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1 - Machine Vision-

2 - Gray level co-occurrence matrix (GLCM)
3 - Gradien Density

4 - Correlation
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Table 1. Distribution of copper in oxide and sulfide phases (%)
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Az : 21768-111107 Si02 (Mg, Fe)6(Si,AlMO10{0OH)E CaCc0o3
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mA = 30 KAISI308 Cu2(CO3NoH)2
Ka. = Cu Muscovite - illite  (26-0911)
Fil. = Mi KAIZSIZAIO10(OH)2
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Fig. 1. XRD analysis results
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Table 4. Flotation test conditions
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Fig. 3. Layout of equipment for measuring of flotation frothr grade on a laboratory scale
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Fig. 4. Installation of imaging system and light source to provide lighting
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Fig. 5. The desired area of a sample of the froth image
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Table 5. Characteristics extracted from educational images

obes obols , - i i o Lo
Deess)s il o &35! Canl S (g0 ST e JU 58 JU s
8.52 0.10248 3.4646 1.9978 0.34392  0.47085 45.004 57.75 56.804 4707
6.21 0.16587 3.655 1.3946 0.33033  0.42276 84.551 95.972 95.42 4708
5.6 0.13463 3.6707 1.1177 0.4847 0.57558 88.218 101.86 102.85 4709
5.57 0.067433 3.673 0.80513  0.73608  0.83368 115.28 127.72 128.96 4710
5.21 0.077358 3.7819 0.72155 0.75507  0.87376 99.156 113.87 116.05 4711
4.83 0.064553 3.7401 0.66973  0.82916  0.95727 100.84 113.8 115.52 4712
4.38 0.052862 3.8113 0.62773  0.72431  0.91991 97.639 114.04 117.42 4713
43 0.06122 3.761 0.50179 1.0621 0.99996 98.222 113.85 117.3 4714
3.42 0.061201 3.765 0.53203  0.98235  0.99007 104.78 118.81 123.06 4715
3.72 0.058701 3.7751 0.47484 1.0454 0.99999 91.275 106.37 110.3 4716
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Table 6. Characteristics of main colors (calculated), predicted and actual grade of flotation froth

P8 S, o SO o K5 (1) 23y s (1) =955 sbe
166.64 166.33 156.86 3.25 3.5467
162.44 163.71 155.51 2.95 3.5943
140.32 143.82 139.34 2.56 3.9289
129.6 132.61 126.8 2.24 4.1297
120.74 111.93 93.841 6.33 4.4853
133.49 125.38 108.17 6.2 4.242
142.18 143.33 133.69 5.78 3.947
128.35 120.38 101.62 5.7 4.3408
125.38 118.05 100.53 5.24 4.3811
121.37 114.57 97.882 5.01 4.4437
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Fig. 6. Diagram of comparison between actual and predicted grade in the first method
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Table 7. Characteristics of main colors (calculated), standard deviation of colors, predicted and actual
grade of flotation froth

’;‘i‘: | ’L:‘f': ! ’ji’j" DA, S, oS, (Dl s (/“)”:::
8.0019 8.6957 9.3126 56.53 57.692 45.065 8.52 8.1548
8.6428 9.1236 9.6887 95.29 95.821 84.43 6.21 5.9105
10.898 12.575 14.158 103.61 102.53 88.805 5.6 5.4233
13.866 15.769 17.346 130.9 129.79 117.28 5.57 4.4159
16.569 18.842 20.865 11591 113.41 98.171 5.21 4.4467
16.749 18.801 20.555 116.12 114.2 100.83 4.83 4.3743
19.641 21.507 22.757 118.11 114.45 97.456 4.38 3.9928
22.323 23.783 24.028 117.89 114.21 98.127 4.3 3.5625
21.812 22.821 22.622 124.71 120.28 105.93 342 3.7218
24.478 24.644 23.45 110.71 106.73 91.494 3.72 3.0472
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Fig. 7. Diagram of comparison between actual and predicted grade in the second method
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Table 8. Color and texture characteristics (11 characteristics), predicted and real flotation froth grade
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7.8346  8.5929  9.1376  56.763 57957 45.161 034109 0.35674 1.9973 0.10624 8.52 7.92
8.0446  8.7644  9.5501  97.373 97989  86.661  0.33729  0.34248 1.4979 0.16829 6.21 5.94
10.673 12.682 14587 10548 104.5 90.786  0.46776  0.50288 1.1878 0.12978 5.6 5.76
24.654  25.012 23.867 111.72 107.4 91.779  0.99967 1.0803 0.46033  0.060444 3.72 3.426
9.6518  11.259 12.86 127.99 11738  98.113  0.42276  0.45181 1.3153 0.078391 4.8 4.76
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Fig. 8. Diagram of comparison between actual and predicted grade in the third method
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Fig. 9. Diagram of performance and process software
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