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Abstract A human operator is able to perform some tasks smoothly with force feedback for the teleoperation
or a virtual device in a the virtual environments. This paper describes a virtual force generation method with
which operator can feel the interactive force between virtual robot and artificial environments. A virtual force

generation algorithm is applied to generate the contact force at the arbitrary point

of virtual robot, and the

virtual force is displayed to the human operator via a tendon master arm consisted with 3 motors. Some
experiments has beencarried out to verify the effectiveness of the force generation algorithm and usefulness of

the developed backdrivable master arm.

Keywords Virtual environments, Kinesthetic feedback, Telerobot, Force generation, Master arm

1. A &
AZZ RS &3t AdS FYds 2AAE FAEAT
Golzl g el Yt 2E- o AJAFE YAEDT o7
A g AAgst dA Aol ool dAEte FFoR APL F
B 5 glojok drt
gy ¥AFAL AE FAFT WelA AdE FYsA
oF BlEr AQJA ¥ B FEY o= Ut o L F
S AdA AR g Er] HaiMe 9F 280 FAA
E FFstodol stn dAdolE Mg $8td B sde=dos)
2ZEHol7t Frldolol gl ol EAHEL BFH V&
o F&% A gEe N Jigo] degd wet s
dd 71YE g8y HFG £ it
THAEA Y 2rld e §F, &F 2ok Aol AlFH
o] NASA® Ames Research Center oM &= 7}3873 & ol &3
A AAZREY Aol L dolEle AHelo @ ATE FY
© 9 Wright-Patterson Air Force Base Aerospace Medical
Research Laboratory olA& AAIZoR ZEAlolA Wad 7t
RARBE AT A A7E FEHAL Hode 2 8

€ A7 FEAEA Zdi=Eln flen dAHAY A, A
9 22 STEBNAY ALY Lok ¥ dAFjrE FE L B

Ay WABHEA FAAMEBYOIE T ZokdllA A7 @
g D=l A2](3]04].

7HdEA e ATy BAERE AR 2L AP, 4T
2 FHE sigolth B3 Qzhe Alzbgivio] ojulal B}
HEZ Ao = %%%Z#(kmesthetlc feedback)2 Esld EAE
AA3HA Aok A FHGER el A A&7 WA S =7
71 A e AlzbR "4z $w ol Algat &S F3t
q =2F Jde SFTAE F43 FEY & glofok g

B drdMe o8 g 5@zt FHE Hi3d Y=y
o] BAl FEFASW HAHE & TAY + AT MY
AR 71HE Ao, JigE NHE 2HZ Y Aladd F
&387] Adtd 3 A= w8 S(Master Arm)& A} 83Hed
I ZEAHE BEEA

2. Al29 44

P A7 HAF BT MNP RES o fEd Az
AAE FTAAI 2 A4 ZES AY F Ue M*%‘—% 7N
st Zlolth oA o2 el FREEHW ALEAE HA &l
P HEBR RN AL AJUES FHE £ oy, w3
Azt MR ES B3l AJQ S Y3 dA 2R A
29 AL Bz E sdues 2ro FHgaae aﬂ%ﬁ}
WA 2AA S YA ok AR E S By 943d e
7 Asie Alzb & ZAGAH EAde e5@de *}%1}
oA AMFate 2% W Fasich AR E S T AExtdl
A FEHAE AMFTE Hited 2" 19 gol Aladg FA 8
Ark. F4E A2de 3 ARFEE Y Ay 4GS Algstd
AdHE S MR EAA AEstn Mg REol Ealslel H&d
A oEAE g AL = F ARE sdied, MY ¥
AA)stsl7] ¢35 AofrlE= PC 714 Eh Aol g HEg AL &S
At

AHgE F2FAVE 1Y 28 gl 3 Afxe dvyEez
FREA F2AV Y FFAL Eol7) e nAA Aol
2§ A g5t TEY E23F 72 B2 HLHEE ey
F2A77F 2YA olFE 24 AFololEigl BAAH Alelo A}
FHot 2 ©o2 16 vl &AL, &4 #88 TFE AFdol
HE 4% AFAEREE AL &80 2t ARREE F2 94
7 Rase] Z gl Azte] dEdch

om. om Master | xm| Workspace | ¢ s Slave 65 9
Kmematlcs Mapping Kinematics /\/\
( N

i B L

Tm Master |, fm | Force (__FS___J
Controller Transform

29 1 Axde] 74

Fig. 1 Configuration of system
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Table 1 Kinematic Parameter of the master arm
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Fig. 4 Modeling of virtual wall
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Table 2 Kinematic Parameter of ADAM
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Fig. 6 Trajectory of master arm
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Fig. 7 Joint torque of master arm

R
Roy S. Kalawsky, The science of virtual reality and
virtual environments, Addison-Wesley Pub., 1993
Thomas B. Sheridan, Telerobotics, Automation, and

Human Supervisory Control, MIT Press, 1992

Nadime E. Miner, Sharon A. Stansfield, “An Interactive
Virtual Reality Simulation System for Robot Control and
Operator Training,” IEEE Intemnational Conference on
Robotics and Autornation, pp. 1428-1434, April, 1994
“Virtual Telerobotic Control,” DND
Workshop Advanced Technologies in Knowledge Based
Svstem and Robotics, Ottawa, Nov. 1993
J.Michael Brown, J. Edward Colgate,
Approach to Haptic Display,” ISMRC. 1994
R.E. Ellis, OM. Lipsett,
Evaluation of a High Performance Haptic Interface,”
Robotica, vol 4, pp. 321-327

Anu Rastogi et. al,

"Phisics-based

Ismaeil, .G. "Design and



