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Abstract: In recent years, several studies have adopted a variety of approaches for the realization of inter-
faces based on capacitive touch panels. We propose the use of a 3D-printed object that a user can use as
a 2-dimensional touch input area. Our technique can generate a continuous touch input by using “multiple
conductive points” on the face of the 3D-printed object. This technique also enables a variety of touch
operations on a 2D planar area (e.g., hand writing input, and pointing tasks). By bending the wiring or
changing the interval at which the conductive materials are printed, a wide range of touch interfaces can be
realized. We describe the conditions required to create our 3D-printed object and evaluate the recognition
accuracy of the touch operations. In addition, we also describe an experiment that we conducted, involving
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Prototyping Technique for 3D-Printed Objects with 2D Touch Input

a pointing task, to evaluate the performance of the 3D-printed object when used as a track pad.
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Fig. 1 Generating touch input with conductive points. This

technique also enables a variety of touch operations on
a 2D planar area. Our interface allows the user to
3D-print free-shaped interfaces (e.g., a hemispherical

trackball-like interface).
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Fig. 2 Striped pattern plates. This plate is equivalent to con-

ductive points standing in a row of grid-layout conduc-

tive points.
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Fig. 3 Reliability rate: (a) Non-treated plate, (b) after cutting
the edge of the plate.
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Fig. 4 (a) Side touch interface, (b) Changing the Control-Display gain, (c¢) Transform-

ing the touch movement.
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fRAGIE 1024 x 768 px) KT Samsung Galaxy S6 edge (A
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FEAE = 480 [1] (BT /N1 ZIZDWT 240 [1]9°D) & 3.

Height: 15 mm

B 5 (£) &y TEBROKETE (H) 87 A —XHKE.
Fig. 5 (Left) Experimental setting, and (Right) parameter set-
ting in the tap operation task.

6.2 HERER

EEAERZM 6 12RT. iPad mini 2 HWEE, SFE
T OMEA 0.8 mm DI, HEHilE 0.8 mm T 100 %, 1.6
mm T 99 %, 2.4mm T 99.5 % & EkEE TR v Fikikiz
B U7z, Galaxy S6 edge & FAW7254, @A 0.8 mm
DR, HEHEIE 0.8 mm T 95 %, 1.6 mm T 97.5 %, 2.4
mm T93 % DL -7z, [EA 1.6 mm DR, Mk
& 0.8 mm T 97.5 %, 1.6 mm T 98.5 %, 2.4 mm T 99
% ioto. F£7z, WFEAY 2.4, 3.2 mm DR, HEENE 2.4,
32mm T90 % MAEDKEE L -7z,

Width
(mm)
=038
. 16
u24
20
0

Interval (mm)
Tap operation with iPad mini

w0 Width
(mm)
mos8
w16
40
w24
20
0

Interval (mm)
Tap operation with Galaxy S6 edge

g

®
S

Recognition
Accuracy (%)
3

Recognition
Accuracy (%)
3

6 iPad mini, Galaxy S6 edge % fi\ 7z X v 7SEEufE .
Fig. 6 Tap operation experimental results on the iPad mini

and Galaxy S6 edge.
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6.3 RDfitiEE - FfREICK SRBEDEWN

FAMEERDEE R D & S E L ORBEAIEA 51220 T, #
HEENTREZ o0 5. REIIL L o> TH rDft
MEEASE T, EHETOR Y FREBVTRETH .
IZ Galaxy S6 edge %\ 72354 Tl%, MRS 1.6, 2.4
mm OFRFTRT 90 %A EDOFRFKEE TX v F R kLD
LTWb., —AHTHOMIE 24,32 mm IZD2WTEHT S
t,ﬁ@ﬁﬁ%#&mlﬁmm®ﬁﬁ,24mm;0%ﬁ
EREWERIZR 572, 2, 2—PD 1 ADIETHIY
N B EEIMOBUKFEL TWBE I eAEZ OGNS, K
TIERIZHEALZ 3D ATV b ThHb. ARDED
RKEX%E 10 mm WHDIESFEARE L 72356, HHIE 2.4
mm CTIXARHZ 4 DDOFIN D Z e B TE S, 2k
b,m%@16mm@ugo@ﬁ’mné’tﬁﬁ%5
ZDZ s, BEEHEOEO L D0 L DOMBERENSEL T
B, ~EIZLDZ L DRI TOIIX R v FASIREED
ERBZ RSN E. ERICHALZT NS AT 2z g
3 %L, iPad mini 3FICZ DFEEZT, BENTH
52 eDEREI N, ERIZE D ERETOREITEIIL
723D ATV ]\’a’:}fﬁb\éu T, 2IRFTEDR Y F AN
NTEBZ L 2HERL

Wicldh s 1.6 mm ¢ 2/
Intervals 8.2 mm § [ntervals 3.2 mm

7 FEBCHALZ 3D ATV b (K) MEUEIE 1.6 mm, [FE
3.2 mm, (F) MERElE 2.4 mm, MM 3.2 mm. Kb oA X
ATVl b ETRPEEAS S HIFEERT.

Fig. 7 Interfaces used in the evaluation:(Left) 1.6 mm width

at 3.2 mm interval and (Right) 2.4 mm width at 3.2
mm interval. The red square indicates the range that

can be simultaneously touched by a finger.

7. EEBR 2 RAVTAVIIRY

BEFTNAZAQ—YV) T4 2FMT 5728, K1V
TAVITRAZRFEMUIZ. T2 TIET 1 vy DOIEA (7]
B BEIENRE (X7 A=<V A) BWRIET 5.
AEBRIZIF 10 A\ORT VT4 THREMLE. TON
TN 14, BUER 9L TH Y, FHEMIE 22.2 5%,
HERZEIZ 12 TH 72, BNMFBIXL2EVRRBTEED
B, BB VIFFEEL T PC BIEICKER W &2 R
Thy, RBENEGHNETHo7-. F, EBRSBNFILET
DI 1RKDAEMHAL TR AT DEEERITS.
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71 YRY

K 8IZRT &LIIZ, R—=T v hNTH5 11LEOHNRY
FRANVT A AT VAIZRREND., FHHFROA—
NERRIND., EBRBNEIE, T4 AT LA TEIZER
U7 SR tEIB N CRER 4T S . 2 O MEEIE, KARD b
Fw Ny ReioTEY, HlROT v Iy 7 PCIZE
R XN NI v 2 Xy REFBRIZA—Y V52 E/ET 5
ZEMTESL., RYFRIV=VED T v I8y REH
3270, (a) BOBEIRIZE L TH—V IVITFExT RS
ABE—RFTRHL U [4 2]), (b) E<DX—=7y b
EENT GG I FEE(NT v 78y NEDIK
LRy FT58ME) 208 L$5., ERSBMNEITHRVEZ—
Ty MNEIZH=VYNEEDLEIVYITEE, ROX—
Ty MRS ERENS., X—=7 v FWEENDEFITX
QILRTEBOTHD.

‘@
O,
® »@«W

B8 HAVTFAVIRAIDNT A—RER.
Fig. 8 Parameter setting in the pointing task.

BEFHIZEE 3D ATV 2 N OV 21T 5 728
3BDATIV I MNENRNLT Ty IRy b%?ﬁsﬂfbtﬁm,
Ry FAZY) =V 2 BEBELZGEOLKEZITS. Z0
B, EERBMEZIIZTELREL, »OEMIZEELT
S&5fRELE. @EDONTIY Iy RIZBIFE2U Yy
TR, Ry TEHEEIEN T v I8y REMLUAG#HE
fElZ ko TiTbndh, KEBRTIEZX Y THIEOAZ 2
oy 2¥EY UCERERT 5.

FERIZIX SONY # VAIO Pro 11 (Intel Core i7-4650U,
2.29 GHz, 8 GB RAM, Windows 10 Home) %3 5.
Ry F A2V =2k GeChic On-Lap 15021/ (A J7 %
344.2 x 193.5 mm, fRERE 1920 x 1080 px, SIGHFHE 17.5
ms) 2L, USB 2.0 X HDMI 7 —7)LiZ &> T PC
IZERL, EoRHO LTEREZTS (K9). EBRS AT
2% Hot Soup Processor 3.4 1IZ & o THELZ., F1 v
T4 YT RATTI, Ry THREEEIZ B W TR RGN
EDED 27237 A—& (HOHHENE - k& 0.8 mm, &
X15mm) D3DAT7YVZ bEMFHLTED, 58 x 33
= 1914 ARDOEEMEREM (AJJFHE 92 x 52 mm) ZHFD.
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9 EHoOXvyTavI (F)3DATVI e (FH) Ry FA
)= VERMBALEZRA YT 1 VT RRA Y EROBT
Fig. 9 Experimental setting: (Left) Pointing task with 3D-

printed interface, and (Right) touchscreen.

7.2 EERTHYA U EBREFIE

X—=2y NEOFEE A % 256, 512, 756 pixels (45.8,
91.6, 135.3 mm) X% ET 5. £/, X—r7 v bOERZFE W
% 36, 48, 60 pixels, (6.4, 8.6, 10.7 mm) IZFET 5. /¥
T A= XDMALDLEIL, 3(4) x (W) =9FHTH .
ZMEIZ1ILEOMHZERETIZ YV Yy 7 LTWE, ZdH
DBEERDNTA—ZDOMAELETILHOMHZZ Y Y
3%, BEFH IFEHEDNATA—ZNT VX LRIER TES
I, GFFT 1L x 9FEED NI A—X =99 DM %

IVv I T50% 1y hed b FEBRSMEX1/3Ey
b B3EDIY Y T) OMBFEIT--IT, P TAEZ
2ty MTD., ZOHY  ABOXAI %, REFEHY -
RUDEMEENTNTITS.
HERESNERT X%, X—7 v M1 x N5
A—ZDOAGDLE 9FEE x 2y b x 254 3D A7
VIl MDA x EERSME 104 = 3960 [F5 (3D A
TV N, Ry FAZY = VEMEIZOWTE 1980 [H]9
D) b, EEBIFHEROS VA NI IV a vy s &R T
BTETLIADZD 20 DBETH 7.

7.3 RBREER

&EF 3960 MOFAITVH Y, TONTT— (X—=7 v b
HTDZY Y ) IE 9B EITHo7 (LT —% 225 %). T
7 —ZHER U 7ZBATIZDOWTHR DR L O B 5 53830 (X
BHE) Tk D oW E1T 5. ZEHERIZIE Bonferroni OF
HExE W=,

R—=7y b AXW 2FEBRT—RIZE>THIELTH
SERVEMEREZ AT 3 2 FiE [15]) A TIEMHEMAL TV
N (FIR - RO D W TIESER [25] 23 0). 2
5??@Wﬁff/74/7%%ﬁﬁﬁ’%%Téf
[4], ARy FRIADSHENT VLR Z & DL
PR 72358 OEMERE O HIZ O WT i &fio7. 22
T, B R Y F RN SHEN TV SR % 5 72 I
% Total MT, Z—H DN Ry FNRI)N, 3D ATV xo

W2 U T\ AR %2 Contacted MT & EFET 5.
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7.3.1 ~—%)Li&{ERFE Total MT
ERRVFESNZDIF A (Fo1s = 344.653, p <0.001),
W (Fy1s = 31.556, p <0.001) THo7z. £z, AHTNA
AA BDATVI MMRYFATY —=Vh) OEIX
Ronkh otz (Fig = 1304, p = 0.283). ZHEILEOK
B, ABKELRDIZY (&TD ADMAEDLEIZHLT
p <0.001), £7= W AN AB1FE (RETH p <0.01)
MT DR U=, SEHERRIZ 3D A4 7Y = 7 N TOEEN
1595 ms, v F A7 Y — 2 TOEIED 1553 ms TH - 7=.
EDNRT A =R FREBRAEEAITR SR o7z,
7.3.2 ¥EALIR{ERFE Contacted MT
FERPRSNT=DIE A (Fa1s = 275.178, p <0.001),
W (Fais = 74.740, p <0.001) THo7=. 7z, AHTA
1 ZADFREFR SN r o7 (Fie = 0.033, p = 0.860).
LZEIBOKER, ADPKELRZIZEY (2TO A DAL
DEIZH LT p <0.001), £z WANS L RBIFE (K
TH p <0.01) MT BERU 7. SFHRMIZ 3D A7V =
27 N TOEIED 9479 ms, XYy F AT Y — 2 TOEREN
9516 ms THo7-. EDNRNTA—=RIZHEHERRZEHE
HIZR ooz,
7.3.3 I>5—%K

A (Fy1s = 2296, p = 0.129), & W (Fa15 = 0.231, p =
0.796) KB WVWTHBRT NA ZADBITR SN2 o7z,
T —ROVHIEIL, 3D 47V MEEDSEE 53/1980
=268 %, Xy FAIV—VEEDEE 40/1980 = 2.02
%THolz. INSDT—XIE, —MINRT 1 v Y ORI
BB RAT X0 LT MITEW ([22] T 3-4 %).
7.3.4 741 vYVDERAMDBEEE DRI

T4y YDA [T 12&BE, MT L RX—=7y hDRT
A—=R (A RO W) IZIXOBEKRE S D.

A
MT = a+blog, <W+1)

a & bIXEBRMIZIRE I NS ERTH 5. loga(A/WH1)
% Index of Difficulty (ID) &FEC, ZDEMNPKEL & BIF
ERA VT4 VI DHENET Z L 2R,

M 10 iZRT LI 3ID ATV MRE, Ry FRS
Y — VRO GIZHWT 7 4 v Y OFEANEE L TW
52 ehbhb (R?>0.93-0.98). L7zhi> TARFIEERTH
W7z 2 D AT TN A, —RIRRA VT4 v T T
NAATHD Ty 78y REEUNITEBLTHD &0
5.

7.3.5 {EREIEIE IP

— BN A VT 4 YT TN ADOEEMEREE LT, MR
512 Index of Performance (IP) DEAY 7 « v Y OEHID
ERRD S FEE NS [22], (25]. IP % IDmean/MTrmcan
[bits/s] TV, FERTERA L7z ID ONYIMETH S 1D ean
&, MT OFROVEETH S MThean iIZE>TRDS.
E7-, IP DRZZEHRL LT 1/b [bits/s]  HCI 77 HF12
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6 2500

2000 - 3D-printed Interface

. y = 485.2x - 86.858
£ 1500 4 R? = 0.9487
= -
= 1000 4 Touchscreen
500 4 y = 462.31x - 46.855
R?=0.932
0 T T T T
0 1 2 3 4 5
1D [bits]
2500
2000 4 |[3D-printed Interface Touchscreen
. y =273.45x + 0.5303 y = 248.24x + 92.966
g 1500 4 R?= 0.9816 R?=0.9822
S 1000 4
500 +
0 T T T T
0 1 2 3 4 5
1D [bits]

10 (a) Total MT & (b) Contacted MT D7 « v Y DIEAID
HERE.

Fig. 10 Fitts’ law fitness for (a) total MT and (b) contacted
MT.

BWTHHINEZ & hH 5. Wobbrock 5 [22] 12k 5T
RBEINTWVWELDIZ, ZTNSHWHIZOWT IP 23RT.
— IR e LT, TNA AFERIEAATFED IP 3K
EWFERWEALRINSG. Fonsz IP & 1I1TRT.

K1 BEFNAZABD IP O,

Table 1 [P value comparison for the two devices.

Total MT Contacted MT
IPbits /] 1/b IDmean/MTmean 1/b IDpean/MTmean
3D-printed
interface 2.06 2.17 3.36 3.65
Touchscreen 2.16 223 4.03 3.63
Compared
to 4.72 % 2.46 % 9.22 % 0.544 %
Touchscreen | down down down up

7.3.6 714 v YOEAICLBDITICDOVTOER
F1IZENE, 3D ATV b RFHTEERXRYF A
V=&t IP DMEMEL RBHERDEHB. LarL,
3D ATV bOFMIE Total MT, Contacted MT &
VLI —RIIFBEREEEZGEZTVEPRoT, ZDLD R
(EETIERW) HFORT7 4=V AETOHEDO L
DY LT, REDEBNEZOSND. Ry FAT)—=VOD
KEIFEOPTL, HB2AL-—XIZENT IR TEL.
—%, 3D A7V hORMEIFHOMP WY AVIZL 5
THELEZBTH->TH, DI S52ER1H 7. &
DL 2FEEHED T NA AN BEBDE N H D EDD
3D ATV N DYEREIE IP B 2-5 BREEE L MMEREN T
NoTWRWIZ Db, #-TC, 3DATVI M %
FALZEETH, Rz Ha0ICiEBsT 20, RE LICHE
WY —hEBEOITRZET, KDXRYFRIY =T
WIEEEEVRRETE2EX6NE. Zho6DIens,
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REFETHZ 3D ATV bENLEZRXY FRNRILD
BRI, —MIR AR A VT o VT TN TR W IERE T
MHTWHEZ L WA 5.

8. T NH—avfl

B 11 IXRETFEICE ST, FERED N v I FR—1D
E5R 3D ATV NEERLHITHD. T D IR
ATV 27 MKk o THEIEMRERMIERE Y 2 — T 255 L
. A=V ZDOHEREA TV 22 b LE A7 00— L#EE
T5ZECHEHEICHE S N EREL S, U T
EIZ& o TRX=L%2T5Z2NTES. ZHUT LD, MHE
I X N IR E R M TEA LTV EAD L SR
BRI REE 72 5. Z DMy 3D 7V v X 2T
LZeTaAVTUVIIEoMERTREE T 5, ek
ROA VR T2 —A%RERTE B,

Bl 11 ¥HAED ATV . Iy oAy FEEAZOD—ILE
PRIz & b HiBR{E % [z, € FEIEICE D X— LA HE.
Fig. 11 A hemispherical object. The user can rotate the earth

by scroll operation, and zoom by pinch operation.

X 12 1%, #EFEE S — NK—F HMD (28 U 7241
TH5. ZHIZE D, Samsung Gear VR* 23D & 5722
FIw Ny REH— K=K HMD £ EIZ/E3 A b
THEELT DI ENTES. KI7iFZED MilboxTouch*? [26]
i, ExtensionSticker [28] Z&H L A 27 0 — V#EEDR T
17, BHEEEIER ERk4 Xy F AT EAREL LT\,
U5 L, MilboxTouch TlX HMD NEIZHEM L 72 A < —
b7 VHEIE BT, 270 —)UEBER Ry T B AT LD
FehEXHLIENTERDP o, TIITH UIRETFEZH
Wi, F0EWA VY RITITF 4 THEERTE A VX
Tx—A%022D 3D ATV Mo TEEWRET
H5. HlxE, HMD fllifi ETO Ry FERIEIZL B KTV
TAVITRFEEAN, 3FHULEDOTIVF Ry FHEfER Y,
BQUE 2 2/ Ny AV T KRR A

9. FLHESERDRE
KEIGE T THM AR 2 ROL X v FEIEDATRER 3D

ATV b ZEELUEZOIEABIEZR L. REAT

*1 https://www3.oculus.com/en-us/gear-vr/
*2 http://milbox.tokyo/milboxtouch/
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12 flEIZ s v 28y R&2FEDH— FAR—F HMD.
Fig. 12 Cardboard HMD with Trackpad.

Yz MEIFDM AR 3D 7Y VR ERNWDS I L THEHIC
THRMRXAE I TES. FDM AR 3D 7Y v &iE, &
WMTHEP LB ZMEIZLE> THAERTW Z
TERT 5720, TBRIERZYEEZL TS5 I L IFHL
W, F7, RIETIRR Yy F AT EZREIEE7-ODEE
MEME LTI T 7 2 v R—ZDEEWBIRZ ML T
5. ZD7, BEFHEIZI>TERLZ 3D ATV
& XY FANFV ETHEAT OB, 2y F ARV T 14 A
TV O—HPERSNBMEERDH B, NI 5ETRL
72Xy FREEOEEFRIZL > THIMERKTE S.
DFD, RFELOMEEWEIIIKD S Z LT, -9
BfEd 2 ANTBOHEB MR L DD, BEEIZEAT 5 H5
HOEEEZ/NSLKTHI LD TES, FIZRIFE TR LU M
HIZh Ty 7%y REFED>H—RKK—F HMD Tl¥, VR
ElERRT DODT 1+ AT VA IR ETERT 2 HEDN
H27D, ZOFEPENTHS.

FARMXTIRIBEFRICL O TLELEZR Y F AN %
FEIE DO BELREMERY, ZDOERETFIZEITS 3D
ATV s OMRETEE B U7 iHliERZ 1T - 7=,
EEROFER, BEA TV PP LELZASNZ AL
U, —MRIRARA VT 1 2 T TN TR NERE T W]
BTHDHILZRLUE. SRIZINTMA, BIEDRDIZ
AR ELREBENEM SR ET MM (Zy 7 A2
O — )LD 7z OIZ BELR DT - FI) 12 DWW T OFE
%175. %7z, Lumino [1] TREINTWBE X574, ¥—
AN—BIDA 2T 2 —ADFEE %175, PAPILLON [2]
D& 512, Polyjet AR 3D 7V v REHAWT, X7 7 AN
DEIBBIROA TV =7 bEREHTNE, Ry F 3L
TAATUA FIZRRINERE 3D ATV 2 b R
KRTEDL, 771 NOE S hEEMAELr Tz b
PERRIZ 1 Stratasys Objet @ & 5 7 Polyjet 52 3D 7'V
VRMMBELIRDH, Sk [6], [17], [20] R EDFRUZ K o
TEHBMEEM ZHOAD I L TEENTRTHILEEZDS
Nna. BE, ARXTRULEE2TD 3D ATV 7 b,
FHDPET Y VT %RITF>TWS (Autodesk 123D Design f#
H). 413, Capricate [18] TIREINTWSH X574, &
B ONTEAREZR LU 3D A7V 27 N OFERK
B AT LOKELHET.
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3D 7V ¥ X OEMIEALIZEN, £ DOREDPKRET
FDM AR 3D 7V v ADBEAINT VS, KR TRE
L7z3D ATV ME, 25 URBRBIZEIDika g
VRS IFATTIFNRAADTORNRAY T LTOEH
PRI NG, B, AWsEid ACM UIST’16 (2T T EF
Fxlio7- 13).

BE AWIZEIX JST, COIl OXBEEZII-LDTH 5.
F72, Ao —EB8I% JSPS BHFE 16J10193 DBk % 5%
725D TH 5.
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