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Pop Up!: 3D Form Display with Coil-type Shape Memory Alloy
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Abstract We developed a display for presenting 3-D shapes using a pin-rod matrix. Due to a wide range of movement,
the display is capable of presenting large-scale, dense objects such as human faces or geographical features. We used a coil-type
shape memory alloy as a pin-rod actuator for building our display. We first designed and evaluated the system components.
We then constructed three different prototypes. The first prototype has a 1x64-pin-rod matrix, and each of the other two
has a 16x16-pin-rod matrix. The prototypes have a 30-mm range of motion and a 5-mm pin interval. The prototypes are

sufficiently accurate for presenting subtle surface structures. Our goal is developing a dynamic display that moves in real-time

and that also works as both an output and input interface.
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Replay of
reflective light ray

Replay of volume
and surface structure
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Two methods for displaying 3D shapes.
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Example application of a pin-rod matrix type 3D shape

display.
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Developed prototype and its required dimensions.
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Original rangefinder data of human face for resolution re-

quirement analysis.
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Matrix size simulation for the human face. Numbers in

the figure indicates the number of pin-rods.

ELIET A AT LA ELT, H<IEH AT THRE LT
AR Z I 2 RT 25 OPTACON? ([ZHhE D, LD
2 < ORITOINTND. EEBEREY L~ N 7 X%
KT 570100, EoYyHEFOIRLY L /A RafiL? %
FALIET 4 AT LA BREINTND. Zhbo/NT
JFaxz—H%, B 13mm ey REHWT o
DO ruy NElEzE R/ 24mm CRELZE~ U2
ARERRERB L TWDHD, BATEHcH - oA he—72
LINFRIz 720 ieh, BRRA hr—27 RBRITE FRO 53R
BEEAEFEL RN TH-7-. —F, vrry RICE
KIRVEBNA b v — 7 ROF 7 ) Bonte ) B Rl 572012,
P —RE—F 101 2N F 4 AT LA DL RR X
N5, ZRHIERK 30mm mitgOIEEIR b v—27 BoR
HNOHEREERLTCNDN, T7/Faxz—FDOYA X
DRENWED, Br~ U7 A~OE G EEE DM &
R, EEBECRE AT RERRETH -T2, U
FXY, Htmm 2B HERRA b u—7 2L, kB
DOEBEEER LYy~ N 7 AT 4 27 LA 1,
INFETIHFEEL W -T2, w2, Fx DIRETS
FUAT AT AT NI D2 HE R T 2 & T
BUERDHLbDEEZBND.

3. REFEREZOFM

SWIEIRT 4 AT LA MFTLEOIRE BoRT 5121,
(69) 69



_— Pin array dipslay

@

Actuator

()

Pin-rod

~e.
*| Sensor

(4) Positional information

e vr~bhlUsAMIRITIIRT 1 AT LA D4OOESE
78y AT LR
Four important components of pin-rod matrix type 3D

shape display.
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Driving principle of C-SMA and Pin-rod.
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(a):Evaluating C-SMA under various conditions.
(b):Actuating C-SMA with 12V and 40 V pulse under soaked
with coolant condition.

T1Hz BRETIEH 25, BROUEF 2RI RIVETFA T
XHMHEETHD LB X,

3.2 Ervov?Fk

TAAT VA HENBBEETH L7221, ey R)
ﬂ%&@@ﬁw:&#%ibw.*ﬁT,CSMA%%iD
WCEBEIZHY AbETCLES &, BEFE LTS C-SMA
WZAECEBRNTEoOY a y RO C-SMA ICE84% 52 5
BENRDHD. £, BHEROIEERN M BAZHN RT3

# X O3/ ILRBREREESERAV3RABRKT 1 AT L1 DR

Pipe shaped pin-rod

i

Switcm

Coil-type Shape Memory Alloy
} Stit Diode
(attached to the pin-rod)

Spring

Marker (mention later)
B9 vrmy ROk
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switch array
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Diode

Power supply == J
-T—

(pin-rod & spring are omitted)

Downside switch array
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Matrix drive circuit. The number of actuators is N X N,
but the control input size is 2N.
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Display upper side (touchable)
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Measurement method of pin-rod position with camera.
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Relationship between requirement for 3D display and our
devised method.
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Moving Direction of the wave
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1 x 64 pin-rod matrix prototype presenting waveform

movement.
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Computer specification for controlling prototype 2.
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16 x 16 pin-rod matrix with improved system response

using cooling oil. The character "U” is presented in a

top-to-bottom scanning sequence.
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Comparison of system requirments for presenting 3D hu-

man face and developed prototype.
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Pin-rod matrix display

o
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Concept of 3D form display with color representation.

6. & H» Y I

ARET, BAIFBHOE L~ N 7 R X o TS
%, 3WTIBIRT 4 A7 LA Ofifile T REBELHIZONTH
B, aA VRERERSESZHVWTEBTESZ LER
L7z, BYELI==>D7 a & A 71X, BERBRETEIZ
TALFRETH Y, AR hr—21%30mm, BITE FhIC
0.1~0.5mm OEFETHIE T B L 2fERLT-. I A
T & RWTALE G FE ORI A EE AW L CRERR L,
FEEBICE > TT 4 A7 LA K 0.5-1fps TEMET 5
ZEERMERR LT

LSBIET A AT LA BT O 7y REEHESCL, P
DBIEL Y bEBERE S EE LM EREEND. F,
vrmy N7 7 A N EQENREFIALT, B~ b
V7 ZATELY RIS - BlE e ZTHRET S Z
ECIHERETEAZIET 22N TEDE4AH (H14) .

Fio, EBRCHERREBRTL2AKT 4 A7 LA OFR
EENPLT, WIROERORIE L TERAT b5 AN
2AVETIT AT T A AT VA B RHTHZ L HAMRET
5. AR LA RET 2 X 5 20T, HHZEMN
D3IDETNERT A AT LA TERLZET, EF TR
EERIEDICHANEZ OGNS, ik, PHANToM?Y 72
EDA U HE—T 2 A AT L 2o T2 HFIC K DB
7 tEMANZREL L, HMEMNOIEEL LD X L—
R DEZDHZEINTEDLEEZ TN,

(x #)
1) #N, BN, PEEF, #E)Il, KA, @ ” The Great Buddah Project
—RHBSUEEE DT VA v a T /b= 7, ARN—=F 3 LU 7Y

7 A i, 7, 1, pp. 103-113 (Mar. 2002)

A L TEER NI AT « 7 iRt D20 O NMEHET — 2 47, 31,
AR —E 2 (1996)

3) WIATR :? 3IRTT 4 A7 LAY, BUL, FEEXE (1992)

4) Rill, A3, TS 28w G - Mo N7y 2, B, dE
5 (1994)

VERREEAE, BT, Vi, PiJs, B35 - 7 AR Do sl e,
WO, Bt H RNt (1992)

2

=

5

N3

BURIER A T « 7FREE Vol.60, No.2 (2006)



[=2)

)

7)

8)

10)

11)

12)

13)
14)

15)

16)

17)

18)

19)

20)

BRAGIEHRA T ¢ THE " EFIHRT A AT VAN RT w07, B,
BrJm\f# (2001)

J. C. Bliss, M. Katcher, C. H. Rogers and R. P. Shepard:
”Optical-to-Tactile Image Conversion for the Blind”, IEEE
Transactions on Man-Machine Systems, MMS-11, 1, pp. 58-65
(Mar. 1970)

I. R. Summers, C. M. Chanter : ”A Broadband Tactile Array
on the Fingertip”, J. Acoustical Society of America, 112, pp.
2118-26 (Nov. 2002)

== ARASHL, http://www.kgs-jpn.co.jp/ (2004 £ 11 H 1
ABIAE)

M. Shinohara, Y. Shimizu, A. Mochizuki :” Three-Dimensional
Tactile Display for the Blind”, IEEE Transactions on Rehabilita-
tion Engineering,6, 3, pp. 249-256 (Sep. 1998)

D. T. V. Pawluk, C. P. van Buskirk, J. H. Killebrew, S. S. Hsiao,
K. O. Johnson : ”Control and Pattern Specification for High
Density Tactile Display”, in Proc. of the ASME Dynamic Sys-
tems and Control Division, ASME International Mechanical En-
gineering Congress and Exposition, DSC. 64, pp 97-102 (Nov.
1998)

C. R. Wagner, S. J. Lederman, R. D. Howe : ”A Tactile Shape
Display Using RC Servomotors”, In Proc. of the 10th Symp. On
Haptic Interface For Virtual Envir. & Teleoperator Systs., pp.
354-355 (Mar. 2002)

GIOWBITS, http://www.glowbits.com/ (2004 4 11 1 1 HHIfE)
D. A. Kontarinis, J. S. Son, W. Peine, R. D. Howe : ” A Tactile
Shape Sensing and Display System for Teleoperated Manipula-
tion”, in Proc. of Int. Conf. on Robotics and Automation, pp.
641-646 (Apr. 1995)

P. S. Wellman, W. J. Peine, G. Favalora, and R. D. Howe : ”"Me-
chanical Design and Control of a High-Bandwidth Shape Memory
Alloy Tactile Display”, In Proc. of the Int. Symp. of Experimental
Robotics, pp. 56-66 (June 1997)

P. M. Taylor, a. Moser, A. Creed : ”A sixty-four element tactile
display using shape memory alloy wires”, Displays, pp. 163-168
(May 1998)

K. Ikuta, M. Tsukamoto, and S. Hirose : ”Shape Memory Alloy
servo actuator system with electric resistance feedback and ap-
plication for a endoscope”, in Proc. of International Conference
on Robotics and Automation, pp. 427-430 (Apr. 1988)

by, PH, A, BRBA, L, 8o RREREA & v 3 kT
KT 4 AT VA D, AAN=F v )T YT 1 25 8 IR
4R, pp. 247-248 (Sep. 2003)

M. Nakatani, H. Kajimoto, D. Sekiguchi, N. Kawakami, and S.
Tachi : ”3D Form Display with Shape Memory Alloy”, in Proc.
of 13th International Conference on Artificial reality and Telex-
istence (ICAT), pp. 179-184 (Dec. 2003)

s, #eA, BEn, JIlL, &2 BREEESE M 3Tk T «
AT VA DHEIETFE, AAEBFZI0RT 47 2« A0 ha=7 A
IR RT 4y 7 A« AJ ha =7 AF#HS, #H2 CD-ROM 1A1-H-9
(Jun. 2004)

# X O3/ ILREBREREESERAVN3RABKT 1 AT L1 DHE

21) SensAble Technologies, Inc., http://www.sensable.com/ (2004 4

11 A 1 ABLE)

At FE L

B 1B 2008 4, sk TR TR
3. 2005 4, [AIRKFBHELBFME T, [FFE LY RIAFESE
HARERICAERE, AAHHRISRRIIZER (DC1), Har-
vard University, Division of Engineering and Ap-
plied Sciences Research Assistant. filiii%H 2 5 =X
I filSET 4 AT VA DRSS,

ANV VAP E

B B2 1998 4, HEAS THHEHL TR
ZEFE. 2001 4, [FIRKZFRE EL#RET. 2003 4 X
D, ARSI LSRR T, L (R
F). MET 4 AT VA, NTBFEKS AT L8 L O
[heriee=

Kevin Vlack 2000 4, University of Ilinois
at Urbana-Champaign, Computer Science in Col-
lege of Engineering #%. 2003 4 XV, HITKFRFME
THWRFE - PG RAHE LI e, B0, =
YEa—BTTFT 4y A, N=F % LY T YT ¢ O
FEIAES.

HECH [ IAY-XY

BEO KEE 1006 45, dUtT ks kb
BFRRHET. R, () H2I1CARE. 2001 4, #Ek
e T IE R LI T, 4R & 0 Bl
RRACERPIE . 2002 45D, HECKFAERAS @
TERHEM T, Ml (1) v hU—2uks 4
T ABLON—=F ¥ LY 7V T 42T DRI 0EE.

hoh# uE =

JIIE  TEf} 1096 4, U rg ks Koppm 1
WFERMET. 1999 48, BURKSE RSN TR RH i+
MREMET. [A4E, [FIRKRER: TR R, 2002 4
L0, FEAKFERME. L (T%), A—F LU 7Y
T 4 DWFFEIZHET.

=5 ITIL
BB 1973 4, SURCASASR: TR
BHELRRE T, R4, KRBT 1975 F L VlES T
HBe i 2 4% C, 1989 4, HURKZ IRl 2 Rttt
WigEt 7 —Bh#d%. 1992 4, [RZd%. 1994 4, [FK
K TR FER 2. 2001 £ LY, FIRKSERE SR
TR R . L (1%F). Ea, §Ekn

Ry b, TUA T VAL A0 EORFIRICHES.

(75) 75



