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Development of HapticWorkBench Supporting Various Types of Haptic Devices

Hiroaki Yano *!, Naoyuki Kakehi *2 Tetsuro Ogi *3, Michitaka Hirose *3, Yoshiyuki Nakagaki *3

Abstract — This paper describes the HapticWorkBench, which can support haptic feed-
back device. There are various types of haptic devices which have various shapes and
functions. Most of immersive displays are rear projection type display and can not be
used with some types of haptic devices because those devices hide the images projected
on the screen. We developed an immersive display called HapticWorkBench which can
be used by both front projection and rear projection freely.Therefore,it can be used with
various types of haptic devices. The callibration method and the influence of the tracking

error are also discussed.
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1 HiE#SE HapticWorkBench
Fig.1 Configuration in front projection
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2 T % HapticWorkBench
Fig.2 HapticWorkBench in back projection
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TAREME OB O R E I & ERT 5 Z & THEEE
KD B=DOREERD D, BAEMIZIXRBZEMTE
LAY - OEEOMEIZ— 100mm DIEH
BEERRL, AVU—2ETOFOREINERLE
NWKEZIRB LD, OV SLAETAIY—-2D
KEZIDREERLGTS. ZOFEIIHEKTH—0
SHHREDEEEZZITBRVWENIFRbH S,

6. AREEMEDOTNIRBORERERR

HapticWorkBench O£EEZ T 57202, &>
YRECLHDHER AR ORRMNEO TN EDRE
HDLERBINDONERDDER LT, ET
INA ZIZE PHANTOM 2 W, ERTR/RLAEZD
13, 130 150mm O HETHS. EHRIL, (1) £
EERI YA E R 0 72035 R E I E S E AL
BENEDILDIMBETNA AOXZFREZENLTHS
W, BOMEEZRIET 5. (2) EIhbhAflEEfE
NTNITNA ZADXZFHREEZHNLTHLH L, HEL
HEDOAR—BNON 2 XD o ROBEDME ZH
FELR. F, ERICEZZfiloTWBONEERT Tz
», PHANToM DR > DM EERZTRERA > %
ZEE 30mm ORTEEALENNHDBEG EENWE
BLETORBBITo . 28, EBR TN AEROHIE
BLULy PEHBRECERHICMMDSTH5 W, K
DIRIRNLE EMBOFERMBEN TN TWND T &0
TEMEZMES U THRE LUz, fimEs & EmE
5, %h%mﬁﬁffyyéﬁ?btﬁmtbmm%

DDANRY—TDNT, #8%ES AL, EFY
JhEIETOEHHEBIELEZ. EROBRTERIIZ
R

EBOHREK 10 IR, fp IXRTHERH THRA
>HH0, fnp FRTAKN TRA > FEL, bpldHE
EF TR HD, bnp IEEHEHF TR 2%
|LEHSDOT. R HVOFE, HEEH TR
ZORBOMMEIZTEET 16mm BETH-o 7. FiMl
FBH T 48mm THo/z. WHFIIR/NMNEERIC

9 HELMEOTNOHFERAMEERD
T
Fig.9 overview of limitation measuring ex-
periment
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Fig.10 result of limitation measuring exper-
iment

HZEEOREETOREZARIEEEHETIX1 %
ERBRTHETH o=, RiHEEE ®ﬁ#k§<mot
HHELTIE, HOOFENEERABRWZDEENK
ELTHFDTNERH LIS WI ENEZILSNS.
HapticWorkBench OMMRIR R B EILK 4 25 &
TB5E16mm EO/NSWETHDI D, KT A
WBHERTRETH B EfEwmDIT 5 NS,

4ITEB EHIHEBRF O AN Y —OEENLD
MEBDOTIUCEEE L5 X 50, AERERNSITIARM
MBHFTEDTNOBMEICEE L TIERTE RSN O H0E
W, Lo TRITERH THWS Z LA aRE/a il 7
NAZATHNE, oY —DBEE 16mm LA FIZF
FeNBNEEIZIE, RiEEN THEATS I ETHRE
DEEFEBTEDLENRD.
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15mm, HIEHH T 37Tmm T, & 5 M7 FHALS
BEERD, BEER TR YO BIILBEE
ERES NN, MEEHOSSEF @IS <
o THBY, BALHIEBARF 21— NESOFE
HEORBIAEBYBEGATNDIENDND.
EACS T SR BEOMIBEORE SITIL &L
Fik T IEBERR SN0k, TS0
R OIEEEIC B 5 B3 SO T IR O E B RS
FEARTRT 22 5 T BRI [19] & & Wtk O ElE & i
ETIHE—RAESIAFAL TS

Eh, EREEOWREDBIEN 5HA 28 EHERL
IRVBEIR, RIEWED ED B0 Efiibo TN5HOD
DHREDHH DN 5N T EMSh T, TOH
& LTI TN 202 ko TBEATEN S T &,
BTN A A DEAEIIKITR S0 T ERENE
Z5N5.

7. F&O

AT, CRTE O 7 ¥ %2HNTHE, #i
HHNZEHBICYDEZS LT, IEIEME
TINA ZUTHIE L7 ARI T + 2 7L 1 HapticWork-
Bench OBRZ{To7z. /2, METNA X LRKFIC
ANWBDIZ, AT AT ATIHFICHE SMEOIRR
MEN—HTHIENEETHS. T I TEAPHETIE
HEMBEBOFRRENHAR EMEOTNICBXITTE
BiroW ki aiTok. SHBROBEEL T, L&
TIHDORIyF O UEEER LI, BEEE%RE
LT ZENETENS.

1%

ELYOREICLD ARADREDFREHEER
g ILDEBOTMBOFRE (z.,y.), IBHEEEE
% d,, MKOEER 0,d) CHDET S, WEOS
ZRVWTWD ETDE, WHOEN (er,6y) 1 e, =
d.cosf,e, = d.sinf,0 = arctan(ﬁ) THH, £
HOMEFIZZNTN (z. + er,Ye +€y), (Te — €2, Ye —
e,) E155.

JAXZKOBEOHEMN (de, dy) B L2 LTS
L, 68, EHOEEIIENETN (2, + e, + dz,y. +
ey +dy), (xe — ez +dr,y. —ey, +dy) £73%5. (ZZT
BAEOEZEINEVWHOE L TERLE)

JAXMEENTZHOMNENSHA T —2 LD
YA DG GREZZAILE) 1, MREH 2@ 5EF
ExHEDRRIZDT(D,,,0), (Diz,0) £E725. 72H
Dy = ettt d D, = et a Th s,

EBEOHOMEBEEREZZALBEZEALEBRDSL
BXE, GHA y=a.(z - b,),EBR y = az —

bl),fij:s, a, = %,bT = D”;,al =

sl b = D, THB. TO2HEBROKRE

Ko B & (eeheub eratle=bily o7, kDB HE

ar—aj ar—ay

2T OREE (0,d) LD E2D.
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