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1 Introduction 

CoEXist addresses three key steps to achieve Automation-ready transport and road infrastructure 

planning: 

• Automation-ready transport modelling: Develop a validated extension of existing microscopic 

traffic flow simulation and macroscopic transport modelling tools to include various types of CAVs 

(passenger cars/light-freight vehicles, automation levels). 

• Automation-ready road infrastructure: Create a tool to assess the impact of CAVs on traffic 

efficiency, safety, and space demand and development of design recommendations for 

Automation-ready infrastructure. 

• Automation-ready road authorities: Elaboration of eight use cases in four European local 

authorities, to demonstrate the above tools and to develop concrete Automation-ready 

infrastructure and policy action plans and recommendations for local authorities. 

The extended traffic and transport models and the assessment tool will be demonstrated by applying 

them to the eight use cases. This report describes the eight use cases. 

1.1 Definition of use case and scenario in the CoEXist context 

In CoEXist, a use case is a traffic environment that should be investigated with respect to the introduction 

of connected and autonomous vehicles (CAVs). The specification of each use case includes descriptions 

of the present infrastructure, travel demand, travel patterns, traffic control, and traffic conditions. The use 

case specification also includes questions and hypotheses connected to the introduction of CAVs in the 

use case specific traffic environment. Furthermore, the specification includes a draft list of potential 

measures (changes in infrastructure, traffic control, public transport, policy measures, etc.) that might be 

interesting to investigate. Finally, the specification describes the available models and data.  

The scenarios under which the problem formulation should be studied are specified in a separate CoEXist 

deliverable1 based on a scenario specification template. In CoEXist, the scenarios of a use case specify 

the level of CAV introduction, travel demand and travel patterns, and traffic conditions, and to what extent 

and how these should be varied. The scenarios are meant to describe how the use case will treat uncertain 

factors related to technological development and the reactions of the travellers to the new technology in 

terms of level of automation, travel demand, and road user behaviour. 

1.2 Aim 

The aim of this report is to present the use cases that will be considered within the CoEXist project and for 

which the CAV-ready traffic models will be applied. The purposes of the completed use case specification 

templates are: 

• To specify the required input for developing the traffic model for the baseline scenario (Task 4.1). 

                                                
1 D1.4: Scenario specifications for eight use cases 
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• To outline potential measures to be investigated. These measures will be further developed in 

the experimental design workshop (part of Task 3.1) taking place in May 2018. 

• To inform the stakeholders of the use cases and the conditions for their modelling. 

• To provide input to the experimental design work to be performed in WP3. 

• To facilitate information exchange and cooperation between the cities and technical support 

partners. 

1.3 Report structure 

This report consists of two parts. The first part describes the process used to develop the detailed use 

case specifications (chapter 2), summarises the use cases (chapter 3), and presents conclusions and 

lessons learnt (chapter 4). The second part consists of detail specifications of the eight use cases 

(Appendix A - Appendix H). The first part is authored by Johan Olstam (VTI) and Fredrik Johansson (VTI) 

and the second part are authored by the responsible city and support partner and edited by Johan Olstam 

and Fredrik Johansson. The authorship for each use case is stated in the beginning of each use case 

description in Appendix A - Appendix H. 

2 Development process 

The selection of use cases is based on several discussion rounds, among the CoEXist consortium partners 

and cities, about the practicality and fit with regards to the specific context of each use case. The first 

drafts of the use cases were presented in the CoEXist proposal submitted September 2016. These drafts 

were derived based on the cities expectations and questions related to automated vehicles. Helmond for 

example choose use cases where they expected AV’s would ‘arrive first’ and where AV’s can sort out 

effect. While, Gothenburg choose one use case related to expectation on that AVs might be a part of the 

solution to handle challenges during long-term construction periods. Even though the choice of use cases 

were city-led the use cases were also chosen to be complementary to each other to provide a broad range 

of findings and outcome.  

The process for further specification of the use cases is described in Figure 1. To allow for more detailed 

specification of the use cases that fulfil the aims and ensure consistent description, use case and scenario 

specification templates were developed and circulated among the cities and their support partners. First 

drafts of the use case specifications for the eight use cases were prepared and used as input to a use 

case and scenario specification workshop held in October 2017 in Brussels in which the cities and the 

consortium partners thoroughly discussed the aim, scope, relevance, feasibility in terms of modelling, 

potential measures, and uncertain factors, among others. The outcome of the workshop was then used by 

the cities and the support partners to finalise the use case and scenario specifications.  
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Figure 1 Flowchart describing the different activities in the development of the use cases and scenarios 

 

In the next stage of CoEXist, the use case and scenario specifications will be used as a basis for 

developing experimental designs for each use case, i.e. detailed specifications of baselines, measures, 

travel demand, level of automation, road user adaptation, etc. This implies that the use cases might be 

revised and the final descriptions of the use cases will be presented in the final use case related deliverable 

as described in Figure 2, in which the relation between the following use case related deliverables are  

• D1.3 Use case specifications (completed in March 2018) 

• D1.4 Scenario specifications for eight use cases (completed in April 2018) 

• D3.1: Completed experimental design templates for eight use cases and AV-ready alternative 

design (completed in October 2018) 

• D4.1 Baseline microscopic and macroscopic models (completed in October 2018) 

• D4.2 Technical report on the application of AV-ready modelling tools (incl. input and output data) 

(Expected completion in January 2020) 

• D4.3 Technical report on the application of AV-read hybrid road infrastructure assessment tool 

(Expected completion in January 2020) 

• D4.7 “Guidelines: How to become an AV-ready road authority?” (Expected completion in April 

2020) 

These reports include documentation at different stages of the specification and evaluation of the use 

cases. D1.3 and D1.4 presents the use cases and the scenarios at the planning stage. The deliverable 

D3.1 describe the experimental designs based on the measures and uncertainty factors described in this 

deliverable (i.e. D1.3) and D1.4. D4.1 describe the development of the traffic models for the current 

situation without automated vehicles, while 4.2 describes the inclusions of the automated vehicles in the 
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traffic model applications for the use cases and the simulation results. D4.3 will constitute a final report for 

the evaluation of the use cases and include updated and revised descriptions of the steps documented in 

the five earlier deliverables, hence D1.3, D1.4, D3.1, D4.1 and D4.2 can be seen as draft versions of 

different parts of D4.3 as illustrated in Figure 2. The names of the deliverables in the bullet list are the 

original names which might change. For example, D4.3 will probably be renamed: “Traffic modelling and 

assessment of the introduction of automated vehicles for the 8 CoEXist use cases”. The last deliverable 

in the bullet list (D4.7) will include summaries of the evaluation of the different use cases focusing on the 

results and not all the technical details with respect to the traffic modelling. 

 

Figure 2 Structure of deliverable D4.3 and the relation to the other use case related deliverables 

 

Introduction and background (D1.3) 

Scope and modelling approach (D1.3) 

The network (some from D1.3, but mostly new in D4.1) 

The traffic (some from D1.3, but mostly new in D4.1)  

Verification (D4.1) 

Calibration (D4.1) 

Validation (D4.1) 

Questions to be investigated (D1.4)  

Experimental design (D1.4 and D3.1)  

Implementation of the alternative designs (D3.1)  

Simulation results (D4.2)  

Parameter settings in the assessment tool 

Results 

Conclusions 

D4.1 

D4.2 

D3.1 
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3 Summary of use case descriptions 

The developed CoEXist tools will be practically applied by four road authorities (see Figure 3) to eight 

traffic modelling use cases (see Table 1) to support their path to Automation-ready (also referred to as AV-

ready) transport and infrastructure planning. The application results from the tools are fed into, and aligned 

with, the existing planning, working and stakeholder processes of the road authorities. The selected use 

cases, as shown in Table 1, constitute a wide range of traffic environments that CAVs could face in the 

future. 

Table 1 Overview of CoEXist use cases. 

City Use Case Modelling 
approach 

Gothenburg,  

Sweden 

1) Shared space Micro 

2) Accessibility during long-term construction works Macro 

Helmond,  

Netherlands 

3) Signalised intersection including pedestrians and 

cyclists 

Micro 

4) Transition from interurban highway to arterial Micro 

Milton Keynes,  

England 

5) Waiting and drop-off areas for passengers Micro 

6) Loading and unloading areas for freight Micro 

Stuttgart,  

Germany 

7) Impacts of CAV on travel time and mode choice on a 

network level 

Macro 

8) Impact of driverless car- and ridesharing services  Macro 
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Figure 3 Locations of the four cities 

3.1 Gothenburg, Sweden 

Gothenburg is the second largest city in Sweden with around 560.000 inhabitants. It is located on the west 

coast of Sweden with a port in a strategic location between Oslo and Copenhagen. The Gothenburg region 

has a population of 1.1 million and is the core and growth engine of Western Sweden and is home to a 

variety of strong industries. 

3.1.1 Use case 1: Shared space (microscopic modelling) 

Automated last mile services (SAE2 levels 4-5) integrated with the public transport system is an interesting 

solution to increase the accessibility of the city centre. However, the city centre of Gothenburg contains 

several areas with shared space characteristics; both areas that formally are shared spaces and areas 

with conventional traffic regulations but dominated by large volumes of pedestrians. The use case is 

focused on estimating the traffic effects of shared spaces when an automated last mile service is 

introduced, and to investigate the effects of potential measures to improve the traffic efficiency without 

reducing the quality of service for pedestrians and cyclists. 

                                                
2 SAE International, 2016. SAE Standard J3016, Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road 

Motor Vehicles. 

Milton 
Keynes, 

UK 

Gothenburg, 
SE 

Stuttgart, 
DE 

Helmond, 
NL 
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3.1.2 Use case 2: Accessibility during long-term construction works (macroscopic 

modelling) 

During an upcoming period of long-term construction in Gothenburg, a lot of strain will be put on the 

existing infrastructure, which would limit the accessibility to the city centre. Through the application of the 

Automation-ready macroscopic modelling tool, the aim of this use case is to estimate to what extent the 

introduction of CAVs (SAE levels 3-5) may improve the traffic conditions during extended construction 

periods. The effects of the introduction of CAVs on the traffic conditions, e.g. route choice effects of 

changes in the traffic dynamics on road links and at intersections, will be investigated. Also, various 

possibilities to route CAVs will be investigated, e.g. by allowing CAVs to pass construction areas on narrow 

temporary lanes or links or allowing bidirectional CAV traffic in a tunnel tube and add extra lanes by making 

the lanes narrower. 

3.2 Helmond, Netherlands 

Helmond is a Dutch city with a population of 89,472 and is located in the European Brainport region, which 

is one of Europe’s leading technology centres. 

3.2.1 Use case 3: Signalised intersection including pedestrians and cyclists 

(microscopic modelling) 

This use case will explore the traffic management impact of junction and traffic light controller design for 

mixed CAV and CV traffic. Pedestrians and cyclists will be included, as well as heavy goods vehicles. The 

focus is on traffic management impact with advanced traffic light controllers that support traffic optimisation 

based on loops and other detectors, which can make prioritisation in real time based on type of traffic. A 

central question to investigate in this use case is how the potential increase in intersection capacity induced 

by the introduction of CAVs may be redistributed to pedestrians and cyclists. 

3.2.2 Use case 4: Transition from interurban highway to arterial (microscopic modelling) 

This use case focuses on the evaluation of the impact of automated driving on the transition road section 

from the interurban highway between Helmond and Eindhoven to the arterial that enters Helmond. The 

focus will be on speeding problems at the junctions at the end of the highway. Special attention will be 

paid to the impact of providing Intelligent Speed Adaptation (ISA) to the CAVs compared to non-equipped 

vehicles. 

3.3 Milton Keynes, England 

Milton Keynes is a Local Authority in the SE Midlands of the UK with a population of 265,000. The city 

enjoys the fastest and most sustained growth in the UK. Car use is dominant in the city and with continued 

growth, future highway capacity may be a challenge.  

3.3.1 Use case 5: Waiting and drop-off areas for passengers (microscopic modelling) 

The focus of this use case is evaluation of the impact on existing and future infrastructure by creating 

waiting and drop-off areas for CAVs. Many road authorities are looking for ways to decrease motorized 
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traffic in the city centre in order to enhance air quality and reallocate car parking space to other purposes. 

Restricting vehicle access to the city centre is assumed to require facilities for CAVs to drop off and collect 

users. The last mile will then be undertaken by connection to other modes as walk, cycle, or a dedicated 

CAV last mile service, and maybe a higher capacity shuttle service. How the vehicles behave at the waiting 

and drop-off zones is critical with regards to dwell time, approach speeds, and reliability of pick-up/human 

interface, as well as for traffic performance at the roads and junctions at the edge of the city centre. 

3.3.2 Use case 6: Loading and unloading areas for freight (microscopic modelling) 

This use case focus on how freight and deliveries impact city traffic operations and infrastructure 

requirements for loading and unloading. With the growth of light freight deliveries, the impact of current 

operation on traffic is growing. There is currently a big impact on bus reliability due to delivery vehicles 

blocking bus routes. This use case is an extension of use case 5 focusing on freight deliveries and pick-

ups instead of passenger drop off or pick-up. 

3.4 Stuttgart, Germany 

The city of Stuttgart is the capital of the German state of Baden-Württemberg, economic hub and home of 

big automotive companies. The population is around 0.6 Million in the City and 2.7 in the region. 

3.4.1 Use case 7: Impacts of CAV on travel time and mode choice on a network level 

(macroscopic modelling) 

CAVs may increase the capacity of road infrastructure. Using the Stuttgart region travel demand model, 

CoEXist will estimate how the road capacity increase, which is expected to be higher on motorways than 

in urban areas, will affect travel time and mode choice on a network level. The hypothesis is that increased 

capacity and higher safety will reduce journey time and increase travel time reliability. This may also 

improve the general utility of the car, as drivers can use their in-vehicle time more efficiently. Introduction 

of CAV-certified road sections / road network or introduction of “geofenced” CAV-ready areas are 

measures that might be investigated. 

3.4.2 Use case 8: Impact of driverless car- and ridesharing services (macroscopic 

modelling) 

Driverless cars of level 5 will provide new choices to travellers as car- and ridesharing services can be 

organized in new ways which even may affect urban public transport. An extended version of the existing 

travel demand model of the Stuttgart Region will be used to examine the potentials of driverless cars for 

automated car- and ride-sharing services and their impact on public transport and urban traffic flow. In 

addition to this the use case will also investigate differences in impacts of public transport integrated vs. 

private competing ridesharing services and how many privately owned cars can be replaced by a high-

performing car- or ridesharing service. 
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4 Conclusions and lessons learnt 

The use cases chosen within the CoEXist project are challenging in several ways. Due to the large 

uncertainties on how the introduction of CAVs will affect driving behaviour, travel behaviour, and travel 

patterns, it is challenging to formulate use cases that are relevant, i.e. both feasible and reasonable: 

• Reasonable in the sense that the use cases need to investigate situations that: are likely to occur 

during the coexistence period, likely have potential for improvement through infrastructure or policy 

measures that are realistic to implement in practice, and are related to questions regarding the 

introduction of CAVs that are prioritized by the decision makers and stakeholders in the respective 

city. 

• Feasible from a traffic modelling point of view: The traffic conditions and behaviors relevant for the 

use cases must be possible to model using the simulation software developed within CoEXist; the 

models need to be sensitive to the changes in behavior induced by the introduction of CAVs and 

the potential measures to be investigated. That is, traffic modelling need to be a suitable tool for 

investigating the questions and their context. 

The use case template was developed with the aim to ensure consistent descriptions of the use cases. 

However, the large variety among the use cases made it difficult to strictly use one template for all use 

cases. The development of the template and the use of it as a basis for discussions within the consortium 

have still been beneficiary and lead to new insights and useful and relevant revisions of the use case 

specifications. Furthermore, we think that the templates can be useful as inputs to other projects in which 

traffic model investigations of automated vehicles are conducted. 
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Appendix A Use case 1: Shared space 
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1 Study area characteristics 

1.1 The area to be modelled  

The study site is the area with shared space characteristics in connection to Kungstorget in central 

Gothenburg, see Figure 4. The definition of shared space varies between different countries. In general, 

a shared space is an area where pedestrians and vehicles can move freely, but only at walking pace and 

with caution. Pedestrians commonly have right of way, but the right of way rules differs between different 

countries. 

 

Figure 4: The proposed study site ‘Kungstorget’ and its surroundings. The blue arrows indicate the large pedestrian 
flow that crosses Vallgatan. Print screens from Google maps 
https://www.google.se/maps/@57.7034659,11.9695056,17.76z 

 

1.2 Context in the city/region  

The area ‘Inom vallgraven’ encircled by canals, is the historic city center and is characterized by high 

pedestrian and public transport flows and narrower low speed streets for cars. 
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Figure 2: Gothenburg city center with the study site Kungstorget indicated by the red circle. A print screens from 

Google maps https://www.google.se/maps/@57.7058633,11.9650632,15z?hl=sv  

1.3 Important functions and activities in the area  

The area around Kungstorget is a very well-visited place in the heart of the inner city. There is a market 

hall, a cinema and lots of restaurants and shops. In addition to that, there is a quite large public transport 

stop in connection to the proposed study area. 

1.4 Modes of transport 

The modes of transport available in Vallgatan and Kungstorget are mainly cars, taxis, bikes and trucks. In 

addition to that, a large pedestrian flow is crossing Vallgatan, as seen in Figure 1. 

All existing traffic modes should be simulated with a distribution based on collected data of the area. 

However, public transport will only be simulated for visualization purposes, without boarding/alighting 

passengers. The extent to which cyclists are to be integrated to the model will be determined after the data 

collection.  

2 Infrastructure  

2.1 Roadway design  

https://www.google.se/maps/@57.7058633,11.9650632,15z?hl=sv
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Kungstorget is a narrow local street with low car flows. Taxis are often taking this street and also tend to 

park along the street. Vallgatan, on the other hand, is a so-called walking speed area, with speed limits 

restricted to 7 km/h. Since there are frequent freight deliveries in the area, trucks are often seen parked 

along Vallgatan (see Figure 3 below). 

There are low cerbs along Kungstorget, while there are no curbs along Vallgatan; the street is at the same 

level as the surrounding pedestrian surface with bollards marking the recommended path for vehicles.  

Pedestrian flows are somewhat structured, but the absence of zebra crossings on Vallgatan is leading 

pedestrians to cross the streets anywhere. This contributes to an area with shared space characteristics. 

 

Figure 3 A truck parked on Vallgatan. Print screen from Google Streetview 
https://www.google.se/maps/@57.7042109,11.9686598,3a,75y,98.98h,83.09t/data=!3m6!1e1!3m4!1s_C-

xwTKtm31DuT2FmaPTWA!2e0!7i13312!8i6656?hl=sv  

Close to the intersection Vallgatan/Kungstorget, there are many bike parking facilities offered, mostly very 

well used (see Figure 4). 

A Vissim model of the area will be developed within the CoEXist project. 

https://www.google.se/maps/@57.7042109,11.9686598,3a,75y,98.98h,83.09t/data=!3m6!1e1!3m4!1s_C-xwTKtm31DuT2FmaPTWA!2e0!7i13312!8i6656?hl=sv
https://www.google.se/maps/@57.7042109,11.9686598,3a,75y,98.98h,83.09t/data=!3m6!1e1!3m4!1s_C-xwTKtm31DuT2FmaPTWA!2e0!7i13312!8i6656?hl=sv
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Figure 5 Satellite map from Google maps that indicates bike parkings in the area (red markings) and the location of the 
adjacent public transport stop Kungsportsplatsen (yellow circle). 
https://www.google.se/maps/@57.7040833,11.9688754,173m/data=!3m1!1e3  

2.2 Public transport infrastructure 

Adjacent to Kungstorget/Vallgatan, there is a larger public transport stop named “Kungsportsplatsen” 

andincluding both tram and bus stops (see Figure 5 above). Overall, there are 6 tram lines and 6 bus lines 

that operate in each direction. In total, there are about 40 tram departures and 36 bus departures in each 

direction during the busiest hours of the day. 

2.3 Traffic control 

There is no signal control at the study site. 

3 Travel patterns and traffic conditions 

3.1 General description of the travel patterns 

The traffic is dominated by large pedestrian flows crossing Vallgatan, and also some bicycle traffic. There 

are low volumes of car traffic, mainly on Kungstorget, and some freight deliveries.  

https://www.google.se/maps/@57.7040833,11.9688754,173m/data=!3m1!1e3
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The data collection will determine the periods to be simulated. The aim is to include both the peak of the 

pedestrian flow and the peak of the (automated) vehicle traffic. The modelling approach for the delivery 

vehicles parking along Vallgatan will be selected after the data collection. 

3.2 Traffic conditions and levels of congestion 

Presently, there are none to limited congestion problems.  

4 Aim and scope 

4.1 Overall description of the use case 

Automated last mile services integrated with the public transport system is an interesting solution to 

increase the accessibility of the city centre without reducing the efficiency of the line based public transport 

by increasing its stop frequency. However, the city centre of Gothenburg contains several areas with 

shared space characteristics; both areas that formally are shared spaces and areas with conventional 

traffic regulations but dominated by large volumes of pedestrians. The focus of this use case is to 

determine the traffic effects of shared spaces when automated last mile services are introduced. 

As an example of shared space in the city centre, Kungstorget is selected for detailed simulation in this 

use case. 

4.2 Ambition  

Gothenburg has the ambition to keep providing a high level of accessibility to the area surrounding 

Kungstorget during the CAV introduction period by providing efficient line based public transport and high 

quality of service for non-motorized modes while still enabling the necessary motorized last mile transports, 

both automated and manually driven, of both people and goods. The ambition is that a well-functioning 

automated last mile solution together with a more efficient line based public transport due to decreased 

need for frequent stops may facilitate a modal shift from car to public transport. However, it is also 

important to avoid a significant modal shift from active modes and public transport to the last mile service. 

4.3 Hypotheses 

It is expected that the introduction of CAVs will result in a lowered capacity for car traffic through shared 

spaces since the CAVs may have difficulties to negotiate with pedestrians and bikes. This, together with 

the limitations of the sensors, will make the CAVs slow since they need to keep a safe distance from the 

pedestrians. The effect is expected to depend on the details of the interaction between CAVs and active 

modes. However, the hope is that it is possible to achieve a reasonable level of service for automated last 

mile vehicles without decreasing the level of service for walking and biking. It is expected that changes to 

the infrastructure that do not reduce the level of service for walking and biking will have negligible effect 

on the level of service for the CAVs.  

4.4 Relevance 
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Motorized last mile transport is necessary for some people groups and trip purposes; the private car usage 

cannot be reduced below a certain level without providing an efficient and attractive alternative. This use 

case investigates the frequent claim that CAVs may be attractive for providing last mile services. 

Investigating the conditions under which it is feasible to combine such an automated last mile service with 

shared spaces, without degrading the level of service for walking and biking, can give highly relevant input 

to city and traffic planners faced with the task of providing efficient and environmentally friendly access to 

the city centre. 

4.5 Questions to investigate by traffic modelling 

Shared space like environments may be problematic for CAVs to drive without significant delays due to 

the large volumes of active modes and the lack of traffic control. The questions to investigate in this use 

case are: 

• What is the effect on the quality of service for all users of the shared space from the introduction of 

automated vehicles? 

• Will there be significant queuing for motorized traffic upstream of the shared space due to the 

interactions between active modes and CAVs? 

• How sensitive are the predicted quality of service for each mode to the assumptions on the interaction 

between active modes and CAVs, and on the assumptions on the behaviour of the CAVs? 

• How advanced CAV technology are needed for an efficient traffic flow for both motorized traffic and 

active modes through the shared space? That is, what assumptions on the behaviour of the CAVs are 

needed for CAVs to be able to pass the shared space efficiently, including assumptions on their ability 

to communicate their intentions to the pedestrians and cyclists in such a way that they are respected. 

These questions will be investigated for each potential measure, see section 7. 
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5 Models  

5.1 Available models  

There are no available models of the site. 

5.2 Model development needs 

Since there is no existing Vissim model available of the area, a full model needs to be set up. The 

calibration of the interaction between motorised vehicles and active modes is expected to be a major part 

of setting up the base model. 

6 Data  

There are no data available, so data for both calibration and demand will be collected during the project. 

6.1 Data collection 

The data collected will consist of trajectories automatically extracted from stereo video. The system does 

not store any video data per default to circumvent restrictions for video surveillance. However, an 

application for also collecting video data has been submitted; if the application is approved, the video data 

will be used to validate the automatic trajectory extraction as well as to facilitate detailed studies of 

interactions. 

The data collection system can cover approximately 25 m by 25 m per camera for detailed data, and 

possibly a larger area for estimation of approximate origin or destination. The system will be used both to 

collect detailed trajectory at areas with much interaction between motorised vehicles and active modes, 

and to collect origin – destination data for the whole area. The data collection will take place during the 

late spring during a Thursday to Saturday with good weather conditions (if such a period is available in 

2018), all to maximise the pedestrian volumes. Also, a subset of the cameras will be kept during a whole 

week to register the variation in demand. To enable both collection of detailed data for calibration and OD 

estimation, several cameras are required, with an implied cost just within the CoEXist budget for data 

collection. 

The City of Gothenburg has a vision of doubling the number of pedestrian trips by the year 2035, this will 

need to be taken into account when scaling the observed volumes to the future scenarios, likely through 

sensitivity analysis on the pedestrian volumes. 

Since the focus of the use case is the introduction of a last mile service, the demand for vehicle traffic will 

be assumed to be increased compared to the present volumes of motorized traffic. 
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7 Potential measures 

The base line investigation of the quality of service effects of the introduction of CAVs are expected to 

predict that either the level of service for CAVs (and other motorized traffic as a result) is significantly 

reduced, or the quality of service of active modes are reduced, or both. Depending on the result, different 

measures to reduce the negative impact are interesting to investigate. 

• Can the shared space be structured to avoid any negative impact on active modes of the CAVs? One 

possible such negative effect could be dense queues of CAVs that are hard to pass for pedestrians 

and cyclists. A possible countermeasure could be a regulated least distance between vehicles. 

• Can the shared space be structured to enable CAVs to pass more efficiently without reducing the 

quality of service for pedestrians and cyclists?  

• This can include having wide pedestrian crossings instead of completely free movement. 

Concentrating the active modes to more narrow streams would allow the vehicles to drive faster 

between the crossings, while it also could imply more intense flows at the crossings, thus making 

it harder for the vehicles to pass.  

• An extreme version of this is to constrain pedestrian and bicycle traffic using barriers along the 

road, preventing crossing everywhere except the intended. Constraining active modes with barriers 

along the driving path of CAVs may improve the efficiency of vehicles traffic since it will guarantee 

that no vulnerable road user moving parallel to the road is going to suddenly change direction and 

risk collision with a vehicle. However, it may also significantly degrade the quality of service for the 

active modes and may negatively affect the coverage of the CAVs' detectors.  

 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix B Use case 2: Accessibility during 
long-term construction works 
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1 Study area characteristics  

1.1 The area to be modelled  

The area to be modelled is the city of Gothenburg. Currently, Gothenburg is growing dramatically, and the 

city is preparing to make room for almost 700,000 residents by the year 2035 – that’s 150,000 more than 

today. This means that Gothenburg is evolving. New houses are being built, and new residential areas 

and city districts are developed on land previously used for industrial purposes. New roads, bridges, cycle 

paths and expanded public transportation will make it easier to get around in the city. During a transition 

period, the many construction projects entail some restrictions for traffic in the centre of Gothenburg, see 

examples of roads links affected in Figure 5.  

 

Figure 5 Map of the city of Gothenburg. The yellow circle represents the inner city. Source: Gothenburg municipality. 

The study area includes main parts of Gothenburg (the blue circle in Figure 5) but there are two 

roads/routes that are of special interest since they are the two main transport routes into the city, see 

Figure 6. 
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Figure 6 Two roads that are of special interest since they are the two main transport routes into the city centre. On the 
left: Götatunneln (https://www.google.se/maps/@57.7110474,11.967978,17.66z), on the right Ullevigatan 
(https://www.google.se/maps/@57.708222,11.9826964,16.32z). 

1.2 Context in the city/region  

Gothenburg is the second largest city in Sweden and has around 560,000 inhabitants. It is located on the 

west coast of Sweden, see Figure 7. It is a city with a strategic location in between Oslo and Copenhagen. 

The Gothenburg region has a population of 1.1 million. Gothenburg is the core and growth engine of 

Western Sweden and is home to a variety of strong industries including VOLVO, Volvo Cars and SKF. 
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Figure 7 The location of Gothenburg in Sweden 

1.3 Important functions in the area  

The model area is the city centre of Gothenburg. In the city centre of Gothenburg there are about 100,000 

workplaces and a wide range of shopping- and entertainment facilities, which attract visitors from all over 

the region. Gothenburg's main station is located in the study area. There are also several large parking 

spaces for passenger cars and a few for bicycles. There is also a well-utilized bicycle sharing system in 

the area. 

1.4 Modes of transport 

The present modal split for Gothenburg, considering total personal trips (including through traffic and 

visitors) in the city and only the trips of the residents of Gothenburg respectively, is presented in Figure 8. 
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Figure 8 Modal split in Gothenburg.    

The modes that will be included in the model are cars and heavy goods vehicles. Public transport, 

pedestrians and bikes will not be included in the model since the focus of the use case is the effect on 

long-term construction on vehicle traffic performance on the road network level. Such effects can of course 

lead to modal shifts, but this is out of scope of this use case since the city does not have a multimodal 

traffic model3.  

2 Infrastructure 

2.1 Roadway design  

The studied area includes in principle all types of urban roads and streets, e.g. motorways, multi lane 

arterials, divided singe lane arterials, undivided single lane arterials, local streets. Since the area includes 

the whole of Gothenburg, it includes roads with different functionality, e.g. roads with flow, area distributor, 

and access function4. The area includes several signalised intersections, roundabouts and grade 

                                                

3 Development of a multi modal model is ongoing but will not be finished in time for the CoEXist project 

4 Definitions according to 

https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en  

Flow function: Roads with a flow function allow efficient throughput of (long distance) motorized traffic. All motorways and 
express roads as well as some urban ring roads have a flow function. The number of access and exit points is limited. 

Area distributor function: Roads with an area distributor function allow entering and leaving residential areas, recreational 
areas, industrial zones, and rural settlements with scattered destinations. Junctions are for traffic exchange (allowing changes 
in direction etc.); road sections between junctions should facilitate traffic in flowing. 

Access function: Roads with an access function allow actual access to properties alongside a road or street. Both junctions 
and the road sections between them are for traffic exchange. 
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separated motorway intersections. The road network also includes dedicated infrastructure for buses, 

trams and bikes. 

2.2 Traffic control 

Major intersections are either controlled by traffic signals or designed as roundabouts. The motorway going 

through Gothenburg is equipped with a queue warning/variable speed limit signage system. 

On January 1st 2013, congestion charges were introduced in the City of Gothenburg. The purpose of the 

congestion charges is to reduce traffic congestion, improve the environment and to co-finance the West 

Sweden Agreement. The agreement is between national and regional authorities including The City of 

Gothenburg and contains major investments in public transport, roads and railways which will contribute 

to a sustainable West Sweden.  

There are 37 toll stations placed in a ring around the central parts of Gothenburg, see Figure 9. Some of 

the toll stations are needed to prevent the traffic from being diverted onto smaller streets or areas that are 

not suited for high traffic flows. The congestion charges are applied to Swedish and foreign vehicles 

passing the tolls between 06.00 am and 6.29 pm on weekdays. A passage in or out of the central parts of 

Gothenburg cost 9, 16 or 22 SEK (1 € is approximately 10 SEK) depending on the time of the day. The 

maximum daily charge is 60 SEK. A vehicle passing several tolls within 60 minutes only pays for one 

passage, the so-called “Multi-passing-rule”. Every day approximately 730 000 vehicles pass the toll 

stations and 45 % of the passes are subject to the “Multi-passing-rule” and 3% of all the vehicles are 

foreign vehicles.  

The first year of congestion charges reduced traffic flow through the congestion charging stations by 10 

percent (2012-2013). Traffic through the toll ring is still 5-6 percent lower than 2012, before the congestion 

charging system was introduced, but traffic has increased by about 1 percent per year the last years. 
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Figure 9 The Congestion Charging stations in Gothenburg. Source: Gothenburg municipality. 

3 Travel patterns and traffic conditions  

3.1 General description of the travel patterns 

Figure 10 describes the daily traffic flow levels on the main road network in the Gothenburg region. The 

E6 motorway passing by Gothenburg in the north-south direction carries large volumes as well as the 

motorway E20 that enters Gothenburg from the east. 
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Figure 10 Daily traffic flow levels (thousands of vehicles) for 2013. Source: Gothenburg municipality. 

 

The city of Gothenburg has collected traffic data since 1970 and in a longer perspective, much has 

happened, see Figure 11. Since 1970, traffic at the municipal boarder has almost tripled, with the 28 fixed 

points it has increased by more than 80 percent and at cross-section “Götaälvsnittet”, that is the 

connections over and under the river Götaälv, it has increased by almost 70 percent. Despite this, traffic 

to the city core has decreased more than 75 percent, while traffic at the city center has decreased by more 

than 30 percent. 
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Figure 11 Historical traffic levels between 1970-2016 for different cross-sections in Gothenburg. Source: Gothenburg 
municipality. 

The Götaälv cross-section, which is a bottleneck in the city’s road network, includes the bridges 

Götaälvbron, Älvsborgsbron and Angeredsbron as well as the tunnel Tingstadstunneln. There are also 

some vehicles using the bridge Angeredsbron and ferries. In total, 222,300 vehicles passed the Götaälv 

cross-section on a weekday during 2016. Figure 12 illustrates how this flow is divided on the different 

paths. 

 

 

Figure 12 Average weekday daily traffic passages over and under the river Götaälv using the bridges Götaälvbron, 
Älvsborgsbron and Angeredsbron and the tunnel Tingstadstunneln. Source: Gothenburg municipality. 
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3.2 Traffic conditions and levels of congestion 

Figure 13 and Figure 14 show examples of the traffic variation during the day and during the year for two 

of the main tunnels the Göta-tunnel which is a part of the motorway E45 passing Gothenburg (variation 

during the day in Figure 13) and the Tingstad-tunnel (variation between different weeks in Figure 14).  

 

Figure 13 Traffic variation during the day for the Göta tunnel (blue is the direction from the city centre and red is the 

direction to the city centre). Traffic volumes are given in number of vehicles/15 min. Source: Gothenburg municipality. 

 

 

Figure 14 Traffic variation over the year in the tunnel Tingstadstunneln (blue is the direction from the city centre and 
red is the direction to the city centre). Traffic volumes are given in average daily traffic (ADT). Source: Gothenburg 
municipality. 
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4 Aim and scope 

4.1 Overall description of the use case 

The city of Gothenburg is going to be a construction area in the coming decade. Extensive evaluation of 

the effects on the traffic system is conducted within the “KomFram” project. The “KomFram”-project is 

conducted in cooperation between the City of Gothenburg, the Swedish Transport Administration and 

Västtrafik (the public transport Company). The project includes analyses during the construction period in 

Gothenburg) to carry out system analyses for the whole of Gothenburg. 

 
Figure 11 Geographical demarcation of proposed analysis areas 

The analysis within the “KomFram project” has been done using a VISUM model, which in geographical 

terms encompasses the blue circle in Figure 11. Within the yellow circle, several construction projects will 

last for many years. This area may be said to correspond to central Gothenburg, and measures 

implemented within or adjacent to this area can thus be said to affect accessibility to the centre of 

Gothenburg. The area is used by passenger cars, heavy goods vehicles, pedestrians and cyclists as well 

as public transport (bus and tram). The red line in the map represents “Ullevigatan”, which has been 

identified as an entrance street where traffic is at risk to increase due to the limited accessibility on other 

links to and from the central city. Detailed investigations of this section have been done at both the macro 
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and the micro level within the “KomFram project” during 2017. The green lines illustrate examples of roads 

where capacity will be reduced due to long-term construction works. 

4.2 Ambition 

The city of Gothenburg has the ambition to decrease the negative traffic effects of the long-term 

construction, especially the negative effects on accessibility to the city centre. How this might be done for 

the current situation without CAVs is investigated in the “KomFram” project. However, the city also wants 

to investigate if the introduction of CAVs could improve the traffic conditions during these kind of long-term 

construction periods. Thus, the ambition is to be prepared for how to deal with future long-term construction 

during the transition period with a mix of conventional and automated vehicles. 

4.3 Hypotheses 

Only the introduction of CAV itself will probably not enhance traffic conditions during long-term 

construction. At least not for lower penetration rates of vehicles with lower level of automation. The 

hypothesis is that the introduction of CAVs might enable new types of measures for increasing the capacity 

during the construction period.  

4.4 Relevance 

The use case is relevant for the CoEXist project since long-term construction is a common issue in cities 

and puts a lot of stress on the traffic system. It is therefore important to ensure that the introduction of 

CAVs does not imply even more negative effects on the traffic system and investigate if the introduction 

of CAVs can be used to improve the traffic conditions during extended construction periods. 

4.5 Questions to investigate by traffic modelling 

The first question to investigate is how the introduction of CAVs (at different penetration rates) affect: 

• Route choice? 

• Total travel time/delay? 

• Accessibility to the city centre? 

The second question is: if traffic conditions and accessibility to the city centre can be improved by adding 

special dedicated CAV lanes or links and at which penetration rates such geometric changes are 

beneficial? 

5 Models  

5.1 Accessible models  

A VISUM model over the area to be studied has been developed. This model is based on “ICA 

methodology” and includes a method for signal prioritization and weaving movements in on-road and off-
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road ramps. The model handles vehicle traffic as a total amount of passenger cars and heavy good 

vehicles. Demand is derived from the national model "Sampers" and calibrated for the peak hours against 

existing traffic counts. Construction has been going on in several places for some time, so a stable “present 

situation” can be difficult to define. On the other hand, a large number of traffic counts are available from 

recent years, as well as updated travel time information. 

A scenario for the present situation (2013) and a “construction-time scenario” (2018), when several major 

construction projects are in progress, are developed as well as ongoing work with a scenario for 2022. 

5.2 Model development needs 

The model is up to date for the present situation and a scenario 2018. A scenario is being developed for 

2022. The two future scenarios describe different stages of the construction process of the infrastructure 

in Gothenburg. 

6 Data 

There are traffic counts on approximately 200 roads in Gothenburg. Data can also be retrieved from the 

congestion charging system, in addition to the traffic counts, in approximately 30 congestion charging 

stations. All traffic data can be obtained on 15 minute level including direction for the total number of 

vehicles, for some roads number of trucks can be displayed. 

6.1 Travel demand data 

The travel demand in the model is derived from the national model "Sampers". Travel surveys from 2011 

and 2014, and an ongoing survey 2017, can be used to validate the travel demand. 

6.2 Calibration data  

The model is already calibrated for the case without CAV. The calibration was conducted using 700 traffic 

count stations to and from the centre area, passages through the congestion charging stations and 

passages over and under the river Göta Älv (the Götaälv cross-section presented in section 3). 

6.3 Data collection 

Use case 2 does not require any additional data collection. 

7 Potential measures 

Possible measures to investigate are mainly road network design changes as: 

• Allowing bidirectional CAV traffic in tunnels 
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Construction and maintenance of tunnels might require that one of the tunnel tubes need to be closed 

for traffic. It is often not allowed or at least not recommended to use contraflow actions in tunnels, i.e. 

allow bidirectional traffic in one tunnel tube. By allowing CAVs only in the open tunnel tube it might be 

possible to allow bidirectional traffic and add extra lanes by making the lanes narrower, redesigning 3 

normal lanes in to 2+2 CAV lanes. The gain of such a measure depend on the penetration of CAVs 

since the non CAVs need to use alternative routes. A possibility is to apply such measures in the Göta 

tunnel in Gothenburg. 

• Allowing CAVs to pass construction areas on narrow temporary lanes or links 

Road works or construction close to road works do not only occupy space for the actual construction 

but also safety zones and barriers between the road work sites and traffic. CAVs with a high level of 

automation and cooperation could potentially require shorter safety distances to the road work sites. 

This would probably require that all vehicles are highly automated and connected to some local 

controller that control allowed speed and distance between vehicles. The idea is that at places where 

the road needs to be closed totally it might be possible to open a CAV only lane with a low speed limit. 

Another option is that it might be possible to redesigns the lane division so that it is possible to reopen 

a lane on a road work link where some lanes were closed due to the construction. The first option will 

probably be interesting for all penetration rates of CAVs while the second option depends on the 

penetration of CAVs since the non CAVs need to move to other routes. 

• Reserving a bottleneck link for CAVs 

Major long-term construction will put extra stress on the bottlenecks already present. A penetration 

rate of 100% CAV in a specific bottleneck link might increase the capacity, since the number of lanes 

could be increased by adding narrow extra lanes, merging may be enhanced or saturation flow in 

intersections could be increased due to lower reaction time and coordination between. So if it would 

be possible to route all CAVs through one of the main routes and the non CAVs to another route then 

the total capacity might be increased. The gain of such a measure depends on the penetration of CAVs 

since the non CAVs need to move to other routes. A possibility is to apply such measures to Ullevigatan 

in Gothenburg. 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix C Use case 3: Signalised 
intersection including pedestrians and cyclists 
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1 Study area characteristics 

1.1 The area to be modelled  

The area to be modelled is an intersection between Europaweg and Hortsedijk in the outskirts of the city 

of Helmond, located in south eastern Netherlands, see Figure 15 and Figure 16. 

 

Figure 15: The site of use case 3. 

 

Figure 16: The intersection to be studied. 
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1.2 Context in the city/region  

The intersection is on the most important traffic arterial that runs straight through the city of Helmond from 

east to west or vice versa. The intersection is located on the west side of the city (see Figure 17) and 

coming from the west it is one of the first ground-level intersections where pedestrians and cyclists are 

crossing in all directions. 

 

Figure 17: The location of the intersection. 

1.3 Important functions and activities in the area  

A commercial zone is located directly on the northeast side of the intersection. On the northwest side is 

the business park Groot Schooten where the Automotive Campus is located. The road to the north 

(Hortsedijk) leads to the residential area Stiphout, a village which became a district of the city of Helmond 

in 1968. On the south side is the residential area Mierlo-Hout which also in 1968 became a district of the 

city of Helmond. The Europaweg (see Figure 15) is the main traffic arterial that runs through the city and 

is the most important car connection between Helmond and Eindhoven. Also, for the city, this road is of 

vital importance because all districts of the city can be accessed from it.  

There is no public transport station in the immediate vicinity. The nearest train station is about 850 meters 

from the intersection. There is a number of bus stops for services that connect the train station Mierlo-Hout 

via the Automotive Campus with the Helmond train station (half-hour service) and on the other hand a 

regular service (hourly frequency) that connects Helmond train station via the Elkerliek Hospital and the 

Mierlo-Hout and Brandevoort districts.  

There no specific vehicle or bike parking facilities in the neighbourhood. 
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1.4 Modes of transport 

All kinds of modes are present in the intersection. In the city of Helmond mopeds are not allowed on cycle 

lanes except along multi lane arterials such as the Europaweg. Cyclist and mopeds are on a separate 

cycle lane. As part of this use case, cars, trucks, bicycles and pedestrians will be modelled. 

2 Infrastructure  

2.1 Roadway design  

The Europaweg (the east and west branches of the intersection) has a flow function5, and the Hortsedijk 

(the north and south branches of the intersection) has an area distributor function. The Europaweg is, in 

the vicinity of the intersection, a divided multi lane arterial with 2 lanes per direction and at the intersection 

there are in addition separate left and right turn lanes. The intersection is signalised, and cyclist and 

mopeds and pedestrians are on separate lanes. Both analogue and digital maps are available. 

A model is available in Vissim, made by a traffic light supplier (i.e. Dynniq) who uses this model to simulate 

the signal plan before implementing it on the street. PTV has updated the model for their work in work 

package 2 (WP2) of the CoEXist project. 

2.2 Public transport infrastructure 

There is no separate public transport infrastructure in connection to the intersection, and because of the 

low presence of public transport in the intersection (6 busses per hour), public transport will not be included 

in the model. 

2.3 Traffic control 

The intersection has an Imflow (from Dynniq) controller; it is a real-time adaptive control that based on 

policy settings optimises the flow in the intersection. The control is also coordinated with the two 

intersections to the east. 

                                                

5 Definitions according to 
https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en  

Flow function: Roads with a flow function allow efficient throughput of (long distance) motorized traffic. All motorways and 
express roads as well as some urban ring roads have a flow function. The number of access and exit points is limited. 

Area distributor function: Roads with an area distributor function allow entering and leaving residential areas, recreational 
areas, industrial zones, and rural settlements with scattered destinations. Junctions are for traffic exchange (allowing changes 
in direction etc.); road sections between junctions should facilitate traffic in flowing. 

Access function: Roads with an access function allow actual access to properties alongside a road or street. Both junctions 
and the road sections between them are for traffic exchange. 

https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en
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3 Travel patterns and traffic conditions 

3.1 General description of the travel patterns 

Due to the large amount of traffic on the east–west direction and vice versa, and the priority of these 

directions in the signal plan, the cycle time, especially in the peak hours, is high and the delays for other 

directions are rising. There are about 43,000 vehicles counted during a day, and the peak hours are from 

07:00 till 09:00 in the morning and from 16:00 till 18:00 in the afternoon.  

 

The morning peak will be in focus in this use case because of the large amounts of both motorised traffic 

and cyclists (school children and students) who potentially can benefit from a reallocation of green time. 

3.2 Traffic conditions and levels of congestion 

There is no real congestion at this intersection. Sometimes in peak hours it may happen that vehicles have 

to make a second stop. The longest queues form on the incoming roads from east and west. 

4 Aim and scope 

4.1 Overall description of the use case 

Helmond being an automotive, but also at the same time a real cycling city, this use case investigates the 

traffic management impact of connected and automated vehicles (CAVs) in the mixed traffic situation of 

the city, i.e. traffic including cyclists, but also pedestrians and trucks. The main questions that Helmond is 

investigating are: How should we manage our traffic controllers in future? How can we prioritise certain 

groups of road users? 

4.2 Ambition  

In Helmond Verbonden - The Mobility Vision 2016-2025 (2016), Helmond points out that the city wants to 

provide a sustainable and safe traffic system in which the city promotes: 

1. The bicycle: maximum use with bicycle action plan. 

2. Smart Mobility; leader in innovating in mobility. 

These ambitions come together at an intersection. On the one hand, the city wants to unwind as much as 

possible (car) traffic on the main arterial using Smart Mobility (i.e. network control, C-ITS). The city also 

wants to improve the cross-over of the bicycle so that the bicycle remains an attractive means of transport 

or even more for the smaller distances. Helmond is a cycling city par excellence and wants to expand that 

in the future. And as the hometown of the Automotive Campus, Helmond is fully committed to maintaining 
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its pioneering role in the field of Smart Mobility. Smart Mobility solutions may change the face of mobility 

considerably and Helmond likes to take the lead in this. 

4.3 Hypotheses 

The main hypothesis is that with the introduction of CAVs the performance of a signalised intersection will 

get better. Through a more efficient traffic flow, at least the same number of cars could be processed in a 

given time period (i.e. throughput), so that green time may be reallocated to cyclists and pedestrians. 

However, there is a risk that, at least for lower levels of automation and communication, the performance 

of the intersection is reduced due to that CAVs may keep larger headways than human drivers for safety 

reasons. 

4.4 Relevance 

This case is relevant for CoEXist because many cities are struggling with similar issues. With the growing 

demand of mobility and increasing traffic, cities are searching for smart solutions to increase performance 

for all modes of transport. The overall shared view on CAVs is that with CAVs the traffic flow will be more 

efficient. But what is the role of CAVs, actually? 

4.5 Questions to investigate by traffic modelling 

• Is there a more efficient traffic flow with CAVs? 

• Is the performance of the intersection getting better because of a more efficient flow? 

• Is the impact dependent on the penetration rate of CAVs? 

• Is it dependent on the kind of CAVs?  

• Is automation enough to produce benefits, or is there also a need to be connected to the 

infrastructure (V2I) 

• In the off-peak hours, is it easier to change the signal plan in advantage of cyclist and pedestrians? 

5 Models  

5.1 Available models  

The model is available as part of the test track of Helmond. It is the easternmost located intersection of 

the test track. The base model is not yet calibrated. 

5.2 Model development needs 

The main remaining modelling development needed is to include the signal plan in the model. The traffic 

signal supplier has been given the base model and is expected to implement the signal plan. 
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6 Data  

There are data available from the traffic lights and also collected data of the TASS AVs on this track which 

were collected as part of WP2. The traffic signal detectors provide data on turning volumes and detailed 

data on occupation of the detectors through time. Additional data for calibration may be needed. 

7 Potential measures 

• Changing the signal plan to reallocate green time 

• Use information from CAVs to reallocate green time or otherwise optimize the control. 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix D Use case 4: Transition from 
interurban highway to arterial 
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1 Study area characteristics 

1.1 The area to be modelled  

The study site is where the A270-N279 interurban highway transitions to an arterial as it enters Helmond. 

 

Figure 18: The road to be simulated. 

 

Figure 19: The road to be simulated. 
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1.2 Context in the city/region  

The road is the most important connection between the cities of Helmond and Eindhoven for car traffic. 

Every day 25,000-35,000 vehicles are using this road between the two cities. 

 

Figure 20: The location of the site in the region. 

1.3 Important functions and activities in the area  

South of the A270 there is parallel a train track between Helmond and Eindhoven with stations in the 

District Brandevoort and Mierlo-Hout. 

1.4 Modes of transport 

All modes present: cars, trucks, and some bikes and pedestrians (at the 2 junctions on the east site of the 

track) will be modelled. 

2 Infrastructure 

2.1 Roadway design  

The A270/N270/Europaweg has a flow function and is a divided multi lane arterial. It has 2 lanes per 

direction and at the intersections there are also separate left and right turn lanes. 
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Figure 21: Intersections and speed limits in the modelled area. 

The track starts from the west, starting with a flyover junction (the entry to the Village Nuenen, see Figure 

18). Between the flyover junction and the signalized T-junction the road is a motorway with a speed limit 

of 100km/hour. The T-junction has a speed limit of 80 km/hour and the road between the T-junction and 

the next signalized junction is an express road with a speed limit of 100 km/hour. Just before the next 

signalized intersection the road enters the urban area and the speed limit changes to 70 km/hour. Then, 

the emergency lane ends at this point. After the next signalized T-junction (the entrance to the Automotive 

Campus) the speed limit is changed to 50 km/h due to environmental reasons (homes close to the road). 

The track ends with a (signalized) intersection with cyclist and pedestrians in all directions. 

Cyclists and mopeds, and pedestrians are on separate lanes at the two junctions on the east side. The 

model is available in Vissim made by the traffic light supplier Dynniq which uses this model to simulate the 

signal plans before implementing it on the street. PTV also updated this model with the west side of the 

track for their work in WP2. 

2.2 Public transport infrastructure 

There is no separate public transport infrastructure, and because of the low presence of public transport 

vehicles, public transport will not be included in the model. 

2.3 Traffic control 

On the track there are 4 junctions with traffic lights which are connected with Imflow6 traffic controller. They 

are real-time adaptive coordinated controls that based on policy settings optimise the flow. The 

easternmost intersection is also coordinated with the two intersections to the east. 

                                                
6 Adaptive traffic signal control system manufactured by the company Dynniq, 
http://www.dynniq.nl/nl1/products/imflow 
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3 Travel patterns and traffic conditions 

3.1 General description of the travel patterns 

The track A270/N270/Europaweg is the main connection between Eindhoven and Helmond. Every day 

about 35,000 vehicles are on this track. This track has different speed limits and there are many cases of 

speeding. Speeding with level crossings and high speeds is a great risk for traffic safety. At the 

signalised T-junction (Neervoortsedreef) in 2015, the average speed was measured to be 104 km/h 

when the speed limit was 70 km/h. Severe accidents have not occurred yet but with connected and 

automated vehicles (CAVs) (with Intelligent Speed Adaptation (ISA)-applications) the speeding and 

thereby the risk of severe accidents may be less. CAVs (with ISA-applications) may also provide a more 

homogeneous speed which could provide a reliable travel time and less delays for the total traffic. 

Because of high volumes of commuters between the two cities, the peak hours are busy. The highest 

volumes are in the morning peak hours from Helmond towards Eindhoven and in the evening form 

Eindhoven towards Helmond. The peak hours are from 07:00 till 09:00 in the morning and from 16:00 till 

18:00 in the afternoon. 

The evening peak will be the focus of this use case due to the large volumes into Helmond in the 

afternoon. Daytime between peaks may also be of interest since the low volumes may increase 

speeding. 

3.2 Traffic conditions and levels of congestion 

There is no real congestion on the track. Sometimes during the peak hours, it is possible that vehicles 

have to make several stops before passing an intersection. The east-west traffic is the busiest direction 

with the longest queues. 

4 Aim and scope 

4.1 Overall description of the use case 

The use case site is the road between Eindhoven and Helmond. The road changes from an interurban 

motorway to an urban road with each having very different speed limits and traffic conditions. Especially 

exploring and evaluating the impact of providing Intelligent Speed Adaptation (ISA) to the vehicles 

compared to non-equipped vehicles would give valuable insights for the city itself, but also for other 

public authorities. CAVs (with ISA-applications) may contribute to reducing speeding and may also 

provide a more homogeneous speed which may also provide more reliable travel time and less delays 

for the total traffic. 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 723201 

Page 58 of 131 h2020-coexist.eu 

 

 

4.2 Ambition  

In Helmond Verbonden - The Mobility Vision 2016-2025 (2016), Helmond points out that the city wants to 

provide a sustainable and safe traffic system, including Smart Mobility, and that the city tries to become 

a leader in innovating in mobility. As the hometown of the Automotive Campus, Helmond is fully 

committed to maintaining its pioneering role in the field of Smart Mobility. Smart Mobility solutions will 

change the face of mobility considerably and Helmond likes to take the lead in this. Therefore, Helmond 

tries to investigate if CAVs could contribute to these goals.  

4.3 Hypotheses 

The main hypothesis is that with the introduction of CAVs (including ISA-application), there will be less 
speeding and thereby the risk of severe accidents will decrease. Through less speeding and a more 
homogeneous speed, CAVs could also contribute to a more reliable travel time and less delays for the 
total traffic. However, the effect could also be the opposite. A fraction of the population following the 
speed limit may cause highly heterogenous traffic, leading to increased risk of accidents and less reliable 
travel times. 

4.4 Relevance 

Many cities are struggling with speeding and trying to provide reliable travel times for the total traffic.  

Enforcement is a way to reduce speeding but prevent speeding through ISA-applications could be much 

more effective and CAVs can play a major role. However, the penetration rate may be crucial for 

obtaining positive results, which make the case particularly interesting from a CoEXist perspective.  

4.5 Questions to investigate by traffic modelling 

• Will there be less speeding (especially on the westernmost T-junction) due to the presence of CAVs? 

• Will the speed become more homogenous due to the presence of CAVs, and will it lead to a more 

efficient flow? 

• Will the travel time become more reliable with the introduction of CAVs? 

• Will the performance of the traffic get better? 

• Do the results depend on the penetration rate of CAVs? 

• Do they depend on the kind of CAVs?  

5 Models  

5.1 Available models  

The model is available as part of the test track of Helmond. The base model is not yet calibrated. 
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5.2 Model development needs 

The main remaining modelling development needed is to include the signal plan in the model. The traffic 

signal supplier has been given the base model and is expected to implement the signal plan. 

6 Data 

There are data available from the traffic lights and also collected data of the TASS AVs on this track 

which were collected as part of WP2. The traffic signal detectors provide data on turning volumes and 

detailed data on occupation of the detectors through time. Additional data for calibration may be needed. 

7 Potential measures 

• Dedicated lanes for CAVs 

• Necessity of connectivity (V2V and V2I)  

• CAVs ‘blocking’ conventional speeding vehicles 

• Changing speed limits in time, variable speed limits.  

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix E Use case 5: Waiting and drop-off 
areas for passengers 
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1 Study area characteristics 

1.1 The area to be modelled  

The Central Milton Keynes (CMK) (city centre) is an area approximately 3km by 1.5km covering central 

business, retail and leisure area, generic UK post code MK9 3EQ, see Figure 22 and Figure 23. The area 

of interest is displayed in Figure 1 below.  

 

Figure 22 The city area of interest 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 723201 

Page 64 of 131 h2020-coexist.eu 

 

 

 

Figure 23 Satellite view of the city centre area 
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For modelling the area to assess the impact of CAVs on the Milton Keynes centre area there will be two 

parts to the use case. The first part would be the current situation of traffic with conventional vehicles in 

Milton Keynes without the introduction of CAVs. This first part will be the base scenario. The base case 

network to be modelled is shown below in Figure 3. The road types are mostly arterial in nature external 

to the city centre and within the centre the roads tend to be urban. 

 

Figure 24 base case network roads to be modelled within microsimulation 

 

 

 

 

 

 

 

 

 

 

               Road Network to be modelled 
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The second part would be with the introduction of the CAVs and vehicle intercept locations on the perimeter 

of the city centre. Vehicle intercept locations would be areas where the pickup and drop off points are 

located on the edge of the city centre for CAVs & conventional vehicles. The design and location of these 

points would be developed through an iterative process. Access to the centre would be blocked in this 

case. The area and road network to be modelled for the second part is shown in figure 4 below. The road 

types modelled will be arterial in nature and urban at the vehicle intercept locations.  

 

Figure 25 Second case network to be modelled with vehicle intercept locations placed on edge of perimeter and 
introduction of CAVs.  

 

1.2 Context in the city/region  

Milton Keynes (MK) is a city located in Buckinghamshire, England. The Milton Keynes administrative area 

includes the city of Milton Keynes and surrounding boroughs displayed in Figure 26 by the red boundary 

line. 

              Potential vehicle intercept locations 

               Road Network to be modelled 
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Figure 26 Milton Keynes administrative area 

The city centre (Figure 22) provides the economic hub with 30,000 employees, regional retail facilities and 

leisure activity. The city is served by the national rail network with services from London, Birmingham, 

North of England, and Scotland. There are a relatively low number of residential properties areas within 

the centre area. There is a focus of public transport operation through the central spine route – Midsummer 

Boulevard. The centre has around 25,000 parking spaces. The Highway typically has a speed limit of 

30mph (48kph) having mainly four lane carriageways with some bus priority. There is limited bicycle 

infrastructure within the city centre. The city has an autonomous Pod (automated last mile service) network 

defined in anticipation of services starting in 2018. A Pod is a low speed autonomous vehicle generally 

designed to work in road and off road spaces and with a high degree of interaction between pedestrians 

and the built environment. See link for further information: https://ts.catapult.org.uk/innovation-

centre/cav/cav-projects-at-the-tsc/self-driving-pods/ 

1.3 Important functions and activities in the area  

The City is home to many major company headquarters and a regional shopping centre with 17 million 

visitors per year. There are key leisure facilities located in the South East quarter with regional theatre and 

galleries. Part of the city centre includes major open space and parkland. The Central Milton Keynes 

station is on UK mainline rail network: West Coast Mainline serving London and Western half of UK. Two 

bus interchange stations are located close to the rail station and central shopping area.  

Due to the employment and leisure activities, there are public car parks provided by the city. There are 

around 20,000 spaces managed by the local authority from which 19,000 are at surface level. There are 

further 5,000 private operated spaces with majority of private spaces in multi-level parking lots. 

There are limited ad hoc bicycle parking facilities. However, the city centre is now host to the second 

largest bicycle hire/share scheme in the UK, based on the London scheme. 
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1.4 Modes of transport 

Private car is the main mode of transport. The current modal split from surveyed data of 2017 is presented 

in Figure 27. Modes to be modelled for the purpose of this use case are cars, heavy goods vehicles 

(HGVs), As the network modelled area outlined in Figure 4 doesn’t contain many bikes or pedestrian 

journeys being more arterial rather than urban in nature it is of minor interest to add these modes. Buses 

make up a very tiny fraction of people within the centre of the city and will be ignored for the purposes of 

simulation. For the second part of the modelling the process with introduction of CAVs the PODs 

themselves would not be simulated however their effect and the causal rate for vehicle intercept locations 

as a result of the introduction the last mile journeys in effect will be calculated.  

  

 

Figure 27 Modal split (in %) within Milton Keynes 
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2 Infrastructure  

2.1 Roadway design  

The road functions7 are a mix of distributor and access roads, built to modern standards. Main access 

roads to access edge of city are 4-lane high speed carriageways with roundabout intersections with some 

side road accesses. Within the city centre, routes are 4 lanes with a lower speed limit with high number of 

access points into on-street car parks. Main city centre junctions are fixed time signals allowing all 

movements on single phases. The central boulevard includes bus priority lanes. These lanes are 

operational during peak hours only. There are a very low number of dedicated cycle paths across the city.  

All pedestrian routes are segregated with underpasses available at all highway junctions. Segregated 

pedestrian and cycle routes combined are available for surrounding residential areas. These combined 

provide 19 access points from surrounding residential areas to the Central Milton Keynes area. The city 

has 20,000 on-street highway parking spaces managed by Milton Keynes Council (MKC), 5000 private 

spaces operated by developments (see map in Figure 28). For taxis there is a key rank at station and the 

retail core area.  

                                                

7Definitions according to 
https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en  

Flow function: Roads with a flow function allow efficient throughput of (long distance) motorized traffic. All motorways and 
express roads as well as some urban ring roads have a flow function. The number of access and exit points is limited. 

Area distributor function: Roads with an area distributor function allow entering and leaving residential areas, recreational 
areas, industrial zones, and rural settlements with scattered destinations. Junctions are for traffic exchange (allowing changes 
in direction etc.); road sections between junctions should facilitate traffic in flowing. 

Access function: Roads with an access function allow actual access to properties alongside a road or street. Both junctions 
and the road sections between them are for traffic exchange. 

https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en
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Figure 28 Overview of parking facilities 

Analog and digital maps are available for city area and can be accessed via Milton Keynes council 

website.( https://www.milton-keynes.gov.uk/ ) 

2.2 Public transport infrastructure 

Milton Keynes rail station has five rail terminals with three on the mainline serving routes between London, 

Birmingham and Manchester. Fast frequent services mean that MK acts as a commuter location for 

employment in London and Birmingham. The city supports a bus fleet made up of large and medium sized 

vehicles. The bus fleet is around 100 vehicles out of which approximately 85 buses are operational and 

serve the city from 7:00 to 20:00. Lower frequency services operate on limited routes outside these times. 

Bus stops are focused in two areas: the 0rail station (A2 and A3 in Figure 28) and the retail centre (D2, 

D3, and E2 in Figure 28); there are a limited number serving the business area on Midsummer Boulevard. 

The bus stops are contained on the main roads and within residential areas – street side. The main site 

being within the detailed study area in Central Milton Keynes. The city operates a real time passenger 

information system with 50 stops that have illuminated information displays. Travel information is currently 

available at all these 50 stops, but recent trends have moved information to smart devices. 

The city is also served by approximately 700 taxis. 

https://www.milton-keynes.gov.uk/
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2.3 Traffic control 

The city centre has a mix of roundabouts, traffic signals and side road junctions based on a grid network. 

City centre traffic signals are fixed time controlled with timings set to allow movements in all directions 

with no blocked turns. Edge of city has vehicle actuated traffic signals using the MOVA control strategy 

on the main approach routes from west. The signal times and settings are reviewed annually. 

There are no congestion charges, but variable levels of charging for parking are in operation based on 

proximity and busyness of the parking spot location. 

3 Travel patterns and traffic conditions 

3.1 General description of the travel patterns 

The city has growing levels of congestion and with a forecast doubling in size of the city over next 20 years, 

a car-based transport system cannot be sustained. Traffic is stable on a daily basis. However, as the 

network approaches capacity the frequency and impact of incidents are growing. The peak hours are 

between 8:00-9:00 and 17:00-18:00. 

3.2 Traffic conditions and levels of congestion 

There is limited congestion experienced in city centre, but growing levels of traffic delay on approach 

routes to the centre. Levels of congestion are generally low when compared to many cities, but a growing 

problem. A macroscopic model of Milton Keynes has been developed in Saturn software. The level of 

congestions is best described via the comparison of model outputs for 2016 and future forecasted year of 

2031, see Error! Reference source not found.. 
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Figure 29 Comparison of macroscopic model output for 2016 and forecast year 2031 showing congestion hotspots. 

4 Aim and scope 

4.1 Overall description of the use case 

Use case 5 will have two parts the first will be the default current scenario that will be modelled. This will 

be based on the existing road layout infrastructure and travel demand patterns. The second part will consist 

of the introduction of CAVs to the mix of normal cars.  This will have a specific focus on parking and the 

objective is to understand the impact on existing and future parking infrastructure by creating waiting and 

drop-off vehicle intercept areas for passengers and CAVs. The assumption is that CAVs will require 

facilities to drop off and collect users at the roadside and/or at origins/destinations. How the vehicles 

behave is critical (e.g. dwell time, approach speeds, reliability of pick-up/human interface). Self (valet) 

parking requirements & off-site storage of vehicles is also considered, and how this can affect car parking 

management and future demand (how many spaces and where). Preference for this activity will be the 

consideration of locating these facilities at the edge of the central business area or city centre.  

The principle proposition is to evaluate, through limited model / design iteration the location of a small 

number of edges of city vehicle intercept locations where CAVs will gain priority access to deliver 

passengers to the edge of the city. Vehicle intercept locations are points on the edge of city center that 

would be designed to accommodate the picking, dropping and queuing of passengers for the CAVs. These 

can be thought of as a facility of short time airport like drop off facilities, although the two are not similar 

but the comparison is more for the reader to a perceive a better idea of the concept holistically. From these 

intercept The last mile/km will be undertaken by connection to other modes. As a vehicle mix will be 

investigated the vehicle intercept locations will also provide parking or drop off facility for conventional 

vehicles.  



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 723201 

Page 73 of 131 h2020-coexist.eu 

 

 

 These modes will be a combination of enhanced walk and cycle networks, and a dedicated automated 

POD service. Different designs and concepts will be tested and through an iterative process the final 

design and locations on the perimeter of the city will be concluded and used in the second modelling 

network case defined in Figure 4.  

The base case model which is the current scenario would be compared to the case with the introduction 

of CAVs. From the modelling activity comparisons of the effects on travel time and on congestion would 

be highlighted between the base case and the second case of introduction of CAVs. 

4.2 Ambition  

The city has ambitious plans to double in size (in population terms) over the next 20 years. This is in line 

with the pace of growth that has occurred over the past 50 years since the city was conceived. The focus 

for employment, business growth, leisure and retail will be focused in the central area. The centre has a 

number of development blocks and regeneration areas to accommodate this growth. However, to realise 

some of the growth the use of surface area car parks – which cover around 25% of the central surface 

area – will be needed. At the same time, to support growth with the same level of parking availability as 

now may mean up to 12,000 additional parking spaces would be required. This will provide enormous 

challenges to cope up with in the future. Even if the MK city authority’s priority was to focus on multi-level 

car parks which normally do not take much space, they will still have negative impacts in localised 

congestion, air quality and accessibility. 

The challenge therefore is to maintain accessibility by increasing modal share to public transport, cycling 

and walking. To explore how the individual use of cars can be reduced, and with the advent of connected 

and automated vehicles (CAVs) explore how access by vehicle can be accommodated without the need 

for the vehicle to park in the central area, and be used for multi journeys. This would thereby reduce the 

total vehicles on the highway but at the same time supporting increased demand. 

The city’s ambition is to prioritise access to the central area which help achieve the wider objectives linked 

to: 

• Creating development opportunities to facilitate the city’s growth/economic agenda 

• Reducing impact of vehicles on the city thereby improving air quality, productivity (reducing 

congestion) and investment (reduced infrastructure provision) 

• Prioritise/improving access for those requiring support (mobility impaired, older, young) 

• Supporting active lifestyles.by enabling greater walk cycle opportunities 

• Improve safety by reducing conflict points. 

4.3 Hypotheses 

Expected positive and negative effects of creating vehicle intercept areas for CAV passengers are as 

shown below. 

Positives: 

• Freed land as a result of less car parks within the central area. 

• Decrease in congestion on arterial legs feeding vehicles into the centre.  
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• improvements in air quality. 

Negatives: 

• Further dedicated parking space for cars that are idling away from the centre. 

• Localised congestion due to need for vehicle intercept areas.  

• Localised worsen of air quality. 

4.4 Relevance 

The use case is designed to look at how cities are expected to develop and respond to the potential 

benefits of shared CAVs. The interim coexistence period where CAVs will have to share parking areas 

with conventional vehicles will have a detrimental effect on the city’s provisional infrastructure. Car parking 

will evidently be amongst the factors most affected by a mix of normal cars and CAVs. As more CAVs 

would be introduced into the mix, it would be interesting to see the patterns that emerge for traditional 

parking and shared spaces for parking. The inter behaviour or handshaking between the two i.e. CAVs 

and normal cars for parameters like stop times within car parking spaces would be interesting to analyse. 

Analysing these parameters will in turn help the city answer questions about congestion within the car 

parking spaces and how to design these spaces ideally during the coexistence period.  

With the prospect in change of ownership models, moving away from personally owned vehicles, shared 

use of vehicles operating as on demand public transport, linked to mobility as a service principle will, when 

used in conjunction with land use measures mean that new methods of access to cities centres. Defining 

these access points for both normal and CAVs would be especially relevant to smaller cities which do not 

have a high degree of penetration via mass transit systems and/or has low use of traditional bus services.  

One important aspect from traffic performance point of view for introduction of shared CAVs are location 

and design of vehicle intercept areas. The provision of edge of city centre facilities is expected to be where 

the most benefits can be derived. Especially as feeder routes can deliver high tidal flows of people, these 

journeys can be then ‘split’ into the last mile mode via a high quality intra city centre network. 

4.5 Questions to investigate by traffic modelling 

Restricting access to the city centre requires possibilities to drop off and pick up passengers at the edge 

of the city centre. Questions to investigate in this use case are: 

• What is the effect on the quality of service after vehicle intercept areas are defined? 

• Is there a need for operational parameters such as entry and exit capacity requirements for 

vehicle intercept facilities? 

• Quality of service within the city centre affected by restricting access to it. How much road space 

can be removed within the centre whilst maintaining similar service quality? 

• Impact (capacity) of feeder network into vehicle intercept zones. 

• Varying the mix of CAVs and normal cars and analysing congestion. 
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5 Models  

5.1 Available models  

The Central MK study area for the purpose of CoEXist is being built by Cambridge University within Vissim 

software using real traffic OD values and signal times from 2016 surveyed data. 

5.2 Model development needs 

The modelling will concentrate on the area identified in Figure 22 – Central Milton Keynes and the main 

approach routes. The analysis will require the creation of the model in Vissim. Work will be required to 

create a cordon matrix which can identify trips to the centre, this will need to consider route choice for 

accessing the central area, without the need for a high degree of effort of creating an extensive external 

network in simulation. The demand matrix will include the introduction of connected and autonomous 

vehicles.  

The baseline model will be a default model of the city centre. The test use case model will be developed 

on top of the baseline model vehicle intercept access points at or near the perimeter of the central area. 

The base values will be validated against real-time data collected through a newly available traffic sensor 

network. 

5.2.1 Modelling vehicle intercept access points 

Local microsimulation models will be used to explore the optimum size and configuration of the access 

points. The initial concept is that the intercept locations will be at a modest scale to respect the environment 

they are being located within. The microsimulations will need to allow for approach layout, plaza 

configuration (e.g. multiple drop-off lanes/ bays, etc), and plaza egress. The modelling will also need to 

allow for the transfer time of passengers to alternative means of transport (e.g. on-demand buses, 

driverless pods, etc). 

The scale and layout of the intercept facilities will be influenced by levels of demand, operational 

capabilities of the vehicles, onward mode integration, and passenger behaviour. The influence of all these 

parameters will be explored in this part of the modelling exercise. 

5.2.2 Different access control strategies to mitigate congestion 

This stage of modelling will investigate the impact of placing the intercept points at the edge of the city 

centre area. The baseline central area model will be adapted through the addition of the intercept locations 

which will make allowance for the approach junction and lane designs. The adapted model will then be 

exercised to investigate the effectiveness of the measure. (i.e. reducing traffic congestion in the city centre 

area without introducing an unacceptable increase in peripheral road congestion). This could indicate the 

amount of future road-space required to support city activities, and what if any could be reallocated to 

other uses. The analysis will also help understand what parking allocation will be required and for what 

activities. 

The modelling work will proceed in the following sequence 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 723201 

Page 76 of 131 h2020-coexist.eu 

 

 

• Baseline model development of the micro simulation model (Vissim). This is forecast to be 

completed in early 2018. 

• Network coding.  

• Calibration & validation. 

• Development of a second model upgraded over the baseline with intercept locations modelled and 

network changes (network coding) to accommodate use cases. 

• Exercise adapted model to explore the potential for intercept point locations to alleviate congestion 

in and around the city centre area. 

6 Data  

6.1 Quality  

The Vissim model will be of high resolution where individual interactions of normal cars and the CAVs can 

be assessed. To have a detailed model the data inputted into the microsimulation will also need to have a 

high resolution. The number of samples of data can vary for each individually collected parameter that is 

inputted however it will be undertaken to a point where consistency prevails and the probabilistic nature of 

errors in data collection are avoided. Further to that, to ensure quality control multiple sources of the same 

data will be tapped where possible.  

Network coding data: 

1) Geometry. Including lengths. 

2) Matrices for Origin Destination.  

3) Flow values for validation. 

4) Modelling Standards 

5) Trip Matrix Development 

6) Model Calibration 

6.2 Coverage  

The time of coverage of the model will be for the AM peak period 8-9 AM on weekdays. The space 

coverage of the model will be the area identified in Figure 22. The demand level matrices will be developed 

as five different purpose of trips. These could be useful if need arises later to asses a particular type of 

journey pattern and the impact of CAVs. However, when finally inputted these 5 matrices will be done as 

a summed matrix to simplify input into the Vissim model. 

6.3 Travel demand data 

The total travel demand currently available to the city which will be inputted into the microsimulation model 

in Vissim for base year and the forecast year 2031 is summarised in Table 2. The demand is categorised 

according to different purpose as follows: 

• HBEB: home-based employers business. 
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• HBO: home-based other. 

• NHBEB: non home based employer’s business. 

• HBW: home based work. 

• NHBO: non home based other 

Table 2 Travel demand for different travel purposes 

 

6.4 Calibration data  

The data available for calibrating will be, mobile phone data and traffic master data. These can be used to 

calibrate the Origin Destination matrix. The network geometry itself will be calibrated with OSM data and 

existing macro model data available with the city. For the flows on the roads they can be calibrated and 

validated through the MK sensor deployment with data available from April 2018, see section Error! R

eference source not found. for a description of the data that will be collected. These are vision based 

Artificial intelligence sensors that are able to identify different classes of vehicles and also count them. 

They will also be able to identify parking space utilisation that could be used for the baseline model if 

deemed necessary at a later point. 

6.5 Data collection 

MKC will deploy traffic sensors covering every car park space in the modelled area and at all junctions. 

This network of 2500 sensors will supply real time traffic data by vehicle classification. The data will be 

collected on a daily basis and also provide queue lengths and speed estimates. Public transport volumes 

will be collect by on bus sensors. The project is a UK first of a kind application and can provide accurate 

timely data at low cost. Access to the data will have a small cost but will be guaranteed at 95% accuracy. 
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7 Potential measures 

The ‘do something’ will be the introduction of a series of interception facilities that support the efficient 

delivery of people via connected / autonomous vehicles to the vehicle intercept areas. Understanding 

future demand will be a study requirement, especially if the adoption of CAVs supports greater levels of 

shared transport. 

• Facilities Design 

The vehicle intercept facilities will be designed to accommodate the forecast demand approaching 

the intercept facilities. The design of the facilities will need to respond to 

1. Level of demand and how to support the approach and departing flow. 

2. Dwell time for drop-off / pick-up 

3. Facilities for mode shift to onward mode  

4. Wait facilities 

 

• Access Control 

Different access control strategies will be developed as measures out of a qualitative assessment 

of wider benefits in terms of congestion, social and environmental impacts. The access control 

strategies could be policy measures such as an introduction to congestion charging that would be 

considered. These would be based on peak hour times during the AM and PM periods. Vehicle 

restrictions could also be analysed as a potential measure on the premise that the given overall 

service (CAVs + PODs) would provide a better experience to the end user. 

• Changes or reallocation of infrastructure  

Once the vehicle intercept zones are designated on the edges of the city centre there could be a 

lot of space on the roads within the city centre which would then be utilised for specific purposes. 

These could entail measures such as dedicated autonomous POD lanes. The number of lanes 

could also be decreased, and the land could be used for other purposes such as office space or 

leisure activities. Furthermore, lane width could be decreased on the roads due to the ability of the 

autonomous PODs to operate within smaller gaps and headway. The car parking spaces would be 

completely revamped and utilise for different activities. 

• Changes of public transport system 

The existing PT transport system will be removed and bus access to the city centre will be for 

limited routes only. Autonomous mini buses and driverless pods will be introduced within the city 

centre running on fixed lanes on the main roads. These could be on demand but with specific 

designated pick-up points within the city centre area. 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix F Use case 6: Loading and 
unloading areas for freight 
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1 Study area characteristics 

1.1 The area to be modelled  

The central Milton Keynes (city centre) is an area approximately 3km by 1.5km covering central business, 

retail and leisure area, generic UK post code MK9 3EQ, see Figure 22 and Figure 23. 

 

Figure 30 The city area of interest to be modelled 
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Figure 31 Satellite view of the city centre area 
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For modelling the area to assess the impact of CAVs on the Milton Keynes centre area there will be two 

parts to the use case. The first part would be the current situation of traffic with conventional vehicles in 

Milton Keynes without the introduction of CAVs. This first part will be the base scenario.  The base case 

network to be modelled is shown below in Figure 3. The road types are mostly arterial in nature external 

to the city centre and within the centre the roads tend to be urban. 

 

Figure 32 base case network region to be modelled in blue 
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The second part would be with the introduction of the CAVs and vehicle intercept locations on the perimeter 

of the city centre. Vehicle intercept locations would be areas where the pickup and drop off points for 

freight are located on the edge of the city centre for CAVs & conventional vehicles. The design and location 

of these points would be developed through an iterative process.  Access to the centre would be blocked 

in this case. The area and road network to be modelled for the second part is shown in figure 4 below. The 

road types modelled will be arterial in nature and urban at the vehicle intercept locations.  

 

Figure 33 Second case network to be modelled with vehicle intercept locations placed on edge of perimeter and 
introduction of CAVs.  
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1.2 Context in the city/region  

Milton Keynes is a city located in Buckinghamshire, England. The Milton Keynes administrative area 

includes the city of Milton Keynes and surrounding boroughs displayed in Figure 34 by the red boundary 

line. 

 

Figure 34 Milton Keynes administrative area 

The city centre provides the economic hub with 30,000 employees, regional retail facilities and leisure 

activity. The city is served by the national rail network with services from London, Birmingham, North of 

England, and Scotland. There are a relatively low number of residential properties areas within the centre 

area. There is a focus of public transport operation through the central spine route – Midsummer 

Boulevard. The centre has around 25,000 parking spaces. The highway typically has a speed limit of 

30mph (48kph) having mainly four lane carriageways with some bus priority. There is limited cycle 

infrastructure within the city centre. The city has an autonomous Pod (automated last mile service) network 

defined in anticipation of services starting in 2018. A Pod is a low speed autonomous vehicle generally 

designed to work in road and off road spaces and with a high degree of interaction between pedestrians 

and the built environment. See link for further information on the PODs at Milton Keynes: 

https://ts.catapult.org.uk/innovation-centre/cav/cav-projects-at-the-tsc/self-driving-pods/ 

 

1.3 Important functions and activities in the area  

The City is home to many major company headquarters and a regional shopping centre with 17 million 

visitors per year. There are key leisure facilities located in the South East quarter with regional theatre and 

galleries. Part of city centre includes major open space and parkland. The central Milton Keynes station is 

on UK mainline rail network: West Coast Mainline serving London and Western half of UK. Two bus 

interchange stations are located close to the rail station and central shopping area.  
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Due to the employment and leisure activities there are public car parks provided by the city. There are 

around 20,000 spaces managed by the local authority from which 19,000 are at surface level. There are 

a further 5,000 private operated spaces with majority of private spaces in multi-level parking lots. 

There are limited ad hoc cycle parking facilities. However, the city centre is now host to the 2nd largest 

cycle hire/share scheme in UK, based on the London scheme. 

1.4 Modes of transport 

Private car is the main mode of transport. The current modal split from surveyed data of 2017 is presented 

in Figure 27. Modes to be modelled for the purpose of this use case are cars & heavy goods vehicles 

(HGVs). As the network modelled area outlined in Figure 4 doesn’t contain many bikes or pedestrian 

journeys being more arterial rather than urban in nature it is statistically insignificant to add these modes. 

Buses make up a very tiny fraction of people within the centre of the city and will be ignored for the 

purposes of simulation. For the second part of the modelling the process with introduction of CAVs The 

PODs for deliveries themselves would not be simulated however their effect and the causal rate for vehicle 

intercept locations as a result of the introduction the last mile delivery journeys in effect will be calculated.  

 

Figure 35 Modes of transport prevalent within Milton Keynes 
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2 Infrastructure  

2.1 Roadway design  

The road functions8 are a mix of distributor and access roads, built to modern standards. Main access 

roads to access edge of city are 4-lane high speed carriageways with roundabout intersections with some 

side road accesses. Within the city centre, routes are 4 lanes with a lower speed limit with high number of 

access points into on-street car parks. Main city centre junctions are fixed time signals allowing all 

movements on single phases. The central boulevard includes bus priority lanes. These lanes are 

operational during peak hours only. There are a very low number of dedicated cycle paths across the city.  

All pedestrian routes are segregated with underpasses available at all highway junctions. Segregated 

pedestrian and cycle routes combined are available for surrounding residential areas. These combined 

provide 19 access points from surrounding residential areas to the Central Milton Keynes area. The city 

has 20,000 on-street highway parking spaces managed by Milton Keynes Council(MKC), 5000 private 

spaces operated by developments (see map in Figure 28). For taxis there is a key rank at station and the 

retail core area.  

                                                

8Definitions according to 
https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en  

Flow function: Roads with a flow function allow efficient throughput of (long distance) motorized traffic. All motorways and 
express roads as well as some urban ring roads have a flow function. The number of access and exit points is limited. 

Area distributor function: Roads with an area distributor function allow entering and leaving residential areas, recreational 
areas, industrial zones, and rural settlements with scattered destinations. Junctions are for traffic exchange (allowing changes 
in direction etc.); road sections between junctions should facilitate traffic in flowing. 

Access function: Roads with an access function allow actual access to properties alongside a road or street. Both junctions 
and the road sections between them are for traffic exchange. 

https://ec.europa.eu/transport/road_safety/specialist/knowledge/road/designing_for_road_function/road_classification_en
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Figure 36 Overview of parking facilities 

Analog map and digital maps available for city area and can be accessed via MKC council website. 

2.2 Public transport infrastructure 

Milton Keynes rail station has five rail terminals with three on the mainline serving routes between London, 

Birmingham and Manchester. Fast frequent services mean that MK acts as a commuter location for 

employment in London and Birmingham. The city supports a bus fleet made up of large and medium sized 

vehicles. The bus fleet is around 100 vehicles out of which approximately 85 buses are operational and 

serve the city from 7:00 to 20:00. Lower frequency services operate on limited routes outside these times. 

Bus stops are focused in two areas: the 0rail station (A2 and A3 in Figure 28) and the retail centre (D2, 

D3, and E2 in Figure 28); there are a limited number serving the business area on Midsummer Boulevard. 

The bus stops are contained on the main roads and within residential areas – street side.. The main site 

being within the detailed study area in Central Milton Keynes. The city operates a real time passenger 

information system with 50 stops that have illuminated information displays. Travel information is currently 

available at all these 50 stops, but recent trends have moved information to smart devices. 

The city is also served by approximately 700 taxis. 

2.3 Traffic control 

The city centre has a mix of roundabouts, traffic signals and side road junctions based on a grid network. 

City centre traffic signals are fixed time controlled with timings set to allow movements in all directions with 
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no blocked turns. Edge of city has vehicle actuated traffic signals using the MOVA control strategy on the 

main approach routes from west. The signal times and settings are reviewed annually. 

There are no congestion charges, but variable levels of charging for parking are in operation based on 

proximity and busyness of the parking spot location. 

3 Travel patterns and traffic conditions 

3.1 General description of the travel patterns 

The city has growing levels of congestion and with a forecast doubling in size of the city over next 20 years, 

a car-based transport system cannot be sustained. Traffic is stable on a daily basis. However, as the 

network approaches capacity the frequency and impact of incidents are growing. The peak hours are 

between 8-9 and 17-18. 

3.2 Traffic conditions and levels of congestion 

There is limited congestion experienced in city centre, but growing levels of traffic delay on approach 

routes to the centre. Levels of congestion are generally low when compared to many cities, but a growing 

problem. A macroscopic model of Milton Keynes has been developed in Saturn software. The level of 

congestions is best described via the comparison of model outputs for 2016 and future forecasted year of 

2031, see Error! Reference source not found.. 

 

Figure 37 Comparison of macroscopic model output for 2016 and forecast year 2031 showing congestion hotspots. 
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4 Aim and scope 

4.1 Overall description of the use case 

This use case will look into designating loading and unloading areas for freight connected and automated 

vehicles (CAVs). With the advent of CAVs, this use case 6 looks to explore how deliveries can be 

accommodated without the need for the vehicles to park for extended periods of time to deliver any goods 

within the central area. CAVs are to be used for multi journeys, thereby reducing the total vehicles on the 

roads but at the same time supporting increased delivery demand. The assumption is that CAVs will 

require facilities to load and unload goods/freight. How the vehicles behave is critical (e.g. dwell time, 

approach speeds, reliability of pick-up of goods interface) and also how many spaces have to be reserved 

for freight and where. Preference for this activity will be the consideration of locating these facilities at the 

edge of the central business area or city centre termed as vehicle intercept locations. 

The design work undertaken in use case 5 for waiting and drop off areas for passengers would supplement 

into the design undertaken for the vehicle intercept locations for deliveries. Results generated from the 

use case 5 will also help at identifying good locations for delivery points and overall model development.  

The principle proposition is to evaluate, through limited model / design iteration the location of a small 

number of edges of city vehicle intercept locations where CAVs will gain priority access to deliver freight 

to the edge of the city. Vehicle intercept locations are points on the edge of city center that would be 

designed to accommodate the picking, dropping and queuing of freight from the CAVs. These can be 

thought of as a facility of short wait time airport like drop off facilities, although the two are not similar but 

the comparison is more for the reader to a perceive a better idea of the concept holistically. Due to a mix 

being simulated with conventional vehicles there will be designated areas for conventional transport at the 

vehicle intercept location.  The last mile/km will be undertaken by connection to other freight delivery 

modes. These modes could be an autonomous system ranging with a range of different sizes from a small 

van sized POD for heavier goods to mini PODs that can deliver just about 5-10kg in one go. 

4.2 Ambition  

The city has ambitious plans to double in size (in population terms) over the next 20 years, this is in line 

with the pace of growth that has occurred over past 50 years since the city was conceived. The focus for 

employment, business growth, leisure and retail will be focused in the central area. The centre has a 

number of development blocks and regeneration areas to accommodate this growth. However, to realise 

some of the growth the use wasted delivery spaces within the city area will be needed. This will provide 

enormous challenges to cope up with in the future.  

The challenge therefore is to maintain accessibility by improving delivery efficiency and supply chain 

optimisation. With the advent of connected, autonomous vehicles explore how access by vehicle can be 

accommodated without the need for the vehicle to park in the central area for delivering goods, thereby 

reducing the total vehicles on the highway but at the same time supporting increased demand due to the 

growth of the city.  

The city’s ambition is to prioritise access to the central area which help achieve the wider objectives linked 

to: 
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• Creating development opportunities to facilitate the city’s growth/economic agenda 

• Reducing impact of vehicles on the city thereby improving air quality, productivity (reducing 

congestion) and investment (reduced infrastructure provision) 

• Improve safety by reducing conflict points (pedestrian and vehicle interactions). 

• Providing a network that gives access to faster and more efficient deliveries to the residents and 

businesses. 

4.3 Hypotheses 

Expected positive and negative effects of  creating loading and unloading areas for freight CAVs are as 

shown below: 

Positives: 

• Decrease in congestion due to less hold time better delivery network management.  

• improvements in air quality. 

• Faster delivery times due to a seamless responsive multimodal network created.  

Negatives: 

• Further dedicated parking space for freight vehicles that are idling away from the centre due to 

supply chain inefficiencies due to a mix of normal cars and CAVs. 

• Localised congestion due to need for loading and unloading areas for freight.  

• Localised worsen of air quality at the delivery points. 

4.4 Relevance 

The use case is designed to look at how cities are expected to develop and respond to the potential 

benefits of CAV deliveries for freight. The interim coexistence period where CAVs will have to deliver goods 

alongside conventional vehicles will have an effect on the city’s delivery infrastructure. Supply chain 

changes due to a mixed fleet i.e. partially human driven cars and partially automated would be interesting 

to monitor. This could show potential disruptions with humans due to the stochastic nature of the humans 

coupled with the exact nature of machines. Variables such as total delivery times, waiting and loading 

times, unloading times, queues would be interesting to assess. Analysing these parameters will in turn 

help the city answer questions about congestion within the centre and how to design delivery points 

efficiently during the coexistence period.  

With the prospect in change of delivery models, moving away from manual deliveries, towards automated 

supply chains, when used in conjunction with land use measures for delivery points within the centre mean 

that new methods of deliveries to cities centres have to be devised. One important aspect from the traffic 

performance point of view for introduction of shared CAVs are location and design of waiting and unloading 

delivery areas. The provision of edge of city centre facilities is expected to be where the most benefits can 

be derived. Especially as feeder routes can deliver high tidal flows of goods, and then these journeys can 

be split into the completely automated delivery systems that deliver goods to the retail outlets or offices in 

the centre. 
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4.5 Questions to investigate by traffic modelling 

Below are the questions that are to be investigated with regards to the creation of designated facilities for 

loading and unloading of goods by freight CAVs: 

• What is the effect on the quality of service after delivery point areas are defined? 

• Operational parameters such as total delivery times, handover of freight times, entry and exit 

capacity, requirements for loading and unloading of the goods facilities. 

• Quality of delivery service within the city centre affected by restricting access to it. How much 

road space can be removed within the centre whilst maintaining similar service quality.  

• Impact (capacity) of feeder network into unloading zones. 

• Varying the mix of CAV’s and normal cars and analysing congestion. 

5 Models 

5.1 Available models  

The Central MK study area for the purpose of CoEXist is being built by Cambridge University within Vissim 

software using real traffic OD values and signal times from 2016 surveyed data. 

5.2 Model development needs 

The modelling will concentrate on the area identified in Figure 22 – Central Milton Keynes and the main 

approach routes. The analysis will require the creation of the model in Vissim. Work will be required to 

create a cordon matrix which can identify trips to the centre, this will need to consider route choice for 

accessing the central area, without the need for a high degree of effort of creating an extensive external 

network in simulation. The demand matrix will include the introduction of connected and automated 

vehicles.  

The baseline model will be a default model of the city centre. The test use case model will be developed 

on top of the baseline model with loading and unloading delivery access points at or near the perimeter of 

the central area. The base values will be validated against real-time data collected through a newly 

available traffic sensor network. 

5.2.1 Modelling loading and unloading access points 

Local microsimulation models will be used to explore the optimum size and configuration of the access 

points. The initial concept is that the intercept locations will be at a modest scale to respect the environment 

they are being located within. The microsimulations will need to allow for approach layout, plaza 

configuration (e.g. multiple drop off lanes/ bays, etc), and plaza egress. The modelling will also need to 

allow for the transfer time of deliveries to alternative means of transport. 
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The scale and layout of the intercept facilities will be influenced by levels of demand, operational 

capabilities of the vehicles and onward mode integration. The influence of all these parameters will be 

explored in this part of the modelling exercise. 

5.2.2 Different access control strategies to mitigate congestion 

This stage of modelling will investigate the impact of placing the intercept points at the edge of the city 

centre area. The baseline central area model will be adapted through the addition of the intercept locations 

which will make allowance for the approach junction and lane designs. The adapted model will then be 

exercised to investigate the effectiveness of the measure. (i.e. reducing traffic congestion in the city centre 

area without introducing an unacceptable increase in peripheral road congestion). This could indicate the 

amount of future road-space required to support city activities, and what if any could be reallocated to 

other uses. The analysis will also help understand what parking allocation will be required and for what 

activities. 

The modelling work will proceed in the following sequence 

• Baseline model development of the micro simulation model (Vissim). This is forecast to be 

completed in early 2018. 

• Network coding.  

• Calibration & validation. 

• Development of a second model upgraded over the baseline with intercept locations modelled 

and network changes (network coding) to accommodate use cases. 

• Exercise adapted model to explore the potential for intercept point locations to alleviate 

congestion in and around the city centre area. 

 

6 Data  

6.1 Quality  

The Vissim model will be of high resolution where individual interactions of normal cars and the CAVs can 

be assessed. To have a detailed model the data inputted into the microsimulation will also need to have a 

high resolution. The number of samples of data can vary for each individually collected parameter that is 

inputted however it will be undertaken to a point where consistency prevails and the probabilistic nature of 

errors in data collection are avoided. Further to that to ensure quality control multiple sources of the same 

data will be tapped where possible.  

Network coding data: 

7) Geometry. Including lengths. 

8) Matrices for Origin Destination.  

9) Flow values for validation. 

10) Modelling Standards. 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 723201 

Page 95 of 131 h2020-coexist.eu 

 

 

11) Trip Matrix Development. 

12) Model Calibration. 

6.2 Coverage  

The time of coverage of the model will be for the AM peak period 8-9AM on weekdays. The space coverage 

of the model will be the area identified in Figure 22. The demand level matrices will be developed as five 

different purpose of trips. These could be useful if need arises later to asses a particular type of journey 

pattern and the impact of CAVs. However, when finally inputted these 5 matrices will be done as a summed 

matrix to simplify input into the Vissim model. 

6.3 Travel demand data 

The total travel demand currently available to the city which will be inputted into the microsimulation model 

in Vissim for base year and the forecast year 2031 is summarised in Table 2. The demand is categorised 

according to different purpose as follows: 

• HBEB: home-based employers business. 

• HBO: home-base other. 

• NHBEB: non home based employer’s business. 

• HBW: home based work. 

• NHBO: non home based other 

Table 3 Travel demand for different travel purposes 

 

6.4 Calibration data  

The data available for calibrating will be, mobile phone data and traffic master data. These can be used to 

calibrate the origin destination matrix. The network geometry itself will be calibrated with OSM data and 
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existing macro model data available with the city. For the flows on the roads they can be calibrated and 

validated through the MK sensor deployment with data available from April 2018, see section Error! R

eference source not found. for a description of the data that will be collected. These are vision based 

artificial intelligence sensors that are able to identify different classes of vehicles and also count them. 

They will also be able to identify parking space utilisation that could be used for the baseline model if 

deemed necessary at a later point. 

6.5 Data collection 

MKC will deploy traffic sensors covering every car park space in the modelled area and at all junctions. 

This network of 2500 sensors will supply real time traffic data by vehicle classification. The data will be 

collected on a daily basis and also provide queue lengths and speed estimates. Public transport volumes 

will be collect by on bus sensors. The project is a UK first of a kind application and can provide accurate 

timely data at low cost. Access to the data will have a small cost but will be guaranteed at 95% accuracy. 

7 Potential measures 

The ‘do something’ will be the introduction of a series of interception facilities that support the efficient 

delivery of people via connected / autonomous vehicles to the drop off areas. Understanding future 

demand will be a study requirement, especially if the adoption of CAVs supports greater levels of shared 

transport. 

• Facilities Design 

The unloading facilities will be designed to accommodate the forecast demand approaching the 

intercept facilities. The design of the facilities will need to respond to 

5. Level of freight demand and how to support the approach and departing flow. 

6. Dwell time for delivery loading and unloading 

7. Wait facilities 

 

• Access Control 

Different access control strategies will be developed as measures out of a qualitative assessment 

of wider benefits in terms of congestion, social and environmental impacts. The access control 

strategies could be policy measures such as an introduction to congestion charging that would be 

considered. These would be based on peak hour times during the AM and PM periods. Complete 

restrictions on bigger delivery trucks and vans to the back of the retail centre could also be analysed 

as a potential measure on the premise that the given overall service (CAVs + PODs) would improve 

operational efficiencies whilst reducing congestion. 

• Changes or reallocation of infrastructure  

Once the loading and unloading zones are designated on the edges of the city centre there could 

be a lot of space on the roads within the city centre which would then be utilised for specific 
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purposes. These could entail measures such as dedicated autonomous POD lanes. The number 

of lanes could also be decreased and the land could be used for other purposes such as office 

space or leisure activities. Furthermore, lane width could be decreased on the roads due to the 

ability of the autonomous PODs to operate within smaller gaps and headway. The car parking 

spaces would be completely revamped and utilise for different activities. 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix G Use case 7: Impacts of CAV on 
travel time and mode choice on a network 
level 
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1 Study area characteristics  

1.1 The area to be modelled  

The study area for this use case covers the entire Stuttgart Region, an area with 2.7 million inhabitants. 

Figure 38 shows a map of the study area. 

 

Figure 38: Study area Stuttgart Region (source map: OpenStreetMap) 

1.2 Context in the city/region  

Stuttgart is the capital of the state of Baden-Württemberg and forms with about 180 other cities and smaller 

towns in five counties the Stuttgart Region. The Region is the economic centre of the state with one quarter 

of the state’s population and nearly one third of the economic power on 10% of the land’s space. 

1.3 Important functions in the area  

Stuttgart City is the cultural and political centre of the region. It is the home of several large international 

companies (Bosch, Daimler, Porsche), two universities and several polytechnics. It offers a large number 

of workplaces in the service and industry sector. Stuttgart central station, Stuttgart airport and Stuttgart 

harbour connect Stuttgart and the Region to other places in Germany and Europe. 
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1.4 Modes of transport 

Important current modes for person transport in the study area are walking, cycling, public transport, car 

driver and car passenger. Figure 39 shows the modal split for the City of Stuttgart and the Stuttgart Region. 

Besides these main modes a set of mobility services are provided by private organisations: 

• Public bike sharing system Call-a-Bike 

• Station-based carsharing Stadtmobil with approx. 500 cars 

• Free-floating carsharing Car2Go with approx. 500 electric cars 

• Free-floating carsharing Flinkster  

 

Figure 39:  Modal Split for the inhabitants of Stuttgart City and the entire Region (source: Stuttgart Region Travel 
Demand Model) 

Use case 7 will maintain the current modes, but will make assumptions on the share of AV within the mode 

car. 
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2 Infrastructure  

2.1 Roadway design  

The road network in the Stuttgart Region comprises two motorways, several federal roads, urban main 

roads and urban access roads. Figure 40 shows the main road network. 

 

 

Figure 40: Link Categorization in the Stuttgart Region Travel Demand Model 

 

2.2 Public transport infrastructure 

The public transport infrastructure in the Stuttgart Region is integrated into the transport association 

Verkehrsverbund Stuttgart (VVS) and provides the following means of transport: 

• Long-distance rail (ICE, IC, TGV) operated by Deutsche Bahn or SNCF. 

• Regional trains (heavy rail): trains connecting the regional centres with 30 / 60 min frequency. 
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• S-Bahn (heavy rail): 7 lines with a 15 / 30 min headway in peak and off peak periods connecting 

places along the settlement axis to Stuttgart and the airport. 

• Stadtbahn (LRT): 16 lines partly underground with 7.5 / 10 / 20 min headways operating in 

Stuttgart and neighbouring communities. 

• Urban and regional busses. 

Figure 41 shows the S-Bahn line network and Figure 42 the light rail (Stadtbahn) network. 

 

 

Figure 41: S-Bahn network in the Stuttgart Region (source: http://www.vvs.de/karten-plaene/liniennetz/) 
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Figure 42: Light rail system (Stadtbahn) network (source: http://www.vvs.de/karten-plaene/liniennetz/) 

 

2.3 Traffic control 

Traffic flow on motorways and some federal roads is managed by the Land of Baden-Württemberg. The 

control systems include a motorway management system with variable speed limits and lane control, one 

network guidance system, temporary hard shoulder runnings and ramp metering systems (see Figure 43). 

Stuttgart City established an integrated traffic management centre for the city, which operates urban 

control systems for private and public transport. At the moment there is no regional traffic management 

centre or regional control strategy.  

In urban areas traffic signals and parking guidance systems are usually the only means to control traffic 

flow. Approximately 1,500 traffic signals are in operation, many of them demand actuated including public 

transport priority schemes. 

There are no congestion charges or road pricing schemes for car transport in the Stuttgart Region. In 

urban areas parking management schemes are common in most places. 
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Figure 43: Motorway management system (SBA), temporary hard shoulder runnings (TSF) and ramp metering systems 
(ZRA) in Baden-Württemberg (source: https://www.svz-bw.de/vba.html) 

  

Stuttgart Region 
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3 Travel patterns and traffic conditions  

3.1 General description of the travel patterns 

Stuttgart City suffers from congestion, noise and air pollution through fine particles and nitrogen oxide. 

Despite all the efforts taken in recent years, there is no getting around this basic truth: Too many 

conventionally powered vehicles are driving into the Stuttgart basin on a daily basis, despite the fact that 

the City operates a high quality public transport system, a state of the art traffic management centre and 

despite the improvements which have been implemented for cyclists. The topography and the resulting 

network structure affect the reliability of the urban transport network as congestion on the motorway directly 

influence the traffic flow in the urban area. 

3.2 Traffic conditions and levels of congestion 

The Stuttgart Region experiences recurrent traffic congestion during the morning and afternoon peak 

hours. Figure 44 shows the congestion level in the road network. The congestion level is derived from the 

travel time index TTI during peak hour using observed speed data from TomTom for the year 2014: 

PeakHour PeakHour

Target OffPeak

t t
TTI

t t
= =  

This recurrent traffic congestion leads to average delays of approximately 6 minutes for car trips with 

destinations in Stuttgart. Some of this delay, especially on inbound arterial roads, is part of the equilibrium 

between car and public transport. More or less deliberate bottlenecks at the Stuttgart City border meter 

the traffic flow to downtown causing regular delays between 10 and 15 minutes. Different to other cities 

the peak period is rather short. Between 9:00 and 16:00 the level of service is usually good throughout the 

region. 

Random disturbances (e.g. accidents) and temporary capacity reductions from road works increase the 

recurrent congestion. As the road network in the region is already highly saturated such disturbances can 

usually not be compensated by alternative routes. As a consequence, the travel time reliability is relatively 

low. Disturbances on the motorways often lead to higher traffic volumes in the City of Stuttgart and other 

regional centres, which is not desirable. 
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congestion level travel time index car road length [km] 

1 <1,1 6.400 

2 <1,3 2.000 

3 <1,5 265 

4 >1,5 265 

Figure 44: Recurrent congestion in motorized vehicle traffic: road length by congestion level (source: Stuttgart Region 
Travel Demand Model) 

Considering the temporal distribution of car traffic within the Stuttgart Region over a whole day, the average 

delay times can be seen in Figure 45 for all trips and in Figure 46 for trips into the City only. It can be seen, 

that the highest delay times occur in the morning peak hour for inbound trips to Stuttgart. However, most 

of the trips affected by delay occur in the afternoon and evening peak hours. 
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Figure 45: Number of trips and delay minutes (t-delay) for car trips with origin and destination in the Stuttgart Region 
by time of day (source: Stuttgart Region Travel Demand Model) 

 

Figure 46: Number of trips and delay minutes (t-delay) for car trips with origin in the Stuttgart Region and destination 

in Stuttgart City by time of day (source: Stuttgart Region Travel Demand Model) 

Public Transport offers an adequate alternative for many travellers. However, it is difficult to accommodate 

additional travellers during peak periods in the S-Bahn network. During peak periods in approximately half 

of the network length the vehicles are at capacity. Figure 47 shows the congestion level in the S-Bahn 

network. 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 723201 

Page 110 of 131 h2020-coexist.eu 

 

 

 

congestion level saturation rate PuT line length [km] 

1 <75% 109 

2 <100% 99 

3 <125% 116 

4 >125% 99 

Figure 47: Recurrent congestion in public transport: line length by congestion level for the S-Bahn network (source: 
Stuttgart Region Travel Demand Model) 
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4 Aim and scope 

4.1 Overall description of the use case 

Within the macroscopic use case 7, the impacts of CAV on road capacity, travel time and mode choice will 

be examined by using and adjusting the travel demand model of the Stuttgart Region. The aim is to answer 

specific questions for the Stuttgart Region coming from the local administration in Stuttgart and general 

questions from research (see section 4.5). 

As long as CAV require a driver (level 3+4) the choice set of modal travel alternatives for a journey will not 

change. However, the attributes of an alternative may change as CAV drivers can experience various 

advantages resulting from  

• shorter or more reliable travel times due to increased capacity, 

• possibility to use in-vehicle time more efficiently, 

• lower parking search, access and egress time with the introduction of valet parking. 

This may lead to a shift in mode choice to car and it may influence route choice, if motorways become 

more reliable and when certain roads are more suitable for CAV. Travel demand models can estimate 

potential impacts on travel demand. Impacts resulting from travel time changes can be modelled with any 

existing travel demand model. Additional benefits from higher comfort and better time usage are difficult 

to estimate at the moment. Use case 7 will estimate the range of potential impacts on travel demand. 

4.2 Ambition  

The local authority and transport planners in Stuttgart City start thinking about the potential impacts of CAV 

on the traffic situation in and around the City. Since Stuttgart suffers from heavy congestion problems, one 

main question is, if and at what penetration rate CAV can improve road capacity. A second question 

addresses the concern, if CAV will make cars more attractive thus leading to a modal shift from public 

transport to car. The use case shall enable responsible stakeholders to understand potential developments 

and to consider appropriate measures to reach a desirable state for the City. 

4.3 Hypotheses 

Use case 7 examines the following hypotheses: 

• CAVs will increase capacity on motorways. This will increase travel reliability of motorways and 

reduce travel time. 

• CAVs will increase capacity on urban arterial roads without mixed traffic (non-motorized modes). 

This will decrease delay times in peak periods. 

• CAVs will not increase capacity on urban feeder roads with mixed traffic. 

• CAVs will make car trips more comfortable and drivers can use their in-vehicle time more 

efficiently 

• Reduced travel times and a higher comfort will lead to a modal shift to car. It may also induce 

longer trips. 
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• CAVs will influence route choice, if certified road sections are more attractive to drivers. 

4.4 Relevance 

Use case 7 looks at the impacts of CAVs beyond single road facilities and selected network sections. It 

looks at traffic flows in an entire network and can examine possible impacts on route choice. Looking at 

an entire network use case 7 can also investigate impacts of CAVs on travel demand thus going beyond 

the direct impacts of CAVs merely on traffic flow. 

4.5 Questions to investigate by traffic modelling 

Stuttgart City requires information to what extend the introduction of CAVs will decrease or increase the 

road capacity, car travel demand and the level of congestion within the Stuttgart City limits and the Stuttgart 

basin for scenarios with different penetration rates and CAV-levels. Use case 7 will investigate this by 

applying the CAV-ready models devolved in WP 2 to the travel demand model of the Stuttgart Region: 

• Road capacity: What changes can be expected on motorways, on urban arterials and on urban 

roads with mixed traffic. Can a capacity increase reduce congestion levels and provide more 

reliable travel times? Capacities will be deducted from the work conducted in WP 2. WP 2 will 

convert capacities observed in the microscopic simulations to the requirements of macroscopic 

assignment models working with volume delay functions. This will be achieved by providing 

specific PCU-factors (PCU=passenger car unit) for each vehicle type and each type of road 

facility (motorway, urban road, grade separated and at-grade intersections). A PCU-factor 

describes the capacity performance of a vehicle type (see Figure 48). 

• Route choice: To what extent will changes in travel time and the suitability of certain road types 

for CAV influence route choice? Can a higher reliability on motorways surrounding Stuttgart 

reduce through traffic in the City? 

• Mode choice: CAV will only be successful, if they provide a benefit to the car user. CAV promise 

that drivers can use their in-vehicle time more efficiently and that valet parking makes parking 

easier. Will more comfortable cars cause a shift in mode choice leading to more car traffic? For 

planning the City needs estimations of future traffic volumes. 

5 Models  

5.1 Accessible models  

Use case 7 will use an existing travel demand model for the Stuttgart Region. The modes included to date 

are car driver, car passenger, public transport, walking, cycling, Park & Ride and six HGV modes. 

The travel demand model includes the 2.7 million inhabitants of the region as well as public transport with 

1,200 lines, 50,000 vehicle runs, detailed stop points, fares and fare zones. Furthermore, it contains all 

measures that can be expected by 2025. 
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The demand is segmented in 1,100 zones, 23 person groups and 19 trip purposes leading to 370 different 

demand groups, which originate from combinations of person group, trip purpose and activity chains. The 

demand model is an activity-chain-based model with an integrated destination & mode choice. 

The model calibration is based on a household survey, which covered 5,000 households, 13,000 persons 

and 270,000 reported trips within a 7-day trip diary. 

Constructing and configuring the travel demand model was done mostly according to “Transport analysis 

guidance: WebTAG” (see: https://www.gov.uk/guidance/transport-analysis-guidance-webtag - “M1 

modelling principles”). Apart from that, no specific guidelines were used. 

5.2 Model development needs 

As a first step, the travel demand model will be adjusted, so that node impedances for intersections are 

included additionally to usual link impedances. Capacity changes will be modelled by means of vehicle 

type specific PCU-factors for nodes and links, which are derived from the microscopic traffic flow 

simulations carried out in WP 2. PCU-factors may also depend on road type and certification level. 

For Use Case 7, no new mode will be introduced, but CAV of Level 3 or 4 will be part of the mode car as 

additional user classes (=transport systems in the software). For these alternatives, the value of time differs 

from the original value of time for car, so the utility functions must be updated in an appropriate way. This 

should consider that time usage depends on trip duration. As an input for the value of time for CAV, one 

can think of using the values for high speed trains. The reason for a deviating value of time is the different 

perception of automated vs. manual travel time as well as a higher comfort of driving a CAV. Also, a 

reduced amount of time for the parking procedure with CAV should be considered. 

To take into account the diverse effects of conventional and automated vehicles on the traffic flow, different 

person car units (PCU) can be defined for the vehicle types, additionally depending on the link type and 

certification level. 
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Figure 48: Replicating impacts of CAV on capacity in a macroscopic travel demand model 

6 Data 

Use case 7 uses a travel demand model which was calibrated and validated with observed travel behaviour 

for a base year 2010. It was tested in a large number of applications. For use case 7 the node impedances 

model will be modified. Quality control will compare with travel times before and after updating node 

impedances. TomTom speed data will be used for this quality control. The Stuttgart travel demand model 

is a 24-hour model covering the travel demand of the entire region.  

6.1 Travel demand data 

The model computes a large number of indicators describing travel demand, supply quality and 

environmental impacts. Indicators relevant for the CoEXist use cases will mainly focus on travel demand 

and transport supply quality. The impacts of automated HGV will not be examined: 

• Number of trips total and by mode 

• Person kilometres travelled in total and by mode 

• Car kilometres travelled 

• Person hours spent in total and by mode 

• Car hours spent 

6.2 Calibration data  

The model is already calibrated for use cases without CAV. 
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6.3 Data collection 

Use case 7 does not require any additional data collection. 

7 Potential measures 

The use case does not primarily aim at developing measures. The use case shall give planners a better 

understanding of what may happen in a future with CAVs and no additional measures. The results shall 

serve as a basis for discussions in the city which then may lead to the development of measures. Measures 

may primarily consider 

• Introduction of CAV-certified road sections / road network 

• Introduction of “geofenced” CAV-ready area 

Additionally, use case 7 could analyse mobility pricing measures (adapting prices for public transport, 

parking or road usage) 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 
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Appendix H Use case 8: Impact of driverless 
car- and ridesharing services 
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1 Study area characteristics 

1.1 The area to be modelled 

The study area for this use case covers the entire Stuttgart Region, an area with 2.7 million inhabitants. 

Figure 38 shows a map of the study area. 

 

Figure 49: Study area Stuttgart Region (source map: OpenStreetMap) 

1.2 Context in the city/region  

Stuttgart is the capital of the state of Baden-Württemberg and forms with about 180 other cities and smaller 

towns in five counties the Stuttgart Region. The Region is the economic centre of the state with one quarter 

of the state’s population and nearly one third of the economic power on 10% of the land’s space. 

1.3 Important functions in the area 

Stuttgart City is the cultural and political centre of the region. It is the home of several large international 

companies (Bosch, Daimler, Porsche), two universities and several polytechnics. It offers a large number 

of workplaces in the service and industry sector. Stuttgart central station, Stuttgart airport and Stuttgart 

harbour connect Stuttgart and the Region to other places in Germany and Europe. 
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1.4 Modes of transport 

Important current modes for person transport in the study area are walking, cycling, public transport, car 

driver and car passenger. Figure 39 shows the modal split for the City of Stuttgart and the Stuttgart Region. 

Besides these main modes a set of mobility services are provided by private organisations: 

• Public bike sharing system Call-a-Bike 

• Station-based carsharing Stadtmobil with approx. 500 cars 

• Free-floating carsharing Car2Go with approx. 500 electric cars 

• Free-floating carsharing Flinkster  

 
Figure 50:  Modal Split for the inhabitants of Stuttgart City and the entire Region (source: Stuttgart Region Travel 
Demand Model) 

Use case 8 will maintain the current modes, but will also introduce new modes like car- or ridesharing 

services. 
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2 Infrastructure  

2.1 Roadway design  

The road network in the Stuttgart Region comprises of two motorways, several federal roads, urban main 

roads and urban access roads. Figure 40 shows the main road network. 

 

Figure 51: Link Categorization in the Stuttgart Region Travel Demand Model (source: Stuttgart Region Travel Demand 

Model) 

 

2.2 Public transport infrastructure 

The public transport infrastructure in the Stuttgart Region is integrated into the transport association 

Verkehrsverbund Stuttgart (VVS) and provides the following means of transport: 

• Long-distance rail (ICE, IC, TGV) operated by Deutsche Bahn or SNCF. 

• Regional trains (heavy rail): trains connecting the regional centres with 30 / 60 min headways. 
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• S-Bahn (heavy rail): 7 lines with a 15 / 30 min headway in peak and off peak periods connecting 

places along the settlement axis to Stuttgart and the airport. 

• Stadtbahn (LRT): 16 lines partly underground with 7.5 / 10 / 20 min headways operating in Stuttgart 

and neighbouring communities. 

• Urban and regional busses. 

 

Figure 41 shows the S-Bahn line network and Figure 42 the light rail (Stadtbahn) network. 

 

Figure 52: S-Bahn network in the Stuttgart Region (source: http://www.vvs.de/karten-plaene/liniennetz/) 
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Figure 53: Light rail system (Stadtbahn) network (source: http://www.vvs.de/karten-plaene/liniennetz/) 

 

2.3 Traffic control 

Traffic flow on motorways and some federal roads is managed by the Land of Baden-Württemberg. The 

control systems include a motorway management system with variable speed limits and lane control, one 

network guidance system, temporary hard shoulder runnings and ramp metering systems (see Figure 43). 

Stuttgart City established an integrated traffic management centre for the city, which operates urban 

control systems for private and public transport. At the moment there is no regional traffic management 

centre or regional control strategy.  

In urban areas traffic signals and parking guidance systems are usually the only means to control traffic 

flow. Approximately 1.500 traffic signals are in operation, many of them demand actuated including public 

transport priority schemes. 

There are no congestion charges or road pricing schemes for car transport in the Stuttgart Region. In 

urban areas parking management schemes are common in most places. 
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Figure 54: Motorway management system (SBA), temporary hard shoulder runnings (TSF) and ramp metering systems 
(ZRA) in Baden-Württemberg (source: https://www.svz-bw.de/vba.html) 

  

Stuttgart Region 
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3 Travel patterns and traffic conditions  

3.1 General description of the travel patterns 

Stuttgart City suffers from congestion, noise and air pollution through fine particles and nitrogen oxide. 

Despite all the efforts taken in recent years, there is no getting around this basic truth: Too many 

conventionally powered vehicles are driving into the Stuttgart basin on a daily basis, despite the fact that 

the City operates a high quality public transport system, a state of the art traffic management centre and 

despite the improvements which have been implemented for cyclists. The topography and the resulting 

network structure affect the reliability of the urban transport network as congestion on the motorway directly 

influence the traffic flow in the urban area. 

3.2 Traffic conditions and levels of congestion 

The Stuttgart Region experiences recurrent traffic congestion during the morning and afternoon peak 

hours. Figure 44 shows the congestion level in the road network. The congestion level is derived from the 

travel time index TTI during peak hour using observed speed data from TomTom for the year 2014: 

PeakHour PeakHour

Target OffPeak

t t
TTI

t t
= =  

This recurrent traffic congestion leads to average delays of approximately 6 minutes for car trips with 

destinations in Stuttgart. Some of this delay, especially on inbound arterial roads, is part of the equilibrium 

between car and public transport. More or less deliberate bottlenecks at the Stuttgart City border meter 

the traffic flow to downtown causing regular delays between 10 and 15 minutes. Different to other cities 

the peak period is rather short. Between 9:00 and 16:00 the level of service is usually good throughout the 

region. 

Random disturbances (e.g. accidents) and temporary capacity reductions from road works increase the 

recurrent congestion. As the road network in the region is already highly saturated such disturbances can 

usually not be compensated by alternative routes. As a consequence the travel time reliability is relatively 

low. Disturbances on the motorways often lead to higher traffic volumes in the City of Stuttgart and other 

regional centres, which is not desirable. 
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congestion level travel time index car road length [km] 

1 <1,1 6.400 

2 <1,3 2.000 

3 <1,5 265 

4 >1,5 265 

Figure 55: Recurrent congestion in motorized vehicle traffic: road length by congestion level (source: Stuttgart Region 
Travel Demand Model) 

Considering the temporal distribution of car traffic within the Stuttgart Region over a whole day, the average 

delay times can be seen in Figure 45 for all trips and in Figure 46 for trips into the City only. It can be seen, 

that the highest delay times occur in the morning peak hour for inbound trips to Stuttgart. However, most 

of the trips affected by delay occur in the afternoon and evening peak hours. 
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Figure 56: Number of trips and delay minutes (t-delay) for car trips with origin and destination in the Stuttgart Region 
by time of day (source: Stuttgart Region Travel Demand Model) 

 
Figure 57: Number of trips and delay minutes (t-delay) for car trips with origin in the Stuttgart Region and destination 
in Stuttgart City by time of day (source: Stuttgart Region Travel Demand Model) 
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Public Transport offers an adequate alternative for many travellers. However it is difficult to accommodate 

additional travellers during peak periods in the S-Bahn network. During peak periods in approximately 

have of the network length the vehicles are at capacity. Figure 47 shows the congestion level in the S-

Bahn network. 

 

congestion level saturation rate PuT line length [km] 

1 <75% 109 

2 <100% 99 

3 <125% 116 

4 >125% 99 

Figure 58: Recurrent congestion in public transport: line length by congestion level for the S-Bahn network (source: 

Stuttgart Region Travel Demand Model) 

4 Aim and scope 

4.1 Overall description of the use case 

Driverless cars will provide new choices to travellers as car- and ridesharing services can be organized in 

new ways which even may affect urban public transport. People without a driving license or without a car 

are now able to travel freely without being dependent on public transport. 

Use case 8 investigates how the introduction of sharing systems with fleets of CAV, which are capable of 

driving on their own within the Stuttgart Region, can influence transport supply and travel demand. For 

this, use case 8 will extend the existing travel demand model of the Stuttgart Region in such a way, that 

scenarios with new modes of car- or ridesharing systems can be tested. 
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4.2 Ambition 

Local authorities, the public transport operator and transport planners in Stuttgart City start thinking about 

the potential impacts of driverless car- and ridesharing systems on the traffic situation in and around the 

City. Since Stuttgart suffers from heavy congestion problems, the question is, if and to which extent car- 

or ridesharing services may improve or worsen the situation. The use case shall enable stakeholders to 

understand potential developments and to consider appropriate measures to reach a desirable state for 

the City. 

4.3 Hypotheses 

Use case 8 examines the following hypotheses: 

• Driverless car- and ridesharing systems will cause a modal shift towards these new modes. 

• Driverless car- and ridesharing systems will induce additional travel demand as more people have 

access to car-like transport. This can increase private delivery trips and trips by people without car 

availability. 

4.4 Relevance 

Use case 8 looks at the impacts of self-driving CAV. In this state neither car-ownership nor driving licences 

are required for using cars. At the same time labour cost for drivers of taxis and busses will go down. This 

will offer more and cheaper choices to travellers. This may influence travel behaviour to a massive extent. 

4.5 Questions to investigate by traffic modelling 

Developing urban public transport requires long term planning processes. Stuttgart City and the public 

transport operator are interested in better understanding the impacts of driverless sharing systems on 

public transport and on required street parking places: 

• What impact will the introduction of car- or ridesharing services have on modal split? 

• What impact will the introduction of car- or ridesharing services have on traffic volumes? 

• What are the differences between the impacts of public vs. private ridesharing services? 

• How many privately owned cars can be replaced by a high-performing car- or ridesharing service? 

• Which price levels are economically feasible for car- or ridesharing services? 

5 Models  

5.1 Accessible models  

Use case 8 will use an existing travel demand model for the Stuttgart Region. The modes included to date 

are car driver, car passenger, public transport, walking, cycling, Park & Ride and six HGV modes. 

The travel demand model includes the 2.7 million inhabitants of the region as well as public transport with 

1,200 lines, 50,000 vehicle runs, detailed stop points, fares and fare zones. Furthermore, it contains all 

measures that can be expected by 2025. 
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The demand is segmented in 1,100 zones, 23 person groups and 19 trip purposes leading to 370 different 

demand groups, which originate from combinations of person group, trip purpose and activity chains. The 

demand model is an activity-chain-based model with an integrated destination & mode choice. 

The model calibration is based on a household survey, which covered 5,000 households, 13,000 persons 

and 270,000 reported trips within a 7-day trip diary. 

Constructing and configuring the travel demand model was done mostly according to “Transport analysis 

guidance: WebTAG” (see: https://www.gov.uk/guidance/transport-analysis-guidance-webtag - “M1 

modelling principles”). Apart from that, no specific guidelines were used. 

5.2 Model development needs 

Modelling new mobility services requires several model extensions: 

• Introduction of new mode, with properties dependent on the characteristic of the sharing service 

(registration time, availability, prices). 

• Updating of fare model for public transport without driver and introduction of pricing models for 

sharing services. 

• Considering capacity limits resulting from fleet sizes. 

Accomplishing use case 8 also requires new methods in travel demand modelling: 

• Assignment models generating intermodal routes. 

• Methods for forming car pools. 

• Methods for operating shared fleets with empty runs between drop-off and pick-up locations. 

6 Data 

Use case 8 uses a travel demand model which was calibrated and validated with observed travel behaviour 

for a base year 2010. It was tested in a large number of applications. For use case 8 the node impedances 

model will be modified. Quality control will compare with travel times before and after updating node 

impedances. TomTom speed data will be used for this quality control. The Stuttgart travel demand model 

is a 24-hour model covering the travel demand of the entire region.  

6.1 Travel demand data 

The model computes a large number of indicators describing travel demand, supply quality and 

environmental impacts. Indicators relevant for the CoEXist use cases will mainly focus on travel demand 

and transport supply quality. The impacts of automated HGV will not be examined: 

• Number of total trips and by mode 

• Person kilometres travelled in total and by mode 

• Car kilometres travelled 

• Person hours spent total and by mode 

• Car hours spent 
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6.2 Calibration data  

The model is already calibrated for use cases without CAV. 

6.3 Data collection 

Use case 8 does not require any additional data collection. 

7 Potential measures 

Use case 8 will investigate the following measures: 

• Car- and ridesharing provided by a public operator as support for public transport  

• Car- and ridesharing provided by private network companies competing with public transport  

• Mobility pricing for non-sharing vehicles 

• Redesigned public transport bus system using sharing systems as feeder service. 

These measures will be further developed in the experimental design workshop (part of Task 3.1) taking 

place in May 2018. 

 


