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Augmented Telepresence Using Recorded Aerial
Omnidirectional Videos

Captured from Unmanned Airship”

Fumio Okura

Abstract

This study is concerned with an augmented telepresence system using aerial
images in a large-scale environment. Augmented telepresence provides a user
with not only a view of remote site but also related information by augmented
reality (AR) technique. An augmented telepresence system using recorded videos
can be applied for virtual sightseeing and city planning. This paper proposes an
augmented telepresence system which generates a large-scale omnidirectional AR
scene in an outdoor environment with a recorded omnidirectional video captured
from an unmanned airship. The following technical problems for augmented telep-
resence with a recorded video are resolved in this research: (1) geometric registra-
tion, (2) photometric registration, (3) increasing immersiveness of telepresence.
Problem (1) is resolved by extrinsic camera parameter estimation using a video
sequence and GPS data, and an environment map of a real scene is used to render
virtual objects to overcome the problem (2). As for the problem (3), look-around
interaction is enabled by omnidirectional imaging, airship in the omnidirectional
image is inpainted to resolve occlusion problem of environment map, and omni-
directional images are aligned to prevent undesired changes of direction due to

changes of direction of the airship. This article also shows experimental results

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0951019, February 3, 2011.
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of generating augmented telepresence contents from an omnidirectional video se-
quence captured on a historic site. Finally, a prototype system for demonstration

using the proposed method is described.

Keywords:

Augmented telepresence, Augmented reality, Telepresence, Unmanned airship,

Geometric registration, Photometric registration
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ITONTWa. 61T, ERHMOEREZOEERARTHET TR, O80T
WCEET 2B R AT H7-012, B A TZE TR SN2 R O =AY
KaEET HIEHSFE (Augmented Reality: AR) &7 L7 LB R EMAE
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T AR ERETEANEDOEWMERE 22— IR TRT 52 LT, N—=F ¥ /L
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7oA 7w RREICOWTHIZER TN TV D, BEf{GIZ L5 0 A TAE &
BHE T | A IR 2 BB DL 7 O b O SHEE TN D 1= DAY K %
HETLHBICHE L THDD, TR LTIk EEg & oRARMTH
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2.1 HREET L L EURIZEAT AHEEHE

EEHOE R 2T T 5T LT LB R [1,2] & U A THE TR S - E5REE

DIEFNAEIE % BE T D BT 4 v — A —4EEB K (Augmented Reality:
AR) [3,4] A EDEDH T & Ta—F~DIFRIE R Z N RINIAT O TTH
NTEY, AFFETIIZNEIET L7 L ¥ A (Augmented Telepresence) &
MRS, 7 L7 LB ATHERFEOE R A IABRBERE L LT O 720, ik
I FIEIZ BT DIREMEOEENFESIZHEBTE L. EHBET LT LR
v A1%, B 112787 Reality-Virtuality (RV) Continuum [5] 123\ TRA B ELE
(Augmented Virtuality: AV) IZHHIND. IKET V7 LE AT AR B IO
AV OERZ RS9, X1 0L 512 RV Continuum (23 CTHElfER & LT
EFRIND. FRC, EEFREET L7 L8 v A IBLERE 2 PRI B L L7e
W2 ARICH T2 2 ERENERLS, ERBAIEET L7 LB RITAVICE N
LEBEZDLND.

AT TSI R C IR & O 5t & = — P I HE7R ATRE 72 22 HikBh B 1% o F1)
ERTD. ZEREGEZTVIALET LT LB AV AT AT, %L®ﬁﬁ&%
W 2 —PIHRT D12 DICEMGE TOZERNPER S NS, @E, EHRicE<
HWHN 56 ARITHEOBRE S EITK 2 107 T X9 ICBLZ km L ETH D Z
EBLNDOITH LT, BATITICEAANY 2 7 2 FEOM M2 (Unmanned
Aerial Vehicle: UAV) OHUATEEIZI LZ 100m BEDKETH Y, EHRHizs

IHEER SN TWD [6,7]. KRS, WHOTZODTRILF—2 LB E L7R2v
Lighter-Than-Air UAV(LTAUAV) T& 2 4T#NE, R 1ICBIT 2 TH RSN
5 £ 91T, AT Y a7 2 L0 RIFRIOBATAARET, #0722 & TR
GIZFRHIEORRETH D720, ER~DOFHNR L o TnD [8-10]. £ I TR
e CIE, ZEHREGE AOWTEET L LB U AT AT ASEGE TH D AT T
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1 Reality-Virtuality (RV) Continuum [5]

e WD,
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FEEATRGET L LY AD 22 KB LIESiT 5.

2.1.1 EEREILETLILEUR

FEREFHEET L7 LB A%, EICu Ry MEOREMBERGED LR &0 FERE
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Calhoun & [12] %, HFRERME S L7 HEIK) O OEEEZ HAY & L T—ixBy72
T A AT VAN KD EERR 2 O THERE = 2 B CHRERBE 7> & B S 7B
I SEE R CHRBIS DN E O R B, GISIC X DHEE#RAEET DV AT A
EERILLTWAS.
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EHEEAERGET L7 LB AOMFFE L LTSk [13,14] B2 b s, B
5 [13]1%, &FALH AT % A THRE S ERIEmIRZ EE T 5V AT A
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X 3WTLETNEMBINCAERT D2 LT, K4ITRT LI IC2—FDOEBRH
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WMDY OET VEERL, HOLUOREINTZ 1D/ J<EBRIcEE
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2.2 JRERT L T LE U ADERMBREIZH T HHEKHR

AWFIE TIREBRB A BRE BV TRITI 2 W e SRR AR T L7 LB
Az RBT L. TOIZDOEAMRELE L TUTO 3 mBEToN5.

1. 8PS MO FE]
2. RS D FEE
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R~ DIER) &R
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JRIREEANBRER N 31T 2 TRV EVE 2 HH T D720 DI A TLE « BEHEE
(ZB DUERIEIE, GPS RSt VI L ot o N—ADFE, BIEEO
HaRMWIZFE, T2 LTt 7 Uy FRECRINENS.
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REBE Y ETHONINE - BBEEZOEENATNE - BEOHEME L
THW. oL, B o7r—2BfFr— 7 b—»AoL— F XDEWGEIZ
ETOT L — NI D IEMET AT ONE - BREZHETHENHELV. K
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Ohno HIZ X 54 KA U OFIA [19], Kourogi HIZ K 2 BATEMEDMAT 2 v
7= GPS <° RFID 7 54 5N A ALEF M OME [20] 12X > TETH 7 L— A2k
FT2H AT ONE - BEHEE AT O FIENRESN TS, L, BErHok
EHWDFIETIE, B oRRRESE Y - IATRIOXF Y T L —a v
RRZEIC LV RS I A T DALE « BEHEE 21T 9 Z LITEEL V.

BEGOAERN =N ASAE - ZEHTE

G OB % AV D FHETIE, B EoRMEAVWTT7 L—2Aa/M, b L I3
ACHE SN T 7L — MELOTINMHTZ21T O 222XV I AT OfLE - &
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DATE - BEAEHETE 5.

G5 O A TAE - BEHEEIE, TR E AV 0Tk L SRR A
WD FEICKRBITE S, 2720, 22 CTHWDERTAGR &1, REER BT
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HRIER A 72 W BENER ) 5 D 1 A FALE - EBHEE T Structure-from-Motion
(SIM) EFRIEIS. SIM O—Fih e LT, KW7ofikg A= FEOZEITH
NTWD . KFofRiEd, —RICEIIGF D27 L — L% @ L TaTORER
AHBILTWS Z L &RHEE LT3 2123 EES [24) 1%, —#07 L—2
IZB W THRHBUR OBBNT RIS L7256, HEE e &2 FIH L TR A fie T 5 F
BEEREL TS, LnL, Z< OREURAHEBL - THIT 2 X 5 22 BhEfg ~ 0
AITEE LV, ekt U TR, N2 RAVTRE Z AW BFIEIZ DUV TOMFZED K
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FHEIC L0 2R b 21T 5 T [25,26] 1%, R COHEEIIREETH 523, &
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ALiE - BEHEE A2 BT 2 F1ED Klein 6 27 I > TIREI N TV S.

— I, B E W TEBRR Ty o ZITITERRREN AT D, SIM
T REEELZITORBREZ BB GRS E 5 2 &I Ko TERRRE 2 1]
LTW528, FELL, ERRAAEICERT 28EEREEORAEL TRICHENT 5 Z
SIFEEL V. FE7o, SIM TIRRBRAYICAHIAI e 0 A T ALE - BELMELNT X
T=IVINRHTH S,

[FERTENR A AT BB & D T A T AL - BEHEE]

3 RITTALE N EEIN T & 5 R KIEE OFFT A 2 W2 FETIE,  HRUEEE
H OB D 3 RIUIERE & i _E oD 2 RTTFERE A %A, PoP R (Perspective
n-Point problem) [28,29] Zf#< Z LI LV I A T(E « BEAE/HDL. FRATHGK
EAWLFELE LT =2 HWeFiE [30,31], 3%kt CAD E7 v &2 VWD F
% [32,33], HARFHEUR T v R~—2 W5 F1E (34,35 MRS T 5. &
7z, SIM & SR Z FFH 2 2 & THATEMIZ D A= A b 2 KI8T 2 A
5¢ [36,37] BATHN TN,

RN A W FETITEERENRAEE T, 27— VB ORI R %
D Z L TRGICA T —NMERERD LN TES. LinL, FEEESE RS
~—HARCADET NV, TV R~v—0 T =2 _X—2FDOHE (FFTHER) (220
DA AR FRRE L, FRIZIRBEAREICBWTI A ZX PR ERD.

oF B

BEREE UV EHRRALLZAASHE - BEHTE

B L oY 2 Lich A TALE - BEHEE L LT, SIM &t Y2l
BT LI X0 FERIHER L TR — U ERZE D & RIS A & Y
T HMENZET b D, Agrawal B [38] 38 L U Schleicher & [39] 1%, BhEi5H 5
BFoiLd A TAEE GPS ORINALEZ IV~ 7 4 )V % VTG LT
L. TNHDOFIETERETOUATNELHET D ENFETH L0, JHH
ERRRELZITO ZEFEELW. Zhucx LT, SRR RAVTREEE V- F
W5 [40-42) PIREEIN TN D, ZTRHOTFIETIESIM THOW S /N KL
DFRZEBIEIZ GPS ORI E BT 2320 A B L 2Rk 21T 5 Z &
THRER EZX->Tna. £, FREEE AW THEET 2 FiEL B2l
AOELZLIZEY, DATORERRIZHT DR AN MEL ESE5Z L4 HBEY
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I7 L7 B8 [43-46) TR TS,

ﬁ%fmﬂLk%ﬁi%ﬁA@£ﬁ®t@®%%ﬁw%%2mikwé.mﬁ
BANRE~OEH A BE LG, FRiEmRE 2 FEICB T 2 FRiERIZ)
ARV R= R /N7 ;ﬁét@,%wﬁﬁ%%%?X7~w%ﬁ%%é:kﬁﬁ%
LFENPEL TS EEXDND. £, SHEHAMT LT LB AT T
FERFFIMEI I T L b MBI, ERFFMEITEVW K EOmWFRELZEH T2
ZEMTED., Ko T, REENRETON AT ONE « BEHEEITITIER N
ROVIREE 2 T2 B [40-42) B CTH 5.

2.2.2 HEHEESMHDER

WZRRYEEA M BT D HAMTRRE O — DX EWIK L EME DA RO —
Thd. ek, CGIZBITL—HKREEMTIZET 2R IEZ <IThiuTn
% [47-49]. ZAUTxF L, AREFFRICBW TEDIER EAREMEOREERBZ K —T
LTI, (1) EREORFEREZIUG L, (2) f;%;@l//é? Uo7 %AT 5 e
M5, ZNHEFEBTLH0, JLRBFKREDIE LR RBICET S
I ThbhCnd. LI, @%iﬁ%~®%x%y7_owf%%ﬁncﬁﬁ
DIRPE IR D .

2 RS YE RSB 5 R

SRES FERE | 52 | SRR | AEd

I | GRS | AR

DI [15-20] X Vo | AT V

Bhim g | FiEEke L [21-27,50] Vo AT Vv X
D I RIS Y [30-37] VARV X A\
INAT | TN T gV [38,39] || A v v
U R | $EENY RLERER [40-42] Vv X v v
AR N A MW E [43-46]) | /| AT X AT

T FECKVRRD. [ &FRELZITDRWIZORENRS D
§ FATBAREDO IO DOYEN (/0 BER L, X0 bE)
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FEERE AU IR 2 BB 2 AT OBFFE T % Nakamae B [51] DTFVETI,
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