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Abstract: Co-located cooperative work using smartphones or tablet terminals requires functionality to share
digital contents such as documents stored in the terminal and websites found by search engines. While al-
lowing users to make body gestures such as throwing and flicking is useful for information sharing, it is
necessary to recognize the orientation of other terminals to which the information is delivered. Targeting
ad hoc co-located cooperative work, this paper presents a method to detect the orientation of the other
terminals using the terminal’s camera. Using this method, users only need to face the terminals each other
and capture the other terminal with the camera. The experimental results show that identification of the
target terminals can be performed in over 80% cases even in the condition where the terminals are very close.
Our qualitative analysis also reveals that the proposed method enables workers to intuitively recognize the
orientation among terminals and activates communication among workers.

Keywords: mobile device, co-located collaborative work, cross-device information sharing, ad-hoc group

1. 1FU®IC

b SRR B O LA e R AR, A= b 74 URF 7Ly Mgk Wwo BT
Graduate School of Information Science and Engineering, S~ 7 Y SIR]— 72 BH |7 A 21 -
Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan RO E/]{zb\ = 26 =27, %Et&}%i) E I iﬁ,” %

2 AR R T T o T ) 7 Nk 7 X HiHERTESE I 205 DN AR A F
College of Information Science and Engineering, Ritsu- NABEIIZ TX7-. DLk 2 S e o 4
meikan University, Kusatsu, Shiga 525-8577, Japan )fé X Bl sz 7 f TETMFH{;E% ’

) htakada@cs.ritsumei.ac.jp UARDPRFEL TV B LHT 7 4 VMR 2 L T572 Web

© 2017 Information Processing Society of Japan 143



BRI F=EmEE Vol.58 No.1 143-152 (Jan. 2017)

NR=D 2 ZOYTHFELIA L7 %5 L) BEENE <
RoNnb., Z0L) RBEHIIBWT, SINEMTEDCE
WrFTEHL LI
TE, BEPERLEEREOMEN LT 5 2 E2WfFT

%5

ot T AR AR S 12 kwf,%m%#%%jot EN NS
WILHF AT 7201, WHHFANERE RE T 28MEL
%%féé.hﬁAﬁ%ﬁo% HEERDMEIFIET 5
HIANZ T ) v 7 EER AT A TEIED L) BV 2 AF ¥ %
7y FNANETIT) 28T, EEMARECHAHTO
RV ESINL LT EIEDREZOLNLD, EDJf
[ EDHERAELE L TV 5 D7 &\ 2 Bk B o7 8 B4R
EZENTNOWMEN R L CTBLENDH 5.

TERDIGEN BT 5 FARRETE L LTiE, 2.2 BTk
N5 LA, VR SHEEEN TV, PAEELT
WD ERBIMENMIEE L T b4 L, FEEOMEE
WEPHESNTBY, MEMICHETLET Ry 7 Lkt
E%%W%%i%Té LRPFLL TG EIEw R, 2

XL T, R TlE, LT L) B % Froum KM
ﬁﬁ;ﬁ%&%ﬁ%?é
o MRICHHINTWAIIATELYTFDAZFML
RS R LB L L\,

o HHNOHFIERSIME HIEH L TV BRI % &
M\,

o FEROHHID AFVIRO NI AR ¥ — 7% EEED
17 % 7 EORFHERM LT L L,

AKFETIE, SNEPHEOWEEZ 7V — THOMDS
MEOWKEENDOA A TICHDL L) ICMEEHLEL S
ETHINBHII TONE, 0L E, HHOMEDOME %
VAUt Lo THIHT A2 T, HTFOmELD
AHXS 0 B % GRS .

F 7o, AL T, ATHEICL B HHREOEER, 2

Wk L 72N EED W 7B H0RE O IEMENE, S 512, xSt
FVEEANDORBIZH L TRl 24T o 728§ RIZ DV Tl 72

T, AFLEOFREEBRFERT.

LIS, KL ofliz/Rd. 28 TIET Nk 7 4k
E%%W%@@”t I AR T D1 AL A SR B 5 B
Wi VWTHliRA, 3EETIEH AT ZFIH LR M
MR T O & EHEIZOVTHN, 4 ETIHEHLE
DIEFEYE & EVEEA~OBHIC T 5 @M, BX o
REFEOHME L ERIZOWTIIRANS ., kI, 5ETIk
AWFEDOR & A4 BOFEIZONVWTE LD S,

2. BEHREFE & BL O MNEHREF

2.1 7 KRRy 7 BMEBRAEECS D EREETIE

MEHREEICE, 71 A0&HEO LI ICTFH SR
7207213 TE R, MUENEZEE > ADPLEIZIEL
THEITY, BEMIITIT REy 22300855, TF

© 2017 Information Processing Society of Japan

hhl, MEICIEERED D 2 L

v 7 xS % Nomadic Collaboration & L T
EFe L, TOREIZOWTHRRZHZE [1] Tld, Nomadic
Collaboration OIS EZLTO L HI2F L DTS

o &GP A#ITT, WIEMWITITONS.

o ZMEFLIFMNARICTII A= r—Yarktsd.

o WM ENLEHIIMBRIDTHS.

AirDrop % Wi-Fi Direct 1&, Z® X9 ¥ %#H>7 F
Ry 7 e HHBHRAER CB T 2 EHREFICFHATES. L
#L,Ch%@y—WTﬂ,th’m*%%UXF#%

BIRT LULEDDH L7720, EOBNEDEDLHT DK%
FHLTWAPZLRLTB2 R TERS 2w, 7,
AndroidBeam @ £ 9 72 NFC ZFIf L 7=1H It Y —uas
HAED, WHRED L%%ﬁﬂé%éfé?ﬁ“%% 720, g
MCTTPEP R VBN TV ALAEICFIHETE W, L
o T, BB FOY XGM%QH% o NG R
L7299 2T, 79 v 7EE%R OB EECHERE
AATAHEIICTHIEITAMTH .

2.2 BEAR

X ARMESE 2 RS, ImK M OfEsRILA i~ YIS
L2 RL L ATbICn b, B2, mARMOMNER Rz
ESMENFLHF M ADPB#RTEL LT LI L
T, V2AF YL DESREROEZFELERLTW5
FZErfrb T b, Sk O EBERORKICIE, Fi
?ﬁ5ﬁ&BLM?,ﬂ%%%%mw%ﬁEMJﬂﬁ%
FEINTWE, TSI LT, RIFZEIE, FHICE
EERLBELET, BNEVPHELEF 720 %@Afu%%%
DRBAERTHIEEZHNET L. DT, WROATH
ERAROREREZIT > TV AR ST/ 2T, Rt

DFFEIRRD .
SurfaceLink [6] I&, ARDTERS /WL ETHRET 55
CIRB DO R EWMKREZBWMKERFET S LT, WK

BCTIRE LI LICL2EMOEZFBEERL TV
HoverLink [7] 1, #LEIZHERZ20AR I LT, B0 ﬂi%
Fefih S 7z & TR L AR OZALD b A B O & B
2% ZNEFNDOHRPHEHTEL LT LIET, AT
A TEEIC L AEROEFBETERL VL, CNHDTV A
T ATIE, WAEAFHEICHE L TWBIREEICH 5 2 L A%H
R—ELZ-TBY, HENETOMEEEZELTVED, 7
FA& Y 7 B EGREE T, IR L R VEE D
2N, TORE, RERETALEND LD, &
NEDVATLAZFHTAHIEDTELR N,
RealSense [8] (&, WA IZHEH S LTV 5 i+t >4 T
IR & O AE LR L2 2T, A7 A4 TEIEICL
LIGHMIEAEZEI L TWAE. L L, ESMNEHETH
2, HEIRICIEATWBIBEOAFIHTRTH Y, SNE
DECEZHIKI DD 5. WEANIL A5 T 723 v TH,
HEZMEOMIC—EDZEM 2 MiFe L 055, Rk o728k

144



BRI F=EmEE Vol.58 No.1 143-152 (Jan. 2017)

B4 & 5 F WG EIHEN D MADTEET S [9). F MY
ZIE, BBMBEBPNET S L) BNV =T 2R 554
DA H, BRI A TV B BINE A E — D AN B R % [h)
J2E) BTN TEBRT DGENH L. TD2D, T
Kok 7 B AEGFAEELICBWT, BEOMBEREYITO
B, TOXI BT N—TORKREEZETLLEDNH L.
Orienteer [10] (&, ZMBEBOHFIANAT A THIEST HZ &
TIEHILA D RE L BB 2 BT 572012, WENED 7
AT wFIH LRk E i %E L T 5. Orienteer TlI,
IR 2 I T 2 R FALTE
D, I ATOWEDOHD S KBINE D RIED T % AT
5L TEBIMEDO M ER#&ELTWA., LaL, &5
HONERFICIHARD GPS 2RI LT 5720, BNT
DFMPWEETH L. 7 Nk v 7 extmipirEE, BH
REINCDP DD S TRET LI LN ERONDL 0, FE
Bt h b5 SRR Y AT ADPLETH L.

INLELAT R, RFLTIE, 7 KAy 7 xbmipse
EIZBWT, Z V= TORRRIEELIT AT, S
HZHEOBRIAE BT L7012, WMANEO N 2T &
LR HRERTFERRET 5. £, Wik
DODHEELT, WMKDY v FNXANVETIAYT VY %ld
L7y 2 8EEZERT A, RIFFETIE, RETOUH
ROWH ETEEMFOTINT Y v 7 HEEAT) 2 L
T, HEMISEEREIRE L CERAE T2 HiEE 5.
Shuriken [11] TiE, EEBRBIIKRL L 2 MaEak % ik
Wi D it > LR O BERAS 5ok (RSSD % FH
LTEHLTYWS., UL, HR#EOMBERLEROMH
T FRVESECE A L 72358 O B3 A SR+ 12AT
bIhTwiw, £2°T, RIFETE, 7V—7ORIRRE
TR L WHINRRRRFEC EH L7729 2T, FEB
L7z TR, BLO, FIEEICEM LG EDH
W 23 A 4T .

3. EHImEAKDH AT E2FAL mEZEmRKES
BEEE:
3.1 EXZFHE
KWFFETIRET BMEKD A A T 2 FH L 72 IR F:
DERFHIDTFDOEBNTH A,
HIfF L72R N7 ) v 78IS L) [HHGRE AT RE &
% HREIET, WMAD KM ERHETRETHL L
o BREEHIK DR
HHO AR - B E o 72 G REE %47
VBRENI D ST, KD F MRS TRETDH 5
&
o JEIRHIK DN
SZIMEPHE L TR B PHIET L Twib et o,
TN —TDRIZL S WIS HETH S 2 &

© 2017 Information Processing Society of Japan

HEFIHERD
HAREE

TEFIHERD
FERGERE
(EmD0d)

1 AT EFM L

Fig. 1 Orientation recognition using camera and sensors.
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Fig. 2 A terminal identification method.
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Table 3 Questionnaire content.
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Fig. 7 Arrangement of participants.
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Fig. 8 Manual setting of orientation.
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x4 (EZEOFTERR (7))

Table 4 Required time for setting orientation (in seconds).

K AT L | WY AT L
TFNv—71 24.2 25.8
TN—7 2 45.2 16.8
IN—73 28.1 17.9
TN—7 4 36.0 30.1
TV—75 30.1 38.2
IN—76 42.4 22.3
Ty 34.3 25.2
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Fig. 9 Results of NASA-TLX questionnaire.
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x5 M1 (EHME) LHEM2 RLE) O
Table 5 Results for Q1 (easiness) and Q2 (fun).
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Table 6 Results for Q3 (confort).
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Table 7 Results for Q4 (stress).
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