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Abstracts

This paper describes robust stabilization of nonlinear single-input uncertain systems without match-

ing conditions. We consider nonlinear systems with a vector of unknown constant parameters perturbed about a

known value. The approach utilizes the generalized controller canonical form to lump the unmatched uncertainties

recursively into the matched ones. This can be achieved via nonlinear coordinate transformations which depend

not only on the states of the nonlinear system but also on the control input. Then the dynamic robust control

law is derived and the stability result is also presented.

Keywords

1.

v A3 Al AR 9] Alof o] Z9] YR v & 7] 3} 8 (differential
geometric) 2 FZ WY& o] 8T = AYE NYe %
¢ adsA R gt SAES HASGHEM B HH S
ol Fo] gt o} AlAd 2o e EHANY, md 3
HA @& A2H 55/d(unmodelled system dynamics) Sl
g Ao AEgY ZUAE FA F8 EAR T 1
AMAH 2o B3I AAe] g sl Ay 85 7y
B A8s gy A A% AlAage AFEEE AR 7 o
219 Alo] AL AREE BASI 7} oFh weps ofg
TAAEE R UG AT AFE0] @REA o] FAA T Ut
AAY EQAAYY 7E2E 43 AU detulE B84 ) W3
A= Batal A o] A g2 7 (matching condition) & wH3El= 7
T Btz E o] ZASIY A4 e =g o] &3 =
719] A d[3]2 = dEslel ofd] A2 dE A~
Moz 2y WAt & ol T W] 24 A Ao
AA 3 (5, 8, 11]0] AT FgE2A S Yukslsle] Y
3 3= 7 (generalized matching condition)& T&3h= 7§
th & Ao AA $i[10]3 Azt A ¥Z7 (triangular matching
condition) & THIE Z S ujdE Al2de EFAL S AR
WS FHA AR A& o A MY AL
WL Q7)) A AT S =Y (9] Fol a3l A
THI Atk = FR2AE BFHA G Aol ALY
ERN4e 3g2AS WFst= FH(matched uncertainty)
g2 NE3A] @+ Y unmatched uncertainty) 2.2 ¥
23t NS HH3A G BGHANY 277 2R3
o FE AoV E AAE 5 AT w1, 2)ol sdth
Bt ol g & A kxo] WolM HAR AR5 7 of
S oyth getd B =RdAE AP0 S HEIA 4t B
AN S 7HA Al hated 2 HF 8 Ao & A S
A gk AHA 3B Fol uidE el FE AN 2
g A dte] HoR Z2H gl oA M AlAE Y gh 3}

e

= O

=2

=

A+

2}
L

o

159

Matching Conditions, Generalized Controller Canonical Form, Dynamic Control Law

F(relative degree)7} AJ2®le] a4}t g FoE HZAo
Z A3 (static) Ao 717t AAFH T A 2574 A A 2A4n
o 2 3¢ F3(dynamic) A 7|7 ARk 2 =FA
= TR AE HAGE AE AR I FoiW £ ¢
FREH MEE ARZ A8 AT AE HY 57 AF

Hiool, old 2 &3 A FrelM et EUE L BAs)

71 918 M3 (fictitious) Ao Yol HA MAHL o] o] &
3 oAl e MRE FE HY §4g dE5Reg iz F

FHOo 3 ZAAAZE AAL F UA Aok ol 8wy
2 Fliess 71 A} <} 3} generalized controller canonical form[4) 2
R ALYE HE Q8 TS HF H & Aot 7 AR
N s AR dANM AAHE 7 Aol YHe A B
olojol &t31, ERAUE S RAT & glojof 3, A2 4A
HAZE WHY 5 USRS FED A5 A% n i g = g5

=
o|ojo} T},

2. EAHA
T A The R 2 230 ©al 18 BEHR
2 i),

CEER:BE

L}
MAY LS 3

€ = f(z,a) + g(z)u. (1)

A7 A fz, ) g(z) oA (manifold) M C R?)A 3 <
= O™ ¥y gX(vector field), uv u € R AojgFo|n
f(0,0) =0, g(0) # 0& VZT. AE ot a €RPE B3}
T oAl Y deteE e o, 34 FetoH 4 .0 A
Atk 7Y EE gt 2o vepd 4 gtk

o

2

a = @n +0a.

(=3

=

Al
>

(2)8 ol &5tol 4 (1)& Tl 28 the3} ok
fi(z) + Afi(z) + g1 (2)u

f2(z) + Afa(x) + ga(z)u.

T

Ty =

®3)



£ A (3)olAM EFAU ] f= TR AL OE 2ol B
qg F ok

fi(z) + g1(z)u
fa(z) + g2(x)u.

T

(4)

o

A2 1 (Matching Condition) 4] (3)¢] 844 & &=
2 v Ao #§4 8(x) 7t EAELA A 5)7 4 | g
& WE3 o, 8]

a

Af(x) = é(z)g(x). (5)

AR 14 (39 BRAS FRRAL BEEN Yo

713 2 (Controllability) 33 A]2¥ (4)= controllable 3}
% F oo 20& BERT, 9]

rank{g,adsg} = 2.
AN adsge [f, 9|2 B )5+ Lie bracketo] th.

Al
>~

7}4 3 (Linear parametrization) 32}ulg ¥HEH o
(D)ol th-&3 o] H¥a oz &3t

r
flz,a) =) aii(z)
i=1

A7 A (i(z)= A M C RPAA 3= O G40l

B =RolAE 718 138 BES= A (3)o] thete] 57
79 Py s Ao} 71 g HA A Bk,

3. 7 A3} Alejr] AA

Alagle] B8] AHRAES BEY H$ distribution
{9} 7} involutived}?] o) Foff 714 2& =8 3¢ A2l 2 ¢
-] ¥ 3}(input-state linearization) 7}%538h3, [5] E=
[11]9] AFHE o] 831 & A7l & AR 5 A 23y
Al&dlo] Q)g-de) AP sheslidets B8l Fg=7
S NEIHA gow HEH ANZE FFAANAY B Po] Ao
¥ 9] range spaceell %34 @7] wlFo) HaA Ao ALge]
UFEE BAE ¢ Qo "M & =FAA s 4 (3)Y 4
a7t 10] HA e 2985E sy 2oz 38
Z2& NEIA G BEFAUL S RASE M Ay S =
T3t F® ¥ B(coordinate transformation)& Fo|sty B
A2 FBANA 5 A7 & HA S B S A A S

3.1 Coordinate transform
A @Bl el M 28 &y =512 318 A2 A A5
18 2t3, [10]o0 & Fgxo vt g A=A S 25 o

=
2 7T o

A gt A AU AlAR e A B 2-g 79
) A|AEe] orA zero dynamics®] 4P o] ¥F L
o weEtM o] JhA el WashA o

p
p

Il

ut
=

=
a5

718 4 A Q)dA 1& YR e Y-8 A2 9 zero
dynamics A 23 (asymptotically stable)3}t}.

160

Got 2ol A2 e AHAS 2 Aol aAL
(6)

A7 A ziE ziol A Aeks 2oy W3 FAE G
demg r{ =008 F}. A (6)2 Alztel thal M vl Fatd

d
21 =T —XTy.

3}
fi(z) + Afi(z) + g1(z)u. (7)

A ()l X BE8AE Afi(z)ol o & bounding function& &
} zFo] A o) 3hA}.

2

pi(z1) 2 |Af1()]. (8)

2E A ()€ ol gstel Al ()8 BRURE BAHE 4
Aol Y g et ol WA 4 9ok

v1 = sgn{z1)p1(z1). (9a)

o 71 A sgn(-)< signum 3ol ).

A 2 =5 W 2A ol gel A2Ye] HEE A9, @
A AFH kst 2ol M Al Y (9a)E FE Y A5l s

& = FFolojol BB R 4 (9a)F ANAEe o

& ¥4 AT

2
=

o

B
hiay

I
i

v = sgn(z1)(1 — e~ 71y (21). (9b)
A71M g1 Ao} ol FFL wlA = HA FehulgEelth «

A 2R U AT A HF 2T A () 2844
(9b)2) Ao g oz Alste 7 5 AUk

22 £ fi(z) + g1(z)u + v1. (10)
4 (10)& oA A7l tha) vl Bokd ez 2ok
20 = fl (:L‘) -+ g1(1‘)u + g1 (x)u + 1. (11)
4 (1) AAee gt 2ol Aok
2 =201 @) + gu(eut ]
+ 2 (0) + Afa(a) + gale)u]
T2
+ 3811 (@) + g @+ o W)
+ 2112(@) + AR @) + g2l
T2
+ 2 (f1(@) + g @+ i
+ q1{z)u.
4 (12)04 BRAAE TRE VUE O 2ol B8
_on 99
= 5% Afa(z) + Bz, Afa(z)u
G A 5 F(z,u, i) 2 3989 A (7), (10), (12)°) o
8 g3 7ol 28 4 .
z1 = z
22 = F(r,u,u,v1)+7n. (13)



3.2 Dynamic robust stabilization
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