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Kurzfassung 

Aktuelle Konstruktionspläne des Bahnhofs in Norrköping, Südschweden, beinhalten Ideen 

zur Adaptierung de nahe gelegenen lokalen Haltestelle für öffentlichen Verkehr. Zur 

Unterstützung der Entscheidung bzgl. der lokalen Haltestelle soll das aktuelle Designprinzip 

mit einem alternativen Design verglichen werden um deren Sensibilität  im Bezug auf 

verschiedene Verkehrsdaten zu evaluieren. Für den Vergleich wurde ein 

Mikrosimulationsmodel mit der Simulationssoftware Aimsun erstellt. Die Vorbereitungen für 

das Simulationsmodel erforderten eine intensive Datensammlung um die notwendigen 

Eingangsdaten vor Ort der Fallstudie zusammenzutragen. Das Simulationsmodel beinhaltet 

Szenarien basierend auf der aktuellen Verkehrssituation ebenso wie Zukunftsszenarien, 

welche Annahme über den zukünftigen Zuwachs beinhalten. Das alternative Designlayout 

verfügt über eine zweite Spur im Haltestellenbereich um Bussen die Möglichkeiten zu bieten 

Fahrzeuge vor ihnen zu überholen. Während der Erstellung dieses Designs wurden mehrere 

Einschränkungen von Aimsun erkannt und Anpassungen waren notwendig um ein 

Simulationsverhalten wiederzugeben, welches möglichst genau der Realität entspricht. Das 

endgültige Simulationsergebnis zeigte keine offensichtlichen Unterschiede weder zwischen 

den verschiedenen Zukunftsszenarien noch zwischen den beiden Designlayouts. Die 

Softwareeinschränkungen führten sogar zu leicht höheren Werten des alternativen Designs,  

wodurch detaillierte Vergleiche der Ergebnisse erschwert wurden. Nichtsdestotrotz 

verweisen die Resultate darauf, das beide Designlayouts über freie Haltestellenkapazitäten  

verfügen, wodurch sich die Erkenntnis ergibt, das keine Änderungen des aktuellen 

Haltestellendesigns notwendig sind. 

 

 

 

 

Schlagwörter: Verkehrssimulation, Aimsun, Haltestellendesign 
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Abstract 

Actual construction plans of the railway station in Norrköping, southern Sweden, include 

ideas of adapting the close- by local public transport stop. To support the decision making for 

the local public transport stop, the current design layout should be compared with an 

alternative design to evaluate their sensitivity to certain traffic data. For the comparison a 

micro simulation model was created with the simulation software Aimsun. The preparations 

of the simulation model required intense data collection to gather the necessary input data 

from the case study area. The simulation model includes scenarios based on the current 

traffic situation and also future scenarios including assumptions for the future demand 

growth. The alternative design layout offers a second lane in the stop area to provide busses 

with the possibility to overtake other vehicles in front of them. While creating this design 

several limitations in Aimsun were recognized and modifications were required to create 

simulation behaviour as close to reality as possible. The final simulation output offered no 

significant differences neither between the different future scenarios nor the two different 

design layouts. Due to the software limitations the alternative design showed even slightly 

higher results and made it difficult to make explicit comparisons of the output values. 

Nevertheless the output data indicated that both design layouts include remaining capacity of 

the public transport stop, which supports the conclusion that no changes in the current stop 

design are necessary. 

 

 

Keywords: Micro simulation, Aimsun, Public transport stop design 
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1 Introduction 

The growing amount of people living in cities leads to an increased demand of investment 

in public transport (PT) networks. PT is subject to a steady process of change. New 

transport stops are built, new transport lines are implemented, existing ones extended and 

new possibilities how public transport can look like are invented. Improvements like 

advanced intermodal PT nodes and higher frequencies are necessary to fulfil the increased 

user needs and in general the need of a sustainable transport mode. As no single PT 

mode can satisfy this upcoming service demand, intermodal travels and also fast 

interchanges within single modes, become more and more important. Such interchange 

travels require multifunctional platforms to fulfil the increasing needs of passengers like 

short interchange distances and clear traffic information for all traffic modes.  

PT planning is done by finding a compromise between the cheapest and most efficient 

option for changes in the PT system. The traditional approach considers the optimal 

solution for the different parties of interest involved in a PT project. As in reality the design 

of PT stops varies greatly even between stations with similar traffic patterns, each PT 

provider usually uses their own design approach based on local experiences. 

Micro simulation is one possibility to change that traditional planning approach, as it is 

capable to analyse given transport situations and point out their weaknesses. Simulations 

make it amongst other things possible to analyse the impacts of different PT designs or 

different future timeframes. The ability to perform such evaluations in advance will lead to a 

more flexible and highly advanced long-term transport planning process. 

1.1 Background 

The idea for this thesis is based on the actual traffic plans for Ostlänken - a project about a 

highspeed- railway connection between Järna and Linköping as part of the train connection 

between Stockholm and Gothenburg (Trafikverket, 2012). This project is going to lead to a 

reconstruction of the Norrköping railway station starting in 2017, which includes additional 

plans to reconstruct the PT stop in front of the Norrköping railway station. As these 

construction plans are still under development it is of some interest to know the need for 

optimizations of the current PT stop design. Such changes depend on the feasibility of the 

current stop design to cope with the future demand. Therefore the PT stop shall be 

simulated and evaluated under different time horizons and growth scenarios.  

As interchange platforms present one of the key issues for the efficiency of the future PT 

system, it is important to plan them accurately. There are two major aspects influencing the 

efficiency of a PT stop. On one side, intermodal PT stops are often located in central 

places with high land values and therefore need to be planned carefully in terms of land 

use and functionality.  
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On the other side, PT planning is influenced by a required throughput. Not only the current 

traffic situation needs to be considered, but also future throughput increases within 

different time horizons have to be included in the planning process. There exists clearly a 

trade-off between space efficiency and throughput of a stop but it is unclear how to achieve 

this compromise considering which aspects.  

In a socio-economic approach, waiting time is more expensive than travel time on a vehicle 

itself as shown by Mackett et al. (2004). Waiting time, which is about 1.6 times in-vehicle-

time, is considered higher valuable than e.g. schedule delays on board, which are about 

0.34 times in-vehicle-time for busses. Therefore delays for waiting passengers should be 

kept to a minimum, especially at high priority PT stops, where many modes and lines are 

served in the same area.  

1.2 Problem Statement 

As chapter 2 outlines in detail, literature provides limited support about the design aspects 

of a PT stop. Furthermore not much is known about the impact of different design 

approaches regarding delay and efficiency. So far there is rarely any computer evaluation 

of new stop designs or constructional changes of existing stops conducted before their 

implementation. 

1.3 Aim and Purpose 

The main purpose for this thesis is to conduct an intense research about the limitations of 

the simulation software Aimsun. Therefore two design layouts are simulated to get 

additionally a closer inside look about how design layouts are able to influence the 

efficiency of PT stops. To ensure that the simulation process is as realistic as possible it is 

based on real numbers. The study object is the PT stop in front of the railway station in 

Norrköping, southern Sweden. This fact forces the simulation model to be highly accurate 

and requires an intense amount of data to create a simulation as close to reality as 

possible. The comparison of the existing stop design with an alternative design layout 

gives some input for the decision making regarding further reconstruction plans of the 

Norrköping railway station and its surrounding area. The design comparison focuses on the 

differences based on the current passenger volume and arrival frequencies as well as on 

expected future increases of these numbers. 

 

 

 

 

 



 

8 

The following points present an overview of the main questions this thesis intends to 

answer: 

 Which kind of data needs to be collected to create a simulation model of the given 

case study with traffic simulation tools such as Aimsun? 

 What are the limitations of the simulation software and what modifications are used 

to reduce the limitations of the used software tool? 

 How does the performance of the PT stop look like in different time frames (now, 

2020 and 2030), depending on the increased traffic demand?  

 Do the two designs reach their breaking point in terms of capacity within these time 

frames? If not, by which extend has the input data to be increased to reach the 

breaking point?  

 How much do the two mentioned design layouts differ in terms of travel time and 

delay? The answer should compare the statistical outputs for both designs based 

on identical input data so that only the geometric differences influence the 

simulation output.  

 Which scenario shows significant differences between the designs? As not only the 

current traffic conditions but also expected future scenarios are going to be 

simulated, it is important to analyse at which point significant differences between 

the designs can be recognized. 

  

1.4 Limitations 

The simulation focuses only on PT which means no car traffic is included in the simulation. 

The research is limited to the bus and tram part of the PT stop in front of the Norrköping 

railway station. This thesis is about micro simulations created with Aimsun and no other 

simulation tools will be used. The data collection is executed on weekdays and focuses 

only on the morning peak hour. 

1.5 Methodology 

The method for this thesis is a traffic micro simulation that is implemented in Aimsun. The 

input data for the simulation model is gathered by the author. This means the data was 

collected manually at the case study area by taking notes and creating observation videos. 

1.6 Outline 

This thesis focuses on the analysis of two different PT stop designs. During the thesis 

work, a micro simulation model of a given case study area will be build and the two design 

layouts are going to be created and evaluated. Furthermore the use of the simulation 

software Aimsun will give insights by which extent the software can be used for simulating 

and evaluating different PT designs. The thesis will discuss occurring problems during the 
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simulation process and how those problems can be solved or which adaptions of the 

simulation are inevitable. The paper is divided into seven chapters where this introduction 

is the first one. 

Chapter 2 gives an overview about the background of the topic. This section includes the 

state of the art in planning and simulating PT and gives examples where micro simulation 

and especially Aimsun are used as a method to plan and evaluate PT scenarios. 

Chapter 3 deals with the theoretical framework of this thesis. The chapter explains the 

most important terms dealing with micro simulation and introduces two of the most 

common simulation packages. Furthermore the chapter outlines the theory behind PT stop 

designs, which design principles can be separated and what are the advantages and 

disadvantages of each design.  

Chapter 4 focuses on the case study and the connected data collection process. This 

particular chapter introduces the location of the case study area and its characteristics. The 

personal data collection is listed in some detail to see how many observations are needed 

to collect which kind of data by which amount. 

Chapter 5 outlines the details of the simulation model. The chapter gives an overview 

about all the steps, which are necessary to create firstly a base model of the current traffic 

situation and describes later on the development of an alternative design layout. Further 

parts of this chapter are the settings of the future simulation scenarios and the model 

verification. The chapter ends with the modifications, which were necessary to create a 

model close to reality.  

Chapter 6 deals with the evaluation of the simulation process. This thesis section displays 

the different results and compares the values between the two different designs and the 

single time frames. This chapter summarizes also the stress test results, which visualize 

the breaking point of each design layout. 

Chapter 7 presents the conclusions gained from this work. The thesis finishes by giving an 

outlook for future studies dealing with the simulation of PT stops. 
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2 Literature Research 

Public transport planning is a very complex discipline combining aspects of transport 

engineering and urban planning. The background research for this thesis is divided into 

three parts (problem review, methodology review and software review) to examine the 

different aspects influencing this study topic. 

Problem review – PT planning 

At first the research focuses on the planning of public transport and its infrastructure, 

specifically the design of PT stops and stations. Several countries and PT companies 

provide guidelines and manuals for efficient and sustainable PT planning. The “Public 

Transport Infrastructure Manual” (TransLink, 2012) is only one of them and contains 

information like how the available space for a stop or station influences the size, 

configuration and function of it, which furthermore influences the capacity. In general a stop 

should not consume more space than required for its functionality. The design of a stop is 

influenced by the demanded frequencies and number of services. Future demand growth 

needs to be included in the planning process. The stop design itself should minimize 

delays and preferably separate traffic streams, e.g. pedestrians from other station traffic. 

The design process needs to consider turning circles and manoeuvring patterns of the 

different PT vehicles or required distances between vehicles in a nose-to-tail operation. 

However the manual is kept quite general and does not provide clear answers for specific 

design questions. The station layouts provided in the manual separate only between bus 

and railway operations and only one combined design layout.  

There are many other examples for such manuals and PT guidelines. Lingqvist (2012) 

outlines the aspects that need to be considered when planning a big train station. 

Lindquist’s manual describes in detail what is crucial before the planning process can start, 

what points need to be considered regarding the location and different traffic streams and 

incudes also descriptions of platform parameters like their design and information tools. 

Pedersen (2006) outlines the different types of possible bus stops in the area of 

Gothenburg and which stop type requires which standard facilities. Smith (2011) deals with 

PT interchange terminals but focuses mainly on busses. The paper underlines the 

importance of people orientated approaches and how best results can be achieved but it 

stays very general and without much detail. Bus Priority Team (2006) discusses mainly the 

current state of bus stops and vehicles in London and summarizes the future objectives in 

that area. The manual includes regulations for different bus stop layouts, the waiting area 

and other related facilities like the ticket machine and information system. “Accessible 
Tram Stops in Safety Zones” (VicRoads, 2010) is a guideline for the design of tram 

infrastructure in Victoria, Australia. The instructions show in detail the geometric solutions 

for different use cases. What all those manuals have in common is the same very general 

approach as already mentioned (TransLink, 2012).  
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It seems that each city or traffic region develops its own design approach, mainly based on 

the experience of the responsible traffic planner. Of course there is the presumption that 

some exchange of design ideas between cooperating cities takes place. Nevertheless, 

surprisingly little support is provided in the literature for the choice of a PT stop design, not 

even basic ideas which can be adapted for a specific traffic situation. 

As the literature research did not provide satisfying results, it was decided to ask qualified 

traffic planners how they decide about PT design layouts. Two questioned traffic planners, 

one from Holding Graz Linien, Austria and the other from Norrköpings Kommun, Sweden 

responded with mainly the same answer.1 There exist some basic legal regulations 

regarding for instance the accessibility of a PT stop, which builds one part of the planning 

framework. The available space, the desired number of vehicles, the vehicle types, the 

influence of close by intersections, the required space for the waiting area and pedestrian 

crossings as well as passenger movements for interchanges and in emergency cases are 

other aspects influencing the framework for a PT stop. Considering all those specific input 

parameters, which vary for every situation, the planning process focuses on finding the 

best compromise between all those requirements and limitations.   

Methodology review – traffic micro simulation 

Even though the limiting factors can reduce the amount of possible designs for a PT stop, 

the different versions still need to be compared carefully. Traditionally such comparisons 

are based on methodological approaches which can be found in the highway capacity 

manual (TRB, 2010) like speed estimations, average travel time calculations or capacity 

formulas. New approaches often use micro simulation models to include more different and 

complex input parameters to compare different design layouts. Fernández (2010) uses a 

simulation model called PASSION, which was created specifically for bus stop operation 

simulations. The study points out that PT stops are the bottlenecks of the transport system 

and therefore need to be studied more detailed. The TRANSIMT micro simulation model, 

based on the software ARENA, deals again with the bus part of PT, more precisely bus 

rapid transit (Ancora et al. 2012). The paper focuses on the simulation of a single bus line 

on a reserved lane, including several stops and additionally traffic lights. The software 

contains a vehicle and a passenger model to analyse the entire bus route without car 

interference.  

Even though most commercial traffic micro simulation tools like Aimsun or Vissim include 

the simulation of PT in their package, it has only a side role next to the main purpose of the 

car traffic simulations. Cortes, (2010) summarize this fact in their paper, showing the 

missing ability of micro simulation tools to simulate bus traffic in a realistic way. Cortes 

                                                

1 Personal communications: Martin Schmidt, Norrköpings Kommun 14th May 2013; Martin Schmidt, 

Graz Linien 5th June 2013 
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even reveals methods to trick the simulation software to achieve more detailed simulations 

of bus operations. The two previously mentioned traffic planners from Austria and Sweden 

support that view by agreeing, that PT simulation is not a commonly used tool during their 

planning projects. The kind of simulation mostly used for urban PT planning deals with 

traffic lights. Micro simulations are mainly used only for simulating several road segments 

including major intersections and to analyse the impact of PT priority measurements on 

given car traffic. This section can be summarized by the statement that even though many 

different papers deal with micro simulations of PT, most of them simulate PT only as a side 

aspect of the whole model and those few which specifically focus on PT simulations deal 

only with bus simulations. None of the mentioned papers included the simulation of mixed 

PT with busses and trams, as it is the focus of this thesis. 

Software review - Aimsun 

The following supchapter Traffic Simulation includes a short description of the specific 

simulation software used for this thesis, Aimsun (TSS, 2011a) and presents studies using 

this software tool. A description about the software package itself can be found in chapter 

3.1 Traffic Simulation. Linköping University provides some previous master theses dealing 

with traffic simulations in Aimsun. Septarina (2012) deals with the simulation of a 

roundabout whereas PT, in that case only busses, plays only a side role. Wennström 

(2010) outlines the usage of Aimsun to analyse roadwork simulations. Again, the included 

PT plays is only a side part of the simulation model. On the contrary, Wong (2006) focuses 

clearly on PT, describing the simulation of transit signal priorities for busses along their 

route. These theses have in common that they are simulating mixed traffic, private cars 

and PT but none of them deals with the details of PT stop simulation or uses different PT 

types. The paper provided by Hidas et al.(2009) is therefore an exception as for this case 

study Aimsun is specifically used to evaluate alternative scenarios for a given bus terminal 

and its surrounding area. Their paper is the most comparable one regarding the topic of 

this master thesis.  

All these presented studies using Aimsun deal only with a single PT mode namely busses 

and only a few of them focus entirely on PT simulations. It seems that there is a wide range 

of study areas that are not explored so far. For the future it might be important to simulate 

more case studies dealing with the specific behaviour of PT, especially at more complex 

stop locations. Furthermore, as intermodality is getting more and more important, 

simulations dealing with mixed PT have to be created to analyse the interactions between 

different PT modes. This thesis is a first step to start filling the existing gap. 
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3 Theoretical Framework 

The theoretical framework introduces the terms traffic simulation and PT stop designs to 

gain the basic knowledge for the future case study simulation. 

3.1 Traffic Simulation 

A computer simulation of the case study in Norrköping builds the main part of this thesis. 

Therefore it is essential to present some background of this simulation method. Traffic 

simulations can be used as an important tool for decision-making. With such a tool it is 

possible to represent the real world in very detailed simulation models. The importance of 

such models lays not only within the computer visualization of actual traffic conditions but 

also in the possibility to present the effects of traffic changes for instance in future 

scenarios. Traffic simulations make it possible to create different traffic scenarios and 

compare them with each other for more precise inputs in the decision-making and future 

traffic planning process. Traffic simulations are divided into three types. Those types are 

titled macroscopic, mesoscopic and microscopic simulation as shown in Figure 1.  

 

Figure 1 Types of traffic simulation models (University of Dublin, 2013)  
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Macro simulations cope with complete city networks and describe traffic flows. Micro 

simulations refer to the very details of a traffic network, the movement of single vehicles. 

Mesoscopic simulations focus only on smaller parts of a network like connected 

intersections or parts of PT routes. They combine aspects of macro and micro simulation. 

Available software for each simulation type is listed by Adams Boxill and Yu (2000). Algers 

et al., (1997) reviewed 32 different simulation software packages and outlined the different 

properties of their models. A detailed introduction to the topic of transport modelling is 

provided by  rt  ar and  illumsen (2011). As this thesis is about the evaluation of a 

single PT stop, a microscopic simulation model is used for the PT simulation.   

Micro simulation 

Micro simulation is defined as the dynamic and stochastic modelling of individual vehicle 

movements over time within a system of transport facilities. Each vehicle moves through 

the network according to the physical characteristics of the vehicle, the fundamental rules 

of motion and the rules of driver behaviour (Dowling, 2002). Micro simulation produces a 

virtual copy of a real system and presents an economical and practical tool for decision-

making (Ancora et al., 2012). 

Different software tools exist and they differ in their theories and assumptions but they are 

based on and follow all the same approach to create traffic models. These simulation tools 

are used to analyse the impacts of driving behaviour, traffic light settings, traffic volume, 

traffic flow, queue length etc. There exist many different software packages whereas 

Aimsun and Vissim (TSS, 2011a and PTV AG, 2011) are two of the most common ones. 

Even though this thesis focuses on the limitations and feasibility of Aimsun to simulate the 

given case study, also a short description of Vissim is following. The description of the two 

different software packages should help to understand the specifics of those two simulation 

tools. 

Both software packages have in common that they are based on a car- following algorithm 

and specific lane- changing behaviour. The car- following algorithm describes the 

behaviour of a driver when getting closer to a vehicle in front and at which time, depending 

on the different vehicle speeds, the driver starts to react by decelerating. The lane- 

changing behaviour simply describes the conditions to change lanes. Even though the 

specific algorithms differ between the packages, those behavioural car following models 

are all based on the model by Gibbs (1981). Both software packages simulate single 

vehicles in a predefined network. Evaluation results like the queue length or the delay of 

PT vehicles depend on the behaviour of those single entities. The models create simulation 

runs which represent laboratory experiments in contrary to field experiments, as it is a 

challenge to measure the impact of network changes directly on the field. Computer 

models can easily help to estimate the impact of such changes like e.g. rebuilding 

measures. The range of options for micro simulation is not only the area of traffic planning 

and management but also extended applications like evacuation models for emergency 
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cases as shown in (Hardy and Wunderlich, 2007). As micro simulation models can run 

much faster then real-time, they are also used for short-term forecasts like incident 

management or variable speed limits. 

Vissim 

This software package is a commercial micro simulation tool developed by the PTV AG in 

Karlsruhe, Germany. The software is able to simulate multi-modal traffic flows and includes 

ITS measures like actuated signal control. The programs target is to model urban traffic 

flows including PT operations and pedestrian flows (PTV AG, 2011). Vissim consist of two 

different internal parts, the traffic flow model and the traffic control, which exchange 

detector values and signal status. 

Aimsun 

This software tool is a commercial simulation application invented by TSS – Transport 

Simulation Systems in Barcelona, Spain. The software combines microscopic, mesoscopic, 

macroscopic and hybrid simulations in one software application (TSS, 2013). Out of all 

these possibilities the microscopic simulator is used for this study. In Aimsun, data like 

network description, traffic control plans, traffic demand data, public transport plans and a 

set of simulation parameters are required as input for simulation scenarios. The output of 

those simulated scenarios is saved in an Microsoft Access Database file which includes an 

entry for each replication of each experiment in a scenario (TSS, 2011a). While running a 

simulation it is possible to create a video of the simulation, which can be useful for visual 

presentations of the created traffic model. Aimsun also offers an interface to Google Earth 

as shown in (Aimsun, 2008). This feature makes the software package even more 

appealing regarding public presentations. 

Comparison 

Barceló (2010) compares the different simulation software packages. The required input 

data for a simulation in Aimsun and Vissim is quite similar but Vissim also offers some 

additional options like trams as a basic PT vehicle. In Aimsun this vehicle type has to be 

created manually. Vissim is also able to simulate bicycles and includes therefore the 

specific traffic behaviour between all these basic vehicle types. In Aimsun the simulation of 

pedestrians is only possible with an additional plug-in called Legion for Aimsun but Vissim 

offers the simulation of pedestrians already in the base version of the software package. 

Regarding differences in the PT simulation, Vissim includes railroad tracks as lane type. In 

general there are the same options for PT simulations available in both simulation 

packages. But there are small differences for the input data, as Vissim includes only two 

different stop types where Aimsun offers also a bus terminal as a third stop option.  
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3.2 PT Stop Designs 

Depending on each initial situation, PT stop layouts can follow many different design 

approaches. Although the design of PT stops may differ from case to case, some basic 

design principles can summarize the general ideas behind every case. This chapter gives 

an overview about the most common principles for larger PT stops including busses and 

trams. Larger stops mean that more than just two or three PT lines are serving the stop. 

This specification requires more complex design layouts than a simple stop next to the 

road. 

Many different aspects can be found to categorize PT stops, depending on the point of 

view. On one side there are the types of PT vehicles using a stop. PT stops can also be 

differentiated by stops only for busses or trams only but also mixed PT. Another 

categorization could be done by the kind of operation, which means if there are all lines 

arriving at the same stop, one after the other, or if there are separate platforms for each 

line. Another category would be if there is the possibility to overtake vehicles in the stop, 

which indicates a second lane has to be available. 

This chapter outlines some well-known examples whereas the focus is on design layouts, 

which occur at the case study area as well as adaptations of current PT stop designs. 

Before any decision for a specific design approach can be made it is always necessary to 

clarify the initial situation. Although there are a lot of different variants of a PT stop, the 

decision which approach might suit for the given situation can be simplified by answering 

the following general questions. 

 How big is the maximum available space? This is the main question, which needs 

to be answered at the beginning as it decides which design approaches can be 

generally considered in the first place. 

 Which kind of PT serves the PT stop? There exist different designs for mixed and 

single PT stops.  

 Is the specific PT stop along a PT route or at its end? End stations usually require 

some layover time and require therefore another design approach as stops along 

the route. For end stops there is in general more space available or at least they 

are planned in areas with enough space. Stops along a route are designed more 

tightly due to limited space because they are more mixed up with other traffic, 

especially in city centres. 

Beside this general guidance and information, the focus of this study is to stress and 

analyse the differences between two specific design approaches, the so-called first come- 

first serve principle and its related alternative with a second lane, as it follows in more 

detail.  
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First come- first serve principle 

This principle is also called nose-to-tail operation as one vehicle stops with its nose behind 

the tail of another one in the stop area. Figure 2 visualizes this principle. The light 

coloured, smaller shapes represent busses whereas the dotted and dark coloured, bigger 

shapes represent trams. The waiting area field represents the alighting and boarding area 

for passengers, including the shelter and other PT stop equipment. 

 
Figure 2 First come- first serve principle 

The following section describes the advantages and disadvantages of this design layout. 

 Space efficient due to one lane per direction- design 

 Simple stop overview for passengers 

 Short walking distance for pedestrians crossing lanes to opposite side 

 During increased PT demand vehicles may block each other or even be blocked 

from accessing the platform area at arrival 

 Vehicles may get delayed due to blocking 

 Long walking distance to last vehicle in the row, difficult for disabled or elderly 

people 

Platforms should have a length no longer then for three vehicles in a row work to operate 

efficiently. This specification should be valid for the shortest vehicle type serving the PT 

stop. Such a design suits well for mixed PT where busses and trams are using the same 

lane. The layout works fine in two cases. One case would be to have several different PT 

lines arriving in larger intervals (~10 to 20 minutes). The other option is to have a small 

number of lines arriving at the stop with a high frequency. Both cases assume that the stop 

is regularly served without having too many vehicles arriving at the same time. This special 

design principle is not suitable for PT stops with layover times. All vehicles serving the PT 

stop should have nearly the same stop time to avoid blocking each other. 

 

 

 

 

Waiting area 

Waiting area 
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First come- first serve design with second lane 

This design layout is similar to the previous one except that it provides an additional lane. 

This additional lane gives busses the possibility to overtake vehicles in front of them. The 

light-grey coloured roadway describes the basic route when serving the PT stop and is also 

the only possible route for trams as they depend on the tracks. The dark-grey coloured 

roadway in Figure 3 represents a normal lane without tracks, the so-called passing-by 

area, in which busses can overtake vehicles in front of them. Again the recommended 

maximum stop capacity is three vehicles. 

 
Figure 3 First come- first serve layout with second lane 

The advantages and disadvantages of this layout are as it follows: 

 Busses can leave the stop directly after finishing passenger exchange, providing in 

general shorter travel times 

 The design gives flexibility to certain incidents (e.g. vehicle break-down) 

 Simple stop overview for passengers 

 Space consuming design approach 

 Long walking distance for pedestrians crossing the lane to the opposite side 

 Long walking distance to last vehicle in the row, difficult for disabled or elderly 

people 

The bigger the difference in stop time between the different vehicle and lines is, the higher 

is the advantage of this layout in comparison to the previous shown one-lane scenario. 

One benefit is that different stop times give busses the option to overtake other vehicles. If 

all vehicles stop for almost the same duration, they will move within similar points of time 

and this would lead to an overtake rate close to zero. It needs to be analysed for each 

specific PT stop if the advantage of this layout overcomes the disadvantage of the higher 

space consumption. The design is suitable for mixed PT but not at all recommended for PT 

stops with layover times as trams can still block each other. 

 

 

 

Waiting area 

Waiting area 
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Platform per line principle for trams 

Such a design provides one platform for each PT line which gives two different design 

layouts, one for trams as shown in Figure 4 and one for busses, visualized in Figure 5. 

Each tramline has its own stop whereas the layout is separated between the two 

directions. This layout gives the possibility to combine the tram tracks before and after the 

tram stop. These stop layouts contain usually enough space for two vehicles behind each 

other. 

 

Figure 4 One platform per line- design for trams 

The following listing points out the advantages and disadvantages of the one platform per 

line- design: 

 Full independence for each tram line 

 High flexibility to certain incidents (e.g. vehicle break down) 

 Possibility of layover time 

 Very space consuming design approach 

 Possibility of very long walking distances for pedestrians crossing the lanes to the 

opposite side 

A more common design approach for trams only would be to include more lines at one 

platform which makes this design approach less space consuming. The number of lines 

serving one platform depends mainly on their frequency. If there are many different 

tramlines with short intervals serving the stop, it might be necessary to have more than one 

platform per direction. If such a design is used for end stations or stops with layover times, 

the additional tracks get more useful. For end stations only one traffic direction is required 

and the tracks are usually constructed as a circle, which is still space consuming but less 

parallel tracks are needed. 

 

Waiting area 

Waiting area 

Waiting area 

Waiting area 
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Platform per line principle for busses 

The design layout for busses provides one platform for each bus line. The stop includes a 

common entrance and exit to the platform area as one can see in Figure 5. All busses in 

this model arrive at the stop from the same direction. The dark-grey coloured roadway 

symbolizes the common roadway used by the busses to reach their specific platform. The 

light-grey coloured bays are the platforms reserved for each bus line, marked also by the 

fields A1 to B4. Those identifiers present only examples how to name the different 

platforms. The presented position of the entrance and exit of the stop is also an example 

and can differ from case to case. The same possibility for adaption is valid for the amount 

of platforms in one row as well as the number of platforms parallel to each other. The 

design presented in Figure 5 is just one possible solution to visualize the principle of this 

design approach. 

 

Figure 5 One platform per line- design for busses 

The advantages and disadvantages of this design approach follow, as they are: 

 Full independence for each bus line 

 High flexibility to certain incidents (e.g. vehicle break down) 

 Possibility of layover time 

 Very space consuming design approach 

 Possibility of very long walking distances for pedestrians to reach the different 

platforms 

 Complex stop overview needs some information table and passenger need to take 

their time to figure out their needed bus location 

This design approach is quite common for long distance and regional busses as this kind 

of PT has usually some layover time between the stops. Smaller versions of this design 

principle might also be used for end stations, again considering the layover time. As this 

design causes a more complex driving manoeuver to reach the platform, it leads to slightly 

increased travel times and is not recommended for time sensitive PT routes, where bus 

stops with a straight stop line parallel to the road are preferred. 

 

B
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3.3 Summary 

This chapter summarizes the required theoretical knowledge, which is the base for the 

case study presented later on. It explained the terms traffic simulation and micro simulation 

and compared two of the most common simulation packages, Vissim and Aimsun. 

Afterwards an insight about common designs of PT stops was given. With this information 

it is possible to understand the two different design layouts, which are included in the 

simulation part. For each design a short description was presented, which included the 

advantages and disadvantages of each of them. The description contained also the 

information which kind of PT stop and vehicle type suits best for each specific design.  
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4 Case Study 

So far the necessary theoretical background information has been provided throughout the 

previous chapters. This chapter now starts with introducing the case study area on which 

the further simulation model is based on and all its data, which is collected for the 

simulation. 

4.1 Geographical Area 

The municipality of Norrköping has about 132.000 inhabitants (Norrköpings kommun, n.d.) 

and is located about 160 km southwest from Stockholm (Google Maps, 2013) in southern 

Sweden. The cities public transport system includes two tramlines and eleven local bus 

lines operated by Östgötatrafiken, the regional PT organisation. 

The PT stop Norrköping Resecentrum, centrally located in the city and marked with an A in  

Figure 6, represents the interface between regional and local PT, in this case it is the 

connection between trains, trams and busses. Both local tramlines and four of the local bus 

lines serve this PT stop. The local PT stop creates together with the railway station and the 

close by regional bus terminal the most important PT interchange spot to and from the city 

as well as for the internal traffic.  

 
Figure 6 Map of Norrköping (Google Maps, 2013) 
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Figure 7 shows the location of the Norrköping railway station, which is called “Central 

Station“ on the map and marked with a train symbol. The regional bus terminal is located 

on the right side of the label “Norrköping Central Bus” and symbolized by the three parallel 

lines between train tracks and the road. On the left side of the railway station the local PT 

stop can be found, labeled “Norrköping RC tätortstrafik”, which means local public 

transport. The local PT stop and its close by environment are the so-called case study 

area. At each side of this case study area, when the PT enters the roundabout  in each 

direction, a priority signal is located to support a fast exit of PT vehicles from the PT stop.  

 
Figure 7 Map of Norrköping Resecentrum (Google Maps, 2013) 

The operation hours of the PT stop are from 5:01 am until 0:05 am on weekdays. The only 

exception is on Friday nights, when the stop is served until 2:51 am. During the morning 

peak two tramlines arrive in 10- minute (min) intervals and the two bus lines 115 and 117 

are operated with 20- min intervals. Detailed information regarding the morning peak can 

be found in the description about the fourth observation date, see subchapter 4.2. The two 

bus lines 130 and 141, so-called industrial busses, arrive at the PT stop in unsteady 

intervals. Due to some construction works during the data collection period the additional 

bus line 102, replacing parts of the route of tramline 2, served the PT stop in 10- 10- 20- 20 

min intervals. Due to the validity of the timetables during the observation time frame, 24 

vehicles per hour serve the PT stop in west-to-east (WE) direction and 22 vehicles stop 

there in east-to-west (EW) direction. The bus lines 130 and 141 do not serve the stop in 

EW- direction. During the data collection process it was noticed that also some regional 

bus lines stop at the PT stop, even though they are not originally mentioned in the PT stop 

timetables.  
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After illustrating the location of the case study it is crucial to describe the specific area in 

terms of transportation. Figure 8 shows an overview of the PT stop looking from the east 

side in the direction of the stop. The pictures were taken on August 2nd  2013 around 11:30 

am.  

 

Figure 8 PT stop overview (photo by the author) 

The picture in the upper left corner is marked with a red X, which should visualize the 

position from where the photograph in the lower right corner was taken from. This 

particular photo was taken while a bus stopped there at the first position to visualize the 

effective length of the PT stop, showing that there is enough space for about three busses 

in a row. 
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4.2 Data Collection 

Once the case study area is generally known, the next step is to collect all necessary data 

to describe the traffic situation at the PT stop. To create later on a model as close to reality 

as possible, it is necessary to catch every detail of the case study area. Besides general 

data like the timetable, it is also important to know the peculiarities of the stop, e.g. which 

parts of the surrounding area can cause delays to the PT or is there any significant 

influence of the close by railway station on the PT stop in terms of passenger volumes. 

The following list provides an overview about the parameters needed for the model 

development: 

 Published timetable 

 Punctuality of the timetable (variation of arrivals) 

 Influence of the surrounding area on PT delays (e.g. roundabout) 

 Amount of passengers crossing in front of the PT stop 

 Performance of PT priority signals – waiting time for PT to leave the stop area 

 Differences to the timetable in terms of additional lines serving the stop 

 Morning peak period 

 Connection between train arrivals and PT stop (increased passenger volumes) 

 Average stop time of vehicles 

 Number of passengers alighting/ boarding each vehicle 

 Amount of handicapped people 

 Initial passenger load of each vehicle 

 Any special behaviour of bus and tram drivers 

 PT vehicle types and their measurements 

 Measurements of the PT stop 

The timetable retrieved for the model development was valid until May 15th 2013. Only the 

timetable for weekdays was used for future simulations. Besides the timetable data, which 

is accessible online at Östgötatrafiken (2013) and a CAD- drawing of the PT stop, provided 

by the municipality of Norrköping, no further data was available from any traffic 

organisation. Therefore it was necessary to gather the missing data through manual 

observations at the case study area. The schedule of those observations is presented in 

Table 1 on the next page including a general overview about the focus and method of each 

observation date. The details of each observation will be presented in the following 

subchapters. 
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Table 1 Observation schedule overview 

Nr Date Duration [am] Parameter Method Location 

1 April 24th 7:20- 8:30 General overview about PT stop 
Notes in 
table 

PT stop 

2 April 29th 8:00- 9:00 Stopping time of vehicles Hand notes PT stop 

3 May 2nd 7:00- 7:30 
Waiting time of PT and 
pedestrian amount at pedestrian 
crossing 

Hand notes 
PT stop 
(east) 

4 May 3rd 7:30- 8:00 
Waiting time of PT at roundabout, 
Morning peak period 

Hand notes 
PT stop 
(west) 

5 May 7th 7:00- 8:30 
Punctuality of timetable, 
passenger counting in WE 
direction 

Notes in 
table, filming 

PT stop 

6 May 14th 7:00- 8:30 
Passenger counting in EW 
direction, number of handicapped 
people, initial passenger load 

Notes in 
table, filming 

PT stop 

7 May 15th 7:00- 8:30 
Passenger counting of missing 
lines, number of handicapped 
people, initial passenger load 

Notes in 
table 

PT stop 

8 May 23rd 7:00- 8:30 
Arrival, departure time; 
passengers alighting/boarding 

Notes in 
table 

RB Stop 

9 May 28th 7:00- 8:30 
Arrival, departure time; 
passengers alighting/boarding 

Notes in 
table 

RB Stop 

10 June 12th 7:00- 8:30 
Arrival, departure time; 
passengers alighting/boarding 

Notes in 
table 

RB Stop 

 

1 – General conditions 

This first observation has the target to get a general overview about the PT stop and its 

surrounding area. It should help to point out the different parameters, which need to be 

collected and the appropriate method to obtain the required information. The observation 

focuses mainly on the amount of busses and trams serving the PT stop and to make some 

rough estimation about the passenger volume. The observation takes place between 

7:20tam and 8:30 am, as this time period encloses the expected morning peak hour. 

Table 2 provides a short summary of the collected data. The notes contain only data from 

one of the two traffic directions, namely vehicles running from west to east. All the data 

gained during this observation is collected manually by using a previously prepared 

observation template, which is filled out during the observation. Additionally some 

comments about other observation aspects are made via hand notes. Those hand notes 

contain the following data. It is observed that around 7:22 am a lot of commuters arrive by 

train and most of them continue their journey by PT. From 8:10 am until 8:30 am the 

pedestrians at the pedestrian crossing have been counted but the amount is quite low. As 

an additional point the waiting time of vehicles at the priority signal is checked. Three out of 

five vehicles have no waiting time at all, one has about eight seconds and one bus has to 

wait 20 seconds as it registers too late for the signal. 
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Table 2 Open door times of arriving vehicles 

Nr 
Time of 

arrival [am] 
Doors 

open [s] 
PT Line Alighting Boarding Notes 

1 7:36 25.9 3 WE 2 5  
2 7:35 

 
2 WE 5 3  

3 7:43 23.7 430 WE 12 3  
4 7:45 21 431 WE 15 

  
5 7:46 

 
2 WE 7 19 Wheelchair user 

6 7:46 76.5 115 WE 
 

20  
7 7:47 32.4 3 WE 

   
8 7:50 21.8 102 WE 

 
7  

9 7:51 
 

117 WE 
 

18  
10 7:54 

 
2 WE 7 1  

11 7:54 28.5 412 WE 
  

End station Resecentrum 

12 7:54 
 

412 WE 
  

End station Resecentrum 

13 7:56 33.9 3 WE 2 10  
 

Observation notes: 

 It is necessary to observe each PT direction separately and only one parameter per 

observation. 

 Using a video camera is a useful method for the data collection as otherwise 

accurate counting of passenger is almost impossible if a) a tram arrives with 5 

doors and b) more than one vehicle arrives at the same time. 

 After a first check it is noticed that the reality does not reflect the timetable as the 

vehicles arrive at other times and therefore also in another order. It is observed that 

there are more busses arriving at the station then mentioned in the timetable. As a 

result it is necessary to observe these aspects during a particular observation date. 

 As there are a lot of commuters arriving from the train at 7:22 am, this time should 

be part of the simulations. It is clear that an additional observation of the morning 

peak period is essential. 

 Due to construction work tramline 2 is partly replaced by bus line 102. This new 

timetable is valid from April 22nd 2013 until May15th 2013. Due to that fact it is 

important to finish the data collection during that period so that the simulation is 

clearly based on that specific timetable. 

 Some bus drivers stop a second time in the stop area or extended their waiting time 

when they see additional passengers arriving. This passenger-orientated behaviour 

extends the stop time significantly. 

 Passengers using a wheelchair can triple the stop time of a PT vehicle. It is 

necessary to observe the amount of handicapped people during the peak period. 

 Opening times of vehicle doors need to be observed in more detail, so far the 

average is between 20 to 30 seconds. 
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2 – Stop time 

The second observation focuses on the stop time of the vehicles. Therefore each PT 

direction was observed for 30 minutes and the stop time of each arriving vehicle was 

recorded. Additional information about the stop position is collected, as vehicles might stop 

randomly in the middle of the stop or always at the front. 

Even though the stop times are collected separately for each traffic direction, the following 

data presentation combines all values, as the collected stop times do not show particular 

differences between the directions. Instead a separation between the two different vehicle 

types bus and tram is chosen, as different vehicle types could lead to different stop times. 

Figure 9 visualizes the stop time distribution distinguished by the vehicle type, which 

highlights that between the different vehicle types no particular differences in stop time can 

be recognized. For both, tram and bus, the average stop time is almost the same, 

respectively 24,5 seconds and 24,4 seconds as shown in Table 3, which includes the 

statistical evaluation of the stop time values. This evaluation proofs that it is not necessary 

to distinguish the stop times by the vehicle type when it comes to the model development. 

 
Figure 9 Stop time distribution bus and tram 

Table 3 Evaluation of stop time 

 Bus [s] Tram [s| 

Average 24.40 24.50 

Standard deviation 12.18 12.31 

Minimum 8 10 

Maximum 53 51 
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Observation notes: 

 The assumption that all vehicles stop at the end of the PT stop, close to the tactile 

guidance platform, is disproved during the second observation. It seems that the 

stop position is chosen quite randomly. This aspect will not be considered in the 

simulation, as the usual behaviour of the vehicles would be to stop at the end of the 

stop. Especially if the stop gets crowded, it will not be possible to stop at another 

position anyway. 

 Even though there is no real difference between the stop times of the different 

vehicle types, the range between the single vehicles is significant. Due to that fact it 

is more useful to count the actual passenger amounts for each line. In this case the 

stop times in the simulation depend on the number of passengers alighting/ 

boarding each vehicle instead of choosing a mean stop time with a high deviation 

value.  

3 – Pedestrian crossing 

The aim of this observation date is to analyse whether or not pedestrians crossing on the 

eastside of the PT stop cause any delays to the PT leaving or entering the stop area. 

Therefore the amount of pedestrians and also the stop times of the PT at the priority signal 

are recorded. Furthermore it is observed if regional busses leave the PT stop to the east 

on the same route as the busses or if they mix up directly with the car traffic. 

Figure 10 shows the distribution of the pedestrians along the pedestrian crossing. The 

transparent arrows in the background represent the PT lanes in each direction. The long, 

dark arrows display those pedestrians, who are using the whole crossing section from the 

railway station to the other side of the street, crossing not only the PT stop but also two 

road lanes. The short and light marked arrows display only those pedestrians who are 

using the pedestrian crossing between the PT stop and the railway station. The numbers 

present the observed pedestrians during a 30- minute observation period. 

 
Figure 10 Pedestrian distribution along crossing next to the PT stop 

Railway station 

PT stop WE 

Park at southern end of pedestrian crossing 
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Regarding the delay times of PT vehicles entering and leaving the PT stop area the 

following is observed. Those vehicles arriving at the PT stop have no delay entering the 

stop area as they are always early enough registered for the priority signal and therefore 

the stop signal for pedestrians at the crossing starts before the PT vehicles arrive. From 

those PT vehicles leaving the stop five out of six have no waiting time at all and only one 

vehicle has around 15 sec waiting time. The reason for this delay is a too late registration 

at the priority signal so there is no relation to the amount of pedestrians crossing in front of 

the PT vehicle. 

Observation notes: 

 At around 7:21 am and 7:47 am a lot of commuters arrive from the railway station 

and the PT platforms get crowded. 

 The pedestrians crossing next to the PT stop have no influence on the waiting time 

of the PT vehicles at the priority signal. Occurring delays are caused by the time of 

detection when vehicles are going to leave the stop area. 

 Regional busses leave the PT stop in the same way as other busses and mix up 

with the usual car traffic at a later spot, which is not included in the simulation. 

 Around 7:56 am two busses from line 440 arrive at the PT stop, even though they 

are not mentioned in the timetable. It is essential to note these additional arrivals 

and include them in the simulation. 

4 – Peak period 

As the morning peak period of the PT stop is still unclear, this fourth observation is held for 

two hours to set up the start and end time of the peak period for the further simulation 

model. Additionally the priority signal to the west of the PT stop area is observed to figure 

out possible delays of PT vehicles due to the car traffic in the roundabout. The observation 

takes place by making notes every five minutes about the current status of the PT stop e.g. 

how many people are approximately waiting at the stop. Important events were additionally 

noted for example points in time when bigger groups of people arrive from the railway 

station, when additional regional busses arrive at the stop or the stop gets crowded due to 

a high number of arriving PT vehicles. The priority signal at the pedestrian crossing is 

observed once more to gain more values about the stop time of the vehicles. The priority 

signal at the roundabout to the west is also observed by noting the stop time of the PT 

vehicles leaving the stop. In both cases the average stop time is zero, some vehicles just 

need to slowly arrive at the signal to get a green light but none of them has to stop and 

wait. Around 8:22 am the last bigger group of commuters arrives from the railway station. 

After that event it becomes quiet at the PT stop with no more then ten people overall 

waiting at the stop. Two school classes arrive at the stop between 8:45 am and 9:00 am 

but they do not represent daily PT users when travelling as school classes. In addition it 

can be assumed that school classes, especially with younger kids, avoid the morning peak 

period for trips. 
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Observation notes: 

 Based on the collected data the morning peak period is set to 7:00 am to 8.30 am 

as this period contains the most pedestrian movements at the PT stop. All 

simulations in Aimsun are set to the duration of the morning peak period. 

 The results have shown that neither the priority signal to the east nor the one to the 

west cause any delays to the PT vehicle flow. Due to that fact those signals can be 

neglected in the simulation model. 

5 and 6 – Punctuality and filming   

The fifth observation data includes the filming of the PT stop in the WE direction. A camera 

mounted on a tripod is positioned in such way, that it is able to capture all doors of the first 

vehicle in the stop area. Depending on the type of the first vehicle, it will be additionally 

possible to catch the pedestrian movements along a second vehicle. During the filming, 

notes are taken regarding the punctuality of those vehicles, which are included in the 

timetable. All additional arriving vehicles are noted together with their arrival time and line 

number. The analysis of the video material will be presented after the last observation date 

dealing with the number of alighting/ boarding passengers, summarizing all related 

observations together. 

The sixth observation date continues with filming the PT stop in EW direction. Additionally 

the initial passenger load of each vehicle is estimated and noted as a percentage. In hardly 

any vehicle all seats have been occupied, which leads in most cases to an occupancy rate 

of less than 40 %. This number is based on the assumption that there are more standing 

places then seats available. To collect an adequate number of observation results per line 

and direction, the data collection about the initial passenger load and the number of 

passengers alighting/ boarding each vehicle is continued for another observation. 

Table 4 shows the results of the punctuality evaluation. The coloured columns highlight 

those arriving busses, which are not mentioned in the timetable. These additional busses 

use the stop mainly to alight passengers before they continue their journey to the closely 

located platforms for the regional busses on the eastside of the Norrköping railway station 

(see Figure 7). The clock at the PT display panel is taken as time reference for the 

punctuality observation. In those rows where no actual time is written down for a vehicle, it 

means that the vehicles arrived in time. These vehicles are additionally marked in bold. 

Arriving vehicles number 25 and 26 in WE direction are mentioned in the timetable but do 

not arrive at the PT stop during the observation. This occurrence is neither the case in any 

of the following observations. Therefore those bus lines are not included in Table 6 and 

Table 5 dealing with passenger volumes and initial passenger load, as no values for those 

lines are available.  
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Table 4 Deviations of arrival times from the timetable 

West/East 
 

East/West 

 
Expected 
Time [am] 

Actual 
Time [am] 

Line Δt [min] 

 
 

Expected 
Time [am]  

Actual 
Time [am] 

Line Δt [min] 

1 07:03 07:02 115 - 00:01 
 

1 06:59   130   

2 07:05 07:06 2 + 00:01 
 

2 06:59   458   

3 07:05 07:04 458 - 00:01 
 

3 07:00 06:59 2 - 00:01 
4 07:07 07:05 3 - 00:02  

4 07:00   3   

5 07:07 07:06 117 - 00:01  
5 07:10   2   

6 07:11 07:09 102 - 00:02  
6 07:10 07:07 102 - 00:03 

7 07:15 07:13 2 - 00:02  
7 07:10 07:09 3 - 00:01 

8 07:17 07:15 3 - 00:02  
8 07:10 07:08 117 - 00:02 

9 07:21 07:20 102 - 00:01  
9 07:15   115   

10 07:23 07:21 115 - 00:02  
10 07:20 07:15 102 - 00:05 

11 07:25 07:23 2 - 00:02  
11 07:20   2   

12 07:27 07:26 3 - 00:01  
12 07:20 07:19 3 - 00:01 

13   07:26 432    
13 07:30   2   

14 07:27 07:28 117 + 00:01  
14 07:30   3   

15 07:27 07:25 430 - 00:02  
15 07:30   117   

16 07:35 07:37 2 + 00:02  
16 07:35   115   

17 07:37 07:36 3 - 00:01  
17 07:40 07:38 102 - 00:02 

18 07:41 07:39 102 - 00:02  
18 07:40 07:41 2 + 00:01 

19 07:43   115    
19 07:40   3   

20 07:45 07:43 2 - 00:02  
20 07:50 07:51 2 + 00:01 

21 07:47 07:48 3 + 00:01  
21 07:50 07:51 3 + 00:01 

22 07:47   117    
22 07:50 07:49 117 - 00:01 

23 07:48 07:44 430 - 00:04  
23 07:50   102   

24 07:48 07:44 430 - 00:04  
24 07:51 07:52 430 + 00:01 

25 07:50 X 130    
25 07:55   115   

26 07:50 X 141    26   07:56 440   
27 07:51 07:50 102 - 00:01  

27 08:00 08:01 2 + 00:01 
28   07:51 412    

28 08:00 07:59 3 - 00:01 
29   07:55 412    

29 08:10 08:11 2 + 00:01 
30 07:55 07:56 2 + 00:01  

30 08:10 08:09 3 - 00:01 
31 07:57   3    

31 08:10 08:12 117 + 00:02 
32 08:00 07:59 430 - 00:01  

32 08:10 08:08 102 - 00:02 
33 08:03 08:09 115 + 00:06  

33 08:15 08:16 115 + 00:01 
34 08:05 08:04 2 - 00:01  

34 08:20   2   

35 08:07 08:06 3 - 00:01  
35 08:20 08:19 3 - 00:01 

36 08:07 08:06 117 - 00:01  
36 08:20 08:19 102 - 00:01 

37 08:11 08:10 102 - 00:01  
37 08:30   2   

38 08:15   2    
38 08:30   3   

39 08:17 08:18 3 + 00:01  
39 08:30   117   

40 08:21 
 

102    
40 08:31   130   

41 08:21 08:14 430 - 00:07  
    

  
42 08:23 08:27 115 + 00:04  

    
  

43 08:25 08:24 2 - 00:01  
    

  
44 08:27 08:25 3 - 00:02  

    
  

45 08:27   117     
   

  
46   08:28 412               
 

 



 

33 

The average variation from the timetable for the WE direction is 1,5 minutes whereas the 

vehicles in the other direction are more in time with a mean variation of 48 seconds. The 

reason therefore could be that the busses from east direction arrive along the priority lane 

together with the trams whereas busses from west direction are mixed up with the car 

traffic and can be delayed in the roundabout before they enter the PT stop area. Generally 

said, PT vehicles arriving from the east come from a more quiet traffic area with less traffic 

lights then the vehicles arriving along major roads from the west where it is more difficult to 

plan an average travel time between the PT stops. It is interesting to see that about 60t% 

of the vehicles in WE- direction and around 30 % of the vehicles in EW- direction arrive too 

early. The number of punctual vehicles is 30 %, too. This value does not include additional 

busses, as there is no expected arrival time available for them. It can be seen that the 

arrival times differ in a wide range, which needs to be included in the simulation model. 

Based on the presented mean values it is decided to set the standard deviation of arrival 

times to one minute, which creates a time slot of two minutes in which 68 % of the 

simulated vehicles arrive at the PT stop. 

7 – Passenger volumes 

During this observation date the passenger details per vehicle are collected and in Table 6 

and Table 5 the end results are shown. During the previous observations a summary table 

has been created to know which line has been observed (filmed or manually) how often. 

Based on this evaluation the observation focuses on those lines with the least values. The 

following tables introduce a grouping system for the different PT lines to make it easier to 

relate to their specific characteristics. 

The term standard in group 1 and 2 refers to their regular arrival intervals, which is ten 

minutes for trams and 20 minutes for busses. All other groups arrive at specific times, a so-

called fixed timetable. As bus line 102 is an additionally line operated only for a short time 

period, it is marked with by a separate group. Demand lines are bus lines, which operate 

only at specific times of a day, exactly when they are required. Such demand lines are for 

example busses, which drive only in the morning to carry passengers to their work place at 

production companies and pick them up again when their work shift ends. Those lines are 

operated only when and where they are needed to serve a specific purpose. Group 5, 

random additional lines, summarizes all additional regional busses, which served the PT 

stop without being included in the timetable. 
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Table 5 Passengers alighting/boarding 

Group Line Direction Number of passengers 

1) Standard 
line - tram 

2 

WE 
on 3 5 10 7 9 9 4 15 2 4 

 
off 4 5 3 5 3 6 5 8 7 13 

 

EW 
on 2 2 1 7 7 11 4 3 3 9 3 

off 5 2 8 4 6 7 1 2 9 6 4 

3 

WE 
on 3 6 15 6 11 2 5 4 2 26 2 

off 5 10 5 3 2 2 4 6 3 9 2 

EW 
on 6 3 9 0 16 9 0 6 8 0 

 
off 5 5 11 10 15 4 6 2 2 11 

 

2) Standard 
line - bus 

115 

WE 
on 1 5 3 1 0 2 4 

    
off 4 2 4 5 4 3 4 

    

EW 
on 4 12 28 5 10 

      
off 2 0 5 2 1 

      

117 

WE 
on 5 10 15 3 4 13 

     
off 1 4 0 0 0 2 

     

EW 
on 5 5 4 2 2 6 

     
off 6 10 8 7 1 2 

     

3) Short – 
term 

additional 
line 

102 

WE 
on 2 1 5 5 6 2 7 5 

   
off 0 0 0 0 0 0 0 0 

   

EW 
on 0 0 0 0 0 0 0 0 

   
off 13 1 6 3 11 7 2 4 

   

4) Demand 
lines 

430 

WE 
on 0 0 0 0 0 

      
off 18 11 12 16 18 

      

EW 
on 7 

          
off 0 

          

458 

WE 
on 5 7 

         
off 0 0 

         

EW 
on 0 

          
off 1 

          

5) Random 
additional 

lines 

412 WE 
on 0 0 0 

        
off 17 5 3 

        

432 WE 
on 0 0 

         
off 11 14 

         

440 EW 
on 6 0 

         
off 0 0 
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Table 6 Initial passenger load per line 

As the time tabled bus lines 130/ 141 never show up during the observations, they are not 

included in the previous tables. Those lines are part of group 4- demand lines. 

4.3 Summary 

This chapter summarizes the characteristics of the PT stop. It presented the geographic 

location of the case study and its most important facts about the current traffic situation. 

Afterwards it gave an overview about the data collection process. It presented how detailed 

and in which extend the data had to be collected. The chapter described the methods and 

tools used for the observations and how the collection process improved due to the 

awareness for the details of the study area. The data collection results are the base of the 

future simulation model and present those results, which are later on used as input data for 

Aimsun. The single observation paragraphs listed the detailed data collected for each 

parameter and gave reasons why specific parameters are or are not included in the further 

simulation model. Seven observations were conducted to gather data about the stop time 

of the vehicles, the influence of pedestrian crossing and priority signals, the peak period 

and the passenger numbers for alighting, boarding and initial passenger load. 

Group Line Direction Load [%] 

1)  

2 
WE 10 5 10 10 15 20 2 

  
EW 10 5 10 10 30 30 10 5 5 

3 
WE 2 15 10 15 10 2 

   
EW 5 10 15 10 30 10 5 10 

 

2)  

115 
WE 10 15 20 

      
EW 2 5 5 2 1 

    

117 
WE 2 10 2 

      
EW 50 50 3 5 3 20 

   

3)  102 
WE 0 0 0 0 0 

    
EW 5 3 3 3 3 

    

4)  

430 
WE 10 5 10 

      
EW 10 

        

458 
WE 3 

        
EW 1 

        

5)  

412 WE 30 2 
       

432 WE 3 
        

440 EW 5 2 
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5 Simulation Model 

The development of the simulation model starts when the data collection process is close 

to finish. The model needs to be created carefully and with much detail as adaptions of the 

further simulations always lead to changes in the model. For this reason error-checking of 

the single development steps needs to go hand in hand with the model development. 

Figure 11 visualizes the different levels of the model development. Although the 

verification of the model is mentioned as last step, it already takes place with less extend 

between all previous development steps.  

 

Figure 11 Model development 

The base model is the first part of the development process and includes all the input data, 

which is valid for both design layouts and all different time scenarios. After the base model 

is error- checked and several simulation test runs are conducted the model can be 

separated between the two design layouts where the base model is now called vehicle-

after-vehicle (vav) design. A copy of the base model is created and called passing-by (pb) 

design and includes the necessary adaptations of the network to simulate the alternative 

design layout. By using a copy of the base model it is certain that the pb design is based 

on the same general input data as the vav design, together with the same geometric 

network. Once both design layouts are finished and several simulation runs provide 

realistic simulation behaviour, the future scenarios can be created to evaluate traffic 

changes within different time horizons. The model development finishes with the model 

verification before simulation runs for each scenario are conducted to gain the desired 

simulation outputs. 

Model Verification 

includes error- checking, calibration and validation of the model 

Future scenarios 

summarizes the different settings of each future scenario 

Alternative design 

explains the specifics for creating the pb-design 

Base model (vav- design) 

introduces the generally valid input data 
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5.1 VAV Design- Input data 

Before any traffic related data is added to the model, a replication of the road network from 

the case study area is needed. As this model focuses on the area of the PT stop, only the 

entrance and exit area next to the PT stop will be included in the simulation network. 

Background image 

The measurements of the modelled PT stop are based on the construction plan provided 

by the municipality of Norrköping. This image serves as background layer for the Aimsun 

model, assembled with a screenshot of the area, accessed via (Google Maps, 2013), 

which shows a larger area then the technical drawing. That combined background picture 

is shown in Figure 12. 

 

Figure 12 Background image of simulation model 

Roads and intersections 

The finished background image is then used as a template to create a road network with 

the same shape. The lanes, which are used mainly by cars and some of them also by 

busses, have a width of 3 meters. The network parts used only by PT, especially along the 

PT stop, were set to a lane width of 2,8 meters, based on the measurements of the 

construction plan. As it was observed that the priority signals at the entrance and exit of the 

PT stop have no significant influence on any vehicle delays, the signals are not included in 

the simulation model. Although the roundabout to the west includes a traffic light, which 

influences arriving busses coming from western direction, it is assumed that possible 

delays based on that traffic light are still in the range of the deviation of arrival times. Due 

to that assumption the traffic light will not be part of the simulation either. Another 

simplification is the roundabout itself. As this model is about the evaluation of the PT stop, 

the functionality of the roundabout is of no importance and therefore only the shape of it 

will be replicated in the model by using usual turn movements and roads.  
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The model includes two different kinds of reserved lanes. One is reserved for all PT 

vehicles serving the PT stop and is highlighted in  Figure 13 with a black- circled border. 

The other type of reserved lane can only be used by trams as this lane represents the tram 

tracks to the west and are marked with a white- circled border. 

PT stops 

The base scenario contains the two PT stops in front of the Norrköping railway station as 

introduced on previous maps. The stops are designed as normal PT stops located directly 

on the specific lane. Both stops have a total length of 65 meters, based on the provided 

construction plan. The model includes also two dummy bus stops at the beginning of the 

bus route of each traffic direction. The stops are designed as bus bays with a flexible 

length of about two busses. Those dummy bus stops were necessary for those bus lines 

with a timetable based on fixed times instead of regular intervals. For these bus lines it is 

not possible to insert any deviation in arrival times. For that reason the stop time at the 

dummy bus stop reflects the missing deviation.  Figure 13 shows a screenshot, which 

includes all the previously mentioned geometric aspects whereas the location of the PT 

stops is marked in yellow. The areas marked with circles represent the two different types 

of reserved lanes, wheres the black dashed circle shows the reserved lanes for mixed PT 

and the white dashed circle highlights the reserved lanes for trams only. 

 

 Figure 13 Aimsun screenshot of model geometry (vav design) 

Vehicle data 

As trams are no predefined vehicle type in Aimsun, this type has to be created manually. 

The data is based on the actual tram type in Norrköping, more precisely the new trams. 

Those vehicles have a length of 30 meters and a capacity of 179 passengers. The rest of 

the vehicle data like acceleration, speed, gap acceptance distance etc. is, in terms of 

simplification, based on the default values of Aimsun.  
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The simulated bus type is an articulated bus with 18 meters length and a capacity of 92 

passengers, again based on the real bus type used for the Norrköping city traffic.  

In reality bus line 102 is equipped with solo busses. When it comes to the simulation 

evaluation, Aimsun would differentiate between all different PT types, even different bus 

types. Due to this fact it was decided to simulate this bus line as well with articulated 

busses. Bus line 102 is never reaching its maximum capacity and therefore this 

simplification does not have any influence on the simulation results. 

PT lines  

Once the vehicle data is finished, bus and tramlines can be created and their course 

through the network and which PT stops they serve can be defined. Each PT line must be 

created separately for each traffic direction. In total there are two tramlines (2 and 3) 

running in both directions and six bus lines (102, 115, 117, 430, 458 and a collection, 

which is called random busses), where the random busses are unequally separated on 

both directions.  

Although the vehicle stop times are based on the numbers of passengers alighting/ 

boarding each PT vehicle (see next paragraph), it was additionally necessary to include a 

basic mean stop time. One reason is that for cases where only one or two passengers 

enter or leave a vehicle, the vehicle will still stop for a certain amount of time. Another 

reason is that the dwell time of a vehicle consist not only of the stop time but also of the 

time for opening and closing the vehicle doors (Fernandez et al., 2010). Due to those facts 

the general stop time covered by the passenger numbers needs to be extended and this 

extended duration is covered by the mean stop time. The chosen values ensure that the 

actual stop time (mean stop time plus times from passengers) is within the range of the 

observed stop times presented in the results of the second observation in subchapter 4.2 

“Data Collection”. It needs to be mentioned that there exist some exceptions from this 

chosen standard stop time values. Although the bus lines 130 and 141 are mentioned in 

the timetable they never showed up during the data collection process. For that reason no 

passenger numbers exist for these lines. Due to that fact an increased mean stop time is 

chosen for those two lines to include the missing passenger values. The initial passenger 

load for the lines 130 and 141 consists of the standard values provided by Aimsun, namely 

20 % passenger load with a deviation of ten. The PT plan includes also a group of so-

called random busses representing the busses, which appeared randomly at the stop 

without being included in the timetable. Those busses are unequally divided on both 

directions as in EW direction only one such bus showed up which is set with a fixed arrival 

time around 7:56. In WE direction there are about four busses during the peak period. As 

those random busses have no specific arrival time, they are considered in the simulation 

with an increased interval deviation of five minutes in comparison to one minute for the 

standard lines.   
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The different mean stop times and deviations for the two different PT stops and all special 

cases are summarized in Table 7.The value for the regular PT stop represent only the 

fixed part of the stop time, which is extended by a variable part including the passenger 

numbers. The values for the other stops represent the total stop time without including any 

passenger values. The table includes also the values for the random bus running in EW 

direction. As no timetable is known for this random bus, it stops at the dummy bus stop for 

a longer time than other busses to create a higher deviation of its arrival time. 

Table 7 Mean stop times of different stops - including special bus lines 

PT stop Stop time [s] Deviation [s] 

Regular PT stop 16* 3 

Regular stop 130/ 141 25 5 

Dummy bus stop 90 45 

Dummy stop random bus EW 120 60 

* Only the fixed part of the total stop time 

Passengers 

In Aimsun the initial values of the alighting and boarding time of passengers is set to 

0,90tseconds and 1,20 seconds. As the passenger values collected during the observation 

dates are rather small and cause very short stop times, it is considered to increase the 

default values. Support for this decision is found in Fernandez et al. (2010) and        

Mackett et al. (2004), which outlines the factors influencing the alighting/ boarding times of 

passengers. The initial values are raised to 1,0 seconds for alighting and 1,4 seconds for 

boarding the PT vehicles. The reason for the increased boarding values underlies the 

impact of the given fare collection method and that the local PT system uses cashless 

ticketing machines. Based on personal experiences as well as the impression gained 

during the observation period, it increases the boarding time when all passengers have to 

register their travel cards at one of the ticketing machines inside the PT vehicles. One part 

of the increased value for alighting and boarding the vehicles is due to the fact that the 

given tram type has slightly narrower doors then the busses, which causes increased time 

values, as experiments demonstrate in Fernandez et al. (2010). Another reason for 

increased alighting and boarding values is the usage of some older high-floor tram 

vehicles, which provide stairs to enter the vehicle. Another fact is that the new tram type, 

which is currently the base type for the simulated trams, provides only three doors for 

passengers to enter and exit the vehicles.  Surely there are enough reasons to open its 

own discussion about the right setting of alighting and boarding times of PT vehicles, but 

this would extend the frame of this thesis. Nevertheless it is important to not take Aimsuns 

provided standard values for granted but to consider which values need to be adjusted for 

the specific model purpose.  
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The input data for the passenger numbers in the simulation model are based on the 

observation results presented in Table 5. The effective values are the mean values of all 

collected data shown in Table 8.  The numbers for the initial passenger load are as well 

mean values based on the observation results from Table 6. For all values a standard 

deviation is listed as well, in passengers for the alighting and boarding values and in 

percentage for the passenger load. 

The next step is to merge the single PT plans to a PT plan, which is named “now” for the 
current scenario based on the actual traffic conditions. This PT plan will be later on used as 

input data for the simulation process. To be able to differentiate the single time tables and 

later PT plans for several future scenarios, they need to be named constantly with the 

same pattern. For that reason all input data connected to the base model and current traffic 

situation is labelled with “now” in some way. 

Table 8 Input data Aimsun - Passenger numbers and initial passenger load 

Line Nr. Direction Alighting Dev. Boarding  Dev. 
Pass. Load 

[%] 
Dev. 
[%] 

2 
EW 5 1 6 1 15 3 

WE 8 2 8 2 11 3 

3 
EW 8 2 8 3 15 3 

WE 6 1 15 3 9 2 

115 
EW 2 1 14 3 3 1 

WE 4 1 2 1 15 2 

117 
EW 5 2 4 1 25 7 

WE 2 1 9 2 6 1 

102 
EW 6 2 0 0 3 0 

WE 0 0 4 1 0 0 

130 WE - - - - - - 

141 WE - - - - - - 

430 
EW 0 0 7 0 10 0 

WE 15 1 0 0 8 1 

458 WE 0 0 6 0 1 0 

Random 
bus 

EW 10 2 5 2 8 3 

WE 10 2 3 1 10 2 
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5.2 PB Design- Further Development 

So far the vav design under the current traffic situation is finished and presented in  Figure 

13. The pb design extends the current PT stop design with an additional lane for each 

direction. The vav design model is used as an input for this adapted design. After finishing 

the vav design with all input parameters, the pb model is created by making a copy of the 

existing Aimsun file and then adding an additional lane to the PT stop area. This procedure 

ensures that both designs are based on the same geometric input as well as the same 

data for vehicles, PT lines and PT schedules as mentioned in the previous paragraphs of 

this chapter. 

After adding the second lane to the stop area, simulation tests are conducted to check the 

correct simulation behaviour. During these simulation observations it is recognized, that 

busses do not overtake other vehicles in front of them. Several setting like for example the 

PT stop type are changed to adapt the simulation behaviour but without any success. Due 

to this problem the stop area is divided into two parts, one stop for trams and one for 

busses. The two stops are located next to each other within the original stop are of 65 m as 

an overlapping of several stops does not show satisfying results. The tram stop, as it is 

also the case in the vav design, is set as a normal stop. For busses a terminal stop with the 

capacity of two vehicles is created. This approach ensures that busses will overtake each 

other as seen in several conducted simulation runs. The design of this final pb design can 

be seen in Figure 14. The long yellow PT stop is for the trams. It provides enough space 

that up to two trams can serve the stop at the same time. In case two trams arrive at the 

stop they block the terminal stop for busses as in reality the PT stop provides also only 

enough space for two trams in a row. To ensure that no arriving bus can pull in the terminal 

even if two trams stop there already, the terminal stop is not located at the very end of the 

stop area but a bit ahead. In case there is just one tram at the stop, two busses can enter 

the terminal stop, which matches again the maximum capacity of the stop. With this 

method busses overtake trams in front of them. To avoid that trams do any lane changes, 

as Aimsun does not provide tracks as lane types, the second lane for passing by is a 

reserved lane for busses only.  

 
Figure 14 Pb design development with terminal bus stop 
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5.3 Future scenarios 

The two different design models are finished so far, but the given models include only the 

present situation, which means the input data is based on the current traffic situation, 

timetable and amount of passengers. To see further developments of each design and to 

intensify the differences of the two layouts, different future scenarios have been created. 

Figure 15 gives an overview about the different simulation levels, whereas the design level 

builds the top of the structure, followed by the scenario level and finished by the replication 

level, which includes the single simulation runs. 

Figure 15 Simulation structure 

 

The base scenario is called now-scenario as it uses as input data the timetables and 

passenger data, which was now, during the observation sessions in 2013, collected. There 

exist two main future scenarios with different time horizons. Future 1 represents the 

situation in 2020 and future 2 predicts the traffic situation for 2030. The assumptions for the 

data of those future scenarios are based on the input of the responsible traffic planner.2 

 

 

                                                

2 Martin Schmidt, personal communication, 22nd August 2013 

vav design pb design 

Now Future 1.2 Future 1.1 Future 2.2 Future 2.1 Future 1.3 Future 2.3 

Replication 1 

Replication 2 

… 

Replication 10 

Average 
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Table 9 gives an overview about the characteristics of the single future scenarios. All 

increases in frequency and passenger values are based on the input data for the now-

scenario, which equals the base level of 100%. To be able to evaluate which parameter 

has a higher impact on the capacity of the PT stop, either increased vehicle numbers or 

increased passenger volumes, future 1 and 2 are divided into three sub- scenarios. Firstly 

each future simulation deals only with shorter arrival intervals of the PT vehicles then only 

with increased passenger numbers, which lead to increased stop times. The last sub- 

scenario combines both parameters to simulate the effective impacts of assumptions 

regarding the traffic development. 

Table 9 Future scenario characteristics 

Characteristics Time frame Frequency Passengers 

Future 1.1 

2020 

+ 25% - 

Future 1.2 - + 50% 

Future 1.3 + 25% + 50% 

Future 2.1 

2030 

+ 50% - 

Future 2.2 - + 100% 

Future 2.3 + 50% + 100% 
 

The passenger load will be increased by the same percentage as the passenger numbers 

for alighting/ boarding as higher passenger volumes lead also to a higher initial load of the 

PT vehicles. Due to simplicity the chosen standard deviation of those mean values remains 

the same for all scenarios. The passenger load has to be set to full numbers. For this 

reason, decimals are rounded up.   

In Table 10 the specific interval settings for all different PT groups (introduced in Table 6) 

are presented. The timetable for demand bus line 430 in WE direction is set with fixed 

times and therefore the additional arrivals for the future scenarios are set in the middle of 

the biggest time period between two arrivals. The random busses in WE direction arrive in 

equal intervals over the whole simulation period of 1,5 hours. Due to this fact the total 

simulation period, which is one and a half hour, is divided by the total number of arrivals for 

each scenario to calculate the new intervals. 

Table 10 Arrival intervals for different scenarios 

Group Line Now Future 1 Future 2 

1) Standard line tram 2, 3 10 min 7.5 min 5 min 

2) Standard line bus 115, 117 20 min 15 min 10 min 

4) Demand lines 430 WE 5 arrivals  +1 extra arrival +2 extra arrivals 

5) Random additional line WE 4 arrivals  +1 extra arrival +2 extra arrivals 
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The following lines 102, 130, 141, 430 EW, 458 and random bus EW are not included in 

the previous table, as their future demand is not expected to increase. For that reason the 

listed PT lines remain with the same timetable for all scenarios, now and future. 

5.4 Model Verification 

To test a model for its accuracy to simulate a given simulation it needs to be calibrated, 

validated and verified. The calibration process makes sure that the model behaviour 

represents the real world behaviour. In the given case the mentioned modifications in 

subchapter 5.5 are part of the calibration to create a realistic model behaviour. The 

creation of the dummy bus stop can be also considered as part of the calibration process. 

The validation of the simulation model would require a real world data set to control if the 

simulation model is close enough to the actual system. As this case study does not provide 

a real data set, which would consist of a set of travel times for all vehicles, there exists no 

model validation. 

The model verification consists of different steps including error checking. There are two 

milestones when the simulation model needs to be controlled for possible errors. The first 

error- check takes place when the vav design is finished and before a copy will be created 

on which the pb design is based on. This early error- checking should avoid mistakes in 

both designs, which would lead to more time consuming correction steps and increase the 

chance of new mistakes. Such errors can be included in the input data but also in the 

behaviour of the simulation software, in case the simulation does not present realistic traffic 

behaviour. For this reason it is important to control all the inserted data of the model 

regarding its correctness. This error- check needs to be done before creating different 

design layouts or simulation scenarios. After reviewing all the inputs like vehicle data, time 

table data etc. it is necessary to test if the simulation uses the data correctly. Therefore 

some test runs of the simulation are made to observe if the amount of PT vehicles included 

in the timetable is conform to the number of simulated vehicles. The timetable lists 37 

vehicles in EW direction and 46 in WE direction. Those 83 vehicles consist of 45 busses 

and 38 trams. Several test runs are conducted to proof those numbers by the simulation. 

The simulation results, calculated as an average out of ten simulation runs, show 34,5 tram 

vehicles and 42,1 vehicles for busses. The difference between the amount of vehicles 

listed in the timetable and the average simulation values is based on the fact that 

especially in the EW direction, some vehicles are scheduled exactly for the beginning or 

end of the simulation period. Due to this fact it can be the case that due to the set deviation 

some of the vehicles are not simulated. Considering those few vehicles, which are not 

always included in each simulation run due to slightly variable arrival times, the amount of 

simulated vehicles matches the timetabled vehicles.  
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The next verification step is to observe some animated simulation runs of Aimsun to see if 

the simulation behaviour matches the real-world behaviour observed during the data 

collection sessions. After running several animations it is confirmed that the model 

represents a realistic simulation behaviour as the test runs show the same bottlenecks of 

the PT stop capacity around the some points of time as in reality. This means that around 

7:50 am the stops gets really crowded with vehicles, exactly as observations have shown 

during the data collection process. 

The last error checking takes place when both design layouts are finished and all different 

scenarios created. This final check is needed to verify the model and the simulated output. 

There are different steps to verify a simulation model. First of all the previous control steps 

like input data check and simulation observation are conducted once more. The focus of 

this check is especially on that part of input data where any corrections are made during 

the last check. The animated simulation needs to be observed now for each different 

scenario of each design. During those observations the correct arrival times of the vehicles 

are verified as well. For this reason the first three simulated vehicles of each scenario in 

both designs are controlled regarding their correct arrival times. The settings of these 

controlled vehicles should vary between fixed times and intervals to see if both timetable 

settings are simulated correctly. If this is not the case, more than the first three simulated 

vehicles in a scenario are controlled. Once the animated simulation gives a satisfying 

result, the final verification step is to control the simulation outputs in terms of reasonability. 

This includes a check of the values for simulated vehicles and the stop time, as those are 

the values with a known range from the data collection process. After finishing all control 

steps, a simulation of each scenario is conducted once more. The output of these 

simulation runs is presented later on in the results chapter.  

5.5 Modifications 

The simulation of real traffic conditions is a very complex task. Nowadays simulation tools 

offer a wide range of simulation settings but as every simulation project is different than the 

other, it can be the case, that an input option required for a specific simulation model is not 

available in the software package. This last part of the simulation model chapter deals with 

those cases. The subchapter summarizes the tricks and modifications, which are 

necessary to bypass missing options of the simulation software. In some cases it is not 

possible to create realistic simulation behaviour and simplifications of the model are 

necessary. Those variations to the real world are included as well in this subchapter. 
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Timetable 

As the timetable menu for fixed arrival times does not include any deviation values, the 

fixed time was set 1,5 minutes earlier then mentioned in the timetable. The additional stop 

for the concerned busses at the dummy bus stop creates then the necessary deviation in 

arrival times. 

Capacity 

Another modification became necessary when checking the maximum capacity of the PT 

stop in the vav design. During several simulation runs it is notified that in some cases up to 

four busses stop at the same time in the stop area, even though the stop provides only 

enough space for three full vehicles. It seems that in Aimsun a PT vehicle already halts at 

a PT stop when at least a small part of the vehicle front is located in the stop area. In 

reality the platform edge is located closer to the tracks over a length of 65 meters, which 

corresponds the PT stop length and makes it more convenient for passengers to enter or 

leave the vehicle.  In the case that a vehicle halts only partly in the stop area would mean 

that there is a gap between the back doors of the vehicle and the platform edge. The 

simulation behaviour can be seen in Figure 16 where four busses use the PT stop at the 

same time. The first bus has already left the station and the second one is about leaving 

the PT stop area. The third bus is doing its regular stop time and the fourth bus, even 

though just the front of the vehicle is located in the PT stop area, is also serving the stop in 

that moment. 

 

Figure 16 Capacity of the simulated PT stop (vav design) 

Due to this observation it is decided to shorten the stop length until the required capacity of 

maximum three vehicles in the stop is fulfilled. To find the optimal value for the stop length, 

the minimum and maximum length needs to be calculated, depending on the possible 

vehicle orders and the minimum distance between vehicles, which is set to a minimum of 

one meter and a maximum of two meters. As a reminder, trams have a length of 30 meters 

and busses are 18 meters long. So far the stop length is set to 65 meters, which explains 

the appearance of four busses in the stop. 
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Table 11 outlines the range of the stop length depending on the possible vehicle 

compositions in the stop. The table offers a spread of 57 to 72 meters. The safety distance 

range consists of the distance between each two vehicles plus once the safety distance in 

front of the first vehicle.  

Table 11 Range of PT stop length for simulation 

Vehicle order 
Total vehicle length 

[m] 
Total Safety 
distance [m] 

Stop length  
[m] 

2 trams 60 2-4 62-64 

1 tram + 2 busses 66 3-6 69-72 

3 busses 54 3-6 57-60 

 

To solve the given capacity problem, a first approach is to set the stop length to the 

minimum value of 57 meters and conduct new simulation runs. These test runs show that 

vehicles tend to keep a higher minimum distance between them if it is possible and that the 

stop can be even longer then the chosen 57 meters. Therefore the next test runs where 

simulated with a stop length of 60 meters. Figure 17 shows the results of the animated 

simulation regarding the PT stop capacity where exactly three busses fit in the PT stop 

area. The further arriving tram and bus need to wait until the three vehicles in front of them 

have left the stop area. 

 

Figure 17 Capacity of PT stop with 60 meters length (vav design) 

The simulation runs proof that a stop length of 60 meters still fulfils the required capacity of 

maximum three vehicles in the stop area and is therefore chosen as the new PT stop 

length. The real stop length is still considered in the length of the road section in which the 

PT stop is located to ensure that statistics like the travel time are collected according to the 

real constructional conditions. Therefore this section length is set to 65 meters.  
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Later observations have shown that even with a shorter stop length the limitations of the 

maximum capacity are not fulfilled in all cases of different vehicle orders. This addition 

refers also to the vav design only as the simulation of the pb design is a special case itself, 

outlined later on. A PT stop configured as a normal bus stop has a certain length, which is 

set to 60 meters. In Aimsun the length of a PT stops determines the capacity of the stop. It 

is mentioned before that a vehicle serves a PT stop as soon as the front of the vehicle fits 

in the stop area. Due to the shortened stop length exactly two trams or three busses fit in 

the stop area. Those two cases fulfil the requirements of the maximum capacity. The third 

case is that a tram and a bus arrive at the stop. In that event the situation becomes more 

complicated and offers a missing setting in Aimsun. Depending on the type of the next 

arriving vehicle it is allowed or not to serve the PT stop. A new arriving tram has to wait 

whereas for a bus there is still enough space in the stop area. This separation is so far not 

possible in Aimsun. 

Passing- by 

It is mentioned before that two different stop types are necessary for the pb design 

simulation as in a single normal stop busses do not overtake vehicles in front of them. For 

this reason the busses stop at a terminal stop. This solution works fine in most cases but 

leads to the possibility of a fake-overtake in the stop area. During the simulation 

observations it is recognized that the location of the terminal stop next to the actual lanes 

gives trams the option to “overtake” busses stopping in the terminal stop. This behaviour 

can be seen in Figure 18. 

 
Figure 18 Fake overtake in pb design 
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To check the behaviour of the simulation program under different circumstances the           

pb design is tested with different settings before the layout in Figure 14 with the two bus 

stops was chosen. One test scenario is a simplified version including only busses and one 

stop set as bus bay. During observations it is recognized that in the dummy bus stop, 

which is set as bus bay, busses do overtake each other. This simplified test scenario 

underlines that the challenge of creating a realistic pb design is based on the fact that 

different PT vehicles serve the stop. The different test scenarios for the pb design show 

that a detailed interaction between trams and busses and their specific traffic behaviour is 

missing in Aimsun. 

5.6 Summary 

The fifth chapter provided a step-by-step guideline how the simulation model was created. 

On the basis of actual Aimsun screenshots the progress of the model development was 

shown. The single paragraphs outlined the required input data for the base model and the 

future scenarios. One part of this chapter summarized the necessary steps to verify the 

model. The chapter finished with the modifications, which include simplifications and 

adaptions of the model in case required simulations settings were not available or the 

simulation showed non-realistic traffic behaviour.  
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6 Results and Evaluation 

Once the model is verified and all simulation steps are conducted, the simulation output is 

analysed and the results for the two different design approaches are compared. The aim of 

this section is to outline the sensitivity of the pb design regarding timetable changes. 

In the following subchapters, different parameters like travel time and delay are presented 

and the results for each design contrasted. All presented simulation results are based on 

the output for the WE direction, as this is the traffic direction, which includes the most 

vehicles. Both traffic directions show the same result pattern but as the values for the WE 

direction are slightly higher as the ones for the EW direction, the focus lays on this denser 

direction. 

It follows a short overview about the definition of the certain output parameters due to 

Aimsun’s Dynamic Simulators Users Manual (TSS, 2011b). The following list contains only 

relevant statistics for the given case study and is valid for section, sub path and PT 

statistics: 

Travel Time: average time a vehicle needs to cross the section/ sub path. This is the mean 

of all the single travel times of every vehicle that has left the section/ sub path. 

Delay Time: average delay time per vehicle. This is the difference between the expected 

travel time and the travel time. It is calculated as the average of all vehicles. 

Stop Time: average time at a standstill per vehicle while travelling in the section/ sub path. 

The sub path, which is used for the following statistics is visualized in Figure 19. 

 

Figure 19 Subpath for simulation results 

The reason for using a subpath, which is defined as “a set of sections that are consecutive” 
(TSS, 2011b), is to recognize the overall delay of the PT in the network and not only the 

delay in the section of the PT stop as it would be the case in section statistics. 
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6.1 Travel Time 

The travel time is evaluated for the previously mentioned sub path. As the initial vehicle 

data for busses and trams differs, the travel time results are split between the two vehicle 

types. Another reason to use this approach is to see possible differences in the travel time 

development between the various time scenarios as for each vehicle type the pb design 

allows a different moving behaviour. 

Busses 

Table 12 and Table 13 show the travel time results for busses separated by each design. 

The tables include the following values, valid for all tables in the results chapter. Firstly the 

table includes the mean values for each parameter. The average travel time is calculated 

as a mean value of ten simulation replications where the travel time value for each 

replication is also a mean value out of the travel times for each simulation interval. This 

means that each simulation is divided in different intervals. The interval is set to five 

minutes and for each interval all statistical values are calculated. The next value (TT±) is 

based on the t- distribution. This distribution is used in situations with a small sample size 

(in this case 10). It calculates the distribution of the difference of the mean value of the 

sample to the mean value of the population. It can be seen how much the values of the     

t- distribution differ from the values of the standard distribution shown as standard 

deviation σ. The tables include also the minimum and maximum values of the different 

simulation runs. Both design results for busses do not show any specific trend but it can be 

seen that the values between the scenarios do not differ a lot, which means that the 

increased input values have no significant influence on the capacity of the PT stop. The 

results show further that the shortened arrival intervals have slightly more influence on the 

travel time than the increased passenger numbers.  

Table 12 Travel time (TT) bus for vav design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average TT 41.69 41.85 41.54 41.59 41.73 41.33 41.61 

TT ± 0.03 0.02 0.03 0.04 0.03 0.02 0.03 

Minimum TT 40.73 40.97 40.52 40.34 40.91 40.65 40.67 

Maximum TT 42.88 42.59 43.12 43.02 42.61 42.42 42.42 

Deviation σTT 0.65 0.52 0.80 0.92 0.71 0.59 0.66 

Table 13 Travel time (TT) bus for pb design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average TT 42.69 42.81 42.51 43.17 42.97 42.52 42.84 

TT ± 0.02 0.03 0.03 0.05 0.03 0.03 0.03 

Minimum TT 41.48 41.92 41.55 41.67 42.12 41.62 41.75 

Maximum TT 43.65 44.01 43.54 45.87 44.39 44.34 43.67 

Deviation σTT 0.60 0.65 0.74 1.22 0.68 0.85 0.62 
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The minimum and maximum values for both scenarios differ by about two to three 

seconds, which is less then ten per cent of the actual values. It shows that the input data 

for each replication differ due to the deviation values but the results are still close together 

and seem stable and realistic. The unusual higher values for the pb design can be 

explained by the limitations of Aimsun to reproduce realistic traffic behaviour for the 

vehicles in the pb design. The terminal stop is set to a maximum capacity of two busses. In 

case no tram serves the PT stop and three busses arrive, the last one has to wait even 

though in reality the PT stop provides enough space for three busses. The setting of the 

terminal stop reduces in that case the overall stop capacity. In general it can be said that 

as the results are so close together, it is difficult to draw specific conclusions. The 

limitations of the simulation model together with the differences in the input data for each 

time scenario make it difficult to compare the explicit values and should be rather used to 

analyse trends in the values. The stead results indicate therefore that there is still capacity 

left at the PT stop. 

Trams 

The difference between the bus and tram results is based on different vehicle input data. 

The vehicle type bus exists already in Aimsun and provides specific values for this vehicle 

type. In the given simulation only the values for vehicle length and width are adjusted. On 

the opposite the vehicle type tram has to be additionally created. Beside the vehicle length 

and width, which are based on real values, the initial Aimsun values are used for this 

vehicle type. As the default values for acceleration and deceleration are higher then the 

ones for busses, trams have a shorter travel time on the same sub path length. The 

corresponding Table 14 and Table 15 show the same pattern as for busses as the results 

do not differ a lot between the scenarios and also the range between the minimum and 

maximum values is again about two to three seconds.  

Table 14 Travel time (TT) tram for vav design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average TT 34.12 34.55 34.23 34.61 34.79 34.03 34.58 

TT ± 0.03 0.03 0.04 0.03 0.04 0.03 0.03 

Minimum TT 32.98 33.73 33.13 33.51 33.00 32.79 33.63 

Maximum TT 35.13 35.77 36.92 36.04 36.84 34.99 35.64 

Deviation σTT 0.80 0.71 1.05 0.77 1.06 0.73 0.62 

Table 15 Travel time (TT) tram for pb design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average TT 34.11 34.28 34.29 34.50 34.65 34.18 34.44 

TT ± 0.03 0.03 0.04 0.02 0.03 0.03 0.02 

Minimum TT 33.04 33.43 33.37 33.21 33.30 33.14 33.74 

Maximum TT 35.17 35.37 36.21 35.26 35.50 35.18 35.09 

Deviation σTT 0.79 0.65 0.86 0.57 0.65 0.72 0.44 
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In this case the results for both design layouts are almost the same, which confirms that 

the difference between the designs for the bus evaluation is based on the modified bus 

stop solution. For trams the stop capacity is the same in both designs. 

6.2 Stop Time 

The following two tables Table 16 andTable 17 show the results of the mean stop time for 

both vehicle types and separated by the time scenario. As already known from the 

previous result tables, the values between the different scenarios do not vary a lot and also 

the minimum and maximum values do not differ that much, in this case only one to two 

seconds. The stop time value is a combination of a basic stop time plus the times for 

alighting and boarding passengers. The mean stop time varies from scenario to scenario 

as seen in the below tables. This variation is caused by the deviation values for each of the 

three stop time parts. The results show that the deviation values have a higher influence on 

the stop time as the increased numbers for the passenger volumes in the future scenario. 

This is also the case as the passenger numbers are not commonly increased for every 

single PT line. In general the passenger volumes are quite low. It can be assumed that 

higher passenger volumes lead to more precise differences between the single future 

scenarios. 

Table 16 Stop time (ST) for vav design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average ST 22.39 22.39 22.34 22.26 22.24 22.10 22.04 

ST ± 0.02 0.01 0.02 0.02 0.03 0.02 0.01 

Minimum ST 21.92 22.16 21.68 21.55 21.51 21.30 21.48 

Maximum ST 23.13 22.95 23.42 23.18 23.52 22.84 22.65 

Deviation σST 0.45 0.30 0.59 0.52 0.68 0.54 0.33 

Table 17 Stop time (ST) for pb design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average ST 22.46 22.28 22.41 22.45 22.20 22.28 22.15 

ST ± 0.01 0.01 0.02 0.02 0.02 0.02 0.01 

Minimum ST 21.95 21.98 21.84 21.95 21.55 21.54 21.65 

Maximum ST 23.03 22.70 23.01 23.25 22.99 23.10 22.68 

Deviation σST 0.30 0.23 0.38 0.46 0.42 0.57 0.28 

 

It seems unusual that the stop times decrease along the different future scenarios. One 

reason is that the general stop time for most PT lines consists of a fixed part of 16 seconds 

(see Table 7) and a variable part depending on the individual passenger numbers of each 

line. As the variable part is for most PT lines much smaller than the fixed part, the increase 

in passenger numbers has almost no influence on the development of the stop time. Based 

on the mixed input data for the different time scenarios together with the low passenger 

numbers and their deviation it additionally difficult to make explicit assumptions about the 
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stop time development. For such analysis of the stop time it would be necessary to create 

time scenarios with exactly the same, simplified input data. This would require general 

arrival intervals for all lines and the same increase for future levels. With this base it is 

possible to increase the passenger numbers stepwise and to draw reasonable conclusions 

from the simulation results. 

6.3 Delay 

The following delay values shown in Table 18 and Table 19 contain also the specific 

scenario stop times as the delay is the difference between the real travel time and the 

travel time under ideal conditions. Under ideal conditions means that no stop along the 

network path is included in the travel time. That part of the delay, which is caused by 

queuing, is calculated by subtracting the average stop time from the average delay 

following on the next page. The average stop time values for trams are about 20 seconds 

for trams and 24 seconds for busses. 

Busses 

As the delay is related to the travel time the results of both parameters present the same 

pattern. The range between minimum and maximum values in both designs is about two 

seconds. The average delay is almost the same between the different scenarios of each 

design. Once more there is a slight difference between the vav and pb design whereas the 

higher values of the pb design are based on the modifications of corresponding simulation 

model. The queuing delay, which relates to the part of the results caused only by the 

current traffic conditions and without the stop time, is about six seconds for the        vav 

design and seven seconds for the pb design. 

Table 18 Delay (D) bus for vav design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average D 30.35 30.52 30.17 30.21 30.52 30.02 30.30 

D ± 0.03 0.02 0.03 0.04 0.03 0.02 0.03 

Minimum D 29.18 29.62 29.19 29.10 29.76 29.20 29.33 

Maximum D 31.60 31.21 31.77 31.61 31.50 31.02 31.21 

Deviation σD 0.70 0.49 0.78 0.86 0.72 0.59 0.68 

Table 19 Delay (D) bus for pb design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average D 31.22 31.35 31.02 31.67 31.63 31.08 31.40 

D ± 0.03 0.02 0.03 0.05 0.03 0.03 0.03 

Minimum D 29.80 30.65 30.14 30.31 30.86 30.16 30.29 

Maximum D 32.13 32.42 32.06 34.33 32.98 32.81 32.13 

Deviation σD 0.66 0.59 0.68 1.16 0.68 0.85 0.62 
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Trams 

The delay results for trams shown in Table 20 and Table 21 follow the same approach as 

the previous evaluations. The values for the single scenarios present no significant 

differences. As trams are based on the same settings in both design layouts there is as 

expected no differences between the values of the two designs. The minimum and 

maximum values vary by about two to three seconds and follow thereby the pattern of all 

previous evaluations. The effective queuing delay, excluding the stop time, ranges from 

two to three seconds, which is about 60 per cent less then the queuing delay values for 

busses. This difference is due to the diverse vehicle input settings for busses and trams.  

Table 20 Delay (D) tram for vav design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average D 22.87 23.30 22.98 23.36 23.54 22.78 23.33 

D ± 0.03 0.03 0.04 0.03 0.04 0.03 0.03 

Minimum D 21.73 22.48 21.88 22.27 21.75 21.54 22.38 

Maximum D 23.88 24.52 25.67 24.79 25.59 23.74 24.39 

Deviation σD 0.80 0.71 1.05 0.77 1.06 0.73 0.62 

Table 21 Delay (D) tram for pb design 

Values in [s] Now Future 1.1 Future 1.2 Future 1.3 Future 2.1 Future 2.2 Future 2.3 

Average D 22.73 22.90 22.92 23.12 23.27 22.80 23.06 

D ± 0.03 0.03 0.04 0.02 0.03 0.03 0.02 

Minimum D 21.67 22.05 21.99 21.83 21.92 21.76 22.36 

Maximum D 23.79 23.99 24.83 23.88 24.12 23.80 23.71 

Deviation σD 0.79 0.65 0.86 0.57 0.65 0.72 0.44 

6.4 Stress Test 

The presented queuing delay of about two to seven seconds, depending on the vehicle 

type is quite a small value and signalizes that the simulated traffic conditions do not reach 

the maximum capacity of the PT stop. Another indication for enough remaining capacity is 

that the evaluated parameters do not increase significantly between the different scenarios. 

Even though the results proof that there is enough capacity left for the future scenarios, it is 

important to run additional tests to stress the given traffic situation and to see which input 

settings lead to the breaking point of the PT stop. The previous results have shown that 

decreased arrival intervals in future 1.1 and 2.1 lead to slightly higher output values then 

increased passenger numbers as seen in future 1.2 and 2.2. Therefore it was decided to 

focus on the arrival intervals for the stress test scenario. The stress test is mainly 

conducted to proof the assumption of remaining stop capacity. For more explicit 

evaluations it would be necessary to increase the intervals together with the passenger 

numbers. This would require more intense research on the future development of the PT 

stop. 
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The standard tramlines 2 and 3 and bus lines 115 and 117 are the most frequent and also 

most important PT lines in the simulation. Those lines have the highest influence on the 

simulation output and cover the biggest amount of simulated vehicles. Due to those facts it 

is decided to increase only the amount of those standard lines for the stress test scenarios. 

As this test focuses specifically on the breaking point of the PT stop capacity no further 

separations of the single future levels is needed as it was the case in the previous 

evaluations with future 1.1 etc. Based on logical reasons, in the stress test future 1 is now 

referred to as 75% and future 2 as 50% scenario. This means that the intervals for 

standard bus and tramlines are reduced to 75 respectively 50 per cent of the interval length 

from the original now scenario.  

This linear interval decrease from 100 to 25 per cent and from 25 to 10 per cent should 

help to analyse a trend in the results and to ensure equal steps in the input change.     

Table 22 summarizes the different scenario settings of the stress test. 

Table 22 Stress test characteristics 

Scenario 
Interval [%] 

(Based on original value) 

Passenger 

increase [%] 

Now 100 - 

Future 1 75 + 50 

Future 2 50 + 50 

Future 3 25 + 100 

Future 4 20 + 100 

Future 5 15 + 100 

Future 6 10 + 100 

 

Number of simulated vehicles: 

Two different charts are created to see the influence of the decreased arrival intervals of 

the stress test. Figure 20 visualizes the development of the vehicle numbers along the 

future scenarios. The y- axis indicates the total number of simulated vehicles for the whole 

simulation period of 1,5 hours. A vehicle is counted as simulated vehicle if it is not only 

included in the simulation but also leaves the simulation network at the end of its route. 

This means that vehicles, which could not leave the network at the end of the simulation 

due to queuing and high delays are not included in the presented numbers. The x- axis 

indicates the arrival interval in percentage of the original arrival interval. Those intervals 

refer to the arrival intervals of the standard bus and tram lines where trams arrive every 10 

minutes and busses every 20 minutes. 20 per cent on the x- axis refers therefore to an 

arrival rate of 2 minutes for trams and 4 minutes for trams. The chart shows that in both 

designs almost the same amount of vehicles is simulated. The results match until the last 

scenario. This indicates that within the pb design more vehicles could be simulated then in 

the vav design. The reason therefore is that in the last scenario the vav design offers less 
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capacity then the pb design and therefore the whole simulation network gets highly 

crowded and fewer vehicles are created in the simulation.  

 

Figure 20 Number of vehicles in future scenarios 

Within the first three scenarios, the increase in vehicles is almost linear due to the given 

input settings. The untypically steep increase for the 25% scenario is because of the 

increased tram arrivals. As the tramlines are the most frequent lines in the scenario, their 

increase has the highest influence on the number of simulated vehicles. For the first three 

scenarios most of the bus lines also increased their arrival numbers but after the          

50%- scenario only the standard lines, including two bus and both tramlines, increased 

their frequency. As the trams run in half the intervals of the standard bus lines, their high 

number of simulated vehicles causes the abrupt rise in the 25% scenario. 

Time variables: 

Figure 21 summarizes the development of three different time parameters travel time, 

delay and stop time. The results of the parameters are collected along the sub path 

introduced at the beginning of this chapter to be able to catch the impact of occurring 

queues on each single time parameter. It is important to consider that until the 50%- 

scenario, passenger numbers and numbers of arrivals are increased and for the further 

scenarios only more vehicles arrive without an extended stop time. This chart already 
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proves that there is a lot of capacity at the PT stop left and far more arrivals can serve the 

stop than even included in the future settings until 2030. As this is the main question to be 

answered with the stress test, no further stress scenarios are created.  

The results visualize the matching pattern of both designs for each time aspect. The chart 

highlights that only within the 15% scenario significant increases of all time values can be 

recognized. Based on this chart it can be shown that the now- scenarios covers less then 

one sixth of the possible PT stop capacity. The differences between the pb design (full line) 

and the vav design (dashed line) is based on the limitations of Aimsun and increases 

significantly with the increased traffic amount. 

 

Figure 21 Development of different time variables along future scenarios 

The breaking point of the PT stop, which can be seen in Figure 22, is around ten times the 

traffic amount of the current traffic situation, which shows that without extremely high 

increases in passenger volumes, the PT stop offers a lot of remaining capacity.  
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Figure 22 Stress test scenario with 10% of original interval time 

6.5 Summary 

This chapter finished with the simulation model by presenting the outcomes the simulated 

case study. The results were separated by the three main time aspects travel time, stop 

time and delay and when it was necessary additionally divided between the two vehicle 

types. In general the evaluation showed a constant pattern through all result tables as no 

significant differences between the vav and pb design were recognized. To force the 

maximum capacity of the PT stop, a stress test was conducted to analyse until which 

scope of arrival intervals the PT stop offers remaining capacity. 
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7 Conclusion and Outlook 

This thesis studied the simulation of a PT stop based on two different design layouts. The 

evaluation of the simulation results focussed on the sensitivity of the two designs regarding 

different timetable input data. 

At the beginning of the work a research of existing literature dealing generally with PT 

planning and specifically with micro simulation was conducted. One focus of this research 

was to find studies using with Aimsun to simulate PT. The literature review led to the 

conclusion that there exists limited support for creating micro simulation models, which 

focuses mainly on PT. Rarely any study was found, which deals with the simulation and 

comparison of different design layouts for PT stops. Even though the third chapter of this 

thesis explained how difficult it is to find the optimal design approach for a given situation. 

Referring to the questions introduced in the introduction chapter, the fourth chapter 

summarized with much detail which data was necessary for the simulation model. The data 

collection subchapter highlights how much time was spent on the various observations. It 

became obvious that many different aspects need to be considered for such a simulation 

model. The required input data can even change along the observation process as it was 

the case with the stop time of the vehicles were the observations underlined the 

importance of specific passenger numbers. The thesis underlines that the model 

preparation plays an important and time-consuming role to gain accurate and detailed input 

data. 

The main focus of this thesis was to outline limitations of Aimsun when simulating a given 

case study area. Whereas the simulation of the vav design was created without any 

problem, creating the pb design offered several challenges. The complexity of the pb 

design was mainly due to the mixed PT including trams and busses. As trams are bound to 

tracks and busses are more flexible with their driving route, the simulation of those two 

vehicle types requires different traffic behaviours. Trams are no standard vehicle type in 

Aimsun and were added manually whereas for busses exist already default values for the 

specific vehicle type. Different simulation approaches proved that the pb design can be 

simulated more realistic in case only busses would serve the PT stop. The use of mixed PT 

vehicle types leads to a more complex traffic behaviour, which is not implemented in 

Aimsun with that much detail as the given case study requires it. Another limitation was 

recognized due to the very specific settings for PT stops. Normal stops in Aimsun do not 

provide an overtaking of vehicles in the stop area, and therefore limit the possibility to 

simulate a realistic pb design. To summarize it, several general PT behaviour patterns are 

missing in Aimsun, which makes it difficult to create accurate simulation outputs. For PT 

simulations including only busses, Aimsun is still a suitable option for PT stop design 

evaluations. For mixed PT simulations it would be either useful to add manual coding or to 

try other simulation tools. 
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The evaluation of the simulation results provided no significant differences between the two 

design layouts. The values for the pb design in terms of travel time and delay were even 

higher then the values for the vav design due to the modifications of pb design simulation. 

It is assumed that also in case of an ideal simulation of the pb design, without the 

presented necessary modifications, the benefit of the pb approach with its higher flexibility 

to incidents does not overcome the limitations of the single lane vav design, which 

presents the current stop design of the case study. Another aspect encouraging the vav 

design was the stop capacity in future scenarios, which dealt with the expected demand 

growth until 2030. The simulation results showed that the output values did not change 

significantly in the different future scenarios. The stable results indicated that there is 

enough capacity left even in the case of increased traffic inputs without causing higher 

delays. The stress test proved this conclusion once more with even higher input data. The 

timetable inputs for the 15% scenario indicate the maximum capacity of the stop without 

having sever delay. In the 10% scenario the PT stop became highly crowded which 

indicated the breaking point of the PT stop. Those statements are valid for both design 

layouts as the values for both designs remain almost the same until the 15% scenario. This 

thesis ends with the conclusion that the benefits of the current vav design overcome the 

alternative pb design but opens several future research questions. 

The simulation of PT remains a rarely studied topic and the discovered restrictions of 

Aimsun offer new input for further research approaches. One possible solution to 

overcome the modifications of this simulation model could be to programme the missing 

traffic behaviour as Aimsun provides the possibility to add manual scripts. So far Aimsun 

offers all input options, which are needed to simulate PT but those options are just suitable 

for standard cases and provide to less details for complex PT simulations. Another 

research approach could be to simulate different stop design with other software packages 

to analyse different simulation settings.  

The development of PT simulation requires generally more intense research. Traffic 

simulations will become a standard tool for transport planning when the software packages 

are able to simulate all different parts of traffic in an accurate way. As mentioned in the 

beginning, the importance of complex intermodal transport platforms will increase in the 

future. This requires software solutions, which are capable of simulating those future traffic 

challenges.  
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