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PREFACE

On behalf of the Organizing Committee, it is a great honor and pleasure to welcome all
esteemed participants of the 54" International October Conference on Mining and Metallurgy
(10C 2023), scheduled to take place at the picturesque Bor Lake, Serbia, from October18™ to 21%
2023.

The collaborative efforts of the University of Belgrade, the Technical Faculty in Bor, and
the Mining and Metallurgy Institute Bor have meticulously organized this year's IOC. Our focus
remains unwavering on showcasing the latest research findings and advancements in geology,
mining, metallurgy, materials science, technology, environmental protection, and other
engineering disciplines. Our primary objective is to foster a dynamic environment where
academics, researchers, and industry professionals can come together to share their knowledge,
experiences, and innovative ideas while exploring opportunities for collaborative research
endeavors.

Our conference agenda is rich and diverse, encompassing plenary sessions, engaging
invited lectures, technical presentations, enlightening oral and poster sessions, informative
technical tours, a diverse exhibition, and memorable social gatherings. At the heart of this event
lies our strong commitment to sustainable development within the mining and metallurgy sector.
We are dedicated to exploring ecologically conscious methodologies, responsible resource
extraction practices, and cutting-edge technologies that reduce the industry's environmental impact
and enhance the well-being of local communities.

The conference proceedings comprise 129 papers authored by individuals from
universities, research institutes, and industries in 22 countries. We are proud to welcome
participants from Bosnia and Herzegovina, Bulgaria, Canada, China, Croatia, Germany, Greece,
India, Iran, Kazakhstan, Libya, North Macedonia, Montenegro, Morocco, Romania, Russia,
Slovakia, South Africa, Spain, Turkey, United States, and, of course, Serbia.

We are excited to host the 8" International Student Conference on Technical Sciences (ISC
2023) as part of I0C 2023. This event offers students from Serbia and the wider region a unique
chance to showcase their research and discuss the future of their fields with experts.

We sincerely thank the Ministry of Science, Technological Development, and Innovation
of the Republic of Serbia for their generous financial support. In addition, we express our profound
gratitude to all our sponsors, exhibitors, and friends of the Conference for their contributions and
unwavering support for playing a pivotal role in ensuring the success of 10C 2023.

We would like to express our heartfelt thanks to all authors, committees, reviewers,
speakers, and chairpersons for their invaluable contributions in shaping 10C 2023.

We look forward to welcoming you to the 55th International October Conference on
Mining and Metallurgy (10C 2024), which will be held in October 2024.

On behalf of the 54" IOC Organizing Committee,
Prof. dr Ljubisa Balanovi¢
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Abstract

One of the most reliable indicators of surface water quality is dissolved oxygen (DO). In order to take
timely reactions in water pollution prevention and reduction, it is very useful to predict the changes in this
parameter. In this study, a comparative analysis of the efficiency of different machine learning models in
DO prediction was carried out. The aim was to examine which of the selected techniques indicate the best
performance in DO prediction - Decision Tree, Random Forest, Gradient Boost Regression, Support VVector
Regression, Multi-Layer Perceptron, and K - Nearest Neighbors Regression (KNN). According to the
results, it can be concluded the best-fitted model on the created dataset is KNN.

Keywords: Dissolved Oxygen, Machine learning, Prediction, Water quality, Tisa River

1. INTRODUCTION

In recent decades, significant efforts towards the renewal and protection of water bodies have been
recorded. In order to prevent accidents, it is necessary to recognize and identify all the hydrological
variations that could cause negative consequences. The best solution is reflected in developing and
improving water quality prediction models as an important step towards reliable water resources
management. These models can timely warn about the urgency of undertaking adequate measures.

Water quality modeling is an inevitable activity in water resources engineering. Supportive of that
is greater attention being paid to this field by environmental scientists and engineers. Studies
related to the prediction of surface water quality parameters by different modern neuro-computing
models are increasing. In the example of Laguna Lake among machine learning algorithms such
as Naive Bayes (NB), Decision Tree (DT), Random Forest (RF), Gradient Boost (GB), and Deep
Learning (DL), the DT achieved the highest accuracy and precision. [1] In comparison with the
classical approaches such as the Multi-Layer Perceptron (MLP) and Linear Regression (LR), the
DL method was shown to be more reliable in the prediction of water quality parameters, such as
pH, dissolved oxygen, turbidity, and chloride. [2] The authors Chen et al. (2020) compared the
performances of the seven traditional and the three ensemble learning models for the prediction of
water quality by applying a large dataset generated by monitoring the quality of the waters of the
main river flows and lakes in China. Their study proved that the DT, the RF, and the Deep Cascade
Forest (DCF) were the most efficient. [3]

Despite the proven potential of the machine learning approach in the field of ecological
management, there is still an insufficient number of research studies and application of machine
learning models in the sphere of water resources management, as well as the comparisons of the
performances of different ensemble learning models. [3,4] This methodology, however, is in full
swing and an increasingly larger number of studies on their application can be expected in this
environmental field.

Dissolved oxygen (DO) is one of the most representative indicators of surface water quality.
Therefore, finding the most reliable model for the prediction of the values of this parameter is quite
important. This research explores an alternative machine learning method in order to predict water
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quality using minimal and easily available water quality parameters. The first step in the model
was to determine the significance of each of the selected variables in DO prediction by carrying
out variable importance analysis. Additionally, machine-learning algorithms were employed
aimed at defining the dataset and the technique whose combination led to the most reliable
prediction and the lowest costs of monitoring.

2. EXPERIMENTAL

In this study, representative supervised machine learning algorithms were applied for the
prediction of the DO value. The modeling processes were conducted using the Rapid Miner
Software version 8.9. The methods of Decision Tree, Random Forest, Gradient Boost Regression
(GBR), Support Vector Regression (SVR), Multi-Layer Perceptron, and K-nearest neighbors
Regression were considered.

2.1 Dataset

The study area is the flow of the Tisa River through Serbia, with all the related tributaries. The
dataset consists of measurements of water quality parameters from eleven sampling stations. The
selection of the parameters analyzed in this paper was made based on the literature review. [1,5,6]
The river Temperature (T), Electrical Conductivity (EC), pH, Ammonium lon (NHs-N) and
Orthophosphates (POs-P) had most frequently been used in similar studies. Accordingly, the mean
monthly values of the mentioned parameters were used as the input data for DO prediction. The
physicochemical parameters were retrieved from the water quality monitoring system by the
Serbian Environmental Protection Agency (SEPA) that samples river quality monthly, whereas
the analysis covered the period from January 2011 to December 2018.

3. RESULTS AND DISCUSSION

The initial parameters for examining the efficiency of predicting the DO value were pH, T, EC,
NHa, and POg. Firstly, the dataset was subjected to a variable importance analysis, which defines
the share of each mentioned parameter in DO prediction. In order to obtain the parameters that,
influence the final result on the same scale, the Z-score standardization of the dataset was first
performed. According to the results, it can be concluded that the parameter T has the greatest
significance for DO prediction. It is only followed by the parameters: pH, PO, EC, and ultimately
NHa, as the parameter with the least influence (Figure 1).

Figure 1 - Variable importance analysis
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Further, based on the Model Performance Metrics, a comparison of the predictions with the actual
data was made. Correlation Coefficient was used to determine prediction efficiency. It is frequently
used to compare models and assess which model provides the best fit to the data. The correlation
coefficient (R) is expressed by the values ranging from -1 to +1, where values closer the + 1
indicate the greater reliability of a predictive model.

DT RF GBR SVR MLP KMNN

Figure 2. Comparison of model performances

As it can be concluded from Figure 2, the best-fitted model with R=0.95 is KNN. The KNN model
works by the nearest data around the sample. Choosing the number of neighbors (k) is a crucial
stage. This method’s efficiency depends on selecting samples from the nearest reference database.
[7] In this case, the K=3 and the nearest samples are calculated by the distance around the sample.

The main benefits of the KNN method are mathematical simplificity, non-dependence of statistical
assumption and the sample space distribution. [8] The KNN method is easy to apply and
understand because it doesn’t pass through a learning phase. [9] The understandable mechanism
and the prediction accuracy of this method make it preferable among the other methods. The
obtained results are supported by other studies that proved the advantage of this method in
comparison with other machine learning methods. [10,11]

4. CONCLUSION

Surface water quality parameter modeling is regarded as a critical issue that impacts the efficiency
and effectiveness of a water resources management system. Finding reliable prediction models and
implementing approaches to determine the dominant water quality factors might result in
significant cost savings.

The results presented in this paper have indicated that the prediction of the water quality (expressed
through the DO values) of the Tisa River on its flow through Serbia can be made with the highest
degree of precision by applying the K-Nearest Neighbors Regression, namely in the case when an
input dataset consists of the T, pH, PO4, and EC values.

The recommendations for future studies relate to the input variables selection and the creation of
a hybrid model in which an integration of different machine-supervised techniques would be
performed, which would help overcome shortcomings and take advantage of each one of them.
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