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Touch Detection Method for Non-display Surfaces
Using Shadow of Finger
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Abstract: In this paper we try to realize a system that enables users to interact with surrounding surfaces
using touch interactions. For this purpose, we propose new touch detection technique which utilizes the
shadows of a finger, and developed a system with an infrared (IR) camera and two IR lights. Since the
shapes of a fingers shadows vary drastically depending on the distance between the surface and finger, our

prototype system can detect touch.
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Fig. 1 Shapes of finger’s shadows vary depending on distance

between surface and finger.
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Fig. 2 Procedure of touch detection in the proposed method.
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Fig. 3 Configuration of our prototype system.
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Fig. 4 Measurement of luminance of the operation surface.
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ZZC, HOWT, HIS LT 2 20RO AR
CHIA 5 B S N ANETIE, EADEDKEMREDE
BAEHEMBEL D OREFNIEY v F, F) ThiFEy v
FLTWwWwEHETLIEEL, TREAHXCELT.

P EDHRA, B, C2HlAEHLETY v FOHEEIT-
72, B, HWEOMEISIL LT, &R OHERF % @
FHEEER, HEHRIHVE NG A=Y ZEEL TV,
LRI R 2 &, RV AT DY v FLOT
VT AL%EK 8 IZ/RT.

4.3 &y FEEOI

WEVATLATHRIE LY v F%, 70V 2y % THYE
BHELPCT T —2a VICKBE L CEBDY v F#
ERMEEL 72, X 9 ICHRIAIRDZZEY 23 A THIZ BT
7y FEER BEE L -T2 R T, KT, 7 v F8IE
TODPEDLLRY v EEBRE LT 7)) r—a vy el
W5, ZEEYO EREFETY v FERETEREL, T
TORY LIZBVTY v FHECE D I L 2 tfifl L2, £
72, B 10 (270 Y =7 & CHUGHET L 78l 7 7)o —
TarvaBELTCWATERT. ¥y FEREICL D L
TR 5 2 EHEETH Y, FHIIROZERY R}
HIROZEREY O E EOFHTIE R WERSTHHIETE
CEDHERRTE . Lo Laed s, HWEIIHh D2k EH
D—ERIZB T, I X T OFFZMGEH TLERYIZ X -
THREVENTL L) B, ZEMIZELZEPFTE T
LEFZOWTE, ¥y FEREZRIBT A2 ENTE R
Molz. TOF v FEREPHETE 2V, K10 12
BWCTO T 27 ¥ PHEG L7 TEINTE TV ELEGIC

111



BB FR/NEE D> 22—~ - TNAR& VX7, Vol.7 No.2 106-114 (May 2017)

| Background image capture |

| Current image capture |%
V
Shadow area extraction  [4.1(1)]
| Shadow pixel extraction  [4.1(2)] |
A
| Peripheral area correction [4.1(3)] |
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| B: Angle of the shadows’ tip |
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| Touch decision |
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Fig. 8 Algorithm of touch detection in proposed method.
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Fig. 11 Evaluation of touch detection accuracy.
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Table 1 Results of touch detection accuracy.

True Condition
Condition Condition
positive Negative
. Positive
Test outcome | 1TU€ POsitive | False negative | predictive
positive 490 23 value
o,
Predicted 95.5%
condition .
Negative
Test outcome | False positive | True negative | predictive
negative 17 484 value
96.6%
Sensitivity Specificity
95.9% 95.5%

g%y v L LRI 5 BE 95.9%, £72, FEY v
FIRFEDWE % IEy v F & LCHET HEBEMIL 95.5% T
HY, BETOREIEEIL96.1% L o7z, T 72, BT
4.53%, WML 3.35%TH 0, FHHEISHH=IE 95.5%,
Pt OB HhER1E 96.6% CTh > 72, &, ¥ v FIREEDH
GxIEy v F L LTHRIBT 2B, IROLEIMENT
WEBHEIIE L H o,

MRS L D, 80 4 ¥ FOBIENLRHICBNT, ¥ v T
L72IRAE & 5 mm 1328 720K HE & OREBIAE L1 96.1%,
Mt iE 4.54%, WBEtE 3.35% & 722 & B RERR L 72,
DLEDOKEDS, 80 4 ¥ F OR/E RE DL IZB VT
Smm NI DOWdga Y v FLTwb L, 7o
FOBHKEE % 90% L 112§ 5 & v ) RiFgE 0 B IR % 3k
L7z,

5.3 ER

I BV THRICBRETEDS S 4 L2l ClE, fRoLS
DENT NS S DPE Do 72, IBOLEEPMENTWDLIGE
i, EAORofkmE ) LOMEDS LA TR E (3
ND 70, BRI/ A ITBWT, ZoimE D
LOWEEDSTEBE THEOD L P> EPHEL TV
tEZLNA.

7z, bt BEEEICILE L C, BRI T A
T HEWALE TR AT CFE L Tz, B 12 1357
itz B TR EDTEE L E 2 HFHLTRL TS, 7
AT HEWLE TIZEAVNS LB L7280, 1825 5mm F
WTWABIRRE & i L COBIREETHOEILL NS L, -
KD E LR T o TWALEDEEILNDL, TIRXT
PHBENVEIIHEORTH L7280, Ly ADOEADIGEO
TALORERRICHE L -2 b2 5. 72, FFICHOAH
TEMHAL CFELTWS, ZHIZBIFAOYL 720 sk
FHY =TI Lo/l PP ELTnDL EEZLNS.

© 2017 Information Processing Society of Japan

12 B OJEARE

Positions where false positives occurred on the opera-

Fig. 12

tion surface.
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M 287 FERIRE L2, RE T, 1 TR
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DEBIZY v FHREZITI VAT %R L7z, $72, 48
TREFEOPERI-D 720 1255 Lzl 2 3 L 7.
5FTIEY v FHRIEEOFHMIC LY, 80 1 » F DIREXS
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RL72Z Ll REFLOFMUELZR L.
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FHRIIEROREIH L CHEEOMKIEZITH) 2 LTIV
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8y FEVEICET AMEE D 72, 72, REEORE
AT AL, HA A TR ORENE &R G O
YA APREETHD. Lo TROATy FTELT, 2
NOEZEBLTL Y vy FRIRBE LR TE2 L)1, #
VExt R DR E R A X2 HEHll LT v Tl 2 HiE
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