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Pa3paboTka - MocTtpoeHue guarpammbl BopoHOro metogom 'pasgensin un

tutorial

BnacTByn'. Penakcauus Jinonga

HenasHo, Ha xabpaxabpe 6blna onybnnkosaHa craTbs, LLEIMKOM W MOMHOCTLIO MOCBsILLEHHas AvarpaMmaM BopoHoro. B crtaTbe aBTOp
noapobHo onuceiBaeT anroputM ®opyyHa, NnpMMeHseMbllii AN NoctpoeHns [uarpammel BopoHoro 3a O(n*log(n)). CTouT 0TMETUTL, YTO
onuncaHme 3TOro anropuTMa He pas NosiBNsNOCh B PyHETe, B TO BPEMS Kak 0 APYrux anroputMax (C TO e aCMMNTOTUKON) paccKa3aHo
POBHbIM CYETOM HUYero. [laHHas CTaTbsi MCMPaBASET 3TO HEZOPasyMeHUe, a TaKxKe SB/SAETCA OT/IMYHbIM JOMOMHEHNEM K yXe
onybanKoBaHHOMY paHee matepuany.

Huxe s pacckaxy o anroputMme 'pasgenssiii M BAacTBy#' NOCTpoeHUs anarpaMmmbl BopoHoro 3a O(n*log(n)), a Takxke, OCHOBbIBasCb Ha
CBOEM MPaKTUYECKOM OMbITe, O NO-HACTOSILLEMY KPYTbIX LUTyKaX, B KOTOPbIX 3TO NpuMeHMMo. BoobLlie, anroputMmel Tuna 'pasgesnsii n
B/1ACTBY/' ABNAKOTCA CBOEro poAa KacCMKOW NporpaMMmpoBaHns (AymMato, Npo COPTUPOBKY AaHHbIM METOAOM Cribllan KaXxabli
NpOrpaMMmCT), XOPOLLIO Napannensarcs U Nerko YntTatTca (ecn, KOHEYHO, 3HaTb OCHOBHYIO MAE anroputma).

OnucaHue anropuTMa 'pasaensii u BAAaCTBYM' NOCTPoeHUs aMarpaMMbl BopoHoro

McxoaHOe MHOXECTBO TOYeK COPTMPYETCS MO O4HON U3 KOOPANHAT(NOMOXMM, X) U AENUTCA Ha ABa, MPUMEPHO paBHbIX MHOXECTBA.
Kaxzoe 13 nony4yeHHbIX MHOXECTB CHOBa AENTCA Ha ABa M TaK MPOMCXOAUT A0 TeX Mop, Noka B KaXXAOM U3 MHOXECTB OCTAHETCS He
6onee AByx Touek. Jlerko BUAETb, YTO Taknx pasbueHuii 6yaet He 6onee yem log(n). Janee, ANs KaX4oro nosy4eHHOro MHOXeCTBa
CTposATCA AnarpamMbl BopoHoro, nocne yero, B nopsinke 06paTHOM AefNeHunto, 3TU AnarpamMbl 06beANHSIOTCS B OAHY. MNonyyeHHas
avarpamma BopoHoro v 6yaet KOHeUHbIM pe3ysibTaToM.

YT106bI ONMCaHHBIN anropuTM UMen CNoXHOCTb nopsaka O(n*log(n)), Heo6xoAMMO BbINOAHATL NpoLecc obbeanHeHnsa ABYX Anarpamm
BopoHoro 3a O(N). OTMeuy, 4TO AN MHOXECTBa U3 ABYyX Todek, AnarpamMmori BopoHoro 6yaeT sBNATbCS cepeAnHHbIA NepneHanKynsp

oTpe3ka 06pa3oBaHHOr0 3TUMK ABYMSl TOUKAMM.

[MonoXuM, 4To BCE TOYKM OTCOPTUPOBaHbLI MO X KOOpAMHAaTE, @ UCXOAHOE MHOXECTBO pa3fefnieHo Ha ABa U ANS KaXAoro nocrpoeHa
Avarpamma BopoHoro. BbinonHMM 06beanHEHNe AaHHbIX MHOXECTB U UX AuarpamMm cneayowmm obpasom:
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« 1. 1ns Kaxa0ro u3 NoAMHOXeCTB HalaeM BbiMykylo 060104Ky (3aMeTUM, YTO MOCTPOEHME BbIMYKII0M 060/T0UKN ANA KaXA0ro 13
MHOXECTB MOXHO BbINOMHATb BCE TEM Xe 'pazgesnisi n BaacTByi': TO eCTb, Ha KaXAoM Wware obbeanHeHnsa gmarpaMMm BopoHOro Mol
obbeanHseM 1 BbiNyKble 060/104KM AaHHbIX MHOXecTB 3a O(N)).

« 2. Tenepb, KOrAa y Hac ecTb ABe BbiMyK/ble 060/104KN NCXOAHbBIX MHOXECTB, HAaNAEM 'BEPXHION M HVKHIOK' TPaHWLbl aHHbIX
MHOXECTB: TO €CTb, Mbl AO/KHbI HAWTK ABa TaKMX OTpe3Ka, KOTopble 06BeAUHSAIOT ABE AaHHble BbiMykK/ble 060104KM B OAHY (€CTEeCTBEHHO,
BbINyK/yt0). TakmM 06pa3oM Mbl BbIMOMHUM YCNOBUSA wWara 1, a Takxe NoayyMMm MHULManmanpylowme 3HaveHns Ansa wara 3. JaHHbli war,
KaK S U nucan, MOXHO BbINOAHUTL 3a O(N).

» 3. V13 nony4yeHHbIX OTpe3KoB Ha ware 2, Bbibepem nt060i 1 o6o3Haumm 3a L (octaswmnincs 06o3HaunM 3a Q), 1 yepes ero cepeauHy,
nepneHAnKyNspHO nyckaem 6eckoHeuHbIn nyd. MNpeacrtaBuM, YTO AaHHbIV yY TONbKO BXOAUT B MCXOAHOE MHOXECTBO, U Hal4eM ero
nepeceyeHuns C syenkamm gnarpamMmm BOpoHOro NCXOAHbIX MHOXECTB (CYMTAETCs, YTO J1yY MPOCTMpPAeTCs Brepes, TO eCTb y Hero ecrb
HanpasneHune). Mbl nepecekaeM Ny4 TO/IbKO C TEMU siuelikaMn BOpOHOro, LieHTpaMun KOTOpbIX SIBASIIOTCA KOHLbI OTpe3ka,
neprneHANKYNsipHO KOTOPOMY Mbl MyckaeM Ny4d. HaM HY>XXHO HaWTW TOUKWU NepeceyeHnst AaHHOro Slyya C COOTBETCTBYIOWMMU AYeiKaMu
BopoHoro v BbibpaTb cpean HUX Ty, UTO nepecekaeTcs paHblue. O603HaUMM 3Ty TOUKy 3a M, a siueliky KOTOpYO Mbl Mepeceksiv 3arnoMHUM
n o6o3Haunm V. Janee, caenaem creaytollee: TOT KOHeL, oTpe3ka L, UTo SIBNSieTC LEeHTPOM AJisi He NnepeceyeHHol siueiiku BopoHoro
OCTaB/1sieEM B NOKOE, a BOT TOT, 4TO 6bin LLEHTPOM AYEnKn KOTOPYI Mbl nepeceknn — obHoBNSAEM: Mbl nepeceknu ogHy m3 CTOpoOH Auenkmn
BopoHOro, Toraa HoBbIM KOHLIOM OTpe3ka L cTaHeT ueHTp s4veilkn BopoHOro, CMeXHOoWM No 3TON CTOPOHE C NepeceyeHHon syerikon. B
crneunanbHoe MHOXeCTBO S (B HEM XpaHWUTCA rpaHuua AByx AnarpaMmm BopoHoro) Hago Ao6aBuTb Ty YacTb Slyya, KOTopasi MpoCTUpaeTcs
[0 nepeceyeHnst CO CTOPOHOWM siyeliku. MoBTopsieM wWar 3 40 Tex nop, Noka 3Ha4yeHnst KOHLIOB oTpe3ka L, He cTaHyT paBHbl 3HAYEHUSIM
KOHLOB O0Tpe3ka Q. B utore, B MHOXeCTBE S OKaXeTCs HenpepbIBHbIM IOMaHbI Ny4. [lokasaTenbCTBO MHOMMX (hakToB, MPUBEAEHHbIX
3aecb (HanpuMep, HeNpepbIBHOCTb Jlyda B MHOXeCTBe S), MOXHO HalTu B [1].

* 4, Mbl NONYYUSIN MHOXECTBO S, KOTOpOE NnpeacTaBnsieT cob0i HenpepbIBHbIM TOMaHbI y4. DTOT N1yY SBNSETCS rpaHuLUen,
coeaunHsoLWern anarpaMmmMbl BopoHOro ABYyX MHOXECTB. s nonyyeHns GpuUHaNbHOro pesynbTaTta, HYXHO ANs Anarpammbel BopoHoro nesoro
MHOXeCTBa '3aTepeTb' Te OTPe3KM YTO HaxXoAsTCS CnpaBa OT MOoJIyYeHHOro iyya, a Ans AvarpaMMbl BOpoHOro npaBoro MHOXeCTBa
'3aTepeTb' Te uTo cnesa. Caenatb 310 6bICTPO He NpobrieMa: Korga Mbl MepecekaeM siyeriky y4yoM, TO OYEBMAHO, YTO CHavana nyd 6yaer
B HEé BXOAMUTb, a 3aTeM, B KakON-TO ornpeaeNieHHbI MOMEHT-BbIMAET. HaM HYXXHO '0TNI0BUTL' 3T COBbITUSA, U B 3aBUCUMOCTU OT TOMO C
AnarpaMMon Kakoro MHoXecTea Mbl paboTaem(n1eBoro naun nNpasoro), yaanuTb NEBYIO MW NpaBylo LEenovkn pebep syeriku BopoHoro,
KOTOPYIO Mbl Nepecekn Ny4oM, U A06aBuTb TyAa HYXXHYIO YacTb U3 MHOXeCTBa S.

OnKCcaHHbIN BbilWe anropuTM CJIOXKHO NMOHATbL 6e3 xopollel unntcTpaummn(KapTMHKK 6bian B3STbI ):

Puc. 1 UcxopHOe MHOXKECTBO ToUeK. KpacHbie ¢ BbIpOYKOH - TOYKM NEPBOTO MHOXECTBA, YepHbIe
3aKpaLleHHbIe - BTOPOTo. [1N9 KaXA0ro MHOXECTBA NOCTPOEHA BbinyKnaa o6onouka(3akpaleHa
JXKenTbimM YBETOM). NS NepBOro MHOXeCTBa fAMarpamma BopoHOro KpacHas, ans BTOpOro YepHas.
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Puc. 2 Hawnn BepxHiow rpaHuuy[pip2). CHHMM uBeToM 0603HaUEH NyY, NPOXOAALLMIA Yepe3
cepenuny [p1p2] nog npAmbiM yrnom. Hawnw nepeceyeHus ¢ a4edKamu BOpoOHOro Nesoro n
NpaBoro MHOXKecTs. OCTaBAAeM Camoe paHHee. CHHWI CNNOLLHOW NyY, TO YTO Mbl NOMELLAEM B S.

Puc. 3 06HOBMAM OAMH W3 KOHLLOB OTPe3Ka p1p2(HOBOE NONOXKEHHE - LEHTP CMEXHOH,
nepeceyeHHOl A4eik BOPOHOro NPaBore MHOXECTBa To4ueK). CHOBA CTPOMM Ny NPOXOBALLMA
nepneHgUKYNAPHO, Yepes ueHTp plpl. @UKCMpYeM TOUKM NepecedeHus ¢ siuenkamu BopoHoro.

PUC. & AHANOTMYHO PUCYHKY 3 06HOBNAEM OMH M3 KOHLLOB OTpe3Ka. Myckaem ny4y u 1.4,

https://habrahabr.ru/post/314852/

3/10



14.11.2016 MocTpoeHve guarpammbl BopoHoro meTonom 'pasgensi v Bnacteyil'. Penakcauus Jinoiina / Xabpaxabp

PUC.5 DUHANBHDBIA pe3ynbTat. KOHLbI OTPE3Ka COBNAAAIOT C HUXKHEN IPAHMLIEH, @ 3HAYMT HYHKHO
OKOHYMTb NOCTPOEHWE rPaHULbI MEXAY ABYMA AHarpaMmamu BopoHoro.

PUC.6 BoinonHaem wark: NYHKTHPHbIE MUHWM 3TO TO, YTO Mbl QONXKHbBI ‘3a1‘eperh'

Hy v 3akoHu4y 3TOT nogpasaen nybnmkaumm Ha TOM, YTO €CIM TOUKM MMET OAMHAKOBY0 KOopAMHATY X, TO CTOMT UX COPTUPOBaTh No
KoopauHaTte Y, TaknMm o6pasom, 4Tobbl paBHOMEPHO W NOCNEA0BATENbHO UX Pa3AenuTb.

MpuMmeHeHne Ouarpammbl BopoHoro — penakcauusa Jinonga

Penakcauus Jinoitga — oAuH U3 yAUBUTENbHBIX U '3anunaTenbHbiX' anropuTMOB, B KOTOPOM aKTMBHO MCMO/b3YeTCst NOCTPOEHWE AnarpamMm
BopoHoro. Onuuly caMm anroputM:

« 1. CTpoum anarpamMmy BopoHOro A5 UCXOAHOrO MHOXECTBa To4vek, hopMupyem syeinku BopoHoro.

» 2. Haxoanm «LleHTp Macc» kaxnon sueriku BopoHoro (CyMmMa KOOpAMHAT BEPLUMH S4eikn BOpoHOro, AeneHHas Ha UX KOMYeCTBO).
« 3. CaBuraemM LEeHTp Kaxaon siueikn BopoHOro B no3uumio paccymMtaHHoro «LleHTpa Macc».

« 4, MosTOpsiem AaHHyto npoueaypy N pas: fo Tex Nop, noka paccTosHMe CABWra He CTaHeT 6/IM3KUM K HYJIo.

YT0 e Mbl Monyyaem B utore? Pe3ynbTaT MOXHO YBUAETb Ha 3TUX ABYX KOPOTKUX BUAEO:
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BbIrnsauT KpacuBo, HO HeMHoro 6ecrionesHo!? [Janeko HeT! Ha MoeM npakTuyeckoM onbiTe, penakcaums Jinoaa npumensanacb B 3D
MOAENMPOBaHUN: B TaK Ha3blBAEMOM «peMeLLnHre ceTku». To ecTb, AaHa ceTka (06bl4HO nocne 06paboTKuN AelleBEHbKUM KUTANCKUM
CKaHepoM) M CTOMT 3aZlaya NoJyyYeHHYH0 'MellaHuHy' TpeyroibHUKOB NPEeBPaTUTb B HEYTO KPacMBOE U XMBOE: B TO, HA YEM MOXHO
npou3BoauTb 6onee-MmeHee TOYHbIE BbluMCIEeHUsA(pacyeT 'KpMBU3HbI CETKM', annpokCcMMaLuma To4YeK TPUAHTYNALMOHHON CeTKM HeCKOHeYHOo

rnafkvMy NOBEPXHOCTAMU U T.M), CTApasiCb HE CUIbHO OTKIIOHUTBLCS B TOYHOCTU OT OPUTrMHaNbHOW 'ckaHepHoW' ceTkun (bonee Toro, aTa
TOYHOCTb 3a4aeTca Nosib3oBaTesnieM, a Takow 'peMelnHr' HasbiBaeTca aganTuseHbiM (adaptive). CyluecTsyeT elle 'peMellnHr’ YHU@POpPMHbIN
(uniform) — 3aecb, 3apaeTcs He OTK/IOHEHWE, a XenaeMmas AnvHa pebpa B TpeyronbHuKe). 1 HEMHOr0 3aroBopuCcsa 1 3abbin 06BACHUTD,
YTO XXe Mbl MOHMMAaEeM Noj C/IoBOM 'kpacmBasi’ ceTka. CeTKy Ha3oBeM 'KpacmBosi', ecnun no CBOel CTPYKType OHa COCTOWUT NPeuMYyLLEeCcTBEHHO
M3 PaBHOCTOPOHHUX TPEYrONbHUKOB, @ BaJIEHTHOCTb KaXXA0W BEPLUMHbI Y Takol ceTkn 6 (ecnn BepluinHa BHYTpeHHss, Hy T.e 360. / 6. =
60 deg. — rpaayc yrna paBHOCTOPOHHEro TpeyronbHuKa) nnun 4 (ecnu BepLlUMHa NexXUT Ha OTKPbITOM pebpe, TO eCTb TPeyrobHUKOB C
AaHHOW BepLlMHOWA 3). Hy, 1 04HMM M3 BaXKHbIX 3TaMNoOB NO/yYEeHWUSI TAaKOM CETKU ABASIETCA NOCTPOEeHWe Anarpammbl BopoHoro n
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ncnonb3oBaHue penakcaumnu Jinosiga. Co6CTBEHHO, MONyYaeM YTO-TO B 3TOM Ayxe(akKypaTHO, KapTUHKK 6onblime!):
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A Tenepb 1 A0 ¥ NOC/E Ha OAHOM U306paxeHUn:
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KcTatn, MOXHO 3aMeTUTb YTO OpUrMHaM 6bin MOMyYeH C NOMOLbIO anropMTtMa Mapumpyrowmx Ky6oB.

Hy 1 KapTUHKM NMOMEHbLUE, HO YXXE€ U3 UHTepHeTa:

()

Figure 1: Restricted Voronoi diagram computation and isotropic remeshing of the Kitten model (274k faces, 10k seeds). (a)
Input mesh; (h) itial RVD; (¢) optimized result (RCVT); (d) remeshing result.

N... (kyaa x 6e3 Hee TO) — craTtys [asunaa:
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Kpacota, Aa v Tonbko!

3aBeplunTb XoTen 6bl Ha TOM, YTO UCMONb30BaHWe anropuTMa Jinoaa, Aeno 3atpatHoe. W ans nonyyeHuns 6onee 6biCTporo pesynbraTa,
6e3 ocoboli noTepu B KayecTBe 6biM pa3paboTaHbl Tak HasbiBaeMble MeToabl 'MUHUMM3aUMK DHeprun'. NoumtaTe MOXHO B [2]

[MonesHble CCbUIKU N NuTepaTypa

[0] KpyTas craTbst Ha Xabpaxabp-e o anarpammax BopoHoro

[1] OpurnHan onucaHua anropmTMa, CO BCEMU fOKasaTeNbCTBaMU

[2] CpaBHeHne meTonoB 'MUHUMM3ALMKN DHeprum'

[3] Hebonblas cratbst 0 'Pasaensii n BnacTByi' anroputMe nocTpoeHus anarpamMmmbel BopoHoro

[wvarpamMmbl BopoHOro, anroputMbl, nporpaMmupoBanune, C++, pasaensi u Bnacteyi

+34 5,2k 101 a u n .

KapmMa PeuTuHr

MBaH KambiHuH @lvanKamynin 17,0 52,8

Mporpammuct

Moxoxune nyénukaunm

+25 Anroputm npoBepku Ha npocToty 3a O (log N)

+5 Pasgensai u BnactByn. inu cuctema pasgenenus npas gns ASP MVC

+18 OnumnuagHoe xo66u. Pasgenai u BnacTeyn
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IBM. noroTtun |BM, ibm.com ABNAKTCA TOBADHEIMK 3HAKAM W BO MHOTWX cTpaHax mupa. Cnucok
TOBAPHLEIX SHAKOB, 3aPerMcTpUpoBaHHLX IBM Ha HacToAwKY f Corporation. Bce npaga 3aWWLEHE.
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KommeHTapuu (3)

DrZlodberg 10 Hosibps 2016 B 12:03 (KOMMEHTapwit 6bin U3MEHEH)

Ha kapTvHke C KOTVKOM penakcauusl IBHO HepaBHOMepHasi, Aa 1 y [laBuaa Toxe. Bbino 6bl HEMMOX0 pacckasaTh Tak e, Kak AernaTtb U TakyHo.
MpocTo cam ceityac KOBbIPSItO 3Ty TeMy 1 Noka Afisi BECOBOTO pacrnpeaeneHust NpoLe cHavana reHepuTb TOUKM C COOTBETCTBYIOLLMM pacrnpeeneHvemM, a
noTom oBTArMBaTb CETKOW, YeM NbITaTbCs CAenaTh penakcaumio ¢ y4EToM NnoTHocTu. [MbiTancs onupatbesa Ha AnuHy pébep, HO Kak-To OHO He moLurno. :(

. IvanKamynin 10 Hosi6psi 2016 B 15:10 (KOMMEHTapui 6bin M3MEHEH)

Bbl npaBbl, HO 0TMeuy, YTo cTaThsi Gonblue Wwna o Aguarpammax BopoHoro. Ha camom gene, ectb Heckonbko cnocoboB Ao6uTeCst aaanTMBHOCTU —
TOYHee, ABa — 3TO BO-NEPBbIX NNIOTHOE pasbreHne B UCKPUBMEHHbIX Y4acTKax U Cnofb3oBaHue BeCOBbIX kOahdULMEHTOB B penakcauun. Tam rae
KPUBM3HA BbILLE, TaM MMOTHOCTb pa3bueHns 1 BeCoBO KO3 ULMEHT Bhillle, COOTBETCTBEHHO. Ecnn npo 310 1 nucathb, TO OTAENBbHYK CTaTbio —
MaTepuan 60mbLUO 1 UCNOMb3yeT HECKOMBbKO anroputMoB. Ha AaHHOM 3Tane, MHe CMOXHO NOHATb Kak Takytlo cTaTbio BOCMIPUMET ayauTopus
Xabpaxabp-a, Begb, Hanpumep, 6onee wnpokve Mmon ctaten(KD-[epeBbs, HANPUMEP) YXOAST HE Tak AAneKo... XOTs, BO3MOXHO, CyAUTb N0 PENTUHTY
cTaTbl — He BEpPHO.

DrZlodberg 10 Hos6ps 2016 B 15:24

KoachpmumeHTbl — 310 Kak pa3 o4eBnaHO. A ¢ HUMM e paboTato, MPOCTO HECKOMBbKO Yepes... CTaHAapPTHbIN UHTepdeiic. A BOT caMy anroputmbl
Kak pa3 u uHTepecHbl. Anroputm Jlnoraa, K coxarneHuio, Ha 3To He pacCcuuTaH.

ToNbKO 3aperncTpypoBaHHbIe MOMb30BaTeNM MOTYT OCTaB/IATb KOMMEHTapuu. BoianTe, noxanyncra.
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