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Abstract: While intelligent transport systems are preparing to welcome connected and
automated vehicles (CAVs), it is uncertain which algorithms should be employed to manage
them. In particular, even though remarkable improvements in telecommunication technologies,
such as vehicle-to-everything (V2X), enable communication and computation sharing among
different agents, e.g. vehicles and infrastructures, distributed control algorithms are still not
fully exploited. However, such methodologies have the potential to perfectly blend with the
very nature of CAVs and alleviate traffic management units from the centralized computational
burden. In this paper, we propose a formation control algorithm to control vehicle trajectories
for two scenarios: 1) overtaking, and 2) intersection control. We include a simulation experiment
to show some preliminary results and discuss limitations and future steps.
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1. INTRODUCTION

Connected and automated vehicles (CAVs) promise a rev-
olution in terms of energy efficiency, environmental sus-
tainability (Taiebat et al., 2018), and safety impacts (Lian
et al., 2020). However, scientific and industrial communi-
ties are called to address the resulting challenges, such as
how to integrate them with conventional (human-driven)
vehicles, guarantee connectivity, update (physical and dig-
ital) infrastructures, integrate within traffic management
strategies, and develop vehicle real time planning and con-
trol strategies (see, e.g., Guanetti et al., 2018; Papamichail
et al., 2019; Zhang and Cassandras, 2019).

One possible approach is considering distributed network
control systems (DNCs), as discussed by Ge and Han
(2017), who present an overview of DNCs in terms of their
system configurations, demanding issues and methodolo-
gies to turn them into reality, as well as challenges in the
field of communication, computation and control. Commu-
nication among agents is handled as a multidisciplinary ap-
proach to cope with the implicit assumption of unlimited
computation resources, non-delayed sensing and actuation,
unlimited bandwidth and perfect communication environ-
ments that are usually set out to simplify the existing
studies.

Graph theory is a relevant line of research in this context
(Majeed and Rauf, 2020). Graph theory has already been
investigated in the topic of mobile robots formation control
(see, e.g., Lafferriere et al., 2004) and could simplify
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the understanding of vehicle mutual interactions, even in
presence of imperfect communication, relying on a strong
mathematical basis.

In this context, decentralized or distributed control, which
also relies on graph theory results, plays a major role in
the field of longitudinal control (Li et al., 2017), and dates
back to highway platooning concepts from pioneer works
on automated highways (see, e.g., Varaiya, 1993). At the
same time, merging maneuvers from on-ramps, make use
of graph-based longitudinal control. Indeed, they consist of
a planning scheduling problem, in which upcoming CAVs
are scheduled into merging sequences first, so that they can
apply the cooperative longitudinal control subsequently. A
very popular concept in these cases was first introduced by
Uno et al. (1999): the virtual vehicle, which consists of a
projection of a vehicle coming from an on-ramp onto the
main road into a virtual chain with other real vehicles.
This allows to run a longitudinal control algorithm, such
as the adaptive cruise control (ACC), to effectively reach
appropriate speeds and distances among vehicles for a safe
merging. An improvement to the theory of virtual vehicle
is presented in Lu and Hedrick (2003), where a virtual
platoon is proposed to cope with different road layouts
problems, allowing the merging vehicle to enjoy a broader
flexibility in adjusting its speed and acceleration.

However, we notice that, while the vast majority of dis-
tributed or decentralized methods have been applied to
longitudinal control, other traffic operations, such as lat-
eral control, and traffic intersection, are not as much ex-
plored. Besides, given that longitudinal control relies on
the fact that CAVs follow the principle of FIFO (first-in-
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One possible approach is considering distributed network
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(2017), who present an overview of DNCs in terms of their
system configurations, demanding issues and methodolo-
gies to turn them into reality, as well as challenges in the
field of communication, computation and control. Commu-
nication among agents is handled as a multidisciplinary ap-
proach to cope with the implicit assumption of unlimited
computation resources, non-delayed sensing and actuation,
unlimited bandwidth and perfect communication environ-
ments that are usually set out to simplify the existing
studies.

Graph theory is a relevant line of research in this context
(Majeed and Rauf, 2020). Graph theory has already been
investigated in the topic of mobile robots formation control
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platoon is proposed to cope with different road layouts
problems, allowing the merging vehicle to enjoy a broader
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presence of imperfect communication, relying on a strong
mathematical basis.
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also relies on graph theory results, plays a major role in
the field of longitudinal control (Li et al., 2017), and dates
back to highway platooning concepts from pioneer works
on automated highways (see, e.g., Varaiya, 1993). At the
same time, merging maneuvers from on-ramps, make use
of graph-based longitudinal control. Indeed, they consist of
a planning scheduling problem, in which upcoming CAVs
are scheduled into merging sequences first, so that they can
apply the cooperative longitudinal control subsequently. A
very popular concept in these cases was first introduced by
Uno et al. (1999): the virtual vehicle, which consists of a
projection of a vehicle coming from an on-ramp onto the
main road into a virtual chain with other real vehicles.
This allows to run a longitudinal control algorithm, such
as the adaptive cruise control (ACC), to effectively reach
appropriate speeds and distances among vehicles for a safe
merging. An improvement to the theory of virtual vehicle
is presented in Lu and Hedrick (2003), where a virtual
platoon is proposed to cope with different road layouts
problems, allowing the merging vehicle to enjoy a broader
flexibility in adjusting its speed and acceleration.

However, we notice that, while the vast majority of dis-
tributed or decentralized methods have been applied to
longitudinal control, other traffic operations, such as lat-
eral control, and traffic intersection, are not as much ex-
plored. Besides, given that longitudinal control relies on
the fact that CAVs follow the principle of FIFO (first-in-

first-out) queue, simple path graphs are mostly considered,
with some sporadic exceptions (see, e.g. Navarro et al.,
2016 and Miekautsch et al., 2021).

This paper is organized as follows: in Section 2, we present
the motivation for this paper and outline the novel aspects
of our work; in Section 3, we provide the basic background
notions in the field of distributed formation control; then,
in Section 4, we present the general methodology that is
employed for the following applications, which, together
with their limitations, are shown in Section 5; finally, in
Section 6, we draw our considerations on the preliminary
results we obtained and discuss the future directions of our
research.

2. MOTIVATION

The truth is that CAVs not only should manage car-
following and merging operations, but also more complex
situations, such as intersections, roundabouts, or junc-
tions, as pointed out in Soni and Hu (2018).

Vehicles transiting at these intersections should manage
their reallocation in different roads. As highlighted in
Xu et al. (2021), microscopic modeling-based distributed
control methods are not straightforwardly applicable to
vehicular formation control because of the lack of consol-
idated results in constraints management. The need for
appropriate and well thought methodologies to incorpo-
rate such methods into CAVs driving algorithms leads to
reconsidering distributed consensus control techniques and
adapt them to more complex scenarios. These algorithms
would not only suit the very nature of CAVs, fully exploit-
ing their communications and computation capabilities,
but also be highly convenient because of the existence of
mathematically proven results in this area (Olfati-Saber
and Murray, 2004; Fax and Murray, 2004; Olfati-Saber
et al., 2007; Bullo, 2022).

In this paper, we propose a methodology to adapt a robotic
formation control strategy to two complex applications
involving CAVs, namely overtaking and intersection man-
agement. We exemplify the modeling of such scenarios,
while still taking into account the physical constraints that
they may incur and providing further considerations about
them.

3. FORMATION CONTROL BACKGROUND

Formation control demands a specific formation, with a
determined shape, to be kept by the autonomous agents.
Such a task is achieved by following the distributed pro-
tocol (Ren and Beard, 2008)

xk+1 = Akxk + bk, (1)

where xk is the state of all the agents at time k, Ak is
the adjacency matrix at time k, and bk is a bias or offset
vector. This discrete time protocol leads the agents to a
common trajectory, by computing Akxk, while bk is the
bias offset that allows agents to keep distance from the
agreed solution and, hence, place on a determined point of
the formation.

This protocol will be applied in what follows to define the
formation of CAVs in terms of their lateral position and
longitudinal speed.

4. METHODOLOGY

In this paper, we consider two scenarios: 1) overtaking,
and 2) intersection management. The general problem
addressed is that of agreeing on a common solution and
then deviate from it. This is because, in the intended
applications, it is desirable to: either a) agree on a com-
mon trajectory to deviate from, to avoid collision while
overtaking; or b) agree on a common intersection passing
time period to deviate from, to avoid occupying the in-
tersection at the same time. In both cases, the solution of
the general problem reduces to an equation such as (1).
Given these preliminary information, the crucial point is
understanding what the graph, and hence the adjacency
matrix, will be like for different operations. The idea is
that, for every vehicle, first all the most dangerous vehicles
should be detected, and then a graph connecting them
should be constructed. The concept of most dangerous is
up to the application it is referred to. In what follows, we
propose a strategy to construct the graph and implement
the formation control algorithm for overtaking and inter-
section control.

4.1 Overtaking

As a first step, vehicles should construct a (time variable)
graph. Suppose that each vehicle considers a rectangular
area where, if another vehicle is sensed, then communica-
tion shall begin in order to adjust the lateral position. Such
an area can be considered as wide as the controlled vehicle
itself, plus some minimum safety distance on both sides.
As regards the length, it can be as long as the vehicle itself
plus a distance d as the typical one to be kept for ACC
operations (see, e.g., Fig. 1a). Once the vehicles in such
a range are detected, communication commences. Subse-
quently, vehicles exchange information about their lateral
position, represented by vector x in (1), and update it ac-
cording to the distributed protocol, thus computing (1). In
case a vehicle senses that it cannot move according to the
distributed algorithm, e.g., when it is so close to a roadside
that it cannot move any further on that side, then it will
be unwilling to negotiate its own position via distributed
control anymore, hence behave like a leader (Fig. 1b). In
the following, leaders will be called constrained vehicles,
while other vehicles are unconstrained vehicles. Notice
that, while in the former case an undirected (or bidirec-
tional) graph is implicitly established (Fig. 2a) because
no leader is present, in the latter, a directed graph is
constructed where the constrained vehicle behaves like a
leader (Fig. 2b). In this perspective, also a human-driven
vehicle could be seen as constrained, i.e. leader, vehicle,
since its behavior cannot be (directly) influenced by our
distributed protocol.

Suppose that a given constrained vehicle encounters only
constrained vehicles in its sensing range. In this case,
no lateral adjustment can be done and, therefore, the
longitudinal control should rather be applied. For example,
a cooperative cruise control (CCC) can be implemented by
applying the protocol

vk+1 = Akvk, (2)

in discrete time, where Akvk leads the agents to agree on
the same speed.
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(a) (b)

Fig. 1. An example with a faster vehicle behind two
slower ones. The blue line is the result of reaching
the consensus Akxk, while the green arrows describe
the bias bk. (a) All the vehicles are unconstrained,
therefore the slower vehicles make room for the faster
one to pass. (b) The rightmost vehicle is constrained
by the roadside, therefore the other vehicles move to
get far from it.

(a)

(b)

Fig. 2. The graphs established by scenarios as in Fig. 1.
(a) All the vehicles are unconstrained, therefore an
undirected (or bidirectional) graph is constructed.
(b) The (black) rightmost vehicle is constrained by
the roadside, therefore it is the leader in a directed
graph.

On the other hand, if an unconstrained vehicle encounters
only constrained vehicles, then some rules should be de-
fined. A possible choice could be, e.g., considering the ve-
hicles on the left for longitudinal control, and the vehicles
on the right as leaders for the lateral control (such strategy
is employed, e.g., for the simulation in Section 5.1). More-
over, notice that this combination of longitudinal control
to modify the longitudinal speed and lateral control to
affect the lateral formation control implements a form of
nudging, as described by Papageorgiou et al. (2021). All
of these operations are described by Algorithm 1, where
vehicles are modeled by the dynamic system:



xk+1 = xk +∆tv
k

yk+1 = yk +∆tw
k

vk+1 = vk +∆ta
k

wk+1 = wk +∆tα
k

(3)

where [x y v w]
⊺
is the state vector containing longitu-

dinal and lateral position, and longitudinal and lateral
speed, respectively, and expressed jointed to a global
reference frame. The time step is ∆t, which allows for
a smoother driving towards the newly computed lateral

position. The input vector [a α]
⊺

refers to the longitu-
dinal and lateral acceleration, respectively. Notice that
variable yk+1 is updated according to the distributed
protocol as in (1) since it is intended to depart from
a common solution, while vk+1 is updated according to
the distributed protocol as in (2) to ensure reaching the
consensus. For the sake of comprehension, consider that:
1) vectors are defined by a bold script, while their entries
are expressed as the respective plain script plus a sub-
script to indicate their index in the vector; 2) the function
ComputeLateralDistance(), called within line 9, is
not defined but can be any simple lateral distance that
a vehicle might want to keep from another; and 3) min

and mout are arrays of messages including three elements
{a, b, c}, each of which referred to by, e.g., min[a].

4.2 Intersection

By analogy, we can formulated the problem of controlling
the formation of time periods, rather than vehicles po-
sition themselves. In particular, let us assume that only
one vehicle at a time is allowed to pass an intersection,
and that we consider time periods in which they occupy
the intersection, then the goal is to separate such time
ranges. In this case, the most dangerous vehicles could be
the ones with which a vehicle intersection passing period
overlaps the most. At the same time, constrained vehicles
would be those which cannot move their time period any
further because, e.g., they reached a minimum period
starting point (they cannot accelerate as much as needed
to reach the intersection at that given starting time); as
an example, see Fig. 3. Algorithm 2 describes such opera-
tions. We consider the same notation as the one in Algo-
rithm 1, while functions ComputeOverlappingTime()
and ComputeDisplacement() within lines 7, 10, and 13
are not defined but straightforward to implement as, e.g.,
the intersection of the time periods for the former, and
some desired time headway for the latter.

5. SIMULATION EXPERIMENTS

In this section, we provide two simulation experiments
conducted to illustrate the performance of our proposed
methodology in overtaking and intersection scenarios.

5.1 Overtaking

For this first simulation experiment, we consider four
CAVs driving on a straight road (possibly a motorway)
at different desired speeds, and modeled by the dynamic
system (3). The time step is ∆t = 0.01 s, while the initial
conditions and physical parameters of the vehicles are as
described in Table 1.

Fig. 4 shows an example of overtaking operations with
four CAVs. First, in Fig. 4a, vehicles A and B compute the

Table 1. CAVs physical parameters

Vehicle A B C D

Desired speed [m/s] 10 2 4 5

Starting point x0 [m] 0 16 22 40

Starting point y0 [m] -0.5 1.2 -2 1

Width [m] 2.265 1.898 2.108 1.976

Length [m] 4.025 3.877 4.210 4.746
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(a) (b)

Fig. 1. An example with a faster vehicle behind two
slower ones. The blue line is the result of reaching
the consensus Akxk, while the green arrows describe
the bias bk. (a) All the vehicles are unconstrained,
therefore the slower vehicles make room for the faster
one to pass. (b) The rightmost vehicle is constrained
by the roadside, therefore the other vehicles move to
get far from it.

(a)

(b)

Fig. 2. The graphs established by scenarios as in Fig. 1.
(a) All the vehicles are unconstrained, therefore an
undirected (or bidirectional) graph is constructed.
(b) The (black) rightmost vehicle is constrained by
the roadside, therefore it is the leader in a directed
graph.

On the other hand, if an unconstrained vehicle encounters
only constrained vehicles, then some rules should be de-
fined. A possible choice could be, e.g., considering the ve-
hicles on the left for longitudinal control, and the vehicles
on the right as leaders for the lateral control (such strategy
is employed, e.g., for the simulation in Section 5.1). More-
over, notice that this combination of longitudinal control
to modify the longitudinal speed and lateral control to
affect the lateral formation control implements a form of
nudging, as described by Papageorgiou et al. (2021). All
of these operations are described by Algorithm 1, where
vehicles are modeled by the dynamic system:



xk+1 = xk +∆tv
k

yk+1 = yk +∆tw
k

vk+1 = vk +∆ta
k

wk+1 = wk +∆tα
k

(3)

where [x y v w]
⊺
is the state vector containing longitu-

dinal and lateral position, and longitudinal and lateral
speed, respectively, and expressed jointed to a global
reference frame. The time step is ∆t, which allows for
a smoother driving towards the newly computed lateral

position. The input vector [a α]
⊺

refers to the longitu-
dinal and lateral acceleration, respectively. Notice that
variable yk+1 is updated according to the distributed
protocol as in (1) since it is intended to depart from
a common solution, while vk+1 is updated according to
the distributed protocol as in (2) to ensure reaching the
consensus. For the sake of comprehension, consider that:
1) vectors are defined by a bold script, while their entries
are expressed as the respective plain script plus a sub-
script to indicate their index in the vector; 2) the function
ComputeLateralDistance(), called within line 9, is
not defined but can be any simple lateral distance that
a vehicle might want to keep from another; and 3) min

and mout are arrays of messages including three elements
{a, b, c}, each of which referred to by, e.g., min[a].

4.2 Intersection

By analogy, we can formulated the problem of controlling
the formation of time periods, rather than vehicles po-
sition themselves. In particular, let us assume that only
one vehicle at a time is allowed to pass an intersection,
and that we consider time periods in which they occupy
the intersection, then the goal is to separate such time
ranges. In this case, the most dangerous vehicles could be
the ones with which a vehicle intersection passing period
overlaps the most. At the same time, constrained vehicles
would be those which cannot move their time period any
further because, e.g., they reached a minimum period
starting point (they cannot accelerate as much as needed
to reach the intersection at that given starting time); as
an example, see Fig. 3. Algorithm 2 describes such opera-
tions. We consider the same notation as the one in Algo-
rithm 1, while functions ComputeOverlappingTime()
and ComputeDisplacement() within lines 7, 10, and 13
are not defined but straightforward to implement as, e.g.,
the intersection of the time periods for the former, and
some desired time headway for the latter.

5. SIMULATION EXPERIMENTS

In this section, we provide two simulation experiments
conducted to illustrate the performance of our proposed
methodology in overtaking and intersection scenarios.

5.1 Overtaking

For this first simulation experiment, we consider four
CAVs driving on a straight road (possibly a motorway)
at different desired speeds, and modeled by the dynamic
system (3). The time step is ∆t = 0.01 s, while the initial
conditions and physical parameters of the vehicles are as
described in Table 1.

Fig. 4 shows an example of overtaking operations with
four CAVs. First, in Fig. 4a, vehicles A and B compute the

Table 1. CAVs physical parameters

Vehicle A B C D

Desired speed [m/s] 10 2 4 5

Starting point x0 [m] 0 16 22 40

Starting point y0 [m] -0.5 1.2 -2 1

Width [m] 2.265 1.898 2.108 1.976

Length [m] 4.025 3.877 4.210 4.746

Algorithm 1 Overtaking algorithm run by CAV i

Require: state vector
[
xk
i yki vk−1

i wk−1
i

]⊺
, stepsize∆t

Ensure: updated xk+1
i , yk+1

i , vki and wk
i

1: procedure LongitudinalUpdate(N , min[vk−1])
2: ak ← [1/|N | 1/|N | · · · 1/|N |]
3: Combine all the v ←

[
vk−1
i min[vk−1]⊺

]⊺
4: Update vki ← akv

5: Update xk+1
i ← xk

i +∆tv
k
i

6: end procedure
7: procedure LateralUpdate(N , b, min[yk])
8: ak ← [1/|N | 1/|N | · · · 1/|N |]
9: b ← b + ComputeLateralDistance(min[yk])

10: Combine all the y ←
[
yki min[yk]⊺

]⊺
11: Update wk

i ← yki − aky + b

12: Update yk+1
i ← yki +∆tw

k
i

13: end procedure
14: while true do
15: Init min ← null array of incoming messages
16: Init mout ← null array of outgoing messages
17: Init b ← 0
18: Compute sensing and communication range
19: N ← {set of sensed vehicles in the range}
20: for all vehicle j in N do
21: if (j on the left & i constrained on the right) or

(j on the right & i constrained on the left) then

22: mout
j ← {‘c’, yki , v

k−1
i }

23: else
24: mout

j ← {‘u’, yki , v
k−1
i }

25: end if
26: end for
27: Send mout

j to the respective j, ∀j
28: Receive min

j ← {m, ykj , v
k−1
j } from each j

29: if mout
j [m] = ‘c’ ∀j & min

j [m] = ‘c’ ∀j then

30: LongitudinalUpdate(N , min[vk−1])
31: else if ∃ mout

j [m] = ‘u’ & ∃ min
j [m] = ‘u’ then

32: LateralUpdate(N , b, min[vk−1])
33: else if ∃ mout

j {m} = ‘u’ & min
j {m} = ‘c’ ∀j then

34: N lon ← {j ∈ N : mout
j [m] =‘c’ or j on the left}

35: minLon[vk−1] ← {min
j [vk−1] ∀ j ∈ N lon}

36: LongitudinalUpdate(N lon, minLon[vk−1])
37: N lat ← N \N lon

38: minLat[yk] ←
{
min

j [yk] ∀j ∈ N lat
}

39: LateralUpdate(N lat, b, minLat[vk−1])
40: end if
41: end while

distributed lateral control to avoid collisions. In particular,
vehicle B moves towards right only for a few steps before
reaching the roadside and then it becomes the leader of
the small, just constructed, 2-nodes graph. At the same
time, another constrained vehicle, namely vehicle C, must
be dealt with. Therefore, vehicle A connects with vehicle
C for longitudinal control, since it is on the left. Then, we
see in Fig. 4b that vehicle A can safely overtake vehicle
C since vehicle B is now far behind. Finally, in Fig. 4c,
unconstrained vehicle D makes room for constrained vehi-
cle A.

Algorithm 2 Intersection algorithm run by CAV i

Require: intersection time period bounds xstart
i and xend

i ,
algorithm duration T

Ensure: updated xstart
i and xend

i
1: Init a ← 0⊺, ai ← 1, b ← 0
2: Init m ← 0 most extended overlapping time
3: Announce xstart

i and xend
i

4: Receive M messages containing xstart
j and xend

j ∀j
5: for t ← 1 to T do
6: for all j ∈ M do
7: oj ← ComputeOverlappingTime(Mj)
8: if oj = m & m ̸= 0 then
9: aj ← 1

10: b ← b + ComputeDisplacement(Mj)
11: else if oj > m then
12: a ← 0, ai ← 1
13: b ← ComputeDisplacement(Mj)
14: end if
15: end for
16: Normalize ak ← [ak/∥a∥0] ∀k

17: x ←
[
xstart
1 + xend

1

2

xstart
2 + xend

2

2
· · ·

]

18: Update
xstart
i +xend

i

2 ← ax+ b
19: end for

(a)

(b)

(c)

Fig. 3. Intersection with three vehicles. (a) The three
desired passing time periods are overlapping, hence
distributed control shall apply. (b) Vehicles 1 and 2
are the ones that are overlapping the most, then they
start moving away from each other until vehicle 1
encounters its minimum period starting time. (c) Ve-
hicle 3 moves away from vehicle 2.

5.2 Intersection

Fig. 5 shows our proposed algorithm working on inter-
section management. In this case, rather than formation
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(a) (b) (c)

Fig. 4. Overtaking operations with four CAVs. (a) Vehicles
A and B move towards the sides by distributed
lateral motion control, for as long as possible, while
vehicles A and C apply the distributed longitudinal
control to agree on the average speed. (b) Vehicle A
overtakes C once B is out of the “danger” area and
accelerates again while vehicle C decelerates to meet
its own desired speed. (c) Vehicles A and D apply the
distributed lateral motion control.

control, we could consider it as time allocation control.
Indeed, vehicles are required to declare their desired time
period for passing an intersection, compare it with that
of other vehicles, and connect (time by time) with the
ones for which a major overlapping is detected. Then,
the distributed control algorithm will separate such time
ranges. Fig. 5a shows the declared desired time periods
overlapping before the algorithm has run, while Fig. 5b
shows the result after running the algorithm. Time periods
are reorganized so that they do not overlap, and an order
for passing the intersection is implicitly provided.

5.3 Limitations

Overtaking. We are considering time varying graphs, in
that vehicles are required to continuously scan for possible
obstacle vehicles in their own range and reconstruct the
graph accordingly. Inevitably, a vehicle might be subject
to continuous changes in the trajectory to agree on (and
get away from). Some smoothing technique or optimization
should be done to minimize such rate of change. Moreover,
if, e.g., model predictive control were used for the latter
purpose, a strategy to pace the iterations of both the dis-
tributed algorithm and the receding window optimization
should be introduced. An interesting experiment would be

combining this approach with a real-time MPC algorithm
as the one we proposed in Vitale and Roncoli (2021).

Finally, even if in this simulation we considered a lane-
free scenario, lanes could be considered to make a vehicle
constrained.

Intersection. Here we are considering the intersection as
a whole, hence one vehicle at a time shall pass (reasonable
enough only for small intersections). A multiregion inter-
section should be considered to allow more than one car to
pass simultaneously, if they do not cross their trajectories.

Moreover, here we are proposing a way to reorganize vehi-
cles’ order and passing time without the need for any, pos-
sibly more computationally expensive, search algorithm,
but some optimization technique should be still included.
Indeed, the rearrangement of time periods, which deter-
mines the order by which vehicles shall pass, might result
in unused empty time slots and unnecessarily slow down
some vehicles. In addition, the algorithm, as it is, could
reorganize vehicles’ order in an unfair way (disregarding
the FIFO order).

Finally, although this application expressly requires the
vehicles to be CAVs, we could extend it to include human-
driven vehicles, too. In this latter case, there should be
some mechanism that senses human-driven vehicles and
predicts their time period through the intersection to
announce on their behalf. Such a mechanism could be
a typical intersection manager, some other sensors and
software the other CAVs could be equipped with, etc.

6. CONCLUSIONS

In this paper, we presented a distributed control strategy
and adapted it to two different scenarios: lateral control
for overtaking and intersection passing order agreement.
Although results are obtained for simple scenarios, the
theoretical suitability of robotic formation control was
evident from our simulations. Future directions include
the embedding of such results in optimization problems
to minimize, e.g.: steering for lateral control, acceleration
to adapt a vehicle to a shifted time period for intersection
passing, and time elapsed between one vehicle passing an
intersection and the following one.

REFERENCES

Bullo, F. (2022). Lectures on network systems. 1 edition.
Fax, J.A. and Murray, R.M. (2004). Information flow
and cooperative control of vehicle formations. IEEE
Transactions on Automatic Control, 49(9), 1465–1476.

Ge, X. and Han, Q.L. (2017). Distributed forma-
tion control of networked multi-agent systems using
a dynamic event-triggered communication mechanism.
IEEE Transactions on Industrial Electronics, 64(10),
8118–8127.

Guanetti, J., Kim, Y., and Borrelli, F. (2018). Control
of connected and automated vehicles: State of the art
and future challenges. Annual Reviews in Control, 45,
18–40.

Lafferriere, G., Caughman, J., and Williams, A. (2004).
Graph theoretic methods in the stability of vehicle for-
mations. In Proceedings of the 2004 American Control
Conference, volume 4, 3729–3734. IEEE.



 Francesco Vitale  et al. / IFAC PapersOnLine 55-13 (2022) 198–203 203

(a) (b) (c)

Fig. 4. Overtaking operations with four CAVs. (a) Vehicles
A and B move towards the sides by distributed
lateral motion control, for as long as possible, while
vehicles A and C apply the distributed longitudinal
control to agree on the average speed. (b) Vehicle A
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shows the result after running the algorithm. Time periods
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for passing the intersection is implicitly provided.

5.3 Limitations
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obstacle vehicles in their own range and reconstruct the
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get away from). Some smoothing technique or optimization
should be done to minimize such rate of change. Moreover,
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