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Algorithm to Improve Accuracy of Location Estimation for AR
Games
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Abstract

Indoor location estimation studies are needed in various fields. The method of estimating the indoor position can be divided into
a method using hardware and a method using no hardware. The use of hardware is more accurate, but has the disadvantage of
hardware installation costs. Conversely, the non-hardware method is not costly, but it is less accurate. To estimate the location for
AR game, you need to get the solution of the Perspective-N-Point (PnP). To obtain the PnP problem, we need three-dimensional
coordinates of the space in which we want to estimate the position and images taken in that space. The position can be estimated
through six pairs of two-dimensional coordinates matching the three-dimensional coordinates. To further increase the accuracy of
the solution, we proposed the use of an additional non-coplanarity degree to determine which points would increase accuracy. As
the non-coplanarity degree increases, the accuracy of the position estimation becomes higher. The advantage of the proposed
method is that it can be applied to all existing location estimation methods and that it has higher accuracy than hardware
estimation.

Keywords : non-coplanarity, AR game, pose estimation, perspective projection, point select
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Fig. 1. The ghostbusters world game

AAE FRoe BHOE Y= F %l‘jr A= SiR= O]*g“
ato] Y& F4ste W T she Aol AXH BLE
Low Energy) Bl71& ©]&3t= Zloth &FF
22 Ay 7+ 27838k BLE g0 ﬂ 215 A 719}
TA AEE SAHT T A E Fetete W 10~14 cen-
timeters (cm)9] A2 LAE L]—E]-ﬂli]ﬁ]. T o2 ahiog
+ Wireless Fidelity (Wi-Fi) Access Point (AP) JE.& ©]
&3k Aolth o] WS APS] st F2lel what 914
4 Bt Gt 540] Stk 471¢] Wi-Fi AP
HAEE AntE E9] FA4 H 4AlE e BA7] (Received
Signal Strength Indicator, RSSDE ©]-&-3}o] -2 § €}
FEks o] 2E AMEE AREALY] A5 Fale Wl
i 0.6 mo A 2 dWtS HoFrh EgolE o
ato] AHEAE IAE FAse Ve AT =AY,
stodlolE AAlsofrt AR 7hHs stk ©ado] dith
oj¢} M & 9% &4 st glo] A& FAs=
xR Ao 2 AFH HIHo] itk FSE Bl
A AREAL 91X E FA R Ve 97 iAol Aok F4
2 AW F7He o] Ao ths Aol A A 5
B2 oW AE HolE M o] Astel Ty, ARSAL S|l A]
A AE vl A sk et a8y 9% 4 sl=



do,

(
=, =

ne
o O o (@ N 2

ol
rE
=
ry
N

I

r

L e
£

=)
A
iR/
24

ik
o
°
o
W
o3
=
S
rlr
e/
)
i

e e I
ol
_OL
N
nc)

o o Ik
M
2

o N,
e

Y 2L oofo i
_0|L

i

X
k9
z Mo
2

o mu o

W
o
lo,

z
it

©

ol
i)
e
i r
Hi
rlo
i)
G
il
ne
2
£
>
w o
_ﬁJ_,
K

o

rH‘ o2
e
2
=

2]e Zlojth wiAeto. = 53 ol A FA|

to oX & mN o mu

o] AFME T R XS FAS A} E
Eole Wl #e) Agsitt. IAE FA57] 8
PnP (Perspective-n-Point) 4] ¢] & Zrojok &tr}. PnP
FA| = Fischler” o] A otalith, o] ¥A41= 3D &4 9} o]
H 2] T Aole] & 9= 3Dl A 2D 29| SHoRE
HE AgBg oA H i gte] 99
Zeolth. PnPo| sl & T3k thiEHQl W
EPnP7} 9}

Hao et al.'”

rir

2 370(P3P)IHE o]&-ate] A& FH g
s Aok I A3 giete] 34
ge] gtk A doligd

24 W&o Z7104% 912 HuE e Ho oAt

ok
i3
2
=
%
o rﬁ
Rl
o
M

AT w3, AR e ZA o] T
= 9% e Ao 9A7t 4

dob ool R ofX

N
ot
ui
rir
po)
o
fob
[40

d

FiF

pod)

tlo

ol
=

fo mu O o
ot
o 2 Hr
30,
32
o
3
rr
]
)
L T
&
X
r
2
o
o
ot
=
=
:?L_l,
X

o

=
1o
%
[t
-4
ot
&
%0,
= rlf
oL
it
o
2
2
o
ol
hd
O,

Efficient PnP (EPnP) %2>
QtH Atk EPnP= n i) At HE 4 7e] 7P Ao
Ao 7 o Bl &

al
#sl= Om)s &ole FA

ox
i

1o,

X,

=

e

E}l_,

ox

tilo

Kl

Arole 71 Adst

3} Direct Linear Transformation (DLT) %a!& thghA)
ol WA £q ES A4 vhy Wy vzl Wt
7

7he} £ 25 FE87] wwolth B4

2
W Ee FE HAE ARIAE FAE] g i o
WA 07 HeAlo] Holt), o] =Rl A A A|eke H]H
REE PoPe] no] ghol 57 o4 W ARl Zhssitt
o] Mg ALgeR 81E a7 98] AHdsle HEL
o2 desl= Zlo] obd HIFEHE Fro] F HE9 J%s
ol &3 Bt welA 7 =R A HolE Adrct o =
o RYrs d% 5 9l
. ot
AA 70l FheetE F AT o, dlo]Eo] 2A7) &
A el glok 4gat g Foke Ao 4o 04
7 AAE REAT B =R A AMEEE 1SS &
2 QA M E WIZFEA] HH-El7] mEe] QA8 EoiFE
AL Algsorgitt o] =RME Y TFEAA)
HZAES St B2AxE 43 dE59 Ags
X3 T HFUEE FEO W] g HHE /AT
A8 FAFE 9 volE A

n°] 6 o173l A n7fe] YA BE A= #A}] S8l
2t Ao x, y, 23kl g 2 AAE I 7 x, g,
29 REUAE ol&ate] 3 6719 33 REHAL A
ofef ek 7ol AbsFAT:. Hl(wyy1.20), H2(20052,), H3

($37y3723)~ @4(37473/4724); @5(%,2/5»25), 736(906,:%726)0]



(Seo Woo Han et al.:

Aok Ak 6 el tisle] 7t x, y, » FEol UF wFA
A2 Equation (1)9h o] el gch

SR

3kl 29 RFTHAE o

Equation (2)¢] Ak 7]etd ¢ F524¢ 55 A9 =4
2 p=y=24 uo|th
%2 Yy )

o] HEHAA Hetsle 0,.0,.0.9 Flo] YA
o] 7k =z zt= A

R oT = —L\-bﬂ 0}—7—1
Equation (3)2.2 A3t}

ﬁ,{
it
nz
Nog
Mo,

(@)

msel 9l £2

T2l 2. 3DSD #of mE

A5 9] 190 AR AdS AT AR A= P4 exYE BH
Algorithm to Improve Accuracy of Location Estimation for AR Games)
1
3
_ (o 20 JO’Z) 3)

1/0I+Jy+02

3DSD9] #holl wheh Aol A58 X5
o] o)249) ko2 EHS Fo| Fig, 20 g
AES EW A Aol ¢ FuAd soA%e AL &
ot ¥ 2 Fig. 2(b)= 3DSD7} Fig. 2(a)2-th
A AEY AAE B AAAR] EEs U—]
A = Sl Wb 3DSD7F 33k €]
£ 2dste AR FEHogty Add F 9l

X
&3

~N
==

0% HH
AN g
o >
Auj

rr = e

d0 o> okt

Nrﬂ._g'

i
o
ol

ol
ol

(b)

Fig. 2. Distribution of points position according to 3DSD value: (a) 3DSD = 0.308095; (b) 3DSD = 0.53084

20000




36 W E=EA A24d A1, 20199 1€ (JBE Vol. 24, No. 1, January 2019)

H2ES e A 7zt A= (x, y, 2) =
(1527, 0.76, -3.42) mZ 4439k 1 5 Han et all'
2102 gt X5 F4 2H Fig 33 22 2445 o
S g Atk A 1070904 6719 HS AFsHA AElste] €
2ES|E A Fheeke] 919k ALt Fheeke] 93]
L2= H 769 moltt.

minh

NCD 3DSD (4)
919 AFA HotEo] FHE AoE YXFH HE
b e AL g9l & 5 9k g Pu 9ol A drhe
AL WA Grty 8T F Ytk B =RAME v
HE 2 Aoste] g Yol FEo] YA U= AL E
X slet9la 1 9 wet 9xFH FEo) ojEA &

R =R BT
Azl 2.3 = V(x—x) +(y—y)2+(z—2)? (5)

T 382 Fig. 45 Zarsich 37kl Aol 67171 Stk
L 714 3HAL 7+ -8 pointl, point2, point3, pointd, points,
point6°] 2} 3}A}.

eetid)

L R

72! 4. vZEEe| MY T2l
Fig. 4. An illustration of a non-coplanarity degree (Points 2, 4, and 6
are on the same plane, from which distance of Point 1 is h.)

A 6ol H S Aesl= B9 = C, =157
ZAolt}. el E 4719] & pointl, point2, point4, point6e}
7HgstAL MR EE o] Slsixe H e s

FafjoF gt A 3/ R o o] A=t A 474

oM e o Sl dHe 7PleE a7kl 7 E A
ol A dojA= HWL pointl, 2, 47 FEA = HH,
pointl, 2, 622 FHEoix]= W, pointl, 4, 622 TH50
A= W, point2, 4, 62 % TEOIA = HHOR T 4749
HHS 48 4 Utk I F point2, 4, 65 A5t A
()= Fig. 59 @8kl HHE olF= Al A& Al
ok YA Al HolA B a7tAe] HEAR(h)E T+
ok ojo} A2 Mo BE Aol thajM A 7 E T
3 (Cy < Gy = 60708 B2 & Sivk vt h T 7P
22 hel He minhE Aot HAFHOE HFHE

(non-coplanarity degree, NCD)¥ Equation (4)% % 2] ¥t}

Fig. 59} 72 44| ’48-& OpenGL (Open Graphics Li-
brary) 7P $dellA S3ke] L wi|etal HAES A3}

Fhlet 24 ghell Zol7k A9 flvkes s &8kl &t
ARt Fig. 5v 370= A A0l A& wiA| s}

= A% Ak

Zol7] ol AFEL Ad FAS 7] flste]

J2l 5 M Mel guR|ES flet A MY 24

Fig. 5. An real experimental environment for point selection algorithm



@A 9 19 AR AYS A8 9RFY A% P daAE 37

(Seo Woo Han et al.: Algorithm to Improve Accuracy of Location Estimation for AR Games)

OpenGLE ©]&3lo] HI2E 75 +

r |
of
ol
- 38
o

9T TPy £3H ZUS Tt UE wdolehe
bgelnt. A Abgake Fhilehs SEd WS Zdo) of
VEL sk @z shFo] gly] dEolt ofd HE
2 A 2o 9474 JFES Folbd £4S F
=4 Gelst] 93 ol 27k Gl g 37 H2AES A
P19

2. BTN M0l M2 HYT 24

OpenGLA| A 44 Z71E YH]= 2000, S0l 10002

2 A5k 7 Eke] A= (x, y, 2) = (16.03, -5.74,
21.37)(m)E AASAT F 20709 HE x, y, z 47
0~10m Helel MFsA AAHEEE A8t 20749
g 7V 37 3ol SN T T R R e st
2D 94 Fig. 69 Stk

72l 6. OpenGLOAM 2071e| HE $IX|
Fig. 6. A picture of 20 points in OpenGL

R
_O‘L
rir
N
X
¥
rir
D
°
ks
o
b
rid
oX.

°of Ath= A= AT 5 Atk LA
15} & 03@3% AV EHR Bl EEIE 1S PR el A
ol vehte= As AT 5 ok AT g REs) 15
PRkl FEe HE LA 1HT A2 ool B Kol
2l = A AU ¢ ATk S, vlFEEsE 1S T
A Al Agsl A8 FAHsE AFE BAT 2R
AAE FHsk= FEgo] wrhe A2 WE 5 At

E 1. 2P} 1 olakel A HolE E
Table 1. Table of the point data of error>1

Range of the The number The
. The number P
non-coplanarit of error probability of
of data
y degree > 1m error > 1m
3.5~2.0 120 2 0.0166
2.0~15 441 13 0.0294
1.5~1.0 1679 75 0.0446
1.0~0.5 7157 592 0.0827
0.5~0.25 8689 1426 0.164
0.25~0 21008 7020 0.334

kol 3.5%¢ 0744
o whEhA wE e gl 2

1 LA7F 1m ol
& 371 25
o A7 3 wo; wagelsle A i—}os‘g

2 A
T

1o
S~
>

B

%0
TyL o
>,
Y
il

10 [0 o
fuoro
>
do
ﬂ
o
fo
)
N
u

20| <O S P <

°

3k} Fig. 69 7%
Fhd 2kl 91A] = (16 03, -5.74, 21.4)m & 2t} o]= 2
Al Fhd ko] f1A9F A A7} 0.0776me] T

lO

3. Helofl e FE= 24

QoA At 9NFA WHO R F71 HAES A3
o} 1070 2] AS Fig. 73 7o) 714 87 F7bol| wj x| gkt
® Test3
¢ O Test2
Test1® o® (]
) '.
L ]

J2! 7. OpenGLOIA 10712] &} 7iH2le] $Ix|
Fig. 7. A position of 10 points and camera in OpenGL



38 W EEA AP AlL, 20199 1€

Hepd e dEolvh M A testloll A AA| 72kt
A otk FA L test29] AA| Fhel e} 1At
shA A2 test3oll A AR Fhelet f1A]oth

FH ko] Y15 vHl 7t HAEES FeYstict 7hH el
o Ak 1A= & 200 vk Fh|Eker S 3tke] A Al
e AEe " 1A S} ek 914 Aol = skl ol
A & 20 Ak

¥ 2. H2lof thst HAESS ME
Table 2. Information of tests about distance

(JBE Vol. 24, No. 1, January 2019)

4. St=9)0f LI Motk WiHel Hlw
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Method Available Distance Error | Indoors/Outdoors
Range
GPS 10 m 15 m Outdoors
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Our method 15 m 0.1 m Indoors/Outdoors

Real Real Real )
Distance between
Camera Camera Camera L, "
Test " " " points’ position and
position position position "
real camera position

X (m) y (m) z (m)
Test! | -4.89 -0.174 134 14.1 (m)
Test2 | -122 -0.804 19 23.3 (m)
Test3 | -355 -2.79 36.2 52.4 (m)
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Test . o I

position x position y position z Error
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