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Heuristic scheduling method for steelmaking and
continuous casting production process
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Abstract: There are multi-converter, multi-refining machine and multi-continuous caster, multi-stage refining and reen-

trant line in the steelmaking-continuous casting (SMCC) production process, which leads to the difficult scheduling. Exist-

ing scheduling researches only focus on simple production mode and are difficult to apply to the actual production process.

Manual scheduling method is low efficient and easily leads to too long waiting time, the molten steel temperature drop, and

even causes casting break. The paper researches the scheduling problem of SMCC production process in the largest iron

and steel company (BaoSteel) in China. A variety of scheduling sequence methods and equipment assignment methods

are proposed. Many heuristic methods are studied by means of simulation experiments for various scheduling sequence

methods and multi device assignment methods. At the end of this paper, the best proposed method is applied to the SMCC

production in the large iron and steel enterprises. The real-time application show that the proposed method can dramatically

shorten the redundant waiting time for molten steel.
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2 – (Problem

description of scheduling for SMCC)

2.1 – (SMCC production

process)
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5 : RH LF

IR–UT .
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Fig. 1 Workflow of SMCC production process
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2.2 (Symbol and parameter defini-

tion)
1) .

i, i1, i2: ;

j, j1, j2: ;

k, k1, k2: ;

g: ; g = 1, · · · , G, G

, g = G: ;

m, m1, m2: .

2) .

θ: ;

Ji: i , i = 1, · · · , θ;

Nij : i j ;

oijk: i j k ;

gm: m ;

m∗
ijk: i j k

;

Mg: g ;

M : ;

αijk: i j k

;

Pijk: i j k

;

Tm2
m1

: m1 m2

;

Si: i ;

U : .

3) .

xijk: oijk ;

ym
ijk: 0/1 , i j

k m , ym
ijk = 1;

ym
ijk = 0;

zi2,j2,k2

i1,j1,k1
: 0/1 , i1
j1 k1 i2

j2 k2 , zi2,j2,k2

i1,j1,k1
= 1;

zi2,j2,k2

i1,j1,k1
= 0.

2.3 – (Scheduling

model establishment of SMCC)
–

, , .

wijk oijk ,

xijk xi,j,k−1

T
mijk
mi,j,k−1 ,

wijk =xijk − (xi,j,k−1 + Pi,j,k−1)− Tmijk
mi,j,k−1

,

k = 2, · · · , Nij . (1)

Lij Wij

, Wij =
Nij∑

k=2

wijk,

:

min
θ∑

i=1

Ji∑

J=1

Wij. (2)

:

1) :

xi,1,Ni1
= Si, i = 1, · · · , θ. (3)

2) :

xi,j+1,Ni,j+1
= xi,j,Nij

+ Pi,j,Nij
,

i = 1, · · · , θ; j = 1, · · · , Ji − 1. (4)

3)

:

xi,j,k+1 − xijk − Pijk − Tm2
m1

+

U(2− ym1

ijk − ym2

i,j,k+1) � 0,

i = 1, · · · , θ; j = 1, · · · , Ji − 1. (5)

4)

, ,

:

xi2,j2,k2
− xi1,j1,k1

− Pi1,j1,k1
+

U(3− ym
i1,j1,k1

− ym
i2,j2,k2

− zi2,j2,k2

i1,j1,k1
) � 0,

i1, i2 = 1, · · · , θ; j1, j2 = 1, · · · , Ji;

k1, k2 = 1, · · · , Nij − 1;

m = 1, · · · ,M ; oi1,j1,k1
�= oi2,j2,k2

. (6)

5)

:
αijk∑

g=1

Mg

∑

m=

αijk−1∑

g=1

Mg+1

ym
ijk = 1, (7)

i = 1, · · · , θ; j = 1, · · · , Ji; k = 1, · · · , Nij ,

ym
ijk = 0, i = 1, · · · , θ; j = 1, · · · , Ji;

k = 1, · · · , Nij ; gm �= αijk. (8)

6) ,

:

zi2,j2,k2

i1,j1,k1
+zi1,j1,k1

i2,j2,k2
+U(2−ym

i1,j1,k1
−ym

i2,j2,k2
) � 1,

i1, i2=1, · · ·, θ; j1, j2=1, · · ·, Ji; k1, k2=1, · · ·, Nij ,

m = 1, · · · ,M ; oi1,j1,k1
�= oi2,j2,k2

, (9)

zi2,j2,k2

i1,j1,k1
+ zi1,j1,k1

i2,j2,k2
− U(2− ym

i1,j1,k1
− ym

i2,j2,k2
) � 1,

i1, i2=1, · · ·, θ; j1, j2=1, · · ·, Ji; k1, k2=1, · · ·, Nij ,
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m = 1, · · · ,M ; oi1,j1,k1
�= oi2,j2,k2

. (10)

7)

:

y
m∗i,j,Nij

i,j,Nij
= 1, i = 1, · · · , θ; j = 1, · · · , Ji. (11)

8)

:

z
i,j+1,Ni,j+1

i,j,Nij
= 1,

i = 1, · · · , θ; j = 1, · · · , Ji − 1. (12)

9) :

xijk � 0,

i = 1, · · · , θ; j = 1, · · · , Ji; k = 1, · · · , Nij , (13)

ym
ijk ∈ {0, 1},
i = 1, · · · , θ; j = 1, · · · , Ji;

k = 1, · · · , Nij; m = 1, · · · ,M, (14)

zi2,j2,k2

i1,j1,k1
∈{0, 1}, i1, i2 = 1, · · · , θ; j1, j2=1, · · · , Ji;

k1, k2 = 1, · · · , Nij ; oi1,j1,k1
�= oi2,j2,k2

. (15)

3 – (Sche-

duling strategy for SMCC)
MINLP ,

,

, .

.

( ), ( ) ,

( ) . ,

( ) (

) .

4 – (Heuristic

scheduling method for SMCC)
4.1 (Scheduling sequence methods)

1)

(Seq1).

,

.

Seq1

.

,

:

xi,1,Ni1
= Si, i = 1, · · · , θ, (16)

xi,j,Nij
= xi,j−1,Ni,j−1

+ Pi,j−1,Ni,j−1
,

i = 1, · · · , θ; j = 2, · · · , Ji. (17)

,

:

xijk = xi,j,k+1 − Tm2
m1
− Pijk,

i = 1, · · · , θ; j = 1, · · · , Ji. (18)

(18), oi,j,k+1 ,

oi,j,k+1 m2 , oijk m1

, (18) Tm2
m1

,

xijk . αijk m2

Tm2
m1

,

Tm2
m1

= min

m=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg

{Tm2
m }, (19)

oi,j,k+1 oijk ,

oi,j,k+1 m1 oijk m2 ,

(18) Tm2
m1

, αijk

αi,j,k+1

Tm2
m1

,

Tm2
m1

= min

m=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg,

m′=
αi,j,k+1−1∑

g=1

Mg+1,··· ,
αi,j,k+1∑

g=1

Mg

{Tm′
m }. (20)

, (18)–(20)

,

.

2) (16)–(17)

,

,

(Seq2).

3) (16)–(17)

,

,

(Seq3).

4.2 (Device assignment methods)

,

.

:

,

;

,

;

,

.

1) .

m oi1,j1,k1
,

xi1,j1,k1
. oijk m ,
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m xijk:

xijk = xi,j,k+1 − Tm2
m − Pijk. (21)

fm
ijk m oijk oi1,j1,k1

,

fm
ijk =

min{xijk + Pijk, xi1,j1,k1
+ Pi1,j1,k1

}−
max{xijk, xi1,j1,k1

}. (22)

fm
ijk � 0 , oijk oi1,j1,k1

, oi,j,k+1 m wijk

0; fm
ijk > 0 , oijk oi1,j1,k1

, oi,j,k+1

wi,j,k+1 = xi,j,k+1 − Tm2
m − xi1,j1,k1

. (23)

xi,j,k+1 = xijk + Pijk + Tm2
m ,

wi,j,k+1 =

(xijk + Pijk + Tm2
m )− Tm2

m − xi1,j1,k1
=

(xijk + Pijk)− xi1,j1,k1
= fm

ijk. (24)

, oijk oi1,j1,k1

, oi,j,k+1 m

fm
ijk.

,

,

.

Mαijk

oijk ,

ym
ijk = 1,

m = arg min

m1=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg,

k<Nij

{Tm2
m1
}. (25)

2) .

m oi1,j1,k1
,

xi1,j1,k1
= xi1,j1,k1+1 − Tm2

m1
− Pi1,j1,k1

. (26)

Tm2
m1

, oi1,j1,k1
xi1,j1,k1

, (22) , oi1,j1,k1

. ,

,

,

.

Mαijk

oijk(k < Nij) ,

ym
ijk = 1,

m = arg min

m1=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg,

k<Nij

{Tm2
m1
}. (27)

3) .

Πm m , Πm = {π1
m, π

2
m,

· · · , πl
m, · · · , πbm

m }, πl
m m l ,

bm m . Fm m

:

Fm =
bm−1∑

l1=1

bm∑

l2=l1+1

max{0,min(x
π
l1
m
+ P

π
l1
m
,

x
π
l2
m
+ P

π
l2
m
)−max(x

π
l1
m
, x

π
l2
m
)}. (28)

oijk
, Mαijk

oijk(k < Nij)

, :

ym
ijk = 1,

m = arg min

m1=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg,

k<Nij

{Fm1
}. (29)

4) .

Em m ,

:

Em =
bm∑

l=1

Pπl
m
. (30)

oijk ,

Mαijk

oijk(k < Nij) ,

ym
ijk = 1,

m = arg min

m1=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg,

k<Nij

{Em1
}. (31)

5) .

,

,

. ,

,

. oijk
, Mαijk

oijk (k <

Nij) ,

ym
ijk = 1,

m = arg max

m1=

αijk−1∑

g=1

Mg+1,··· ,
αijk∑

g=1

Mg,

k<Nij

{xijk(m1)}, (32)
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xijk(m1) oijk m1 .

6) .

Mαijk

oijk(k < Nij) ,

ym
ijk = 1,

m=random{m1|m1∈{
αijk−1∑

g=1

Mg+1, · · ·,
αijk∑

g=1

Mg}}.
(33)

,

:

1) 1(Ag1):

;

2) 2(Ag2):

;

3) 3(Ag3):

;

4) 4(Ag4):

;

5) 5(Ag5):

.

4.3 (Scheduling method based on heu-

ristic algorithm)

1 .

1

Table 1 Heuristic scheduling methods

1 Seq1 Ag1 H11

2 Seq1 Ag2 H12

3 Seq1 Ag3 H13

4 Seq1 Ag4 H14

5 Seq1 Ag5 H15

6 Seq2 Ag1 H21

7 Seq2 Ag2 H22

8 Seq2 Ag3 H23

9 Seq2 Ag4 H24

10 Seq2 Ag5 H25

11 Seq3 Ag1 H31

12 Seq3 Ag2 H32

13 Seq3 Ag3 H33

14 Seq3 Ag4 H34

15 Seq3 Ag5 H35

:

1 O , O

q;

2 (16)–(20) O

;

3
oijk;

4 oijk ,

m∗
ijk, y

m∗ijk
ijk = 1,

oijk ,

;

5 O ,

6; 3;

6 .

5 (Simulation experiment)
5.1 (Simulation experiment design)
5.1.1 (Simulation parameter design)

, 3 ,

. –

,

:

1) S:

. S1 , S2

, S3 . ε

, ε :

S1, ε ∈ [15, 30]; S2,

ε ∈ [60, 90]; S3, ε ∈ [120, 180].

2) R:

. R1 : RH→ LF→ IR–UT; R2 : LF→
RH→ IR–UT; R3 : RH→LF→RH; R4 : RH

→ RH→ RH; R5 : RH→LF→IR–UT LF→RH

→ IR–UT; R6 : RH→ LF→ IR–UT, LF→ RH→
IR–UT RH→ LF→ RH; R7 : RH→ LF→ RH

RH→ RH→ RH; R8 : RH→ LF→ IR–UT, LF

→ RH → IR–UT, RH → LF → RH RH → RH →
RH.

5.1.2 (Simulation case design)
, 3×

8 = 24

. ,

24 , 10

, . ,

2 .

2

Table 2 Equipment processing time

LD RH LF IR–UT

35 20 30 30

5.1.3 (Simulation results evaluation)
, (rela-
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tive percentage increase, RPI)

.

. RPI , :

RPI(Rn) = Rn −R∗/R∗, (34)

: Rn n

, R∗ .

, R∗

.

5.2 (Simulation results)
,

24 ( 3), 24 1

240 . 2–5

.

.

. 24

RPI 3 . 3 :

, ,

.

, ,

.

, H13 . H31 H13,

.

3 RPI

Table 3 RPI values of heuristic methods

H11 H12 H13 H14 H15 H21 H22 H23 H24 H25 H31 H32 H33 H34 H35

P1 S1 −R1 6971 14252 0 7842 7855 0 4235 0 2254 3904 0 4237 4675 2547 2880

P2 S1 −R2 6972 12752 0 7914 8178 0 3568 0 2106 3834 0 3694 4824 1791 2651

P3 S1 −R3 31 50 0 31 31 3 14 0 8 10 0 9 16 5 15

P4 S1 −R4 7 13 0 7 7 1 5 0 1 1 0 7 5 1 2

P5 S1 −R5 22 40 0 25 25 0 14 1 9 17 0 17 21 9 16

P6 S1 −R6 24 34 0 31 28 1 11 0 8 15 0 10 18 13 13

P7 S1 −R7 8 11 0 8 8 1 3 0 1 4 0 3 3 2 4

P8 S1 −R8 25 39 0 29 29 0 7 0 4 11 0 9 15 13 11

P9 S2 −R1 78676 146664 0 81865 81860 0 45273 0 10527 30849 0 48649 49904 10003 13987

P10 S2 −R2 78678 136073 0 82178 82475 0 40680 0 10349 30513 0 43014 44734 9851 18391

P11 S2 −R3 98 131 0 98 99 14 30 0 22 38 2 35 39 17 20

P12 S2 −R4 6 9 0 6 6 0 3 0 1 2 0 3 3 1 1

P13 S2 −R5 78 130 0 81 80 0 40 0 9 38 0 43 47 13 23

P14 S2 −R6 88 124 0 87 88 1 35 0 10 38 0 30 43 13 13

P15 S2 −R7 9 12 0 10 10 1 4 0 1 4 0 3 3 1 3

P16 S2 −R8 45 61 0 46 45 1 10 0 7 22 0 12 20 7 5

P17 S3 −R1 328839 605826 0 335391 335476 0 183960 0 19460 118191 0 199503 183521 31568 27274

P18 S3 −R2 328839 560979 0 336208 336729 0 163869 0 18875 114112 0 184053 167922 32933 28826

P19 S3 −R3 203 275 0 203 203 33 65 0 42 73 2 71 67 27 26

P20 S3 −R4 7 10 0 7 7 1 4 0 1 4 0 4 3 1 1

P21 S3 −R5 156 264 0 157 158 0 86 0 14 79 0 85 85 18 30

P22 S3 −R6 165 229 0 166 166 1 77 1 18 84 0 60 63 12 6

P23 S3 −R7 14 18 0 15 15 2 4 0 3 7 1 4 4 2 4

P24 S3 −R8 89 116 0 90 89 1 33 0 12 42 0 26 31 8 5

2–4

. Seq1

, Seq1

, Seq1

, ,

. Seq1

, H13 .

Seq2 , H23

. Seq3 ,

H33 .

, H13, H23 H33 .

3 ,
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.

2 H11–H15

Fig. 2 Running time of H11–H15

3 H21–H25

Fig. 3 Running time of H21–H25

4 H31–H35

Fig. 4 Running time of H31–H35

6
(Application of scheduling method in

actual production scheduling system)
250 t 3 (4LD,

5LD, 6LD); 6 : 3 RH(5RH–1, 5RH–2,

3RH) 2 LF(LF–1, LF–2) 1 IR–UT; 3

(4CC, 5CC, 6CC).

3 .

: ,

,

.

5 H13

.

– , 3

—–3 66

, 234 min

166 min;

.

5

Fig. 5 The interface display of the production scheduling

7 (Conclusions)
–

,

– . –

, ,

,

– .

,

,

, .

–

, ,

.

– , 3 —–3

66 ,

234 min

166 min.
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