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C(x:«,u-,t)=0,

J= j;f[X(XA )+ U( U )]dt+ P(X{*)'

) * , f
Xa  Ua, q u
X* = Xa+ ¢, U* = Us+ U*
(4 () (2, Taylor

¢P= Fgq+ Tt r,,
Cxq+ Cuu"' C(): 07

, F. = (af/ax)a, I'a = (af/au)a, Fa = f(xa, lla)— xz, G = (aC/ax)u,

C.= (0C/0u),, Co= C(x4 wa)*
(4) (3).

3
J = ]a+ J‘Or[XTaq'F UTau'F %qTX,aaq'F LuTlJ,aau] dt + P:I‘aqf'{' %q}jp,aaqf,

2

X oa= (AX/dX) 0 Xowa= (PX/dx?) 0, U= (AU/du)u, U w= (FU/du?)

(7) (5) (6) Lagrange

(2)

(3)

(4)

(5)
(6)

(7)

L. m m m m m
J(-: J-Otl:— pl¢+ pl(F(tq‘l‘ Fau + ra)+ Yl(Cxq+ Cuu + C0)+ X,[aq+ l],lau+

%qTX, aaf + %uTU,uau] di + PTtiqf+ ;—qFP, aaff f*

u=- R,(Tip+ Civ+ U),,
PP=— Quq- FTIp— Civ+ rp,
¢= Fq- Gyp - TR.'Cux+ 14,

1+~T — 1
5 Qa: X,{L(t7 Ra: l],am Ga: FaR_a Fm Fg = Fo— FaRa l],(l7 n=- X,a‘

f T T LT 1 7 T T
Je = L[-P Prp Fq+ 50 Q- 5p Gpt pri=qn-

Y Cp+ Y Cqg+ Yrjdt+ P gi+ %q?P,qu .
(10) (11
v= Hv+ F,
Fa - Ga - FIIR:LICEY+ Fq
T
9 V= b 2 H = B F= ¢
{q p} |:_ Qa - Fa { - CIY+ r
(13 H F . [6]

0.= Qi+ Fi(I+ GiQ2) "Q:F 1+ Fi(I+ G,Q2) " CLK 'Co(1+ G1Q2) 'Fi,
G.= Gy+ Fo(I+ G10Qy) 'GIF1- [ Cu+ Co(I+ G10y) 'GIFY"K [ Cx+

CoI+ GiQ2) 'GFy],

F.= Fy(I+ G1Qy) 'Fi- F2G (I+ G1Qy) "CooK "Coo(I+ G1Qy) 'Fi-

(8)
(9)

(10)
(1)

(12)

(13)
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CuK 'Co(I+ G0y 'F,,
Ci.= Cu~- Cx[(I+ G1Q2) " Q2— (I+ GiQ2) "' CoK 'Co(I+ Gi1Q2) '] Ch,
Co= Co— Cn/ QI+ GiQ) "= (I+ G1Q2) "CLK 'Co I+ G1Q2)" ' Fy,
C.= Cu[(I+ GiQy) "Fi—- (I+ GQy) "CoK 'CaGi(I+ G1Qy)” " F; -
(I+ G1Q2) "ChK 'Cy],
re= rp+ Fo(l+ GQ2) (rj— Gina) - [Cho+ Fo(I+ G1Q2) 'GICHJK ' x
[Co(I+ G1Q) 'ryi— CoAI+ GiQ2) 'Girpa+ rin],
roe= roa+ Fi(I+ GiQ) " (Qurg- 1)+ Fi(I+ G1Qy) " CLK '[ Ca %
(I+ G1Q2) 'rg- Co(I+ G1Q2) 'Gira+ rf,
rie= rmi- Cu(I+ Gi1Q2) '( Qro+ r2)— Cu(I+ Gi1Q2)” CuK [ Cax
(I+ GiQ2) 'ra- Co(I+ G1Q2) 'Ginz+ m2f*

(13) .
2
H )
. (13), H
H(v) = Ho+ Hi(v), (14)
H, , (13)
w= Hov+ (Hiv+ F), v(0)= v (15)
Hiv , D(t) = exp(Hot ), =

Ho® ®0) =1
Q1+ t2) = Yt1) D12)e

(15)
t
v(t)= P(t)vo+ Lf O(t- t1)(Hiv+ F)due (16)
2 * T
to= O’ 1= T’ cen, = kT,
Lk V= Vi D1+ 12) = Dl11) Dt2), > th (16)

v(t)= D(i— tr) Plir) * vo+ J.z Di— &) Pltr— t1)(Hiv+ F)dir+
J‘L D(i— 1) (Hiv+ F)di =
i}

D(t— ty)vi+ J.:CD(E— t1)(Hyv+ F)due (17)

(tk, the1)
Hwv+ F = ro+ ri(i- u),
[ 1]
viel = T[vi+ H_l(ro+ H_]rl)]— H_l(ro+ H 'ri+ rT),

Vi+ 1
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vie1 = Tfvi+ Ho'(ro+ Ho'ri)] - Ho'(ro+ Ho'ri+ ri7T), (18)
T= &7
(18), .

ro= Hiyv)vi+ F(t),
ri= T_I[Hl(Vk+1)Vk+l+ F(tk1)— rofe

(15)
w= Hov+ ro+ ri(t— t), vi= v(t) ( St Stpi)e (19)
(18) . ri (18),
[1- QH( Vie1)]Vie1= Fp, (20)

Q.= (THy'/T- I)Hy',
re= Qu(Fri— ro)+ Tvi+ T.Ho'ro,
To= T- I°

[1- QH\(v)]vi"" = rm(vih) (i= 0,12 ..,

ri( Vie1) = i+ Quf Hi(vie1)— Hi(vi)] vier® (21)

(0
, Vk+)1: ri®

1. $X 7k
, Hv+ F , ri, (18)
Vi+1°®
2. laX Fik
Lk Vi, i1 Viel, F1= (Vie1— W)/ T (18)
Vi 1 , ) ¢
, m= 4 n= 4
2
fi(x, u,t) x1+ x2+ x3+ ul+ ul
fz(x, u, t) x2+ x3+ x%+ u?2
f(x’ u, t) = = 2 4
S3(x, u,t) X1+ x2+ x3+ U3
a(x, u, t) X1+ x2+ x3+ x4+ u421
Ci(x,u,t) X1+ w3+ w
Cz(x, u, t) x2+ x3+ w2
C(x,u,t)= = ,
C3(x, u, t) X3+ X4+ U3

2
Cox,u,t) X1+ X2+ X3+ x4+ uj
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2 2 2 2
P(x) = x1+ x2+ x3+ x4,

U(u) = ui+ ud+ ui+ ui

Fir =

G =

Cu: =

Cor =

Cy. =

rok =

2 0 00
0 2 00
0 0 2 o
LO 0 0 2
1 1 1 0
2¢1 1 1 0
1 11 0’
L 1 1 1
[2uT+ 2w+ 0.5
0
0
L 0
1 00
01 00
001 0
0 0 O
x1+x%+
x2+ x3+
x3+ x4+
X1+ 224+ x3+
ui+ 0.5 0
0 0.5
0 0
0 0
2 00
02 0
002 0
0 00
x1+ x%
x2+ x3
X3+ x4

0 0 0
0.5 0 0
0 2u3 0
0 0 2ui
100 0
010 0
Ci=lo 01 ol
(0 0 0 2uy
ui 0.5
us 0
us , Cw = 0
x4+ u4 0 0
0 0 2uq
0 0 2us
u3 0l U= 2u3
0 2uj Quy
2u%+ ul
u?z
=T 2u3
Zuazt

2
X1+ X2+ X3+ X4— U4

?

2
0
0
0
|:2LL1+ 1 0 0

2 2 2 2
X(x) = x1+ x2+ x3+ x4,

S N O
S b OO
S

0

0 1 0
0 0 2us3
0 0 O

0

0

ol
2u

) Fpi, = —
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Time Precise Integration Method for Constrained
Nonlinear Control System

DENG Zi chen"’,  ZHONG Wan_xie’
( L. Department of Civil Engineering, Northwestern Polytechnical
University, Xi’ an 710072, P R China;
2 State Key Laboratory for Structural Analysis of Industrial Equipment, Dalian
University of Technology, Dalian 116023, P R China)

Abstract: For the constrained nonlinear optimal control problem, by taking the first term of Taylor
series, the dynamic equation is linearized. Thus by introdudng into the dual variable (Lagrange multi-
plier vector), the dynamic equaion can be transformed into Hamilton system from Lagrange system
on the basis of the original variable. Under the whole state , the problem discussed can be desaibed
from a new view, and the equation can be precisely solved by the time precise integration method es-

tablished in linear dynamic system. A numerical example shows the effectiveness of the method.

Key words: nonlinear control system; constraint equation; time precise integration



