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AHHOTALUSA

Beeoenue. Hayunble 1 puKIagHbIE PabOTHI O Pa3MEICHUN BUPTYalbHBIX OOBEKTOB B PEATbHOM IIPOCTPAHCTBE Yalle
Bcero (hOKYCHpPYIOTCSI Ha BONPOCAX WHTEPAKTHBHOCTH, HHTETPAIlMM PEATbHOCTH W BUPTYAIbHOCTH, (DPU3HUECKHX
CBOHCTBaX BHUPTyallbHbIX 37eMEHTOB. OIHAKO HEIOCTATOYHO IpopaboTaHa 3ajada OAHOBPEMEHHO CBOOOAHOTO
U ONTUMAJBHOTO Pa3MEUICHHUsI OOBEKTOB C yYETOM HMX Pa3MEpOB M OKpYXKarolledl 30HbI KOM(MOPTHOCTH BOKPYT HUX.
B nuTeparype MOKHO HalTH ONMMCAaHWE CXOXKEH 3a1adn — 00 YIaKkoBKE B INPSIMOYTOJIbHBIM KOHTeHHep. B Harrem
Clydae Lelb HE OrpaHHUYMBAETCd MAaKCHUMAlbHO IUIOTHBIM pa3MenieHueM. CrlegyeT ydecTb ABa YCIOBUS: KECTKHE
pasmepbl OO0BEKTOB (WX 3alpelieH0 Hapymarb) W JONOJHHUTENbHBIE 001acTM — 30HBI KOMQOPTHOCTH (MX
HeKellaTelbHO 3aHuMarth). Llens paboTel — co3naHuMe M peanu3anus Takoro 2D-anropurMa pasmelieHHs OOBEKTOB
B (PM3MYECKOM NPOCTPAHCTBE, KOTOPBII Oy/eT yUUTHIBATH 0003HaUEHHbIE BBIIIE OIPaHUYCHHS.

Mamepuanvt u memoowt. Vicrions3ysi ammapaT YHCICHHBIX METOJOB, aBTOPHI 3a/eiiCTBOBAIIM CO3JaHHBIA paHee
1D-anroput™ pasMenieHusi 00beKTOB. PacueTsl OCHOBBIBAIOTCS Ha CHUCTeMeE JIMHEHHBIX ypaBHEHHWH. B omHOMepHOM
cllydae ONTHMAJIFHOE pa3MeIlleHHe BUPTYaIbHBIX OOBEKTOB CBOIHWTCS K 3afade, HE 3aBUCALICH OT BHAa (YHKIUH
KOM(OPTHOCTH. DJIEMEHTHI TaKOW CHCTEMBbI — pa3Mepbl 00BEKTOB, TUCTAHIIMK MEXAY HUMH, a TaKIKE PACCTOSHHUS
10 Kpasi 00jacTd BCTpauBaHus, 30HBI KoMpopTHOocTH. IIpemmaraempiii 2D-ajqroput™M ONTHMAaiIbHON pacCcTaHOBKH
BUPTYQJIBHBIX OOBEKTOB pealn30BaJii B BHJE NPOrPaMMHOrO Kojxa Ha s3bike C# ¢ HCIONb30BaHWEM H3BECTHOTO
UrpoBOro aBwxka Unity. PellieHue TecTUpOBaiM Ha rajJpkerax B pekuMe MUKOBOW Harpysku s 5, 10, 15, 20, 25, 35,
40, 45 u 50 o6bekToB. Jlns ombIToB 3aneiicTBoBamy 1,8 Thic. ycTpoicT. [Ipoanamm3npoBanu okoyo 77 THIC. COOBITHIA.
YroObI MCKIIIOUUTH HEpETpe3eHTaTUBHbIC 3HAUEHHS, KaXIbIH pacdeT moBTopsid 10 pa3, W A KaKIOTO 3HAYCHHS
MIPOBEJIHN z-OIICHKY. AHOMabHBIE (00JIbIIE 3 ¥ MEHBIIE —3) NCKIIIOUMIIH.

Pesynomamut uccnedosanus. B pabote co3maH anroputM 2D-paccTaHOBKH, KOTOPBIH pea3yeT 3amojHCHUE
NPSMOYTOJIBHON 00JIaCTH BUPTYAIbHBIMU 00BEKTaMHU. Y Ka)J0ro U3 HUX €CTh pa3Mep M elle OJlHa XapaKTEepPUCTUKa —
30Ha KOM(OPTHOCTH. ABTOPBI COCTaBHIIHM OJIOK-CXEMY peajM3allii JaHHOTO alrOpuUTMa B 3aJaHHOM IByMEpHOMN
JIEBOCTOPOHHEH cucTeMe kKoopauHaT. [TokazaHo, B 4aCTHOCTH, Ha KAKOM 3Tare 00BEKThl COPTHPYIOTCS 110 JUIMHE, KOT/Ia
(GOopMHUpYIOTCS. MX NapTHUM M BBINOJNHSIOTCS PAacCTAaHOBKM IO JBYM ocsM. [lepBas — ropu30HTanbHas, BTOpas
HampaBJeHa BIIEpeA OT TMOJb30BaTeNst (3TO BEKTOp TJIyOWHBI, WIM (DpOHTANbHOE W3MEpeHHe). AJITOpUTM
1D-pa3memnenust a1 chOpMUPOBAHHOTO psijia MO3BOJISIET ONTUMAIIBHO PACIIONIOKHUTE OOBEKTHI BIOJIE OCH X HA OCHOBE
paccunTanHoro ko3¢¢unuenra kompoptHoct K. BrImonHeHB! pacdeTs! W COCTaBICHBI CXEMBI C €TI0 JOCTHYb
OTIpeNIeIeHHBIX TOKa3areneld koMpopTHOCTH. [ Kakmoro oOBEKTa MepBOH JMHAW CMEIIeHHE MO OCH Z OT Kpas
IUIOCKOCTH OMpPEAEIAeTCs TaK, 4T00bI KOM(OPTHOCTH CIIEpean paBHsUIach KoMpopTHOCTH 1o X. Haunnas co 2-ro psina
JUIS BBIUMCIICHUS OTCTYyTIa IPOBEPSIETCS HAJTMUUE MOTEHIMAIBHBIX cocelieil, KOTOpbIe HaXOATCA Ha s BBIIIE U UMEIOT
o01mue ydacTku 1o X ¢ o0padbaTsiBaeMbIM 00beKTOM. Kask/Iblii 2JIeMEHT CTPOKH YCTaHABIMBAETCS MO OCU Z TaK, YTOObI
ero KoM(OpPTHOCTh CBEpXy Oblla MaKCHMaJbHOM W3 OJHOCTOPOHHHMX T'OPU3OHTAJBHBIX KOM(OpPTHOCTEH B JaHHON
U npeapitynen crpokax. [IpuHunn pacyera KoopauHaTHl Z A7ist 00bEKTa CTPOKH IPEJICTABIEH B BUAE OJIOK-CXEMBI.
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HcxomupIMu TaHHBIMA JUTS peaTH3aIlii 3TOTO alropuTMa ObUtH 7 00BEKTOB ¢ 14 pa3HbIMH pasMepamMu U 28 30HAMHU
koMmbopTHOCTH. [locie mporpaMMHON peann3anuu paboTy OmMcaHHOTO 2D-anropuTMa NMpOBEpMIIM Ha MPAKTHKE —
B MOOMJIFHOM TPHJIOKEHUH JOMOJHEHHOW PeaTbHOCTH. 3alrcalii aHAJIUTHYECKHE TaHHbBIE MMOJB30BATEIbCKUX CECCHH.
PaccunTanu cpenHee Bpems BBINONHEHHSA. BO3HHKIIyI0O B XoAe pabOTHl THMOTE3y O KBAJAPATHYHON 3aBHCHMOCTU
MIPOBEPHIIH Ha TEPCOHATLHOM KoMITbioTepe. C 3TON IeNIbI0 MTPOBENN aHAJIOTUYHBIN SKCIIEpUMEHT Tl quana3ona [ 10—
10000] o6wbexToB. 'mmoTe3a moATBEpAMIACh. AJTOPUTMY MOKHO HPUCBOUTH CHOXHOCTH O(n?). Jlns cpaBHEHHs
CKOPOCTH BBIYHMCIICHUS 3aAeHCTBOBAIM 10 caMbIX IOIYJSIPHBIX MOJENCH MOJIB30BATENILCKUX YCTPOWCTB. Pesynbrars
NMpEeACTaBWIM B BHAC JuarpaMMbl. MUHHMANbHOE 3aperHCTpUpOBaHHOEC BpeMms BoimomaHeHus — 0,093 mc,
MakcumanbHoe — 0,146 mMc. Pacuersl mokasanu BBICOKYIO 3(QEKTHBHOCTh ABYMEPHOTO aIropuT™ma. J[omosHUTENTHHO
BU3YaJIM3UPOBAJIM CXEMBI PACCTAHOBKH JIISI PA3HOT'O KOJIMYECTBA U NapaMeTPOB OOBEKTOB.

Obcyrzcoenue u 3axniouenue. TlpennaraeMplii anrOpUTM JBYMEPHOTO pa3MEIIEHHUS MO3BOJSIET paboTaTh ¢ HAaOOPOM
BHUPTyaJbHBIX OOBEKTOB C PAa3HBIMH pa3MepaMHd M 30HaMH KOMGOPTHOCTH. Ilokas3aHBI JOCTaTOYHO BBICOKHE
IIPOU3BOAUTECIILHOCTE U CTaOMIBHOCTE. B CPE€AHEM AJITOPUTM PEATU3YETCA 3a 10U MUJUITMCEKYHIBI T1aXKE IIpU OO0JIBIINX
napTusix 00beKTOB. Bo3MoXKHBIE Oy TyIye HanmpaBIeHUs paOOThI:

— pacimmpeHne moaxo/a st moctpoenus 3D Mozeneit u anropuTMoB;

— BKJIFOUCHHEC B aJITOPHUTM BpalICHUA 00BEKTOB JJIA OO0JIBIIEN THOKOCTH HX PacCmioJIOXKEHNA U JIYUIICTO UCIIOJb30BaHUA
MIPOCTPAHCTBA.

Wtornm paboThl MOTYT NPEACTAaBIATh MHTEPEC JUIS WHXKEHEPOB U Ju3aiiHepoB MHTepdelicoB. B mepcnexTuse ciiemyer
N3y4YUTh MOJIL30BATEIBCKHUI ONBIT MU BO3MOYKHOCTH BKIIIOUEHUS JOITIOJTHUTCIIbHBIX OFpaHI/IquI/Iﬁ Ha MO3NMITUOHUPOBAHUE.

KiroueBble cioBa: BHpTyalbHBIE OOBEKTHI B (DU3MYECKOM IMPOCTPAHCTBE, BUPTYaJIbHBIE OOBEKTHI B JOMOIHEHHON
peansHOCTH, KOM(OPTHOE pa3MENIeHNE BUPTYaIbHBIX OOBEKTOB

BaarogapHocTH. ABTOpHI BBIP@XAIOT MPHU3HATENBHOCTh PEAAKIMOHHOM KOMaHAE JKypHala M PELEH3EHTY
3a KOMIIETEHTHYIO 3KCIIEPTU3Y U IICHHBIE PEKOMEHIAINH 0 YIIyUIIECHHIO CTaThH.

®dunancupoBanue. VccienoBanue mpoBoAWIOCh Ipu (UHAHCOBOM moxanepkke PO®H B paMkax Hay4HOrO MpPOEKTa
Ne 21-510-07004.
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Abstract

Introduction. Research and applied works on the placement of virtual objects in real space most often focus on issues
of interactivity, integration of reality and virtuality, physical properties of virtual elements. However, the task of
simultaneously free and optimal placement of objects, taking into account their size and the surrounding comfort zone,
has not been sufficiently worked out. In the literature, you can find a description of a similar task — about packing in a
rectangular container. In our case, the goal is not limited to the greatest possible dense placement. Two conditions
should be taken into account: rigid dimensions of the objects (it is forbidden to violate them) and additional areas —
comfort zones (it is undesirable to occupy them). The work aims at creating and implementing such a 2D algorithm for
placing objects in physical space, which takes into account the above limitations.

Materials and Methods. Using a set of numerical methods, the authors applied the previously created 1D algorithm for the
placement of objects. Calculations were based on a system of linear equations. In the one-dimensional case, the optimal
placement of virtual objects was reduced to a task that did not depend on the type of comfort function. The elements of
such a system were the dimensions of objects, the distances between them, as well as the distances to the edge of the
embedding area, a comfort zone. The proposed 2D algorithm for optimal placement of virtual objects was implemented in
the form of a program code in C# using the well-known Unity game engine. The solution was tested on gadgets in peak
load mode for 5, 10, 15, 20, 25, 35, 40, 45, and 50 objects. 1.8 thousand devices were used for experiments. About 77
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thousand events were analyzed. To exclude unrepresentative values, each calculation was repeated 10 times, and a z-score
was performed for each value. Abnormal events (more than 3 and less than -3) were excluded.

Results. In this paper, a 2D placement algorithm that implements filling a rectangular area with virtual objects has been
created. Each of the objects had a size and another characteristic — a comfort zone. The authors compiled a flowchart
for the implementation of this algorithm in a given two-dimensional left-hand coordinate system. It was shown, in
particular, at what stage objects were sorted by length, when their batches were formed, and arrangements were made
along two axes. The first axis was horizontal, the second was directed forward from the user (this is the depth vector, or
frontal measurement). The 1D-placement algorithm for the generated row provided optimal positioning the objects
along X-axis based on the calculated comfort coefficient K. Calculations were made and schemes were drawn up to
obtain certain comfort indicators. For each object of the first string, the displacement along Z-axis from the edge of the
plane was determined so that the comfort in front was equal to the comfort along X. Starting from the 2nd row, to
calculate the displacement, the presence of potential neighbors who were a row higher and had common areas along X
with the object being processed, was checked. Each element of the string was set along Z-axis so that its comfort from
above was the maximum of the one-sided horizontal comfort in this and the previous strings. The principle of
calculating Z coordinate for a string object was presented in the form of a flowchart. The initial data for the
implementation of this algorithm were 7 objects with 14 different sizes and 28 comfort zones. After the software
implementation, the operation of the described 2D algorithm was tested in practice — in an augmented reality mobile
application. Analytical data of user sessions was recorded. The average execution time was calculated. The hypothesis
of quadratic dependence that arose during the work was tested on a personal computer. For this purpose, a similar
experiment was conducted for a range of [10-10,000] objects. The hypothesis was confirmed. The algorithm can be
assigned a complexity of O(n?). To compare the calculation speed, 10 of the most popular models of user devices were
utilized. The results were presented in the form of a diagram. The minimum registered execution time was 0.093 ms, the
maximum — 0.146 ms. Calculations showed high efficiency of the two-dimensional algorithm. Additionally, the
placement schemes for different numbers and parameters of objects were visualized.

Discussion and Conclusion. The proposed algorithm of two-dimensional placement enables the user to work with a set
of virtual objects with different sizes and comfort zones. Sufficiently high performance and stability are shown. On
average, the algorithm is implemented in fractions of a millisecond, even with large batches of objects. Possible future
focus areas:

— expansion of the approach for building 3D models and algorithms;

— inclusion of objects in the rotation algorithm for greater flexibility of their location and better use of space.

The research results can be of interest to engineers and interface designers. In the future, it is required to study the user
experience and the possibilities of including additional restrictions on positioning.

Keywords: virtual objects in physical space, virtual objects in augmented reality, comfortable placement of virtual objects
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Bgenenne. lI3BecTHas 3a1aua NpUIIOXKEHUI JOTOJNHEHHON peanbHocTH (augmented reality, AR) — pa3smemenue
BUPTYJIBbHBIX OOBEKTOB B pEAIbHOM (HU3NYECKOM NpocTpaHcTBe. Psin mccnenoBanmii [1-3] Qokycupyrorcs Ha
WHTEPaKTHUBHOCTH, CIHMSHUM pEaJbHOW W BUPTyanbHOH cdep. M3ydaroTcs Takke BONPOCH (DU3UUECKHX CBOMCTB
BUPTYAJIBHBIX OOBEKTOB.

Henocrarouno npopaboTaHa 3afada Takoro pasMenieHuss 00beKTOB, KOTOPOE OZHOBPEMEHHO OBIJIO OBl CBOOOAHBIM
1 ONTHMAaJIbHBIM, YUYUTHIBAJIO HE TOJIBKO TE€OMETPHUYECKHE pa3Mepsl 0OBEKTOB, HO W 30HBI KOM(GOPTHOCTH BOKPYT HUX.
B [6] oTMedeHa BHEITHSISI CXOXKECTh ATON 3a/1a4yl C M3BECTHOM 3a7aueil 00 yrmakoBKe B PSIMOYTOJIBHBIN KOHTeHEp [5].
OpmHako ecTh CyIIECTBEHHas pa3HMIA. B mccienyeMoM ciydae HEZOCTaTOYHO OOECTeYUTh MaKCHMAlIbHO IUIOTHYIO
ynakoBky. [Ipu pa3memnieHnn BUPTyaIbHBIX 00BEKTOB HY)KHO YUECTh HE TOJIBKO HX JKECTKHE Pa3Mephl, KOTOPHIE HENb3s
HapymaTh, HO W JOIOJHHUTENbHbIE 00JacTh — 30HBI KoMpopTHOoCcTH. [X 3aHMMaTh HEXelaTeapHO. OTH
JIOTIOJTHUTEJbHBIE 00IaCTH MO3BOJISIIOT NPUOIH3NTHCS K OOBEKTY U BBIIIOJIHUTE C HUM KaKHe-TO JICHCTBHAL.
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[ensiMu mpeacTaBIeHHOW pabOTHI SIBJSIFOTCS CO3[aHWE, pealu3aius U OleHKa 2D-airopurmMa ONTHMAIbHOIO
pasMelIeH:s BUPTYbHBIX 00BEKTOB B (PU3MUECKOM MPOCTPAHCTBE.

Marepuaiabl U MeToabl. Panee [4] aBTOpBI ONpeNeNUiIN, YTO TaKoe KOM(POPTHOE pa3MeEIIeHWe BHPTYaTbHBIX
00BEKTOB, BBENIN MOHATHE QYHKINKA KOMPOPTHOCTH Ak(x). OHa MOoHOTOHHO Bo3pacTaeT oT 0 mo 1 mpu 0<x<1 u paBHa |
mpu x>1, toe x =X/D, X — paccrosHue OT Kpas oObekTa n0 OJMKaiimero npensaTcTBus, D — pa3Mep 30HBI
KoMbopTHOCTU. [N KaxIoro m3MepeHHs y OOBEKTa €CTh JBE OJHOCTOPOHHHUE 30HBI KoMdoptHOocTH D— M D+
KoM®popTHOCTE ¢ KaXKI0H CTOPOHBI BEIYUCIISACTCS OTACIBHO.

B [6] moka3aHO, 4TO 3amada OJHOMEPHOTO pAa3MEUICHHs 71 BHUPTYalbHBIX OOBEKTOB B CBOOOAHOI 0O0NacTH
MPOCTPAHCTBA MPOTSHKEHHOCTHIO L CBOAWTCS K CHCTEME JIMHEWHBIX ypAaBHCHHH, HE 3aBUCAINUX OT BHIA (YHKIUU
kompopTtHOCTH K(X):

X 1) X(2)
P~ po’
X(l) X(”l)
=5 == (1
o L= (X0
X0 Xl )
A0 p
3necy X fl) — PAacCTOSIHUE MEPBOTr0 OOBEKTA OT JICBOTO Kpas 00JNacTH BCTpaUBaHUS; X E[), i=2,3,....,n — paccTosiHUE

)

MeXIy oOBeKTaMu ¢ HoMepamu i u (i — 1); DY u DY — nepas u npasas 30H6I KOM(OPTHOCTH COOTBETCTBEHHO; [ —

- ~(i+1 i i+1 .
pa3Mmep 00BEKTa; DE) = D\ :Di) + D! ) i=12,..., (n—1).
Marpuna cuctemsl (1) CHIBHO pa3pekeHa, MOITOMY MOXHO H30E€KaTh WCIONB30BAHUS HE CAMBIX OBICTPBIX
YHHUBEPCATBHBIX METOJOB U OCTATOYHO MPOCTO HaiiTu peinenue. Hampumep, B mepBbix (n— 1) paBeHCTBAX MOXHO

B KaXJI0OM i-M ypasHeHuu Boipasuth X'V wepes X, sarem momcraBuTh 5T0 B NOCICIHEE ypPABHEHHE M IIOJNYdHTH
JIMHEHHOE ypaBHEHUE OTHOCHTEIHLHO X", Hocne sroro or nepBoro ypaBHeHUs K (n— 1)-My mociieoBaTeabHO

onpenenstorest 3navenns X, X X" . Aprope peamusoBamu naHmbii 1D-aqropuT™M pasMelIeHHs OGBEKTOB

C TIOMOIIBI0 YUCIICHHBIX MeTon0B. OH IOKa3aj BBICOKYIO CKOpOCTh U 3ddekruBHOCTS. DTOT 1D-anmroputm cran
OCHOBOW Il Hay4HbBIX HM3BICKaHUI, ONMCAHHBIX B MPEACTaBICHHONH paboTe. ABTOPHI NPEIOXKHIN 2D-anropurm
ONTHMAJIBHON PacCTaHOBKM BUPTYalbHBIX 00bekTOB. Ero peanuszoBanu B BHIE MPOrpaMMHOTO Kojxa Ha s3bike C#
C MCTIONTb30BAHUEM HMTPOBOTO IBIDKKA Unity, KOTOPBIM MHUPOKO MCIIONB3YETCS IS CO3IaHUS MOOMIBHBIX MPHIOKEHUH
JIOTIOJTHEHHOH peanbHoCTH [8]. B X0/1€ skcrepuMenTa Ha YCTPOHCTBE MOB30BaTENsI, pa00TAIONIETO B PEXKUME MUKOBOH
Harpy3KkH, 3amyckajucs anroputMm s S5, 10, 15, 20, 25, 35, 40, 45 u 50 oObexTOB. 3amMepsuid BpeMsl, 3aTpaueHHOE Ha
BBIUMCIICHUS (B MIIIIHCEeKyHAax). Kaxaprii pacuer moBTopsui 10 pa3 Bo m30exaHne aHOMAaJbHBIX 3Ha4eHHH. Bceero
B DKCIIEPUMEHTE Y4acTBOBaJIU 1,8 THIC. yCTPOHCTB, ¢ HUX COOpaii M TPOAHAIM3HPOBAIA OKOJO 77 THIC. COOBITHI
C pe3yJbTaTaMu.

OunpTparysl aHOMAIIUH ¢ MOMOIIBIO z-OLCHKH MO3BOJMJIA BEISIBUTH 3HAYCHHS, KOTOPHIE MOYKHO OTIPEIEIUTh Kak
BEIOPOCH! [9]. ABTOpPBI CTaHAAPTH3UPOBAIH NAHHBIC W BBEIYUCIMIIN Z-OICHKY Ul KaKIOTO 3HAYCHUS. AHOMAIBHBIMU
cow Te, y KOTOPBIX z-OIIEHKa OKa3ajach OoJblme 3 WIM MEHbIIe —3. VX WCKIIOYMIN H COCPEIOTOYMIHCH
Ha TUITUYHBIX U PEIPE3CHTATHBHBIX JaHHBIX.

PesynbTaThl uceaenopanus. Mtak, Ha niockocTy X, Z ecTh NPAMOYroJbHas 00JacTh ¢ IMMPHHOH L 1 juuHOM L. .

Ee crnenyer 3amojHUTE HEKOTOPHIM KOJIMYECTBOM BHPTYalbHBIX 00bEKTOB. KaxbIil 00BEKT MOMMMO CBOMX pa3MepoB
["u 1) (rne i — momep obwbekrta) xapaktepusyercs eme somamu kompopraoctn DV, DY DY DY Ha puc. 1

IIpeacTaBJICHA 0JIOK-CXeMa OIMHUCHIBAEMOT0 ajaropuTrMma.
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YcranoBka * Pa3mepsl obmactu
rapameTpoB * Criucok 00bEKTOB

A

CopTupoBka dopmupoBanue YBenomienue o
00BEKTOB IO > MapTuu batch = null Her—»| 3aBepliueHUH
JaHe Z (batch) pacueroB

3

Ja

v

PaccranoBka mo X

v

PaccranoBka o Y

Puc. 1. BepxueypoBHeBblii anroputm 2D-paccTaHOBKH

B nanHO# paboTe Mcoab3yeTcst ISBOCTOPOHHSISI CHCTEMa KOOPAMHAT: 0Ch X 0003HaYaeT TOPU3OHTAIbHBIA BEKTOP
pa3MelieHus, Och Z HampaBjieHa BIlepel OT I0Jb30BaTENsl W SIBISETCS BEKTOPOM DIIyOMHBI WiIN (POHTAIBHBIM
n3MmepenueM [7]. OOBEKTH pa3MENIaloTCs B TOPU3OHTAIBHON TUIOCKOCTH (HampuMmep, Ha MOy, CTOJICIIHWIE W TIp.),
MIO3TOMY BEpTHKaJIbHAS OCh Y HE pacCMaTPHUBAETCS, a BCE WLTIOCTPAIMH MIPEIIONAraioT BUJ] CBEPXy Ha MOIYIHBIIYIOCS
KOMIIO3HUITHIO.

B 5leBoM HMXHEM YIily KaXXIOTO BUPTYaJIbHOTO OOBEKTa 0003HAaUMM OMOpPHYI TOuky (pivot). OHa Oyner
OTIpeNIeNATh KOHEYHBIE KOOPAMHATHI pa3MelneHust oobekrta. Jlasee Habop 00BEKTOB COPTHPYETCS B MOPSAAKE yOBIBaHUSA

i

1o lii) + DZ(’_) + D(+) — TabapuTHOH IyTMHE 0OBEKTOB C YUETOM 30H KOM(OPTHOCTH, PACIOIOKEHHBIX CIIEPEIH U C3aa1
B COOTBETCTBHHM C pacCMaTpUBacMOW OCBIO KoopawHaT. [locime COPTHPOBKH OOBCKTHI, 3aHUMAIOINUE OOJBIIE
MPOCTPAHCTBA MO TIYOHWHE, PACHONAraroTCsl JANbIIe OT IMOJb30BaTeNs (WM BBINIC Ui CXEMBI, TPEACTaBICHHON

B TOPU30HTAIBLHON MPOEKIHH). blok-cxema popMUpoBaHus AapTHH U3 0OBEKTOB MPEICTABIICHA HA pHUC. 2.

3arpy3ka HepacCTaBICHHBIX
00BEKTOB, IOKa CyMMa HX
LIMPOT HE NPEBBICUT pa3Mep
IJIOCKOCTH

Hamnpagnenue Texyuieit

Her—»| VIHBEPTHPOBaHKE NOPsi/Ka
CTPOKH CIIeBa HAIpaBo?

00BEKTOB B CTPOKE

Ha ¢
Pacuer ID

— OIITUMAJIBHOI'O
TI0JIOKCHUA

CwMmeHa ¢nara
MukpeMeHT nuaexca YEIIHOYHOT' 0 X014 Cosnanne o0beKTa
TeKylLIel CTPOKU < UL CIeqyIOIeH HOBOM CTPOKH
CTPOKH

Puc. 2. Anroputm hopMupOBaHUS psaa U3 00bEKTOB

3aTeM U3 yropsoueHHOT0 MHOKEeCTBa 00BEKTOB (POPMUPYIOTCS OTASTbHBIC CTpokH win naptud (batch). B kaxmyro
CTPOKY BKJIFOUACTCS MHHUMAJBHOE KOJMYECTBO OOBEKTOB, CyMMa IIUPHUHBI KOTOPBIX BMECTE C 30HAMH KOM(MOPTHOCTU
TPEBOCXOAUT IMHPHHY 3amoiHsAeMol obmacté L, . Ecim mpum moGaBleHHM CIleLyIONEro OObeKTa BBIYHCICHHAS

3aHMMaeMasl IHPHUHA TPEBBICUT TOPU3OHTANBHBINA pa3Mep JOCTYITHOTO MPOCTPAHCTBA BHYTPH IPSIMOYTOIBHUKA, TAPTHS
cuyMTaeTcs 3aBeplieHHOH. Takum oOpa3oM, Kaxaas HapTHS MOXKET OBITH pa3MeIIeHa B BUAE JIMHUU B IIpeieiax
obmactu. Pampl yepenyroTcs cieBa HampaBO WM CIIpaBa HaJeBO ISl CMEUIMBAHMSA KPYHHBIX M MEJIKHUX OOBEKTOB. DTO
MOJKHO Ha3BaTh «YCITHOYHBIM X0HA0M» (puc. 3).
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Z A

A\ 4

Puc. 3. Cxema «4enHOYHOTO X0/a» Ha KOOPAMHATHOH MJIOCKOCTH

s chopMHpPOBaHHOTO psAa TPUMEHSETCS airoputMm 1D-pa3MeleHusi, KOTOPBI MO3BONSIET ONTHMAIBHO
PACIIOJIOKUTH PsAA OOBEKTOB BIOJIh OCH X Ha OCHOBE PACCUUTAHHOTO KOA(PQUIHEHTa KOMGPOPTHOCTH K, OJJMHAKOBOTO
JUIsl BCeX 00BEKTOB psia. it Kaxk1oro 00beKTa MepBoil IMHUKM CMEIEHHE 110 OCH Z OT Kpasi TNIOCKOCTH ONpeIeisieTcs
TaKuM 00pa3oM, 4TOOBI KOM(POPTHOCTh CIIEPEIU paBHsIACh KOMGPOPTHOCTH 10 X:

U] ) i
Z0 X0 Z0 XY s @)
D(l) D(l) D(’) D(’)

z+ xX— z+ xX—

Hauunasi co 2-ro psia Ui BBIYMCICHHSI OTCTyNa Z: MPOBEPSAETCS HATMYHE IMOTECHIMANbHBIX COCEIel CBepXy U3
BBITIIETICKAIIETO Psa, UMEIONINX C TEKyIIUM o0pabaThiBaeMbIM OOBEKTOM OOIMHe y9acTku 1Mo koopawHate X. [Ipu
9TOM KXl O0BEKT pa3MenacMoil CTPOKH YCTaHABIMBAETCS MO OCH Z TaKUM 00pa3oM, YTOOBI ero KOM(OPTHOCTh
cBepxy ObLIa MaKCHMAJIbHOW U3 OJTHOCTOPOHHUX FOPH30HTANBHBIX KOM(DOPTHOCTEH B TAHHOM U MPEIBIIYIICH CTPOKAX.

AnroputM pacueTa KOOpIUHAT Z NPEACTAaBIEH HA PUC. 4.

Tomyuenue Bri6op IMounck
ITepBbiit psa? Her—»| mnpenpimymero [—» MakCHManbHOTO ¥  OumKailiero
psana K cocena
Ha
A 4
Brruncnenue paccrosinusa Z Cocent Brruucnenue paccrosHus Z
0 PAaCCTOSTHUIO JIO TPAHUIIBI Haiinen? Ja—> 10 PACCTOSTHHUIO JI0
miockocTu X K HaiiieHHoro cocena X K

Her

|

Beruancnenue GpoHTaNEHOTO
paccTosiHUS O CaMOM MaJIEHbKOMN
KOOpAMHATE Z MPEBIAYILIETro psaa

Puc. 4. Ilpunaiun pacuera KOOpAUHATHL Z U1 00bEKTa CTPOKH

U3 6110K-CXEeMBI BUJTHO, YTO OTCTYI BBIYHCIISICTCS aHAJOTMYHO JIJISl BCEX TPEX BO3SMOXKHBIX CIICHAPHUCR:

— OTCTYH OT Kpasi IJIOCKOCTHU JJIsl YCTAHOBKU OOBEKTA;

— OTCTYH OT cOcella CBEPXY;

— TIpU OTCYTCTBUH COCEIa B MPEIBITYIIEH CTPOKe OepeTcs caMblii OIM3KHit 110 Z 00BEKT U3 BCEX MPEABIIYIINX CTPOK.

HNubopmarrka, BBIYHCIUTEIbHAS TEXHUKA U YIIPABICHHE
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HoBbie maptun (GOpMHPYIOTCS OO TeX MOpP, MOKa BCeM OOBEKTaM HE MPHUCBOST Psiji MM MOKA HE 3aKOHYHTCS
(u3HyecKoe MpOCTPaHCTBO.

VcxoHble JaHHbBIE K OMHCAHHOMY allTOPUTMY CHCTEeMAaTH3UpOBaHbl B Tabiuie 1. OOBEKTH PaCCOPTUPOBAHBI 110 X
BEPTUKAJIbHBIM pa3Mepam.

Ta6muma 1
Hcxonuple naHHbIe K IpUMEpY paboThl ONMMCAHHOTO aJlrOpUTMa
Howmep o0bexTa Pazmep 30Ha KOM(OPTHOCTH
(7:4) (4;3;3;5)
2 (10;4) (4,3:53)
3 ;4 (2; 3; 5,25; 2,25)
4 (12; 4) (2,8; 3,3; 3,8; 4,65)
5 (5;4) (2,5;4; 1,75, 5,8)
6 (18; 4) (3,2;2,4; 5; 2,25)
7 (11;4) (2,1;2,45;2;14,2)
Tabnuna 1 cOOTBETCTBYET pUC. 5, IEMOHCTPUPYIOMIEMY pa3MelieHHe 00BEKTOB.
VA
20
0 5 10 15 20 25 30 35 X

Puc. 5. Cxema pacnosnoxeHust 00bEKTOB Ul paccMaTpUBaeMoro npuMepa. Bun ceepxy

Cepblil NPSIMOYTOJIBHUK — 3TO cBOOOJHAS IUIOLIAJb, HA KOTOPOHM paccTaBisioTcsi 00bekThl. YepHsle obmactn —
00BEKTHI B X Ta0apuUTHBIX pa3Mmepax. L|BeTHbIE, ¢ HANOKEHUSIMU, — MPETyCTAaHOBICHHBIC 30HBI KOM(OPTHOCTH Ui
Kaxgoro ooOwekra. Kak orTmeuanocs BbIme, 30HBI KOM(OPTHOCTH OOBEKTOB MOTYT YacCTHYHO MEPEKPBIBATHCS
1 BBIXOJUTH 32 MPEAEIbl CBOOOTHOTO IMPOCTPAHCTBA, HO MPUMEHAEMBIH MOIX0J MO3BOJISIET obeceunTs OanaHc, YTO0BI
B PaBHOIl Mepe yMEHbIIAINCh KOM(OPTHOCTH Pa3IUIHBIX OOBEKTOB.

HamomHaMM, 94TO B TaHHYIO MOJEINh BXOIUT NoHATHE QyHKIINK KoMpopTHOCTH k(x). OT HEe HE 3aBUCUT MOJTyUYeHHAs
cucreMa ypaBHeHui (1), a 3HaUNT M ONTHMAJIBLHOE pa3MelleHHE OOBEKTOB. A BOT 3HAYEHHS OJHOCTOPOHHHUX
KoM(popTHOCTEH 0O0BEKTOB ONPEACIAIOTCS U X pa3MeIleHneM, U BuioM QyHKImH k(x). [IpuBenem 1Ba npumepa:

— B ciy4ae JIMHeHHOH QyHKunu k(X) 0THOCTOpOHHHE KOM(OPTHOCTH 0OBEKTOB BEPXHETO PSAJA PHC. 5 OKa3bIBAIOTCS
paBubiMu 0,6;

2
— JUUISL 3aBUCUMOCTH 4/1— (x - 1) — 3nauenue 0,9.

IMocne mporpaMMHOW peanu3alui OMUCAaHHOTO 2D-anroputMa €ro BHEAPWIM B MOOWIBHOE IIPUIIOKCHUEC
C JIOTIOJIHEHHOM peajbHOCThIO M 3allUcalld aHAJMTHYECKHE IaHHBIC IOJIb30BaTeNbCKUX ceccuil. CrpynmupoBanu
nH(pOpMALUIO MO KaXIOW YHHKaJbHOW MOJAEIM YCTPOWCTBA, MO Ka)XJOMY KOJHYECTBY PACCTaBISIEMBIX OOBEKTOB
B muanazone [ 10—50]. Paccuuranu cpeaHee BpeMs BHITIOTHEHHS (pHC. 6).
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0,40 [

CpenHee BpeMsi BBIOJIHEHHUS, MC

0,15 1 1 1 1 1 1 1 )

10 15 20 25 30 35 40 45 50

KonuyectBo 00HEKTOB

Puc. 6. BpeMs BbIONHEHUS aNrOpUTMa Ha MOJIb30BATEIbCKUX YCTPOMCTBAX: ® — peasbHbIC JaHHBIC, a =0,00498,

b =0,10593 — nuHeiiHas anPOKCUMAIIHS; a =0,00003, b =0,00317, ¢ = 0,12743 — KkBagpaTHYHAS AIPOKCHMAIIHS

Ha yka3anHOM nnana3oHe HEBO3MOXKHO Cpa3y ONPEAEIUTh TOYHYIO CIOKHOCTh BBIYMCIICHHMS anroputMa. Kak BugHO
u3 puc. 6, TaHHbIC OJIM3KM K JIMHEHHOM M KBaJpaTW4HOW anmpokcuMaruy. C MOMOIIBI0 METO/a OCTaTOYHOH CyMMBI
KBaJIpaToOB paccUMTaHa KOJMUYECTBEHHAS OIIEHKa 00eHX ammpoKcuManui M noixydeHs! 3naueHus 0,00035 n 0,00021
cootBeTcTBeHHO [10].

Jlist moATBEpXKAEHHS THUIOTE3bl O KBAJAPATHYHON 3aBUCHMOCTH Ha IIEPCOHAIBHOM KOMIIBIOTEPE 3aIlyCTHIIN
aHAJIOTMYHBIN SKcIIepUMeHT Juts auana3oHa [10—-10000] oobexToB. Prc. 7 monTBep)kaaeT TUIOTE3y, 3HAUNT aJIrOPUTMY
MOYHO NIPHCBOUTH clokHoCcTh O(n2). Bripouem, curyarnms ¢ 10000 06beKTaMu, CKOpPEE, TEOPETHIECKAS, ¥ HA PAKTHKE
B JIOTIOJTHEHHOH peaNbHOCTH TOJIh30BaTeNb BPsA U OyaeT paboTarh Oosee yeM ¢ 1-2 necsTkaMu 0ObEKTOB.

1600

1400

—
[})
(=]
(=]

1000

800

600

400

200

CpenHee BpeMst BBITTOTHEHHUS, MC

-200
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

KonnuectBo 00HEKTOB

Puc. 7. BpeMmst BBIIONHEHHUS allrOPUTMAa JIJIsSE OOJIBIIOTO KOJIMYECTBAa OOBEKTOB: ® — peallbHBIC JaHHbIC, a=0,1365,
b =-45,455 — nuneiinas anopokcumanus;, —— a = 0,00001, 5 = 0,0103, ¢ =—1,6178 — kBagpaTHYHas aANNPOKCUMALIHS

ComoctaBuiIM BpeMsl BHIIIOJHEHHS Ha Pa3HBIX IOJIb30BATENBCKUX ycTpoiicTBax. Otobpanu 10 caMbIX MOMyISIPHBIX
MoOJIeJIell ¥ TIO pe3yJIbTaTaM BBIYMCICHUH MOCTPOWIIN fuarpammy (puc. 8).

S
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Puc. 8. CpaBHeHHE CKOPOCTH BBIYHMCIICHUS HA Pa3HbIX yCTpoiicTBax s 10 00beKToB

MuHuMansHOE 3aperucTpupoBaHHoe Bpems BeimoaHeHus — 0,093 mc, makcumansHoe — 0,146 mc. {ns naHHOI
BBIOOPKH KOPPEJISILMSL MEXJly MOJAENbBIO YCTPOHCTBA U BpeMeHeM BbINosiHeHns — Bcero 0,177. DTo 1oBOJIBHO HHU3KOE
3HaUCHHE.

PacyeTpl moKa3aau BBICOKYIO 3(()EKTHBHOCTH JBYMEPHOTO alTOpPUTMAa. DJTO OOYCIOBJICHO pa3OneHueM Bcei
COBOKYITHOCTH OOBEKTOB Ha OTICIbHBIE CTPOKHM U HCIIOJIB30BAHMEM B KaXXAOM CTPOKE OBICTPOTO OJHOMEPHOTO
IrOpUTMa, ONHMCAHHOTO B HAadajle CTaTbU. OJTOT aNTOPUTM IIO3BOJSIET PEMINTh 3aJady C MEHBIIMMH 3aTpaTaMu
pecypcoB ¥ BPEMEHU.

Ha puc. 9 npescTaBieHsl JOMOJHUTENBHBIE BU3yalIM3allMl CXEM PACCTAHOBKH JUIS PA3HOTO KOJIMYECTBA OOBEKTOB U
UX MapaMeTpoB.

a) 0) 6)
Puc. 9. [Ipumeps! pacCTaHOBKH Pa3HOTO KOJIMYECTBA OOBEKTOB:
a — 4 o0obekta; 6 — 9 00beKTOB; 6 — 21 00BEKT

Wrak, npeyiaraeMplii aJIrOPUTM AByMEPHOTO pa3MEIEHUs TO3BOJISIET pad0TaTh ¢ HAOOPOM BUPTYaIbHBIX 0OBEKTOB.
Kaxknplit 13 HUX XapaKTepHU3yeTCsl ONpEIeICHHBIMU pa3MepaMH U 30HaMH KOM(OPTHOCTH. AJITOPUTM NpeIHa3HaYeH
JUIl  ONTHMAJIBHOTO PACIIOJIOKEHUSI TAaKuX OOBEKTOB B MPSIMOYTOJbHOM (PU3NYECKOM NpPOCTPAHCTBE, KOTOpPOE
BOCCO3/Ja€T OKPY>KEHHE MOIb30BATEIS.

OOcyxnenne W 3akiao4eHue. Jlns paHee ONUCAaHHONM OJHOMEPHOM 3ajaud MNPEeArokKeH U pealu30BaH
B POTPaMMHOM Kojie 3(h(hEeKTUBHBII aJTOPUTM ONTHMAIBHOTO Pa3MEIICHUS BUPTYaIbHBIX 00BEKTOB. {7151 IByMEepHOTO
ciIydas TIOCTpOEHa MOJIeNb ONTHMAaJbHOTO pa3MmenieHHs. Ha ee ocHoBe paspaboTaH 3¢ (EKTHBHBINA alnrOpUTM,
peanu30BaHHbIN B IPOTPaMMHOM KOJE.

HpoaHannanpOBaHa MMPONU3BOAUTCIILHOCTE AJITOPUTMA, KOTOpasd U3MEPACTCA BPEMCHEM BBITIOJIHCHUA. YCTaHOBJ'IeHO,
YTO HET 3HAYMMOW KOPPENSAIMH MEXIy BPEMEHEM BBIIOJHEHHS M MOENbI0 ycTpoiicTBa. CpemHee BpeMs — JOIH
MWUINCEKYHIIBI Jake Uit OoJbIIMX TapTHH  00BEKTOB. OTO TOBOPUT 00 OTHOCHTEIBHO CTAaOMIBHON
MIPOU3BOJUTENBHOCTH AITOPUTMA B Pa3IMUHBIX ycHoBUsAX. OIHAKO HENb3s MCKIIOYHUTh BO3MOXKHOE BIUSHHE APYTHX
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HETPOBEPEHHBIX (pakTOpoB. {7 TOTHON XapaKTEPUCTUKU 3aBHCHMOCTEH MPOM3BOIUTEIHHOCTH HY)KHBI JajbHEHIINE
HCCIICTOBAHMUS.

O0603HaYMM HECKOJIbKO HaIpaBlIeHUH Oymymieil paboThl Ui MOBBIMICHHUS MPOU3BOAUTEIHHOCTH M ATalTUBHOCTH
anropuTMa. OTO, BO-TIEPBBIX, COBEPIICHCTBOBAHWE DPELICHUS, KOTOPOE ITO3BOJUT HCIIONB30BAaTh IOJHBIE Pa3MEpHI
00BEKTOB, TI0O BO3MOXHOCTH 0€3 mepeceueHnid KoM(DOPTHEIX 30H. X pa3Mepsl OyIyT YMEHBIIATHCS TOJHKO B CIydae
KpaifHell HeoOXOIUMOCTH. DTO JODKHO O0ECHEeUUTh ONTHUMATbHOE HCIIOJIB30BAaHHE MPOCTPAHCTBA W JNaNbHEHIIee
YIIydIIeHHE HHTEPAKTUBHOTO OIBITA ITOJIE30BATEIIS.

Bo-BTOpBIX, BKIIOUYECHUE BpALICHUS HSJIEMEHTOB B alTOPUTM NOBBICHT T'MOKOCTH B HX PACIOJIOKECHHH H JIACT
BO3MOKHOCTb JIYYIIIE€ UCHOJIB30BATh MPOCTPAHCTBO. K TOMY K€ 3TO MO3BOJNHT aNTOPUTMY YUYHUTHIBATH OOJBIIE Pa3HBIX
00BEKTOB, TEM CAMBIM PACIIUPSS €0 MPAaKTUIECKOE MPUMEHCHHE.

3amMeTUM, YTO B TPWIOKEHHWH C JIOTIOJHEHHOH pEallbHOCTBIO pACCTAHOBKA TMOJIb30BaTeNieM Tpex U Oolee
00BEKTOB — JIOCTATOYHO TPy IoeMKast 3aaaqa. OHa TpeOyeT 3HAUUTETLHOTO BPEMEHHU U CYIIIECTBEHHO 3aTPYTHSIET padoTy.

IpemioxeHHasT TEXHOIOTHSI pasMelieHus 00BEKTOB B 2D TO3BOJSICT ONTHMAILHO ITO3MIIMOHUPOBATH BHPTYaIbHBIN
KOHTCHT JUId YIIYUIICHUA II0JIB30BATCIILCKOIO OIlbITa B IIOHOJ'[HCHHOf/'I PECATTbHOCTH. ABTOMaTH?:HpOBaHHLIﬁ pacuer
PacCIIOJIOXKEHHUSI COKpAIAT PYUHYIO paboTy 1 JaeT BO3MOKHOCTh COCPEIOTOUYUTRCS Ha MOJHOLIGHHOM B3auMoeicTBun ¢ AR.

Hayunple u3BICKaHWS B JaHHOM HAINPaBICHUH BEOyT K OCCIIOBHOM HMHTETrpaliid BHUPTYalbHOTO W (U3UIECKOTO
MPOCTPAHCTB. Pe3ynpTaThl MOTYT IPUMECHATH Ha MPAKTHUKE Pa3pabOTIYUKH OYKOB JOMOTHEHHOU PeasbHOCTH, KOTOPBIC
CTaIKUBAIOTCSI C MPOOJIEeMON OBICTPOr0 HHTEIUIEKTYyalbHOTO TO3HIMOHHUPOBAHHS OOBEKTOB B 3aBHCHMOCTH
OT TOJIB30BATENBCKUX MPENOYTCHUI 1 KOHTeKcTa. KpoMe Toro, uToru paboTel MOTYT IPEACTaBIATh HHTEPEC IS

— WH)KEHEPOB, padOTAIOMKX HaJl YMHBIMH JOMAITHUME CUCTEMaMHU;

— Iu3aifHepOB MHTEP(EHCOB, I KOTOPHIX BaXKHO A(PPEKTHBHO M TAPMOHUYHO COUYETATH IJIEMEHTHI yIPaBICHUSI
1 MHGOPMAITHIO HA dKpaHe.

BBeneHre HEYSTKOW JIOTMKHM IMO3BOJSIET Pa3pabOTUYMKaM aJalTHPOBaTh PEIICHHE IMOJ KOHKPETHBIC 3aJadyu
U CIIEHApUU HCIIONB30BaHUA. B OyIymux UccleT0BaHUAX EIecO00pa3HO NU3YUUTh U 3aeHCTBOBATH MOJIh30BATEIECKUI
OTIBIT, BKJIFOUATH JTOTIOIHUTEIHHBIC OTPAHUICHUS Ha TO3UIIMOHUPOBAHNE 0OBEKTOB.

Crnmcok auTepatypsl

1. Yahya Ghazwani, Shamus Smith. Interaction in Augmented Reality. In: Proc. 4th Int. Conf. on Virtual and
Augmented Reality Simulations. New York, NY: Association for Computing Machinery; 2020. P.39-44.
https://doi.org/10.1145/3385378.3385384

2. Miiller J., Butscher S., Feyer S.P., Reiterer H. Studying Collaborative Object Positioning in Distributed
Augmented Realities. In: Proc. 16th Int. Conf. on Mobile and Ubiquitous Multimedia. New York, NY: Association for
Computing Machinery; 2017. P. 123—132. https://doi.org/10.1145/3152832.3152856

3. Regenbrecht H.T, Wagner M.T. Interaction in a Collaborative Augmented Reality Environment. In: CHI 02
Extended Abstracts on Human Factors in Computing Systems. New York, NY: Association for Computing Machinery;
2002. P. 504-505. https://doi.org/10.1145/506443.506451

4. Alpatova M.V., Glazkov A.V., Rudyak Yu.V. Mathematical Model of Rational Location of Augmented Reality
Objects in User's Environment. In: Proc Int. Sci. Conf. “Smart Nations: Global Trends In The Digital Economy”.
Cham: Springer; 2022. P. 248-254. https://doi.org/10.1007/978-3-030-94873-3_30

5. Tmmagn D.X, 3amoboBckuii B.B. 3amaya ymakoBkm B KOHTEHHEpHI: aCHMITOTHYECKHHA MOAXON. M3secmus
svicuiux yyeonvix sasedenuil. 1997;(12(427)):25-33. URL: https://kpfu.ru/portal/docs/F1486686603/03 12.PDF (mara
obpamenus: 20.09.2023).

6. AmmaroBa M.B., Pynsak H0.B. PazMmenienne HECKOIBKMX BUPTYAIbHBIX OOBEKTOB B (DH3MUECKOM MPOCTPAHCTBE B
JIOTIOJTHEHHO I peaLHOCTH. Advanced Engineering Research (Rostov-on-Don). 2023;23(2):203—
211. https://doi.org/10.23947/2687-1653-2023-23-2-203-211

7. Karev G.B. Directionality in Right, Mixed and Left Handers. Cortex. 1999;35(3):423-431.
https://doi.org/10.1016/S0010-9452%2808%2970810-4

8. Sung Lae Kim, Hae Jung Suk, Jeong Hwa Kang, Jun Mo Jung, Laine T.H., Westlin J. Using Unity 3D to
Facilitate Mobile Augmented Reality Game Development. In: Proc. IEEE World Forum on Internet of Things (WF-
IoT). New York City: IEEE; 2014. P. 21-26. https://doi.org/10.1109/WF-10T.2014.6803110

9. Warner R.A. Using Z Scores for the Display and Analysis of Data. In book: Optimizing the Display and
Interpretation of Data. Amsterdam: Elsevier; 2016. P. 7-51. https://doi.org/10.1016/B978-0-12-804513-8.00002-X

10. Wolfe D.A. Ranked Set Sampling: Its Relevance and Impact on Statistical Inference. ISRN Probability and
Statistics. 2012;2012:568385. https://doi.org/10.5402/2012/568385

HNubopmarrka, BBIYHCIUTEIbHAS TEXHUKA U YIIPABICHHE

419


https://doi.org/10.1145/3385378.3385384
https://doi.org/10.1145/3152832.3152856
https://doi.org/10.1145/506443.506451
https://doi.org/10.1007/978-3-030-94873-3_30
https://kpfu.ru/portal/docs/F1486686603/03_12.PDF
https://doi.org/10.23947/2687-1653-2023-23-2-203-211
https://doi.org/10.1016/S0010-9452%2808%2970810-4
https://doi.org/10.1109/WF-IoT.2014.6803110
https://doi.org/10.1016/B978-0-12-804513-8.00002-X
https://doi.org/10.5402/2012/568385

http://vestnik-donstu.ru

420

Advanced Engineering Research (Rostov-on-Don). 2023;23(4):410-421. eISSN 26871653

References

1. Yahya Ghazwani, Shamus Smith. Interaction in Augmented Reality. In: Proc. 4th International Conference on
Virtual and Augmented Reality Simulations. New York, NY: Association for Computing Machinery; 2020. P. 39-44.
https://doi.org/10.1145/3385378.3385384

2. Miiller J, Butscher S, Feyer SP, Reiterer H. Studying Collaborative Object Positioning in Distributed Augmented
Realities. In: Proc. 16th Int. Conf. on Mobile and Ubiquitous Multimedia. New York, NY: Association for Computing
Machinery; 2017. P. 123-132. https://doi.org/10.1145/3152832.3152856

3. Regenbrecht HT, Wagner MT. Interaction in a Collaborative Augmented Reality Environment. In: CHI '02
Extended Abstracts on Human Factors in Computing Systems. New York, NY: Association for Computing Machinery;
2002. P. 504-505. https://doi.org/10.1145/506443.506451

4. Alpatova MV, Glazkov AV, Rudyak YuV. Mathematical Model of Rational Location of Augmented Reality
Objects in User's Environment. In: Proc Int. Sci. Conf. “Smart Nations: Global Trends In The Digital Economy”.
Cham: Springer; 2022. P. 248-254. https://doi.org/10.1007/978-3-030-94873-3 30

5. Gimadi EKh, Zalyubovskii VV. Bin Packing: Asymptotically Exact Approach. Russian Mathematics. (Iz. VUZ).
1997;(12(427)):25-33. URL: https://kpfu.ru/portal/docs/F1486686603/03 12.PDF (accessed: 20.09.2023). (In Russ.).

6. Alpatova MV, Rudyak YuV. Placement of Multiple Virtual Objects in Physical Space in Augmented Reality
Applications. Advanced Engineering Research (Rostov-on-Don). 2023;23(2):203-211. https://doi.org/10.23947/2687-
1653-2023-23-2-203-211

7. Karev GB. Directionality in Right, Mixed and Left Handers. Cortex. 1999;35(3):423-31.
https://doi.org/10.1016/S0010-9452%2808%2970810-4

8. Sung Lae Kim, Hae Jung Suk, Jeong Hwa Kang, Jun Mo Jung, Laine TH, Westlin J. Using Unity 3D to
Facilitate Mobile Augmented Reality Game Development. In: Proc. IEEE World Forum on Internet of Things (WF-
IoT). New York City: IEEE; 2014. P. 21-26. https://doi.org/10.1109/WF-10T.2014.6803110

9. Warner RA. Using Z Scores for the Display and Analysis of Data. In book: Optimizing the Display and
Interpretation of Data. Amsterdam: Elsevier; 2016. P. 7-51. https://doi.org/10.1016/B978-0-12-804513-8.00002-X

10. Wolfe DA. Ranked Set Sampling: Its Relevance and Impact on Statistical Inference. ISRN Probability and
Statistics. 2012;2012:568385. https://doi.org/10.5402/2012/568385

Hocrynuia B pexaxknmio 23.10.2023
Hocrynuiia nocie penensupoanns 20.11.2023
MpunsaTa k nyoaukanuu 27.11.2023

06 asmopax:

MapuanHa BajepbeBHa AnmaToBa, crapmmii npernonaBarenb Kadeapsl mHGOPMATHKH W HHOOPMAIMOHHBIX
TeXHOJOTUH MOCKOBCKOTO TosMTexHndeckoro yHuBepcutera (107023, r. Mocksa, yi. bonpmas CemeHoBckas, 38)
SPIN-kox: 1458-7868, ScopusID, ORCID, m.v.alpatova@yandex.ru

IOpnii BaagumupoBuu Pyasik, 1oxTop (U3MKO-MaTeMaTHYeCKUX Hayk, rnpodeccop kadeapbl MHPOPMATHKUA U
nH(OpManMOHHBIX TexXHOJIOTHH MocKoBckoro mnojurexHudeckoro yuusepcurera (107023, r. Mocksa, yin. bonbmras
Cemenosckas, 38), SPIN-kox: 4283-0952, ScopusID, ORCID, rudyak@mail.ru

3asnenennvlii 6k1a0 coasmopos

M.B. AnmatoBa — (popMupoBaHNE OCHOBHOH KOHIICTIIIMH, TTOCTAHOBKA IIeJIeH M 3a/1a4 MCCIIeIOBaHus, TIOJArOTOBKA
TeKcTa, GOPMYJITMPOBAHKE BHIBOJIOB.

10.B. Pynsk — HaydHOE PYKOBOJCTBO, PacUeThl, JOPabOTKa TEKCTA, KOPPEKTHUPOBKA BHIBOJIOB.

Konghnuxm unmepecog: aBTOPHI 3a5BISIOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.
Bce asmopwi npouumanu u 0006puiu OKoOHUAMeENbHLIL BAPUAHIM PYKONUCU.
Received 23.10.2023

Revised 14.11.2023
Accepted 22.11.2023


https://doi.org/10.1145/3385378.3385384
https://doi.org/10.1145/3152832.3152856
https://doi.org/10.1145/506443.506451
https://doi.org/10.1007/978-3-030-94873-3_30
https://kpfu.ru/portal/docs/F1486686603/03_12.PDF
https://doi.org/10.23947/2687-1653-2023-23-2-203-211
https://doi.org/10.23947/2687-1653-2023-23-2-203-211
https://doi.org/10.1016/S0010-9452%2808%2970810-4
https://doi.org/10.1109/WF-IoT.2014.6803110
https://doi.org/10.1016/B978-0-12-804513-8.00002-X
https://doi.org/10.5402/2012/568385
https://www.scopus.com/authid/detail.uri?authorId=57216154479
https://orcid.org/0000-0003-3018-9601
mailto:m.v.alpatova@yandex.ru
https://www.scopus.com/authid/detail.uri?authorId=57193952444
https://orcid.org/0000-0001-7886-0455
mailto:rudyak@mail.ru

Annamoea M.B. u op. Onmumansnas 2D-paccmanoska upmyanbuvlx 065eKmoe 6 Yuuueckom npocmpancmee 011 RPUNOHCeHUTL

About the Authors:

Marianna V. Alpatova, Senior Lecturer of the Computer Science and Information Technology Department,
Moscow Polytechnic University (38, Bolshaya Semyonovskaya St., Moscow, 107023, RF) SPIN-code: 1458-7868,
ScopusID, ORCID, m.v.alpatova@yandex.ru

Yuri V. Rudyak, Dr.Sci. (Phys.-Math.), Professor of the Computer Science and Information Technology
Department, Moscow Polytechnic University (38, Bolshaya Semyonovskaya St., Moscow, 107023, RF), SPIN-
code: 4283-0952, ScopusID, ORCID, rudyak@mail.ru

Claimed contributorship:

MV Alpatova: basic concept formulation, setting of research objectives and tasks, text preparation, formulation of
conclusions.

YuV Rudyak: academic advising, computational analysis, revision of the text, correction of the conclusions.

Conflict of interest statement: the authors do not have any conflict of interest.

All authors have read and approved the final manuscript.

HNubopmarrka, BBIYHCIUTEIbHAS TEXHUKA U YIIPABICHHE

421


mailto:ScopusID
https://orcid.org/0000-0003-3018-9601
mailto:m.v.alpatova@yandex.ru
https://www.scopus.com/authid/detail.uri?authorId=57193952444
https://orcid.org/0000-0001-7886-0455
mailto:rudyak@mail.ru

