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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

Machine Learning for Mineral Prospectivity Mapping

Ahstract

Maching lemming & n dmin-driven aslgortbms mnd techrigues that amomede chestering,
clussilicabion amd prediction of data. Machine leammyg alponithms use compulalnal methods
te leam information directly from datn withot relving on a predetenmined sqution as a
modzl. The algorithms adaplively improve Ui perlimmamee s the number ol samples

available for leaming increses

Machine leamning algarithms find vatural patierne in data that genersde insight and help vou
make bheiter decisioms and predicticns. Widh the rise in hig daio, machine leaming has becomse

particularly smportan for solving problems in arcas.

Machung learfme uses Twe ypas of echmgues: superveed leammeg, which frams a model on
kEnonam imput and oubipud dada so thad i can predict fotore owmpues, and ansupervised learming,

whach [imds hadiden patlerms or minimsse sirneclures moimpol dala

The amm of supervised maching learming s Lo budd a model thal makes predictioms besed on
evidence in the presence of uncenainty, A supervised leaming algorithm takes o known set of
mpl dala and Enown responses o lhe data (oulpul) aed trams o maode] o generale reasonashle
picdictions For the respoise 1o scw doa suporvised leaming vscs classifcaton asl rogression

techmigues tao develop predictive maodels.

Unsupervised leaming finds hidden pattemns or imirinsic stimchares. in data, It is vsed to dovw
mferences from dalasels comsisting of inpan data wathout labelled responses. Clustering s the
et conmmon unsupervised leaming fechnique. Tt s nsed for explorsory data analvsis fo find
hidden pallems: or groupimes modala Cheosmg the nghl algoribim can seem overwhehming
there are dozene of superviesd ad wnsuporveed maching learmng alporvbmes, and cach takes
a ilTerenl approsch Lo learming, There = no best method or one sice [is all Finding the nghl
algorithm s partdy just tmal and oo even highly cxpencnecd daa sciomisis can™ wll
whether an alzomithn will work withoat trving i€ oo, Tt algorithm selection also depends on
the saze amd type of data vou're warkmg with, the insights vou wand 1o gel from the data, and
hiw those imsights will ke used (8 2006 The MathWaorks, Inc. )

Consider nusing maching learming when you have a complex task or problem invalving a largs

ammounl of dala and lols ol vanables. bul no exasing Feemula or eguabion.



Newral Network mspired by the human bram. A neural network consists of lhighly connected
networks of neurons that relate the mputs to the desired outputs. The network 15 trimned by
teratively modifving the strengths of the connections so that given inputs map to the correct

response (£ 2016 The MathWorks, Inc.).

Artificial Neural Network (ANN) waz emploved in thig research for Mineral Prosoectivaty
Mapping (MPRM). ANN 15 a data-dnven method. that the allocation of appropriate weights to
data lavers implement basis on the datasets, A Multi-Laver perceptron (MLF) neural network
i= applied for thiz research becase it perfonms very well for a large variety of problem tvpes
and has powerlul function approxmmation capabuhnes. Unhke other data-dnven methods
which need onlv one zet of trammng pomits 1 the site of mumeral deposis, ANN requires
another set of training points which defines the absence of mineral deposits, The second set of
traiming points was generated using simple overlaying method, Also the operations for the
apphcation of neural networks emploved m thus study involve multi-class representation of
evidential maps. The predictive map i= generated from multi-class evidential maps show
higher predictive rate with respect to known deposits and indications compared fo the
predictive map resulted from binary maps (Jafari Rad, 2009, This method 15 based on the
applving GIS technigues to preparation of data layvers, and also modeling using MATLAB

software.

The study area of this research 15 the most important part of Cu (Mo) porphyry - type
minéralization belt, where is located in central Iran. There aré some well — known porphyry
copper deposits in this region like Sar Cheshimeh and Meiduk mines, but certainly there are

same grounds to search for new porphyry deposits.

Download: https://kce.ir/wp-content/uploads/2026/06/Machine_Learning_AlirezaRad.pdf
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University Professor
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