MeToAbl NOCTPOEHMA U aHa/IM3a a/ITOPUTMOB

PacyemHo-epaguyeckoe 3adaHue:
lMocmpoeHue nymu 019 MobusibHo20 poboma 8 BYMEPHOM hpoCcmpaHcmae

3aja4a

MoGunbHbIn pOBOT ABWXKETCS MO NMOCKOCTU. PoBOT MMeeT popMmy Kpyra pagumycom r c
koopauHaton ueHtpa (C,, C,); poboT MoxeT pasuratbcs B obom HanpaeneHun 6e3
OrpaHnYeHnn, ¢ HEKOTOPOW 3a4aHHOM MOCTOSAHHOM CKOPOCTBLIO. Takke Ha NIOCKOCTU HaXoaATCs
0b6beKTbI-NpenaTcTensA. 3adaHbl HavanbHaa M KoHedHas koopauHatel pobota Init=(Init,, Init)) n
Goal=(Goal,, Goaly), pononHUTENbHO MOXET ObITb 3a4aHO HECKOSbKO MPOMEXYTOUHbIX
KoopauHar.

3agaya: HaWTK KpaTyanwmm (N0 BO3MOXHOCTW) NyTb ANns poboTa u3 HavyanbHOW KOopAnHaThl B
KOHEYHYO, HE nNPUBOASLLMIA K CTONKHOBEHMIO pobota ¢ npendarcTBusmn. [pyn  Hanuumm
OOMOMNHUTENBHLIX KooOpAWHAT MyTb OOMMKEH MPOXOAUTb Yepes3 Kaxayl OONONHUTENbHYHO
KoopAnHaTy MMHMMYM MO OAHOMY paay.

OcHoBHble onpeaeneHus

[MpenaTcTBUA B 3ag4aHny MOryT 3a4aBaTbCsl OAHMM U3 cneayowmnx obpasos:
e napannernbHble OCcsaM NpsaMoyronbHukn (Puc. 1a)
e kpyru (Puc. 1b)
e TpeyronbHukn (Puc. 1c)
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Puc. 1. Tunbi npensmcmeud

Takke cumtaem, 4Yto paboyass obnacTb orpaHuyeHa nNPSIMOYrofbHOW rpaHuLEit, Bbixod 3a
KOTOPYIO He XenaTereH.

Pobot 3agaetcs kak Kpyr paguycom r € R, nonoxeHne poboTta onpenensieTcd ero koopauHaTom
B ABYMEPHOM MPOCTPaHCTBe - NornoxeHueM LeHTpa kpyra (C,, C,) € R

MyTb - nocnegosaTensHOCTb KoopanHat Pi=(Py, Pyy) € R2, i=1..n, P,=Init, P,=Goal. KoopanHaTbl
B MyTW COEAMHAIOTCSA OTpe3kamMu, T.e. MexXay KaKAoW napow koopauHat poboT ABMXKETCHA no
NPSMOWN.



MpocTpaHCTBO KOHpUrypaLun

KoHdurypauus pobota - Habop napamMeTpoB, OAHO3HAYHO ONpeaensoLWmi nonoxeHme pobora
B npocTpaHcTBe. [MpocTpaHcTBO KOHdurypauun (configuration space, C) - MHOXeCTBO Bcex
BO3MOXHbIX KOHGMrypaummn pobota. B Hawen 3agave koHdurypaumsi pobota - ero koopguHaTa,
COOTBETCTBEHHO MMEEM ABYMEPHOE NPOCTPaHCTBO KOH(UIypaLnn.

MpocTpaHcTBO KOHpurypaumn C MoOxHO pa3duTb Ha gBa nognpoctpaHcTBa (Puc. 2): Ciee -
AONyCTUMbIE KOHUrypauum, T.e. He NPMBOASLLNE K CTONMKHOBEHUAM C NpenatcTBUAMn, U Cyy -
HegoNyCTUMblE KOH(Urypaumm, T.e. NPMBOASALLME K CTONKHOBEHMSAM C NPENSITCTBUAMMN.

Cfree

aq

Puc. 2. NModnpocmpaHcmea Cie U Cops

B npocTpaHcTBe KOHcburypauum KoHdurypaumss poboTta - MaTepuanbHas ToOuKa,
COOTBETCTBEHHO 3ajadva noucka (KpaTyanwero) nyTm cBoguTca K 3agade noucka B C
(KpaTyanwen) KpuMBOW/IOMaHOW MPSAMOW, MOnHOCTblo nexawen B Cq, W COeaMHSIOLEN
HaYyanbHY Y KOHEYHYIO KOHUTYPALMN (it U Qgoal (PUC. 3).

q

Puc. 3. lymb po6oma 8 Cye



PasnuuHble anropuTmbl noucka NyTW UCMNOMb3YT SIBHOE MM HeaBHoe npeacTaBrieHne C.
Onsa nonyyenuns C ., B ABHOM BMae hurypbl-npensaTcTBms “yBennumBaloTcsa” no kpasm Ha dhopmMy
pobota, T.e. npenstctBne B C nonyyaerca nytem npoxoxaeHus copmbl pobota no kparo
ncxogHom courypbl M 06beanHEeHUI0 NonyYeHHoM urypbl ¢ ncxogHom (Puc. 4).
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Puc. 4. lNonyyeHue C,,, 8 A6HOM 8ude

[na npoctoTbl BBEAEM crneayrolme ynpoLeHHble npasuna nonyvyeHnsa uryp-npensaTcTemm B
Cobs, HE MeHsOWME TUN uUrypsbl (34eCh I - unn pagmyc poboTa, unm BennymHa HemMHoro 6onblue
paguyca poboTa, ecnuM Hanpumep HexenatenbHO Cchnuwkom 6nu3koe cbnuxkeHne c
NpensiTCTBUSMN):
® MPSAMOYIOfbHUKN: KaXAbI NPSMOYTONbHUK YBENUYMBAETCA HA I B KaXayl CTOPOHY Mo
KaXkgow koopaunHate
Kpyru: paguyc KaXkgoro Kpyra yBenmymBaeTcs Ha r
TpeyronbHUkK: TpeyronbHUk B Cg,s NOMy4yaeTcs M3 UCXOOHOro TpeyrofbHWKa nyTem
CABUra Kaxaow ero CTOpOHbl B HampaBfieHWM BeKTopa MepneHauKYnsipHOro K CTOpoHe
(HanpaBneHune - “n3” TpeyronbHWKa), Ha BENUYMHY I, U HAXOXOEHUMN TOYEK nepeceyeHuns
ANst NPAMbIX, NPOXOAALLMX Yepe3 CABUHYTbIE CTOPOHbI

ANropmTtMbl NOCTPOEHUA MYTH

Bce 13 paccmartpuBaeMbix anroputMOB MOCTPOEHUSI NMYTU TakK UM MHaAYe OCHOBbLIBAKOTCS Ha
AVNCKPETU3ALMN NPOCTPAHCTBA KOHUrypauui 1 ero ganbHenwem nccrnegoBaHum, nocrne Yero
3ajava nomcka nyTu CBOOUTCA K 3aade nomcka kpatyawiwiero nytu B B3BelLeHHOM rpadbe. [ns
novcka KpaTyamwero nyTu B rpade MOryT MCrnonb30BaTbCs Takme anropuTMbl, Kak anroputm
Oenkctpol, A*, D*, Theta* u 1.4..

Mpn HanMuun B 3agade NPOMEXYTOYHbIX KOOPAUHAT B SIBHOM UK HESIBHOM Buae nobasnseTcs
3afaya KommuBoshkepa. Beuay OGONbLION BbIYUCIUTENBHOM CAOXHOCTM TOYHOMO PELUEHMS
3aja4M, €ee MOXHO pellaTb 9SBPUCTUYECKMMM METoAaMW: Hanpumep, XaaHbiMUA  UNK
reHeTUYEeCKUMM anropMTMamm, MeTooM floKanbHOro noucka u T.1..



KoMb6MHaTOpHbIEe METOAbI

'pacd BuanumocTu (Visibility graph)

B C ctpoutca rpadp, BepwmHamu rpada SBnsOTCA BCE BEPLUMHBI MOSIMIOHOB-NPENSTCTBUA U3
Cops NITHOC HavanbHasi U KoHeuyHas koHgurypaumm (Puc. 5). Napa BeplurH coeanHsaeTcs pebpom
(oTpeskoMm), ecnv OHW “BMAOHBLI" APYr U3 Apyra - T.e. OTPEe30K He CoaepXuUT nepecedeHnini ¢ Cops
(npn a9TOM rpaHMLUbl MOMWIOHOB BKMOYalTCA B rpad), Bec pebpa - gnvHa nytu. [Onsa
nosly4eHHoro rpacdpa pellaercsa 3agada nomcka Kkpartyanwero nyTm n3 HadanbHoOW KoHurypaumm
B KOHEYHYIO.

Puc. 5. PeweHue 3ada4yu ¢ nomMouwbro epagha sudumocmu

MpensaTcTBUSI-KPYTM ANs 3TOrO anroputMa MOXHO anmnpoKCUMMPOBATb MHOTOYrofibHUKamMmn ¢
HEeKOTOpbIM 3aaHHbIM YACIIOM BEPLUNH, ONUCAHHBIMU BOKPYT KPYTOB.

Paz6buneHune npocTpaHCTBa Ha peryaspHble KAeTKH

MpocTpaHCTBO KOHGUrypaumn pasbmnBaeTtcs Ha perynsipHble knetku (Puc. 5). PasbueHvne moxet
NPOBOAUTLCA PEKYPCUMBHBIM WM MHbIM  cnocoboM. KneTkn MoryT ObiTb Kak OfHOro
(PUKCMPOBAHHOIO pasMepa, Tak U pasHblX, 0BbIMHO ecTb npegen Ha MUHUMAnNbHLIN pasmep
KNeTKu.
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Puc. 6. [Jekomno3uyusi npocmpaHcmea KoHguaypauuli Ha peaynsipHble Krnemku

KneTkn genstcs Ha gBe rpynnbl - CBOOOAHbIE U 3aHATbIE, CBOBOAHBIE KNETKMN NMOMHOCTBIO nexar
B Ciee, 3a@HATBIE - YACTUYHO WM NOMHOCTbIO nepecekatoTca ¢ C,,. CBOGOAHBIE KNETKM
obbeauHATCA B rpad, BepluHbl rpada - UeHTpbl KNetok, pebpa - nytn mexagy ueHTpamu
knetok no npamon (Puc. 7). Ana nonyyeHHoro rpadpa pellaetcda 3agadya novcka kpatyamero
nyt (Puc. 8).

Puc. 7. ObbeduHeHuUe c80600HbIX KITEMOK 8 C853HbIl 2pagh

qend

q sta
Puc. 8. PeweHue 3ada4yu ¢ rnomMouwbto pa3bueHus npocmpaHcmea Ha peayrisipHble Krnemku




MeToAbl, OCHOBAHHbIE Ha C/ly4YaMHbIX 0bpa3Lax

HaHHble meToabl uccnegyoT npocTpaHcTBo C C NOMOLLBIO Cry4varHbiX 06pasuoB - CIMMMOB.
Mpn atom npeactaeneHne C,, B ABHOM BuAe OObIMHO HE MCMOMb3yeTcs, a MCMonb3yeTcs
TONMbKO MpoOBepKa Ha CTOMKHOBEHME poboTa ¢ npenaTcTBUAMM B 3adaHHOW KOHdUrypaumm.
Pesynbratom uccnegoBaHua €BRseTCs rpad wnvM  OepeBOo, B KOTOPOM 3aTeM  ULEeTCs
KpaTyanwmmn nyThb.

Probabilistic Road Maps (PRM)

B paHHom meTtoge B Gy, CHadana cTtpoutcsa rpad (kapta gopor - road map) Ha ocHoBe
cnyyanHbix koHdurypaumm m3 Cy... 3aTem K rpady [obaBnsaoTcA HadanbHasi MU KOHe4YHas
KOH(purypauumn n 3agada pellaercd MeToAoM fnoucka kpatdauvwero nytu B rpade (Puc. 9).
[MOCTPOEHHYIO KapTy AOPOr MOXHO MNepevcrnonb3oBaTb ANs MOucKa MyTU MeXay pasHbiMu
KOHGourypaumsimu.
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Puc. 9. PeweHue 3adayu ¢ nomowbto PRM

OnmMcaHue BCIOMOTATEJIbHBEIX GOYHKILIUMA:

RandomSample () - BO3BpallaeT HOBYI CJAYy4YaMHYID KOHOMUIypauuio U3 Cr.e.
CollisionFree (X, Y) - mpoBepseT, UYTO HOYyThb IO NPAMOM M3 KOHOMTypauum X
B Y He NOPpMBOOUT K KOJIIM3MAM. [JI9 OPOBEPKM MOXET MCHOJbB30BaTbCS WUIU
aABHOe TInpexncrTaByieHue C,.., JIMOO MNIPOBEPKM Ha KOJIJIUIUU MOT'YT IPOBOIUTLCS
B KOHQUI'ypalUMaxX M3 PAa3HHX MeCcT oTpeska XY C HEeKOTOPBM WLaT'OM.

Near (G, X, k) - BosepamaeT Kk BepumH u3 Tpaba G, OIMxaMmmx K
KOHOuTypauumu (BepumHe) X. AJIbTEPHaATMBHAA BepcUa QYHKUMM MOXET BMECTO
yycJjla BepWMH Kk MCIOOJNIB30BATb paccTosHMe dist: Torma BoO3BpallaloTCcsa BCe
BepumHE Tpaba Oawxe uvem dist xk BepmmHe X.



[TapamMeTpe ajJropmTMa PRM:

N - umcjo cosMmIJoB (ueM OoJiblle TeM TOUHee OyIOeT pe3yJibTaT)

k - UMCJIIO OmyKaMMx ~ BEPUIMH K = PACCMOTPEHUD (albTEPHaTUBHO  —
MaKCUMaJibHOe paccrosHue dist nnus nomcka OaMxanmmMx BepUMH)

Qinit, Qgoal - HauaJbHasg M KOHEUHasd KOHOUTYypaLUMU

PRM(N, k, Qinit, Qgoal):

G - nycrom rpad
[loxka uymcio BepurH B I'pade G MeHbme yeM N:

Qrand = RandomSample ()

IJobaBute bBepumMHy QOrand B Trpad G
IOia xKaxIoM BepmMHEL Q u3 G:

QOnear = Near (G, Q, k)

for On in Qnear:

if CollisionFree(Q, On):
OobaBuTe pebpo (Q, On) B Tpad G

CoemmHuThs Qinit m Qgoal c rpadoM G (moBaBmUTH BepUMHE M pedpa)
BepHyTh kpaTuanmmiy nyTb B I'pabe G m3 Qinit B Qgoal

Rapidly Exploring Random Trees (RRT)

B paHHOM meToge 13 HadanbHOW KOHdUrypaumm q,,; CTPOMTCS AepeBo, nokpbiBatowee Cie
(Pvc. 10). lNocne nocTpoeHuss aepeBa B Hero [006aBNAETCS (Qgoa W NPOU3BOAUTCS MOMUCK
KpaTyamwero nyTM M3 HayanbHOW KoHdurypaumm B KoHeuHyto (Puc. 11). daHHbin meTopq
OPVEHTMPOBAH Ha MOWUCK OTBETa Ha OAMH 3anpoc C KOHKPETHBIMU it Y Jeoal-

45 iterations 2345 iterations

Puc. 10. lNocmpoeHHoe Oepeaso nocsie pasHoe2o Yucnia umepauyud



Puc. 11. PeweHue 3ada4u ¢ nomouwbio RRT

OnmMcaHMe BCIOMOTATEJIbHHEIX QYHKILIMIN:

RandomSample () - BO3BpallaeT HOBYID CJAYyYaMHYIO KOHOMUIypauuio U3 Crpee-
CollisionFree (X, Y) - mpoBepseT, 4YTO NYyThb IO NPAMOM M3 KOHOMIypaumm X
B Y He OPUBOOUT K KOJIMU3UAM. IJg HOPOBEPKM MOXET MCIOJb30BaTbCH WU
aBHoe TnpencrarjeHme C,,,, JUOO MNPOBEPKM Ha KOJJIMU3UM MOTYT NPOBOAUTLCH
B KOHQUI'ypalLUMax M3 pPasHHX MeCT oTpesKa XY C HEeKOTOPHM LaI'OM.

Nearest (G, X) — BO3BpallaeT BEpPUUHY (koHOUTYPALUO) n3 rpaba G,
Oavwxanumyio K KOoHbourypauum X. Ecam okaselBaeTcd, UYTO Ojawxanmas K X
KOHbGuITypaumusa JIeXUT Ha pebpe rpada, B 3TOM MecTe pebpo IOeamMTCcd Ha IOBEe
yacTu u B Tpad mobamiysgeTcs HoBas BepummHa (Puc. 12).

Steer (X, Y) - BO3BpallaeT HOBYK kOHOUIypauuioo Z U3 Cio, JEeXallyld Ha
oTpe3ke XY um Onmwxammyio kK Y, Takyio uro CollisionFree (X, Z) (Puc. 13).

[TapameTprl ajgropmuTMa RRT:
N - umcyio csMIJoB (UeM OoJiblle TeM TOUHee OyIOeT pesysbTaT)
Qinit, Qgoal - HauaJbHas M KOHEeUHAs KOHOUTypaumum

RRT (N, Qinit, Qgoal):
G - nycrom Tpad
OobaBuTh BepumHy Qinit B G
for 1 = 1..N:
Qrand = RandomSample ()
On = Nearest (G, Qrand)
Qs = Steer (Qn, Qrand)
IJoBbaBuTe BepuMHY Os B Tpad G
HobaBuTe pebpo (Qn, Qs) B Tpad G
CoemmHUTb Qgoal c rpadom G (moOaBUTHL BEPUIMHY U pebpo)
BepHyTb kpaTuammmiy nyTb B I'pabe G m3 Qinit B Qgoal
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Puc. 12. [JobaeneHue HO80U 8epuiUuHbI Npu Haxox0eHuu briuxaduwel KoHguaypauuu Ha pebpe
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Puc. 13. Nouck bawxatiwel K camry KoHgbuaypauuu, He rnpueodsawed K Konnusuu

B anbTepHaTMBHOW peanu3auuyM Metoda MOryT CTpoUTbCS cpasy ABa AepeBa: U3 Qi M Jcoans
nocrie Yero NPoM3BOAMTCS MonbiTka 06beaNHEHWS! [epPEBLEB.

TpeboBaHUA K peanm3auum

PI'3 BkntovaeT B cebst ABe YacTu:
1. peanusauusa anropuTMoB
2. paspabotka GUI-npunoxeHus, nos3Bonsoowero rpadpuyeckm NpOAEMOHCTPMPOBaTh
paboTy peann3oBaHHbIX arirOPUTMOB B UHTEPAKTUBHOM peXunme
MaTtemaTnyeckyto YacTb (anropuTmbl) XenaTenbHO NMOMECTUTb B OTAENbHbIN nogMoayrb. ITOT
NnoaMoaynb MOXET Mcnonb3oBaTbes kak B GUI-npunoxeHun, Tak v, Hanpumep, B 0ObIMHOM
KOHCOMbHOM MPUOXEHWMN.
OCHOBHbIE BO3MOXHOCTM, KOTOPble AOIMKHO noaaepxmsatb GUI-npunoxeHuve:
e OTOOpaxeHne cueHbl: NPensTcTBUMA, poboTa, HaYanbHOM, KOHEYHOW U NMPOMEXYTOYHbIX
(Npn HanNWuuKn B 3agaHUK) ToYeK NyTH
® WHTEpaKkTUBHOE 3aJaHve W MU3MEHeHWe NpensaTcTBUW, pasmepa poboTa, NONoXeHus
HaYyanbHON, KOHEYHON N MPOMEXYTOUHBIX (MPY HANU4YMK B 3a4aHWUM) TOYEK NyTH
BO3MOXXHOCTb COXpaHEHMsI CLieHbl B dpain 1 3arpy3ku ee us dgpanna (c Boidopom chainna)
oToOpaxeHne MNOCTPOEHHOrO MNyTM UMM COOOLWEHNss O TOM YTO MyTb He Yyaanoch
NOCTPOUTb
oTobpaxeHne NOCTPOEHHOro rpadpa (aepeBa, CETKN)
3ajaHve napameTpoB anroputMoB (B WHTepdpence unm 4depes KOHPUrypauUOHHbLIN
doann)
e XenaTtenbHa BO3MOXHOCTb MOKa3a MoNoXeHus poboTa B MPOU3BOSbHbLIX TOYKaX NyTw
ANSA NPOBEPKN OTCYTCTBUSA KOMMU3UN



Ona pa3paboTkm MOXHO WCMNOnb3oBaTb JHOOON A3bIK MPOrpammMuMpoBaHus, B T.4. nobyto
ounbnmoTeky/dpenmeopk ana cosgaHms GUI.

Otyer

Mo paboTe NOAroTOBUTbL OTHET, B OTYET BKIOUYUTD:
® OnMcaHWe UCNOoNb30BaHHbIX N pa3paboTaHHbIX anropuTMoB
e onucaHue BO3MOXHOCTEN n nHtepderica paspaboraHHoro GUI-npunoxenuns
e pesynbratbl paboTbl MPUMOXKEHUS B pasHblX CUEHapusX: €eCTb NyTb, HEeT nyTw,
HEKOPPEKTHbIN BBOA AaHHbIX U T.4. (CO CKPpMHLLOTaMM)

BapuaHTbl 3aaHWI

Bapuarnm = Anzopumm, mun npensmcmeud, Hau4ue rnpoMeXXymodyHbIX KOopOuHam.
1. pad BMAMMOCTU, NPSMOYTONbHUKK, B3 NPOMEXYTOYHbIX KOOPANHAT.
2. PasbueHune Ha KNeTKn, NPAMOYronbHUKK, 63 NPOMEXYTOYHbIX KOOPAMHAT.
3. PRM, npsimoyronbHuKKN, 6€3 NPOMEXYTOYHbBIX KOOpANHAT.
4. RRT, npsaMoyronbHukn, 6€3 NpoMexXyTOYHbIX KOOPAMHAT.
5. lpad BugumocTtun, kpyrmn, 6e3 NnpoMeXXyTOYHbIX KOOpAMHaT.
6. PasbueHne Ha kneTkn, Kpyrn, 6e3 NPoOMeXyTOUHbIX KOOPAMHAT.
7. PRM, kpyru, 6e3 npoMexxyTO4HbIX KOOPAMHAT.
8. RRT, kpyrn, 6€3 NnpoMeXyTO4YHbIX KOOPAMHAT.
9. lpad BMANMOCTH, TPEYroNbHUKN, 6€3 NPOMEXYTOYHbLIX KOOPANHAT.
10. Pa3bueHne Ha KNeTku, TpeyronbHUKK, 6€3 NPOMEXYTOUYHbIX KOOPAWHAT.
11. PRM, TpeyronbHukmM, 6e3 NpoMexXyTo4HbIX KOOpAMHaT.
12. RRT, TpeyronbHuku, 6€3 NpoMexyTo4HbIX KOOpAUHAT.
13. Mpadh BMANMOCTU, NPSAMOYIOSTIbHUKKN, C MPOMEXYTOYHBIMW KOOpAMHaTaMu.
14. PasbueHne Ha KNneTku, NPAMOYrofibHUKK, C MPOMEXYTOUYHBIMU KOOpANHATaMN.
15. PRM, npsAMOYronbHUKN, C MPOMEXYTOYHbIMM KOOpANUHATaMu.
16. RRT, npssiMOyronbHMKN, C MPOMEXYTOYHbIMU KOOpAMHaTaMW.
17. I'pad BUOMMOCTHU, KPYrK, C NPOMEXYTOUHbIMU KOOpAMHaTaMMU.
18. Pa3bueHne Ha KNeTku, Kpyru, ¢ MPOMeEXyTOYHbIMK KOOpAMHaTaMMu.
19. PRM, Kpyru, ¢ npOMeXyTOUHbIMU KOOPAMHATaMM.
20. RRT, kpyru, ¢ NpoMeXyTO4YHbIMW KOoOpaMHaTaMu.
21. 'pad BUOMMOCTH, TPEYrONbHMKKN, C MPOMEXYTOUYHBIMU KOOPAMHATaMM.
22. Pa3bueHne Ha KNeTKn, TPeYroflbHUKK, C MPOMEXYTOYHbIMU KOOPAMHATaMMU.
23. PRM, TpeyronbHWKK, C NPOMEXYTOYHLIMW KOOpAMHATaMM.
24. RRT, TpeyronbH1KN, ¢ NPOMEXYTOYHbIMU KOOpAUHaTaMM.

JlutepaTtypa
1. Steven M. LaValle, Planning algorithms, Cambridge University Press, 2006.
2. Howie Choset u gp., Principles of robot motion: theory, algorithms and implementation,
The MIT Press, 2005.
3. Jean-Claude Latombe, Robot motion planning, Springer US, 1991.



/lonosiHeHUe: anropuTMbl NPOBEPKM FrEOMETPUYECKUX DUIYpP Ha
nepeceyeHue

BcriomMoTraTesib HElE npounenypssr:

dot (V1, V2) = V1.x*V2.x + V1.y*V2.y - CKaJIdapHOe IMNPOM3BEeINEeHME BEKTOPOB
VvVl u V2
cross(Vl, V2) = V1.x*V2.y - V2.x*Vl.y - BEKTOPHOEe IMpOMuU3BEIEHUE

BeKTOpoB V1 m V2

closest (A, B, P) - Omamxanmasa k Touke P Touka Ha oTpeske (A, B):
d = dot (AP, AB) / dot (AB, AB)
d = clamp(d, 0, 1) - orpaHmuuTb d nuanazoHoM [0, 1] (6e3 orpaHUUEHUS

OJIy4dMM OaMxauuyld TOUKY Ha JMHUM IOpoxondaumelr depe3 (A, B))
BepuyTs A + (B - A)*d

[lepeceueHre OBYX Touek Pl m P2:
[lepeceuenue ecau abs(Pl.x - P2.x) < EPS u abs(Pl.y - P2.y) < EPS (EPS
- apaMeTp TOYHOCTM, Halpumep, le-6)

[lepeceueHue TOukM P m oTpeskxa (A, B):
[lepeceueHue ecnau cross (AB, AP) parHo 0 m dot (AB, AP) <= dot (AB, AB)

[lepeceueHne TOYkM P u kpyra (C - LeHTp, r - paiuycC) :
[lepeceuenue ecnamu dot (PC, PC) <= r*r

[lepeceueHue TOUKM P u TpeyrojsbHuka (A, B, C):

sl = cross (AB, AP)

s2 = cross (BC, BP)

s3 = cross (CA, CP)

[lepeceueHue ecyau Bce (sl, s2, s3) >= 0 mim Bce (sl, s2, s3) <=0

[lepeceueHue oTpe3xkoB (A, B) m (C, D):
denom = cross (AB, CD)
alpha = cross (AC, AB)
beta = cross (AC, CD)
Ecam denom paBHO 0: (OTpe3KM KOJIJIMHEAPHE)
Ecnin alpha He paBHO 0 - OTpes3sKM HapallJlesIbHE M He IepeceKaknTCcsd
t0 = dot (AC, AB) / dot (AB, AB)
tl = t0 + dot(CD, AB) / dot (AB, AB)
(t0, tl) = (min(t0, tl), max(t0, tl))
[lepeceueHue ecau uHTepBay [t0,tl] mnepecekaeTcs C MHTEPBAJOM
[0,1]



MHaue nepeceuenme ecau of6a alpha/denom wum beta/denom HaxomsaTca B
uHTeprajye [0, 1]

[lepeceueHue oTpes3ka (A, B) u xpyra (C, r):
[lepeceuenue ecaum closest (A, B, C) nepecekaerca c kpyrom (C, r)

[lepeceueHMe OTpe3Ka UM TPeyIr'OJIbLHMKA:

[lepeceueHre eciu KakKadga-JIMOO M3 KOHEUHBIX TOUEeK OTpesKa IlepecekKaeTca C
TPEeyT'OJILHMKOM MJIM OTpPEe30K IepecekaeTcd C Kakou-ambo U3 CTOPOH
TPpeyI'OJIbHMKA
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