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AHAJII3 AJITOPUTMIB BUSBJIEHHS 3ITKHEHD
Y TPUBUMIPHUX BIPTYAJIbHUX CEPEJOBUIIIAX

Annotation. The relevance of the research topic lies in the significant computational challenge
posed by real time collision detection in virtual environments, often consuming up to 50% of ex

ecution time in some cases, or even more. In real world simulations, three dimensional proto

types can be highly complex, containing thousands of primitives. Therefore, developing collision
detection algorithms in real time for complex environments remains a relevant scientific prob

lem. Maintaining a frame rate of at least 30 FPS is crucial for creating a user friendly simulator
in such environments.

The problem of collision detection in virtual environments becomes even more intricate during
the narrow phase. The broad phase of collision detection is responsible for discarding pairs of
objects that will not collide due to a sufficiently large distance between them. The narrow phase
determines whether two objects collide when the distance between them allows for such a possi

bility.

This article describes a collision detection algorithm based on the structure of R trees of axis

aligned bounding boxes (AABBs) and utilizes the oriented bounding box intersection (OAABB)
method to address the narrow phase of collision detection, which finds intersections between two
objects. Experimental results demonstrate that the algorithm presented in this article identifies
intersections with significant interaction speeds.

Experimental results demonstrate that the algorithm presented in this article identifies intersec

tions with significant interaction speeds.

Knwo4osi cnosa: collision detection, 3D gaming algorithms, computer graphics, R trees, bounding
boxes, performance benchmark, innovations, model processing.

ITocraHoBKa npo6semu. [Ipy BUsSBIeHHI 3iTKHEHb y BipTyaJbHUX CepefoBU-
11axX BMHMKAE MpobyieMa BeJIMKOro 00csiry 06umcieHb, o Moxke 3a6upatu 50% vacy
BUKOHAHHS Ta Ginbiie. YV CKIAOHUX TPUBUMIPHUX CUMYJISIIISIX, SIKi MICTSITh TUCSUi
MIPUMITUBIB, pPO3poOKa aJrOPMUTMIB BUSBJIE€HHS 3iTKHEHb Yy peaJlbHOMYy 4aci
3aJIMIIAETHCS aKTyaJbHOI HAYKOBOW IMpo6seMoro. [IOCSITHeHHS 4acTOTM KafpiB
npuHaliMHi 30 FPS € BaxknmmBUM [JisI CTBOpPEHHSI 3py4YHMX [JisI KOpPUCTyBauda

CUMYJISTOPiB. BMSIB/IeHHS 3iTKHEHb 3BMUATHO CKIAHAETHCS 3 ABOX (pa3: MMPOKOi Ta
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By3bKoOi. [llMpoka daza BimmoBimae 3a BigKuaaHHS Iap 00'€KTiB, SIKi He 3iTKHYThCS
yepe3 JOCTAaTHbO BEJMKY BiJICTaHb, TOMI SIK By3bKa (pa3a BM3HAUA€E 3iTKHEHHS, KON
006'eKTM TOCTAaTHBO 6/M3bKO. OUeBMIHO, YCKIAAHEHHST HACTAE IMij 9ac By3bKOi dasu
BUSIBJIEHHSI 3iTKHEHb. Y IaHilt poOOTi IpeacTaB/ieHO aJITOPUTM BUSIBJIEHHS 3iTKHEHb,
III0 BUKOPUCTOBYE CTPYKTYPY R-IepeB opieHTOBaHUX 0OMEXYIOUMX MapasieseninesniB
(AABB) Ta MeTo[ mepeTuHY Opi€eHTOBaHMX OOMeskyounx napasenerninefis (OAABB)
IIJIsI BUpillleHHsT By3bKOi a3y BUSIBJIEHHSI 3iTKHEeHb. EKCIIepMMeHTaIbHi pe3yabTaTu
IeMOHCTPYIOTh €(EeKTUBHICTb aJITOPUTMYy Y BUSIBJIEHHI MEepeTHHIB 31 3HAYHUMMU
HMIBUAKOCTSIMM B3a€MOJIII.

AHaii3 ocTraHHiX DOCTiAKeHb Ta MyOJikaiii. IcHye KilbKa 3arajJbHOIO-
CTYIIHMX HAOOpiB iHCTPYMEHTIB /151 BUpIIIeHHST BY3bKO1 a3y BUSIBJIEHHST 3iTKHEHD
Ha OCHOBi iepapXiii oOMeXylouumx 00’eMiB. BOHM BiZpi3HSIOTBCS TUIIOM
peanizoBaHoro 06'emy oomexkenHs. Hampukian, SOLID Ta OPCODE BuKOpHUCTOBY-
I0Tb OpieHTOBaHi mapanesnerninenn (AABB). RAPID, V-COLLIDE, PQP, H-COLLIDE
BUMKOPMCTOBYIOTh Opi€HTOBaHi obMmexxyioui mapasenemnineay (OBB). QuickCD Ta
DopTree BukopuctoByioTh k-dops; a Swift++ BukopucToBye omnykii o6omoHku (CH).
Takoxx icHYIOTb riopumHi migxomyu, Hampukiaag QuOSPOs, siki BUKOPMUCTOBYIOTh
KoMbiHairito OBB Ta k-dops [1].

[TopiBHSATM pi3HI MiAXOOM OOCUTh CKIAAHO, OCKIIbKY MPOAYKTUBHICTb TaKOX
3aJIeKUTh Bi GopM Mojeneil, TUITy KOHTaKTy, po3Mipy Mojeseii i iHmux ¢pakTopis.
YV 3HaxXOMKeHHi 3iTKHEHb Pi3HMX BUIIB OOMEXYHUMX 00’€MiB BUKOPUCTOBYIOTHCS
Pi3HOMAaHITHI aJITOPUTMM, IO 3ajeXaTh BiJi KOHKPETHUX BUMOT i XapaKTe€pUCTUK
3agaui. OCHOBHMMM IepeBaraMu pisHUX MiJAXO/iB € iX MBUAKOMIIS Ta TOUHICTb, a Ta-
KOXK MOXJ/IMBICTh OHOBJIEHHSI OOMEXYIOUMX 06’e€MiB Ipu pyxy 006'ekTiB. Taki anro-
PUTMM € BaXKJIMBOIO CKJIAJOBOI B PO3pOOIli BipTyaJbHUX CepegoOBUIN Ta irpoOBUX
IOATKIiB, e TOUHe BUSIBJIEHHS 3iTKHEHb Bifjirpa€ BUPIlIaJbHy POJIb.

VY 3HaxXO[KeHHi 3iTKHEeHb MiK IBOMa TPUBUMiPHUMM 00'€KTaMM 4YaCTO BUKOPU-
CTOBYIOTb i€papxii oomexyBambHMX 00'eMmiB (Bounding Volume Hierarchies, BVH),
SIKi OpraHi30BYIOTb TpiaHTy/AbOBaHi JaHi 06'ekTa. TakMM UMHOM, MPOAYKTUBHICTH
TIOJIITIIYETHCS 3@ PaXyHOK 3MeHIIIeHHS KiJIbKOCTI Map TeCTiB 3a JOMOMOTOK BUKOPU-
CTaHHSI 0OMeKyIoUnX 06’eMiB [2].

[Tpunyctumo, 1o o6MeXyBajabHi 00'€MM IBOX 00'€KTiB OpraHi3oBaHi y JIBOX
iepapxiuHux pepeBax obMexyloumx o6'emiB (BV) A Ta B. Knacuuna cxema
iepapxiyHOro BUSIBJIEHHS 3iTKHEHbD - IIe OJJHOYACHE PEKYPCUMBHE OOXOKEHHS TBOX
nepeB oOMexyrounx 06’emiB A ta B [3]. Lle moske 6yTu onmcaHO aaroOpUuTMOM, HaBe-
IeHUM Yy JIICTUHTY 1 3a AOMOMOrOI0 IICeBIOKOLY.
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Jlicmuxe 1. TumoBa iepapxiuHa cxemMa OOXOHy IJISI BUSIBJIEHHSI 3iTKHEHb MiX

00’eKTaMu

O6xiglleper (A, B)

[lepeBecT obMexyoumMy o6’'em B y cucTeMy KoopIMHaAT A

SIKIO A Ta B He nepeTMHaAKOTBECSI, TO

IIOBEPHYTH I[IYyCTYy MHOXMHY
akmo A Ta B € smmcrxkamMm, TO
repeBeCTM TPUKYTHNMK B Y CHUCTeEMY KOOpAMHAT A
INOBEPHYTM [I€PEeTUH TPUKYTHMKIB, mo oOMexeHl1 A Ta B
inaxme
AKWO A € jucTxkoM i B - BHYyTpimHiM BYyBJIOM, TO
oJyig Bclx miTem B[1i]
O6xiglleper (A, B[i])
iraxwme
AKIWo A € BHyTpPimHiM ByssoM i B - sgmucTkoM, TO
oJyig Bclx miTem A[1]
O6xinglleper (A[i], B)
iraxwme
onsa Bcix pmivewm A[i] Ta B[]]
O6xinllepes (A[i], B[J])

OnHak 3axmaH Ta KHiTTen b BUSIBUIM JesKi Tpo6ieMu y TpagUIliifHOMYy 00XO0/Ii.
3oKkpeMa, BOHM IIOKa3anau, IO [eKiJbka BYy3JiB y JAepeBax iepapxii A Ta B
BiIBiTyIOThCS Gisbllle OHOTO pasy. [Ipyra mpobjema Mmojisira€ B TOMY, IO By3JIu fe-
peBa oOMeXyuMx 00’eMiB B, Hampukiam, IMMOBMHHI OYTU IepeTBOPEHi B JIOKAJbHY
cucteMy KoopauHAaT A. SK Hawmmok Iepmioi mpobsiemMu, Iie IepeTBOPEHHS
TOBTOPIOETHCS AEKibKa pa3iB Ajisi TOTO CaMOTO By3Jia, 10 3HWKYE MPOAYKTUBHICTh
[4]. AnropuTM, TIpeCTaBIeHMIi y AaHiil poboTi, BUPIIIye 11i TpobaeMu.

MeTa pociaimkeHHsA. MeTolo IOCTiIXkeHHSI € po3pobKa epeKTUBHOrO ajro-
PUTMY [IJIS1 BUSIBJIEHHS 3iTKHEHb Y peaJbHOMY 4aci y BipTyaJlbHUX CepeloBUIIaX.

OcHOBHa yacTMHa. Y 1IbOMY DPO3[iJi MpeacTaBJeHO AeTasi peamizaiii ime
aBTOpPiB [Ji1 BMU3HAUEHHS MEepPeTUHIB IMOBEPXOHb 1 TPUKYTHUKIB [Js Iapu
TPUBUMIpPHUX 00'eKTiB. [IJisT 3aCTOCYBaHb y BipTyaJlbHOMY CepeIOBMUIL TPUBUMIipHIi
00'€eKTM MOXYTb OYTM BM3HAUeHi SIK KOJIEKIliSl ITOBEPXOHb, A€ KOXHA ITOBEPXHS
iHAMBiZyanbHO MpeCcTaBIeHa SIK KOJIEKI[isl TPUKYTHUKIB.

Yac BuAB/IEHHS 3iTKHEHb MiX JBOMa 06'eKTaMi 3a goromorow BVH 3aneskuthb
Bif: (1) BApTOCTi mepeTHHY Ta OHOBJIEHHSI 0O0MeXylounx 06’eMiB; (2) BapTOCTi mepe-

TUHY TPUKYTHUKIB; Ta (3) KIZIBKOCTI TaKUX OIepallii.
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[linxim, mpencTaBieHuiti y pobOTi, MATPUMYEThCS iepapxismu R-mepes
OpieHTOBaHMX OOMEKYIOUMX TapasiesiernileniB Ta IepeTMHOM OpPiEHTOBAaHUX OOMe-
KYIOUMX TapasiesienimeiB, o6 3MEHIIMTH BapTiCTh Ta KiJIbKiCTh omepariiii OHOB-
JIEHHS Ta TIepeTUHY, TUM CaMMM ITOKpaIIyIoYM MPOAYKTUBHICTh. Bubip Tuiy o6'emy
oOMeXXeHb BIUIMBA€E Ha MPOAYKTMBHICTb ITPOLIECY BUSIBJIEHHS 3iTKHEHb. A BUKOPU-
CTaHHS OpPi€HTOBAaHMX IapaJeselline/iB 00yMOBI€HO TUM, 10 BOHM IIBUIIIE Tepe-
TUHAIOThCS.

Bysio BupineHO BMKOPMUCTOBYBAaTH R-mepeBa mjisi moOymoBu iepapxiii oome-
KYIOUMX 00’€MiB Ta oprasisailii TpMBMUMipHOI reoMeTpii 06'eKTiB 1151 MMOKpaIIeHHS
TIPOOYKTUBHOCTI IPOLIECY BUSIBJIEHHS 3iTKHEHb. R-1epeBa € XOpOoIIMM BMOOPOM s
BUSIBJIEHHSI 3iTKHEHb, OCKiJIbKM, ITO-IIepIle, Ha OyIOb-sIKOMY PiBHi JepeBa KOKHMUIA
MIPUMITUB acolliiioBaHMIi JiuIlle 3 OMHUM By3JioM. I[lo-npyre, B R-mepeBi BCi IMCTKU
3HAXOSThCSI Ha OMHOMY piBHi. [To-TpeTe, ocKinbky rnbuHa R-gepesa, 1110 36epirae
N NpUMITUBIB, JOPiBHIOE logmn , le m — MiHiMaJibHa KiJIbKiCTb AiTeit By37a [5].

JIJ1s1 IPUCKOPEHHS TIpOLiecy BUSIBIEHHS 3iTKHeHb KOsKeH 00'eKT MpecTaBiIeHui
CTPYKTYpOIO AaHuX R-mepeBa y BiaacHil JOKa/IbHIV CUCTeMi KOOpAMHAT (PUCYHOK 1).
BynyeTbcs iepapxiuHe mepeBO, IPyMylOuM CyCigHi rmoBepxHi. JIucTku R-mepeBa BKa-
3yIOTb Ha TeoMeTpil0 TOBEepXOHb, SIKi BM3HAUAIOThb 00'ekT. IS ABOX 00'€KTiB
repeBipsIETbCS 3iTKHEHHSI MiXK ITOBEePXHSIMM, SIKi 3HAXOHSITbCSI B CYCiIHIX 30Hax,

YHUKYIOUU HOpiBHHHb 3 TUMMN, SIKi 3HaXO0OATbCA OaJIEKO.

Scene Graph
.,
bt

Pucynoxk 1 - KoskeH 00’eKT rpada ciieHu mpejicraBieHo R-nepeBom

JIJISI OpraHi3aliii 1oro moBepxoHb

[ToBepxHi TpUBMUMIpHOI MoOAeni MOXYTb OYyTM CKJIaAHMMU. BOHU MOKYTb
MIiCTUTU BeIUKY KiJIbKiCTh TPUKYTHMKIB. 3 IIi€i MPUUMHM peasizallis, onucaHa y

po6O0Ti, TAaKOK BUKOPUCTOBYE R-mepeBo [IJiT MPOCTOPOBOi OpraHisailii TpUMKYTHUKIB
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(pUCYHOK 2), 1110 AOTIOMOKEe WBUJIIE BiAXWINTU TPUKYTHUKU, SIKi TapaHTOBAHO He
MOXYTb TepeTuHaTUCSI. Y IbOMY IMigXOMi AJIs1 KOXKHOI ITOBEPXHi 00UMCIIOEThCST R-
JlepeBOo, TPYITYIOUM CYCiHI TPUKYTHUKMU, OJiS YHUKHEHHS IMOPiBHSIHb 3 TaKMMMU, IO

3HAXOJSIThCS alIeKO Bill 30HU ITepeTUHY.

PucyHoK 2 - KoxkHa nmoBepxHs 3D-MogeJli TaKOX IpeacTaBaeHa CTPYKTYPOIO

IaHuX R-mepeBo 11 IpOCTOPOBOI OpraHi3ailii ii TPUKYTHUKIB

3anponOHOBAHMI AJITOPUTM TAKOX I'PYHTYETbCSI HA BUKOPUCTAHHI MepeTHHIB
opieHTOBaHMX 0OMexylouMx mnapasnesnemnimnenis (Overlapping Axis-Aligned Bounding
Box, OAABB) (A, B), IOBOX TreOMeTpMUYHMX NPUMITUBIB [JjisI TOKpaIleHHS
MIPOOYKTUBHOCTI Ipollecy BUSIB/IeHHS 3iTKHeHb. OAABB BM3HauaeTbcs K 00'eM,
SIKUI € CITUIbHUM [IJISI TBOX OPi€HTOBAaHMX OOMEXYIOUMX IapajesernineniB A Ta B.
OAABB BUKOPUCTOBYETBCS IJis BindibTpyBaHHS IIPUMITUBIB, SIKi He MOXYTb mepe-
TUHaTHUCS. Po3rsiHeMo npuKiazg Ha pUCyHKY 3. [ToBepxHS S; 06'ekTa A He MOXe Tie-
peTuHaATHUCI 3 00'eKTOM B, ockinbku BoHa He mepetuHae OAABB. Takum umHOM,
MOSKJIMBO MIBUAKO Bif@iabTpyBaT BCi TOBEpXHi 000X 00'€KTIB, SIKi He MMepeTUHAIOTh
OAABB.

PucyHok 3 - O6MexXyBa/ibHa paMKa 3 BUPiBHIOBAHHSIM TIO OCi, 1110

nepexkpuBaeTbcs (OAABB), KoHIIem1Iis ToKa3aHa B 2D
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AJITOpUTM [J11 TIOIIYKY IOBEPXOHb, IO IepeTMHAIOThCS, MpeacTaB/JIeHUIl y
JIICTUHTY 2 Y BULJISIAI TICEBAOKOAY.

JlicmuHz 2. AnTOpUTM [1J1s1 3HaXOKeHHSI TIOBEPXOHb Ta TPUKYTHUKIB, 10 Tiepe-

TUHAIOTHCA.

Nomyk3iTkHeHbL (A, B)

1: AABBg(A) = Mg x AABBaA(A) // OHOBJIEHHA KOOPAMHATHOIL cCuc-
TeMu BV

2: Sxmo (AABBp(A) He mepermHaeThcs 3 AABBR(B)) Buxin

3: BusrHaumTm OAABBs (A, B)

4: O6xixm R-pepeBa (SBV(B), OAABBp(A,B))

5: Ina koxHOI moBepxHi1 3 SBV(B), mo nepermHae OAABBg (A, B)

6: O6xinp R-pmepeea (TBV(B), OAABBg;(A,B))

7 Ojisa KOXHOTO TpukyTHMKa T (B) 3 TBV(B), mo
nepertuHae OAABBg (A, B)

8: [lepeHecTn TreomMeTpiln TpukyTHMKa T (B) B
CHUCTEeMYy KOOpIMHAT A

9: OBUMCIUTM HOBUM onTuMalibHMM AABBA (T (B))
ona T (B)

10: O6xinm R-pmepeBma (SBV(A), AABB,(T(B)))

11: IOns xoxHOI moBepxHi1 3 SBV (A)

12: O6xinm R-pmepema (TBV(A), AABB,(T(B)))

13: llepernu T (A) Ta T (B)

[Ipomiec BUSIBJIEHHS 3iTKHEHb CITIOYATKy IiepeBipsie, uM ob6'ektm A i B €
BimokpemyienuMu (psiaku 1-2 y micturry 2). O6'eMHi 0OMesKeHHSI KOXXKHOTO 00'e€KTa
CTIOYATKy OOUMC/IIOITHCS Y JIOKAIbHIN cucTeMi KoopauHaT o06'ekta, AABBA(A) Ta
AABBg(B) BigmoBigHo. Matpuiisi TpaHcdopmaiiii, 110 MepeTBOPIOE JOKa/ibHe Mpe/i-
CTaBJIEHHS 00'€KTa A y JTOKAJIbHY CUCTEMY KOOpAMHAT 06'eKTa B, Bu3HaueHa SIK Mg a.
Obmesxxyrounii 00'eM 00'eKTa A OHOBJTIOETHCS OO CUCTEMM KOOpauHaT 06'ekra B, 00-
YUCITIOYM 00MexXyiounii 06'em AABBg(A). ko 15t mapa AABB He mepeTuHa€eThCH,
TOJIi BiATIOBiZHI IBa 00'€KTM He IePeTUMHAIOTHCS, i IIPOLeC 3aBePIIYETHCS. K0 BO-
HM TIepeTMHAIOThCS, TO CHUCTeMa BM3HAUA€ OPIEHTOBAHMUII  OOMEKYIOUMIA
napasnesnerninen rnepetuHy, OAABBg(A,B) 1Box 00'eKTiB (PSIAOK 3 Y JIICTUHTY 2), SIKUIA
BU3HAYEHUI Y JIOKATbHIil CHCTeMi KOOpaAuHAT 00'ekTa B.

HacTynmHMM KpPOKOM MpoOliecy BUSIBJIEHHSI 3iTKHEHb € BU3HAUE€HHSI MTOBEPXOHb
o6'ekra B, mo neperuHaoTb OAABB (psmok 4 y mictuHry 2). Ik BXXe 3a3Hayanocs,
ToBepxHi 06'ekTa B opraHizoBaHi B lepeBi MoBepxHeBMUX 00'€MiB, sIKe Ha3MBAETHCS
SBV(B). IToBepxHi B 36epiraroTbcs B micTKax mepeBa SBV(B). 3a mormomorow o6xo-
’KeHHSI 1IbOTO JIepeBa B INMONHY, GiIbTPYIOTHCS MOBepXHi 06'ekTa B, sIKi He mepeTu-

ISSN 1562-9945 (Print) 115
ISSN 2707-7977 (Online)



«CucTeMHi TexHoaorii» 4 (153) 2024 «System technologies»

HaoTb OAABBg(A,B). JIuiile moBepxHi y IMCTKax, 110 nepetuHaioTb OAABBg(A,B), €
KaHAUIaTaMy Ha 3iTKHEeHHS [6].

KoskHa roBepxHs 00'eKTa B mpencTaBieHa KOJIEKIE TPUKYTHUKIB. TpuUKyT-
HMKM KOXXHOI TTOBEPXHI TAaKOX IpeACTaB/eHi y BJACHIM CTPYKTypi OaHUX IepeBa
TPUKYTHUKOBUX OOMEKeHb, OpraHisyioun ix y migperionu. HacTymmHMIT KpoK Ipolie-
CY BUSIBJIEHHS 3iTKHEHb I10JISITAa€ B OOUMC/IEHHI JepeBa TPUKYTHUKOBUX OOMeKeHb
TBV(B) KOXHOi KaHAMIATHOI MoBepxHi 00'ekTa B (psaku 5 i 6 y jmictuary 2). Ha
IIbOMY eTalli BU3HAYaIl0ThCsI TPUKYTHUKM 00'ekTa B, 1110 nmepetnHaoTb OAABB.

BukopucroByioun OAABB, MeHemkep BUSIBIIEHHS 3iTKHEHDb QibTPY€E MOBEPXHi
Ta TPUKYTHUKY 06'eKTa B, SIKi HEe MOXKYTb ITepeTHATHUCS.

TpuxkyTHUKM 00'ekTa B, sKi mepetnHaioTs OAABB, mepeTBOPIOIOTHCS Y CUCTEMY
KoopauHaT 06'ekTa A (psimok 8). Ha iboMy eTari TaKosK BU3HAYAETHCS ONMTUMAIbHMIA
obMexxyrounii 06'eM TpUKyTHMKA (psimok 9). HoBuit ontumanbuuiit AABB 6ynyeTbest
IJISIXOM OOUYMC/IEHHSI HOBMX MiHiMaJIbHMX i MAKCMMaJIbHMUX 3HAYE€Hb 110 OCSIX X, Y Ta
Z, BM3HAYAIOUYM HOBi po3mipyu obMeskyrdoro ob'emy. lleit etam 00OYMCIIIOE OITH-
MaJIbHUIT OOMEXYyIuUmnii 00'€éM, OCKiJIbKM BiH € MIBUAIIMM, HiXXK OOYMCIEHHS
MiHiManpHOTO AABB. Kpim Toro, ontumanbauii AABB kpaiiie oOMeskye TPUKYTHUK,
HiXX MiHiManbHU AABB.

[ToTim mpoliec BMUSIBJIEHHS 3iTKHEHb CITYyCKAETHCS 10 JepeBa MOBepXHEBUX 00-
MexkeHb SBV(A) myist o6'ekta A (psimok 10 y smictuary 2). Ha ibomy eTarri BiH 3HaXo-
INTb TIOBEpXHi 06'ekTa A, 110 nMepeTuHaioTh onTumaabHe AABBA(T(B)) TpuKyTHUKA
o6'exra B.

[[106 BM3HAUMUTH, UM TTIePETUHAETHCS Mapa MoBepXOHb, HEOOXiTHO 3HANTK Tapy
TPUKYTHUKIB, IO TIepeTUHAThCs. [IoTiM Ipoiiec BMUSIBIEHHSI 3iTKHEHD TePeXOIUTh
IO JepeBa TPUKYTHUKOBUX obOMeskeHb TBV(A) KOXHOI KaHAMIATHOI ITOBEpPXHi
o6'ekta A (psimku 11 i 12 y mictunry 2). Ha 11boMy eTarti BU3HAYaIOTbCSI TPUKYTHUKA
o0'exTa A, 06'eMHi 0OMesKeHHS SIKMX IepeTUHaloTh onTuMmanbHe AABB 06'ekTa B.

OcTaHHIM KpPOKOM € IIPOAOBXEHHSI IlepeTMHYy MiX IlapaMu KaHIUAATHUX
TPUKYTHUKIB (psimok 13), peasizoBaHe 3a mornomoroio aiaroputmy Guige, P. and
Devillers [7]. $Ikuio € mapa TPUKYTHMKIB II0 MEepPeTUMHAIOTbCS, TO BiAIMOBigHI
TOBEPXHi MepeTUHAKThCSI.

PesynbTaTy ekcnepMmMeHTy. Y 1bOMY DpO3[ili IMpeacTaB/eHi pe3yibTaTu
OIiHKM MMPOAYKTUBHOCTI 3aIIPOIMIOHOBAHOTO aJITOPUTMY BUSIBJIEHHS 3iTKHEHb.

[IpencraBiieHO NPUKIAL MOAEIIOBAHHS MMPOLECY HA MiANPUEMCTBI. YCi eKcrie-
pPMMeHTH, OTIMCaHi B HACTYITHMUX ab3aliax, BUKOHyBaImncs Ha mpoiiecopi Intel Core i5-

8300H, 3 06'eMom onepaTMBHOI mam 'aTi 16 ['6aiT rpu TakTOBIi yacToTi 4 I'T1I.
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Po3rsimaeThCsl peasibHMIA 3aCTOCYHOK 3 0OCTYTOBYBAHHS BipTyaJbHUX Cepejo-
Buill. Ha pucyHKy 5 mpezcTaBiieHO CKpiHIIOT 3 mojaaTKy Siemens Kineo software [8],
SIKUI CUMYIJTIOE TisUTbHICTh 6-0CEBOr0 poOOTa IO BilBAHTA’KEHHIO TOBapy. Siemens
Kineo 6yB BUKOpUCTaHUII B SIKOCTi CUMYJSITOpA, [T MOXK/IMBOCTI 3aBaHTaXKeHHS
Mogeti 1o 3D cieHu, IKy 3roAoM MOKHA Oyjle KOHBEepTYBaTU B Habip TPUKYTHUKIB i
MPOTECTYBAaTU MIBUAKOMII0 pPO3pO0JEeHOr0 ajroputmy. HacTymHMii mpukiazn
BUKOPUCTOBYETHCS [JISI TECTYBAaHHS BUSIBJIEHHS 3iTKHEHb B BipTyaJIbHUX CepefoBU-
ax, Je BaKIMBO 3HAXOIUTU OeTasli, [0 MepeTUHAIOThCS 3 iHIIMMH, 100 CKOPUTY-
BaTM CIIeHapiil MOBemiHKM Ij1s1 GisyuuHoro pobora. JaHMii clleHapiil Ma€ 3arajbHy

KinbKicTb 28 meraneii, 2252 moBepxHi i 30535 TPUKYTHUKIB.

—

PucyHoOK 5 - 3D cumyisitiisi BAHTaKHOTO 6-0CeBOro poboTa

3anponoOHOBAHMUII aJTOPUTM BUSIBJIEHHSI 3iTKHEHb [OOCSATa€ iHTepaKTUBHUX
MOKA3HMKIB Y peaibHMUX ITPOMMCJIOBUX 3aCTOCYBAHHSX, SIK IIe Oy/10 6askaHo.

VY tabmmii 1 st MopiBHSHHSI HABOASITHCSI YaCOBi MOKA3HMKM, OTPMMAaHi aBTO-
paMu 3a ABOMaA IiJIXOJaMM: 3 BUKOPUCTAHHSIM ITepPeTHHAIOUOro OpPi€HTOBaHOIO 00-
Mexxytouoro napaseseninega (OAABB) Ta 6e3 HbOro. Bifg3HauaeTbcsl 3HaUHe IMOKpa-
IIeHHS MPOAYKTUBHOCTI came IpU BUKOPUCTAHHI IMEePEeTUHAIOUOro OpPi€HTOBAHOTO

oOMesKylouoro rapaseserimne/a.
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Tabmmuig 1
Yac BUSIBJIEHHS 3iTKHEHb 151 3HaXOKeHHS II0BEPXOHb, 110 ITepeTUHAIOThCS,

IIJIsI TIpOLIeCy BUPOOHMIITBA, Y MiJliceKyHIax

Yac y miicekyHAax Ajisi BUSHaUE€HHS
Buxkopucranusi OAABB Tak Hi
(1) mep1ia moBepxHSI, 11O MEPETUHAETHCS 0.04 0.17
(2) yci MoBepxHi, 110 MepeTUHAKTHCS 0.068 1.65
(3) BCi mOBepXHi Ta TPUKYTHUKMH, IO ITI€PETUHAKOTHCS 1.04 1.9

Ile mokpalleHHs TOSICHIOETHCS 3@ TOTIOMOIOI0 JaHMX, HaBeAeHUX y Tabauiii 2.
BapricTh BMSIBI€HHSI 3iTKHEHb 3a/JI€XUTh Bif KiJIbKOX YMHHMKIB. Bubip Tury
00'eéeMHOTO OOMEXXeHHSI BIUIMBA€ HA KiJIbKiCTh Ta BapTiCTh BUMKOHAHHSI IT€PETUHIB
00'emHux obmexeHb. [Iynst AABB Ta k-dops BapricTh Ta KiJIbKiCTh OHOBJIEHHS
00'eMHMX OOMEKeHb TaKOX BIUIMBAIOTh HA MPOAYKTMBHiCTb. Tabimilsg 2 IOKasye
edeKkTuBHEe 3MeHIIeHHs KiJTbKOCTi TecTiB AABB Ta ormepaliiii OHOB/IEHHSI 00'€ MHMX

00MesKeHb, 110 TTOSICHIOE Kpallly MPOAYKTUBHICTh, OTpUMaHy 3a moromoroo OAABB.

Tabanig 2
CepenHs KiJIBKICTh OIepalliji Ha KpOK [IJIs1 BUSHAUE€HHS [IepPEeTUHIB
KinpkicTh [Tepiumit TPUKYTHUK Bci TpuUKyTHUKM
orepariini
Buxopucranus Tak Hi Tak Hi
OAABB
AABB TecTu 1523 3251 18324 34526
AABB oHOB- 145 816 631 4125
JIEHHS

TakoX BaXKJIMBO IOPIiBHATUM MNPOAYKTUBHICTh IIbOTO aJTrOPUTMy 3 IHIIUMMU
iHCTpyMeHTaMM BUSBJI€HHSI 3iTKHeHb. Y Tabnuili 3 mpencTaBieHO TOPiBHSIHHS
peajisaiii  3ampOIIOHOBAHOrO0  AATOPUTMY (B  TabGAMIi  MO3HAUEHUIA  SIK
[Momyk3iTkHeHb) 3 anroputmamu PQP, RAPID, OPCODE Ta Dop Tree airoputmamu.
[TpencraBieHi pe3yabTaTy OyJIM OTPMMAaHi IMPY BM3HAYEHHI MEPIIOT0 TPUKYTHMKA,
110 TIepPeTUHAETHCS, a TAKOX [IJISI BCiX TPUKYTHUKIB, 10 ITepeTuHaThcs. Tabanisd 3
CBilUMThb IPO Te, IO PO3POOJEHMIT aNrOpUTM € e(QeKTUBHUMM Y BU3HAUEHHI

TepeTuHiB.
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Tabnuig 3
Yac mouryky nepeTuHiB Ajisi po3po6IeHOTO airTOPUTMY
Ta J0r0 MOPiBHSHHS 3 iHIIMMM MeTOAaMU
Yac Ha nonryxk [Tepuunit TPUKYTHUK Bci TpUKYyTHUKMU
repeTuHiIB (MiliCeKyHIN)

PQP 0.55 5.17
RAPID 0.12 3.87
Dop Tree 0.06 18.25
OPCODE 1.64 2.54
[MTomyk3iTKHEHb 0.15 1.56

BucHoBKM. Y poOOTi mpeacTaBAeHO HOBUII aJITOPUTM BUSIBJIEHHS 3iTKHEHb,
SIKUIA 0OO0UMCITIOE TIOBEPXHi Ta TPUKYTHUKMU, IO MEPETUHAIOTHCS, BUPIIIYIOUM MPO-
6;ieMy By3bKOi a3y BUSIBJIEHHS 3iTKHEHb.

Omnucano BukopuctaHHs R-mepeB Ta OAABB s peasnisaliii ebeKTMBHOTO Me-
TOOY 3HAXOIXKeHHSI 3iTKHeHb B peaJlbHOMY 4Yaci [Jis 3aCTOCYHKIiB BipTyaJbHOI
peayibHOCTi.

ANTOpUTM BUSIBIIEHHSI 3iTKHEHb, IO TpeACTaBieHnit y pobOTi, BUKOPUCTOBYE
opieHTOBaHi 0OMeKyIOUi Iapasesernineay pa3oM 3i CTPYKTypoio R-pepeBa, mo6
BidinbTpyBaTH 00MeXyI0Ui 06’€MM MIPUMITUBIB, SIKi He MOXYTb IepeTuHaTucs. [IBa
MIPUMITUBY TI€PETUHAIOTHCS, SIKIO BiAIIOBiAHI 0OMEXYIOUi 00’eMM TaKOX TepeTu-
HatoTbcst 3 OAABB. [IpencraBieHuii ajroputTm oO0X04y 3MEHIIY€E KilbKiCTb
BiIBilyBaHb BY3/JiB 1O OOHOrO [Jisg 00'€KTa A, TIOKpallylouu 3arajabHy
MIPOAYKTUBHICTh Ta BUPIillylouM MpobaemMyu KilbKOX BifBimyBaHb, 110 MpUTaMaHHi
TpaauLiiHii cxemi 06xomy. OAABB TakoxX CIipusie 3HAUHOMY 3MEHIIEHHIO KiJIbKOCTi
orepalliii OHOBJIEHHSI 0OMEKYIOUMX 00’ eMiB.
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Analysis of collision detection algorithms
in three-dimensional virtual environments

The problem addressed in this paper concerns the real-time detection of collisions
in virtual environments, which can consume a significant portion of computational re-
sources, particularly in complex simulations with numerous objects. Ensuring a minimum
frame rate of 30 FPS is crucial for user-friendly simulations. The focus is on the narrow
phase of collision detection, where objects in close proximity are examined for potential
collisions. This paper proposes a collision detection algorithm leveraging Directed
Bounding Parallels (AABB) R-tree structure and Oriented Bounding Parallelepiped Inter-
section (OAABB) method to address this phase efficiently. Experimental results demon-
strate the effectiveness of the algorithm in detecting intersections with high interaction
rates.

Various publicly available toolkits exist for narrow phase collision detection, em-
ploying different bounding volume hierarchies and constraint volumes. Comparing these
approaches is challenging due to performance variations influenced by factors such as
object shapes, contact types, and model sizes. Nonetheless, these algorithms are crucial
for accurately detecting collisions in virtual environments and gaming applications.

Bounding Volume Hierarchies (BVH), commonly used for collision detection, organ-
ize object geometry and improve performance by reducing test pair numbers through vol-
ume constraints. The proposed algorithm utilizes R-tree hierarchies of directed bounding
parallelepipeds and OAABB to enhance collision detection efficiency by minimizing up-
date and intersect operations. The choice of constraint volume type impacts collision de-
tection performance, with oriented parallelepipeds offering faster intersections.

To expedite collision detection, each feature is represented by an R-tree data struc-
ture in its local coordinate system. Hierarchical trees are constructed by grouping adja-
cent surfaces, with leaves indicating surface geometry. Additionally, R-trees are em-
ployed to spatially organize triangles within surfaces to quickly discard non-intersecting
triangles.

The algorithm leverages OAABB, a concept involving the common volume between
two oriented bounding parallelepipeds, to filter out primitives that cannot intersect. Tra-
versal algorithms are utilized to reduce the number of node visits, addressing inefficien-
cies observed in traditional schemes. OAABB contributes significantly to reducing volume
refresh operations.

Experimental evaluations demonstrate the proposed algorithm's efficacy in real-
world industrial applications, achieving interactive performance. Comparisons with al-
ternative methods highlight the algorithm's effectiveness in collision detection. Overall,
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the proposed approach offers a robust solution to the narrow phase collision detection
problem in virtual environments.

Keywords: collision detection, 3D gaming algorithms, computer graphics, R trees,
bounding boxes, performance benchmark, innovations, model processing.

HeBkputunii IBan OjieKcaHAPOBUY — aCHipaHT 3-Tr0 pOKY HaBYaHHS [IHIITPOBChKOTO
HalliOHaJbHOTO YHiBepcuTeTy imeHi Osecst [oHuUapa.

AHTOHeHKO CBiT/1aHa BajieHTMHIBHA — KaHIUIAT TeXHIYHMX HAyK, OOLEHT, OO-
1eHT Kadeapy maTeMaTUUHOro 3abesneueHHst EOM [IHimpoBChKOIro HalliOHATbHOIO

yHiBepcuTteTy iMmeHi Onecst 'oHuapa.
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