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Inlrgdusttion

Wics| counfries Fave a nesd o receive. slors, and desiribte biood for sale and adequate yss i
hospitals o simply 1o ensure that 1he bicod bank s resporsie (o emegencies. Indeed, securing e
nation's bicod supply by ensring & safe and adequate bicod supply and provicing specialist ransiusion
readiing Servitas s A nafonal bood sardion undanaken moasty &f tha pobdic secior leeal. In Sinjapone.,
e Biced Servicas Giroup (BSG) B nd exdaplion,

The BSG i= respormible lor coleding, processrg, and disrbulicng blood and e blood
comporenis 1o a4l pubbc and private hospials i Sngapore. The blood comporents of pasma, Bed
Biood Celbs JABC), while cels, and plalelels, vssd in difieren! kealircare seltings, are tepically
procassed e Componants Protassing ivamory (CF lab of tha BEGE. Tha TP lab procassas e
erdirg Bl colleciad n tha lom gl bleed bags innG e companan geoduacts, and the patiants may b
et with The whals bicad |&. B, O, 8B, Ah}, o0 the gpectic bidod comgenants mgursd lor The wricus
rreegiczl condilions,

The handing process inthe CPI lab imiobies Slood oollecion (sfiher dons an ste or fom the
warious Blood donaticn siles kecaled all over the Sland], blood protessing. biood testimg, and Bood
inveniony. Tha whokr biood is colkecied daly Inom fhe ceninal Bood bank and anoiner hres sabaliia
blood banks Incaed alralagcally A1 bl donation ponts (BlasBanks| sited in tha CBO, shopging mall
in e Weal, srd 8 civic canlm in e nodh of the island. The whole blood colected will bs impected s
further processed atier amiving in CPI lab witten 24 hows. The component products will be stocked as
myerilony befone disinbuion cenimaly o the demand poinls. which e wisualy the 26 hospilaks o
spadalty canims In this paper om robolic process aulnmation using lean engingaring, tha tocus will ba
o the prodassing and rsancry o Bood compananis

The imert al this shpdy wil b= derdied inlo wo stages The bl slags iz o map the curent
handing process ol biood i the SFL | stars with colleciing lhe process nformation, mapping tho
cument stake Cas-s p inciuding the sntire matenal and mfomalion Toses, Sdoesed by analysing both e
willug-aciding and nan-valua-adding acliiias, and avaniualy identilying T hidden wasie and soUrCes
o washe, I this s8age, 1he detaied value siream workfloe of the blocd handing process and i nony
in eGP ksl b desirbed, The Rfcmmalbion on aach aclivity such &3 labour, kscalon, Hme, obpecive,
target oupul, and procedurss will B meSoslossly captursd. The sucosssor-precedance relliorshps
bstween fhe ditterent activilies also reed $o be understood. Aler develoging e ourrenl slale map withi
the inlormation collected, a thorough process analysis & parformed to Snd opporiunities for Femowing
T Fean-vales added pelivifas. Corddanng 1he Bgs amcun ol mamal EEcur invelesd in 1he Siment
vanruflore, T GEpOAUNTIES [07 process RAGMARGN R 45 19 reduace BEour el will e adaniified weaieg
A ducounisd cash Pow cost-Benali aralyss. Upon complsting The tursen handirg process map, the
second stage s on fhe lulure process mprovement. i shor, the study wil show how through kean
orginsenng, mbolc process aulomation can be deployed operatonaly and meaninghully using design
thinking. The goal is bo improws e overall eficancy of tha BSG workllow in e CPI lab.

This papar B snacihed a3 lcss, Sacion 1 has rirecacaed the Backgrognd s contast ol Thae
proflam. Secion 2 provides the necassary lBerafuns revies under The various shreams ol wark, Sedion
3 dulals e ressarch method. Seclion 4 shows e allan al e curan state WM, in paficular e
blood processing siops. Sechon § presents the lulere stale map. Section & highlighis e resuls of e
costbenalit analysis. Section 7 concludes with soma suggestions for fuiune resaanh,
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Literature meyies
Lean Manwaciuring

Th modem conoept of lkan manulachinng dales back 0 the el 19005, Henry Fond
impkmanied iha conbingesss aatambly ling and s n F Mol T auiomckis merulacherrg & tha
Fard Metar Camparry, From the 1340 through the 1970, P Jepaness aulomaltes md sty Fed besn
inspired by $is conocept and the rewolotion first oocumed with the Tossoda tamily who fomulated e
Tovola Producion System |TRS). The TPS, focused on reducing the oyclke ime. oosl, defects, and
wasin. Il aims w0 achieve the sama culpul with lass input. such as lass ima, st spaca, less human
e, kesan machirmry, laka malanisl, snd e coel. Tha TES dysaiamn anadled Torolh o aundsss and avan
raman proliables dunng the gl trgs n 1874 (Womack o al, o007

The TPS fams defned sesean fomes of wesies Cmuoda™) in the mamndfacherng process, The first
form ol wasie B ocysrproduction, whoh means producing more, soongr, fasser than necessary or
requinad by the ousiomes. Tha second washs is dalect which can kead o washe ol monsy, producticn
tma as wal as the alfod spent lor rework or cormecion. The Tind wasse is imvaniony which bhngs
mnwvenlnny canying (oal induding slorage cost and cparaling coal, and lor pershable gocds tharn & sl
rigk ol degracistion. The fGuridh wasks & Ansgosation; he aecessve movssen i mon-valus adding.
The filth wasis is wating. which also keads b a wasie of money and dme. The seih washe B over-
processing, which is excessive processirg work an nesded, using more rescurces tham required. The
saventh wasin s unnecessary motion, or the eetra movament ol people which siows down e
peochacion Now (Ramparesd & E-FHomal, 2007 Lean manulasdunng s usualy ol 5 sdanfly and
rranmize gl these wasles, craalng 8 mors efficient work Tow,

I S - TEHO0 s the lean menufacunng concepl was infrocucsd o e Amanican rodusines,
arad over dme, | was apoiisd nod only in the production environment but also the enties supply chan
van including tha olfice adminsiraive processes. Lean manulaciwars have now fumed inlo kean
erlgipnged, imvehing Bl pamies and rolag in The valug chain, logusang en olaming the Basl pasbs
waksy Irgm (ha colactia atlarts ol Al Tha slakaholdans (Keyta & Lochar 2018), Today, kan thinking @ A
popular manira

¥alue Stream Mapping (WS
Tha moasl commonky used kan ool oday induds e 55 wokplos organization amd

alandlardizatian, oearall aguigman efeciiveraat midlaks proching Kanban, and Y3 (Weahl ot al,
2Ok NEM & a poresrlul vissal mansgemenl and commuonication ool B is a ean-managemen| method
for aralyong the currenl stale and desigring a future stale for a senss ol esents That akes a product o
sanyice Irom ds begnning Srough fo the cuslomer | Bofher & Shook 2003). H is uselul dor iderdibving
wasie, reduting processing cycle Smes, and implementing peocass improvemant. As it s appiied
wegualy, VEM FaliE 10 i e By pioiune and imgedren (he anting low. Ta oo tag, VEM whes A ayakem
o gymbals. 10 desirbe the acreies and indormation Sows. and 1he dems ars mapped 55 athear adding
wihoe or not from a8 customer’'s pempeciiig. The cors ol W5M B 16 sssk oul wasls in 8y process and
produce e most value n the mos oo way.

0L [— ara
| i —— T" —— e
== :

L e ;...“—_-.'-;‘-i
:-*.I: |f3h|: |.f31.L | &

Tj"

H

Figure 3- WEM axample
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Generally, a ¥E5M ool conlars & cumend slafe map and one or more [ulure stale mags that
rafRsani improveman o The current stabe. Ganarcaly, tha sieps o conduching & valie sinam analksis
s sl o Tolows:

1, Deling Fea prochac] lamey - Dalivg and eeops problam, Pk peodka?) Tamily, Dalamives WER
ohjscinig s banebls, and Creals WS chanar

2. Dwocument ourreni slale - Map cument siafte value siream. Gooument each sgnticant siep o
process, Colect process data g quantity cument siale value sieam perdomance in fenmes. of
invaniony type and siza, cycle lima, process time, number of workens, avalable working hours.

Add proceas dala b dala Bosss in WYEM, Cradala a e e 0o s process ma and laed Bmas

through process seps, and Amalyes and dentily Smprosement opporiurilies,

d. Desgn fuluse sals - Desalop luluss stals Y50, uss aizan borst” syebol on cument siate VS

b dearty communicais nes mprosements, and Pricnlize mprossment projecis.

4. Croate implementation plan - Develop implemaniaion plan, Sees manageman approval, and
implemani plan and monkor progress.

Thers are mary solbears ook avalable for VSR some allcay |he user be deire curment sialathubuns
stale with process vanables such as malerial, seployee, cycke e, and lead ime. Mo complex fools
ko for miode! buldieg and simaidaian.

Lavirt rdrai el Bracices i hestheans imduelry

Lesan managemenl princples s akko sucoessiully appisd 1o the beakhcae seclor. Thews are
smamples gl Fealicas orgaiizabiors successhully waing bEan Finking b streaming Seir procesies,
reduce oosl, and improve the gualty of ther products and servioes. The interesisd reader can reler to
Medson-Faterson and Leppa (2117 who mepdried on hoe & mid-sized madical cenire adopied lean
Fnarsgament pinsplar ance J02, By wirking & abmindla sagha, 1hi cania crasisd man Sapadly in
T aaipling piograms and pracices 9 e agnilicess capial ecpardag 51 milen & an sddifenal
Frpcbaric chamiser thal was no lorger nesdedt §1 10 £33 milhan for andoscopy suiles that no korger
nended b be relocated $5 mibon tor now sungery sufes thal wers no koeger necessany. Using koan
prropks, e stalt, providers, and patients have conbrugusly mproved or redesgned processes o
aliminate wasia, requining tower swalf and loss rework, and resuling in beker qualty. In anofrar case
ludy, Baenga (204 1) rapoads on g healih dalrady ayatem ireokirg three higpials, 27 gFeygicpn clnics,
o & B0 0-member health plan, based in a state in the US. The inlistive for thes o Sink Ban
200 k5 thal 1he leaders recognizesd thal wasie is the es=idl of ime the slal spen n publiceg cul Tiees, "
Az a resul. they belese that designing processas thal work betier will reducs wasie and onable sial o
beftar meat the needs ol palienis. The emphasis is this case is on reducing masta and the non vaka-
addad work, Through Te focus, they managsd o agwe 333 milion o 2004, §154 000 in
calhslereaion b suppl procuremean] processes, mduced e accounts recaivabile from 56 5o 44 days
suhvalert b $12 milon, Bot thess shadies highighl the financial and cparalional mpacs of lesn
fhinking on reducing wasie n heathoare

Research mathod

Thia respthodts: uksd on s chaa $hdy inchads dralling the geraral workfloe afar undanianding
fhe phymical process, filing n the delaled process descrpien, dala oollecian, WS curenl glate
aralyss, and futune siabe devebopment. Aomi of guariilaiesss and qualialiee methods was used lor data
collction and analysis Wilamson, 2002,

Thi gualiiadve metods such as mlardews and dscussion with the cflicers and ocpamions in
T CP1 ek, ware ackapied 19 ergala thia geranal eokdioe ol 1he Blood hendbng procsas. T iE regandsd
&1 e star] poind ol The projech, providng & shuclure 10 make furber measuremants. Based an the
geraral workfioe dralies, we then wenl an s impeoes The process descoplions o asch aclity,

The guantiasve methods induds tme, labour, dmension. cost measwements are conducied
for lling the daia i wakss sirgam mans. The dat@ was oolkoked duing visks o tha CP lab ovar four
ercriihig. Whach of Thie daba colaction invedvad thes massumamant al lima, Epch @ of e procRes mRk
akcanagd and ha Secha e wmag manuply ciickad. The cpsda lima 8 dalivad ag @ Guralion fram s
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fme one component slans b be processed untll the resd componen is placesd The cyole lime s divided
inio w0 pars: maching time and labor ma. Maching fma mlas © the fme hat @ companent is
handled by an equipment. Labow time ralars io the time the operaton uses D prepans oF wWiad up an
Elriny, i.0. BEng meseraki 19 laion, packing. caanng e ook, meang e liedePad som poosnis o
e egquipmenl, gl The resson jo measers machnabbour ms sapasalely & 1o empuls e
machneabour oosl fBaler n oo sludy. While recondies] the oscle Sme, e also recoeded other
obsanvabions such as the number ol stal invetied in tha acivities. Al the measresments collsciod wens
it oo an Excal Tha b be furthar analiysed in tha VSN analysis. & path map by product v Fen dearsen
wath The VSR Dal, @VER G Daller wiual®e (he moramsnt gl The comparanis

The workllewy, delslsd process dassipions, and the dats collechon sare as e lourckalion for
crealiceg e VS current stale, The map drasm with sVSM ads n understandng the processng
acirios and the various omponent Hows. From the cument siate V5% process inolicencies ane
i miled visaal by, Meod, e luiuee siade VEM B crealnd and measunas ol capaciy, Sma, labor efficiancy
arp fabulated. A& discounted cash ow, cosi-banedi analysis done on Esoel B usad 0 evaliain tha

tasabilily ol mproverssani,

Curmend sinln

To understand the enire process ol CPI lab, we noed bo cutlne the blood collechon ard
OrDCassing Sagas.

daneraly, blesd s procasied Sar coladdion o ekl e dilleean prodduch Tor apesilic
faarmenls, and the banding process includes blooadl colleciion, blood proces=ing. blood Sesling, and
Blood mveniory, Bigod collecion i the sani of the anlrs o and cared in e foar bicod banks. The
wincle blood colecied al the safellie blood banks is sem 1o the CPI b bsioe daily al 3 pm ard 5 pm
mspacively. Each bag of biood hias a banchds and a recond of e tme ol donabion. The whola Bkoeod
B if than fanl Ior procaeaing, & random damgla of Biged & 1aRan al Th NEmMineg iNEERCIon B Seamn
T Damiprer Alure, Srgr e tha Bigoed Somporssnis am in Fe achse cangd ol 20 8 240, M, The wisla
blood i= ceniritugad. The ceninfugs com handle § & 2 unitg of biogd bage each fma, spiswing for 15
mminuiss and then decelerating 1o resi within 30 minutes. The blood |5 now oot nlo a seme-awiomaled
exlracior lor 3-5 micwles. For some spedal products equired by blocal @ marroe ransplant (BT
padients, Tha white cals ane remcassd, and the biood undamgoes rabkon. The taned blcod can noe D
Fogridbead e Snmponsdnl poolng o ool e selific compananis of Blooed, of which G1F ik the aupply of
plaleiels. The necl step is bood 1esting Sie tes] lubess are prepared for The sie dilleran] ypes ol
mandalony hesss. The furnower time for each lest vares from % lo 6 hours, and all the S2s1 resulis ol the
samples ars refeased by noon of the nest day. The lest resuls are recorded inthe 1T system, and only
blond bags winich D sed will e laballed oo peoduca tha final procduei. Thae blood iesh runs simoiansously
wihils T sampka A Barg procaasd. Duneg T WGEling procass, whan the bleod aasplel ane
caibuged, the jop s is pipeted b odes) for HIY, hepais, Dka, makana, anlibcdiss, s sppfabs,
Fimaly. ¥ handied blood i=s slocked for nvsniory, The sbelied RECs which am mady for distnbution
25wl 2= ihe guaranined producls thal 2aval Bbeling by noon of The et day are Beot in 2 oold soomi.

Harving an owerview of tha blood processing heips 1o idendly and lomte each indwidual
prodnduna, arpscaly of he comgenant rodssting (Fchafing saparalion and pooingl and imamary,
By adoping ¥ SW1H 'Wha, What Whan, Whana, 'Why, and Howl apgenhkeh, e wang ala 03
myesigale whal happens al each slage and gather (hes miomalion nesdsd for e VSR The
dataiimforrration s oolected nom the stancand operabon procedures., aciusl prooesss oossnaabon, o
iniendaws wAlh The laD manager and senior 120 officar.

Time usaga was recorded using a sioprwatch in tamms of tha machine time, laboauwr tma as wall
& Thi wiilieg lime, The avarngs me dala B raken Bakdd on A1 Bas 2 sad ol mw dals. Fos aaam phe,
for e procadunm of whole bigod camrfugalion, we reconded the fme for the braasdomn of The activilies,
85 preparalion work such a3 arsging samplas. weighing and balsssng the samples, Samling rom
ihe preparalion snrk slaton o the ceninlugabion work sialion, as wel as ceninfugason by e machins.
Balch size i also recorded in ordar fo undarsiand the eHicency par Batch oF per Bag (see Tabia 1].
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Table 1: Sample lable of Sme moticn sty

Firal product Frocpdure ACtrefty reasdosm fnyg lime | Bakch sine

REC+(BC)+Fleama | Cantrilugakion ATANgA SAMHWAE 3 min 12 DA
Wegh and balanos samples I mim 12 bags
Trarenl A5 =ag 12 g
Camrifugation 30 min 12 hags

Anciher kay Cora araiion ig tha Fuman Seodpnnd in B process. Wa chlaned @ e layou) of
T CPI laky, lolkowsd By idandilying e lunctioral seaas of the lah. The majr lunclgnal asas ara!
Icomng Feceipt & Inspachions, Ssparation. Companest Pooling. Labelirng Siatan, Sorage moms
|pending & final product slorage for ABS, plasma and pocled plalelets ard Inveniony B Dissnbution.
To analysa The foctprim, e ofGansd during ouf visils b tha CPI ab hos ihe operators rassedkad
Bedwaan these lunciional ansas. The dala on tha imvel dstanos poin b much human movaman in e

fab Desvwsnn thi Ellaram Slages ol W proceds, as shomn m Tabks 2.

Tanle 2: Carsend Fuman locipinl in ABG prociess ins

From Ta Dagtanisy (m)
Door endrarco Heoeint of satelile samzles 255
Recag ¢l aaalile apmnglac InEaimirg Fagaciicon glation GE 2
Incoming msposclion stabion Cenirfuge .5z
Canrifyga Exiracior L <
| Extracior RBE Akraton rack 243
REC Rlraion rack IreaniodeiFg Slation aaF
Imeniorising station ABE pending oold room 1647
B pendng cold soom Lakseling =lalion 265
Laksding siation REC F3 ool anemmi 26.13
FBC: FiS daold room Temp slorage e REC depalch 25405
Tamp siompe for REC dispaich DiEpaich windos 3.20

Basesd on the process mlomalion collecied, the ourrend slale VSM s oblained through $e
Elandaed Work Wirmand in %S, Thrae major producis, namey, RBC, plasma, and podhad platakets o
ingluded in tha WS, and the peassduras ang desoriBad &3 scliviy conras wilh T madhing, Bbgur, pod
whpliveg iy indicatad

Muga igemiihcalion

Over-produsciion wasie: Dus o S naes ol e blood componen! senioes, all iresh whole blood haws
0 be prooessad (al keasi o the RBC and plasma leval), regandless how much the aciual demand 5.
Thiis, frear-Henduc o wakhs i3 nl & cancam,

Proceesing wasle: The procucion procedurss cannat be charged as any crange would polengaly
atdec] the quality of 1he product. Thus, miz sieps ane identiled 1o ooninbule o the cxoess quakty which
cuswmar (hosgital in Tis casa) doas nol mguine

Tranggorl wasbas During (e site veaila, il & cbebrvad Thal iham &8 unnesasian mosemanis ol peopke
& malkals rmm ore keabon o anolher, Ths sugoesis that the desion ol B layou! can be mprossd
woth somes aslomabon ol transgos within the processing lab. The corrent layout of the CPI lab is
mctanguiar with is langth 3.2 imes ks widih. Figum 2 shows thal the samgie receipt enrance point
{Poini &] and tha finished goods disirbution windos (Foint E) ang vony dose o aach other, The

arporary And infed goods secage eemiama sa disparaed in the laycul |palkny shaced ama)
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Figune & Siorage aned in cumant Lapou

Qs & desgn meeudls in nellicies] iavsl mules in the processing adidlies, For axampls, o
Figure 3. whan he baling of the BEC s is complals, The BEC bage ars rarslemed from the bbalieg
station 1o FAC |inisred goods) oold room lor storage [Fed routs below). The distance of the mule from
ihe laineikng stalicn (o the FEC Minghed gonds) cold room & aimas hall of the angth of tha lab. \Whes
ha FEC | neaded Tor dsirbuilen, i has o be rengiemad nom tha cold nocim 30 @ dispalch siorano

Arak which i naenn 10 e cSRDUTON windom, B3 saow in he graon Fee
Be =
B &

Figurm 3 Exampha of fraval rowtes in RBC processing

H we “slrmighian” hi red and greso Iraest males and sum Fem, § ianessress s anles e2oglhh
iof e lah, i addition, (he rseal in the kb e cumenlhy done marmaally which mess B stail hes ia push
a frofloy with samples ¥om o siabion fo anather the avel speed & now slower than normal sakicg

speod. Claarty, vsual cbeorvalion 5Upgests a poential lor aulemating the fransport systom.

‘Waiting Tiend Wakbs: Dunng bna w3l 15 oleecead ARG wdxpscksd done-lima of beods compdnang
exlracior poswes a1 a nobceabde Irequansy. The eetracior machine pausas when such machne armoms
oo ; the sia® has fo mansaly adpsi the blood bag and lubng. Ths requires the sialf o pay exia
amanlion and moniins tha maching unning stafus and mmadialoly agjusts 1o avoid process dalays.
Heros, wadling G b5 incimedl

Invanicry Wasta and Datecia: Again. cus o P nalume of Ihe Dicod cormpeninm Bericae owni-
peoducion is adlowed, and hence inveniony & mainiained &t a moee-than-sufficient level, Delect is not
e looos of the oDeSE optmisabon os well

Future state VEM

Thia hiturg CFY B3l £an De g-csaggned fod Danes Sow and B nmmaphiong, and roboss process
stvmalsn can ba intmduced borsducs B need bor manporeer, HE produs ity and ensure corsakesy
o work speed. ‘We now lnok af each aspect
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Thi dasign of fha Tulune Meor e assumos that iha loor ares of & luiure CF1 RBbs unchanged. This
prowides for a batier companisan bebwvean ihe cument and luluee tavel dsiances. Tha functional amas
&0 rapirang e i ihe dequanca & comEran] prosaasng dledd which alos mekscaks o & m a1
shaps™ path fom lhe seceip snfrarcs I the Sninhed gocds delrution windos (=) Figure 4 ahoas
o axampls of the odure movement peth: in PG processing. The funchanal oobivilies which are shared
fEITEs Componetls, =uech a5 inooning nspsciion, cenimoye, ond sdrscicn, ore iomled med oo
meooip? enfranoa. Thisa functional aress which proooss Speciic CoMponants ane movad (o the back of
e kala Tha alenpe mooma fof 1he pandng sl oebaaed produds arm minsd $ he Ge 1R ihe
chgtrbulicn windoa; thems are S parpase ol such a desgn, Firsl, & educes e pavel dislance rom
e slarngs W cispalch slatans 2nd avoids any path nlersecion of e componants. Second, 1he cold
rooim placed neet 5o the dainbuion window blochs any owsede wiras, lending prevacy o tha imsmal
operations. In genaml, such a design mduces the redundan fravel dsiance o the greatest axtant by
ersuring that the companant dogs nob mose Dack and Minimizes rode imersecdons. A reduced el

chEfAnGh indi:aieg T 2avnpe

Figura 4; Exempla of litum 1wl padh in REC precrisng

Tha paths ol the Fros comporents. BREC, plasma and pocled plaiofels are oolod wih eV S
ot the dislance botescon thie lunchoral areas are measweed. Figure & shows the dslance savings lor
each funchonal- ackyily. Bosed on fa dafa colacted, Dy finding tha ioial raved disance ol aach
coimipienl, Feb i B0 Bl would yiakd a 3T gilangs gavnge ler tha REIC, sl 45% ke e
ptasma. The rovel cisbancs in the pooled platslets is found o be comparabils wih the ceenl design
Agair, Henes cin ke saved

Ipren.
3

Erliniis

malaih

i Cirrent duiaris

Lhesid
tenchoe area

By s o i Tl Sl e

=~ .“'FIEIIE

i

Ersiames I sl
Figurn 5: Exanpke of ABG Vaval cigbanss By Anckonid anda Soinpangon

Carranlly, m the fab, T malsagis e, Dood begs e Fansferad manualy or by rofleys.
Aulomaling lhe Fanspor sysiem wll fres $w lab ollioes dom e manus sk ol rarsioning e

(B4



sampies and assigring them lo mors value-added tasks. mplementing a Smple fo use oonvesor sysiem
wifich can b cusinmized with a macimum widih of &0 om, maximum losd of &1 kg can Fein © achiave
robodc procass aulomation and & suficien for the Fanslar of the ab samples. In 1ecl, robalic propess
adgmalcn in Blosd Fandbng non ooy Palia o anharcs e aliciency, Bul alee anafias s process
proceied n oA safer aryransent In the blood comporenis procesaing,. automaksd devices can mduce
fhe amourt ol marwal cperalions such as centnlugaton, comporenl separalion, and so on
Cemizdomaic equipment is alss avalable or the separation of plasma, ABC, plalekets, whch greafy
erhanoes e allickency of processing the laule reduced products {Pasgualati gl al. 2004). Aulomasan
eliminges mangal mes, Mdus meanpowar, and provides unitoem perormance [Gugls 2015), which
Aleo plays an mpodant mks in leslivg.

i a posaible future ot with process sulemalon intriduced, the sigrage arsa can b groupsd
ard arrangedd in seguenoe dong ons side of the ab, The comever system can e nstalled along e
vanll ol Brex shorage rooms 25 damaonsirabad in Figuna S in tha orange paffarmad area. 1wl o¥er minimum
disrupdon 3o tha b olcars nomal work o

Figume G: Sorssoyor in propcsed futune layoul

A, B gaia for tha convesor will ba insialked in feont ol the enirance of aRch sioraga room o That
il can ba aakily limad Tor pOReaR Through e oneepar g, Tha onvepor avaiem @ daggnad wih an
suomals siopistat condeal. Whan e gale s Thsd. the corssyor wil s%op aulomatically. When gals is
raturned b il onginal positon, the commpcr wll resums

The labsding |reentonsation] station can also be auiomated. ryenbonsation (s a key sieo used
1o record tha nawly processedssiracted biood componants info the IT system. Upon inveniorisation,
e qualibad producis will B labalbd wih § peinied labal This urandy reguiae 8 PG A haeadhakd
Erendn schnesd And & labedling macking. Tha Sall pcks up b comganang Dag seans e Barcade on
The exisling bag labs be enber 19 bag 1D nbs the 1T spetem, and apply a new labsl genamaled by e
Rabeling machime onlo T Eag.

This work procass can ba automated by using a barcode scanner robotic arm, a small comayor,
ard a laballing placement robot. Figura 7 shows a simple demonsiration of an existing laboraory
spplcaion by Microdcan The heesode Scannar i ralaled cn the mebalic arm, wilth & akghs modiization
o the mbals hand &0 that the it gripper can pick up the bloosd bags instead of $he sl lubes. Tha
s gpeed of puch a ssarer is 1000 scans/escond. Instaling this squiprsenl can reduce the work Hmes
af the scanning station.
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Figura 7- Barnoda Scanrar robotic anm
Surca; Thd. mGroecan comcais-slodmecs_1en-ano_ma-3 g

idealiy. the binod bags are ko be phaced on e smal-scals conveypor which can be inlegraied
min the meerdcnsabon work stabon, Whoen the barcods scanning is complete, the tood bags are
vanslamed by conveyos o the nost step for labeling placament. As #0 dedance bateoan thasa wwo
Slape = ahe, (R el conadpor ik opSona! Siall whi s asagned al e comprsan] poaling wirkeradion
ann hidp & 1he iranefarrng possEs

blacl, we corsider wsing A robolic precision abelng appiialor dor the Gbelrg plscamadst
{Figurs 8. As e robalkc asm His each saepdo i the abeling machiee, apply e labeel on the =ampls,
ardd retum 1ha sampks back 1o tha Tray.

Figure &: Laba! placomest robol
GG Pl e R AR T ST e SR R Tl e - e el e

The advaniagss of the avlomaled siaraps and retreval system (BSES) for soang the blood
kags can help o eimmale human ermons, inorease safety duning dispensing and better use of the slorage
afha. Autmnmading the siompe mmoves e need lor siaic shebsng. Inslead thira il B2 & robodic
regPackman for the venical carcussl, Tha Lal offices wil na longer need 10 Keake, pck, and verly Thi
ool bags in g vey By Semparium envmament. The lsb o¥icern only reeds ja ey 5 e megored
relieval imlucions cn g PG and e BSRS will ceingen The ieers amsordngly,

Figuee 9: Swizsog siorge and rereys spsiem
Source:ttin: vy swssiog comen P roducin S Mpdcation - Mansgement: Srsieme o icker-
fylomaicd: Plarmesy-Eios o Eucinm

W ey propEe. eoug® dasgn thiokieg and appesng Ban sginssring pencpkes, by apfons
Lo the Soturs shale VS The Sml cplicry B wilthow aulosation whie the setond oplion incoiporalas
roboc process audnmalon whens posshie

VEM for funuee Layour wihoo! Buromation

Basad on Tk propodsd haas lapoul, we develasad the Tulure slale VEM. &g e REC
procnins catndgl b2 modlied, s locus of Fe Tuluee slale will B 6n B opimsalsn of the movemenls
betwaen tho produchon processas, 8.0 favel lme, For irslonce, the ongmal movemed bom the
fabeing station 40 ABC fnshed goods co'd room tnkes a mnuia. In the proposed tuture layout, Se
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disfances Is shortened, alowing ior a 33 socond transi inctzad, ossoming B waking soeod ol the siati
mmans corgaiam Saa Fause 10

gl Ty [T sowprnt j gy

Fh:uﬂ}"l'l'-ﬂ.hmmbuﬂtﬂmmul'm currenl bpmd o aulomalan|

VEM for future lepouf with automation

Automaton wil fuithar anbance productiy B redusing ihe wak tma, skeade, and minsal
Yag & wal a8 tha g 4pae on rosnlcdeationdanebng, For axampia, ta lah oficer sl ng Rogar
Ferd B el tho Srodleny B dranghar Th sl ples manuidly, ingtesd, Jampias wil G Galvered an Gofmeynr
Bl go that manus wekng lime s signilcastly recuced. By adopling an aulormaled system of lsbefing.
slorage, ard relrieval, physical walksing and wating is reduced. Figore 11 shows Shal the walk lime by 2
slall = now O
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Figure 11 Wak tme reduchon ol future layout vs. curen? layoul IHH#I auiomatan|

Caost Benafit Analysis
To decifa whizh of tha W lulum VS Stales fo foopl, we fow need 0 inderiakne & ool

Beneles sralyss o detersing the impact o the camlal Gosl of pursfasing, instaling and mainksinng hs
automaiion equipmeani. The costs of the aviomadon equipment were colecied from suppiiers o trom
Albaba tesed o he caeand Seoughpul and Boor space dala. The cosl eafouaton mciudes tho sai-un
o081, Opevadng oosl, and a siraight ine doprdation. The set-upcost lor e ASAE, Tor ecample, inclcos
Tre ol Bor e g atructung, P work SiaBong. robots, necatamry combrel soltmang, e agupment
instaltation Supoees B aulorralion equipmen] deprecistes o 4 hoff of & origing! price wifin § yoans,
ard ihe annual operating cosis am estmaled (o be 10°% ol e oniging! cost. there would be an addional
costof §141_146.50 sach year under robodc process sulomaton, as shown in Table 3.
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Thi man banalis eoughl aboul By pIesaE aulomation e B ncmais in prodaciviy ol
reduclion in bbdur coal. Belors aulomatan, the daily peadesciroty oF g fal lme salt & 909 57 blood
bags; wih automason, fs valer increases to 187.89. Hence, with automaton, labour procucity
Morpases By 8%, Thic alactwaly reducas R nwmdsr of 5154 Irom 3.45 fo 2,97 for eaoh Weakday amd
from 551 40 4.7% lor pach weskond, reapectivaly, Azssuma 259 woakdays and f snohands ina year,
&E an Fearagh Abaur ceal o BN, Fred aieire in EEne S8l ik found B §122 552

Basdes the srvual cast mcrpase ol 518,854 50, 1herd e s olhet nor-monstary beralis. n
e surren] manus process: humae amae m P picking and barbabing b= ineiahls. using robolic process
mtomation would incroass the operalion aocuracy sigrilicanty. Fursher. aulomabion also offers a highar
faval of employoe salety. For eiample. using the AERS, stall would not hawe bo enter the plasma siorags
ol room of under -30°C, 1| reduden the prebabdiy thal an opiina could aspariancs physical huem
Disphtiying an ASAE will Ak cptiemins the spac uEaken Dy alowing lr moss produces 10 b B0 in
e sEe Ece,

Jhur fulure layoul design was precdicated on & consTained foor spsce. This kmis the chowos of
tha audomation systoem in mally, wih mone Aoor spaca availabla. a mom elabonate ranspon Sysiem
ofheat AN A conseyor Dehl ooukd ba pongadarnad (e, Al robobl

Canglusign

I i siudy, the corenl stabe of lhe bhood handing process and Fsemiory in the CF lab wns
documentied. All e wasie And Ron-vabes-acded aollviies were danifind, a wall a5 he oppomunifas
foe Hoor leme improsoment and auomaien, usig Smpkr prircipdes ol ean engineering. The mew foor
fayedd Gasegn aksa Al re-alacalng tha lunsdiongd acsvilias and weas i oplimeds SEats il malioe fa
mminertize lhe franspod ime. Later, $roiagh de=ign fanking, suiomalon was proposed mtha iranspa,
mverdonsalion and labeling, as wel s fhe sthorage and reineval of $e bood componants. A luioes VS8
vams deyalopsd i wo soenanos undar a redesigned Aoor layoul withfaithou! the adopton of aulomaton
Linder automatian, abour productiviey improved by 16%. A cosl-banedt analyss mas also conducted 10
gravhrdla 1he edengmad Tepaiilly o pAdmalien, Las fef @3 laasl, Mo fhedy can halp othal Gma
EnngiTee &l parghadie garce Amma D ooesadar ueing e inndiionsd Y redetign ak pailt ol T
cleggn thrdkeng and lssm engineaiing o mondes Beir smikiow, educe masie o ravsl aod wailng, and
it e productivity ol existing opemiicns.

Relemrcas
Do 1 [hir conedraim in gpscs, th mleianise &e avideia om e authoes oo iaguist,
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