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Abstract

Popularization of Internet access and socio-economic growth were the reasons of taking the 13th place by
Poland in the list of countries according to the speed of e-commerce market development. The dynamics of
this development determines the need to constantly analyze processes in e-commerce enterprises and make
changes to meet the growing demands of customers. Short delivery time is now a key factor, which significantly
affects gaining competitive advantage. One of the increasingly used solutions allowing to get it, is implementing
goods to person principle in the picking process.

Using this principle is connected with the necessity of applying conveyors, stacker cranes and/or automated
guided vehicles. Implementing this kind of handling equipment creates the need of system analysis already at
the design stage. To make this possible without interfering with the real system, simulation modeling is used
increasingly often. Representation of considered system operation with the use of simulation methods is not
only a good supporting tool in designing new system elements. It can also be used to analyze warehouse
solutions, which have been already implemented.

Simulation model of picking process with the use of conveyors and stacker cranes was used in this article. The
model was subjected to sensitivity analysis to indicate its problematic areas, to determine its maximum
efficiency and factors which can negatively influence on its reliability. Maximum frequency of releases from the
storage area and efficiency of picking and packing stations were also presented.
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INTRODUCTION

The number of Internet users in Poland maintains an upward trend over the years. Currently, their number is
estimated at 27.5 million people, which is more than 71 % of the polish population, what shows Geminus’
report E-commerce in Poland 2019. In addition, there has been a noticeable increased interest in online
shopping in recent years. In connection with the above, the e-commerce market is dynamically developing in
Poland. This is confirmed by the growing share of the value of this market in Poland's GDP every year (Figure
1). In 2018 e-commerce market had the value of over 18 billion euro.

In the context of e-commerce, the authors present its current state and development prospects, based on
publicly available reports. The number of online stores over the years and their distribution based on activity
time on market and number of employees is presented. The age of the clients, the type of products most
frequently bought and the opinions of Internet users about online shopping are also taken into account. In
addition, problematic areas are indicated along with proposals for their improvement [2], as well as barriers to
the development of e-commerce enterprises [3].

Growing number of online stores is the reason for greater choice of products, but it is also connected with
setting greater expectations by clients. Low prices, high quality and wide range of offered products is currently
not enough. Key factor, which can provide new clients and keep the regular ones is a guarantee of short
delivery time. In connection to this, e-commerce enterprises are aiming to shorten warehouse processes [4-7],
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which are constantly analyzed and evaluated [8-10]. Technological solutions limiting human participation in
the preparation of orders to a minimum in order to apply partial or complete process automation are
implemented. The use of automated guided vehicles [11-13], stacker cranes, automatic shelving [14-17] and
conveyor system [18-20] is becoming more and more common. The process where these solutions are used
is primarily the picking process [21-23]. Picking can be done by two main principles: person to goods or goods
to person. In the first one picker moves to given locations from the picking list, where ordered products are
located. Time of walking between locations is strictly connected with unpredictable human factors [24,25] and
it is also over 50 % of the total picking process time [26]. According to this, more and more often goods to
person principle is implemented. In this principle necessity of moving between locations is eliminated, which
is very often a reason for not completing orders according to the set time. The application of this principle
eliminates the need to implement route planning algorithms that are part of transport problems [27-31].
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Figure 1 Share of e-commerce market value in Poland’s GDP [1]
One of the solutions in goods to person principle is implementation of a system consisting of stacker cranes

and conveyors. In this type of system picker’s role is limited to picking the product and putting it in the right
container. The picking system with type of solutions has been analyzed in this article.

The aim of this article is to present picking process analysis for the e-commerce enterprise on the basis of
simulation model. Maximum frequency of releases from the storage area and efficiency of picking and packing
stations were presented. Additionally, maximum efficiency of the system and its problematic areas were
shown.

SYSTEM AND MODEL DESCRIPTION

In analyzed system two types of orders can be seen: for individual clients and for enterprises. They are
distinguished by the type of packaging. Orders for individual clients are placed in cardboard boxes and orders
for enterprises are placed in plastic containers.

The input in analyzed system are client’s orders. The system can be divided into two subsystems (Figure 2):

o Subsystem of releases from the storage area, which are based on clients® orders (subsystem 1)

° Subsystem of picking and packing processes with the use of goods to person principle (subsystem 2)

The processes from subsystem 1 can be described in the following points:

1.1. Client makes order through the website.
1.2. The order is directed to the warehouse management system and queued as part of ongoing tasks

1.3.  Location of order's components is searched and the product is reserved
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1.4.
1.5.
1.6.
1.7.

Stacker crane takes the klt-box from the rack and transports it to the conveyor
Klt-box moves to one of six picking stations

After picking the right product by the picker, klt-box moves back to the stacker crane*
Stacker crane puts the klt-box to its location

*In the case when klt-box is empty, it is removed from the conveyor, refilled and placed back on the conveyor

The processes from subsystem 2 can be described in the following points:

1.1.
1.2

1.3.

1.4.

In the picking station, on one from six monitors full information about order is showed

Picker prepares the appropriate packaging (depending on the client type) and puts it under the monitor.
On the conveyor from subsystem 1 order’s component is transported. After picking the right component
from the klt-box, picker puts this box on another conveyor, which transports it to the stacker crane

The previous activity is carried out until picking process of given order is finished. After this picker pushes
the container on another conveyor located behind picking points. Container is transported to the carton
closing machine.

Containers are transported to the packing stations, where they are prepared for shipment. If the order
was packed in plastic container, packer puts the new container on conveyor. If the order was packed in
cardboard box, new box is sent from the cartoning machine.
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Figure 2 Scheme of the picking system

Modeling [32,33] and simulation are used to analyze processes in detail characterized by randomness
[34-38]. Simulation model used in this article to analyze picking process was created with the use of Flexsim
software. This model is characterized by constant and variable parameters (Table 1).
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Table 1 Model’s constant and variable parameters

Name of the parameter Designation Value
Constant
Speed of the conveyor Ve 1 m/s
Number of picking stations Npa 6 units
Number of packing stations Npi 16 units
Working hours per shift t 8h
Variable
Number of pickers ni {1, ..., 6}
Number of packers n2 {1, ..., 10}
Frequency of releases from the warehouse tw {0.8;1;2;3;3.34;4; 5} s

The visualization of the picking system in the analyzed enterprise is shown on Figure 3.

Figure 3 Visualization of the analyzed picking system in Flexsim software

A sensitivity analysis was carried out to determine the maximum efficiency of the system and to identify its
limitations. By changing the input parameters and conducting 100 repetitions of simulation, the number of
orders finished in the picking process and packing process were examined.

RESULTS OF SIMULATION

In order to transport klt-boxes to the picking stations just in time, there must be correctly established frequency
of releases from the storage area. Currently it is 3.34 seconds. By checking longer and shorter time intervals
it was possible to designate the best fitted time. After conducting 100 hundred repetitions of simulations, results
were presented in form of a chart (Figure 4).

Time interval longer than 3.34s gives worse results than the time currently used. However implementing 3
seconds as time interval can give better efficiency. It is possible to get 249 packed orders per 1 hour instead
of 222 packed orders. Additionally, with this interval percent of packed orders in picked orders is the highest
at the level of over 81 %.
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Figure 4 Number of orders finished in picking and packing process per 1 hour

Important parameters in analyzed system are also number of pickers and packers. Taking into account
currently used frequency of releases from the storage area, number of required pickers and packers was
examined. There are six available picking stations in the system. Results show that with the releases from
warehouse every 3.34s, efficiency of picking stations with the use of 3, 4 or 5 pickers is at the similar level
(Figure 5).
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Figure 5 Efficiency of picking stations with the use of different number of pickers
Using 4 pickers instead of six can give the highest average efficiency of picking stations (280 orders per 1
hour) with results concentrated around it.

Correct number of pickers is not enough to get the best possible overall efficiency. As important as number of
pickers is also proper number of packers. Number of packers was changed and number of packed orders was
compared with the number of previously picked orders (Figure 6).
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Figure 6 Efficiency of packing stations with the use of different number of packers

On the basis of results it can be stated that with 7 packers it is possible to get the highest number of packed
orders per 1 hour. Getting better efficiency with less number of packers is connected with applied conveyors.
More packers means longer transport path, which is the reason of lower efficiency. However too few packers
can create situation, where conveyor is blocked because of orders are not packed on time.

CONCLUSION

Goods to person principle implemented in the picking process can largely eliminate unpredictable human
factors, which are one the the main reasons of delayed order processing. Conveyor systems are solutions very
often applied according to this principle. In analyzed e-commerce enterprise used conveyor system has serial
structure. Every element of the system is strictly connected with the others. Due to this, occurrence of damage
in any element can stop the entire system. This is the main limitation of such systems. With the use of Flexsim
software, simulation model was created. Results of conducted simulations enabled to indicate the number of
pickers and packers and also the time interval between releases from storage area, which can give the highest
efficiency. Reducing number of pickers and packers can give improvement in picked and packed orders per 1
hour. In making changes in conveyor systems or implementing them, it is important to consider connections
between elements. In choosing proper number of pickers, there should be number of packers and frequency
of releases from warehouse taken into consideration. Too many or too few workers can lead to lower efficiency.
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