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ABSTRACT

Inthesoftwareindustry,wherethequalityoftheoutputisbasedonhumanperformance,fatigue
canbeareasonforperformancedegradation.Fatiguenotonlydegradesquality,butisalsoahealth
riskfactor.Sleepdisorders,depression,andstressareallresultsoffatiguewhichcancontributeto
fatalproblems.Thisarticlepresentsacomparativestudyofdifferenttechniqueswhichcanbeused
fordetectingfatigueofprogrammersanddataminerswhospentlotsoftimeinfrontofacomputer
screen.Machinelearningcanusedforworkerfatiguedetectionalso,buttherearesomefactorswhich
arespecificforsoftwareworkers.Oneofsuchfactorsisscreenillumination.Screenillumination
isthelightofthecomputerscreenorlaptopscreenthatiscastedontheworkersfaceandmakes
itdifficultforthemachinelearningalgorithmtoextractthefacialfeatures.Thisarticlepresentsa
comparativestudyofthetechniqueswhichcanbeusedforgeneralfatiguedetectionandidentifies
thebesttechniques.
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INTRoDUCTIoN

Differentresearchshowstheeffectofvehicledriverfatigue.Butfatiguehasaneffectonworkersat
differentkindsofindustry.Workfatiguecanaffectpeopleworkingonashiftbasis,peopleaffected
byhighnoise, pollution, chemicals, andpressure.The current study focuseson the tirednessof
softwaredevelopersanddataminerswhospendmoretimeinfrontofthecomputerorlaptopscreen.

Asthesoftwareindustrymovestowardsamorehuman-centredenvironment,softwaredeveloper
healthcarebecomesaveryimportantfactorwheresoftwaredeveloperssufferfromdepression,anxiety,
sleepdisorders,etc.,itbecomesimportantforemployeestoensurethatsoftwaredevelopersdonot
sufferfromsignsoreffectsoffatigue.

Fatiguealsohasmanylong-termeffectsthataffectoutputproductivityandquality.Someofthe
long-termeffectsoffatigueaffectingthesoftwareindustryare:inabilitytostayawake,forgetfulness,
errorofjudgment,inabilityofcomplexplanning,etc.Thisresultsinworkerrorsandcanalsoaffect
thehealthofworkers.Workerswhoworkforlongerhoursoradditionaltimemayalsobeindanger,
asshownbyanarticleintheNSC’sSafety+Healthmagazine.AprogressreportbytheNational
InstituteforOccupationalSafetyandHealth(NIOSH)foundthatworkersinprogressoccupations
havetorestabout7hoursadaycomparedtoallothergroups.(source:https://ehsdailyadvisor.blr.

Thisarticle,originallypublishedunderIGIGlobal’scopyrightonJuly1,2020willproceedwithpublicationasanOpenAccessarticlestart-
ingonJanuary25,2021inthegoldOpenAccessjournal,InternationalJournalofE-HealthandMedicalCommunications(convertedtogold

OpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense(http://creativecom-
mons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedtheauthoroftheoriginal
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com/2017/06/fatigued-workers-hazard-company/).Itshouldbedetectedandresolvedbeforefatigue
becomesaproblemandlowersproductivityandbecomesfatal.

In thispaper,aswefocusonsoftwaredevelopers‘ fatiguedetection, therearesomefactors
thatneedtobeaddressed.Aswefocusonfacialfeaturesandespeciallyeyeexpressionsforfatigue
detection,theneedtocapturefacialimagesisrequired.Oncethealgorithmcapturestheimagesofthe
face,differentfeaturescanbeextractedandfatiguecanbedetected.Butthemostimportantfactor,
facingbythealgorithmwhileextractingdatafromtheimagecapturedonthecomputerscreenviaa
webcamoraninbuiltcameraisillumination.Inthisreviewpaper,acomparisonofdifferenttechniques
isusedtodetectfacialfatigue.Thebesttechniquethatcantakecareoftheonscreenillumination
problemisalsoidentifiedalongwiththecomparison.

FollowingarethefiguresgivenbelowthatshowsthefatiguecycleduringthetasksFigure1Shows
thefatiguerelatedriskandprotectionagainstthefatiguewithreviews.Thisfigurealsoexplainsthe
scopeofrisksaccordingtotheworktypewithsomeimplementations.

Figure2showsthefatigueofworkersoccurredduringthework.Therearesometipsforworkers
todecreasingthefatiguelevelasshowninthefigure.Also,theimpactsoffatiguehavebeenexplained
inthefigure.

RELATED WoRK

Qi,Li,Wang,Zhang,Xing,Gao,andZhangin2018proposedanewmethodologytorecognize
expressionsbasedoncognitiveandmappedbinarypatterns.Firstapproachdependson theLBP
operatortoremovefacialhighlights,secondwasthefoundationofthepseudo3-Dmodeltosegment
thefacialregionintosixfeaturedparts.Finally,theyplayedoutasimilarinvestigationontheextension
ofCohn-kanade(CK+)outwardappearancedataset.

DangeandYengantiwarin2013builtupaneyeestimationmethodbyamachinevision-based
idea.Alittlemonochromecameraforsecuritywasutilizedthatdirectlyconcentratingonthedriver’s
facewhichscansthedriver’seyestodistinguishtiredness.Thispaperportraystheconditionofeyes
whethertheyareopenorclosedependentontheViolaJonescalculation.

B.N.Manu in2016portrayedastrategyfordetecting thedrowsinessby threestages.These
stageswereutilizedforfacialhighlightsrecognitionwiththeuseofViolaJones,theeyestracking

Figure 1. This figure shows the risk aspects of fatigue (source: https://www.interdynamics.com/wpcontent/uploads/2015/07/
RiskBasedApproachToManagingFatigue.png)

https://ehsdailyadvisor.blr.com/2017/06/fatigued-workers-hazard-company/
https://www.interdynamics.com/wpcontent/uploads/2015/07/RiskBasedApproachToManagingFatigue.png
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andyawningidentification.Inordertoclassifytheconsecutiveframesintotwostates,abinarylinear
supportvectormachineclassifierwasfirstfatigueandanothernon-fatiguestateandthenthealarm
soundwasformedifitwasabovethethresholdtime.

Wangetal.in2018proposedaframeworkforrecognizingtheeyesstatewiththedeeplearning
approach,whichshowscollectionofthedatathatimprovesqualityofanti-fakeandfinallyresultsin
thepromotionofperformanceofbiometricidentification.

PageandAshlockin2013includedpreviousworkmodelingstressintheworkplace.Theuse
ofagenttrainingwasdonebybinaryautomatatoadoptthesuccessfulbehaviorofhighlyproductive
mentors.ThispaperwasonlybasedontheStressthatisaccumulatedthroughlongworkinghours
whichaffectstheperformanceoftheagentbydecreasingproductivity.

Singh,Singh,andSinghin2016proposedanewapproachforeyesextractionfromfrontalfacial
pictures.Sobeledgeoperatorandmorphologicaloperationwasusedbythemforextractionoftheeyes.

Salmam,Madani,andKissiin2016includedemotionrecognitionfromfacialexpressionsin
threesteps:facedetection,featuresextractionandclassificationofexpressionsonthebasesoftwo
databasesJAFEEandCOHEN.

HajareandDulein2011presenteddifferenttechniquesofmodelingthemoodandalsofatigue
inanyindividual.Lotsofparameterlikefacialexpression,toneofvoicethatisspeechsynthesis,
posture,gestureetc.wasusedformooddetectionandfatiguedetectionofhuman.

HajareandDulein2012presentedtheeffectoffatigueonthelivesofworkers.Whenemployees
/workersweretired,theywerenotabletoworkfast.Duetofatigue,itispossibletoincreasethe
riskoffatigueonthesitebecausefatiguedemployeesarelessabletorespondactivelyinseveral
circumstances.

KashyapandSharmain2017proposedanewmethodologyofdetectingthefatiguelevelof
thedriverusingtheMATLABtool.DrowsinessDetectionSystemhasbeendevelopedwiththeuse
machinevision-basedconcepts.Theframeworkutilizesalittlecamerathatstraightforwardlycentered
arounddriver’sfaceandscreensthedriver’seyestorecognizeexhaustionortiredness.

LITERATURE SURVEy

Techniques used for Fatigue Detection
Cognition and Mapped Binary Patterns
Facialrecognitionframeworkcomprisesoffaceidentification,extractionoffeaturesandfurthermore
separating the expressions into various classes. This strategy incorporates LBP (Local Binary

Figure 2. This figure shows impacts of fatigue on workers (source:https://www.ccohs.ca/images/products/infographics/download/
fatigue.jpg)
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Patterns)inwhichLBPoperatorcalculatesthedimscalemodelbetweeneverypixelofthepictureand
furthermoreitsnearbypairedneighbors.Atthatpointafterthisitencodesthebinarysuccessionof
picturefortheformationoflocalbinarypatterns(Qi,Li,Wang,Zhang,Xing,Gao,&Zhang,2018).

Sobel Edge Detection
Inthismethod,Sobeloperatorperformsthe2-Dspatialestimationonthepictureinwhicheachpixel
ofthepictureworkedbythisoperatorandfurtherestimatestheinclinationofthepictureforeach
pixel(Singh,Singh,&Singh,2016).

Haar-like features
Thistechniqueisusedtoremovethebackgroundfromanimage.ViolaandJonesalgorithmused
HaarwaveletsforthedevelopmentofHaar-likefeatures.Thisfeaturerequirestherectangularareaon
thedetectionwindow.TodetecttheeyesfromthefaceHaar-likefeaturesareused.Itisaclassifier
trainedbyapplyinganymachinelearning(Dange&Yengantiwar,2013)

Static Bayesian Network
The fundamental reason for this procedure is to deduce unobservable events from the observed
information.Firstly,itdistinguisheshypothesiseventsandafterthatgroupedthemintoalotoftotally
unrelatedevents.Also,itrecognizestheobservedinformationthatcandemonstratesomehypothesis
andafterwardcombinesthemintodatafactors(Ji,Lan,&Looney,2006).

Gaze Estimation
Thismethodisusedforpupil’sdetectionof theeye.Gazeestimationproduces thedesiredpupil
effectstoextractsthedarkshade(Ji,Zhu,&Lan,2004).

Fuzzy Expert System
Itisamechanismusedtofindthefatiguebythefacialexpressionslikemovementofeyesandalso
itsangle.Itisalsotocalculatethepupilmovement.Itmeasuresthecollisiondetectedandreduces
thecost(Jagadeesh&Patil,2017).

Connected Component Analysis
Itconsistsofgroupsandclustersinwhichclustersareputtoanaspectratiotest.Thismethodiseffective
inthebackgroundobjects.Also,itimprovesgray-leveldilation(Kumar,Raja,&Ramakrishnan,2002).

Convolution Neural Network
Itisusedtoreducethemultiplelevelsofdataandenablescomplexfeaturetobelearn.Convolution
layeristhecenterstructureofCNNwhereeachlayercontainssomesignificanthighlightsandprocesses
theinfoinclude.Itcombinesallpossiblestructureandpresentsausefuldetailwithinaregion(Qi,
Li,Wang,Zhang,Xing,Gao,&Zhang,2018).

DISCUSSIoN

Humanfatiguedetectionbecomesveryimportantinsoftwareindustries.Fewmethodsarediscussed
hereforfeatureextractionthatcanbeutilizedforfatiguedetection.Thecomparisonsbetweendifferent
techniquesareshownbelowinthetable1.

Herethealgorithmsarebeingusedforimageprocessingforfeatureextractionofthehumanface.
Thispaperproposesthebestsuitedalgorithmforhumanfatiguedetectioninthesoftwareindustry.

CognitionandMappedBinaryPatterns(Qi,Li,Wang,Zhang,Xing,Gao,&Zhang,2018)is
usedtodetectthefacialfeaturessuchas,eyes,nose,mouth,bothcheeksetc.ItusestheLBPmethod
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forfacialcontourextraction.Theadvantageofthisalgorithmisthatitscomputationalefficiencyis
veryhighbutautomaticfacelocalizationisnotpossiblebythisalgorithm.Thesecondalgorithmis
SobelEdgeDetection(Singh,Singh,&Singh,2016)whichextractsthefacialregionfeaturesand
theneyesfeatures.Inthisalgorithmmeasurementofeyesisdonebymeasuringthedistancewithin
thecentroidofeyesandanglebetweenthecentroidsofeyes.Themainadvantageofthisalgorithm
isthatitcandetectedgesandtheirmotionandalsoitreducescomplexitybutitcannotresultsin
accurateedgedetection.ThethirdalgorithmisHaar-likefeatures(Dange&Yengantiwar,2013)that
extracttheeyesfeaturesanditremovesimagebackgroundOsanimagewithregionoffaceasoutput.
Theadvantageofthisalgorithmisveryimportantforfatiguedetectioninsoftwareindustriesforthe
developersandthecoders.Astheresultsaremoreaccurateevenifimageisaffectedbyillumination
ofcomputerscreen.Thisalgorithmisonlyonewhichisnotaffectedbythefactorofillumination,
butresponsetimeishigh.ThefourthalgorithmisStaticBayesianNetwork(Ji,Lan,&Looney,2006)
itextractsthefeatureslikeeyemovement,headmovement,facialexpressions,heartactivitiesetc.
Thisalgorithmdistinguishesspeculationoccasionsandgatheringsthemintoalotoffundamentally
unrelatedoccasions.Itreducescomplexitybutitiscomputationallyinfeasible.Thefifthalgorithm
isGazeEstimation(Ji,Zhu,&Lan,2004)whichextractsthefacialfeatureslikenasalroot,nose
tip,lowerface,righteye,lefteye.Thisalgorithmincludesthreeparts:detectionofpupil,tracking,
gazeestimationanditsmappingandhaveadvantageofbestaccuracyinresultsbutitaffectedbythe
accuratecalibrationprocedure.ThesixthalgorithmisFuzzyExpertSystem(Jagadeesh&Patil,2017)
extractsfeatureslikeyawningandeyeclosureforcalculationofinternalpupilangleandmovement.
It gives fast response to theproblem,but it lacks inMetaknowledge.The seventh algorithm is
ConnectedComponentAnalysis(Kumar,Raja,&Ramakrishnan,2002)whichextractseyesfeatures.
Itonlyextractsonlythosepairofclustersthatliewithintheangleoflinejoiningthecentroidofone
cluster.Themainadvantageisthatitallowslocalandglobalinformationaretakenintoaccountfor
segmentationbutitisSemi-automatic.ThelastalgorithmisConvolutionNeuralNetwork(Qi,Li,
Wang,Zhang,Xing,Gao,&Zhang,2018)whichextractsfeatureslikeblinking,eyeclosureduration,
andyawningetc.Thisalgorithmcalculatestheeyeclosurepercentageovertime.Itishavinghigh
accuracyintheresults,butithasahighcomputationalcostwithaneedofalotoftrainingdata.

CoNCLUSIoN

Therehasbeenprogressinfacedetectiontechniquesoverthepastfewyears.Fewtechniquesfor
extractingandanalysinghumanfatiguedetectionfeaturesarediscussed.Bycomparingithasbeen
thatallthetechniqueshavenormalabilitylikehighaccuracy,reducecomplexity,lesstimetaken
etc.Butthereisonlyonealgorithmthatcanbeusedforresolvingtheissueoffatiguedetectionof
peopleworkinginsoftwareindustriesandtheissueistheilluminationfactor.Aftercomparison,itwas
concludedthatilluminationofthecomputerscreenistheveryimportantfactorinsoftwareindustries
whicheffectspersonwhoisworkingonthesystem.So,toresolvethisissueanalgorithmHaar-like
featurecanbeusedfordetectingthefatigueoftheworker.Thispapercanbehelpfulfortheresearchers
whowillingtostartworkingoffatiguedetection.Thispapernotonlyprovidesacomparativestudy
ofthealgorithmsusedforfatiguedetectionbutalsohelpstounderstandtheuseofdifferentfacial
features,theirclassificationandtheiruseforworkerfatiguedetection.
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Table 1. Comparison between different fatigue detection techniques

S. no. Techniques Features Methodology used Advantages Disadvantages

1. CognitionandMapped
BinaryPatterns

eyes,bothcheeks,
nose,mouththeseare
thefeaturesthatbeing
extracted

Findoutfacialshapesby
nearbypairedexample
(LBP)strategyand
afterthatdividesthe
faciallocalebyutilizing
pseudo3Dmodel

Computational
efficiencyishigh

Automaticface
localizationmaynotbe
completelyaccurate

2. SobelEdgeDetection Extractionoffacial
regionandthenedge
detectionofeyes

2-Dspatialgradient
measurementis
performedbySobel
operatorEyeregionis
extractedbymeasuring
thedistancefromleftor
toporbasetocentroid
andpointbetweenthe
centroids

Canidentifyedgesand
theirorientations
Reductionof
Complexity

Cannotcreateexactedge
recognitionwithlight
andsmoothedge
Timeconsuming
Complexcomputation

3. Haarlikefeatures Detectionoffaceand
thenextractionofeye
feature

Itisaclassifierthat
preparedwithcouple
ofpositiveandnegative
pictures
Removalofbackground
fromapictureisdone
andonlyregionofface
isextractedasoutput

Calculationspeedisfast
Highdetectionaccuracy
Itcanresultmore
accurateevenifimageis
affectedbyillumination

Longertrainingtime

4. StaticBayesianNetwork Featureslikeeye
movement,head
movement,facial
expressions,heart
activitiesetc

Recognizehypothesis
eventsandgathering
themintoalotof
fundamentallyunrelated
events
Recognizerelated
informationthatuncover
somethingabout
hypothesisvariable

Reducescomplexity Computationally
infeasible
Unautomatic

5. GazeEstimation Featureextractionlike
nasalroot,nosetip,
lowerface,righteye,
lefteye

Itincorporates
threesections:pupil
recognition,tracking,
calibrationofgazeand
itsmappingItshows
theresultwith96%
accuracy

Asthequantityof
alignmentfocuses
builds,thetrackingof
gazeturnsouttobe
progressivelyexact

Thetrackingofgazeis
influencedbytheexact
adjustmentmethodology

6. FuzzyExpertSystem Featurelikeyawning
andeyeclosure

Itinvestigatesthe
fatiguebyobserving
theyawnandeyestate
andforcomputationof
interiorpupilpointand
movement

Fastresponse
Cheaper

Lackofmeta-knowledge

7. ConnectedComponent
Analysis

Extractionofeyeareas Onlythatpairofclusters
arechosenthatlie
withintheangleofline
joiningthecentroidof
onecluster

Allowlocaland
globalinformationare
takenintoaccountfor
segmentation

Semi-automatic:
requiresuserinputand
expertise

8. ConvolutionNeural
Network

Facialexpressionslike
blinking,eyeclosure
duration,yawning

Itcanextractfeature
andhavebetterability
ofcharacterizeIt
basicallycalculatesthe
eyeclosurepercentage
overtime

Accuracyishighin
imagerecognition
problems

Highcomputationalcost
Needalotoftraining
data
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