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Adaptive Fuzzy Dynamic Surface Control for a Class of
Nonlinear Systems with Unknown Time-delays
JIA Tao! LIU Jun' QIAN Fu-Cai'
Abstract In this paper, adaptive fuzzy dynamic surface control (DSC) is presented for a class of strict-feedback

nonlinear systems with unknown time-delays and control directions. By incorporating DSC design technique and a novel
Lyapunov-Krasovskii function into adaptive fuzzy control design framework, the proposed control system can overcome
not only the problem of “explosion of complexity” inherent in the backstepping design methods but also the unknown
time-delays. The control singularity problem and unknown signs of the virtual control coefficients are well solved by using
Nussbaum gain function (NGF). The proposed controller guarantees the semiglobal boundedness of all states and signals
in the closed-loop system, with an arbitrary small tracking error by appropriately choosing design constants. Simulation

results are given to demonstrate the effectiveness of the proposed scheme.
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hi(z1(t — 1)) + di(t,x)

Bo(t) = fa(Z2) + g2(T2) 73 +
ho(Zo(t — 72)) + da(t, )
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i3(t) = fs(x) + gs(@)ult) +
hs(x(t — 73)) + d3(t,x) (50)

Hrp, fi(21) = zosin(21), g1(21) = 0.5+, fo(22)
= Toe 1 gy (Zy) = 1+ 22, f3(x) = 37073,
g3(x) = 24 cos(x1), hi(x) = z1, ha(Z2) = 122,
hs(x) = xomws, di(t,x) = 0.527sin(t), doft,xz) =
x1wocos(t), ds(t,z) = 0.5sin(t). WA EH 1, e
=29, €3 = Ty — o, €3 = Ty — 3. PR IE R B
M E 1 R 3, WIS A S A S HOE R W R
[£1(0), z2(0), x3(0)]" = [0.1,-0.5,0.5]T, [6,(0),
02(0), 93(0)]T = [€1(0), ¢2(0), CS(O)]T = [0, 0, O]Ta
ki =10, ko =ks=1,m =01, m=n3=1,1, =
lo =1,13=10,v; =vy =1, v3 =10, p; = py =
1, ps = 0.5, Ky = kg = 0.001, 7y = 1, 7 = 2, 75 =
3. KAEWF 1A 0.001s, B 6~9 R T ELE R
(A . 50k [12] =kl AH b, B TR

1
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Fig.1 State variables z; (solid line) and
z2 (dashed line) of Example 1
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Fig.2 The control input u of Example 1
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Fig.3 Adaptive parameters 61 (solid line) and 62
(dashed line) of Example 1
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Fig.4 Adaptive parameters ¢; (solid line) and N(¢1)
(dashed line) of Example 1
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Fig.7 The control input u of Example 2
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Fig.9 Adaptive parameters ¢; (solid line), (s (dashed
line), and (3 (dashdotted line) of Example 2
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