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COMPARATIVE ANALYSIS OF SUPPORT VECTOR MACHINES, ARTIFICIAL NEURAL NETWORK, RANDOM
FOREST AND GRADIENT BOOSTING FOR PREDICTIVE MAINTENANCE IN MINING MACHINERY AND

EQUIPMENT: A CASE STUDY OF CHADORMALU IRON ORE MINE

OMID AFZALI ALVARSI1, SAJJAD AFRAEIL,*, MAJID ATAEE-POUR1
IDEPARTMENT OF MINING ENGINEERING, AMIRKABIR UNIVERSITY OF TECHNOLOGY
(TEHRAN POLYTECHNIC), TEHRAN, IRAN

ABSTRACT

THE DETECTION AND PREDICTION OF THE CONDITION OF MACHINERY AND TRANSPORTATION
SYSTEMS IN THE MINING INDUSTRY ARE OF CRITICAL IMPORTANCE DUE TO THEIR DIRECT IM-
PACT ON PRODUCTIVITY, MAINTENANCE COST REDUCTION, AND OPERATIONAL SAFETY. GIVEN
THE HIGH COSTS AND SUBOPTIMAL PERFORMANCE OF THIS SECTOR, THE PRESENT STUDY AIMED
TO DEVELOP AN EFFICIENT FRAMEWORK FOR MONITORING AND PREDICTING FLEET CONDITIONS.
RAW DATA WERE COLLECTED AND PREPROCESSED THROUGH CLEANING, NORMALIZATION, AND
IMPUTATION OF MISSING VALUES. A DATASET CONSISTING OF 2,950 OIL SAMPLES AND 27 OPERA-
TIONAL AND CHEMICAL ATTRIBUTES COLLECTED BETWEEN 2020 AND 2023 WAS USED IN THIS
STUDY. TO ADDRESS THE CHALLENGE OF DATA IMBALANCE, RESAMPLING TECHNIQUES AND
CLASS WEIGHTING WERE APPLIED. A SET OF MACHINE LEARNING ALGORITHMS—INCLUDING
GRADIENT BOOSTING, RANDOM FOREST, ARTIFICIAL NEURAL NETWORKS, AND SUPPORT VECTOR
MACHINES—WERE IMPLEMENTED, AND THEIR PERFORMANCE WAS EVALUATED USING MULTIDI-
MENSIONAL METRICS SUCH AS OVERALL ACCURACY, BALANCED ACCURACY, AND F1 SCORE AND
ROC-AUC UNDER A FIVE-FOLD CROSS-VALIDATION FRAMEWORK. THE RESULTS INDICATE THAT,
AFTER HYPERPARAMETER OPTIMIZATION, THE SUPPORT VECTOR MACHINE ACHIEVED THE BEST
BALANCE BETWEEN PRECISION AND RECALL, WITH AN OVERALL ACCURACY OF 98.19% AND AN F1
SCORE OF 87.43%. STATISTICAL VALIDATION RESULTS FURTHER CONFIRMED THE ROBUSTNESS
AND RELIABILITY OF THE PROPOSED FRAMEWORK FOR PREDICTIVE MAINTENANCE APPLICA-
TIONS. OVERALL, THE FINDINGS SUGGEST THAT COMBINING SYSTEMATIC DATA PREPROCESSING,
ROBUSTALGORITHMS, AND MULTIDIMENSIONAL EVALUATION METRICS PROVIDES A SOLID FOUN-
DATION FOR INTELLIGENT DECISION-SUPPORT SYSTEMS IN THE MINING INDUSTRY, CAN SUPPORT
THE DEVELOPMENT OF INTELLIGENT PREDICTIVE MAINTENANCE SYSTEMS IN MINING OPERA-
TIONS ENHANCING PREDICTION ACCURACY, REDUCING COSTS, AND PREVENTING UNEXPECTED
MECHANICAL DOWNTIMES.
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DR.ALIREZA JAFARI RAD
HEAD OF GEOLOGY AND EXPLORATION

\ J

Machine Learning for Mineral Prospectivity Mapping

Abstract

Machine learning is a data-driven algorithms and techniques that automate clustering,
classification and prediction of data. Machine learning algorithms use computational methods
to learn information directly from data without relying on a predetermined equation as a
model. The algorithms adaptively improve their performance as the number of samples

available for learning increases.

Machine learning algorithms find natural patterns in data that generate insight and help you
make better decisions and predictions. With the rise in big data, machine learning has become

particularly important for solving problems in areas.

Machine learning uses two types of techniques: supervised learning, which trains a model on
known input and output data so that it can predict future outputs, and unsupervised learning,

which finds hidden patterns or intrinsic structures in input data.

The aim of supervised machine learning is to build a model that makes predictions based on
evidence in the presence of uncertainty. A supervised learning algorithm takes a known set of
input data and known responses to the data (output) and trains a model to generate reasonable
predictions for the response to new data supervised learning uses classification and regression

techniques to develop predictive models.

Unsupervised learning finds hidden patterns or intrinsic structures in data. It is used to draw
inferences from datasets consisting of input data without labelled responses. Clustering is the
most common unsupervised learning technique. It is used for exploratory data analysis to find
hidden patterns or groupings in data.Choosing the right algorithm can seem overwhelming
there are dozens of supervised and unsupervised machine learning algorithms, and each takes
a different approach to learning. There is no best method or one size fits all. Finding the right
algorithm is partly just trial and error even highly experienced data scientists can’t tell
whether an algorithm will work without trying it out. But algorithm selection also depends on
the size and type of data you’re working with, the insights you want to get from the data, and
how those insights will be used (© 2016 The MathWorks, Inc.).

Consider using machine learning when you have a complex task or problem involving a large

amount of data and lots of variables, but no existing formula or equation.



39901 43 G 4ibd 51 oo 550 gl i 51 oyl oIS g o5l ko 31 o5 3
4 N\

O P o8 3l (S0 (lg—e 4 (4 Kl 9o (v &S b Al FY pglaJ

A A Sl (e gud g0 (mlibiirun ) g G0 (miiien (§0)9—> 5O H3l—iio GBS
Olgmis dm 3T 31 03l gmod ! dimaans L § S ] o 9 Cmnlie JLaS 51 oyl guminnnd SO lww
il (g 09—03 Ol jgldin (u—miiiigeo SOCS ) (bdo (ol I = W)Ll 5 (0
30 Lo Lo 90 10 4 Cwl SawsS Glaos ) (59— yo Gt addrg 0 § 3 )Lzl s
lodyiS' (90 ym |y Wl a3y (il (i S 2 (eSS Lo i g v
a8 G153 0L y9lodien i ol Al FY' (5 azmi )0 (405 859 L 4 a1 1 95y |
3 ool 5 oy litenls ;53 Ly JBlas clilails (5Kl &S s oyl Ly At gloJous oo

\.

J

ot Coxi yan
dzils 3 ol alS g8
il p

Ol 5 ozl anis b ol

<

Hossein Nematollahi
PhD in Mineral
Processing, University of
Orleans , France

Emeritus Professor,
University of Tehran

obie (ol e

S SlSe 08| ol LS
8 s A e

oW1 Ercosplan

ool s lilfgy!

S e ity
OIES j9lie (ramiige

NS

SLET e aws
Jed 5 ol anz 6550
Jol Gl (gl (ol
2985 (oolid s

NS

Mehran Azimi
Rock Mechanics Expert

Chief Manager at
Ercosplan, German

Abolghasem Emami
Member of the founding

XY 98 T VUWE S P
S5l s e

Obslie cten gie

<

board of KCE El Nino Ventures INC
(Islls)
Seyed Ali Aghanabati Sl 0w mno

PhD in Stratigraphy and
Fossilology

Former Deputy of
Geological Survey of Iran

bl wlids () (655
oKdls
9 =8 mej Olojle atesiily

Led) o558

pde g u.....;;.o G-y 5.&.:
it S5 Gl e
Ol gls glas

Farzan Rafia

Member of founding
board and former CEO of
KCE

ool

O zl gl (658
University olasls sbw!
oftechnology Lulea

By

s2loi Lo pule
CEp by g e pae
Opedige E5 50 ol 0p0
Ol 559l bt

Alireza Shivaei

Former CEO and
Chairman of the Board
of KCE

Smol sy

Foone (eoiige 5553
Aachen ;LJT olsils

B e (pogd

ol ey oy Bal e
skt Cpmmiige &S 3

Ol Kbels

Homan Arabshahi

Former director of
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Mehrdad Shokohi
Razi
Member of the founding

board of KCE, former
head of Tehran IMEO
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Ali Hasanalizadeh
Senior Geologist

Member of the Advisory
Board of El Nino
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Mosayeb Sabzei
PhD in Geology
University Professor

Retired from Geological
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Ravanbakhsh Amiri
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Engineering University of
Aachen, Germany
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Senior Geologist-
University Professor
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Engineer Majid Ghiasi

Managing Director of Kce







