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ABSTRACT 

This paper shows the abilities of MATSim and SUMO to reflect the real-world behavior of automated 
shuttles (AS) and their applicability to replicate and evaluate scenarios. Possible impacts of introducing AS 
at street- and city-level were investigated regarding the permitted low operating speeds of AS. Two 
simulation studies in Salzburg, Austria, and in Linköping, Sweden, were conducted. Together with the real 
pilot plans, different scenarios, considering operational speed, frequency and service type, were addressed. 
No significant impacts on the respective traffic systems were revealed, even though AS operated at a low 
speed (15-20 km/h). It is mainly due to the relatively low traffic density and other characteristics of the 
selected routes. Higher travel speed and Demand-Responsive-Transport operation help to improve the 
efficiency of AS and to increase the public acceptance. Though, additional push measures are needed to 
change the domination of cars in a rural setting for influencing modal shift. 

1 INTRODUCTION 

A good public transport (PT) offer is a major backbone for sustainable mobility. Yet, public transport is 
usually expensive and the major costs are named to be the personnel costs of drivers (Hörcher and Tirachini 
2021). Automated shuttles (AS) promise a solution to this problem. As valid for any new technical system 
nowadays, their introduction should be prepared by simulations. Simulating the introduction ex-ante allows 
to measure the changes in mobility patterns to expect as well as the costs and the benefits of the introduction, 
to reveal possible problems or bottlenecks, and to scale the system properly for fulfilling the posed 
requirements at the lowest possible costs. Within the European project SHOW, 70 automated vehicles 
(AVs) were introduced in the public transport systems at the selected real-world pilot sites, where more 
than half of the AVs were AS. This has been scientifically accompanied and evaluated (SHOW 2024). 
Besides the surveys and evaluations of the collected data, simulations were a part of the process, and 
simulations have been performed before and after the introduction of AS within the pilot sites. 

This paper presents and discusses two examples of using simulations within the SHOW project. In both 
cases, AS were in focus, yet with different research questions: (1) How would the introduction of AS, 
especially at low speed, influence the road traffic efficiency; and (2) How would the introduction of AS 
affect the transport mode choice. On the one hand, the effects of introducing AS and demand-responsive 
transport (DRT) on mode choice were investigated. On the other hand, simulating the interactions between 
AS and other traffic participants were modelled both on normal roads and in a shared space and compared 
against real-world measurements. The concept of shared spaces describes a part of the road network where 
all modes – pedestrians, bicyclists and public transport and delivery vehicles, sometimes motorized 
individual traffic as well – share the same infrastructure, often without any markings and rules constraining 
e.g. the direction of passing an area. Safety issues are targeted by lowering the allowed maximum velocity 
and by mutual attention. More and more AS are deployed in shared spaces. It is therefore important to 
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understand the potential impact of AS in these areas. In both case studies, different scenarios were 
developed and evaluated to get more insights on the impacts on mobility and traffic to expect, regarding 
different operational circumstances of AS in accordance to the proposed research questions. Of course, a 
proper representation of the dynamics of the AS within the simulations is needed. 

The remainder is structured as following. First, the current state of the art in simulating the impacts of 
automatic public transport vehicles and shared spaces is given in Section 2. Section 3 describes how the 
two project pilot sites, namely Salzburg, Austria, and Linköping, Sweden were replicated with the open 
source simulation tools Multi-Agent Transport Simulation (MATSim) (MATSim 2024) and Simulation of 
Urban MObility (SUMO) (Alvarez Lopez et al. 2018), respectively. After that, the research questions, the 
scenarios and the results are presented and explained in Section 4. Conclusions and next steps are given at 
the end. 

2 STATE OF THE ART 

Traffic models have been used for planning purposes since the early 1950ies (McNally 2008). The most 
prominent approach for computing the mobility within an area and subsequently the resulting traffic 
amounts is the four-step-model (Ortúzar and Willumsen 2011). Four-step-models are macroscopic – they 
compute the aggregated measure traffic flow, the number of vehicles passing a road, usually within a day. 
Due to using this aggregated output measure as well as aggregated input data, they are criticized to be 
incapable to replicate differences in the behavior of individual participants and/or vehicles (McNally and 
Rindt 2007). In the context of the SHOW project, this means that no differences between the on-road 
behavior of conventional and of automated vehicles could be considered. 

The shortcomings of the aggregation and the increasing computing power led to an increase in using 
so-called microscopic models. The demand, the number of rides people want or need to perform, can be 
computed by so-called agent-based demand models (Zheng et al. 2013), where each person is represented 
by her/his sociodemographic attributes and chooses a daily activity plan, the locations to visit for following 
it, and the mode(s) of transport to access these locations. The assignment and the simulation of the vehicles’ 
progress through the road network is then computed using microscopic traffic simulations where each 
vehicle is represented individually again, including a set of attributes like its length, maximum velocity or 
acceleration, among other. In case of simulating AVs these attributes have to be chosen in accordance to 
these vehicles’ behavior in the real world, including further rules or parameters for resembling their 
specifics, if necessary. 

Various simulation-based studies on the impacts of AS and on-demand systems have been performed 
in the past. Oh et al. (2020) used stated preference (SP) surveys for their simulations of a one-way ride 
sharing system with AS and simulate the demand by performing dynamic requests to vehicles and adapting 
the vehicles’ routes. One of their findings was that vehicle kilometers travelled decreased by 50% after the 
introduction of the service. Alazzawi et al. (2018) used a SUMO simulation for Milan to model the impact 
of AS. They found that a 50% transition rate towards the shuttle service was required to achieve a significant 
reduction in traffic. According to another study by Vosooghi et al. (2019), the majority of autonomous 
shuttle users were formerly public transport users, car users or pedestrians, with the most significant decline 
in usage observed in the public transport sector compared to cars and walking. The modal shift towards AS 
ranged from 1.5% to 4.4% with two significant values for fleet sizes of 2-3k and 7k vehicles. 

More and more AS operate in shared spaces in practice. This results in the increasing need to properly 
simulate AS travelling in such areas. Several models, e.g. Anvari et al. (2015), Pascucci et al. (2015), 
Schmid (2018), Gibb (2015), Olstam et al. (2020), have proposed solutions for simulating road users in 
shared spaces. However, these solutions either (1) only focus on shared space areas, (2) are not fully 
implemented for general use yet or (3) are not freely available. In conventional road traffic simulations, no 
shared spaces are considered and road users do not regard other road users’ movements in opposite 
direction. To make up for this gap, Flötteröd et al. (2023) proposed the concept bidirectional edge and 
implemented it in SUMO, as a part of the sub-lane road user simulation model. The model is included in 
SUMO from the version 1.15.0 onwards. Flötteröd et al. (2023) also calibrated and compared the simulated 

159



Flötteröd, Müller, Krajzewicz, Erdmann, and Rudloff 
 

 

results with real-world measurements collected in a shared space. The respective results were quite 
promising. However, more data and tests are still needed for handling various traffic situations. This 
bidirectional-edge concept and the implemented behavior functions have been adopted to realistically 
simulate the shared corridor in the case Study Linköping and to evaluate the proposed scenarios in this 
paper. 

3 PILOT SITE REPRESENTATION IN THE SIMULATION 

3.1  Tool Specifications and Characteristics 

MATSim is an open-source framework used for simulating transportation systems by representing the 
traffic demand through agents, i.e. individuals who are either traveling on the network or performing an 
activity at a fixed location in the simulation area. The dynamic/kinetic characteristics of each vehicle type 
are not considered. Instead, the progress through the road networked is computed using a queue-based 
approach. MATSim is designed to simulate the individual perspective of travelers and their interactions 
with the transportation infrastructure by running over multiple simulation iterations until a system 
equilibrium is reached. In each of the iterations, the agents evaluate the score of their daily schedule 
consisting of time for travel, usually negatively scored and the positively scored duration of a performed 
activity. Details to the scoring in MATSim can be found in (Horni et al. 2016), p.23ff. Between iterations, 
agents are randomly selected to either change their routes while keeping the same mode of transport, choose 
a different mode of transport for their trips, or randomly select one of the plans performed in previous 
iterations, with those having a higher score being picked with a higher probability. An equilibrium is 
established over the iterations, providing information on how the changed mobility behavior adjusts. 

SUMO is a microscopic multi- and intermodal traffic flow simulation, released as open source in 2002, 
and is in continuous development since then. SUMO is used for a large range of applications, including the 
optimization of traffic assignment, the development and evaluation of new methods and systems as well as 
for planning purposes. In comparison to MATSim, SUMO simulates agents’ behaviors and interactions 
with different models for e.g. car following, lane changing, pedestrian movements, signal control and the 
interactions at junctions for simulating each road user’s dynamics. Changes in transport mode choice and 
the issues related to vehicle communication, emissions and energy consumption can also be addressed with 
SUMO. Besides the traffic simulation application, SUMO also includes many tools, e.g. for network and 
demand preparation, simulation data processing, or visualization. 

3.2 Simulation Set-Up – Salzburg Pilot Site 

The Salzburg pilot site included a DRT service with AS for a peri-urban region, connecting it to the city 
center via an intermodal mobility exchange, bridging the first/last mile using automated shuttles. A city-
wide simulation was run to evaluate the impacts of such DRT services on the modal split of the served areas 
as well as the effects of DRT on public transport use in the area. The network comprises the city of Salzburg, 
large parts of the state of Salzburg, the German Corner (road network only) and small parts of Upper 
Austria. From the national transport survey of Austria (Tomschy et al. 2016), a 33% population sample was 
created that includes socio-demographic characteristics as well as the activity chains of the individuals. The 
infrastructure capacity was reduced along with the population accordingly. The decision to consider only a 
33% sample was made to ensure reasonable computation times, although Kagho et al. (2022) recommended 
using a 100% sample, as results with smaller samples tend to overestimate the use of DRT. For DRT, an 
agent-to-vehicle matching was performed, which was no longer linearly proportional to the sample size in 
this study. It should be noted that the results for a 100% sample would be overestimated, if the results were 
tripled. The modes of transport available in the MATSim model are walking, cycling, public transport, and 
car. For the Salzburg pilot site, six rural regions in the proximity of the city (10-30 km away) were chosen 
as the use case for the introduction of AS, as shown in Figure 1. In one scenario (scenario A in Table 2), 
the service was also tested with actual shuttles run with a predetermined schedule rather than as DRT. 
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Figure 1: Simulation area for the Salzburg use case. The six areas where the DRT service was implemented 
are marked by blue lines and located east of Salzburg (yellow area). A bus line with several stops (yellow 
triangles) connected these areas with the city. The DRT service was implemented as a stop-based DRT 
service (dots) in scenarios B-G shown in Table 2, whereas in scenario A, only a small bus line was tested 
in the area of Koppl (pink dots), which is not indicated on the map (map source: OpenStreetMap). 

An important parameter for the simulation is the acceptance of the new shuttle service. Since no SP 
surveys have been conducted in the simulation area, data from the literature was referred. In line with 
several studies, it was assumed that the value of travel time savings (VTTS) associated with riding a shared 
automated electric vehicle is similar to the VTTS of a car passenger, whereas Lu et al. (2018) found no 
differences in the VTTS between drivers and passengers of a car, and Fosgerau (2019) and Ho et al. (2015) 
concluded that the VTTS for a passenger can be regarded as about 75% of the rate for car drivers. For the 
AS in Salzburg, we followed the assumption that they are perceived as part or enhancement of the public 
transport service and therefore set the VTTS of AS (DRT) to the VTTS of PT which is about 50% of the 
VTTS of cars in our mode choice model. Parameters for the mode choice model for the DRT vehicles 
followed the approach described in (Greene and Henshe 2003). A Latent Class Mode Choice Model 
(LCMCM) was estimated on data containing weekly activity diaries and expenditure data from a 
representative sample in Austria (see (Hössinger et al. 2020)). The variables deciding on class membership 
in the LCMCM were gender, age under 35, age over 55, income higher than the median, schooling higher 
than the median, living in an urban area, children in the household, single household, and working full-time 
at least 38 h per week. Since MATSim does not allow for agent-specific models, the LCMCM was used to 
separate the population into 10 subpopulations of equal size and the parameters for these groups were 
calculated by averaging over the parameters of the subgroup members. Furthermore, the parameters for the 
mode choice behavior were given by mode-specific constants, the VTTS, and the value of leisure (VoL), 
which refers to 𝛽𝑑𝑢𝑟 in the Charypar-Nagel function. Other disutilities such as waiting times or transferring 
public transport were set as given in (Müller et al. 2021), in which also some justification for the separation 
in ten subpopulations is given. Table 1 contains the parameters for the Charypar-Nagel function in (Horni 
et al. 2016) as set in the model. 

The cost of owning and driving a car followed the estimates from ADAC (Müller et al. 2021) for 
average vehicles. The fixed cost of a car was assumed to be 13.521 EUR per day excluding an additional 
expenditure of 0.091 EUR per kilometer driven. Bicycle costs were estimated to be 1 EUR per day. Public 
transportation travel costs for agents without a concession card or an annual ticket card were manually 
configured by taking the average of station-to-station fares. All financial expenditures were direct 
disutilities in the utility function in case the mode has been used at least once. 
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Table 1: VTTS of all modes for each of the ten subpopulations of agents of the MATSim model for 
Salzburg. The parameters refer to the mode choice parameters as they appear in (Horni et al. 2016), pp.24ff. 

Subpop cbike ccar cpt βbike βcar βpt=βAS βwalk βtimeSwitch βdur 
0 2.55 0.85 0.14 −9.39 −12.20 −5.29 −11.07 −0.71 10.71 
1 2.72 0.80 0.13 −10.50 −12.29 −5.47 −11.39 −0.75 9.34 
2 2.86 0.76 0.12 −11.40 −12.36 −5.61 −11.66 −0.78 6.49 
3 2.95 0.74 0.12 −12.01 −12.40 −5.71 −11.84 −0.80 9.11 
4 3.05 0.70 0.11 −12.70 −12.46 −5.82 −12.04 −0.83 6.82 
5 3.18 0.67 0.11 −13.55 −12.52 −5.95 −12.29 −0.86 10.77 
6 3.28 0.64 0.10 −14.22 −12.57 −6.06 −12.49 −0.88 10.23 
7 3.43 0.59 0.10 −15.21 −12.64 −6.21 −12.78 −0.92 7.25 
8 3.67 0.52 0.09 −16.82 −12.77 −6.47 −13.26 −0.98 6.17 
9 2.55 0.85 0.14 −9.39 −12.20 −5.29 −11.07 −0.71 10.71 

 

3.3 Simulation Set-Up – Linköping Pilot Site 

The Linköping pilot site of the SHOW project was located in city of Linköping, Sweden, on the 
Linköping university campus and the adjacent residential area, with a fairly low traffic density. The pilot 
activity aimed to improve the travelling experiences of PT users, children and the elderly. Two AS provided 
scheduled transport services at the fixed bus stops every day. Along the 4 km long shuttle route (see Figure 
2), the AS not only ran in mixed traffic on ordinary roads and exclusive bus lanes, but also in a bidirectional 
shared corridor, where cyclists and the AS shared the cycle path in the middle. In this corridor, pedestrians 
usually walked on both sides and could freely cross the bike path. There were also several parking lot 
entrances and exits on the shuttle route. To investigate the possible impacts introduced by AS, SUMO was 
used to set up the simulation environment for simulating the interactions between AS and road users. The 
parking lots on the campus, the local busses and their bus stops were replicated in the simulation as well. 
 

 
Figure 2: The AS route and the planned stops at the Linköping pilot site (map source: Google Maps). 

Furthermore, collected traffic data was used to adjust the traffic density at the site. Across the whole 
network, there were 1296 vehicles, 353 pedestrians, 618 bicycles during the afternoon peak period. 517 
vehicles, 434 bicycles, 228 pedestrians and 72 busses travelled on the shuttle route and on the adjacent 
roads. To reflect the movement flexibility of cyclists and pedestrians in reality, they could adapt their routes 
on the way according to the traffic conditions they faced. 

To properly reflect reality and create representative scenarios, the maneuver parameters of the shuttle, 
related to e.g. driving imperfection, speed, weight, ac- and deceleration, and the shuttle’s physical size were 
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adapted. The respective calibration work was carried out with use of the collected shuttle data (Gugsa 
Gebrehiwot 2021). Moreover, the speed, acceleration and speed factor parameters to simulate other road 
users in the shared space were also adapted (Flötteröd et al. 2023). The applied parameter setting was as 
follows: speed deviation = 0.08 m/s and speed factor = 1.05 for AS, and speed deviation = 0.4 m/s and 
speed factor = 1.45 for bikes, while the ac- and decelerations of AS were set to 0.45 m/s2 and 0.48 m/s2 
with the use of the Intelligent Driver Model (IDM). The above parameters were defined within SUMO’s 
attribute <vType> in a separated XML-file as input. More information about the parameter definition can 
be found in (SUMO 2024). According to the reported driving speed data of AS, the general speed was 
around 7-8 km/h for the whole route. The difference between the speeds of the simulated AS and the AS 
operating in reality, was mainly due to unexpected obstacles and technical issues on the route, which is in 
line with the reports of the safety operators. Such unexpected issues can also influence other road users, but 
are difficult to address in the simulation due to their low probabilities compared to incident-free time. 

4 SCENARIOS AND RESULTS 

Several research questions and the associated scenarios have been formulated and targeted to better 
understand the traffic impacts caused by AS. Together with the calibration work to create representative 
scenarios, the research questions and the results of the simulations that addressed them are explained below. 

4.1 Salzburg Pilot Site 

The idea of the scenario set up for the Salzburg pilot site simulation (see Table 2) was to see the limits in 
the uptake of DRTs with a growing saturation of DRT vehicles in the area. This helped to see the overall 
potential of introducing DRT services in a rural setting without adding push measures to limit car 
commuting into the city. The different shares of DRT vehicles in the zones (one vehicle, 5%, 10%, 15% 
and 20%) were also considered to represent a slow introduction of vehicles into the market in the best way. 

Table 2: Overview over the scenarios of the Salzburg pilot site. 

Scenario Content 
Baseline The current traffic situation without AS. 
Scenario A Set-up of the baseline scenario with additional 6 automated shuttles connecting remote 

areas to the connector bus to Salzburg. 
Scenario B Service area-based DRT services for 6 service areas with one DRT vehicle per service 

area. The DRT vehicles should mostly serve as a last mile service and trips needed to 
start and end within one of these service areas. 

Scenario C Setup like in Scenario B; within this scenario all stops were active but only 5% of stops 
in the area had a DRT vehicle stationed at the beginning of the day for all service areas 
with a DRT vehicle. 

Scenario D Setup like in Scenario B where 10% of stops per service area had a DRT vehicle 
stationed at the beginning of the day. 

Scenario E Setup like in Scenario B where 15 % of stops per service area had a DRT vehicle 
stationed at the beginning of the day. 

Scenario F Setup like in Scenario B where 20 % of stops per service area had a DRT vehicle 
stationed at the beginning of the day 

Scenario G Area-based DRT service where all stops in all service areas of scenario B had a DRT 
vehicle stationed at the beginning of the day. 

 
The results in Figure 3 and Figure 4 show that, without further push measures, the uptake of AS was 

small. Since the DRT services were only offered in certain areas, it could not be expected that the modal 
split of the entire area changes significantly. However, even for trips starting or ending in the study area 
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east of Salzburg the modal split of DRT has reached at most 8%. This is due to the fact, that even with a 
better connection to the major bus lines, the trips including DRT still took longer than trips by car. A closer 
look into the modal shifts shows that DRT trips often replaced shorter trips including those that were taken 
by bike in the baseline. However, there has been still a reduction of about 6% of car trips for the trips 
starting and ending in the study area. 

 

 
Figure 3: Modal Split by number of trips for each scenario of the Salzburg pilot site. 

 

 
Figure 4: Modal share per distance traveled for each scenario of the Salzburg pilot site. 

When comparing the results of the different scenarios, one can see in Table 3 that, with fewer AS, these 
had to travel further, leading to higher empty ratios. In addition, in scenario G, one can see that the AS 
drove a smaller distance overall than in the case with fewer vehicles, suggesting that only smaller detours 
would be necessary once a larger number of shuttles were available. This leaded to smaller waiting and 
travel times for the passengers and as a result to higher occupancy rates in the DRT vehicles, rising from 
1.03 in scenario B to 1.55 in scenario G. 

Table 3: Transport indicators for the AS service in the scenarios of the Salzburg pilot site. 

Scenario Total distance traveled [km] Total empty distance [km] Empty ratio 
Scenario A - - - 
Scenario B 576.26 243.97 0.35 
Scenario C 2381.66 1034.17 0.41 
Scenario D 5215.16 2126.41 0.37 
Scenario E 6573.19 2543.43 0.34 
Scenario F 6778.34 2507.97 0.33 
Scenario G 6423.80 1323.05 0.17 
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4.2 Linköping Pilot Site 

In terms of the traffic system, the primary concern with the introduction of AS is the extent to which they 
would affect the surrounding traffic and environment. Currently, AS have to drive with a lower speed than 
regular road speed limit due to safety reasons. By increasing the frequency of operation, passengers’ waiting 
times can be shortened and the shuttle service can be made more attractive. A flexible scheduling shall 
ensure an efficient operation in the long run. But passenger demand still needs to be fulfilled at the same 
time. Accordingly, the focus was put on speed and operation frequency to further investigate the influences 
on the traffic system performance. In addition to the base scenario without AS (Scenario 0), six scenarios 
were developed with the given constraints that 3 AS are available and the speed limitation on campus is 30 
km/h. An overview of the proposed scenarios area is listed and explained in Table 4. 

Table 4: Overview of the scenarios at the Linköping pilot site. 

Scenario Content 
Scenario 0 The current traffic situation without AS as the baseline scenario 
Scenario 1 It was based on Scenario 0 with 2 AS, running every 10 minutes, (i.e. 6 runs per 

hour), at a maximum speed of 15 km/h, and serving at the pre-defined stops. 
Scenario 2 
(pilot plan) 

It was based on Scenario 0 with 2 AS, running every 20 minutes, (i.e. 3 runs per 
hour), at a maximum speed 15 km/h, and serving at the pre-defined stops. 

Scenario 3 As Scenario 2, but only 50% of the stops were served.  
Scenario 4 As Scenario 2, but the maximum travelling speed was increased to 30 km/h, i.e. the 

speed limit in this area, and the AS run every 10 minutes, (i.e. 6 runs per hour). 
Scenario 5 As Scenario 4, but the AS run every 20 minutes (i.e. 3 runs per hour). 
Scenario 6 As Scenario 5, but only 50% of the stops were served. 
 
The scenario analysis result with respect to speed is illustrated in Figure 5. It clearly shows that the AS 

speed increased when the number of served stops was reduced and that the higher speed limit significantly 
contributed to the higher AS speed, as expected. For the other users, there were no apparent speed 
differences between the scenarios. When further examining the speed difference for other users, Figure 6 
shows that the AS, running at a lower speed and higher operation frequency (scenario 1), had a relatively 
greater impact (around 5%) on the average speed of the vehicles, some of which left the parking lots and 
some of which entered, left or traveled through the campus. When the operation frequency of AS increased 
(scenario 2) or the number of served stops decreased (scenario 3), the respective impact declined. With the 
speed limit of 30 km/h, the AS had very little influence on other users’ travelling speeds. Overall, the speed 
changes for other road users were quite small, within 5%. This limited impact is mainly due to the low 
traffic density in the case study area, and because a part of the AS route was located in the shared space and 
on a bus-only lane. In both cases, motorized individual traffic was not significantly affected by the AS. 

 

   
Figure 5: Average speeds and their relative ratios per road user type between the scenarios. 
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Moreover, Figure 6 (left) shows the relative ratios of the travel times between the scenarios. The 
situations for other road users generally corresponded to those based on the average travel speeds mentioned 
above. The changes in travel times between the scenarios were marginal except in scenario 1. When the AS 
operated at a low speed, but from every 20 min to every 10 min, the average travel durations of the bikes 
and pedestrians declined. This could be because some of them adapted their routes, which made the 
respective route lengths shorter (as shown in Figure 6 (right)). Due to the network structure, the route 
adaptation of the vehicles was limited. This increased the corresponding travel time under the situation 
where more AS were travelling at a low speed. 

 

    
Figure 6: Relative ratios of average duration (left) and route length (right) between the scenarios. 

In addition, the average waiting counts and times were analyzed. These two indicators were 
operationalized as the number of times and the time during which the speeds of the vehicles were below or 
equal to 0.1 m/s respectively. Figure 7 shows that there was no significant change in the waiting counts for 
other road users except the AS. As the permissible travel speed increases, the number of waiting times 
tended to decrease. Waiting times were influenced by the arrival times of the AS at the intersections and 
the traffic situation at/within the intersections they faced. Especially the waiting times at the intersections 
were affected by the different operation frequencies and allowed speeds in the scenarios. The result shows 
that both the busses and the AS had longer waiting times (around 57 sec/bus and 50-90 sec/shuttle) than 
other road users. This is mainly because the busses and AS could wait for the green light at the signalized 
intersections, whilst most other vehicles entered and left from the other parts of the site where the 
intersections were prioritized. According to the planned routes and the observation the buses and the AS 
passed the signalized intersections twice and three times per run respectively, and the places where they 
often waited were at the intersections. When AS operated at 30 km/h and only needed to serve 50% of the 
stops, the average waiting times declined to 50 sec. 

 

 
Figure 7: Average waiting counts per road user type between the scenarios. 
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5 SUMMARY AND PROSPECTIVES 

The results from the two case studies show the abilities of MATSim and SUMO to replicate real-world 
behavior of AS and their applicability to replicate and evaluate different scenario settings, which is 
especially important when introducing changes in a transport system, e.g. a new transport mode or 
management strategies. Both tools can also deliver traffic-related performance KPIs and have the capacity 
to simulate emissions, energy consumption and charging activities. 

Within the SHOW project, we have broken the rule of unidirectional roads in SUMO to consider the 
bidirectional lane-sharing situation of AS and other road users in shared spaces. Related overtaking and 
yielding maneuvers in shared spaces can also be reflected. This feature was further enhanced to better deal 
with the interactions of road users and applied to carry out the study in this paper. More data is still needed 
for testing and validation as well as for further model extension. Apart from handling the limitations of the 
unidirectional edges, AS have been modelled and their representation will be continually refined as well as 
the pedestrian and bicycle models used in SUMO. AS are currently implemented in MATSim as regular 
DRTs. Due to the nature of the model, it cannot accurately represent detailed driving behavior, which is 
why other impacts of automated vehicles on traffic, such as traffic flow, need to be further analyzed. 
Regarding the modelling of mode choice, it is crucial that revealed preferences studies should be performed 
as soon as the service is running. 

Overall, the analysis results for the both pilot sites showed that there were limited impacts on traffic 
under the different AS scenarios. This is mainly due to the limited site size, relatively low traffic density at 
both sites as well as the site/route characteristics. The shuttle at the Salzburg pilot site travelled on rural 
roads. At the Linköping pilot site, about 50% of the AS route was either in the space only shared with free-
moving bicycles, or on an exclusive bus lane. At the ordinary roads, there was a bus bay at each bus stop. 
Thus, vehicles have the possibility to pass the slow running shuttles. It implies that proper road design/usage 
should also be considered when planning routes for AS. Still, the results indicate that higher travelling 
speeds of AS and DRT operation help to improve AS operation efficiency and reduce the traffic impact 
brought by AS. This could help to increase public acceptance and willingness to use the new offers. 
Furthermore, adding a DRT service in a peri-urban setting influences the modal split, mainly within the 
DRT regions, but it does not change the domination of cars in a rural setting without adding additional push 
measures (e.g., parking restrictions, city tolls) to support the switch away from motorized individual 
transport to public transport for longer trips. New data on such push factors might be necessary to really 
assess the change that could be achieved. In addition, it might be helpful to look into the automation of 
current public transport lines to allow for denser timetables in rural areas at least on the main routes to 
support the introduction of DRT for more flexibility in PT. 

ACKNOWLEDGMENTS 

The research presented in this paper is funded by the SHOW project under the H2020 Research and 
Innovation Programme with Grant Agreement No. 875530, and the DLR research project MoDa (Models 
and Data for Future Mobility). 

REFERENCES 

Alazzawi, S., M. Hummel, P. Kordt, T. Sickenberger, C. Wieseotte, and O. Wohak. 2018. “Simulating the Impact of Shared, 
Autonomous Vehicles on Urban Mobility-a Case Study of Milan”. In SUMO 2018 - Simulating Autonomous and Intermodal 

Transport Systems, EPiC Series in Engineering 2:94-110. 
Alvarez Lopez, P., M. Behrisch, L. Bieker-Walz, J. Erdmann, Y.-P. Flötteröd, R. Hilbrich et al. 2018. “Microscopic Traffic 

Simulation Using SUMO”. In Proceedings of the IEEE Intelligent Transportation Systems Conference (ITSC), November 4th-
7th, Maui, Hawaii, USA, 2575-2582. 

Anvari, B., M. G. H. Bell, A. Sivakumar, and W. Y. Ochieng. 2015. “Modelling Shared Space Users via Rule-Based Social Force 
Model”. Transportation Research Part C: Emerging Technologies 51:83–103. 

167



Flötteröd, Müller, Krajzewicz, Erdmann, and Rudloff 
 

 

Flötteröd, Y.-P., J. Erdmann, D. Krajzewicz and J. Olstam. 2023. “Simulating Interaction Behaviors in Bi-Directional Shared 
Corridor with Real Case Study”. In 2023 Winter Simulation Conference (WSC), 174-184 
https://doi.org/10.1109/WSC60868.2023.10407158. 

Fosgerau, M. 2019. “Automation and the value of time in passenger transport”. International Transport Forum Discussion Papers, 
No. 2019/10, OECD Publishing, Paris. https://www.itf-oecd.org/sites/default/files/docs/automation-vot-passenger-
transport.pdf, accessed 19th August 2024. 

Gibb, S. 2015. “Simulating the Streets of Tomorrow: An Innovative Approach to Modelling Shared Space”. Technical Report, 
CH2M Hill Inc. 

Greene, W. H., and D. A. Henshe. 2003. “A Latent Class Model for Discrete Choice Analysis: Contrasts with Mixed Logit”. 
Transportation Research Part B: Methodological 37(8):681–698. 

Gugsa Gebrehiwot, R. 2021. Traffic Simulation of Automated Shuttles in Linköping University Campus, Master thesis, Department 
of Science and Technology of Linköping University, Linköping, Sweden. https://liu.diva-
portal.org/smash/record.jsf?pid=diva2%3A1582495&dswid=9542, accessed 19th August 2024. 

Ho, C. Q., C. Mulley, Y. Shiftan, and D. A. Hensher. 2016. “Value of Travel Time Savings: Evidence from a Group-Based 
Modelling Approach”. Transportation Research Part A Policy and Practice 88:134-150. 

Horni, A., K. Nagel, and K. W. Axhausen, Editors. 2016. The Multi-Agent Transport Simulation MATSim. London: Ubiquity Press, 
618. 

Hörcher, D., and A. Tirachini. 2021. “A Review of Public Transport Economics”. Economics of Transportation 25:100196. 
Hössinger, R., F. Aschauer. S. Jara-Díaz, S. Jokubauskaite, B. Schmid, S. Peer et al. 2020. “A Joint Time-Assignment and 

Expenditure-Allocation Model: Value of Leisure and Value of Time Assigned to Travel for Specific Population Segments”. 
Transportation 47:1439–1475. 

Kagho, G. O., J. Meli, D. Walser, and M. Balac. 2022. “Effects of Population Sampling on Agent-Based Transport Simulation of 
On-Demand Services”. Procedia Computer Science 201:305-312. 

Lu, H., C. Rohr, B. Patruni, S. Hess, and H. Paag. 2018. “Quantifying Travellers’ Willingness to Pay for the Harbour Tunnel in 
Copenhagen: A Stated Choice Study”. Santa Monica, CA: RAND Corporation. 
https://www.rand.org/pubs/research_reports/RR2405.html, accessed 10th April 2024. 

MATSim. 2024. “Multi-Agent Transport Simulation”. https://www.matsim.org/, accessed 8th January. 
McNally, M. G. 2008. The Four Step Model. UC Irvine: Center for Activity Systems Analysis. 
McNally, M. G., and C. R. Rindt. 2007. “The Activity-Based Approach”. In Handbook of Transport Modelling, edited by D. A. 

Hensher and K. J. Button, 55-73, Oxford: Elsevier. 
Müller, J., S. Straub, G. Richter, and C. Rudloff. 2021. “Integration of Different Mobility Behaviors and Intermodal Trips in 

MATSim”. Sustainability, 14(1):428. 
Müller, J., M. Straub, A. Naqvi, G. Richter, S. Peer, and C. Rudloff. 2021. “MATSim Model Vienna: Analyzing the Socioeconomic 

Impacts for Different Fleet Sizes and Pricing Schemes of Shared Autonomous Electric Vehicles”. In Proceedings of the 100th 

Annual Meeting of the Transportation Research Board, January 5th-29th, Virtual Event. 
Oh, S., R. Seshadri, D. T. Le, P. C. Zegras, and M. E. Ben-Akiva. 2020. “Evaluating Automated Demand Responsive Transit Using 

Microsimulation”. In IEEE Access 8:82551-82561. 
Olstam, J., F. Johansson, C. Liu, and I. Pereira. 2020. “Technical Report on the Application of AV-ready Modelling Tools (incl. 

Input and Output Data)”. In Deliverable D4.2 of the European Project CoEXIst. https://www.rupprecht-
consult.eu/fileadmin/user_upload/D4.2_Technical-report-on-the-application-of-AV-ready-modelling-tools.pdf, accessed 19th 
August 2024. 

Ortúzar, J., and L. G. Willumsen. 2011. Modelling Transport, 4th Edition, John Wiley & Sons, Ltd. ISBN: 978-0-470-76039-0. 
Pascucci, F., N. Rinke, C. Schiermeyer, B. Friedrich, and V. Berkhahn. 2015. “Modeling of Shared Space with Multi-modal Traffic 

Using a Multi-layer Social Force Approach”. Transportation Research Procedia 10:316–326. 
Schmid, T. 2018. Mikrosimulation von Shared Space auf Hauptverkehrsachsen, Am Beispiel des Berner Modells in Köniz. Master 

thesis, Institute for Transport Planning and Systems of ETH Zurich University, Zurich, Switzerland. https://www.research-
collection.ethz.ch/handle/20.500.11850/248953, accessed 19th August 2024. 

SHOW. 2024. Shared Automation Operating Models for Worldwide Adoption. https://show-project.eu/, accessed 03rd April. 
SUMO. 2024. “Definition of Vehicles, Vehicle Types, and Routes”. 

https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html, accessed 10th June. 
Tomschy R., M. Herry, G. Sammer, R. Klementschitz, S. Riegler, R. Follmer et al. 2016. “Österreich unterwegs 2013/2014: 

Ergebnisbericht zur österreichweiten Mobilitätserhebung Österreich unterwegs 2013/2014“, Results Report, BMVIT, Wien. 
https://www.bmk.gv.at/dam/jcr:fbe20298-a4cf-46d9-bbee-01ad771a7fda/oeu_2013-2014_Ergebnisbericht.pdf, accessed 19th 
August 2024. 

Vosooghi, R., J. Kamel, J. Puchinger, V. Leblond, and M. Jankovic. 2019. “Robo-Taxi service fleet sizing: assessing the impact of 
user trust and willingness-to-use”. Transportation 46:1997-2015. 

Zheng, H., Y.-J. Son, Y.-C. Chiu, L. Head, Y. Feng, H. Xi, et al. 2013. “A Primer for Agent-Based Simulation and Modeling in 
Transportation Applications”. Technical Report No. FHWA-HRT-13-054, FHWA, Mclean, Virginia. 
https://rosap.ntl.bts.gov/view/dot/36178/dot_36178_DS1.pdf, accessed 19th August 2024. 

168

https://doi.org/10.1109/WSC60868.2023.10407158
https://www.itf-oecd.org/sites/default/files/docs/automation-vot-passenger-transport.pdf
https://www.itf-oecd.org/sites/default/files/docs/automation-vot-passenger-transport.pdf
https://liu.diva-portal.org/smash/record.jsf?pid=diva2%3A1582495&dswid=9542
https://liu.diva-portal.org/smash/record.jsf?pid=diva2%3A1582495&dswid=9542
https://www.rand.org/pubs/research_reports/RR2405.html
https://www.matsim.org/
https://www.rupprecht-consult.eu/fileadmin/user_upload/D4.2_Technical-report-on-the-application-of-AV-ready-modelling-tools.pdf
https://www.rupprecht-consult.eu/fileadmin/user_upload/D4.2_Technical-report-on-the-application-of-AV-ready-modelling-tools.pdf
https://www.research-collection.ethz.ch/handle/20.500.11850/248953
https://www.research-collection.ethz.ch/handle/20.500.11850/248953
https://show-project.eu/
https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html
https://www.bmk.gv.at/dam/jcr:fbe20298-a4cf-46d9-bbee-01ad771a7fda/oeu_2013-2014_Ergebnisbericht.pdf
https://rosap.ntl.bts.gov/view/dot/36178/dot_36178_DS1.pdf


Flötteröd, Müller, Krajzewicz, Erdmann, and Rudloff 
 

 

AUTHOR BIOGRAPHIES 

YUN-PANG FLÖTTERÖD is a Senior Researcher at the Institute of Transportation Systems at the German Aerospace Center 
and has many years of experience in transporation planning, modelling and management. She received her Ph.D. from the Leibniz 
University Hannover, Germany. Her research interests include demand modelling, traffic assignment modelling, transport system 
simulation as well as the application of optimization methods in transportation. In the last five years, she has been involved in 
projects on modelling automated vehicles, vehicle emissions and energy consumption. She has also participated in the development 
of the open traffic simulation platform SUMO. Her email address is yun-pang.floetteroed@dlr.de. 
 
JOHANNES MÜLLER is a scientist at AIT Austrian Institute of Technology and Technical University Munich. He received his 
doctorate of civil engeneering from the University of the Bundeswehr, Munich. After research positions at ETH Zürich and ETH 
Center Singapore he started working at AIT, where he is an integral part of the team responsible for the development of MATSim 
simulations.  He also leads a research group at the Chair of Traffic Engeneering and Control at the TU Munich. His email adress is 
johannes.mueller@ait.ac.at. 
 
DANIEL KRAJZEWICZ is one of the first contributors to the open source traffic simulation software SUMO, which is 
meanwhile used world-wide by academia and consultancies. He has been involved in the development of this software for almost 
15 years and applied it to different research questions with a major focus on traffic management for emissions reduction. In 2015, 
Daniel Krajzewicz changed to a different DLR-institute and contributed to the agent-based demand model TAPAS. Additionally, 
he developed a tool for computing accessibility measures. He actively shaped the release of both tools as open source packages. 
His email address is daniel.krajzewicz@dlr.de. 
 
JAKOB ERDMANN is the lead developer of the open source traffic simulation software SUMO, which is used world-wide by 
academia and consultancies. He received his Ph.D. at the Friedrich Schiller University Jena, Gemany. After that, he has been 
involved in the development of SUMO since 2010 and has used it for research in various areas with a focus on traffic signal 
optimization. By continuously serving as the main contact person on the sumo-user mailing list, he has supported the work of 
numerous researchers. His email adress is jakob.erdmann@dlr.de. 
 
CHRISTIAN RUDLOFF has been a scientist at AIT Austrian Insititute of Technology concentrating on the statistical analyis of 
mobility data for 15 years. He holds a PhD in mathematics from the university of East Anglia, Norwich, UK. At AIT he is working 
on statistical models of transport behaviour, demand modelling and transport simulations and has been involved with the MATSim 
modelling of automated vehicles for the last 5 years. His email adress is christian.rudloff@ait.ac.at. 

169

mailto:johannes.mueller@ait.ac.at
mailto:christian.rudloff@ait.ac.at

