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Abstract In this paper, for the case that the state variables can be separated from the

control variables in a nonlinear dynamic system, an improved regression estimation algorithm

based on SVMs is presented and then applied to nonlinear system identification. This kind

of learning machines includes two nonlinear functions whose variables are the state and the

control ones, respectively, and they are used to identify the two nonlinear functions in the

separable-variable nonlinear dynamic system. The simulation results validate the efficiency

of our method.
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y(k + 1) = f(y(k),u(k)) = g(y(k)) + h(u(k)) + e(k + 1) (1)0�
y(k) = [y(k), y(k − 1), · · · , y(k − n + 1)]T ∈ Y ⊂ R

n, y(k)
�§¨©´���12

u(k) = [u(k), u(k − 1), · · · , u(k −m+ 1)]T ∈ U ⊂ R
m, u(k)
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y(0) ∈ Y,
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h(·) ½F�äA34 Y
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U
�GöÞ
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ÿId�§¨©ÀÁ´�ÇRµ¶Þ
3 efghijklmnop
»�ÊË (1)

ÿId�Á¿�æ��¿�¢½¾�§¨©ÀÁ´�¡q�rÌ<=¡»§¨©ÀÁ´� (1)LÇRst�µ¶Þ;	µ¶ u {(y(k),u(k), y(k+1))|y ∈ R
n,u ∈

R
m, y ∈ R, k = 1, · · · , l},

0�
l
�vwó¸�Ä Þx�»��ó¸��Á¿�æ��¿�½Fq�ÃÄ Mercer

ÅyzÍ0yzXÃÄã{|�/
y

φ
−→ φ(y), u

ψ
−→ ψ(u), O}�ã{|��ÇR¨©±²³�

ŷ(k + 1) = f̂(y(k),u(k)) = w
T
1 φ(y(k)) + w

T
2 ψ(u(k)) + b (2)��<=~�¡�ñ���~��ÊË��������Äç���/

min
1

2
(‖w1‖

2 + ‖w2‖
2) + C

l
∑

k=1

(ξ(k + 1) + ξ∗(k + 1)) (3)

subject to y(k + 1) − f̂(y(k),u(k)) 6 ε+ ξ(k + 1)

f̂(y(k),u(k)) − y(k + 1) 6 ε+ ξ∗(k + 1)

ξ(k + 1), ξ∗(k + 1) > 0, k = 1, · · · , l0��������  C
?��_�¡ε ?����Þ]����� (3)

�
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max −
1

2

l
∑

k=1

l
∑

j=1

(αk − α∗
k)(αj − α∗

j )[(φ(y(k))φ(y(j))) + (ψ(u(k))ψ(u(j)))]+
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l
∑

k=1

(αk − α∗
k)y(k + 1) − ε

l
∑

k=1

(αk + α∗
k) (4)

subject to

l
∑

k=1

(αk − α∗
k) = 0, αk, α

∗
k ∈ [0, C], k = 1, · · · , l

�� φ
æ

ψ
?

Mercer
Åyz¡ÿQ¢Q½F�ÃÄ Mercer

Å�  Kφ(·, ·)
æ

Kψ(·, ·) ��
(4) L���  (φ(y(k))ψ(y(k)))

æ
(ψ(u(k))ψ(u(k))). ®óÆÇ�±²³��������1?

ŷ(k + 1) =

l
∑

j=1

(α∗
j − αj)Kφ(y(j),y(k)) +

l
∑

j=1

(α∗
j − αj)Kψ(u(j),u(k)) + b (5)
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lTest
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LÏÐ=cdBC

Table 1 Three identified systems

ÑÒ ÓÔ
e(k)

u(k) ÕÖ×ØÙ ÚÛ
1. y(k + 1) = 0.3y(k) + 0.6y(k − 1) + 0.6 sin(πu(k))+ ÜÝ×ÕÞßàá [−1, 1] Ýâ

u(k) = sin(2πk/250)
0.3 sin(3πu(k)) + 0.1 sin(5πu(k)) + e(k + 1) ã 0.1 Õäåæçè éêëì

2. y(k + 1) =
y(k)y(k − 1)[y(k) + 2.5]

1 + y2(k) + y2(k − 1)
+ ÜÝ×ÕÞßàá [−2, 2] Ýâ u(k) = sin(2πk/25)+

u(k) + e(k + 1) ã 0.1 Õäåæçè éêëì
sin(2πk/10)

3. y(k + 1) =
y(k)

1 + y2(k)
+ u3(k) + e(k + 1)

ÜÝ×ÕÞßàá [−2, 2] Ýâ u(k) = sin(2πk/25)+ã 0.1 Õäåæçè éêëì
sin(2πk/10)
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Table 2 The identification results of three examples in Table 1ñò óô õö÷áøùúûüýþÿ
N 3

3,40,20,1,� l = 5000 0.8286Ñ
1 ßà��ûìê C = 100, ε = 0.01, l = 100

0.4576��ôãäå��Ø�Õ��ûìê C = 100, ε = 0.01, l = 100
0.0584

Kφ(·, ·) ���	 , Kψ(·, ·) äå�øùúûüýþÿ
N 3

3,40,20,1, l = 5000 0.2557Ñ
2 ßà��ûìê C = 100, ε = 0.01, l = 100

0.1494��ôãäå�Ø�Õ��ûìê C = 100, ε = 0.01, l = 100
0.0959

Kφ(·, ·) äå�
Kψ(·, ·) ���øùúûüýþÿ
N 3

2,40,20,1, l = 5000 0.3129Ñ
3 ßà��ûìê C = 10000, ε = 0.01, l = 100

0.1564��ôãäå�Ø�Õ��ûìê C = 1000, ε = 0.01, l = 100
0.0557

Kφ(·, ·) äå�
Kψ(·, ·) ���

(a) (b)�
1
í

1
=cd�
�

(a)
7�DE��l�u��=cdDE

(b)

Fig. 1 Example 1: (a) The identification error curves obtained by three methods. (b) Outputs of the

original system and the identification model obtained by our method
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3
=cd�
�

(a)
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(b)

Fig. 2 Example 3: (a) The identification error curves obtained by three methods. (b) Outputs of the

original system and the identification model obtained by our method
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K(xi,xj) = exp(−‖xi − xj‖
2/2p2), (p 6= 0 ∈ R)	

K(xi,xj) = x
T
i xj
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:
[

y1(k + 1)

y2(k + 1)

]

=

[

y1(k)/(1 + y2
2(k))

y1(k)y2(k)/(1 + y2
2(k))

]

+

[

u1(k)

u2(k)

]

+

[

e1(k + 1)

e2(k + 1)

]

0�
e1(k)
æ
e2(k)
�'³º�¶ÈÉ�?

0.1
�()*-+,-Þ�vwE¡u1(k)

æ
u2(k)ª� [−1, 1] .�/³0123456789:u1 (k) = sin(2πk/25), u2(k) = cos(2πk/25). ;8/<=>?

3 @A:BCDEFGHIGHE/ÆJ:KLMNOPQRS/TUVWX
Y

3 Z 4 [\]^_
Table 3 The identification result of example 4

`a bc defg
y1 y2hijklmno

N 3
3,50,25,1, l = 5000 0.7902 0.4251pqrsktu C = 1000, ε = 0.01, l = 100vwcxyzv 0.3062 0.3921

{|}rsktu C = 1000, ε = 0.01, l = 100

Kφ(·, ·)
yzv~

Kψ(·, ·) ��v 0.2476 0.2613
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