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Composition of Stereo Images for Video

See-through Augmented Reality*

Masayuki Kanbara

Abstract

This paper describes a method of stereo image composition for video see-
through augmented reality. In an augmented reality system, it is required to ob-
tain the position and orientation of the user’s viewpoint to display the composed
image maintaining correct registration of real and virtual worlds and estimate
the depth of real world to compose an image maintaining consistent occlusion
between real and virtual objects. All the procedures must be done in real-time.
This paper proposes a method for augmented reality with vision sensor and video
see-through head mounted display. It can synchronize the display-timing between
the virtual and the real worlds, so that an alignment error is reduced. The method
calculates camera parameters from three markers in image sequences captured by
a pair of stereo cameras mounted on a HMD. In addition, it estimates depth of
real world from a pair of stereo images to generate a composed image maintaining
consistent occlusions between real and virtual objects. A region of depth esti-
mation is limited because a position of virtual objects is calculated using camera
parameters. Finally developed is a video see-through augmented reality system
which mainly consists of a pair of stereo cameras mounted on the HMD and a
standard graphics workstation. The feasibility of the system has been successfully

demonstrated with experiments.

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT9751038, February 12, 1999.
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AR, FHERE AW TAR SR L, BIERRICERIERT22L T
BERBIFHRZ NS5 Z LA WEER BN & U THARE R (AR: Augmented
Reality) 37 EH S TW5 [1]. ARDBPER SN TV LI ERITIFUU T O X 5 2B H
NEZDBID. HERMIZES N T & T ARARELER (VR: Virtual Reality) i3, BER
BECIETERWERREZ BEIICART 22 L 2FMRBICL7Z. Lo, 2 Ba—
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HIFTEEZ2 3 R VP2 EZHWTRD ZFIENFT DN D, %EIL, AR RE
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ENFRER TCHIUTL, HO0UOBRERERKD 3RTERETTEL T L
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2.1 WRERIERE ZDICARE

AR IZ, FHEMIC X0 Ak S - BB A BUSERBEIC S e~ T 2EMTTH Y,
BERRICEREMAINL 2 BRBEL 22— ICRRT 52 L AW TH 5. Milgram
HiX, AR LEHEBANICHEE SN ERENCREREOFER LIV AT Z &
TIRABBRE DB FEMZ (kT 5 Augmented V1rtualty (AV) rAET HEAHE
% (MR: Mixed Reality) OHE& BLTEY [3], MR R 23T D
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B2 BHETHY, =—W @ﬁﬁ%ﬁzéﬁ%k%ﬁﬁlfﬁé T, K
FICTIE, STRAEBEAMRIEIC DWW TRHEITR . BT, SU2rRA R
BEMRRL T, (AEREL L BHEREL EERTRTHEE, SRR L v %
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T2 A MERTEICIE, (RAEBRE L BIEBRFEOMET L O 2V EE & 17
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BWIR ORI IR E IEFEIC KRBT 572 DICEL MR L (ABM IR DO E Bk % R D
HRENEEND. ZNHOMELEET L2012, K2R T Lo, LB
RO MRIBEREREL TERDH. ZORE, BLIFEBRERIC féﬁﬁfﬁ%@ﬂ%
KL, HREEAER & ARAEIRD 3 IRTTZERMIZIS T 2ALERFR (K 2 B) 1%, =—
PRRET DOBREMTH L. UTENENOREICOWTHAT 5.

[ —YDEREREVEOLERFRZERD SHREE]

ZOREE, REMEN—FIZED L ICRZADINERET D HLDOTH
D, M 2RI —FORBOMNEREZIRT I AT EERIZBIT 51K
HEIEDOIELRS (K2 C) 2 RDLHMETHDH. K3 ITrTLoT, =—
%@ﬁﬁ&ﬁﬁ%¢®ﬁ%%ﬁﬁﬁﬁ’%E?%&Hhﬁ%ﬁ@@ﬁ&%
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eI, HREERICH T D RRMELESE 3Rtk 2z T
?J?bbé?{iﬁ:%é?‘ bivd. BMEREICKTL2—FORAEREEST D
FHEELT, UTD2O008FT 6N 5.

o HERI, BHEWN, ZHEEHT —LMR L, RBRIEE L W THAE
e 1S 5 FE (8]

o AT Lo THE SN TG b LA SR HEE T 5 05 [12).

A&, 3 WL ELRE L LIRS R T2 Z LN TE 508, FkR
WENLE, FHHEHEARONCLEIREOMESRDD. —FH, %BH
TR SNTCHEBD HHRIEREHEE T 572 ORIERHFAII LT L HRE S
RV, AT EHEROMERRBBERM THIVUE, REINTEBNL D
ATGNGRA—=FHRODL L THRABREBEETE D, LT, av
BPa—4EVa OB THRIN TERFEELFAL THABREZRD
BILRTE S [13].

[(BEXWE L RBEMEDHLERFRZRD HRE]

= ORI, (AR L BEMRO BT E BIE (% 4 A) 2R 5 HETH
3. THAMESHATIE, B 5TRTE D10, EEEHLEN b OB
(AR X 0 bV REWE B REES EESNS 2 LT, BRIk
L BREMRORIEBIRDS FET 5. MRS R & (RO BIR (X 4 B)
NEERITH B, ~ORBEL, WHFEER L REMRD 3 RTZEmIc

F B ACERIG (X 4 C) &R B REEL 72 5.

REBRENSHFOREETCOIL, HO0 U O HRAEERIZKIT 2B EREE
D 3WITEREZFHBPIL, ZNEEBL TBL, 2FEVH 4C Za—PnRE
EL TR ZLETHRRTE 5. LavL, AR THRbh 5 X 5 RER R BE5E

(X DITiE, SRR R & BLEMIR DOALERIFR (X 4 C) Zdfe L TH
BT 20ERH L. ZORBEEZRRS 2 FiECE, HREERICBT H14L
ERIFR (X 4 D) 23BEAn72 P 3 WRInFHIZERE D b BATE Z5HIIL, 3K
TCEHHEEE DN E LB E KTV EIERICEIT 2 BEMROALE (X 4E
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BRBREE SRR E G T 2 FIEITIZLA T O 2 OB T 5 5.

[FERK]
6 (a) IRT X DIT, N—T7ITF—REEFANT, BYATRBREL
FiR L TR DBEERREZ FRC 2 —F IR TR TH2FIETHD. BLERER
MREREN 2 KRR TE D H, RERE LRI 5BROF ARSI,
BERE L FEERREORBTNERY, ZAMIETH E L Ta—HFIam
HEND. "—T7I7—FHO TN -OBERENETR < AL, K8
WIRITEBHICER R END. 20, BHERER L EWEORI%BERE
R LW RET 201 EOICHEETHD. £, KEMKEEL Z &
IZ & BIFEHINR (EDE~DERE) bRIATE 2.

[ET#E&/K]
6(b) IFRT L DI, W AFREITE > THE SN BEREOER LIz,
AR E HE4 5 FETH D, 2.1 BT/ B. ©F 4 — 2 —JFK
DHE, 2—FOHBFEE I AT ONEHME —BHSETREL 2813%E
BREOMG LIC, REREZAOKRL CIRRTHIETERSNDS. BER
BREBREORMZ L > TR TE 5729, RAHTIIC X DHEDONE
FTHUIAET 2. LA L, RS DIRESED, (KBRELZERRT O
DOF AR 2L IC Lo TR TR SN D [14]. FTo, BIEMIKLE KEMEK
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2 —F O EMEFRERITIE, VR TREHINI MR 3 kukr %
ﬁwtiﬁﬂgw.ik,@mﬁ3ﬁmﬁ/# , RDERIZ L >TEDDE
HREERH D HOD, 3 RTMBEOHEEN B /NA N TH B2 DHEBREDIEERM
B LIt HENTWD. Z0BIE LT, VU ZD AT F U ADOFIEEBE
REICHEEBRTTDHI LT, FEMBMEZITROBORENH D (8.

BV a e ERAWTHAMBEHET 2 FIEX, BT AR THWAELE
REZHRE L ICEG O HRMELZHEET 5 2 & THRERE L REREO R
NWRRERERDMNEBITNERSTIENTEDLED, BT AR EMAEDED
ZEMB. Gk, BIEREFTOREEE, BIROI AT THRELIZEBN S, &
ATNFG A—=ZEWET D FIEPREIN TS [15, 16, 17, 18]. £D—DITI,
BEREFORFERE L CHE—YE LOBEHMD 4 SO~ —T% 1 AT L0 #RE
L7 R TH AT RT A= 5 RD D Z & TIERFEREZ R8T 5
FHERDH D (18], LoL, HIEOL 2T &N &2 —FORIRICF U B %72
AT B LR, BERBEORITEREZIERT DI ENTEXRVER, BEY
Tk & AABMIR D Fi 4 BIFRIC T IE D 3 5 & REIRRIZ 2 2 &\ 5 RS 72 > TV
2. ZZT, BERBEZ2BRETINATIC2IRORATVAD AT % AN D FER
bd. TOFEZIX, AT VA AT LD 3R EMARDLEHZ LT
REZ LT 250 bBEIN TN [19,20]. 2IROAT LA I ATHET a vk
YHELTHWSZ LT, BIEREPICEEINT-~—T 3 REFE L CEED
BARATNG A—2 EHE UBERE L KEMEEAKT 22N TE 5 [21].

WRIZH R L AR D IEMER TR A KB L 72 AR DIERFIEEZLLITIC
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n%kk?éi&#%é IO DFIED, 3RITBIROEFIZ, 2 Ba—F—
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b2 [24]. ZOFETIT AR RBREICIRRT DO OB ERFLHBL L AT VA
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FERBTIPDHEEE RS,
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AHFTR, SRS MERIEE I L7 AR BREOEBREZEHE L TN 5.
RPR DO R D, BFHESEMBEL R LT AR BiEE 22— VIR T 57
DIz, BAEREZIRELIZEGN L 2—FOHAMEEZ RO E Y a v,
FBRREORREREZ REFERET A AROMETEH WS,

REFIETIE, BT AARICERT2ERERRKLE LT, 2 RORT LA I AT
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