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Digital Object Movement
in Multi Display Environments Using the Mobile Devices

TAKAHIRO MATSUMOTO' SHUNICHI SEKO'
RYOUSUKE AOKI" MASAYUKI IHARA" TORU KOBAYASHI'

Currently, many types of display were proposed like table type, wall type, tablet pc and smartphone and Multi-display
environments are becoming common. In that environment, it is required for user be able to move digital objects from one display
to another. In this paper we describes cross-display pointing techniques by mobile devices that have camera and direction sensor.
Our approach does not set any kind of sensors in environment like camera or position tracking sensor and does not need of
pre-registration of display position or orientation. We implemented a prototype system and examined the pointer position update
time and the accuracy of pointing direction. The results were 71.3 msec update time on average and 2.15 degree at a maximum
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error. That showed effectiveness of our approach.
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Ry SDEAETED B0, TA My MTBWTHR,
SAEICxt T 5, HATEGBET 4 AT LA EBRO SO
false-negative fif & false-positive fE% K 7=. false-negative
TEEH A THBIZH L TT 4 27 LA BRORINE L5l
REBPUIE LD TZN AL v a b RSGICKV#EAET S
BTV EHBI SN TLE O MROME 725, — T,
false-positive [E7 A ZWRIZK L TR/ T 4 AT LA H
BEEIRL, »OAL vy Y a/L RSICHATHHBETHD
EHIBrSNTLE MR LS. EFLD false-negative &
false-positive 2% L C F EA R H/NS R DRy + Sy &R
T5. WX T A —ZIZBW T, RglX 0.0 225 1.0 £ T0.01
DANBTEER L, SAFERIUIBVWT FEIR /NS 25
BHMAZ RN L7, SRICBOWTEET 4 A7 LA H{BIZ
%L, 1m+2m - 3m OF RN OHRE L2 3 DB A F 1
% EfEEG, EOMD 42 Br+10 o A Eifg & R
EfRE L, 2T 4 AT LA BEBRICBWTIRE LT 2.
BEEOFER, Ry =066 S, =7 OFRIZ false-negative &
false-positive #ix HF = 0.102L F fEOMEN /N e 72 ~7-. £
LICEIET 4 AT LA ODBNENLTI L, 34, 5 DY
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BITEIT B false-negative, false-positive, F 1% 7~k

F 1 T4 ARAT VA EREDNRE

HEER | false-negative | false-positive F fi&

1 0.178 0.047 0.112
3 0.220 0.138 0.179
5 0.260 0.220 0.240

WIZ, RYAT LADRA T 4 > 70 & OFEEIL STEP2
TR LULIEZEBITFIGERBICB T AT A AT LA LD ATOD
S DREEE &, HEHR RO FAEHRI O EEIC k- TEE
5. FBZT, BAYT 4T MEORIETIE, £T7 4 A
T A - AT RITET DRI O BRI x L CTREE
219

RAREIZBNT, HATHEHBET 4 AT VA BEBOIEL
WRTREZ OGNS, BATET 4 AT LA OMIZE
ISR OBEBEICRBNT, RbEWEELRD LD
WCRBEZRET D, BMIEDTZH 15 v b« 545K DD A
FHEICKHT L, T4 AT LA D 4RI ST D LA S AL E D
B AE NFICE VAER L. BREETIX, A DRI R & v
AT LDZEVFHEINTT 4 AT VA 4 B RO
DRE ST L > THIEEAT 9 . BREERFICRAEZ 0.0 225 1.0
ETOMTO0.01 DAARTEISIHT.

FRAEDFE R, Ry = 0.82D BRI e b e i s 00 ISR E A3 15
<, ISR OEBATHINIE UL AR SN -/ERIX 096, F
TR LTe b DOHFTH AT FEEEIZBIT H1E LW B S &
HETE JERE S O FERE RREEI T 42.3 o572, 23 B &L
DFREBIIRA VT 4 7 HHORKEZEITBNT 215 F
YT 5.

4.3 EERIIRER

EEEOWERIERFICBIT D RA X DT 4 — KRy JHED
FHUEBR AT o 72, MRAEBREE CIXIK 6 [TRT & 972 3 M
BRETITV, BIEXFRDOT + A7 LA & LT Panasonic
VIERA TH-42PZ800(42 f >*5F), Panasonic TH-L32X2(32 A
), MacBookPro Retina Display (15 1 > F)& iz, &
42 P13 1980 X 1080, 1980X 1080, 1440X900 THh %.
BF 4 AT AT 12D PC~HDMIIC X VSN TE
D, = DDPCOVILF AT U —2igBEL LTHEIAINS.
FTo, KEEV AT LAOLBEILE—O PC NIZFEEEn
TW5. BERIOERIR & HRE Y AT MR LAN 12
X oEEsE SN, HACERITER LAN 280 L TIREV A
FANEBND . ERERRIZIT D A RIS D IR R
I ) 60(msec)IZ L W TSN D, Tz, HHIRAKD web
A A Z 13 USB2.0 T PC L#ft 4L, AER T AT LG
BN EEIND.

FREOBRRIZBNWT, KBEREVATLAOF ¥ T L—
I VERS DX U T L— g VR L, RA U HXDONE -
BENFE R O FH 21T - 7=

Xy U7 — g VEERITTIE, RS EERT - RS
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~ v F U TR - BRATHIRHER O 3 DI L CEHIN A
1Tole. Flo, FA U FNALE - BAFEO T HriRe i TIXERTO
A BB RRESN TN, ROBA X ALEPIE
THETOMBENE L.
FAHAIRERENCRE 95, SRR IR ER A A R 2 - R 3
WEEDD., AFIIZBNTE Y U T L—3 g VTR
SNTo T AT ORI DT 1552.6, FEHER 7213 565.1
Thbd. £, T4 AT A OYRERIIFERDT + 27
VAIZHBmO b DEFIAL, 74 27 LA 3 OREUR
AR O 84359 ThH o T,

I—

X 6 EEEMEEIZ 3T 5 FZRIRES

FH2 XFx U T L —3 g U
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Xrizheote.
# 4 1:2m TOT 4 AT LA PRRFORGIE
HEH % | false-negative | false-positive F &
1 0.167 0.0027 0.084
3 0.212 0.0077 0.110
5 0.255 0.0128 0.134

R LR EHATH
Jily H PR ] ~ v TR | R
Ra) 492.0 (msec) 1635.8 (msec) 5.2 (msec)
EHERZ | 197.6 (msec) 35.9 (msec) 4.9 (msec)
3 RA U ZOLE - BAEO TR
A 2B LI - BT ]
Ra) 71.3 (msec)
FEHE(R 22 7.0 (msec)
5. EE
5.0 FERIERRICEYTSER

T4 AT VA RRIEEOREE B L false-negative 1%, i
KNT 4 AT LA AT HILTNDIZH DL L TRk s
WY ThHD. TDA, false-negative N4 U7 A IXH
EXxy V7L —va Va7 H20ERSL. —HT,

false-positive |37 A > ¥ 3 A7 & BRIENT + A7 L
AICRRENTLEIRY LD, 2D, KEEFIE
IZF\ T false-positive [E2—FIZ & 5T U T 1 HILIRFR
DéEled. fioT, AEIOKERKRICKIT D false-positive
ORGEIIRIZER EOMBENES. HEEZELETRERE
K& LT, 3m BENZALED D OB E RO ENZET S
5. SEIOT A My MZBWT, 3m EHED S O
ZfEEIIR, = 0.66 + S, =1TOBRIC FENRADICRDFE2D
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3m FEEED O ORI KM HER L LT, HEELSD
RSN ) A X L TR ERRT NG, D5, HE
B LD BITIZRTNOERIS, B AT BEENOT L Bk iEik
EEEICEEN LM T A FENAERTE LB A O 5.
FTo, BEATHIOREE & L THRARBRED 2.15 EiX+0 72k
EThdEBZEZLND. BAEREOREEIIEWATIIOREE &
TR D HNABISOREDOIE 22503, Tt
IR OFEEIZ L0 FASMREDS 0.1 B, KEEEIL 5 BERTE D
MHFELTE O[], 5%ITEITHEENM EL T HER
FHEINS.

52 HERTEICET EE

NA VDR T 4 — RNy 7RI ERBRICBNY
T 71.3(msec) & HAZE & 3% 200(msec)zx K& < FEIV, +4
RUAR A A ER TE 2. £, KL 2R AEH
EEE B I N RNV OE B~ VT T 4 AT L AED
HEATRGREIZBWTCHOARFENEH THLEEZOND.
Xy U7 L—a VEERICR VLTI, ARORMA Y
2133(msec) & £ < DIFHNME LI TWD. KFEICE
WTC, ¥ U7 L—va CORMIERIICERIELZ MG E T
R L BAET DT 4 AT VA BER LRI, =— 25
ORI & 7D . FD%, BEOMHE LY LER L &mE a7
IHERROOLND.
FEERERLY, v )T L— g VIO < MRS
SR LS~ v F o I D b D TH D Z RNy
5. ZOHBALELT, AEROIAT, T4 AT LA fF#E
FEIPERMIE L b bE <, FRIDS U TRHRESEELZVWE
DETHND. WHEREOREREZEOTHIEL LT, #E
RS AT - T 4 A7 LA BEIBIZH L TCTY YA X&4T
IHT, MBS RAMOTHIENREZOND. LLaR
D, NAT « T A AT VA DRBIELE FFDERA T 4
VI DREICR B R EZTLEY . FOD, SHBOWE
FEE U CTHAERIERECT ¢ A7 LA BHEIRFIZEB W TITHE
EEAELEL-FY U 7 L—3 g AT — R EAR ]
Rl A O L, FORIEELZEE LY ) 7 L—
varEFITTLIHFEREZLOND.

6. F&&H

AW TIE, vV FTF 4 AT VABEEICBNTary T
VEY— ALV ABIET D HDRA T 4 T FIEORE
EiTo7c. RFEETIE, REPICIAT - 2o P EREL
RORBUZIB N TS, RO FfiE Y - H AT %
WD TR &2 AT 72 SR A 2 e Fon§ Dt R A
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VT AT RARRICLE. £, RAVEOERRE T 4 —F
Ny 7 b— MIB L TIERFIEERE L EES 71.3(msec)
R L, RA X BAERRIC A~ERE R B 2 5 250(msec)
ZREL TEIS .
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