KOHKpeTHHXx 06'exTiB LITIMM, nepesipenux Ha peasIbHHXx MIMOXIQHUX WaHux 
  

  

  

  

  

  

TOUHICTb Ha peasIbHHX MILIOXIQHUX TECTOBHX WaHHx (%) 

Tlonepequiii TTIMM 3anHii TITIMM 

Hema B3aemonli 90.9 90.9 

Bsaemogia | 93.7 100 

Bsaemonis 2 100 100 

Bsaemonis 3 100 100           
Hapewiti, kpuBa ROC gana 3aqHix TTIMM noxa3ana Ha pucyury 6.11. 

ROC curve for pedestrian data CHMM 
1 + . r r —   

O.6F 4 

0.5 

0.3F 4 
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Faise alarm rate 

  

PucyHok 4.11 — Kpupa ROC aaa peanbuHux mmoxiqHux WaHux 

OgHUM 3 HaiilikaBllHx pe3yIbTaTIB WHX eCKCIePHMeHTIB € BHCOKa TOUHICTE, 

OTpHMaHa IPH TeCTyBaHHi amplopHHX MOeuei, OTPHMaHHxX IPH MOeOBaHHI 

CHHTe€THYHHX areHTiB. Toi dakT, UO ampiopHi Moyes Tak WOOpe NepeHocaTbca Ha 

PeasJIbHI aH, 110 JEMOHCTPYE HadIMHICTb myzxony. Le noKka3ye, m0 3a WOMOMOroOr0 lel
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CHCTeEMH HaBYaHHA CHHTETHYHUX areHTIB MOXKHO po3spoOsATH MOgeM OaraTbox pi3HHx 

THMIB MOBeqIHKH. YHuKarouH, TaKHM 4HHOM, mpoOsmemH oOOmMexeHOoro oOcary 

HaBuaJIbHHX JaHHXx 1 3aCTOCOByBaTH Li MOE NO peasbHOi NOBEAIHKH JOAHHU 6e3 

WOWAaTKOBOrO HalalliTyBaHHA MapaMeTpiB ao HaBuaHHa. 

4.2.3 UyTaMBICTb MapaMeTpiB 

J]4 OWIHKH 4YTIMBOCTI Ta TOUHOCTI Kacud@ikallli 70 3MiH MapaMeTpiB MOJesI 

Oy0 HaByaHO Hadip Mogesel, B AKHX OyO 3MIHEHO pi3HI NapamMeTpH WHHaMIKH 

areHTIB Ha KOedimienTH 2.5 15. TpoaqykTHBHIcTb WMxX 3MIHCHHX MOZesei BHABHIACA 

TIpakKTH4HO OAHAKOBO!O y BCIX BHMaKax, 38 BHHATKOM "B3aemomii |" B3aeMOziA, aKa, 

3a€TbCA, UYTIMBA TO BIMHOCHOI WIBHAKOCTI pyxy sel.
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BHCHOBOK 

Y wifi ctatri Oyno0 omucaHo cucTemy KOMM'1OoTepHoro 30py 1 MaTeMaTHUHy 

MOJ€JIb JIA PO3SMI3HABAHHA P13HHX BHTIB JIOACbKOI MOBEIHKH 1 B3aeMOMI B 3aqa4l 

BI3YaJIbHOrO CMocTepexeHHa. Ia cuctTema oO'eqHye chagqHy 1 BHCXiZHY IHPOpMaLIIIO B 

3€MKHYTOMY KOHTypl 3BOpOTHOrO 3B'a3Ky, MpHyomMy oOHEZBa KOMMOHeEHTH 

BHKOPHCTOBYIOTb CTaTHCTHYHHH OalieciBCbhKHi M1QXxi2. 

J[1a MoyesOBaHHA NOBEAIHKH Ta B3a€MOAI Oy 3alpONOHOBAHI Ta 31CTAaBJIeH1 

Bl P13H1 apXITeKTyPH CTaTHCTHYHOrO HaBYaHHA Ha OCHOBI CTaHIB, a came IIMM Ta 

TITIMM. Tlepespara dopmysmosanua TITIMM 6yso mpoqeMOHCTpOBaHO AK 3 TOUKH 30py 

e(pPCKTHBHOCTI HaBYaHHA, Tak 1 3 TOUKH 30py TOYHOCTI knacndikali. 3ania pospoOKu 

THY 4KHX Ta IHTepmpeTOBaHHXx alpliopHUXx MOA eel NOBeAIHKH Oya CTBOpeHa CHCTeMa 

HaBuaHHA CHHTCTHYHHX areHTIB, 1 IPOACMOHCTPyBaHO 30 aTHICTh BUKOPHCTOBYBATH Ll 

aNplopHl MOe WA TOUHOI KNacudikauli peasbHOi NoBemIHKH 6e3 Oyob—sKUx 

TONaTKOBHX 3yYCHJIb. HaslalliTyBaHHa aOo TpeHyBaHHa. [lei daxtT ocoOmMBO BaxIMBHH, 

BPaXOBYIOUH OOMeExXeHHH OOCAT HaABHHX aHHXx TPO HaBuaHH”A.
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