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Abstract: The configuration ace of an unicycle system isdiscribed by Euler group. To the paraneters in theW ei-
Noman equation not being calculated precisely, the averaging method is used to make goproximate calculation on
the basis that the systan satisfiesL ie algebra controllability rank condition, the average track on L ie group can
goproximate the real track w ithin some precision The simulation experment and analysison the unicycle systam are
given The smulation results show that the validity of the method

Key words motion control; L ie group; averaging method; W ei-N oman equation

1 1 1
20 70 ,Brockett™
, W ei-Noman
Jurdjevic  Sussnann'” . W eiNoman
3
«C ) ,
, W eiNoman ,
. 90 ,L eonard™*!
: 2004-07-05; : 2004-12-13
(2003kj048zd).
(1961—), , , , ; (1982—),



3

690 20
X = &XU,U (t) = zlAiUi(t). (4)
5 X () n G U G
1 G AA LAz AN G
2 (r, 12) , (b1, b2) € (0
L x,y) (r, an (v
I’2) ,9 b1 ra .
(x,y,9
R?x [0, 210, P Xi G, X: G
t > 0, u(t) =
Y = vi00s 8 (ui(®, ,ua(®),t [0 t], X (0) = X,
y = visin 6, (D) );(tf) = X
6= va (4) : P
. Brockett
,f [A,B]=AB- BA;AB G
Co= {A1, ,An},
1 Ci= Co {B[B = [B1Bol,
Vi V2 Bi {Ai, ,Am},i= 0, ,1},
SE (2) :
Ck=Cc1 {B =
X = X (Awi+ Aava), (2 Bk, [Bx 1, [ ,[B1,Bo] 111,
B {A1, ,An},i= 0, ,k}
w0sB - sinB x .
X = {sine s B z} SE(2), 1( )
0 0 G .G G
0 - 1 j [o 0 j G= wan(Cy), (4) : P
Ai=|1 0 0,A2=|0 0 0, k (4) :
Lo o 00 1 [A1,Az2] =
[0 0 j A3 Ci= {A1,A2A3}, G= Pan(Cy). )
As= |0 0 1.
Lo 0 1
SE (2) se(2) 4
P
€ . L eonard
,Vi= @1, V2= @z (2)
X = & (Awi+ Asup). (3)
(3 3 2



6 : 691

(4) . p- 1 p= 23 X (1)
P, o ().
1(W eiNoman ) el
X (1) (4) X0) =1, Ft> .
0, [t] < to,X (t) P
X (t) = uexp (gi (DA ). (5)
W eiNoman g= (g1, .,gn)' 1
g= & (Qu(|t|< t), (6) ‘ak=1, .m), T,w t, G
g(0=0M(g) g : = tt+ T/2
gl , : ax(t),k =1, ,m,t [to, t1],
M(g) = I+ £(g) + O(g), uk (1) , () = o, an(t) = an(t)
n ‘ =0
&i(g) = kz lgk”j- (7
(6) Wei":';rman an(t) = ‘;‘ckwsin(w(t- o)), o< t< ta
. ,L eonard 2
g(p)(t),X(p)(t),p: 2.3, g(t) X (). cei(i= 1, ,m- L j=1i+ 1, ,m), T,
g(2) (1) wM to, ti= to+ M + 1)T.
X @ (1) . : ui (t)
2 ( R u(t,j= i+ 1, m,t [t,t],
G (4) €A rea; (t) = ci,
G U (t) G T , G,Ii(to) = ﬂJi(h) = a (to) = a (tl) =Q
t [0,0) Uw=0Q D= :
{x R"JIl xI < r} CsS(r ). % = - —QZJ—Z 1/4’
X(0)=Xo Q, gf(t) (6) ,9(0) = go= ("erﬁw )
W (X o) .: o(@. g@= @%, g7, o = oc_(T:uM_J =i+ 1, ,m.
wi(d) = € 5 Area(NIh+ off, {G,Ii(t) = aasin(W(t- 1),
0 () = @i() + WD), =0

o t< to+ T/4: S1;

X @) = [ene? (DA). {eui(t) = awos(wt- ),

X @ (t) X (1) a; (t) = oyusin(w(t- s1)),
Il go- g@ll = 0@, g?(@) S ts 1+ MT = s
D, Vt [0b/], b>0, dX(1),x?(®)= ai(t) = oaoos(w(t- )),
0(é),Vt 0,b/e]l ai (1) = 0,
2 “Ua 2< t< o+ 3T/4= t
U (1) pac() u(t) : A rea (1)
Area; (T)  Gi() a1 : A rea; (T)
( o Cj
):
. 1)
3 (4]

(4) G



692

20
ot 't Iyt - m [0 tu] 2
F _ T2+2 FnJ}TTZ I'E:;'Z rl(1I‘I‘|+-21)m ; [tly tf] ’ l
- : 3
F?.Z F?m Fg3 FTm 1) ’ Xy
C12 gf (m+ 1) , (O, 0)
. a C13 L] 9fm+ 2
' = ' (°r") 4 =T ,
( ) : (01,01 3 ,
Cm- 1) Jfn ,
k 1
Ck = Qrk - cilii, k=1, ,m;
. i,jZ,Kj ' : .
S={ilesz 0 j>i},r S ; 05
, M= 1/mET , g N
T = i1 0= 210 g 0
T+ D27 T b
, -0.5 P —
2)i=0 ¢ 2 4 6 8410
S
3)i= i+ 1 L 05
4 iss, 5); 8
C_ L) A
5 c(=i+1 ,m) : =
2 - &
’ V4 & & 10
6) i<m- 1, 2): s |
7). ok=1,m) ,
2
5 0.12
2 SE(2) 0.08F
1 3y y
0 (&). 0.04F
(3) 0 /L
0 -10 0 0 1 005 ¢ o.osx 0.1 015 02
A= |1 0 o,A2=|0 0 O
0 0 00 3
p 0 , 4 W eiNoman
Xi tf Xf. ] I
W eiNoman WeiNoman uz ()
Oix)= 9= (gn o) ul) i
CI)-l(Xf) = gr = (gfl, ,gfn)T. W ei-Noman 4

, g= (0,007, gr =
10,e= Q@ 1,n= 3 m= 2, T

(01,013,017, & =

= I‘* =
1M = 5§
2 1 ,
; 1 2
C1 C2
2 3
, 2 an(t) an2(t)

1 cee= g3, Ct= (1,C = gz,S_: {1},I’:

C12

(92,93)"

Sz)

g2 (1)
W eiNoman

g1 (1)

W eiNoman

gs(t)

0 (&)

,W eiNoman g1= 6

(st



693

0.2

0.1f

£i()

2t

W ei-Noman

S 1/2

(References)

[1] Brockett R W. System theory on group manifolds and
ooset paces[J] SIAM J o Control, 1972, 10(2): 265-
284

[2] Jurdjevic V, Sussnan H J, Control systens on L ie
groups[J] J o D ifferential Equations, 1972, (12):
313-329

[3]Leonard N E, Krishnarprasad P S A veraging for
attitude control and motion planning[A ] Proc 32nd
IEEE Conf D ecision Control [C] San A ntonio, 1993
1919-1924

[4]Leonard N E Motion oontrol of drift-free, left-
invariant systems on L ie groups[J] I1EEE Trans on
A utanatic Control, 1995, 40(9): 1539-1554

[5] Sachkov Y L. Controllability of invariant systems on
L ie groups and Homegeneous aces[J] J M ath
Science, 2000, 100(4): 2355-2421

[6]Wei J, Noman E. On global representations o the

() gs solutions of linear diff erential equations as a product o
4 exponentials[J ] Proc of the Amer M ath Soc, 1964,
6 (15): 327-334
( 688 )
(References)

[1]1M iddleton R H, Goodwin G C. Digital Control and
Estimation: A Unified Approach [M ] Newv Jersey:
Prentice-Hall, 199Q

[2] , . )

M ] , , 1996

[3] : , . Delta

[J] , 2003, 18(4): 385-391
(zhang D J, Wang Z Y, Wu 1 Survey on systen
control and signal processing using the delta operator
[J] Control and D ecision, 2003, 18(4): 385-391 )

[4] Chan C Y. Discrete adaptive sliding mode control of a
state-pace systeam with a bounded disturbance [J ]
A utamatica, 1998, 34(12): 1631-1635

[5] . M ]

. 1996

(6] :

[J1 , 1999, 16(2): 221-224

(zhang K, Zhou F Q. Design of global sliding model
variable structure control for uncertain multivariable
linear systens[J] Control Theory and Applications,
1999, 16(2): 221-224 )

[7] , , .-

[J] , 2003, 18(4): 460-463

(MMiY,LiwL, JingYW, etal Global slidingmode
oontrol for uncertain discrete tine systens[J]. Control
and D ecision, 2003, 18(4): 460-463 )

[8] ChoiH H. A nenv method for variable structure control
system design: A linear matrix in equality gpproach[J].
A utanatica, 1997, 33(11): 2089-2092

[9] ChoiH H. On the uncertain variable structure systams
with bounded controllers [J] J o the Franklin
Institute, 2003, 340: 135-146



