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LMI-Based Controller Design of Pneumatic Cylinder
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Abstract: Pneumatic driving systems have hard non-linear characteristic and large friction force compared with
driving power. Hence, it cannot be robust against parameter uncertainties, modelling error, disturbance and
noise. In this study, we apply a mixed H,/Hw control to the generalized plant for a pneumatic driving
apparatus system including parameter uncertainty and disturbance. In order to design the H,/He controller, we
use the LMI technique. To evaluate control performance and robust stability of the designed controller, we
compare it with a conventional controller such as PVA(Position-Velocity-Acceleration state controller) using the
simulation results. As a result, it can be known that designed controller shows better robust stability than the

conventional controller.
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Table 1 Physical parameters of the driving apparatus

A 4.90625x10™ Py 340,000
b 50 R 287
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Fig. 2 Conventional state~feedback control structure
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8 Simulation results of uncertain models using
the conventional controller(with disturbance)

0.8
0.6

0.4

02 -

O . .
0 0.5 1 15 2

t[s]
9 Simulation result of nominal model using

the proposed controller(with disturbance)



FA A
1.2
1
f =
S
@ 0.8
[o]
[2 9
ki
5 06
=
£
5 04
o
Q
Z i
0.2
0
0 0.5 1 1.5 2

t [s]
Fig. 10 Simulation results of uncertain models using
the proposed controller(with disturbance)

Fig. 92 Fig. 100l & =&lA dAE #Aoj7l&
183t sjgko] Q7kd ZAzte) 34 29 4 dg
186 EZAE4E ¥ =959 AEHold 23
€ YUERHATH Fig. 9olA BFAzo] [s] o=
| ‘%4 £34L AstEdod, 7€ A7 ©
gold Ao} vlwstod ojgho] UG FF
AE& & & Atk Fg 1094 Fein)
ol o8 =540 254 Wt 9l
el 2 AR Al EAHT
2 gaFzn.
aHE2E 714 FEAe g7 %
Aol HlxF A ‘/}E}‘fh 3%, 71&e PVA %
A7l BgE & =Rl 2AE H,/H, 17
£ Mgt Aol ?.Vb*é oA St Ae

glstiit

O

o)

>
r°" l>

o 4L 2 dp

A&
Jé‘:ﬂ
g4

"i‘i"
oy #E
= AL

3:9

2 sy B2

6.8 &

 =2dA4s 371 A HE Hol s
stebule] EAA A Addd EEAQ tiA} Ths
g 3 Ao71E EAs7) st Ay dE Fe
A& o4 I WA H,/H, A& AL,
AAE A7 Bd4Se vl - A58 sk

AR9 - A9

71E€ PVAAOIZIE ]88 AlEHeld A
Hy,/H, A°71& ©]&& A&dold 2L A3}
Ak AANE AA2RE, 7]1E Ao7E 9 R 7
g EZAAol FEA mAEe ¥ a3
L2 ZaN7)7] oAy, B =AM AAE Ao
71€ old U A A7t JHe S Bl
o weta, & =244 dAE AorlE o83

9 sFolE EAEN Lol oy 2344 2
gge Ggo] 2 AxPe EFHOR A T 5
¢ Aoz Bed

a1 23

1)S. Boyd, L. E. Ghaoui, E. Feron and V.
Balakrshan, “Linear Matrix Inequality in System
and Control Theory”, SIAM, Philadelphia, 1994.

2)S. Boyd and L. Vandenberghe, “Convex
Optimization”, Cambridge University Press,
Cambridge, 2004.

3) P. Gahinet, A. Nemirovski, A. J. Laub and M.
Chilali, “LMI Control Toolbox”, The MathWorks
Inc., 1995

4y P. P. Khargoneker and M. A. Rotea, “Mixed
H,/H,, control: A convex optimization approach”,
1991, IEE Trans. Automat. Contr., Vol. 36, No.
7, pp. 824~837, 1991.

5) Y. Nesterov and A. Nemirovkii, “Interior-Point
polynomial algorithms in Convex Programming”,
SIAM, Philadelphia, 1994.

6) H. Hanafusa, "Design of Electrohyd- raulic
Servo Control System for Articulated Robot
Arm Control”, The Japan Hydraulics &
Pneumatics Society, Vol. 20, No. 7, pp. 429~
436, 1982.

7) AAAE 929, ‘BHE FEASES 18T IUIY A
dr 53R YA AA7] HA BAF AT,
FEFUAN =S 200495 FAGENS =EA,
2004.



