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BUKOPUCTAHHA KBAAPOJIEPEB ITPU SAT'YIHIEHHI CITKHA
3 TPUKYTHUMU KOMIPKAMMA

B po0GoTi 3amporoHOBaHO aJropuTM 3arylleHHS CiTKM i3 TPUMKYTHUMHM KOMipKaMu 3
BUKOPUCTAHHSIM KBaxpoaepeBa. TakoX MPeNCTaBIeHO AONOMIXKHMI aJIrOPUTM NOOYLOBU KBaIpoLepeBa
IIJIS1 IOBIIBHOT MHOXWHM TPUKYTHUX KOMipOK, OIMMUCAHO Psifl OCOOJIMBOCTEN Oro poOoTH.

KmwowoBi cioBa: KBagporepeBO, TPUKYTHI KOMIpKHM, 3arylieHHsSI, aJrOpUTM, IIBHUIKE
npororunyBaHHs, STL.

IloctanoBka mpoOGaemMu. 3HAYHOTO TOMIUPEHHS HAa JaHWUH dYac y pi3HUX cdepax IoIChKOL
JisUTBHOCTI HAOyIlo MIBHAKE MPOTOTHITyBaHHS. OCOOMUBY yBary Ha HbOTO 3BEPHYJIM TPH TOSBI MACOBHX
Ta HEAOPOTUX HPHUCTPOIB AJS TPUBUMIPHOTO APYKY, LIO 3pOOMIIO LIBHIAKE MPOTOTHUITYBaHHS BiIHOCHO
moctymHUM. Lle B CBOIO Wepry CHpWYMHMIIO TOSIBY 3HAYHOTO iHTEpeCy IO ajNrOpuTMIB Ta METOHIB
MoOyJJOBH TEOMETPUYHUX MOJIeNel, MPUCTOCOBAaHUX JMJISI TPUBHMIPHOTO JIpyKy. OCKUIBKH IIBUIAKE
MPOTOTHITYBaHHS 3aponuiiocs y 80-X pokax, To 0araTo METOIIB Ta alrOPUTMIB, siKi OyiIu po3poOiieHi B
TOW Yac, Ha ChOTONHIIIHIA JeHb € mocuth 3actapimmmu [1]. Tomy mpobnema po3poOKu ePeKTHBHHUX
AITOPUTMIB JJIA TTOOYIOBH TE€OMETPHUIHHUX MoOJeJeit 00’ €KTIB, SIKi MOXKYTh MOTIM BUKOPHUCTOBYBATHCS Y
LIBUKOMY MPOTOTHITYBaHHI € JOCUTH aKTYaJIbHOIO.

AHaJi3 ocTaHHIX JAocaimxKeHb Ta myOJikamiii. Y poborax [2, 3] Oyio 3anmponoOHOBaHO MiAXix 10
YIIpaBIiHHS 3aryIICHHSIM CITKA T€OMETPHYHOI MOJETi i3 BUKOPUCTaHHSAM KBaapoaepeBa. Jlanuii mimxin
MOJKe OyTH BHKOpUCTaHWH [yt reHepanii dainis hopmary STL [4], axuii Hal9acTille BAKOPHCTOBYETHCS
y TpuBUMIpHOMY Apyii. Tak sSK pe3yabTaTtoM poOOTH AITOPUTMY € CiTKa 3 TPUKYTHUMHU KOMIpKaMH, TO
BiH BimmoBimae cnermdikarnii i Bumoram a0 ¢opmaty STL. OnHak ockinbku onwmcaHuii B [3] anroputm
MIPAIIOE «3BEPXY-BHU3Y [5] HOT0 Ba)KKO 3aCTOCYBATH JJIsl BXKE TOTOBUX T'€OMETPUYHUX 00’ €KTIB.

I[MocTtanoBka 3aBaaHHs. 3aBIaHHSAM JaHOi PoOOTH € po3poOKa alrOpUTMY 3arylleHHS CITKH 3
TPUKYTHUMH KoMipkamu (BiamoBimHo crnernudikamnii ¢opmary STL) 3 BHKOpHCTaHHSM KBalpojepena.
Heo0ximHo, 1006 anroput™ OyB TOTOBHH I pOOOTH 13 BXKE ICHYIOUMMH T€OMETPHIYHUMHA 00pa3aMH, Tak
1 151 TeHepallii HOBHX.

OcHoBHa 4yacTtuHA. PosrisiHeMo cxeMmy 3arylieHHs CITKH i3 BHKOPHCTaHHSM KBaApOIepeBa,
3anpornoroBany y [3] (puc. 1). SIk BHIHO i3 PUCYHKY IpOIleC 3arymieHHs 0a3yeThCs Ha ITOCIHiIOBHOMY
MOJIUTI YOTUPUKYTHUX KOMipoK. Ha ocraHHbOMY erami 3IiHCHIOETbCS TpiaHTYJsMis ciTku. Taka cxema
3arylieHHs € MPUAHATHOIO TpH TeHepalii HOBMX T'€OMETPUYHUX o00pa3iB, ofHaK ii IyKe Ba)KKO
aJanTyBaTH Wi iCHYrOUYl 00’€KTH, M0 OTPUMaHi, HaMpHUKJIal, MUISIXOM CKaHyBaHHA. SIK TpaBWIIO, TaKi
MOJICNII yTBOpPEHI i3 TPUKYTHUX KOMIPOK, TOMY BHKOPHCTAHHS CXEMH, IO O0a3yeThCsAd Ha MOILT
YOTUPHUKYTHUX EJIEMCHTIB € HEIIPUIHSATHUM.

3 iHmoro OOKy, KBaJpOJIEPEBO MOXHA aanTyBaTH IS OMKCY TOCHTIIOBHHX MOJLTIB TPUKYTHOI
obmacti (puc.2). B mpoMmy BapiaHTi cxema oIepye TPUKYTHHMH KoMipkamu. Sk Oadumo, mpu
MOCTIIOBHUX TOJINIaX TPUKYTHUX o0ONacTeil 3 SBIAIOTHCS YOTUPU HOBI KOMIpDKH 1 mapaieibHO
TCHEPYETHCSl HOBUH PiBEHb KBajapoaepeBa. BaInMBoI mepeBarol0 JaHOrO METOAY € Te, IO BiACYTHiH
3aBepIIAIBLHUN eTan TPIaHTYJAIii, OCKIIBKA TOTOBAa CiTKAa BXKE CKJIQMAETHCA 3 TPUKYTHUX KOMIPOK.
BiamoBigHO KOXEH JHCTOBUI BYy30JI JepeBa MICTUTh KOOPAWHATH BEPIIMH BiAMOBIAHOT KOMIpKHU
N{T T},

3Ha4YHOIO MPOOJIEMOIO ATOPUTMY 3aryLICHHs, SIKUH ONepyBaB YOTHPHKYTHHMH KOMipKamH, Oyna
OsIBa PO3PHBIB Ta LIIMH B CITII HA KOHTaKTi 00JIACTEH 13 Pi3HOIO TYCTOTOO CiTKH. J{JIs motonanHs i€l
poOJIEeMHU KPiM TPIaHTYJIAMII CITKH HEOOX1THO OYyJI0 TaKOXK CTSKHTH 3a 30aJIaHCOBAHICTIO JIepeBa i IpH
UBOMY 3°SIBISUIOCS 0araTo HAAJMIIKOBHX €JIEMEHTIB CiTKH. Y BHIAIKy, KOJIHM aJrOPUTM IPaLIOE
0e3nocepeIHb0 3 TPUKYTHUMU KOMipKaMH, KUTBKICTh HaIJTUIIKOBUX €JIEMEHTIB € MiHIMallbHOIO (pHC. 3).
Jl1st yHUKHEHHS PO3PHUBIB B CITIN JOCTaTHHO PO30OHTH CYMDKHY KOMIpKY Ha JIBI YaCTHHH. AJie IS TOTO,
100 ciTka OyJia OJHOPIIHOI, HEOOXIHO CITIAKYBaTH 3a 30aJIaHCOBAHICTIO KBaIpOepeBa.
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Pucynok 1. Cxema yTBOpEHHSI CITKH 3 BUKOPHCTAaHHAM KBaIpoJiepeBa
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Pucynok 2. CxeMa yTBOPEHHS CITKH 13 3aCTOCYBaHHSIM TPHUKYTHHX €JICMEHTIB
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Pucynok 3. YHUKHEHHSI PO3PHBIB B CiTIi

[H1II0T0  BXKITMBOIO OCOOJIMBICTIO IPOTIOHOBAHOI METOMWKH € 3IaTHICTh TMPAITIOBATH 13 BKE
TOTOBUMH CITKaMHM 3 TPUKYTHHMH KOMipKaMH, OJIepKaHUMH LIJISIXOM CKaHyBaHHs abo B pe3yJbTaTi
poOOTH IHIIOrO anropuT™My. JIJisi HOTO B MEPIIy Yepry HeoOXiJHO BUOYAYBAaTH KBAJAPOACPEBO, Y AKOMY
30epiraroThCs KOOPIWHATH €JIEMEHTIB BXKe iCHyro4oi Moxeni. lle MoxkHa 3poOHTH, ITOCIIIOBHO
BUOMpAOYU YOTHPH CYMDKHI TPHKYTHI KOMIPKH 1 3aHOCSYM KOOPIWHATH IX BEpIIMH Y BY3IH
kBagponepesa. [lanuii mporec HEOOXiAHO PEKYPCHUBHO MOBTOPUTH OO0 THX Iip, IOKHA B KBaJIpOAEpEBi He
3aJIMINUTBCS OMUH BY30J], kUil i Oyne kopeHem. [Ipuknan moOymoBH JiepeBa i JOBITbHOT MHOXHHHU
KOMIpOK MOKa3aHuil Ha puc. 4.
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Pucynox 4. [ToOymoBa kBampoaepeBa Ijisl JOBUTEHOT MHOKHHHA KOMipOK
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[ToOymoBaHe TaKUM YHHOM JEPEBO Ma€ PSIT OCOOTMBOCTEH, IKi HEOOX1THO Bi3HAYUTH:

- IepeBO € HE CTPOTO0 KBAJPOAEPEBOM, OCKUIbKA HE BCi BY3JIM MAlOTh MO YOTHPU HAIIAKH.
KinpKicTh mOUipHIX BY3JIB 3aJ€XUTh Big OaraTthox (HakTopiB, TaKUX SIK TOMOJOTIS CITKH,
MTOYaTKOBa KOMipKa JIj1st 0Oy I0BH, TOIIIO;

- TOOy/IOBaHe JIepeBO € 30alaHCOBAHUM, OCKIIBKH Y KO)KHOMY €Tarli No0YyJ0BY MPHUHMAIOTh YIaCTh
BCi iCHYI0Ul Ha JaHWIl MOMEHT BY3JIM AEPEBA;

- aJNropuTM NMOOYAOBH € HEOAHO3HAYHUM, TOOTO 3aJISKHO BiJl OOpaHNX MOYATKOBUX YMOB MOXKJIHBI
pi3HI BapiaHTH OTPUMAHOTO JepeBa.

OpepkaHe TakuM YMHOM JIEPEBO MOXKE 30epiraTd KOOPAMHATH BEPIIUH TPUKYTHHX KOMIpOK,
30kpeMa i1 daitnis popmary STL. BiamosigHo 10 HEOr0 MOXke OyTH 3aCTOCOBaHA MOMEPETHHO OIMHCaHa
cXeMa 3arynieHHs sl TPUKYTHUX KOMIpOK.

BucHoBku Ta mnepcmekTHBH. Pe3ynbraToM aaHoi poOOTH € QITOPUTM 3arymieHHs CITKH 3
TPUKYTHAMH KOMIpKaMH 3 BUKOPHCTaHHSAM KBaapoaepeBa. TakoK pO3TISHYTO AOHNOMDKHHUI alnropuTM
noOyoBH KBaapoaepeBa ISl ICHYFOYOI MHOXKMHHM TPHUKYTHHX KOMIpPOK. BilKpuTHM 3ainumraeTbcs
MUTaHHA OOYMCIIIOBAJIBHOI CKJIAJHOCTI MPOMOHOBAHUX AJITOPUTMIB. TakoXX MOAAIBIIUX JTOCIIIKEHb
notpedye NMUTaHHA BHOOPY MOYATKOBHUX YMOB IS aJrOpuTMy MOOYIOBM KBaJpolepeBa IJisi TOTOBOI
MHOKHHHU KOMIipOK.
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Royko A.Y. Usage of quadtrees for condensing mesh with triangular cells.

A large spread is currently in various spheres of human activity has taken rapid prototyping . Particular
attention is paid to it by the mass and inexpensive device for three-dimensional printing , making rapid
prototyping relatively affordable. This in turn led to growing interest in algorithms and methods for constructing
geometric models adapted for three-dimensional printing. Since rapid prototyping was born in the 80s , many
techniques and algorithms that have been developed at the time , today is pretty outdated. Therefore the problem
of developing efficient algorithms for constructing geometric models of objects that can then be used in rapid
prototyping is actual. Since rapid prototyping models represent mainly used as a triangular mesh cells , the same
cell with a given topology are interesting for the development of new algorithms.

The paper proposes an algorithm of triangular mesh condensing using quadtree. The proposed algorithm
avoids gaps in the mesh without generating a large number of redundant elements. Another important feature of
the proposed methodology is the ability to work with ready-made meshes with triangular cells obtained by
scanning or as a result of a different algorithm.

Also developed an algorithm for constructing quadtree for an arbitrary set of triangular elements.

Keywords: quadtree, triangular cells, condensing, algorithm, rapid prototyping, STL.

Poiiko A.IO. Ucnonb30Banue KBaapoaepeBbeB NMPU CTYIIEHUH CETH C TPEYTOJbHbIMM sSYeiHKaMU.

B pabGore mnpemioxeH aaropuTM CTYIIEHUSI CETM C TPEYrOJbHBIMU STYEWKaMU C WCIOJIb30BaHUEM
KBampomepesa. Takke MPencTaBiIeH BCIIOMOTATENBHBIN aITOPUTM MTOCTPOSHUST KBapOIepeBa I TPOU3BOIBHOTO
MHOXECTBA TPEYTOJBHBIX STU€EK, OMUCAH Psili OCOOEHHOCTE ero paboTHI.

KmoueBbie  cioBa:  KBaIpomepeBO,  TPEYTrojbHbIE  SYEHKM,  CTyLIEHWE,  aJrOpuUTM,  ObICTpoe
nporotunupoBanue, STL.
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