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Direct nonlinear controller design
using virtual reference and support vector machine

LI Yi-guo, SHEN lJiong

(School of Energy and Environment, Southeast University, Nanjing Jiangsu 210096, China)

Abstract: Indirect methods are usually employed to design control systems for complicated industrial processes, which
is often time-consuming because the process model must be obtained first by identification methods. Motivated by the
virtual reference feedback tuning (VRFT) method, we propose a new direct nonlinear controller design method using
virtual reference (VR) and support vector machine (SVM). Firstly, the relation between VRFT and internal model control
(IMC) is analyzed; and then, the structure and design procedure of the proposed nonlinear controller are given. Simulation
results demonstrate that this method can effectively deal with the noise and nonlinearity, and can eliminate the steady-state
error. Moreover, the amount of calculation is reduced significantly in comparison with the normal indirect model reference

control method using neural networks.
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Fig. 1 Model reference control

Y5 A f2, VRET & 5643 — 410 % FF N
s (u(k), y(k)), k= 1,-- N, BP0 sEBrif
i A5 Sy (k) N TG AL “ BRI EARE” 7(k)
CEBs L IR, M (2)7(k) = y(k). XEK
Fy(k)rk BB AT (k) IS AR S A5 5, i 225K
U 1% B ACUR L R AR AR Fw ()2 AN, 2
SR A T 4 T 38 I 22 A5 4 ) % A N b D 2 A
Fe(k) = (k) — y(k), % B2 0T P AR 5 461
YEH (k). HFe(k)Flu(k)#B2E S AN, T 5]
TR R R I 2 (2) R i 245 % T ) 2L

TEl) = 3 & () = Ca0)el). )

3 VRFTH P, £ #l B 5 &K (Relations be-

tween VRFT and internal model control)
295K A [) ER) i it 0B s R S IR i 1), P A
g R mT B2 30,
*,| G

r +
(o ]

B2 AR AR

Fig.2 Internal model control
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Fig.3 Transformation of internal model control
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Fig. 4 Structure of the nonlinear controller based on
VR and SVM
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5 i EWF5% (Numerical simulations)
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Fig. 5 Simulation results of a linear system cascaded with a

nonlinear element
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Fig. 6 Simulation results of a linear system cascaded with a

nonlinear element plus noise

5.2 dEZt: R4 (Control of a nonlinear system)
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Fig. 7 Compare with indirect reference model method

using NN
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