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ABSTRACT

Recently,theautomaticdistributioninpharmacieshassolvedtheproblemsassociatedwithtraditional
drug distribution, such as, quality of service to the customers, slow operation speed, inventory
management,andsavings in labourcosts.Themaincontributionof thisarticle is topresentand
tohighlightthebenefitsofusingafree-fallflow-rackautomatedstorageandretrievalsystemfor
automatingdrugdistributioninthepharmacies.Forthis,acomparisonstudyhasbeencarriedout
betweentheautomaticandmanualdrugdistributionaccordingtothetotaldeliverytimeofcustomer
request.Thetotaldeliverytimeofcustomerrequestfortheautomaticdistributionwascalculated
viasimulation,whilemanualdistributionwasevaluatedbyanempiricalstudy.10scenariosforeach
customerrequesthavebeenperformedtoemulatetherealdistributioninpharmacies.Wefoundthat
thedeviationbetweenthemanualandautomaticdistributioncanreach94%.
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1. INTRoDUCTIoN

Hardcompetitionisincreasinglyforcingpharmaciestoadoptdifferenttechnologiessuchastheuse
ofthemedicineautomateddispensingsystem.Thesesystemsoffervariousadvantagessuchas:fast
dispensingandstockingrates,managinginventoryandcontrollingmedicationexpirationdate.The
deliverytimeisakeyfactorfordrugdistributiontomeetthecustomerrequest.Forthis,amodern
automated material-handling technology for the drug distribution based on a free-fall-flow-rack
automatedstorageandretrievalsystem(FF-flow-rackAS/RS)hasbeendevloppedforuseinpharmacy.
Thissystemisknownbythetradename“APOTEKA.”

AsstatedbytheMaterialHandlingInstituteofAmerica,anautomatedstorageandretrieval
system(AS/RS)isagenerictermthattodayreferstoavarietyofmeansundercomputercontrolfor
automaticallydepositingandretrievingloadsfromdefinedstoragelocations(MHI,2018).

TheAS/RSareusedinwarehousesandconsistofmultipleparts,suchasstorageracks,aisles,
storageandretrieval(S/R)machines,pickup/delivery(P/D)stations,thatareallcontrolledbya
computersystem.Therackscontainseveralbinsthatcanstoreitems.Theracksareseparatedfrom
eachotherbyaisles.Thestorageandretrievalmachinesarefullyautomatedcranesthatmovealong
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anaisletopickupandretrieveloads.ThePickup/Delivery(P/D)stationsareusedforinboundand
outboundloads.Thecontrolsystemisusedtomanagethestorageandretrievaloperations.

ThemajortypesofASRSare:AS/RSunitload,AS/RSminiload,AS/RSman-to-edge,AS
/RScarousel,AS/RSmulti-aisle,AS/RSsupportmobile,andAS-RS(deep-laneAS/RS).

Themajorityofpapersintheliteraturedealingwithautomateddispensingsystemshavefocusedin
evaluatingtheimpactofthesesystemsonreducingdispensingerrors(Fanningetal.,2016)(Hoffman
andProulx,2003)(Hylandalal.,2007)(OswaldandCaldwell,2007)(Pedersenatal.,2015)(Serrano
etal.,2012).Someresearchershavestudiedtheeconomicimpactoftheintroductionofautomated
dispensingsystems(Chapuisetal.,2015)(Risøretal.,2018).Inthisarticle,weareinterestedintime
savingsthatanautomateddispensingsystemcangenerateinapharmacy.

Themaincontributionof thispaper is toproposeacomparativestudybetweenmanualand
automateddrug-distributionintermofthetotalretrievaltimeofcustomerrequest.Weperformed
thiscomparisoninordertohighlighttheseveralandthemajorbenefitsofusingafree-fallflow-rack
automatedstorageandretrievalsystemfortheautomatingofthedrugdistributioninthepharmacies.
Inthispaper,westudytheissueofdispensingdrugsinthepharmacieswheretheprescribeddrugsare
fullmedicinebox(SKU),whichthismethodofdrugdispensingisthemostusedinEuropeandAfrica.

Therestofthispaperisasfollows.Insection2theautomateddistribution(FF-flow-rackAS/
RS)and isdescribed. Insection3 themanualdistribution ispresented.The retrieval-travel-time
modelsaredevelopedinsection4.Section5showstheobtainedresultsofthecomparisonbetween
themanualandautomateddistribution.TheconclusionisreportedinSection6.

2. AUToMATIC DISTRIBUTIoN (FF-FLow-RACK AS/RS)

2.1. System Description
TheMekapharmCompanyhasdesignedandmarketedanewsolutionbasedonaflow-rackAS/RS
(Mekapharm,2016)(Figure1).Thisnewsystemisusedbasicallytoautomatethedistributionof
drugsinpharmacies,itcanbeusedalsotostoreanddeliverallproductsofsmallsizeandweight;
abletowithstandafreefall.ThisnewsystemiscalledtheFree-Fall-flowrackAS/RS,orFF-Flow-
rackAS/RS(MetahrietHachemi,2018).

Thespecialfeatureofthissystemcomparedtoothertypesofflow-rackAS/RSstudiedin(Sari
etal.,2005),(DeKosteretal.,2008)and(ChenandGupta,2015),isthatitdoesnotneedtousean
automatedcranetotransporttheproducts.Itcombinesonlythefreefallwithaconveyortotransport
theproductsfromtheracktothedeliverystation.

As shown inFigure2, theFF-flow-rackAS/RS ismadeupof: a deep rack composedof a
multitudeofbins,whichusesagravitationalconveyorequippedwithrollersandwheelssothatthe
storedproductsslidebygravitation,eachtimeaproductispickedfromthebin.Eachbinisconfigured
asafirst-in-first-out(“FIFO”)queuewithmultiplesegments(locations).Allthesegmentsofabin
containthesameSKU(StockKeepingUnit).Apickupstationislocatedonthestorageface,anda
drop-offstationislocatedontheretrievalface.Thedrop-offstationislinkedtotherackviaatransport
conveyor.Theitemsareloadedeitherbyanoperatororbyastoragemachine.

AshighlightedinFigure2,therackdimensionsare:length(L ),height(H )anddepth(D ).
ThenumberofrackbinsisN

L
ineachtierandthenumberofbinsbycolumnisN

C
.LetM the

numberofstoragesegmentsforeachbin.Forpracticalandergonomicreasons,themaximumheight
oftherackshouldbelessthan3msincetheloadingoperationsareperformedbyanoperator.

2.2. System operation of the FF-Flow-Rack AS/RS
Thestorageoperationisperformedbyanautomatedcraneoranoperator,theproductsarehandled
fromthepickupstationtobeloadedintothecorrespondingbinoftherack.Theretrievaloperation
happensintwosteps.Thefirstoneistheejectionofthedesiredproductfromthecorrespondingbin,
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