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AHHOTaums

B [faHHONM cTaTbe paccmaTpuBaeTCA 3BPUCTUYECKUI arOpuUTM CerMeHTauum obnaka Touek,
OMUCHIBAIOLLLETO NPeAMET MHTEPbEPa, C LieNblo MOyYeHNUs cerMeHTaummn, 6n3Kon K pasoreHnto
06beKTa Ha (PyHKUMOHaNbHbIE 371eMEHTbI. [aHHbI anropuTM NPUMEHSETCA Kak YacTb MeToja
YNyULLEHWS Pe3yNibTaToB TPEXMEPHOW PEKOHCTPYKLMMN Ha OCHOBE U3BECTHOW CTPYKTYpbl 06beKTa
4N CTPYKTYpu3aumm obnaka Touyek, Mosiy4aeMoro Ha OZHOM U3 3TaroB MeToja. ANIropuTM
3aK/0YaeTCA B PEKYPCUBHOM pa3breHny obnaka ToYeK Ha ABe 4YacTu, BM/OTb A0 AOCTVKEHUS
3a[laHHOI0 KpUTEpus OCTaHOBKM pa3bueHus. B cTaTbe paccMOTpeHa CTPyKTypa anropuTma,
npoaHa/3MpoBaHa €ro BbIYWUC/UTE/IbHAA CMOXHOCTb, MPOBEAEHbI MpUMepbl  Pe3y/bTaToB
paboTbl, ONpefenieHo HanpaB/eHne faibHENLLNX UCCef0BaHUNA.

KntoueBble cnoBa: 06/1aK0 TOYEK; CerMeHTauus.
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Abstract

The algorithm of point cloud segmentation is proposed in the article. This algorithm aimed to get
segmentation similar to segmentation of object by his functional elements in field of interior
design. The given algorithm is used as a part of method of dense 3D reconstruction enhancing for
point cloud structuration at some point. Main idea of proposed algorithm is recursive division of
parent cloud by two parts until exit conditions are met. Algorithm structure is reviewed,
computing complexity is analyzed. The field for further investigations of given problems and
their solution is suggested.

Keywords: point cloud; segmentation.

BBEAEHWE

MocTpoeHVe TPeXMepPHbIX MOJeneid Ha OCHOBe M306paXKeHU - O0fHa W3 3ajay KOMMbIOTEPHOIO
3peHus, 3aknyarLLanca B pacno3HasaHumM o6pa3oB B MOJAHHbLIX HA BXOJ aNroputMy M300paXKeHUAaX U
MOCTPOEHUM Ha UX OCHOBE TPEXMEPHbIX MOAENEN.

3agaya TpexmMepHOW PeKOHCTPYKUMKN YyXKe [aBHO pelleHa B obuiem Buge [1]. OaHako, ecTb MyTw
ONS yNy4dlWeHNs KayecTBa CyLLeCTBYOLWMNX TEXHONOMMIA N0 TaKUM napameTpam, Kak TOUHOCTb M NOMHOTA
PEKOHCTPYKUMN. OfHMM U3 TakuMx MyTein ABNSETCA NPUMEHEHWE anpuOPHO M3BECTHOMN CTPYKTYpbl
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PEKOHCTPYMPYEMOro 06beKTa ANd YAyuylleHWss MNOAHOTbl PEKOHCTPYKUMU. B pamkax KOHKPeTHOWA
npeamMeTHOW 06n1acTu, B AaHHOM Cny4ae - Au3aliHa MHTepbepa, BO3MOXEH CleAyoLnii NOAXOA;:

- OnwucaHue onepaTOpOM CTPYKTYpbl 06bEKTA;

- TposefeHne NJOTHOW TPEXMEPHOW PEKOHCTPYKLMW MO CHUMKaM 06bekTa C pe3y/nbTaToM B
BMAe o6naka TOYek;

- ABTOMaTu4yeckas CermMeHTauus MOMy4yeHHOro obnaka TOYeK M MosyyYeHWe CTPYKTypbl 06naka
TOYEK B TAKOM Xe BUAe, KaK U CTPYKTypa, On1caHHas onepaTopomM;

- CpaBHeHMe [BYX CTPYKTYp ¥ BbINO/HeHWE oOnepauuin A ynyyweHus  NOAHOTLI
PEKOHCTPYKLUN Ha OCHOBE Pe3yNbTaTOB CPaBHEHUS.

Mpn 3TOM CTPYKTypa 06beKTa OMUCbIBAETCH OMepaTopoOM Ha YPOBHE «CTY/ COCTOWUT W3 CUAEHbS,
4 HOXeK, CMWHKW, UMeKLWMX 3afaHHble OTHOCMTENbHble pas3mepbl M NONOXeHWA». Takum 06pas3om,
O4HUM M3 3TanoB [JaHHOro npouecca ABMAETCA CErMeHTaLus PeKOHCTPYMPOBAHHOro ob6naka TOYeK C
LeIbl0 NONYYeHNs ero CTPYKTYpbl B BUAE MOX0XEM Ha CTPYKTYpY, 3a/jaBaemMyto OMnepaTopoM.

B paHHOW cTaTbe npepfiaraeTcs 3BPUCTUYECKUIA  aNropuTM  pelleHus  [aHHOW  3ajauw,
paccmaTpuBalTCs 0CO6EHHOCTU ero peanvsaluu, NPOBOAUTCA e€ro aHanu3, CTPOATCS NPefnoSIoKEHUS O
BO3MOXHbIX JanbHENLWNX ero ynyyleHunsx.

1 NMOCTAHOBKA 3ALAYN

3afava 3aknyaeTcs B NpuMBeAEHUM BXOAHON MHMOpMauumn B BuAae obnaka Touyek K BMAY rpaga
CTPYKTYpbl 00beKTa, B KOTOPOM Kaxpjad BepLiMHA COOTBETCTBYET HEKOTOPOMY 3/1EMEHTY NOrMYECKM
LlefIbHOMY 3/IEMeHTY 06beKTa, onucbiBaeMoMy 06/1aKOM TOYEK, a pebpa 6yayT o3HayaTb (PakT coceAcTBa
3/1eMEeHTOB rpaga B NPOCTPaHCTBe.

Hanpumep, pasbueHune cTyna, M300paXXeHHOro Ha pUCYHKe l1la MOXET NpeAcTaBNATb [efieHue Ha
TaKue 3/IeMeHTbl KaK: «CUAEHbe» - BEPLUMHA Vi, KHOXKU» - BEPLWINHBI V2, V&, V4, \b 1 «CNUHKa» - BEPLUMNHA
\6 (pncyHOK 16).

L+ 6)
Puc. 1. a- npumep BXOAHbIX faHHbIX, 6 - npuMep TpebyembiX BbIXO4HbIX AaHHbIX
Fig. 1. a- example input data, b - example of required output sample data

TakuM 06pa3oM MOXHO BbIAENUTb [BE MOA3afayu: MNONy4YeHWe BepWWH rpada U onpegeneHve
Hannums pebep Mexay NonyyYyeHHbIMW BEPLUMHAMM.

2. MONYYEHVNE BEPLWWNHTPA®DA
Ans nonyyeHus BeplwMH rpada npegnaraeTcs CerMeHTMpoBaTb 06/1aKO TOYEK U COMOCTaBUTb
BepLUMHY rpada Kaxgomy nony4YeHHOMY CEerMeHTy.
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B KayecTBe OTNPaBHON TOYKM ObINO peWweHO MNPUMEHUTb MOAXOA, PacCMOTpPeHHbI B [2],
3aKnvalwmiics B annpokcumaumu  obnaka  TOYEK  OrpaHUYMBalOWMUM  MPAMOYTOJibHbIM
napannenenunegoM MuHUManbHoro obvema (MVBB)[3] ¢ nocrnegyrowmm pekypcUMBHbIM pasbreHnem
«CBEPXY-BHU3» MONy4YeHHOro obbemMa Ha fBe 4YacTh C MUHMMU3AUMeRn LeneBoro (¢yHKLMOHana Ha
KaX4oMm Liare.

OpHako, npuv aHanu3e [aHHOrO MOAX04A  BbIACHUAOCH, UTO CYLLeCTBYKOT Mpobnembl,
NPenaTCTBYOLWME ero UCMONb30BaHUID AN5 PelleHnsa AaHHOM 3ajayun. V3HavyanbHasa uenb paspaboTku [2]
OblMa 3agaHa KakK «ObICTpOe MNOoAy4vyeHWe 06onee ONTMMANbHOW MOAENU ANS WCNONb30BaHUSA ee B
anropnTmax KoopAauHauum paboTbl po60TU3NPOBAHHBLIX MaHUNYNATOPOB». Hanbonee BaxHas npobnema,
KOTOpasi cneayetr W3 UeAW - [AaHHblA  anroputM  ONTUMM3MPYeT pa3bueHme o06bEMA C  LEMbIO
annpokcMmauum ero opmbl B 06WKMX YepTax, B TO BpemMsi KaK B [aHHOW 3afavye Heob6Xo4MMO
CErMEHTMPOBATh MMEIOLLLNIACSA 06BbEM HAa OCHOBE CEMAHTUKM €ro YacTel.

KopoTko anroputm [2] MOXHO onucath crnefytowmnm obpasom:

- Bbluncnants MVBB 0651aka;

- Bbluncnntb Hanbonee onTUManbHbI paspes nonyyeHHoro MVBB:

— CnpoeympoBaTtb BCe TOUKM 06beMa Ha KaxKayt n3 ctopoH MVBB;

— [lpoBecTu paspe3 napanniesibHo rpaHuuam MVBB uepes kaxaylo CnpoeLnpoBaHHYO
TOUKY;

— Bbluncante  onucbiBatowinMe NPAMOYFONbHUKU AN ABYX HabopoB TOYEK Ha
NI0CKOCTH;

— W3 BCex BO3MOXHbIX pa3bueHuii BblI6paTb Takoe, A4/ KOTOPOro CymMma nnowiazei
OBYX ~ OMUCbIBAlOWMX  MPAMOYFO/IbHUKOB MO  OTHOWEHUH K Njowagn  UCXO4HOro
ONMUCLIBAOLWLENO NPAMOYTO/IbHUKA - MUHUMA/IbHA.

- Pa3buTb BXOgHOe 06M1aKO TOYEK Ha [Ba MO BbIYMC/EHHOMY pas3pe3y W, ecnun KpuTepuii
OCTaHOBKM ellle He AOCTUMHYT, 3anyCTUTb aNropnuTM PeKypPCUBHO ANS 060MX NOTOMKOB.

Mpu 3TOM, KPUTEPUEM OCTAHOBKM ABSETCA BbINOSIHEHME OAHOTO U3 ABYX YC/OBUIA:

1) OTHOweHne HOBOro o6beMa nocne pazbueHns K 06bLeMy A0 pasbueHns LOCTUIIO MOPOroBOro
3Ha4YeHus:

0 _ VCHOMC)+V(A\p)
" V(P)+HV(Ap)
rge O - npoBepsieMblli NapaMeTp, peKomeHayemoe 3HadyeHune nopora: 0.80-0.95;

V(X) - yHKUMA, Bo3Bpawarouiad obbem MVBB o6naka Touek;

P - ucxogHoe 061ako TOYEK, Noanexatiee pasbneHunto;

Ci, C2 - o6n1aKa TOYEK, YaCTu1 MONYYEHHOro pasbueHuns;

O\p- ocTanbHble NUCTbA AepeBa pa3dbveHns Ha TEKYLLMIA MOMEHT, 3a UCKIOYEHEM BepLInHbI P.

UTo 03HayaeT, 4TO MNPUPOCT YMeHblleHUs o6bemMa C MoOC/efHero pasbueHns okasasncs
He3HauynTe/IbHbIM

2)  KonuyecTBO TOYeK B O4HOM U3 YacTei pa3breHns 0Ka3anocb MeHbLLEe NOPOroBOro 3Ha4YeHus.

Mpw aHannse anropuTma ObIN0 BbIABUHYTO NPeAOXeHUe, YTO C HEKOTOPbIMM MOAMMDUKALUAMMN OH
MOXET OblTb NPUMEHEH K JaHHOW 3afaye, Npu y4yete OCOOEHHOCTEN MpefMeTHOW 061acTu, rnaBHOW M3
KOTOpPbIX ABMSETCA TO, YTO NPeAMeTbl MHTepbepa 3a4acTy0 UMEKT 60/bLLIOe KONMYECTBO NPSMbIX Yr/0B
M NPAMbIX JIMHWUIA U MHOTME YacTh 06bEKTOB MOTyT 6bITb anfnpoKCMMUPOBAaHbI MapanienenunegioMm He
3axBaTblBas 06bEM APYrMX YacTel.

Takoi npegnaraemMoit MmoguduKaLmeln ABNAeTCA ynyylleHne crnocoba BblYMCIEHUSA ONTUMAbHOIO
paspesa. B Tekyuleli Bapuaumm pasbueHne NpouMcxoamMT CTPOro BAONb Tpex CTOpoH MVBB, Takum
obpa3om, B NpuBeAeHHOM NpuMepe (PUCYHOK 2) OH HalJeT fafieKnii 0T ONTUMaNbHOIO pe3ybTar.
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Puc. 2. a- pa3pe3 cornacHo UCX04HOMY anroputmy, 6 - paspes corsacHoO onNnTUMMU3NPOBAHHOMY
anroputmy
Fig. 2. a- sectional view according to the original algorithm, b - section according to the optimized
algorithm

MoOXHO MoAu®puuMpoBaTb anropuTM MOWUCK paspesa A06aBMB K KaXLOMY MpocMaTpuBaeMomy
pa3pe3y noBopoT. TakuM 06pa3oM 3HAYUTENbHO YBENUUYMBAETCA KayeCcTBO HaxOA4MMbIX pa3pes3os, a C
yyeTom cneynpukn npegmMeTHORn ob6nactu - nony4vyaemblie paspesbl C 60MbLION BEPOSTHOCTbIO OyayT
onTMMasnbHbl. Tem He MeHee, MOAO6GHOe ynyylleHWe MNpUBEAET K MOBbILWEHUKO BbIYUCIUTE/IbHOM
CMIOXHOCTW C AONONHMTENbHBIM MHOXMTeneM 0 (2n/K), rae K- war noBopoTa paspesa.

OpHako, B MOCTaHOBKe [2] BaXHbIM KPUTEPUEM CTOUT BO3MOXHOCTb BbIMO/HEHWUA B PeaibHOM
BPEMEHW, B TO BPEMSA KaK B MOCTaB/IeHHOW 3ajaye TaKOW KpuTepuii He fBNseTcA 06s3aTe/lbHbIM, B
CMefiCTBME Yero MnOABMAETCA BO3MOXXHOCTb MOBbIWATL BbIYNCAUTENIbHYK CNOXHOCTb anroputma B
HEKOTOPbIX pa3yMHbIX npegenax.

Kpome TOro, Kak scnomorare/isHoe CpeACcTBO MOBbILIEHWNE NPOMU3BOAUTENIBHOCTU, KO BXOLHbIM
[AAaHHBIM NPUMeHseTCs (PUIbTPaLUsA Ha OCHOBE UCKPETM3aLumn BOKCe/IbHbIM 00bEMOM.

B pesynbrtare paboTbl MOAM(PULMPOBAHHOIO asiropMTma Mony4vaetcs AepeBo pas3brieHus obuiero
o6bema Ha HeCKOo/bKO nofo6beMoB. O[HAKO, HAaC WHTEPECYT TOMbKO NINCTbA MONYYEHHOro [epesa
pasbueHuns, N03TOMy 3TN NNCTbA 1 BYAYT BeplIMHAMWN Pe3yNbTUPYHOLWEro rpada CTPYKTYpbl 06beKTa.

NcxogHbli anroputm [2] cocTouT M3 TakuxX 3TanoB Kak noctpoeHne MVBB, KoTopoe wumeeT
BbIYMCANTENBHYK cnoxHocTb O(n logn + n/r3), rge n - KOMMYECTBO BepwUH B 06/1ake Touek,
O< e < 1 - HekoTOpblli NapameTp anroputMa, a TaK e BbIYMUCNEHUS ONTUMa/bHOro paspesa 3a
O(n logn) Hanpumep, C NOMOLLbIO AepeBa OTpPe3KoB[4], 4To B cymme fgaeT oueHKy O(n logn + n/r3).
MoanpnuMpoBaHHbIA Xe anropuTM 3a CYeT [AOMOJHUTENbHOW onepauun 6yaeT UMeTb C0XHOCTb
O(n logn m2n/k +n/r3).

3. HAXOXXAEHWE PEBEP EPA®A

Mcxops n3 onpegeneHns pebpa Kak «hakrta cOCeACTBa ONMUCLIBAEMbIX 0OBLEKTOB B NPOCTPAHCTBEY,
MOXHO MonyyaTb pebpa NyTeM aHanM3a [eKapToBa pacCTOfHUA MexAy OnucbiBalwWwmMy Kybamu
COOTBETCTBYIOLNX BEPLUWH: B C/IyYae ec/iv faHHOe pacCTOAHME PaBHO HY/0, NGO 3HAUYNTE/IbHO MeHbLUe
HEeKOTOPOro MoporoBoro 3HavyeHus (Hanpumep, 3aBUCALLEr0 OT pa3Mepa ONUCLIBAKOLNX Ky6OB BepLUUH),
TO cUMTaeTCs YTO pebpo MexAay ABYMSA AaHHbIMU BepPLUMHAMU NPUCYTCTBYET B rpage, nHaye - Her.

3afaya HaxoXAeHWUs pacCTOoAHUSA MeXAy ABYMSA napannefnenunefaMy pellaetcs aHaMTUYECKU U
nmeet cnoxHocte 0(1) Ana oAHOW napbl napannenenunefoB. TakK KakK He06X04MMO NpPOBEpPUTb
CyLLeCTBOBaHME KaxAoro pebpa B rpade, BbIYMCINTENIbHAA CMIOXHOCTb faHHOro atana gocturaet 0(rn2),
rae m- KONMYecTBO BEPLUMH MONYYEHHOrO rpada.

4. PESY/IbTATbI PABOTbI AJIEOPUTMA

MpuMep pa6oTbl NPEANOXEHHOTO anropMTMa NpeacTaBneH Ha pUCyHKe 3.
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fa a)
Puc. 3. npumep paboTbl anroputma: a - UCXOAHbIe AaHHble, 6 - pe3ynbTar paboTbl anropuTma
Fig. 3. example of the algorithm: a - the original data, b - the result of the algorithm

Kak MOXHO 3aMeTuTb, B pe3ynbTaTe, B [aHHOM NpuMepe CMWHKA CTyna W 3afHUE ero HOXKW
OKasanucb OAHWM eAWHbIM OOBLEKTOM. OTO MOXHO OOBACHUTL TEM (AKTOM, YTO Ha KaXAoMm 3Tane
KaX[bll 06beM ObeTCA POBHO Ha ABE 4YacTW, He YYMTbiBasf TOT (DaKT, 4YTO OAHA U3 YacTel MOXEeT 6biTb
3anosiHeHa y KpaeB M abCONMOTHO He MMeTb TOYeK B LEeHTpe o6beMa. PelleHue [aHHON npob6iembl
ABNAETCA OLHUM M3 BO3MOXHbIX Hanpas/feHWUi fanbHenwmnx nccneoBaHui.

B Bmay TOro, 4To B pamkax 3ajaym T <<, B OLEeHKe BbIYMC/INTENIbHON CNOXHOCTU anroputma B
LleNIoM, napameTpoM M MOXHO npeHebpeyb. Takum 06pa3om, (hMHaNbHasA OLEHKa C/I0XKHOCTW anroputmMa
coctaBnser O(n logn «2n/k +n/e3).

BbIBO/bl

B xofe faHHOW cTaTby OblN PacCMOTPEH 3BPUCTUYECKUIA anropuTM cermMeHTaumm obnaka To4Yek B
paMKax 3afjaHHON npeaMeTHOW o06nacTM. PacCcMOTpeH BO3MOXHbIA  MOAXOA4bl K peanu3auuu
MocTaBNeHHbIX Mof3ajay. Ha ocHOBe NPOBEAEHHOro aHann3a UCXOLHOr0 anropuTma 6bin NpesoXeH U
peann3oBaH cnocob ero ynydyweHus. MepcneKTUBHbIM Hanpas/fieHWeM WCCNefoBaHUA ABNSETCA MOUCK
APYTUX BO3MOXHbIX MNyTeW YyNyylleHWs KayeCcTBe CerMeHTauuun, Hanpumep, ydyeT BO3MOXHOCTM
pa3buveHns afieMeHTa Ha TPU pasInYHbIX NoL406bEMA.
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