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Hover Detection on Multi-touch Table
with Diffused Illumination
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Abstract: In this paper, we describe a technique for realizing hover action on a multi-touch table with
DI/DSI technique. In such table, the IR camera can recognize the areas formed by objects slightly above the
surface of the table because the objects reflect the IR light. We realized a hover action without electronic
pen of digitizers by using such reflected area. However, when users perform hover action with their fingers,
the areas of the palm of the hand and the arm are also recognized simultaneously. We propose and evaluate a
technique to estimate a point where users intend to point. According to the evaluation, the accuracy of using
proposed method is improved as compared to a naive method. We also propose Pinch-up gesture simulating
pinch up action to move small physical objects in our daily life as an application of the hover action.
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DSI (Diffused Surface lllumination)

1 FIEER L~ VF S Y F 57— 7LD
Fig. 1 The principles of the multi-touch tables with IR light.
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Fig. 3 Estimating fingertip with the eigenvector.
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Fig. 5 Relationships between height and area of hover.
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Fig. 7 Prototyped multitouch table with DSI.
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FHIBONF P N\ INRZ MlwDESLEwEul B
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£1 Ka—-ABFs

DN L (pixel)

Table 1 Averages and variances of error on each track (pixel).

trackl track2 track3 track4
ERGD) 12.23 (57.65)  19.20 (194.99) 21.78 (124.44) 34.84 (279.36)
HliIE# 13.03 (61.69)  16.59 (172.19)  11.72 (71.28)  27.82 (302.52)
FREDE —0.8 2.61 10.06 7.02
H ik 1,164 1,200 1,223 1,225
t fE —40.68 43.87%* 55.54%* 53.37%*
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Fig. 9 Transition of errors on a subject.

10
Fig.

Pinch-up ¥ = A F ¥

0 RS REROF

AN —4EkE

11 HiA EPAE O
Fig. 11 Estimating the picked point of the Pinch-up gesture.

W0 % ZFDRN—FHEOERE & QIR L THL
(B 11). 2z, SN—FfEho P I T L (12
FEENRA.
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P A A N Y 4 E Y (T

10 Object moving with the Pinch-up gesture.

P:T+L:%£?E (5)

CCTTIA3EICEDFIESNAZT &L, R() (EME
THL3 5.

7. FHEXER2: KT v J#%(E& Pinch-up ¥
2 F v DBREME
7.1 &%

Pinch-up ¥ = A F ¥ OF % HEE EERIZ X ) MEEd
5. AREEETIE, 150 x 150 ¥ 7 L VIR OWi{% % Pinch-up
T AF X E—ENE Ty FEBEICL YK S I2BIT A%
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® 2 BIREICET) 2 HE L BERO I (RO BALIEED)

Table 2 Speed and impression comparison on moving task (sec.).

NI

Pinch-Up ¥ = A F ¥

T3 (80 36.40 (59.77)

19.05 (36.85)

X b
IEREZ BB 75 n] e

- BENCHEH DS o 7

ML iR & DB TR o 72

CEBIZT A ) AL BETE 5720

O LETHREZWH L DI L7

© Ty AR % BITAT R 72

- BB AT

CEEDBETICANATLE D) 2T
HoleBENITERELTNS
L3 hrot:

CWESENTLE ) OTHEEICE ST
L F WA 2o 72

track ICIR> CTREISEDL Y A7 L7, NI v 7 fE
i, A7 77 ALY v FRHEDEHERINE L NI v T
BAEDIGE Y, & v FHEEIRBET S LHEGRD ZNIZih-
THM BB 5 FEEP RN TH B 720, KEFRTYH
ZOL) BERELE L. ZOMOMEH L 72880 2095 5
DEMFIE 5 ELF—THb.

7.2 #&ER

x 2 LEIE, TRENOBEICIBIT 5 FEREH 2R L
Twhb, ZhiZL AL, Pinch-up ¥V = A5 v D39 A
1THEBERCI AT ZET LTWALZ LD Ghh. 20
T=F I LT - METHE L7cE 2 A5 HBEKIE 1% TE
VRO bz, T2, £ 2 TERIE, TNETILOBIEDORE
T EBZICOETA Yy Ea— LoHRTH Y, Pinch-up
T2 AF v 3R —FIRO RO AL E S W 2 BEARN
LZENBHLLOD, BBUGAMELR (IETETVT,
POFERIETE L 2MENB A TE. Dbk
DOFEFIE, Pinch-up ¥ = AF ¥, (RO NT v F#EL
HBLTH 7Y 27 b e HRABHIELOICHEHTH
5T LERIRELTNS.

8. BbHWIC

KT, EHEHFRO~VF S v F 5 =70V ETR
LR DAL ARV VAT A £ (e iR S (TRt VARl b R B
TR L) AT, ZOHFDO 1 EEx =R T 1~
FLIwmE LTHET 2 FHEICOWTHB Lz, —ETF
A X0 SREEEICHEE L7 E S LA HEE L 72356 DR
EAWEBEERICEVBEE L2 2 A, =906 BTt
HORE) &R THBEICHE M L2, £72, RN—
BAEZICH L7cA 79 =7 b & dilid BT 5 81E & i L 7:
Pinch-up ¥ = A F v 242 % L, F/N—FEIC BV T4 L
F7ohrE 2 e T A fik k<72, 2@ Pinch-up ¥ = A
Fx & Ty TRIEICEAF T 27 N ORI
B & =WV ) 7 1 2 BB FEBRICI DRAEL 728
%, Pinch-up ¥ = AF ¥ 2 HW /25650139 BNEFR BH)
TE, PORMERSEZ W ESH L 7.
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KIFZEICBIT D T OWEDF 2 —=2 7 o IKEL
THEY, FHHER CIIRBICO fEx Fv7z. LaL,
I—HFIZL > TFOEP LR RWA S OHE L )7L T2
FHTH ) R IIEI—FT—EIRETE RV, Lo
T, 7282 EH 5D LD —FDETIVEMEER L T
BEBH SN SR 4 o X EIWICHET HUR
ENEZONDLD, TNRISHBOREETL.

HWE FMMERICHW L IVF Y v FF — T DERE|C
W LT 27272 Z AR IE# 5 5.
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