ek By
19894 12 §

EHE®RS N A

Vol. 6, No,4
CONTROL THEORY AND APPLICATIONS

Dec,, 1989

— AR AT AR S
JE b 28 R
Clentfis MR KREELWITE)D

wm =

Li#1 TAOHRM T ik &ML R G — M AN AN &8, FBRZERBPUNMRT Bestle 7l
ZeitzEdE S HENI SRR I A T R, (B RARAS T RESRBULE R, A —A ¥
W &R T, BEIE R R G MR 8 RN 1

@i, dERMERS TMENES M.

-, 5 =B
19834EBestlefnZeitz" VU BIANT — AR T ME R &
"0._ 0 ao(tyxy)
x* = 1.. RN : s y=(0+-0 1)x*
0 1° T (8,23
Ny — e
E, a(t,x%)

e TERBRS

x=f(tsx)s y=hit,x)
LRI MBS &, AR EREN TR T O TRV IELER N ZE

x* =E,, x* —

T E_K*(1,7%)x 2+ 0(22?)
ox¥ -
n (%)

T(to) = T3—xt, K*(1, PO RMAAR | |
BT RA T B 2 Bk A Ry, BestlefiZeitzfO 5 REGHE 6 & X. 1986

FELIMTAO BT — ML AMBR LN &M, ARERRSMRT RS Z #1047
B, Wk T BestleMZed tz RPN A% % T AERE X T 5 R RO B ALk AR L B BRI

AICF19884E4 H 18 HURE], 19884F12 H 28 H I BB AR



4 — AR R e A R AN E R A MRS 1 T 81

X B8 B — 3 B 4 1 A0 9 T {1 T R 5 0 ij‘i’) TR MR M, s
i RAE.

:.ﬂ%&ﬁw%ﬁ%%%%#

FEFEUEL, NEEIEREEE RS

‘ 2=1(x), y=hx), x(te)=x, (1)
FER", yER', f()F(x)BAEHELRS

BRAE—ARE 2 Hex= o), ;*‘(ﬁ%ﬁ% HEIBR 2 (1) LR FTRE R %5

3 O‘. 0 | ag(x%) | s :
= 11 X - : =f* y=(0-+0 1)x* (2)
. . * .
0 1 O an-1(xn)

Bx=0(x")RARLK (1) H

. Gw-*__ o .
)= 3 = gt = o

WX 22 R1m S

(2

() = (o

ox; Ox¥ X ox;
) 3w \T 3 Of u 9 dw \I
© w) f*'*aa;(’l“) (Tm )rf-l- dw
ax XN oxx * oxt dxf
0w 0 0w \T 0 T
() (5 22)h asksen
oxl, | * Noxr * dxt
X
of dw \T 0 0w \T do 1
e - = fAN 1S
0x ax;:) (= oxp ) -[ax,f: ]
)43
0 ' .
e e BT [aw ] imkmn (3)
ot axp, ox*




82 V EHEES KA 6%

BREX

o[ ]ew (5) e[ )as (@[50 )r) 1=

Bh ¢ 0w \T 0y ¢ dw \T Jy _
— ax)"ax ax*)~ax,,_(o~-~o 1) (4)
ah a L] . L]
--é;f— ai X=y= xh=x0- = (X7) (5)
¥ (5) A R2E
aam‘l(x:)

LRI 2 (B (oo -

¥ () IR (1) WRENERSHE

) 6

ox*%

0 oh .

ox
Ok
2| C[-g——]fzx,fmz—Da,,_l—an-z(x‘;) 7>
X
0ct,_, (x%) o, (x%)
Hrp Da,_, = ox* f*= (Fa- = @i (X))

ox*

% (7)) B REE
CZ(?;] g;): (’0--'0 1 % - ag;':" —:a(;:; ) (8)

B(HBRZ (L) REDSKREE

ah [X J \ i
CZ[ ]fzxn-Z—DZan—l—Dan—2=x:—3"an-Z(xt)—Dzan—x—Dan«-Z (9)

Ox
RIEGEMTETE
oh T oD'a;,_; oa
Cb[ ] — 0‘"0 l *”.* "Z n-1 — n-k (10)
Ox (ax ) ( — iti=h ax: ‘ ax,’,‘ )
n—k
.R=1,"'9n"1’ i’i':l,""n"l
oh 0w \T oD'a, ; Oa,
c[w] 90\ ok DM ey
5% (Bx*) (1 %o TEe ) (1

ox?¥ Oxd



4 5 —FHAR PRI B R G A0aE R M 230 & 3T 83

o O G

Ox¥ ox¥

BC4), (6), (8), (10). (11)#

N : R

<L 1
oh 8a,. l(xn)
Ci[ ox } ' .gf’.; "= 0 1 ) wé;: ~<“‘1’3)’
oh - oDla, ;, da,
cr 1[ '5;;] 1 % *_.u-n - —axr

COE C13) WAVTTRNER T 4 R
EBE 1 ZfOF)BENES RS, ﬂﬂﬂiiéa‘%ﬁ%%(l)ﬁ%ééﬂt?‘éﬁéﬁé x=0w(x*)
CRFTMBAR L (2) MRELER: '

onT oh dhn
O e S R E DT
ii) O7'(x)=(g(x) NCq(x)J---N""'(g(x)1)" ‘i BT B, Eﬂ»ﬁ{Ew"(x)ER"

0 1
W =07 ), Sl g RH (DR~ )

iii) MTETEREERe, (), e (UG FBEEE

ok
a0 = = [C [—a;; ]N"-lcqundk(x)
s = = [er] e (ONICE) — 3, Dy 2
n-h - Ox q itjmh neiv GRTSS :

ay,(x) =C! [————]f > Die,_,

itjmn

W OBEHE, m(m)%#OE&,A%ﬂummo
B (13) Wi##&

0w

0x¥

3

=H 1 ()00 1) = q(x)

HC3) R




84 EHEBELES KA 6%

ow
-é-—;%q(x) NCq(x)1--N""1(q(x)) = O(x)

) R R T b A e R D S e R S v U

do1 dw \- ’
0 1y =2 = (52) =@ NG N N
x ox

aw“‘(x)

BB E x* =™ (OF 7. R R,

(), i=1, e, nREBERTEH (10D, (12) BRBHE, Bl U2«
HE, 1)Kz,
- am H(x) . ‘
RS Wil FE0T () ERMER—— = 07 (DF XRE L H
=071 (x), x=w(x*)

FAERAE, 2 L XHRAEE BRI RS (1 LRTRBERL (2) .
=, WARBEREHF L

FIRH & 2 W S H T mm ML TR B R S 5

HiE 1

(1) THEHM®)

HH () R Wk, ﬁmf?’ﬁ?F’*‘éftESZ‘IXﬁLA?é}E; /EH(x){%ﬁe, #(2)

(2) #HHEO(x)

(3) W B, (1), @z (x), s ao(x)

FHIFEPR BB E A, ()BT EEPRLELD, k8, ZRSREERTMN
BIRGy Haa (o) B RE&MLD), B (4)

C4) FIHERAR rﬁ‘:xk = ey = () FAxS = h(x) MRIRRHx: (2), 2k (%), -
¥ (x%)

x*(x)

(5)5E

a 4%
% S 00 =TGR L

=0 N (x)=x"(x) = (2} (x) a8 (x))

s ax*(x)

RRBMARG (1) HAMBEL (2) WRETH, 5

» QU#I, HR L ik




L e A B g A T S0 85

RAME R 5.
(6) FIR RN e () BT MBI RS

Bl1 x=f0)=(x x,xDT, y= kX)) =x,

oh
) . Ox ‘ 0 ‘
H(x)= = [1 }
C[—a.]z.] 0 1
Ox
0 1
0=y Naon=[ ], ]
o, (x)= ~I~I C[-—a—h- ]NEqk(x)]dh(x)= —I(O 1)[ } dx, = — xixs
! ox 2% %, ! !
= - h¥(x)x, .
R R E A, iZ%?fﬁZ:ﬁ‘é{{ﬁiﬁTxﬂﬁﬁyi% (2).
Bl 2 | '
| sin lnx, — (1+2x,)(x, +x, + x5 +1nxg) \
x=flx) = Xy +x, +x5 + Inxg
XaXs + x5 Inx,
y=h(x) =1nx,
0h 1
B 0 0 A
_ oh _ 8 1.2
H = | €| - [EK | —lntx,
C? [ j.’f.] 1 1+2x,+3ln%x, e—£—(1+6x21nx3+151n‘x3)
L ax Vx3
1 L1 —+2x) 0)
gx)=] 0|, Qx)=(a(x) NCg(x)) N*Cg(x)) =10 1 0
0 0 0,‘ X3 /

a2<x>=—Jc[ Oh ]Nch<x>3dh<x>=~.j<o*1 3 late,)0 0 xy)Tdlny,

0x Xq

= - 3f1n2x3d Inx,=-1nx,



86 G O T R VA 6%

0
a,(x)= —f C* [ —5;}:# ] N*(q(x)Jdh(x) = Da,(x)

=-f(1 1+2x, +31n%x, —£~(1+'6x2hx3+151n‘x3))(0 0 x;)7dlnx,
3

da»(x)

Ox

- f(x)= —f(l +6x;lnx, +151nx, )dlnx, + 3x,In%x, + 31n°x,
= _lnxa

oh
a,(x)= - C? [ "a’;' ] f(x)"'Dzaz ‘Da'l

=~(11+2x,+3ln%x, -}L(l +6x;lnx, +15In4x))f(x)
3

+(0 3ln’x, xl (6x2lnx, + 15102, ) f+ (0 0 —- )f

3 3

=~sin lnx, a,(x), a,(x), a,(x) ¥ EEMEKMEi),
TR = x* (%)

ox®

xt=h(x)=lnx,, x*= n;§+a2(x) = fHa(x)=2x,

X

ox?
xy=x%+a,(x) = i f-lox,=x, +x, +x}
8% (x) 1 1+4+2x, 0 1 —-(142x,) 0
22 0 = | o 1 0 |]o 1 0[=1
Ox ‘
0 0 1 0 0 X4
\ X3

FRABRELH o =0 () =, +x+ 2 2, lnxg)TRL (DRI TIRE R 5%
x =Ex* —a(x) =E,x* - (~sin lnx, -lnx, =Inx,)T

FiE 2

(1), (2)FERHFEL

(3)FHO(HRFRYE, EXx*=0"'(x), TMEZREREELRTRRES,

(4)Br* =0 ()N (1) BiE.

175 VAT T B 759 /1> ) RELAIE ) s b B0

B i@ =[ TN U] mara, Rt TRERS,



E: | — AR S T RO P B 2 87

1 1+2x, 0 X+ %, +x5
Mz 0= |0 1 O foenaes | *
1o o L 1 lnox
X4 : ;

EX =0 (x)=(x,+x,+x2 x, lnx,)7T

sinlnxy {o 00 ' sin x%
=07 (x)f= |xrx,+xi+lnx, =11 0 0 a*+ Xk
Xy +1nx, 0 1 0 xs

m. FELR{E R LR MR EIG it
BE 2 MRRE (D BRETINEARMA, EhaFDTRERE 10 (40 MW
C5) RE, R (1) FREILIT BRI 85

Z=f(O+KM-h(D)], 2(ty) =x,

I BRARYS (1) HRTTHBE &M, TRREEHr=0(x*)Hr* =0 (0L
RETMBRL (2), NAMMRL (2) B s nT,

2 =B, 2%~ a(y) + K*(y- 53 = f*(2%) +K*(g— # %)
(1) = x?
B K* = (K} K250 &
FRBRENE
PR —Ex*-K*%?
BAMBMBK T B SAREFERE, e =0 () BRBERZ Q)N
é:f(?c)+K(3€)Ey—k(2)J, 2(ty) =1,

~ J
Hrp K( x) = a;i K»®

B TR UE . HRL (1) RE AR SR 5 i M B 1 5K 7 R AL T
MBRGE, A I PR R T X AN,




B8

=%

A Ee 5 EA 6%

€23

32

€43

3 £ x A

Bestle, D, And M, Zeitz, Canonical form Ybserver Design for Nonli-
near Time- variable Systems, INT,J, Contr, 38, 2, (1983),

C.w,Li and L,W,TAO, Observing Nonlinear Time—- variable Systems
Through a Canonical form Observer, INT,J, Contr,, 44, 6, (1986),
Zeitz, M,, Observability Canonical Form for Nonlinear Time~ variable
Systems, INT,J, Systems SCI, 15, 9, (1984),

Zeitz, M,, Controability Canonical Form for Nonlinear Time- variable
Systems, INT, J, Contr,, 37, 6, (1983)

Non -linear Observer Canonical Form and the Design

of Observer for Non-linear Systems

Li Wenlin, Gao Weibing

(Beijing University of Aeronautics and Astronautics)

Abstract

Li and TAO have given a necessary and suffcient condition under which

the non- linear observer canonical form exists. By integrating single variable

functions, they solved the problem of design of observer Bestle and Zeitz

unsolved. But their conditions and computations of state transformation is

too complex. In this paper a new existence conditions and two algorithms are

given. According to this the design of non-linear observer is well simplified.

Key words——Nonlinear systems; Observable canonical form, Observer,





