933 & H 8 Il B 3 b IR Vol. 33, No. 8

2007 £ 8 A ACTA AUTOMATICA SINICA August, 2007
- N 3 — I.I.I AY E ._I_I
Wk 1% 2 25 % HirisHl ol A 3
SEF T wmES X T
W OE W TN RS Z HARyE a8 E e Jbrdss il i) i, 8k 25 H sk B R AL — A5 H b et il o) 1

e, OB BUE 24 IR BPERESR AR AR e e s B, DRI, AESh SRRSO AN 20 0. 385, A T SE AN T 735 sk At
RIGAHE, FEH T — P S LB SL. YNBSS MRIR AR S HAL I BATR M — RS 4 ) Lagrangian
s kAU A ) Lagrangian 250 & ARTE XA, HRRIENEFIBHL.

KEgia Al WM R S, 29k, shs

hESES TPI13

Multi-objective Control Problem of Bilinear Systems

QIAN Fu-Cai’ GAO Zhen-Bin? LIU Ding’

Abstract
problem is converted into a single objective optimal control problem using the utility function technology. The utility

The control problem of bilinear systems with multiple objectives is studied. First, the multi-objective control

function is a nonlinear function of multiple quadratic performance indices, and therefore it is non-separable in the sense
of dynamic programming. Then, to overcome this difficulty, a two-level optimal control algorithm is proposed. At the
lower level, the formulated auxiliary Lagrangian problem is of a parametric bilinear-quadratic structure and it is solved by
dynamic programming. Finally, the weighting vector in the auxiliary Lagrangian problem is adjusted by the upper level

iteratively. This two-level process repeats until an optimal condition is satisfied.
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Table 1  Convergence case of state (k) as iteration number m
EARKE m z(0) z(1) z(2) z(3) z(4) z(5) x(6) z(7) z(8) z(9)
0 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
1 2.000 0.743 0.365 0.193 0.105 0.058 0.032 0.018 0.010 0.006
2 2.000 0.688 0.324 0.166 0.088 0.048 0.026 0.014 0.008 0.005
3 2.000 0.685 0.323 0.166 0.088 0.048 0.026 0.014 0.008 0.005
4 2.000 0.685 0.323 0.166 0.088 0.048 0.026 0.014 0.008 0.005




8 4] Bw A R

% Hbriasil o] BT oY 851

B AR K {a (k) w (k) Y, SR e A2 5%
PEHESCAT (3), W, %M Ay Ja I 1 de AR i, &5 0 5
I, EZRdE (6) HEH Vi(w™), H (9) A Pk w
(B8 w™tt, T3 ALP MR REG, EHkin
ALP. XFf, i FFPYA W IME B A H, BAAE
Hem YAEUA, |V (w™)|| < e, BN T RIS
£ (3).

FHASSCHE I 2, w IIERCH 0, &R IE2
X H(9), BK a K 0.01, L3k 4 WIERKIE, #2
/NT0.001, ALPEREFREFR A 332.853, WAL REL
w* = 0.304. iEERW, THEEREE R E, WK
bR, Ak, B (9) ATLUE H, w MR IE & AT 3K
FHERECT B T5 ), PRIk, AR IE—IR, H br e B0
AUVRER AT BT cieade. 35 22 B AR KB 1 B &5 Bk
2 PR,

2 PR AATREIEAREL m IS I

Table 2 Convergence case of optimality as iteration

number m
EARIREL m R
1 33.722
2 3.310
3 0.046
4 0.0003

7T it

2 HARTE I B o A L AR H AR 1 1) B
R BRI S B ). AT T H bR ek B R A
AR B S R G 1) e U2 il ) AL, Sty T
— MO SR AL AR NI B AL, R SRR
FOAPIE, R G E N w, FEUTHEE 1 K
fifp— A XU A YL P i R 4 R A 4T B4
EZUHA(9) X w AT HDR, AR B R AA
BT P 5 JE A e e £ v 45 28] il L 1) S DL A

References

1 Hua Xiang-Ming. Bilinear Systems Modeling and Control.
Shanghai: College of Chemical Engineering of East China
Press, 1990
(e Bl X R B . il SRR T e A,
1990)

2 Aganovic Z, Gajic Z. The successive approximation pro-
cedure for finite-time optimal control of bilinear system.
IEEE Transactions on Automatic Control, 1994, 42(8):
1932~1935

3 Li D, Qian F C, Fu P L. Variance minimization approach
for a class of dual control problems. IEEE Transactions on
Automatic Control, 2002, 47(12): 2010~2020

4 Fu P L, Li D, Qian F C. Optimal normal dual control
for discrete-time LQG problem with unknown parameters.

In: Proceedings of the Society of Instrument and Control
Engineers (SICE) Annual Conference. Fukul, Japan, 2003.
2147~2150

5 Li D, Qian F C. Closed-loop optimal control law for dis-
crete time LQG problems with a mean-variance objective.
In: Proceedings of 43rd IEEE Conference on Decision and
Control. IEEE, 2004. 2291~2296

6 Li D, Qian F C, Fu P L. Research on dual control. Acta
Automatica Sinica, 2005, 31(1): 32~42

7 Qian Fu-Cai, Song Li, Chen Xiao-Ke. Dual control strategy
based on receding horizon. Control Theory & Applications,
2005, 22(6): 855~860
(BE A, KA, BrAal. SETIRENIL L R Rl Hems . Fehliig S
NH, 2005, 22(6): 855~860 )

8 Qian Fu-Cai, Liu Ding, Li Yun-Xia. Dual control based on
two-level algorithm. Control Theory & Applications, 2004,
21(1): 89~93
(Bad, AT, ZRE. LTRSS AL EH e 5 M
1, 2004, 21(1): 89~93)

9 Reid R W, Cttron S J. On noninferior performance index
vectors. Journal of Optimization Theory and Applications,
7(1): 110~118

10 Li D, Haimes Y Y. Multilevel methodology for a class of
nonseparable optimization. International Journal of Systems
and Science, 1990, 21(11): 2351~2360

W OREL BT R¥ASRSELET
FE2A e . TR 0T )k BEN L
RN IR TIRRIB R S, A
SOBEEE.

E-mail: fcqian@xaut.edu.cn

(QIAN Fu-Cai
of Automation and Information Engi-

Professor at School

neering, Xi‘an University of Technol-
ogy. His research interest covers stochastic control, systems
identification, nonlinear control, and large-scale systems.
Corresponding author of this paper.)

¥ e NN S L A Y S D
(e i v T O s O A o i
B Y 4 ).

E-mail: gzhenbin824@163.com

(GAO Zhen-Bin Ph.D. candidate
at School of Automation and Informa-
tion Engineering, Xi‘an University of
Technology. His research interest is
stochastic adaptive control.)

X T BT A S E R TR
R IR R &
R AR GUERE, TR R S RS
N H. E-mail: liud@xaut.edu.cn

(LIU Ding Professor at School of
Automation and Information Engineer-
ing, Xi’‘an University of Technology.
His research interest covers intelligent
control, modeling of complex systems , computer control,
and control theory and applications.)



