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TUD-SUMO is a Python wrapper for SUMO, a traffic simulation software, designed to support the development
of traffic control systems, particularly adaptive systems where data is frequently transferred between a controller
and the traffic environment. It provides automated data collection and a set of modular, extensible tools allow-

SUMO ing for a wide range of scenarios and control strategies to be simulated and compared. These capabilities are

Python accessed through a simplified interface that enables rapid prototyping of control strategies with complex inter-
actions using minimal code, promoting ease of use and portability. TUD-SUMO has already been employed in
multiple projects at Delft University of Technology, including two Horizon Europe projects and 2 transportation
engineering courses.
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1. Motivation and significance

Traffic simulation is a fundamental tool used by researchers, en-
gineers and transport planners to predict the impact of changes to a
road network prior to conducting field trials. For instance, planners can
test the effectiveness of implementing a control system in a simulated
environment before much more costly and potentially safety-critical
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real-world evaluations. Traffic simulation can also be used to analyse
planning scenarios, including those involving changes to infrastructure
or land use that may significantly affect the likelihood of congestion
forming. In addition, high-precision data and visualisation tools enable
more detailed analysis of results and provide a greater understanding
of the underlying dynamics within the road network. Such tools further
play a fundamental role in machine learning-based traffic management
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research, where algorithms often require thousands of simulated hours
of training in order to develop an optimal control policy.

Generally, traffic models can be categorised as either macroscopic,
mesoscopic or microscopic [1]. Macroscopic models represent traffic
as a continuum flow, similar to fluid modelling, such as the Lighthill-
Whitham-Richards (LWR) model. On the other hand, microscopic mod-
els simulate the lateral and longitudinal positions of individual vehicles
according to car-following and lane-changing models. Lastly, meso-
scopic models aim to strike a balance between the two. One such
example of microscopic traffic simulation software is “Simulation of
Urban MObility” (SUMO) [2], a project developed by employees of the
Institute of Transportation Systems at the German Aerospace Centre in
Berlin. SUMO has become very commonly used within the transportation
research field due to its accessibility and wide-ranging functionalities.
Specifically, SUMO is designed to simulate multimodal traffic across
large transportation networks and is open-source, unlike many other
similar software, such as AIMSUN or VISSIM. Its highly granular level
of control also allows for a wide variety of traffic control techniques
to be developed and evaluated, such as adaptive traffic signal control
[3], variable speed limits [4] and ramp metering [5]. SUMO operates as
a standalone application, including its own GUI; however, the simula-
tion can be directly interacted with using the provided Traffic Control
Interface (TraCI) APIL TraClI allows users to retrieve information from an
active simulation and dynamically modify the behaviours and character-
istics of objects within. However, SUMO, and TraCI by extension, exhibit
a steeper learning curve than comparable traffic simulation software
[6,7]. This can be particularly true for students and interdisciplinary
researchers with less experience in programming or traffic simulation,
as it requires extensive programming, setup and data management to
fully exploit its capabilities.

We therefore introduce TUD-SUMO, a research-oriented SUMO
wrapper developed as part of the DAIMoNDLab research group at Delft
University of Technology (TU Delft) in the Netherlands. Its primary goal
is to act as a research acceleration tool, enabling rapid prototyping of
control strategies and reducing the learning curve for researchers want-
ing to use traffic simulation as a result. This is achieved through a sim-
plified yet powerful interface with several automation and quality-of-life
features emphasising ease-of-use and flexibility. Importantly, as a wrap-
per, TUD-SUMO leverages TraClI for interactions with the simulation,
and so it is not able to perform granular actions that are not imple-
mented in TraCl itself. However, by acting on a higher level without
limiting TraCI’s capabilities, TUD-SUMO delivers complex engineering-
oriented functionality for advanced scenarios and control methods to be
easily simulated with minimal code, including aspects such as weather,
incidents or metered junctions, as demonstrated in Section 3. Ultimately,
these functionalities allow users to focus on traffic control system or pol-
icy design over simulation and data management. TUD-SUMO has been
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in continual development since April 2023, with its first public release
on PyPI in July 2024 at version 3.0.0. It has so far shown steady growth
in its use and has been used as part of two Horizon Europe projects and
multiple transportation engineering modules at TU Delft, as outlined in
Section 4.

2. Software description
2.1. Software architecture

Fig. 1 shows how TUD-SUMO operates in a typical adaptive traffic
controller use case, where a controller adapts its actions based on the
current conditions in the simulated road network.

TUD-SUMO requires the standard SUMO input files, which define the
road network, vehicle demand and placement of vehicle detectors. A sep-
arate, optional file containing the setup parameters for some TUD-SUMO
objects can be included, increasing portability and reducing the need to
hardcode these objects on a case-by-case basis. The user then interacts
with SUMO entirely through TUD-SUMO and can fetch aggregated data
from the simulation in order to generate control actions, such as new
phase timings for an intersection traffic signal controller. TUD-SUMO
subsequently actuates the control actions using TraCl and automatically
collects traffic data relevant to the controller. At the end of the simula-
tion, the user can save all data in a compact standardised data format,
either as a single JSON or binary file. Users can generate figures from
these final outputs, or during a simulation, visualising basic network
statistics or more complex object-specific information.

2.2. Software functionalities

The two main contributions of TUD-SUMO are the simplified simu-
lation interface and automatic data collection. The interface is designed
to allow for a wide range of complex interactions, primarily those useful
for the development and testing of dynamic traffic controllers, with-
out requiring significant amounts of code and simulation management.
Therefore, the main TUD-SUMO component handles the base operation
of any controllers, such as the tracking and updating of traffic signal
states or redirection of vehicles under a dynamic route guidance sys-
tem. Importantly, TUD-SUMO does not include any control policies, but
instead provides a variety of endpoints for fetching relevant data. This
may include, for example, the average vehicle density over a set of de-
tectors in the past five minutes. This is done alongside the automatic
data collection, which aims to reduce required simulation management
by automatically storing simulation statistics at each time step. In a basic
simulation, this includes data such as the number of vehicles in the net-
work or trip information. However, additional TUD-SUMO objects, such
as traffic controllers or tracked edges, lanes or junctions, can be created
to collect important use-case specific data. For example, if a junction is
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Fig. 1. TUD-SUMO software architecture diagram for a typical traffic controller example.



C. Evans, M. Rinaldi, H. Taale et al.

SoftwareX 34 (2026) 102745

Example TUD-SUMO Diagrams
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Fig. 2. Examples of diagrams generated by TUD-SUMO.

tracked and certain vehicle detectors are specified, inflow and outflow
are automatically calculated and stored. In contrast, when using solely
TracCl, all of this data would need to be manually fetched and processed
by the user, inevitably increasing implementation time. In particular,
this could become an even larger issue when managing data from mul-
tiple controllers and detectors, especially as these processes are often
reimplemented for each new project.

TUD-SUMO provides data visualisation functions that can be used to
quickly generate traffic engineering-focused figures, either from active
or completed simulations. Any of the basic information automatically
collected from the simulation can be easily plotted, such as the average
speeds measured by detectors or network-wide vehicle delay. Further,
context-dependent visualisation capabilities include, for instance, the
plotting of phase timings under an adaptive traffic signal controller
or the metering rate during the operation of a ramp metering system.
Similarly, tracking several consecutive edges on a motorway allows for
the creation of a space-time diagram, showing vehicle speeds through-
out the simulation. Examples of these are shown in Fig. 2. If the user
runs a simulation with the GUI active, TUD-SUMO is also able to create
videos following specific vehicles or centred on parts of a network.

TUD-SUMO further adds an events layer to SUMO simulations, which
allows for events to be dynamically started during a simulation or
scheduled at initialisation. This aims to expand the types of scenarios
that can be evaluated, including incidents and road closures. However,
most network or vehicle parameters can be modified during a custom
event, enabling a large range of situations to be simulated in an eas-
ily replicable way. For instance, this includes weather-related impacts
on vehicle speeds and accelerations, either network-wide or locally. As
a result, controlled experiments in specific scenarios can be made sig-
nificantly more reproducible, particularly by saving event settings to a
separate file for shared use.

3. Illustrative examples

To evaluate TUD-SUMO and demonstrate its functionalities, we
adopt 5 benchmark tests that aim to cover many of the most common

Upstream
170m

uses of SUMO when applying it to the development and evaluation of
adaptive traffic control systems. All tests create a simulation statistics
file and use the motorway on-ramp scenario network shown in Fig. 3
with a constant on-ramp demand of 500 vehicles/hour and a mainline
demand of 1000 vehicles/hour. The scenario lasts 2000s, with mainline
demand increasing to 1500 vehicles/hour between 400-1600s. The test
code is shown in Listings 1-5 and uses the functions described in Table 1.
Each test aims to do as follows:

1. Simple execution of the simulation without any interaction.

2. Generation of floating-car data from a simple execution of the
simulation without any interaction.

3. Generation of a space-time diagram from the minimum required
amount of simulation data.

4. A ramp metering scenario with ALINEA applied to the on-ramp,
demonstrating traffic signal management and interaction with the
simulation.

5. A scenario with an incident active on the road segment immedi-
ately downstream of the on-ramp.

4. Impact

To quantitatively demonstrate the advantages of TUD-SUMO, we
evaluate how it performs on the tests outlined in Section 3, considering
the following Key Performance Indicators: elapsed computational time
(s), average CPU utilisation (%), maximum memory usage during execu-
tion (MB), code cyclomatic complexity (the number of if-then-else paths
and loops during execution), total required lines of source code and
total number of function calls to TraCI and simulation/plotter objects.
Whilst SUMO lists several tools and extensions in its documentation [9],
including some packages with features akin to TUD-SUMO, we limit
our comparison to standard TraCl. This is primarily due to the fact
that many listed extensions are no longer maintained, or are designed
and optimised for very specific tasks. For example, SUMOPy [10], a
very comparable wrapper tool, has not been updated past Python 2.7,
which reached its end-of-life in January 2020. Meanwhile, SUMO-RL

Merge Downstream
70m 130m

—
on-ramP

400m

Fig. 3. On-ramp scenario network.
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sim = Simulation("TUD-SUMO test 1", verbose=False)
sim.start (SCENARIO_CONFIG, get_fc_data=False, seed=RANDOM_SEED)

sim.step_through(n_steps=MAX_SIM_DURATION)
sim.end()

stats_file = f'"{outputs_loc}test_1/stats.txt"
sim.print_summary(stats_file)

[ RN NG IS O

Listing 1: Test A, showing a simple run of a simulation without any
interactions.

sim = Simulation("TUD-SUMO test 2", verbose=False)
sim.start (SCENARIO_CONFIG, get_fc_data=True, seed=RANDOM_SEED)

sim.step_through(n_steps=MAX_SIM_DURATION)
sim.end()

5

6

7  t_outputs_loc = f'"{outputs_locltest_2/"
8 stats_file = f"{t_outputs_loc}stats.txt"
9 sim.print_summary(stats_file)

11 data_file = f"{t_outputs_loc}fc_data.pkl"
12 sim.save_fc_data(data_file)

Listing 2: Test B, showing the generation of floating-car data, containing
the position and speed of every vehicle during each time step.

sim = Simulation("TUD-SUMO test 3", verbose=False)
sim.start (SCENARIO_CONFIG, get_fc_data=False, seed=RANDOM_SEED)

edges = ["e_upstream", "e_weave", "e_downstream"]

1

2

3

4

5 sim.add_tracked_edges(edges)
6

7

8

sim.step_through(n_steps=MAX_SIM_DURATION)
sim.end()

10 t_outputs_loc = f'"{outputs_loc}test_3/"
11 stats_file = f"{t_outputs_loc}stats.txt"
12 sim.print_summary(stats_file)

14 data_file = f"{t_outputs_loc}all data.pkl"
15 sim.save_data(data_file)

16

17 plt = Plotter(data_file)

18

19 plt.plot_space_time_diagram(

20 edges,

21 fig title="TUD-SUMO Implementation",

22 save_fig=f"{t_outputs_loc}st_diagram.png",
23 )

Listing 3: Test C, showing the generation of a space-time diagram from
the minimum required amount of simulation data.

sim = Simulation("TUD-SUMO test 4", verbose=False)
sim.start (SCENARIO_CONFIG, get_fc_data=False, seed=RANDOM_SEED)

sim.add_tracked_junctions(

{"J2": {"meter_params": {"min_rate": MIN_RATE, "max_rate": MAX_RATE}}}
)

prev_rate = MAX_RATE
9 while sim.is_running() and sim.curr_step + CONTROL_INTERVAL <= MAX_SIM_DURATION:

1 sim.step_through(n_steps=CONTROL_INTERVAL)

12

13 curr_occupancy = (

14 sim.get_interval_detector_data(["dn_1", "dn_2"], "occupancies", CONTROL_INTERVAL)
15 * 100

16 )

17 rate = get_metering_rate(prev_rate, curr_occupancy, 0_CR, K_R)

18 sim.set_tl_metering rate("J2", rate)

19 prev_rate = rate

21 sim.end()

23 t_outputs_loc = f'{outputs_loc}t
24 stats_file = £'{t_outputs_loc}st
25 sim.print_summary(stats_file)

Listing 4: Test D, showing a run of a motorway on-ramp scenario
with ramp metering applied (ALINEA [8]), demonstrating traffic signal
management and interaction with the simulation.

[11] and FLOW [12] are specifically designed to generate environments
for machine learning-based traffic control systems.

Therefore, all of the benchmark tests in Section 3 were identically
implemented using only TraCl for the traffic simulation, as well as
Matplotlib [13] for figures in Test C. Results are shown in Fig. 4, and
summarised for each test in Fig. 5. All tests used the same scenario as
in Fig. 3 with an identical SUMO seed, in order to avoid any variation
in the performance of SUMO itself, and were run on the same Apple M1
MacBook Pro with 16GB RAM. All test code for TUD-SUMO and TraClI is
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sim = Simulation("TUD-SUMO test 5", verbose=False)
sim.start (SCENARIO_CONFIG, get_fc_data=False, seed=RANDOM_SEED)

1

2

3

4 sim.step_through(n_steps=INCIDENT_START)

5

6 veh_id = random.choice(sim.get_geometry_vals(VEHICLE_LOCATION, "vehicle_ids"))

8 sim.cause_incident (

9 INCIDENT_DURATION, vehicle_ids=veh_id, edge_speed=15, position=VEHICLE_POSITION
10 )

12 sim.step_through(n_steps=MAX_SIM_DURATION - INCIDENT_START)

14 sim.end()

16 stats_file = f"{outputs_loc}test_5/stats.txt"

17  sim.print_summary(stats_file)

Listing 5: Test E, showing a run of a simulation with a dynamically
created incident.

available in the TUD-SUMO examples GitHub repository [14]. Repeated
runs of each test on a comparable system indicated high levels of per-
formance stability, with a coefficient of variation (CV) across 10 runs
below 3% for all metrics, with most below 1.5%. Peak memory utilisa-
tion showed a brief warm-up phase before stabilising with a CV below
4%.

The tradeoff between computational load and user-friendliness is
very evident, where TUD-SUMO performs better in terms of usabil-
ity metrics and memory utilisation, yet worse in runtime and CPU
utilisation. For example, in tests C-E, the required lines of code were
50.9-52.9% lower and the cyclomatic complexity was 72.7-87.5% lower,
as shown in Fig. 4(a)-b. Tests C and D are of note as they represent 2
important use cases for motorway traffic control, which are the gener-
ation of a space-time diagram and the application of an adaptive ramp
metering system, here using the ALINEA algorithm. In the first case,
to produce the same result in the TraCI example, floating car data has
to be manually processed, and many more calls to a separate plotting
package, Matplotlib, are also required. Both result in a cyclomatic code
complexity 8 times higher. Similarly, in test D, the ramp meter state has
to be manually tracked and its input collected and aggregated over the
control interval. Cyclomatic complexity is, therefore, 3.7 times higher
using standard TraCl and the implementation required slightly over
double the lines of code than with TUD-SUMO. This demonstrates how
TUD-SUMO minimises code without limiting capability, here replacing
several TraClI calls and lines of simulation management with individual
powerful functions listed in Table 1.

Then, whilst peak memory utilisation with TUD-SUMO is 4% and
80% higher in tests A and B, respectively, it is around 25% lower for tests
C-E. From this, we can see in simple use cases that TUD-SUMO is less
memory efficient, particularly in test B, where floating car data needs
to be specifically processed on request from tracked edge data. Yet, in
more complex scenarios, TUD-SUMO has a lower peak memory utilisa-
tion, through its efficient data storage and aggregation when performing
more elaborate tasks. As TUD-SUMO only adds functionality on top of
TraCl, it exhibits comparatively longer total runtimes and significantly
higher CPU utilisation. Specifically, as shown in Fig. 4(e)-f, the runtime
for each test was between 1.7 and 3.6 times longer using TUD-SUMO,
and CPU utilisation was mostly between 3.3 and 8.5 times higher. TraCl
is, therefore, more CPU efficient as utilisation only approaches that of
TUD-SUMO in test B, where Matplotlib has to be used to generate a
space-time diagram, as is done in TUD-SUMO. The difference in compu-
tational load is also especially noticeable in test B, where the runtime
increased from 2.2 to 7.9 s due to the aforementioned processing of float-
ing car data. However, this complexity and computational tradeoff is still
within reasonable bounds and is often acceptable in many research and
teaching situations where runtime is not a direct priority. This is also
particularly true as the complexity of the simulated scenario or control
system increases. The tools and endpoints provided by TUD-SUMO are
intended to be significantly flexible and capable of being combined for
use in very niche or technical research problems, meaning that the cor-
responding increase in code complexity should also still be much more
manageable than without TUD-SUMO.
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Descriptions of all functions used within the benchmark tests shown in Listings 1-5.

Test  Function Description

A-E start ()

AE step_through()

A-E end ()

A-E print_summary ()
save_fc_data()
add_tracked_edges ()
save_data()
plot_space_time_diagram()
add_tracked_junctions()
is_running()
get_interval_detector_data()
set_tl_metering_rate()
cause_incident ()

mMOooooonoow

Initialises a SUMO simulation and necessary TUD-SUMO data structures.

Advances the simulation by any number of steps.

Ends the SUMO simulation.

Prints a summary of a simulation, including vehicle statistics and outline of TUD-SUMO objects.
Saves all floating car data from the simulation.

Initialises tracking of more detailed edge-specific data.

Saves all collected data, including step vehicle, detector and trip data.

Plots a space-time diagram using floating-car data from tracked edges.

Initialises tracking of more detailed junction-specific data.

Returns whether the simulation is active, with still vehicles in the network or waiting to be inserted.
Returns aggregated detector data, averaged over a given time interval and/or multiple detectors.
Sets the metering rate for a ramp meter after it is set as a tracked junction.

Simulates an incident by temporarily halting a vehicle on its subsequent edge.

In general, TUD-SUMO can require a much higher level of computa-
tional resources to perform the same task, yet this is somewhat inevitable
as a wrapper that expands upon the functionalities of TraCl. Primarily,
despite the simulation outcome being identical, the design principles be-
hind TUD-SUMO mean that the package defaults to a larger coverage of
high-quality data instead of offloading any tedious data management to
the user. As a result, more computational resources are required in order
to produce a richer and more useful output without harming usability,
particularly as TraCl is still used by TUD-SUMO as the primary method
of interacting with SUMO. This tradeoff is demonstrated in Fig. 5, which
shows how both packages perform in each test across all metrics tested.
The values are normalised using total sum scaling, with lower values
and a smaller overall profile being more favourable. Here, it can be
clearly seen how TUD-SUMO improves upon usability at the cost of
performance for the same task. Importantly, several optimisations are
included to reduce this performance gap, such as toggleable data col-
lection and automatically managing subscriptions, an optional feature
of TraCI that reduces message overhead produced from fetching simu-
lation data. Including modular objects also means that users can choose
to collect useful, yet more case-specific, data only when necessary, such
as tracking vehicle speeds along an edge only when it is relevant to their
work.

TUD-SUMO has been made openly available through GitHub and
PyPI distributions, with its use at TU Delft, at its Transport & Planning
department and DAIMoNDLab research group, steadily growing. For in-
stance, according to PyPI download statistics queried using ‘pypinfo,’
TUD-SUMO was downloaded 778 times in 2024 and 2025, which does
include automated installations. It has also been used in 2 Horizon
Europe projects, DIT4TraM [15,16] and ACUMEN [17]. The initial de-
velopment of TUD-SUMO in April 2023 was motivated by a DIT4TraM

pilot where the algorithm for an adaptive traffic signal controller had
already been largely implemented, yet required integration with a sim-
ulation environment. The algorithm used an auction-based mechanism
for handling cyclist priority in signalised intersections, where their po-
sitions were communicated to a dedicated app and server. As a result
of the system complexity, avoiding dependencies and changes to the
existing codebase was considered important, and TUD-SUMO was a sig-
nificant aid in producing results. Development continued after the pilot
project was completed, leading to the public release of TUD-SUMO at
v3.0.0 in July 2024.

Its successful use in teaching also demonstrates the robustness and
accessibility of the package, as TUD-SUMO is now being used in 2
courses at TU Delft. The courses, with codes CT3505-24 and CIEM6110,
focus on traffic flow theory and traffic management and require traffic
simulation work in assignments or student workshops. Specifically, in
CT3505-24, TUD-SUMO was integrated into a web interface to famil-
iarise students with car-following models and ramp metering systems.
The module is offered to multidisciplinary students with varying levels
of prior knowledge; in this context, TUD-SUMO allowed pupils to fo-
cus on the intended learning outcomes, with minimal time wasted on
coding requirements. In CIEM6110, which involved evaluating the im-
pact of automated vehicle penetration rates, TUD-SUMO was used to
instantiate vehicle classes and easily run and compare multiple simula-
tions with increasing rates through its interface and visualisation tools.
In both cases, the same features designed to support research are also
very advantageous for teaching, where the focus is on understanding
and using traffic control theory rather than managing a simulation.
TUD-SUMO, overall, has been applied in research since the beginning
of its development [18] and is planned for continued use in future
projects.
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TUD-SUMO and Standard TraCl Benchmark Comparison
a) Code Cyclomatic Complexity b) Required Lines of Code
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e) Elapsed Real Time f) Average CPU Utilisation
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Fig. 4. Benchmark comparison of TUD-SUMO against standard TraCI. a) Code cyclomatic complexity, representing the number of paths through the test code. b)
Required lines of code. ¢) Total number of function calls to TraCI or Simulation/Plotter objects. d) Maximum recorded memory usage during execution. e) Elapsed
duration of the test. f) Average CPU utilisation.
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TUD-SUMO and Standard TraCl Benchmark Comparison
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Fig. 5. Benchmark test results, normalised using total sum scaling for easy comparison. a) code cyclomatic complexity (CC). b) required lines of code (LOC). c) total
number of function calls to TraCI or Simulation/Plotter objects. d) maximum recorded memory usage during execution. e) elapsed duration of the test. f) average

CPU utilisation.

5. Conclusions

We presented TUD-SUMO, a wrapper for the traffic simulation
software SUMO, that is specifically designed to accelerate the use of mi-
croscopic traffic simulation in both research and teaching applications.
SUMO is a powerful tool that is very commonly used in the transporta-
tion research field, yet it has a steep learning curve, and its use can often
require significant implementation time and programming. TUD-SUMO
instead aims to streamline this process. This is achieved through a sim-
plified interface for interacting with SUMO using its API, TraCl, adding
several automation and quality-of-life features, such as automatic data
collection, events and visualisation tools. As demonstrated, whilst TUD-
SUMO introduces additional computational load, it is proven effective
in reducing user complexity for a given modelling and simulation task.
For example, in the more complex benchmark tests, the required lines of
code were approximately 50% lower when using TUD-SUMO in compar-
ison to standard TraCl, whilst runtime increased by a factor of 1.7-3.6.
This tradeoff is inevitable; however, its success in research and teaching
projects demonstrates that TUD-SUMO is a very effective tool for facili-
tating the use of microscopic traffic simulation in cases where simulation
management is not a priority.

The design of TUD-SUMO is intended to be modular, so it can be
easily maintained and extended. This could include features such as an
interface for greater control of public transport or improved scenario
creation tools with the ability to procedurally generate scenarios based
on real-world data.
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