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Abstract:
In steel works, direct observation of internal condi-

tions of high temperature processes is difficult. There-
fore, automation of such processes based on process 
visualization is an urgent issue. The authors developed a 
technique that controls the heat pattern of a shaft fur-
nace by visualizing internal conditions by means of a 
particle filter, which combines sensor information and a 
transient two-dimensional model calculation. As a result 
of the validation test at the ferro-coke pilot plant, control 
accuracy of 10˚C  was achieved. Furthermore, the opera-
tional condition was adjusted based on the correlation 
between the estimated heat pattern and the product 
strength. In consequence, the product strength improved 
by 0.5 points (Drum Index 150/15 mm, DI15015).

1.	 Introduction

The steel industry employs a large number of reac-
tion processes using shaft furnaces, beginning with the 
blast furnace. Operation of  the reaction processes is 
still performed manually by operators since real-time 
measurement of the internal state of those processes is 
normally difficult. The manual operation depends on 
the operator’s experience and intuition, and automa-
tion of these “black-box” processes by visualization of 
the internal state is an urgent issue. This paper intro-
duces a heat pattern control logic based on visualiza-

tion of the internal state of a ferro-coke furnace by the 
integration of  a transient model and sensor informa-
tion, that is, data assimilation.

Ferro-coke is a type of high-reactive formed carbon -
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heat loss from the furnace wall and the specific heat of 
the solid, also exist in a ferro-coke furnace. The fluctua-
tions of  these parameters cause estimation errors in 
calculations by conventional transient models using 
fixed parameters. Therefore, in this research, the inter-
nal state in the furnace was visualized by the combina-
tion of transient model calculations and partial sensor 
information, and an algorithm that controls the heat 
pattern to a required condition was constructed 4).

The particle filter 5) was adopted as a technique for 
the data assimilation which integrates sensor informa-
tion and model calculations. Multiple nonlinear tran-





Online Heat Pattern Control of Ferro-Coke Furnace Based on Data Assimilation

38� JFE TECHNICAL REPORT No. 26 (Mar. 2021)

3.	 Validation result at Pilot Plant

The heat pattern visualization system using a parti-
cle filter described in the previous chapter was imple-
mented in the operation room of a pilot plant. Among 
the five furnace-wall thermocouples (TI(1) to TI(5)) 
shown in Fig. 1, the four thermocouples other than 
TI(2) were used in assimilation with the model. TI(2) 
was used for validation, and it was not used for assimi-
lation.

First, the results of validation by the thermocouples 
for assimilation are described. In Fig. 3, the bold red 
lines show the actual values, the solid blue lines show 
the estimated values with assimilation and the broken 
black lines show the estimated results without assimila-
tion. (A calculation of  one model in which the 
unknown parameters were fixed was performed 
offline.) The vertical axes show the deviation from the 
target value. As an index of estimation error, the root 
mean square error (RMSE) is also shown in the figure. 
In the upper four rows in Fig. 3, the estimation error 
with data assimilation was reduced by an average of 
50% or more in comparison with the case without 
assimilation.

Next, the results obtained with the thermocouple 
for validation are described. In the results of  the vali-

dation thermocouple shown in the bottom row of 
Fig. 3, the estimation error was also reduced by 40% by 
data assimilation. Figure 4 shows the estimation results 
of  the internal temperature (TI(6) to TI(8)) in Fig. 1. 
Here, the internal temperature is obtained by using a 
horizontal probe which is inserted into the furnace 
intermittently. The estimation error of  the internal 
temperature was also reduced by 30%. Although 
parameter estimation is susceptible to the problem of 
over-fitting, this problem did not occur since the esti-
mation error of  the validation thermocouple also 
decreased.

Figure 5 shows the estimation results for the specific 
heat of  solid and the heat- nd solC 
BT
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gas blowing from the low-temperature tuyere, which 
had not been actively used in conventional operation. 
Figure 9 shows the calculated temperature distribution 
in the steady state under the simulation conditions in 
Table 2. Since it is possible to shorten the ferro-coke 
holding time in the high-temperature region by increas-
ing the flow rate of  the low-temperature tuyere and 
decreasing that of  the hot tuyere, it is thought that 
improved product strength can be expected.

Based on this simulation, the operation of the pilot 
plant was carried out under the conditions of Case 2 in 
Table 2, and as a result, product strength increased by 
0.5 points (Drum Index 150/15 mm, DI15015) 4).

This result shows that manipulation of  the feature 
value of the estimated heat pattern contributes to qual-
ity improvement, and it supports the effectiveness of 
the proposed approach.

6.	 Conclusion

In this research, the internal state in a ferro-coke 
furnace was visualized by combining a two-dimen-
sional transient model based on particle filter logic and 

partial sensor information, and a control algorithm to 
maintain the heat pattern in the desired state was 
developed. Control accuracy of 10˚C was achieved at a 
ferro-coke pilot plant. In addition, the operational 
conditions of the pilot plant were optimized based on 
an analysis of  the correlation between the product 
strength and the estimated heat pattern, and the prod-


