
25 1

2008 2 Control Theory & Applications
Vol. 25 No. 1

Feb. 2008

KPLS TD AGC

, ,

( , 100083)

: AGC(automatic gauge control)

, , . KPLS(kernel partial least squares) TD

(tracking differentiator) AGC, , F5, F6

, F6 , F5

. .

: ; ; ; ;

: TP273 : A
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last stand in hot finishing mill based on KPLS and TD
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Abstract: Conventional thickness control of hot rolling mainly depends on the monitoring automatic gauge control

(AGC) of downstream stands to reduce thickness deviation. This method brings excessive adjustment on the last stand,

and has passive effects on profile. In order to alleviate this influence, micro adjustment AGC of last stand in hot finishing

mill based on kernel partial least squares (KPLS) and tracking differentiator (TD) is proposed in this paper. It established

relations between F5 and F6 stands process variables through nonlinear feature extraction from rolling information of

previous strip. Accordingly, the thickness precision can be reached by regulating the gap of F5 while keeping the F6 gap

and force basically constant. Field experiment also proves this idea.
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Fig. 1 Basic automation system of finishing section
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2 (Basic algorithms)
2.1 (KPLS)

N n ,

X ∈ R
n×N ; M

n ,

Y ∈ R
n×M .

{xi}n
i=1 F ,

PLS ,

ϕ(x) , Φ X

S F n × S .
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, . ,
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,

. KPLS ,

n < N , n × n XXT ,

N × N XTX .

(NIPALS) RKHS ,

KPLS [4]:

1© u;

2© t = ΦΦTu, t ← t/‖u‖;

3© c = Y Tt;

4© u = Y c, u ← u/‖u‖;

5© 2©∼ 5©, ;

6© ΦΦT, Y : ΦΦT ← (Φ − ttTΦ)(Φ −
ttTΦ)T, Y ← Y − ttTY .

, K = ΦΦT,Kij = K(xi, xj)
n × n Gram . t , 6©
K :
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K ← (I − ttT)K(I − ttT) =

K − ttTK − KttT + ttTKttT. (1)

I n .

KY Y T Y Y T t, u ,

KPLS [4].

KPLS , .

KPLS

Ŷ = ΦB = KU(TTKU)−1TTY = TTTY. (2)

:

B = ΦTU(TTKU)−1TTY, (3)

T = ΦR, (4)

R = ΦTU(TTKU)−1. (5)

2.2 (TD)
TD :⎧⎪⎨

⎪⎩
x1(k + 1) = x1(k) + h ∗ x2(k),
x2(k + 1) = x2(k) + h ∗ fst(x1(k)−

v(k), x2(k), r, h1).
(6)

: v , x1 v , x2 x1

, v .

fst(x1(k)−v(k), x2(k), r, h1)=−r ∗ sat(g(k), δ),

(7)

δ = h1r, δ1 = h1δ, e(k) = x1(k) − v(k), (8)

y(k) = e(k) + h1 ∗ x2(k), (9)

g(k)=

⎧⎪⎪⎨
⎪⎪⎩
x2(k)+sgn(y(k))

√
8r|y(k)|+δ2−δ

2
,

|y(k)| � δ,

x2(k) + y(k)/h, |y(k)| < δ,

(10)

sat(x, δ) =

{
sgn x, |x| � δ,

x/δ, |x| < δ.
(11)

: h , r . r

, x1 v, v ,

x1 . x1
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3 (Design of prediction

model)
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, ,
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X = [
√

P5, P5, P
2
5 , 1/P5, S5, S6, t6], (12)

Y = [P6, dh6], (13)

dh6 = h6 − S6 − P6 − P60

C6
. (14)
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Fig. 2 Strip transmutation process
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. RBF , σ = 0.05:

K(xi, xj) = exp(−‖xi − xj‖2

2σ2
). (15)
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B, Ŷ . ,

i F6 P̂6i:

P̂6i = ŷi ∗ [1 0]T. (16)

(14) F6 :

ĥ6i = S6i +
P̂6i − P60

c6
+ ŷi ∗ [1 0]T. (17)
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4 (Experiment results)
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Fig. 3 Prediction curves of KPLS
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Fig. 4 Comparison of experiment results

5 (Conclusion)
,

KPLS F6 ,

TD F5 AGC ,

, AGC

. ,

,

,

, .

, .

, KPLS , ,

KPLS

.

(References):

[1] WEGELIN J A. A Survey of Partial Least Squares (PLS) Methods
with Emphasison the Two-block Case[M]. Seattle Department of

Statistics, University’of Washington, 2000.

[2] VAPNIK V N. The nature of Statistical Learning Theory[M]. New

York: Spring-Verlag, 1998.

[3] MULLER K R, MIKA S, RATSCH G, et al. An introduction to

kernel-based learning algorithms[J]. IEEE Trans on Neural Networks,

2001, 12(2): 181 – 202.

[4] ROSIPAL R, TREJO L J. Kernel partial least squares regression in re-

producing kernel Hilbert space[J]. J of Machine Learning Research,

2001, 2(6): 97 – 123.

[5] , . - [J]. , 1994,

14(2): 177 – 183.

( HAN Jingqing, WANG Wei. Nonlinear tracking-differentiator[J]. J
of System Science and Mathematical Sciences, 1994, 14(2): 177 –

183.)

[6] . [J]. , 1998, 13(1): 19 –

23.

( HAN Jingqing . Auto-disturbances-rejection controller and its ap-

plications[J]. Control and Decision, 1998, 13(1): 19 – 23.)

[7] , . - [J]. ,

1999, 19(3): 268 – 273.

(HAN Jingqing, YUAN Lulin. The discrete form of tracking-

differentiator[J]. J of System Science and Mathematical Sciences,

1999, 19(3): 268 – 273.)

[8] , , . [J].

, 2003, 18(1): 110 – 112.

(SONG Jinlai, GAN Zuoxin, HAN Jingqing. Study of active distur-

bance rejection controller on filtering[J]. Control and Decision, 2003,

18(1): 110 – 112.)

[9] , , , .

[J]. , 1999, 11(2): 24 – 28.

(WANG Tong, LIU Xianghua, WANG Guodong, et al. Improvement

of thickness accuracy of hot strip at the ends by dynamical modifica-

tion of mill stretch[J]. J of Iron and Steel Research, 1999, 11(2): 24 –

28.)

[10] , , , . [J]. , 2003,

28(1): 31 – 33.

(CHEN Jianhua, LI Bing, WU Guangshu, et al. Width compensation

for rolling mill spring[J]. Iron and Steel, 2003, 28(1): 31 – 33.)

:

(1979—), , ,

, E-mail: zhangfei@dores.com;

(1955—) , , , ,

, E-mail: tcn@ies.ustb.edu.cn;

(1977—), , ,

, E-mail: jiangyunlee@gmail.com.


