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Abstract: For a class of discrete time-varying systems, we proposed an online infinite-duration impulse response(IIR)

filtering adaptive system identification method based on the adaptive inertia-weighted cooperated particle swarm

optimization(AIW--CPSO) algorithm. This approach achieves the perfect matching of zero-pole for the real-time track-

ing control. The IIR filter avoids the enforced off-line training problem induced by the irregular variation in the eigenvalues

of the correlation matrix in finite-duration impulse response(FIR) filter when identifying a time-varying system. It also re-

duces the weighting vector length in the online training process, and improves the efficiency of optimization and modeling.

On the basis of the traditional standard particle swarm optimization(PSO) algorithm, the designed AIW--CPSO algorithm

provides a better solution to the global optimization problem in selecting the proper IIR than the traditional standard PSO

algorithm. Simulation analysis shows that, for discrete time-varying systems, the adaptive inverse control method based on

the online AIW--CPSO--IIR filter can realize the fast online modeling of unknown plants effectively, and track the real-time

variation of eigenvalues of time-varying systems.

Key words: discrete time-varying system; adaptive inverse control; infinite impulse response filter; particle swarm

optimization algorithm
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. ,

(finite-duration im-

pulse response, FIR) [10, 11] .

,

,

.

( , ), .

FIR ,

(infinite-duration impulse response, IIR)

,

. IIR FIR

( ),

. ,

(CPSO) [12] ,

,

(AIW--CPSO) ,

IIR .

AIW--CPSO--IIR

, .

2 AIW--CPSO--IIR (The

structure and algorithm of AIW--CPSO--IIR

filters)
2.1 IIR (The IIR fil-

ters for time-varying systems identification)
, IIR

.

, IIR

(ARMA) ,
[13]

y(n)=
P∑

i=0

ai(n)u(n − i) +
Q∑

i=1

bi(n)y(n − i), (1)

: ai(n) bi(n) ARMA , y(n)
, u(n) , P

Q (P � Q). IIR

,

ARMA :

P̂ (z) =
A(z)

1 − B(z)
, (2)

A(z) B(z)

A(z) =
P∑

i=0

aiz
−i, B(z) =

Q∑
i=1

biz
−i. (3)

IIR

1 .

1 IIR

Fig. 1 The structure of IIR filter for time-varying

system identification

1 e(n) = yd(n) − ŷ(n), yd(n)
. ,

u(n) ,

yd(n) ŷ(n).

ŵ(n)
{ai(n)}P

i=0 {bi(n)}Q
i=1 ,

ŵ(n) = [a0(n) a1(n) · · · aP (n)

b1(n) b2(n) · · · bQ(n)]T. (4)

, (MSE) ,

PSO
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. 1 ,

MSE :

Ji(n) = E[‖ei(n)‖2]. (5)

Ji(n) ,

.

(PSO) IIR

, . PSO

,

, Ji(n)
. , IIR ,

(5) . ,

MSE , Ji(n) , ,

.

, ,

IIR

.

IIR

AIW--CPSO .

2.2 (The adap-

tive inertia weight cooperated particle swarm

optimization algorithm)
PSO [14] N ,

M .

,

.

. n, i

Xi(n) Vi(n)
. , PSO

:

Xi(n) = [x1(n) x2(n) · · · xM(n)], (6)

Vi(n) = [v1(n) v2(n) · · · vM(n)]. (7)

PSO

:⎧⎪⎨
⎪⎩

Vi(n + 1)=ωVi(n)+c1r1[Pbest−Xi(n)]+

c2r2[Gbest − Xi(n)],

Xi(n + 1) = Xi(n) + Vi(n + 1),

(8)

: Pbest

, ; Gbest

, . X =
[X1 X2 · · · XM ]; r1, r2 [0, 1] ;

c1, c2 ; ω . ,

vi [−vmax, vmax],
. (8),

, .

, [15] PSO

—-- (CRPSO) ,

,

. ,

.

CRPSO⎧⎪⎨
⎪⎩

Vi(n+1)=ωVi(n)+c1r1[Pbest−Xi(n)]+

c2r2[Gbest(r) − Xi(n)],

Xi(n + 1) = Xi(n) + Vi(n + 1),

(9)

: i = 1, · · · , N CRPSO ,

r 1 N ,

Gbest(r), .

[12] ,

(CPSO)

.

Gbest(r),

.⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

Vi(n+1)=ωVi(n)+0.5c1r1[Pbest−Xi(n)] +

0.5c2r2[Gbest − Xi(n)]+

0.5c2r2[Gbest(r) − Xi(n)],

Xi(n + 1) = Xi(n) + Vi(n + 1).

(10)

0.5 Pbest, Gbest

Gbest Gbest(r)
.

,
[16, 17].

.

,

PSO .

(11) [18]:

ω(n) =⎧⎪⎪⎨
⎪⎪⎩

1 − 1
A0 · ΔJ2(n) + 2

, ΔJ(n) � 0,

1
A0 · ΔJ2(n) + 2

, ΔJ(n) < 0.

(11)

A0 ,

[0, 1] , ΔJ(n)
ω(n) ,

,

, .
[19],

Sigmod .

.

: Sigmoid
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O(2N), N ;

,

O(N). ,

, .

,

(AIW--CPSO)⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

Vi(n + 1) =

ω(n)Vi(n) + 0.5c1r1[Pbest − Xi(n)]+

0.5c2r2[Gbest − Xi(n)]+

0.5c2r2[Gbest(r) − Xi(n)],

Xi(n + 1) = Xi(n) + Vi(n + 1).

(12)

, CPSO

, .

3 AIW--CPSO--IIR
(The adaptive inverse control

systems with online AIW--CPSO--IIR filters)
2 [20].

. ,

v(n) . ,

P̂ (z),

Ĉ(z).

2 , P̂ (z) ,

Ĉ(z) .

M(z). r(n)
ds(n).

ys(n) ds(n) ,

ε(n).

2

Fig. 2 The structure of online adaptive inverse control system

M(z) .

,

. , M(z)
,

1

.

[21]:

Ĉ(z) , ,

Js(n) = E[‖ε(n)‖2]. (13)

, ,

Wiener

Ĉ(z) =
M(z)
P̂ (z)

= M(z) · 1
P̂ (z)

. (14)

(14) ,

. ,

. Ĉ(z) ,

. ,

, P̂ (z) ,

, .

,

Ĉ(z). AIW--CPSO--IIR

Ĉ(z) .

C(z) =
Ac(z)

1 − Bc(z)
, (15)

: Ac(z) Bc(z) Ac(z) =
P∑

i=0

aicz
−i

Bc(z)=
Q∑

i=1

bicz
−i. ŵC(n)

{aic(n)}P
i=0 {bic(n)}Q

i=0 :

ŵC(n) = [a0c(n) a1c(n) · · · aP c(n)

b1c(n) b2c(n) · · · bQc(n)]T. (16)

, IIR

,

.

AIW--

CPSO--IIR ,

:

1 , N ,

, ,

Xi Vi.

2 ,

xi f(xi), Pbest Gbest.

3 Pbest,

f(xi) < f(Pbest), xi Pbest.

4 Gbest,

f(xi) < f(Gbest), xi Gbest.

5 1 N r.

6 (11) ω(n).
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7 (12) Vi

Xi.

8 2

,

Xi .

IIR

f(xi) :

,

e(n); ,

ε(n).

4 (Simulation analysis)
AIW--CPSO--IIR

,

:

y(n + 1) = 0.7y(n) − p(n) · y(n − 1) +

q(n) · u(n) + 0.5u(n − 1). (17)

, p(n), q(n) ,

:

p(n) = sin(0.05n), (18)

q(n) = (1 − n)/(100 + n) + 0.5. (19)

,

y(n + 1) = 0.7y(n) − 0.1y(n − 1) +

u(n) + 0.5u(n − 1). (20)

MATLAB 7.8.0(R2009a)

Simulink , Windows 7

Professional, PC Intel(R) Core(TM) 2.53

GHz, 2 G . 2

,

AIW--CPSO--IIR ,

, 0.1 s, 500

.

AIW--CPSO ,

, AIW--CPSO

CPSO IIR

. , CPSO--IIR

AIW--CPSO--IIR

: PopSize = 25; A0 = 2;

c1 = c2 = 2; IIR P = 5;

Q = 5. CPSO--IIR

ω = 0.35; AIW--CPSO--IIR

ω(0) = 0.35.

AIW--CPSO

, AIW--CPSO--IIR

p(n) q(n)
3(a)(b) .

(a) p(n)

(b) q(n)

3

Fig. 3 The real-time tracking curves for online time-varying

parameter identification

4(a)(b) .

5(a)(b) .

(a) CPSO-IIR

(b) AIW--CPSO--IIR

4

Fig. 4 The output curves of online identification for

unknown time-varying system

(a) CPSO-IIR
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(b) AIW--CPSO--IIR

5

Fig. 5 The mean-square error curve of iteration processing

, AIW--CPSO--IIR

p(n) q(n) .

CPSO--IIR , AIW--CPSO--IIR

.

, 2

.

,

0.1 s. (20)

. AIW--CPSO--IIR

. AIW--CPSO--IIR

,

3 BP , 6 ,

1.0×10−5, 2000 ,

Sigmoid ,

.

Levenberg-Marquardt ,

.

6(a)(b)

7(a)(b) .

(a) BP

(b) AIW--CPSO--IIR

6

Fig. 6 The output curves of online inverse control for

time-varying system

(a) BP

(b) AIW--CPSO--IIR

7

Fig. 7 The tracking error curve of online inverse control for

time-varying system

,

, BP AIW--CPSO--

IIR

. , ds(n)
, ds(n)

,

, 6 , BP

AIW--CPSO--

IIR . ,

AIW--CPSO--IIR

,

ds(n) .

, AIW--CPSO--IIR

BP ,

,

.

5 (Conclusion)
,

AIW--CPSO--IIR .

,

. IIR

, FIR

. , AIW--CPSO

IIR .

PSO ,

, .
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, AIW--CPSO--IIR

,

, .
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