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Abstract: Flotation technology is the most primary method of beneficiation of copper mines and has
been widely used. In the flotation process, the grade of copper concentrate determines the quality of the
final product, therefore it’s a key variable in the entire process. Nevertheless, in the actual production,
the measurement of this parameter takes a long time, making it difficult to measure in real time online. The
paper proposes a soft-sensing method based on non-negative garrote and least squares support vector
machine, and uses the actual production data provided by the DCS system to predict and model this
variable. The simulation results show that the researched soft-sensing method can accurately predict the
change of copper concentrate grade, and can well realize the real-time prediction and estimation of

concentrate grade, and the accuracy of model obviously superiors to other soft-sensing methods.
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mine flotation system

Process flow of copper
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Table 1 Measurable input variable
of copper flotation
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Fig. 2 Prediction result of
NNG-LSSVM algorithm
MNTEL 2 vl WL Y NNG-LSSVM 15 4 & i
S R 2 50 e T ADL 5 3R B 5 5 R A L
F18 S I A 2 T
T HE— N B NNG-LSSVM 553k (s vk
5] A7 22 MSE(Mean Square Error) 4404 il £k (7]
FRIAHSC R EE BRIV RE ROIT M F8 45 W3R 2 i,
x2 =ZMEZENHNERELEER
Table 2 Comparison of prediction

performance of three algorithms

T 7 ik BP LSSVM NNG-LSSVM
MSE 2.079 0 0.014 1 0.006 7
LiPE Y1 0.777 3 0.9315 0.967 3

H13e 2 T, g M MSE if 12 6 R Bk R
NNG-LSSVM i 1 5 2k #6 2 4t b H At 97 F
DA vk 10000 RS BE T s Xl NNG-LSSVM K
LSSVM 0] & i, %t 8 5 77 356 v 70 A% 728 8 A4 i 8 ] LA
AL S T ASE TR 1) R AT Sy RS 0 o 67 114 7 2 W T
PR I

ST UL A R R Rk B T R 22, R R
SRR B IR R 2 A TR — P AT LR an Al 3
F7R

—_
j=)

BP
TR 22/ %
%
Jz

—_
(=]

10 20 30 40 50 60 70 80 90 100
AR AEL

—_
j=)

LSSVM
5 22/%
=)

— WM\MWM
|

—_
(=]

10 20 30 40 50 60 70 80 90 100
AR AEL

%

L L L L L
10 20 30 40 50 60 70 80 90 100
NREEREASL

B3 Z=FEETMIREILEE

Fig. 3 Comparison chart of prediction

NNG-LSSVM
H522/%

=}

errors of three algorithms
i L = AR 25 X AT A% NNG-LSSVM
SR LA A AR AT 5 A5 R B At P Ao 530925 1) Tt )
DR 22 AR BN HLE S v BN M RS E . R R
NNG-LSSVM #fcil 12 5515 BE 4 1 S5 I P00 113 50 6 47
sty V7 DT ST BT 7 2 o 7 Ay B A e A L A s
5 %#®

ARSCHR T —Fl 3 T NNG-LSSVM 4 4 45 5~
i r B 5 07 v R PR R I S 0 AL D B A
O TE L D 3 B8 8 A ST o D0 A AR I 0 B R
¥ H BB AEE G NNG i £ 704 48 i 52 5 510k
B2 TR s 2 1 Tl A, 3# i 43 A NNG-LSSVM
D5 B ) MSE K 48045 il 42 18] 79 A7 5C 5 %0055 M fg
FEAm o R W RO i Bk DI SE W] A7, AT DL R Ay 3 3R
Az 7 BB HOR SRR RS TE AR
%% S Hk
(1] R SC RESCPR, sk A 45 JEAIR T 1 Y ik A AL 4 7 7
PRI AT IR )] 578 TRE.2009,29(4) :39-43.
ZHANG Jianwen, QIN Wenging, ZHANG Yansheng,
et al. Flotation study of a low grade refractory copper

oxide ore[ J]. Mining and Metallurgical Engineering,



.« 92 .

ARk (RTHY)

2021 4F55 3

[2]

[3]

[4]

[6]

2009,29(4) :39-43.

E AR BHE 8 P A AL R B A0 BORE B A
SIe I LT ] 4 b 55 4R 2000, 28(5) :61-62.
WANG Maosen, YIN Kun, JIANG Rongqing. A design
for whole hole reverse circulation drilling [ J]. Coal
Geology Exploration,2000,28(5) ;61-62.

FEORUEE R AL B AR 6T XS L 4 BT AL DR )
Mo S AT T LT ], A, 2015, 24 (3 ) 1) -
368-372.

LU Shuanghao, ZHAO Jianjun, TIAN Rui. et al.
Research on pulp sample representation of strainers
based on X-ray fluorescence analyzer[J]. China Mining
Magazine,2015,24(S1) :368-372.

WEE B E/NNL S BT SR L O
J5 i e FoAE Az Al i B b i R L)L A A R = 4R
2006.27(3) :241-244,271.

CHANG Yuqing, WANG Fuli, WANG Xiaogang,et al.
Soft sensor modeling based on support vector machine
and its application to fermentation process[ J]. Chinese
Journal of Scientific Instrument, 2006,27(3).241-244,
271.

FH A AT 25 W 1 JIRE L 5. 3% T 76 B 2 i d /D 9 2
5 ) ALY R OC B AR An R s [T . P E A 64 R
% ,2011,21(12) :3149-3154.

YANG Chunhua, REN Huifeng, XU Canhui, et al. Soft
sensor of key index for floatation process based on
sparse multiple kernels least squares support vector
machines [ J ]. The Chinese Journal of Nonferrous
Metals,2011,21(12):3149-3154.

XA A RIS 1L A 0 A S5 S b B BT T R R R I
FILI]. &)@ 10,2004 (4) :41-43.

LIU Shuzhong, LI Xiaoyang, YANG Xinhua, et al. New

7]

L8]

[9]

[10]

[11]

[12]

frother for oxide copper ore flotation[ ]J]. Metal Mine,
2004(4) :41-43.
BREIMAN L. Better subset regression using the
nonnegative garrote[ M ]. American Society for Quality
Control and American Statistical Association,1995.
SHAYEGHI H, GHASEMI A. Day-ahead electricity
prices forecasting by a modified CGSA technique and
hybrid WT in LSSVM based scheme [ ]J]. Energy
Conversion & Management,2013,74,482-491.

R R WEYEME - A B 0] =
MR 4.2017,46(1) :19-22.

DONG Tianlong, XUE Chunhua. The application of
tower mill on copper concentrate fine grinding [ ] ].
Yunnan Metallurgy,2017,46(1) :19-22.
BT R, A S, R R SR ek LR R T
FELT]. WA (048 . 2003(4) : 14-16.

LUO Xinming, TTAN Songhe, LIU Zhongrong. Study
on hard chosen aerugo mine flotation technical [ ]J].
Hunan Nonferrous Metals,2003(4) :14-16.

RS BT 2078 i 1 1Y Il 5 52 45 ) o AL A R
B R R FALY ] KR K8 TR A% 4R . 2014(2) : 66-73.
CUI Dongwen. A regression support vector machine
integrated model based on multivariate combinations
and its application[ ]J]. Hydro-Science and Engineering,
2014(2) :66-73.

L IS M T ) 22 A R e S )
HALEELT ] 3R 24 CA AR B IRO 2007, 47 (3
) 2):1737-1741.

WANG Jing, JIN Qibing, CAO Liulin. Support vector
regression algorithm for multi-input multi-input
systems [ J |. Journal of Tsinghua University ( Science

and Technology) ,2007,47(S2) :1737-1741.





