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Feedforward and feedback optimal control for nonlinear

discrete-time systems with deterministic disturbances
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Abstract; Based on successive approximation approach, the problem of the linear-quadratic feedforward and
feedback optimal control for nonlinear discrete-time systems with external disturbances is considered. The original
optimal control problem is transformed first into a sequence of nonlinear two-point boundary value (TPBV) problems.
Then a solution sequence, which consists of an accurate linear term and nonlinear compensation term, is constructed and
its uniform convergence to the optimal solution of the system is proven. By taking a finite-step iteration of the nonlinear
compensation term of optimal solution sequence, a feedforward and feedback sub-optimal control ( FFSOC) law is
obtained, and the design scheme is given. Simulations indicate that the algorithm proposed is easy to implement, and
more robust with respect to external disturbances than that of the classical feedback sub-optimal control (FSOC) law.
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fa(k) u™ P (k))) +g™(k+1) +
P(k+1)Du(k)] - ST (k + 1)f (x(k),
uM Y (E)YP(E + 1) Bu™ (k) . (28)
XFFRGE(1) B9 YK Y B 45 ) ] A, 7T LA
PHETCREIE, BV — o B RIETE. QRILBIHERE G
R AFIEERT, SNERLLEN o Kt m T4
R R R s SR ' v BOE A
T, ATIX ARG R R B R, de % AL T
PR B — YR B M BB AR AT

J = Z [x" (k) Qx(k) +u"(B)Ru(k)] (29)

JEAWCERT. R, BRAT— e N IR — ik Y
PPk R AR

J = lim %Z (2" (k) Qx(k) + u"(k)Ru(k) ] .

(30)
MFANRGE(2) HWHEREE WS, 1T DL — ik
AU BEFEPR (29). MVERBTEAR A (29) BR(30) R, iR
(A,B) SE&A[#, (4,07) &M, W AL A AT
B AR B SRR B B U P R 2 B -

u" (k) =

- S§7'Z* (k) [P(Ax(k) +f(x(k) ,u*(k))) +

g (k+1) + P.Dv(k)] - S7'f1(x(k),

(27)

- 87 Z™ (k) [ P(Ax(k) + f(x (k) ,u™"(k))) +

g™ (k+1) + PDo(k)] - S™'fT(x(k),

u ™MV (B))YPBu TV (k) (32)

He P, = PD + PG,P }{UEX Riccati G H#
EPA-P+Q =0 (33)

fmE— M, XB E = A"(1 - PBS"B"), S =

R + B"PB, P N B Sylvester BUAHFEJ7 72
EPG - P = - EPD (34)

BIME—f. gV (k) f Falpkss

g (N) =0,j=0,1,-,

g (k) =0,k=0,12-- N-1,

g” (k) =

YO ()KP (Y[ PF (k) +gP (k+1)] -

1¥9 (k) PBS™ (/% (k))"PBuY (k) +

[P (k)R (k) = A"PBS™ (£ (k)" -

[ PAxY (k) + Pow(k) ],

=12, N-1;j=1,2,,

HA K (k) =1-PBS"Z9 (k) % (k) HR:

£(0) =@, k=1,2, N, j=0,1,,

xV(k+1) =

U +BR'Z% (k) P17 [A2" (k) -

BRT'ZV(k)gV (k + 1) +f9(k) +

(D - BR'ZV (B)PG)v(k) ],

E=0,1,N-1;j=0,1,-

XHETFERMAME, HRIR(A,B) BET#, (4,

Q%) SE&RIIRACEL Riccati FHR(33) HHE—IEFE

il MR E R ARNFETIRER, B E 095

fEENF 1,465 (3) LIRS # 2, Sylvester FIJH[E

FRGHMEE—FE BAE%(4) X TR

BB RBHE A5 (30) R B AR I (31) LKA

IV B OR AR S i 4 (32) ME— T 7E.

3 PR E AR, I R (26) 1
HE AR M HE 7 kR OB S TR
I I , R A (32) B )

1) HERITFIRE e > 0, MIRTEREIEIR ), = A AR —%
ﬁj&‘l&’mﬁz,_g“”(k) = 0,34 = L;/r 8 (13) F(15) 3k
ty PCk) F0 P(k),

2) f1(20) {8 gV (),

3) &M =j,M026) it 8 u, (k) ,FHA ) TR, HP
Ju REE M ORI RETR AR {E

4) | (Jy =y )Ty | < & S0 u,, (k) G,

(35)

(36)



http://www.cqvip.com

B1W

D000 http://www.cqip.com|
i

JEHIA S - AR AR P B R 8 A A1 R Bt A A 29

5) B, B (21) HE AV (k) ,4) =) +1, HE2).
4 ¥ {E{5E (Numerical simulations)
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Table 1 Cost functional values of different iteration times

M 2 4 6 7

Jy 12,4469  12.3861  12.3709  12.3660

J,  36.3034 35.3842 35.2826  35.2876
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Fig. 1 Sub-optimal damping control comparison
curves when Exosystem (2) is stable
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Fig. 2 Sub-optimal damping control comparison curves
when Exosystem (2) is asymptotically stable
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