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Abstract: The optimal control of piecaw ise linear systemss is converted to bilinear matrix inequalities BM 1) inw hich
the feedback gain is a set of paraneters to be optimized with the goal of minmizing the upper bounds of cost
function A mixed algorithm that combines genetic algorithm and interior-point method is designed for olving the
BM | problem. The resultsof numerical exanples show that the proposed method is smple and effective

Key words piecew ise linear systans optimal control; bilinear matrix inegualities interior-point algorithm; genetic
algorithm

1 : - [3]
; L yapunov ) LM |
, , BM | ,
[1] [4] ,
L yapunov , )
[1] : NP
(1Y) R . BM | :
BM | NP , [2] ;
LM | : el
: 2004-06-03; : 2004-09-03
(1979—), , , ; (1962—), :



20

( [1]

4 1).

452
2 3 BM |
(2
{x(t) =Ax()+ a+ Bu),
y(t) = Cx(t) + c+ Dwu(p), J (Xo, u) :J’: (x ()'Qiwx (1) +
x (1) Xii I (1) T
u(t) 'Ripu(t))dt (6)
'x R" ;u R" lo,
'y R’ ;Ai,Bi,Ci,Di,ai,cCi i
Q= [Q j @)
0
n Xi€R" ,Ri Li(t) x ()  Xie
X = X :
~ ! u= Kix - ki= K ix
= 1lo |1 lo . X i | ] (8)
N ® ., i lo, k=0
i lo, ai=c=Q
(1)
. 1]
x—(t):[xm] A—i:[A' j |
1 len
_ B.1 _ Ki= K'Fi,i L (9)
Bi= |: "],Ci: [Ci cl K F. (3)
Oux
(1)
x ()= Ax() + Bu(t), 1]
y(t) = Cx(t) + Diu(t),
x(t)  Xii L (2 1 UL W
2 o
(. W i Pi= FiTFi, P:i=
1( ) X, i:iTTi:i,Ki: KTi:iT,
FR() = B (0. % () Xin X, (3 Qi BIKDTPr PilA-
Fi= [Fi fi] ; i o, BiK) + Qi+ BUE, . <0
. K - Ri
fi= 0, {Fi} . - .
Pi- EWIEi> O,i lo;
2( ) Xi,
(10a)
Ex() 2 0, W () X, (4) Bi- BKPi+ PiA-
Ei= [Ei e] i BiKi) + Qi+ EIUIE; < 0,
lo, e= 0, {EI} K Rit
-Pi' ETWi-Ei> 0,i |1
(10b)
T, {F} {E}
e A e VK ) (2)
V (x) = x FiTF-iXZX Pix, (8) ’ «(0) = xo X
x(t)  Xii L (5) x() X, Ilmx(t) =0,
) S-procedure!® o
(6)
(5) o
J (xo,u) < T'Ln:\fNFXOPiOXO (12)



4 453
[1] Schur N [6]
. 1
1 K , l
! YItRAL AR TE, BNSAE Rt
KWF N ABysaiE
| ™
in XxIP .o 2
« N, XoPioxo, XA R G (R K D
) KA IE 2R E(12), I
Ki K CR%i I, RBAA3)ELE R A
t (12) 7
(10). —
: . S0 A7 A SR I
Ki= K Fi . EXEFERN
K , (10) BM I,
Pi K PBKi, HWTEET
AR k&4t
: [1]
( 6 3). [1] L
(12) ,
5
4 (v) Biu(t),i . 1,2 8
= Ai + a+ Bi =12
(12) (10) BM 1, x (1) = Ax(t a u(t), i
K , (10) M1 (15)
(12) ,
X 0 1
K X = |: j ’A]_: |: J ,
. X 1 - Q
(12), Matlab LM | Ay Aaz [0 11],
0 - Q
L os
A3: = ,
Fitness, -an -
N N
air = ,d2 = - a4 = ,
Fitness = Fmx - Fu,l= 1,2, ,N. (13)
. 0 0
'N s Fu k | as = - 8.5:|: 5-|,Bl_ = Bs= |::;|
; Fmax k 2
, Fmax = mIaX(FkI). Fu
. L' [- 1,1],i= 1
= {)éo (Pio) ki Xo, (12) ; (14) LTy [1,2],i= 2
e ' L'x [24],i= 3
2 Xo (Pio) ki Xo 6K LTy - 2 - 1],i= 4
(12 ’ L'x [- 4 - 2],i= 5
. K , i
(12) , , L:H. Il Kl o< 65,i= 1,2,
0 0 , 5 el o :
K , (13)

(10/3, 0) (0,0,

0w = [ axd() + A0 + vt



454 20

6
« ) Pe = :
Q 6, pm= Q 25,0= 1000, N = ,
30, k= 8a (12),
M atlab LM | m incx
(References)
Matlab 6 5 ) ! [1] Johanson M. Piecavise linear control systamns[M ]
K- J (xo,u) Berlin: SpringerV erlag, 2003 99-103
[2] Goh K C, Turan L, SafonovM G, et al Bi-affine
K™ = matrix  inequality properties and ocomputational
[- Q6913 - 26551 38440 4 1061]", methods [A ] Procd theAmerican Control Conf [C].

Baltimore, 1994: 850-855

J (xo,u’) = 67 19
[3] Hassibi A, How J, Boyd S A path-follow ing method

(9)
. K for lving BM | problems in control[A ] Proc o the
4om TR American Control Conf [C]. San Diego, 1999 1385-
Ki= [3840 41061 0], 1389
K= [31527 41061 Q 691 3], [4] FukudaM , KojmaM. Branch-and-cute algorithms for

K= [11889 4 1061 4 6189], the bilinear matrix inequality eigenvalue problam [J]
) Camputational Optimization and Applications, 2001, 19
Ks= [64990 41061 2 6551], (1): 79-105
Ks= [45253 41061 - 1 2726]; [5] Boyd S, El GhaouilL, Feron E, et al L inear matrix
inequalities in systen and control theory [M ]
Philadelphia SIAM , 1994: 7-24
* ! (61 . :
J = 6440 [1] 3] , 2000, 32(4): 59-61
6 3 J (xo,u) = 61 90 (Zhang T, Zhang H, Wang Z C Float encoding
genetic algorithm and its application[J]. J o H arbin
Institute of Technology, 2000, 32(4): 59-61 )

qull Kill = 64990< 65

( 450 )
5 Sinica, 2000, 26(3): 347-355 )
PD [2]HuB G, GeorgeK IM, Raymond G G A systamatic
study of fuzzy PD oontrollers—— function-based
’ PD evalution approach[J] IEEE Trans on Fuzzy Systams,
’ 2001, 9(5): 699-708
PD (ZN) [3] . PD MATLAB M ]
' , 2003: 189-19Q
PD : [4] : : PD [3]
(References) , 2003, 18(1): 126-128
[1] ’ ’ PD [3] (SuY X, Duan B Y. A new class of nonlinear PD

oontroller [J] Cotnrol and D ecision, 2003, 18 (1): 126-
128 )

, 2000, 26(3): 347-355
W angW, ZhangJ T, Chai T Y. A survey of advanced
PD paraneter tuning methods[J] A cta A utanatica



