Y[IK 004.946, 004.031.42.

. A. bByn2akoe — MarucTpaHT kadeZpbl BbIYUCIUTESbHBIX CUCTEM U CETEN
H. H. PewemHukoea (KaHA. TEXH. HayK, [OLI.) — HAY4HbIN PYKOBOAMUTENb

NPUMEHEHWE ANITOPUTMA ASTAR (A%)
ana 3A0AY ADANTUBHOU HABUTALIUX B BUPTYANIbHOM TPEXMEPHOM NPOCTPAHCTBE

MepBoHayanbHO 3afadya HaBWraLMu Onpedensnach kak npoLecc nepeMelleHust Yepes BUPTYanbHYH
cpedy. B nanbHeiwem B 370 onpeaenexne BKIKYUIN NPOLECC HAXOXKAEHUS NyTU NepemelleHus. HakoHed,
€ero paclUMpuny eLe 1 CPeACTBAMM W YKa3aTensammu Ans yCneluHon HaBurauyuu. Takum 06pa3om, HaBuraums —
MpoLiecc, NP1 KOTOPOM MONb30BATENN YNPABASIOT CBOUM ABWMXEHUEM, UCMONb3Yst OKPYXKatoLMe ykasaTenu U
WCKYCCTBEHHbIE CPEACTBA TUMa KapT, TaK, YTOBbl OHW MOTMM JOCTUIHYTL CBOMX Lienen 6e3 BO3MOXHOCTM No-
TepsATLCS.

Takum 06pa3om, 3aava afanTMBHOW HaBUraLMN B BUPTyarbHON CPeae 3akrioyaeTcst B TOM, 4ToObl no-
MOYb NONb30BATENSIM HANTI CBOW MYTb, B YACTHOCTU — B TPEXMEPHOMN CPEAE C LIECTb0 CTeneHsMI cBO6ObI.
CyluecTByeT TpU METOAA afanTMBHOI HaBUraLMM:

—  mpsiIMoe pykoBOACTBO. Mpu NpsiMOM PYKOBOACTBE CUCTEMA aHANM3MPYeT MapLUPYT OT Ha4anbHoM
TOYKM 0 KOHEYHON 1 B SIBHOM Bl 0TOOpaxaeT ero nomb30BaTernto;

—  rowiarosasi MHCTpyKUus. Mpy aToM MeTofe Becb NyTb pasbuBaeTcs Ha HEKOTOPOE KONMNYECTBO
0TAEMbHbIX KOHTPOIbHBIX TOYeK. HaunHas ¢ nepBoi ToYku, ccTeMa JaeT Nomb3oBaTento NOLACcKkaski Ans [o-
CTVXKEHWS crieaytowen. Mogckaski MoryT ObiTb BU3YarbHbIMU (MapKeP) UK ronocoBbIMY;

—  COKpbITWe. Mpu METOAE COKPbITUS CUCTEMA CKPbIBAET MOSHOCTbIO UM YaCTUYHO Te OOBLEKTbI
OKpy>KatoLLen cpefbl, KOTOpbIe MeLatoT NPSMO BUAMMOCTM KOHEYHOM TOYKM MapLUpyTa.

A* — anropuT™ noucka no NepBoMy HaunyyLeMy COBMaAEHNIO Ha rpade, KOTOPbIN HAaXOAUT MapLLpPYT C
HaWMeHbLLEN CTOMMOCTbIO OT OAHOMO y3na (Ha4arnbHOro) K ApYromy (LeneBoMy, KOHEYHOMY).

Anroputm A* ucnonb3yeT TEPMUH y3en 415 ONpeaeneHns cerMeHTa uccnegyemoro nytu. Takum obpa-
30M, NyTb ByaeT COCTOATb U3 CTAPTOBOrO Y3ia, KOHEYHOrO W CMUCKa Y3N0B, KOTOPble (OPMUPYIOT NyyLLMiA
NyTb MEXZY HUMM.

Mopsgok 0bxoaa y3noB ONpeaensieTcs IBPUCTMHECKON DYHKLMEN «paCcCTOsHUE + CTOMMOCTbY, KOTOpas
06bI4HO 0603Ha4aeTes kak Fx). Ota yHKUMA ABNAETCA CYMMON ABYX APYrvX yHKUMA: (DYHKLMIM CTOUMOCTY
[IOCTIKEHWUS paccMaTpUBaeMoro yana U3 HadanbHoro (06osHavaetcs kak (<)) u aBpucTudeckoit oLeHkoit
PACCTOAHNS OT paccMaTPUBAEMOrO Yana K KoHeyHoMy (0603HavaeTcs kak klx)).

PaccmoTpum npouecc paboTbl anroputMa A* Ha KOHKPETHOM NpUMepe.
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Puc. 1. Hauano noucka Puc. 2 CToumocTn coceaHux y3nos

Ha pucyHke 1 Kpyr B LieHTpe — CTapTOBbIN y3en. Bce coceaHve yanbl UMEKT yKasaTerb, HanpaBneHHbIN
Ha LieHTpanbHbIi. Boibepem oaunH 13 cocegHux y3nos. TOT, Y KOTOPOro CTOMMOCTb MeHbLLE. [Ins OLEHKM CTO-
MMOCTM BOCNONb3yeMmcs opmynion £ = G + 5

[MyTb reHepupyeTcs MyTeM MOBTOPHOMO NPOXOAA Yepe3 OTKPbITHIN CMMCOK U Bbibopa y3na ¢ HauMeHb-
Lwen ctoumocTbto F. PaccMoTpum BblumcneHne ctoumocTu F.

[MpucBOMM BepTUKanbHLIM U FOPU3OHTAsbHLIM NepemMeLLeHnaM ctouMocTb 10, a anaroHanbHbIM — 14,

Xota npasuiibHee 6b1n0 6b1 UCNonNb30BaTh 3HAYEHUS 1 1 ﬁ, NPW Taknx Yymcnax anroputm 6y,qu BbIYNCNATb-



C 3HauNTenbHO Jonblue. lMockonbKy npu 3HadeHusx 10 u 14 COOTHOLIEHWE COXpaHSeTCs, TO MPeanoyTH-
TerbHee WCMosb30BaTh MMEHHO Takue Lienble Yucna (PUCYHOK 2).
CrepnytoLjas coctaBnstoLLas CTOMMOCTM — npeanonaraemas CTouMOCTb NepeMeLLieHns 0T BbIBpaHHOro

y3na [0 KOHe4Horo. Ata CoCTaBMsIoLLas JeNnaeTCsi C NOMOLLbIO 3BPUCTMKM (TMMOTE3bI UK NPESNONOXEHNS),
KoTOpasi NpeacTaBnsieT coboit hopmyny unu anroputm. OfgHa 13 camblx NPOCTLIX IBPUCTUK B 3TOM Cllyyae —
onpeaenuTb PaccTosHUE MeXay STUM LBYMS y3namu ¢ MOMOLLbo TeopeMbl Mudaropa:
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roe S — paccTosHue Mexay y3namu; X — paccTosiHue Mexay ctonbuamm B KOTOpbIX HAXOAATCA y3nbl; Y — pac-
CTOSIHWE MEeX[Y CTPOKaMW B KOTOPbIX HAXO4ATCS Y3nbl.
PacctosiHue S n ectb H 13 popMyribl MOMHOM CTOMMOCTU. Bbluncium e€; pesynbTaT Ha pUcyHKe 3.
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PucyHok 3 — nonHas CTOMMOCTb Ans Kaxgoro yana Pu1CyHOK 4 — KOHEeYHbIi 3Tan noucka nyTu

Onuwem nowuaroBbIn anroputm A*,

1. [loBaBnsiem CTapTOBbLIN Y3€n B OTKPbITbIA CIUCOK.

2. [losTopsiem cregywLlee:

a. [loucK B OTKPBITOM CrMCKe y3na C HauMeHbLUel CToMMOCTbIO F. [lenaem ero TekyLum.
6. [Momellaem ero B 3aKkpbITbIi CIMCOK. (M yaansem u3 oTKpbITOro).
B. [lns Kaxgoro u3 cocegHnx BOCbMY Y30B:

—  €CI1 y3ern HeNnpoxXoamuM UIn Haxo4muTCs B 3aKpbITOM CIUCKe, UrHOpUpyeM. B npoTUBHOM
cnyyae fenaem cregyrLlee;

— €CInM y3en eLle He B OTKPLITOM Cnucke, To gobasnsiem ero Tyda. [lenaem Tekywuii ysen
POAMTENBCKMM NS 3TOro yana. PaccuntbiBaem ctoumoctn F, G n H yana;

— €CIM y3en yxe B OTKPbITOM CMMCKe, TO NPOBEPSIEM, HE dewesne nm byaet nyTb yepes
aToT y3en. [ina cpaBHeHNs ucnonb3yem ctoumocTtb G. bonee Huskas ctoumocTb G ykasblBaeT Ha TO, YTO MyTb
Oypet gewesne. Ecnv 310 Tak, TO MEHSIEM POAMTENS y3na Ha TEKYLMA y3en U nepecynTbiBaeM Ans HEro
ctoumoctn G n F,

r.  OcraHaBnuBaemcs ecnu:

—  pobaBunu LeneBor y3en B OTKPbITLIN CMIMCOK, B 3TOM CRy4vae nyTb HaWgeH;

—  OTKPbITbINA CMIMCOK NYCT U Mbl HE AOLLMM A0 LieNeBon KneTku. B aTom cnyyae nytb 0TCyT-
CTBYeT.

3. CoxpaHsiem nyTb. [Burasicb Ha3ag OT LieNeBOro yana, Npoxoas OT Kaxaoro yana K ero poauTernto
[0 TEX MOp, NMOKa He A0MAEM A0 CTapPTOBOrO y3na. J10 1 Byaet nyThb.

OcobeHHoCTb anroputMa A* B TOM, YTO OH MOXET 4aTb ONTUMabHbI NyTb HE3ABUCUMO OT TOrO, Kakast
9BPUCTMKA MCMOMb3YETCA. M aTUX ONTUMarbHbIX MyTel MOXET ObiTb HECKOMbKO, T.e. CTOMMOCTb WX Byadert
OfMHaKoBa, a camm nyTu ByayT coaepkaTb pasHble Y3nbl.

Takum 06pa3om, UCMONb3OBAHME «MYYLLEN» IBPUCTUKA HE 3HAUMT, YTO OHA BEPHET KpaTyailumi nyTb.
Ho HekoTopble 3BpucTUKkM paboTatoT BeicTpee, Yem apyrve. Hambonbluee pasnnume Mexay HUMKU 3TO KOnu-
4eCTBO Y3r10B MPOBEPSEMBIX MPU NOUCKE NYTU KaXKA0N 9BPUCTUKOMN.

PaccmoTpum peanusauyto anroputMa B BUPTYanbHOM NPOCTPaHCTBE Ha 0CHOBe Agikka Virtools.



[ewxok Virtools n3HayanbHo noaaepxusaeT anroputm A* ¢ AByMS 9BPUCTUHECKMMW METOLAMMU €ro pe-
anusauuun: EBknnga n MaHxaTTeHCKUM.

Cospaaum B npoctpaHcTe ceTky (grid). Cetka (Grid) sBnseTcs ctaHgapTHbIM obbektoM Virtools. Cer-
ka npeacTtaBnsieT coboit TpexmMepHbIn 06BEKT, COCTOSALLMIA U3 MPAMOYTONbHBIX CEKTOPOB pasmMep, NONOXeHe
M LUBET KOTOPbIX MOXHO M3MeHATb. LIBET cekTopa ABNSeTCS ero OCHOBHbIM NapamMeTpoM. 3a CYET U3MEHEHMS
LiBeTa MOXHO 3aAaBaTb pasfiMyHble YCNOBWS, NPU BbINOHEHWN UM HEBBINOMHEHWN KOTOPLIX OyOeT reHepu-
poBaTLCA COObITHE.

Ha pucyHke 5 nsobpaxeHa ceTka, LIBETHblE CEKTOpa KOTOPOM ByayT SBNSTLCS YCNOBHLIMU NPENSTCTBU-
smu. TNonoxeHne nepcoHaxa OTMEYEHO KBAAPaTOM, Lienn — KpyroM. JIMHUAMM NokasaH WTOroBbIN NyTb Nep-
COHaxa. BepXxHsist NHUS — C NPUMEHEHNEM 3BPUCTUKN IBKMIAA, HUXKHAS — C NPUMEHEHNeM 3BpucTukn Mak-
X3TTEHA.

Bcnen 3a ceTkoit co3paeTcs AeicTBytoLee MU0 — nepcoHax. Kak npasmno, nepcoHax akcnopTupyeT-
ca 13 nporpammbl 3D mogenupoBaHus, T.K. cam ABuxok Virtools He no3sonseT npuaaBaTe CBOMCTBA NEpCo-
Haxa obblyHOMy 3D obbekTy. [lanee ans nepcoHaxa CO3AaeTcs CLeHapuid (CkpunT) B KOTOpoM OyaeT pas-
MELLEeH anropuT™, NokasaHHbIN Ha PUCYHKe 6.
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Puc. 5. Bug ceTku B pegaktope Puc. 6. OHoBHOM anroputm

OcHoBHbIM (hyHKUMOHaNbHLIM 6rokom siensietcs 6nok Grid Path Solver. OH akTuBMpyeT anroputm no-
ncKa NyTW, yuuTbIBas 3agaHHble ycnosus. Ero cTpoeHme nokasaHo Ha pUCYHKe 7.

Edit Parameters: Box_Character Script / Grid Path Solver

# Position In Owner Ref| . ol ¥ 0 z [
# Goal Position X 0 ¥ 0 z 0
{ﬁ!l Goal Position Ref Goal -
# Heuristic Method Euclidian Distance A
# Heuristic Factor 2

Diagonal [
# Obstacle Layer _ default - -
# Obstacle Threshold o
# Slowing Factor 1

Use Linkers ]

Linkers As Obstacles | @
# Ms/Frame 1

Puc. 7.ConepxaHue 6noka Grid Path Solver



PaCCMOTpMM HEKOTOPbIE Hanbonee 3Ha4YMMble NYHKTbI:

— Goal Position Ref - ccbinka Ha nonoxeHue Lenu. Ykasas B AaHHOM NyHKTE KaKon-nnbo 06bekT,
cuctema byaeT NOCTOSIHHO OTCREXMBATb M3MEHEHMS €0 MOMOXEHNS U KOPPEKTUpOBaTb anroputm. MNpu yka-
3aHUM NO3NLM CTPOTO, Yepes NpeablayLLMiA NYHKT, CUCTEMA NPOCYUTAET NYTb OAMH Pa3 4O KOHKPETHO 3aaaH-
HOM TOYKW.

— Heuristic Method - ucnonb3yemblin 3BpUCTUYECKMA METOA. Bcero goctynHo asa metopa: EB-
KnuaoBbIv U MaHxaTTeHCKkui. EBKNMOOBLIN JOCTYNEH B TPEX PasHOBUAHOCTSAX: NPOCTOW, KBaApaTUYHbIA K On-
TUMU3NPOBAHHBIN.

— Heuristic Factor — onpefenser BaXXHOCTb 3BPUCTUKM NpU pacyeTax.

[ns peanusauun MeToga MoLAroBOM WHCTPYKUMM co3paaum rpad m3 3D-ppeiMoB — HEBMAMMBIX
TPEXMEPHbIX 0O BEKTOB.

lMocne co3aaHus JOCTAaTOYHOrO KONMYECTBa (PPEMMOB 1 PacnonoXeHUs UX B CLEHE, He0OXx0aumo 00b-
eVHWUTL VX B FPYNNy 1 Co3aaTh ANs 3TOM rpynmbl cLeHapui. B 3TOT cueHapuil noMeLLaeTcst OAWH eauHCTBEH-
HbI 6nok — Create Nodal Path (cosgatb nyTb no yanam).

[laHHbIN BrIOK He UMEET BXOJO0B, BbIXOLOB U HE UCMOMNb3YET HIKakue nepemeHHble. OH SBNSeTCs cBoe-
[0 poda KOHCTPYKTOPOM CETKM nyTen. Ero ctpoeHne nokasaHo Ha pucyHke 8. ®peiimbl 0603HaueHbl BenbiMu
Kpyram.
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Puc. 8. CTpoeHue bnoka Create Nodal Path

Ha naHenu WHCTPYMEHTOB MOXHO MacLiTabuposartb, 1 nepemeLlaTh BUA, a Takke Job6aBnaTh, yaansitb
y3Mbl, CBA3W MEXAY y3namu u npenatctaus. CBasb Mexay ABYMS y3namn MOXeT 6biTb OAHOHANPaBNEHHON U
ABYHanpaBneHHON.

Mocne co3paHuns HeobX0AMMbIX CBS3eM B CLieHY A0BaBnseTCs NepCoHaX 1 Ans HEro CO3aaeTcs CKPUNT.
Onuwem nocnegoBaTenbHO NPUHLMN ero paboThbi:

1. OukcupyeTcs Npon3BeAeHHbIN KUK TEBOW KHOMKOW MbILLV B NPOCTPAHCTBE CLEHbI.

2. OnpepensieTcs MECTONONOXEHME Kypcopa B MOMEHT KiuKa.

3. Ecnw knuk npousseaeH BHe 06racTu CLeHbl, TO BO3BPALLAEMCS B HaYarnbHOE COCTOSHIE, UHaYe
onpegenseTcs bnvxanwni K MeCTy Knuka ysen. OTOT y3en CYNTaeTCs KOHLOM NyTy.

4. Onpegensietca 6avxaiLuin y3en K TEKyLLEMY NONOXKEHNIO NEPCOHaXa.

5. Ha 6rok noucka nytv noctynaeT uHcopMaums 0 AByX y3nax:

—  CTapTOBOM (HayarbHOE NMoroXeHe NepcoHaxa);

—  KOHEYHOM (BvpKaiLmin K TOUKe KInka).
6.  Haxogutcs npoMEXyTOUHbIN y3€n, eCrN TaKOBON UMEETCS, MeXAY HayarbHbIM 1 KOHEYHbIM.



7. Tlpn HanMuMM NPOMEXYTOYHbIX Y3rI0B, Ha NO3WLMI0 BvKaNLLEro y3na K NepcoHaxy CTaBUTCS Bu-
3yanbHbI Mapkep.

8.  [locne npoxoxaeHus NMepcoHaxeM NepBoro NMPOMEXYTOYHOrO y3na, MeTka nepemellaeTcs Ha
cnegyrowmin. Tak npoucxoauT 4o TexX nop, Noka NepcoHax He JOCTUTHET KOHEYHOTO y3na.

Anroputm A* nosisuncsa B 1968 rogy, HO 40 CuXx NOp OCTaeTCst akTyanbHbIM U BOCTPeOGOBaAHHbIM anro-
pUTMOM. OH NPUMEHSETCS BO MHOTUX Urpax U 0ByYatoLLMX MPUSTOXEHMSIX.

[ewxok Virtools nsHayanbHo nogaepxuBaeT AaHHbIA anroputM C ABYMS 9BPUCTUYECKUMU METOAaMM
paboThl, 4TO NO3BONSET 3HPEKTUBHO peLlaTb 3adaduu noucka NyTM U aganTUBHOM HaBUraLMK B BUPTYarlbHOM
cpene.
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