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Optimal control for nonlinear systems based on lazy learning
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Abstract : The key problem of datarbased inverse control is that the accuracy of the inverse model , and no strategy can
be adopted to verify expected output. The k-V NN lazy learning algorithmisintroduced to improve the accuracy of the
inverse control model. And combined with optimal strategy , the one-step ahead optimal output of inverse controller is
obtained. In order to improve the generalization ability of inverse controller, a kind of updated strategy is aso
advanced. Smulated results show the validation of the algorithm.

Key words: Lazy learning; Inverse control; Nonlinear system; kvector nearest neighbors; Leave-oneout cross
validation

1 1
(Data-driven) ,
(5] , )
, u(y) ,
, r(t+1).
. Rhodes'? , (Lazy
Lorenz , lear ning) e.er
Arif® , , ,
, , k-VNN (k-Vector Nearest Neighbor) 7]
5]
: 2005-10-11; : 2005-11-09.
(60474051 , 60534020) ; (04DZ11008) ;

(19745, , , , ;
(19655 , ; ' ,



22

2

(7)

26
2 [2]_ (6)
. ﬁq(t) y
y(t) = f(x(1),u(t)) +€(1). (D r(t+1). [1]
x (1) R* ,u(t) '
f(-) R' 5R . Uq () ,
(1) , N o :
{x(i) ,u(i) ,y@i) L. Cot k-VNN
u(t) :
y (1) r(t).
u() = £ (x(0) ,y(®)) = g(x(®,y(®). (2 3.1
1 3.1.1
k-NN
[4,6,9]
[x(1). (1] = u(1) ’
[x(2),9(2)] u(2) ' ’
f. 3 , 2 d(qsq,(h.):d(qsq,
DMy ()] = u(N) $)(d  Eudlidean (5)). 6. <6,
1 ®, i) b, 0
> 909 b 9 &,
Xq (1) ya (1) ,
le} ______
Uq (t) . /,—’ T T "\.\.
[2,3.5] y g N hx x.)
8(x() ,y(D) =B 4. 3 TR “‘;-
Wy = [1,x(0,y(0]" = gl
(L), L xe(,y(0]7, Y e
BT = [Bo B, BdBd+1]. """"""" .
() = [xa() ,ya(D]17, 2
(Euclidean )
K by (1) k-VNN 1
Euclidean
U(t) , [10] ,
B = [(WP) T (WD) ] (W) "Wu. (4)
D = [H1) , N2, ,AK];W = diag(wi), D(%,%) =
Wi (i) ()  Euclidean a & + (1-0a)cos@(4,h)).
[1,8,9] .
w = JK(d,h) = Jexp((- d B2, (58 A%, ) = Jh- &) T(h- &),
d= S - «D))T (%0 - X)), (Gb I 1 S
(4 (D) - D) T(A() - #i), (5b) 038 (4, 9) = T T
a 0<a < 1.
() =BT (D). 6
, () =R "% (6) - o &)
b b



27

1
L d(dy,®) R , +1 (Leave-one-out cross
.00sB (&, h) D (%, ¢) validation) ¢
o _ - _)Ln_q&m_
ek+1,j - y] - ¢B\k+1 - 1_ d}Pk+14}’
1 k (k -Vector Nearest .
Neighbors) . DB: {¢), | =1 k+1 (12)
yi}iNzl, d)q K, B\[«Jl k+1 j
(7) & VNNq(K) | | ;81 i
Brd1 . ,
VNNq(K <DB; k+1 (k+1 €X)
Vd,  VNNq(K , D(¢,b) > €@ (k+1) = {e”(k+ 1},
V& DB - VNNq(K) | D(&,4). ® k+1< ku. (13)
kVNN
&, : MSE® (k + 1) =
DA GRY* AN 5D, #) (¢ (k + 1)°
0, i k+1 . (14)
, : 3 D%, %)
2) cosB(#,%) =0 D(%,%h) D4 &)
D(%,%) k
H
( k)
o) MSE® (k + 1) > MSE* (K ,
) ' ’ [k k] k+1 [Kn,ku], (15)
&, Km i B
Km (12) _
3.1.2 k= ku
M SE*®
- (12)
JB) = _Z(yi - 96 ,4)*D(%4, %),
k< ku. (9 32
D(%,%)
#, ya(t) = r(t+1).
&, , = (1, (1), r(t+1)]
JB)
B. o(1) :fil(xq(t) Ya(t)) =
§q = P (10) g (xq (1) ,r(t+1)). (16)
k+1 (Y
Bk+1 y k Bk, kVNN ¢z’q = [1,
Xq (1) ,0(1) ]
W1 = ‘hIn Pcber + 1/ Dk+1, y(t +1) = fu (xa(t),u(t)). 17
Y1 = Pk¢k+1l-|JI<+11,
81 = Yier - P, (11) J=(r(t+1) - g (t+1))2+
Pirs =P +Y e, n(u(®) - u(t- 1)2, (18)
Pu1 = Px - Y kY I+1'-|Jk+l, n
k+1 Br. min J (t)



28 22

(17 (19 () = [y(),y(t- 1) ,y(t- 2),y(t+1), u(t
, J . -0 ,
3.3 o =085k [15,80]N =0.060 =0.9.
3 .
1) €M =0.
[- 2, +2]
(61 5 000
: 5 000
(7) : 3 . 3
Km [D(%, %) Jim

k

Dim = [iimax(D(%,fh))]/ Km. (19)

1.0 T ~
: ¥ Foy
Din <0 0 ). P 5 fl & hr, |
% ' T (7}',15
, . 00 !j:}a-w;%f
: i'“(} ;O(} 30(; 00 400
Stepl: t , - '
3
Step2: k-VNN :
% (D ; 2) e =
Step3: &, k-van O
y(k+1); ’
Step4: (18) 4 4
Steps, Step3. 1 (1 80)_ :
Step5: U™ = o(t) , '
Step6: (19) Dim, Dim <9, 0
v : i
[6] SISO , & m ‘r*{ 88 kL
; o ql,, HENNIIEE
[y()y(t- Dy(t- 2 (y(t- 2 - g e i &
1) u(t- 1) i u(t)]/[l + yz(t- 1) + 0 100 ;&ju 300 400
y(t- 2] +€(1). (20) 4
[6] 3) € #0).
, € (1)
“WM n
e = HIRERRIR
Py ,y(t- 1) ,y(t- 2),u(®,u(t- D). (21) a0 i lREit
r() [- 0.7, ui%; W“ }WH{ &«‘}e‘} LM«
+0.7] : 80 e s
M) = [y(),y(t- 1) ,y(t- 2) ,ut),ult- e 0T R0
n1' '

[&)]



1 29
[-0.175, +0.175] G:» = 0.1 o [5] , : :
5 . 5 , [J]. , 2003 ,18(3) : 263

266.
(Sun W, Wang W, Zhu RJ. Interative learning control

5 for nonlinear system using lazy learning method [J].

’ k= Control and Decision, 2003 ,18(3) : 263-266.)
VNN )

(Datardriven)

3 l

( References)

[1] Atkeson C G, Moore A W, Shaal S. Locally weighted
learning for control [J]. Artificial Intelligence Review ,
1997, 11(1) : 75-113.

[2] Rhodes C, Morari M, TsmringL S, et a. Data based
control trajectory planning for nonlinear systems [J].
Physical Review E ,1997 ,56(3) : 2398-2406.

[3] Arif M, Ishihara T, Inooka H.
experience in iterative learning controllers using locally
weighted learning [J]. Automatica, 2001, 6(37) : 881~
888.

[4] Bertoliss E, Birattari M, Bontempi G, et a. Data
driven techniques for direct adaptive control : The lazy

Incorporation of

and the fuzzy approaches [J]. Fuzzy Sets and Systems,
2002 ,128(1) : 3-14.

[6

—_

Bontempi G,Birattari M ,Bersni H. Lazy learning for
local modeling and control desgn[J]. Int J Control,
1999,72(7/ 8) :643-658.
[71 : :
[C].

: , 2005: 268-273.
(Pan T H, Li SY, Wang X. A multi-model modeling
approach to nonlinear systems based on lazy learning
[C]. Proc of the 24th Chinese Control Conf.
Guangzhou: Publishing Company of South China
University of Technology , 2005: 268-273.)

, , . L PF

[3]. , 2002, 17(1) : 11-14.
(LiN,Li SY, Xi Y G. Multi-model modeling method
based on L PF agorithm[J]. Control and Decison,
2002, 17(1) : 11-14.)
Bontempi G. Loca learning techniques for modeling
IRIDIA-

(8]

[9

[y

prediction and control [D]. Bruxdles:
Université Libre de Bruxelles, 1999.

[10] Cheng Cheng, Chiu MinrSen. A new databased
methodology for nonlinear process modeling [J].
Chemical Engineering Science, 2004, 13 (59) : 2801-

2810.

( 24 )

[2] Tipsuwan Y, Chow M Y. Control methodologies in
networked control systems[J]. Control Engineering
Practice, 2003, 11(10) : 1099-1111.

[3] Hokayem P F, Abdalah C T.
networked control systems: A survey [ C]. Proc
American Control Conf. Boston, 2004 : 4897-4902.

[4] Nilsson J, Bernhardson B, Wittenmark B. Sochastic

Inherent issues in

analyss and control of rea time systems with random
time delays[J]. Automatica, 1998, 34(1) : 57-64.

[5] HuS S, Zhu Q X. Stochastic optima control and
analysis of stability of networked control systems with
long delay[J]. Automatica, 2003, 39(11) : 1877-1884.

[6] Li SB, Wang Z, Sun Y X. Delay-dependent controller
design for networked control systems with long time
delays: An iterative LM| method[ C]. Proc of the 5th
World Congress on Intelligent Control and Automation.
Hangzhou , 2004 :1338-1342.

[7] Zzhang W, Branicky M S, Phillips S M. Sability of

networked control systems[J]. IEEE Control Systems
Magazine , 2001, 21(1) : 84-99.

(8] : : :

[J1. , 2004 , 28
(5) :465-468.
(Fan W H, Ca H, Wu X B, et a. Sability of
networked control systems with time delay and data
packet dropout[J]. J of Nanjing Universty of Science
and Technology , 2004 , 28(5) : 465 468.)

[9] Wang Y, XieL , De Souza C E . Robust control of a
class uncertain nonlinear systems[J]. Systems and
Control Letter, 1992 ,19(3) : 139-149.

[10] Boyd S, Ghaoui L E, Feron E, et a. Linear matrix
inequalities in system and control theory [ M ].
Philadelphia: SIAM ,1994.

[11] Hasshi A, Boyd S P, How J P. Control of
asynchronous dynamical systems with rate constraints
on events[ C]. Proc |IEEE Conf Decison and Control ,
Phoenix ,1999: 1345-1351.



