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Abstract: The aim of this study is to find out the optimal path for the manual picking process used by warehouse operators 
to enhance the productivity of the manual picking system in the retail warehouse in Jordan using simulation Software. 
WMS Software was used to determine the different picking methods and the distance travelled in each path of the order-
picking process to discover the optimal layout design for the warehouse. Several time studies were conducted using the 
stopwatch to determine the average picking time for each operator using those paths that were suggested by the simulation 
program to choose the same arrangement. Then, the average throughput was calculated for each operator for each routing 
method. The results showed that there is a strong correlation and relationship between the routing method and operator 
productivity. Further, it is found that productivity is higher by 29% when the operator chooses the optimal path shown by 
the simulation program, and this improvement in order picking will lead to a high level of service satisfaction and a lower 
level of operational cost for storage. Improving picking methods and optimizing picking paths can increase the total 
number of orders an operator can fulfil in a single working day, resulting in increased operator utilization. 
 
1 Introduction 

Warehouses are the link between production points 
(such as factories and the like) and various sources of 
consumption in the supply chain (SC), so the work of 
warehouses is considered important and necessary in 
different SCs [1]. In this study, we use one way to reduce 
the handling time by finding the optimal routing design of 
the warehouse. Most retail warehouses have difficulty 
defining the accurate workforce, because the workload is 
highly variable and volatile, particularly the outbound 
businesses that have strict commitments. The storage 
process is directly related to other logistical operations 
such as transportation, care, picking, handling, loading, 
unloading, packaging, processing and repair and 
maintenance operations for goods and products between 
different production points and consumption points in 
different markets and countries [2]. There are several 
different operations and activities that take place inside 
warehouses, such as receiving orders, locating storage, 
replenishing the shortage of products, preparing and 
processing different orders, accumulating and sorting 
goods, packaging, and distribution, sending orders and 
shipping them within their specified time.  

The order-picking process is a retrieving logistical 
activity of different products from particular storage zones 
according to customer orders. Generally, one of the 
logistical activities inside warehouses that consumes a long 
time is the processes of selecting and picking different 
orders, as it contributes significantly to raising the total 
storage costs. [3] indicated in their study that 70% of the 
time it takes to pick the order, while it includes 55% of the 
total storage costs. The order-picking logistical task could 
be multi-dimensional (i.e. one, two, and up to three). Order 
picking productivity can be enhanced by minimizing the 

time of handling. The factor of picking time can be divided 
into the time required to reach the product storage location 
(walking and access time). In addition to the time of other 
remaining logistical activities such as the time of product 
selection and picking the products (obtaining a pick list and 
an empty pick holder) through manual selection processes 
inside warehouses, and often it is considered time access to 
the product is the largest factor in the total time at the time 
of picking [4]. To decrease the tour time to pick up the 
order, various methods can be used through more efficient 
control mechanisms. Zoning is one of the method that used 
to minimize the travel times, that is an order picker picks 
just that part of an order, which is in his or her assigned 
zone. Other method is the storage task rules that can 
decrease tour times by allocating goods to the correct 
storage positions. For instance, repeatedly demanded 
goods can be stored where they are readily to be accessed. 
Another approach is to accumulating/assorting as a means 
of minimizing tour times. Accumulating/assorting is 
interested in collecting different orders in a one-order-
picking track (i.e. partially). The last method is to define 
good routes for order picking. The process of sequencing 
and finding the products required retrieving them from 
their storage places and positions must take into account 
the distance travelled to reach them. It is desirable that it 
be known and as short as possible, and this in itself is a 
problem in determining the paths and methods of selecting 
and picking orders, hence this study, which will present 
performance comparisons between optimum routing and 
inference on repositories [5]. 

This study was conducted in aim of performing five 
different manual routing maps created by the simulator for 
different methods including: S- shape combined, aisle-by-
aisle, large gap in addition to a self–experimental rout done 
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by a picker by walking through the warehouse to pick items 
as well as an optimal one in the retail warehouses in Jordan. 
The performance of all those routes is compared to identify 
the best and optimal order-picking route for the same order 
with the highest picker’s productivity in the warehouse; 
that generates the shortest order picking routes. The S-
shape routing policy or the traversal strategy that each sub 
aisle including at least one requested item leads to a path 
that is traversed totally. These path aisles are travelled in 
an S-shape form [6]. It is the simplest strategies for 
routeing pickers he or she gets in an aisle from one end and 
leaves from the other end, starting at the left side of the 
warehouse. In the picker returns to the front end of the aisle 
after picking the last item. Routing strategy is used when 
the further time to modify lanes/aisle is terse and the 
quantity of picks per aisle is few. The idea was presented 
as an aisle-by-aisle route by [7] which refers to the route 
that the order picker visiting each pick aisle only once. In 
this strategy, the tour will start from the left side of the 
corridor/aisle that exist in the warehouse containing the 
items, the items in that main corridor/aisle are selected and 
a cross corridor/aisle is chosen to move forward to the next 
main corridor/aisle. Therefore, this route specifies the 
intersecting lanes/cross-aisles that must be used and 
walked in them from one corridor/aisle to another in a 
sequential manner so as to reduce the distances traveled to 
select the request. Minor changes have been made to this 
adopted path since these paths start and end at the 
warehouse and that because this rout compatible with the 
other routing strategies [8]. The combine or hybrid routing 
method combines and merges the best attributes of the 
return and cross-cut methods. The composite strategy 
minimizes the journey distance between the extreme picks 
in two closest aisles [9]. This route will be started and 
ended by a picker at the warehouse. Then picker moves 
through the leftmost pick aisle that consists of goods across 
the block outmost from the warehouse that has goods. 
Consecutively, the sub-aisles of the furthest bay/zone are 
visited from the left-hand side to the right-hand side. After 
that, the picker gets into the next block/bay; the one 
block/bay that is nearest to the warehouse. Then picking 
the items in this bay/block. Then again until all bays/blocks 
with items have been visited. The sub-aisles are either 
totally traversed or the order picker enters and/or leaves the 
sub-aisles from the same flank [10]. Optimal routing 
method is calculated the shortest order picking routes in 
warehouses, regardless the design or storage 
places/positions of the items. The best (short)/optimal 
routes seem like a blend of S-Shape and the largest 
gap. The majority of order picking processes use heuristic 
routing methods. This strategy is commonly used in 
practice since it simple to know more and produce routes 
that are quite consistent in nature [11]. 

Therefore, this study sheds light on the analysis of the 
process of picking orders in retail warehouses in Jordan to 
reach the solutions and recommendations that are 
necessary to solve the problems related to this important 

process, where the rest of the parts of this study are 
included the following sections. Section 2 is a background 
literature review that is highlighting warehousing and 
order-picking operations and optimization, in addition to 
the warehouse's internal layout and routing tracks and 
extensions of some current routing methods. Section 3 
contains the purpose and the study questions. In Section 4, 
the simulation model is described to compare the 
performance of all routing methods. Section 5 illustrates 
the results and discussion. The conclusions of this study 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 them in a 
safe and secure manner and for varying periods of time, 
then work on preparing and rearranging them according to 
customers’ requests to send them in smaller quantities and 
in different places. This is knowing that warehouse 
operations contain inbound logistical processes (i.e. 
receiving, and storing goods, etc.) and outbound logistical 
operations (.e. order picking, packing, distribution, etc.). 
While warehouses frequently control the smooth flow of 
products in a good manner due to restricted linkages with 
their providers/suppliers, many prior studies concentrated 
on either outbound or inventory logistical processes [12]. 
Usually, most of their customers work in a timely manner 
(i.e., just in time) and have an urgent need to receive their 
orders and deliver them within a period short time. While 
inbound warehouse operations minimum time tension is 
exercised as arriving products are stocked as safe stock 
without the use of few unit load handling [13], except for 
cross-docking products. In addition, warehouses have the 
ability to adjust their workforce within the warehouse to 
speed up the preparation of various orders for their 
customers due to fluctuations in demand, which facilitates 
accurate forecasting of the volume of short-term work and 
effective labour management necessary for chain 
operations as a whole. In addition to identifying and 
choosing appropriate locations for storing goods in order 
to speed up the various picking operations and optimizing 
routes and time [14]. 

The picking of orders is considered one of the most 
important operations within warehouses, which require 
time and cost in preparing customer orders, for this reason 
it requires the provision of a large human factor in order to 
reduce the time required for the picking process as much as 
possible and to the minimum [15]. Therefore, the process 
of picking orders is considered one of the processes that 
require more labour-intensive operations inside 
warehouses, especially those warehouses that still use 
manual systems in the picking order process, which 
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increases the operational cost of the entire supply chain. As 
for warehouses that use modern and automated systems. 
They require labour less, faster, and less time, which 
increases the level of service in a satisfactory manner. 
Knowing that most of the previous studies indicated in 
their results that the picking order process is estimated at 
more than 50% of the total operating expenses of 
warehouses. As a result of that competitive models for cost 
reduction help the professionals of warehousing to take 
into account the order-picking logistical activity, which is 
considered the highest factor portion to improving the 
productivity [16]. Most of the previous studies indicated 
and focused on the importance of picking orders and 
including them in one of the four operating strategies in 
order to improve the performance of the system through 
proper and effective planning of material flow, picking 
orders in a sequential manner, effective routing, as well as 
choosing suitable and more effective storage places. In 
addition, the policy of the process of picking orders 
includes designating the appropriate elements for handling 
the materials, and determining the locations of the orders, 
and the best paths for the rounds of picking through a 
number of effective functions. Additionally, including 
them in the system such as collecting, sorting, batching, 
classifying, and dividing areas/zones in a way that suits the 
nature of the stored materials. Where, paths are identified 
and directed to pick different orders in several ways, 
ranging from simple heuristics to the optimal path and 
procedures. It is necessary to estimate and specify the 
SKUs for each product in its storage locations. In general, 
the most widely used and common warehousing operations 
are random warehousing, which depends on the basis of 
category warehousing, so that goods are sorted on the basis 
of ABC analysis across different warehousing categories. 
Therefore, proper and organized planning processes based 
on a scientific and thoughtful basis play an important role 
in choosing the efficiency that involves guidance, the 
selection site, and the identification of cross paths and 
paths [17]. Increasing the service level of productivity with 
respecting resource constraints is the most popular aim of 
order-picking operations. The ultimate important 
connection between the order-picking operation and the 
level of service required is that the acceleration the picking 
is done will become better. Travel of journeys is performed 
around 50% of the time required for the order-picker 
process in an ideal picker-to-parts warehouse. Therefore, it 
is a most committed issue for improvement. [18] presented 
an optimized journey time or journey distance in short time 
and way in the warehouse. Thus, the manual picking order 
processes that the person can concentrate on the typical 
internal warehouse layout design, stock activity 
approaches, routing approaches, demand batching, order 
sorting and allocation, and zoning as shown in (Figure 1). 
[19] presented that six policies that were mentioned 
previously, if they are improved, ensure that warehouse 
work remains within the tactical and operational levels 
alike, and this procedure is necessary and important for 

warehouses whose decisions are based on a strategic basis 
and are not easy and expensive for alert purposes. The 
warehouse's internal layout design regards the defining the 
number of blocks, in addition to the aisles' length and range 
in each block. Therefore, the primary goal is to reach the 
best layout, and approach for warehouses. In relation to 
certain functions, taking into account the main 
requirements, restrictions, regulations, and security and 
protection instructions for both personnel and products. 
With a great focus on the important, sensitive, and most 
common function, which is determining and calculating 
the distance and time of arrival to the goods to be reached 
quickly and in the least time [20]. It is possible to follow 
the scenario of zoning within the warehouses, where the 
order-picking zone can be split into various other 
areas/zones, each area/zone for which a certain operator is 
allocated so that he chooses the part of the order within the 
area/zone allocated to him/her. Therefore, one of the main 
advantages of zoning is that each picker is limited to a 
specific area only, which works to reduce traffic 
congestion and allows the picker to identify the main 
contents of the goods within his/her designated area/zone. 
However, this scenario is represented by a major 
disadvantage, which is the division of orders, which often 
works to merge orders with each other before the process 
of transferring and shipping them directly to the customer. 
As for the order batches, it works to set specific groups of 
orders into a certain number of sub-orders, after which 
every group can be picked during one round of picking. 
Two factors for this batching process are the nearness of 
the picking sites and the time. [21] defined the 
accumulation/sorting (A/S) process as the collecting meet 
the items per customer order by applying the batching 
and/or zoning with some further efforts. The aim of the 
work presented in this case study was to find out the best 
approach for improving the overall productivity of the 
picking orders process in the warehouses (select the best 
routing method). To achieve this aim, a method was 
enhanced to estimate the productivity of the manual order 
picking, taken into consideration various options, in a total 
of five options (including 5 routing methods in addition to 
self-experimental case), respectively after the 
implementation of various routing methods. By applying 
and created, a simulation model in this study, the picking 
time was considered for measuring of the performance. A 
variety of alternative routing methods was tested. 
  
2.2 Labour productivity   

In retail distribution warehouse the customer demand is 
usually customer orders are characterized by short-term 
fluctuations. In a number of recent studies that were 
applied to warehouses, it indicated in its results that 
warehouses in general resort to hiring permanent 
employees and temporary workers in order to keep pace 
with the change in requests and adapt to the fluctuations 
that may occur at workload [22]. Some warehouses 
deliberately work to their full capacity and staff from 
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permanent employment in only one case if they cannot 
depend on tentative employment obtainable at the 
appropriate one. This study presents that the enhancement 
of the labour productivity by using the optimal routing 
method could help the decision makers to organize and 
manage the number of workers in warehouses, which is a 
vital and important issue, it is necessary to deal with and 
keep up with fluctuations in daily customer request. 
 
2.3 Warehouse layout design and routing 

methods 
In this study the warehouse layout ‘s sketch has parallel 

of pick aisles and has no unused space as shown in (Figure 
2).The warehouse layout consists of two blocks, in which 
every block has a number of sub aisles. Whereas inside 
each block a sub aisle is part of a pick aisle. The aisle’ can 
be used when a statement holds for both aisles including 
the pick and sub-aisles. Cross aisle exists at the back and 
front of the warehouse and in the mid site of every pair of 
blocks. In spite that cross, aisles do not have storage 
locations and do not contain items, through which it is 
possible to work on the use of aisles. Each block contains 
a corridor that connects the front façade with the rear of the 
storage area, as the rear façade of one of the rear blocks 
serves as the front aisle for the block that is located in the 
front façade excluding the first block. Therefore, the 
number of intersecting aisles inside the warehouse is the 
number of blocks adding one, due to the presence of one 
cross aisle in the front and another in the back, in addition 
to the presence of other passage between every two blocks 
adjacent to each other [23]. The operators of the order 
picking are supposed to be able to pass and cut aisles in 
both directions and also be able to alter direction inside the 
aisles as well. 

 

Figure1 Improving low-level, non-automated order- 
picking tasks [14] 

 

 
Figure 2 The warehouse layout with multiple cross aisles 

                                          
[24] show that the aisles are narrow enough to allow 

picking from both sides of the aisle without changing 
position. Each order consists of a number of items that are 
usually spread out over a number of subaisles. Where the 
warehouse is located at the beginning of the first asiler of 
the first interface, and also note that the location of the 
warehouse can have a major role on the mean joureny time. 
Routing policy is a policy to determine the rout inside the 
warehouse. The term rout refers to the path that go over an 
order of all of the item. Routing strategy linked with 
ordering a pick list in an organized order that will reduce 
the travel distance of the order picking [25] showed that the 
aim of routing techniques is to put the products in sequence 
on the pick schedule to produce a proper route over the 
warehouse. Practically, the problems of the order pickers 
routing in a warehouse is almost resolved using heuristics 
[26] mentioned in their study, that number of empirical and 
practical methods were distinguished for routing the order 
pickers in the depots. However, they were carry out the 
single-block storage process, with presenting a number of 
methods such as traversal in the form of the letter S, the 
midpoint, return, the large gap method, and the aggregate 
method (compound). This study describes below different 
types of routing: S-shape and largest gap, both of these two 
route are a well-known rout for basic layout. Moreover, 
aisle by-aisle route, which is the routing method of [27]. 
The fourth one is the combined rout; it is a combined 
strategy (hybrid) that accumulating parts from S-shape and 
largest gap. In addition, the optimal rout for finding the 
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 containing at least one 
requested item leads to a path is traversed totally. It is the 
simplest strategies for routing pickers this route is where 
an order picker gets in from the edge of the aisle, while 
departing from the end of the other edge, starting from the 
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left side of the depot. Aisles and sub-aisles are bypassed 
and skipped, when there is no process to pick anything up 
any order. Therefore, in this route, the main aisles are 
passed in the form of the letter S. The picker returns to the 
front end of the aisle after picking the last item. This rout 
is used usually, since it is very easy and simple to apply it. 
However, it outperformed by more complex heuristics. 
[28] in their study, they mentioned that this strategy works 
to enhance the time and distance of the round, because it 
can lead to the picker making rounds in other sub-
regions/aisles in the cluster regions from left to right. 
Therefore, the picker has to traverse a large portion of the 
forward choppy lane (cross aisle) before he can return to 
the beginning of the warehouse. The function of the time-
complication of this route is distinct from the number of 
pick positions and enhances linearly with the number of 
picking aisles. Sub-aisle has in basic not less than one pick 
location traversed over the whole length. In addition, as 
[29] showed, where the pick-up process performed by the 
picker starts from the front of the warehouse and takes 
place for proceeding ahead, then starting from the main 
aisles closest to the front façade of the warehouse, which 
contains at least one item and more. The process will be as 
in the following steps: (1) the main aisle of the warehouse 
is crossed to include the farthest block, which contains one 
item or more. (2) In the current block that contains only 
one element or more, the picker will immediately go to the 
left aside that contains more elements, or it will go to the 
right aisle, which also contains other elements, so that it 
will be the closest one in this case. (3) After that, the picker 
will pass from one aisle to another aisle, so that it traverses 
the aside containing the elements completely, then the 
picker will return to the beginning of the block (4). In case 
the block that has no elements, the aisle of that block is 
traversed, as this process will be repeated for all blocks 
until reach the block that is closest to the warehouse is 
reached (5). Lastly, the order picker goes back to the depot. 
See (Figure 3). 

   
Figure 3 S-shaped route-routing order pickers in a warehouse 

 

 
    Figure 4 Largest gap heuristic-routing order pickers in 

a warehouse     
                                                                                                                             

2.3.2       Largest gap route 
This strategy occurs when the order picker enters the 

aisle further into the gap of that aisle as well as all of the 
aisle's sub-aisles. This gap works to separate any two picks 
that are closely close to each other, meaning the first pick 
and the first pass picker, or the amidst of the last pick and 
the back aisle. Where this route is divided in the picking 
areas into two main groups through the sub-aisle, where 
one group is dealt with and entered in these locations 
through the use of the crossed back aisle, while the other 
groups are entered through the front cross aisle. In the 
block that one of the two groups is empty or even both, it 
is not important to enter the sub-aisle from this side. The 
largest gap inside an aisle is the order picker does not 
traverse the portion in that. When there are a largest gap 
between two picks which adjacent to each other, the picker 
chooses the route back by using both ends of the aisle. 
Moreover, a return route from the front or back aisle is 
used. The back aisle can just be accessed through the first 
or last aisle. This routing strategy used in the case that the 
extra time is short to change aisles, the amount of shots 
each aisle is also small. [30] showed that this rout usually 
outperforms the midpoint approach and the S-shape when 
the pick density is less than about four picks in each aisle. 
While, from an application viewpoint, the midpoint 
approach is easier and more direct. As shown in (Figure 4) 
in which the largest gap rout is used to pick items, like the 
S-shape route, the picker advances to the front of the 
nearest aisle in the warehouse that contains one or more 
items. Therefore, the aisle that contains the element is 
almost from the right or left side, since this aisle is 
completely traversed. Then, each aisle is entered at the 
posterior end of the depot until the “largest gap” and left 
from the same side in which it was inserted. After that, 
progress is made through the last aisle forward, and then 
the aisles that are located at the front end of the warehouse 
are entered into the "largest gap", which leads to the 
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existence of another gap between each two adjacent 
picking sites, either within the sub-aisle or between a cross 
aisle and the nearest picking site. If all items to be prepared 
have been picked up, the picker returns to the warehouse. 
 
2.3.3     Aisle-by-aisle rout 

[31] presented this rout in which order picking routes 
visits each main pick aisle will  just once. Where the first 
round of pickers in the warehouse begins by entering first 
from the far left side of the aisle that contains the items, 
and then the process of picking and selecting all the 
required items in this main aisle takes place, after that to 
move forward to the next main aisle, the cross aisle is 
chosen. Where this process will be repeated until all the 
required items in the main aisle are picked up, in addition 
to that, the work of the pickers continues in the next main 
aisle. Where the paths of the cross aisles that must be 
toured are determined and used to move from one lane to 
another in a way that reduces the distances travelled for the 
picking process. Some minor modifications are made in 
this tour because these tours start and end at the warehouse, 
and because the aisle is sometimes compatible with other 
routing strategies. See (Figure 5). 

 
2.3.4  Combined (hybrid) rout  

[32] presented the composite routeing method. This 
rout combines and merges the best attributes of the back 
and transversal methods. The composite strategy 
decreases the journey distance between the outermost 
picks in both adjacent aisles. [33] state that the aisles with 
picks in this rout are either entirely traversed or entered 
and left at the same end. In addition, it was indicated in 
their study that one of its main advantages is that it is 
distinguished and superior to other experimental 
methods/heuristics in numerous cases. 

 

 
Figure 5 Aisle–by aisle routing order pickers in the depot 

 
Figure 6 Combined route-routing strategies 
 

 
Figure 7 Research model of this 

 
Furthermore, [34] in their study, a comparative study 

was conducted of 80 cases in different warehouses for six 
methods of routing to report the combined heuristic, which 
was referred to in the results of the study on 74 cases out 
of 80 that they studied and analysed. Combined’s 
drawbacks that being dynamic, the order picker is not 
allowed to recognize the routing heuristics. Furthermore, 
[35] developed a strategy in each case in which all the 
elements of one aisle are picked, an inquiry arises about 
going to the back end of the aisle or returning to the front 
end of the aisle. By making comparison of these, both 
choices with each other to know which substantial will 
produce the shortest route. Therefore, there are always two 
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 generates clear and 
simple pathways to understand its structure. There are 
different patterns of clear routes, which work to reduce the 
time required to pick the product by the picker in finding 
and specifying storage locations for different materials, as 
well as working to reduce the risks of errors that may occur 
during the selection/picking process. Therefore, the 
mixed/hybrid routing method may result in such kind of 
use of these routes. Order picking routes visits each sub 
aisle that contains items just once. This rout will be started 
and ended by picker at the warehouse. After that, the picker 
goes along out of the pick aisle, usually from the left side, 
which consists of several items, towards the block farthest 
from the side of the warehouse, which contains the items 
needed to be picked. Consecutively, the process of visiting 
the next aisles branching from the main aisle (sub-aisle) to 
the farthest block from the left to the right, after that, the 
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picker enters the logical block of the next block. Which is 
considered the one block and is the closest to the 
warehouse, and then the picker selects the elements to be 
selected/picked in this block. Then this process is repeated 
until all the blocks that contain the elements to be accessed 
are visited, picked and prepared, where the sub-aisles are 
completely crossed or the order picker enters and leaves the 
sub-aisle from the same side [36].          

                     
2.3.3 Optimal routing method 
      An optimal routing developed by [37] to route 
warehouse operators to walk in a rectangular manner in the 
warehouse without cross aisles. Regardless the design or 
storage location of the items, this strategy is calculated the 
shortest order picking routes in warehouses. Optimal 
routes seem like a mixture of S-Shape and Largest 
Gap. The majority of order picking processes use heuristic 
routing methods. This strategy is commonly used in 
practice since it simple to know, produce and understand 
the consistent pathways/routes in nature. 
 
3 Purpose of the study and research 

question  
      This study aims to find out the correlation between the 
productivity of the operator with the different routing 
methods used in the picking process. Moreover, it answers 
the question of how the rout layout of the manual picking 
process effect operator productivity in the warehouse. 
The research model of the study presented following 
scheme as illustrated in (Figure 7). 
 
4 Research methodology 
4.1 Research design 
      This study mainly follows a simulator software. The 
first research question is about the optimal layout design of 
the warehouse routing, and its role in improving the 
productivity of the manual order picking system. While, 
the second one is about its benefits in reducing the overall 
cost in warehouse sector which aimed to describe strategies 
applied by decision makers to make recommendations for 
the company through knowing the optimal routes. In this 
study, various sources of data have been used, including: 
EHS website, videos, company documents, textbooks, 
scientific journal articles, internet sources, newspaper 
articles, as well as documents.   
 
4.2 Methodology   

The warehouse studied in this research is a low-level 
picker to stock manual order picking system. The 
warehouse layout structure composed of 2 blocks as shown 
in (Figure 8) each block consists of 6 wide aisles and each 
aisle have of 11 picking locations, the aisles are open from 
both side such that allow the operator to move within the 
aisle in both directions. The depot is located at the bottom 
left corner of the first aisle, order-picking start from the 
depot where the operator fined the order list and the cart. 

For this case study, an interactive warehouse simulator, 
time study and excel was done. 
 

 
Figure 8 Warehouse layout and depot location/top view  

(Developed by authors) 
 

 
Figure 9 Order distribution-top view of storage area storage 

area (Developed by authors) 
 
4.3 The interactive warehouse 

The simulator was used to determine order picking 
routes map and the average travelled distance in each rout 
for the same order distribution, a top view of the warehouse 
created by the simulator after defending the parameters 
(number of blocks, number of aisles, number of locations 
per aisle, depot location, aisle length, crossover length). 
Each square depicts a storage location. Walking is possible 
in the aisles between the black squares. The simulator 
creates a map for five different routing including the 
optimal one using different methods, which are: (1) S- 
shape; (2) Combined; (3) Aisle by aisle; (4) Largest gap; 
(5) Optimal; and (6) Self-experimental. One of the 
operators was asked to generate his own route (self-
experimental), without using any of the routing methods, 
using the simulator. The simulator calculated the total 
travelled distance in meter for each route.  
 
4.4 Time study analysis 

This study was made to determine the average picking 
time that the operator needs to complete each route, a 
stopwatch was used. Picking time Tp is calculated using 
equation (1) as shown below [38]: 
 

Tp=t1+t2+t3+t4    (1) 
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Where: 

t1 –Average travelling time [s]; t2 –Average extracting 

and searching time [s]:  

t2=x1·x2· ti (x1– Average number of locations per Order 
[pieces], x2– Average number of positions Per location 

[pieces], t3 –Information Processing Time [s]: t3= (10–

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

6) [s]). 

 
Five operators did the experiment and they were 

followed in order to define the total picking time they need 
to complete each rout. The operator starts from the depot 
with the map of each rout and he asked to pike the given 
order using the given route map. For each route, an average 
picking time was taken. Since the operator work 7 
hours/day the productivity of the operator (how many 
orders the operator can accomplish in each working day) 

was calculated for each route to define the effect of routing 
method on labour productivity. 
 
5 Results and discussion 

In this section, the experiment result will be presented 
to help in understanding the used methodology. 
 
5.1 Interactive warehouse simulation 

In this part the simulator generates a random order as 
shown in (Figure 9), then a map for each routing methods 
created by the simulator as shown in (Figure 10). The 
simulator calculated total travelled distance for each route 
A time study was performed to determine the speed for the 
five operators using stopwatch after that the 5 operators 
were asked to pike the order using the given route and the 
picking time was measured using Equation 1, the result for 
each route each route shown in following Tables. 

 
 

 

 
A. Aisle by aisle route map                    B.  Combined route map                          C. Largest gap 

 

 
D. S-shape route map                       E. Self-experimental route map                F. Optimal route map 

Figure 10 Routes Map-Top View of Storage Area 
 

Table 1 S-shape route total picking time 
S-Shape Route 320.09 Meter       

Operator 
Speed 
(m/s) 

T1 
(sec) 

Time Needed 
for Picking on 
One Position 

T2 
(sec) 

Processing 
Time Per 
Location T3(s) 

T4 
(s) 

Picking 
Time(s) 

1 0.83 385.65 5.00 50 12.5 125 230 790.65 
2 1.23 260.24 3.00 30 10 100 200 590.24 
3 0.87 367.92 5.00 50 12 120 250 787.92 
4 0.76 421.17 6.00 60 15 150 280 911.17 
5 0.9 355.66 4.00 40 11 110 200 705.66 

Average  358.13      757.13 
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Table 2 Combined route total picking time 
Combined 244.45 Meter       

Operator 
Speed 
(m/s) 

T1 
(sec) 

Time Needed 
For Picking On 
One Position 

T2 
(sec) 

Processing 
Time Per 
Location 

T3 
(sec) 

T4 
(sec) 

Picking 
Time(s) 

1 0.83 294.52 5.00 50 12.5 125 230 699.52 
2 1.23 198.74 3.00 30 10 100 200 528.74 
3 0.87 280.98 5.00 50 12 120 250 700.98 
4 0.76 321.64 6.00 60 15 150 280 811.64 
5 0.9 271.61 4.00 40 11 110 200 621.61 

Average  273.50      672.50 
 

Table 3 Largest gap routing total picking time 
Largest Gap 237.55 Meter       

Operator 
Speed 
(m/s) 

T1 
(sec) 

Time Needed 
For Picking On 
One Position 

T2 
(sec) 

Processing 
Time Per 
Location 

T3 
(sec) 

T4 
(sec) 

Picking 
Time(s) 

1 0.83 286.20 5.00 50 12.5 125 230 691.20 
2 1.23 193.13 3.00 30 10 100 200 523.13 
3 0.87 273.05 5.00 50 12 120 250 693.05 
4 0.76 312.57 6.00 60 15 150 280 802.57 
5 0.9 263.94 4.00 40 11 110 200 613.94 

Average  265.78      664.78 
 

Table 4 Aisle-by-aisle route total picking time 
Aisle By Aisle 215.36 Meter       

Operator 
Speed 
(m/s) 

T1 
(sec) 

Time Needed 
For Picking 

On One 
Position 

T2 
(sec) 

Processing 
Time Per 
Location 

T3 
(sec) 

T4 
(sec) 

Picking 
Time(s) 

1 0.83 259.47 5.00 50 12.5 125 230 664.47 
2 1.23 175.09 3.00 30 10 100 200 505.09 
3 0.87 247.54 5.00 50 12 120 250 667.54 
4 0.76 283.37 6.00 60 15 150 280 773.37 
5 0.9 239.29 4.00 40 11 110 200 589.29 

Average  240.95      639.95 
 

Table 5 Self-experimental route total picking time 
Self-Experimental 380 Meter       

Operator 
Speed 
(m/s) 

T1 
(sec) 

Time Needed 
For Picking On 
One Position 

T2 
(sec) 

Processing 
Time Per 
Location 

T3 
(sec) 

T4 
(sec) 

Picking 
Time(s) 

1 0.83 457.83 5.00 50 12.5 125 230 862.83 
2 1.23 308.94 3.00 30 10 100 200 638.94 
3 0.87 436.78 5.00 50 12 120 250 856.78 
4 0.76 500.00 6.00 60 15 150 280 990.00 
5 0.9 422.22 4.00 40 11 110 200 772.22 

Average  425.16      824.16 
 

Table 6 Optimal route total picking time 
Optimal 215.36 Meter       

Operator 
Speed 
(m/s) 

T1 
(sec) 

Time Needed 
For Picking On 
One Position 

T2 
(sec) 

Processing 
Time Per 
Location 

T3 
(sec) 

T4 
(sec) 

Picking 
Time(s) 

1 0.83 259.47 5.00 50 12.5 125 230 664.47 
2 1.23 175.09 3.00 30 10 100 200 505.09 
3 0.87 247.54 5.00 50 12 120 250 667.54 
4 0.76 283.37 6.00 60 15 150 280 773.37 
5 0.9 239.29 4.00 40 11 110 200 589.29 

Average  240.95      639.95 
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The average Picking time for each route was calculated 
as shown in the above Tables 1, 2, 3, 4 and 5, then the 
productivity, how many order that the operator can perform 
in one working day, was calculated as shown in Table 6 for 
the operator when he use each route using equation 2: 

Total working hours = 7 hrs/day 
Productivity = total working time (min)/ total picking time 
needs to complete one order (2).

 
Table 7 Productivity for each rout 

Route Average Picking Time (hrs.) Productivity (Order/Person/Day 
S-Shape 320.09 33 
Combined  244.45 37 
Largest gap 237.55 38 
Aisle by aisle  215.36 39 
Self-Experimental 380.00 31 
Optimal 215.36 39 

 
As shown in (Figure 11), a strong correlation was found between the average travelled distance for each route and the 

operator productivity. 
 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 11 Correlation between productivity and travelled distance 
 

      As a result, the routing method the operator use can affect his productivity as shown in (Figure 12). 
 
 
 

 
 
 
 
 
 
 

Figure 12 Productivity for each routing method

6 Conclusion 
The main aim of this study work was to solve a relevant 

problem within the field of the logistics sector in general 
warehouses order picking route activity in particular, 
showing its influence on labour productivity and its 
contribution to the retailer warehouse in an emerging 
economy. Analysing and diagnosis of the current situation 
of the retailer warehouse order picking route was presented 
as the main problem the low productivity rate in the 
processes of storage and picking, resulting in the use of 
overtime to not affect the level of service to the customer-
impacting on the cost overrun. The logistical activity of 

picking orders is one of the most important activities that 
depend on time in most warehouses, and that plays a big 
role in influencing the entire supply chain. From this point 
of view, this study provides suitable solutions optimize the 
route selected for order picking and preparation of different 
orders for customers in a rectangular warehouse that 
contains multi parallel-aisle with section aisles in the centre 
and edge of each aisle. Where this study aims to propose a 
directive policy that works to reduce the total time and/or 
shorten the distance travelled in the processes of picking 
and selecting different requests, which would reduce the 
total costs and work to raise the productivity of the labour 
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available in the warehouse. Where this was achieved 
through the improvement in labour productivity using the 
simulation method. Two different ways/options adopted 
based on the order-picking process allocation into the 
warehouse have conducted the simulation. 12 various pick-
order locations were simulated and the simulation 
delivered routes for various routing policies: S-shape, 
combined, largest gap, aisle-by-aisle, and self-
experimental for both scenarios. The results illustrate that 
the proposed approaches outperform the S-shape, 
combined, largest gap, aisle-by-aisle, and self-
experimental methods by 29%, 24%, 21%, 19 %, and 17%, 
respectively. The major outcome that can be reached from 
this conducted study, and based on the obtained results, is 
that the order-picking process in the warehouse operation 
needs a high number of laborers. In order to reduce this 
number labor, utilization must be increased; this research 
result shows that if the operator was provided with the 
optimal route to use in the picking process that productivity 
has increased by 29%. Optimizing order picking as 
suggested would improve the processes that would run 
more efficiently. The enhancement includes discovering 
the optimal route by a simulator that will directly have a 
positive impact on the consumption of order-picking time. 
Future research work can be conducted to overcome There 
are some limitations during conducting the current 
simulation model. Therefore, some modifications can be 
made to the simulation that was applied in this study by 
selecting and defining different locations to accommodate 
more realistic and actual situations. Moreover, the data can 
be used and developed by researchers in more complex 
situations; for example, multiple pickers in relatively large 
and multi-purpose warehouses, in addition to that other 
uncertain factors can be introduced, such as bottlenecks 
that occur in traffic through different paths and errors in 
operators. Kanban triggers can be taken into consideration 
by performing random optimization. 
 
6.1 Practical implications of the study 

Through the gained results, a time study was made 
using a stopwatch to define the average picking time of 
each operator using simulation tool for those routes, there 
are a number of useful practical implications that can be 
acquired. It deals mainly with (a) organizational culture, 
(b) process re-structuring and re-engineering, (c) staff 
resistance to change, and d) motivation for maintaining the 
new way of doing business. We can summarize the main 
implications of the study as follows:  
 Most of the companies and their warehouses need to 

adopt an effective digital transformation approach in 
the various logistics functions and move from the 
system of picking orders in the traditional way to the 
system of picking according to the future vision, 
bypassing only the process of updating the current 
technology used. Where the adoption of new and 
modern automation tools can result in a state of 
dissatisfaction among the workforce, and if it is not 

managed effectively and correctly, it may result in a 
failure in investment and a decline in performance. 
Therefore, it is necessary for companies to alert to 
increase awareness among employees and workers in 
them by creating an organizational culture that will 
raise the level of readiness and readiness to keep pace 
with rapid technological progress. 

 Process re-structuring and re-engineering Regardless of 
the need of the companies and their warehouses for the 
need for organizational culture, the reason for failure 
may be attributed to the failure to adopt a policy and 
implement the process of re-structuring and re-
engineering operations when necessary and the urgent 
need for that. Therefore, companies today must 
determine the necessary needs for their operations and 
various logistical activities, including the order-picking 
processes of different customers’ requests according to 
the latest new and adopted technology. 

 Staff resistance to change: most of the workers in the 
various companies and warehouses tend to resist 
change by replacing them with technology, due to their 
natural fear of putting them in the job danger zone. 
Typical questions are asked to the workforce who work 
in the logistics sector in general, and to workers in the 
order-picking techniques in particular when it is 
directed towards adopting new technologies or systems 
in order to maintain the workforce in companies and 
their warehouses and increase awareness of it through 
successful and effective management. In addition to 
adopting an effective and continuous training system to 
keep abreast of various developments in updating 
systems, which include it will facilitate the tasks and 
work of the various workers. 

 Adopting a new motivation style for maintaining a new 
approach to performing the picking order process 
within businesses and their warehouses: next, perform 
a multi-level run installation for the order-picking 
process via simulation, it is crucial to keep the new 
approach to acting and executing order-picking 
processes in the business and in its warehouses. Finally, 
continuous improvement of the order-picking process 
should be adopted as an approach to preserve the users' 
interests; thus, their proposals for enhancements from 
the workforce are crucial with the new systems adopted 
such as picking order at warehouses. 
 
This study highlights further future research work. 

While satisfying its goals, the research expanded and 
identified other possible approaches for optimization. 
Within the established methodology, there is still room for 
further optimization, such as zoning, batching and others 
methods to increase the productivity for the studied or 
investigated warehouse. Adopting and implementing this 
methodology, ensuring that the automatic handling process 
could be recommended instead of manual handling in the 
studied warehouse. Adding a new technology as light or 
sound picking for observed warehouse in this case study. 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational 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 
 

~ 132 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

Finally, most of the case study concentrates on a specific 
order picking situation or decision problem. Therefore, it is 
not straightforward to apply approaches developed for a 
specific situation to another situation. General design 
procedures and global optimisation models of order 
picking are still lacking. 
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