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Abstract—The capabilities of automated vehicles have in-
creased over the last years, and different driving strategies have
shown promising results on a variety of scenarios. However, there
are still many challenges to be solved, and handling crowded
roundabouts is one of them. This kind of scenario requires
both safe and efficient maneuvers from the autonomous driving
systems in order to maintain a proper traffic flow. This work
presents a strategy to generate different speed profiles for a
set of path candidates in order to obtain a merging maneuver
according to current traffic scene. The proposed mechanism relies
on the use of fictitious accelerations generated by leader and
lag vehicles, incorporating by design comfort and safety bounds.
The autonomous driving system proposed in this work was tested
on realistic driving scenarios collected from public datasets and
its performance was compared to human drivers on the same
scenarios. The results showed in a variety of situations that the
automated vehicle was capable of merging into roundabouts with
tight merging gaps while maintaining both comfort and safety
constraints.

Index Terms—Autonomous driving, motion planning, trajec-
tory generation, speed profile, roundabouts, merging algorithm.

I. INTRODUCTION

UTONOMOUS driving systems (ADS) have shown great

improvement over the recent years. However, there are
still some challenges to be resolved before Autonomous Ve-
hicles (AV) can properly drive on highly dynamic scenarios
like urban roundabouts [1]. Even though the use of these road
layouts has significantly increased over the years, the round-
abouts crossing problem for AV has received little attention
in the literature [2]. A specific challenge to be addressed
in the design of roundabout-oriented ADS is their overly
cautious behavior, that in the interests of ensuring safety, can
produce unhuman-like behavior. Such conservative behaviors
can degrade the driving quality and may jeopardize safety
when the ADS decisions are not expected by other road
participants [3].

The state-of-the art in cooperative speed planning for Con-
nected and Automated Vehicles (CAV) often rely on optimiza-
tion and control schemes [4] [5] whose goal is to determine a
speed profile for each involved vehicle. Their deployment is in
different degrees of progress, but they were mainly designed to
applications where automation levels are not necessarily too
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high. If stand-alone highly automated vehicles are targeted,
speed planning requires a higher flexibility and closer con-
nection with path and maneuver planners. This is particularly
true in complex urban scenarios, such as roundabouts, for
which some previous works exist. The authors in [6] propose
a two-stage optimization model to handle traffic on round-
abouts for fully connected automated vehicles equipped with
Vehicle-to-Infrastructure (V2I) and Vehicle-to-Vehicle (V2V)
technologies. The first stage optimizes the vehicle arrival time
at the roundabout, while the second stage optimizes the vehicle
trajectories by minimizing the acceleration fluctuation. In [7]
it is proposed a collaborative strategy using V2V for handling
traffic on intersections and roundabouts, where the speed of the
vehicles is reduced or increased according to the expected time
to reach the end of the intersection. In [8] the vehicles merging
into the roundabout are coordinated using a Roundabout
Coordination Unit (RCU) that determines the acceleration
of automated vehicles for a smooth merging and to avoid
collisions. In the case of [9], the authors propose a decision
making algorithm considering personalized driving behaviors
while using Model Predictive Control (MPC). These vehicle-
to-everything (V2X) approaches show promising results, but it
will not be easy to see them deployed in a near future, as not
all vehicles may have the required connectivity and perception
technologies.

Different path planning primitives have been tested in
roundabouts scenarios, e.g. Bézier [10], splines [11] or
clothoids [12]. However, these works did not consider other
traffic agents on the scene. To cope with this limitation,
some studies take into consideration the evolution of traffic
using their on-board perception system. In [13] the authors
propose a tactical behavior planner to navigate on roundabouts,
which selects the most appropriate trajectory according to a
multi-objective function. In the case of [14], the ADS uses
a hybrid trajectory planning combining Bézier curves for the
path generation and MPC for the speed control of the Ego-
Vehicle (EV). The authors in [1] propose a trajectory planner
using support vector machine to identify the collision-free
space and to simultaneously generate the path and the speed
profile for the EV. All these contributions were tested on
controlled and limited traffic scenes, where only one Other
Vehicle (OV) was present in the roundabout at the moment of
the merging maneuver.

In [2], the authors propose a strategy for an ADS to cross
roundabouts in a safely manner; they use virtual instances
of the vehicles in the roundabout and validate the behavior



of their system using realistic scenes from data sets. For
the speed profile generation proposed in this work they set
maximum nominal speed when there is no leader vehicle on
the roundabout, or set the same speed as the leader vehicle in
case it exists. The planner proposed in [13] generates trajectory
candidates with speed profiles based on Bézier curves with
different final speeds, which are created according to comfort
requirements, and then selects a trajectory that maximizes a
behavior selection function. The decision making algorithm
proposed in [15] uses a game-theoretic model that represents
the interactions between the EV and OVs, and adapts them
depending on an estimated driver type; the speed of the EV
is generated by selecting an action from a discrete action set,
which allows to maintain the current speed, brake at a constant
deceleration or fully accelerate. These works can work under
different traffic conditions, but the speed profile generation for
the EV either is too simplistic or it does not consider the state
of the OVs to properly adapt to the current traffic situation.
In the light of the above, the literature on decision making
for on-road AVs is very sparse in terms of works dealing with
the efficient on-board management of roundabouts with traffic.
Indeed, although partial contributions exist, there is a need to
simultaneously cope with the following four challenges:

avoid overcautious behaviors when entering and leaving
the roundabout;

test not only on specific and limited traffic, but on generic
layouts and with different replicable traffic patterns;
operate irrespective of whether there is an external coor-
dination unit to control connected vehicles;

avoid the generation of speed profiles that are too sim-
plistic or do not take into account the traffic status in the
roundabout, leading to unpredictable maneuvers.

In this work, a novel strategy is proposed dealing with
these challenges. A set of possible trajectories is generated
based on both the geometry of the road and the status of the
OVs, obtaining thus a safe, yet efficient maneuver when facing
a roundabout. The overcautious behavior of the resulting
trajectories is modulated with virtual accelerations induced
by the lead and lag vehicles. The generation of multiple
candidates with different acceleration limits allows the ADS
to explore a large diversity of trajectories and select the best of
them according to a merit function, enhancing the performance
of the very few similar existing approaches. Note that this
strategy, designed to deal with the complexity of roundabouts,
is fully operational in other driving scenarios -as shown in

[16]- and could be compatible with works like [17] to handle
platoons merging and splitting maneuvers.

In order to evaluate the performance of the trajectory
generation algorithm, realistic traffic scenes from the openDD
dataset [18] were recreated on a simulation environment. The
main contributions of this work with respect to the existing
motion planning literature can be summarized in the four
following points:

A speed profile generation strategy that takes into account
the evolution of obstacles present in the driving scene and
is seamlessly integrated with a path planner to dynami-
cally adjust the acceleration along the path. The resulting

algorithm is able to explore, provoke and maintain safety
gaps with potential lag or leader vehicles, while meeting
comfort constraints and achieving a high degree of traffic
efficiency.

Validation of the proposed strategy on naturalistic
and replicable roundabouts scenes, obtained from the
openDD dataset and implemented in a software-in-the
loop simulation framework.

Performance comparison of the proposed trajectory gen-
erator on realistic and dense traffic scenarios with respect
to different human drivers and to another state-of-the-art
technique.

Evaluation of the trajectory generation robustness when
facing speed variations of the involved vehicles in natu-
ralistic traffic scenes.

The outline of the paper is as follows: Section II presents
an overview of the ADS architecture and different aspects
to take into consideration when facing a roundabout. Section
IIT describes the speed profile generation strategy to handle
a roundabout. The experimental results are shown in Section
IV. Finally, Section V presents the concluding remarks.

II. AUTONOMOUS DRIVING FRAMEWORK
A. ADS architecture

As can be seen in Fig. 1, the ADS proposed in this work is
divided in different modules with specific tasks in the driving
process. The global router receives the destination point and
calculates the complete route from the current position of the
EV to the destination using a digital map on a lanelet2 format
[19]. The perception module determines the status of traffic
agents present on the scene. In this work it is assumed that
the OVs pose and dimensions are known; the reader may find
in [20] an implementation of the perception module. Another
function of this module is to compute the motion predictions
of the vehicles present in the scene, described in detail in
[21]. The maneuver planner module identifies the reachable
navigation corridors based on the EV position and selects the
most appropriate one considering the global route and the
state of other traffic agents. The Trajectory Generator (TG)
module creates a valid set of trajectories ( ) and selects the
best of them ( ) using a merit function that combines four
Decision Variables (DV): longitudinal comfort, lateral comfort,
safety and utility according to a set of weights ! which
allows to customize the driving style by prioritizing one or
more DVs over the others. In order to obtain , a path set
P is generated using quintic Bézier curves, and, for each path
candidate 2 P, different speed profiles are computed to meet
both comfort and safety constraints. A complete description
of the merit function and the trajectory generation process
is presented in [16]. The main focus of this paper is to
propose a strategy to generate valid speed profiles for each path
to perform an efficient roundabout merging, as described in
section III. Finally, the control module calculates the throttle,
braking and steering wheel commands to track .

B. Possible driving scenarios when facing a roundabout

When the EV is heading into a roundabout it has to decide
whether (i) it merges before an OV already driving on the






