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ABSTRACT: By observing froth surface, operators can usually determine the metallurgical parameters
(grade and recovery) of the flotation process, but it is associated with many problems such as the
inability to continuously monitor significant differences with operation results, and various observations
by different persons. In this study, the physical and structural properties of flotation froth images have
been investigated to determine the metallurgical parameters of copper oxide ore. Pre-processing and
processing of images obtained from the flotation froth were studied using artificial neural networks in
the MATLAB program. The estimated grade was compared with the actual grade to check the accuracy
of the system. Studies show that when the three color characteristics (red, green, and blue colors) of
images are used to determine the grade of froth, these three characteristics alone are not sufficient to
estimate the grade, and the amount of error rate is 21.7%. When factors of the three color characteristics
and their standard deviation were studied for estimating the grade, the error rate reached 8.7%. Finally,
the simultaneous studies of 11 characteristics including color channels, their standard deviation and
haralic characteristics (entropy, contrast, energy, correlation, and gradient-density) showed a very good
similarity between the actual grade and their predicted grade. The calculated error rate was greatly
reduced to 2.3%. The method of work was including of the picture taking of froth flotation, pre-
processing and processing of images, characteristics extraction, system training, testing and validation,
and finally, the results showed that the amount of froth grade in the online form.
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1- Introduction

Flotation froth grade is a metallurgical parameter. Froth
grade is measured by atomic absorption, titration and user
observations of the froth surface, which are time-consuming,
costly and less accurate2 ,1] ]. Properties that can be extracted
from the flotation froth of image include froth color, bubble
size distribution, froth velocity, bubble collapse rate, bubble
shape, and froth stability. Texture or haralic characteristics
of the image are used for image processing (formula 1);
these characteristics have a special matrix (Gray level co-
occurrence matrix (GLCM))4 ,3] .

PG, j)={((r,9),(t,v): L (r,5) = (T, V') (1)

The important parameters of the GLCM matrix including
are entropy, contrast, energy, correlation, and gradient-density
[4-6]. Energy parameter: The energy of an image indicates
its homogeneity and is a good criterion for estimating image
turbulence. Less homogeneity of the image indicates its energy
is low. Entropy Characteristics: The entropy or irregularity
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of an image indicates how complex it is. In fact, images
with more complexity have higher entropy. Correlation
Characteristics: Correlation is an indicator that indicates the
degree of linear correlation between two neighboring pixels.

Contrast Characteristics: Contrast is a measure of the
variety and spatial difference of an image. Density Variation
Characteristics: The Gradient-Density Characteristics is an
important parameter in image analysis that identifies the
edges of an image. Edging is more important in flotation
froth images. In fact, the sides of the bubbles are the edges
of the images that determine the dimensions and shapes of
the bubble.

The image processing system includes a camera, lighting
and a computer. In this system, images with the camera are
taken from the floor of the flotation process at different
speeds (for example, 25 frames per second) and transmitted
to a computer processor. With various software such as
MATLAB and Python, the processor measures metallurgical
parameters such as carat and recovery (based on visual and
textural properties extracted from the flotation floor) [2, 7].
The purpose of this study is to determine the metallurgical
grade of copper oxide ore flotation with the image properties
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Table 1. Chemical composition of ore (%)

SiOz A1203 F6203 CaO NazO

K;O MgO TiO, MnO P,Os SO; L.OI

62.26 1544 533  2.68 039 473

1.05 0.792 0.076 0.245 0.01 5.01
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Fig. 1. Diagram of comparison between actual grade and predicted grade in the first method

of the froth.

2- Preparation of sample and its properties

Copper ore is prepared from the Rashidabad copper mine
in Zanjan and has a chemical composition according to Table
1.

Malachite, quartz, albite, orthoclase, muscovite, illite,
chlorite, calcite and hematite ores have formed the sample.

3- Method of performing experiments and imaging

Froth images were taken during flotation experiments to
measure the appearance properties of the froth to determine its
grade. The captured images were transferred to the computer
for image analysis. The pre-processing and processing
were done on the images by MATLAB program and MLP
multilayer nervous system (with 5 hidden layers).

4- Results and Discussion
4- 1- Using color parameters in training and accuracy of the
system

In this method, the average properties of three colors
(blue, green and red) per pixel and finally the total image is
calculated for 64 samples. After the training was given to the
system using 64 samples, the system testing and comparison
of actual grade with predicted grade is carried with some
information from the flotation froth images (10 images).
The diagram in Figure 1 shows that there is no proper
match between the actual grade and their predicted grade of
flotation froths. Using the three image properties to determine
the froth grade alone is not enough to estimate the grade and
more parameters should be used to evaluate this system to
determine the grade.

180

4- 2- Using color parameters and their standard deviation in
training and accuracy of the system

In this method, the average characteristics of the three
colors, blue, green and red, as well as their standard deviation,
are used. The diagram in Figure 2 shows a comparison
between actual and predicted grades.

Figure 2 shows that there is still no proper correlation
between the actual grade and the predicted grade. The
predicted error rate of the actual grade is calculated to
be about 8.7%, which is somewhat high and the amount
should be minimized. Therefore, it is necessary to use more
parameters to evaluate this system to determine the grade.

4- 3- Using 11 parameters (color and haralic) in training and
accuracy of the system

In this method, color characteristics (red, green and blue
and their standard deviation) and haralic characteristics
(entropy, contrast, energy, correlation and gradient-
density) are used. The diagram in Figure 3 shows that the
correspondence between the real and predicted curves is
much greater. The calculated error rate is about 2.3%, which
is much less than previous methods. The predicted titer of
the smart app is much closer to the actual titer. Therefore,
it can be concluded that this method is the best method for
evaluating the flotation froth grade.

5- Conclusions

Research has shown that when the more haralic and visual
parameters used, the error rate will be less between the actual
grade and the predicted grade. When the three color properties
(red, green, and blue) of images are used to determine the froth
grade, these properties alone are not sufficient to estimate
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Fig. 2. Diagram of comparison between an actual and predicted grade in the second method
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Fig. 3. Diagram of comparison between an actual and predicted grade in the third method

the grade. The error rate reaches 21.7% in this method.The
error rate when using the three-color characteristics and their
standard deviation reached 8.7%, which indicated that more
parameters should be used.The use of 11 parameters (color
and haralic) indicates a very good match between the actual
grade and the predicted grade. The calculated error rate has
been greatly reduced to 2.3%.
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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

. . . % _ ke S ks
8yl 8yl 8yl o _ 2 B = kel s )
. - PR, e K 955! el S &35 o <l =
By e R S e P e { aedls ) o
' ) (1oxs
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
16318  18.763  21.785 132.38 127.76 11292 0.70845 0.5287 0.80781 0.058245 4.46 4.58
17.626  18.191 17.415 85284 82969  69.726  0.93459 0.8005 0.6786 0.043503 2.78 2.83
18252 18518  17.504  83.581 81.396  68.464  0.83512  0.77632  0.65988  0.065971 2.54 2.55
5.8307  6.9041  7.3226 51924 57.413 47313  0.28971 0.24847 2.3619 0.15867 8.6 8.7896
14.479  16.975 19.597  134.83 135.28 125.29 0.5651 0.64032  0.84149 0.14697 5.52 5.30
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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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