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Opgect shape and touch sensing on an interactive muti-touch screen with optical
fiber sensors
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We present an approach for sensing object shapes and touching of interactive
surfaces based on diffuse illumination and other infrared-based tracking approaches. Our approach uses
tangible objects with series connection of optical fibers as bend and touch sensors. We prototyped a
light source unit, which comprises an infrared light source and a series connection of two plastic
OEtical fibers. The light source is installed at the end point of the series connection of two fibers.
The other end point is arranged and touched on the interactive surface. Folding the series of two fibers
or touching the connecting point of the two fibers causes leaked or blocked light at the connection
point. The damped light intensity detected on the interactive surface reflects the degree of bending with
or without touching. This approach enables detection of object deformations and touched points on the
object with no modification of the original tabletop-based tracking system.



B X C—19, F—19,.
1. AFZEBIAE 4D 5
HoFAT V=i Da v a—HT,
Eim EOFRRY 2 EEM S THIET 52 &
NTE B8, MILEIZE > T bW

WA DEBEZLELONTWDS. &L AN,

7Ty NRFRM TR R 2D &5
YEIE, @ OETRERE COMIKOEE L X
THEEMENRHIR I N TS, Fex O 5 Wik

ZIEMBEMRIBIRSC TR BB, 2FA
720, O &) MBI B EETT O
NHTHA.

ZOXIBREEND, Xy TFAZ V=2 F
T B 72 BAROBAEZAT 9 L 9 BFSED
fTohT\bd. [E4 Tt (Baudisch,et.al.,
2010) 28, X7 7 A ROKEANT =T v/
WD ET, FROMRE DA TIZH - TS
Hand~VvFZyFRA7 ) —v BT, T—
TNEICHEB LS 7Y =27 FOREBEIRE
OBRHZEIT>TWD. izt (Weiss,et.al.,
2009; Williams,et.al., 2011) 28, % v F X7
V= ETOFT V=7 MEET - TE
0, FENRABIZIERIE LTS, ERNTIE
NS DS 3 CRIIRIC K D KRB A
T2 " T 4 AT A L THRHT 58
rZmEEE L TR Y (Sato,et.al., 2009). iz
bHEREOIIAESEE AT =7 FE2fioT
TAAT VA EREEINIEET D27 A7 4
T EEE L T\ 5 (Suga&Siio, 2011).

— 5T, TNHDMETIIAT V=7 FD
fLERCm X (—H IR BERELZET) 2 M
ARETHLHOD, KRELTA X2 T 7

IEHIERH B, Hlzix, A7 V=7 b
HAROIRENSL, 7P =7 Ml TD
vIFREEZRET D Z LIIREETHD. £
7o, 72 MIRA v TF AT Y= T
EZIZHDENDh-TYH, 2—FNRA TV
&hhf&/%bfwé%%i@ﬁf%ﬁ
W, LENR-ST, 7Y =27 FEKREFLIA
ATEY, BT 352 itk oT, Ak
ERDVIZT LI LIIR#ETH S.

2. WO HW

ARTE Tl ,Tw7WF/7M9/?27
U — RICEE L7z iR o AR 2L 2 f
#é?%%%%ﬁé MR T 7 A '
ﬁ%ﬁ&lﬂé:kmiof,ﬁﬂﬁkﬁ%
FICEoTEAINDIYNLNTF X v TF AT
%/LT T =7 VAN HERER A E A N2 5

Z &<, MIROALE LIBIRA L2 5.

SR 29558 U C, @ 1 3m A AT RE
72, A7 U—r EiZ@EMNT-WIEDO ETo X
v FOFEEBRHT D, RFETIE, Zhb
DFEBUMBRNT 74 O L,
B O Y OERE, T—7NVELTH

TR ET DO O A EHET D, 2
NooOHEHICE->T, ¥vF AT Y —2TO
FHTH LA X T 7 v arwF BT 5.
PLERAEDO R TH 5.

3. WHEDTTik

Z—19 (Hm

)

AWFFE I, LFD 3 7 = — X TR
[~V F R FAT V=2 ETONXT 74
N vH RN 7 Y7 MgREk ©
FH A BET.
ORI 7 7 AR EAAND Z
LICE ST, FIMRE D AT > TEIAX
NH<NFHYFATY—v BT, T—T )
MNCHERERIA T 2 N2 5 Z & 72 <, MiRDNL
& L R L E RN DA 2 FEBLT 5.
Q) [FIEAT 24558 L C, @5 I3 AR aTRE 722
A7 —v FIZ@EPNTEIERDO ETO X
FOFWE BT DA% EHT 5.
(3) FRR DKM 2B T, FHT —
ZOWET 7)) r—y a U EFEBT S,
RCICIN A TARMIZE T, his B o BE 3
PHEMET D, FRICH v F AT Y — v ETTRIE
WEELTHWAA T V=7 ForfEMt%
F LU TRHRFT 2. BERMICIE, BaExsT
OB AT a7 N ELE
LT, kD7 TN AT b
DIV O A[REVE A TR T 5. Water Bomb &
MR D Ffik 0 XEZ— U BIER LT L
STNF T2 NOFEY I T v T EER
L, 2hafliolmy = AF ¥ BEO AR 8
L, Karvtv P hoT—7NVIRA~DIH &
BRErd 5.

4. WFERER
VronavesvaryiRor—71 b
o IR 2T 2 — ZADREHE LT
Diffuse Illumination (DI) J =X =X
Frustrated Total Internal Reflection
(FTIR) FEMmBETFonsd. ZnboAf 4
T x2—ATIL, T—TNFEINIT AT B i&E
L, FRAMNREIRAZT —7 L FEs (1) b L <
L7 — 7 Wl (FTIR) ICa%E LT, MG S
NIEZBRARICE DT =T VRETDOA
T aryORBEFRICLTWD . K5
TiE, oD T—7I by ETHT 7 A
NS EHWEAT V=7 MERRRIC
k2 3 kT T NEREEFER TS
(X1 2M1).

(DIREEFIE

AW IR X oA L. 1%
RFRIETHE, W2 TRTEIIET7 A1
VYD ED SR LED 12 & o TE BRI
AT LEELTS. HREAT V=7 b
Mz > T B2 LItk »T DI HX & FTIR
FRXonFho b TchbT—7 0y 7R
AVHET 2= ADEBICTENMA5Z L7
SBWILTDELTNA BT g )
FHTX 5.

(2) Eh{EJF B

AWTECrx, OnERdFT 24, @nFE
B2 F o4, QFI D RISV 3 fl
HERELE. UK YORIEREY
IR



1. 77—V by T ETOXT 7 A3k
AW AT Y MERGE GEARa
v 7 R)

IR LED (Light Source)

N

Series Connection
of Optical Fibers =

IR LED (Light Source)

\
Sensing Point
- \{
Leaked -
Light

Original Light Damped Light

(a) MIHEPREE (b) BhIFIKRE

X 2. JEIRFTESET 7 A 3k Y OkRE

OB T2 oI 7 7 4 "oz &
STHEREINTWS., KU ViT BT 74
WNETEZ 7 A N2l TEY, 774N
DR E B I E LTS, B
ETFHOAEZEIZLS>TTF—7 N hy S H#
M EN DO ENET HAMAT
HD. AEENRORITZ L OEDNNT —
TN by IREETRETS. UL, A)F
ENET D LT 7 A RNOBERES TN
NHLT—7 v by 7EREE TREST LN
BT S, bbb, BRimoolkng
HDEIZLH>THELEZRDDL LN TS,
T, ZOvUPIIESE TEIZO0 T
B2, BUBIZHITCHLRE Y RET S 2
=SSR

QOB L v F o HITHT 7 A XORHT
LoTHmEN TS, AT BT 7
ANETEH T 7Aoo TEBY, Eie
T OMER LT ITBEV TV DS & e
STWD. ZO7 7 A ORMEHS (774
NE¥y o) #HyFLIEEZICa—F DI
DT 7 ANK v v TN I & W3 51
WAL IS TWD, Xy T LTV E X
T 7 ANK v TIEEMR RN, X
EE T 7 A RNDBETEENRTET 7 A /3~
ElEbV, T—T kN TEEE THNEE
T5. LL, FyFLTCWDHIRETIEY 7
A NF v FITHOERNAEL, EH7 74
NEER L TEIITEH T 7 A N2 an
72720, T by FEREE THNEE
L2 72h. 20X T LDl <zt
DX > TH v F L TWD 0G0 % ]

THILENTEHMEL > TN D,

QHI Y AT o PIT L AN 7 7 A4 NIT &
of%ﬁéﬂfwé.ﬁﬁ/#it774x
FHOVZ Ty REEZHIY, a7 REHLE
NDhvUvUTEE LTS, 7‘67741\0)
bW E FEICEENEEND LUV
RN BN/ LT — T by SR
WO ENDHDOBNENT HLMATH
5. FAEENZOIFIIZ L OBONNT—T
by TREE TERET S, L, MEE
MNECLIERE VOBV TEHL TN
WL TTF—7 v by 7 HKE £ CTHRIEST
HHENBDTDH. Tbh, Zokrvyv
R DIRN D IEDFEIT L o THE ZK
OAHZENTED., 2O VT EERHRE TH
B SN TOW WO AE 90 ELLE
@ﬁf% DT A ENHRETHD. £,
o YIFHIYEEBET DI LICE -
TEBEOFMOMTFEAZR#EITHZ N
AHETHD.

(3) EhEERBE DA EL

BELEE T AN B ZEFESES
BiEL LT, LFO DI FROFZ v F 227
— REELE. F—T kv I, B
44cm, it 35cm, EE 0.5cm DHLHGDT 7Y
IRZEER Lo, ROMREI A Z & LTHWE
Web 7 X Z1%, Princeton f:8ld web H X T
T, WL TWD 7 4 V¥ ERINREE 7 1
JVHIWZEF L. ZZ7TiE, BL7 4154k
B IR 86 7.5X1 HeWLIL - FRAMREE 7 ¢ L

Z—(IRZHER L. T—7 0~y TR
A 7 = —ADNJFRIZIE Environmental Lights
N BIRFEINTWS LED U AR Y irrf
850-5050-60 (E'— 7 & : 850nm) Z A L
7=. £/, 77 AUV, = KRBV
ReFTT 4 7R« Dy /XU AR TIRGEEINLT
WABT 7 A2 1,000um DT TAT 47
K77 AN (S r) BERLE. Uiz
AW SERIC I E 8o TLN231 R4 LED (&
%7&E8mm)%mwt =hic, 27V

WCHRE+T 570y = 7 Z(2iE PLUS 4
@Vlwo%%ud;

KU AT DORERERRZ X 3R T. 47
T M, A7 Y= 7 FNENIZTRIMERG
ﬁk%774ﬂtyﬁ%Wﬁb,Eﬁtbﬁ
TV N — B E L.

— 7k TNz i27)%/T$_ﬁ%
B, RANRO AT, a7 XEHL
TWa. fHAfHT s Tnd PCIZITIRIMR
HAZ, TadzlH, A—h—N"gEHES
NTWD. FRIMEIFRITA 7 U — 2 —ERIC
BET 2L IICRE LIz, RINRD A T 05

WCHEB AT Z L TRY, PC NEBTIZEE
SLBR, Y R, BHRAEREITO . ARES
Iy RIS, YUV R
ZAE == T 5 4MA L 7o T
5.



I—FNRR 7= EY T Lz L&
LA TVl bEEWEZEEIXEALUSNSD
A7V —=VEHED bEWEEEMMR S AT T
RS IVD . A1 AT MR S AL & F
TIOMEFIRAMRHTHZ LIk, W@F
DAV —=VEH~DH y FRESCAH T V=
T NOEERH v T2V T IVH ALK
THILINTES.

X 3. 3 AT LHERY:

X 4. EREBET 7V r—2 3 o OEEH

BYERAT7 =27 FELT, 7743 E
VY EMBIANTZELLTF O 3FROA TV =7 b
AERR LTz,

OF A AT N ZDOF T

MIdhOHBEA, Ja2—bF, X7 T vTFEEE
To4A7V 2l FTHDH., A7V FOF
FHOBERAERECTC7 Y v 73752 L12L->T
AT T FEERITY. £, ATV b
EHizHAEZ o F oY E Ry FTH L
WE2T2a— 2ITH. ZOFTV= b
EX AR — A TER S TR D, £oHIC
DER Y TR oY ERET DS I TEHA
LTW5.
QFEBEFERF T2 N 2O T
MIMOREEOREEITH AT =7 b
Thd. A7V badiFi=hmick -
B EE< LIRS L35, ZoF
T2l MIARS U TERENTRBY, £
OHFIZHIY fhif o V&2 2 KRLETHZ & T

EHL TV,

B -MEELA T N I OF TV
7 MIM OB BHEL L OHOLEE 21T 9
ATy NTHDH. ATV =T FEFLIA
FPITHICE ST 5 L EENEL, 47
VxJ FERETHLIALE TG ZE
HAEITH., 20X 7=y MIAFCLES
TAF I _X—=R—THER SN TEY, Z0D
HFIZEl Y fhiF 2 o2l E 5 2 & THRHA
LTW5.

5. EARRERE

GEREamsC) (BF 12 1F)
(MKentaro Go, Yuichiro Kinoshita, Kohei
Kaneko, Reiji Kozono, Creating
Interactive Flexible Surfaces with
Origami  Tessellations, Collaboration
Technologies and Social  Computing,
Communications in Computer and
Information Science, & #if, 2014, Vol.
460, pp 119-126.
DOI: 10.1007/978-3-662-44651-5_11
Oz EE, NI, RS, AT HE—,
ABETIT 4TI RMRNIET ¢ AT LA
%2l L CEAFIR 2 72 o JE IR Gl
IROBNE, TEROE PR IGE, Eah,
2014, Vol. 55, No. 4, pp. 1264-1274.
http://ci.nii.ac. jp/naid/110009752439
3Shigeyoshi lizuka and Kentaro Go, Basic
Study on Personal Space while Using Mobile

Devices in Public, Lecture Notes in
Computer Science, &#Hifi, 2014, Vol. 8522,
pp. 404-412

DOI: 10.1007/978-3-319-07863-2_39

@ Masayuki Morisawa and Shigeaki Kato,
Improvement in response of swelling
clad—type POF humidity sensor using a
multicladding layer, Proc. of IEEE Sensors
2014 Conference (IEEE Sensors 2014), #&
FiA, 2014, pp. 1799-1802

DOI: 10.1109/ICSENS. 2014. 6985375
(®Kazuya Uda, Masayuki Morisawa, A POF
Alkane Sensor Employing Antioxidant—Added
Swellable Polymer Cladding, Proc. of the
23rd International Conference on Plastic
Optical Fibers, &#Hify, 2014, No. 104.
®Yuichiro Kinoshita, Kentaro Go, Reiji
Kozono, and Kohei  Kaneko, Origami
tessellation display: interaction
techniques using origami-based deformable
surfaces. In Proceedings of the extended
abstracts of the 32nd annual ACM
conference on Human factors in computing
systems (CHI EA ’14), ##if, 2014, pp.
1837-1842.

DOI: 10.1145/2559206. 2581172

(@ Shigeyoshi lizuka, Wataru Naito, and
Kentaro Go, A Study for Personal Use of the
Interactive Large Public Display, Lecture




Notes in Computer Science, &pef, 2013,
8016, pp. 55-61.

DOI: 10.1007/978-3-642-39209-2_7

® Kentaro Go, Katsutoshi Nonaka, Koji
Mitsuke, Object shape and touch sensing on
interactive tables with optical fiber
sensors, Proceedings of the Sixth
International Conference on Tangible,
Embedded and Embodied Interaction (TEI12),
EHiA, 2012, pp. 123-126.

DOI: 10.1145/2148131.2148158

© Masayuki Morisawa and Shinzo Muto,
Plastic Optical Fibre Sensing of Fuel
Leakage in Soil, Journal of Sensors, #&
FiA, 2012, Volume 2012, Article ID 247851,
6 pages.

10. 1155/2012/247851

(0 Masayuki Morisawa and Shinzo Muto,
Plastic Optical Fiber Sensing of Alcohol
Concentration 1in Liquors, Journal of
Sensors, £ @t A, 2012, Volume 2012,
Article ID 709849, 5 pages.

DOT: 10.1155/2012/709849

DKentaro Go, Katsutoshi Nonaka, Masayuki
Morisawa, VYuichiro Kinoshita, Object
shape and touch sensing on IR-based
multi-touch surfaces, Proceedings of the
21st International Conference on Plastic
Optical Fibers, #& 3t A, 2012, pp.
320-325.

@ Kentaro Go and Hiroki Kasuga,
Multi-tapping shortcut: a technique for
augmenting linear menus on multi-—touch
surface, Proceedings of the 10th Asia
Pacific Conference on Computer Human
Interaction (APCHI’ 12), ##iAT, 2012, pp.
209-218.

DOI: 10.1145/2350046. 2350089

EaRER) (GH8ih)

O L, fUREE, K TRE—8, 06
KBS, £ VBT 7T 4 TRTIHNLYA X
— IR A RRI O, Rk 26 £
B ERIEE PR RS AESRRER
£, 20154 2 A 28 H, WA KRE: CGEET
RHEX)

@F W, FREIEZ, ESD &% AWl
MRV ~27F > REBIPOF 7TV oW, &
75 [Bl A B S KT TR 2, 2014 4F 9
A 17 B, JdbE RS (eiEFLig)

@TF WA, HEBIEL, ATEAIZEMN LI
R ~27Z > REHAWZPOF 7 vl ot
VA, 5 61 RIS AR S RIS,
20144 3 A 17 H, HFIWFFRERT (R
FEAEE )

@/NEfEhHh,  FREERRE, K TFHRE—EA. TV
ERHWEH LWT A AT LA IZBITbY
AT X OEH, FRAEFLEE 76 [B]4FEK
£ 2014 4E 3 A 11 H. HEEMKRT G
HB AT X))

®@FHfth, FEEZ, 7L KR ~EH
W72 POF 7 v h o HA® Yok, 5 74
B FH A B 2P KRN R R 2, 2013 4R 9 A
16 B, [RIFEKT B R )
OMIEIEZ, MEEH, ~LvF 77y N
1% % AW T RZE MR U <5 POF {2 & > o>
AW E, BTt e~vAf vy
HFRAARGE S 2 v o RFSES, 2013
8 H 8 H, HULLHKY HH¥ ¥ /A
(CRRCER R H X))

(DKentaro Go, Katsutoshi Nonaka, Masayuki
Morisawa, VYuichiro Kinoshita, Object
shape and touch sensing on IR-based
multi-touch surfaces, Proceedings of the
21st International Conference on Plastic
Optical Fibers, 201249 H 10 H, Y3 —
CTIRRE (Pa—UTINT T2 )
Kentaro Go and Hiroki Kasuga,
Multi-tapping shortcut: a technique for
augmenting linear menus on multi-touch
surface, Proceedings of the 10th Asia
Pacific Conference on Computer Human
Interaction (APCHI’ 12), 201248 H 28 H,
CICOE A vt (BREAITH)

(£ Dfh)
R bR—
http://www. golab. org

6. WFIERER

(D) W A

# KBS (GO, Kentaro)
IIBLR: « REEBTR AR - #%
a5 50282009

(2) Mg oy

AR 1EZ (MORISAWA, Masayuki)
AR « RFBERe AT IEES « 2%
WF7EE 75 1 30220049



