AL—J D

1/2

R—ZADEFHFEEELI=/\1FTZ/LH

47-206710 #HA Fi
REHE ek i 2z

The objective of this study is to compensate for the inertial force generated in the slave hand and to present a

realistic force tactile sensation to the operator even under such circumstances, when the stage stand itself supporting

the slave has movement due to the force received from the external environment by the slave side mechanism in

bilateral control. In order to calculate the inertial force, an acceleration sensor is attached to the stage stand of the

slave hand, and its motion is observed. The inertia force is corrected to the command value of the slave side after

adding the position control and the force control. The amplitude of the vibration of the master output is evaluated,

and the amplitude of the vibration can be reduced in the proposed method, so that a realistic tactile sensation can be

fed back to the operator.
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Fig. 1 Block diagram of acceleration control based

bilateral control using accelerometer (slave side)



IORIZB T Ban oI VBEBEENDE AT —UH
DINHETH 5,

o7 ay 7RI L BEIEEITIGEAE. T ALV ER
ORI DT 7 F ax—F ~DBERETMELIE, KQ)D
L9275,

100
¥ 100 1
LD > B 1 HIIEREZ, &2 X hH#EEE£L
THEH., ZTHEROFIEAFELFL LD TH D,

—HF AVL—=T N ROT 7 F a2 —H ~DEIENE
I PERIE Tli~ A X ~O BT SE %2 s <872 X(2)
ThD,

Iy = Kp(Xs — X)) — Ssz

I, =—-1I, )
ARIFRICBWTHRFEL LTRET SHERICBWNT
X105
a
u 3)
Lhed, ZOFE2HEDI L, alIAT—VHEOMEE, M
EAL—=T N ROBEZERL TS, ZHUZ X 0 1EMES
DORIEZETT S,

Iy =—Ip —

3 XEER

3.1 ®EE

2 BHENA TT T VHIEEERE & ER U R & ek
2, BEITEAGACABEEZRFS, AT 2lem] TH
%o BRENICIIARA 2 aAf E—4F (BB HROBSCI
V=T7xzra—F5ERT 5, %R skHzl CEEL,
F2N OFEN RSB, AL —T O%F 5 XNER T~ A
ZPNCRRE SN E— X 20 L TRIER B2 b D,
FHEIEIRLFICHBEE AZLEEZ AN TEZRD D B 5
WITIET D X ICBEL. 2 i TnbdE—% H o
B ZE L 5, A L—T BRI OV TIEE — X OB
B THRDTZVIENR 720 TE Db Licky,
WEZ O Z EOTE HHRHEELRF o T\ D, E A
L—T %X Z2DAT—URITIFZERNOWVTEY SELE
Mz 5 Z X viEfZEZ 3, Z0EHIAT—VAIC
B0 AT S imEEr o I L v BRAlSh b,

3.2 ERFE

BEBE N~ AZ NV REBEEAZELIETONATR
RETHIEZAT 9 Z OBERICHIRfT X DA T — V% F T
HLBIETAZLTAL—TDOBRICHENEZ NS, T
RTOEROFMER DXL ELLT DD AT —VHE
WX T&E 27200 CHRIGE. A OB 2Nz 5 X 5123 5%,

FEBIT @UEHRIE L OFRTFIEDO Z oD R L HlEE
T D0 fRx e~ A XN ROBEOZMIC I 5T
FERE LT 22 L TEL OBENLFET 5,

T, EMREEIEIC L - THE L TR EE T 5
BEIT). BEMNGMITEIEIZ X o TBRBEE L2y
L FoEETH LA TTE TR BIT—T
25[mm] DS HETH D, ZOEMEICBWT, AL—7
N RIEFAZAY RITBHET 2 X 51078 TRV #1E

2/2

FiE~ AL N RICfEZ2B L CEEZMA 5 Z & TA L
—T NV REEBNED, AL—T 2 RO HIEYR
ZERIE L, BUEEILZEREEIC L > TEOMIRZ R
%o ZOHEFL TV AEIERIZAT — U RIHNELE N
Z., BEEFRTCE DL, BEE I~ ANV FOE—F—
N R IR A2 S, 2oL 2 AL —713mik
Z[F U TR LT T D DT, BIEEDZITED S
bR AT — U BEB O LT TR T 5 Z &7
. “EONTHDHZ ENBBTHD

WIZ, ZOEREL LI RAZ AL —TOHITT5 )
DPERIEEZEZ TITH, HfFEE 1/8,1/2,2,3fFIc L e
FIZOWTORERERD T, HDIEKR, MM L 28N
ICOWTHETT 2, ZOLEAL—713MEEIEKRD S
VMR N ST ) THIE LR TWH DT, BEE D%
TELD TR A T — U BEB OB L 2T CREET S
TR, CEDATHDH I ENFEETH D,

B#IC, BEDEEZZLSPVEDE LAL—T N R
OHIZE > TERERZTH O &R LBE 2R
T2, FMFAR T THY, BiT— 25[mm]D7FH
BThbH, HFEFLTWDRFIZAT —URICHELE N Z
EENZ R 5, BIEEII~AZ ANV FOE—2—T)
WXV R EZ TS, 20L& AL—T13WE%EFE
CACHERE LB TV D 0T, BEE OZ TS Ffii
WFAT —UREOFELZ I CRHTHZ L, —
EDONTHHZENMETHD, £, AL —7 LYK
DEDVER SIS 2T — DB DEIZ )b b —ETh
V. ZODPWIEOIIRELEERNWZ LA TH
Do
3.3 FHEFIE

ERERIEICB T2 MR A2 THLEVSH
Db L AL —T 0 R E HEMRE ORICRET HE
RARERAIR~ A X IR ENHE—F —H1E LTR
Do TNDENEFET 5, EBRIZBWTAT—UHICnZ
DI X DM OB LY~ AX AL —T
NI % A I FEICB W T DREEE Sl
LWVWOEIAETREADESEDZ ENTELEICL Y EEMNE
P 24T D o IEIEICOWC, RIS U CRBT R R E,
AR MEZFHELZN O E— 7 EOES R &
T %,

4 #FR

4.1 BEMEREREICI>TRELTEIETTHHE

BRVEZ DS B IR 21 E L TV AR AT — PB4
SLS I v EE A = Lo RE2 R T, K2, 312X
BIEFICBIT D~ AZ AL =T HAERLTWVD,

B7e B ZOOHIENETITHOIK 2 B@IERIEIZE S
HIE, X 3B FIEICL A LODORERTH B,

X 2,8 OFRMERLD & A L—T7 K 1.5INIoH T &
2o TR, ZONEMFE LT, BEWEREZITRL T
WABZ ERbND, F2 K220 T~ A X OHR
HEA =T & KEEBMRIZH D A L — T RITHET



HECDLIRHBAHTLS 5, M3 ITBWTYRAZHN
DFFRITEMES) 2 H1E L7/ R 2 [T TIRE ORI
TN LD,

A
| 3 |
\/

o
3
o
7]
o
[o]
=

Power of Left
|

I
N

2 3 4 5
time(s)

o
—_

Fig2. Power of Master and Slave Hands by using

conventional method
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Fig 3. Power of Master and Slave Hands by using
proposed method
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Fig 4. Magnified view of the Power of master and the
peak value by using conventional method
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Fig 5. Magnified view of the Power of master and the
peak value by using proposed method

Tablel. Relationship between expansion ratio and
amplitude of vibration and rate of decrease by using
conventional method and proposed method

Rkt @ikiE OFBLTE S ER
xlfi] [N] [N] [%]
1/3 0.332 0.073 78
1/2 0.421 0.042 90

0.211 0.071 66
0.156 0.095 38
0.372 0.281 24
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target object by using proposed method
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