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Abstract—Development of maneuver cooperation strategies is
essential for enhancing traffic safety and efficiency. In a Vehicle-
to-Everything (V2X) ecosystem, Maneuver Coordination Mes-
sages (MCM) allow road users to coordinate trajectory intentions
based on decision-making mechanisms so they can effectively
solve complex interactions such as unsignalized intersection
crossings or lane changes. As these mechanisms are still in
the early stages of development, research continues exploring
their effectiveness and feasibility. In this paper, a Decentralized
Maneuver Coordination Service (D-MCS) implementation is
evaluated in real-world conditions where Vulnerable Road Users
(VRUs) and emergency vehicles are taken into account, assessing
the efficiency of the cooperative algorithm by demonstrating a
reduction in execution time to complete the maneuvers. The
results of the experiments also demonstrate that the proposed D-
MCS achieves a significant reduction in maneuver coordination
time compared to a centralized MCS and improves traffic flow
and VRU safety by allowing vehicles to proactively adjust their
maneuvers.

Index Terms—V2X, Decentralized Maneuver Coordination,
VRU protection, Cooperative Driving, MCM, connected and
automated vehicles.

I. INTRODUCTION

Maneuver coordination through Vehicle-to-Everything
(V2X) communication is a fundamental enabler for the
safe and efficient integration of autonomous vehicles into
traffic. By allowing vehicles to exchange real-time data on
their positions, intended maneuvers, and the surrounding
environment, V2X-based coordination reduces uncertainty
and enhances cooperative decision-making. Various strategies
have been developed to achieve this coordination, ranging
from centralized approaches [1] [2], where a dedicated
infrastructure entity orchestrates vehicle maneuvers, to
decentralized methods [3] [4], where vehicles negotiate and
adapt their actions autonomously.

Recent research in maneuver coordination has primarily fo-
cused on centralized approaches, where a Traffic Management
Center (TMC) or infrastructure-based coordination service
dictates maneuver recommendations based on global traffic
information. Most use cases focus on coordinating traffic lights
and vehicles [5], evaluating various cooperative algorithms
ranging from simpler approaches like speed adjustment to
optimize vehicles maneuvers [6], and using a First-In First-
Scheduled (FIFS) approach to orchestrate incoming vehicles
priorities [1], and complex iterations using optimization-based

or heuristic methods. Some high level infrastructure planners
use Mixed Integer Programming (MIP) problems to coordinate
traffic, or multi-layer perceptrons (MLP) to define a prediction
module trained with real driving data [2]. Most heuristic
methods use Reinforcement Learning (RL) techniques, first,
defining a Markov Decision Process (MDP), and then solve
it with a Graph Neural Network (GNN) and a Twin Delayed
Deep Deterministic Policy Gradient (TD3) [2].

While centralized approaches provide structured coordina-
tion, they introduce challenges including increased commu-
nication latency, dependence on the infrastructure, and bottle-
necks in high-traffic conditions. To overcome these limitations,
decentralized maneuver coordination offers an alternative ap-
proach, enabling vehicles to communicate directly with each
other and negotiate safe trajectories without relying on a
centralized controller at the infrastructure.

Research on decentralized maneuver coordination explores
various use cases, such as lane changes, merging, overtaking,
and intersections. Studies leverage different communication
patterns and maneuver priority assignments to enhance traffic
efficiency and safety. Some works employ autonomous agents
that resolve conflicts by optimizing a total utility function,
often using motion primitives to structure decision-making
[7]. Additionally, recent studies have introduced cooperative
reward-based systems to promote fairness in decentralized
decision-making [3]. These strategies, particularly in lane-
merging scenarios, have been validated through simulations
and real-world track experiments, demonstrating the feasibil-
ity of decentralized coordination. However, research on de-
centralized approaches for unsignalized intersections remains
limited, with most studies relying on theoretical models and
simulations rather than real-world validation [8].

Maneuver Coordination Messages (MCM) play a crucial
role in enabling decentralized coordination by allowing Con-
nected and Automated Vehicles (CAVs) to share their trajec-
tory information, communicate intentions, and resolve poten-
tial conflicts. Despite the ongoing standardization efforts by
ETSI [9] and SAE [10], the Maneuver Coordination Service
(MCS) is not completely defined. Existing studies on MCM
implementation have often modified or customized these mes-
sages to accommodate specific use cases such as lane change,
overtaking, lane merging, and intersections [11] [6].

A key aspect of maneuver coordination is ensuring the
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Fig. 1. Unsignalized intersection use case: 1) Basic Scenario; 2) Optimized scenario; 3) Prioritization Scenario.

safety of Vulnerable Road Users (VRUs), such as pedestrians
and cyclists. VRU protection use cases primarily focus on
pedestrian crossings, where ensuring the safety of VRUs is
critical. A common approach involves centralized systems
equipped with cameras to detect VRUs. These systems gener-
ate Collective Perception Messages (CPMs) to improve aware-
ness and coordination, as demonstrated in [12]. Other works
have explored unsignalized intersections, implementing VRU
awareness services through Cellular-V2X (C-V2X) communi-
cation [13]. However, only a few studies have integrated VRU
safety with vehicle intentions and maneuver coordination.

Despite ongoing research in cooperative driving, a clear gap
remains in the real-world implementation and evaluation of
maneuver coordination mechanisms. This work aims to fill
this gap by deploying and assessing a Decentralized Maneuver
Coordination Service (D-MCS) based on standardized MCM
messages. The D-MCS is designed to enhance traffic safety
and efficiency at unsignalized intersections, particularly in
scenarios involving dynamic interactions between connected
vehicles and VRUs. It is implemented and experimentally eval-
uated in a real-world scenario on a controlled test track using
C-V2X (PC5 interface). Additionally, to provide a compre-
hensive assessment, this work compares the coordination time
of the D-MCS with a centralized MCS (C-MCS) presented in
[6]. This comparison offers valuable insights into the relative
advantages of both approaches in terms of coordination time
and efficiency, and traffic flow optimization (the latter one
being compared between different scenarios with the same D-
MCS).

The remainder of this paper is organized as follows. Section
II presents the unsignalized intersection use case. Section
III presents the proposed D-MCS, detailing the design of
the Maneuver Coordination Messages (MCM) format and the
algorithm of the D-MCS. Section IV outlines the real-world
implementation of the D-MCS. Section V evaluates the results
and analyzes the performance of the D-MCS. Finally, Section
VI concludes the paper.

II. UNSIGNALIZED INTERSECTION USE CASE

This section describes the three scenarios of the unsignal-
ized intersection use case (depicted in Fig. 1) considered in

this work.
1) Basic scenario: The basic scenario consists of a simple

unsignalized intersection (depicted in Fig. 1.1) where two
non-connected vehicles approach perpendicular trajectories,
intersecting at the center of the junction. Vehicle 1 travels
vertically from bottom to top, while vehicle 2 moves hori-
zontally from right to left. Additionally, a pedestrian (VRU)
intends to cross the road at a designated crosswalk. Both
vehicles reduce their speed at the intersection entrance before
determining the right of way. Although vehicle 2 has priority
over vehicle 1, it must first yield to the VRU. As a result, traffic
flow becomes inefficient, particularly for vehicle 1, which
remains stationary until vehicle 2 completes its trajectory. This
scenario serves as a baseline, without V2X communication, to
evaluate performance improvements introduced by maneuver
coordination in subsequent scenarios.

2) Optimized scenario: This scenario (depicted in Fig. 1.2)
is identical to the basic scenario, except for the addition of
V2X communications and a maneuver coordination service
that regulates the intersection. Using MCMs, both vehicles and
the connected VRU share their intended trajectories, negotiate,
and propose optimized trajectories to resolve the inefficiencies
observed in the basic scenario. The aim is to enable vehicle
1 to maintain a constant speed and cross the intersection first
without stopping, while vehicle 2 adjusts its speed to yield to
both vehicle 1 and the VRU.

3) Prioritization scenario: This last scenario (depicted in
Fig. 1.3) is designed to evaluate a new VRU protection use
case, introducing a priority vehicle at the intersection, such
as an ambulance, enabling the use of MCM messages to test
a different prioritized scenario. The initial conditions are the
same as in the optimized scenario, but vehicle 2 is prioritized.
Consequently, it sends a Decentralized Environmental Notifi-
cation Message (DENM) to warn the VRU not to cross. As a
result, vehicle 2 crosses first, followed by vehicle 1, and then
the VRU, each completing its trajectory.

III. DECENTRALIZED MANEUVER COORDINATION
SERVICE (D-MCS)

This section presents the proposed D-MCS for managing
traffic at unsignalized intersections. It first describes the D-
MCS architecture. Next, it introduces the MCM message
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format outlining the message types and features required for
the use case defined in Section II. Finally, it presents the
cooperative algorithm, describing its role in optimizing vehicle
trajectories and ensuring safe, collision-free interactions.

A. Architecture of the Maneuver Coordination Service
The architecture of the D-MCS proposed in this paper is

illustrated in Fig. 2. Road users benefiting from the coordina-
tion process are the vehicles and the connected VRU, all of
which utilize V2X technology (e.g., C-V2X (PC5) or ETSI
ITS-G5) for direct device-to-device communication without
infrastructure support.

The workflow of the D-MCS is represented in Fig. 3.
First, connected vehicles and the VRU share their intended
trajectories. Then, vehicles analyze the intended trajectories
to detect potential collisions. If a collision is detected by
one of the vehicles, it is designated as the D-MCS coordi-
nator, which generates optimized trajectories and transmits a
Coordination request. Any subsequent Coordination requests
are canceled to prevent duplicate coordination efforts. Finally,
once the involved vehicles and the VRU accept the request,
they proceed to execute the maneuver. If a vehicle is unable to
execute the received request due to a newly detected conflict, it
can initiate a negotiation phase by rejecting the initial request
and proposing an alternative conflict-free trajectory for itself.
This allows the D-MCS coordinator to update its request
accordingly and send a second recommendation (incorporating
the newly suggested trajectory from the previous vehicle). The
features of the MCMs needed to execute the D-MCS workflow
are presented in Section III-B.

Additionally, for the prioritization scenario, the D-MCS
coordinator assumes emergency status, which triggers the
transmission of a DENM along with the Coordination request.
This DENM serves to alert the VRU, while the vehicles
continue their coordination following the proposed strategy.

B. MCM Message Definition
Implementation of MCMs is based on the latest draft of

ETSI TS 103 561 V0.0.8 [9]. While this draft defines the

Fig. 2. Architecture of the Decentralized Maneuver Coordination Service.

Fig. 3. Workflow of the D-MCS with the sequence of actions performed by
each entity involved.

primary functions of MCMs, it does not provide a fully spec-
ified implementation. To support the real-world experiments
conducted in this work, we have selected and adapted specific
MCM types to meet the requirements of our use case, incor-
porating VRU intention sharing and priority assignment based
on vehicles’ intentions. The key MCM types implemented are:

� MCM Intent: Periodically transmitted (every second)
when no cooperative maneuver is in progress. This mes-
sage shares an intended trajectory for the next 10 to 30
seconds, depending on the speed.

� MCM Request: Sent when a potential conflict is de-
tected, or to optimize the efficiency of the traffic. It
proposes conflict-free trajectories for involved vehicles.

� MCM Response: Vehicles respond to an MCM Request
by either accepting or rejecting the proposed maneuver.
Execution requires unanimous acceptance.

� MCM Execution: Once a maneuver is accepted, this
message tracks its progress, transmitting position updates
and planned trajectory points. The payload of this mes-
sage is the same as MCM Intent.

� MCM Offer: If a vehicle rejects a request, and has a
alternative maneuver to be proposed, an MCM Offer can
share this new information. This message is not used in
the scenarios described, however, it is implemented to
support MCM Negotiations on future work.

� MCM Termination & Cancellation: A maneuver con-
cludes with an MCM Termination. If execution becomes
unfeasible due to unforeseen obstacles or inability to
maintain trajectory, an MCM Cancellation is issued.

These messages are designed to handle potential packet loss,
as the coordinating entity must receive a response before pro-
ceeding with maneuver execution. If no response is received,
the request is retransmitted to attempt coordination again.
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Fig. 4. Cooperative algorithm of the Maneuver Coordination Service.

To implement them, a payload structure was defined to
share a vehicle’s trajectory, whether planned or proposed.
This trajectory consists of a sequence of points representing
the vehicle’s future positions, each characterized by position,
heading, and velocity, along with a reference elapsed time
indicating when the point should be reached. These points
are generated periodically, either every 5 meters or every
0.5 seconds, and can span up to 30 seconds or the duration
required to fully represent a specific maneuver.

In addition, since the MCM standardization draft [9] does
not define a priority mechanism for maneuver coordination,
this work introduces a priority value to establish the prece-
dence of a vehicle’s intentions. Four priority levels are defined:
1) low priority for standard vehicles; 2) medium priority for
vehicles with coordination intentions; 3) emergency priority
for emergency vehicles; and 4) high priority for collision
avoidance. Based on this scheme, recommendations sent by the
coordinator in the optimized scenario would have a “medium”
priority, whereas in the prioritization scenario they would be
classified as “emergency” priority with a higher value.

C. Cooperative Algorithm

The cooperative algorithm is the core component of the
D-MCS, responsible for processing MCM Intent messages
(intended trajectories) from all road users and generating
optimized MCM Request messages to improve the traffic
flow at an unsignalized intersection. The operation of the
cooperative algorithm is illustrated in Fig. 4. The algorithm
begins by processing the MCM Intent messages from all road
users to analyze the environment. This initial step identifies
potential collisions with nearby VRUs, and if a conflict is
detected, the involved vehicle is assigned a lower priority.
Following this, a priority assignment mechanism determines
the order in which users should access the intersection. The

Fig. 5. Urban test track at Applus+ IDIADA facilities.

priority ranking is established in three stages: first, based on
collision detection results; second, according to the priority
values in the MCM Intent messages; and finally, by applying
generic traffic rules such as “Right Priority Entry”.

Once the priority order is set, the algorithm computes
specific trajectories for each vehicle to execute its assigned
maneuver. Each time a new trajectory is proposed, a collision
check is performed to ensure it is conflict-free. This check
iteratively analyzes trajectory segments for spatial (distance
threshold of 10 meters) and temporal overlaps. If a conflict
is detected, trajectory adjustments are applied, starting with
the lower-priority vehicles. The process for defining new
trajectories follows the procedure detailed below:

1) Constant-Speed Adjustment: The algorithm attempts
to resolve temporal overlaps by modifying vehicle
speeds while maintaining the original path.

2) Stop-Based Strategy: If speed adjustments are insuffi-
cient, vehicles are instructed to stop at a designated line
before the intersection and wait the minimum necessary
time to proceed safely.

3) Priority Reordering: If a collision remains unavoid-
able, the priority order of the involved vehicles is
reversed, and the previous strategies are reattempted to
find a feasible solution.

After each trajectory adjustment, the collision check is
repeated to verify that no new conflicts arise. If a colli-
sion persists, the next strategy in the sequence is applied
until a conflict-free trajectory is found. This decentralized
cooperative algorithm describes the execution of scenario 2
(optimized) and scenario 3 (prioritization) described in Section
II. However, in scenario 3, the process is simplified since the
emergency vehicle always holds the highest priority, requiring
the VRU and the second vehicle to adapt accordingly.

IV. IMPLEMENTATION IN REAL SCENARIO

The Decentralized Maneuver Coordination Service and the
use case scenarios presented in Section II have been im-
plemented and evaluated on a real unsignalized intersection,
depicted in Fig. 5, located in the Urban test track of Applus+
IDIADA (Spain). The intersection spans 300 m by 150 m, and
is specifically designed to represent an urban environment.

The infrastructure is equipped with a Cohda MK6 Road
Side Unit (RSU), capable of transmitting over C-V2X and 5G,
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Fig. 6. Vehicles Human Machine Interface.

which provides reliable connectivity across the intersection,
enabling communication between vehicles and infrastructure.
Additionally, an edge server connected to the RSU hosts the
software components of a Traffic Management Center (TMC)
to support the Centralized Maneuver Coordination Service (C-
MCS) that was presented in [6].

Two vehicles were used to implement and validate the oper-
ation of the C-MCS and D-MCS. The first vehicle, designated
as vehicle 1, is a standard legacy vehicle featuring C-V2X
connectivity. The second vehicle, referred to as vehicle 2
in Fig. 1, is an SAE Level 4 CAV equipped with C-V2X,
perception, and autonomous driving capabilities. Both vehicles
are fitted with a Cohda MK6 C-V2X On-Board Unit (OBU)
and a Human-Machine Interface (HMI). The OBUs integrate
our open-source V2X software stack, named V2X FlexStack
[14], which includes the link, geonetworking, Basic Transport
Protocol (BTP), facilities, and application layers of the ETSI
C-ITS protocol stack. The facilities and application layers have
been extended, respectively, with the MCMs and maneuver
coordination service proposed in this work.

The HMI, depicted in Fig. 6, provides the driver with es-
sential information about the ongoing cooperative maneuver. It
displays a map of the intersection along with the recommended
maneuver. Since most maneuvers involve speed adjustments,
the interface indicates both the current and recommended
speeds on the left side of the display. Additionally, it includes
an informative message describing the maneuver’s status.

To ensure safety during the experiments, no real VRUs
were involved. Instead, the VRU was simulated using V2X
messages whose trajectories were generated in the SUMO
simulator1, which was used to replicate the entire intersection
and incorporate simulated pedestrians at the designed crossing.
The trajectory was then recorded by extracting its coordinate
points, which were used to define the MCM’s trajectory
field. Finally, to simulate a connected VRU, a stationary
OBU integrated with a V2X FlexStack was placed near the
pedestrian crossing. The V2X FlexStack enables the VRU to
run its own applications, share its trajectory through MCMs,
and receive warning DENMs in the prioritization scenario.

V. PERFORMANCE EVALUATION RESULTS

The performance of the proposed D-MCS was evaluated
through a series of experiments conducted at an unsignalized

1https://sumo.dlr.de/docs/index.html

intersection described in Section IV. Each of the three sce-
narios defined in Section II was tested over 10 iterations to
account for variability in driver behavior and coordination re-
sponse, influencing key factors such as the timing of collision
detection, the initiation of coordination, and the response time
for executing recommended maneuvers. This section starts
presenting the Key Performance Indicators (KPIs) followed
by a comparison analysis in terms of coordination efficiency
and coordination time.

A. Key Performance Indicators
The KPIs considered to evaluate the performance of the D-

MCS are defined below.
� Coordination Time: It is defined as the time period

from the detection of a potential collision to the moment
before starting to execute the recommended maneuver.
It comprises two phases: (1) Generate MCM Request:
from the transmission of the last MCM Intent used to
detect a collision until the transmission of the correspond-
ing MCM Request; and (2) Process Trajectory: time
needed for a vehicle to process the new trajectories before
initiating its maneuver.

� Execution Time (per vehicle): It is defined as the time
required for a vehicle to execute the recommended ma-
neuver. It elapses from the transmission of the first MCM
Execution, to the transmission of the MCM Termination.

� Total Execution Time (per vehicle): It is defined as the
time taken by a vehicle to cross the intersection. It is also
defined as the sum of Coordination Time and Execution
Time.

� Total System Execution Time: It is defined as the sum
of the Total Execution Time of both vehicles. It allows
evaluating the improvement achieved by the maneuver
coordination compared to the basic scenario.

B. Results of Basic Scenario
The basic scenario serves as a baseline for comparison with

the improvements introduced by the D-MCS. It replicates the
behavior of human-driven vehicles at an unsignalized intersec-
tion. As explained in Section II-1, both vehicles must reduce
their speed, or even come to a complete stop if necessary,
before reaching the intersection.

Fig. 7 presents a heat map with the trajectories and instanta-
neous speeds of both vehicles throughout the executed maneu-
vers. The heat map illustrates a representative experiment from
one of the ten iterations performed, and is complemented by
the velocity profile plots corresponding to each vehicle. As it
can be observed in Fig. 7, vehicle 1 approaches the intersection
at a constant velocity, while vehicle 2, which starts from a
greater distance, adjusts its speed to ensure both vehicles reach
the intersection simultaneously. The VRU’s path, represented
by red triangles, shows its movement across the pedestrian
crossing at a constant velocity. Since the VRU is simulated,
its trajectory is synchronized so that it reaches the crosswalk
just as the vehicles arrive at the intersection. Additionally,
the velocity profile confirms that both vehicles stop before
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Fig. 7. Basic Scenario: Trajectories and velocity evolution of both vehicles
in one representative experiment of scenario 1

reaching the intersection, and vehicle 2 crosses the intersection
first. In this basic scenario, the average total execution time
is 16:48 s for vehicle 1, 17:34 s for vehicle 2, and a total
combined time of 33:82 s

C. Results of Optimized Scenario

This optimized scenario integrates the D-MCS to coordinate
traffic at an unsignalized intersection. In all the experiments,
vehicle 2 adopts the role of D-MCS coordinator. Both vehicles
and the VRU share their planned trajectories via MCMs.
These messages are processed by the D-MCS coordinator and
are received with sufficient time for the vehicles to properly
process and execute them.

The trajectories and instantaneous speeds of both vehicles
are depicted in the heat map in Fig. 8. As observed, the trajec-
tories proposed by the D-MCS coordinator require vehicle 2
to reduce its speed, allowing vehicle 1 to cross the intersection
and complete its trajectory at an almost constant speed. The
time-series plots in Fig. 7 and Fig. 8 indicate that vehicle 2’s
speed evolution follows a similar pattern in both scenarios, as
it must decelerate before reaching the intersection. However,
the difference for vehicle 1 is more significant. In the basic
scenario, it must come to a stop for nearly 10 seconds before

Fig. 8. Optimized Scenario: Trajectories and velocity evolution of both
vehicles in one representative experiment of scenario 2

TABLE I
KPIS MEASURED IN DECENTRALIZED OPTIMIZED SCENARIO.

Coordination Time [ms]
Vehicle Generate MCM

Request [ms]

Process

Trajectory [ms]

Execution

Time [s]

Total Exec.

Time [s]

Vehicle 1 13,44 13,69

Vehicle 2
126,58 127,83

16,28 16,53

Total System 254,41 30,22

TABLE II
KPIS MEASURED IN PRIORITIZATION SCENARIO.

Coordination Time [ms]
Vehicle Generate MCM

Request [ms]

Process

Trajectory [ms]

Execution

Time [s]

Total Exec.

Time [s]

Vehicle 1 12,36 12,68

Vehicle 2
150,54 165,00

8,44 8,75

Total System 315,54 21,43

proceeding, whereas in the optimized scenario, it maintains a
steady speed of 25 km/h while crossing the intersection.

Table I presents the average values of the KPIs measured
in the optimized scenario. Compared to the basic Scenario,
vehicle 1 reduces its total execution time by 16:93%, while
the total system execution time decreases by 10:64%. The
generation of the MCM Request takes a total of 254; 41ms.
In this case, the D-MCS selects a conservative approach to
avoid a collision, as shown in the velocity profile in Fig. 8,
vehicle 2 follows a stop-based strategy, significantly impacting
its execution time.

D. Results of Prioritization Scenario

This scenario introduces vehicle prioritization, particularly
for an emergency vehicle (vehicle 2). As described in Section
II-3, upon approaching the intersection, vehicle 2 sends a
DENM to the VRU, instructing it not to cross, and an MCM
Request to vehicle 1, suggesting it to yield. The trajectories
and instantaneous speeds of both vehicles are depicted in the
heat map in Fig. 9. As can be observed, vehicle 2 can cross the
intersection without any delay, effectively testing a real-world
emergency vehicle prioritization scenario.

Fig. 9. Prioritization Scenario: Trajectories and velocity evolution of both
vehicles in one representative experiment of scenario 3
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Table II presents the average values of the KPIs measured
in the prioritization scenario. Compared to the basic scenario,
the prioritization strategy results in a 49:54% reduction in
the total execution time for vehicle 2, as it no longer needs
to yield to the VRU or vehicle 1. Additionally, with a D-
MCS coordination starting in advance, vehicle 1 also crosses
the intersection efficiently, adopting a constant-speed strategy
requiring a moderate speed adjustment from 30 km/h to
20 km/h, as depicted in the velocity evolution in Fig. 9. This
optimization leads to a 25% reduction in execution time for
vehicle 1 despite accessing the intersection last.

E. Results of Coordination Time: Decentralized vs Centralized

The maneuver coordination process in decentralized sce-
narios is characterized by fast and reliable vehicle-to-vehicle
communication.In the presented scenarios, the average coor-
dination time was 254:41 ms for the optimized scenario and
315:54 ms for the prioritization scenario, showing a substantial
improvement over the centralized approach proposed in [6]
which requires an average coordination time of 929 ms. In
the centralized approach, the MCS operates within a TMC
hosted in the edge infrastructure. V2X messages from road
users are forwarded via an RSU to the TMC, where they
are processed to generate optimized trajectories. While this
method leverages greater computational resources and ad-
ditional environmental data (e.g., infrastructure-based VRU
detection or traffic optimization strategies for larger scenarios),
it results in significantly higher coordination times. Comparing
the optimized scenarios implemented using centralized and
decentralized approaches, the decentralized method achieves
a 72:61% reduction in coordination time compared to the
centralized method. Additionally, the prioritization scenario
requires an average of 64 ms longer than in the optimized
scenario, primarily due to the extra processing needed to
generate and transmit the DENM warning to the VRU.

VI. CONCLUSIONS

This paper proposed a Decentralized Maneuver Coordina-
tion System (D-MCS) designed to optimize traffic flow at
an unsignalized intersection. The D-MCS was implemented
and experimentally evaluated in a real-world test track, in-
volving two connected vehicles and one Vulnerable Road
User (VRU). The performance of the proposed D-MCS was
evaluated against a baseline scenario, considering an optimized
scenario and a prioritization scenario, which introduces a
priority vehicle at the intersection. Additionally, this work
compared the coordination time of the D-MCS with that of
a Centralized MCS (C-MCS) introduced in previous work.
The D-MCS demonstrated a significant reduction of more
than 70% in maneuver coordination time compared to the C-
MCS. Future research will focus on enhancing the cooperative
optimization algorithms to further improve the efficiency of
the D-MCS and evaluate its performance in more complex
traffic scenarios. Furthermore, ongoing MCM standardization
efforts will support a hybrid approach, integrating centralized

high-level planning at the infrastructure side with decentralized
real-time trajectory adjustments at the vehicle side.
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