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ABSTRACT

In this paper, we propose a method of constructing AR game spaces through cuboid
detection in indoor environment. Conventional spatial recognition methods can detect
planes only in limited spaces that can be well observed. They are also vulnerable in
density and noise. The proposed method overcomes the limitations of the conventional
method by constructing AR game spaces by a method of detecting OBBs from spherical
videos. Experimental results showed that the proposed method is faster than the
conventional method and it is also robust against environmental constraints such as
changes in density and noisy.

Keywords : Augmented Reality(£7% &%), Point Cloud(%+*), Game Space(AY 37
Cuboid (#]SHA)

)

Received: Jul. 15. 2021 Revised: Aug. 26. 2021 © The Korea Game Society. All rights reserved. This is an
Accepted: Sep. 03. 2021 open-access article distributed under the terms of the Creative
Corresponding Author: Jong-Seung Park (Incheon National University) ~ Commons Attribution Non-Commercial License
E-mail: jong@inu.ac.kr (http://creativecommons.otg/licenses/oy-nc/3.0), which  permits
unrestricted non—commercial use, distribution, and reproduction in
ISSN: 1598-4540 / elSSN: 2287-8211 any medium, provided the original work is properly cited.

Journal of Korea Game Society JKGS |3



e
oluz
A 7}

kel
pil

AeFztol

e
L

wg gold

Rl

]

o

L

A7F ok g ghulekel o] Ajolzte]
el

o],

=
T

SRR

il

9
i

gt <]
4

— AW #7AA

.M

El = /\g /\é

23]

8o

—~

;0_._

Hrk A Augmented Reality(AR) Al 3739

A Eolv] 98l PR she

9/]

B
22!

4

Ho

Wolth. &4l AR A

oy} Oriented Bounding

ol A

=

o] LaEF
Box(OBB)

=
T

ol 7}

—

bottom-up ")

ehe

3}
o}

3

B 7}s

]

A

$aL, W] A wHgol glvh Al

A €]

il

o] ok,

oj

(RANSAQO)[2],

Consensus
Hough Transform[3], Region Growing[4] %9

Random Sample

o] 7}

9]

=
L

gt 1y 7]

bottom-up

=
H

.

pu

3
7

©

b

A
[e]

KeN
=

w

N
;OH

r

TR

st

Jo

Ty
o)
A

V!

B
kel

2)

o

HA)

9
pul

R

.

3] Hough Transform 7]%5+¢] 7

S

RANSAC 7]
E Q1L o]F RANSACS] vjdiAalo] 714

b1 9

il
5

9
yul

Al

o =
g 38

)

wo AAe HAHgoz AAZHFo] "oz}
ARol A 7}

el

at7] i

=0

L
fu

1
o

2

&4 ARYA T8

o)
e
2

wr
4

o

]

SO

9
yl

ot T

o

I3

she] 4

9

°] AR

=
T

st} 7]

[e)
4| Journal of Korea Game Society 2021 Oct; 21(5): 3—16




— Constructing AR Game Space through Cuboid Detection in Indoor Environment —

O

A

w
B
B

ﬂw_wo

o

e o}

&

]

S
<L

™} O
o

94

=
e %

3|

A AU 7 olde® ol

Asle] ol

=

g

=
=

FREEEER

To o}

Hrio] 7]
<]

i

L

R

goj

o] AAA

_‘{

e

Region Growing 7]%+e] #
}.
SEl

A

L

fu

5]
9]

3] RANSAC, Hough Transform,

o
=i
=

b =9
ols

W 7]e] Al
&7
o] o]f=
Region Growing<

Q
an

de et

=

==
[¢)

Statistical

27 0]

=
=

o))

H
H

%

b, 2

}+= bottom-up

©

b} s

0]

ojZt}.  Araujo9
B R s

[8] I

=
<]

stz 2 wj7hA|

[

7F n7f o]

ot} dAE, Araujo

KR

o)
Br

”_.Oﬂo

—

0

r
T
-
3
ox
—_

%)

4

0
Pl

A

|

Median Absolute Deviation(MAD)

PCA 7]

I
Planar PatchZ

ko]
pad

o

o
EstimatorE &-£3] 7]¥9] Region Growing®l

=

=

el
3
5o

o

o

2)

A

= o
==

7}A]+= Planar Patch

i

i

o‘l.

[9]o] Al

=
o

t}. Hulik

ol

O

o

A

[e]

Fob Li S[10]0]
gxﬂ

k]
pad

A3

& NDT[11]

A}
b

al

8

Hough Transform
S o

il

Bo

NE

o
o
iz

B

jgase]

(e}

=

Z]
=

method according to the density of the input point
cloud: (upper) dense points, (lower) sparse points.

et

kel

2l

=
L

A7 o]

i

kel
pad

bottom-up *

‘l_

o

o
B

= 7]l OBB

°

=
=

F 5= otk webd WEsl =2 golE

o)
N

i

X,
3}
>
§ 9o
@) .
™
o W
KRR
A
e
Ny
ol =
o
e
w g
o
J) r
N
N ol
~
oy =
b S
"R T
X"
of <
= M
e
_;O .
o =
Oy
= oo
i =
&g
B
ﬁo Of
o ok
~ .
Ho
' ey
o A
Jo ™
—
N —
o)
Nr TH

2 A7 Convex Hull?] OBB A% A7}
Journal of Korea Game Society JKGS |5

Rl

2

I




— AW #HF el A

M- T X oo T T RT R R NPT B oo )
- @ o) T o W% "o o KT T Hp
= dﬂ ‘*ﬁf \_lryl ~ Llﬁ_l 10 e e — =n Ot
[} ﬂ.HLJ.U U_|7 QU# A07X‘._ ‘DFU,A‘IH
2 s oy TR o MO o i B
S w7 m XOB gy o w X E =mom ® oo A
° el A L R Do x “xxER o wom Al
— 13 = LT TR I -l ol . |
2 _XL BH JIﬂILUH W ﬂl ol <7 Bo =_ﬁ M = o W o _ T X W mmu‘u_dlﬂt
s = E- | REPANC g E.mmo%g o = o = %O u,x]‘m_ﬂﬂyl N
5 S g o = X % op ¥ o = — U o o N B o oo T
s 22wt s s M DT o RO P
22| |g| [ AR 2w AL @ oz TetgezaREZIl
W.. w % 8 .m — & M ,_.#m ™ o anﬁ ny il ofu o % — m Y e = X° o M _O,M M_Aﬁ .
ol la . 2| S TEw feaw % W OT_ wXI IFLTOFEIY
el 18]\ 2 |7 2T FLZEZS*Ex R fas Frrilex®
E 5 g o Z : = X 0ZF YT o wm o
el |8 & Sl EF DEgI<ETgams K wuuiéuxorﬂzTLW%zTA
L ] —_— i — — ] o 7
5% R - BT ol AT - N (I, RGP N i
2, £ CHE DRy W g R oxeom e B X 0
= = i § 0 o o e =0 < B g S TH BN % o P
— Mol g o B <0 = T 2R T m o
— S LZ o~ QWQ;OM»FOEOC o %Eor:;ﬂﬂ&]‘_ﬂﬁ,m&oogp@o
z e R CEERILEF T4 e
= . — . e =) ) )
Ed"2grmex” © T I fecomm PR N
< N o Wm ORI Wp WH O T P of =n
ﬂu‘zﬁzo@muLNUrﬁn 9o W oo o H W W N oo M op o) N e & U B
[~y lv] ~ 7 = 0 = T Il 0O
TPy AP g IERGTEOW G TR PH® U )
BREprEre NP RBES N alggr I E oy T o @ = % b
P EN o R ol M Iy ﬂmmo#aﬂwﬂﬁ 7% Nﬂdo%ﬁ_ <M Bo o = maaﬂof?ﬂwﬁ
- Nr - O LW Lo T 5 MR oo JT OGS
T o szrL% B g B mL_. mwﬁ = 1 by o W T o Ho = W T TR
%L NI = dlmoﬂmagd;. %ﬂ w&% 5 " il ﬂlfgﬂmﬂ
mu:.ﬂ‘i_%ﬂ o FE AN S g o Na_mﬂv.ﬂﬁ?%w ol T X & fofe
ﬂdu&ogm*uiww B W o o ﬂﬁ?ﬂ@%maﬁ% T 8 Y Hﬁamﬂ%ﬂawﬁ
ﬂ%ztui % ’H . %@rwﬁ%aﬁﬂ& B owr x B & g %_nsn_ = N
1 B Q ,HI B OC ‘_ﬂa o To o Gy O M o R TR o) o o o= EE —~ T
R b g~ A A MM = W o R g X T o 3 < Fog gy B
A %%LEW% U R o i T - SINRE TS <R}
o R g o8 5agB P hyT oy s ol oW oo 4 F
op = TH M T o= - - N - R CHwbww T s =
m 3 %@@%M ﬁulﬁﬁwﬁm@m%ﬂﬂoii%ﬂﬂﬂ. wﬁmoﬁr ~N ?%%Exwﬂﬂ
0 ol ™ 7o roa R LS e — 1 ™ W o e = o T '~ N ol
Sxtaow h pe_sTE ZeLifyprs "F E wﬁ%%%%%%
~ TH k ) )
B ZEE TS N, P EwE Chemseur s f sRITwEETH
o%Hwb%ﬂoﬁaﬂ%imw_ﬁ M%ﬁ%iigaﬁi%ﬂmﬂ K= ® e © o
- o0 Nk ol = N | |
R LT g PR Sy T gy Y r s g dER T gE R
= 3B Y o — <t o a3l S T %o
PO RTRERTBNEE S PR S T ol e oo Do
T ®T TN E N MmN BEAL M T T T EEWH T TN N ™ Ho of op of

6 | Journal of Korea Game Society 2021 Oct; 21(5): 3—16




— Constructing AR Game Space through Cuboid Detection in Indoor Environment —

AYAA W o] F S AAGT 2 AIEF2 o]E th wol=vt gle SOl HSWA F3ke] AT
93l KDTreeE A%tk KDTree: BSTE 7] o tig OBB= A=Al &3te] xuS goai
WO 2 sto] v AelA d HE FAHOE 7 Azsl e1bs AT 2 Al2"12 Naujoks &
5o Wdolrty F¥e It Agd wet = [18]°] A¢tst OBB A= ¢igss &8st} 3l
=5 P As+x EFelth. KDTrees &3l T daugEe HAds sede P HAY AE
st Ao Al 71 ThE ol AE wEA HAE A3l Convex Hullg& #HZ3F3, Convex Hull
T Ut SHE &8 9 wAES FI w2 A
A, B A 2"E BE o] Hatdd 7 7t Wag et Sid daElse W agellA
> S 7IFeZ KDTrees +A%Y 1 v, @ee] 7Hg Furb 2 wraE Adeke 3o
BE Al dis) 7P 7k oA e AdE obd, W B2 HE XS & e WEge
A4 A3 X=[zy,..,2,]7S A9 29w 2 uAge webs ASEA Jald) o] BAE
Xol W8 Ba BEX)e 5294 o(X)S A Aol #Het HFoAMe B2 HS 23 HE
WO o(X)e 7 ASe] g olguel g ) Lo MEE REs] el sk s
Aug FHew o} s QeAE oujgs  © oo deCl ZheEth
QEEe Aot aeuz @ ol g ogy © SUE AT olde dush vias
AN B(X)+o(X)9l @ et urpe g oo BEASE GEw A gl g g
2 () A2 e gEel da AYAA Az CHET CIE AR OBBS FHE s
b odde g suar B AsRdAE xo o0 e ek el Basht A 4
o = A =
A ok end 2 A g oggen vy T DS L UE A EE
sk 2RF ABEAAL A FARFE 2vE
< F4 AgE Foednt
e = B(X)+ o(X) W
$ 3
® A299 OBBE B8 /1% 30 AE % 3 B
He A Fke] 3k Convex HullS 5% 4 SRS
Qi 2o ozt He Ho| Y Ao Fa (a) ®)
shet. mhepbd 2 AIAFlel = B HEE oA [Fig. 3] Two difference situations to the uniformity
o7 BFdte Ay} oyt H Y3 wo]= of the distances from the plane(green line) to
7 Ao HEne fEsith gy BoAjsuEl adjacent samples(red points) among the point
ol dHos Hed AZS Algsid o=l o] cloud(black and red points).
S we ws oe gEEA gag 4 n 76 J2 TWesnd 2y dEgass
o @A majelo|AE o]Ao HE=d fﬂ‘jﬂ_”}xg 74_\“/]7} vl A gk A (a)
if;?q C‘E@WM A9 A B AR NG, T @)
ol Yo ERY 2 A& Ayt dA st
A o 2] &) 3 =3 % =3 H
3.2 Al go| ASHA Tz 2E o j jfi]‘jjjej”:}j;jj;};;;;
A el Wheko]l Hwnb=XA] L
OBB: Aol 9o AAE 7= o ubra dASA B (b FelMe= HluA FEAA}

Journal of Korea Game Society JKGS |7



— A 873N AsuA A

b st elEg guo e
Zol W EFAAE o

A
7b mad Qe BrhE 5 Ak

: (2)

& (D)., Dl 7t EAE ®W, iAA Frase] el
7 i Ek:

B — Bcu7‘ if Seur = Shest (3)
best = | By, otherwise

Alzadlo| A= v ZgQluitt OBBel digh A
T5 2bEste] oldel EAdd M w2 F
OBBX.t A7} =thd OBBE 73418t} wiy)
4% 712 OBB AHE FA3) 2] (3)7 o]
A Zgoe] vt B o I FE He
b O1-ol TP Fe EF-e] w2 B el
o FA AT sy BT AAY 29, B o
B, 2 uolEgtt wreF AohH &
By Bt gt @2 o ddsti AEA|

el

A W) Zednd B, &

K

T
=
=

O

.

lo

O

S

ARFsk= Al AF2 AARE A o] del
¥ HAus X3 dHE AHH0R Has &
ety Aj®2 BalskeE OBBE o] OBBE €
=5b7] flal &83d e A ARE ¥k

s o e
=2 7%

o

AR A¢

ot

3T —

ggsitt. aue A2 7BalsE OBBE o)X 9
OBBell digh ©= v Sl ARE ¥3hsta 3
o wEba] B A 2de OBBE daldte 7o

A o7l OBB ARE WEz medhx itk

Fele] A 7]s mdo|tl. OBB HolHE 8
Mol Ao o]Fojx glow g P Aol
EAlSE 471 BAHS FEste] & 6709 HWH
S AT F Ak 7 HHe AS5HA Feo A
U s =M vk, A, 1elal 409
el dial] o83k FWe ARE T vk

2 A xR
AAL ZH=ZE FAd g8 SAsHA 7 Al
At vjt] e o] Algo] Ao Fhty H =Fo A

A LS =33

Al AE e B9 FW IS 7
gk g sk AR $HAdlM= WW G Aol AHe
AAE Holx E=a] AREAlAl BojErh At
ot AlAEE 7 dbedvls VMo R sl
Aol7h Qluh Q7o) Ee WE FQS E FW
VD ARE wEY wEbA siegel w2
shieehol RS QIZke] AlztellA wr] ffs) of=
o] §l 360° FFe= WMol Fasit)

[Fig. 41= 7V AIAl 753} dA gkl g =
Frolth ¥ Al=gl2 A2 vt xgle]
Hew WA 7lsk w3 AE AAdS FAsa, o

8| Journal of Korea Game Society 2021 Oct; 21(5): 3—16



— Constructing AR Game Space through Cuboid Detection in Indoor Environment —

5 7V Aﬂﬁ]g— Aduo|EFT) TEEo|A uiekdl
ZRAsE 3189 3289 718 B AF 93
S ougtt @A HolE B2 u|t]e Zy9)
94 wgﬂ Nt 7 AE RelA g5 %
Sl dlolEelt. 7at 7 4% 4 ol Fol 3
Aol sgow el wdstel A AAE T
Sfar AA AlA ek AR s}
ffffff Input Data - e =
.  m—
Spherical 7“““5"[ New video frame |
( image ) Output | , |

i i [ Detect volume
Output L from new frame

( Generate 3D cubemap ji
box

l

,| Update pose of player

! and cubemap box
AN J

l

OBB plane -'-------%* Update physical planeJ—
| . |

_______ -
‘ il

[Fig. 4] The pipeline of our augmented space
construction and synchronization method.

718 B2 A% HA olFelt WA T s
gvie] 9jF2 AAR] s 3A FEA ofv]
Az MBI Fuy oluAE A 27}
ofutaAY b AA el i 2 AgEA 3
B A g Y AgnAe 4E v Fu
W olvA ] 6ro] FedElo] by AA AAE @

A= Gt

Thero 2, 7Hd Al qrellA el FheEke] 93] 2
AAE Zeolojsl FEA ASHA] Witk
OpenVSLAM2 AAzFe 2 g4k & S o
3 33 A FhEy] 9% L A =4 A
BE AT wEpa 7 AlA bl A o] FhvilEt
o 915 @ ApA AHE OpenVSLAME %3] 3
59 sbleh 97 % A 249 Apolth AR 2
A 199 A4eD] el Edololel 912
= sbleke) 1A @ A s A

oAerez,

OBB9| 6709 HH& 7 AlAl wjAIghet. s

2% A% #4e Bd As

3.4 A &H0M Tt 2HHE AF

3349 7 enAEe]
=9 Mg Fas
A%< B 9

Zte] Belel i AmAdA] enAEE
o

o

(
==

B oox [f o r&
)

1o ox
ofy
o2
B
et}
o
AL
N
L
o
et
R
fo
[z
)
|m
O
o

2 2= A (DT(6)e Zrt
TR 0
r, = |7p|= |arctan(z /\/x +42) (4)
Ty arctan (yn/xn)
P, =R,lt,] = [Mat(r,)|p,] )

40
71 %133_94 %—%Hﬂ At o] HH e EA)
s ®oh e W =z,,y,,2,
AA(E AR r, e 2 Do 2 UHE S8 g
58 4 Stk emAEe] 27] 94 2 AAH P,
2 (5)9F 2ol r, 9 3AAE Mat(r,) 3
el S A4 914 p, & B mdHh
QBAEZL W Qbste] o]Fsty] A=
JHol FAxANA ] ALske] Hasith Wl

ol E Al 71 ALzt T

2
)
i)
<

|

rlo

—

Uyt = Mat (rn )/Ut HOT—EO]:

Journal of Korea Game Society JKGS |9



(a) (b) (© d)

[Fig. 5] The datasets for quality measurement: (upper) snapshot of test environment, (middle) spherical
panorama of the space, (lower) spherical video—based point cloud generated via OpenVSLAM. The two
datasets (a),(b) are for virtual space, and (c),(d) are for real space.
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[Fig. 6] Comparison of the detection results from the Araujo’s system and our proposed system: (upper)
point cloud and Ground truth, (lower) ground truth, Araujo’s system and our proposed system.
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