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Multi-model control of blast furnace burden surface based on
observed data of radars

LIU De-xin, LI Xiao-li, DING Da-wei, CHEN Xian-zhong
(School of Automation and Electrical Engineering; Key Laboratory of Advanced Control of Iron and Steel Process

(Ministry of Education), University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The operation of blast furnace is directly affected by the charging distribution. Productivity can be boosted
considerably if good charging distribution strategy is adopted. At the same time, great economic benefits will be brought
about. In our method, a large amount of burden surface data from radars are classified by using fuzzy c-means clustering,
and the multiple models set of burden surface is built. When the expected burden surface is given, multiple control strategies
are designed based on multiple burden surfaces of the model set, and multiple charge distribution are obtained. In every
charging distribution period, the real time burden surface data will be matched with the model set by fuzzy recognition,
and the corresponding charge distribution matrices will be selected for charge distribution until the expected burden surface
is produced. Feedback mechanism is formed from the observed data of radars, and closed-loop control is realized. The
proposed control strategy is applied to a 2500 m3 blast furnace in an Iron and Steel Plant; the control effect has been
improved greatly, and the energy conservation and consumption reduction are realized.
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2 (Model set of multiple
burden surface models)

2.1 (Burden
surface models based on observed data of mul-
tiple radars)
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Fig. 1 The installed position of radars
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2

Fig. 2 Measuring space model of radar

6 1 .

1
Table 1 Installation coordinate and obliquity of radars

X Y Z ϕ

#1 −3.49 −1.27 −3.12 0.00

#2 −3.01 1.09 3.48 0.00

#3 2.24 1.29 4.18 0.00

#4 −2.00 0.00 4.50 0.00

#5 1.63 −0.94 4.70 4.50

#6 1.58 1.11 4.00 11.00

R :

R =
√

X2 + Y 2 − L sin ϕ. (1)

D :

D = Z + S − L cos ϕ. (2)

1 (1) (2) 6 :
(Ri, Di)(i = 1, 2, · · · , 6). O

, , 6 ,
, [0, R0] 6 3

, C 3 ,
“*” 6 (Ri, Di) .

3

Fig. 3 Burden surface approximate curve
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, .
, . :

C :

{(r0, d
C
0 ), (r1, d

C
1 ), · · · , (rn, dC

n )}, (3)

n = R0/0.01.

(r0, d
C
0 ) (rn, dC

n ),
(rt∗ , d

C
t∗), 3

. (rt∗ , d
C
t∗) n − 1 .

P (t)(t = 1, 2, · · · , n − 1).
(3), :

{(r0, d
P (t)
0 ), (r1, d

P (t)
1 ), · · · , (rn, dP (t)

n )},
t = 1, 2, · · · , n − 1, (4)

P (t) C t∗ :

t∗ = arg min
1�t�n−1

{
n−1∑
j=1

(dC
j − d

P (t)
j )2}. (5)

, [−R0, R0] ,
.

4

Fig. 4 Burden surface polygonal line

, 3 (r0, d
C
0 ), (rt∗ , d

C
t∗) (rn, dC

n )
, ,

r0 = 0, rn = R0,
4 :

H = {dC
0 , rt∗ , d

C
t∗ , d

C
n }. (6)

2.2 (Establishment of
model set of multiple burden surface models)

,
, ,

, .

c (fuzzy c-means, FCM)
,

. FCM
c , c [12].

, (1)–(6) n 6 L

4 H FCM :

H =

⎡
⎢⎢⎢⎢⎣

h1

h2

...
hn

⎤
⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎣

h11 h12 · · · h14

h21 h22 · · · h24

...
...

. . .
...

hn1 hn2 · · · hn4

⎤
⎥⎥⎥⎥⎦ .

, c; ε;
U = [uij]c×n, uij j i

, (7) ; t = 0.
c∑

i=1

uij = 1, uij ∈ (0, 1). (7)

:

1) :

V =

⎡
⎢⎢⎢⎢⎣

v1

v2

...
vc

⎤
⎥⎥⎥⎥⎦ ,

t = t + 1.

vi =

n∑
j=1

um
ijhj

n∑
j=1

um
ij

, i = 1, 2, · · · , c, (8)

: vi = [vi1 vi2 vi3 vi4]; m ,
[1.5, 2.5] .

2) :

J(U,v1, · · · ,vc) =
c∑

i=1

n∑
j=1

um
ijd

2
ij, (9)

dij =

√
4∑

q=1

(hjq − viq)2 j i

vi .

J t − 1
ε, ,
1):

uij =
1

c∑
k=1

(
dij

dkj

)
2

m−1

, i=1, 2, · · ·, c, j =1, 2, · · ·, n.

(10)

ε,
U V . U =

[uij]c×n :
i = arg max

1�i�c
uij, j = 1, 2, · · · , n. (11)

, H1,H2, · · · ,Hn i

(i = 1, 2, · · · , c), c .

3 (Charging distribution control)
,

. , ,
c , ,

“ ” . ,
.

W H

:
Q = f(W,H). (12)
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(12), W H ,
Q.

, , [13].

3.1 (Design of
charging distribution matrix based on fixed bur-
den surface)

,
,

. ,
, . ,

, : W = [α N ]T.

,
11 , ,

11 , 10
.

R0, 11

S =
πR2

0

11
. (13)

r′k =

√
Sk

π
, k = 1, 2, · · · , 11. (14)

r′′, 5 .

r′′1 = 0, r′′k =
r′k + r′k−1

2
, k = 2, 3, · · · , 11. (15)

5

Fig. 5 Burden surface concentric circles

r′′ α

:

r′′2 = l20 sin2 α + 2l0Lx sin α + (1 +
4π2ω2l20

C2
1

)Lx,

(16)

: l0 ω , Lx C1 α

, , r′′ α [13]. r′′ α,
,

. α 0◦ 90◦,

[r′′1 r′′2 · · · r′′11] 11 :

[α1 α2 · · · α11]. (17)

(17) 11 .
11 .

(3), [0, R0],
H G( )

n , n = R0/0.01:

{(r0, d
H
0 ), (r1, d

H
1 ), · · · , (rn, dH

n )}, (18)

{(r0, d
G
0 ), (r1, d

G
1 ), · · · , (rn, dG

n )}. (19)

:

V =
n∑

i=0

2πri(dG
i − dH

i ) × 0.01, (20)

M = ρV , ρ

, .
m,

:

N = [
M

N
+ 0.5]. (21)

[∗] ∗ .

, Nk k ,
1; k 11.

1) Nk (17) α, :

W =

[
α1 · · · αk · · · α11

0 · · · Nk · · · 0

]
.

W H (12) Q.

2) Q G k

r′′k dQ dG .

dQ � dG, Nk = Nk + 1, 1).

, Nk = Nk − 1, k .

3) k = k− 1, .
Q H ,

2). Nk(k = 1, 2, · · · , 11).
11∑

k=0

Nk = N , .

, Nk ,
, ,

11∑
k=0

Nk < N . , 1,

[N1 · · · Nk + 1 · · · N11]

k Qk(k = 1, 2, · · · , 11). (3)
Qk n (n = R0/0.01):{

(r0, d
Qk

0 ), (r1, d
Qk

1 ), · · · , (rn, dQk
n )

}
. (22)

(19) (22), G Qk

k , k
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1.

k = arg min
1�k�11

√
n∑

j=0

(dG
j − dQk

j )2. (23)

, (13)–(17) ,
(20)–(23) , :

W =

[
α1 α2 · · · α11

N1 N2 · · · N11

]
. (24)

3.2 (Determination of burden sur-
face category)

,
, .

.

A, B( A, B

[0, 1] ) , δ(A,B),
δ(A,B) ∈ [0, 1]. ,

, .

H 2.1
c , H

vi(i = 1, 2, · · · , c), ,
[14].

V 4 H , :

X =

[
V

H

]
= [xpq](c+1)×4. (25)

:

1) :

x′
pq =

xpq − x̄q

sq

,

p = 1, 2, · · · , c + 1, q = 1, 2, · · · , 4,
(26)

: x̄q =
1

c + 1

c+1∑
p=1

xpq ;

sq =

√
1

c + 1

c+1∑
p=1

(xpq − x̄q)2

.

2) :

x′′
pq =

x′
pq − min

1�p�c+1

{
x′

pq

}
max

1�p�c+1

{
x′

pq

} − min
1�p�c+1

{
x′

pq

} ,

q = 1, 2, · · · , 4.

(27)

, x′′
pq ∈ [0, 1]. X ′′ =

[x′′
pq](c+1)×4 ,

X ′′ =

[
V ′′

H ′′

]
, (28)

V ′′ c 4 v′′
1 ,v′′

2 , · · · ,v′′
c H

[0, 1] .

H ′′ v′′
1 ,v′′

2 , · · · ,v′′
c .

δ(H ′′,v′′
i )=

4∑
q=1

min[H ′′
q , v′′

iq]

4∑
q=1

max[H ′′
q , v′′

iq]
, i=1, 2, · · · , c.

(29)

i∗ = arg max
1�i�c

δ(H ′′,v′′
i ), (30)

H ′′ v′′
i∗ ,

H i∗ .

3.3 (Charging
distribution control system based on multi-mo-
del idea)

.
,

, .
, ,

[15].

, ,
[16]:

1) ,
. 2.2 FCM ,

, . c ,
i(i = 1, 2, · · · , c),

i .

2) G, 3.1
i Wi(i ∈ 1, 2, · · · , c),

.

3) 3.3 δ(·, ·) ε1

ε2, . ,
,

.

1)–3), :

1) ,
, , ,

3.2 . ε1,
i∗(i∗ ∈ 1, 2, · · · , c) δ(H ′′,v′′

i∗) � ε1,
Wi∗ ; δ(H ′′,v′′

i∗) < ε1,
, ,

c + 1. 3.1
Wc+1 , .

2) ,
Q n (n = R0/0.01):{

(r0, d
Q
0 ), (r1, d

Q
1 ), · · · , (rn, dQ

n )
}

. (31)



1282 29

(31) (19) Q

G E:

E =

√
n∑

j=0

(dQ
j − dG

j )2. (32)

E ε2, ,
; , 1),

.

4 (Simulation re-
search and field operation result)

, 2500 m3 .
6 .

6

Fig. 6 Burden surface of simulated charging distribution field

, 7
.

8 .

7

Fig. 7 Charging distribution control system simulation

,
300

6 .

G

(0, 0.1), (3.3, 1.0) (4, 0.8).

, ,
.

, .

α = [0, 5.1, 10.1, 14.7, 18.8, 22.7,

26.3, 29.8, 33.3, 36.8, 40.4]. (33)

, ,
, 6

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

1 : [0, 0, 0, 0, 0, 0, 0, 0, 3, 4, 16],
2 : [0, 0, 0, 0, 0, 0, 0, 0, 4, 3, 20],
3 : [0, 0, 0, 0, 0, 0, 0, 0, 3, 4, 15],
4 : [0, 0, 0, 0, 0, 0, 0, 0, 3, 4, 8],
5 : [0, 0, 0, 0, 0, 0, 0, 0, 3, 4, 7],
6 : [0, 0, 0, 0, 0, 0, 0, 0, 3, 4, 14].

(34)

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

1 : [0, 0, 0, 0, 0, 0, 0, 1, 2, 2, 9],
2 : [0, 0, 0, 0, 0, 0, 0, 0, 2, 3, 11],
3 : [0, 0, 0, 0, 0, 0, 0, 1, 2, 3, 8],
4 : [0, 0, 0, 0, 0, 0, 0, 0, 2, 3, 4],
5 : [0, 0, 0, 0, 0, 0, 0, 1, 2, 3, 3],
6 : [0, 0, 0, 0, 0, 0, 0, 1, 2, 2, 8].

(35)

(33)–(35)
.

ε1 = 0.85, ε2 = 0.05,
:

L = {4.45, 5.35, 5.84, 6.78, 7.04, 6.10} .

,
O, .

, H ,
, (0, 0),

(1.9,−0.19) (4, 0.45),
.

, H

δ = 0.956, 1.
δ ε1 = 0.85.

, 1 .
( δ ε1,

0 .
, . )

, 1 ,
W[

0 5.1 10.1 14.7 18.8 22.7 26.3 29.8 33.3 36.8 40.4
0 0 0 0 0 0 0 0 3 4 16

]
.
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,
.

E = 0.0182, ε2 = 0.05,
, .

6
2500 m3 , 1 8 .

,
. ,

, ,
. ,

.
, 2500 m3 .

48.07% 1.504%
( 0.5%), ,

,
16.808 kg/t.

8

Fig. 8 Installation of blast furnace radar field

5 (Conclusion)
, FCM

, ,
. ,

.
,

. 2500 m3

,
.
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