%35 & 6
2009 4 6 H

BT 2R Ry eiUgt O] RS 4R 7 S KPR S A S T AR RY [z A

H 2 % 4R
ACTA AUTOMATICA SINICA

Vol. 35, No. 6
June, 2009

x| o RERt EfF OXBF: KEEC

B OE USSR RS - B A RN T S, B R A B IO 1) L, AR R I T 1) P %
AT 5. ST AR Hdl 5 e R TR0 i, SR R A 0 A D73 S0 500 23 A D 0 T ST 9 ol A RS R B, /D RS BRI
TS DAY IG5, T 5 T A DU S TR E R R P 3R P SO 1 [P PR A X 4%, 3l AT S o i SR
S BUE, SO T et RIA SR IR A R A, B T AR () SRS 5. IR I s B TR 45 TR W1 BT v O iR A ek,
Shy ) T S TR ST R 88 T SR B R T R S S

KA PRI R ARG, B SR, SRR i

FESES TPI18

Improved Echo State Network Based on Data-driven and Its Application to
Prediction of Blast Furnace Gas Output

LIU Ying' ZHAO Jun' WANG Wei' WU Yi-Ping? CHEN Wei-Chang?®

Abstract
method based on data-driven is established in this paper for the prediction problem on BFG output. Since the practical

Based on the complex process of blast furnace gas (BFG) system in steel industry, a network forecasting

data include a diversity of noises, an empirical mode decomposition approach is employed to decompose the time series
signal into a group of independent intrinsic mode functions, and the formed small-scale intrinsic mode functions are de-
noised by low-pass filter with an adaptive threshold. Then, the re-constructed signals are used to build the forecasting
model, in which an improved echo state network is proposed and the network output weights are obtained by singular
value decomposition. Therefore, the ill-conditioned problem of previous linear regression is overcome and the forecasting
precision is increased. The prediction results using practical production data show the validity of the proposed method
and also provide the scientific decision support for the gas resources scheduling.

Key words Prediction model, echo state network (ESN), singular value decomposition (SVD), empirical mode decom-
position (EMD)
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Fig.1 BFG network of Baosteel



6 1 PURTE IR S - €/ h e A BV N - FEarEV b S Woda sb =a b Rl ) Nk 733

PR R E TR K A LR O AR BRI BRI )
B RIAT 280 5 00 8 5 AN R 3 e 11 =
HICRE 3 UMY BERE AR IS . el T &
PR UG, 1 A AN AR A AR A0 AT B
IR REE T R Ao JEREAT A v, DA AR B
AR BEG e Az 8 3047 AR 00 50300 5wl LA s
B, R I 1) P 27 1 JSAREA T S0

2 R E RS W

2.1 EIFRESMLE

] FR AP 44 (ESN) s — o 284 3 U3 i 28 )
2% R R) 3 70 T i G R ar i PR Rl 3
WS s & it & ith (DR) B8 T RS GE B0
KT, 4 RANBATIRE, IFRA MY s
AR RGN SR B DR 774, ESN /mE
K 2 fros.

On
O »
O »

O

mw;[

fitr %3t

AR

2 ESN 4Rl
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Table 1 Prediction errors comparison of BFG output

using four methods

T W% NRMSE MSE MAPE (%)
1 5 0.8953 1575.6205 11.0069
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