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Abstract: We propose a novel robot programming technique for supporting users with less programming
knowledge or experiences. We use a tabletop environment that can recognize multi-touch input and track
physical robots simultaneously. User can easily define events for conditional statements or behaviors of
robots. Comparative evaluations between conventional graphical programming techniques and the proposed
technique were conducted with university students who did not have programming experiences. Significant
differences were found in relation to some of the evaluation items. A pilot study to confirm if the proposed
technique allowed users to easily create applications for learning or games, and to explore possibilities of this
novel programming environment, was conducted.
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(b)

2 RoboTable2 F.dD AJJF-: & (a) grasp & move (b) touch (c) resize & reshape
Fig. 2 Input techniques on RoboTable2: (a) grasp & move (b) touch (c) resize &
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Fig. 3 Registration of recognition events.
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(1) “grasp and move”

(2) a behavior of a robot is
shown

(3) a button for behavior
registration

4 REVTEIRO S 5%
Fig. 4 Registration of robot behaviors.
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Fig. 5 System configuration of the proposed method.
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Fig. 6 A graphical programming technique: users conduct

programming by manipulating and assembling virtual

blocks with their fingers.
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Fig. 7 An example of a maze used in the experiments.
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Fig. 8 Qestionnaire results (* : p < .01, **:p < .05).
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Fig. 9 Time spent for programming by each subject

(unit: second).
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Graphical Proposed

10 #ERESER L727a 77470y 78 (p < .05)
Fig. 10 Number of program blocks created by each subject
(p < .05).
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BEOEREMIETE L, L2L, ZOBHRIRTIERY
FMEBIA LTI XA —F 2 fHT 2810, R on
Ay FTEALERY POBHICEIR SN ERICHA T
BESERINERS 2w, [HrViRE] oo Z o
ERBEIOBE LD, WEBEDOA NV RAE ol EZ LN
b, EBPIHRE LT OG0 R o728 25, [HE
MR AR L 7B SR DR LoD, aky b
FELEAICAEEEE RSN XA =7 OF 27 C
WAMETAHERTE ., Lo, WML ET LRy b
DIRFENEHET HH, LVREHLOA ML AL ITR
BRI R T ARG 2 LEDH 5.

o AJJTH:E LTk
7574 ANFEETIE, Oy b OBBIEEEER [l %
BAECIEREICED DL ENTEL, ZD0, Ry b %
W72, EEVZ IEHICEOLLENH L Y
Salb—YarRELZEICELTWS, —FT, LT
T, 2= A =TI L72aKy FOEFNEESHICT
U705 LTCHEKTESL., Z00, YI2b—ar
R =L T, WHNATER Y NOERNRIREVE X
DEEB R ) HTTFFA FT5DICHLTWSENE
B, F, MEFHEELETITI T4 AN ETRT T IV IR
EHRAGEDLEL LY, MEOFHEEN LTS
TIVIBRBETERTLIILIEZLNS.
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o PRMEG LEMETF

B 7E D% {1, WELA 2038020 L i3 Rey 7 4808
AT SETHEDANEAT) FEDPREIN TS, T2
& 213, topobo [17] X curlyBot [16] TIZP Bl 12 B % 1]
L7z, aky bZ20db0%BEHLADVTHI LT, 20
BEE s 7695, —J, AWRTIRET 2 FEE,
72 A e xt B, WIRA R ED A TIEERI LT
LY ADNDPEZ TE R WIGEI, RN 238 %2 Wi 2
BETATI LT A, BARIIIE, 98y bATERETEE 2
IS EMICFIREINTEBY, ZNE K TYINI R
THIETANT S, COFLELEMRBRELFIO>ORY
MOBEHATEIE, fERED D X DML~ TR
L DVEEMITO ST I VI TERLWRREND S EE 2
L. =77, BV AT L0 L ) IZWIR At g & AR 7
KRARAET BRI T, FOTRTEYHMIRIETE S
IHNCTBERENEID, TOBREIED XD HRIEHE
BROWPE EHIHFET 2L E 0 H 5 (72 21E, WM
UKy bOMEREIL, RENRATA ¥ EHWLZ L
A E D DEETIE V). A, PERHG & AR
RPRAET IR TOTO ST IV FREO T AL A
FTA4 20T, S5 FEREEL TR 2D,

6. 1—HYHEBICLZOTFUYIBEICEITT
DONX_A4 Ay PXETF«

REFEICLY, 2—-VFHETYI2L—va VY RER
DAY T VIR IOMT AR T A M a1y A
T4 =ATo 7z, ANEREFEEZ HWTORMOFER L W
INEAT D20, TUTT5 I v TREBOFE Kb
FZHODIBYT HRFOFES IS, g L%
KD, NXqay MAF T4 TIEERy FEHW, 1)
YEHa Ty ELTREYIaL—FBLD, 2) T
Y74 AV MOHELTOTY—20FNEFNIZONT,
WEREDHEIC IO 7T I v IR o7z, 2 OFEBIIAR
7D proof-of-concept DLENFITTH Y, F /oL —F1
FEORMENT e WE ) IZT 5720, 26500 Ky bHSA
WHNT B —WIIRAIC 10 0RE S A T 4 Offi
WCOWTORHE B TORELITo 7214, FHHBEHICT
Ry N FOr5 307 Etorz.

UTFTiE, 1) 258y 32 —22o0nToxsfay M A
Y74 RRY. REFEEHW-T0 77 32 FRETH,
FEMRCTHHASNLGET, SHEOZEER# % &N —F v
VNad TV s (TA42Y) ELTHESN, 22—
&, FECHmICEK M E, Ly P EICEE SR B
DT A2 RATIEEOELINCRES 5. #HREIEzL
ANE EER 2 EET ] oH8E2 Y 32— a s
L7201, TRy hORERMANY MEERE NS CERET D
Z&T [EEN] OFRICEMHEZII VIS IITe s T A
Ty I ERER LY, HEVIIETEROBRE (FRPFOD
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FUATHER]) 28252 THOBMWERIELZD T4 2L
MHTE L,
5EDOWEREDAGEY I 2 L — 3 g URESEICEE L 7R
L3 16 43 438 (K 24 53 118, /104736 ) T
Hotz., T, RSN EETA a0 BBIT0r 7
L7072 HIE, FNEN 6.8 (oA 1118, /s 418),
16.8 i (K24, w/AN111MH) Th o7z,
I—HPMER L72A8EY 32l —Ya v ofl2E 11 12
R, Coa-FIREEHEOZHEMEEL, KESEED
ERHEEZER L TRy b TR T IV TR To . K
YIal—Ta BlowEREFTI00 36 e EL, ERS
N7 A4ayBEoM, 26500 Ky MHIER SN
075570y 78320 THo 7.
54D —WEHMS, [OKRy b FOurI3I 0708
BToOWEE o721, [HFVEMETRZTE, B
FERZTWAYIal—Ya vEEEZRBICEHTEZY ],
[CRmEROMEZIREMNTEZLRE) Y32 —
VaVREEBRBICEETELDT, R b LTI
METLHEL], [BRy b E2MEHIZLET, Ih¥3ia
L=2ar o) 7 )74 8mEA L0 oa Ry k
AFRETENL, LDVBHEMNLRRKBY I 2L -2 3 y25
RECTIEZvi] LoNEEB. IhoomZEiE, WY
ZORy MIx$TAET—7 NV Ny T ETOTU s3I 07
FEPL—FHFIC L a Ty UER B TE, 20
AT 70 —F L b WEEEERLTVwAEEER D,
ELhEENERE LT IRONEEDT =7V ETIE
0Ky RIS S, $7237 -7 V2D KRELTH
VERH L], 0Ky b ORI, ik x> b, R
WORERLEBEDPHIEE N TS| BhHBo7. BEOE
FIZE L TlE, BI£D RoboTable2 TIXH M e (BE)
EEEDAH) ouRy PEMHLTEY, £ORRERMEEIE

X 11 =92 L7255y 2 2L — 7 Ofl

Fig. 11 An example of public transportation simulator

programmed by a user.

- FOTFTHA VOHHEYEHO A2, BESNETAI O
EIMPZEE (BREIke L), BRENZREROBINE & XTI
FTHZEDMHENBERETH AN, FN5IZDWTIESHON
HTITH) FETH 5.
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TOERBDIESN TS, 2L 2L, FU#EEA N b
5 L CHBORRECEER L, -5 2 5 EEEIC
o U CGEIGIICIREVWEAZZ 55 X)) cd i, 2—9
Far 7 R TR L) RRICAT A AL ER D, —
75, FEHNZEDDL20120%, G0 %84 OB EME
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DIz, e 2 RO TO s 5 570y 7 EOBREC
DWTOHFERZFOBREB L AN LT, -1
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ERBDICETAZIDE) B L= FF 71200V THGE %
EDDLTETHA.

7. TEDHESEDEE
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B L DILEER %@ LT, REFROFMEITo72. 20
W, 2 00T LEOMICAEE DY, RETFHEOHD
[FRA R roikwE], HREVoiE], (e 7e s 7
LK B R ETX ) EVEHEi Sz, 72, o8
A0y PAF¥ T4 %2BLT, 2—FHEIPEZ Iy T~
VRESEEATA D L) BEICHET ARETHEO TN & 31
HICOWTH L7z, A1RlE, 64 LERICEY, L
MMERSRE R FFo 0 Ry D BB ICAN CTIRETFEOHH
P, WRENE, BRAE L DHMEICT A TFRETH L. F/2,
R ETUTT IV IRBEOL I R RIC, R
FREEZHCTEESNFEH I V7 2y OB
IZDOWTOMFEEHED W EEZ TVD,

BEE OAWIZEIE, BRI RN (B) ToRy &
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