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ABSTRACT 
Distribution centers (DC’s) are getting more complex and are subject to automation. This makes it 

harder to understand the process and predict key performance indicators when a DC is being built 

or remodeled. Centric, a company that sells a warehouse management system (WMS), is confronted 

with the same problem and needs a tool to quickly get a good overview of the processes within a DC 

to estimate performance and detect possible bottlenecks at an early stage. This master thesis 

project tests whether simulation is the right tool to do this. The simulation software that was used 

is Enterprise Dynamics (ED) of InControl, by request of Centric, but other simulation software could 

have been used to do the same research. The outcomes of the project are valuable not just to 

Centric, but to any company with a large DC, as having an overview of the DC and being able to 

predict performance is a necessity for having an efficient process. The result of the study is two-

fold; simulation is the right tool to quickly get a good overview of the processes within a DC to 

estimate performance and detect possible bottlenecks at an early stage, and Enterprise Dynamics 

can be the right tool to do it. However, the right data and information about the simulated DC is 

needed and not just anybody can start simulating with ED. There is skill and experience with ED 

needed to build a model with the required level of detail and in a timely manner. 
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MANAGEMENT SUMMARY 
The aim for this project was to develop an Enterprise Dynamics simulation model that is both 

beneficial for design and sales of the warehouse management system in order to give Centric an 

advice whether simulation is the right tool, whether Enterprise Dynamics is the right software, and 

whether the simulation can be made in a timely manner while having the required level of detail.  

The questions that will be answered are: 

 Is simulation the right tool to solve the problem? 

  Is Enterprise Dynamics(ED) of InControl the right software to do it? 

 Can the simulation be made in a timely manner while maintaining the required level of 

detail to make the simulation valuable? 

 Can a Centric employee make the simulation? (i.e., what is the required skill needed to make 

the simulation model with ED?) 

To give a grounded answer to these questions, the project was preceded by a literature study that 

looked into the use of simulation in general, previous studies where Enterprise Dynamics was used 

and the effects of having a visual representation of a process (such as having a 3D model). The most 

important outcome was that simulation approach has the following advantages: 

 Simulation can handle complex real-life situations where traditional theory cannot 

 Simulation helps to gain insight in complex situations 

 Simulation is an easy and cheap way to test ‘what-if’  situations 

 Simulation can be done best with a modular design to save time and effort 

This meant that the first research question could be answered. Simulation is the right tool to solve 

the problem as it is a way to get a quick insight in complex situations and it is an easy and cheap 

way to test ‘what-if’ situations. 

To answer the other questions, an actual Enterprise Dynamics simulation model of an existing 

distribution center (or in this case, a distribution center that was being built at the time of writing) 

was built. A new part of the Xenos distribution center (DC) in Waalwijk was chosen to be the 

subject of simulation because of it had a suspected bottleneck and because it was being built at the 

time of this writing, the results of this project could also be of value to Xenos, a customer of Centric. 

Also, there was a sufficient amount of data available to make a simulation model. The part of the DC 

that was simulated was the part around the repackaging stations. These stations receive pallets to 

refill the bins of the automated goods carrier. This automated goods carrier is used for the actual 

order picking. However, this project focuses on the repackaging stations and the conveyor belts 

around it. This would give sufficient information on the capabilities of Enterprise Dynamics and the 

time and skill needed to make such a simulation.  

In order to get a feeling of ED, two full days of training at InControl (the developers of ED) were 

taken and practicing with ED was done during the entire course of this project. The basic 

functionalities are discussed and a detailed description of all the elements used in the simulation 

model of the Xenos DC was made to understand how ED works. At the same time, data about the 
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Xenos DC was gathered and analyzed. One can think of order arrival rates, detailed information on 

the processes in the DC and information about system settings and other variables. This resulted in 

an ED simulation model that was very much alike the part of the Xenos DC. There were some 

differences, the most important being the arrival process of pallets into the system. In the 

simulation they originate from one single point as were the pallets in the actual DC are picked by 

automated cranes and put on different places on the main conveyor belt. Also, the amount of 

products on a pallet that has to be repackaged was standardized. 

To test if the simulation model could produce valuable results, a total of eight scenarios was tested. 

These scenarios differed from each other in terms of (1) pallet arrival rate, (2) whether there are 

extra waiting spots available for pallets in the system, (3) what the settings of the junction from the 

main conveyor belt to the repackaging station was, and (4) the amount of repackaging stations. 

Significantly different results were expected for some of the scenarios, and to test whether the 

simulation model was capable of showing these differences, five test runs (all of which represented 

one working day) were done for every scenario.  

The results shown in Figure I are the throughput times of the pallets in the different scenarios. Also 

the occupation rates of the active repackaging stations were recorded. These are the most 

important figures in determining system performance. In combination with the 2D and 3D models, 

one can clearly see how the system is performing and what effects the different settings in each 

scenario have. 

 
Table I: Throughput results (in seconds) 

 

The results of the simulation proved that the ED simulation model is capable of simulating the DC at 

the required level of detail to detect bottleneck and product valuable results. Beside the numerical 

simulation results, it gave a very good indication what skill is needed to build a similar ED 

simulation model and what skill it requires to do so. At this point the remaining research questions 

can be answered to give an advice to Centric. The numerical results of the simulation could also 

prove to be of value to Xenos, and a recommendation for the setup around the repackaging stations 

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Junction setting Pallets go round Blocked junction Pallets go round Blocked junction

Waiting spot setting No extra waiting spots No extra waiting spots Extra waiting spots Extra waiting spots

Pallet arrival rate Negexp(45) Negexp(45) Negexp(35) Negexp(35)

Repack rate Normal(15,8) Normal(15,8) Normal(15,8) Normal(15,8)

# Repack stations 4 6 4 6 4 6 4 6

Total Repacked 1127.8 1147.0 1147.0 1172.4 1479.2 1468.6 1448.0 1512.4

Total Not Repacked 133.6 127.0 126.2 129.4 156.2 167.2 170.0 170.8

Avg. time Repack 731.8 528.1 742.2 528.7 764.2 592.6 706.2 594.4

Avg. time Not Repack 317.8 317.8 421.0 318.7 319.1 318.2 345.5 318.6

Avg. total time 687.8 507.1 710.3 507.9 721.6 564.5 668.4 566.4

# pallets left in 

system after 16hr 15.4 14.2 17.2 12.4 22.6 17.2 18.4 16.8

Time needed to clear 

system after 16h 734.9 555.6 810.2 480.0 918.9 590.9 721.6 593.2
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of the system in the Xenos DC in Waalwijk is also given. The following advice given to Centric 

(besides the advice that simulation is the right tool): 

Regarding the question “Can the simulation be made in a timely manner while maintaining the 

required level of detail to make the simulation valuable?”, it is found that the Enterprise Dynamics 

simulation model of a distribution center can be made in a timely manner as long as the person 

building the model is an experienced ED user with the right data at his/her disposal.  

Regarding the question “Can a Centric employee make the simulation? (i.e., what is the required 

skill needed to make the simulation model with ED?)”, it is found that a regular Centric employee 

cannot make the simulation with ED. Therefore someone should be trained to work with ED or 

someone with the required skill must be hired, depending on how often a simulation model has to 

be built and what is financially most attractive. 

Regarding the question “Is Enterprise Dynamics(ED) of InControl the right software to do it?”, it 

was found that Enterprise dynamics can be the right software for Centric. The software is capable 

of simulating complex processes, register simulations extensively and present it all in 3D. Even 

though someone experienced and skilled with ED is needed to build the model, this is not 

something that can be avoided by Centric by using another simulation tool.  

The recommendations for Xenos: 

The first recommendation is the use of extra waiting spots for pallets before the elevators to the 

repackaging stations. This would dramatically increase the performance of the system in terms of 

the amount of pallets that the system can handle and increase the occupation rate of the 

repackaging stations. 

Secondly, set the junction for the main conveyor belt to the repackaging stations to the ‘blocked’ 

setting. Even though it might look that the system gets jammed sometimes, the average throughput 

time will still be lower than in the ‘pallets go round’ setting. In the latter setting the pallets are 

moving, but as they are moving in circles, this only gives a false impression of being busy.  

Finally, the last recommendation is to only use more repackaging stations in combination with 

extra waiting spots before the elevators to the repackaging stations. Without these extra waiting 

spots, the efficiency of the added repackaging stations would very low and only a marginal 

improvement. 
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1. INTRODUCTION 
Distribution centers (DC’s) are getting more complex and are subject to automation. This makes it 

harder to understand the process and predict key performance indicators when a DC is being built 

or remodeled. Centric, a company that sells a warehouse management system (WMS), is confronted 

with this problem and needs a tool to quickly get a good overview of the processes within a DC to 

estimate performance and detect bottleneck in an early stage. This master thesis project tests 

whether simulation is the right tool to do this. The simulation software that was used is Enterprise 

Dynamics (ED) of InControl, by request of Centric, but other simulation software could have been 

used to do the same research. The outcomes of the project are valuable not just to Centric, but to 

any company with a large DC, as having an overview of the DC and being able to predict 

performance is a necessity for having an efficient process. This chapter will start by presenting the 

problem statement (section 1.1), after which the research questions for the simulation model (1.2) 

are presented. Furthermore, the end products are defined (1.3), the methodology for building the 

simulation model is presented (1.4), a brief introduction of Centric is given (1.5) and the chapter 

ends with an overview of the reports structure (1.6). 

1.1 Problem statement 
When Centric is being asked by (potential) customers what the performance figures of their 

distribution center or warehouse will be, such as throughput time, potential bottlenecks and 

occupancy percentages or what the improvement will be should Locus WMS be implemented, it is 

very often a question that is very hard to answer. Centric experts will have to make an estimate by 

using existing theory, their experience and simulations made by the mechanization hardware 

providers. The simulation provided by the mechanization hardware providers is often focused on 

the technical parts of a specific machine and loses track of the general logistic process. This will 

often result in a very rough estimate that might not be very representative for the whole system, 

which may not be satisfactory to the customer. To make better estimates and to show what will 

happen in the distribution center, Centric now makes a demo with Locus WMS. Making a demo 

requires a lot of time and effort, which results in higher cost and will only result in knowledge 

whether Locus will work, not how well it will perform. A new approach, developing a simulation 

model, might address these problems. It can simulate the system to provide performance estimates 

for different scenarios and gives a visual representation of the system to provide quick insights. 

This visual representation can also be of value to the sales department where they lack a 3D model 

to show to customers where Locus WMS is effectively working. At this point they can describe all of 

its features to the last detail, but the sales process could be enhanced by adding a 3D model of the 

distribution center that would be managed by Locus. 

The Xenos distribution center in Waalwijk was used to be the base for the simulation model. The 

part of the DC this project will focus on is around the repackaging stations (Shown in Figure 2). This 

part of the system was ideal because of the expected bottleneck between the ‘Highway’ conveyor 

belt (this is the conveyor belt that makes a circle in this part of the DC) and the repackaging 

stations. This conveyor belt is too short to be a good buffer between the ‘Highway’ and the 

repackaging stations and will probably cause congestion to the system as a whole. For the 
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simulation model to be valuable to Centric, it has to be able to be built quickly while still being able 

to detect bottlenecks. 

1.2 Research questions 
To see whether a simulation can provide the solution to these problems, a simulation model will be 

made. The part related to logistics received most attention in this project, the part whether the 

simulation model has added value to the sales process due to its 3D visual presentation was 

covered in the preceding literature study of this project (van Voorthuijsen, 2014) 

The aim for this project is therefore to develop a simulation model that is both beneficial for 

design and sales of the warehouse management system and that can be made in a timely 

manner. 

The one condition of Centric on the simulation model was that it had to be made with Enterprise 

Dynamics (developed by InControl).  The distribution center that would be used for the project was 

not specified, neither was the level of detail of the simulation. It was determined quickly that the 

Xenos distribution center in Waalwijk was the ideal DC to simulate because of its availability of 

data, the potential bottleneck on the conveyor belt and the fact that it was being built at the 

moment of this writing.  

To test the model on its capability to simulate different ‘what if’ scenarios, several scenarios that 

could be implemented in the Xenos DC will be simulated. The scenarios will differ from each other 

depending on the settings of the system. The settings that will be adjusted include: 

a) If the junction towards the waiting line of the repackaging stations is blocked, the pallet will 

either be send trough on the ‘Highway’ for another round or wait until the junction is free to 

pass to their destination. 

These two settings for the flow of pallets through both have upsides and downsides to the total 

expected time of the pallet being in the system depending on what the destination of the pallet is. If 

the setting that the junction will be blocked until there is enough buffer space available on the 

conveyor belt to the repackaging stations is active, pallets coming from Warehouse 2 with 

destination Warehouse 1 might have a long waiting time before the junction that it simply needs to 

pass. This will not be a problem with the second setting, where the pallets will simply pass the 

junction if there is not enough buffer space available on the belt to the repackaging stations. 

However, for pallets from Warehouse 2 with destination repackaging stations, this might negatively 

influence the total time in the system, because if the junction is blocked the pallet will have to go for 

a complete round on the lengthy ‘Highway’ which will take several minutes, which might be 

considerably longer than the expected waiting time for a spot in the buffer. 

b) The conveyor belt before the elevator to the repackaging stations is being used as a waiting 

line as well. 

This effectively increases the buffer spaces by the number of repackaging stations that are active (if 

one pallet is allowed to wait for the lift to the station). By increasing the buffer it decreases the 

chance of the junction being blocked and it also decreases the idle time of the repackaging stations 
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between pallets. It will however increase the time it takes to close a station if the occupancy rate of 

the stations drops, because the pallet waiting for the lift can only be repackaged by that specific 

station.  

c) Extra repackaging stations are opened/closed 

This will influence the rate if which pallets are going through the system. It is valuable to know 

what happens to the performance of the system if an extra station is opened or closed. The Xenos 

DC is being built with four repackaging stations, but in the future this can be expanded to six 

stations. Therefore the scenarios created with the two settings on pallet flow and extra waiting 

spots will all be simulated with four and six repackaging systems. 

1.3 End products 
The main deliverable will be a thesis which provides useful feedback to Centric. This advice will 

cover several questions, namely; 

 Is simulation the right tool to solve the problem? (‘yes’ was the conclusion of the literature 

study preceding this project)  

 Is Enterprise Dynamics(ED) of InControl the right software to do it? 

 Can the simulation be made in a timely manner while maintaining the required level of 

detail to make the simulation valuable? 

 Can a Centric employee make the simulation? (i.e., what is the required skill needed to make 

the simulation model with ED?) 

The second deliverable is the ED simulation model of the Xenos DC that is capable of detecting 

bottlenecks and producing relevant performance figures. This model includes a 3D representation 

of the simulated part of the distribution center.  

1.4 Methodology 
To give an answer to the research questions, a simulation model has to be build. To build a 

simulation model in the correct way one can follow the Simulation Model Development Process 

(SMDP) suggested by Manuj, Mentzer and Bowers (2009). This SMDP specifies eight different steps 

to perform a rigor simulation study that provides reliable results. These steps are incorporated into 

the chapters of this report. Step 1, 2 and 3 are incorporated in Chapter 3, step 4 and 5 in Chapter 4 

and Chapter 5, step 6 in Chapter 6, and step 7 and 8 in Chapter 7. 

Step 1: Specifying independent and dependent variables 

In this first step all the variables have to be specified. This means that all the input variables have to 

be determined as well as the required simulation output. In this project, input variables will for 

example be number of products on a pallet, repackaging time, conveyor speed, etc. Output variables 

will be occupancy rates, process cycle times, and etc. 
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Step 2: Develop and validate conceptual model 

The conceptual model describes all the model components, relationships and assumptions of the 

system. This also implicates that the system boundaries will be defined. In this project, the 

challenge is defining to what extend the components and relationships will be simulated in detail. 

The assumptions will therefore be important.  

Step 3: Collecting data 

To find data for all the independent variables often proves to be a challenge as data is not always 

collected and/or stored in one place by the same organization. Even if there is data and its location 

is known, it might not be available to use due to confidentiality of data or hard to use because of its 

format.  

Step 4: Develop and verify computer-based model 

With all the model components and relationships known, the development of the actual simulation 

model can begin. For this project this has to be done with Enterprise Dynamics from InControl. 

After the model has been build, it has to be verified by all stakeholders to assess if the model is 

working as intended.  

Step 5: Validate the model 

To determine whether the simulation is a good representation of the actual system Manuj et al. 

(2009) provides four steps to check this. The first step is to check if the simulation model and 

conceptual model are similar. The second step is performing a walkthrough of the model and 

evaluate the reasonableness of the results with the stakeholders. If at this point the first two steps 

are completed successfully, the model is considered face valid. However, to validate the model 

further, there are two more steps to be done. The third step is executing a input-output validation 

by comparing simulation output with real data. This is however not always possible due to lack of 

data to compare with. In this project, there is no real output data as the system that is being 

simulated has not been built yet. The fourth step is executing a sensitivity analysis by varying input 

parameters and determining whether the simulation model behaves as expected. 

Step 6: Perform simulations 

After building, verifying and validation the model it is now almost time to perform the simulations. 

First the simulation run length, number of independent replications and warm-up period has to be 

determined. Increasing the run length and replications will result is more gathered data and more 

precise results. The warm-up period prevents that unrepresentative data is included in the 

gathered data.  

Step 7: Analyze and document results 

The data gathered can now be interpreted so that conclusions can be drawn and insights can be 

provided to the stakeholders.  
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Step 8: Scenario analyses 

If the SMDP is followed correctly the simulation model allows for reliable scenario analysis. 

Simulation of several ‘what-if’ scenarios can now easily be done by changing values of some of the 

system parameters. For this project, the scenarios we are interested in are in the previous sections. 

1.5 Centric 
Centric Logistic Solutions provides WMS software to control all logistic processes in a DC or 

warehouse. The main product is called Locus WMS and does have an extensive set of modules that 

provide support such as real-time KPI-overviews, integration with TMS and integrated voice 

application for manual order picking. This software is able to tell order pickers what to pick and 

where to pick it at the right time and in the right amount, give a real-time overview of your DC and 

provides all the accompanying paperwork for administration. Locus WMS is a task controlled WMS, 

i.e. telling operators what to do by issuing tasks. Mostly RF-handheld terminals are used by 

operators, also voice for order picking, but hardly any paper anymore. 

For Xenos Locus works no different. Locus is the nerve center of the distribution center and directs 

all movement in the DC. Labeling all pallets and products and monitoring their status while they are 

in the DC. The label that Locus gives the pallets and products determines how they will be routed 

through the system, which will be simulated in this project..  

1.6 Report structure 
 

Although the Simulation Model Development Process (SMDP) suggested by Manuj, Mentzer and 

Bowers (2009) is used as a guideline to build a proper simulation model, the report is not set up 

according to the eight steps. In this section the report structure is presented.  

Chapter 2 presents the summary of the literature study that preceded this project. The simulation 

of logistic processes in general is discussed as well as Enterprise Dynamics in other studies, the 

power of having a visual representation of a process and distribution center logistics. 

Chapter 3 gives an overview of the Xenos distribution center that was simulated, from layout, to 

order data and processes.  

Chapter 4 gives an introduction to Enterprise Dynamics, the simulation software used to simulate 

the Xenos distribution center. Its functionality in general and the elements that were used in this 

project are discussed. 

Chapter 5 introduces the simulation model and discusses all the relevant differences with the actual 

situation in the Xenos distribution center.  

Chapter 6 gives the simulation design, expectations and will eventually presents and discusses the 

results of the simulation runs that have been done.  
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Chapter 7 concludes the report by giving an advice to Centric about using Enterprise Dynamics as a 

simulation tool based on my experiences with ED and the results of the simulation model. A 

recommendation is also given to Xenos based on the simulation models, and the research 

limitations and directions for future research are discussed. 

Chapter 8 is the bibliography and presents all the academic sources used to create this report and 

the preceding literature study. 

The Appendices give additional information on the layout of the Xenos distribution center, data 

analysis, Enterprise Dynamics and detailed simulation results. 

Figure 1 gives an overview of the report structure. 

Chapter 1

Problem description

Chapter 1

Methodology

Chapter 2

Literature study

Chapter 3

What is being 

simulated? 

- Xenos DC 

Chapter 4

What is the 

simulation software?

- Enterprise Dynamics 

Chapter 5

The simulation model

- The ED simulation 

model of the DC 

Chapter 6

Simulation results

- Results of the 

simulation runs

Chapter 7

Conclusions

- Advice to Centric and 

Xenos

 

Figure 1: Structure of the thesis 
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2. LITERATURE REVIEW 
In preparation of this master thesis, a literature review has been performed to get a deeper and 

more complete understanding of the subject of this project. The subjects of this preparation are 

simulation of logistic processes in general (section 2.1), Enterprise Dynamics (2.2) and the 

visualization of logistic processes (2.3). This chapter gives a short summery of this literature 

review. 

2.1 Simulation 
Although the environments in which the simulation takes place in the four articles I covered in the 

review (Joustra & van Dijk, 2001; Kara, Rugrungruang, & Kaebernick, 2007; Marco & Salmi, 2002; 

Shabayek & Yeung, 2002) are very different from each other, some conclusions about the 

simulations are quite consistent. The motivation for doing a simulation of the logistic process is 

often simply that there is no theory that can represent the real life situation good enough. Queuing 

theory often falls short in unrealistic assumptions or oversimplification of the situation. Theory is 

still used for validation, but in truly complex situations simulation will perform better in predicting 

performance. 

In these complex logistic systems there are often different processes that have an effect on each 

other. To see how processes relate to each other and how they affect each other, simulations can 

prove to be very useful. By varying input parameters one can gain insight in the process that would 

otherwise require much more effort and skill to understand. Another advantage of being able to 

play with the input parameters is that one can easily make changes to the situation, for example, the 

question “what happens to the throughput time if we create an extra service point?” can now be 

answered by simply making a small modification in the model instead of actually building a new 

service point an hiring an employee to see what actually happens. Also, the effect on other parts of 

the system can be seen as well; therefore, companies use simulations to see the expected 

performance of their system for ‘what-if’ scenarios.  

All four articles have their own system to model with all different simulation tools, but in their 

process they have one thing in common: they use a modular design. The systems are often complex 

and hard to design in one piece, also, some parts of the system are very much alike and it saves time 

to build modules that can be copied. In the Airport simulation model of Joustra and Van Dijk (2001) 

for example, there are three different building blocks: (cargo) bay, walking path and check-in 

counter. With these modules numerous situation can be created to simulate. 

What was learned from reviewing literature on simulation of logistic processes? 

 Simulation can handle complex real-life situation where traditional theory cannot. 

 Simulation helps to gain insight in complex situations. 

 Simulation is an easy and cheap way to test ‘what-if’ situations. 

 Simulation can be done best with a modular design to save time and effort. 
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2.2 Enterprise Dynamics 
The one thing that clearly stands out from the articles (Gutenschwager, Völker, Radtke, & Zeller, 

2012; Hamoen & Moens, 2002; van der Vorst, Tromp, & van der Zee, 2008) is the object library that 

comes with Enterprise Dynamics. It enables the users to rapidly build models and avoids doing the 

same work over and over again. In addition to that, the object are very much customizable so if the 

object in the library does not represent exactly what you want it to do, there is the possibility to 

change it to your needs.  

The articles also mention the possibility to simulate in both 2D and 3D with the simulation tool. 

This can be of great value with this being easy to build because of the object library. Visual 

representations can help in gaining insight in the system and assist in finding opportunities for 

improvements or finding bottlenecks. 

The only downside to ED found was that there is a limit on the system size that can be simulated 

(Gutenschwager, Völker, Radtke, & Zeller, 2012). Not the complexity of the system was a problem, 

but the computer that was simulating it could not handle the amount of calculations that ED asked 

it to do.  However, I do not think I will exceed this limit with the computers that are available to me 

and the system that Gutenschwager, Völker, Radtke, & Zeller, 2012 simulated was substantially 

larger than what I expect to simulate. 

What was learned from reviewing literature on Enterprise Dynamics? 

 The object library is a great advantage. 

 Building 2D and 3D models is very easy in Enterprise Dynamics. 

 Enterprise Dynamics requires considerable calculating power with larger models. 

2.3 Visual representation 
As the advantages of a simulation model of a complex logistic process (such as that in a distribution 

center) are now clear, there are some other advantages that will present themselves if there is an 

opportunity to create a visual representation with the simulation tool that are not immediately 

clear to an engineer who is focusing on the logistic advantages of a simulation model.  

To explain this, some knowledge of psychology is needed. The majority of the information 

employees get are numbers and text, both of which can easily be produced, but are much harder to 

truly understand and to interpret. For example, you could describe a warehouse with some text and 

numbers, but having a visual representation, such as a map or a picture, can give a description 

much faster. Also, one must have quite some knowledge of a logistic process to make something out 

of the bulk of data you can get from even a simple DC.  

In short, it takes effort and knowledge to make something of the abstract text and numbers that 

describe a logistic process, something that can be avoided using visual representations (Lurie & 

Mason, 2007). Humans are naturally better in interpreting visual representations. Detecting 

discontinuities, variations in color, shape and motion as well as recognizing patterns are all abilities 

that humans are naturally good at and a visual representation, such as a model of a complex 

process, are perfect for using this set of abilities. Youngworth (2005) states that the well-known 
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saying ‘a picture is worth a thousand words’ is much wider applicable than just on words, also on 

data for example. He refers to the ability of humans to interpret visual representations being better 

than interpreting plain text or numbers. 

This insight makes that visual representation can be used with the intend to give potential 

customers a better idea of what Centrics product (Locus WMS, a warehouse management system) is 

capable of and what it will do with their warehouse/distribution center. In addition to just making a 

good looking simulation of a fictive warehouse they would like to see that 2D and 3D simulation 

models are truly functional and are still to be used in the live phase of their warehouse 

management solutions. It is easier to understand what happens when we see the simulation at 

work in 3D rather than simply its numerical output. Therefore the model can be very well used in 

the design phase of a logistic process to find potential areas of improvement and detect bottlenecks. 

Of course the same can be done for existing systems that need analysis on their performance. 

What was learned from reviewing literature on visual representations? 

 Visual representations are easier to understand than plain data. 

 Visual representations can be used to quickly gain insight in complex processes. 
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3. XENOS DISTRIBUTION CENTER 
In this chapter the part of the Xenos distribution center in Waalwijk that will be the subject of this 

simulation will be described. The general function is that the repackaging stations get products 

from the pallets in Warehouse 2 to refill the automated goods carrier of medium sized products. 

The bins that the repackaging stations are filling will go to this automated carrier as soon as they 

are refilled. When the stock level of an article drops because order pickers took products from it, 

Locus will send a pallet of the article to the repackaging stations to be refilled. Because the stock of 

one article is usually in multiple bins, only empty bins will be sent to the repackaging stations. 

A simplified layout of the system (the detailed layout of the main floor can be found in Appendix A) 

is shown in Figure 2 and will be discussed in section 3.1. After a walkthrough of the layout and how 

a pallet moves through it, all the different processes will be discussed in section 3.2. Furthermore, a 

large dataset of order lines of the Xenos DC from a previous year is discussed in section 3.3  

3.1 Layout 
The layout in Figure 2 marks every significant point in the system with a number to be used for 

reference in the short walkthrough of the system which will be started with.  

The process starts with Locus giving a signal to replenish a bin from the automated goods carrier 

because the stock of that product dropped below a predefined level. The pallet with that product in 

Warehouse 2 (1) will be picked by an automated picking machine and put on the conveyor belt onto 

the ‘Highway’ (2). The ‘Highway’ is the main conveyor belt that circles in this part of the DC and it 

connects the two warehouses and the repackaging stations. 

When the pallet is on the ‘Highway’, it will soon reach the first junction (3). A scanner reads the 

label that was created by Locus and put on the pallet to see whether it has to go to the repackaging 

stations or not. If it does have to be repacked, the pallet will enter the conveyor belt that serves as 

the waiting line before the stations (4). This waiting line stops just before the first of the junctions 

towards the individual repackaging stations (5). The process of picking the right station will be 

explained in detail in section 3.2.8. 

Depending on the scenario, the pallet will now enter the waiting spot before the lift to the 

repackaging station (6) or it will directly go to the lift (7) that will bring it to the repackaging station 

directly above it. The process of repackaging will be explained in detail in section 3.2.5. When the 

pallet gets send beck down by the operators of the station it will be put back on the ‘Highway’ (2). 

At the next junction (8) a scanner will check what the destination of the pallet is. Pallets that have to 

go back to Warehouse 2 (1) or have to go for another round on the ‘Highway’ (2), will be directed to 

the right and continue on the ‘Highway’. Pallets that have to be put back in Warehouse 2 will be 

directed over the junctions back to the warehouse (9), to reach the right gantry.  

The pallets that are directed off the ‘Highway’ (2) will continue and pass two exits for two types of 

empty pallets (10). At the next junction (11) the pallets having Warehouse 1 (17) as destination will 

continue towards the lift to Warehouse 1. All the other pallets will move to the next junction (12) 

where they will continue towards the rework station (13). The reason for a junction to be here is for 
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pallets coming for Warehouse 1 that have to be repackaged or stored in Warehouse 2 (1). 

All empty pallets will simply pass the rework station and move out of the system (15). If the pallet is 

reworked it will be send back to the system through a short conveyor belt (14). There now is only 

one junction (16) unmentioned. At this junction new pallets enter the system from the arrival 

bay(18), where they can either move to the ‘Highway’ or towards Warehouse 1. Pallets moving from 

Warehouse 1 to Warehouse 2 will also pass this point towards the ‘Highway’ and pallets that 

needed rework will pass this point either to be send back to rework again if the profile scan still 

detects errors or to the ‘Highway’. 

All other parts of the Xenos distribution center that are not shown in Figure 2 are not part of this 

project and fall outside of the boundaries.  
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1 = Warehouse 2

2 = The 'Highway' conveyor belt

3 = Junction towards repackaging stations

4 = Main waiting line (before station assignment) 

5 = Junction to individual repackaging station

6 = Waiting spot before an elevator

7 = Elevator and repackaging station

8 = Junction towards pallet disposal/warehouse 1

9 = Junction back to warehouse 2

10 = Pallet disposal 1

11 = Junction towards warehouse 1/pallet disposal

12 = Junction towards pallet disposal/the 'Highway'

13 = Rework station

14 = Junction towards the 'Highway'

15 = Pallet disposal 2

16 = Junction towards the 'Highway'/warehouse 1

17 = Warehouse 1

18 = Arrival bay
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Figure 2: Layout of part of the Xenos DC in Waalwijk 
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3.2 Processes 
In this section some processes within the system will be explained in more detail. 

3.2.1 Incoming stream of pallets 
The main stream of pallets is coming from Warehouse 2 (where the pallets will be picked by one of 

the 6 picking cranes and put on the conveyor belts to the ‘Highway’). This stream is not a constant 

stream but is dependent on the amount of orders coming in. An estimation of this amount based on 

data from a previous year will be given in another section of this chapter. The composition of 

pallets can differ in the amount and size of products on it. A small stream of pallets will come from 

Warehouse 1. These pallets will either be stored in Warehouse 2 or are send directly to the 

repackaging stations. The last stream of pallets is coming in from the arrival bay and is 

replenishment for the warehouse(s) itself. These pallets will most likely be sent to one of the 

warehouses before anything else.  

3.2.2 Pallet destination 
The destination of the pallets depends on where the pallet is coming from and what processes it 

passes. For example the destination of the pallet coming from Warehouse 2 can either be the 

repackaging stations or Warehouse 1. In the latter case the pallet will use the same conveyor belt 

that is used for the pallets going to the repackaging stations, but will pass the junction to the 

waiting line for the stations. The majority of the pallets will be sent to the repackaging stations (+/- 

90%, a rough estimation of Xenos). After the pallets that went for repackaging are done at the 

stations, they will have a new destination, if the pallet is empty it will go to one of the pallet 

disposals and if it still has products on it, it will go back to Warehouse 2. The last mentioned group 

however could have a change of destination because for the pallet to reach Warehouse 2 it will pass 

a checkpoint that checks if the products on the pallet are positioned correctly. If the repackaging 

employees made mess the pallet will be send to a small loop passing a rework station before getting 

their destination being Warehouse 2 back. In short, pallets in the system can have changing 

destinations, all the possible destinations are Warehouse 1, Warehouse 2, repackaging stations, 

rework stations and pallet disposal. 

3.2.3 Pallet waiting lines before ‘repackaging’ stations 
There are potentially three points at which pallets have to wait before they are processed at the 

packaging stations. The first line is the line before the pallets are assigned to a specific station, just 

after the junction to the repackaging stations. This waiting line will exist in all scenarios considered. 

In the scenario that does not send pallets for a round on the highway if the junction is blocked 

another line is formed just before the junction to the repackaging stations whenever the just 

mentioned waiting line before assignment to a repackaging station is full. In the scenario in which 

allows a waiting spot (a line of 1) before the lift to the stations there will be an extra waiting spot 

available for every active station.  

3.2.4 Lifting the pallet 
To get to the stations that are one floor above the level on which the pallet conveyor belts are, a lift 

is being used. From the conveyor belt before the lift, the pallet is being transported on the lift and 

then lifted to the working station. The last part of the lifting will be done gradually, as the top layer 
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of the products on the pallets will be on the same height for the workers processing the pallet all 

the time. When they removed the top layer of products from the pallet they will make the pallet 

move up one layer until they got the amount of products they need. When the pallet is finished the 

pallet is sent back down again and moved to another conveyor belt. At this point a new pallet can be 

loaded onto the lift and the process starts again. The lifting process is shown in Figure 3. 

 

 

Figure 3: A front view of the elevator to repackaging station 

3.2.5 Process at repackaging station 
When the pallet is lifted to the right level for the workers to pick the top layer of products, two 

workers per pallet will start to move the products from the pallet to the bins. The workers put the 

filled bins on two different conveyor belts, but the belts will merge soon after they are sent off from 

the repackaging station. The repackaging station is shown in Figure 4. 

 

Figure 4: A side view of a repackaging station 

3.2.6 Finished pallets 
When all the products are removed from the pallet and it is being sent down again, it will be 

transported back to the main conveyor belt and it will eventually be sorted out to the place where 
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the empty pallets are kept. If the pallet still contains products it will be transported back to 

Warehouse 2 where it will be stored again. 

3.2.7 Bin supply of the repackaging stations 
The bins in which the products will be put are being supplied to the working station by a small 

conveyor belt. Both the workers take bins from this belt shown in Figure 4, in which the belt 

supplying the bins is the middle (the empty conveyor belt). The filled bins will all be send to the 

automated goods carrier. 

3.2.8 Station selection 
As soon as a pallet enters the main waiting line (reference number 4 in Figure 2), it is bound to visit 

one of the active repackaging stations. Determining to what station the pallet will go depends on a 

few factors. The selection of the station will only be done for the pallet that is first in line to enter 

the ‘repackaging part’ of the system. This part is highlighted in Figure 2. There is a maximum 

amount of pallets allowed in this part of the system, and that maximum determines if another pallet 

is allowed to enter. The maximum amount of pallets is dependent on the scenario (how many 

stations are active and if there is a waiting spot before the lift). As soon as a repackaging station 

finishes work on the pallet a signal will be send to the waiting line and the first one in line gets 

marked so that it will enter the system and move to the repackaging station that just finished a 

pallet. This means that if there is no waiting line, no pallet will be marked, neither will the first 

pallet that enters the waiting line. If a pallet arrives while there is no waiting line and the amount of 

pallets in the repackaging part of the system is below the maximum (i.e., at least one station is idle), 

it will enter the system unmarked. In this case the pallet will simply enter the first idle station it 

comes by. This setting makes that the first station will always be busier than the next station. This is 

almost an optimal scenario in terms of time spend in this part of the system. There is however a 

slightly better setting that will make it optimal. The following example illustrates this. 

 

Assume that the following situation: there is a waiting line of 3 pallets before the repackaging part 

of the system and all six repackaging stations are active and busy. Station 4 is the first one to finish 

a pallet and the first pallet in the waiting line gets marked to go to station 4. But right after the 

pallet has been marked, station 2 finishes its pallet and therefore makes the pallet stamped ‘station 

4’ pass an empty station! This sub-optimal situation can be avoided by not marking the first pallet 

to go to a specific station, but by just giving a signal to the waiting line to let one pallet enter the 

system and find the first available station. Figure 5 depicts this example. There are four repackaging 

stations shown, of which repackaging station 2 and 4 are idle. The one pallet that is not in the buffer 

before all the stations is on the move to station 4. Hereby it will pass station 2, even though this 

station is idle. 
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Figure 5: Station selection example 
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3.3 Data 
Step 3 of the Simulation Model Development Process (SMDP) is collecting data. In this paragraph 

the data on order lines from a previous year are discussed. This data is used as a directive for the 

input that will be used in the simulation.  

There was a lot of data available concerning order lines between June 2012 and November 2012. In 

fact, all the order lines in that period we registered and could be used for the simulation.  First a 

selection was made to split the order lines of the right order type (Middle types were selected and 

all other types, Small, Large and Ugly, which has unconventional measurements, will not be going 

through this part of the system and are therefore not considered). After this selection there were 

over 1.800.000 order lines left for analysis. For each of these order the date and the number of 

inner-/outer cartons was known as well as all its dimensions. The exact time at which the order 

came in is not known, just the date.  

The total amount of orders per day is shown in Figure 6. Note that there are only orders on 

weekdays (but not on May 28, a Monday and also a public Holiday). The data of December and the 

last day of November is not considered in further analysis as it is clearly incomplete. The data of the 

days in May that is available is complete so it will be considered in further analysis, however, the 

month May as a whole will not be considered. May 28th was a national holiday, this is the only 

weekday in the dataset with no orders. The average number of orders for a weekday is 13.325. 

 

 

Figure 6: Total amount of orders per day 

In Figure 7 the same order amount per day is shown (excluding the incomplete moth December), 

but now without the weekends and the one weekday with no orders. The line that represents the 

amount of orders every day is quite rough and as the trend line shows, there is a small dip in the 

summer and towards the end of the year the order amounts increase. The heavy fluctuations 

around the end of May are probably connected to Monday May 28, the only weekday with no 

orders. There is a clear peak in orders on the Friday before it and a clear dip in the week after. 
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Figure 7: Order amounts weekdays 

To further analyze the data the Input Analyzer of Arena was used. The result of analyzing the daily 

order amounts is shown in Appendix B. The daily order amount can be best described by a Normal 

distribution with a mean of 13.300 orders and a standard variation of 1.990 orders. This would be 

the expected amount on a random day in the period end of May to December. 

However, as the trend line suggests, the amount of orders differs per month. Table 1 shows the 

differences per month. As expected by judging the Figure 7, August is the least busy month and the 

last two months of the data, October and November are the busiest. The month proves to be an 

important indicator of the amount of orders Xenos can expect. Looking back at Figure 6 does give 

another suggestion for a source of variation in the amount of orders: the difference in weekday.                                                         

Table 2 shows the different amount per weekday over the months. Notable are the clearly higher 

average amount of orders on Mondays and a lower amount on Fridays. Therefore when trying to 

make a forecast of the amount of orders for a specific day one should not only keep the month in 

mind, but also the weekday as that might as well make a difference. 
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Month Total Avg. per day Std. dev. Per day

June 266109 12671.9 1246.9

July 274061 12457.3 1183.2

August 264570 11503.0 1172.0

September 276129 13806.5 1085.3

October 328183 14268.8 1447.8

November 334820 15840.8 1785.4

In contrary to the huge amount of data available about the order amounts, there was hardly any 

data about the process time for the repackaging stations (no surprise as this part of the system is 

being built at the moment of this writing and they do not have similar repackaging stations at the 

moment). However, this is not a very complex process (simply picking the product of the pallet, 

unpack it and put it in a bin), so an informed guess will be sufficient. In this case is assumed that 

grabbing, unpacking and putting away one unit from a pallet will take about 30 seconds, so with 

two employees working at one station that will average about one unit every 15 seconds. It is also 

reasonable to assume that the process time is normally distributed as all units are similarly packed 

and there is no reason for a unit to take much longer or shorter to unpack. 

With all the order lines for half a year there was more information to extract from the data. The 

number of units that, on average, will be taken from the pallets at the repackaging stations is 

needed to estimate how long the pallet will be at a repackaging station. It was already determined 

what the process time of a single unit being taken of a pallet would be. The enormous amount of 

data available made it hard to determine an exact average (especially as an order line for one single 

product might differ in size in terms of inner and outer cartons ordered). However, taking samples 

from the dataset revealed that there are on average eight orders per product per day.  

 

 

 

 

  

Weekday Total Average Std. Dev.

Monday 402339 14369.3 2928.6

Tuesday 376930 12997.6 2496.4

Wednesday 364963 12584.9 2797.0

Thursday 376285 12975.3 2444.7

Friday 348670 12023.1 2566.8

Table 1: Amount of orders per month 

Table 2: Amount of orders per weekday 
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4. ENTERPRISE DYNAMICS FROM INCONTROL 
With all the necessary information about the Xenos distribution center in Waalwijk known, the 

focus will now shift to the simulation of the DC. One of Centric its requirements was that the model 

had to be built with Enterprise Dynamics and therefore this chapter will be about the simulation 

software that was used to build the simulation model; Enterprise Dynamics from InControl. The 

latest version of ED, version 9, released April 2014, was used (InControl, 2014). A short 

introduction to this simulation program will be given to get a better understanding of how the 

model fits together and what the possibilities are. 

Enterprise Dynamics can be used to simulate processes in various types of areas, such as 

Manufacturing & Production, Warehousing and Distribution, Material Handling, Supply Chain and 

Rail. For the major part of this project, the Material Handling and Warehousing & Distribution 

functionality of ED is used. In section 4.1 the basic structure of ED is explained and all the elements 

that are used in this simulation projects are briefly discussed. Section 4.2 discusses how the 

elements are accessed in ED by discussing its library of elements. 

4.1 Enterprise Dynamics functionality 
All entities in Enterprise Dynamics are called atoms. These atoms can represent anything, from 

objects, human resources and servers, to paths, product sources and status monitors. In Figure 8 a 

very basic model consisting of five atoms is shown. From left to right, the blue atom represents the 

product that will go through the system. With this atom you can customize the product by for 

example changing its dimensions or visualization. The next atom, Source50, is sending the products 

in the system towards Queue51 in which products will wait until being processed by Server52. After 

being processed the products will leave the system through Sink53.  

 

Figure 8: Basic ED model 

The atoms are connected through paths that can simply be dragged between two atoms. The green 

node is the input channel for an atom and the red node is the output channel. The yellow node can 

be used to, for example, connect a status monitor to the Server atom to gather data about this atom. 

The paths and nodes are shown in Figure 9. 
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Figure 9: Basic ED model with links 

Each atom has its own variables that can be adjusted. The server atom for example can be adjusted 

on its setup time, cycle time, input strategy, output channels, and a variety of triggers, batch rules 

and breakdown behavior. All the adjustable variables makes that the atoms are highly 

customizable. 

The same goes for all the different atoms I used for simulating the DC. One can think of conveyors, 

splitters, queues, lifts and transfer units.  

For almost every atom it is possible to connect some form of performance measurement to it. For 

example a status monitor connected to a server or a status monitor on a transfer unit (see Figure 

10). 

 

Figure 10: Performance measurement in ED 

4.1.1 Performance measurement 
There is a wide range of options to measure anything you want in ED, beside the circle diagram 

shown above there is also the opportunity to use bar graphs, scatterplots, histograms, GANTT 

charts and the opportunity to write away data in for example Excel. Within these graphs you can 

measure for many variables such as content, average stay, input, output, status and many more if 

you have the skill to write code in 4D script (more on 4D script in 4.1.6). However the most used 

performance measurement tool are quickly available in the menu and do not require any code 

writing, for example the status monitor does have 33 different pre-set segments which will appear 

automatically if the situation occurs.  Besides the monitoring atoms you can connect to the system 

atoms, there is always the overall Summery Report that is made for every simulation. This 

Summary report produces data on content, throughput and stay time for every atom in the system. 
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4.1.2 Conveyors, transfer units, servers, unpack, queues, elevators and locks  
For all the types of atoms that were used while simulating the distribution center a short 

description will be given to get a better understanding of the process within these atoms. 

 

First of all the conveyor belts, accumulating conveyor belts to be precise. Accumulating means that 

even if at the end of the belt a pallet has to wait, the ones behind it are still able to move towards 

the end until they reach the waiting pallet. The capacity of a belt like this can be set from one to the 

maximum of products it can physically handle, for example a belt of 5m long can carry at most five 

1m by 1m pallets. The main function of conveyors is of course the transportation of pallets/bins to 

their destination. They can differ in dimensions; operating speed, direction, elevation and operating 

height. In the simulation they are also useful because of its triggers. The belts can be set to trigger 

an action somewhere else on the system as soon as a pallet/bin enters or exits the belt. Figure 11 

shows how the accumulating conveyor belt looks in Enterprise Dynamics in both 3D and 2D. 

 

Figure 11: 3D and 2D accumulating conveyor belt atom 

Secondly the corner transfer units. These are used if transportations over the conveyor belts have 

to change direction or when the belt splits into different directions. In the simulation model of the 

DC most of the important decisions are made by these atoms because they decide in which 

direction the pallet will be sent. The will usually read the label on the pallet and send it to the 

channel to which the value on the label is assigned. If there is no label to read they can also send the 

pallet to a channel according to a predefined setting, such as ‘Send to first open channel, last 

channel first’. As the conveyor belts, they can also be assigned with triggers on entry and exit. 

Figure 12 shows how the corner transfer unit looks in Enterprise Dynamics in both 3D and 2D. 



23 
 

 

Figure 12: 3D and 2D corner transfer unit atom 

Thirdly the servers. Servers can be used to represent any type of process. As all atoms, they are 

highly customizable; setup time, cycle time, in-/output strategy, batch rules, breakdown rules and 

triggers on entry, exit and breakdowns can all be adjusted. In this simulation model they represent 

the process of getting the products off the pallet, out of the cartons into a bin. In Figure 13 the 

server atom is the black box in the 3D model and the black atom in the 2D model. Note that the 

appearance of a server could be changed to anything, this is the default representation. 

Fourthly the unpack atom. As the name suggests, this atom is used to unpack products, and is 

customizable on the regular variables (cycle time, input strategy and the triggers) as well as on the 

unpack quantity. Why I would need such a unpack atom while the server atom represents this 

process will be explained in Chapter 5. In Figure 13 the unpack atom is the dark grey box in the 3D 

model and the purple atom in the 2D model. Again, note that the appearance of a unpack atom 

could be changed to anything, this is the default representation. 

Fifthly the queues. These atoms represent the waiting lines that can hold up to a specified number 

of products. They can easily be used to regulate the output order of products that come into the 

queue. For example the output strategy can be set to First in First out (FIFO) or Last in First out 

(LIFO). In the simulation model there are waiting lines that are not represented by a queue atom 

because the waiting line forms on a conveyor belt and therefore naturally creates a queue. The 

downside to this is that the output strategy is always FIFO. In Figure 13 the queue atom is the light 

grey box in the 3D model and the blue atom in the 2D model.  

Sixthly the elevators. These atoms can lift products/pallets to another level and are highly 

customizable on the way they do it. Beside the basic variables such as capacity, speed, in-/output 

strategies and triggers, there are many more elaborate variables that can be controlled. Variables 

such as acceleration and deceleration of the lift, load and unload times, priority input channels can 

be set as well as cut-off times and parking positions. However, it can still not perfectly represent the 

process in the Xenos DC. This will be explained in Chapter 5. In Figure 13 the elevator atom is the 

red platform with the poles in the 3D model and the red atom in the 2D model.  
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Figure 13: 3D and 2D server atom, unpack atom, queue atom and elevator atom 

Seventhly and last, the locks. These atoms are, contrary to most of the previously mentioned atoms, 

virtual atoms that will not show in the actual distribution center. A lock atom will always be 

connected to one or more unlock atoms and they are used to set a constraint to a specific part of the 

process. In this simulation model for example they will lock the entry to the repackaging part of the 

system as soon as the amount of pallets is equal to the number of active repackaging stations (this 

is of course in the scenario which does not allow a waiting spot before the lift to the stations). When 

a pallet leaves the repackaging part of the system and the total number of pallets within this part of 

the system drops below the specified maximum, the lock will be unlocked. Figure 14 shows the 3D 

and 2D representation of the lock and unlock atom. The lock atom is situated between the conveyor 

belt and the server, the unlock atom is situated between the conveyor belt and the corner transfer 

unit. The 3D representation does not show the links and will only show the small yellow platforms 

as they are not a physical entity. 

 

Figure 14: 3D and 2D lock atom and unlock atom 
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4.1.3 Human resources 
Enterprise Dynamics has the option to add human resources to the model, for example to require a 

human to be present at the server for it to be able to process any products. Given that two Xenos 

employees will be present at each active repackaging station, one would expect to see human 

resources in the simulation model. However due to the scope of the project human resources are 

not incorporated in the system, it is enough to know the occupation rates of the repackaging 

stations.  

4.1.4 Connectability 
Even though this feature is not extensively used in the simulation model, it is definitively worth 

mentioning. Enterprise Dynamics is able to connect Excel and other database files to the model. 

This, for example, creates the opportunity to connect a database to an arrival process of orders into 

the system. This functionality was not incorporated in the simulation model by a large extend for 

several reasons. Firstly because the scope of the project does not necessarily require an arrival 

process that detailed or that close to reality (the extensive data on order arrival could have been 

used). Any arrival process that approaches the amount of orders per day will suffice. Secondly, it 

requires more skill than obtained from a quick 2-day course in ED, and with this project having a 

time constraint it was decided not to use this feature except for extracting data from the simulation 

runs. 

4.1.5 2-Dimensional and 3-Dimensional view 
Earlier in this section a few screenshots of how Enterprise Dynamics looks in 2D are shown. For 

simple models it looks quite clear, but as soon as the system gets more complex it can look very 

cluttered, as shown in Figure 15.  

 

Figure 15: 2D view of part of the repackaging stations 
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To avoid this, layers can be used to show only specific parts of the system at a time (e.g., only 

conveyor belts or the first floor). When the simulation is run you are able to see the pallets and 

products move through the system. However it is easy to lose track because difference in the level 

on which the product is moving cannot be seen in 2D view. 

The 3D view is a very important feature of Enterprise Dynamics. This way you can get a very clear 

overview of the situation because all objects can be shaped like what they represent in the real 

world. A conveyor belt will not be a thick blue line as in the 2D view, but will really look like an 

actual conveyor belt. The same part of the system shown in Figure 15, will be shown in Figure 16, 

but now in 3D. More pictures of the 2D and 3D model can be found in Appendix C. 

 

Figure 16: 3D view of part of the repackaging stations 

Even though the objects may not be exact copies of their real life equivalents, it represents the 

Xenos DC way better and prettier than the 2D view. This being said, just like the behavior of the 

objects, their appearance is also highly customizable. Some changes in appearance you can do are 

already preset in ED, but there is an opportunity to import objects if you have the skill to create 

them yourself with the appropriate software to do this. For this project this has not been done, but 

the Xenos DC will be very recognizable to the people who work there. 
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4.1.6 4DScript 
This is the underlying program language that Enterprise Dynamics runs on. Working with ED will 

force you to have a basic understanding of how it works as all decisions made by the system are 

coded in 4D script. For some of the decisions the programming in 4D script has been done for you 

already, for example if you select the FIFO option on the output order of a queue atom, the 

associated 4D script will be created automatically. However very often what you want the to do is 

not a standard option already preset in ED.  For example adding labels to pallets that come in the 

system or sending a product to the right channel depending on their label. The 4D script of these 

examples is shown in Appendix C.  While 4D Script is not the hardest programming language there is 

it can still get complicated very easy as shown in especially the second example.  

 

4.2 Object library 
The object library is what makes Enterprise Dynamics relatively easy to work with. In the library all 

atoms you can use are organized and ready to be dragged into the simulation model. The library is 

shown in Appendix C.  

The library does have many atoms that can represent almost any aspect of a distribution center (in 

this project there was no atom that I clearly missed). And the way it is organized makes it possible 

to create a simulation model relatively quickly. If you have customized an atom and you know you 

will have to use it again or want quick access to it, you can save the object and add it to the library 

where is can be accessed as easy as the standard atoms. This way you can always drag you own 

atoms into the simulation instead of endlessly copying existing atoms and customize them all 

individually.  
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5. SIMULATION MODEL 
After discussing the Xenos distribution center and the simulation program Enterprise Dynamics, it 

is now time to combine the two into a simulation model. This chapter will discuss how the DC was 

translated into a simulation model, especially the differences between the model and the actual DC 

and what assumptions have been made. 

First the processes in the simulation that work differently from the processes in the real DC will be 

discussed and justified (the arrival process in section 5.1, the repackaging process in section 5.2 

and empty pallets in section 5.3). After the important/complex differences have been discussed, 

some other assumptions will be made in section 5.4. 

5.1The arrival process of pallets 
In the real life distribution center the pallets are picked by six different picking cranes from 

Warehouse 2 and put on the conveyor belts to the ‘Highway’. The simulation model simplifies this 

process by creating and sending the pallets to the ‘Highway’ from a single point. In the DC there are 

two streams of pallets into the part of the system that will be simulated that will be ignored in the 

simulation itself; the stream of pallets from Warehouse 1 to Warehouse 2 and the stream of pallets 

from the arrival bay into the system. Both streams of pallets will just move in the lower part of the 

system and the ‘Highway’ and will not undergo any type of process. As the conveyor belts have a 

high throughput capacity and both streams are not expected to be very large and do not pass any 

part of the system where bottlenecks might occur (the junction towards the repackaging systems), 

the two streams have been ignored. The arrival of pallets is now simulated at the top end of 

Warehouse 2 which means that the throughput time will be lower than it would be in the real 

situation, as pallets would also be coming from further down Warehouse 2.  

5.2 The repackaging process and the release of pallets from the repackaging 

stations 
The actual process at the repackaging stations is very simple. The pallet will be lifted to the 

required operating height and the two employees will start picking products from the pallet, 

repackage them and as soon as they repackaged the required amount of products or the pallet is 

empty they will send the pallet back down. During the picking of products the pallets will be held at 

the height the employees prefer for ergonomic reasons. There several problems that had to be 

overcome to simulate this process; First of all, nothing can happen to the pallet and the products on 

it before they leave the elevator. In the simulation they will therefore be sent from the elevator to 

an unpack atom, which will lift the products from the pallet into a virtual waiting line before they 

are being processed by a server atom. Even though they just move through two atoms in the 

simulation, in reality the products would still be on the pallet waiting to be picked of it by the two 

employees. The products will then be processed by the server atom that represents the two 

employees picking the products from the pallet and repackaging them. After the products have 

been put in a bin they will be put on one of the two small conveyor belts and will move to the 

automated good carrier. Simulating the repackaging process like this however introduces two new 

problems; as soon as the products are virtually removed from the elevator into the unpack atom, 

the elevator will act as if it finished unloading and will start to move down and as soon as it is back 
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on the main floor it will release the pallet to the conveyor belt which will put it back on the 

‘Highway’ too early. In the simulation the server atom will still be working on the products while 

the pallet where the products are supposed to be on is already on the move again. To make things 

worse, when the pallet re-enters the ‘Highway’, it will also give a signal at the waiting line before 

the repackaging station that the station is ready for another pallet. The problem was solved by 

blocking the entry to the conveyor belt that brings the pallet from the elevator back to the 

‘Highway’ as long as the number of products in the virtual queue and the server atom is larger than 

0. The pallet will move to the conveyor belt as soon as it is unblocked, which is still too early 

because in the real life situation that pallet would have to be lifted down to the main floor first. This 

is not a problem when there is no waiting spot before the elevator (it takes more time to reach the 

station than it takes to lift the pallet down), but if there is a waiting spot allowed, the waiting pallet 

would be allowed on the elevator too early. This problem has been solved by creating an 11 second 

(the time it takes the elevator to get down plus the regular unloading time) unloading time. As soon 

as the conveyor belt back to the ‘Highway’ get unlocked, the ‘unloading’ will start.  

The repackaging process time at the stations will be normally distributed with      seconds and 

    seconds for each carton that is taken off a pallet. As explained in section 3.3, this is a rough 

estimate as there was no data available on how long it will take an employee to move a product 

from the pallet into a bin while disposing of the excess packaging material and update Locus on the 

progress. With all the pallets having eight cartons on the pallet (in section 3.3 it was estimated that 

the amount of orders per product per day was eight) in the simulation this variation in repackaging 

time is the only variation in the processing time there is. In the real situation the amount of inner 

and outer cartons that should be picked from the pallet can also cause variation in the process time.  

5.3 Pallets that have not been emptied 
In practice, a lot of the times the repackaging stations will not empty the pallet but will only take 

one or a few layers of it. The pallet will then be send back for storage in Warehouse 2. For a 

beginner with Enterprise Dynamics it was too hard to simulate this exactly so an approximation of 

the process has been simulated. What happens now is that the repackaging station will all finish the 

pallets. This means that up to junction 8 in Figure 2, the model accurately simulates the real 

situation, but from this point all processed pallets will move off the ‘Highway’ towards pallet 

disposal instead of a large part of the pallets continuing on the ‘Highway’ back to Warehouse 2. This 

will create a larger stream of pallets in the lower part of the system which will not be of any trouble 

for the purpose of the simulation (conveyor throughput capacity is high and it will not cause any 

blockages). The ‘Highway’ close to Warehouse 2 will be considerably less busy because of this 

simplification,  however this will not affect the end results because even if most of the pallets would 

be send back to Warehouse 2 it was not expected to give any problems or blockages.  

5.4 Other assumptions 
There are other assumptions that will have a smaller impact on the differences between the 

simulation and the real situation. The numerical assumptions will be shown in Table 3.  

- The main buffer (i.e. the conveyor belt to the repackaging machines), can at most hold six 

pallets. Although in the simulation model it seems that there is some buffer space left, in the 
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real situation it is physically not possible to put more pallets here without blocking the 

junction. 

- The percentage of the total amount of products that comes from Warehouse 2 that will be 

send to Warehouse 1 is 10%. This means that 90% of the products will be send to the 

repackaging stations.  

- Bins at repackaging stations will always be available. This means that the servers that 

represent the repackaging stations can always do their job and do not have to wait for 

empty bins to arrive from the automated goods carrier. 

- The two 8-hour shifts connect flawless and there will be no interruptions in productivity at 

the repackaging stations. 

- No human resources are being simulated. For the scope of this project it is not necessary to 

do so. However if the Xenos management is planning to assign other tasks to the employees 

at the repackaging stations if they are temporarily out of work it might be a valuable 

addition. 

- The automated pallet picking machines of Warehouse 2 are not a bottle neck, i.e. pallets that 

have to be put back into Warehouse 2 will not cause any congestion or disrupt the process 

in any way.  

- The process of rework is not considered. Only a very small percentage (<1%)of the pallets 

would be send for rework, and the extra movement would not cause any strain on the 

system. 

- The empty pallets are all going to the same disposal, there will be no difference in types of 

pallets. 

The following assumptions in Table 3  are the general setting of the system. The values for the  

conveyor belt speed, elevator loading time, elevator speed and acceleration are all well-informed 

guesses, as they are not known yet because the system is being built at the time of this writing. The 

repackaging time per product is a rough estimate (see section 3.3) and the percentage of pallets 

that will go through this part of the DC that actually will have to be repacked (not a simple 

warehouse re-allocation) is 90%. The maximum number of pallets on the conveyor belt before the 

repackaging stations (which is the main buffer) is a physical constraint; a maximum of six pallets 

can be in the buffer, any more pallets would block the ‘Highway’. 

Table 3: Simulation assumptions 

 

  

Assumption on: Value

Conveyor belt speed (m/s) 0.25

Elevator loading time (s) 2

Elevator speed (m/s) 1

Elevator acceleration (m/s²) 0.1

Repackaging time per product (s) N(15,8)

Percentage to repackaging stations (%) 90

Max. pallets in main buffer (#) 6
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6. COMPUTATIONAL RESULTS 
At this point all necessary information about the Xenos distribution center and the Enterprise 

Dynamics simulation model that represents it is known. This means that it is time to actually put 

the simulation model to work and see how the system performs with several settings defined in the 

research questions section of this report. The results from the simulation runs will be presented 

and discussed to come to a conclusion and an advice for Centric in the next chapter. 

This chapter will start by discussing the simulation design and the different scenarios that will be 

simulated in section 6.1. After that the variables that will be monitored and the expected results of 

the simulation runs will be discussed in section 6.2 and section 6.3. Finally the actual numerical 

results of the simulation runs are presented in section 6.4 and they are discussed in section 6.5.  

6.1 Simulation design 
The settings that will be adjusted to create several scenarios that will be simulated are the settings 

discussed in chapter 1. Setting (a) was whether the pallets get send for another round on the 

‘Highway’ if the junction towards the repackaging stations is blocked because the buffer after it is 

full, or simply have to wait on the ‘Highway’ until the junction is unblocked and they can go to 

where they need to go in the DC. Setting (b) was whether the repackaging stations have an extra 

waiting spot for a pallet before the elevator to the station itself or that all pallets wait in the main 

buffer before being assigned to a specific repackaging station. Setting (c) was what would happen if 

more repackaging stations are opened (from the four stations that are being built now, to six 

stations that can be built in the future).  

For all combinations of the settings, simulation runs will be done. To keep a clear overview the 

results will be split into four sections; the four combinations that are a result of the two options for 

either of the junction settings and the extra waiting spot option. For each of these individual 

combinations, a 4 repackaging stations and a 6 repackaging stations scenario will be simulated (see 

Table 4). This sums up to a total of eight scenarios. 

Table 4: Overview of scenario's simulated 

 

Before starting to simulate there are a few other variables to be determined; the arrival rate of 

pallets into the process, the process time at the repackaging stations and if there should be a warm-

up period if the system should be empty after the two 8-hour shifts.  

The simulation runs will always start with an empty system. This implicates that the system has to 

be empty after the two shifts. After 16 hours the input of pallets will stop and the simulation will 

keep running for another two hours to see when the system is completely empty (total simulation 

round blocked

no
1 - four stations 

1 - six stations

2 - four stations 

2 - six stations

yes
3 - four stations 

3 - six stations

4 - four stations 

4 - six stations

junction policy

Extra waiting spot
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time will be 18 hours per run). There will be no warm-up period. The process time will be held 

constant for all the simulation runs and set at a normally distributed process time with parameters 

     seconds and      seconds.  

Choosing a pallet arrival rate proved to be more complicated. While running some tests it became 

very clear that the scenarios with the extra waiting spots before the elevators would be capable of 

handling way more pallets than the scenarios without them. With some trial and error the pallet 

arrival rates have now been set in such a way that the four-station scenarios are just capable of 

handling the stream of pallets without having system overflows. In the scenarios with the extra 

waiting spot this will be a pallet arrival rate of one pallet per 35 seconds (by a negative exponential 

distribution), and for the scenarios without the extra waiting spot this is a pallet arrival rate of one 

pallet per 45 seconds (by a negative exponential distribution). With this setup we expect to see how 

the different system setting performs under pressure and what the effect will be if two repackaging 

stations are added.  

For every scenario that will be simulated (all eight having different settings) five simulation runs 

have been done. This is not an exceptionally high number, however to record all results of every 

simulation run there was a substantial amount of data that had to be processed manually. Five 

simulation runs per setting was an acceptable trade-off between amount of work and reliability of 

the results. The results of all the individual simulation runs are shown in Appendix D. 

6.2 Measurements 
To measure the performance of the system several performance indicators will be recorded. The 

total amount of pallets that has gone through the system will be split in two types; Repacked, for 

the pallets that have been processed by a repackaging station, and Not Repacked, for that pallets 

that have not visited a repackaging station (i.e., the stream of pallets from Warehouse 2 to 

Warehouse 1). For each of these two types the time that they were in the system is recorded. To be 

precise, from the moment the pallet enters the conveyor belt to the ‘Highway’ until the moment it 

definitively leaves the highway on its way to either Warehouse 1 or pallet disposal. The average 

time for the two types is recorded as well as the average total time it took the two types to pass 

through the system. These three indicators will be the most important performance indicators. 

After the two 8-hour shifts the input of pallets comes to a stop and the simulation processes the 

pallets left in the system. The amount of pallets in the system after 16 hours is recorded as well as 

the time it took to get them processed and off the ‘Highway’. With this time known, the time that an 

empty system is being simulated is also known. 

During the simulation, the status of all the repackaging stations is also being recorded. A station can 

either be busy, idle or blocked. The occupation rates for all the stations are being measured for the 

complete 18 hour simulation will have to be corrected for the time it is simulated while being 

empty. The occupation rate that will be used as an indicator is measured from the moment the 

simulation starts until the last pallet leaves the system. This means that there is a couple of minutes 

idle time for all the stations before the first pallets arrive that has not been corrected for. 
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In Table 5 an example of the five simulation runs for one of the eight scenarios is shown (the 

scenario with a blocked junction policy, no extra waiting spots and four active stations). First the 

number of pallets that went through the system is shown (either pallets that went to a repackaging 

station or pallets that went to Warehouse 1 and are therefore not repacked). Secondly the 

throughput time for these two categories is shown followed by the average throughput time for 

both categories together. Next is the information about the state of the system after 16 hours, when 

the arrival of new pallets into the system stops. The number of pallets that is in the system at that 

moment and the time it took to get all these pallets past the repackaging stations and off the 

‘Highway’ is recorded. Note that this can be very different between runs, in this case the fifth run is 

almost empty after 16 hours in contrary to the first and fourth run. Next are all the occupancy rates 

for the active repackaging stations. They all have three states: ‘Busy’, ‘Idle’ and ‘Blocked’, the first 

two states are straightforward, the station is busy when there is a pallet being repackaged or not, 

but the last state is hard to explain. In fact, I am not able to explain it. I am very sure that is has 

something to do with the lock and unlock atom, and it is something that will not happen in the real 

situation, only in Enterprise Dynamics. The percentages are very low for all test runs (all below 

0.3%, averaging 0.13%), so I chose to ignore it. All the other complete results from all the 

simulation runs are in Appendix D. 



34 
 

Table 5: Example of simulation run results 

 

6.3 Expectations 
Before the presenting the results of the simulation there were expectations about the performance 

of the system in the different scenarios and settings.  

First of all a significant difference in performance (throughput and occupation rates) was expected 

between the scenarios with and without the extra waiting spots before the elevators to the 

repackaging stations as the waiting time before another pallet arrives will be shorter. Secondly, a 

lower total time in the system for the pallets that do not have to be repacked is expected in the 

‘pallets go round’-scenarios. In this scenario, when the buffer is full, the pallets that do not have to 

go in the buffer anyway will not be waiting behind the pallets before them that are waiting for the 

junction to be unblocked. Also, the average total time is expected to be lower in the ‘blocked’-

scenarios, because the pallets that have to be repackaged will now simply wait before they can take 

Scenario 2 - blocked, no extra ws

Number of stations 4

Arrival rate exp(45)

Repack speed N(15,8)

run 1 run 2 run 3 run 4 run 5 Average

Total Repacked 1155 1146 1143 1155 1136 1147

Total Not Repacked 128 126 125 128 124 126

Avg. time Repack 751.6 742.1 735.9 751.6 729.5 742.2

Avg. time No Repack 427.0 428.4 414.5 427.0 407.9 421.0

Avg. total time 719.2 711.0 704.3 719.2 697.9 710.3

# pallets left in 

system after 16hr 25 16 14 25 6 17.2

Time needed to 

empty system 1182.7 658.4 529.5 1182.7 498.0 810.2

Station 1

Busy 72.45 71.78 71.13 72.45 71.80 71.92

Idle 27.44 28.14 28.76 27.44 28.10 27.98

Blocked 0.11 0.09 0.11 0.11 0.10 0.10

Station 2

Busy 63.96 63.62 63.10 63.96 63.08 63.54

Idle 35.95 36.27 36.80 35.95 36.83 36.36

Blocked 0.09 0.11 0.10 0.09 0.09 0.10

Station 3

Busy 56.50 55.29 54.72 56.50 55.40 55.68

Idle 43.33 44.53 45.10 43.33 44.44 44.15

Blocked 0.18 0.18 0.18 0.18 0.16 0.17

Station 4

Busy 47.02 48.60 47.97 47.02 45.79 47.28

Idle 52.86 51.28 51.88 52.86 54.07 52.59

Blocked 0.12 0.12 0.16 0.12 0.14 0.13
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the junction and not go for a complete 8-minute round on the ‘Highway’ while simply waiting for 

the junction to unblock, which can happen much earlier. Of course the pallets on their way to 

Warehouse 1 will now have to wait longer than in the ‘pallets go round’–scenarios, but only +/-10% 

of the pallets goes to Warehouse 1. 

The occupation rates for the repackaging stations were not expected to be very high (below 85%). 

This is because the expected process time for repackaging                          is 

relatively small compared to the time needed to get the pallet to the elevator and lift it to the 

stations. In the scenarios with the extra waiting spot the time needed to get the pallet to the 

elevator will be significantly reduced, but in the scenarios without those extra waiting spots this 

will cause the occupations rates to drop. Table 6 shows the potential occupation rates for each of 

the repackaging station. To show how the percentages change as the conveyor belt speeds change, 

the maximum occupancy rates for a conveyor belt speed of 0.33 m/s and 0.50 m/s are also shown. 

Especially the stations further away from the buffer will have a significantly better potential. If the 

system has waiting spots available the rates will not change as there can always be a pallet waiting 

to enter the elevator right away. The first station will even have the absolute maximum occupation 

rate in the 0,5 m/s setting because the time from the main buffer to the elevator will be shorter 

than the time it takes the elevator to bring the pallet down again, therefore effectively creating the 

same situation as with the waiting spot (there is a pallet waiting when the elevator comes down 

again). 

Table 6: Maximum ‘Busy’ occupation rates (in percentages) 

 

These are all maximum rates in ideal scenarios, for example when the arrival rate of pallets is very 

high, and the extra waiting spots are always full and the buffer is never empty. So even in ideal 

circumstances the occupation rates will not be very high. To be clear, the 0.25 m/s setting is used in 

all the scenarios simulated. 

 

6.4 Simulation results 
This section will present the results of the simulation runs. First the results on the throughput times 

(Table 7) will be presented and secondly the repackaging station occupation rates (Table 8) will be 

presented. 

Extra waiting 

spots

No extra 

waiting spots

No extra 

waiting spots

No extra 

waiting spots

Belt speed d.n.a 0.25 m/s 0.33 m/s 0.50 m/s

Station 1 84.5 81.6 83.9 84.5

Station 2 84.5 71.9 75.9 80.5

Station 3 84.5 64.2 69.4 75.5

Station 4 84.5 58.0 63.8 71.0

Station 5 84.5 52.9 59.1 67.0

Station 6 84.5 48.6 55.0 63.5

One-way lifting time: 11 seconds
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Table 7: Throughput results (in seconds) 

 

Note that the arrival process of pallets of the scenarios with the extra waiting spots is much faster 

than in the scenarios without the extra waiting spots. Given this difference it is very clear that the 

system with extra waiting spots clearly outperforms the system without it. The throughput times 

are only slightly higher, even when the arrival rate of pallets is 28,6% higher! 

The expectation that pallets that do not have to be repacked (i.e., destination Warehouse 1) will 

have a higher throughput time whit a blocked junction (scenario 2 and 4) is confirmed. The average 

time for products that do not have to be repacked in scenario 1 (4 stations) is 317.8 seconds and in 

scenario 2 (4 stations) it is 412,0 seconds. The average time for products that do not have to be 

repacked in scenario 3 (4 stations) is 319,1 seconds and in scenario 4 (4 stations) it is 345,5 

seconds. For all the 6-station scenarios there are no differences because the system can now easily 

handle the incoming stream of pallets and the junction towards the repackaging stations will hardly 

be blocked. 

Another expectation was that average total time (repacked and not repacked) would be lower in 

the ‘blocked’-scenarios. For scenario 3 and 4 this is true, with 668,4 seconds for the ‘blocked’-

scenario and 721,6 seconds for the ‘pallets go round’ scenario. However, for scenario 1 and scenario 

2 the opposite happens as the ‘blocked’-scenario does have a longer average tot throughput time. 

Closer inspection why this could have happened made clear why this is the case. Not only was the 

number of pallets that was send in the system by the negative exponential distribution higher in 

scenario 2, also the number of pallets that does not have to be repacked was higher than expected 

in scenario 1. These two factors combined make that the results are not as expected. When more 

simulation runs are done, the system will behave according to the expectations. This has not been 

done due to time constraints. 

Again, the 6-station scenarios are equal to each other because the system can easily handle the 

stream of pallets and the junction will not be blocked.  However the differences between the 4 and 6 

station scenarios are very clear, the 6-station variants all cause a big reduction on especially the 

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Junction setting Pallets go round Blocked junction Pallets go round Blocked junction

Waiting spot setting No extra waiting spots No extra waiting spots Extra waiting spots Extra waiting spots

Pallet arrival rate Negexp(45) Negexp(45) Negexp(35) Negexp(35)

Repack rate Normal(15,8) Normal(15,8) Normal(15,8) Normal(15,8)

# Repack stations 4 6 4 6 4 6 4 6

Total Repacked 1127.8 1147.0 1147.0 1172.4 1479.2 1468.6 1448.0 1512.4

Total Not Repacked 133.6 127.0 126.2 129.4 156.2 167.2 170.0 170.8

Avg. time Repack 731.8 528.1 742.2 528.7 764.2 592.6 706.2 594.4

Avg. time Not Repack 317.8 317.8 421.0 318.7 319.1 318.2 345.5 318.6

Avg. total time 687.8 507.1 710.3 507.9 721.6 564.5 668.4 566.4

# pallets left in 

system after 16hr 15.4 14.2 17.2 12.4 22.6 17.2 18.4 16.8

Time needed to clear 

system after 16h 734.9 555.6 810.2 480.0 918.9 590.9 721.6 593.2
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throughput time for the pallets that have to be repacked and therefore the average total throughput 

time. Some further testing with the 6-station variant of scenario 4 did reveal that it can also handle 

a pallet negative exponential arrival process of 25 seconds. Throughput time would be similar to 

the 4-station variant of scenario 1. This means that adding two stations and allowing a pallet to wait 

before each elevator can almost double capacity! 

Next are the results of the individual repackaging stations. The status and the percentage of the 

simulation time they were in that status is shown in Table 8. Keep in mind that the status ‘Busy’ 

does not have a maximum of 100%. The maximum occupation rates are shown in Table 6.  

Table 8: Repackaging stations results (in percentages) 

 

For all scenarios goes that the first station is the busiest. Naturally this is the case because this 

station is closest to the waiting line, which means that if there is no waiting line this station will 

always get the first arriving pallet if it is not busy itself, even if another station is out of work longer 

than station 1. Also, in the scenario that there are no extra waiting spots, it takes the pallet less time 

to move to the first station, so it can process more pallets. There are no differences between the 

‘blocked’ and ‘pallet goes round’ scenarios in term of occupancy rates. 

The most interesting result is the difference between the scenarios with and without extra waiting 

spots. The extra waiting spot significantly reduces the time required to get another pallet to the 

station as soon as it finished a pallet. This very much improves the occupation rate of the stations. 

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Junction setting Pallets go round Blocked junction Pallets go round Blocked junction

Waiting spot setting No extra waiting spots No extra waiting spots Extra waiting spots Extra waiting spots

Pallet arrival rate Negexp(45) Negexp(45) Negexp(35) Negexp(35)

Repack rate Normal(15,8) Normal(15,8) Normal(15,8) Normal(15,8)

# Repack stations 4 6 4 6 4 6 4 6

Station 1   -   Busy 70.78 62.14 71.92 62.83 83.25 82.97 83.28 82.95

                    -   Idle 29.09 37.76 27.98 37.06 16.62 16.90 16.56 16.91

                    -   Blocked 0.12 0.10 0.10 0.11 0.13 0.13 0.15 0.15

Station 2   -   Busy 62.94 54.32 63.54 55.72 80.66 78.02 80.07 78.43

                    -   Idle 36.96 45.59 36.36 44.18 19.19 21.85 19.80 21.44

                    -   Blocked 0.10 0.09 0.10 0.10 0.15 0.13 0.13 0.12

Station 3   -   Busy 54.19 46.14 55.68 46.31 76.35 67.09 74.22 67.44

                    -   Idle 45.64 53.70 44.15 53.53 23.38 32.70 25.52 32.34

                    -   Blocked 0.17 0.15 0.17 0.16 0.26 0.22 0.27 0.22

Station 4   -   Busy 45.81 35.68 47.28 37.18 64.70 45.82 62.75 48.78

                    -   Idle 54.03 64.20 52.59 62.71 35.08 54.02 37.03 51.07

                    -   Blocked 0.16 0.12 0.13 0.11 0.21 0.16 0.22 0.15

Station 5   -   Busy - 24.94 - 26.94 - 23.52 - 26.60

                    -   Idle - 74.97 - 72.97 - 76.40 - 73.32

                    -   Blocked - 0.09 - 0.09 - 0.08 - 0.08

Station 6   -   Busy - 14.97 - 15.33 - 7.98 - 10.06

                    -   Idle - 84.97 - 84.63 - 92.00 - 89.91

                    -   Blocked - 0.06 - 0.04 - 0.02 - 0.03
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This especially improves the potential performance of the station further down the line, as shown 

in Table 6. This will be a welcome improvement as well, because the workers at the last two 

stations will be paid to do nothing half of the time without the extra waiting spots, even when the 

system is completely overflowing with orders. 

6.5 Discussion 
The results presented in the previous section clearly show the effects of the different setting to the 

performance of the system. Choosing an optimal setting however depends on what the priorities 

are.  

Since the average total throughput time will be lower with the system in the ‘blocked junction’-

setting it is likely that the manager of the distribution center chooses this setting. But it could be the 

case the products that do not have to be repacked have a very high priority. Although the ‘blocked 

junction’-setting does cause a lower average total throughput time, the pallets on their way to 

Warehouse 1 will have a significantly higher throughput time than in the ‘pallets go round’-setting 

when the system is busy. So if the manager decides it is important that the pallets that go to 

Warehouse 1 get there as fast as possible, he will choose the ‘pallets go round’-scenario, even 

though the average total throughput time will increase. 

Choosing the number of repackaging stations seems a little more straightforward. Fact is that a 

system with more repackaging stations will always perform better than a system with the same 

settings but fewer stations. However, as seen in Table 6, the potential occupation rates dramatically 

drops if you do not have waiting spots before the elevator and you could ask yourself if it is worth 

building the extra stations if they will be idle most of the time. One could say that building more 

repackaging stations will make the system capable of handling more pallets, but it only makes most 

sense if there are extra waiting spots before the elevators to the stations. Of course there is also the 

possibility to open and close repackaging stations during the 16 working hours per day. This 

however does makes employee management more difficult and without the extra waiting spots the 

stations that are temporarily opened are still not effective.    

There is no obvious downside to use the conveyor belts before the elevators as extra waiting spots. 

The performance of the system will simply increase because it makes the repackaging stations 

significantly more efficient. Some small adjustments may have to be made to the system, but the 

hardware is already there, so it would just be an adjustment to the software controlling the 

distribution center.  
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7. CONCLUSIONS 
This chapter will present the advice for Centric and provide some recommendations for Xenos. 

Furthermore research limitations will be given and directions for further research will be 

suggested. Section 7.1 presents the main results of this thesis project by giving an advice to Centric 

about the use of simulation and Enterprise Dynamics specifically. Section 7.2 gives a 

recommendation to Xenos based in the simulation results. Section 7.3 and 7.4 give the research 

limitations and directions for future research. 

7.1 Advice for Centric 
The advice for Centric will be given by answering the research questions.  The research questions 

for this project were: 

 Is simulation the right tool to solve the problem?  

 Can the simulation be made in a timely manner while maintaining the required level of 

detail to make the simulation valuable? 

 Can a Centric employee make the simulation? (i.e., what is the required skill needed to make 

the simulation model with ED?) 

 Is Enterprise Dynamics(ED) of InControl the right software to do it? 

 

In this section I will give an answer to these questions based on the results of the simulation, the 

results of the literature study that preceded the report and on my experiences while simulating 

with Enterprise Dynamics. 

The problem Centric has; the inability to quickly get insight of system performance and possibly 

detect bottlenecks, can definitively be solved with simulation in general. As the literature study 

concludes, simulation helps to gain insight in complex situations/systems. Simulation is also an 

easy and cheap way to test ‘what if’ situations, which is required to truly understand how the 

system reacts to different situations (and perhaps to detect different bottlenecks).  

Another problem of Centric was the lack of a medium that shows what Locus WMS does within a 

distribution center. Making a simulation model can provide a solution to this as good looking 3D 

models can be created to provide a visual representation of the system. This makes it easier to 

explain to (potential) customers to understand what Locus WMS is doing and it has the advantage 

that it looks a lot better than a plain description of a distribution center in words and numbers. 

Advice 1: 

 Yes, simulation is the right tool to solve the problem 

The next questions are all tied together as they are all connected to Enterprise Dynamics. First the 

capabilities of ED are discussed, and after that the time and skill needed to actually build a 

simulation model that has the required level of detail to make it valuable is discussed. 
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Enterprise Dynamics proved to be capable of simulating a complex distribution center, only once I 

encountered a situation where ED lacked the option to do what I wanted (in the process of 

elevating the pallet). However, with a construction made with other ED atoms, the situation could 

still be simulated quite accurately. All elements are available, such as customized arrival processes 

and cycle times, the extensive options to register the simulation results and the ability to transform 

a 2D model into a good looking 3D model. In short, ED is capable of making a detailed simulation 

that can produce valuable results.  

Having established that the simulation tool itself is capable of making a simulation that solves the 

earlier described problems of Centric, the questions remain if the simulation can be made in a 

timely manner and what skill is required to make such a model.  

The building of the simulation model of the Xenos distribution center did take me several weeks. 

Quite a long time considered that the system is not extremely complex, and especially as Centric 

would like to hear that a similar model can be built in a few days to a week (gathering the 

information on a DC and building a Locus WMS demo will now take at least two full weeks). I did 

however not have any earlier experience with Enterprise Dynamics and hardly any experience with 

simulation at all. I was given two full days of training at InControl (the developers of ED), but it is 

safe to say that that this not enough by a long shot to call myself an expert with ED. Most of the time 

I was busy trying to find the right 4D script and rebuilding the model as I set it up in a wrong way. 

All of which can be avoided by having more experience and knowledge of ED. I did not spend much 

time trying to make the 3D model of the DC look good. The standard objects used by ED do already 

give a good view of what happens, and although detailed customization of objects is possible, I 

neither had the time or skill to do so.  

I think it is possible to build the same model I did within a few days if you have more experience 

and knowledge of ED, given that the information that is needed to build the model (layout, input 

quantities and procedures) is provided. I can now answer the last questions for Centric and give 

final advice. 

Advice 2: 

 Yes, the Enterprise Dynamics simulation model of a distribution center can be made 

in a timely manner as long as the person building the model is an experienced ED 

user with the right data at his/her disposal.  

Advice 3: 

 No, a regular Centric employee cannot make the simulation with ED. Therefore 

someone should be trained to work with ED or someone with the required skill must 

be hired, depending on how often a simulation model has to be built and what is 

financially most attractive. 

Advice 4: 
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 Yes, Enterprise dynamics can be the right software for Centric. The software is 

capable of simulating complex processes, register simulations extensively and 

present it all in 3D. Even though someone experienced and skilled with ED is needed 

to build the model, this is not something that can be avoided by Centric by using 

another simulation tool.  

7.2 Recommendations for Xenos 
Although this master thesis project is done at Centric, and the most important end product is 

valuable feedback for Centric, some findings might also be of value for Xenos. The simulation could 

have been carried out in any distribution center in which Centric is active, but the Xenos 

distribution center was best suited for the project and as a result of that I would like to give some 

recommendations to Xenos based on the simulation results. 

The use of extra waiting spots before the elevators to the repackaging station can dramatically 

increase the performance of the system. At the moment of this writing there are no plans to 

implement this small change that increases the efficiency of the repackaging stations and therefore 

decreases the throughput time. I would therefore, above all, recommend to use the conveyor belt 

before the elevators as an extra waiting spot as it has no downsides, is easily implemented and 

improves performance significantly. 

The second recommendation is to set the junction setting to ‘blocked’. Even though at times the 

junction will be blocked and it seems like the system is jammed, on average the performance will be 

better than in the ‘pallets go round’ setting. This setting will look better when the system is busy 

because all pallets are moving and there are no blockages, but most of this movement will be 

useless and increase the overall throughput time. It is simply procrastinating of the repackaging 

process that has to be done nonetheless. In the discussion of the results was mentioned that only if 

the priority of the pallets moving towards Warehouse 1 is very high it is useful to use the ‘pallets go 

round’-setting. Of course there is also the option to change between the settings during the 16 hour 

working day. For example, to temporarily change to ‘pallets go round’ when a pallet is known to 

have a high priority to move to Warehouse 1. 

The third recommendation is to only use more repackaging stations if there is an extra waiting spot 

before the elevators or if there is another solution that decreases to time that it takes the pallet to 

go to the repackaging station from the main buffer. Adding station will make the system capable to 

handle more pallets, but the stations become far less effective if they are placed far from the buffer. 

Another option is the opening and closing of repackaging stations during the day dependent on how 

busy the system is. Although I was not able to perform simulations to test this, it seems like a good 

plan, because at some point the workers at the stations further down the line are sometimes more 

idle than they are busy. 

7.3 Research limitations 
The limitations of the Enterprise Dynamics simulation model have already been discussed in 

Chapter 5, however the limitations of this project in general have not been discussed. The advice to 

Centric is qualitative, and not backed up with numbers. In fact, because of the time limitations for 
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this project only one distribution center was simulated to see whether it could be done in time and 

with the required level of detail. A better situation would be if there was the opportunity to 

simulate multiple DCs to get a better feeling of the time needed to do so and required the 

skill/experience with ED. It is however my expectation, although very well informed but still only 

an expectation, that a simulation model like this can be built in a few days.  

There is one other limitations I would like to mention; There is one performance indicator missing 

in the simulation results; the average content of the conveyor belt before a repackaging station is 

chosen (i.e., the main buffer). I was not able to register this correctly as the conveyor belt consists of 

different atoms and I could not make a distinction between pallets passing this part of the system 

without delay and the pallets being blocked for some time. This would be a good indicator for the 

system and an excellent trigger for the WMS to temporarily open extra repackaging stations if the 

buffer threatens to overflow. 

 

7.4 Future research directions 
There are a few future research directions worth pursuing, the first of which is making the results 

of this study, in particular the advice to Centric, have more power and accuracy by simulating other 

distribution centers and compare the results to this project.  

Another direction that might be interesting for Centric is having this same project done with 

another simulation tool. This research was done specific with Enterprise Dynamics, but ED is not 

the only simulation tool out there. There might be other simulation tools that easier to work with, 

so that less skill and time is needed to build a simulation model of a DC. 

Although the recommendations for Xenos might be very valuable for them, a detailed simulation 

would be even more valuable. This project was done for Centric, and therefore there was less need 

for a very detailed simulation. But for Xenos it would for example be interesting to see the effects of 

adding human resources to the simulation model, or take breakdowns into account.   
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APPENDIX A 
 

 

Figure 17: Detailed layout of main floor Xenos DC 
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APPENDIX B 

 

Figure 18: Arena output for orders per day 
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APPENDIX C 

 

Figure 19: Examples of 4D script 

 

 

Figure 20: The object library 
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Figure 21: 2D model of the DC, without links 
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Figure 22: 2D model of the DC, with links 

  



50 
 

 

Figure 23: 3D overview of the DC 

 

Figure 24: 3D top view of the DC 
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APPENDIX D 
Table 9: Results of the 5 simulation runs - Scenario 1 

 

  

Scenario 1 - round, no extra ws

Number of stations 4 Number of stations 6

Arrival rate exp(45) Arrival rate exp(45)

Repack speed N(15,8) Repack speed N(15,8)

run 1 run 2 run 3 run 4 run 5 Average run 1 run 2 run 3 run 4 run 5 Average

Total Label 1 1105 1103 1119 1142 1170 1128 1153 1157 1152 1124 1149 1147

Total Label 2 117 123 143 144 141 134 121 121 132 138 123 127

Avg. time Repack 661.9 685.7 674.0 860.0 777.5 731.8 522.7 529.6 530.6 529.4 528.3 528.1

Avg. time Not Repack 317.3 317.9 318.0 318.2 317.8 317.8 317.4 317.5 318.2 317.8 318.0 317.8

Avg. total time 628.9 648.8 633.7 799.3 728.1 687.8 503.2 509.5 508.8 506.3 507.9 507.1

# pallets left in 

system after 16hr 13 11 19 18 16 15.4 10 8 15 19 19 14.2

Time needed to 

empty system 641.4 490.4 978.2 880.3 684.3 734.9 433.1 403.8 446.8 912.8 581.7 555.6

Station 1

Busy 69.34 70.95 69.72 71.35 72.57 70.78 63.03 62.86 61.66 60.21 62.95 62.14

Idle 30.56 28.90 30.14 28.55 27.30 29.09 36.89 37.04 38.26 39.67 36.96 37.76

Blocked 0.10 0.16 0.13 0.10 0.13 0.12 0.08 0.10 0.09 0.12 0.09 0.10

Station 2

Busy 62.16 62.18 62.58 63.15 64.63 62.94 53.94 56.35 53.24 53.27 54.80 54.32

Idle 37.73 37.72 37.33 36.75 35.25 36.96 45.96 43.56 46.68 46.63 45.10 45.59

Blocked 0.11 0.10 0.09 0.10 0.12 0.10 0.10 0.09 0.08 0.10 0.10 0.09

Station 3

Busy 53.35 53.06 53.00 55.82 55.71 54.19 45.45 46.63 46.02 46.00 46.62 46.14

Idle 46.51 46.78 46.85 43.99 44.08 45.64 54.42 53.22 53.81 53.82 53.24 53.70

Blocked 0.14 0.16 0.15 0.19 0.21 0.17 0.13 0.15 0.18 0.18 0.13 0.15

Station 4

Busy 43.84 43.67 45.74 46.93 48.90 45.81 35.61 34.57 37.02 36.09 35.14 35.68

Idle 56.01 56.16 54.13 52.90 50.95 54.03 64.27 65.31 62.86 63.82 64.74 64.20

Blocked 0.16 0.17 0.13 0.18 0.16 0.16 0.12 0.12 0.12 0.09 0.12 0.12

Station 5

Busy 25.32 25.37 25.61 24.20 24.19 24.94

Idle 74.61 74.54 74.27 75.71 75.71 74.97

Blocked 0.07 0.09 0.12 0.09 0.10 0.09

Station 6

Busy 16.34 14.86 15.54 12.72 15.40 14.97

Idle 83.61 85.07 84.42 87.22 84.54 84.97

Blocked 0.06 0.07 0.04 0.06 0.06 0.06
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Table 10: Results of the 5 simulation runs - Scenario 2 

 

  

Scenario 2 - blocked, no extra ws

Number of stations 4 Number of stations 6

Arrival rate exp(45) Arrival rate exp(45)

Repack speed N(15,8) Repack speed N(15,8)

run 1 run 2 run 3 run 4 run 5 Average run 1 run 2 run 3 run 4 run 5 Average

Total Label 1 1155 1146 1143 1155 1136 1147 1136 1180 1205 1121 1220 1172

Total Label 2 128 126 125 128 124 126 116 132 133 119 147 129

Avg. time Repack 751.6 742.1 735.9 751.6 729.5 742.2 530.4 531.2 527.5 526.4 528.2 528.7

Avg. time Not Repack 427.0 428.4 414.5 427.0 407.9 421.0 321.9 318.3 317.8 318.3 317.4 318.7

Avg. total time 719.2 711.0 704.3 719.2 697.9 710.3 511.1 509.8 506.7 506.4 505.5 507.9

# pallets left in 

system after 16hr 25 16 14 25 6 17.2 12 15 10 13 12 12.4

Time needed to 

empty system 1182.7 658.4 529.5 1182.7 498.0 810.2 533.9 491.1 404.6 516.3 454.3 480.0

Station 1

Busy 72.45 71.78 71.13 72.45 71.80 71.92 61.94 62.78 63.72 62.16 63.53 62.83

Idle 27.44 28.14 28.76 27.44 28.10 27.98 37.94 37.12 36.17 37.74 36.34 37.06

Blocked 0.11 0.09 0.11 0.11 0.10 0.10 0.12 0.10 0.11 0.10 0.12 0.11

Station 2

Busy 63.96 63.62 63.10 63.96 63.08 63.54 54.38 55.43 57.21 54.21 57.36 55.72

Idle 35.95 36.27 36.80 35.95 36.83 36.36 45.53 44.46 42.70 45.70 42.53 44.18

Blocked 0.09 0.11 0.10 0.09 0.09 0.10 0.09 0.11 0.09 0.09 0.11 0.10

Station 3

Busy 56.50 55.29 54.72 56.50 55.40 55.68 44.27 46.24 48.53 44.71 47.80 46.31

Idle 43.33 44.53 45.10 43.33 44.44 44.15 55.54 53.60 51.33 55.11 52.07 53.53

Blocked 0.18 0.18 0.18 0.18 0.16 0.17 0.19 0.17 0.15 0.18 0.13 0.16

Station 4

Busy 47.02 48.60 47.97 47.02 45.79 47.28 35.61 37.69 38.27 34.93 39.37 37.18

Idle 52.86 51.28 51.88 52.86 54.07 52.59 64.29 62.21 61.61 64.93 60.52 62.71

Blocked 0.12 0.12 0.16 0.12 0.14 0.13 0.10 0.10 0.11 0.13 0.11 0.11

Station 5

Busy 24.68 27.82 27.34 25.10 29.77 26.94

Idle 75.24 72.08 72.60 74.82 70.11 72.97

Blocked 0.08 0.10 0.07 0.08 0.12 0.09

Station 6

Busy 14.52 16.80 16.18 12.58 16.56 15.33

Idle 85.43 83.17 83.77 87.38 83.39 84.63

Blocked 0.04 0.03 0.06 0.04 0.04 0.04
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Table 11: Results of the 5 simulation runs - Scenario 3 

 

  

Scenario 3 - round, extra ws

Number of stations 4 Number of stations 6

Arrival rate exp(35) Arrival rate exp(35)

Repack speed N(15,8) Repack speed N(15,8)

run 1 run 2 run 3 run 4 run 5 Average run 1 run 2 run 3 run 4 run 5 Average

Total Label 1 1523 1485 1434 1498 1456 1479.2 1462 1458 1509 1461 1453 1468.6

Total Label 2 158 173 147 159 144 156.2 177 167 161 176 155 167.2

Avg. time Repack 809.8 793.6 754.6 778.0 684.9 764.2 593.9 591.8 592.8 593.6 590.7 592.6

Avg. time Not Repack 320.7 319.2 318.0 319.5 317.9 319.1 318.4 318.1 318.0 318.3 318.3 318.2

Avg. total time 763.8 744.1 714.0 734.0 651.9 721.6 564.1 563.7 566.3 564.0 564.5 564.5

# pallets left in 

system after 16hr 43 27 12 16 15 22.6 11 18 23 14 20 17.2

Time needed to 

empty system 1625.8 1117.5 652.4 648.0 551.0 918.9 572.8 526.6 593.8 640.5 620.7 590.9

Station 1

Busy 83.59 82.87 83.37 83.05 83.35 83.25 83.32 82.13 82.79 83.67 82.94 82.97

Idle 16.28 17.02 16.49 16.80 16.54 16.62 16.56 17.76 17.06 16.21 16.90 16.90

Blocked 0.13 0.11 0.13 0.16 0.11 0.13 0.12 0.11 0.14 0.12 0.16 0.13

Station 2

Busy 80.91 80.56 79.96 81.36 80.49 80.66 77.85 76.71 78.43 78.65 78.47 78.02

Idle 18.91 19.27 19.90 18.50 19.39 19.19 22.01 23.16 21.45 21.21 21.39 21.85

Blocked 0.18 0.17 0.14 0.14 0.12 0.15 0.13 0.13 0.12 0.13 0.14 0.13

Station 3

Busy 78.72 76.13 72.85 78.22 75.84 76.35 68.24 65.86 68.11 66.38 66.85 67.09

Idle 20.96 23.64 26.92 21.49 23.91 23.38 31.56 33.90 31.64 33.43 32.94 32.70

Blocked 0.32 0.23 0.23 0.29 0.25 0.26 0.20 0.23 0.24 0.19 0.21 0.22

Station 4

Busy 66.66 65.86 61.28 66.88 62.83 64.70 44.47 45.74 48.85 44.07 45.97 45.82

Idle 33.11 33.95 38.48 32.88 36.98 35.08 55.34 54.13 50.96 55.77 53.90 54.02

Blocked 0.23 0.19 0.23 0.23 0.19 0.21 0.19 0.13 0.19 0.16 0.13 0.16

Station 5

Busy 23.99 23.67 26.05 22.88 21.01 23.52

Idle 75.93 76.24 73.88 77.04 78.90 76.40

Blocked 0.08 0.09 0.08 0.09 0.09 0.08

Station 6

Busy 6.03 8.41 9.01 9.05 7.41 7.98

Idle 93.96 91.58 90.97 90.92 92.58 92.00

Blocked 0.01 0.01 0.02 0.03 0.01 0.02
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Table 12: Results of the 5 simulation runs - Scenario 4 

 

Scenario 4 - blocked, extra ws

Number of stations 4 Number of stations 6

Arrival rate exp(35) Arrival rate exp(35)

Repack speed N(15,8) Repack speed N(15,8)

run 1 run 2 run 3 run 4 run 5 Average run 1 run 2 run 3 run 4 run 5 Average

Total Label 1 1378 1426 1513 1497 1426 1448 1509 1543 1519 1482 1509 1512.4

Total Label 2 167 184 153 168 178 170 163 188 160 158 185 170.8

Avg. time Repack 657.0 689.4 738.6 738.2 707.9 706.2 599.9 594.8 593.2 589.1 594.6 594.4

Avg. time Not Repack 331.9 345.1 354.6 353.9 342.3 345.5 319.1 318.9 318.3 318.5 318.1 318.6

Avg. total time 621.9 650.0 703.3 699.4 667.3 668.4 572.6 564.9 567.0 563.1 564.4 566.4

# pallets left in 

system after 16hr 16 14 13 25 24 18.4 26 10 14 17 17 16.8

Time needed to 

empty system 619.5 667.5 583.3 839.4 898.1 721.6 712.6 492.8 631.2 482.4 647.1 593.2

Station 1

Busy 83.42 82.96 83.32 83.56 83.15 83.28 82.87 83.38 83.25 82.63 82.61 82.95

Idle 16.43 16.87 16.50 16.29 16.72 16.56 16.99 16.52 16.63 17.18 17.21 16.91

Blocked 0.14 0.17 0.18 0.14 0.13 0.15 0.14 0.10 0.12 0.19 0.18 0.15

Station 2

Busy 79.35 79.84 81.09 80.70 79.37 80.07 78.20 78.35 79.12 78.68 77.82 78.43

Idle 20.54 20.03 18.78 19.15 20.51 19.80 21.69 21.52 20.77 21.19 22.06 21.44

Blocked 0.11 0.13 0.13 0.14 0.12 0.13 0.11 0.13 0.11 0.13 0.12 0.12

Station 3

Busy 71.22 73.03 77.59 76.58 72.66 74.22 66.45 69.56 68.59 66.11 66.47 67.44

Idle 28.55 26.70 22.13 23.10 27.10 25.52 33.34 30.18 31.20 33.64 33.33 32.34

Blocked 0.22 0.27 0.28 0.32 0.24 0.27 0.21 0.26 0.21 0.25 0.20 0.22

Station 4

Busy 52.39 60.22 72.92 67.23 60.99 62.75 50.64 50.79 47.33 48.66 46.49 48.78

Idle 47.41 39.53 26.85 32.54 38.82 37.03 49.24 49.03 52.52 51.19 53.36 51.07

Blocked 0.20 0.24 0.23 0.23 0.19 0.22 0.12 0.18 0.16 0.15 0.14 0.15

Station 5

Busy 27.50 27.36 27.99 22.40 27.73 26.60

Idle 72.41 72.55 71.94 77.52 72.19 73.32

Blocked 0.09 0.09 0.08 0.08 0.08 0.08

Station 6

Busy 11.16 11.61 8.68 7.50 11.36 10.06

Idle 88.81 88.37 91.29 92.48 88.60 89.91

Blocked 0.03 0.02 0.03 0.02 0.04 0.03


