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High Precision Position and Posture Control of 6-DOF Parallel Platforms
Driven by Pneumatic Muscles

MENG Deyuan” ZHANG Meng LIU Songyong TANG Chaoquan
School of Mechanical and Electric Engineering, China University of Mining and Technology, Xuzhou,
Jiangsu, 221116

Abstract: To address the control challenges such as the complex output force characteristics of pneu-
matic muscles, and the significant parameter uncertainties and uncertain nonlinearities of the 6-DOF paral-
lel platforms, a cross-coupling adaptive robust controller in joint spaces was developed to enhance the con-
trol capability for coordinated joint motions by back-stepping method. The proposed controller featured a
two-layer cascade structure. Each layer integratd an online parameter estimation module and a nonlinear
model-based robust control module. The parameter estimation module employed an online recursive least
square estimation algorithm to reduce the extents of parametric uncertainties, while the robust control mod-
ule utilized a nonlinear robust control method to attenuate the effects of parameter estimation errors, uncer-
tain nonlinearities and disturbances. Experimental results demonstrate that the proposed controller may sig-
nificantly improve the tracking accuracy of the parallel platforms. During lifting, in the pocesses of 3-DOF
composite translational motion and 6-DOF hybrid pose motion, the mean tracking error of position tracking
error remains within 0. 84 mm . and the mean tracking error of posture tracking error is confined to 0. 03°.
Furthermore, the controller exhibits strong performance robustness against disturbances.

Key words: 6-degree-of-freedom(6-DOF) parallel platform; pneumatic muscle; adaptive robust con-
trol; cross-coupling; motion simulator
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Tab.1 Parameters of the proposed controller C1

28 Ml
7 0.3
A diag( 200,200, 200,200, 200,200)
K, diag(45.45.45.45.45,45)
K, diag(520,520,520,520,520,520)
hysm,y 5.5
K, diag(120,120,120.120,120,120)
hysn, 0.5.1
amas (0,0,200,0,200)
(—200,-200,0,—200,0)
Gimas * Toomin 500000,—500000
r, (o) diag(10,10,10,10,10)
r,(0) 1000
Qs Ay 0.1,0.1
VierViy 0.1,0.1
AN (10,10,10,10,10)",1000
Oiam 2 OiMm 500, 500000
Thwpk 50,100,1
Y diag(10,10,10,10,10,10)
Yer diag(1200,1200,1200,1200,1200,1200)
dansdeom 500600000
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Fig.4 Picture of the experimental setup
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Fig.5 Initial orientation and position control errors of

the parallel platform
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Tab.2 Tracking performance indexes mm

et ae €3l I el me
C4 9.29 4.24
C3 6.65 2.99
c2 4.67 2.35
C1 2.12 0.84
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Fig.7 Parameter estimates of controller C1
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Tab.3 Tracking performance indexes of C1 for spatial

translational motion mm

W el max | el s
Sin3 T=t 1.58 0.46
Wite | y,=24sin(0.1nt—n/4)+2 1.42 0.52
P 2,=30sin(0.1nt—m/4) 1.755 0.53
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Fig.8 Tracking response of controller C1 for spatial

translational motion
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Tab.4 Tracking performance indexes of C1 for

spatial motion

LUREEE RO L
THHE /mm 2,=28sin(0.1x0) +10 2.36 0.33
B # /mm 3,=20sin(0.1571) 3.20 0.42
HE/mm 2,=16sin(0.172) 1.46 0.37
R/ () @ =4sin(0.1x0) 0.195 0.005
WA/ 0,="6sin(0.15x) 0.551 0.028
B /() $g=3sin(0.1mt) 0.405 0.014
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Fig.10 Z-axis position tracking error of C1 for

sinusoidal trajectory motion with disturbance
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