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Intelligent scheduling in pre-burdening of iron ore: Canopy-Kmeans
clustering algorithm and combinatorial optimization

CAO Yue, WANG Ya-linf, HE Hai-ming, YANG Bu-song, GUI Wei-hua
(College of Information Science and Engineering, Central South University, Changsha Hunan 410083, China)

Abstract: This paper presents an intelligent scheduling pre-blending approach based on clustering algorithm and com-
binatorial optimization in the burdening process of iron ore. The proposed approach is applied to solve the tough problems
which result from the finite chutes, many production constrains, the undeterminable sequence of raw materials and the
various raw materials composed of quiet different chemical elements. Firstly, the raw materials are clustered preliminar-
ily by Canopy-Kmeans clustering method according to the differences in the content of the SiO2 and TFe respectively.
Then, considering all the practical constraints, the chutes scheme of raw materials and the sequence of raw materials are
obtained by combinatorial optimization combined with experts’ rules and small-scale exhaustive algorithm so that all the
raw materials can be scheduled within finite chutes and the chemical elements fluctuations of scheduled blending materials
can be as smooth as possible. This pre-burdening approach could benefit in reducing the computing time significantly and
reducing the fluctuations of chemical elements, which has been proven by being applied in a practical steel plant in China.
Additionally, this approach has appreciable practical significance after compared with original artificial calculation method.
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Fig. 1 The flow chart of the pre-burdening process
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Table 1 Variable names and definitions
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pi
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3 ETRFMASIALKERERHETT ¥ (In-
telligent scheduling method based on cluster-
ing and combinatorial optimization)

3.1 24KJHEE(General idea)
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Fig. 3 The general idea diagram of the group plan

3.2 FFCanopy-KmeansH £ ) 5 R 3 (Raw
materials clustering based on Canopy-Kmeans
algorithm)
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Fig. 4 The diagram of the Canopy algorithm
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3.3 R EEFMN A SRR T2k
1 TG L T R %€ (Experts’ rules combined
combinatorial optimization and determination
of pre-burdening scheme by small-scale exhaus-
tive algorithm)

3.3 FhEE XA A A AR E TR IR

(Determination of chutes scheme by experts’
rules combined combinatorial optimization)
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chutes by small-scale exhaustive algorithm)
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Fig. 5 The flow chart of the whole algorithm
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M2 i gk k), R A ST 5 15
PP A TR T R WR3F R, H g —17R_%
=PSRN R, & SEbR R,
SR JERHEC EU 5 1) S B e X TSR 5 R AT #E
I R B AR N B = D5 T b, dngk4 s, He
T2 B T B TR bR B2 BOXT L, DLRS VR4
FIH, Gy A SCEIEFB bR A AT A R, B R
N GIFEIS JUAN/ IS H 1 SEBR e LR T 4547
TEA —ANTFe G R KA G R 163E, MR EIR).

FIFHAS ST AT 52t AT 7 oA S 2 Sk Tolk 4
PEREAIE, THEFER AR s ~ 2 s, BCRHSUR InZE6
FiR, TR FRFRSiOo FITRe 43R & 3K, Si0y
I K SVE A F0.09% ~ 0.18%15) /N PR
5 K 76 0.20%, TFe fx K% 80 36 FE A T 0.22%~
0.48% ¥5/NT ] N ESR I KB ] 0.50%. AT A1, %5
ERA R RITERE, s RIRF S M SEbr Tk

K2 BHY RHARD

Table 2 Composition of iron ore materials

andn R R BOR3 JRR RS JERle R RS BR9 RO
Fbt/% 1252 0.00 2.81 8.03 000 441 8.03 000  22.87
TFe/% 5620 5400 5700 61.00 6380 6100 5650 59.63  61.00  61.49

SiO2/ % 5.50 5.00 5.00 8.50
CaO/ % 10.00 0.50 0.00 0.50

6.30 7.50 5.97 6.20 12.00 3.97
0.00 1.95 0.50 5.00 0.00 0.00

YT 1 2 3 4 6 7 8 9 10

4 ERIL R ERh3 ke JERS ke ER7 O ERhs BRI ER20
Bitb/%  2.81 401 0.00 482 4.82 1.61 5.62 4.82 2.01 1.20
TFe/%  49.65 6055 6180  63.00 6280 5235 6834  49.00 6242  63.20
SiO2 /%  12.00 1.76 4.60 450 6.60 4.40 3.00 5.00 3.03 9.50
CaO/% 1.60 3.35 0 0.83 0.89 5.00 0.20 9.60 1.03 0.00

TR 11 12 13 14

16 17 18 19 20
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&3 RATBCH T F(FEA: vk, 0)
Table 3 the final pre-burdening scheme (Unit: t)

TRHET  FRHE2 O TRME3 O TRHME4  TRHAES  TRHEe TEHET7
Bk JEAEH 8 JiRLS R0 R kN4 ERNT O JRER
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 149 410
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
563 216 1029 126 216 252 559
274 120 490 68 120 137 280
TREHES TR TEHE10 TR o
ERle  JFERE2 JFR19  JEERR20 ERl4  JERY JERle KIS i
415 198 270 650 4494
415 198 270 650 4494
275 140 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 14 184 184 86 422 228 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
415 198 270 650 4494
203 111 145 312 2260

AN 92140
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Table 4 Comparison between the proposed
algorithm and the manual calculation

AP P (AL
FERT 1~2s 1~5h
FERE EIRTFE YRR DB
BAEAN (EREPN HAKRIBAR R

25 AXLHEEBAIHELEROFLE
FaATRAT L
Table 5 Chemical index comparison between
the proposed algorithm and
the manual calculation

A ATt
YRR

Si02  TFe Si02  TFe
1 535 5992 547 59.71
2 535 5992 547 59.71
3 535 5992 547 5971
4 535 5992 547 59.71
5 535 5992 547 5971
6 535 5992 547 59.71
7 535 5992 543  60.13
8 537 6021 542  60.26
9 538 6031 542  60.26
10 538 6031 543 6031
11 538 6031 548 60.16
12 538 6031 548  60.16
13 538 6031 548  60.16
14 537 6007 540 60.03
15 539 5996 527  60.28
16 540 5955 523  60.48
17 540 5951 523 6041
18 541 5955 523 5950
19 549 5971 523  59.50
20 549 5971 523  59.50

21 549 5958 523 5947
HioE  5.38 5996 538  59.96

k6 ALH XA LS TV HABIIELE R
Table 6 The other 5 validation results of industrial
data by the proposed algorithm

e SiO & TFe&ks  SiO2fxk  TFefx K
WHI1%  F% BEENEEI% WETEE%

1 100.00  100.00 0.15 0.22

2 100.00  100.00 0.18 0.31

3 100.00  100.00 0.09 0.48

4 100.00  100.00 0.12 0.33

5 100.00  100.00 0.15 0.40

5 %5 (Conclusions)

BE T PRGBS 1 SR R B 2 L A oy 22
FRER, B Z, LR T RN ECE IR DL
BRI e DA A8 S5 R IR 1, A ST — P 2k T
Canopy-Kmeans B S WFIE SN TR )it
FETRACE > BEH R BT R 7 v, it R R R R S
B F RN S E A TT 2, SRR
5], #5¢ J5 7E /N0 B N 95 280 e U BEORL) NORHRY,
A RIEORTT 3, 8 | @I R E B DL
m AR ALY SR iR, 28 2 AH SR Tl 303 50 IE,
A SCRNERE A ORI I SR O | AR
PERFE, [EI 5 T EORHE AR N G RO T R4
TG, ARSI AR AR L, SR A BRI 5k
HAMA.
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