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Abstract— Scenarios are a crucial element for developing,
testing, and verifying autonomous driving systems. However,
open-source scenarios are often formulated using different ter-
minologies. This limits their usage across different applications
as many scenario representation formats are not directly com-
patible with each other. To address this problem, we present the
first open-source converter from the OpenSCENARIO format
to the CommonRoad format, which are two of the most popular
scenario formats used in autonomous driving. Our converter
employs a simulation tool to execute the dynamic elements
defined by OpenSCENARIO. The converter is available at
commonroad.in.tum.de and we demonstrate its usefulness by
converting publicly available scenarios in the OpenSCENARIO
format and evaluating them using CommonRoad tools.

I. INTRODUCTION
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Scenarios play a significant role in the development,
testing, and validation of autonomous driving systems [1].
However, there is a shortage of both open-source and
commonly-used scenarios. Various representation formats for
scenarios are supported by different applications, depending
on their specific purposes. For example, OpenSCENARIO1

employs a logical scenario description that consists of a
parameterized set of variables. Instead, CommonRoad [2]
describes concrete scenarios that are instances of a logical
scenario with fixed parameters. For this reason, a converter
between different formats is desired to promote the exchange
and usability of scenarios. In this work, we present the
first openly accessible converter from OpenSCENARIO to
CommonRoad, two widely-used formats in the field of
autonomous driving [3].

A. Related Work

Next, we review different scenario formats and the works
that use them, followed by discussing their capabilities.

a) CommonRoad: CommonRoad scenarios are repre-
sented as XML files containing a detailed description of
the road network, traffic participant movements, and vehicle
planning problems. To facilitate benchmarking of motion
planning on roads, CommonRoad provides a range of ve-
hicle models and cost functions. To enable the use of
more diverse and realistic scenarios, CommonRoad provides
dataset converters2 to convert real-world data from various
sources, such as drones [4]–[9], onboard sensors [10], and
infrastructure [11], into a unified representation. One can also
create handcrafted or generate safety-critical traffic scenarios
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based on that data [12]–[14]. In addition, CommonRoad can
be coupled with other simulation software platforms such
as SUMO [15] and Apollo [16] to test motion planning
algorithms in interactive driving environments. The suite of
open-source tools provided by CommonRoad is extensive
and robust, featuring a drivability checker [17], a set-based
predictor [18], a reachability analyzer [19], and a criticality
estimator [20]. These tools are designed to be effective and
user-friendly in evaluating scenarios, making them a conve-
nient option for various applications. For instance, safe, ethi-
cal, and robust motion planning algorithms are benchmarked
using CommonRoad scenarios in [21]–[24]. The authors
in [25]–[27] utilize CommonRoad tools to demonstrate the
game-theoretic aspects of autonomous vehicles. Furthermore,
CommonRoad paves the way to use advanced algorithms
to facilitate motion planning, such as reinforcement learn-
ing [28], [29] and geometric deep learning [30].

b) ASAM OpenX: ASAM3 is a standardization orga-
nization that defines open file formats (aka OpenX) for
autonomous driving and traffic simulation. OpenSCENARIO
specifies the dynamic aspects of the environment, while
OpenDRIVE4 and OpenCRG5 define the static elements
such as road networks. Additionally, the Open Simulation
Interface6 (OSI) is regarded as a standardized interface that
provides easy and straightforward compatibility between dif-
ferent simulation platforms. There exist several tools publicly
available for generating OpenSCENARIO and OpenDRIVE
files, such as Open Scenario Editor7, scenariogeneration8,
and MATLAB RoadRunner9. For testing and validating
autonomous vehicles, OpenSCENARIO can be utilized in
simulation platforms like openPASS [31], esmini10, and
CARLA [32] to execute complex traffic scenarios [33]–[36].

c) Other Scenario Formats: GeoScenario [37] is a
domain-specific language akin to OpenSCENARIO, de-
signed for constructing test scenarios. Based on perception
systems, the authors in [38] develop the tool Scenic that
defines scenarios as a distribution over configurations of
obstacles. Several additional scenario formats are developed
to cater to diverse use cases. Examples of such formats
include SceML [39], SDL [40], ADSML [41], Paracosm
[42], and MetaScenario [43], among others.

3https://www.asam.net
4https://www.asam.net/standards/detail/opendrive/
5https://www.asam.net/standards/detail/opencrg/
6https://www.asam.net/standards/detail/osi/
7https://github.com/ebadi/OpenScenarioEditor
8https://github.com/pyoscx/scenariogeneration
9https://mathworks.com/products/roadrunner.html

10https://github.com/esmini/esmini

https://commonroad.in.tum.de/
https://www.asam.net/standards/detail/openscenario/
https://commonroad.in.tum.de/tools/dataset-converters
https://www.asam.net
https://www.asam.net/standards/detail/opendrive/
https://www.asam.net/standards/detail/opencrg/
https://www.asam.net/standards/detail/osi/
https://github.com/ebadi/OpenScenarioEditor
https://github.com/pyoscx/scenariogeneration
https://mathworks.com/products/roadrunner.html
https://github.com/esmini/esmini


B. Contributions

In our previous work [44], we developed a map converter
from the OpenDRIVE format to lanelets [45]. Lanelets are
used by CommonRoad to describe the road geometry. We
substantially extend this conversion by encoding the dynamic
elements of a scenario specified by OpenSCENARIO. Our
converter is expected to be valuable to academic groups
and industry professionals alike, given the vast number of
openly accessible scenarios available in the CommonRoad
and OpenSCENARIO formats.

The paper is structured as follows: Sec. II provides a de-
tailed explanation of the scenario conversion from OpenSCE-
NARIO to CommonRoad, further elucidated with numerical
examples in Sec. III. The conclusion is in Sec. IV.

II. CONVERSION FROM OPENSCENARIO TO
COMMONROAD

Both OpenSCENARIO and CommonRoad offer freely
available scenarios that can be easily customized and adapted
as required. These scenarios are structured hierarchically but
with different terminologies. This section concisely presents
the conversion of logical scenarios from the OpenSCE-
NARIO format to concrete CommonRoad scenarios. This is
presented after a brief introduction of both formats, includ-
ing an outline of their differences, followed by a detailed
description of the conversion process.

A. OpenSCENARIO Format

The architecture of the OpenSCENARIO v1.2.0 for-
mat is presented in Fig. 1 as a unified modeling lan-
guage (UML) class diagram. The header information for
the scenario is contained in the module FileHeader.
The class ScenarioDefinition groups the road net-
work (class RoadNetwork), the configuration of obstacles
(class Entity), and the container for the dynamic con-
tent (class StoryBoard). The StoryBoard is a core
module of OpenSCENARIO as it specifies the temporal
sequence of traffic situations and their triggers (class Init,
StartTrigger, and StopTrigger) hierarchically into
Story, Act, Maneuver, Event, and Action.
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Fig. 1: UML class diagram of the OpenSCENARIO format. For brevity, we
omit the nonessential classes such as those related to parameters.
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(b) CommonRoad. The snapshots show the inside view of the vehicle, which
is generated by esmini from the OpenSCENARIO file.

Fig. 2: Exemplary overtaking scenario.

Running example: In the scenario11 in Fig. 2a, an over-
taking Story is specified in the Storyboard. To achieve
the overtaking task, two instances of the class Event are
specified in a single Maneuver object: turn left and turn
right. For the first event, vehicle A executes the Action of a
lane change to the left when the relative longitudinal distance
between the two vehicles falls below 20m. For the second
event, vehicle A is allowed to perform the lane change to
the right when vehicle B is 10m ahead of vehicle A and the
time elapsed since the last event is longer than 5s.

B. CommonRoad Format

We present the UML class diagram of the Common-
Road v2023.2 format in Fig. 3. CommonRoad speci-
fies a scenario (class Scenario) with a network of
lanenets (class LaneletNetwork), one or several plan-
ning problems (class PlanningProblem), and obsta-
cles (class Obstacle). Obstacles are characterized by
their role, type (e.g., static or dynamic), shape, and ini-
tial state (class State). For dynamic obstacles (class
DynamicObstacle), their movement over time is spec-
ified by trajectories (class Trajectory) that are a list
of states, occupancy sets, or probability distributions. For
motion planning, each ego vehicle, i.e., the vehicle to be
controlled, has an initial state and one or several goal states
(class Goal), which are described in the planning problem.

Running example: An overtaking scenario in Common-
Road format is shown in Fig. 2b. We can observe from the
trajectories of both vehicles that vehicle A first changes its
lane to the left of vehicle B and then returns to its initial lane.
Assuming that vehicle A is the ego vehicle, one can model a
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Fig. 3: UML class diagram of the CommonRoad format. Details of child
elements are omitted for clarity.
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Algorithm 1 OPENSCENARIOTOCOMMONROAD . See Sec. II-D
Input: Scenario in the OpenSCENARIO format (denoted as OpenSCENARIO)
Output: Scenario in the CommonRoad format

1: lanelet network: LaneletNetwork ← CONVERTOPENDRIVETOLANELETS(OpenSCENARIO.OpenDRIVE) . See [44, Alg. 1]
2: obstacles: List[Obstacle] ← simulator.SIMULATE(OpenSCENARIO)
3: scenario: Scenario ← BUILDSCENARIO(obstacles, lanelet network)
4: ego vehicle: Obstacle ← FINDEGOVEHICLE(obstacles)
5: scenario.planning problem: PlanningProblem ← BUILDPLANNINGPROBLEM(ego vehicle) . initial state and goal
6: return WRITETOXMLFILE(scenario)

PlanningProblem instance by combining its initial state
and intermediate goals that are automatically or manually
constructed.

C. OpenSCENARIO vs. CommonRoad

Both OpenSCENARIO and CommonRoad cover the de-
sign and implementation of a traffic scenario, i.e., what
should happen and when it is executed. To simulate the
Storyboard (cf. Fig. 1), OpenSCENARIO requires a
director and a simulator core to govern the progress and
execute control strategies based on the description. Thus, one
cannot easily know how the scenario would look like unless
simulating the traffic subject to OpenSCENARIO constraints.
Moreover, different vehicle models, control strategies, and
computer hardware can all contribute to varying traffic in-
teractions within the simulation. In contrast, CommonRoad
offers two ways to represent scenarios. The first option
offers recordings of traffic situations, while the second option
offers interactive simulations, i.e., other traffic participants
react to the behavior of the ego vehicle through coupling
with traffic simulators, such as SUMO [15]. On the other
hand, OpenSCENARIO itself does not include driver models,
vehicle dynamics, and cost functions as in CommonRoad,
which currently limits its usage for many applications.

D. Implementation

The implementation of our OpenSCENARIO to Common-
Road converter is presented in Alg. 1. We begin by creating
a lanelet network (see line 1) based on the OpenDRIVE
file associated with OpenSCENARIO. This is accomplished
by calling CONVERTOPENDRIVETOLANELETS described in
[44, Alg. 1]. Afterwards, a simulation core is used, as
described in detail later, to obtain trajectories of all simu-
lated obstacles (see line 2). Then we build a CommonRoad
scenario by aggregating the lanelet network and the obstacles
(see line 3). To construct the planning problem, we either em-
ploy the predefined ego vehicle in OpenSCENARIO or allow
the user to select a vehicle as the ego vehicle (see line 4). In
line 5, the planning problem is formulated, e.g., based on the
trajectory of the ego vehicle or the scenario descriptions. The
conversion ends with writing the CommonRoad scenario in
an XML file (see line 6).

To orchestrate and execute the dynamic elements defined
by OpenSCENARIO (cf. Sec. II-C), we utilize esmini as the
simulator in line 2 of Alg. 1 because:

1) reusing mature software reduces the complexity of the
software structure and modularizes the framework;

2) esmini is more lightweight compared to, e.g., CARLA,
yet has relatively high OpenSCENARIO coverage;

3) esmini has an interface for SUMO vehicle controllers
and can send and receive OSI data, providing flexibility
and real-time capabilities for traffic simulation; and

4) esmini provides a Python interface, which aligns with
CommonRoad and many OpenSCENARIO tools.

During the simulation, the states of dynamic obstacles are
collected at each frame in the global coordinate system of the
converted lanelet network. By default, the esmini simulation
ends as soon as all triggered elements (cf. Fig. 1) are
completed. To prevent simulations from running indefinitely
due to the absence of StopTrigger elements, we establish
an upper time limit tmax for the scenario duration. Further-
more, we offer the possibility to increase the interactivity of
the converter through the UDP interface of esmini, which
facilitates the incorporation of external driver models.

After the simulation ends, the esmini Python binding is
used to retrieve the information and states of all scenario

TABLE I: Conversion of obstacles from OpenSCENARIO to CommonRoad.

OpenSCENARIO CommonRoad

Obstacle Type
VEHICLE.CAR, VEHICLE.VAN CAR

VEHICLE.TRUCK, VEHICLE.TRAILER,
VEHICLE.SEMITRAILER

TRUCK

VEHICLE.BUS BUS

VEHICLE.MOTORBIKE MOTOCYCLE

VEHICLE.BICYCLE BICYCLE

VEHICLE.TRAIN, VEHICLE.TRAM TRAIN

PEDESTRIAN PEDESTRIAN

MISC OBJECT.BUILDING BUILDING

MISC OBJECT.TRAFFICISLAND MEDIAN STRIP

MISC OBJECT.STREETLAMP PILLAR

MISC OBJECT.POLE, MISC OBJECT.BARRIER,
MISC OBJECT.RAILING,
MISC OBJECT.SOUNDBARRIER

ROAD BOUNDARY

MISC OBJECT.PATCH CONSTRUCTION ZONE

others UNKNOWN

State
state.timestamp state.time step
[state.x, state.y] state.position
state.h state.orientation
state.speed state.velocity
state.wheelAngle state.steering angle
state.h rate state.yaw rate

Shape
state.length obstacle shape.length
state.width obstacle shape.width



objects and convert them to CommonRoad types. Tab. I
lists the transformation relation from OpenSCENARIO to
CommonRoad obstacles. To match the required time step
size ∆t of the CommonRoad scenario, esmini trajectories
may need to be resampled, e.g., using methods from [16,
Sec. 3.3].

III. NUMERICAL EXPERIMENTS

To demonstrate the usefulness of our converter, we convert
54 openly accessible OpenSCENARIO scenarios from:

I. OpenSCENARIO standard examples,
II. the esmini demonstration package, and

III. automated lane keeping scenarios12.
We exclude OpenSCENARIO files that contain only param-
eter values and allow certain elements to be reusable. All
conversions are performed on a computer with an Intel Core
i7-1165G7 CPU and 16 GB of memory. The parameters for
the converter are listed in Tab. II.

A. Conversion Statistics

The conversion statistics are listed in Tab. II. Our converter
successfully transformed all considered OpenSCENARIO
files with an average conversion time of 31.74s. We observed
that the duration of the simulation closely correlates with the
complexity of the scenario and the map size. As a result, our
converter proves to be an effective tool for converting the
OpenSCENARIO description into the CommonRoad format.

B. Scenario Evaluation on CommonRoad

We demonstrate the practicality of our converter by eval-
uating an OpenSCENARIO scenario13 using CommonRoad
tools. In this scenario, the ego vehicle and a pedestrian fol-
low predefined routes, where the pedestrian jaywalks. Fully
comprehending the scenario based solely on the OpenSCE-
NARIO file is challenging. To obtain a deeper understanding,
we use our converter to simulate the traffic and show the sim-
ulated result in Fig. 4a. Afterwards, we evaluate the scenario
with CommonRoad tools in the following paragraphs:

a) Collision Checking: we use the open-source toolbox
CommonRoad Drivability Checker [17] to check the drivabil-
ity of the trajectory of the ego vehicle. It can be verified that
this trajectory is kinematically feasible; however, it collides
with the pedestrian at 5.5s. The collision occupancies are
highlighted in Fig. 4b.

TABLE II: Settings and conversion statistics for the conversion.

Parameter Value

esmini ∆t 0.01s
CommonRoad ∆t 0.1s

tmax 60s

Source Success Rate Avg. Conversion
Time

Avg. Scenario
Duration

I 100.0% (13/13) 10.68s 53.61s
II 100.0% (26/26) 18.20s 30.96s
III 100.0% (15/15) 66.34s 40.64s

12https://github.com/asam-oss/OSC-ALKS-scenarios
13OpenSCENARIO ID: pedestrian collision

b) Motion Planning: using CommonRoad, motion
planners can be easily benchmarked. As shown in Fig. 4c,
the popular motion planner described in [46] successfully
avoids collision with the pedestrian by maneuvering the ego
vehicle to the left.

c) Criticality Comparison: CommonRoad is also
equipped with various criticality measures through its tool
CommonRoad-CriMe [20], which are designed to objectively
evaluate the safety and threat level of traffic scenarios. As
an example, we use time-to-collision (TTC), worst-time-to-
collision (WTTC), time-to-react (TTR), drivable area (DA),
brake threat number (BTN), and steer threat number (STN)
to evaluate the converted scenario. The curves in Fig. 4d
all show that the scenario is getting more critical over time.
The TTR curve indicates that there are no available evasive
maneuvers to avoid the collision after 4.8s.

d) Safety Verification and Trajectory Repairing: Com-
monRoad offers the tool SPOT [18] to predict the occupancy
set of obstacles based on legal behaviors. With SPOT, we can
safeguard the ego vehicle within a given time interval by
ensuring that the planned trajectory is collision-free against
the predicted occupancy set [21]. As a result, in Fig. 4e,
the ego vehicle is considered legally safe at 2.6s along the
intended trajectory but not at 3.8s, as the latter could pose a
danger to the pedestrian when it is inattentive and jaywalks.
To efficiently ensure safety for the situation at 3.8s, we
employ the trajectory repairing method described in [47]
and [48]. This approach keeps the trajectory before the TTR
unchanged while repairing the remaining part. Thereby the
ego vehicle fully brakes to prevent any potential harm to the
pedestrian.

IV. CONCLUSIONS

This paper introduces the first publicly available converter
from OpenSCENARIO to CommonRoad. By triggering the
dynamic elements defined in OpenSCENARIO, the logical
scenarios are concretized into CommonRoad format, incor-
porating predefined interactions between vehicles. We aim to
foster the development, testing, and validation of autonomous
driving systems by providing an open-source solution for
converting scenarios between different formats. This also
serves to bridge the gap between academia and industry,
thereby promoting the advancement of technology in the field
of autonomous driving.
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