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Abstract: Due to the role of recovery in calculating the economic value of ore blocks and the impact of the
block's economic value on the design calculations of the final pit and production planning, determination of
the amount of metal recovery from the ore material sent to the processing plant is very important. The aim
of this study is to investigate the capability of estimating the recovery rate of ore in qualitative manner with
three methods based on data classification from data mining techniques and quantitatively using multivariate
regression and artificial neural networks. Hence, the Miduk copper mine was studied using 58 analyzed
samples of the feed of the plant, including Cu, CuO and CuS grades, and the recovery rate of Cu in the
final product of the plant. The process of predicting the total recovery of the reserve was made qualitatively
by decision tree method, classification based on Bayes rule and k-nearest neighbor (kNN) classification
algorithm. For quantitative estimation of recovery, multivariate regression and artificial neural network
models were established between the mentioned grade parameters and recovery rates (For 47 samples of 58
samples) and with the 11 additional analyzed samples, the obtained models were validated. The coefficient
of (R2), Mean Absolute Error (MAE) and Root Mean Squared Error (RMSE) in the regression model
were 0.77,0.027722 and 0.029722, respectively, and in the artificial neural network model, 0.82, 0.015753
and 0.024040, respectively. Therefore, the artificial neural networks model acts as a more accurate tool
for predicting recovery versus the multivariable regression model. The results of sensitivity analysis of
artificial neural network model showed that Cu grade is the most important factor and grade of CuO and
CusS, respectively, as well as other factors influencing the changes in recovery rate.

Keywords: Recovery, Classification, Multivariate regression, Artificial neural network.

INTRODUCTION

The economic block model is the basis of designing the final pit limit and production planning in mines.
The economic block model is calculated by taking into account economic parameters such as revenues
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and cost of metal extraction for each block and assigning a value to it. The amount of metal recovery from
each ore block sent to the processing plant plays an important role in calculating its economic value. In
most of the calculations of the block economic value, the recovery factor is defined as the efficiency of the
processing plant or the smelting and refining plant in terms of recovering the metal from the input feed.
This nominal recovery is determined according to the specific settings of the processing plant. But in some
cases, such as the case studies investigated in this study, given the Specific ratios of the elements forming
each block, the actual recovery rate in practice is different from its nominal value. In this case, the amount
of recovered metal expected and the expected profits from the product sale will not be realized, and the
calculations of the economic value of the block, followed by the final pit and the process of production
planning, will change. Assuming the same plant conditions in input feed processing, one of the important
factors that can affect the recovery rate is the specific ratio and hidden relationship between the set of
elements in the feed. Now, if we can provide a model of this hidden relationship and predict the recovery
rate, we will have more realistic values of the economic value of the ore block sent to the plant, followed
by more reliable the final pit and production planning. In this study, both qualitative and quantitative,
the prediction models are provided for the recovery rate of a mineral deposit. The qualitative recovery
estimation is based on the concept of classification from a set of data mining algorithms and with three
methods of decision tree, Bayes theory and k-nearest neighbor. Artificial neural network approach and
multivariate regression are also used to estimate the recovery rate of ore block. Data mining techniques
such as classification algorithms [1-3] and the artificial neural network approach have been widely used in
various sciences [4-8]. In recent years, artificial neural network approach has been used to solve mining and
geotechnical engineering problems such as TBM performance, predicting undesirable impacts of blasting
such as backbreak, flyrock, ground vibration and airblast [9-15]. The purpose of this research is to first
create a model for the prediction of recovery of the Midok copper ore, due to the variation in the grade of
its content elements.

METHODS

Qualitative estimation of recovery using the concept of classification

The concept of classification in the field of data mining is a supervisory approach that seeks to discover
the relationship between independent variables and an associated variable. This relationship is represented
by a structure as a model. Classification builds up and utilizes a model to predict the categorical labels of
unknown objects to distinguish between objects of different classes. These categorical labels are predefined,
discrete and unordered. Classification and prediction is the process of identifying a set of common features
and models that describe and distinguish data classes or concepts. Common classification techniques include
the naive Bayes technique, decision trees and support vector machines [16]. In this research, three methods
including decision tree, Bayes theory and k-nearest neighbor are used to estimate the recovery based on the
Cu, CuO and CuS grades of the feed of the plant.

Recovery estimation using multivariate regression and artificial neural network Methods

Artificial neural network (ANN) method

One of the subsystems of Al systems is an ANN. The ANN model has been developed since the 1960s.
Generally, the structure of an ANN, which is inspired by the human brain, consists of'a group of computational
units called neurons or nodes. These neurons are highly interconnected with each other. A typical ANN
consists of three layers, namely input, hidden and output layers. The mentioned neurons are placed in these
layers and linked to each other by weights. On the other hand, problem effective and objective variables
are placed in the input and output layers, respectively. Theoretically, there are no restrictions on the No.
of hidden layers and No. of neurons in the hidden layers and can be determined based on trial and error
procedure. To construct an ANN model, in the first step, ANNs require training to learn and consequently
map a relationship from the data. There are many algorithms to train the network, such as Levenberg—
Marquardt (LM), conjugate gradient and scaled conjugate gradient algorithms. In the second step, to check
the performance capacity of the constructed model, the rest of datasets are used for testing [17].
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Multivariate regression method

Multiple linear regression (MLR) is one of the most common statistical tools to fit a linear equation
between two or more independent variables and a dependent variable. This model is extensively used for
solving different engineering problems by many researchers.

FINDING AND ARGUMENT

Qualitative recovery estimation

In order to predict the recovery rate in the Midok copper mine, the block model of the deposit is entered
into the decision tree, Bayesian and k-nearest neighbor models constructed in the training stage. In this
way, all blocks in the block model are classified in the three levels of recovery (high, medium and low).
Figure 1 shows a cross-sectional view of a classified block model by decision tree method with the highest
confidence level.

High recovery D

Medium recovery !

Low recovery .

Figure 1. A cross-sectional view of a classified block model by decision tree method

Quantitative recovery estimation

Multivariate regression results

Relation 1 shows the model of multivariate regression method for predicting recovery rate. Figure 2
also shows the relationship between the measured recovery and the predicted recovery in the multivariate
regression model for the 11 additional samples.

R =0.851-1.725Cu0O +0.154Cu (1)
¥=0.6186x+ 0338 MAE=0.021702
R2=0.7701 RMSE=0.024972
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Figure 2. Relationship between the measured and the predicted recovery in the multivariate regression model

Artificial neural network modeling results

The relationship between the measured recovery and the predicted recovery in the artificial neural
network model for the 11 additional samples is shown in Figure 3. Figure 4 shows a cross-sectional view
of classified block model by artificial neural network. The results of estimating recovery of the deposit by
regression and neural network methods are shown in Table 1. The results of the statsoft sensitivity analysis
are shown in Figure 5. Thus, the Cu-grade parameter with the highest sensitivity coefficient is the most
important factor in recovery changes, and the CuO and CuS grades are respectively in the following ranks.
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Figure 3. Relationship between the measured and the predicted recovery in the ANN model
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Figure 4. A cross-sectional view of classified block model by artificial neural network

Table 1. Results of estimating recovery of the deposit by regression and neural network methods

Method R<86.7 86.7<R<89.2 R >89.2 Sum
MLR 8954 7673 6669 23296
ANN 9729 8067 5500 23296
Common in both methods 7834 7009 5212 20055

Relative sensitivity coefficient
—-

04
02
o
Cu CuO Cus
Input parameters

Figure 5. Results of the statsoft sensitivity analysis

CONCLUSION

The actual recovery rate of the metal in the final product of the processing plant is an important factor
that can affect the achievement of the economic goals of a mineral project. The recovery rate changes by
changing the composition (ratio) of the ore forming elements. Therefore, it can be estimated the recovery
rate by the grades of the ore block. In this research, due to the importance of this issue, a number of
analyzed feed samples from the Midok copper mine plant were studied and for the first time, the recovery

4 9



Journal of Mineral Resources Engineering (JMRE)

rate for total deposit was qualitatively predicted by three methods of decision tree, Bayes theory and nearest
neighbor and quantitatively with two methods of artificial neural network and multivariate regression. Input
parameters in all of these methods are Cu, CuO, CuS grades, and recovery is output variable. In the quality
models, decision tree has the highest level of confidence. The results of quantitative models indicate a higher
accuracy of artificial neural network method in predicting recovery rates according to which it is possible to
predict the recovery rate for each block of deposit based on CuO, CuO, and CuS grades. It is recommended
to enter other parameters such as a ratio of input parameter values and construct a model based on them, and
suggest a model with a number of further analyzes for the development of research in future work. Also, the
use of artificial neural network algorithm in combination with metaheuristic algorithms can be considered
as research development perspectives.
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