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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

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) Changing the Control-Display gain, (b) Side touch interface, (¢) Transform-

ing the touch movement.
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FEBRZME L L C, MO (Width) % 0.8, 1.6, 2.4 mm,
HED LoOME (Interval) % 0.8, 1.6, 2.4, 3.2mm & L,
INLEMAEGDOEIEARID A7V 27 Ve HELL
(A 5). EBBMERIZOF 727 FET20TO8 v
TERATEATH. ZOBE, ANERBLINE»rS Y v T
AIKEE BT 5.

Ty FNANEMMENIC3D A7V N BESELT

Height: 15 mm

5 (£) & v 7EBROMT& (h) 8T xA—-5iE
Fig. 5 (Left) Experimental setting, and (Right) parameter set-
ting in the tap operation task.
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BEY S EHCTCEH 7Y 27 N EHOFENE 145
JJ@% L7292, M7 —7%HWT% v F /8w
EATICEE L, EExiro7. HT 53D ATV
MEE S 15.0mm 1IZ7%E L (8 S35 + 0.1mm DLTF),
BEDED)TRTOIE) LENEHTHAL CwihnZ b4
MR L7229 2 TEBREIT).

FEERIZ1E Apple iPad mini (AJIFEIE 159.5 x 119.7 mm,
fRIEEE 1,024 x 768 px) B & UF Samsung Galaxy S6 edge (A
JIFHIE 112.6 X 633.6 mm, fFIZEE 2,560 x 1,440 px) @ 2 Fi4H
DT INA A& iz, Gl S Nz FEERT— 713 3 (Width) x
4 (Interval) x % v 7520 [ x 7/3A A 2 fHH = 480 [A]
(BTN Z12DOWT 240 [§D) 745

6.2 EEER

FEEAERZR 6 12/R”Y. iPad mini # W 7284, M
EO LOMEAY0.8mm D& &, HikE 0.8 mm T 100%,
1.6mm T 99%, 2.4mm T 99.5% & SFEETY v Filikic
B L7z, Galaxy S6 edge & fl\2 72354, MIFEAY 0.8 mm
O & X, FEEIE 0.8 mm T 95%, 1.6mm T 97.5%, 2.4mm
TIINDIEE L e o7, M2 1.6mm O & X, HEREE
0.8mm T 97.5%, 1.6mm T 98.5%, 2.4mm T 99% & 72 >
7o F72, BEAY2.4, 3.2mm O & &, fiEAENE 2.4, 3.2mm
T 90%LL L DRGEE & 72 o 72,

6.3 ROMIEE - FEREIC & S EEDEN
A EEBROME RS ) LOMEAILASI1I2oN T,
RERBEN TR D05, BREPILLS Z->Th M
DML L, BEETO Y v TR iETH
%. ¥§IZ Galaxy S6 edge & 27354 T3, HEREIELS 1.6,
2.4mm O & ETTRTIO% EOFERME TS v F 305
WRKEILTWa, —HTHROME 2.4, 3.2mm ICEHT 5
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s = (mm)
s >
=2 g e 0.8
&0
8 E 40 w16
Qo O
x < w24
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Tap operation using iPad mini
100 = = e
1N B,
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e X
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2 T e
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w £
932 @« H16
&
o 24
o
0.8 3.2
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Tap operation using Galaxy S6

6 iPad mini, Galaxy S6 edge & H\272% v 7 FEEGHR
Fig. 6 Tap operation experimental results on the iPad mini

and Galaxy S6 edge.
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REBRIIZI0HDORT T4 TR, 209 b,
LD 1 4, B9 L TH Y, FHERIL 22.2 5%, ik
AT 172K Tho7z. BZIMFEZEEPHRRTHEE OH
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B1IROAREMEHLTE A2 OIEEAT) .

71 2R
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FIRANTARAT VAR ENS, £ TR0 —Y
VHFRREND., EBRBMEL, T4 AT LA THICFER
L 725 EIN TR 24T . C OMIEEEIE, KED b
v Ny FEroTBY, fiRDT v 7y 7 PCIE
WHEEH SN v 7%y FEFEBICH — VIV ERIET
LHZENTEL, F9FAZ) =V EIZNT vy I8y R
M T 5720, (a) TROBENE I3 L TH — VIV
JEREAT)E— FCREIL (UK [4] ZH8), (b) DY —
7y NEBIRTAGEE Ty FEE (VT v 28y FE
MR LSY v T3 580E) #LELETLH. EBESNE TR
W=y PRIV N EEDYE ) v 5D E, KD
G =y NSRS FIRENS., =7 v P ASEIEINSEE
R 7 IR TEBNTHA.
WETHRIZL L 3D+ 7Y 227 ORI 24T 720
3DA TV bR LT Ty 78y l\%%{éﬁfttﬁu,
¥y FAT) = w BEERE L2 HBEDOERIT) . 20
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6
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T RAYTAVTIARTDINT X—F EHK
Fig. 7 Parameter setting in the pointing task.
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IEVREL. BEONT v I8y FIZBTA21)
TEEL, F oy TEAET NI 2%y REMLUALE
fEIC L o TITON B D, RFEBRTIZY v THRIEO R % &
Uy 7 EEE LCEHRET A,

HEER 121X SONY % VAIO Pro 11 (Intel Core i7-4650U,
2.29 GHz, 8 GB RAM, Windows 10 Home) Zfif 4 5.
%y F A7) — 2121 GeChic On-Lap 15021/ (AJJ%HE
38 344.2 x 193.5mm, fFEE 1,920 x 1,080 px, SO
17.5ms) Zffifi L, USB 2.0 B X O HDMI 7 — 7 V(2
Lo TPCIZEHmL, Fouilo ETEREIT) (X 8).
FEEx T A7 41 Hot Soup Processor 3.4 |2 & - T3 L
72, RAYT 478 A2TE, ¥y THREEBIZBW
THHZEBE DO E D o 723F X — % (HOHHE - B8
0.8mm, & 15mm) N3D 47V 7 FEFHLTEY,
58 x 33 = 1,914 ADOEEMEFHN (A JIHHK 92 x 52mm)
RO,

7.2 ERTYI L EBREFIE

&=y N OMEE A % 256, 512, 756 pixels (45.8,
91.6, 135.3mm) ZXETAH. T2, F—7 v FOEZFE W
% 36, 48, 60pixels, (6.4, 8.6, 10.7mm) IZFXET 5. /¥
T A= OFER, 3(A) x3(W) =9 THL. SN
FI1HAOMEERTZY) v 7 LTWwWE, Zhasib b L
RDOINT A= DAL TILHOHEZ 7 ) v 734, &
FHOMHDIST A —F DT Uy L REF TR SR, 47
T x9HED/ST A—=% =99 HOME 2 ) v 2§ 5
DxE1Xy bedh, EFSMEIT1L/3 Ly b (33007
V7)) OMBERATo 7RIS, FITTEREL 21y M7
COWE - RKEOY AT R, REFEDY - HLOFMHE
NENTI ).

S ENLERT -5, ¥y P11 x 85
A—FOMAETITEH x 2y M x 254 3D A7V«
7 P OFIE) x EEBEBME 10 % = 3,960 [H4> (3D + 7
Vb, ¥ F A7 — VEBEICOWTE 1,980 [§O)
b, FBIERNOA D ANT Y a v hLERITRT

X8 #EBOLvT4 vy (F)3DATV=r e (B) FvTFA
I = EMHLIZRA YT 4 v T8 R EBRORET
Fig. 8 Experimental setting: (Left) Pointing task with 3D-

printed interface, and (Right) touchscreen.
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FT1LADHTY 20 9HETH - 7.

7.3 BREER

&EF 3,960 MOFATADH Y, TDOHIbLITT— (¥—7y
MECO2 ) v 7)) Z93EITH-7 (2T —%F2.25%).
IT = %R L725AT IS oW TR L O & 5 58t (K
EHIE) 12X D &7 . £ EILEIZIE Bonferroni O T
e LAV

=y b AX W 2 EBRET— 512X > THIEL TH
SIRVEVEREZ TS 5 T [15] ARSI CIEERA L Tk
W (FILE - RS DFER IOV TIESCHE [25) 22 8). 75 v
FIVEDSRA 7 4 v THREICHEIEET 5729 [4], f#
DLy FONENDSEHENT VAR 2 &0 7284 & v
A OBIERBOM G IZ oW T Eiro72. 22T
X, 8255 v F XAV LN TV AR % GO - %
Total MT, L—YDIEHKY v F /34, 3DA 7T =7 K
FAZHE il L T B % Contacted MT L %EF+ET 5.
7.3.1 b~—ZILE(EEEE Total MT

FRIRSPEONI2DIF A (Fy 15 = 344.653, p < 0.001),
W (Fp1s = 31.556, p<0.001) Thotz. F72, ANT
INAA BDATV2r bR F v FAZ) =) DT
RN o7 (Fig=1.304, p=0.283). LEILE
DFEF, ADWRKREL L DIEE (TXRTD A OMEF K
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p<0.01) MT AR L7z, FHRERIE3D A7V 27 T
DEVENT 1,595 ms, ¥ v F A7) — > TOEVED 1,553 ms
Thotz, EONXNTA—YICOAREGRAEERIEE >
Loz,

7.3.2 EMR{ERRE Contacted MT

FRIRDBESNT=DIE A (Fy 15 = 275178, p < 0.001),
W (Fy18 = 74.740, p < 0.001) Th o7z, F72, AJJTN
A ADRPIEH SN E o7 (Fig=0.033, p=0.860).
SEIBOMER, ADVKEL B 513E (TTD ADHE
FHITH LT p<0.001), T/ WINSLRBIEE (KK
Tb p<0.01) MT KL, FHEMIZ 3D A7V =
7 N COFNEN 9479 ms, ¥ v F A7) — 2 TOEIEN
951.6ms CTHorz. EDINT A—F IS HEELRZEHFEH
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733 I5—&
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40/1,980 = 2.02% CTH - 72. TNHDOTF— 1L, —fki%
74y YOFEANIBIT B A7 L) bEhIckv Tk [22]
Tl 3-4%).

7.3.4 71 vV DEADOEEEDIRIE
T4y VOFER [T ICEBE, MT &% =7y FDIXT
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S 1000 Touchscreen
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9 (a) Total MT & (b) Contacted MT D7 1 v Y DEHID
Fig. 9 Fitts’ law fitness for (a) total MT and (b) contacted
MT.
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T, MHREIEIE Index of Performance (IP) DEAS T 4 v
Y OEH OGRS FE SN B [22], 25 IP X
IDyean/MTpean [bits/s] TH V), EEETIHIT L7 ID OF
YMETH A IDpean &, MT DFEROFIETH 5 MThnean
& o TRDD., F72, IPDORGDEFRE LT1/b bits/s]
b HCI I BWTHRHEIN A Z L2 5. Wobbrock
522 &0 TIRESNTVA LI, INHMHIZON
TIP %RT., —MNBIBEL LT, 7N AFEAT
TFHEOIPHFREVIZERVWERLZENE, 55N/ IP %
R 1IRT.

7.3.6 714 v VDOEAIZLBHMICDOVWTDHER

12X, 3SDA 7V 27 bafiHTLEY v F A
g0 —=r X0 P OEMUL R BEHATH L. Ll
3DF 7Y FOFMIE Total MT, Contacted MT B &
VLT —RIIFE BTS2 ol 20X %
(BETREZY) HETONR7+—< Y AETOREED 12

677



BEIEF =R EE Vol.59 No.2 670-680 (Feb. 2018)

£1 HEFNALAMO IP O LK

Table 1 [P value comparison for the two devices.

Total MT Contacted MT
IP[bltS /S] l/b IDmean/MTmean l/b IDmean/MTmean
3D-printed
interface 2.06 217 3.36 3.65
Touchscreen | 2.16 223 4.03 3.63
Compared
to 4.12% 2.46% 9.22% 0.544%
Touchscreen | down down down up

10 FIRE 3D A7V = b T v 8y FEEAZ OV
PRIZ & ) HuEREE 2 s, Y FHEIC X ) X— L4705 B
Fig. 10 A hemispherical object. The user can rotate the earth

by scroll operation, and zoom by pinch operation.

LT, REOBENEZLNL., ¥y FAZ) =Dk
MY 2T, B2 AL —RHAT LN TR, —
F, 3DA TV FOREIHOMP VWY A IZL-T
MELZTHH- T, BDIDIISHLOENHo72. 2D
LI 2HHE DT INA AR DE DD DL D DD, 3D
7V bOVEREIX TP 58 2 5% AR L A MERED T AT o
TWHEWI EDSHAE, L2d-T, 3DEF 7V 27 b &
R L72ATYH, Rt ToIciBs 5%, Kl LICHE
WY — MRV AEZET, XY F v FRAY ) =R
WIREESFERTE L EEZONDL., INHLDZ END,
RETHETHLID ATV b EMh LTy FI/8RLD
BUEIE, — R RA VT 4 ¥ 7 TN A 2N ERE T
HREZS E VR B,

8. 77U — 3

8.1 ¥HEI>4T71—-X

X 10 I RETHEICLI - T, FEHEDO T v 7K=L D
EIBA vy T —ARER LB THL. DAV F
T = AL o TEAFTRE LR HERE Y = — T 2 E2 L /2,
I—HFE O EREA TV 2 b EEAZO— VIBET S
C & CHENIHE S N IEREE R MR S, B U TR
FoTA=L%FTHZENTE A, LY, HHEIZH
] S AL H Bk A AL CE) D LT B L) igE
REE e L 22 B, TDIENICH 3D 7)) v ¥ 2EHT A
ZETarrFrYIlEo B ER WL T 5, FRA BIEIK
DAY T —ARERTE S,
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N 2
11 WIS s 7y 78y FefFo s — FAR— F HMD
Fig. 11 Cardboard HMD with Trackpad.

8.2 lEICrT v 7/Ny REHDH— KA— K HMD
B 11 &, REFEE S — FR— F HMD S L7561
THb. ZNICL D, Samsung Gear VR*I 23D X 9 7
FZ w78y P& A — FHR— FHMD £H FICfka 2 b
THEET LI EHNTE S, FEATHIZED MilboxTouch *2 [26]
1¥, ExtensionSticker [28] ZJEH L 2 7 10 — )VI{ESL AT
A7, MEREER EA 7y v F AT ETTREE LTz,
L7 L, ExtnesionSticker DJf ¥ |-, ¥ v F /X% )V L TD
1TRIEHMDA 7 O — VEFER S v T AT L FEESE 5
CEMWTE Loz, 7UF T TINENL &I L) EERE
XY — Y DR E LR ICEE T, 2 KITCHREOFER D
TR D B 2%, LETOL A Y ORMBAHFHEL & D(R%IC
W H 2 TLE ) 20y v F AR OIS #HE & 7
% . ExtensionSticker 28FE SN T, ZEO T L+
TIWEM G EDFENFEM M L7z 2 ROCATDFEH S
NTWahofz, T LREFEZHWIUL, L&
WA LY T T A THRERT AV T2 — A%, BY
CEESTLZENPTELH. ZHIIZE Y, HMD il ECTo
¥ FREICEDRA VT v 7R TEEAT, 3L
DOXNTF v FHRERE, XVEREATIDVRRE RS,

9. FLHESHRDRE

REFZETIE THHBEER 2 K008 v F#HIEDTHE % 3D
F7Vzr b BEEELFOICHAAERLL. REL T
Y7 MEFDM AR 3D 7 V8 EHWA I ETESIC
Tu AT TEL, FDM A 3D 7)) v 1%, &
WmTHEP LR @I bl THRAERQATW 2 L
THEILT 5720, TRENZWREL 5 L3#L
W, F 7z, RIFETIRY v F AN EISE S L 72D DERE
PEFEMELTT T 7 20 _—ZADEEBEZHH LT
b, FOO, BEFHEIILoTERLEZID ATV 2y
&Sy FRXANETHEHT LI, 7y F 2880 T 4 A
TLADO—EIEREND E VI RENIH L. ZHIE5E
TRL72Y v FERBIEOEEFEICL > Th HFREFEHT
&%, 2F), mE) LoOMBEWENICED S Z LT,
L= YDV B ATIERO W 2 Fefr LoD, i1 |2 H2fil

*I https://www3.oculus.com/en-us/gear-vr/
*2 http://milbox.tokyo/milboxtouch/
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