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Properties analysis of direct adaptive regulator
for nonlinear systems
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Abstract: Properties of the direct adaptive regulator are analyzed. It has been proved that the regulator
has the property of minimum energy under some conditions. The output of the system can converge to

an expected value of output and the sequence of control vector is also convergence under the action of
the direct adaptive regulator.

Key words: nonlinear system; dynamical linearization; adaptive regulator; convergence

53] 5 L8k (

). f1*]
[1] Yieh = [y(k— 1,y(k- 2, .y(k- p)]
, Uirs = [u(k - 2),u(k- 3), ,u(k- m)]
.1 S,
) :
y (k) = f[Y’i:’f,u(k— 1),U’i:’z",6(k),k] (1 1) Q?k)
.y (k) cu(k) n k
: 20004 120; : 2001-03-12
(1963—),

; (1934—),



224 # Ll 5 s bl #F17 %
y(k) = y(k= 1) = ik Lagrange
Rb) Tulk = 1) = u(k- 2)] (2) S (u, d) =

2)
u(k- 1) =
u(k- 2) + IIQ?k "zq?k) y(k-= 1] (3)
» Y0 , Ak
[2 4] (3)
u(k) =
u(k- 1) + A >

NVur of[u(k- 1), k1IN
V- nf [u(k = 1), k] > A
{yo— fIYiZh, u(k - 1),UiZ%, O(k) , k]} (4)

Vauk-nf [u(k = 1),k] =

£f [ Yi:pl, u, Ui: ’2",Ae(k) ,k]l w=u(k- 1)

SRE) Sl w0, 0L k] u .
ooy - FIYich, u(k — 1), UiZs,
B(k) . k] . O(k)  O(k) [2 4]

(3)

(3)

2 EBEERETRORA R
P

u(k)
w(k - 1) = u(k- 2
Elu(k - 1),u(k- 2)] 2
Hu(k- 1) - u(k- 2) 1P
““ 77 Elu(k),u(k-
1] ,
Elu(k),u(k- 1)]

(3) “
1 yo(k).y(k— 1), u(k- 2),Rk)
A=, (3)
u(k)
yo(k) = y(k- 1) =
®k) Tu(k = 1) = ulk - 2)]
Mu(k- 1) - w(k- 2)I° =

. , 2
nin 10w = rae(k cnd 2)nkd
u

Hu- w(k- 2) P+ Alyo(k) -

y(k=1) - RE)Tu- u(k- 2)1}
i ¥
W= u(k- 2) + ||Q?llc) Rk <

[yo(k) = y(k- 1)]
u Wu- wk- 2117
yo(k) = y(k= 1) = ®k)Tu- u(k- 2]
Hu- w(k-2)11°

1 1
3 HEBEEMNE TS T
FEARAE
A , 3 Rk
@) (3)
u(k- 1) =
u(h- 2) + "(Rk SR [0 - y(k- )]
(5)
3 Rk
y(k) = y(k- 1) =
Q?k) u(k- 1) - u(k- 2)] (6)
) : u(k
. .5 ()
y(B) = y(h= 1) + ®Rh)" "A%A,j) el

Ri)[yo- y(k- 1)]=
y(k= 1) + MAilyo— y(k- 1)] (7)
_ RORE)
13N 1k
y(k+ h) w(k+ h-
1)
y(k+ h) =
y(k+ h- 1) + Rk +
h)r#hmkjL
HRE+ k)N
R [yo— y(k+ h- 1)] =
y(k+ h— 1) + M+ nlrn][yo -
y(k+ h - 1] (8)
(8)
yo= y(k+ h) =



EERR % A MR G BRRE 1R T B R AT 225

%2 H
(1= Msnlisn) (yo— y(k+ h= 1)) (9)
(9,
yo— y(k+ h) =

(1= A nlrn) (1 = Abs e 1Qks i 1)

(1= Ae1luer)(yo— y(k)) =
[[]c1- sl o= vn1 (10
lim y (k + h) = yo

h

lim [ (1= Aeias) = 0 (11)
(11) (3)
(7). &
A k
RE) = (R(k), B(k), Rk)T
RE) = (R(k). R(k). . B(k)"
u(k) = (wi(k),w(k), uk)),
(3)
ui(k) =
w(k - 1) + "%k,,%k yo- y(k))
1= 1,2, .,n
(3)
1 0< < B, k,0< o
=®(k), Q? k) <Bs,j= 1,2, ,n;
2 0< o< B, k,- B
=@k, Nk) =- a< 0,i= 1,2, .n
3 i iz, Lin) C (1,2, .n),
k0< o <P(h), R(k) <B.j= 12
iZi,j=1,2, .m, k,
- = QP() Pk) =- o< 0 o= o f
= Bi= 1,2, .,n
3 ,
u(k) Rk) Rk, Rk Rk
3

4 VTR

2 3

A, A=A
(3) u(k+ h= 1) y(k
+ h) %{@oy(k+ h) = yo
ik 3

.l =RE)RE) =nf. 0l < NRE) N
Snﬁz, k
M
NR k) n=
= A= o/ B, k
XA =<1 , (100 |yo- y(k+ B)| =(1
~ oY yo- y(k)| 0< o/ B =1,
lim| yo— y(k+ h)| <
lim(1- o/B)|yo- y(b| =0 O
1 2 \ (3)

%T%

0< %ZSAA-

0< o/ =

13 C> 0, Mu(k+ h) - uw(k+ h-
HDN=cC(l- o/B8)' h= 1,2,

2) Z"u(k+ h)y = u(k+ h- 1)< + oo
3) wo }irgou(k+ h) = w

ik 1),

u(k+ h) =

Ak+h+l
Wkt b= D+ s he p° S
RE+ h+ D[yo— y(k+ h)]
Mu(k+ h) - w(k+ h— 1)1 =

|A1:+h+l|
WPk + hs Dl y(k+ b

2 Ayo— y(k+ b =(1-

o/ B yo - (k).
Wu(k+ h) - wk+ h= DIl <

o 1 o "
5 —| yo — k 1- =5 =
Bzo( nly y( )l[ B
C(1- of/BH"

C =

x pu—
B2
2), 1) :

illu(k+ h) — wk+ h— DIl <
Ci(l— o/ BH" =
T"%ﬁ_ CBIa - 1) <+ oo
(T4 % 229 T)



%2 BT % o A TN S k0 Peae 247 229
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