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ABSTRACT

Acomprehensiveoutboundlogisticsstrategyofenvironmentally-sensitiveproductsisessentialto
facilitateeffectiveresourceallocation,reliablequalitycontrol,andahighcustomersatisfactionina
supplychain.Inthisarticle,anintelligentknowledgemanagementsystem,namelytheInternet-of-
Things(IoT)OutboundLogisticsKnowledgeManagementSystem(IOLMS)isdesignedtomonitor
environmentally-sensitiveproducts,andtopredictthequalityofgoods.ThesystemintegratesIoT
sensors, case-based reasoning (CBR) and fuzzy logic for real-time environmental and product
monitoring,outboundlogisticsstrategyformulationandqualitychangeprediction,respectively.By
studyingtherelationshipbetweenenvironmentalfactorsandthequalityofgoods,differentadjustments
orstrategiesofoutboundlogisticscanbedevelopedinordertomaintainhighqualityofgoods.Through
apilotstudyinahigh-qualityheadsetmanufacturingcompany,theresultsshowthattheIOLMS
helpstoincreaseoperationefficiency,reducetheplanningtime,andenhancecustomersatisfaction.
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1. INTROdUCTION

In today’s dynamic and highly competitive manufacturing environment, providing good product
quality isessential tomaintaincompetitivenessandachievecustomer satisfaction (Choi&Kim,
2013).Itisespeciallyimportantforenvironmentallysensitiveproductsthatcanbeeasilydamaged
duetounfavorableenvironmentalconditions,suchastemperature,humidity,vibration,barometric
pressureandlightexposure,duringthemanufacturinganddeliveryprocess(Altmann,2015).Taking
electronicproductsforexample,electronicchipsandcircuitboardsmaydegradeandwearouteasily
underhightemperature.Highhumiditybringsmoisturetoelectronicfinishedgoods,whichdamages
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internalcomponentsand,finally,decreasestheservicelife.Inordertoensurethattheproductquality
meetstherequiredstandard,itisausualpracticeforthemanufacturertoestablishqualitycontrol
measures in theproduction line for testing the functionalityofproducts and identifyingproduct
defects(Jozsef&Blaga,2014).Thequalitycheckingattheendoftheproductionprocessserves
asthefinalstagetoensurethattheproductisofgoodquality.Theproductsthatpassthequality
controlprocesswouldthenbestoredinthewarehouseuntilacustomerorderisreceivedfordelivery.
However,differenttypesofinventoryhavetheirownspecificenvironmentalrequirements.Improper
storageandhandlingduringoutboundlogisticsoperationswouldalsohavenegativeeffectsonthe
productquality(Maldonado-Simanetal.,2015).Hence,itisessentialtodevelopatotalandcomplete
solutioninordertomonitorthegoodsaswellastopredictthequalityofgoodsduringtheoutbound
logisticsoperations.

To keep monitoring of the workplace environment, industrial thermometers are installed in
thefixedareasofthemanufacturingplant,suchasproductionareasandwarehouses.Recordsof
temperatureandhumidityaretakenregularly,andmanually,whicharethenreviewedbythewarehouse
manager toensure thesuitableworkplaceconditions.However,without real-timedatacapturing
technologiesonindividualproducts,itisdifficulttocollectandretrievedataofspecifictypesof
productsinstantly.Inaddition,themonitoringsystemsinthecurrentmarketinvolverecordingraw
environmentaldata, i.e. temperatureandhumidity,only.Rarelyof theseused forcontrolling the
environmentparametersthroughoutthestorageandtransportationprocess.Theitems,infact,wouldbe
degradedwhentransportingfromwarehousestocustomersduetolongerdeliveryrouteandimproper
handlingmethods.Besides,withthedatacollectedinthemonitoringsystem,thereis,however,little
attentiontowardsfurtherinvestigationtotransformthedatatopredicttherelativequalityofthegoods.
Warehousemanagersusuallydevelopoutboundlogisticsstrategiesbasedonthepastexperienceand
opinionsfromexperts,toestimatethequalityofgoodsduringtransportation,whichisnotreliable.
The relative loss, in consequence,maybe increaseddue to thehigh riskofdegraded inventory.
Therefore,inordertoensureproductquality,managingeffectiveoutboundlogisticsoperationsfrom
themanufacturertotheendcustomerisacriticalactivityinasupplychain.

Inthispaper,anintelligentknowledgemanagementsystem,namelyInternetofThings(IoT)
OutboundLogisticsKnowledgeManagementSystem(IOLMS),isdesigned,withtheobjectives(i)
tomonitorenvironmentallysensitiveproductsforoutboundlogistics,aswellas(ii)topredictthe
qualityofgoods.TheIoTconceptisadoptedformonitoringtheproductenvironmentalconditions
aswellasmanagingoutboundlogisticsoperations.ThesensingtechniquesinIoTcovernotonly
temperatureandhumidity,butalsomovement,barometricpressureandlightexposure.Byintegrating
twoartificialintelligence(AI)techniques,case-basedreasoning(CBR)andfuzzylogic,anoutbound
logisticsstrategycanbeformulatedandadjustedbythepredictionofqualitychangeintheoutbound
process.Therestofthepaperisorganizedasfollows.Section2reviewstherelatedliteratureon
logistics operations of environmentally sensitive products, together with IoT and AI techniques
in logistics strategy formulation. Section 3 describes the design of the IoT outbound logistics
knowledgemanagementsystem(IOLMS).Thesystemisthenimplementedinacasecompanyand
theimplementationflowispresentedinSection4.Section5presentstheresultsanddiscussion,and
conclusionsaredrawninSection6.

2. LITeRATURe ReVIew

2.1. Logistics Operations of environmentally Sensitive Products
Duetothespecialrequirementofenvironmentallysensitiveproducts,managingthelogisticsoperations
inatemperature-controlledsupplychainisalwaysachallengeinmaintainingtheproductquality.
Ingeneral,environmentallysensitiveproductsrefertothetypeofgoodsthatrequiretemperature
controlandareeasilyaffectedbytheexternalenvironment(Aung&Chang,2014).Examplesof
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environmentallysensitiveproductsincludeperishablefoods,pharmaceuticalproducts,electronics
andfreshproducts.Theyhavetobestoredundercertainenvironmentalconditionssuchas,butnot
limitedto,aspecificrangeoftemperature,humidityandlightexposure.Lametal.(2013)mentioned
thatwinewashighlysensitivetostorageconditionssuchastemperatureandhumidityandhence,
real-timecontrollingandmonitoringwascriticalforprovidingquickactiontopreventthewinequality
fromdeteriorating.KartogluandMilsten (2014) suggested that closemonitoringof temperature
wasnecessarytoensurethequalityofvaccinesthroughoutthetemperature-controlledsupplychain.
Furthermore,handlingthesetypesofproductsrequirespecializedequipmentandstoragefacilitiesas
wellasclosermonitoringoftheproductcondition.Inordertomaintaintheproductquality,research
studies have been actively undertaken on the way to handle environmentally sensitive products
effectively in logistics operations. Clénet (2018) proposed a kinetic-based modeling approach
topredictvaccinestability indifferent storageconditionsand topreventproductdamagedue to
unfavorablestorageconditions.Göranssonetal.(2018)examinedthetemperatureperformanceand
foodshelf-lifeaccuracyincoldfoodsupplychains.Fromtheaboveliterature, it isfoundthatan
appropriateenvironmentiscriticaltoensurethequalityofenvironmentalsensitiveproducts.Inorder
tocontinuouslymonitortheconditionsofgoodsduringlogisticsoperations,theconceptofIoThas
emergedinrecentyearstoincreaseinformationvisibilitythroughthesupplychain.

2.2. Internet of Things (IoT)
IoTisdefinedasaworld-widenetworkofinterconnecteddevicesandsensorsindividuallyaddressable,
basedonstandardcommunicationprotocols(Kopetz,2011).AccordingtoAtzorietal.(2010),IoT
conceptsandtechnologiescanbeclassifiedintothreeparts:internet-oriented(middleware),things-
oriented(sensors)andsemantic-oriented(knowledge).Thesecanbeappliedthroughinterconnection
ofsensingandactuatingdevices,providingtheabilitytointerchangeinformationacrossplatforms
throughaunifiedframework,and,developingacommonoperatingpictureforenablinginnovative
applications(Gubbietal.,2013).Inrecentyears,IoTtechnologiesonreal-timedatasensingand
actuatinghavebecomemature.ThereisagrowingpopularityofIoTapplicationsinvariousdomains,
includingmanufacturingandsupplychains.Formanyyears,temperatureandhumidityrecording
was done by using chart recorders which were retrieved upon arrival to detect any temperature
differenceduringtransportation.Digitaltemperatureloggerswereintroducedandreplacedtheusage
ofchartrecorderslater(Kärkkäinen,2003).Theadoptionofdigitaltemperatureloggers,however,
requiresphysicalconnectiontoacomputerfordownloadingdata.Therefore,itwasimpossibleto
havereal-timemonitoringduringthetransitprocess.WiththeemergenceofIoT,instantremotedata
capturingbecomesviablebyconnectinganetworkofphysicaldevices.Chenetal.(2014)integrated
semi-passiveradiofrequencyidentificationtagsandsensorstomonitortemperatureinsmartcold
chainsystems.Taoetal.(2014)proposedanIoT-basedcloudmanufacturingservicesystemoptimal
allocationofvariousmanufacturingresourcesandcapabilities.Zhangetal.(2015)mentionedthat
real-timeinformationvisibilityandtraceabilitybyadoptinginternetofmanufacturingthingsallows
effectivedecisionmakingintheproductionshopfloor.Chengetal.(2016)designedafour-layered
architecture IoTadvancedmanufacturingsystemformanufacturing resource supplyanddemand
matching.Yan(2017)consideredtomaximizetheprofitbytheapplicationofIoTduringmanufacturing
and logistics processes in a perishable product supply chain. Tu et al. (2018) designed an IoT
frameworkfordynamicssystemmodelingofdistributedIoTinordertokeeptrackontheproducts
alongamanufacturingsupplychain.Wangetal.(2018)integratedmulti-sensorstomonitorcritical
ambientparametersincludingtemperatureandrelativehumidity,toordertoimprovequalitycontrol
andtransparencyinhoneypeachexportchains.AlthoughIoTenablesdatacollectionandmonitoring
inrealtime,thereisaneedtoapplyknowledge-basedsysteminordertofacilitatedecisionmaking
inmaintaininggoodproductquality.
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2.3. Knowledge-based System for Logistics Strategy Formulation
Case-basedReasoning(CBR)isoneofthewell-knownknowledgerepositorytechniqueswhichcan
solveproblemsby learningknowledgebasedonpast experience.CBR formulates solutions and
actsasamemoryofpreviouscasesthatcouldbeconsulted,resultingindeterminingsimilarcases
fordifferentproblems(Kolodner,2014).Bytheuseofpastrelevantsolution,CBRhasbeenwidely
adoptedinstrategyformulation.Liuetal.(2013)appliedCBRtosupportcollaborativestrategymaking
fordynamicleansupplychainmanagement.Mourtzisetal.(2014)formulatedthemanufacturing
strategyforengineered-to-orderproductsbytheadoptionofCBRtodeterminethemanufacturing
lead time.Due to increasingcomplexity inmanagingbusinessprocesses,Müller andBergmann
(2017)proposedtheuseofprocess-orientedcase-basedreasoningforworkflowstrategycreation.
Fromtheabovestudies,itisfoundthatthelearningabilityofCBRprovidespastrelevantknowledge
asareferenceinsolutionformulation.However,accordingtoLaoetal.(2012),CBRmayonlybe
capableofhandlingthedecision-makingprocessattheoperationsselectionlevel,butitmaynotbe
applicableforpredictionofproductquality.Inordertoprovidedecisionsupportinalltheparameter
level,fuzzylogicisidentifiedasapossiblesolution.

Fuzzylogicisakindofmulti-valuedlogicwhichaimsatformalizingtheapproximatereasoning.
Itpresentsalogicalmodeltodepictthemeaningofunclearconceptsandlinguisticvariablesthatare
imprecise,vague,fuzzyandhavenoclearunderlyingmeasurement.Afuzzylogicsystemimitates
human-reasoning process which is efficient in handling qualitative, uncertain and sophisticated
processes(Taheraetal.,2008).Fuzzycontroltechnologyisnotonlybasedonmathematicaltheories,
butalsoforpracticalproblemswithvariousuncertainties.KondratenkoandSidenko(2014)proposed
afuzzybaseddecisionsupportsystemtoestimatethequalitylevelforcargodelivery.Esmaeiliet
al.(2015)appliedfuzzylogictoassesstheservicequalityandcustomersatisfactionofalogistics
company.Yu(2017)evaluatedtheservicequalitywhenhandlinge-commerceordersbasedonfuzzy
uncertainlinguisticinformation.

Insummary,beingabletoensurethattheprescribedproductqualitycanbemaintainedina
temperature-controlledsupplychain,aswellastoreducetheproductdamageandrelatedeconomic
loss, a comprehensive outbound logistics knowledge management system is needed. From the
aboveliteraturereview,itisfoundthatIoTisapromisingandemergingtechnologytoenabledata
collectionandmonitoringinrealtime.However,itdoesnotprovidedecisionsupportinlogistics
strategyformulation,whichiscriticaltomaintainthequalityoftemperaturesensitivegoodsafter
collectingthereal-timeproductenvironmentalconditions.Hence,thisstudyconcernsthedesignof
anintelligentknowledge-basedsystem,integratingIoT,CBRandfuzzylogic,inordertofacilitate
decisionmakinginmaintaininggoodproductquality.

3. deSIGN OF IOT OUTBOUNd LOGISTICS KNOwLedGe 
MANAGeMeNT SySTeM (IOLMS)

TheIOLMSintegratesIoT,CBRandfuzzylogictechniquestoassistmanufacturersingenerating
outbound logisticsstrategies. It results inachievinghigher levelsofcustomersatisfactiondue to
highqualityofgoods transported.Figure1shows thearchitectureof IOLMS,whichconsistsof
threetiers.Tier1referstoreal-timedatacollectionofgoodswiththeuseofsensorsandfromthe
warehousemanagementsystem(WMS).Tier2isacaseretrievalengineforretrievingpotentialcases
forformulatingthelogisticsstrategies.Tier3makesuseoffuzzylogictoolstoadjusttheparameters
intheformulatedplan,suchastolerancelimitsofquality.

3.1. Tier 1: Real-Time data Collection Module (RdCM)
Inthistier,bothdynamicandstaticdatainthewarehousearecollected.Thedynamicenvironmental
data,includingtemperature,humidity,barometricpressureandopticallevel,isrecordedandcollected
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bysensorsinrealtime.SensorTag™CC2650,developedbyTexasInstruments,aglobalsemiconductor
designandmanufacturingcompany, is selected in this study. It is becauseSensorTag™CC2650
contains10low-powersensorsincludingsupportforlight,humidity,pressure,accelerometer,object
temperature,andambienttemperature.Inaddition,itallowsquickandeasyprototypingofIoTdevices
whichcombinessensordatawithcloudconnectivity.Avarietyoftechnologieswithfrequency2.4
GHzareallowed tochangeanddevelopdirectly from theSensorTag™CC2650app through the
cloud. The data collected is transferred to the centralized cloud database through the Bluetooth
logicallinkcontrolandadaptationlayer(L2CA).ThedatacollectedisstoredinJavaScriptObject
Notation(JSON)format,whichisalightweightdata-interchangeformat.Alertsareprovidedwhen
anyparametersexceedthelimitinordertoalertusersifthereisanyunusualenvironmentalcondition.
Ontheotherhand,staticdatafromwarehousemanagementsystem(WMS)ofthecompanyarealso
collected.Thedatawarehousestoresalldatainvolvedinwarehouseoperations.Therearefourmain
tablesinthedatabase,namelycustomer,order,stockandsupplier.Thedataisthentransferredtothe
logisticsstrategyformulationmodule.

3.2. Tier 2: Logistics Strategy Formulation Module (LSFM)
Tier2composesofthreemaincomponents:acaseretrievalengine,caseadaptationprocessanda
caselibrary.Thecaseretrievalengineretrievespastpotentialcasesinordertosolvethenewproblem.

Figure 1. System architecture of IOLMS
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Thecaseadaptationprocessmodifiestheretrievedcase.Thecaselibrarystorescasesofprevious
outboundlogisticsstrategies.

3.2.1. Case Retrieval Engine
Inthisengine,threebasicsteps,casebrowsing,caseretrievingandcaseranking,areperformed.The
firststep,casebrowsing,referstotheprocesswhenthetreestructureinthecaselibraryisbeing
browsedforthepotentialcasesafterinputtingspecificationsbytheusers.Asetofindexedattributes
isincludedinthecaseswhichmatchthespecificationsofincomingcase.Logisticsstrategiesare
thensearchedbythecaseretrievalenginethroughtheindexes.Thesecondstepiscaseretrieving,
whichisintendedtoretrieveagroupofsimilarpastcasesbymatchingthefeaturesoftheinputcase.
Thek-dtreemethodisadoptedinthisprocess.Thelaststepiscaseranking,whichistheprocess
ofprioritizingtheretrievedpastsimilarcasesbycalculatingthesimilarityoftheinputcasesand
the retrievedcases.The similaritybetween the input and retrievedcases is calculatedusing (1),
wherewirepresentstheweightoffeaturei,sim(fi

I,fi
R)isthesimilarityvalueforfeatureiintheinput

andretrievedcases,andiscalculatedusing(2).Thesimilarityfunctionsim(fi
I,fi

R)rangesfrom0
to1,showingtheunweightedsimilaritybetweentwoinputvalues.Aftercalculatingthesimilarity
betweenallretrievedpastsimilarcaseswiththenewinput,asetofcasesrankedindescendingorder
ispresented.Thepastcasewiththehighestsimilarityvalueisselectedasareferenceforformulating
thelogisticsstrategyforthenewsituation:
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3.2.2. Case Adaptation
Afterretrievingthepastcasewiththehighestsimilarityvalue,thecaseadaptationprocessstartsto
reviseandretainthesolutionofthenewcase.Caserevisingisaprocessinwhichthenewcaseis
createdbyediting,combiningoraddingnewsuggestionsofpastretrievedcases.Inordertoformulate
themostappropriatehandlingmethodfortheproduct,thesystemallowssomemodificationsmade
bythedecisionmaker.Throughthecaseadaptationprocess,thepastrelevantcaseisretrievedto
provideareferenceforcaserevisiontothenewcase.Userscanreviewthesuggestedsolutionfrom
theretrievedpastcase,andupdatesolutionforthecurrentsituation.Generally,thereisnogeneric
mechanismforcaseadaptationanditiscommontoperformmanually.Forexample,anewoutbound
logisticsstrategyisgeneratedbyeditingthetemperatureneededfortransportation.Therevisedcases
arethenstoredinthecaselibraryinthecaseretainingstep.Thecasesareconsideredasreferences
andcaseassetsforfutureusage.

3.2.3. Case Library
Thecaselibraryismainlyresponsibleforthestorageofoutboundlogisticscasesinfreedataformat.
Asetofattributesisinvolvedinacaseintheformoftextandnumbersinordertorepresentthe
problemorevent.Theprimaryelementsofthecaselibraryincludecasenumber,caseindexesand
strategy.Thecasenumberservesasuniquerecognitionofthecase,whichisassignedbythesystem.
Acaseindexconsistsoftheattributesofcaseswhichrepresenttheproblemorevents.Ithelpsinthe
case-basedretrievalengineprocess.
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3.3. Tier 3: Fuzzy-Based Adjustment Module (FAM)
AfterthedataisprocessedbyLSFM,theresultsarefurtherprocessedbythefuzzy-basedadjustment
module(FAM).Aprimarilyoutboundlogisticsstrategyisformulated,suchasthetypesofequipment
requiredduringtransportation.Thismodulefurtheridentifiesandpredictsthequalityofgoodsunder
differentenvironmentconditions.Thetolerancelimitsofthequalityaresuggestedthroughthefuzzy
inferenceengine.Therearethreesub-modulesinthefuzzylogicmodule,fuzzification,fuzzyinference
engineanddefuzzification.Fuzzificationistheprocessconvertingcrispinputdatatofuzzyvalues
bydefiningthemembershipfunctionofeachfuzzyset.Therearefourmembershipfunctionswhich
are related to thequalityofgoods: temperature,humidity,barometricpressureandoptical level.
Thefuzzyinferenceengineconvertstheinputfuzzysetintoafuzzyoutputsetbyfuzzylogic.The
fuzzysetsundergo“IF-THEN”ruleswhicharegeneratedbasedontheopinionsandfindingsfrom
expertsandprofessionalbodiesinthequalitypredictionareas.Alistofrulesisformulated,suchas
theExampleRule:IFtemperatureishighANDhumidityishighANDbarometricpressureishigh
ANDopticallevelishigh,THENqualityisSubstantiallyDecreased.Defuzzificationisthefinalstep
inthefuzzylogicmodulewhichtranslatesthefuzzyoutputsetbacktoacrispvalueorlinguistic
value.Themethodofcenterofarea(COA)isapplied,ascalculatedusing(3),whereYistheoutput
value,wrepresentstheweight,CiscenterofgravityandAistheareaofeachindividualimplication
result.ThecalculationoftheCOAtransfersthefuzzyoutputstocrispvaluesinordertoformulate
thefinaloutboundlogisticsstrategy:
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4. CASe STUdy

4.1. Company Background
AcasecompanyisusedtoillustratethefeasibilityofapplyingIOLMSformanagingtheoutbound
logisticsoperations.Itisanelectronicproductmanufacturingcompany,whichmainlyproduceshigh-
qualityheadsetsandotherprofessionalacousticproducts.Thecompanysetsuptheirownproduction
linestomaketheheadsetsfromelectronicchipsandprintedcircuitboard.Afterassemblingallparts
intoaheadset,qualitycheckingontheappearanceandfunctionalityisperformedtoensurethatthe
headsetmeetstherequiredstandard.Then,thosethatpassedthequalitycheckingwouldbemovedto
thewarehouseforstorage.Afterreceivingcustomerorders,thecompanywouldthenpicktheheadsets
fromthewarehouse,packthemaccordingtocustomerrequirements,anddelivertotheircustomers.
Sincetheproductsaremadeofelectronicswhicharehighlysensitivetothestorageenvironment,the
companyhasinstalledindustrialandthermometersintheworkplacetomonitortheindoorenvironment.

4.2. Implementation Flow of IOLMS
The implementationof IOLMS isdivided into five stages: (i) real-timedatacollection, (ii)data
collection from the warehouse management system, (iii) construction of the logistics strategy
formulationmodule,(iv)constructionofthefuzzy-basedadjustmentmodule,and,(v)designofthe
IOLMSuserinterface.

4.2.1. Real-time Data Collection
Environmentalinformationonthegoods,includingtemperature,humidity,barometricpressureand
optical level,arecollectedbytheSensorTag™CC2650.Thereal-timedatais transferredtothe
centralizedclouddatabase.Usersareallowedtoaccess the information inreal-timebytheuser-
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interfaceoftheIOLMS.UsersneedtoregistertheSensorTag™CC2650throughIBMWatsonIoT
Platformby inputtingdevice type,device IDandauthentication tokenbeforeaccessing theapp.
Throughtheapp,usersareabletoobtaindatasuchasambienttemperature,infraredtemperature,
humidity,barometer,movementandlightsensor,asshowninFigure2.Thereal-timeenvironmental
informationreflectsthesituationofgoodsinthewarehouse.Managerscanaccesstheapp,monitor
thegoodsandtakecorrespondingactionwhenabnormaldataisobtained.Thedatacollectedarethen
transferredtotheclouddatabase.Figure3showstheuser-interfaceforreal-timecargomonitoring.The
limitsoftheattributescanbeadjustedbystaffanddependsonthetypeofSKU.Awarningmessage
boxispresentedwhenanattributeexceedsthelimitset.Staffcanthenchecktheair-conditioningin

Figure 2. Data extracting platform of IOLMS
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thewarehouseafterreceivingthealert.Customizedreportsoftheenvironmentalinformationcanbe
generatedsothatstaffcanundertakefurtheranalysis,suchasthestabilityoftheair-conditioningplant.

4.2.2. Data Collection From Warehouse Management System
ThecompanyappliedWMSinordertogainabettermanagementoftheinventory.Thedataincluding
customerinformation,orderdetails,SKU,supplierinformationandetc.arestoredintheWMS.In
thisstep,dataareextractedfortheCBRprocessinthenextstep.Inordertoachievethis,adata
extractingplatformisconstructedasshowninFigure4.UserssimplyinputtheorderIDandSKU
tothedataextractingplatform.TherequireddataisthensearchedandextractedfromtheWMSto
theIOLMSplatform.

4.2.3. Construction of Logistics Strategy Formulation Module
Thedatacollectedfromthereal-timedatacollectionmoduleandWMSdatacollectionmoduleis
processedbytheCBRengine.ThefirststepintheCBRengineistheretrievalofcaseswithhigh
similarity by adopting kd-tree methods, which combine the inductive indexing method and the
nearestneighbourmethod.Figure5showstheprocessofcaseretrieval.Thecasesarebeingbrowsed
andasearchingpathisgeneratedbymatchingthetypesofspecificationinthetreestructureofthe
caselibrary,asshowninFigure5.Thetreestructureconsistsofsixindexinglevels:typeofSKU,
SKUdimensionandshape,measuringunitofSKU,unitpriceofSKU,qualitylevel,anddistance
tocustomers.Potentialcasesarethensearched.Afterobtainingalistofsimilarcases,thesimilarity
valueiscomputedbythenearestneighbourmethod.Thecasewiththehighestsimilarityvalueisthe
firstchoiceinformulatingtheoutboundlogisticsstrategy.Inthisexample,casenumber5isselected
asthefirstchoice,havingthehighestsimilarityofscore0.7amongtheretrievedcases.

Then,theretrievedcasewiththehighestsimilarityisreusedandrevisedtosuittherequirement
ofthenewcase.AsshowninFigure6,previewsoftheoutboundlogisticsstrategyofretrievedcases
areavailableinthesystemplatform.Thecontentoftheretrievedstrategiesincludesthetypesof
vehicle,additionalpackaging,specialhandling,reportgenerating.Staffneedtoreviewtheretrieved
strategyanddecidewhetherthestrategycanbeacceptedornot.Uponacceptanceoftheretrieved

Figure 3. Collection of real-time environmental data by sensors
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case,thewarehousemanagercanformulateanewstrategywithreferencetotheretrievedcase.The
newlyformulatedstrategyisthenstoredinthecaselibraryforretention.Auniquecasenumberis
assignedtothenewcaseinthecaselibraryforfutureusage.

4.2.4. Construction of Fuzzy-Based Adjustment Module
TheprimaryoutboundlogisticsstrategyisformulatedfromtheCBRengineinthepreviousstep.
Thequalityofthegoodsandoptimumstoragetemperatureduringtransportation,however,cannot
beobtained.Thus,afuzzy-basedadjustmentmoduleisdevelopedforpredictingthetolerancelimits
ofgoodsandthemostsuitablestoragetemperatureduringtransportation.Inthepast,thequalityof
goodsandrelativestoragetemperaturewerepredictedmanuallybytheseniormanager,basedon
personalknowledgeandexperience.Themanagerhowevermaynotbefamiliarwiththespecifications
ofvarioustypesofenvironmentallysensitiveproducts.Theadjustmentofqualitytolerancelimits
andoptimumstoragetemperaturecanhelpformulatebetteroutboundlogisticsplansandlengthen
theproductshelflife.Therearetotallyfourinputs,namelycargotemperature,barometricpressure,
humidityandopticallevel.Afterinputtingtothefuzzybasedengine,threeoutputs,adjustmentof
upperquality limit,adjustmentof lowerquality limitandadjustmentofstorage temperature,are
generatedusingtheFuzzyLogicToolboxofMATLAB.

Table1andTable2showthemembershipfunctionsofeachinputandoutputvariable.Take“cargo
temperature”asanexample.Theinputvariable“CargoTemperature”representsthetemperatureofthe
goods,whichisoneofthemostimportantfactorsmeasuringthequalityofgoods.Afive-pointscale
isadoptedtoclassifydifferentrangesoftemperaturevalue:Low(L),RelativeLow(RL),Moderate
(M),RelativeHigh (RH) andHigh (H).For theoutput variables,membership functions are the
sameforadjustmentoftheupperqualitylimit,adjustmentofthelowerqualitylimitandadjustment
ofthestoragetemperature.Itisdividedintosevenregions,namelySubstantiallyDecrease(SuD),

Figure 4. User interface for real-time cargo monitoring
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SignificantlyDecrease (SiD),SlightlyDecrease (SlD),NoChange (NC),Slightly Increase (SlI),
SignificantlyIncrease(SiI)andSubstantiallyIncrease(SuI).

Toanalysethequalityandtheenvironmentalconditionofthegoods,alistofrulesaregenerated
basedontheexpertknowledge.Thedomainexpertsrefertothedecisionmakersinvolvedintheprocess
ofoutboundlogisticsplanning.Therearetwodomainexpertsinthecasecompany,bothofthem
aretheseniormanagersintheoperationsdepartmentandhavemorethan15relevantexperiencein
strategyplanning.Theuserscansimplyinputthevalueofenvironmentalconditions(cargotemperature,
pressure,humidityandopticallevel)andthefuzzy-basedadjustmentmodulewillsuggestadjustment
ofthetolerancequalitylimitandstoragetemperature.AsshowninFigure7,giventhatinputcrisp
valuesofcargotemperature,pressure,humidityandopticallevelare14°C,29.21inHg,54.26%and
250lux,respectively,theadjustmentresultsgeneratedbytheMATLABFuzzyLogicToolboxsuggest
thattheuppertolerancequalitylimitshouldbeincreasedby14.5%,whilethelowertolerancequality
limitandthestoragetemperatureshouldbedecreasedby4.53%and1.95%respectively.

4.2.5. Design of IOLMS User Interface
AcomprehensiveuserinterfaceisdevelopedforperformingallstepsintheformulationofIOLMS.
Throughtheplatform,usersarefirstrequestedtologinitbyusinganassignedusernameandpassword.
Thiscanensure thesecurityof thecompanydataandstrategiesso that theycannotbeeditedor

Figure 5. Process of retrieving cases in CBR engine
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Table 1. Membership function of input variables

Input Variables Range Fuzzy Class Membership Function Type

CargoTemperature
(°C) [025]

Low(L) [1012.515] Triangle

RelativelyLow(RL) [12.51517.5] Triangle

Moderate(M) [1517.520] Triangle

RelativelyHigh(RH) [17.52022.5] Triangle

High(H) [2022.525] Triangle

Barometricpressure
(inHg) [28.629.6]

Low(L) [28.628.829] Triangle

Moderate(M) [28.82929.229.4] Trapezoid

High(H) [29.229.429.6] Triangle

Humidity(%) [0100]

Low(L) [0025] Triangle

RelativelyLow(RL) [02550] Triangle

Moderate(M) [255075] Triangle

RelativelyHigh(RH) [5075100] Triangle

High(H) [75100100] Triangle

Opticallevel(lux) [01000]

Low(L) [00400] Triangle

Moderate(M) [100500900] Trapezoid

High(H) [60010001000] Triangle

Figure 6. Review of retrieved potential cases
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viewedbyanunauthorisedperson.Afterthat,theuserisabletoaccessthethreemajorparts,i.e.
realtimecargomonitoring,formulationofoutboundlogisticsstrategyandfuzzy-basedadjustment,
formonitoringanddecisionmaking.Figure8showsthegeneratedplan,whichisgeneratedforstaff
intheoutboundareaanddriverstopackanddeliverthegoodsmoreeffectively.Auniquenumberis
assignedtoeachtransportationplaninordertofacilitatethestorageofdocumentsforfurtherusageif
necessary.Thegenerationtimeandresponsiblestaffnameareincludedinthebeginningoftheplan
whichallowseasycontactwiththerelativestaff-in-chargeforacertaintransportationplan.Thedetails
oftheordersuchasSKU,dimensionsandcustomername,areindicatedintheplansothatstaffcan
distinguishthetransportationplanandrelativeorderseasily.Inthetransportationplan,basicitems
includethemethodoftransportation,packagingmethod,storagetemperatureandquality–timegraph.

5. ReSULTS ANd dISCUSSION

AfterimplementingIOLMSinthecasecompanyforthreemonths,itisfoundthattheperformance
oftheoutboundlogisticsoperationsimprovedintermsofqualitycontrol,operationefficiency,and

Table 2. Membership function of output variables

Range Fuzzy Class Membership Function Type

[-11]

SubstantiallyDecrease(SuD) [-1-0.75-0.5] Triangle

SignificantlyDecrease(SiD) [-0.75-0.5-0.25] Triangle

SlightlyDecrease(SlD) [-0.5-0.250] Triangle

NoChange(NC) [-0.2500.25] Triangle

SlightlyIncrease(SlI) [00.250.5] Triangle

SignificantlyIncrease(SiI) [0.250.50.75] Triangle

SubstantiallyIncrease(SuI) [0.50.751] Triangle

Figure 7. Fuzzy rules and crisp outputs of adjustment in quality limits and storage temperature
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customersatisfaction.PerformancecomparisonbeforeandaftertheimplementationofIOLMSis
summarizedinTable3.

5.1. Improvement on Quality Control
Asillustratedinthecasestudy,tolerancelimitsofqualityarepredictedandareindicatorsofthe
qualitychangeunderthewarehouseenvironment.Itimprovesthequalityofgoodssincethegoods
aredeliveredtothecustomersbeforethequalitydropstoalowertolerancelimit.Staffcanadjustthe
optimumstoragetemperatureofthereefertrucksinordertomaintainthequalityofgoodsthroughout

Table 3. Performance comparison after implementation of IOLMS

Category Key Performance Index Manual Approach Approach with 
IOLMS % of Improvement

Qualitycontrol •%ofdefectivegoods
•Financialloss

17%
9%

8%
5%

53%
44%

Operation
efficiency

•Averagetimeforoutbound
process 80mins/order 45mins/order 44%

Customer
Satisfaction

•Customercomplaintsduetopoor
quality

15complaints/
month

6complaints/
month 60%

Figure 8. Generated transportation plan
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the transportation process. Staff can undertake the guidelines suggested by the system directly.
Beforethesystemisimplemented,manualapproacheswereadoptedinwhicherrorsandinconsistent
decisionsoccurred.TheIOLMShelpsmonitorthegoodsandpredictqualitychangeunderdifferent
environmentconditions.Tomeasurethequalitycontrollevel,thepercentageofdefectivegoodsis
anappropriateassessmentfactorbycalculatingtheratioofnumberofdefectivegoodstothetotal
goods.TheresultshowsthatthevaluesbeforeandafterimplementingtheIOLMSare17%and8%
respectively.Inaddition,thepoor-qualitycontrolalsobringsfinanciallosstothecompany.Sincean
effectiveapproachhasbeenappliedtoreducethedefectivegoods,animprovementof44%isresulted
aftertheimplementationoftheproposedsystem.

5.2. Improvement on Operation efficiency
BeforetheimplementationofIOLMS,strategieswereformulatedmanuallybyhuman-baseddata
collectionandanalysis.Informationonthegoodswascollectedbymanualsearchingandextraction
fromthecompanydatabase.Ittookmorethan10minutesforextractingtheguidelinesandrelative
documents.ExtratimewasneededifnewSKUswerereceived.Relatedoutboundlogisticsstrategies
suchasthetypeoftransportationvehicleswerethenformulatedbasedontheexperienceandknowledge
ofthemanagers.Table4showsthetimereductionintheoperationprocess.Onaverage,around80
minutesisrequiredtofinishthestrategyformulationandthewholeoutboundprocessofanorder.
AftertheimplementationoftheIOLMS,themanagerisabletodevelopstrategieswithreference
topastsimilarcases.Theformulationtimeisthereforesignificantlyreduced.Thewholeoutbound
logisticsprocessrequires45minutes,whichisanimprovementof44%.

5.3. enhancement on Customer Satisfaction
The outbound logistics strategies formulated by the system are user-friendly and assist staff to
monitorthequalityofgoodsaccordingtothecustomerrequirements.Thesuccessinfulfillingthe
customerrequirementleadstocustomersatisfaction.Customersatisfactionisanimportantindicator
ofrepurchaseintentionsandloyalty.Whenthecompanyprovidesservicesthatsatisfytheneedsof
thecustomers,customerlifetimevaluescanbeincreased.Onemajorfactorinmeasuringcustomer
satisfaction is the number of customer complaints per month. Before the implementation of the
system,thenumberofcustomercomplaintswas15permonth.Themajorityofcomplaintswere
qualitydegradationanddefectivegoods.Sincetherearecomprehensivestrategiessuggestedbythe
system,thenumberofcustomercomplaintspermonthisdroppedto6.

6. CONCLUSION

Temperaturecontrolledlogisticshasreceivedgrowinginterestfrombothindustryandacademia.In
thispaper,anintelligentknowledgemanagementsystem,IOLMS,isintroducedwithreal-timecargo

Table 4. Time reduction in operation process

Time (mins) Manual Approach Approach with IOLMS % of Improvement

Dataextraction 10 1 90

Strategiesformulation

-Operationinvolved 8 3 63

-Correctiveactions 5 1 80

Outboundoperations 60 40 33

Total 83 45 45.8
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monitoringfunction,anddecisionsupportfunctionindeterminingproductqualitypredictionand
optimumstoragetemperature.Bytheuseofsensorsincollectinginstantdynamicenvironmentaldata,
suchastemperature,humidity,barometricpressureandopticallevel,IoTenablesafasterresponse
rateunderanabnormalsituation,forexample,anunusualtemperaturedrop.Inaddition,withthe
assistanceoftechnologiessuchasCBRandfuzzylogic,manufacturerscanformulateanoutbound
logisticsstrategyinaneffectivewaybasedonpastsimilarrecords.Afterapilotstudyinanelectronic
productmanufacturingcompany,itisfoundthatthesystemcanprovidebetterqualitycontrol,higher
operationefficiency,improvedcustomersatisfactionandlowerplanningcost.Theproposedsystem
whichprovidesreal-timecargomonitoringandback-enddecisionsupportfunctioncansignificantly
upgradetheservicestandardofmanufacturingindustry.Ontheotherhand,thereislimitationinthis
paper.ByusingCBRengine,similarcasesareretrievedbycalculatingthesimilarityvalueofeach
attribute.Theengine,however,cannotretrievereliablecasesifthecaselibraryispoorlyorganized.
Thestrategiesformulatedwillnotbereliableandmayneedexcessivetimeforrevisingthestrategies.
Furtherresearchwillfocusonthedesignofaneffectivetaxonomyforknowledgestorage.
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