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Identification of type of copper flotation feeding ore using
fusion information of local color features and process parameters

LU Ming, XIE Yong-fang†, PENG Tao, GUI Wei-hua
(School of Information Science and Engineering, Central South University, Changsha Hunan 410083, China)

Abstract: The diversification of ore sources in a copper flotation process often causes difficulty in indentifying the
flotation conditions as well as the instability of the production process. Considering the characteristics of copper flotation
process, we put forward a feeding ore type recognition method using the fusion information of local color features and key
parameters of the process. Firstly, the local color feature of copper flotation froth image is extracted based on multivariate
image analysis method; then, it is fused with key process parameters based on the hybrid filter and time alignment algorithm,
Finally, the mixed feature matrix after fusion is used in fuzzy clustering to obtain the membership matrix and the cluster
centers. The proposed method is validated by simulation results of industry data.

Key words: copper flotation process; local color features; process parameters; data fusion; feeding ore types; fuzzy
clustering
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2 ÔÔÔ222ÀÀÀ666§§§AAA555©©©ÛÛÛ���\\\¶¶¶aaa...(Copper
flotation process characterization and feeding
ore types)
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þ(X�JV\þ!� !�ºþ�).
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Fig. 1 Copper flotation process
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ã 2 ØÓ\¶a.oÀÄø;.�&ã�

Fig. 2 Rougher first bath typical froth image of different feeding ore types

L 1 ØÓ\¶a.�ÀúA��ó²ëê½5£ã
Table 1 Qualitative description of visual features and process parameters in different feeding ore types

¶�a. £ ã ÀúA��ó²ëê

�&�¥ É,±¥�&�Ì,\¶6þ�,
1#\¶a. ¹w�!�«��,Ô¶´2i

�¶¬ p,Yz¡È�
�&�x,�& �,©ÙØþ!,\¶6þ

2#\¶a. ¹w�!�«�õ,Ô¶´2i
�,�¶¬ �$,Yz¡È�
�&��, ç,�&�,©ÙØþ!,\¶

3#\¶a. ¹w�!�«�õ,Ô¶J2i
6þ�,�¶¬ �p,Yz¡È��
�& ç,�&±���Ì,©Ùþ!,\¶

4#\¶a. ¹Ù¦¶Ô�õ,Ô¶J2i
6þ�,�¶¬ �$,Yz¡È�

3 ÄÄÄuuuÀÀÀúúúAAA���ÚÚÚóóó²²²ëëëêêêKKKÜÜÜ���\\\¶¶¶aaa...

£££OOO(Identification of feeding ore types bas-
ed on fusion information of visual features
and process parameters)

3.1 ÔÔÔ222ÀÀÀ���&&&¥¥¥���ÛÛÛÜÜÜôôôÚÚÚAAA���999JJJ������{{{

(Local color feature of copper flotation froth and
extraction)
2ÀÄø�&ã�¥ÛÜ�&ôÚ´oÀ�¬
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Ô2À�&ã�,uyÛÜçÚ«�3�&ã�¥
Ã5K©Ù�/G!��Ø�,�
��O(/O

�T«����,Xã3¤«,Äkæ^õ�ã�©
Û�{òT«���&�µ?1©�[11–12],,��
âÌ���A����'X(½A����m �

Úê8,O�ÛÜçÚ«���.

ã 3 Ô2ÀoÀÄø�&ã�9ÙÛÜçÚ«�IP
Fig. 3 Copper rougher first bath froth image and the

marking of local black areas

ÛÜôÚA�O��äN�{Xe:

�v�©RGB�&ã���|düCþ|¤�



1 10Ï ©²�: ÛÜôÚA��ó²ëêKÜ�Ô2À\¶a.£O 1363

n�êâ8ÜX(I×J×M),Ù¥: I , J���AÛ�

I, M�1Ì�I. X(I×J×M)�w�üCþã�

fM (x, y)3M���æU, M = R, G,B.

ÚÚÚ½½½ 1 ò�©ã�X(I×J×M)Ðm¤��ê

âX(N×M),Ù¥N = I × J ;

éuÐm��õ�ã�Ý
X(N×M),��k
N��uM ,�Ò´Ý
X(N×M)31��þ��

éõ,3���þ��é�. éuù��/Ä0Ý

?1PCA©),~æ^�E/Ø0Ý
��{[13–14],
5~�O��m.

ÚÚÚ½½½ 2 �EØÝ


K = XTX,

Ù¥: K´M ×M�$�Ý
,¿éKÝ
?1Û

É�©),O�K1¥þpa,¿òpa�âA���

�UìüSü�,��üS±��K1¥þpd
a ;

ÚÚÚ½½½ 3 dK1¥þpd
a ,Uìª(1)�O�ÑÌ

��©¥þtd
a ,O�\È�zÇCCR,�â\O�

zÇCCR > 85%,À�Ì��ê:

td
a = Xpd

a . (1)

�©¥þtd
a¥�z���éAu3�Cþ(R,G, B)

�\�²þ��,´ØÓ�� ����rÝ&E
�Ø Lã,�L
�ã�¥ØÓ�� ��1Ì
&E.XJÓ�ã�¥ØÓ�� ���1ÌA�
�Ó,ù
����©��'Xò���Ó,=�
©ã�¥¤käk�Ó1ÌA������©�3

Ñ:ã¥òU½ö��3Ó�«�.Ïd,�â
\O�zÇÀ�Ì��ê,xÑØÓÌ���©¥
þrÝÑ:ã¿3Ñ:ã¥IPÑa,��«�Ò

�±Ó¼�©ã�¥�ÛÜ«�ôÚA5.

ÚÚÚ½½½ 4 �âÀ��Ì�,±�Ì���©¥þ
rÝÑ:ã,Ó�P¹eÌ��¤éA��ã�Û
Ü«�A�����m �;

ÚÚÚ½½½ 5 3�©¥þrÝÑ:ã¥,Xã3¤«
IPÑÛÜ«�éA��©�à8«½l+«;

ÚÚÚ½½½ 6 Uìª(2)�11�©ã�,|^�©
�ÚÛÜ«�A���Cþ�m�'XÚA���

��m �&E,ò�©¥þrÝÑ:ã¥IP�
«�N��11�©ã�;

Ta = X ⊗ pd
a , (2)

ª¥: ⊗�KroneckerÈ,�ï11�©ã�Ta(=d =
1��ã�);

ÚÚÚ½½½ 7 Uìª(3)ò11�©ã�¥����
�å�0∼255�m��ê. Uìª(4)ÚO��:�
ê,O�IP«��¡È��SS��ã��ÛÜô

ÚA�µ

Ta(i, j) =

round(
Ta(i, j)−min(Ta(i, j))

max(Ta(i, j))−min(Ta(i, j))
× 255),

(3)

ª¥: max(Ta(i, j)), min(Ta(i, j))©O�Ì�ã�
¥�����Ú�����.

SS = N × Si, (4)

ª¥: N�IP«����:�ê, Si�ü ��

¡È.

3�Óö�^�,æ8
c3«\¶a.éA�
600v�&ã�,J�ÛÜôÚA�. ã4�ØÓ\
¶a.?\2À6§�,ÔoÀÄø�&ã�ÛÜ
ôÚA��Cz�¹,lã¥�±wÑ�?\2À
6§��3#\¶a.�,çÚYz«��,¤éA
�ÛÜôÚA���,^TA��±éÐ/�Ù¦
üa\¶a.?1«©. �éu1#Ú2#\¶a.K
éJÏLü��ÛÜôÚA�\±«©,I�KÜ
L§ó²ëê?1£O.

ã 4 ØÓ\¶a.ÛÜôÚA�Czª³
Fig. 4 Trends of local color feature in different feeding

ore types

3.2 óóó²²²ëëëêêêÀÀÀ���999��� ÀÀÀúúúAAA���KKKÜÜÜ(Process
parameter selection and integration with visual
features)
ÏLoÀøÄ6���Þ¼��2À�&ã�,

�2Àø�&�ÛÜã�,\þ2Ày|É�Y
Ò!ë��K�,==��ÀúA�J±O(/£
O2À\¶a.. �d,I�òuÿ��ó²ëê
�ÀúA�?1KÜ,Jp£O�O(5. WalztÚ
LinasJÑ[15]êâKÜ´��õ?!õ�¡�êâ

?nL§,Ì��¤õ�&E&E�nÜ./<ó
w�0L§Ù¢´��ÄuêâKÜ�ûüL§µ

y|ó<KÜ�c�&G�(�&ÀúA�)IfÚó

²ëêP1, · · · , Pn��,�·ÜA�S�M1, · · · ,
Mn,ÏL,«N�'Xf(x)���ª�(J.û½
\¶a.�Ð©^�k: \¶¬ !\¶ß[Ý!\
¶6þ. \¶ß[ÝJ±3�ÿþ,�d,ó²ëê
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ÀJ3��F1©Û¤ÿþ�Ô¬ êâGCuÚ¶

ó6þOÿþ�¥�Å¶ó6þFp,ÀúA�ÀJ
ÛÜ«�ôÚA�Ss. (Üó²¢S,(½êâK
ÜL§Xã5¤«.

ã 5 ã�A��ó²ëêKÜ

Fig. 5 Fusion of image features and process parameters

1) êâÈÅ.

©z[15]�Ñ,�þ�L§êâ¥Ø
D(	,
duL§A�!Daì�æ!���æ��Ï,�k
�þ lêâÌN�l+:,�Ø��¥���
©Ù.ÈÅ��K´�yëêCzª³Ø�ý�c
Je,¦êâ�1w. ©Û2ÀL§êâA:,X
ã7(a)¤«,æ^·ÜÈÅ��{[15–16],k^Äu
¥�êýé ��ûüÈÅìÈØóÀ5Z6,2
^üg3þ�ÈÅ�{ÈØÙêâ�pªD(. Ù
�{Xeµ

ÚÚÚ½½½ 1 �c��t,ïá£ÄêâI�(°Ý�
m);

{w1, w2, · · · , wm−1, wm} =

{x(t−m), x(t−m + 1), · · · , x(t− 2), x(t− 1)},
(5)

Ù¥x(t)´t���ÿþ�.

ÚÚÚ½½½ 2 O�I�S�¥�.

ÚÚÚ½½½ 3 O�¥�êýé �S�di,

{d1, d2, d3, · · · , dm} =

{|w1 − Z|, |w2 − Z|, · · · , |wm − Z|}. (6)

ÚÚÚ½½½ 4 O�q = |xm(t)− Z|,-
Q = 1.48626×d = MAD;

ÚÚÚ½½½ 5 Uìª(7)O��cÿþ�x(t)�ÈÅ
�y(t)

y(t) =

{
x(t), q < L×Q,

z(t), Ù¦.
(7)

ÚÚÚ½½½ 6 Uª(8)?1üg3þ�ÈÅ



yi(t)′ =
1
3

i∑
j=i−3

yj(t),

yi(t)′′ =
1
3

i∑
j=i−3

yi(t)′,
(8)

Ù¥: MAD�¥�êýé �,��¡�/Hampel
I£Î0[16]; L���ëê,û½
ÈÅìÌÄ?�
§Ý,�L�0,��uwÄ¥�ÈÅì,�L�∞,
��uÈÅìØé�©&Ò�?n. �â¢SL§
êâÀJI�°Ý�3,��ëêL�1. ±¶ó6þ
Fp�~,æ8
��¥�Å�2000�¶ó6þFpê

â,Xã6(b)¤«,¦^±þ�{ÈÅ�J²w.

(a) ¶ó6þ

(b) ÈÅ�¶ó6þ

ã 6 Ô2ÀoÀ6§¶ó6þ

Fig. 6 Slurry flow of copper flotation rougher process

2) ·ÜA��m�O.

Ô2À6§'�L§êâ{Gcu, Fp}�æ�±Ï
Ú¢��m�3Ø���y�,��ÀúA�SS�

J�L§3�mþ��3Ø���y�,I�?1
�m�O?n. b�L§ëê�æ�±Ï�Tp,¢
��m�τ ,ã�A��æ�±Ï�Ti,�±�âe
ª�½ÓÚ±ÏTt:

Tt > max{(Tp + τ), Ti}. (9)

XJ3��ÓÚ±ÏTtS,�3ü«a.�A�&
Ò±Ï,éu11aA�&Ò±ÏTt1,�3Xe'X
ª: {

MTt
t (i) = MTt

j (i),
2Tt1 > Tt > Tt1,

(10)

ª¥MTt
j (i)�åle��ÓÚ�¨&Ò�C�A

�êâ. éu12aA�&Ò±ÏTt2,�3Xe�
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'Xª: {
MTt

t (i) = MTt
mv(i),

nTt2 > Tt > 2Tt2,
(11)

ª¥MTt
mv(i)�ü�ÓÚ�¨&Ò�mk�uÿ±Ï

�þ�.

3) ·ÜA�8�z.
NMTt

t (i) =

2× M
nTt
t (i)−min(MTt

t (i))

max(MTt
t (i))−min(MTt

t (i))
− 1,

(12)

ª¥NMTt
t (i) ∈ [−1, 1]L«é1n�±Tt�ÓÚ±

Ï�·ÜA�S�?18�z��(J.

3.3 ÄÄÄuuuFCM���\\\¶¶¶aaa...£££OOO(Identification of
feeding ore types based on FCM)
Úå\¶a.Cz��ÏÌ�k: \¶¬ !

\¶6þ!\¶ß[Ý�,cüöCzÚå�\¶
a.Cz�é��,�w¤Ì�Ï�.\¶a.�
CzÓ�Ny3ÀúA�þ,�d,ó²ëêÀJ
3��F1©Û¤Ô¬ êâGCu9¥�Å�¶ó

6þFp,ÀúA�À�ÛÜôÚA�Ss,æ^�

Cþ�àa�{(fuzzy C-means algorithm, FCM)é
\¶a.àa. FCM´�«3®�àaê��¹e,
|^äáÝ¼êÚS��{òk��êâ8©Oà

a��{. Ù8I¼ê�

J(u, c) =
N∑

j=1

C∑
i=1

(uij)
mdm(xj , ci), (13)

ª¥: j���ê, i�àaê, uij�1j����é

u1i�àa¥%�äáÝ, ci�1i�aO�àa

¥%; d����àa¥%�îªål,

d = ‖pi − xj‖2.

àa�(JÒ´¦8I¼êJ��,��
�

å
c∑

i=1
uij = 1,Ú\.�KF¦f,�E8I¼êX

ª(14)¤«:

J̄(U, c1, · · · , cc, λ1, · · · , λn) =

J(U, c1, · · · , cc) +
n∑

j=1
λj(

c∑
i=1

uij − 1) =

c∑
i=1

n∑
j

um
ij d

2
ij +

n∑
j=1

λj(
c∑

i=1
uij − 1). (14)

-Ù �ê�0,Kk



∂J

∂λ
= (

C∑
K=1

uik)− 1 = 0,

∂J

∂uij
= m× um−1

ij × d2
ij − λ = 0.

(15)

��í�Ñci±9uij��#úª�

ci =

n∑
j=1

um
ij xj

n∑
j=1

um
ij

, (16)

uij = [
c∑

k=1

(
1

d2
ik

)
1

m−1

]
−( 1

d2
ij

)
1

m−1

=

[
c∑

k=1

(
d2

ij

d2
ik

)
1

m−1

]−1. (17)
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∂J

∂pi
=

∂

∂pi

N∑
j=1

C∑
i=1

(uij)
m‖pi − xj‖2 =

−2
n∑

j=1
um

ij (pi − xj) = 0. (18)

u´�±��pi��#úª�

pi =

n∑
j=1

um
ij xj

n∑
j=1

um
ij

. (19)

FCMæ^e�Ú½(½àa¥%ÚäáÝÝ
uij .

ÚÚÚ½½½ 1 ^�30,1m��ÅêÐ©zäáÝÝ


uij ,¦Ù÷v
c∑

i=1
uij = 1��å^�;

ÚÚÚ½½½ 2 ^ª(16)O�ci�àa¥%;

ÚÚÚ½½½ 3 �âª(13)O�8I¼ê,XJ�u,
�(½K�,½ö§�éþ�g�d�¼ê��U
Cþ�u,�K�,K�{Ê�;

ÚÚÚ½½½ 4 ^ª(17)�#uij ,¿�£Ú½2.

���{Âñ,���a�àa¥%Ú���
�éu�a�äáÝ�,�¤àa. 3ØÓ\¶a
.,�Óö�>.^�eæ8200v�&ã�?1
?ÒI(1, · · · , 200),ÄkÄu;[²�?1©a,,
�Uì�©¤J�{J�ÛÜôÚA�,�â©
z[17–18]¤J�{J��&ã���Ýþ�!�
&�Ýü«ÀúA�. Ó�æ8éA�ó²ëê?
1é'�ý¢�,àaêþ�4a. ¢��)ü�Ü
©: �^J��3«ÀúA�?1FCMàa©Û,
¢�(JXã7(a)¤«;�Uìã5¤«µã?1
êâKÜ,^KÜ��·ÜA�S�?1�
àa,
¢�(JXã7(b)¤«. lã7�±wÑ,üX¦^
ÀúA�?1àa�,àa�»��,A�:�m
m���,11a�12a!13a\¶a.¤éA�
ÀúA�·Uî;¦^·ÜA�?1àa,Ùà
a¥%Ú�aäáÝ��\Âñ,àa�»�am
m�²w�uÄuÀúA��àa(J,Ù\¶a
.£O(Jé'XL2¤«.
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(a) ÄuÀúA��FCMàa(J (b) Äu·ÜA��FCMàa(J

ã 7 FCMàa(J

Fig. 7 Clustering results based on FCM method

L 2 \¶a.£O(Jé'
Table 2 Recognition results contrast of feeding ore types

aO 1#\¶a. 2#\¶a. 3#\¶a. 4#\¶a. ²þO(Ç

;[©a 38 68 44 50 —
ÄuÀúA�àa 27 85 54 34 72.75%
Äu·ÜA�àa 43 54 50 53 88.15%

4 (((���(Conclusions)
É�<ów�²�ÚÄuL§uÿêâÖ�E

£üÑ�éu,JÑÄu�&ã�ÀúA��ó²
ëêKÜ?12ÀL§\¶a.£O��{. õ«
uÿÃã�Ó�¤2ÀL§\¶a.£O�êâÄ

:,éKÜ��·ÜA�,æ^FCMàa�{éÙ
?1©a,��äáÝÝ
Úàa¥%,;�
,
�L§uÿêâÏ�É����ó��¸K�u)

ÆCK�\¶a.�©a(J,�3�£O\¶
a.Ú2Àó¹ïá
Ä:,��Y2À6§��
��ö�Jø
ë�.
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