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Kernel-based method for predicting online gas flow interval in
metallurgical enterprises

ZHAO Junf, DU Ya-nan, SHENG Chun-yang, WANG Wei
(Research Center of Information and Control, Dalian University of Technology, Dalian Liaoning 116023, China)

Abstract: In the kernel-based method, the calculation of the Jacobian matrix for determining the predicted interval
in routine methods is converted into the calculation of kernels, thus greatly reducing the calculation costs. The hyper-
parameters of the proposed model are determined by employing the conjugate gradient algorithm to minimize the model
prediction error, making it to approach the variance of the effective noises in the sample data. To verify the effectiveness of
the proposed method, we apply this method to construct prediction intervals of real gas flow data collection from the energy
center of a steel plant. Results indicate that the proposed method is highly accurate and reliable with low computational

costs.
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Fig. 1 Structure of the gas system in an iron and steel enterprise

BEAARGEE I R ICHLBN T 2R S 2%,
e KPR AR P AR, AR B B T VA T
MRS ARGEHRE. B T I S s
DRAFA KRR T s, B 5 T Hcdis R Tt s 2
TR G R AT T, (HE CA T
X TR RIS i 200 TR 4 R A AT S A
WLS-61 "y R R AN AT e o A itk Bl TR 2k
PEARFE, EL Tl A 8 A7 2 7, DS B i 45 2R
IR SEME A R ORAE. 1 X TR PN 55 25 18 1 A3
RIS S PR AN S R AN 2 1, AN RERS 45 Y BE T

AR TIOI 25 5, [R]INF Bef 25 Tl 45 2R mT e it Az 4k

DX [ 1101,

3 EA W EX TR 7 ¥ (Interval prediction
method of gas flow)

3.1 #[FIHJ5 ¥ (Kernel regression)

FH T TP S e S i A7 £ e S DR A [R] ) 2 )
LR AODEIAE AT FH 2R 8 St AEUR B It nde
KR

tn = f(@n, w) + 7, (1)



1276 E i/ o

5 M 30 %

S a2 2 I LR A 2 R, T LA X
Flan, w) = wT (@), yo it T 4, %
FE L O PRI RS, H B 8T LI /M —
ANE AL 355 R 22 ks, AL )7
7N

LR 2 AT
J(w): 9 Zl {w ¢(mn)_tn} +§w w, (2)

P > 0. WA QM BUE S Bw K T4, K&
BT (w) &™), B DR S T2 ) SO A i
R AR @ PR g5 R, BUEw T BLUE Rl )
() A G

0J(w) = % {wr¢(x,)—t,}o(x,) +Aw =0, (3)

8w n=1

1 N
w=— Z_jl {wlo(x,) — tn}o(xn) =
N
3 and(x,) = d'a, 4
n=1

AR Q)AT LEDE i 3 Llahy H 22 & FUET LA H

b, B I R B RS

J(a) = %aTKKa —a'Kt+ %tTt + %aTKa,
(&)

Lt = (ty,te, -, tn) T, & LH K = 007,
FH R B Bk (i, @) =67 (1) () R, 20
G RREC et AT K FHOFEE, T3 EZHa
Rk

a=(K+My)'t. (6)
e, R (4)(6) I 45 RARN st 11 U= R 2, m) LA 3
e A VR it

N
y(@) = wio(@) = 3 and(zn)d(x) =

n=1

k(z)T (K + My)'t, (7)

Hf k() /&t N A% pR B ) 1) i, RS JTER T
LR IR Nk () = k(2 ). T IEBTT T
X 3 bR K (22 ) RIRIE 9T, T 2 480 DA o) A% bR B I %,
A DU AR EE 2R X, b dg s FH A& s
Wiz R %, LN RO e KRR UEN214, AT

PETEIIZ R B AN R S A% P InBOE
k(xs, xj) = Bki(xi, ) + (1 — B)ka(zi, x5), (8)
— i — ;]

kl(wz‘, w]) = eXp(T
l

), I=1,2.  (9)

3.2 ETMX U 5 ¥ (Kernel-based interval
prediction methods)
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Fig. 2 Model parameter optimization results
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Fig. 3 Prediction interval of the generation amount of

the blast furnace gas
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Table 1 Comparison of the interval prediction results of each algorithm

Bk PICP RMSE/(km®> h™!) NMPIW CWC  FullHEn /s
Bootstrap NN 92.7227 31.1626 03912 1.6634  40.7670
Delta NN 89.1945 31.1920 04127  1.6956 36.9772
LSSVM 92. 2163 30.0976 04140  1.6542 11.4048
ATk 93.1179 29.7217 0.3599  1.4019 12.3595
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