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Abstract: The main problems of airplane landing control and solving methods are discussed in this paper. H-in-
finity robust control for airplane landing is studied. A parameter selecting approach is proposed to determine
the weight matrics of high order Riccati equation. By using this approach the weight matrics are created ran-
domly in a specified area, and the positive solutions of Riccati equation can be searched after repeated calcula
tion. A robust H-infinity state feedback controller is developed. Simulations show that stability and speed of
the landing period are guaranteed by using the controller presented. Both the advantages and disadvantages of

the approach are addressed.

Key words: H- infinity control; Riccati equation; weight matrix; robust control; airplane landing control

s H » Riccati
, H

) Riccati

: 2004 04 19; : 2005 0301
: (69925306) Riccati



3 : Riccati 329
? Q R [2
2 2 Q R
J= L 2 zdt = L (x"Qc+ u'Ru)dt (6)
: 0=0 20,R=R'> 0 (6)
, (2)
. llz 113
Riccati ’
H ,
s u
’ s U
1 H s
) u u
HOO
1 .
x = Ax+ Biw+ Bau ,[ u Ruds
z= Cx+ Duw+ Duu (1) R s s
y - x s «
WA, B2) ,(C,A) ; R , R .
@Il: 0, D> 5 , J‘O xTQxdt
@DL[Ci D:]=[0 R]
1[1] @ @ ?
1 v> 0, K, ’
(D , 0
I To(jo) o< ¥ (2)
, P=P"'> 0,
Riccati Riccati
PA+ A"P+ P(Y’BiBi - 20 70
B:R 'B:)P+ CiCi = 0 (3)
Tw(j©) wo oz ,
K=-R'BP (4) , 31 ,
u= Kx =- R'BiPx ’
> ¥< 17 N
s (2) [4~ 6]
I To (j©) Il < 1 (5) . ,
Q/ 0 2 o
C= |:0 , D2 = R =

C C, R= DL:D»



330

26
ol + + Math Library) ,
, , Matlab
(Monte Carlo) , ,
s « ? Matlab , C/C+ +
M onte Carlo ) ,
, ( C/C+ +)
, M ablab
Matlab (robust control
box) Aresolv Riccati
OR , , , Aresolv , -
s OR , (eigenstructure approach)”
(Schur vector approach)”, Matlab C+ +
( , , C+ +
):
(1 A B T Y, Co,Ck N Riccati R
Co> 0 Cr> 0 “ 7 C/
, s N C+ + ( ) C+ +
; Matlab C+ + ,
(2) O R
, “rand” , (0,1)
7 Co. Cn 4 H
0 >0 7
R> 0;
(3) Riccati ; ,
(4) p , x= Ax+ Biw+ Bou
0’ 0
; z= [0 Z]x+ [R“]u (7)
(5 K
i y=x
(6) , :A(10x% 10) s B2(10x 4)
Riccati ) ;Bi(10x 4) ; X =
, lu w g % h b ® p r 2] T, u,v,
: w xX,Y,2 ;9 b
(7) ; @ sh 5P,
(8) q.r X,¥,z2
> ; u=[6& & & &1,
(9) 6,8,8,6
C+ + , sw= w1 w2 w3
Matlab C+ + (Matlab C  w4]" A Bi, B:



Riccati

331

[0 0.0044 - 0.0039 7.4449 00
0 - 0.0192 81045 - 6.3728 0 0
0 -0.0985-10.2415 0 00
0 0 1 0000 0 00
4 | 06503 0.7597 0 -6.15690 0
0 0 0 0 00
0 0 0 0 00
0 0 0 0 00
0 0 0 0 00
) 0 0 0 00
0  0.0044 — 0.0039 7.4449
0 -0.0192 8.1045 - 6.3728
0 -0.0192-0.2415 0
0 0 1.0000 0
g, | 0-6503 0.7597 0 - 6.1569 B
0  0.0014 0.0001 0.0005
0 - 0.0098 0.0181 0.0079
0 - 0.0019 - 0.0028 — 1.0761
0 0 0.0003 - 0.0082
L0.0166 0.0872 1.0000 0.0187 |
(1) ., A+ BK
(2) 1T (j o) llo< 1
(7) o @
L,
s Riccati
PA+ A'P+ P(Y’'BiBi' - B:R 'B: )P+ Q= 0
(8)
P OR
¥= 0. 8§, lwi | <
5 , .
( )
4.0511 3.628 1. 1504
|- 1.901. — 0.98424 - 1.4482 1.9501 0.01186
1.7567 1.4959 0. 12192
- 0.4257 - 0.232 - 0.051744 1.3883 0.018602

0 0 12. 6221 0
0 - 12.6221 0 0
0 0 0 0
0 0 0 0
. 5888 0 0 0
0 0 - 1. 3163 0
0 1. 0000 - 0. 8560 0
0 - 0.2415 - 0.7982 - 0. 01985
0 18.7258 0.9178  0.0001
- 7.4449 0 - 8.1045 0.0015 |
[ 0.0127 - 0.0159 0 0 ]
- 0.0357 0.0051 0 0
- 4.6881 4.1303 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0.5952 0.1364
0 0 - 0. 9812 0.0485
L 0 0 - 0.0044 1.0812

X .10 =
[- 2.7109£5.3099 - 4.7055 £2.3573i
— 4.4023 - 2.266 - 0.91925
- 0.07874 - 0.023977 - 0.035415]
P OR
( 1~

h/m

300

250

200

150

100

50

0

- 24.492 0.077235- 0.72809 57.898 - 1.6841- 0.7521

1.0215

1.7125

60 80 100

t/s

40

20

0 120

1 h

Fig 1 The response plot of h

- 26.062

140

0.36412
1. 8986 0.83945 - 0.42168

- 10.763 0.011767- 0.52517 28.807 - 25.463 - 5.346 1.9927

2.7298 - 4.3443- 1.2638 — 0. 90241

5



332 26
5
1 Riccati
2 1 ( 1) ’ ’
= 1 ;
1 (2 .
B 2 2
5
100 120 140
(3) ,
5
2 u 4
Fig 2 The response plot of u ( ) ’
3 , 0 R
1 ?
0
< ] (1 .
S ] ’
7 2
| 2
-6 . . A A . \
0 20 40 60 80 100 120 140 ;
t/s
(2 )
3 q 2 2
Fig 3 The response plot of ¢
4
3 1 H e
T 2
2 ]
= )
1 B
. 2 2
op_—— Riccati ;
0 40 80 120 160 ’
t/s
2
4 b}
Fig 4 The response plot of ¥
0.9 . i : . : : [1] Kwakernaak H. Robust control and H o optimization[]J].
Automatica, 1993, 29(2): 255- 273.
[2 . [M]. : ,
1981. 376- 399.
Xie X K. Fundamentals of modern control theory [ M].
~ Shenyang: Liaoning Peoplé s Publishing House, 1981. 376
3 — 399. (in Chinese)
[3l . — [ M].
, 1986. 329- 376.
Xie X S. Optimal control theory and application[ M ]. Bet
-1.6 ) ) ) . . . jing: Tsinghua University Press, 1986. 329- 376. (in Chinese)
0 20 40 60 / 80 100 120 140 [4] i Ha (.
s , 1997, 37(1): 27- 30.
5 a Wu X D, Xie X S. Weighting function matrix selection in
Fig 5 The response plot of @ H wrobust control[ J]. Journal of Tsinghua University,



3 : Riccati

333

1997, 37(1): 27— 30. (in Chinese)

Yang CD, JuH S, Liu S W. Experimental design of H «
weighting functions for flight control systems[ A]. Pro
ceedings of the American Control Conference[ C]. 1994.
2516- 2520.

Postlethwaite I, Tsai M C, Gu D W. Weighting function
selection in H « design[ A]. Proceedings of the IFAC Cor
ference[ C]. 1992. 104- 109.

Wang X, Shi Z K. A hierar chical approach for H « control

and its application to airplane landing under wind disturb
ance[ J]. Control Theory and Applications, 1999, 16(6):
873- 876.

(1974-) . ,

Riccati (8)

[ 47.373 52.145 0.34474 - 418.26 1.5673
52.145 58.328 0.24649 - 469.26 1.7706
0.34474 0.24649 0.1733 - 1.2682 0.0024575
— 418.26 — 469.26 - 1.2682 3782.4 - 14.295
1.5673  1.7706 0.0024575 - 14.295 0.09046
0. 88479 1.6001 - 0.12007 - 14.142 0.44481
692.28 763. 12 4.832 - 6123.3 22.5
- 4.542 - 3.7611- 0.23874 27.82 - 0.032302

- 2.1977 - 1.8065- 0.10611 13.458 - 0.015829

, 2004 s
E mail: small. 2003@ tom.
com
0.88497 692.28 - 4.542 - 2.1977 0.81687
1.6001 763.12 - 3.7611 - 1.8065 0.63474
- 0.12007 4.832 - 0.23874 - 0.10611 0.05253
- 14.142 - 6123.3 27.82 13.458 - 4.5875
0.44481 22.5 - 0.032302 - 0. 015829 - 0.0015577
23.366 - 12.775 3.0059 1. 6603 - 1.0378
- 12.775 10186 - 77.289 - 37.728 10.514
3.0059 - 77.289 24.984 7. 0304 1. 9862
1.6603 - 37.728 7.0304 2. 5595 - 0.57091
10.514 1.9862 - 0.57091 0.58397

L 0. 81687 0.63474 0.05253 - 4.5875 - 0.0015577 — 1.0378

0= diag(0. 059476 0.018128 0.56716 0. 95389 0. 0006759 0.48974 0.43087 0. 11445
Q0 2329 0.92253)
R= diag( 0.71008 0.49123 0.31343 0.36872)




