31 6 JOURNAL OF NATIONAL UNIVERSI'Y OF DEFENSE TECHNOLOGY Vol. 31 No. 6 2009

:1001- 2486(2009) 06— 0062- 05

BBt BARRZ 4 R, AR
(1. : 410073 2. , 411105)

PID ,

2 s ’ ?

:TP273 :A

Optimal Design for the Feedforward feedback Compound Controller
Based on a Hybrid Optimization Algorithm
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(1. College of Acrospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China;
2. College of Information Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: Considering the fact that it is difficult for the conventional PID controller to meet corirol request in the aircraft contmwl
process, we designed a normalized feedforwardfeedback contwller system. Furthemore, the hybrid optimization algorithm that combined
the chaos optimization algorthm and the conjugate gradient method was used to search for the optimum parameters of the feedforward-
feedback controller system. Simulation experimental results and experimertal analysis proved the superiority of the hybrid optimum
feedforward feedback controller, which showed better dynamical and steady behavior, strengthened the fitness and robusness of the
system, and weakened the blindness to selection of learning factors and high dependency on experience.
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Fig. 1 The structure chart of feedforward-feedback compound controller based on a hybrid optimization algorithm
[2]

- 2 PD 2 2
U(s)= (Kp+ Kps)* E(s)+ Ko* R(s) (1)
, Kr Kbp ; Ko ,
- 3 Kp KD Km,
(3
J= o tle(t)ldt+ w0 (2)
o max(e(t))
1
o Dlle(k) lk
J = min (=X - (3)
max(e(k)) T
2 0 2 2 2 2
s W Wy, O+ =1
[4 5]
, [6]
131 _



64 2009 6
2.1
21 n () 1 J(x) flx)
X = argrpgrblf(x) (4
M= {alv €8,/ (x)- f(x )< & (5)
€ 5 rl.; x* € N X} 1'1€
:Ak={w|xk6rls} , J (x4) ,
S =f(x) 2 (x2) =[x ) 2o F )= f(x) 2o (6)
Ay (6)
A1 CA2C ...CAx C ... (7)
1x1 Ne ,X2 ,
(7). p(AL) ) k, p(Ay) <1,
, > Limp (Ay) (7)
imp (40) = p( [ 04) = p( Oy =1 (8
Y(0< v< 1), M, k>M ,p(A) 21- ¥,
P{@W*Amb M}: l—p{w|w€Ak,k> M}< Y (9)
g,
p{w|f(xk)>f(x*)+ & k> M} gp{uﬂxk &0, k> M} <Y (0 v D) (10)
limp{ ol (x)> £(x" )+ =0 (11)
k S Xk Ne S(xh) 1 f(x)
flx)
1
2.2
LOgiStiC o Yo+ 1= yn(l_ y") (TL: 1527 "'7N;0< }’0< 1)7
H=4, .y (0,1) . Xi
(Kp Kp Ko) , (0,1) , yi
X x,'(k)z a;+ yi(k)'(bi— a,:) , a; b;
% (0,1) x
)/n+1: 1']')/n( 1— Yn): 4Yn(1— )/n) (12)
,Y,= [yﬁ"’,y&”),y%”)] (n=1,2, .., N)
Kpn= ai+ | bi— a yﬁ")
Kp.= a+ | b— a y(zn) (13)
Kow= as+ | bs— a3 yg")
Kri= Krin+ z:y(ln): ar+ (bi+ z;)y(ln)
Kon= Ko+ z:y(zn): ar+ (b2t z;)yiz:: (14

x .3 x .2
Ko,=Ko, + z,yg”): az+ (bs+ z)y;3

Zi 1= (1_ )\)Zt



Kpo Kpw Koo , M0< A< 1) Z
(1) Ni(
(0)
5 N, ), Yi=Yi
(2) (0,1), (0,1), = at+ v (b
- @) (0
xl*,l_xl(o)’J*,lz J(O)( X Kr.Kp. K. xi*.l’J*,l
)
(3) , yi(k+ V= 4yi,(k>(1— yi,(k>), "= a+ yi(())'(bi— ai)
xi(k) J(k) J(k)< J*.l7 xi*.lz xi(k),.]*.l:](k); ,xi*'l ]*.1
(4 k< Ni, k= k+ 1, (3); , PR A
(5) Nay m=0, o« , e TN(e 0,
r1> 0), xi*‘2: xi(]rJr m)7 g(m): vJ(x(er k))
(6 Il lI<e m<N, , « =x"", S (7)
(7) )v” J(x(m+ k)_ })ﬂg(m)): H)\lj{)l](x(lﬂ k)_ )g(m,)) x(m+ k+ 1)
— x(m+ k) _ }‘ng(m) , J(m+ k+ 1) _ J(m+ k) < rL xi* 42: xi(er k+ 1) , , x’:* .2 J* .2
( xi*_Z’ ]*_2 ); 7 m= m+ 1’ g(m)z
v‘](‘%(m-%-k))7 (6)
(8) N3 }\. Z0, n= O
J*2> J* 417 xi*.3: xi(k+m+n):xi*.l’J*ﬁ:J(kerJrn):J*.17 n= N3+ 1, (10)’ ,
J‘2< J*J’ x’:*.2+ z[y(ik+/71+n):xi*42+ (1_ A)z’71y§k+ m+ n)(n: 1,2’ ,NJ [5]7 x’:*.3
_ xi* _2+ z,y£k+ m+ n) , (9)
(9) x.(k-%- m+ n) J(k+ m+ n) J(k+ m+ n) < J*A3 x.*ﬁ’y:
xi(lﬁ m+ n)+ zz:y(ik+m+n),]*A3= ](k+ m+ n); , J(/c+m+n)> J*,S’ xi*43 *.3 ( xi*ﬁi, ]*A3
)
(10 n<N; oz, >Q, n= n+ 1, (9); , n> N, , ,
i = ) =0 T )
3
’ [8-9]
_ _3274(0.15s+ 1)ee *™
G(s) = S(1.81s+ 1) (0.038s+ 1) (15)
, T=0.01s, _
, : ai= 1.5, a2=1,a3= 2.5, bi= 3,b2=1, bs= 8
_ , N 1= 500,
N,= 200, N ;= 200, A= 0.001, zo= 0. 5,

z, <Q= 0.001, o=0.5 0,=0.5,/= 100 100

2



66 2009 6

Kp=3.6052,K)= 0. 5203, K.= 8.2910
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Fig.2 The response cuve of feedforwardfeedback control Fig.3 The earor curve of feedforward-feedback control
1
Tab.1 Optimal parameter and other options of controller
K, K,/ K, K/K, (s
— 3. 6052 0.5203 8.2910 3.8% 0.089
2. 9863 0. 8460 7.4708 5.2% 0.984
PID 1.956 1.538 5.347 10. 3% 0.115
PID ,
— R PID
s s [M]. ,2002.
PID MATLAB [M]. , 2003.
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