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ABSTRACT

Theimplementationofartificialintelligence(AI),machinelearning,andautonomoustechnologies
intheminingindustrystartedaboutadecadeagowithautonomoustrucks.Artificialintelligence,
machine learning,andautonomous technologiesprovidemanyeconomicbenefits for themining
industrythroughcostreduction,efficiency,andimprovingproductivity,reducingexposureofworkers
tohazardousconditions,continuousproduction,andimprovedsafety.However,theimplementation
ofthesetechnologieshasfacedeconomic,financial,technological,workforce,andsocialchallenges.
This article discusses the current status of AI, machine learning, and autonomous technologies
implementation in the mining industry and highlights potential areas of future application. The
articlepresents the resultsof interviewswithsomeof thestakeholders in the industryandwhat
theirperceptionsareaboutthethreats,challenges,benefits,andpotentialimpactsoftheseadvanced
technologies.Thearticlealsopresentstheirviewsonthefutureofthesetechnologiesandwhatare
someofthestepsneededforsuccessfulimplementationofthesetechnologiesinthissector.
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INTRoDUCTIoN

Miningplaysanimportantroleintheworldeconomy.In2016,revenuefromtheworld’sleading
miningcompanieswasUS$496billion(Statista,2018).Theminingandextractionsindustryemployed
around756,000peopleintheUSin2016(DOE,2017).Afterbeingonthedeclineforthelastfew
years,theminingindustryisgrowingagainandinvestmentintheminingsectorisincreasing(Deloitte,
2017).Onefactorthatcanboostthegrowthofminingsectorandmakeitmorelucrativetoinvestors
istheapplicationofArtificialIntelligence(AI),machinelearning,andautomationtoimprovethe
technological,economic,andenvironmentaloutlookoftheindustry.

AIandmachinelearningaretwotechnologiesthathavethepotentialtochangethetechnological
frameworkofthefutureandbothrelyheavilyonbigdatamanipulationandanalytics(Marr,2016;Wang
andSiau2019).In1956,JohnMcCarthydefinedartificialintelligenceasthecapacityofmachines
tobehaveintelligently.Machinelearningisbasedoncomputationalalgorithmsthataredesignedto
emulatehumanintelligentbylearningfromthesurroundingenvironmentutilizingbigdataprovided
tothem(ElNaqa&Murphy,2015).Inthispaper,wehavediscussedtheuseofAI,machinelearning,
andautonomoustechnologiesintheminingindustryandhowitcanhelpinanewminingrevolution.
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CURReNT APPLICATIoNS oF AI AND AUToNoMoUS 
TeCHNoLoGy IN MINING INDUSTRy

Thefollowingarethesectorsoftheminingindustryingeneralandminingoperationsinparticular
thatareexperiencingincreasedapplicationsofAIandautonomoustechnologies.Figure1alsoshows
someofthesectorswheretheimplementationofthesetechnologiesisunderway.

Prospecting and exploration
Prospectingisthefirststageoflookingforaneconomicmineraldepositandevaluatingthisdeposit
intermsofcurrenteconomicandmarketconditionstoascertainiffurtherinvestmentisviablefor
thegivenprospectornot.Prospecting involves reconnaissanceof theareaof interest, collection
of geophysical, geological, and economic data. Exploration involves sampling, laboratory work,
boreholelogging,andfurtherinvestigationofprospect(Böhmer&Kucera,2013).Boththesestages
involveextensivecollectionanduseofdata,andwiththeuseoftraditionalmethodsinvolvinghuman
labor,sitevisitsofremoteareas,manualsamplingandassaying,andprimitivetechniquescanlast
aperiodoftwoyearstotwentyyearsbeforetheactualworthofthedepositisestablished(Böhmer
&Kucera,2013).

Prospectinggenerallystartswithfindingananomalyinthestructure,lithology,geologicalfeatures,
andplantationandplantgrowthpatternsusingmaps,aerialphotographs,satelliteimages,andother
availabledata.AI systemsanddataanalysis softwarecanbe fedwithgeological, topographical,
mineralogical,andmappingdataandcanbeusedtopinpointtheanomaliesandvariancesinthedata
andtolocateareasofpotentialinterests.Someresearchinthisfieldisalreadyunderwayandone
suchsystemisbeingutilizedonanexperimentalbasisbyGoldspotDiscoveriesIncorporatedforgold
discovery.Similarly,GoldcorpandIBMWatsonareworkingtogethertosiftthroughlargegeological
datatoimprovetheaccuracyoftargetingmineableprospects(Walker,2017).

exploratory and Production Drilling
AIandmachinelearningcanbeappliedtodevelopautonomousdrillsthatcanlocatethepotential
sitesidentifiedintheprospectingstageandperformdrillingactivitiesandcanfeedthedrilllogdata
tothesystem.Thistechnologycanalsobeimplementedduringproductiondrilling.Typically,adrill
cycleincludesmovingthedrilltothedesiredlocation,settingupthedrillatthatlocation,leveling
upandstartdrilling,applyingadequateloadorenergytodrillasperrequirementsoftherockand
strata,cleaning thedrillandhole, remove thedrillaftercompleting thehole toapredetermined
depthandmovingthedrilltothenextlocation.Currently,theseprocessesaredonemanuallybut
itcanbeautomatedandAIcancontroltheprocess.OnesuchattemptisunderwayatBHPBilliton
whereautonomousdrillsarefittedwithsensors,inclinometers,andotherinstrumentstoperform
drillingtasksautonomouslyandfeeddatatothedataanalysispackagesforfurtherrefiningofthe
drillmachine(Crozier,2016).

Mining operations
AIcangreatlyimprovetheproductivityandefficiencyofminingoperations.Miningbyitsverynature
isadangerousandhazardousoperation(Paithankar,2011).Limitedworkingspace,poorlighting,
accumulationofhazardouswasteandpoisonousgases,dustparticlesfrommetals,nonmetalsand
toxicsubstances,radioactivematerials,poorairsupply,useofexplosives,andunstableroofsare
amongthefactorsthatmakeminingoperationsdangerous.However,withthehelpofAI,machine
learning, and autonomous technologies, the exposure of workers to dangerous underground and
surfaceoperationscanbeminimized.Machinescanautonomouslymonitortheatmosphere,send
signalsandwarnings,locateproblematicareas,andworkcontinuouslyevenindangeroussituations.
Hence,theimplementationofAI,machinelearning,andautonomoustechnologiesisincreasingin
miningoperations(Vella,2017).



Journal of Database Management
Volume 30 • Issue 2 • April-June 2019

69

Autonomous Vehicles
Severalmanufacturershavebeenworkingonautonomousmininghaulage trucksandCaterpillar
operateditsfirstfleetofautonomoustrucksinAustralia(Caterpillar,2017).BHPandRioTintoare
currentlyusingafleetofautonomoustrucksandhavereporteda15%reductioninoperationcost
comparedtomanuallyoperatedtrucks(Dyson,2017;Simonite,2016).Theseautonomoustruckscan
operate24/7withouttheneedofrestbreaksandchangesinshift.

AlthoughTeslaandGooglehavebeenworkingonaself-drivingcarforsometimenow,theyhave
somesetbacksintermsofrules,regulations,andinfrastructurerequirements(Chopra,2017).However,
miningsitesprovideanexcellentlaunchpadforautonomousvehicles.Theroadsaremostlyclearof
othertraffic,canbedesignatedjustforthesevehicles,andinfrastructurewithinthesiteisalready
developed,andprivatelyownedandmaintainedsoupgradeandremodelingiseasiercomparedto
publicroadsandinfrastructure.Thatiswhyinadditiontoself-drivinghaulagetrucks,autonomous
loaders,trains,andexcavatorsarebeingdevelopedtomeetminingindustryneeds.

PoTeNTIAL APPLICATIoNS oF AI IN MINING INDUSTRy

Figure2showsthesectorsoftheminingindustrythathavethepotentialforimplementingthese
technologies.Insomeoftheseareas,activeresearchandeffortareunderway.Thefollowingdiscusses
thesepotentials.

Gases and Hazard Detection
AnimportantapplicationofAItotheminingindustrycanbethedetectionofhazards,especially
dangerousgases, toxicdust, and radiations in themine.AIsystemscanbedeveloped to inspect
theworksiteaheadofworkersbyusingrobots,sensors,andbycollectingdata frompreinstalled
monitoringstations.Thesestationscantriggeralarms,givewarningsignals,andblocktheaffected
areatodecreasefurtherexpansionofhazard.Whenconnectedtominefansandventilationnetworks
throughintelligentsystems,AIsystemscandirecttheairflow,increaseordecreasetheairquantity

Figure 1. Sectors of the mining industry where AI, machine learning, and autonomous technologies implementation is currently 
in progress
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andpressureofminefans,andstartandstopcertainfanstoautomaticallydirectthehazardsoutof
mine.Thiscanenhancethesafetyofminingoperations,reducedowntime,increaseproductivity,and
decreaseaccidentsandrelatedcosts.

Production
Shearers,coalcutters,jumbos,conveyors,cuttingheads,androadheadersareintegralpartsofthe
miningproductioncycle(EIA,1995).AIandmachinelearningcanbeimplementedonthesemachines
todirecttheiroperations,automateapplicationofenergyatcutterheadstomatchtherockstrength
andhardness,monitorgasandmethaneinrushduringoperation,continuouslymonitorroofcondition
whileinoperation,anddisseminatedataaboutworkingconditionstomakeinformeddecisionand
takecorrectiveactionswellinadvanceofescalationofproblems.

Sampling
Autonomoussamplerscansampleminerals,atmosphere,gases,dust,andtoxicmaterialseveninareas
ofhighconcentration.Continuesmonitoringintelligentsystemscanprovideearlywarnings,suggest
preventivemeasures,andreducetheneedforworkersaccesstothehazardousareaforsampling.
TheseAIsystemscanreducetheneedtobringsamplesforlaboratorytestingbyprovidingimages,
conductinginsitutests,andcommunicatingresultsasandwhenneeded.

Autonomous Support Systems
AnotherareaofAIandmachinelearningimplementationisautonomoussupportsystemsandseveral
companiesareresearchingtoprovidefirstsuchautonomoussystemthatwillreducetheneedofhuman
interventionforthisdelicateanddangerousminingoperation(VanDuin,Meers,Donnelly,&Oxley,

Figure 2. Mining sectors having big potential for implementation of these technologies
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2013).Roofsupport isoneof themost importantandmosthazardoustasksofminingoperation
(Ghasemietal.,2012;Peng,2015).Severalaccidentsoccurbecauseofrooffallswhilesupporting
operationisunderway(MSHA,2017).Weakareasoftheroofandstrata,waterinrush,andrelease
ofhazardousgasesposeahighrisktothiswork.Thisdangerousoperationcanbeautomatedwhere
roofsupportcanbemadeanintegralpartoftheautonomouscuttingmachinethatshieldstheareas
aftercuttingandinstallboltsandtemporarysupporttotheworkedoutexposedstratawhilemoving
ahead for further production. This temporary support provides adequate time for installation of
permanentsupport.

Mineral Processing Application
AI-basedsystemscanbedesignedtosortusefulmineralsandgangmaterialfromtherunofmine
production.Thesesystemscanusecolor-sorting,x-raytransmissionornear-infraredsensorstoremove
wastefromusefulmineral.Theycanbedesignedtoexploitdifferencesinphysicalproperties(specific
gravity,density,luster,andheft),mineralogicalcompositionsandchemicalproperties.Theapplication
ofthesesystemsbeforegrindingandcrushingmachinescangreatlyincreasetheefficiencyofthe
comminutionprocessandreduceenergycostascrushingandgrindingaremostenergyconsuming
andleastenergyefficientpartsofthemineralprocessingcycle(Jeswiet&Szekeres,2016).

Accident Analysis
Data analysis and visualization techniques can be used to analyze causes and factors leading to
accidents andpreventivemeasures canbedesignedwithmore focuson removing the causesof
accidents.Intelligentsystemsdesignedwithafocusonremovalofpotentiallyhazardoussituations,
decreaseor complete removalofhumanpresence fromdangerous andhazardousworks suchas
transporting,loadingandblastingexplosives,installingroofsupports,andremovinghazardousgases
anddustcanhelpinreducingaccidentsandfatalities.

CHALLeNGeS IN IMPLeMeNTING AI IN MINING INDUSTRy

AlthoughtheimplementationofAIandautonomoustechnologyinminingstartedmorethanadecade
ago,thepaceofimplementationispainfullyslowandhasfacedseveralhurdlesandsetbacks.Oneof
thebiggestchallengesinimplementingtechnologyisresistancefromworkers,supervisors,andeven
AIresearcherswhoarenotsureoftheactualimpactsofthistechnologywillcreateonjobs,economics,
socialsystem,workingrelations,andonthesocietalmakeup(Kappal,2017;Siau,2018;Siau&Yang,
2017).People’sreactiontothistechnologyischallengingandbasedontheirreactions,MarkKnickrehm
identifiesfiveschoolsofthoughts.Understandingtheseperspectivescanhelpincreatingstrategies
toovercomethesechallenges.Thesegroupsincludethedystopianwhoarewaryoftechnology,the
utopianswhowelcometechnology,theoptimists,theskeptics,andtherealists(Knickrehm,2018).
Theoppositionismostlybasedonthefearoflosingjobstotechnology,unknownbehaviorofAIand
autonomoussystems,unequaldistributionofwealthandcapital,complicatedandcomplexinteraction
andrelationshipwithtechnology,andunclearfutureoftechnologyimplementation(Siau,2017;Siau
&Wang,2018;Wang&Siau,2019).Itisalsonotclearhowindividualandgroupdecisionmaking
canbesupportedbytechnologyinAI(Nah&Benbasat,2004;Nah,Mao,&Benbasat,1999).

Other factors that are slowingdown the implementationofAI and automation are sluggish
improvements in intelligent systems, difficulty in obtaining regulatory approvals, huge initial
investmentandcapitalrequirements,inadequateinfrastructurefortheimplementationoftechnology,
limitedavailabilityofskilledpersonnel,difficultyinobtainingcapitalfundingwhenthefutureand
benefitsofimplementingtechnologyarenotyetclear,anddecliningavailabilityofhighgradeores
andmineralresourcesthatdoesnotwarrantlargecapitalinvestment.
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ReSeARCH QUeSTIoNS, MeTHoDoLoGy, AND PRoCeDURe

AIandautonomoustechnologies implementationto theminingindustryarestill in their infancy
andnotmuchdataisavailabletoquantifytheimpactofthisimplementationontheindustry.Thus,
itwasappropriatetousequalitativeapproachestoassesshowthisimplementationwasreceivedby
differentstakeholdersintheindustryandwhattheirperceptionswereaboutthethreats,challenges,
benefits,andpotentialimpactsofthisimplementation.Keepinginviewthisobjective,thefollowing
questionsweredesignedtocollecttherelevantdata:

1. WhatdoyouconsiderAI,machinelearning,andautonomoustechnologies?
2. DidyouuseorareyouplanningtouseAI,machinelearning,andautonomoustechnologiesin

yourresearch,projectsorinyourwork?
3. Whataresomeofthemajorimpactsofimplementingthesetechnologiesandtheiradvantages

anddisadvantages?
4. Whatarethemainhurdles/challengesinimplementingthesetechnologies?
5. Whatisthewayforwardandhowtosuccessfullyimplementautonomoustechnologiesinthe

miningindustry?

Astheseopen-endedquestionsaresubjective,thequalitativemethodofresearchdesign,data
collection, and analysis were employed. One-on-one interviews were carried out to gather the
perceptions,suggestions,viewpoints,andopinionsofthestakeholders.Theinterviewmethodprovided
moreflexibilityintermsofengaginginopenandfrankdiscussions,allowingfollow-upquestionsto
clarifyissuesorpointsofview,andabetterunderstandingofaninterviewee’sposition.

INTeRVIew oUTCoMeS

In total, twenty interviewswereconducted.Tenof the intervieweesweregraduatestudents, five
were doing Ph.D. conducting research on various aspects of mining and mineral processing
includingvibrationcontrols,flowoptimization,automatedflotation,automatedoperationscontrol,
andgenerationofautomatedmuckpileprofiles.Onestudenthadcompletedmastersinpetroleum
engineeringandhaddoneresearchinsubmersibledrillingapplicationsforbothminingandpetroleum.
Threewerecompletingmastersinminingengineering,oneasadistancestudentandtwowereon-
campusstudents.Theyallhadworkedintheminingindustryindifferentpositionsandindifferent
miningcompanies.Onewasanundergraduatestudenttakinggraduatecoursesandplanningtodo
graduatestudiesinAIandmachinelearning.

Sevenintervieweeswerefacultymemberswithexpertiseinmineralprocessing,rockmechanics,
environmentalimpactsofmining,miningoptimizationandminingsystems,andcomputerapplications
fortheminingindustry.Onewasanassistantprofessor,threewereassociateprofessors,andthree
wereattherankoffullprofessor.Theyallwereteachinganddoingresearchinminingdepartments
atthreeresearchuniversitiesintheMidwestandontheEastCoast.

Three interviewees were industry professionals working as operations manager, reliability
engineer,andminingengineer.Herearesomekeydataabouttheinterviewees:

1. Averageworkingexperienceoftheintervieweeswasabout8years–rangingfrom1yearinthe
industrytoover20yearsintheindustry;

2. Minimumeducationoftheintervieweeswasundergraduatedegreeinminingengineering;
3. Outofthe20interviewees,10hadadvancedgraduatedegreesandwereinvolvedwithareas

closelyrelatedtoAI,MachinelearningandAutomationtechnology;
4. 90%oftheintervieweesweremalewhichistypicaloftheminingindustry.
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Belowaresomeofthefindingsfromtheirinterviews.

what is AI, Machine Learning and Autonomous Technology?
Thisquestionwasasked togauge the interviewees’understandingofAI,machine learning, and
autonomous technologies. Interestingly, all interviewees had slightly different ideas of AI and
machinelearning.SomecommonfeaturesattributedtoAIandmachinelearningmentionedbythe
intervieweesare:

• Systemsormachinesthatareself-learningandcanimprovethemselvesovertime;
• Trainingthemachinesthatcanworkintelligentlylikehuman;
• Asystemthatoperatesautomaticallywithoutneedingmuchhuman interventionafter initial

deployment.

SomeinterestingcharacteristicsofAIandmachine learningreportedby intervieweesareas
follows:

AI is a prediction tool that can learn on its own and can train itself after we train it. (A Ph.D. student 
in mineral processing)
AI and machine learning are algorithms that learn over time to improve decision making and are 
self-learning. (A mining professor)
Machine learning is when you train a robot to do specific tasks. You will train it the first time, train 
it one more time and then it will know how to navigate and how to operate whereas AI is a broader 
term not always applicable to machines. (A mine manager)

Did you Use or Are you Planning to Use AI, Machine Learning and 
Autonomous Technologies in your Research, Projects or in your work?
This question asked the interviewees if they were using any type of AI, machine learning, and
autonomoustechnologiesintheirresearch,projects,andfieldorroutinework.11outof13interviewees
answeredinaffirmativethattheywereusingsomekindsofAI,machinelearning,andautonomous
technology.TwointervieweesdidnotuseAIintheircurrentprojectsbutwereplanningtouseitin
theirfutureresearchandprojects.Followingareareastheintervieweeseitherusedorwereplanning
tousethesetechnologies:

• To monitor the effects of changing variables on the flotation process while conducting
experiments;

• Usingfuzzylogicandneuralnetworkstotraindatasothatitcanpredicttheeffectofchanging
onevariableoutofseveralvariablesontheflowprocess;

• Predictionofvibrationeffectsontheoperatorwhileoperatingheavyminingequipment ina
ruggedterrain;

• DevelopinganAI-basedalgorithmtodetermineundergroundGPSdemandzones;
• AI-basedmodeltodevelopemergencymanagementandguidancesystemsintheunderground

mines;
• Predictionoffailuresandneedandarrangementsofmaintenance;
• Robotsinminerescueandemergencyoperations.
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what Are Some Major Impacts of Implementing These 
Technologies and Their Advantages and Disadvantages?
Increasedproductivity, improved safety, and reducedoperatingcostswere someof the common
advantagesofusingthesetechnologiesintheminingfielddescribedbytheparticipants.Figure3
showssomeoftheseadvantages.Aninterestingadvantageofusingthesetechnologieswasrelated
tothepredictivecapabilitiesofAIandmachinelearning.Allresearcherswereoftheviewthatthese
technologieshavethepotentialtoreducethenumberofexperiments,fieldwork,andlabtestsneeded
togetthedesiredresultsandaccuracyforinterpretationofresults.TheAIsystemscanbefedwith
afractionofdatageneratedinthelabastrainingdataandthencanbeusedtopredictthebehavior
ofmodelsbasedonthatdata.Thesepredictionscanbecheckedagainstsomeoftheexperimentally
generateddata andcorrectioncanbe applied andanAI systemcanbe retrained to improve the
accuracyofresults.AsdescribedbyoneonthePh.D.researcherworkingintheoperationsresearch
labofauniversity.

BasedonmyexperimentaldesignIhadtoconduct1700-1800experimentstogetreliableresults,
however,usingAI-basedsystemIwasabletoreducethenumberofexperimentsbyaround80%.I
usedmydataandtrainedAIsystemandusepredictiveanalysistopredicttheresultsandIgotmy
resultswithintherequiredaccuracy.Thatgreatlyreducedcostandtimeneededformyresearchstudy.

Otheradvantagesdescribedbytheintervieweesarelistedbelow.

Advantages

• Unsafejobs,work,andhazardoustasksworkedbyrobotsinsteadofhuman;
• Increasedefficiencyofworkandprocesses;
• Reductioninlaborcostandimprovedsafety;
• Nohealth,vison,anddentalinsurance,retirement,andothercostsneededformachines;
• Reducederrors,mistakes,andaccidentsresultinginreducedoperationalcosts;

Figure 3. Some major advantages of these technologies
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• Quicksolutionstoproblems;
• Reliableresultsfromareducednumberofexperiments;
• Reductioninthenumberofexpensivefieldandlabexperiments,andincreasedreliabilityof

predictionandpredictivealgorithms;
• 24/7availabilityresultinginincreasedproductivity;
• Improvedsafety(roofbolterasanexample)asrobotsdoinghazardouswork;
• Betterguidanceandcontrolsystemforminerescueandsafetyoperations;
• Systemsarefillingthegapoflaboravailabilityandlaborneedsintheindustry;
• AIsystemshavemoresituationalawarenessandcanmakebetterdecisionsinhazardous,accidents,

andemergencysituations;
• Increasedspeedofgooddecision;
• Simpleandtimelysolutionstocomplexproblems.

Disadvantages
Themostcommonlymentioneddisadvantageofthesetechnologiesistheirimpactontheavailability
ofjobs.Themajority(>90%)oftheintervieweeswereoftheviewthatthesetechnologieswould
haveanegativeimpactontheemploymentopportunitiesforpeopleandthenumberofavailablejobs
wouldreducesignificantly.Interestingly,nooneknewtheexactextentofjoblossestothetechnology
or how many new jobs would be created by these technologies. As described by a professor in
miningengineeringdepartment,“Generally,theoperatingminesbringapositiveeconomicimpact
in the communities in which they are operating in terms of new employment opportunities and
creationofjobs.Butifallthesejobsarelosttoautomationandtechnology,whatistheadvantage
tothecommunityintermsofemploymentopportunities.”Somedisadvantagesmentionedbythe
intervieweesarelistedbelow:

• Lossofjobs;
• Complexhuman-machineinteractionandpsychological issueswhileworkingwithmachines

likefeelingsofisolationandnon-companionship;
• Reliabilityofresultsasitisstillbasedontrialanderror;
• Lossofcontroloverintelligentmachines;
• Improperuseoftechnologylikeautonomousweaponsandexplosives;
• Toomuchrelianceonmachinescanleadtopoordecisionmakingastechnologyhasthepotential

tobemisusedifnotdeployedproperly;
• Securityvulnerability(e.g.,bugs,viruses,systemhacking);
• Ethicalimplicationsandresponsibilitiesforunsafebehavior;
• Noemploymentforcommunitieswhereminesarebeingdeveloped.

what Are the Main Hurdles/Challenges in Implementing These Technologies?
Themostcommonchallengeintheimplementationofthesetechnologiesintheminingindustryisthe
lackofexpertiseinthisfieldandunavailabilityofskilledlaborforceneededfortheimplementation.
The second challenge is the large amount of capital needed for the automation of systems and
operations.Aconsensusamongtheintervieweesisthatnotallminingcompanieshavethenecessary
capitalfortheimplementationofthesetechnologies,especiallywhenrelativelycheaperlaborisstill
availableformostoftheminingoperationneeds.Dynamicnatureofminingisanotherbigchallenge
thatisconsideredahurdleintheimplementationofAIandmachinelearning.Thevariablesgoverning
miningoperationsarenumerousandmostlyunpredictable,thusmakingitveryhardifnotimpossible
to fullyapplyautonomous systemsandoperations.Geological conditions, stratigraphicchanges,
stressedandstrainedregimes,waterandgasesinrush,constrictedspacesunderground,anddifficulty
intransmittingsignalstoandfromsystemsandmachinesundergroundareafewfactorsthathaveto
beovercomebeforecommercialimplementationoftheseautonomoustechnologiesandAIsystems
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intheminingindustrycantakeoff.Followingarechallengeshighlightedbytheintervieweesinthe
implementationofthesetechnologiesandFigure4depictssomeofthesechallenges:

• Availabilityofreliabledataasmostdataisproprietary;
• Commercialfeasibility,anddesignandset-upforlargescaleimplementation;
• Currentreliabilityofsystems;
• Trustissues;
• Hardtomodeldynamicandever-changingminingenvironment(e.g.,profileofmuckpile);
• Economicchallengesasinvestmentcanbeabigissue;
• Nonavailabilityoftrainedpeopletooperate,maintain,andimplementthesesystems;
• Notusedatindustrialscaleespeciallyinthemineralprocessingindustry;
• Highlyvariablefactorsmayleadtodifficultyingettingtherequiredaccuracy.

what is the way Forward and How to Successfully Implement 
Autonomous Technologies in the Mining Industry?
All intervieweeswereof theview that these technologies canprovide excellent solutions to the
mining,anditshazardousandenvironmentdegradingoperations.Ithasthepotentialtoboostthe
industrybyincreasingproductionandproductivity,reducingtheexposureofhumanlabortohazardous
operations and environment, increasing operational efficiency, reducing environmental footprint
resultingfromreducedenergyandfuelconsumptions,andadoptionofbestpractices.Asstatedby
oneoftheminemanagers,“Thereisnoescapefromthesetechnologies.Theyarethefutureofmining
andthecompaniesadoptingthesetechnologiesandtransitioningtoadoptthesetechnologieswillbe
competitiveinthefuturemarkets.However,weneedtheresolvefromc-levelmanagement,policy
makers,legislators,investors,AIpractitioners,autonomoussystemdevelopers,socialscientistsand
researchers,andlaborrepresentativestoworktogetherandholddialoguestoresolvethetechnology’s
economic,social,societal,financial,andpsychologicalissues.”Somesuggestionspresentedbythe
intervieweesaboutthefutureimplementationofthesetechnologiesarelistedbelow:

• Moretrainedpeople
• Moreexperimentalandpilotstudies
• Psychologicalinteractions,andsocialandeconomicimpacts
• Moreinvestment

Figure 4. Some of the major challenges in implementing AI and machine learning in mining
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• Commitment from higher management, and confidence building of lower management and
workers

• Solutionsforeconomicdisparity

DISCUSSIoNS AND IMPLICATIoNS

Ofalltheinterviewees,themajoritywerefamiliarwiththeAI,machinelearning,andautonomous
technologiesbeingimplementedintheminingindustryandwereeitherdirectlyorindirectlyinvolved
inusingsomeaspectsofthesetechnologiesintheirwork,research,andstudies.However,thedefinition
ofwhatconstitutesAIandmachinelearningwereconsiderablydifferentamongtheinterviewees.They
allviewedthistechnologyasanimperativeforimprovedefficiency,saferoperations,andreduced
environmentalloadofmining,andhasthepotentialtoimprovetheminingindustrybyintroducing
smartsystemsandrobotstoperformhazardousjobs.Interestingly,themajorityofthemwasofthe
viewthattherewasstillaneedtohavemoredata,research,studies,andanalysistogaugethesocial,
economic,societal,psychological,normative,legalandbehavioralimplications,andimpactsofthese
technologiesbeforeembarkingonfullimplementations.Oneofthebiggestissuesthatcameoutof
thesediscussionswastheissueoftrust,especiallyatthisstageoftechnologydevelopment.There
werealsoconcernsaboutthecompletelackortheclarityoflegal,legislative,andstatutoryframework
forthesetechnologies.Asminingisahighlyregulatedindustry,itishardtobuildtheconfidenceof
investorsinthesetechnologieswhenfuturelegislationscontrollingthesetechnologiesarenotclearyet.

CoNCLUSIoN

AI,machinelearning,andautonomoustechnologyhavethepotentialtobringanewrevolutionto
theminingindustrybyreducingcost,improvingproductivityandefficiencyofoperations,andby
decreasingtheenvironmentalfootprintofminingthroughuseof intelligentsystems.Themining
industry is slowly moving towards the implementation of these systems, especially in the field
ofautonomousmachinesandself-drivingvehicles.However,torealizethefullpotentialofthese
technologiesinvariousoperationsofmining,moreconcertedeffortsareneeded.

Asmoreandmoreminingcompaniesaretakingtheinitiativetoimplementintelligentsystems
basedonAIandautonomoustechnologies,moreandmoredatawillbeavailableonthesuccessesand
failuresoftheseattempts,theirimpactonjobsandemploymentnumbers,futureskillsandtraining
requirements,economic,societal,andsocialimpactsofAIimplementation.Thiswillprovidemore
soliddatatoanalyzevariousimpacts,toevaluatecurrentissuesandfuturetrends,andtoprovide
abasisforbetterunderstandingoftheimplicationsofAIimplementationsintheminingindustry.
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