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Abstract: This paper presents a frequency-response test performed on an antagonistic actuation system consisting of
two Mckibben pneumatic artificial muscles and a pneumatic circuit with pressure valves. Varying switching frequency
to pressure valves from 0.1 Hz to 5 Hz, parameters of a linear model were estimated optimally to predict dynamic
characteristics of the antagonistic actuation. A model-base control scheme with estimated parameters was built for the
precise trajectory tracking of the antagonistic structure and realized on a reconfigurable embedded control system,
CompactRIO. Experimental results showed that the proposed model-based control scheme gave good performance in
trajectory tracking comparing with a PD control scheme when square wave and sinusoidal wave were given as
references to follow.

LM = B Faw 2ae) s 2o JES §10)

U dakx 23 252 2ske] Qi Al shaid

BREA2EL AAM, FE7], Ao 5 g T oA A4S AU 2 HLAIE ¢

BEow FAFHO gJomz Ity e foda AT ANH 2RI A Fs5AE TEs &
3 ATAHY] S WEV] HdAe A FaEel T At

Avd 7iso Hashrl aqrdn Q1 A AA7HA JNEE AeEE diEe 1 w34

FAE Tl EAZYWS wkE Fdgsid A & wHEV] A% iR AVIEHE ARgsta

HEELZA, A AL s Iz o H7IEEE Aole] golAdo] JARE A o

S HEse AN2EES T8t ATE A Hl E¥o] o} F& 7]ojH|E Apgafol R

2 BEog AW Yriud 2] 2 EE 7 AFEASY s A5 AEES HEsH Ao

ool tigh tigro® Ik o] &RFA

T Corresponding Author, bskang@hnu.kr BA AR =AY 7 odle e9d leas

© 2011 The Korean Society of Mechanical Engineers (Pneumatic Artificial Muscle, ©]3} PAM)°l| 3 o




53y 7}

T7F elFel Ao k) PAM 2 1950 Al o) &
TESH: TEAAR Ay wdE o]F? Fus}
7lgel weh g SRvh AEE L o 23

7] F¢AI 7]
1980 ":]EHTH

3 HZzo] @

.J_:Lo_/]

S50l Yol 1 $-go] Ao}
Fitok 53 o343l <hA
S8Rk A3l A
%Oﬂfﬂ <59 EFA oo
= o] Foj AL 9T},
Eﬂ%ﬂlﬂﬂﬁ NP
F7e At aATS Lﬂi
Gl A PO Ao nA
0 qaelel RO B2 A
2#HE A3 mdyrix] e A7t 3
Sk el fREe] ATl Agese)

l’lo

Wol7l M WAt £5e dFdn w7
(quasi-static) R ZA] g2 H3} o] uwE
S Aojste=d 2e3t Rd 2= B8 Aol

—

olgat7] oAt WA THE
s Alojsh= Ao} 7)o iR
A A7) golg FPHIF A
o} 7,00 A A 71D G A
LE = A7IH S B]dsidion ¢
S0l 719 FASAEl HallA F2
& Wed oy eE A S’,lﬁ}.

Aol A= QIgke]
e 9fE

A

2 o
Lol

_ﬂoéoim{mjo
oﬁél‘-ﬁfﬁﬁﬂi_},_ﬂﬂoo_uolﬂol

Hir

v~
=
K

o
e

=

o]

o JFI ~N
off X
roro

1

off my O 2 1>_toszi§HmloJ1m

Al

2

] r—io
offt
B

N
N
o

ki it ol
0,

¢

offt F
ru1o

My
Ho
&
-0,

y2w
£

. N
o
s
o

oA
i)
o
2
Lo orlr
£
v
u
A

e
2
>,
[>
i)

i)
ol
ol
X

F

(
-

AN
B
4 e
H oo
L
s
=

2_
1
i
Wi
jan)
N

an)
N

ofl 4o ol offt
)

ok
N
Ll
A
2
p‘L
rr
0

1
2
2
i)

ox
41

o 2~ 2
-1
oft

AN o
> &
¥
olo
ol
iR
9{_11

I w
_>C4 OIO
L

rLJ |
.

il
So |z

P> e o
ol
=
iy
JE
o
il
e o
&xoox

ol

e
o
o
ok
N

(

olo o2

)

o)

ri

N o
& fo
e

i)
=2

>
>
faii)
=
(o
o Dy N

dor (B fo X fo F g

flo

o,

el o
&

oZ N
=
o El ml ¢

© 8

o
e r

o
0,
=
A
ol
2

s

oL

N
i
NN o N 1@ o ot R odo PN X 1o &L plo X ol roh

NI
it

B
Oll
e

(estimation)$FT},

AM A o] 7] 2

del Ei%— o] &gk K dlnj 7|
H

e o ot
l
[
o2

£_>.:_12im;‘otﬂéo&m100}ﬂ_>.:_0,1:u9£4pjor_>ir}m
o?;r
E
>

2 1o
e
&

e

O o 2 gd b oo o MN Y R 12 R ox rl
td

ofg

+
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Fig. 4 Restoring oscillation of an antagonistic actuation (dash-
dot: 1.2 bar, dotted: 2.4 bar, solid: 3.6 bar)
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Table 1 Parameters of an antagonistic actuation system

a; 178.6 N/bar AP/ 0.59 bar/V
a 106.9 N/bar ko 0.007 m
q 1.35 Koy 16
& 0.04 A1 0.0053
P, 3 bar b, 0.27
L, 0.1m b, 33
r 0.007 m
5
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Fig. 5 Frequency-response test of an antagonistic actuation
(solid estimated, dotted: theorectical, *’
experimental)
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Fig. 6 Experimental set-up for an antagonistic actuation

Compact RIO System
TCP/IP Real-time OS
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Windows PC

data storage

Fig. 7 Block-diagram of CompactRIO control system
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Fig. 8 Tracking output with a square reference (0.5Hz) (solid:

measured trajectory, dotted: reference trajectory
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Fig. 9 Tracking output with a square reference (1Hz) (solid:

measured trajectory, dotted: reference trajectory)
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Table 2 Trajectory tracking performance of control systems

Model-based PD
square  *error 0.6 ° (rise), 0.3 ° (fall) 12°
0.5Hz  settle time 03s 05s
square  *error 0.8 ° (rise), 0.4 ° (fall) 14°
1Hz settle time 03s 05s
sinusoidal  error
0.5Hz (RMS) 09° 12°
sinusoidal  error
1Hz (RMS) 14° 1.5°

*error : steady-state error
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Fig. 10 Tracking output with sinusoidal reference (0.5 Hz)
(solid: measured trajectory, dotted: reference
trajectory
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Fig. 11 Tracking output with sinusoidal reference (1 Hz)
(solid: measured trajectory, dotted: reference
trajectory)
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