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Pole Placement by Using Hw Controller Based on LMI

— The Implementation of a Robust Controller on a Microprocessor —
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Abstract:Since the merit of an active suspension is theoretically clear, the method is indispensable to vehicles soon.
However, it is necessary to solve various technological problems before active suspension are widely used. In the previous
report, simulation results showed that it is necessary to develop the new implementation method of an active suspension
controller on a short word-length microprocessor. There appear representation errors on coefficient of a robust control
algorithm due to limited short word-length. As a result, the poles of the closed-loop system deviate from expected positions.
Thus, in this paper the systematic derivation method for designing a robust controller is proposed. The transfer function of
a plant or a controller can be converted to the generalized plant including the modeling errors. Also, the characteristic of
the pole placement of the closed loop system using the robust controller is examined. Simulation results show that a pole
moves in the opposite direction to the uncertainty of a plant so that a closed loop system become stable.
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Fig. 1 Robust control system with an output feedback

Table 1 The robust controller design environment based on LMI

’ Development agency Software name version
MathWorks MATLAB R2016a 9.0
MathWorks Simulink 8.7

Linkoping University YALMIP 20150919
Lehigh University SeDuMi 1.32

Fig. 2 A verificatio of the robust control system using Simlink
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Fig. 3 Nominal plant
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Fig. 4 Plant with modeling error
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Fig. 5 A separation of a feedback path
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Fig. 6 An introduction of a disturbance and a state variable



Table 2 Plant parameters

Plant a W, A, b Wi Ay
A 2 o010 | 1,17 || 28000 | 0.15 | [-1,1]
B || 200 | 0.10 | [-11] || 200 | 0.15 | [-1,1]
C -200 | 0.10 | [-1,1] 200 0.15 | [-1,1]
D | 200 [ 010 | 1,17 ] -200 | 0.15 | [-1.1]

Table 3 H. robust controller parameters
’ Plant H ar ‘ by ‘ Ck ‘ di ‘
A -24et6 | -3.8et3 | 2.1et2 | -3.3e-6
B -3.3et6 | -5.1et3 32 5.0e-5
C -4.7e+9 | -8.9e+2 | 7.8e+6 | -1.54e-2
D -33et6 | -5.1et3 -3.2 -5.0e-5

Table 4 Variation patterns of plant parameters

Pattern H a ‘ b ‘
Nominal a b
P1 a(l+ w,) b
P2 a b(1+ W)
P3 a(l+Ww,) | b(1 + W)
Ml a(l — W) b
M2 a b(1 — W)
M3 a(l = Wa) | b(1 — Wp)
PML || a(1 — W) | b(1 + W)
PM2 || a(1+ W) | b(1— W)
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Fig. 7 Impulse response of plant A

Fig. 8 Impulse response of plant B

Fig. 9 Impulse response of plant C

Fig. 10 Impulse response of plant D
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Fig. 14 Pole placement on plant D
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