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Overview of Hybrid Tracking in Augmented Reality

LUO Bin* WANG Yong-Tian? SHEN Hao' WU Zhi-Jie! LIU Yue?

Abstract Hybrid tracking is one of the most important key technologies having received rapid development over the
past twenty years in the field of augmented reality (AR). It is an effective approach to realize head-pose tracking with high
accuracy and strong robustness for AR application systems. This paper tries to provide a complete and comprehensive
survey on hybrid tracking technology. Three important issues involved in hybrid trackers are described in detail, including
hybrid tracking method, calibration, and time synchronization. The state-of-the-art applications of different hybrid

trackers are introduced. The pending problems and development tendency of hybrid tracking technology are discussed,

and finally the application prospect is reviewed.

Key words

Augmented reality (AR), hybrid tracking, sensor fusion, calibration, time synchronization

Citation Luo Bin, Wang Yong-Tian, Shen Hao, Wu Zhi-Jie, Liu Yue. Overview of hybrid tracking in augmented reality.

Acta Automatica Sinica, 2013, 39(8): 1185—1201

B GRS (Augmented reality, AR) A& 7E H
JUOM GBI 1) LS H AR IR RS 0 vE SR AR ) ST
¥\ 3D BIAAEAE S REIR. BRI S ) A R B
T AT Sk 0 28 A IR W A 4t 1) 28 A A TG 1t ok 74
JRE AL 1) 400 A AR A5 LB E ) PR A e A o 3 ok 35 55
J7 2OWE B0 AR S S, G AR 8 815 Sk
INF, P ik A% A8 PR AZ S 2C o 208 i XSk 2
N % (Head-mounted display, HMD) b % L WH
U RS o A 1) R S Rl PR el T T S ) s
Yyt 5 A AR S A — SR B s [a], AT 1 o8

Wk H ) 2011-11-22 A H I 2012-10-25

Manuscript received November 22, 2011; accepted October 25,
2012

E % AR EEEIES: (61072096), K RHEE K E TS (2012Z2X030
02004), 1 TG BERH B AR R4 (2010B0203023, 2012
B0403068), 1H ZiZ&mi H % 8)

Supported by National Natural Science Foundation of China
(61072096), the Major National Science and Technology Projects
(2012ZX03002004), the Science Technology Development Foun-
dation of Chinese Academy of Engineering and Physics (2010B02
03023, 2012B0403068), and the Project of National Ministries
and Commissions

1. E TR BT B v FELN FIF 0T 4ifH 621900
TR R dbat 100081

1. Institute of Computer Application, Chinese Academy of
Engineering and Physics, Mianyang 621900 2. School of Opt-
electronics, Beijing Institute of Technology, Beijing 100081

2. denis

FH PO BUSE RS (W A, 7 R 5 B IR BE 1 AC H R
73, PR A R AR — AN TR . BARIAC B
B 1992 4F Caudell 550 753 & WHLAEE I H o
MU T AR #&. 25, Milgram 252§ i —
AN Gl L S Gl R UL TR PR 32 8 DA AR R DL S
(Virtual reality, VR). 84283152 8498 B (Aug-
mented virtuality) PR IEA IS (Mixed reality,
MR) HEATR WL 0, 4 184 5 I S 0 Oy B4 T4l
B ) 22 [R) (1) — B gl s a), o VR A IS T 4R
TS ], il 1 PR, BRI S B AT =
ANFEIRFAER): 1) i, BRI A 5 st
HAFTH MM N; 2) e h, Bl
FLSE S 2 AR AT SEIN I B RS 3) =
YET T, B R A g L S FORS A M G AL 1Y SR
SEVS N B SKI R AIRES . 4B BoR g ARL
TH . RETHEERAR, ST IR AR R KRS
WPV 220 [4-5).

Sk L AR PR B R I SE e R D ROR 2
. BRI ST L v R T ) Sk A A R
WFRE R UM AR RN BL ST L. 2 iy 2 Tl 1Y) S 30
SRR ORI B Dk R RS . Bk
{7 %4 (Global positioning system, GPS). (%




1186 H ]|

39 %

¥ {1

A MBS B LA S AS P R R RS 45 (6] H IE e 3
1.1 TRTENE, A8 S WMEAT S B, 7E AR
N R % B R RIBRTE. W, EN AR R
PR SE SRR UER R Sk #1828 285 7T LAARAS feioHs . — 40
MW, AH TS AN IR IR AN S 42 R AT e R A5
S AR S B EA R T84 AR &
g8 wAh AR RG0SR R B I ME— A Rag AR 2 ]
TR AT ERER RO, I 15 A [ S 70 SR 35 11 00 2 4
PaaR T oK BB IS RS B A 90 AU
WLk, R HEEARCASE T AR KL AR
BRIIBAS, JFu 2 NI T E NS AR R4

Mixed

lity (MR
/ reality )
Real J_Augmented J_ Augmented J_ Virtual j

en\ ironment reality (AR) v 1rua11ty (AV ) environment

="

1 Milgram 33K - JERLELL AR K

Fig.1 Milgram’ reality-virtuality continuum

AR VR BREAHOARAE [E NI 4E T YR B
TR R A AR IR S R TR A IR R R
EF A AR RGN A B B 5800
PR — B AR RS T T2 S 25 I M= 46 AR &
s 00 R A A A Rl VIS-1200 R
B ERER A AT TR A BRER TV 20 S T AN T
VIS-1200 ERERASFIRLHE — 51 — T8t R 5 R i
(1 AR R /G0 PR G8 AL Tl al &
(Tracking fusion) )2 1% ARG HILSLHL T P4
AN RG22 IR R 2% IR A IR . i &) fd
BRI+ /K 2 PE 4% (Unscented Kalman filter,
UKF) b S5 UG M0 5 53 T R AR 28 A8 R R

AR EEN AT TR AR TR A ERER R
RIATERR VR E, WFER A IR ER BRI S ()4
PEEREERS VR A RIS TV b s Ty VAR 18] [R] 22k,
4 AR RS ERERBOR BN I BIR, B4 R
FNAFAEAER, Fe BN H iy 5.

1 ll:l:. = EEET |‘ﬂ EE?EE

AT RN AR Sk SR FRE
. GPS ML BG L LA S AR R S AR
A B — I 0 8 A R B s 1) o A I L AR ) 45 H
BRI — IR RIS LB i, G5 TR A R R A8 I I A,
RS EEET%&@TU/&E’JM G ERIER TV b AR
() [ 25 58 = AN H L OCRE f) i

1.1 B—&5IREREE

BUBH R ER A A P — AU LA B = P Sk )
A ERTT 1), AU RS — i 5 S5 8 [ 1EE, ) A — T
55 ER H AR BEE, ZERUBMLAY B G5 A7 8 e et i
Yt gs vh SR ER H AR IR E . MU RS 0 A2
KR BRI, IR, Bl SR MRS oy HE AN
AFAEIE 37 1] PR ).

TG SR B o — MR R S i o Bt . A il
AR, AR F R I R A D B A B AN T ),
PR BRI 2% R B A5 ﬁﬂ?ii‘/\ﬁﬁ?ﬂ
AT VRSB, G ER ER AR L SR AR
R R R JCIEIR L WA DL A e Y, /ﬁ\ﬁ}%
RUR AN, 255 B4 s 5 52

T P I IR B AT FH 22 AN R I RS SR A R RS
U5, R R U D AR B0 R e s
() PR B T 22 < A 2 B PS Ts 2 v S5 B RN ). R S
W EREER L AU /N . B AR O, B R
U2 BN MR s ) RS EERE N, HOHUH R

GPS F%EH1 24 A TAR 12 A My 2 B0k #)
i, FEEA SRS P ROk B b = AN HER AR B
PEMES, W fE 5 a2 LAEE 5 K0
Z [ AT IN A (Time of flight, TOF) Kffi & GPS
FPALE. 2487, — & GPS &AM HERE Rk
W, WO GPS RER PR IABPKF K.

P PR RS AR R I R 5T (Inertial mea-
surement unit, IMU), FLHEA % SRRSO T
K AT PE R BT S ) AL, Hp
P 0 2 T 0 e B A R B A e
FEAIFH 1 AR vk 3R AT BRI 1 7 )45 S kb s
TE I =2 R 000 A 0 PR A = AR A3k
FHERER A B AT B R ER RS A ST AR L
R IR, TAEEEASZ RS R, (HI
DA T I T R 85 1) — o R R Al o R B
TR

P R R 28 A0 F SR LR B H bs, A O
P BRI E R, EaFE “H N sk
(Inside-out, 10)” F1 “f 4k A (Outside-in, OI)”
PR, TO g5t R ERER B Ax [ e 7E IR BE, $5%
ML 5 AE Sk 25 1 HOW S 07 n) B PN m) 45 1) 3485
1M O Z5#4h i ERER H br [ e 1 Sk, S AL &
FEIREE TR HWEE T ) B A ) P9 4 ) Sk 3508 AR s BN 2R
Hbr AR, ] 50 A5 IR (Marker) FRERFI G bn iR
(Markerless) ERER, Y LED. FriRmRAFAE N
TAGHUEREE B Ax, BA B o E 8 R R R i
Ja S SIS FRE AR 555 5T 4% HARHE
YENSEBHLERER H bR, BATHEREOR ., SEm Pk 2E5%
FRAE; BEAMSAR PR 451 T JCi iR H b, 75



8 17 WA BRI SR A IR R R g 1187

OB BN AT 25 5 7 A AR T -5 B B 2R
AR Y A A A — S gy e Ar F P, L
LAdt P R A B P SR YTy
A7 A — YA, A8 OSBRI = R P i — 4
B HArPUMOR LG ER R S A AR AR LR
DAEH, AR . GPS M B AR LA AL B Ay
AR 2 MR MREESS, JE OB,
i1 InterSense 23 ) InertialCube Z 110 P HR 7 25,
Xsense A MT RYIMG R EESE, NDI #0524 A
Optotrak/Polaris 05 #1555

1.2 [aERIEIA

TR BRI R B AN [R) ST PR 2 1) i ) 82
el BEAT 5 IF BRI ER RO, SRR
FERER ORI LSRR AR PR IR ER R 2. R
RS IREEAR AL, A IRER G ARG N T AR &
G5 A ME, AEE T KO Ak 2 DR 455 v G P S8 A R
I IE iR T PR R I, BRI DA T 1)
KARHAHE (Degree of freedom, DOF) 214 Bkl
HAb. AF DOF REE 21 45 v] LIARAS 583 1)
6 DOF 235 %t ; A A DOF J& 1 1 BR R 25 285 fil
H L% B DOF ki, £t DOF Hth Bik
B E AL, 2) WG PR A AT E T AR R R R
U R AN MR YR TR A | s DA S B
M8 BPEER ER A8 ANFE I T W AR F; GPS AV
SEMER AT e SR AE. I R B R
AN T LA AR T B o ER RS AN RUE T,
e mRER B IE. 3) §TRIREAVE . R B 155K
AR L ZE AR Y Y 7 G A R RS b
PR A T GPS MG PR ER 4 A5 47 K ER B V0 il LA
SR VG R, 4) ST AR R Ge i IR .
AR RGAFAE BN AR TG AU AR5 AL
BAEI L TAAFAE I TR IR . VR SR R 2% W] 0 S i 28
BUATHN, IR RS AR, RS EERES
R

2 BRI B = AN R Y ER R A
Fo) RS PR TR 5 R R A s 2 IR, A BRI 20 1) T R
a1 (B BRERS 2 (W) FIERERSS 3 (GPS)
FORIERIMEIERE, CL 1. G 3ol =N R R 1K) R
bR FR, W R SIS AR R, U SR AL K5
ABRAR, S NI ML ERER H bR, BRER G4 B )
DU B 5 L s, m] DU vt 5545 2
(2 H s, L An A o B AL ) E R H e L A B
FEREE H AR S AR BASRR U AR AKS s, 10
) FE A5 2 (1 2 S H 2 BB LA FR 3R C A I AR
PRA W ORI ARARAZ . T 2% SR R0 0 D0 2 40 Py
XF VK 225 M bR R A B AN TR, DAL 20 S E %
AN BRI A T (R 1 52 AR AR AR HHe, SR g BRI 2 DU

B HE AN NS HBhR R P A REG AT IR
B e U A (VR 5 s i L DR BR R A 1) K dfe
U0 B ) AN [, R A RN L O 2 RS R i A
ARy R] [R5 )l R BRER S — Ak =D A
PRERASF K, TR A PR RS IR ER s SR 2 | i
LR A BRIER T3 10« ARORT S8 350 38 T3 1% S 1) [ 25
THEMBE 2. W, WA ERER T bR T N
(][] 25 J5 {22 VR A BRI S R A P 1) O B,
SR AT IR AR NV H i 2 5 il R (0 S [ .

A
BERS g léi

[ A bR 2R
(GPS) NP
R 22 I lé
(ht) —> /I
S
_____ — @ -
c
U

PRERAS1 (R

K2 IR AR ERES S AR R s A

Fig.2 Hybrid tracker and its coordinate systems
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FE AN K AP 22 kR R B T4 5
$ SR [70] 1 Optotrak Je2 R R A0 & F-3)
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REACURE SEBILIN [R] )25 25 £ ) 52 B 22 Aol T B 84] |
TS bR sE A8 A5 f5; SCik [85] i B MEAY
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Z A PER R TE S A B AU, AT LUK
AR ARAT 5 My BUR S5 5 Rl 5 R4S 1l 58 0

F g A TR DUKE X A ml B SR B 2
RAE R AFAGHUTN 13 KA 20 15T M A B 88 2 ) 1 000 st
A, AR — R A R R 2 AE B R R R A
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