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Abstract: For dynamic systems with complex, ill-conditioned or nonlinear characteristics, the fuzzy modeling method

based on fuzzy sets is very effective to describe the properties of the systems. By using objective function, we propose

a new algorithm to confirm the structure and parameters of fuzzy model for nonlinear systems. First, the structure of

fuzzy model is confirmed by using Gustafson-Kessel(GK) fuzzy clustering; and then, the objective function and parameter

estimation are simultaneously employed in recursive calculations to simply the model structure and delete redundant rules.

The UD matrix decomposition is used to reduce the amount of computation in the determination process of fuzzy model.

The simulation results demonstrate the effectiveness of the proposed method.
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2 GK
(Structure confirmation of fuzzy model

based on GK fuzzy clustering)

2.1 (Description of fuzzy model)

P (U, Y ), U ∈ R
m,

Y ∈ R
q. ,

q . ,
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, :

Ri : if Z is Z̄i, μi, then yi=θi(i=1, 2, · · · , c). (1)

: Ri i ; Z , Z =
(x1, x2, · · · , xM)T ∈ R

M ; Z̄i i

, Z̄i = (xi1, xi2, · · · , xiM)T, μi i

, μi(k) k i ,
c∑

i=1

μi(k) = 1(k = 1, 2, · · · , N); θi .

2.2 GK (GK fuzzy clustering)

.

. GK

,

,

FCM

,

Mi(Mi ),

, [8].

. (1)

Ω̂ = (HTH)−1HTY. (2)

: Y = [y(1) y(2) · · · y(k) · · · y(N)]T,

y(k) k ; H = [φ(1) φ(2) · · · φ(c)],
φ = [μi(1) μi(2) · · · μi(N)]T, H =
[μi(k)]N×c, μi(k)(i = 1, 2, · · · , c, k =
1, 2, · · · , N) .

3 (Simplifica-

tion and data compression of fuzzy model)

(1) ,

, ,

,

. ,

m(m < c),

. ,

Jm = (Y − HmΩ̂m)T(Y − HmΩ̂m). (3)

: Y = [y(1) y(2) · · · y(k) · · · y(N)]T,

y(k) k .

Ω̂m=[θ1 θ2 · · · θm]T,HT
m =[φT

1 φT
2 · · · φT

m]T,

φ=[μi(1) μi(2) · · · μi(N)]T, i = 1, 2, · · · ,m.

.

1

[9].
(1), φi, · · · , φm

(φ = [μi(1) μi(2) · · · μi(N)]T),

φm+1, φm+2, · · · , φc .

φm+1 ,[
Θ̂m+1(l + 1)
Ω̂m+1(l + 1)

]
=

{[
φT

m+1

HT
m

]
[φm+1 Hm]

}−1 [
φT

m+1

HT
m

]
Y. (4)

: Θm+1 ; l ;

φm+1 = [μm+1(1), μm+1(2), · · · , μm+1(N)]T.

1, HT
mHm UD ,

HT
mHm = uDuT, (5)[
φT

m+1

HT
m

] [
φm+1 Hm

]
=

[
1 �u

0 u

][
dm+1 0

0 D

][
1 0
�uT uT

]
.

(6)

: �u = (u11, u12, · · · , u1m) ∈ R
1×m, u ∈ R

m×m,

dm+1 = φT
m+1[I − Hm(HT

mHm)−1HT
m]φm+1. (7)

,⎧⎪⎪⎨
⎪⎪⎩

Θ̂m+1(l+1)= [d−1
m+1φ

T
m+1 − d−1

m+1�uu−1HT
m]Y,

Ω̂m+1(l+1)= Ω̂m(l) − (HT
mHm)−1HT

m×
φm+1Θ̂m+1(l+1).

(8)

Jm+1= (Y−HmΩ̂m(l + 1)−φm+1Θ̂m+1(l+1))T(Y−
HmΩ̂m(l+1)−φm+1Θ̂m+1(l + 1)). (9)

(8) (9) , Hm(HT
mHm)−1HT

m

, ,

Jm+1 = Jm − dm+1Θ̂
2
m+1(l + 1). (10)

Jmin,

Jm+1 = Jm − dm+1Θ̂
2
m+1(l + 1) � Jmin, (11)

φm+1, .

, :

Step 1 , GK μi(k)(i
= 1, 2, · · · , c, k = 1, 2, · · · , N),

φ1, φ2, · · · , φc, φi = [μi(1) μi(2) · · · μi(N)]T.

Step 2 φ1, φ2, · · · , φc ,

φi ,

, , .
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Step 3 (6) ∼ (8) Θ̂m+1, Ω̂m(l+
1), (10) ΔJ1. ΔJ1 < Jmin, φm+1,

Step 3, φm+2; ΔJ1 � Jmin, φm+1,

Step 4.

Step 4 Hm, Ω̂m.

Ω̂m+1(l+1)=[Θ̂m+1 Ω̂T
m]T,

Hm(l + 1) = [φm+1 Hm],[
φT

m+1

HT
m

]
[φm+1 Hm] = V V T.

Step 5 (6) ∼ (8) Θ̂m+2(l + 2),
Ω̂m+2(l + 2), (10) ΔJ2. ΔJ2 < Jmin,

φm+2, Step 3, φm+3; ΔJ2 � Jmin,

φm+2, Step 4. , c

(c ), , .

4 (Simulation example)

Mackey-Glass

, [10]:

ẋ =
αx(t − τ)

1 + xγ(t − τ)
− βx(t). (12)

Mackey-Glass t

x(·), x(t + Δt), Δt

. Δt , D

, (x(t − (D − 1)Δt), · · · , x(t − Δt), x(t)
x(t + Δt). τ = 17, Δt = 6, 1000

, 4 ,

. 500 ,

500 .

, GK 500

, 30 .

, 30

,

. ΔJ = 0.1.

16 , 2, 5, 6, 8, 10, 12, 14, 15, 16, 18,

20, 21, 23, 24, 25, 30 . 1

4 , 1

( ) ( ); 2

; 3

(◦◦◦ ) ( ); 4

. [10∼13] (13)

, 2. ,

: 1) [10] 0.0016,

0.0052. [10] 32 ,

104 , .

, [10] , .

2) [11∼13]

,

,

[11∼13] .

1

Fig. 1 The fuzzy model output of training data

and the actual output

2

Fig. 2 Error diagram

3

Fig. 3 The fuzzy model output of test data and

the actual output
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4

Fig. 4 Error diagram

1

Table 1 Comparison with our model and other models

ANFIS[10] 4 32 104 0.0016

Kim[11] 4 – 60 0.02

Kukolj[12] 4 9 117 0.0061

De Souza[13] 4 – 64 0.0065

Wang[4] 9 121 – 0.01

4 16 16 0.0052

5 (Conclusion)

,

. , GK . ,

,

, ,

. UD

, . ,

.
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