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Abstract: A current digital fabrication tool such as a 3D printer which has become popular, however it
takes time to create objects and the material is disposable. Therefore, we propose ProtoMold that combines
vacuum forming and dynamic shape-changing surface. The user designs a mold by controlling a pin display
using a gesture input and a depth scanner. After designing the mold, the tool heats and vacuums the plastic
sheet. After molding the objects, the user can reuse the material by re-heating the plastic sheet. By using
ProtoMold, the user can re-create trays according to the shape of daily foods. This leads to reduction of
transportation and materials cost. Furthermore, by printing techniques on the surface, it is possible to cre-
ate a three dimensional map which has a texture on the surface and prototypes which has circuits with a

conductive ink.
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1 ProtoMold % i\ 73T FH
Fig. 1 Fabrication process using ProtoMold.

2 ProtoMold D& Tk
Fig. 2 ProtoMold input methods.
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Fig. 5 Scanning input.
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Fig. 6 The shape changing tray.
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Fig. 7 Character masks.

4.1 BROWICEDLEE LA
I—HFORAZEIIZIE U T, TNENOEFHHHEYIC
PEND b LA ZHBNICEETCES (K6). ZhiFA
FYOANEVT NI 2T AN ERHCTHERT 5. T8
mEBIEHRZ o T4 A7 LA O EICEE, FEBICEE S
NIREN XA T TEMOBREAFY V35, Bk T7—
Y%7 b TR Lotk BIRT— 5 OF S & ik
THIET, TNTNOLGOEADPEE SN/ LA D
ERDME SN D, 2—FDOHADEFIZS U T 2 b
BRI T &, TS OIREEIZRE L IR
THLIENTED.

4.2 A2z ANDEICELE/-BE

— 7 BIHE, £ A2 RAWT T L ARG CREEE S
5. —Ji, ProtoMold # A% Z & T, K4 IEko~<
A7 HFERLAMEET LI ENTEDL (M 7). TTHEED
A7 HWT, 2—YFOEHDLIRT— ¥ LG 77— % & il
B35, FoBEROKRRIIA 72y VT 5 %
mwfﬁwﬁﬁémmbtm,@%W%%@%ﬁ?ﬁ&%
TIEREE D, 2L 2 ITBRROKIYT, KRG DHIC

289



[BEAIEF =R EE Vol.60 No.2 286-294 (Feb. 2019)

8 WM/ S AN — 4

Fig. 8 Dynamic maze puzzle.

9 #HENYIzL—vary

Fig. 9 Designing a landform.
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Fig. 10 Printing textures (a), printing circuits (b).
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Fig. 11 Shiny toy with built-in switch.
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Fig. 12 Fitted HMD.
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Fig. 13 HMD touch sensor.
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M 16 1—FA¥FAEH (a) BMEFEAICLLT TP 2—F, (b)BMEBICLET v
¥, (o) #EH CICX B8, () HBEDICLEL Y-

Fig. 16 Examples from the user study. (a) a lamp shade made by Participant A, (b)

a badge made by Participant B, (c) a pen case made by Participant C, (d) an

insole made by Participant D.
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ZMBEAZT YTy o— REERLZ (K 16a). SNE
Bix, X/ —=V 7 7272l CTHEGE2ERL, BIF
AR LIER S % 2 & C, [EOTIRDVARI 22T v R
ZEB L TWw/z (K 16b). &l TBE#E, A5 Ok
BTHRPEHRESEMRTELDT, KIROFBADHIEIZ
B L TCWAKEI 7O ATH L] L RTwiz, /2%
g Cix, BWHAREREER LA (K 16c). fRix, BAR
DRV EEYTAATVAWCEE, BUINE 202 MR L
BABLEREILTWz, EHOMEIEL 72012, 2 D07
T EER L, EWE&bETHEL TV, 2INE D IR
oAy — a7z (K16d). BEKEZ] L7
%, IIFEBICHO FIZE 2T, LOBIRIZE> TWw
LWEMERRL TV e, 2EFINB LRELE, Y —
VEERISE TV, KB, EEOEEEEETTRR
AL LCTEC 2 &, sk LB EE i b o T
ek Td %A%, ProtoMold # W THR% A& v » L72#%,
KOBIRDER # FMETEBHDT, 72T 7 7IVaklE
WZIE# L Tna ] Bl _Tniz,

6. BAEMRE

AW & FARIS, £ < OBFFEH 25 @ d I LR Y & &
THTVINT TV =Y a Y FEEREL TS,
WirePrint [11] &, BEfFD 3D 7Y ¥ ¥ ZHWT T4 Y 7
L — Mg DOV AR 2 W CH DT 5 FETH L. 21—
FIITEBI OK E SRR % D % WIETERE I CTHERR T 5 =
LT E 5. faBrickation [12] 1&, 71 v 7 & EOFAMN
ZEBih k3D 7 ¥ TEE LM vl Mg b
52 LT, BERHMEEMTEIHMTHL. INHi
FEREEM OERIIER L TWwa2)Y, 3D 7Y ¥ 2L
TWa 720, EREZEICRVETHEE, BUOMNOD5ER
TALEND L.

BTV OB 2 & % Bk 4 BIIRICEE S ¥ 2 & BT
FELELMESN TS, MOR4R[13] 13, BFL VT
MES 2 LIRED EAT R T — 7% T 7 ) VU]
D22 LT, SAERMOMA L ETEiRE TS 5 EETF
T 5. Jorgensen I&, MELL 727 T AWM EALE DR
WCECE SNBEBOE YD RICEC 2 LT, A LBOR
BROBBTHELRELTVA[16]. TRHOTHER, 1/
DO % HHICEETE 5705, 2—FFHTHlIF
DAL TELEDRD B,

Ty ¥aT— v FIVIZEAT MR A S € 55
T & LT, Incremental Forming [10] 156512 EH 2 T %
WY 720Ky b7 — A& HWT, BIEREZML L TR
BOEEORMPEM ARG BT SV AT LTHS.
Wang 5 &, EZEZRIE LB ERAMAGLET, EED
VAR 2T A FEERFEL T A [14]. ZHid CNC
DI FI7-BE P L ClADE Yy OF S % 1D
TOHBET AT, BIWAMAEKL TS, ZhbHo
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EIRTHE, BB EERE D L § OB E5720
ERICEIET A 2 L3 L. F -k E AT
57202 CAD  EDBREIV 7T b 2 T DAF LR LELE
T4, KR TRET LT, ErEhehilr s 7=
I—Y%MNEL, SRR ERRELFEBR L. £ 2
T v AR AT % CEEN B EFTTFE R RE L T b,
RIZECREL TV DB LML AT L EL
T, BED) =7 T Far—s OB RY 24T
TA AT LA THD inForm [9) BhHIFTHN5E. T AULEF
HOL—FIZEY Tt AT VLA 2 A L TMEEEAZD,
B O R 2B L7z §AHZENTS S, AFET
b, AOE YT 1 AT LA W5, BEERE LA
BRI TVINT 7T ) r—a DIl s, &
TBEOE Y TA AT VA DEBLYHPT I LITEREMIC
LW, RIBETERSNEBEYIIY 7T 2711
POMYIH L THLERZ LN TE S,

7. TEDHESEDELE

ARfaTlE, EZERE L BIMERERETELZE Y T LA &
AT, EERREEEIC P OB T LTV I VT 7
TV —3aryy—) ProtoMold ZRE L. EHIZA
¥ ¥ ¥ A SR HiH AT % & ProtoMold 7 5 Tl D ikFHT
FErHWT, BRI MK &% &S 255605, K
WO LN EARC WBE & IR S 2 k2R Lz, £72556
DGR, L—FILFE—OBEHR % 20 RIFHFAHTE, -4
A TATEITRTOBNMEN T VT 2 — A Y —
Ve EORIEMEHIET & 7.

FRIIZIE, BT 7 F 2T —% % RETHI LT,
EIMEETERMR Y Y T4 AT VA ZRET A, Sk
LEYTARATLARAWEZ LT, LMl MY,%E
Fro 7SR CE 5. BARMICIIZBSAECTHREI§ %
VT T Faz—ykEE, By S RN 3%E
TELDTY VI OFMEEL FIT A 2 LA TE S,

F BRI ARI 2 s W 2 1 5 720120, BE O Par
K% BE ) EbEDLLENH L. 4RI, AL TEHE)
b3 28T, AAWEFHZCHESTHIT 2 HELR
X35, 12 z2iE, EVTFAa AT LAOMICOuRy F T —
LEZRETLHI LT, MEORERRBIL, AL TEHE)
{tCc& 5.

EHIEYTAATVLADT 2 F 21 —% % KEULT %
LT, ALRRT R ORI Y & BRI T A
FERRET A, FMEY I TELe—5, Y
TA AT VA DIRGEEITEETH L. KEL EE2ERMT
ENBZ LT, LELEXIERTLIENTE, LET
BWEXITHOFELIZL T T A &N TES.

BE AWFZ213 JST ERATO JIIE G ABHMAE 70 Y =
7 & (JPMJER1501) OB L Y FEfi S 7.
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