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Reproduction of Arm Kinesthetic Sense
in Virtual Environment Using Bilateral Control

Woong-Chul Chung, Doo-Gie Min(Graduate School, Korea Univ.),
Jae-Bok Song(Korea Univ.), Yong-Yil Kim(Imaging Media Research Center, KIST)

Human feels kinesthetic sense in response to the force acted on him. In order to represent kinesthetic
sense, a force is analyzed as mechanical impedance (i.e., stiffness or damping) and implemented by
active impedance control. In this research, a 3-dimensional arm motion generator is developed to present
various mechanical impedance characteristics to an operator. An introduction of virtual reality provides
not only a visual effect in virtual environment but also the change in force synchronized with the visual

effect in real time.
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Fig. 1 Arm motion generator
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Fig. 2 Schematic diagram of arm motion generator based
on Denavit-Hartenberg notation
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Fig. 3 Impedance modeling of arm motion generator
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Fig. 4 Systematic diagram of complex system

B
ot
J
0z

gdo 4

S A3 Y8 wlolA =E

AA e AFE FIEIAY. &, TLEH
zzZog 7pF AN =5 Rz, 29
AEstd w7l AASFAY FHEE &

How AANEATH E3, M BA0A

o, At 2ol 23290 AZtFoZ AHA

RE FEELE AAEAY. o]

=434 | g 2 8Qle=

71g B9 AA dFE B 4

zZzre] X7t wrgEE g5k &

g
oft
u\l

g

> >
o &

fru

th 2 N db o

N
-

£t d

Al

N

i e 2L
o wx mlo
N

>
N
ok
- NQ

&
Anj
ol
o

@ 2ok O I off nx X ofn

39,
o
3!

&

h

f

N
ox
et
ot
2
>
b
]
w4
rlr
ox
ot o

73 FA =8 AL W B e W
of uig 2dlgE FYP3Qh =& A FAHdA
fFaEe g9 8L vig st 29 4, =
9] ols&x, B9 WUWxE, B4 AN Ax T U%F
gk a<lol] o3 go] AAHEY. Mt 2 ATolA
= =i(drag force)oll <97t §o WIS FQo3 o



EX2 44330 Fig 6 & =7t
e o R29E Yehd Aot

FZAA %

84l
o cot

Fig. 6 Modeling of drag force
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