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Abstract—In the recent past, platooning evolved into an attrac-
tive cooperative driving technology, broadly discussed in research
and practice. Vehicles in platoons use cooperative adaptive cruise
control to drive at close distances to each other. Platooning (i)
increases the capacity of the street by a factor of 2; (ii) reduces
the fuel consumption and emissions by up to 20%; and (iii) has
social implications as it increases driver comfort and safety. As
platooning research progresses, platooning coordination becomes
a major research focus. The coordination of platoons, including
the assignment of vehicles to platoons, the management of
inter- and intra-platoon interactions, and the coordination of
interactions with other vehicles is an important step towards an
effective usage of platooning in practice. Based on a literature
review of 1,600 papers, this survey provides an overview of state
of the art in platooning coordination research for both cars and
trucks. In this paper, we present a novel taxonomy for platooning
coordination and classify existing approaches. We use the results
of the literature review to discuss challenges and outline avenues
for future work such as multi-objectiveness and individualisation.

Index Terms—Platooning, Platooning Coordination, Coopera-
tive Driving, Survey

I. INTRODUCTION

Vast improvements in the area of computer science and
camera, sensor, or car automation technology are the drivers
of a rapid development towards autonomous driving. Au-
tonomous vehicles, however, are not able to understand the
environment beyond their local sensing. Extensive modelling
and simulations show that cooperative driving is superior to au-
tonomous driving as communications enhance the perspective
of vehicles and inform each vehicle on the intended behaviour
of others [1], [2]. One of such approaches is platooning:
A cooperative driving technology where vehicles that are
(partially) automated drive in close formation with small
inter-vehicle gaps [1]. Contrary to conventional autonomous
vehicles, platooning vehicles are capable of driving in close
formation [3]. Therefore, even the lead vehicle profits from
aerodynamic drag reduction [4]. Energy savings of up to 16%
are achievable with platooning [5]. Additionally, better traffic
flow and improved capacity up to 200% of existing road
infrastructure reduce congestion and avoid the need to build
new costly roads [6].
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The platooning technology evolved from its origins in
the 1980s into complex and realistic scenarios in recent
projects such as SARTRE [6], COMPANION [7], and EN-
SEMBLE [8]. Over time, platooning coordination became a
major research focus in platooning projects. Platooning coor-
dination is the assignment of vehicles to platoons—especially
for sets of heterogeneous vehicles—, the coordination of intra-
platoon and inter-platoon interactions, and the management
of interactions between platoons and other vehicles. Effective
platooning coordination is essential to implement platooning
successfully in practice, where vehicles of multiple brands
owned by different stakeholders need to cooperate.

This paper provides a comprehensive overview of the re-
search landscape in the area of platooning coordination. It
offers a broad perspective on the topic, covering various
aspects such as objectives, planning horizon, and algorithmic
details. The main objective is to provide an overview on the
aspects that are addressed in research to provide a picture of
the research landscape rather than a detailed, in-depth analysis
of different approaches. Accordingly, we analysed over 1,600
papers with a relation to platooning coordination. Based on
this literature review, we present a novel taxonomy on platoon-
ing coordination. This taxonomy captures the different aspects
that are relevant for platooning coordination. Furthermore,
we provide a quantitative analysis of the research landscape
for platooning coordination by analysing which aspects of
the taxonomy are frequently addressed in literature so far
and which ones are less frequently addressed. As we are
interested in providing an overview of the state-of-the-art in
the platooning coordination research, we omit a qualitative
discussion of a subset of approaches; rather, we use the results
of the literature review to discuss the state-of-the-art of the
field, derive open challenges, and outline promising avenues
for future research. To the best of our knowledge, this review
is the first to offer an exhaustive overview of coordination for
both car and truck platooning.

In the following, we summarise the current state of pla-
tooning research in general (Section II), identify the research
gap with an overview on related reviews (Section III), present
our methodology (Section IV), assess the state of the art
in platooning coordination with a novel taxonomy (Sections
V, VI, and VII), discuss challenges and avenues for future
research (Section VIII), and conclude the paper (Section IX).

II. PLATOONING IN A NUTSHELL

This section introduces basic concepts for platooning. Fur-
ther, we define the term platooning coordination and classify



it in the context of the platooning process. Finally, we provide
an overview of the platooning research landscape.

A. Platooning Basics

Realising platooning in practice requires a set of technolo-
gies, including control and communication systems. Control
systems for platooning have two components: longitudinal
control—accelerating and braking the vehicle to maintain a
target distance to the front vehicle— and lateral control—
steering the vehicle. However, both components are tech-
nically independent of each other and can be implemented
individually in vehicles, depending on which functionality
is desired. For example, a platooning implementation could
involve only longitudinal control, while the drivers perform
the lateral control. Further, communication is a fundamental
component of platooning as it is (i) useful for lateral control,
(ii) essential for longitudinal control, and (iii) responsible for
coordinating platooning activities. In this section we provide a
brief overview of some of the concepts required for realising
platooning on the lowest possible level, i.e., the control of a
single vehicle within a platoon. We do not review the literature
in all its depth, as the paper’s focus is on the higher levels.
Still, this section can be useful for the reader to gain a general
understanding of the application.

A fundamental part is the longitudinal control, which is
realised through a control system computing acceleration
commands to maintain a desired inter-vehicle gap. This con-
trol system is named Cooperative Adaptive Cruise Control
(CACC), which derives from standard Adaptive Cruise Control
(ACC) [19]. The term cooperative indicates that vehicles, to-
gether with data coming from radars, lidars, and cameras [20],
[21], exchange state information used to compute the control
action by means of communication, differently from ACCs
where the decision is taken only upon locally sensed data.
The introduction of communication brings several benefits,
including reduced inter-vehicle spacing and faster reaction
to changes in dynamics [19]. There is a vast literature of
approaches to design a CACC system, which differ by control
technique and assumptions on input data.

Regardless of the technique, all control algorithms must
ensure a fundamental property called string stability, meaning
that errors occurring at the head of the platoon must not be
amplified but be dampened towards the tail. More formally,
let ; be the spacing error (i.e., the difference between the
target distance and the actual one) between vehicle i and its
predecessor and let H(s) = —— be the transfer function
relating spacing errors between consecutive vehicles. A CACC
is said to be string-stable [19] if the following conditions hold:
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The left condition ensures that the magnitude of the errors
is attenuated towards the tail, while the second (h(t) is the
impulse response of H(S)) ensures that the errors must have
the same sign. It is not sufficient to dampen the magnitude
towards the tail, but we must also avoid a vehicle being too
close to its predecessor (negative error) and its follower being
too far (positive error) and vice versa. This is one of the

possible definitions of string-stability as it might need to be
adapted to the control system being proposed [22], [23], [24].
As we will describe, different CACCs have different string-
stability properties depending on the inputs they consider.
As an example, in the 00s the PATH project [25] defined a
CACC still commonly considered by researchers in the field.
The control formula for the vehicle in position i is defined as
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In Equation (2), U; indicates the control input (i.e., the desired
acceleration that should be sent to engine/brakes for actuation),
ai, Vi, Xj, lj indicates the acceleration, the speed, the position,
and the length of vehicle i, respectively, while dg indicates the
desired inter-vehicle gap. C1, , and ! are control parameters
regulating the weight between leading and preceding vehicle
accelerations, the damping ratio, and controller bandwidth,
respectively. The control algorithm considers data received
from the leader and the preceding vehicle in the platoon,
plus the gap to the preceding vehicle measured by the radar.
This particular type of algorithms is defined as leader- and
predecessor-following CACCs and is proven to be string-stable
under a constant spacing policy, which means that the inter-
vehicle distance is fixed regardless of the cruising speed.
The work in [26] instead defines a CACC that implements a
predecessor-following control, meaning that a vehicle consid-
ers only information received by its predecessor. The control
law, which is defined in terms of the derivative of the desired
acceleration (U), is the following:
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In Equation (3), which is defined as a Proportional Derivative
(PD) controller, H indicates the time headway, while k, and
kg are control gains for the proportional and the derivative part
of the law, respectively. The control law has three components.
The first one is the distance error (proportional term) and in
this case, the desired distance depends on speed (Hv;). H is
indeed the amount of time elapsing between two consecutive
vehicles: the higher the speed, the higher the actual distance.
This spacing policy is known as constant time headway
and it guarantees string-stability for CACCs considering the
preceding vehicle information only: for these CACCs string-
stability under a constant gap cannot be guaranteed [19]. The
second one is the derivative of the first one (derivative term),
which basically minimises the speed error between consecutive
vehicles. The last one (U;j 1) is the desired acceleration of the
preceding vehicle. For the first two components of the law, the
information about distance and relative speed can be obtained
through the radar. Instead, the last one can only be obtained
by means of communication because the desired acceleration
cannot be measured: it is an acceleration the vehicle will
implement after a certain amount of delay due to actuation
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Fig. 1: Overview on the history of platooning research. Pictures from [9], [10], [11], [12], [13], [14], [15], [16], [17], [18].

lags (engine and braking dynamics). This “knowledge of the
future” enables to drastically reduce the time-headway com-
pared to a standard ACC while guaranteeing string-stability.

In the literature, we find several other control techniques
employed in the design of CACCs. One example is Model
Predictive Control (MPC) [27]. This method solves an op-
timisation problem on a future time horizon with the aim
of minimising certain quantities which include, for example,
spacing and speed errors. Differently from the previous ap-
proaches, as this method relies on optimisation, it is possible
to define further constraints such as maximum and minimum
acceleration for passengers’ comfort. Without going too much
into details, a typical MPC problem is defined as

min 27Qxz “4)

subject to certain constraints, which include initial state, state
evolution, limits on acceleration and jerk, etc. In Equation (4),
z might be defined as

z = [e; u; ul; 5
where e, u, and 7 are the vectors of all the spacing errors, the
control inputs, and the derivative of the control inputs over the
prediction horizon, respectively. The matrix Q, instead, is used
to weigh the minimisation terms. This problem is solved using
standard mathematical solvers, with the result being a vector
of jerk values (control input derivatives) . Of this vector, the
first value is the one being sent for actuation.

Other approaches take a completely different perspective.
While the majority of the control systems are defined in time
domain, we find some approaches defined in space domain.
As an example, [28], [29] define the spacing policy to be

xi) =x; 1(t O (6)
The policy indicates that a vehicle should track a delayed
version of the trajectory of its predecessor. The authors prove
that this can be achieved if and only if all the vehicles are

capable of tracking a reference speed signal defined in the
spatial domain, i.e.,

Vi(X) = Vi 1(X) = ¥(X); @)

which is solved by defining a control law of the form u;(X),
i.e., the acceleration a vehicle should apply depending on its
position rather than the current time.

The list of approaches we mentioned is a minimal subset of
the vast literature on the topic which includes consensus con-
trol, event-triggered control, artificial potential field control,
and many more [30], [31], [32], [33], [34], [35], [36], [37].
This also includes the issue of lateral control, i.e., how vehicles
should steer in order to follow their predecessors, for which
the same string-stability property of longitudinal control must
be guaranteed [38], [39]. Recently, several approaches have
been developed to tackle engine heterogeneity which has been
addressed using robust control or adaptive control [40], [41].
Further, some research has been conducted on handling non-
homogeneous platoons in terms of their dynamical capabilities,
especially focusing the platoon cohesion problem [42]. The
interested reader can refer to [43] for an in-depth view of
CACC systems.

B. Levels of Platooning

The overview on concepts required for realising platoon-
ing on the lowest possible level already mentioned that we
distinguish two levels of platooning: (i) platooning control
and (ii) platooning coordination. We now define both terms,
delineate them by explaining our understanding of both levels,
and clarify the level on which this paper focuses.

Platooning Control is the control of a single vehicle
on the lowest possible level including maintaining
the distance, sending braking signals, or signalling
platoon members to overtake another vehicle.

Platooning Coordination includes the management
of (i) the composition of a platoon, (ii) inter-platoon
interactions as well as (iii) interactions between other
vehicles and platoons.

Hence, we refer to all actions performed by a CACC
controller including longitudinal control, lateral control, or
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Fig. 2: Overview of the methodology for building the classifications for the survey. The initial search of relevant papers is
followed by an iterative process for building the classifications.

string stability as platooning control. In contrast, platooning
coordination operates at a higher level and coordinates the
composition of platoons as well as intra-platoon and extra-
platoon manoeuvres. Thus, coordination regarding platooning
is possible on two levels: (i) between platoons and other
platoons or vehicles as well as (ii) within a platoon. For
both types, we assume the presence of a platooning control
approach to maintain the distances between vehicles in a
platoon at any time. Platooning coordination typically in-
corporates, for instance, (i) finding a suitable platoon for
a vehicle, (ii) managing inter-platoon interactions, such as
merging platoons, or (iii) routing platoons.

In this paper, we provide an overview on approaches that
handle platooning coordination, i.e., that provide an approach
for managing the composition of platoons as well as inter-
platoon interactions and interactions between the remaining
traffic and platoons. We explicitly exclude work dealing with
platooning control, i.e., the control of a single vehicle, as we
want to review exclusively on the higher levels of platoon-
ing. Additionally, we make several assumptions to judge the
relevance of approaches in the literature for our survey and
present them in Section IV.

C. Platooning Research Landscape

Research on platooning already started in the early 1970s for
example in Matra’s Aramis vehicles operating in platoons [44].
Since the 1980s, several projects described platooning con-
cepts. The research focus of these platooning projects shifted
over time from enabling cooperative driving capabilities and
communication-supported cooperative driving behaviour to-
wards platooning coordination and, more recently, multi-brand
platooning and real-live demonstrations. This section sum-
marises funded and well-known platooning projects. Figure 1
presents an overview of the historical development of projects
and research objectives with a focus on projects that at least
enable platooning coordination or in more recent projects
address the coordination aspect.

First Platooning Projects. In 1986, the Partners of Ad-
vanced Transit and Highways (PATH) program was initiated
to improve traffic flows and increase road capacity [45]. Con-
sequently, PATH introduced the idea of an automated platoon
where vehicles share information among each other and drive
on a dedicated lane achieving lateral control by magnetic

orientation with nails in the ground while longitudinal control
was based on radar ranging and V2V communication. In the
1990s, Daimler-Benz developed solutions for platooning, lead-
ing to the OTTO truck, the PROMOTE-CHAUFFEUR project
conducted by Daimler-Benz, Iveco, and multiple automotive
suppliers from 1996 to 1998, and the follow-up PROMOTE-
CHAUFFEUR II project from 2000 to 2003 [14]. The main
motivation of both projects was to focus on communication
within platoons of trucks.

Research on the Applicability of Platooning and its
Coordination. The projects in the second phase rely on
current advances of longitudinal and lateral automation of
vehicles and inter-vehicular communication. Hence, the focus
shifts from establishing platooning towards issues related to
its applicability. From 2005 to 2009, the KONVOI project [15]
also focused on usability and legal aspects, such as effects of
platooning on traffic participants, drivers, efficiency, and in-
frastructure [46]. Additionally, the on-board driver information
system communicates with a central server using mobile com-
munications to find platoons, which is an early example for
platooning coordination [47]. In the Energy ITS project, trucks
use two cameras, radar, and lidar for longitudinal and lateral
automation [48]. The research included different scenarios,
such as trucks leaving and joining the platoon, lane changing,
and vehicles cutting into platoons. The Safe Road Trains for
the Environment (SARTRE) project (2009 to 2012) focused
on platooning using existing technology without changing the
roadside infrastructure [49]. Vehicles communicate via mobile
communications with a remote system that guides drivers to
the nearest platoon. The Cooperative dynamic formation of
platoons for safe and energy-optimized goods transportation
(COMPANION) project [7] (finished in 2016) focused on
prediction of fuel consumption [50] and solutions to coordinate
platoons using a real-time coordination system [17], [51].

Research towards the Practicability of Platooning. Re-
cent projects show the practicability of platooning. The Grand
Cooperative Driving Challenge (GCDC) was a competition
of cooperative driving systems launched in 2011 [52] and
2016 [53]. In the European Truck Platooning Challenge [54],
six truck manufacturers operated platoons cross-border to
reach Rotterdam from their respective company headquarter on
real highways. In the ENSEMBLE project, 19 different com-
panies cooperate in multi-brand platooning scenarios. The aim



