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. Taylor Liapunov
[2- 4

[5~ 7] ) , Taylor

1 1Q .

1.1 Riccati

{z>= F(t)z(t)+ T(t)v(t),

1
z2(t0) = 20, (1)
z(t) n Lv(t) m .
J = %z?&zw %j:[zT(t)Q(t)z(t)+ YI(OR(t)v(1)]dt, (2)
St , 0(t) R(t) nXn m X m
P tr °
Lagrange Nt), Hamilton 1Q
2= Fz- TR 'T' A= Fz- G\ .
®=- Qz- F'\ z(t0) = z0. M= Sizis (3)
' T 17
8]: 6{.[;[_ ANz Vd(z, }\)]dl+ 2ZfoZ%: 0’ (4)
Vi, V= X6 - NFz- T2 g .
. ta 1y , 0St.< 1 <tf,za= Z(td),
N= Nib)e (ta, th)

V(zay M) = m}l\n m?x{.[,[ N Va(z, N [dt- (}\TZ)z: ;b}:
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— i

1.2

NG - Nz,— 2l 0,
QZ GZ Q ta tp °
00>

25 = D0 D,

0G; T
%: G+ FG2+ G2F - G20G>,

0 d»
5, = (F- G0 ™

2 (94 v QuF- 0260y,
G, .

0t = DG D,

0

af{?:- O F- GO

0,=0, =1, G,= 0, la=

(6) 2 (7) 1 Riccati . » O B G
(id%z 0+ FTQ2+ OF- 0,GO,,
%—C;Q: G+ FG:+ G F'- G,06,,
d D
i (F- G20) - O(F- GO»)*

Riccati

2

0= O+ qztz+ q3t3+ s
G = G+ g252+ g3t3+ ey
T = I+ Ft+ P’+ P00+ e

92= %(FTQ+ OF), g»= %(FG+ GF'), ¢,= %(FZ_ Go).
q3= _[ —~((F")?Q+ OF*)+ F'QF - QGQ]

[ (F'G+ G(F))+FQF_GQG]

[ (F'- GF'Q)- FGQ- GQF]

83=

|~w|

¢3 =

(8)

t= 1

(9a)
(9b)

(9¢)

(10)
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o = [Q+ %(FTQ+ QF ) At] At,
G - [G+ %(FG+ GF") At] At (11)
S = [F+ T(F~ GO) at] e
Q= g+ (I+ )1+ §G)'Q 1+ &), (12a)
G,= G+ (I+ F)G(I+ 0G )1+ ©)", ( 12b)
o= [ &= La @] 1e @6 (14 46
[ @~ %G’QL $(1+ g6 )" - (12¢)
, (tf, ) , (0, tr)
S= S
S= Qo+ B(Si'+ Gy ' O (13)
2
#= f(x)+ 2alx)u=f(x)+ glx)u, (14)
x n $f(x) g(x) n . 8(x)= (g1(X), s gn(X))uxm; u
X0 [g(x0),adig(x0), - adi” 'g(x0)]
n D = spart g(x), adig(x), - adf ’g(x); xo
2= Hx)= (b, ¢, o b)) = (h(x),Lih(x), - LT "h(x))", (15)
h(x) (Oh/0x)adig(x)= 0(0 <k <n-2) u=
ax)+ B(x)v, v ,B(x)
B L’fl’lh(x} B 1
Cl(.XT) - Lger_lh(X)’ B(x) - LgL?_lh(x)’ (16)
z>= Az + Bv* (17a)
J(z,v) = %z?me %Jl‘[f(;) Q(t)+ vi(t)Rv(1)]dt, ( 17b)
(A, B) .0 R
0 1 0 ... 0] [ 0]
0 1 - 0
A: - - 0 N B = : (18)
0 w1 0
0_ nxn L 11 nx1
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(14) J(x, u), x= ¢$'(z) w= a(x)+ B(x)v
J(z,v)*
T aylor
) (17),
v  =— K z=- R'B'P" z, K" = R'B'P",
P* Riccati
A'"P+ PA- PBR 'B'P+ Q=- B P(i;)= P;
. Riccati (20) (TPBV),
(17, (1) . P
Ricatti u v
u= a(x)+ B(x)v,a(x) B(x) (19),
_ Lih(x) K #x)
T Lt 'h(x) Lt 'h(x)
x3(1+ xz)
»= f(x)+ g(x)u= 1+ 22| g,
x2(1+ x1)
[2(0), adig(0), adtg(0) ] - n D= bpan{gm) adig(0))
(Oh/0x)adig = 0 h(x)= x°

z= Yx)=

(2)

z2¥ = 22,

z22= z3,, = Az+ Bv, A =

zZ¥P= v

. af
J= ZZfPfZH' 5
tr= 3.0, Pr= dia

2 -1
o0=|-1 3
0 0

w—*oo};&\-o

x3(1+ x2)
X1x3+ x2(1+ xl)(1+ xz)

0
0 Ix2
1

[z (t)Qz(t)+ y (t)Rv(t)]dt
10.0 10.0 10.(}, R = I,

(19)

(20)

(21)

(2)

(2)

()
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Riccati , A B Q ,
A'"P+ PA- PBR 'B'P+ Q=- B P(1;)= P

56433 3.8002 1.4142
P = [3.802 7.6175 3.2833|,
1.4142 3.2833 2.7508
K = R'B'P = (1.4142 3.2833 2.7508),
Lih(x) K (x)
T Ldith(x)  Lelih(x)

) 1Q Riccati
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Exact Linearization Based Multiple Subspace Iterative
Resolution to Affine Nonlinear Control System

XU Zi_xiang', ZHOU De yun', DENG Z chen’
(1. Schod of Electronics and Inform ation , Northw estern Politechnical University ,
Xi” an 710072,P.R.China;
(2. Department of Engineering Mechanics, Northwestern Politechnical University,

Xi’an 710072P .R. China)

Abstract: To the optimal control problem of affine nonlinear system, based on differential ge ometry
theory, feedback predse linearization was used. Then starting from the simulative relationship between
computational structural mechanics and optimal control, multiple substructure method was induced to
solve the optimal control problem which was linearized. And finally the solution to the original nonlin-
ear system was found. Compared with the classical linearizational method of Taylor expansion, this

one diminishes the abuse of error expansion with the enlargement of used region.

Key words: affine nonlinear system; precise linearization, multiple substructure; optimal control



