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Abstract: The aim of this study is to find out the optimattptor the manual picking process used by warehopseators
to enhance the productivity of the manual pickiggtam in the retail warehouse in Jordan using sitiafl Software.
WMS Software was used to determine the differecitipg methods and the distance travelled in eatthgfahe order-
picking process to discover the optimal layout gle$or the warehouse. Several time studies werdwmiad using the
stopwatch to determine the average picking timeé&wh operator using those paths that were sugdastbe simulation
program to choose the same arrangement. Thenyénage throughput was calculated for each opefat@ach routing
method. The results showed that there is a stronglation and relationship between the routinghnétand operator
productivity. Further, it is found that productiyis higher by 29% when the operator chooses thimappath shown by
the simulation program, and this improvement ireoguicking will lead to a high level of serviceisédction and a lower
level of operational cost for storage. Improvingking methods and optimizing picking paths canease the total
number of orders an operator can fulfil in a singtaking day, resulting in increased operator zdition.

1 Introduction time of handling. The factor of picking time candieided
Warehouses are the link between production pointdto the time required to reach the product stotagation
(such as factories and the like) and various ssunfe (walking and access time). In addition to the tioh@ther
consumption in the supply chain (SC), so the wdirk demaining logistical activities such as the timepafduct
warehouses is considered important and necessarySgiection and picking the products (obtaining & it and
different SCs [1]. In this study, we use one wayeuce an empty pick holder) through manual selection @sses
the handling time by finding the optimal routingsitg of ~ inside warehouses, and often it is considered sicgess to
the warehouse. Most retail warehouses have difficulthe product is the largest factor in the total taméhe time
defining the accurate workforce, because the warkis Of picking [4]. To decrease the tour time to pigk tine
highly variable and volatile, particularly the oatimd ~order, various methods can be used through nfficeeet
businesses that have strict commitments. The storagPntrol mechanisms. Zoning is one of the methotitbed
process is directly related to other logistical ragiens {0 minimize the travel times, that is an order pickicks
such as transportation’ care, picking, handlingdiimg, jUSt that part of an Order, which is in his or beslgned
un|0ading, packaging, processing and repair argpne. Other method is the storage task rules that c
maintenance operations for goods and products ketwedecrease tour times by allocating goods to theecorr
different production points and consumption points Storage positions. For instance, repeatedly dendande
different markets and countries [2]. There are save 9oods can be stored where they are readily to tesaed.
different operations and activities that take platside Another approach is to accumulating/assorting means
warehouses, such as receiving orders, locatingaggor 0f minimizing tour times. Accumulating/assorting is
replenishing the Shortage of productS, preparing arlnter:ested N (::OlleCtlng different orders in a. mdgr-
processing different orders, accumulating and mgrti Picking track (i.e. partially). The last methodttsdefine
goods, packaging, and distribution, sending orderd good routes for order picking. The process of secjne
shipping them within their specified time. and_ finding the products reqt_ured retrieving _themvm‘
The order-picking process is a retrieving logidticatheir storage places and positions must take iotount
activity of different products from particu|ar Sage zones the distance travelled to reach them. It is dek@r#imat it
according to customer orders. Generally, one of tHe known and as short as possible, and this iff itsa
logistical activities inside warehouses that conssimlong  Problem in determining the paths and methods ettiely
time is the processes of selecting and pickingerfit and picking orders, hence this study, which wikgemt
orders, as it contributes significantly to raisithg total Performance comparisons between optimum routing and
storage costs. [3] indicated in their study the#s76f the ~inference on repositories [5]. o
time it takes to pick the order, while it includgs% of the ~ This study was conducted in aim of performing five
total storage costs. The order-picking logistiesktcould different manual routing maps created by the sitoultr
be multi-dimensional (i.e. one, two, and up to¢r@©rder different methods including: S- shape combinedeaig-
picking productivity can be enhanced by minimizihg ~aisle, large gap in addition to a self—experimerntat done
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by a picker by walking through the warehouse t& figms
as well as an optimal one in the retail warehoirségrdan.
The performance of all those routes is comparédktatify
the best and optimal order-picking route for thmearder
with the highest picker’'s productivity in the wacelse;
that generates the shortest order picking routes. 3-
shape routing policy or the traversal strategy ¢t sub
aisle including at least one requested item leads fgath
that is traversed totally. These path aisles aeetied in
an S-shape form [6]. It is the simplest stratedas
routeing pickers he or she gets in an aisle fromesrd and
leaves from the other end, starting at the lefé siflthe
warehouse. In the picker returns to the front dridmaisle
after picking the last item. Routing strategy iedisvhen
the further time to modify lanes/aisle is terse ahd
quantity of picks per aisle is few. The idea wasspnted
as an aisle-by-aisle route by [7] which refershe toute
that the order picker visiting each pick aisle oohce. In
this strategy, the tour will start from the lefdsiof the
corridor/aisle that exist in the warehouse contgjrihe
items, the items in that main corridor/aisle alected and
a cross corridor/aisle is chosen to move forwairtiémext
main corridor/aisle. Therefore, this route spesifitne
intersecting lanes/cross-aisles that must be ugset
walked in them from one corridor/aisle to anotherai
sequential manner so as to reduce the distancesetticto
select the request. Minor changes have been maitiésto
adopted path since these paths start and end at
warehouse and that because this rout compatible ttt
other routing strategies [8]. The combine or hyhaoidgting
method combines and merges the best attributefeof

return and cross-cut methods. The composite strate

minimizes the journey distance between the extngicles
in two closest aisles [9]. This route will be startand

ended by a picker at the warehouse. Then pickeresov,

through the leftmost pick aisle that consists afdgacross
the block outmost from the warehouse that has goo
Consecutively, the sub-aisles of the furthest maydzare
visited from the left-hand side to the right-hamtks After
that, the picker gets into the next block/bay; thee
block/bay that is nearest to the warehouse. Thekinm
the items in this bay/block. Then again until @/s/blocks
with items have been visited. The sub-aisles atteeei
totally traversed or the order picker enters anig@ves the
sub-aisles from the same flank [10]. Optimal rogtin
method is calculated the shortest order pickinge®in
warehouses, regardless the design or
places/positions of the items. The best (shortyfogt

routes seem like a blend of S-Shape and the large

gap. The majority of order picking processes useisic

routing methods. This strategy is commonly used
practice since it simple to know more and produméeas
that are quite consistent in nature [11].

Therefore, this study sheds light on the analykibi®
process of picking orders in retail warehouse®ndan to
reach the solutions and recommendations that
necessary to solve the problems related to thi®itapt

storage

process, where the rest of the parts of this stady
included the following sections. Section 2 is akgmound
literature review that is highlighting warehousiegd
order-picking operations and optimization, in amditto
the warehouse's internal layout and routing traakd
extensions of some current routing methods. Se@ion
contains the purpose and the study questions.dticBes,

the simulation model is described to compare the
performance of all routing methods. Section 5 Hai®s
the results and discussion. The conclusions obthidy are
available on section 5. Finally, section 6 includes
limitations of the study and future works.

2 Literature review
2.1 Warehousing and order picking systems
optimization

Warehouses are considered a safe place to receive
goods and products in large quantities. Warehouses
provide the necessary environment to maintain threm
safe and secure manner and for varying periodsmaf, t
then work on preparing and rearranging them acogriti
customers’ requests to send them in smaller qiestind
in different places. This is knowing that warehouse

aoperations contain inbound logistical processes. (i.

receiving, and storing goods, etc.) and outbougdstizal
operations (.e. order picking, packing, distribotietc.).
While warehouses frequently control the smooth ftafw
B?Sducts in a good manner due to restricted linkagiéh
their providers/suppliers, many prior studies comeaed
on either outbound or inventory logistical procasge?].
sually, most of their customers work in a timelgmmer
@.e., just in time) and have an urgent need teivectheir
orders and deliver them within a period short titéhile
inbound warehouse operations minimum time tensson i
exercised as arriving products are stocked as stafik
ithout the use of few unit load handling [13], ept for
oss-docking products. In addition, warehouse< hihe
ability to adjust their workforce within the warafse to
speed up the preparation of various orders forrthei
customers due to fluctuations in demand, whicHifatas
accurate forecasting of the volume of short-ternnkvemd
effective labour management necessary for chain
operations as a whole. In addition to identifyingda
choosing appropriate locations for storing goodsriter
to speed up the various picking operations andropitig
routes and time [14].
The picking of orders is considered one of the most
important operations within warehouses, which negui
e and cost in preparing customer orders, far thason
it requires the provision of a large human faatooiider to
'Feduce the time required for the picking processash as
possible and to the minimum [15]. Therefore, thecpss
of picking orders is considered one of the procesisat
require  more labour-intensive  operations inside
warehouses, especially those warehouses thatustl
nual systems in the picking order process, which
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increases the operational cost of the entire sugpin. As warehouses whose decisions are based on a strhsesigc
for warehouses that use modern and automated systeand are not easy and expensive for alert purpddes.
They require labour less, faster, and less timeichwh warehouse's internal layout design regards thaidgfihe
increases the level of service in a satisfactoryynmea  number of blocks, in addition to the aisles' lergytd range
Knowing that most of the previous studies indicated in each block. Therefore, the primary goal is tactethe
their results that the picking order process isreged at best layout, and approach for warehouses. In oelab
more than 50% of the total operating expenses oertain functions, taking into account the main
warehouses. As a result of that competitive moidelsost requirements, restrictions, regulations, and sgcund
reduction help the professionals of warehousingati@ protection instructions for both personnel and pobsl
into account the order-picking logistical activityhich is  With a great focus on the important, sensitive, amabt
considered the highest factor portion to improvihg common function, which is determining and calcuigti
productivity [16]. Most of the previous studies icated the distance and time of arrival to the goods todaehed
and focused on the importance of picking orders arglickly and in the least time [20]. It is possiltefollow
including them in one of the four operating stré&gegn the scenario of zoning within the warehouses, wileze
order to improve the performance of the systemutino order-picking zone can be split into various other
proper and effective planning of material flow, ity areas/zones, each area/zone for which a certamtopés
orders in a sequential manner, effective routisgyell as allocated so that he chooses the part of the ovitliein the
choosing suitable and more effective storage plaltes area/zone allocated to him/her. Therefore, onbefiain
addition, the policy of the process of picking gsle advantages of zoning is that each picker is limitec
includes designating the appropriate elementsdadling specific area only, which works to reduce traffic
the materials, and determining the locations ofdtders, congestion and allows the picker to identify theiimma
and the best paths for the rounds of picking thhoag contents of the goods within his/her designated/aome.
number of effective functions. Additionally, incling However, this scenario is represented by a major
them in the system such as collecting, sortinggtiat), disadvantage, which is the division of orders, \whoéten
classifying, and dividing areas/zones in a way soiés the works to merge orders with each other before tloegas
nature of the stored materials. Where, paths anstified of transferring and shipping them directly to thstomer.
and directed to pick different orders in severalysya As for the order batches, it works to set spegjfimups of
ranging from simple heuristics to the optimal patid orders into a certain number of sub-orders, afthickv
procedures. It is necessary to estimate and spéuwfy every group can be picked during one round of pigki
SKUs for each product in its storage locationgyéneral, Two factors for this batching process are the ressrof
the most widely used and common warehousing opesati the picking sites and the time. [21] defined the
are random warehousing, which depends on the b&sisaccumulation/sorting (A/S) process as the collgctireet
category warehousing, so that goods are sorteldeobetsis the items per customer order by applying the batgchi
of ABC analysis across different warehousing caiego and/or zoning with some further efforts. The aimtiué
Therefore, proper and organized planning procdssssd work presented in this case study was to find boethest
on a scientific and thoughtful basis play an imaottrole approach for improving the overall productivity tife

in choosing the efficiency that involves guidantlee picking orders process in the warehouses (selecbést
selection site, and the identification of crosshpaand routing method). To achieve this aim, a method was
paths [17]. Increasing the service level of proditgtwith ~ enhanced to estimate the productivity of the maotdeér
respecting resource constraints is the most popitaiof  picking, taken into consideration various optians total
order-picking operations. The ultimate importanof five options (including 5 routing methods in &auh to
connection between the order-picking operation ted self-experimental case), respectively after the
level of service required is that the acceleratimnpicking implementation of various routing methods. By apuy

is done will become better. Travel of journeysasfprmed and created, a simulation model in this study,piicking
around 50% of the time required for the order-picketime was considered for measuring of the perforrmaAc
process in an ideal picker-to-parts warehouse.€fbes, it variety of alternative routing methods was tested.

is a most committed issue for improvement. [18kpraed

an optimized journey time or journey distance iarsime 2.2 Labour productivity

and way in the warehouse. Thus, the manual piakidgr In retail distribution warehouse the customer dedrian
processes that the person can concentrate on gialty usually customer orders are characterized by short-
internal warehouse layout design, stock activitfuctuations. In a number of recent studies tharewe
approaches, routing approaches, demand batchidgr orapplied to warehouses, it indicated in its restitat
sorting and allocation, and zoning as shown inufédl). warehouses in general resort to hiring permanent
[19] presented that six policies that were mentibneemployees and temporary workers in order to keeg pa
previously, if they are improved, ensure that watede with the change in requests and adapt to the fitictus
work remains within the tactical and operationalels that may occur at workload [22]. Some warehouses
alike, and this procedure is necessary and impoftan deliberately work to their full capacity and stdfbm
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permanent employment in only one case if they canno

depend on tentative employment obtainable at the

appropriate one. This study presents that the eehaent
of the labour productivity by using the optimal tiog

method could help the decision makers to organimk a
manage the number of workers in warehouses, whieh i

vital and important issue, it is necessary to da#i and
keep up with fluctuations in daily customer request

2.3 Warehouselayout design and routing
methods
In this study the warehouse layout ‘s sketch haallph
of pick aisles and has no unused space as shofiFigure
2).The warehouse layout consists of two blocksyhich

every block has a number of sub aisles. Whereadeins

each block a sub aisle is part of a pick aisle. dible’ can
be used when a statement holds for both aisleadimg

the pick and sub-aisles. Cross aisle exists abdo& and
front of the warehouse and in the mid site of eyeiy of

blocks. In spite that cross, aisles do not haveag®
locations and do not contain items, through whicksi
possible to work on the use of aisles. Each blarkains
a corridor that connects the front fagade withréae of the
storage area, as the rear facade of one of theblesks

serves as the front aisle for the block that isted in the
front facade excluding the first block. Therefotbge

number of intersecting aisles inside the warehadsishe

number of blocks adding one, due to the presenanef
cross aisle in the front and another in the batkddition

to the presence of other passage between evelylbweks

adjacent to each other [23]. The operators of tidero
picking are supposed to be able to pass and desars
both directions and also be able to alter diredtiside the
aisles as well.

Storage Assignment \
Methods 1

(Internal) Layout
Design
- A §
/ AN
Routing Methods

Zoning

X \ N
AN AN /

AN / AN /
4 ¥ P K
Order Batching

l
» Order Accumulation |
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Figurellmproving low-level, non-automated order-
picking tasks [14]
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Figure 2 The warehouse layout with multiple crostes

[24] show that the aisles are narrow enough tonallo
picking from both sides of the aisle without champi
position. Each order consists of a number of itdmsare
usually spread out over a number of subaisles. &/tier
warehouse is located at the beginning of the &isdier of
the first interface, and also note that the locaid the
warehouse can have a major role on the mean jotiraay
Routing policy is a policy to determine the rowide the
warehouse. The term rout refers to the path thailvgoan
order of all of the item. Routing strategy linkedthw
ordering a pick list in an organized order that wekduce
the travel distance of the order picking [25] shdweat the
aim of routing techniques is to put the productssquence
on the pick schedule to produce a proper route ther
warehouse. Practically, the problems of the ordiekeps
routing in a warehouse is almost resolved usingisties
[26] mentioned in their study, that number of enepirand
practical methods were distinguished for routing ehder
pickers in the depots. However, they were carrythat
single-block storage process, with presenting abaurof
methods such as traversal in the form of the I&tethe
midpoint, return, the large gap method, and theegge
method (compound). This study describes beldferint
types of routing: S-shape and largest gap, bothesfe two
route are a well-known rout for basic layout. Moreg
aisle by-aisle route, which is the routing methéd237].
The fourth one is the combined rout; it is a coredin
strategy (hybrid) that accumulating parts from Spghand
largest gap. In addition, the optimal rout for fimglithe
route of the shortest travel distance.

2.3.1 S-shape

The S-shape routing technique is also called the
traversal strategy that every aisle containingeast one
requested item leads to a path is traversed totaily the
simplest strategies for routing pickers this rostevhere
an order picker gets in from the edge of the aistale
departing from the end of the other edge, staftiog the
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left side of the depot. Aisles and sub-aisles Eabsed
and skipped, when there is no process to pick arnythp
any order. Therefore, in this route, the main aishee
passed in the form of the letter S. The pickerrrettio the
front end of the aisle after picking the last iterhis rout
is used usually, since it is very easy and simplpply it.

However, it outperformed by more complex heuristics

[28] in their study, they mentioned that this stgpt works
to enhance the time and distance of the round,ulseci

can lead to the picker making rounds in other sub-

regions/aisles in the cluster regions from leftright.
Therefore, the picker has to traverse a large qouf the
forward choppy lane (cross aisle) before he camrmeio
the beginning of the warehouse. The function oftittme-
complication of this route is distinct from the nipen of
pick positions and enhances linearly with the nurrdde
picking aisles. Sub-aisle has in basic not less ¢mee pick
location traversed over the whole length. In additias
[29] showed, where the pick-up process performethby
picker starts from the front of the warehouse aakb$
place for proceeding ahead, then starting fromntlaén
aisles closest to the front facade of the warehoub&h
contains at least one item and more. The procdkbeas
in the following steps: (1) the main aisle of tharehouse
is crossed to include the farthest block, whichtaimis one
item or more. (2) In the current block that consaamly
one element or more, the picker will immediatelytgthe
left aside that contains more elements, or it gdlto the
right aisle, which also contains other elementsthso it
will be the closest one in this case. (3) Aftetthze picker
will pass from one aisle to another aisle, so itttaaverses
the aside containing the elements completely, ttten
picker will return to the beginning of the blocK.(#h case
the block that has no elements, the aisle of thatkbis
traversed, as this process will be repeated foblattks
until reach the block that is closest to the wateskeois
reached (5). Lastly, the order picker goes bathaalepot.
See (Figure 3).
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Figure 3 S-shaped route-routing order pickers warehouse
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Figure 4 Largest gap heuristic-routing order pickén
a warehouse

2.3.2  Largest gap route

This strategy occurs when the order picker entegs t
aisle further into the gap of that aisle as welbtbof the
aisle's sub-aisles. This gap works to separatévempicks
that are closely close to each other, meaningitsiepick
and the first pass picker, or the amidst of the pask and
the back aisle. Where this route is divided in pieking
areas into two main groups through the sub-aisherey
one group is dealt with and entered in these lonati
through the use of the crossed back aisle, whdeother
groups are entered through the front cross aislehé
block that one of the two groups is empty or evethit
is not important to enter the sub-aisle from thie sThe
largest gap inside an aisle is the order pickers duat
traverse the portion in that. When there are aektrgap
between two picks which adjacent to each othempiticer
chooses the route back by using both ends of tle. ai
Moreover, a return route from the front or bacKeais
used. The back aisle can just be accessed thrbedirgt
or last aisle. This routing strategy used in theedaat the
extra time is short to change aisles, the amoursthofs
each aisle is also small. [30] showed that thi$ uzwally
outperforms the midpoint approach and the S-shdamnw
the pick density is less than about four picksdareaisle.
While, from an application viewpoint, the midpoint
approach is easier and more direct. As shown gu(gi4)
in which the largest gap rout is used to pick itelike the
S-shape route, the picker advances to the fronthef
nearest aisle in the warehouse that contains omeoog
items. Therefore, the aisle that contains the eftne
almost from the right or left side, since this aisk
completely traversed. Then, each aisle is entetdtiea
posterior end of the depot until the “largest gapd left
from the same side in which it was inserted. Aftet,
progress is made through the last aisle forward,then
the aisles that are located at the front end ofwiehouse
are entered into the "largest gap”, which leadshi
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existence of another gap between each two adjacent
picking sites, either within the sub-aisle or begwa cross
aisle and the nearest picking site. If all itembegrepared
have been picked up, the picker returns to the learse.

2.3.3 Aisle-by-aisle rout

[31] presented this rout in which order picking tesi
visits each main pick aisle will just once. Wh#re first
round of pickers in the warehouse begins by ergdfiist
from the far left side of the aisle that contaihs ttems,
and then the process of picking and selecting tadl t
required items in this main aisle takes place rafiat to
move forward to the next main aisle, the crosseaisl = @ | " oo
chosen. Where this process will be repeated uthtthe o]
required items in the main aisle are picked umddition
to that, the work of the pickers continues in tiegtrmain
aisle. Where the paths of the cross aisles that imeis
toured are determined and used to move from oreettan
another in a way that reduces the distances tea/&l the
picking process. Some minor modifications are miade Order picking Routing Method Increase productivity of
this tour because these tours start and end attehouse, optimization Lbour
and because the aisle is sometimes compatibleotligr
routing strategies. See (Figure 5).
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Figure 6 Combined route-routing strategies

Figure 7Research model of this

2.3.4 Combined (hybrid) rout , _ Furthermore, [34] in their study, a comparativedgtu
[32] presented the composite routeing method. Thigyas conducted of 80 cases in different warehousesix
rout combines and merges the best attributes dbab&  1y61hods of routing to report the combined heuristitich
and transversal methods. The composite strategy s referred to in the results of the study on &sks out
decreases the journey distance between the outermqsy gg that they studied and analysed. Combined's
picks in both adjacent aisles. [33] state thatiBkes with  yrawbacks that being dynamic, the order pickerds n
picks in this rout are either entirely traversecentered  1owed to recognize the routing heuristics. Furtiere,
and left at the same end. In addition, it was iatid in 351 developed a strategy in each case in whictthel
their study that one of its main advantages is &  gjements of one aisle are picked, an inquiry aridesut
distinguished ~and superior to other experimentalyoing to the back end of the aisle or returninghfront
methods/heuristics in numerous cases. end of the aisle. By making comparison of theseh bo
choices with each other to know which substantiél w
Poo oo produce the shortest route. Therefore, there am@yaltwo
| En - i routes that are possible to follow. See (Figure 6).
' From a practical point of view, there was a need to
highlight and use a routing strategy that geneicéss and
simple pathways to understand its structure. Tleee
different patterns of clear routes, which workeduce the
time required to pick the product by the pickefimding
and specifying storage locations for different mats, as
well as working to reduce the risks of errors thaty occur
during the selection/picking process. Thereforee th
mixed/hybrid routing method may result in such kofd
use of these routes. Order picking routes visitheab
aisle that contains items just once. This rout bellstarted
and ended by picker at the warehouse. After thatpicker
goes along out of the pick aisle, usually fromlgfeside,
eeres _ which consists of several items, towards the bfadhest
from the side of the warehouse, which containsitéras
Figure 5 Aisle-by aisle routing order pickers irettlepot needed to be picked. Consecutively, the procegsiting
the next aisles branching from the main aisle @ske) to
the farthest block from the left to the right, afteat, the
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picker enters the logical block of the next blddkiich is  For this case study, an interactive warehouse sitowl
considered the one block and is the closest to thiene study and excel was done.

warehouse, and then the picker selects the elertebis

selected/picked in this block. Then this processpgated
until all the blocks that contain the elementsembcessed
are visited, picked and prepared, where the subsaise

completely crossed or the order picker entersaakls the
sub-aisle from the same side [36].

An optimal routing developed by [37] to route
warehouse operators to walk in a rectangular manribe
warehouse without cross aisles. Regardless thgrdesi
storage location of the items, this strategy isuated the
shortest order picking routes in warehouses. Optima juees]
routes seem like a mixture of S-Shape and Largest Figure 8 Warehouse layout and depot location/t@wwi
Gap. The majority of order picking processes useisiic (Developed by authors)
routing methods. This strategy is commonly used in
practice since it simple to know, produce and ustdeid =
the consistent pathways/routes in nature.

2.3.3 Optimal routing method §

3 Purpose of the study and research

guestion -
This study aims to find out the correlati@ivkeen the — E |
productivity of the operator with the different tmg
methods used in the picking process. Moreovensters
the question of how the rout layout of the manuekipg
process effect operator productivity in the waredgou

The research model of the study presented following_. teeeed o .
scheme as illustrated in (Figure 7). Figure 9 Order distribution-top view of storage arstorage

area (Developed by authors)

4 Research methodology 4.3 Theinteractive warehouse
4.1 Research design The simulator was used to determine order picking
This study mainly follows a simulator softeaiThe routes map and the average travelled distancecim reait
first research question is about the optimal laytesign of  for the same order distribution, a top view ofwehouse
the warehouse routing, and its role in improving thcreated by the simulator after defending the paterse
productivity of the manual order picking system. i&Wh (humber of blocks, number of aisles, number of ioca
the second one is about its benefits in redUCiBg)ﬂ'era" per aisle, depot |Ocation, aisle |ength, Crossdgagth)_
cost in warehouse sector which aimed to describ&?gies Each square depicts a Storage location. Wa|k|pg$s|b|e
applied by decision makers to make recommendat@ns in the aisles between the black squares. The sianula
the company through knowing the optimal routesthis  creates a map for five different routing includittee
study, various sources of data have been usediding:  optimal one using different methods, which are: $t)
EHS website, videos, company documents, textbookshape; (2) Combined; (3) Aisle by aisle; (4) Latgem;
scientific journal articles, internet sources, nemy®r (5) Optimal; and (6) Self-experimental. One of the

(TETTTITTT] [TTTTTETTTI

articles, as well as documents. operators was asked to generate his own route- (self
experimental), without using any of the routing hwoets,
4.2 Methodology using the simulator. The simulator calculated tbelt

The warehouse studied in this research is a loetlevravelled distance in meter for each route.
picker to stock manual order picking system. The
warehouse layout structure composed of 2 blockk@asn 44 Time study analysis

in (Figure 8) each block consists of 6 wide aisied each  Thjs study was made to determine the average mjckin
aisle have of 11 picking locations, the aislesoen from  time that the operator needs to complete each ,raute

both side such that allow the operator to moveiwithe  stopwatch was used. Picking tirfi@ is calculated using
aisle in both directions. The depot is locatechattiottom  equation (1) as shown below [38]:

left corner of the first aisle, order-picking stémom the
depot where the operator fined the order list dedcart. Tp=t1+t2+t3+t4 (1)
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Where: was calculated for each route to define the efféobuting
t1 -Average travelling time [s]; t2 -Average extracting method on labour productivity.

and searching time [s]:

t2=x1-x2- ti (x1- Average number of locations per Order =~ 5 Results and discussion

[pieces], x2- Average number of positions Per location In this section, the experiment result will be pretsd
[pieces], t3 ~-Information Processing Time [s]: t3= (10~ to help in understanding the used methodology.

15 s5)x1; ti- Time needed for picking. On one position (3-

6) [s]). 5.1 Interactive warehouse simulation

In this part the simulator generates a random cader
Five operators did the experiment and they wershown in (Figure 9), then a map for each routinghods
followed in order to define the total picking tirtieey need created by the simulator as shown in (Figure 1@ T
to complete each rout. The operator starts frondé@ot  simulator calculated total travelled distance fackeroute
with the map of each rout and he asked to pikegthen A time study was performed to determine the speethe
order using the given route map. For each routayarage five operators using stopwatch after that the Sratpes
picking time was taken. Since the operator work Were asked to pike the order using the given rantethe
hours/day the productivity of the operator (how manpicking time was measured using Equation 1, theltrésr
orders the operator can accomplish in each worllimg each route each route shown in following Tables.

A %
Y (i

1

%%%
A. Aisle by aisle route map @ mbined route map
FTE——F—F—3F—3F

§¢$% % o #%

g %A% %ﬁ U %i:k

E

:
o

i

%
%

i.g +F—+F Ems e o £ o 1% % = +E
D. S-shape route map E. &glferimental route map F. Optimalteomap

Figure 10 Routes Map-Top View of Storage Area

Table 1 S-shape route total picking time

S-Shape Rou | 320.0¢ Metel
Time Needed Processing

Speed| T1 for Pickingon | T2 Time Per T4 | Picking

Operato (m/s (sec One Positio (sec Locatior | T3(s | (s) | Time(s
1 0.8¢ | 385.6 5.0( 5C 12t 128 | 23C | 790.6

2 1.2¢ | 260.2¢ 3.0¢ 3C 1C 10C | 20C | 590.2¢

3 0.87 | 367.9. 5.0( 5C 12 12C | 25C | 787.9.

4 0.7¢€ 421.1° 6.0C 6C 1t 15C 28C | 911.1°

5 0.¢ 355.6¢ 4.0C 4C 11 11C | 20C | 705.6¢
Average 358.1! 757.1
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Table 2 Combined route total picking time

Combined 244.45  Meter
Time Needed Processing
Speed| T1 For Picking On| T2 Time Per | T3 T4 | Picking
Operato (m/s (sec OnePositior (sec Locatior | (sec | (sec | Time(s
1 0.8 | 294.5: 5.0C 5C 12.5 128 | 23C | 699.5.
2 1.23 | 198.74 3.00 30 10 100 200 528.4
3 0.87 | 280.9¢ 5.0C 5C 12 12C | 25C | 700.9¢
4 0.7€¢ | 321.6¢ 6.0C 6C 15 15C | 28C | 811.6¢
5 0.c 271.6: 4.0C 4C 11 11C | 20C | 621.6:
Average 273.5( 672.5(
Table 3 Largest gap routing total picking time
Largest Ga 237.5¢ Metei
Time Needed Processing
Speed| T1 For Picking On T2 Time Per | T3 T4 | Picking
Operator (m/s) (sec) One Position (sec) | Location | (sec) | (sec)| Time(s)
1 0.8 | 286.2( 5.0C 5C 12.5 128 | 23C | 691.2(
2 127 | 193.1¢ 3.0C 3C 1C 10C | 20C | 523.1:
3 0.87 | 273.0¢ 5.0C 5C 12 12C | 25C | 693.0¢
4 0.76 | 312.57 6.00 60 15 150 280 802.p7
5 0.c 263.9¢ 4.0C 4C 11 11C | 20C | 613.9¢
Average 265.7¢ 664.7¢
Table 4 Aisle-by-aisle route total picking time
Aisle By Aisle | 215.3t  Metet
Time Needed
For Picking Processing
Speed T1 On One T2 Time Per | T3 T4 | Picking
Operato (m/s (sec Positior (sec Locatior | (sec | (sec | Time(s
1 0.8¢ 259.4° 5.0C 5C 12.5 128 | 23C | 664.4°
2 1.22 175.0¢ 3.0C 3C 1C 10C | 20C | 505.0¢
3 0.87 247.5¢ 5.0C 5C 12 12C | 25C | 667.5¢
4 0.7¢ 283.3. 6.0C 6C 15 15C | 28C | 773.3
5 0.c 239.2¢ 4.0C 4C 11 11C | 20C | 589.2¢
Average 240.9¢ 639.9¢

Table 5 Self-experimental route total picking time

SeltExperimentz | 38( Metel
Time Needed Processing
Speed| T1 For PickingOn | T2 Time Per T3 T4 Picking
Operato (m/s (sec One Positio (sec Locatior (sec| (sec | Time(s
1 0.8 | 457.8! 5.0C 5C 12.5 12t 23C 862.8!
2 1.2¢ | 308.9: 3.0C 3C 1C 10C 20C 638.9¢
3 0.87 | 436.7¢ 5.0C 5C 12 12( 25(C 856.7¢
4 0.7€ | 500.0( 6.0C 6C 15 15C 28C 990.0(
5 0.6 | 422.2: 4.0C 4C 11 11C 20C 772.2.
Average 425.1¢ 824.1¢
Table 6 Optimal route total picking time
Optima 215.3t Metel
Time Needed Processing
Speed T1 For PickingOn | T2 Time Per | T3 T4 Picking
Operato (m/s (sec One Positio (sec Locatior | (sec | (sec | Time(s
1 0.8¢ 259.4° 5.0C 5C 12.5 128 | 23C 664.4
2 1.22 175.0¢ 3.0C 3C 1C 10C | 20C 505.0¢
3 0.87 247.5¢ 5.0C 5C 12 12C | 25C 667.5¢
4 0.7¢ 283.3. 6.0C 6C 15 15C | 28C 773.3
5 0.9 239.29 4.00 40 11 110 20p 589.29
Average 240.9¢ 639.9¢
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The average Picking time for each route was catedla Total working hours = 7 hrs/day
as shown in the above Tables 1, 2, 3, 4 and 5, tthen Productivity = total working time (min)/ total picig time
productivity, how many order that the operator parform needs to complete one order (2).
in one working day, was calculated as shown in& &ldbr
the operator when he use each route using equation

Table 7 Productivity for each rout

Route Average Picking Time (hrs.) Productivity (Orcer/Person/Day
S-Shap 320.0¢ 33
Combined 244.45 37
Largest ga 237.5¢ 38
Aisle by aisle 215.3¢ 3¢
SeltExperimentz 380.0( 31
Optima 215.3¢ 3¢

As shown in (Figure 11), a strong correlation wag between the average travelled distance fdr eate and the
operator productivity.

Correlation between Productivity and Travelled Distance

...

3 | *eq R2=0,9902

36 [ e

3 | T

w T

30 -..,.
200,00 250,00 300,00 350,00 400,00

Productivity
(oreder/person/day)
®

Travelled distance (m)

Figure 11 Correlation between productivity and &#ed distance

As a result, the routing method the operaser can affect his productivity as shown in (FigLeg

40
Fn
S 35
5 30 I
>
© 25 l
o
5 20

s shape combined largest gap aisle by aisle self optimal
experimental
Routing Method
Figure 12Productivity for each routing method
6 Conclusion picking orders is one of the most important agegithat

The main aim of this study work was to solve avete depend on time in most warehouses, and that playg a
problem within the field of the logistics sectorgeneral role in influencing the entire supply chain. Frdwstpoint
warehouses order p|ck|ng route activity in parmm of view, this Study prOVId_eS -SLlltable SOlUtlon-Slme the
showing its influence on labour productivity ang it route selected for order picking and preparatiodiftérent
contribution to the retailer warehouse in an enmeygi orders for customers in a rectangular warehouse tha
economy. Analysing and diagnosis of the curreniagibn ~ contains multi parallel-aisle with section aislestie centre
of the retailer warehouse order picking route wasgnted and edge of each aisle. Where this study aimsdjpgse a
as the main problem the low productivity rate ire thdirective policy that works to reduce the totaleilnd/or
processes of Storage and picking, resumng inuge of shorten the distance travelled in the processemckfng
overtime to not affect the level of service to tustomer- and selecting different requests, which would redtie
impacting on the cost overrun. The logistical dttiwf total costs and work to raise the productivity e tabour
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available in the warehouse. Where this was achieved managed effectively and correctly, it may resultin

through the improvement in labour productivity wgsthe
simulation method. Two different ways/options adéajpt
based on the order-picking process allocation ihie
warehouse have conducted the simulation. 12 vapiolis

failure in investment and a decline in performance.
Therefore, it is necessary for companies to alert t
increase awareness among employees and workers in
them by creating an organizational culture thatl wil

order locations were simulated and the simulation raise the level of readiness and readiness to pae@

delivered routes for various routing policies: $43h,
combined, largest gap, aisle-by-aisle, and
experimental for both scenarios. The results Hatstthat
the proposed approaches outperform
combined, largest gap, aisle-by-aisle, and
experimental methods by 29%, 24%, 21%, 19 %, aft, 17
respectively. The major outcome that can be reafrioeu
this conducted study, and based on the obtainettses
that the order-picking process in the warehouseatip@
needs a high number of laborers. In order to redhise
number labor, utilization must be increased; tesearch
result shows that if the operator was provided \tite

with rapid technological progress.

seff- Process re-structuring and re-engineering Regardfes

the need of the companies and their warehousgkeor

the S-shape,need for organizational culture, the reason foufai
self- may be attributed to the failure to adopt a poboyg

implement the process of re-structuring and re-
engineering operations when necessary and theturgen
need for that. Therefore, companies today must
determine the necessary needs for their operatiods
various logistical activities, including the ordaicking
processes of different customers’ requests acogitdin
the latest new and adopted technology.

optimal route to use in the picking process thatlpctivity v Staff resistance to change: most of the workerthén
has increased by 29%. Optimizing order picking as various companies and warehouses tend to resist
suggested would improve the processes that would ru change by replacing them with technology, due &irth

more efficiently. The enhancement includes discoger
the optimal route by a simulator that will directigave a
positive impact on the consumption of order-pickiinge.

Future research work can be conducted to overcdraeeT

natural fear of putting them in the job danger zone
Typical questions are asked to the workforce whkwo
in the logistics sector in general, and to workerthe
order-picking techniques in particular when it is

are some limitations during conducting the current directed towards adopting new technologies or syste

simulation model. Therefore, some modifications ban
made to the simulation that was applied in thislgtoy

selecting and defining different locations to acomwdate
more realistic and actual situations. Moreover dhi can

in order to maintain the workforce in companies and
their warehouses and increase awareness of itghrou
successful and effective management. In addition to
adopting an effective and continuous training systie

be used and developed by researchers in more comple keep abreast of various developments in updating

situations; for example, multiple pickers in relaty large
and multi-purpose warehouses, in addition to thhero

systems, which include it will facilitate the tasksd
work of the various workers.

uncertain factors can be introduced, such as bettks v Adopting a new motivation style for maintainingen

that occur in traffic through different paths amdoes in
operators. Kanban triggers can be taken into ceredidn
by performing random optimization.

6.1 Practical implications of the study

approach to performing the picking order process
within businesses and their warehouses: next, perfo
a multi-level run installation for the order-pickin
process via simulation, it is crucial to keep thewvn
approach to acting and executing order-picking

Through the gained results, a time study was made processes in the business and in its warehouseslyfi

using a stopwatch to define the average picking toh
each operator using simulation tool for those mutieere
are a number of useful practical implications tbeah be
acquired. It deals mainly with (a) organizationaltare,
(b) process re-structuring and re-engineering, staff
resistance to change, and d) motivation for maiirgithe

new way of doing business. We can summarize tha mai
While satisfying its goals, the research expanded a

implications of the study as follows:

continuous improvement of the order-picking process
should be adopted as an approach to preservedhs us
interests; thus, their proposals for enhancemeats f
the workforce are crucial with the new systems &etbp
such as picking order at warehouses.

This study highlights further future research work.

v Most of the companies and their warehouses needidgntified other possible approaches for optimazati
adopt an effective digital transformation approach Within the established methodology, there is stitim for
the various logistics functions and move from théurther optimization, such as zoning, batching atters
system of picking orders in the traditional waythe methods to increase the productivity for the stuide
system of picking according to the future visionjnvestigated warehouse. Adopting and implementimg t
bypassing only the process of updating the curremethodology, ensuring that the automatic handlioggss
technology used. Where the adoption of new anepuld be recommended instead of manual handlingen
modern automation tools can result in a state &tudied warehouse. Adding a new technology as tght
dissatisfaction among the workforce, and if it st n sound picking for observed warehouse in this ctstys
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Finally, most of the case study concentrates opeaific [12] DEKKER, R., DE KOSTER, R., ROODBERGEN,

order picking situation or decision problem. Theref it is K.J., VAN KALLEVEEN, H.: Improving order-

not straightforward to apply approaches develomedaf picking response time at Ankor's warehouse,

specific situation to another situation. Generabigie Interfaces Vol. 34, No.4, pp. 303-313, 2004.

procedures and global optimisation models of ordéi3] ENGINEERINGNOTES. COM: 4 Main Strategies

picking are still lacking. Used in Routing | Networking | Computers [Online],
Available: https://www.engineeringenotes.com/netw

References orking/4-main-strategies-used-in-routing-

[1] ALSMAIRAT, M.A: The nexus between networking-computers/14914 [9 May 2022], .
organizational capabilities, organizational reasine [14] FARIA, F., REIS, V.:/An Original Simulation Model
and reverse supply chain adoptiéwata logistica Vol. to Improve the Order Picking Performance: Case
9, No.1, pp. 31-37, 2022. Study of an Automated Warehoube Corman, F.,
https://doi.org/10.22306/al.v9i1.263 VoB3, S., Negenborn, R. (eds) Computational

[2] APTE, U.M., VISWATHAN, S.: Effective cross Logistics. ICCL 2015. Lecture Notes in Computer
docking for improving distribution efficiencies, Science(), vol 9335. Springer, Cham., International
International Journal of Logistics: Research and ~ Conference on Computational Logistics, Vol. 9335,
Applications Vol. 3, No.3, pp. 291-302, 2000. Springer, pp. 689-703, 2015.

[3] BARTHOLDI, J.J., HACKMAN, S.T.:Warehouse & https://doi.org/10.1007/978-3-319-24264-4_47

Distribution Science: Release 0,9the Supply Chain [15] GONG, Y., DE KOSTER, R.B.. A review on
and Logistics Institute, Georgia Institute of  Stochastic models and analysis of warehouse
Technology, Atlanta, GA, [Online], Available: operationsLogistics Researchvol. 3, pp. 191-205,
www.warehouse-science.com [9 May 2022], 2018. 2011.

[4] BARTHOLDI, J. EISENSTEIN, D.: Using bucket [16] GADEMANN, N., VAN DE VELDE, S.: Order
brigades to migrate from craft manufacturing to b.atChlng to minimize total t.ravel time In a parhlle
assembly linesManufacturing & Service Operations aisle warehouselE TransactionsVol. 37, No.1, pp.
ManagementVol 7, No.2, pp. 101-168, 2005. 63-75, 2005.

[5] BARTHOLDI, J., EISENSTEIN, D., LIM, Y.F.: [17]GU, J., GOETSCHALCKX, M., MCGINNIS, L.F.:
Bucket brigades on in-tree assembly networks, Research on warehouse design and performance
European Journal of Operational Researdfol. 168, evaluation: A comprehensive revievEuropean
No. 3, pp. 870-879, 2006. Journal of Operational Researctiol. 203, No. 3, pp.

[6] BOZER, Y.A., CHO, M.: Throughput performance of  539-549, 2010.
automated storage/retrieval systems under stochadit8] HABAZIN, J., GLASOVIC, A., BAJOR, I.: Order

demand]IE TransactionsVol. 37, No.4, pp. 367-378, Picking Process in Warehouse: Case Study of Dairy
2005. Industry in  Croatia, PROMET-Traffic &

[7] CHEN, M.C., HUANG, C.L., CHEN, K.Y., WU, H.P.: Transportatim, Vol. 29, No. 1, pp. 57-65, 2017.
Aggregation of orders in distribution centers usilaga  [19] HALL, R.. Distance approximation for routing
mining, Expert Systems with Applicatignsol. 28, manual pickers in a warehoustf Transactions
No. 3, pp. 453-460, 2005. Vol. 25, No. 4, pp. 76-87, 2007.

[8] CHEN, M.C., WU, H.P.. An association-based20] HERAGU, S.S., DU, L., MANTEL, R.J., SCHUUR,
C|ustering approach to order batching Considering P.C.: Mathematical model for warehouse dGS|gn and

customer demand pattern®mega International product allocation, International  Journal  of
Journal of Management Sciencéol. 33, No.4, pp. Production Researghvol. 43, No. 2, pp. 327-338,
333-343, 2005. 2005.

[9] DE KOSTER, R., LE-DUC, T., ROODBERGEN, K. J.:[21] HSU, C.M., CHEN, K.Y., CHEN, M.C.: Batching
Design and control of warehouse order picking: A orders in warehouses by minimizing travel distance
literature review, European journal of operational with genetic algorithmsComputers in Industyyvol.
research Vol. 182, No. 2, pp. 481-501, 2007. 56, No. 2, pp. 169-178, 2005.

[10] DE LEEUW, S, WIERS, V.C.S. Warehousel22] HWANG, H., OH, Y.H., LEE, Y.K.: An evaluatioof

manpower planning strategies in times of financial ~ routing policies for order-picking operations irmto

crisis: evidence from logistics service providensl a level picker-to-part systeninternational Journal of
retailers in the NetherlandBroduction Planning & Production ResearchVol. 42, No. 18, pp. 3873-
Control, Vol. 26, No. 4, pp. 328-337, 2015. 3889, 2004.

[11] DE KOSTER, R. DE BRITO, M.P., VAN DE [23] LE-DUC, T.: Design and control of efficient order
VENDEL, M.: Return handling: An exploratory picking processesPhD thesis, Erasmus University

study with nine retailer warehousdsternational Rotterdam, 2005. _

Journal of Retail & Distribution Managemerivol.  [24] KIM, T.Y., DEKKER, R.,HEWJ, C.: Improving

30, No.8, pp. 407-421, 2002. warehouse labour efficiency by intentional forecast
~ 132 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 1 Pages: 121-133 ISSN 1339-5629

Design and control order picking route of a retailer warehouse using simulation to increase labour
productivity
Moh’d Anwer AL-Shboul

bias,International Journal of Physical Distribution picking systems to predict order pickers’ workload,
& Logistics Managemenvol. 48, No. 1, pp. 93-110, International Journal of Production Researctfol.
2018. 55, No. 21, pp. 6380-6393, 2017.
https://doi.org/10.1108/IJPDLM-10-2017-0313 [33] VAUGHAN, T., PERTSON, V.. The effect of

[25] LAHMAR, M.: Facility Logistics: Approaches and warehouse cross aisles on order picking efficiency,
Solutions to Next Generation Challengésierbach International Journal of Production Researctiol.
Publications, Chapter 11, 2007. 37, No. 4, pp. 881-897, 1999. .

[26] LE-DUC, T., DE KOSTER, R.: Layout optimization [34] KIM, T.Y., DEKKER, R., HEIJ, C: Improving
for class-based storage strategy warehousegply warehouse labour efficiency by intentional forecast
Chain Management_European PerspeqtivVoi_ bias, International Journal of PhySical Distribution
2005, pp. 199-222, 2005. & Logistics Management/ol. 48, No.1, pp. 93-110,

[27] PETERSEN, C.G.: An evaluation of order picking  2018. o
routeing  policies, International Journal of [35] GOKCECICEK, T., GONCA, T.: Order picking

Operations & Production Managemeitol. 17, No. systems in warehouse management: a literature
11, pp. 1098-1111, 1997. review,DergiPark Vol. 14, No. 3, pp. 15-31, 2012.

[28] RICHARDS, G.: Warehouse management: al36] TOMPKINS, J.A., WHITE, J.A., BOZER, Y.A,
Comp|ete guide to improving efficiency and FRAZELLE, E.H., TANCHOCO,J.M.A.FaCI'ItIeS

minimizing costs in the modern warehgusendon: Planning NJ: John Wiley & Sons, 2003.
Kogan Page, @ ed., 2014. [37] WON, J., OLAFSSON, S.: Joint order batchingl an

[29] ROODBERGEN, K.J., KOSTER, R.: Routing order picking in warehouse operatiohggernational
methods for warehouses with multiple cross aisles, ~Journal of Production Researciol. 43, No. 7, pp.

International Journal of Production Researc¥iol. 1427-1442, 2005. _
39, No. 9, pp. 1865-1883, 2001. [38] VAN HOEK, R.l.: The rediscovery of postponenien
[30] SINISALO, T.: Improving Efficiency of the Order a literature review and directions for research,

Picking Process in the Case Company Warehouse Journal of Operations Managementol. 19, No. 2,
Master's Degree, Helsinki Metropolia University of ~ Pp. 161-184, 2001.
Applied Sciences, 2016.
[31] VAN DEN BERG, J.P.: Integral Warehouse _
ManagementLulu. com, 2007. Review process
[32] VAN GILS, T.: Ramaekers, K., Caris, A., Coold,;  Single-blind peer review process.
The use of time series forecasting in zone order

~133 ~

Copyright © Acta Logistica, www.actalogistica.eu



