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Ungrounded Pen-shaped Kinesthetic Display for Sketch-based Modeling

* . . * Sk
Sho Kamuro 1, Kouta Minamizawa 2, and Susumu Tachi™

Abstract --- In this paper, we propose an ungrounded pen-shaped kinesthetic display that exerts
force on a user’s fingers without restricting hand movements in order to support sketching in
virtual environments. To make this device compact and to satisfactorily represent the sensation
of touching virtual objects with a pen, we have devised a method to exert forces on the user’s
fingers by moving the grip of the device toward the base fixed to the user’s hand. We have
implemented the device and verified its ability to exert force. We have also constructed a 3D
haptic interaction system, whereby the user can see and touch virtual objects by using a haptic
device. The system also allows the user to create tangible 3D shapes by sketching 2D figures on a

virtual canvas with force feedback.
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ungrounded pen-shaped kinesthetic display
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Fig.14 Example of 3D models sketched by using the system

5 REIERBRRUET

5.1 Ry F AN T HIREIREDIREE

AEITIX, DRET4—R w7 ESRME DR RIZE
DR —=F )L Y L R ZAD BRI INAT DI TS
PRFEEATOT-0, T A A AN TR —F v LF v
NRAZRREINT-MEOI 27220, J1IRErOH
HE\Z L5 o3t T AR ABRBEO 2 A iR 3580
IEBREITHoT-.



BARN—FvIILYTI)T1ER

15 ([CEBROB 2R, RERICBOLTCL, N
—F X ¥y NRAELTAZY =R HIZ 30em P45 D
WmiaALE L7z BT, #mICEES 20cm DM EFRL,
WERE AT AN R AN TENEREDIHIER
L7c. v 2O T HHEIL 60 ETHY, =
AUTERDOAZ) = OEZITHE L. 4RI TICHB VT
X, BB X E T RRESNTZH ORISR T R
AD et G, NI ESNTEATIRZ
EIRL, ZOEEIIFIE > TR T S 2 &8
L, BICREL DR Z AT LWV I EA T 7.
PR 22— g BRICB VTR o N AT B ED
ROHEARELCTAERSNTERY, 4.2 #ilicCGlik L5k
HREICE SN THR v AR O LR 5 1 O 52
NIWE S, TAAAORBI)EC T T OFERINT
s, W ROFET 2 38, 4 5 [T, 10 347
Z 1 By b L CTEBREZIT-7-. #BRE 1T 20 X B 3
£ TV, REEAREXThHoT-. E—FDOEEN S D%
ZHER T A2, ERIT YRR THOHES 2
RN ITo7.

16 12, BEA-70 7 ST-BED U AL ORE 5t T 5
LA - BERfE D — S GR 72 S35 5 7 AR O cHE & OV D
IEER EE R T . FHRE O T, HRORTRELT
DIRWEEAN 712127 mm, NEOIREIToI25A1T
4913 mm CTh o7z, A EKUE 5% LT q g O
FER, 2 SOLMORICHBEZENRDLNT-.

FBROFERDND, T 2% N IR OFRITIY,

N—=F X L 72F v L NAICx T D A EREICEB T 5 H
BN TN IE L DRATE I M ORI T D2 L3
BTE-. SEIOERTIL, 27y F ANEITHENT
L2l —TarBRICBITAT NAADNMNEE R T TR
FUNTFRSINT, BRI T30 LU THEBRE 23
FAHSEDDIZFRRENT-AZ)— DL E L EMFIE
FDHEDDOFONEDIRTH-T-. £z, 4RO FEER
WZBITFDFX Y AL, A7) — BT, bbb
— ORI [ B EICALE STV D, ZHUTED,
i IR ZE B KON IR IT B O ND D OO, HFRIC
KU CTHRATE 7 [0 Ok A 720 B 2 AR5 I D 0D
EREICHEE T HZ 1T HEL L, WARTL 22 D B %42
IRLT= S AITE N OF O EmkEN. DR LR
RZEmAG L2 O TR LA, 2hHotEH
ERALTHB 52 8128D, Fvi AR BN E D
HEEDRMATONIZEEZOND. LLEND, 7%
VAT MBI L IR T 4— R w2128,
—F ¥ VI AN EHRIICERBL TR CTHH NI L
DRSS,

$XEE  Vol.16,No.3,2011

K15 R7vFANKBROERRRZ
Fig.15 Setup for sketch input experiment
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Fig.16 Result of sketch input experiment
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