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Abstract: This paper studies formation control of multi-lane platoons of vehicles, endowed
with local positioning capabilities, under the influence of noises and inconsistencies of inter-
vehicle relative position measurements. We propose a distributed two-level control framework
that consists of a high-level relative position based distributed formation control scheme and
low-level individual dynamic controllers of the platoon vehicles. The proposed formation control
scheme utilizes deadzone based switching for robustness against sensor noises and adaptive
longitudinal controllers for enabling the platoon of heterogeneous vehicles to track the desired
platoon velocity.
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1. INTRODUCTION

To address the significant increase in traffic congestion,
accident, and environmental pollution issues in recent
decades linked to an increase of vehicles on the road
(Smith (2016)), the study of cooperative control of con-
nected autonomous/automated vehicles (CAVs) has grown
enormously. It has become a large interdisciplinary re-
search topic with the potential to significantly improve
traffic flow and safety, reduce pollutant emissions, and
enhance driving comfort (Chan et al. (2012)). One partic-
ular CAV approach to address the aforementioned issues
is to have vehicles operate at small inter-vehicle distances
in a spatially coordinated scheme often referred to as a
platoon. In this paper, we consider a vehicle platoon as in
De La Fortelle et al. (2014), that is composed of three or
more vehicles maintaining a single or multi-lane formation
and that has neither a leading vehicle nor a centralized
controller/supervisor.

Many of the recent studies on vehicle formation control,
including Guanetti et al. (2018) and Li et al. (2017b),
focus on acquiring and maintaining desired inter-vehicle
distances using reactive spacing control methods. Some
of these recent studies also utilize advanced robust and
optimal control methods, such as H∞ control (Li et al.
(2017a)), model predictive control (Dolk et al. (2017)) and
sliding mode control (Li et al. (2018)). The aforementioned
papers (Guanetti et al. (2018); Li et al. (2017b,a); Dolk
et al. (2017); Li et al. (2018)), however, only consider
vehicle platoons on a single straight lane. One of the
first works introducing the multi-lane formation control
concept is Kato et al. (2002), where it is shown that
safety levels increase as vehicles are able to coordinate

and cooperate with vehicles in both the same lane and
neighbouring ones. Since then, a variety of studies have
looked into formation and reconfiguration (Firoozi et al.
(2021)) and target assignment (Cai et al. (2019)). Most
of these works implement some form of a bi-level motion
control framework. The upper level is the planning layer
responsible for geometric structure generation and forma-
tion control. The lower level consists of individual dynamic
controllers for each vehicle.

In Oh et al. (2015), the formation control of multi-agent
systems is categorized into position, displacement, and
distance based control according to the utilized types of
sensed and controlled variables. In displacement based
control, where each agent measures the relative positions
of others with respect to its own coordinate system, the
desired formation is specified by the relative positions be-
tween vehicles. The formation, therefore, does not require
each agent to know its absolute position with respect
to a global coordinate system as is the case in position
based control. Furthermore, by using relative positions as
opposed to inter-vehicle distances, the interaction graph
is not required to acquire and maintain rigidity or per-
sistence. This suits a platooning application as it is not
limited in its formation shapes and can dynamically ac-
commodate joining and leaving vehicles. These reasons
motivate us to consider displacement (relative position)
based control for the formation control scheme.

Despite the considerable amount of research on the control
of multi-lane platoons, the literature on the effects of
sensor noise is limited. In contrast, these effects have been
studied for some general interconnected system consensus
problems, assuming the noise to have an upper magnitude



bound (Sancar et al. (2015)) or some stochastic approx-
imation (Huang and Manton (2009)). In this paper, we
consider magnitude-bounded noise on the relative posi-
tion measurements of neighbouring vehicles to match the
framework introduced in Hendrickx et al. (2019).

Without properly addressing them, sensor noises have
been shown to lead to distorted formations and unexpected
and undesirable movements (De Marina et al. (2014)).
Aiming to fill this gap, the contribution of this work is
the design of a distributed control scheme for multi-lane
platoons of heterogeneous vehicles in the presence of sensor
noise. The control framework is inspired by the bi-level
control hierarchy of Zheng et al. (2021), however, instead
of the distance based formation control algorithm, we
apply a relative position based strategy with the threshold
function from Hendrickx et al. (2019) to make it robust to
sensor noise. Compared with the works of, (Sancar et al.
(2015); Hendrickx et al. (2019)), we extend the application
of this threshold function from 1-dimensional single-lane
platoons to 2-dimensional multi-lane configurations. Fur-
thermore, we implement a longitudinal adaptive controller
and a lane-keeping lateral controller. To make the platoon
adapt to the shape of the road we utilize a Frenet coor-
dinate system as in Navarro et al. (2016). The strengths
of the proposed framework and distributed control scheme
are demonstrated through numerical simulations.

The paper is organized as follows: The problem statement
is presented in Section 2 and the necessary background
is provided in Section 3. Section 4 details the controller
design after which Section 5 shows the simulation results.
The conclusions are provided in Section 6.

2. PROBLEM STATEMENT

Consider a platoon of N vehicles distributed over several
lanes of a highway as shown in Figure 1. The dotted
lines represent the sensing and communication links among
the N vehicles. Assume that each agent can determine
its position within a lane, e.g. using video, laser, and/or
infrared systems as in Cudrano et al. (2020) and the
relative position of neighbouring agents using LIDAR,
radar, and/or cameras (Yeong et al. (2021)) all with
respect to its own coordinate frame. Assume also that by
using vehicle-to-vehicle (V2V) communication, the agents
can exchange their own lane position estimates, which
are generally more accurate than the estimates by other
vehicles, among neighbours.

The goal of this work is to design a distributed control
scheme for such a vehicle platoon with three objectives in
mind. First of all, the vehicles should drive in the centre
of their lane. Secondly, the platoon moves at a certain
group velocity and, thirdly, the platoon should maintain a
desired geometric formation. These three objectives can
be conflicting at times and the presence of noise can
introduce uncertainty. Therefore, we strive for control
solutions that lead to performance within certain bounds,
e.g., by allowing some elasticity in the formation, instead
of achieving rigidity.

In the following sections, we detail the design of a hier-
archical platoon control architecture composed of a dis-
tributed formation control layer and individual vehicle

Fig. 1. A multi-lane heterogeneous vehicle platoon

dynamic controllers. The control design task can then be
summarized as finding appropriate longitudinal, lateral
and formation control algorithms, which guarantee the
stability of the overall system and aim to achieve the three
control objectives within specific bounds.

3. BACKGROUND & ARCHITECTURAL SETUP

We consider a vehicle formation in R2, consisting of N ≥ 2
vehicles labeled by 1, . . . , N , whose neighbor relationships
are described by an undirected graph G with the vertex
set V = {1, . . . , N} and the edge set E ⊆ V × V. We
assume that there is no self-edge, i.e., (i, i) /∈ E for any
i ∈ V. The set of neighbors of i ∈ V is denoted by
Ni := {j ∈ V : (i, j) ∈ E}. The degree deg(i) of vehicle i is
the size |Ni| of its neighbour set Ni.

To enable the platoon to adapt to the road shape, we
employ the Frenet coordinate system (s, l), (Navarro et al.
(2016)) where the coordinate vector of vehicle i at any time
t ∈ R≥0 is pi(t) = [si(t), li(t)]

T ∈ R2, si(t) representing
the longitudinal position along the lane, i.e., the distance
followed along the road from an arbitrary origin at time t
and li(t) denoting the lateral position with respect to the
center of a reference lane at time t. Vehicles maintaining
lanes other than the reference lane will therefore have a
fixed lateral offset.

The kinematics of vehicle i are described, based on the
schematics shown in Fig 2, by the bicycle model

ṡi(t) = ui,s(t) = vi(t) cosψi(t)

l̇i(t) = ui,l(t) = vi(t) sinψi(t)

ψ̇i(t) =
vi(t)

Li
tanϕi(t)

(1)

where ui(t) = [ui,s(t), ui,l(t)]
T is the kinematic (velocity)

input and ψi(t) ∈
(
−π

2 ,
π
2

]
, Li ∈ R>0 and vi(t) ∈ R are

the yaw angle, wheelbase and speed of vehicle i at time
t, respectively. ϕi(t) ∈ R is the steering angle of the front
wheels and the control input of the lateral controller.

Fig. 2. The parameters of the bicycle model



The longitudinal dynamics of each vehicle i ∈ V are
represented by the model (Li et al. (2017b))

v̇i(t) = αiTi(t) + βiv
2
i (t) + δi (2)

where αi =
ηT,i

rw,imi
, βi = −CA,i

mi
, δi = −gfi are the

unknown input gain, the unknown damping coefficient and
a fixed unknown disturbance, respectively. Ti(t) at time
t ∈ R≥0 is the input torque and control input of the
longitudinal controller. The parameters CA,i, fi, ηT,i, with
ranges found in Zheng et al. (2021), are the lumped aero-
dynamic drag coefficient, coefficient of rolling resistance
and mechanical efficiency of the drive-line, respectively.
mi is the common vehicle mass as used in Buzeman et al.
(1998) while g and rw,i are the gravity constant and wheel
radius, respectively.

3.1 Formation control layer

The goal of the formation control scheme is to acquire
the desired geometric vehicle formation and maintain this
geometric formation when the platoon is in motion. The
relative position of vehicle i with respect to each vehicle
j ∈ Ni at time t is denoted by

d∗ij(t) = pi(t)− pj(t) ∈ R2. (3)

The measurement of (3) by vehicle i is

dij(t) = pi(t)− pj(t) + nij(t), (4)

where nij(t) = [nij,s(t), nij,l(t)]
T ∈ R2 represents the noise

in this measurement. The magnitude of nij is assumed
to be bounded from above by some constant n̄ > 0,
i.e., ∥nij,k(t)∥ ≤ n̄, k ∈ {s, l}, for all t ∈ R≥0, where
∥.∥ is the Euclidean norm. Since generally nij(t) ̸= nji(t),
the vehicles have different measurements of each other’s
relative position.

The local formation control objective is defined as regu-
lating

e∗ij(t) = d∗ij(t)−Dij , (i, j) ∈ E (5)

to zero, where Dij ∈ R2 is the desired relative position for
(i, j) ∈ E . Allowing some elasticity in the formation, the
relaxed practical control objective is a minimization of

∥d∗ij(t)−Dij∥, (i, j) ∈ E . (6)

We consider the ordered desired relative positions, called

the distance set, as D :=
[
· · ·DT

ij · · ·
]T ∈ R2|E|. Clearly,

not all distance sets are actually realizable in practice.
Therefore, we utilize the notion of realizibility of a distance
set D for a given graph G. The pair (G,D) is said to
be realizable in R2, if there exists p∗ ∈ R2N such that
p∗i − p∗j = Dij for all (i, j) ∈ E .

Provided that (G,D) is realizable, ideal agents with single-
integrator dynamics, assuming their velocity input ui is
directly applicable in (1), achieve objective (5) under the
consensus control law (Ren et al. (2005))

ui(t) = kc
∑
j∈Ni

wji (pj(t)− pi(t)−Dji) , i ∈ V (7)

where kc > 0 is a control parameter and wij are update
weights, assuming there is no sensor noise, i.e. nij,x =
nij,y = 0. In our approach below, however, we compensate
for the presence of sensor noise and consider the lower-level
dynamic structure, as illustrated in Fig. 3, rather than
imposing single-integrator dynamics with ui as input.

Fig. 3. Block-diagram of the proposed control design with
Ti, ϕi and ui as the control inputs of the longitudinal,
lateral and formation controller respectively

3.2 Road adaptation

Vehicles on outer lanes travel longer distances than ve-
hicles on inner lanes due to the larger curve radius. For
vehicles in the reference lane, we translate the desired
speed in the s axis (ṡi(t)) to a velocity command vi,des(t)
via ṡi(t) ≃ vi,des(t), assuming that all vehicles are heading
in the same road direction and that due to the lateral
controller their headings are approximately parallel to the
road. For vehicles in different lanes, we scale this transla-
tion based on the larger or smaller road curve radius.

4. CONTROLLER DESIGN

This section details the design of the individual longitudi-
nal dynamic and lateral kinematic vehicle controllers and
the distributed formation control scheme for the whole
platoon, as the main components of the proposed control
framework illustrated in Fig 3.

4.1 Longitudinal controller

The objective of the longitudinal controller is to generate
Ti(t) in (2) such that the longitudinal tracking error

ev,i(t) = vi(t)− vi,des(t), (8)

with vi,des(t) as defined in Section 3.2, is minimized.
Taking the time derivative of ev,i along (2) yields

ėv,i(t) = αiTi(t) + βiv
2
i (t) + δi − v̇i,des(t). (9)

As αi, βi and δi are unknown, we apply a modified version
of the adaptive controller proposed by Zheng et al. (2021)
where an additional integral term is used to reduce the
steady-state error. This leads to the controller

Ti(t) = ˆ̄αi(t)(−k1ev,i(t)− k2ωi(t)− β̂i(t)v
2
i (t)

− δ̂i(t) + v̇i,des(t))

ω̇i(t) = ev,i(t)

(10)

where k1, k2 ∈ R+ are the proportional and integral
control gains, respectively, the variable ωi is introduced
as the integral of the velocity tracking error (8), and
ˆ̄αi(t), β̂i(t) and δ̂i(t) represent the adaptive estimates of



ᾱi(t) := 1
αi(t)

, βi(t) and δi(t) respectively. We note that

ᾱi(t) is well-defined since αi(t) > 0 for all t ∈ R≥0. For
further analysis, we define the parameter estimation errors

˜̄αi(t) = ˆ̄αi(t)− ᾱi

β̃i(t) = β̂i(t)− βi

δ̃i(t) = δ̂i(t)− δi

(11)

for vehicle i ∈ V. Substituting (10), (11) into (9) results in

ėv,i(t) =
ˆ̄αi(t)

ᾱi
(−k1ev,i(t)− k2ωi(t)− β̂i(t)v

2
i (t)

− δ̂i(t) + v̇i,des(t)) + βiv
2
i (t) + δi − v̇i,des(t)

=− k1ev,i(t)− k2ωi(t)− β̃i(t)v
2
i (t)− δ̃i(t) +

˜̄αi(t)

ᾱi
τi (12)

where

τi(t) =− k1ev,i(t)− k2ωi(t)− β̂i(t)v
2
i (t)− δ̂i(t) + v̇i,des(t) (13)

The adaptive laws are defined as

˙̄̂αi(t) = −γαev,i(t)τi(t)
˙̂
βi(t) = γβv

2
i (t)ev,i(t)

˙̂
δi(t) = γδev,i(t)

(14)

where γα, γβ , γδ > 0 are adaptive gain constants.

Theorem 1. Consider the nonlinear longitudinal dynam-
ics (2) with unknown parameters αi, βi and δi for Vehicle
i. The adaptive control law (10), (13) and (14) guarantees
that the vehicle speed vi is bounded and asymptotically
converges to the reference signal vi,des .

Proof. Consider the Lyaponuv function

V (t) =
1

2
e2v,i(t) +

k2
2
ω2
i (t) +

1

2γα |ᾱi|
˜̄α2
i (t) +

1

2γβ
β̃2
i (t)

+
1

2γδ
δ̃2i (t),

(15)
with k2 > 0. The time derivative of V (t) is

V̇ (t) =ev,i(t)ėv,i(t) + k2ωi(t)ω̇i(t) +
˜̄αi(t)

γα |ᾱi|
˙̄̃αi(t)

+
β̃i
γβ

(t)
˙̃
βi(t) +

δ̃i(t)

γδ

˙̃
δi(t)

(16)

by substituting (12), (13) and (14) into (16) we obtain

V̇ (t) =− k1e
2
v,i(t) + β̃i(t)(

˙̃
βi(t)− v2i (t)ev,i(t))+

δ̃i(t)(
˙̃
δi(t)− ev,i(t)) + ᾱi(

˙̄̃α+ τi(t)ev,i(t))

=− k1e
2
v,i(t) ≤ 0

(17)

which implies that ev,i is bounded and square-integrable,
which in turn implies that all the other signals in
the closed-loop system are bounded. Hence, further by
(12), ėv,i is bounded. Therefore, applying Barbalat’s
lemma (Ioannou and Fidan (2006)), we conclude that
limt→∞ ev,i(t) = 0 for k1, k2 > 0. This completes the
proof.

4.2 Lateral controller

The objective of the lateral controller is to keep the vehicle
on the reference path, maintain the lateral spacing between
neighbours and follow the curved road, all by controlling

the front steering angle ϕi. To achieve this goal, we use the
following (inverse kinematic) lateral controller proposed in
Linderoth et al. (2008) which aims to bring the yaw angle
error eψ and lateral displacement error el to zero under the
assumption that each vehicle moves forward (vi(t) > 0):

tan(ϕi) =
− cos

(
eψ,i

)
el − (ka,1 + ka,2) sin

(
eψ,i

)
ka,1 − (ka,1 + ka,2) cos

(
eψ,i

)
+ sin

(
eψ,i

)
el,i

(18)

where ka,1, ka,2 are coefficients greater than zero. Since
both the vehicle position and reference are expressed in
the Frenet coordinates, the vehicle orientation is equal to
the heading error eψ,i(t) = −ψi(t) while the lateral error
is defined as el,i(t) = llane − li,des(t)− li(t), where llane is
the l coordinate of the lane to which the vehicle belongs.

4.3 Distributed formation control scheme

In Hendrickx et al. (2019), the authors apply a switching
control scheme that ensures that the inter-agent distances
remain bounded in the presence of bounded sensor noise.
They propose to apply non-linear threshold functions

Tw(x) =

{
x if |x| > w

0 otherwise.
(19)

for robustness against the effects of the distance measure-
ment disturbances nij(t). However, any non-decreasing
function for which Tw(x) = 0 only if |x| ≤ w can be
applied. This design ensures that the agent only moves
when there is no doubt that it moves in the right direction.
The framework in Hendrickx et al. (2019) is defined for 1-
dimensional platoon formations and we observe that in (7),
each dimension is addressed independently of the others.
Therefore, we can apply the threshold function to both
the longitudinal and lateral direction and obtain the same
convergence guarantees.

Thus, considering only the longitudinal direction, we ex-
press the formation control algorithm robust to noise as

ui,s(t) = ksTdeg(i)n̄(
∑
j∈Ni

wji(t)(sj(t)− si(t)

+ nji(t)−Dji)) + vf (20)

where ks > 0 is the control gain, vf is the desired forward
group speed and deg(i) is the degree of the vehicle in the
graph G. Furthermore, a saturation function ensures that
the vehicles adhere to minimum and maximum speeds and
Tdeg(i)n̄ is defined as

Tn̄(x) =


x if |x| > n̄+ kn
0 if |x| ≤ n̄
(|x| − n̄) sgn(x)

kn
|x| else

(21)

where kn > 0 is a design constant. The controller for the
lateral direction is defined as

ui,l(t) = klTdeg(i)n̄(
∑
j∈Ni

wji(t)(lj(t)− li(t) + nji(t)−Dji))

(22)
where kl > 0 is the control gain.

Now we consider N vehicles with positions s1(t), . . . , sN (t)
∈ R and l1(t), . . . , lN (t) ∈ R at time instant t and a
connected undirected sensing graph G. Under the control
laws (20), (21) and (22), for any realizable desired relative
positions Dij , by the framework in Hendrickx et al. (2019)
it is then guaranteed that:



Table 1. System and control parameters

Parameter Value Parameter Value

ks 0.6 k1 7
kl 0.1 k2 1
ka,1 1 vmin, vmax 10, 40 [m/s]
ka,2 2 vf 25 [m/s]
kn 0.06 n̄ 0.4 [m]

• s̄ = limt→∞ s(t) exists, and satisfies∣∣∣∣∣∣
∑
j∈Ni

(s̄j − s̄i −Dji)

∣∣∣∣∣∣ ≤ 2deg(i)n̄ (23)

where n̄ is the bound on the disturbance.
• For every agent i and for all t ∈ R≥0 it holds

s∗i (t) + min
j

(sj(t)−s∗j (t)) ≤ si(t) ≤ s∗i (t)

+ max
j

(
sj(t)− s∗j (t)

)
(24)

where s∗(t) ∈ RN is a realization Dij , i.e., Dij =
s∗i (t)− s∗j (t), (i, j) ∈ E

The vehicles are thus guaranteed to reach the region
defined by the threshold function but they will regulate
(5) to a vicinity of zero instead of exactly zero. It is
important to note that this formulation only considers the
effect of sensor noise while neglecting the effects of, among
others, the performance of the lower-level control loop and
a certain elasticity of the formation. The region defined
for the threshold function can be extended to encompass
these effects as well but the analysis of this extension is
considered a future research direction.
Controller weights: Each vehicle aims to maintain the
desired relative position to all its neighbours, meaning
vehicles in both its own and adjacent lanes. However, there
is no distinction between lanes even though proximity to a
vehicle in the same lane would sooner result in a collision.
To address this, vehicles should prioritize the distance with
others in the same lane which can be achieved by redefining
the weights. In longitudinal control, vehicles that are in the
same lane will receive a higher weight than those in other
lanes. To ensure that the redistribution of priorities never
introduces an error larger than defined by the threshold
function, the weights are required to satisfy∑

j∈Ni

(wji(t)nji(t)) ≤ deg(i)n̄ (25)

Then the weights for the longitudinal and lateral directions
are respectively computed as:

wji,s(t) =
deg(i)(

∑
j∈Ni

(|dji,l(t)|)− |dji,l(t)|)
(deg(i)− 1)

∑
j∈Ni

(|dji,l(t)|)
(26)

wji,l(t) =
deg(i)(

∑
j∈Ni

(|dji,s(t)|)− |dji,s(t)|)
(deg(i)− 1)

∑
j∈Ni

(|dji,s(t)|)
(27)

5. SIMULATIONS

This section presents the results of an example simula-
tion among the many numerical simulations performed to
validate the proposed control framework. Consider five
vehicles for which the underlying graph capturing the
interaction between vehicles is illustrated in Fig. 4. The
simulation employs control laws (10), (18), (20) and (22).

Fig. 4. A formation of five vehicles in Frenet coordinates

The initial positions and speeds of the vehicles are
set as p1(0) = [0,−0.3]T , p2(0) = [22, 0]T , p3(0) =
[48, 0.5]T , p4(0) = [10,−3.4]T , p5(0) = [45,−4]T [m]
and v1(0) = 30, v2(0) = 25, v3(0) = 26, v4(0) =
31, v5(0) = 27 [m/s] respectively. The values of the
assumed system and control parameters are given in
Table 1 and the unknown parameters for the longi-
tudinal dynamics of the vehicles are assumed to be

α = [α1, α2, α3, α4, α5]
T

= [1.2, 1, 2.5, 2, 1.4]
T
10−3, β =

[β1, β2, β3, β4, β5]
T
= [−1,−1,−1.1,−0.9,−1.1]

T
10−4, δ =

[δ1, δ2, δ3, δ4, δ5]
T

= [−0.1,−0.12,−0.09,−0.1,−0.098]T .
We consider the platoon to be driving on a curved road
with a constant curve radius of 175 [m]. For the sensor
disturbances nij(t), we apply pulse signals as in Hendrickx
et al. (2019). Fig. 5 shows that the error between the
planned and actual velocity tends to zero as expected
from Theorem 1. Fig. 6 shows the errors in the desired
inter-vehicle longitudinal distances as the platoon moves to
achieve its control objectives. The results indicate a minor
effect of the pulse signal while the agents converge but it
diminishes once they stabilize on the interval defined by
(23). The errors in inter-vehicle distances in the same lane
tend to the threshold interval faster than those in different
lanes, demonstrating the controller weight prioritization.

The defined threshold intervals have a size of only 2%-4%
of the magnitudes of the desired relative positions, which
we consider to be well within a safe margin. It should be
noted that, even though we can define a specific n̄ for each
dimension, this region then holds for all desired relative
positions in that dimension independent of their size.
There is, unfortunately, no way around this, as applying
the thresholds to measurements as opposed to control
actions, does not guarantee that vehicles would converge
to the desired interval (Hendrickx et al. (2019)).

Fig. 5. Longitudinal speed tracking error for five agents

Fig. 6. Evolution with time of the longitudinal component
of the errors eij = pi−pj−Dij for a five agent platoon



6. CONCLUSION AND FUTURE WORK

In this paper, we designed a novel distributed formation
control and coordination scheme for multi-lane heteroge-
neous vehicle platoons with a bi-level framework consisting
of formation and dynamic control layers. Frenet coordi-
nates are utilized in the design of the formation control
scheme to allow the platoon to adapt to the shape of the
road. The proposed distributed formation control scheme
is relative position based and aims to achieve a desired
geometric formation and common group velocity in the
presence of bounded sensor noise in the inter-agent relative
position measurements. Adaptive longitudinal controllers
enable the platoon of heterogeneous vehicles to track the
desired platoon velocity and lateral controllers adjust the
steering angle to keep them to the lane and formation. The
conflicting nature of the control objectives and uncertainty
in the system required a solution within margins rather
than an exact one. This suits a platooning application well
as the control needs to be more conservative to prioritize
robustness over achieving an optimal configuration.

One future research topic is an extension of the threshold
function properties analysis with desired relative position
intervals. Another follow-up topic is analysing the effect of,
among others, the performance of the lower-level control
loop and a certain elasticity of the formation in the dead-
zone. Finally, this paper assumed a static formation and
group velocity, but it would be beneficial to investigate dy-
namic adjustments based on desired platoon movements.
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