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Amazing Forearm: An Innovative Use of Forearms
on Tabletop Displays
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Abstract: This paper proposes interaction techniques using the forearm (the part of the arm between the elbow and
the hand) on tabletop displays. In order to design interaction techniques suitable for using the forearm, we
observed the activity of the forearm during desk work. From the observation, we propose three interaction
techniques which utilize forearms as storage, broom or wall to move or stop items and to specify an area. To show
the usefulness of the interaction techniques we propose, we conducted an user study which compared the
interaction techniques that we propose with common interaction techniques.
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Figure2 Design study using forearms: (a)participants asked

to create a photo album using photographs and stationery, (b)

participants asked to read several documents and classify



| ANGAY

2) HEICH2EBESCEEAFMCTHVIRIT D E Vol
FIER RO, Ziud, FETAREIZR>TND HON
BHEBILILEAI, TNLEVOESODESTTIREL THH
EHDHOTEHRL, —HEIIETE2BESEDDITIEWEE
b & FFoRiia o7 L B X HNB.

(3) 2TCOWBREN, B &itte, EENRERD DS
VW EGEECRR E 7o sk A RIS LCune. ZAuE
A C BR S AL 72 BRI TR BRI & o THERL Lo 9 Vi
bzt EZEZz 65,

F7o, BIEOMKRE, 2F%E L CE ETOEEFITHIRE
EHBEICE TN EISALONT.

33 BiBAEERTOA 2T 7 3V ORE

BERER2S, pilEIERT 240277 v ar & LT
PTD3O%_ETH.

R () kv, BB TCHIBR T — I AT
BAHZEIN TS Z ENEW. 202 b, HECHE
WA, BT 28X TEF—HZ A ML —YL LT
FHAT A E T a B RETDH.

R Q) LY, i T A AT VA IZERR SN T — X
L OWEEAER L, BiliaIEs X, /3RO X S ICH
AT 5. 2, fiECHh Ko T—2 288, BIHL
TWAHT— X Z RIS S E 5 2 & Tk dT 504047
JvavERETD.

R Q) IZRBWT, =¥ liFiE %z E LI E < @hifEI
a2 5 BRLASMNT, WiailE C P E 2 7o fES A 1R Ik
LT BWEREN L. D LD, BRMIZH D EEE

TARATUAE

JavzHs

FROMRLEDT LA

B3 AT LER

Figure 3 System configuration
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Figure 4 Detection of finger-tip and forearm
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Figure 7 Area specification using both forearms
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Figure 11  Result of task2 A
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Figure 10 The cases used in task 2

(b) Bk 2B

B 1B\ T, ST IEmENE 2 BR V2 AT O
HEIRBOWTEWIMMZG72. 0, Fro/EEER
ERERT A 72012, KM O MG 2 (£
FhEEs Lo RILTIE, TBEBEZADNTERTLZ
ERTEDLEEZOND. —J, @EEEIL, EREMECE
WTCEWEEM 2 57223, BRIV TR W ER & 1572
LU, FollnBEemEs 1, 2E 08B SED 0o
RIS W TIE, TEREL ] IIADNCTERAT 2N T
xhLEZOND. DEOHERLY, RO FF 7
a vk, TXEBEBTALEICBITA 1 OOBRINF L L
T, —FMWRPUZ L > THEW DT D Z LI k> THERIC
FIAFMEETHL EBEZDBND.

FEBR 2A TIE, RIS K A HIPEIEED, EERREN & D
L7, FEREMEAZRR < 2 TOINME R IRV TE WO EE
. ZoZEnD, fiEic X 2EAREE L — Y OR]
EOJE FWICH DT —F 2 F LD THRIELZWRILTE
TR TE S EE2BND. FEBr 2B T, ~ZEEX N,
VEERE S R b < 220, &2 TOMNER TEW Rkl %45
DRER Lo —07, RBEIC X 2 FPHIE IR, R
FRICB W TE WA 215722, —EEX TP DR
ol LinL, A7V=2 bEBRITIEEZED LW E
LU —E, oL RRBICB WD T HREIBEIC X
LHEPAEEN AR TH D LB T 72,

MELZAMEEH LA 2T 7 v a VU EFMT 5
O, TNy THT 4 ATV AIBT BT — 2 %
Ba) - BIRT DFIDRIMEBE LI RR AT o 72, ZORE
B, 2=V OHARZHLLDINEL D= NORET HA

YE2T T a Al LTHIRB WG Z 50 Z R TE L.

LL, TF—7 N by FERIF 4 27 LA OIEEITHBWTIT
FE LTREDSM bk 2 RN B2 bid. TRb o
RUNZBNT, BELCAMEERAT M 27 7 a v
1%, —PRPUTE CTRIAT 2 Z & THICHIAT 2
ERTEDEBEZOND. ZO7W, AikEIEH LA
VET I ak, RO VAT IV a B ERDD
HOTIHRL, a2 R EBT 22—V BRI ATRe 722 A
VET I a rDBIRED 1L LT, EkOA L ETY
VarvbkfiT b0 LEEZ TS,

8. LI U

ARETHE, 77N by THT 4 AT L AIZB W CHI

© 2015 Information Processing Society of Japan

EREBINIER LA v 2T 7 a v FEERE L. 1#
RBLIEA L ET 72 a NIUTOHEY ThHD.
A RL— 0 HEICEWEZRIBEHICHR > TR L —URERR
Sh, T—Z2ORMEITOA LV Z2 T ar
H22 : Bl lE ) XPMREED X H IR L TE EICERR S
NTWLT—X%2BE) - BG4 2T 7 ay
PR E « BRI H 2 s8Ik A M TRy 2 & TH O
FREZITY, MBS ENZFERNICH 57 — & ZEED
XMRET DAL HET I ay
INLORELIEAVET 7> aDfF ML R
DI, KA HE T v a rOFHRNAERE LT E
BRAAT o 7. ZOFER, < OWHRE NS FICHiiE B <,
B9, AT7A4 K325 E0ok@ifEE HRITITY, Fx Dl
RUIEAMETERT A 8T 0 a v BBETEZEN
TERLLOERZEL. ZOKEND, KEORRBRTET
T—=T Ny TRF A AT VANZBWTH T RA U H T
VavORRENEEIIRT D ENTELLEZ LTS,
SHOREL LT, BHEOa2—VORiEHENT 2 Z &
WX TERADHBNZITD Z ENFTFTONDL. 2L Y,
B2 —VOREERI Lica v 4T 7 v a v ERET
HIEMTEDHEEZDLND.

SEXH

1) Wu, M., et al.: Multi-Finger and Whole Hand Gestural Interaction
Techniques for Multi-User Tabletop Displays, Proc. UIST 2003,
pp-193-202 (2003).

2) Wilson, A.D., et al.: Bringing Physics to the Surface, Proc. UIST
2008, pp.67-76 (2008).

3) Lopes, P., et al.: Augmenting Touch Interaction Through Acoustic
Sensing, Proc. ITS 2011, pp.53-56 (2011).

4) Annett, M., et al.: Medusa - A Proximity-Aware Multi-touch Tabletop,

Proc. UIST 2011, pp.337-346 (2011).

5) Banerijee, A., et al.: Pointable - an in-air pointing technique to manipulate
out-of-reach targets on tabletops, Proc. ITS 2011, pp.11-20 (2011).

6) Banovic, N., et al.: Design of Unimanual Multi-Finger Pie Menu
Interaction, Proc. ITS 2011, pp.120-129 (2011).

7) Hilliges, O., et al.: Interaction in the Air - Adding Further Depth to
Interactive Tabletops, Proc. UIST 2009, pp.139-148 (2009).

8) Hinckley, K., et al.: Pen + Touch = New Tools, Proc. UIST 2010, pp.
27-36 (2010).

9) Wobbrock, J.O., et al.: User-defined gestures for surface computing,
Proc. CHI 2009, pp.1083-1092 (2009).

10) Yoshikawa, T., et al.: HandyWidgets - Local Widgets Pulled-out
from Hands, Proc. ITS 2012, pp.197-200 (2012).

11) Zhang, Z., et al.: Left and right hand distinction for multi-touch
tabletop interactions, Proc. IUI 2014, pp.47-56 (2014).

12) Yoshikawa, T., et al.: HandyWidgets - Local Widgets Pulled-out
from Hands, Proc. ITS 2012, pp.197-200 (2012).

13) Weiss, M., et al.: SLAP Widgets - Bridging the Gap Between
Virtual and Physical Controls on Tabletops, Proc. CHI 2009,
pp.481-490 (2009).

14) Ben-Joseph, et al.: Urban simulation and the luminous planning
table - Bridging the gap between the digital and the tangible, Journal of
Planning in Education and Research, pp.195-202 (2001).

15) Jorda, S., et al.: The reacTable - exploring the synergy between
live music performance and tabletop tangible interfaces, Proc. TE1 2007,

86



pp-139-146 (2007).

16) Patten, J., et al.: Sensetable - A wireless object tracking platform
for tangible user interfaces, Proc. CHI 2001, pp.253-260 (2001).

17) Patten, J., et al.: Mechanical constraints as computational constraints
in tabletop tangible interfaces, Proc. CHI 2007, pp.809-818 (2007).

18) Ullmer, B., et al.: The metaDESK - Models and Prototypes for
Tangible User Interfaces, Proc. UIST 1997, pp.223-232 (1997).

19) Jun, R, et al.: SmartSkin: an infrastructure for freechand
manipulation on interactive surfaces, Proc. CHI 2002, pp.113-120 (2002)
20) Vogel, D., et al.: Hand Occlusion on a Multi-Touch Tabletop, Proc.
CHI 2012, pp.2307-2316 (2012).

21) Genest, A., et al.: KinectArms - A Toolkit for Capturing and
Displaying Arm Embodiments in Distributed Tabletop Groupware, Proc.
CSCW 2013, pp.157-166 (2013).

22) Miki, M., et al.: Optically Hiding of Tabletop Information with
Polarized Complementary Image Projection - Your Shadow Reveals It!,
Proc. ITS 2011, pp.260-261 (2011).

23) Tang, A., et al.: Three’s Company - Understanding Communication
Channels in Three-way Distributed Collaboration, Proc. CSCW 2010,
pp.271-280 (2010).

24) Harrison, C., et al.: OmniTouch - Wearable Multitouch Interaction
Everywhere, Proc. UIST 2011, pp.441-450 (2011).

25) Harrison, C., et al.: Skinput - Appropriating the Body as an Input
Surface, Proc. CHI 2010, pp.453-462 (2010).

26) Harrison, C., et al. On-Body Interaction: Armed and Dangerous,
Proc. TEI 2012, pp.69-76 (2012).

27) Lin, S., et al.: PUB-Point Upon Body - Exploring Eyes-Free
Interaction and Methods on an Arm, Proc. UIST 2011, pp.481-488 (2011).

28) Ogata, M., et al.: SenSkin - Adapting Skin as a Soft Interface, Proc.

UIST 2013, pp.539-543 (2013).
29) Olberding, S., et al.: Augmented Forearm - Exploring the Design
Space of a Display-enhanced Forearm, Proc. AH 2013, pp.9-12 (2013).

© 2015 Information Processing Society of Japan

87





