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Abstract: When using augmented reality (AR) virtual sandbox for multi-person collaborative command
or discussion, the local operator needs to know the specific direction and location of the remote operator
to avoid wrong direction, position conflict and to better communicate with the other. Aiming at this
problem, a three-dimensional marker suitable for AR environment is designed, and a vision-based
position and orientation algorithm is researched and implemented. The PnP algorithm is used to estimate
the pose of the marker, and the area ratio method is used to calculate the azimuth. The experimental
results show that the proposed algorithm can achieve fast and accurate position and orientation, meeting
the practical application requirements of AR virtual sandbox.
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Fig. 1 Two-dimensional marker

http: // www.china-simulation.com

* 325



F 332 M
2021 42 H

K2 R SRR AR iC )

Fig. 2 Virtual sandbox and virtual marker
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Fig.3 Flow chart of detection for 3D marker
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Fig. 4 Four possible directions of markers

2 EAEREE

TE =42 (8] o] DO I bR A e IR o
KA HAINL G R L) RIFIA X AR L R, XNk
FERRON 4 2 =LA T, 2 M T ERERE ML
AP, B BAE TR — MR SR 6 AR
e, PR AR R AR Y. B B A
% 748 4 R it T DA SR A AHATLAE XS T b 840 8 7 i
FEEES . sbAl, A8 IE F AR AR VR IX Fh LA 7
ERIETTALA
2.1 EHEERE

FER L2 N R Hb R i AR () s b i, Vb4

http: // www.china-simulation.com

* 326



#3355 2 M
2021 %2 H

AREVEIL 4 DNTTIR), B TR EAIE e M
MV EARTTAL, ARG AL B R o A SCE [ 75 Kl 2
SR AEAHBLCED R AR ) A TR i) 7 19) 1

TESE 1 8 &t iR 7 4 MANE 1D
RIARIc, A Ao AR RZR B PR AL 4 N7 . &
FIFE R B FR i B 2 RS L L, — Rl
FARA 1 AMFRC RIS, RIAENLDT M4 T 1E
J7 1), A B IR T77 AR BN s g o e (A IR
A 2 bR, B R B IE T 1) A FEAROR
ARH G —FRiEOLH PP 23S Ak TSR AE R AR
ok RN 58 RSO0 U AR 7 v
THE .

CLHN =4 2 (| v o A s L A E AT HE B R
TR L) — 4 AR, B EAT—— H A BURRT
T AT % JR AT SR ARAHHLAL bR A0 B bR bR R 2
(B e ¢ &, Bl PnP(Perspective-n-Point)[w] il
3D-2D J7 90T LALE VL C i 5 /0 I 3RAG 0T () 4 3
AT X R H, B PoP J& — M 2
(g sh st Bkl mE s pros, FRidi 4
AN AR NRHIE S, FE3RT 4 M AR
FRALPR RIWARAR T, AT AR BARNLE H AR AR
(DRASSE

K5 PnP 5l
Fig. 5 PnP principle

K5 C Ronbldd, AR R TR =
U R Pr~Py A5 G CT T B 100 0l 2 4k
pi~pso Do EHETE 4 X =MIVAEERULR,
A A 5% e BT AR 2 (D):

ARHE, & T AR VD £ A RE AL B R A7 A BRI 7T

Vol. 33 No. 2
Feb. 2021

CR’ +CP’ —2CR,- CP, - cos(CR,CR, ) = BB’

a¥+a¥—x34};mqaga@=ggzl

CP} +CP;’ —2CP, - CP, -cos(CP,,CP,) = PP}

CR’ +CP; —2CR,- CP,-cos(CR,CP,) = BP;
XD YRR BR LA CPy, FEH A

_CR _CR __CR  _PRP
CR‘ 7y CR‘ b CP4 b C]342 b (2)
_bhR PP’ RE’
CP*’ cpr?’ CP/?
B R 3):
ChR _CP __CPR _ RP’
X=— Yy = I == M=,
CP, CP,” CP, CP, 3)

2 2 2

CRIEG T 2D S E A RZAMA, R
n=PRP*/BP’, k=PP’/BP*, p=RP’/RP’,
FIRIF 2 Pi~Py AR AR SR, AR BIAHNLAS AR R G
MIHEAAE . Fik, ZARHRRT X,z =00
TR, R R GEREZ T RRA, 358
P~P, AEAIHLAA R 2R ) 3D A4 FR o B i 4 3D-3D
R IS A R (ICP) SR T 5 AR LIE 31 1 e
HAERE R AP REAERE T,

PAFR I B A0 A A AR 2R S £5(0,0,0),  ABARTTHT
N XOY V1, Z HhikJy n) 2 BT AL AR T 1) B
S TR R . NG — ST SRR RS,
BRCILKA 25 cm, WIARICH) 4 AT A TH 5 AR
Fr 2 T B AL AR 2 9N (-12.5,-12.5,0.0),  (12.5,-12.5,
0.0), (12.5,12.5,0.0), (-12.5,12.5,0.0), 1 6 iR

mn =

(-12.5-12.5,0.0)  (12.5.-12.5.0.0)

(12.5,12.5,0.0)
Y

K6 At A A bR 2R P I AR

Fig. 6 Coordinates of the vertices in the world coordinate

(~12.5,12.5,0.0)

system

http: // www.china-simulation.com



#3355 2 M
2021 42 H

R BER— A RARC B DL R, B PoP

SRAf LR FE R W4 FR.

n ha N3
R=\r nr, nr

“

1731 B2 133

cos@sing

—siné siny cos €

CLRIREREFERE R, T 3 AN 285 A1 1R A 2 2K
K(OFR.

w =arctan (1, /r33)
0= arctan(—rn/\/rf2 +15 )

¢ =arctan(ry, /1)

TEREA ZCFIH 2 MARidi, THEEX 2 MRid
AR B 7 AR IRREI, LRI FE R
2 6 fkk. DL FIAIZR 2 DMRic sl
B, AT LA AR IC(FE) AR T () FE BRAR P THT_F 1
P AR 2 bt 2 A AL 5 A s 0 B IE DI AR RD
0= S,y / Seus » WHIHLEG FFEE 7 G 40 978 (i 2
0 = arctan(S, ;, / Seast) ©

(6)

It
t e
e

]%\\ kﬁ%ﬁﬁ\b%@
HIFLA) I
B 7 TR A R A e

Fig. 7 Schematic diagram of solving azimuth with areas

2.2 BAHEEEE

RABBEMZIG, FIH 2.1 FE 30T =
T SRIEFINUR FARIOEE S . T AR M S AR 25
RERINLASKR R S5 TR 55 2R, T 2 AR R
PR B B B AT %P RS B RO R s BT AR A I
T=[a b ', WEREFILIEEE dis 7 #R

T

bl
N

ARG

Journal of System Simulation

siny sin@sing@+ cosy cos¢ cosy sinfsin g —siny cos ¢

Vol. 33 No. 2
Feb. 2021

e FEFE R 550 B K25 A1 - 58 x BTERE )
By, Gty RV FERIR A A58 2 Bl % 14
&S ¢ Z AR R W (S)Fs -

[cos@cosg sinysin@cosg—cosysing cosy sinfcosd+siny sin g

(%)
costy cos
N dist=~Na* +b* +c* .
L) AR RS AN R Dy B
AR YU 2 N R IC I 1 BT AR
PRic AL TR (R R B e A R S

3 sEIh

ARICAE AR R ID BRI N R HH 1R 8 AL 5E 7]
ST T S . P4 SEEE 4 MR EE HoloLens
SLETE 2 MAEM SR E AR b, Kk
liE WiFi BB Wil 8 fior, R E R A
1.25 mx0.6 m, MM =4l ELE AR B
RE BT, HEHEEE AR VORI 0.5 mo SL
AR, 7R AR ZeuinF) AR SCEE VAR A
TR B AL B AT A5 B N T RO AR £
st SR R, B R B AR S bR
B, ARSOEPEERE 0.5 s REEMUAT AR 20 BB (5
B FEHET EALE T

(b) B 55181 AR 35t

¥l 8 HoloLens "1 138 3N S 47 5t AR
Fig. 8 AR scenes in HoloLens

(a) A 511 AR H5¢

SES AT ARG BRI 515 S AR, SRR
5E L 5E A SR RE B A 9 B o

http: // www.china-simulation.com

*328 .



#3355 2 M
2021 %2 H
MR AN
—>| R EIE

*ﬁ?ﬂ!ﬂi KnE

SRR R

24 FRid

i
Fm SER2ARIL
ll\inP%jf PPk 5 T
A7 3n| LAl =AM 45
GG T
|
J
it sE i
SE A1 45
4R

Ko e AR

Fig. 9 Flow chart of position and orientation

3.1 ERSEK

NEBWIT, #AE#H LI HoloLens FlZitrid
YIS GR35, R 0.5 s A ST A e 1)
AR ITMAMIEE R, Z5R K 10 Fros. K 10
PRINSERR TGS R, S AT AR I R O PR R B R A
FEHS & B BRI o Bl 1) i 2 A BRAR I 100 T TR
e ATRLE W, BRENNRZE R A, SERRIAR
AHRAE BRARAE BN AT, ) O B PR R B Rk B
Ko VHEXZH SERR A FERGE 1T IR ZE N 1.5°, A
FER R IR 22 4°, IX 3R B 58 [0 SV IR RS FE g ik 2]
B FRFF T B BR[O A R O = N
325D, ArdEZE N 1.8°, X RN E 4L
AT HARE

3.2 ENSLK

FENLEE RRENL SR IC I RE RS . TR,
V£ Sk ¥k HoloLens HHALVEAE HZ&ATE, & 10 cm
s N ARSI EALE [0 FE AR 45 3. B 11
[l Pl AR FABAA , * pUARSR SE BRI BB - 2 SR I8 I,
SENLIRVEAE 320 em DL R E B Rl 25 SRR BE B
KT AZAE AR BRI 25 SRR ZE R, Al sl 2
SRR FH B )P RS R SR . X AR E I IE

AR, S T AR REALD AR A RE AL B E ALE [ BRI S

Vol. 33 No. 2
Feb. 2021

3.13 cm, FTZEA 14 cm’. 7T UL HEE BBk 7 B AN
PR ES RS w22 ok, ot aFE AN R R 5]
Bz, (HEAR BN RE R SRR . BN E M)
MR EE 12 fios, —2SEREERLERS N —4
SEHLSZEG I R L S AT R FEIFREE . B
B em 5[4
300 e
200 /,’ \‘\*
100 [+ \g
1
i

f
w0 % 5
%

-100

-200 N &

300 vy e’
300-200-100 0 100 200 300 Hiffcm
3]

Bl 10 g
Fig. 10 Result of orientation
R 2 em o
300 o,*
o
2 *
250 9
:
200 >,
o*
%
150 EN
go
100 =
-100 =50 0 50 100 150 EE#cm
F2]
SRV VAT S
Fig. 11 Result of position

K12 ERLE FRCR A

Fig. 12 Position and orientation effect

http: // www.china-simulation.com

*320 .



5 33 B5 2 1) ARG AR Vol. 33 No. 2
2021 42 A Journal of System Simulation Feb. 2021
33 ﬁ*ﬁ‘ l:[ﬁ"-?fi Automation and Computational Engineering (ICACE).

S R AP AE — SRR B R N DY IR 3R 2 R A
SENLIE A S5 RIRE T . FAETE . IIRELAEL
SIS, R LR IEAN 58 B R S SOhr i M R AL s
WA T R A 2N T T B L RS
S BeAh, AEATI RSN, A SCAE
JHERARI E R YA, RIS SR AR AR o
{ELH T F P (SR ML A R AR A DA KO 2B LS5
JELEA, A 21 P DY 320 % Xk A5 Fm AT AT HE 58 42 5
&, MBI TR APMEAA A EIRE .

S BRI L, SR 1 AL E R ik
KLU AN ZARIERC 7 2 £ PERROGEREE A/
BESEPRA S i B bR . SRR RS, =
PWRTRIIHE R, 5 T HET L o 58 57 € ] (R T8 m]
DAY A2 SN S 1 S R ) K

4
AR T TR 60 LA B 5 O
Ko BETEHELA GRS B = bR L, 8

I PP 23l TH A T T M RIER B, SR 1T
AR AT AR 2 MRictH ol TR,
A AT SEIR IR . SRIR A R R WA SRR 1 T7
VR AE R ISP [ R A rhons R UL B 2 L 2 R
SN TR SAER Y e AT J R AR S
TERIR K

23 3R :

(11 Bk 5. 5T 1 9m I SEHOR M T & A Ak R4 [D].
5T AEATHEHE IR, 2013: 12.

Yang Junyong. Newspaper Rich Media System Based on
Augmented Reality Technology[D]. Beijing: Beijing
University of Posts and Telecommunications, 2013: 12.
Yadav R, Chugh H, Jain V, et al. Indoor Navigation
System Using Visual Positioning System with Augmented
Reality[C]/ 2018 Conference

International on

(8]

—
—
S

=

Greater Noida, India: IEEE, 2018: 52-56.

Polvi J, Taketomi T, Yamamoto G, et al. SlidAR: A 3D
SLAM-based Handheld
&  Graphics

Positioning Method  for
Augmented  Reality[J]. Computers
(S0097-8493), 2016, 55(1): 33-43.

Miiller J, Butscher S, Feyer, S P, et al.. Studying
Object Distributed
Augmented Realities[C]// 16th International Conference

Multimedia, Stuttgart,

Collaborative Positioning  in
on Mobile and Ubiquitous
Germany: ACM, 2017: 123-132.
Egodagamage R, Tuceryan M. Distributed Monocular
Visual SLAM as ABasis for A Collaborative Augmented
Reality  Framework[J]. Computers &  Graphics
(S0097-8493), 2018, 71(1): 113-123.

SR, WP AR L Bt 5PN T LR AL D). T
B 7 BK¥, 2010: 6.

Wu
Recognition Method in Augmented Reality[D]. Qingdao:
Qingdao University, 2010: 6.

BRI, EIlRR, Xk, 55 —4ERS7ER 3 R sn
(R FLT]. VH S B B S DR 27 24, 2014,
26(1): 34-39.

Gui Zhenwen, Wang Yongtian, Liu Yue, et al. Study on

Hongfei. Research on Marker Design and

the Application of Two-Dimensional Code in Mobile
Augumented Reality[J]. Journal of Computer- Aided
Design & Computer Graphics, 2014, 26(1): 34-39.

KNG AR, 18 i B S v - = bR B ) BR B AR AT
[D]. Bl HFRHEKE, 2011: 4.

Liu Jingwei. Research on Tracking Technology Based on
3D Markers in Augmented Reality[D]. Chengdu:
University of Electronic Science and Technology, 2011: 4.
FHEMG, MRk, SeEk, S BT B AR S R ER
ZEIR[T]. HENMLEAIR, 2016, 42(10): 1466-1489

Yin Hongpeng, Chen Bo, Chai Yi, et al. Vision-based
Object Detection and Tracking: A Review[J]. Acta
Automatica Sinica, 2016, 42(10): 1466-1489.

A, 5K, XUR, AE. ALSE SLAM DU MELIEE|
SEEEM]. dbst: s Tk Rt 2017: 3.

Gao Xiang, Zhang Tao, Liu Yi, et al. Visual SLAM XIV:
From Theory to Practice[lM]. Beijing: Publishing House
of Electronics Industry, 2017: 3.

http: // www.china-simulation.com

*330



