BRI 2 (52T 7 a0 2015
IPS] Interaction 2015

FREREFEAT L

G 20 A 1)

A T2

BE: 7277 70VAXAT7OBEICEY, BEEOEREEZ ~ AHATRSL, ET5 2 E0HEgiIck-
72, LaL, 2ok amgicid, WROFENICEI 2 E—> a vy v 7 2 A%, HESEEEDOLIIC L -
THIRZINTL ) EDRIREDH 5. LiveSphere X, AHOEBEEZMFICHE L aIa=lr—va vy
ITDDY AT LTH S, EEZEDERBIIERDO A X 712k > TG E LTt h, mXIns,
AR S N IREIE, BEHRABRIZ X D) TS A M REREEIY 2 B BR K & T, A H O UATHE) A
DEEIND, ZNUCTKD, T arvyy P RADPREIND L EBHIT, EBEE LML BRE OB
WHEIC R D, AT, ¥ AT LOEENPTHEER, Aoy PRI T4E2EIRL, ta—<vTL
TLEVRAILBIBA V57 a v T, VIiclT 3 %2525

for Human-Telepresence

SHOHEI NAGAI?®  SHUNICHI KAsAHARAZDP)  Jun REKIMOTO®1:¢)

Abstract: The development of wearable camera has enabled people to capture their first-person video as
their experiences and share it. However, the view is limited to the head direction, and the captured video can
be so shaky as to cause motion sickness. LiveSphere is the system where people share their experiences and
communicate with others. It has multiple camera and shoots and share omnidirectional video as person’s
experiences. The wearer’s ego-motion is decouple from the video using omnidirectional video stabilization.
That alleviates motion sickness and realizes independent viewing. In this work, we implemented and evaluate
the system. we also discussed our evaluation and pilot study to provide the insight for ”human telepresence”
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Immersive Experience Transmission with Omnidirectional Image

interaction design.
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Fig. 1 LiveSphere overview

AHEREDEREZEL T, ZDOEICWS k) BEEZ2 6
KL, S5 IERowEZzEELAD, BREICEVLTA
VE T avET OO, %IRRT
bitT\w» 3 [28], [29).

AfETld, ZhozMAal, Tlka—<rFL7LEY
21 EWHave T RIBET S, I, — ATROERER
RSk -G L, fBEICYV TV DICHET B LT,
A2 —varviit) EwIHTRETH S, TNk
D, —HMREBREREZ TR, EEHZ w2 A EEER
ERELLEMS, ZRUCHESWTaI o=y —ya v EfT
H T ek S. BIZIE, BOBE2T ) EEENZD
R 2 SmbEc w2 % 28— MG L, BRE2ZT 23
L) T ENTREICR B,

LaLl, 20kdkhta—wrvFL 7Ly RICIE, #
[T 2REHESHFET 5. 2 D—D0EEE O FRET)
AR MR OIEN R ER L 2w E 0B Tth s, 2ok
ART T T TINARXTOWHRDFENPE E L, T—> 3
vy xRl gRITERICERD, KRELET4 AL
4% HMD (Head Mount Display) TR % & & Z D%x
XOICRES D13, ZDEIBI2TITAIRTIT
ko TRo N WGRIE, FEFHOHEREEPEHRAENT
WRTH 2 ER-Z DI EBHRSE. 2F D, WEHOHKE
FUAREEE, ZDANDHENZE)ZIZ X > T— ARERD
HRINTw50THS, 2L T, E=—Yavyy 73R
ZRIEEITRELZBERDOVD LD, ZOBYRICEMAF
NI HEH O B HED) & BIREE O G HREH OANEETDH
% [16]. & icikBrE LCmgzitG 42 LT, WHEED
E—raviv I xAEBEIDICL, YT 77N AR
WG S, BHCBEAAEN TV REEE O S RES % 5
T 22 EDMETH B,

La—<2ryFL7LEYAICBWT, EARTUIRS
Bvd ) D DREIE, HEEHDOLEDREBICHIR S 7
ARXATOBRRTH L, V2777 NVARXTITX > Tl
N5 — ARG, 25 OB TW» 2 /5T L
PBUHT 2 E R, 74, WmGRERED o BEINIC
JA WL % SR 9 2 Fik (6], [14] SFEET 228, ME DL
Bz M2 0T, FRZDORL 27715, EEEIGT:

© 2015 Information Processing Society of Japan

ZEowHRE RS Z EIFHELN, BEEORSE L
PHR D HFULEEF O BEOIREIC X > THIBE T L
9. UL, BIEEPASORECREZBE T T L
TV ARFERT 2 LeRELMETH 2. ZofiE,
AN 25 —THEWB AL —T7 LD, AL —T7 D
PABOF) & % BFEICHIT 28M~0 7L 7L ¥y RIC
HL, ABICRT257L7L¥ 2T}, FL7LEVR
SN2 AEDT 2 MO NBIHE-> TEC EIFRS v
LWHZEICERTS, ta—2ryTFL LYY RARER
T2 1T, ZofiREZEA, SEARICE LT, WHED
MR TA VI T2 a v THA VBRETH B,

AfEclx, LiloREE BT 2 REBRE AT L L L
T, LiveSphere #4249 %. LiveSphere X, D A X
SRR~y FETPIC L > THEEZEDOV 2B D4
WURZ B9 2. BT 2 2 RIPHMURIEE5 5 O B S
BEAAENTVED, ZAFETA RIZX DEEHEDHEK
B E SN, SREBIE A TR WLIREE Tl
FiEEEI NG, kSN, HMD % H\wT, W
DO ZICHE L TR EZRRTEILICLD, HirbH
SIDIEBCTHIC DTNy X 7 38EH O S RET) & 13
2L CTHHICZ OB 2 HRl Rk 2 iz 32 2 LSk
3, 2k, FROE—varyy 72 ARMBHRTS
EEHIT, MBFBOMNZR oA VYT 7Y a3y m R
T EDHBRICZR B,

DUFDETIX, £ UHDIC LiveSphere DHFE & BLR2> 5
B IREE) % oy 5 72 & OERAE, LiveSphere DF5351C
DV, BRHEFRICDF KT 5. Z D%, LiveSphere
AT LDRED K ICHE R R L 72 DD % S L 72 R
IZDWT, ZOREREERERTLELEDIL, 2206855
NEHAZEZLERC LY TPNIAL DAY T T avyD
72D VI =7 2 —ATHA v E, ZUTEDWTHERE
LIV ATLDRA40y PRI T ALIZOWTHRET 5.

2. LiveSphere 7—*7 YU F v

2.1 YATLBE

~NY FXTIE620AX7%KL, ZNZENDARXT
DK 1200 , HE 90° DD, INHDARXTIC
ko TRis S g, SRIRIGIEANZ T 4 v F
vY7E N, BB XY SEEES R 5 O R T b
%, ZOWYR L EEGEE T — 4 12 Body 225 % v 7 —7
%3 L T Ghost fllIc{E( E 5. Ghost fllTIX, ~v F
E—aviTvFUIUPITA5 HMD (BlZiE, Oculus
Rift*}) (1C X > TR Z IR E 1%, Ghost I& Body DA
HomESICHIREN2 2 &% <, Body D\ 3 HEEEE%
HEc B9 2 a5k %, £7, Body-Ghost IO ¥H A
CkBaiazr—rarybfi) I EHES,

*3  Oculus rift DK-2 : http://www.oculus.com/

89



|

2

B 2 LiveSphere ~y FX7 : 6 BDA X 712 & b MG %5
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Fig. 2 LiveSphere headgear : Provide omnidirectional images

of wearer’s surrounding environment.
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the motion decoupled Gyro-vision
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B 3 Gyro-vision : UHIBEBh A HE X 4172 42 PG
Fig. 3 "Gyro-vision” : First-person omnidirectional video

without any head directional motion.
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g point p(t+1)

the input video sequence /(7+1)

Projected tracking point P(7)
Projected tracking point P(r+1)
estimated tracking point P(1)dQ(1+1)

transform image
by Q'(r+1)
previous rotation Q(7)

the stabilized video sequence /'(+1)

4 SETSREEBHEE O 72 O ORI & Gyro-vision DA

Fig. 4 Image processing procedure for estimation of head rotation of Body and the

generation of Gyro-vision.
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Without Gyro-vision processing (not Stabilized) ~ With Gyro-vision processing (Stabilized)

5 Gyro-vision ¥ —7% ¥ 2D

Fig. 5 Example Gyro-vision sequence.
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Fig. 7 Variation of LiveSphere headgear: (a) and (b) are

lighter version with usb cameras. (c¢) and (d) are com-
patible design for realtime achitecture with six HD cam-

eras.
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For scenario: (a) walking in the town

For scenario: (b) ball sports united purpose and (c) ball sports individual purpose

View from usual perspective Equirectangular image

B8 #7AFMyFUFILET2RAMMEDOYY TN T7L -4
(a) T DEGE. (b) BREe, R—n ol () BkE:, HE7L

A4 ¥ — DB
Fig. 8 Omnidirectional video sample for test scenario: (a)
walking in the town, (b) ball sports, trace the ball, and

(c) ball sports, trace another player.
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LAIETARDHY - i LOIAFIE, FEIC K ZIHFAIR Average(SD) A B C
DB I ND &I ICHE 2 L ICE A TEREITo7, % No GyroVision | 27.1(26.8) | 12.2 (23.2) | 30.5 (25.2)
NEND Y AT DHEIZE T, SSQ(Simulator Sickness GyroVision | 11.8(15.2) | 5.6(13.2) | 0.6 (11.26)

Questionnare)[17] 12 & % E@IFAMM %2 1T > 7. SSQ 1: W R 1 SSQMHOLALAEOTE & BERE. (a) WORGE. (b) BRE%,
Ao EBIHIOL DIE b T a Fifcp s, o TR ©OFR BT *‘fi’fgﬁ )

:"C“ SSQ O){Eiﬁj{%l{)ci <‘:‘\’ %n?n@ﬁ;{ﬁ ([]:I:‘é’{/;, EE aple verage and standart eviation o score change
OEH), S50FK) DBEEIENZIEERLTVS, #
Bz, HEHICXEA4 7 r—LRavey b 254K
7 20~38 FTOMEWMA 124 THD. i, FRIHIC

values:(a) walking in the town, (b) ball sports, trace

the ball, (c) ball sports, trace another player.

W Gyro-vision omnidirectional video (stabilized)

WERFZ DURFANEL o HGEIT VO THY IR KT Raw omnidirectional video (not stabilized)
LTRWILZIBA, ZDOHEIEZDORET SSQ ~0[H] s (@)
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o, BTCDYRAIBKT LI, HEICL3 4% o mm [T | I .
]:\‘ 92— %) f‘jli’) 7)/:. 200 Nausea Oculomotor Disorientation Total score
s 0)
4.2 %Eﬁﬁ% 80.0
DTic, #EBofRE2Rd., 26l EovrIA 60.0
D& A, B, C, AYEIALRXHY - xL%S, Nu2ffioT 400 T
FTZELLET2Z BIAE, >F VA () DAFETA XD fg N Ti-. l i
@ % A—S), 200 Nausea Oculomotor Disorientation Total score

4.2.1 SSQ 9

(SSQ score) (C)

F1LEHLFVADAIETALZDHY - HLICEIT S o0 —
& AV HIBTD SSQ EDELDEEZ RS, 206, 600
ZNENDTF Y AITE T Gyro-vision Ik D, E— = oo | 1 I 1
Yy I RADERPEH SN T D 2 EBTh D, % oo T comar ' I
72, MIQIKTFTIVADAIEFTARXDHD - B LIZBITS -200 Nauséa Oculomotor  Disorientition  Total score

SSQ DM E5, (Nausea), REREH) (culomotor), 5562 &
J& (Disorientation) D 2 a7 &, FHHICEAR T L 7f
FHiE (Total score) Z/RY, 22T, ¥F VA (a) TIE, A

B 9 SSQHDODZDOFEM @ - EK, REGES), S562FK, &
AHiE
Fig. 9 Detailed results for SSQ : Nausea, Oculomotor discom-

ZE T A X L DL FFER (A—N) &, AFEITAXHD fort, Disorientation and Total score.

DG (A-S) I2iF, AREENR SN (p<0.05).

%7, v F VA (b)) TH, AFEIALZRL (C-N) LR¥ 5g Rl (degin Yaw rotaton)

B4 25D (C-S) ORI HEAERRS 0 (p<0.05). a0 I
C-NIZBWTIE, SSQ D TFHMEIRLASF 2D, 12 A o T I 1 I
DHRFED H B 6 D32 3D 5 2 7 W ORIIC Y 2 7 % 20 I

T L 7. SSQ DM OEEICE LT, > F )4 (a) D 18

Disorientation &, ¥+ V% (c) DATHOHHICEWTRAY A-N A-S B-N B-S C-N C-S (condition)

EI9A4RDHY - HLICKZRERAEBE SN, Wi,
S F U (b) IeB\TIE, SSQEICAH AL S gt B 10 M 202 hor ) ) A K85 Ghost D 3 —[HE

hy, D200 F YA LWL TH/IS L o7, DML S RI.
T BELEY R DT ORT ot h b v S BRI Fig. 10 Result overview: Yaw axis rotational intensity RI of
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— Ghost ego-motion with the stabilization(yaw)
~— Ghost ego-motion without the stabilization(yaw)
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Fig. 11 Time series data of Yaw axis rotation.
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Fig. 12 Indication of Body’s head direction overlaid in omni-

directional video.
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1. An omnidirectional image of the pilot study setup

2. View image for Ghost with the visualization of the Body head motion
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Fig. 13 Pilot study for LiveSphere real-time architecture.
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