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ABSTRACT

Theaccumulationofdatafromvariousinstrumentalanalyticalinstrumentshaspavedawayforthe
applicationofchemometrics.Challenges,however,existinprocessing,analyzing,visualizing,and
storing thesedata.Chemometrics isa relativelyyoungareaofanalyticalchemistry that involves
the use of statistics and computer applications in chemistry. This article will discuss various
computationalandstoragetoolsofbigdataanalyticswithinthecontextofanalyticalchemistrywith
examples,applications,andusagedetailsinrelationtofogcomputing.Thefutureoffogcomputing
inchemometricswillalsobediscussed.Thearticlewilldedicateparticularemphasistopreprocessing
techniques,statisticalandmachinelearningmethodologyfordataminingandanalysis,toolsforbig
datavisualization,andstate-of-the-artapplicationsfordatastorageusingfogcomputing.
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INTRoDUCTIoN

Theriseofseveralhyphenatedanalyticaltechniquesandtheirapplicationshaveledtothedevelopment
ofvariouschemometricmethodsinordertocomeupwithmeaningfulinformationfromthedata
generated by these instruments (Kumar, Bansal, Sarma & Rawal, 2014). The applications of
chemometrics areextensive, ranging frommulticomponent analysis in spectroscopy to theareas
ofbioinformatics,moleculargenetics,andgeneticepidemiologyinrecentyears(Dumancas,2012;
Dumancaset.al.,2014;Dumancaset.al.,2015).

OneoftheareasofchemometricsisinProcessAnalyticalTechnology(PAT).PATisaninitative
designedtoimprovetheefficienciesofboththemanufacturingandregulatoryprocessesbyutilizing
anintegratedapproachtoqualityanalysis.OneofthecentralcoresofPATisdataanalysis(Willis,
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2004),whichencompassesvariouschemometrictools.Thus,theadvancesthatarenowvisibleinPAT
usingchemometricsinvolveboththeuseofanalyticalinstrumentationandmathematicalmethods
formultivariatedataanalysis(Bogomolov,2011;Dubrovkin,2014;Kessler,2013;Pomerantsev&
Rodionova,2012).TheprimarydrivingforcesthatledtothesuccessofPATwouldbethedevelopment
ofnovelanalyticalmethodsandthecontinuousexpansionoftheirapplications(Dubrovkin,2014).

Asmentionedearlier,therehasbeenrapidgrowthofdataduetotheriseofvariousanalytical
instruments.However,themainchallengecomesfromprocessingthesedatainafacilemanner.In
certaincases,multiplesensorsarestudyingthesamevariablesorcompoundsofinterest.Assuch,the
processofDataFusion,asubclassofChemometrics,isnowconsideredanimportanttopic(Esteban
et.al.,2005;Ovalles&Rechsteiner,Jr.,2015).Multi-sensorDataFusionisatoolusedtocombine
thedatafrommultiplesensorswiththeoverallgoalofprovidingamorereliableandaccurateoutput
(Castanedo, 2013; Rashinka & Krushnasamy, 2017). The Joint Directors of Laboratories (JDL)
definesdata fusion as a “multi-level andmultifacetedprocesshandling the automaticdetection,
association,correlation,estimation,andcombinationofdataandinformationfromvarioussources”
(Steinberget.al.,1999).Thecorrespondinginformationalmodelsemanatingfromdatafusionshould
simulateextremelycomplexproblemsbyfittingtothemassiveamountofempiricalsemi-structured
andunstructureddata(Isaevaet.al.,2012).Consequently,thealgorithmicsupportandtheinterface
ofacomputerizedanalyticalsystem(oftenwithlimitedcomputerresources)shouldbeadjustableto
systemswithfeaturesofnewtypes.Suchchallengearisingfromanalyticalinformationmanagement
ledtoseveralnewperspectivesandsolutions,suchastheconceptofCloudComputing,allofwhich
arepartofthedevelopmentof“BigDataApproach”(BDA)(Dubrovkin,2014).CloudComputing
cansimplybedefinedastheoperationofcomputerpowerorstorageonremoteserversbymeansof
anetwork.UsingtheCloud,veryhigh-levelserviceswithhighcomputationalpowerisnowpossible.
Fogcomputing,ontheotherhand,constitutesthelayerbelowCloudcomputinginconnectedThings
(ParetandHuon,2017).Inotherwords,FogComputingisanextensionoftheCloudComputing
paradigmtotheedgeofthenetwork,thusenablinganewbreedofapplicationsandservices(Bonomi
etal,2012).

In this manuscript, the major aspects of Big Data utilization and processing in Analytical
Chemistry(Chemometrics),specificallysomecommonlyusedalgorithmicandinstrumentaltechniques
andaspectsofcomputerizedanalyticalsystems,willbediscussed.Aninterestingdiscussionwillalso
betheroleoffogcomputinginchemometrics.

BACKGRoUND

Chemometricsisarapidlyevolvingfield,whichhasmultitudeofapplicationsinbothdescriptiveand
predictiveproblemsinexperimentallifesciences,especiallyinChemistry.Itisconsideredtobea
highlyinterdisciplinaryareawhichincludesMultivariateStatistics,ComputerScience,andApplied
Mathematicsutilizingmethodsemployedincoredataanalytics.Theprimordialgoalofchemometrics
istoaddressproblemsinvariousfieldsincludingthatofBiochemistry,Medicine,Chemistry,Chemical
Engineering,andBiologyamongothers(Khanmohammadi,2014).

Asmentionedearlier, thefieldofChemometricshasawidearrayofapplicationsespecially
in Biology and Medicine. For example, Support Vector Machines (SVMs) and Partial Least
SquaresDiscriminantAnalysis (PLS-DA)arewidelyused techniques forclassificationpurposes
involvingmicroorganisms,medicaldiagnosisusingspectroscopy,andmetabolomicsusingCoupled
ChromatographyandNuclearMagneticResonanceSpectrometry(Brereton,2007).Studiesforthe
determinationofqualityofmedicinalplantsandstandardizationofherbaldrugsutilizeliquidandgas
chromatographywithvariouschemometrictechniquessuchasPrincipleComponentAnalysis(PCA)
andLinearDiscriminateAnalysis(LDA),amongothers,toanalyzecomplexchemicalcompositions
ofthesemedicines.Theaforementionedtechniquescontinuetobeexpandedasnewmethodsfor
qualityestimationandareregularlyexplored(Bansal,Chhabra,Rawal,&Sharma,2014).
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