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Abstract— A method to predict real-time temperature of hot metal in an industrial blast furnace is proposed by us-
ing an ARMAX model combined with recursive parameter identification techniques. To apply this method to real blast
furnace operating data, 12 operating variables which have significant effects on the hot metal temperature were chosen
first through correlation analysis. Then four recursive identification techniques of RLS, RIV, RML, and RELS were
tested and compared for estimation of parameters in the ARMAX model. Through this work, it was found that the AR-
MAX model combined with recursive parameter identification techniques is very useful for prediction of the hot metal
temperature in real-time.
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Fig. 2. Schematic diagram of input-output model
of the blast furnace.
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Table 1. List of major input variables and their
time-delays.

Item u; Time Delay (Hr) d;

flame temperature

Si content in hot metal
permeability resistence index
temperature of top gas
N3z (%) in top gas

CO; (%) in top gas

ratio of gas utilization
charging speed
cross-sonde temp. (No. 4)
throat temperature

wall temperature (Sy)

wall temperatue (Ss)
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NOMENCLATURE

a;, b, ¢; : parameters of the ARMAX model

d; . time delay of the i-th input term in the AR-
MAX model

Dy, Dy; : maximum deviations of Y and U; from
their mean values

e(k) : white noise

&k) . estimate of the noise term

stekss!

b 26 K13z 19887 6

: identity matrix with an appropriate dimen-
sion

k : time index, means time instant kT

m : total number of input variables

N : total number of sample

NA :order of autoregressive term in the ARMAX
model

NB; : order of i-th auxiliary input term in the AR-
MAX model

NC : order of moving average term in the AR-
MAX model

P(k) ! parameter covariance matrix

r{m) : cross-covariance function between y(k)
and u, (k-m)

T . sampling interval

u/k) : normalized i-th input variable

U, : measured input variable

U; : mean value of U;

y(k) : normalized output variable

y(k) : prediction of y(k)

Y : measured output variable

Y : mean value of Y

Greek Letters

a,f . filtered data vectors

Y : vector defined in eq.(4)

A : forgetting factor

6 . parameter vector

@ : data vector

Symbol

- : estimated or forecasted value
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