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This paper describes the implementation and evaluation of maneuver coordination between normal vehicles,

public transport vehicles, and emergency vehicles on the road. An implicit coordination method based on
the exchange of the maneuver coordination message (MCM) is investigated. Different use cases of non-
trivial traffic situations are defined, and experiments with real vehicles are conducted. In addition, the special
challenges posed by the use of different automation stacks in the vehicles participating in the experiments are
discussed. The evaluation of the experiments shows the effectiveness of the method for the coordination of
traffic in case of conflicts between the planned trajectories of different vehicles and vehicle types. The results
are interpreted as a proof of concept with further research required.

1 INTRODUCTION

While automated driving has made significant ad-
vancements in recent years, with commercial services
already available in certain areas, there are still many
challenges to be solved to facilitate automation in a
variety of situations. Many of these situations can
be solved or handled more efficiently with vehicular
communication.

Vehicular communication is a robust technology
that is standardized by international bodies to fa-
cilitate cooperation between different manufactur-
ers. Large field tests have assessed this technology,
demonstrating its effectiveness for real-time commu-
nication between vehicles (Stiibing et al., 2010). The
integration of vehicular communication into auto-
mated vehicles facilitates the development of Cooper-
ative, Connected, and Automated Mobility (CCAM)
functions.

In particular, maneuver coordination for coopera-
tive maneuvers has the potential to increase the Op-
erational Design Domains (ODDs) (Mehlhorn et al.,
2023) of automated vehicles. The focus of the paper

at hand is on the interaction and conflict resolution
between road vehicles of different types, like emer-
gency vehicles, public transport, and normal passen-
ger cars. The goal is to find and prove a concept
that enables special vehicles to move through traffic
quickly, facilitated by cooperative capabilities. The
research leading to the results in this paper is part
of the KIS’M project, which was conducted in co-
operation by multiple partners. This allowed for in-
vestigating the challenges posed by the maneuver co-
ordination of vehicles that use different automation
stacks for the driving task. To examine the viability
of the concept, tests in an enclosed environment have
been performed. Moreover, a public demonstration
was conducted to show the stability of the developed
system.

The remainder of this paper is organized as fol-
lows: In Sec. 2, important parts of the related work
are described. Sec. 3 and Sec. 4 describe the use cases
researched in this paper and the applied approach on
maneuver coordination. The experimental setup is ex-
plained in Sec. 5. An evaluation of the experiments is
given in Sec. 6, followed by a conclusion in Sec. 7.



2 RELATED WORK

CCAM functions can be distinguished into implicit,
explicit, and collaborative functions (Sawade and
Radusch, 2015). While implicit functions in princi-
ple can work without communication and extend their
functionality with generic Vehicular-to-Everything
(V2X) messages, explicit functions rely on the recep-
tion of specific messages. Moreover, collaborative
functions require communication exchange to orga-
nize maneuvers between multiple vehicles.

An example of an implicit function is Cooperative
Adaptive Cruise Control (CACC). The project iKoPA
in Germany (Vogt et al., 2017) developed a cooper-
ation platform for electric automated vehicles. It in-
tegrated different communication means with a refer-
ence system architecture for driver assistance systems
to support highly automated driving maneuvers. In
iKoPA, a CACC function is implemented (Schaeufele
et al., 2017) that uses additional maneuver coordi-
nation between vehicles to organize the following of
various vehicles. Therefore, this implementation can
be considered as a collaborative function.

The European H2020 project TransAID (Transi-
tion Areas for Infrastructure-Assisted Driving) dealt
with the handling of automated vehicles when they
approach their ODD limits due to localized issues.
One finding of the project is that maneuver coordi-
nation using ITS-G5 V2V messages can drastically
improve such situations, leading to less congestion
and a higher throughput. Specifically, the maneuvers
could be coordinated by roadside infrastructure for
traffic management using an RSU for local communi-
cation. The project at that time implemented the early
drafts of the ETSI Maneuver Coordination Message
(MCM) (Schindler et al., 2021) and proposed several
extensions for it, mostly regarding RSU support. In
the KIS’M project, the MCM was used as a base for
maneuver coordination, extending the research per-
formed in TransAID.

The Car 2 Car Communication Consortium (C2C-
CC) provides an overview of cooperative driving ma-
neuvers in a white paper (C2C-CC, 2023). There, dif-
ferent use cases, categorized by the applied cooper-
ation technology, e.g., intention sharing or collective
perception, are explained. The document also shows
the use case implementations realized in various re-
search projects.

A different approach to prioritization for emer-
gency vehicles, implemented in the TEAM project,
is shown in (Sawade et al., 2016). In this system, a
traffic light receives CAM messages from an emer-
gency vehicle on duty, i.e., with the light bars and
siren turned on. As this is signaled in the CAM mes-

sages, the traffic light can adapt its behavior to give
way to the emergency vehicle. As in our approach, no
explicit negotiation of behavior adaptation between
vehicles is implemented.

The TEAM project features several further coop-
erative use cases, including CACC and Collaborative
Driving and Merging (CDM) (Bellotti et al., 2018).
The applications are all based on a common V2X
architecture. This paper presents a user experience
study conducted in five different countries. The ve-
hicles provide different levels of automation. For the
user study, the vehicles are equipped with an on-board
HMI on a tablet device. While some use cases are also
implemented as implicit functions, more complex use
cases use a central station.

Another cooperative maneuver from the IMAG-
inE project is presented in (Eiermann et al., 2020).
The authors present a merging maneuver in a high-
way scenario. While in our approach, the merging of
a bus is facilitated by exchanging trajectories and tak-
ing them into account for behavior planning, in (Eier-
mann et al., 2020), the vehicles use a role-based ap-
proach that defines their behavior.

An application of Large Language Models
(LLMs) to cooperative driving maneuvers is proposed
in (Fang et al., 2025). While each vehicle performs its
own reasoning, a centralized instance is required for
conflict resolution. The experiments are conducted
in simulation and are based on GPT-40 mini. For
safety reasons, the central instance carries out rule-
based checks before making a decision. Additionally,
a memory database is used to store successful maneu-
vers and prompts for the LLM are generated with the
help of the memory database.

In (Mertens et al., 2020), the authors examine sit-
uations in which cooperation between vehicles is nec-
essary or beneficial and compare the cases of human-
driven and automated vehicles. They analyze differ-
ent behavior models and refer to concepts from game
theory, such as situations in which an optimal solu-
tion can only be found through cooperation. In ad-
dition, they conduct a categorization of cooperative
maneuvers in centralized planning and decentralized
planning with and without coordination.

Besides the work presented in this paper, the
KIS’M project includes several other cooperative use
cases (Kwella et al., 2024). One implemented ap-
plication is Collective Perception, which increases
the field of view of automated vehicles in situations
where traffic participants may be occluded, utilizing
Collective Perception Messages (CPMs). Further-
more, CPMs are applied to improve the localization of
vehicles with a Cooperative Simultaneous Localiza-
tion and Mapping (C-SLAM) algorithm by exchang-



ing static structures, such as poles, to increase the in-
formation for the SLAM (Cao et al., 2023). Addition-
ally, cooperative traffic control is investigated with a
system for prioritizing emergency vehicles at traffic
lights. Similarly to (Sawade et al., 2016), in the sys-
tem of the KIS’M project, the traffic light gives way
for the emergency vehicles.

3 USE CASES

In the project KIS’M, two different use cases of ma-
neuver coordination are investigated. The first use
case is related to the prioritization of public transport
vehicles on the road, i.e., giving the right of way to
buses. The second use case considers the necessities
of public authority vehicles, such as ambulances or
police cars, to reach their destinations in a short time.
This use case is divided into two sub-use cases de-
pending on the direction of approach of the public au-
thority vehicle.

An illustration of the first use case can be seen
in Figure 1. The bus has the intention of leaving the
bay at the bus stop to merge into the through lane.
Therefore, for ordinary cars, it sets its left indicator
signal. From behind, the white vehicle approaches
on the through lane. According to the legislation in
many countries, the bus as a public transport vehicle
has priority in this situation. Thus, the white car must
give way to the bus, e.g., by reducing its speed or by
changing to an adjacent lane. For maneuver coordina-
tion, the bus shares its intended trajectory, indicated
in blue in Figure 1. This can support automated vehi-
cles, as the indicator signal might be difficult to rec-
ognize with sensors or even obstructed by other vehi-
cles. Moreover, the sent trajectory contains additional
information, i.e., the exact planned path and timing of
the bus. The receiving white car can then adjust its
planned trajectory accordingly. As the bus sends its
trajectory, the approaching car has knowledge about
the future behavior of the bus.

The second use case under consideration, prioriti-
zation of emergency vehicles, has two different vari-
ants. The first option is shown in Figure 2. Here
an emergency vehicle in operation, e.g., with siren
and light bar turned on, is approaching the white car
from behind, as can be seen in Figure 2a. The car
here is obliged to move aside to allow the emergency
vehicle to overtake. This maneuver is depicted in
Figure 2b. While human drivers react to the siren
and the blue light of the emergency vehicle, the con-
nected automated vehicle can take advantage of ad-
ditional information, as the planned motion of other
vehicles is challenging for automated vehicles to es-

timate. Therefore, the emergency vehicle sends its
intended trajectory, as shown in Figure 2b in a Ma-
neuver Coordination Message (MCM). Moreover, in
CAM messages, it sends its station type, i.e., emer-
gency vehicle, and the activated status of the siren and
the light bar. Thereby, the white vehicle is aware of
the approaching emergency vehicle and its intended
trajectory and can adjust its own planned maneuver
accordingly. These signals are usually only sent out
when the siren and blue light are active.

In the second variation of the emergency vehicle
prioritization, the emergency vehicle is approaching
from the side, e.g., from the right side as Figure 3
shows. Similar to the previous variant, the car must
give way to the emergency vehicle. Again, the emer-
gency vehicle sends its role and its intended trajectory.
As in the bus use case, the white vehicle here reacts
by slowing down. Thereby, the emergency vehicle is
able to cross the intersection without any interference.

For demonstration purposes, both use cases are
combined into a single scenario to present the results
at the project’s final event. Figure 4 depicts the ini-
tial positions for vehicle A (FOKUS/DCAITI, repre-
senting a public transport bus) and vehicle B (DLR,
representing common traffic). A third car (vehicle
C, by FUB, representing an emergency vehicle) is
approaching from the right. Desired trajectories are
shown in yellow and planned trajectories in green.
Figure 5 is a photograph of the actual scenario. In
Figure 6 and Figure 7, it is shown how the demon-
stration scenario proceeds.

4 MANEUVER COORDINATION

The focus of research presented in the project is co-
ordination of maneuvers of automated vehicles. The
vehicles each have their own automated driving stack
implementation, but with a common interface to share
enough planned trajectory data to enable maneuver

Figure 1: Use case 1: Prioritization of public transport.



(a) Emergency vehicle approaching

(b) Emergency vehicle overtaking

Figure 2: Use case 2: Prioritization of emergency vehicle from behind.

coordination. While the MCM, in the version used
in the project, offers a data field to explicitly commu-
nicate which trajectories of other participants are ob-
served in the planning of the trajectories being com-
municated in each message, it is not used at all during
the project. Instead, the effectiveness and efficiency
of implicit maneuver coordination is investigated as
one of the internal goals set by the project partners.
The MCM contains fields for the sending of the cur-
rently planned trajectory as well as the desired trajec-
tory of the sending vehicles. A trajectory in the MCM
is coded with a starting point and orientation and a set
of relative coordinates referencing this point, together
with a time specification.

Implicit maneuver coordination in the context of
this paper is the act of each autonomous agent in-
corporating the trajectories of surrounding traffic par-
ticipants, as communicated through the MCM, and
adjusting its planning accordingly. One example is
speeding up or slowing down to accommodate a de-
sired trajectory of another agent to merge into the
same lane. For these kinds of scenarios, maneuver co-

Figure 3: Use case 2: Prioritization of emergency vehicle
from the side.

ordination supports automated vehicles for more effi-
cient control. In this coordination scheme, no arbiter
of conflicting plans exists and no hard guarantees are
given. This implies that not all situations can be re-
solved reliably. For instance, in the previous exam-
ple of an agent slowing down to allow another agent
to merge on the same lane, if there is one merging
agent on either side of the lane vying for the same gap,
they would end up in a deadlock. As these decisions
happen in terms of milliseconds, they can be solved
in a new round of implicit coordination, in which ei-
ther vehicle might plan a different path, e.g., continue
straight instead of merging into a gap. However, de-
cisions must always rely on a safety function, as not
all vehicles are equipped with V2X. With regard to
potential V2X failures, it is also essential that all ve-
hicles have their own sensors and can execute fail-safe
maneuvers based solely on the data of their local sen-
SOrS.

Another aspect of the implicit maneuver coordi-
nation scheme is the question of altruism. When does
an agent give way to another? There is a spectrum be-
tween always naively incorporating other agents’ de-
sired trajectories into planning and never doing it. The
first case might lead to traffic that is not improved, as
it is aimed at by introducing cooperativeness due to
the agents constantly slowing down for others. The
other end of the spectrum would simply be no coordi-
nation.

In the realized implementation, only special vehi-
cles are considered, either by their function (for exam-
ple, public transport or fire trucks) or indirectly, as ve-
hicles that yield to them (special-by-proxy). To iden-
tify special vehicles, the CAM message’s vehicle type
field can be used. A special-by-proxy vehicle needs to
be identified based on MCMs of the respective agents,
which might not always be possible. While the imple-
mentation of the KIS’M project does not address the



h
Figure 4: Initial positions of automated vehicles in the com-
bined demo scenario, planned trajectory in green, desired

trajectory in yellow and elevated above ground, longitudi-
nal axis scaled down.

Figure 5: Demonstration of the combined scenario in action
at the final event.

identification of a special-by-proxy vehicle, it could
be detected during the further maneuver execution.

S EXPERIMENTAL SETUP

As the project partners develop their own systems,
three different implementations exist for the driv-
ing automation software. This heterogeneous setup
demonstrates the interoperability of the maneuver co-
ordination approach with MCMs. While the gener-
ation of MCMs and their processing are different in
each vehicle, the message definition provides a com-
mon interface for cooperation. The maneuver adap-
tations of the vehicles’ path planners include the in-
formation from the MCMs. The MCM specification
(Schindler et al., 2021) defines the content of the mes-
sage fields, e.g., the trajectory, and the reference co-
ordinate system. However, the correct semantics is
not specified for all fields, e.g., the length of the tra-
jectories in the messages and the distance between
points. The project partners thus agreed on a speed-
based length of the trajectories with uniform distance
between each point. In the following, the different
automation stacks are described, and some details are
shared to show the differences between the systems.
A practical implementation of V2X-enabled co-
operative maneuver coordination is realized by Freie
Universitdt Berlin (FUB) using an automated VW
Passat equipped with cameras, LiDAR, and radar sen-
sors. V2X communication is facilitated by a Cohda

|

Figure 6: Emergency vehicle in red induced the green vehi-
cle to change lanes, green vehicle observes desired trajec-
tory from public transport vehicle.

Wireless device, which supports both the reception
and transmission of MCMs.

The V2X data is integrated into the vehicle’s
software stack via ROS2, where it is processed by
the obstacle prediction system. This system gener-
ates bounding boxes and predicted trajectories based
on MCM content, which are then fused with con-
ventional obstacle information derived from LiDAR.
The resulting predicted obstacle information is uti-
lized by the path planner, which dynamically adjusts
its behavior—such as yielding or asserting right of
way—according to the current MCM operation mode.
The planner subsequently generates both a desired
and a planned trajectory, which are communicated
back to nearby vehicles and infrastructure via V2X,
closing the cooperative loop.

The trajectory planner dynamically fuses obsta-
cle predictions derived from MCM data with tradi-
tional sensor perceptions to generate a collision-free
desired trajectory. During normal operation, it re-
spects all communicated trajectories by maintaining
a spatiotemporal safety margin around MCM-defined
corridors and predicted object paths. This dual-input
system enables cooperative negotiation through suc-
cessive MCM exchanges, where vehicles iteratively
adjust planned trajectories based on neighbors’ de-
sired paths. In prioritization mode (e.g., emergency
vehicle right-of-way), the planner temporarily sus-
pends collision checks for specific MCM-flagged ob-
stacles while maintaining physical safety margins.
This operational override allows uninterrupted trajec-
tory execution through coordinated zones, with ve-
hicles broadcasting their prioritization status and in-
tended path via MCM messages.

The planner constructs desired trajectories as
timestamped 3D point sequences, with individual
points spaced at 100ms intervals across a 10s or
100 m horizon. Each point contains positional co-
ordinates, velocity, and curvature parameters derived
from vehicle dynamics constraints. Due to MCM pro-
tocol limitations permitting a maximum of 30 trajec-
tory points per message, a resampling algorithm con-
verts the original trajectory into a compressed repre-
sentation. Final trajectory messages are broadcast via
the Cohda V2X subsystem at 10 Hz update rates.

The project partner DLR uses their Open Source
automated driving stack ADORe (Eclipse Automated
Driving Open Research, ) in its original ROS1 version
(an updated version based on ROS2 has since been

Figure 7: Emergency vehicle passed, green vehicle still ob-
serves desired trajectory and therefore changes lanes back.



released (Maarssoe et al., 2025)). To translate the in-
formation from the MCM message into data usable
during trajectory planning, the following approach is
used. The received trajectories are sub-sampled and
converted into occupancy cylinders. This mathemati-
cal structure represents the occupancy of a traffic par-
ticipant as one or many circles in two space dimen-
sions and the time span, in which the circle is con-
sidered as occupied, as the height above ground - in
a mathematically idealized model without elevations.
The circle and the heights combined represent a cylin-
der, hence the name occupancy cylinders. These are
used as predictions into the future for when a certain
space cannot be occupied by the ego vehicle, which
leads to natural constraints for trajectory planning.
Figure 8 and Figure 9 show the circle representation.

Fraunhofer FOKUS and DCAITI created a joint
vehicle system for the cooperative maneuver coordi-
nation. While the vehicle and the additional hardware
for automation are provided by FOKUS, the software
for communication and automated driving is imple-
mented by DCAITI. The system developed for the
maneuver coordination is based on the Automated
Driving System described in (Kouril et al., 2024).

For automation of the vehicle, it is equipped with
a Schaeffler Paravan Drive-by-Wire system (Unseld,
2020) to control the steering angle and acceleration
or deceleration of the vehicle. The software frame-
work is implemented with ROS2 as well. The vehi-
cle plans its path with the help of an occupancy map
with integrated lane information. The sensor system
of the vehicle, comprising LiDAR and camera sen-
sors, additionally gives information about obstacles,
which are collected in an environment model. The
trajectory planning avoids these obstacles when gen-
erating the path for the vehicle. This intended path is
distributed with MCMs via V2X.

Upon reception of an MCM message, a process

containing multiple steps is started. First of all, it
is checked whether the desired trajectory from the
MCM lies within a corridor around the planned trajec-
tory of the vehicle. If this is the case, a time check is
performed. As both trajectories contain timestamps,
those of the intersecting parts are compared. If they
are too close to each other, the paths are considered as
conflicting. The threshold for this time comparison is
dependent on the vehicle speed. As soon as a conflict
is recognized, the first intersection point is inserted
as an additional obstacle in the environment model.
The vehicle then plans a new trajectory considering
the information from the MCM to aim for a safe path
avoiding conflicts.

6 EVALUATION

The tests and evaluation for the cooperative maneu-
vers were conducted on the Berlin Urban Tech Re-
public. During these tests, a high reliability of the
system could be reached. This allowed us to use the
system for a public demonstration of the implementa-
tion with passengers on board on the test site.

The correctness and reliability of the cooperative
maneuvers can only be shown qualitatively. However,
for evaluation purposes, the delay of messages was
measured between two vehicle OBUs, as the latency
is a critical factor for the execution of maneuvers. The
devices used for the measurements were Cohda MKS5
OBUs, which were connected to a consumer-grade
laptop for data recording. In order to avoid possible
time synchronization errors, the messages are relayed
on the receiving car back to the sender device. As
the measured duration of signal propagation is con-
stant, the roundtrip time can be measured and divided
by two afterwards. The test scenario includes a ve-

Figure 8: Trajectory not matching the lane due to bad initial reference orientation from red agent as interpreted from ego

vehicle (blue).

Figure 9: Correct reference orientation results in better trajectory alignment.



hicle approaching the maneuver zone from a distance
of approximately 100 m along a straight path. This
setup represents both the emergency vehicle and pub-
lic transport use cases, in which one vehicle is ap-
proaching while reducing the distance.

The results from the measurements are depicted in
Figure 10. The Euclidean distance of the approaching
vehicle to the other device is indicated by the black
line. The latency, represented by the blue marks, lies
mostly well below 40ms. Few outliers are in the
range between 80 ms and 100 ms, while the median
is approximately around 20 ms, which is sufficient for
similar cooperative maneuvers, such as cooperative
lane change (Bai et al., 2020).

While it is shown during the tests that implicit ma-
neuver coordination with the MCM is functional, a
few hurdles showed up, which can only be described
qualitatively. To reach the stability of the system to al-
low for passenger demonstrations, each project part-
ner assured the robustness of the maneuvers in their
respective automated driving stacks. Even though this
could not be quantitatively measured, the demonstra-
tion of the maneuver coordination with passengers
over several hours shows that the implementations
work in practice.

A critical part is the very high sensitivity to minor
inaccuracies in the vehicle orientation at the commu-
nicated reference vehicle position on long, i.e., fast,
trajectories. The desired trajectory of a fast-moving
emergency vehicle might not properly overlay the
lane of an agent if the initial orientation is slightly
offset, as illustrated in Figure 8 and Figure 9. High
precision positioning and using map matching are re-
quired to have correct orientation information.

7 CONCLUSION

The research presented in this paper targets the ma-
neuver coordination between special vehicles like
public transport and emergency vehicles and nor-
mal vehicles. The maneuver coordination message
(MCM) has been used to establish a communica-
tion link between the participants in a traffic situation
to achieve efficient information sharing and effective
conflict resolution. For the main experiment, which
was also presented live to a broad specialist audience,
a non-trivial traffic situation was conducted involv-
ing both a local public transport vehicle and an emer-
gency vehicle with special privileges in traffic. The
partners involved use completely different automation
stacks to operate the automated vehicles, thereby in-
creasing the complexity of the scenario.

As the evaluation shows, the maneuver coordina-
tion method appears to be well suited to effectively
and safely solve the scenarios in the tested conditions
and to enable the special vehicles to move fast through
the traffic. The overall behavior of traffic partici-
pants emerges from implicit maneuver coordination
and needs no arbiter. Whilst the methodology is very
general in order to achieve broad applicability, further
research needs to investigate the actual practicality in
more use cases.

While the evaluation shows the viability of the
concept, more tests can be performed in a larger field
test including more vehicles. These tests could also
investigate the benefits of maneuver coordination for
traffic and safety. Furthermore, tests with more ve-
hicles can be conducted to examine the scalability of
the concept. The experiments for the scenarios were
conducted in a controlled environment. For driving
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on public roads, security aspects must be considered
as well (Kumar and Singh, 2023).
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