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Robust approximate optimal tracking control of
time-varying trajectory for nonlinear affine systems
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Abstract: For continuous time nonlinear systems, it is difficult to track their time-varying trajectory. To deal with this
problem, we use a system transformation to introduce a new state variable for converting the optimal tracking problem of
nonlinear systems into optimal control problem of general nonlinear time-invariant systems. For this system, we obtain the
approximate optimal value function and the approximate optimal control policy based on approximate dynamic program-
ming (ADP). Then, we use the critic network and the actor network to estimate the value function and the corresponding
control strategy, and update both of them online. Besides, a robust control term is added to the controller to eliminate the
residual errors generated in the process of neural network approximation. By using the Lyapunov stability theorem, we
prove that the proposed control strategy can guarantee the tracking error to converge asymptotically to zero, and the control
strategy is close to the optimal control strategy when the error is in a small bound. Finally, simulations of two time-varying
trajectory tracking examples show the feasibility and effectiveness of the proposed method.
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EE1 X T RYS), 208 FEH R Q20), PN
AT I R BUE ST 23 i e s (16)F(23). 25
PAT MR AR AUE REAS BRI AR R VR, IR ALELTR
AR T, BRERIR 22 e DL M 53T M AL
(AR 2 W R R A B —SUR & 47 FL(UUB). I
Ab, T B F AR R ROV R SR S A A R TR B B 5V Y
ey B I A, 7 1 A\ e S B B D A o i A\ e,
AR, BI24¢ — oo BT,

IV =Vl <evillia— w7l < e

;H\:Elja/lv az, Q7 R‘Jﬁ%‘j/@

20% 1 2 —12
< = — b R , (27
“ oM dayoty g¢dM|| | @7
2
ay <1+ ¢§—m (27b)
2M
Amin (@) > 2 + 407, (27¢)
Amin(R) > 1. (27d)

UE  ZEHUTT Lyapunov BB %Y :
L(t) = %tr{WlTal_lwl} + %tr{WQTag_le} +
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2"+ VN (F 4+ Gu). (29)
HERFIEH2ab < o + b2, AR REITF AR
JAT. o
tr{WlTal_lﬁfl} + tr{WQTag_lﬁ/g} =
—;tr{aﬂ/f/fal(alTWl +eng)}—

1 . -

;tf{02W5¢2(W;¢2 +
2

1

5R—laTwﬁlTWl +eN7} <

aq 1 _ ~
—(0Tm — 500 — @bé%MIIR HEIWA®

(63— aatb) Il + 5+ -

(30)
2e’é + V;;‘T(F + Gu*) =
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) 1 . .
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[ = fad = pe + Wa d2(n) +e2(n). (44
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K10, = cam. JFEE,

(39) 5 @S FHEL, AR IN_F R Tk 15 45
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1 R) R R A A SC I B 0 O BE FE bR R (8)
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RN 2L R E
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Fig. 1 Error trajectories for the nonlinear system
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Fig. 5 Error trajectories for the nonlinear system
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Fig. 6 Convergence of critic NN weights
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6 #5118 (Conclusions)
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