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Inverse control for electrodes in electric arc furnace based on
support-vector-machines identification on nearest neighbor clustering

ZHANG Shao-de, MAO Xue-fei, MAO Xue-qin

(School of Electrical Engineering and Information, Anhui University of Technology, Ma’anshan Anhui 243002, China)

Abstract: Based on the equivalency between the support-vector-machines(SVM) with kernel functions and the three-

layer feedforward neural network, we use support vector machines to build a multi-variable αth-order time-delay inverse

system which realizes the pseudo-linear decoupling for the original system. A SVM model identification algorithm on

nearest neighbor clustering is proposed; and the control strategy is designed which combines the feedforward self-tuning-

parameter PD regulator with the inverse control based on SVM. Through the simulation research on the typical MIMO

discrete nonlinear invertible system and the electrode system of the electric arc furnace, we find that the control strategy

does not require the a priori knowledge of the mathematical model. Only a small number of input and output data in the

sample learning process are sufficient to achieved a high-precision inverse system model. The control system has desirable

characteristics of dynamic response and tracking accuracy. The model is highly robust to serious uncertainties, parameters

perturbations, and outside interferences.

Key words: αth-order time-delay inverse system; pseudo-linear decoupling; support-vector-machines; nearest neighbor

clustering; inverse control; electrode system of electric arc furnace
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SVM) 20 90 Vapnik
[2,3],

.

. SVM

, , SVM

, .

[2] ,SVM

. SVM [4]

.
[5,6],

,

SVM (MIMO)

.

. ,

, ,

.

2 MIMO α

(αth-order time-delay inverse system

decoupled of MIMO discrete nonlinear sys-

tem)
2.1 MIMO (The

invertible analysis of MIMO discrete nonlinear

system)
MIMO [7,8](

p),

F [Y (k + r), YΣ, U(k), UΣ] = 0. (1)

:

Y (k + r) = [y1(k + r1) y2(k + r2) · · ·

yp(k + rp)]T,

U(k) = [u1 u2 · · · up]T,

YΣ = [Y1 Y2 · · · Yi · · · Yp]T,

Yi = [yi(k + ri − 1) yi(k + ri − 2) · · ·
yi(k + ri − ni)]T,

UΣ = [U1 U2 · · · Ui · · · Up]T,

Ui = [Ui(k − 1) Ui(k − 2) · · · Ui(k − mi)]T,

i = 1, 2, · · · , p.

: r = [r1 r2 · · · rp] Y U

, ri > 0(i = 1, 2, · · · , p).

1[7] MIMO

Σ(1), D det[∂F/∂U(k)] �=
0, D , D .

2.2 MIMO α
[7,8](αth-order pseudo-linear decoupled of

MIMO discrete nonlinear system)
(1) MIMO , α

U(k) = Q(Y (k + α), YΣ, UΣ), (2)

ϕ1(k) = y1(k + α1), · · · , ϕp(k) = yp(k + αp)

Gij(z) = yi(z)/ϕi(z). (3)

i, j = 1, 2, · · · , p, i = j , Gij(z) = z−αi ;

Gij(z) = 0(1 � j � ni, 1 � i � p). ,

,

α ,

p SISO .

1 α MIMO

Fig. 1 MIMO pseudo-linear decoupled of αth-order time-delay inverse system

3 SVM [8](The func-

tion fitting of nonlinear system based on

SVM)
SVM ϕ(·)

F ,

,

f(x) = ωTϕ(x) + b, (4)

: ϕ(·) , ω , b .

,

.
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{xk, yk}(k = 1, · · · , p),
,

,

J =
1
2
ωTω + C

p∑
i=1

L(f(xi), yi) (5)

. : C , L(·) ε

,

L(f(x), y) = max(0, |f(x) − y| − ε). (6)

,

(5)

:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

min
ω,b,L

J =
p∑

i=1
yi(α∗

i −αi)−ε
p∑

i=1
α∗

i −
1
2

p∑
i,j=1

(α∗
i−

αi) × (α∗
j − αj)K(xi, xj),

p∑
i=1

(α∗
i − αi)=0, αi, α

∗
i ∈ (0, C), i=1, · · · , p.

(7)

: K(·, ·) Mercer [3],

,

K(xi, xj) = ϕ(xi)ϕ(xj). (8)

(7) , α∗
i αi, KKT [3]

b, (α∗
i −αi) ,

. , SVM

f(x) =
p∑

i=1
(α∗

i − αi)K(xi, xj) + b. (9)

4 SVM (SVM

identification algorithm based on nearest

neighbor clustering)
4.1 SVM (The

proposed theory of SVM identification algo-

rithm on nearest neighbor clustering)
[5,6] 3 SVM

. SVM RBF ,

RBF SVM ,

, (

) ,

. SVM

Mercer , K(xi, xj) = ϕ(xi)ϕ(xj)

. , K(xi, xj) =
exp(−‖xi − xj‖2/2σ2). SVM

(support vector) , p

, ωi i , xi

, b , SVM

f(x) =
p∑

i=1
(α∗

i − αi) exp(−‖xi − xj‖2/2σ2) + b.

(10)

f(x)
b . ,

,

.

SVM RBF , [9]

RBF

K(xi, x
′) αi,

SVM . ,
[10] σ b.

4.2 SVM (The pro-

cess of SVM identification algorithm on nearest

neighbor clustering)
1) σ, b,

[σ, b]. c1, c2, ω,

iter, itermax.

A(m) ,

B(m) , α(i) (i =
1, · · · ,m), m , x′

i i

.

2) 1 (x1, y1), ,

x′
1 = x1, A(1) = y1, B(1) = 1.

SVM , x′
1,

α(1) = A(1)/B(1).

3) 2 (x2, y2), x2 x′
1

d =
√‖x2 − x′

1‖2. d � σ x′
1 x2

, A(1) = y1 + y2, B(1) = 2, α(1) =
A(1)/B(1); d > σ, x′

2

, x′
2 = x2, A(2) = y2, B(2) = 1.

SVM ,

α(2) = A(2)/B(2).

4) i (xi, yi) , i = 3, 4,

· · · , p, m , x′
1, x

′
2,

· · · , x′
m, SVM m

, :

H(l) =
√
‖xi − x′

i‖2, l = 1, 2, · · · ,m,

xi m , H(k)
, x′

k xi ,
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, H(k) > σ, xi

, m = m + 1, x′
m = xi, m − 1

A(i) B(i) , SVM

m . H(k) � σ,

: A(k) = A(k)+yi, B(k) = B(k)+1, A(i)
B(i)(i = 1, 2,· · ·,m i �= k) .

α(i)=A(i)/B(i)(i=1, 2, · · · ,m).
5) , SVM

f̂(xi) =
m∑

i=1
αi exp(−‖xi − x′‖2/2σ2) + b.

6) pibest,

,

E =
1
2

m∑
i=1

(yi − f̂(xi))2,

,

gbest.

7) ,

. E =
1
2

m∑
i=1

(yi −
f̂(xi))2 .

8) pibest

, , pibest, .

9) pibest

gbest , , gbest, .

10) ,

, , 2).

5 SVM
(The decoupled

control strategy of EAF electrode system

based on SVM inverse identification on near-

est neighbor clustering)
3 (SVM)

, A,B,C

, 3 ,

PD ,

3 ,

, A 2 .

B,C A .

2 A

Fig. 2 A phase electrode current control diagram of EAF

2 , ima(k) A ,

B C A A

, B C ub(k), uc(k) A

ia(k + 1) Pba, Pca, Pba,

Pca iba(k+1), ica(k+1) ia(k+1)
, , ia(k + 1) = iaa(k + 1) + iba(k +

1) + ica(k + 1). , A

[ia(k)ia(k−1)ia(k−2)ua(k−2)]T,

p−1
a (SVMI)

B C A . SVMC

p−1
a (SVMI) ,

p−1
a (SVMC) = p−1

a (SVMI), ,
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, p−1
a (SVMC) ∗ Pa ≈ 1,

A , B,C

A . ,

3 . ,

3 PD SVM .

3

Fig. 3 The equivalent structure diagram of system

, PD [11]

:

kp(k) = ap + bp ∗ (1 − sech(cp ∗ e(k))), (11)

kd(k) = ad + bd/(1 + cd ∗ exp(ad ∗ e(k))).

(12)

3 :

[(im−i)G+im] · 1= i⇒ i/im =1, i= im. (13)

i/im = 1,

.

6 (The simulation research of

system)

,

,

:

ia(k + 1) =
ia(k)ia(k − 1)ia(k − 2)2(ia(k − 2) − 1)

1 + (1 + α2)ia(k − 1)2
+

(1+α1)ua(k)
1+(1+α2)ia(k−1)2

+0.3ib(k)+0.3ic(k), (14)

ib(k + 1) =
ib(k)ib(k − 1)ib(k − 2)2(ib(k − 2) − 1)

1 + (1 + β2)ib(k − 1)2
+

(1+β1)ub(k)
1+(1+β2)ib(k−1)2

+0.3ia(k)+0.3ic(k), (15)

ic(k + 1) =
ic(k)ic(k − 1)ic(k − 2)2(ic(k − 2) − 1)

1 + (1 + γ2)ic(k − 1)2
+

(1+γ1)uc(k)
1+(1+γ2)ic(k−1)2

+0.3ia(k)+0.3ib(k), (16)

: α1 �= −1, β1 �= −1, γ1 �= −1.

F (·) (14)∼(16)

, u(k) ,

∂F

∂[ua(k), ub(k), uc(k)]
=

⎡
⎢⎢⎢⎢⎢⎢⎣

−(1 + α1)
1 + (1 + α2)ia(k − 1)2

0 0

0
−(1 + β1)

1 + (1 + β2)ib(k − 1)2
0

0 0
−(1 + γ1)

1 + (1 + γ2)ic(k − 1)2

⎤
⎥⎥⎥⎥⎥⎥⎦

,

(17)

,

det(
∂F

∂[ua(k), ub(k), uc(k)]
) �= 0.

1 , (14)∼(16)

. Em = 0.005, α1 = β1 =
γ1 = α2 = β2 = γ2 = 0 , 4

.

,

α1 = β1 = γ1 = α2 = β2 = γ2 = 0.2,

, A B C

5 ( , ).

4

Fig. 4 The result of decoupling control when inputs ramp

adds step
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5

Fig. 5 The system output responses to parameter perturbation

,

A (150 < k < 200) B (250 < k < 300) C

(400 < k < 450) , 0.03

, ,

, 6 (

, ).

6

Fig. 6 The system output responses to adding disturbance

, ,

. 4∼ 6 ,

.

MIMO :

ia(k + 1) =
ia(k)ia(k − 1)2ia(k − 2)2(1 − ia(k − 1))

1 + ia(k − 1)2 + ia(k − 2)2
+

ua(k)
1+ia(k−1)2+ia(k−2)2

+0.3ib(k)+0.3ic(k),

(18)

ib(k + 1) =
ib(k)ib(k − 1)2ib(k − 2)2(1 − ib(k − 1))

1 + ib(k − 1)2 + ib(k − 2)2
+

ua(k)+ub(k)
1+ib(k−1)2+ib(k−2)2

+0.3ia(k)+0.3ic(k),

(19)

ic(k + 1) =
ic(k)ic(k − 1)2ic(k − 2)2(1 − ic(k − 1))

1 + ic(k − 1)2 + ic(k − 2)2
+

ua(k)+ub(k)+uc(k)
1+ic(k−1)2+ic(k−2)2

+0.3ia(k)+0.3ib(k).

(20)

,

, 7 ( ,

).

7

Fig. 7 The system output responses to different plan model

, ,

p−1
a (SVMI) ,

. 2 ,

x(k) = [i(k), i(k−1), i(k−2), u(k−
2)], p−1

a (SVMI) û(k − 1).

7 (Conclusion)
1) 3

, SVM 3

α .

2) SVM

, SVMα

, ,

PD

.
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, SVM

α .

3) PD

SVM ,

, ,

.

,

. SVMα

MIMO

.
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