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EXECUTIVE SUMMARY
1.1. Context and need of a multi brand platooning project
Context
Platooning technology has made significant advances in the last decade, but to achieve the next
step towards deployment of truck platooning, an integral multi-brand approach is required. Aiming
for Europe-wide deployment of platooning, ‘multi-brand’ solutions are paramount. It is the ambition
of ENSEMBLE to realise pre-standards for interoperability between trucks, platoons and logistics
solution providers, to speed up actual market pick-up of (sub)system development and
implementation and to enable harmonisation of legal frameworks in the member states.

Project scope
The main goal of the ENSEMBLE project is to pave the way for the adoption of multi-brand truck
platooning in Europe to improve fuel economy, traffic safety and throughput. This has been
demonstrated by driving up to seven differently branded trucks in one (or more) platoon(s) under
real world traffic conditions across national borders. During the years, the project goals are:
• Year 1: setting the specifications and developing a reference design with acceptance criteria
• Year 2 and 3: implementing this reference design on the OEM own trucks as well as perform
impact assessments with several criteria
• Year 4: focus on testing the multi-brand platoons on test tracks and international public roads
The technical results will be evaluated against the initial requirements. Also, the impact on fuel
consumption, drivers and other road users will be established. In the end, all activities within the
project aim to accelerate the deployment of multi-brand truck platooning in Europe.

Abstract of this Deliverable
The phenomenon of spontaneous platoon formation is crucial to study the dynamics of the use and
sharing of the road capacities by users in general and the transport of goods in particular. Such
information could be useful to transport companies and to public decision-makers for the
development of platooning, before the introduction of autonomous vehicles.
Therefore, the objective of this deliverable is to analyse this phenomenon. To do so, an original
dataset of inter-vehicle distances between trucks was gathered on French highways, produced by
Weigh-In-Motion stations. The distribution of this inter-vehicle distance is measured, correlations
with possible explanatory variables are explored. The quantitative analysis is supplemented with a
study of the answers to a questionnaire by the test drivers of the ENSEMBLE project.
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The main conclusion is that the formation of spontaneous, informal platoons, or convoys, could
appear, when truck traffic is high enough. In those situations, distances of less than 2 seconds at
current speed are often observed.
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INTRODUCTION
Initially, this work package proposed to understand the “convoy” practice to forecast the adoption of
platooning by truck drivers. The aim was to identify the variables preceding the formation of the
convoy, to specify the strategies developed by the drivers to integrate a convoy, to maintain the
distances or to leave it, to give insight in the management of the interaction between the trucks
involved in the future platoons. Based on observations on-board the trucks, the driving activity should
have been recorded by videos, with the driving situation in front of the driver and the situation behind
the vehicle. The video recording would have been combined with the distance and speed recording.
But many difficulties encountered in making observations of the activity of drivers in real situations
led us to modify our method. The revised project focuses on the grouping of truck phenomenon
rather than the convoy practice, and to identify the conditions based on traffic databases. The
definition of a convoy is a group of vehicles, typically motor vehicles (or ships), travelling together
for mutual support and protection. Therefore, we consider the grouping of trucks phenomenon, which
can be intended or not.
Whereas numerous works focus on the preconditions for the formation of platooning with connected
vehicles (Bhoopalam, Agatz, Zuidwijk 2018), there is no literature on the grouping of manually driven
Heavy Goods Vehicles (HGV). Nevertheless, this phenomenon is crucial to study the dynamics of
the use and the sharing of road capacities by users in general and the transport of goods in particular.
Such information could be useful to transport companies and to public decision-makers for the
development of platooning, before the introduction of autonomous vehicles. Confronted with vehicle
coordination problems before the formation of platoons, the former could benefit from identifying
road configurations likely to facilitate these formations (Boysen, Briskorn, Schwerdfeger, 2018),
whereas the latter will have to combine land use planning and traffic management.
The grouping of HGVs at a distance smaller than the regulatory 50 meters (corresponding to 2s at
90 km/h) presents certain platooning properties with connected vehicles. As defined by ACEA
(2017): “Truck platoons (…) automatically maintain a set, close distance between each other when
they are connected for certain parts of a journey, for instance on motorways (…). In the first instance,
drivers will remain in control at all times, so they can also decide to leave the platoon and drive
independently.” ACEA (2017) notes that “drivers still play a crucial role”. This is why it seemed
important to us to identify the road configurations in which they will be more likely to integrate a
platoon willingly. Indeed, putting them in similar situations could facilitate their acceptance of the
system.
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MATERIAL AND METHODS
The material of this research corresponds mainly to quantitative data with a database built from
different pre-existing databases. On top of that we collected complementary qualitative data through
the consultation of professional forums and exchanges with some drivers via social networks.

3.1. The original databases
The data comes from Weigh-in-Motion systems (WIM) located on several French high-speed roads
(freeways and national highways). These systems make it possible to measure and record the weight
of each vehicle.
Each time a vehicle passes over the sensors composing the WIM station, the system increments a
database. For each heavy goods vehicle (HGV), the system records 95 variables. Among those, the
ones of interest for us are: the date of passage, the time on which the first axle passed over the
station, the instantaneous speed, the total weight, and the various axle weights, the number of axles,
the length between the front bumper and the last axle, the width between the outside of the right
wheel and the inside of the left wheel, the lateral deviation from the centre of the lane, the type of
vehicle according to the classification of the French Ministry of Ecological Transition. For each HGV,
an ID number was created in the form of a month-day-hour-minute-second-passage number.
We obtained from Cerema1, the databases from 3 weighing stations in operation: Fabrègues (A9),
Massay (A20) and Maulan (RN4). Only the first database had a sufficient number of situations where
trucks presented an inter-vehicle time of less than 2 seconds.

Figure 1: Logarithmic distributions of inter-vehicle time (in seconds) between 2 heavy vehicles for
Massay, Maulan and Fabrègues

1

Centre for Studies on Risks, the Environment, Mobility and Urban Planning is a French public institution under the dual supervision of
the ministry for ecological transition and the ministry for regional cohesion and local authority relations,
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Thus, the data were all taken from the WIM system located near Fabrègues, in the South of France,
on the A9 freeway, in the direction of Montpellier (seventh largest city in France by population,
located 13,5 km away), at kilometre point 112.9 (PK), at GPS coordinates 43°32'21.6 "N 3°47'06.0
"E.
The length of the WIM database is one calendar year.

3.2. A new database
New variables were built from the data produced by the WIM system.

3.2.1. Distance between HGV
Not having the distance between the rear bumper of vehicle N and the front bumper of vehicle N+1,
an estimation based on the dates of passage, the length and the speed of the vehicles was made:

(1)
The first term corresponds to the distance covered by vehicle N when the first axle of vehicle N+1 is
located on the WIM system. At this distance, the length of vehicle N is subtracted to obtain the
distance between the last axle of vehicle N and the first axle of vehicle N+1.

3.2.2. Following situations or preparation of overtaking
A short distance at time t does not necessarily correspond to a stabilized following situation. In the
absence of dynamic data, drivers’ intentions had to be inferred from their speed and their vehicle
position in the lane.
A short distance between trucks means the follower attempts to overtake the previous or just stay
behind it.
If the driver of the following vehicle is in the centre of the lane or is lined up behind the vehicle in
front of him or her, and is traveling at the same speed, it is assumed that the driver does not intend
to pass it. On the other hand, if the driver is driving on the left side of the lane or of the vehicle in
front of him/her and/or if the driver adopts a higher speed than it, it is assumed that he intends to
overtake it quickly.

3.2.3. Hourly traffic
The hourly traffic flow is estimated from the ID number allocated to each HGV. Every six minutes,
the number of vehicles is determined based on the difference between the ID numbers of the first
registration and the last registration,
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(2)

3.3. Complementary databases
New variables were obtained from additional sources to specify the environmental conditions that
may or may not favour the phenomenon of grouping of trucks.

3.3.1. Weather condition
Meteorological data were obtained by web scraping from the website www.infoclimat.fr.
Unfortunately, we did not have the data corresponding precisely to the position of the weighing-inmotion station. The meteorological station chosen is located 6.4 km from the weighing station. 5
variables were selected: temperature, wind speed, gusts, wind direction and precipitation.
Data collected had to be combined with the data from the weighing stations. Thus, to each vehicle
is associated the meteorological data of the time when it passed over the weighing station.
Given the distance between the collection area and the position of the weighing station, we must be
very cautious about the results concerning this environmental dimension and the conclusions that
could be drawn from them: To observe the impact of temperature and precipitation, a station located
within a 6 km periphery may be sufficient. On the other hand, wind (speed, gusts, direction) is a very
local phenomenon. Its direction can change very quickly, and gusts are only present occasionally
and locally.

3.3.2. Traffic flow
Later after the estimation of the hourly traffic, data were provided by the road manager, responsible
for the portion of the highway where the weighing-in-motion station is located. They allowed us to
verify the accuracy of our estimates (see Figure 2).

Figure 2: Logarithmic distributions of inter-vehicle time (in seconds) between 2 heavy vehicles for
Massay, Maulan and Fabrègues
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These variables concerned the traffic flow and were measured every 6 minutes. By aggregating this
data, we wanted to measure the impact of the traffic on the groupings of trucks. Data were multiplied
by 10, to obtain the flow for one hour (for every 60 minutes).

3.3.3. Qualitative data
The absence of references to the phenomenon of trucks grouping in literature led us to consult
professional discussion forums2 and to enlist the participants in order to gather their experience of
the phenomenon. Exchanges were conducted with French, American and Australian drivers in order
to clarify the practice of grouping trucks and its possible dependence on the traffic context (type of
roads, distances travelled, traffic densities, etc.).
We made the hypothesis that the phenomenon of grouping of trucks can be related to the level of
isolation of the driver. This one notably depends on the road context that presents a continuum of
urban or peri-urban roads with a high density of traffic and many entry and exit zones to the roads
of large spaces with few or no vehicles, and no entry or exit roads.

2

https://www.quora.com/What-makes-trucks-travel-in-convoys
https://www.planet-truck.fr/forum/topic-1959-1+la-conduite-en-convoi-non-exceptionnel.php
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RESULTS
4.1. An infrequent phenomenon in France on regional highways
On the road section where is located the Fabrègues WIM station, 14.39% of HGVs do not respect
the safety inter-vehicle time gap (2 sec.) with the previous HGV (Figure 3). They are even less
numerous in the other two sites for which we had data.

Figure 3: Distribution of HGV compliance with inter-vehicle time.
Nearly three-quarters of the HGV recorded in the database are driving alone (73,75%).
If we distinguish each grouping situation according to the number of involved vehicles, we observe
that a large part of these groupings concern only two vehicles (19,62% of all the trucks and 74,77%
of grouping situation, Figure 4).
This proportion must be precised because among these situations, there are situations of overtaking.
If we restrict ourselves to situations with at least three HGV following each other within less than 2
seconds, and for which we can assume that at least two are in a grouping situation, only 6.62% of
all trucks are concerned (25,23% of HGV present in a situation where they have an inter-vehicle time
of less than 2 seconds).

14

ENSEMBLE D4.5 – Understanding the grouping of trucks phenomenon

Public

Figure 4 Distribution of truck groupings according to the number of trucks involved.

4.2. A phenomenon dependent to HGV traffic and independent of global
traffic
Each day, two peaks are observed at the time slots 7-11 am and 3-7 pm (with maximums at 11 am
and 4 pm respectively). Between the two, we distinguish a decrease during the lunch break (12:0013:00) (Figure 5). The working hours therefore seem to be a little more decisive than the hours of
circulation.
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Figure 5: Comparison between overall traffic (dashed line), HGVs traffic (solid line), and the
number of HGVs being less than two seconds of the preceding vehicle (dotted line) for each
day of the week.
The proportion of HGVs following within two seconds of the HGV in front of them is highest in the
middle of the week, on Tuesdays and Wednesdays. It is slightly lower on Monday and Thursday.
The proportion continues to decrease on Friday. On weekends, contrary to the total number of
vehicles which increases, the number of trucks decreases and becomes very low. In France, without
special dispensation, heavy goods vehicles are not allowed to travel from Saturday (or the day before
a public holiday) at 10 p.m. to Sunday (or public holiday) at 10 p.m. Contrary to the other days, on
Sundays, a part of the truck drivers start driving at 10 pm, and not the next morning. This can be
explained by the fact that drivers want to get to their loading or unloading site as quickly as possible,
and not suffer the unloading and/or loading of vehicles before them (Hamelin, 1989).
The curve of HGV failing to meet the safety distance seems to be correlated more with the curve of
the total number of HGV on lane 1, rather than the total number of vehicles on lane 1. Thus, the
reduction in the time gap between vehicles seems to be related more to the density of HGV in the
traffic than to the traffic itself.

4.3. Explanatory variables of the trucks grouping phenomenon
On the basis of the previous results, we tried to model the phenomenon and identify the variables
that could explain it.

4.3.1. Logistic regression
The most important variables are driving speed, distance from the centre of the track (the “gap”
variable); the weekday (especially week-ends), or the all-vehicle flow (AV) on lane 1. Moreover, the
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meteorological conditions and the wind in particular do not seem to have an impact on the
phenomenon (speed, gusts and direction). It is the same thing with the month (Table 1).

Table 1: Logistic regression with all variables
The faster the truck, the lower the probability that it will be within 2 seconds of the truck in front of it.
In other words, the higher the speed, the more the driver increases the safety distance to the vehicle
in front. The "isolated model" focussed on the speed confirms that the speed has a negative impact
on the grouping of trucks (Table 2).

Table 2: Logistic regression with only speed
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Due to the high-class imbalance, adjusting the decision threshold does not significantly improve
model performance. The confusion matrix indicates 38,1% of false positive predictions which
illustrates the difficulty of measuring the phenomenon (Table 3).

Table 3: Confusion matrix. Precision is the proportion of true positives among those who
were classified as positive and the recall is the capacity of the model to find the positives
(proportion of detected positives).
In order to isolate the truck grouping situations from the situations of preparation of overtaking, we
considered that in the second case, the follower moves to the left of the lane in order to change lane,
and preferably maintains a higher speed than the one of the vehicle in front. In addition to the intervehicle time of less than 2 seconds, zero speed differential and an alignment of the vehicles
(eventually to benefit from the suction phenomenon) therefore characterize the truck grouping
situations.
Nevertheless, the absence of alignment is not a sufficient condition for exclusion from grouping
situations. The driver of the following truck may temporarily have to move out of the way of the
vehicle in front, just to compensate for the lack of visibility and to obtain information on the road
situation ahead, without intending to overtake it. A zero or almost zero speed differential can
corroborate this hypothesis. On the other hand, a non-zero speed differential may suggest a catchup situation and a potential intention to overtake. A gap to the left is assigned a positive value
(preparation of overtaking +) while a gap to the right is assigned a negative value (preparation of
overtaking -). A speed differential favourable to the following vehicle is assigned a positive value
(preparation of overtaking +), in the opposite case, the value is negative (preparation of overtaking
-).

4.3.2. Expanded grouping situations
Considering the previous results, the truck grouping situations have been extended to 100 meters
vehicle following situations, between September and December. The flow variables are insignificant
in the model (low t value). Although long vehicles are not present on the left lane and rarely on the
middle lane, the flows on all three lanes were retained.
The higher the flow rate, the higher the probability of truck grouping (see Table 4) and Table 5. The
increased density in traffic leads to a reduction of the distances between vehicles. As the speed in
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the middle lane increases, so does the clustering of trucks in the right-hand lane. However, this
grouping may be more unintended than intended. The driver of a following vehicle may reduce the
distance to the vehicle in front in order to prepare for overtaking, which remains difficult due to the
speed of the vehicles in the adjacent lane.

Table 4: Logistic regression with stepwise variables selection
The confusion matrix indicates 21% of false positive predictions and near 20% of false negative
predictions (Table 5).
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Table 5: Confusion matrix. Precision is the proportion of true positives among those who
were classified as positive and the recall is the capacity of the model to find the positives
(proportion of detected positives).

4.3.3. Linear regression model
Once again, the greater the speed, the greater the distance between trucks. It is the same with the
weight and the length of the vehicle (Table 6).
On the other hand, the longer or the wider the previous truck, the more the inter-vehicle distance
tends to decrease. This reduction also appears when the traffic density of the right and middle lanes
increases. These situations may refer to cases of slowdowns that leads to catch-ups (Table 6).
A speed differential favourable to the following vehicle (likely catch-up situation) and its position
shifted to the left in the lane cannot be considered as a stabilized situation of truck grouping. It
corresponds to a situation of preparation for overtaking in which the driver is waiting for the
favourable slot for the manoeuvre. When the vehicle shifts to the left of the lane, the median of the
inter-vehicle distance tends to decrease while when it shifts to the right, it shows variations around
the same position (Figure 6).

Table 6: Second logistic regression with stepwise variables selection
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Figure 6: Interaction graph between the deviation from the centre of the lane and the side
where the deviation occurs
The results of the regression remain very weak. The R² has a value of 0.09 and the ESR equal to
23.53. The percentage of error is equal to 21%.

4.3.4. Clustering
In order to distinguish drivers who try to overtake from those who stay behind the previous vehicle
we limited our study to trucks that follow each other at 50 meters or less, by focusing on the speed
differential, and on deviations from the centre of the lane and from the centre of the vehicle in front
(Figure 7).
A first group of vehicles (cyan coloured group in the figure) is composed by the vehicles aligned with
the previous one and for which the drivers adopt more or less the same speed than the preceding
driver. Finally, they are positioned a little to the left of the lane. It can be assumed that these drivers
do not intend to overtake and could be satisfied to adapt their driving to the previous vehicle.
A second group (red coloured group in the figure) concerns the vehicles in the centre of the lane but
eccentric to the left of the previous vehicle. The positive speed differential is high. We assume that
these drivers intend to overtake or have started their overtaking manoeuvre.
A third group (green group) gathers vehicles in the centre of the lane and to the right of the preceding
vehicle. The drivers involved drive much slower than the previous vehicle. This latter has probably
completed its overtake. We assume that these drivers do not intent to follow another truck
neither to overtake one. They seem to want to drive alone.
A fifth and sixth group have both positive and negative speed differentials. The drivers in these
groups might be in intermediate situations. In the fifth group (blue coloured group in the figure) the
vehicles are placed on the left side of the lane and to the left of the previous vehicle. This gap may
be due to the preparation of an overtaking or, given the speed differential, to the simple intention to
see the road situation in front of the previous vehicle. There is no way to distinguish these two
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scenarios where the drivers could be simple observer followers or overtakers. Drivers in the sixth
group (black coloured group in the figure) are positioned to the right of the lane and to the right of
the previous vehicle. They seem more willing to stay behind the vehicle in front of them. The speed
differential might correspond to an end of catching up or a beginning of moving away. There is no
way to distinguish these two scenarios where the drivers could be followers or overtakers.

A positive speed differential implies that the vehicle is driving faster than the one it is following, and a positive deviation implies that the
that the gap is on the left side

Figure 7: Results of the K-Means classification focused on speed differential between
trucks and deviation from the centre of the lane and from the centre of the preceding truck
(with 5 clusters).
The linear regression model applied to the groups does not show satisfactory results and particularly
for the drivers potentially in an intended grouping of trucks.
Group

R23
4

RSE

Drivers preparing
to overtake or in
the process of
overtaking
(Red group)

Overtaken drivers
(Green group)

Simple observer
followers or
overtakers?
(Blue group)

Potential drivers
in platoon
(Cyan) group

Single followers
or overtakers?
(Black group)

0.103

0123

01

0068

0064

9.903

9019

1086

106

10.14

In the aim to isolate the grouping of trucks and by considering the previous results, we made a
second K-means classification on the trucks following another one at 15 meters or less, while being
almost aligned (gap of 30 cm at most to the right or left). The "length of the following vehicle", the
3

R2 or determination coefficient: statistical indicator between 0 and 1, which indicates the part of the variations of the
phenomenon explained by the model (linear). The closer it is to 1, the greater the explanatory power of the model.
4
RSE: statistical indicator that measures the prediction error in a linear model. The lower it is, the more accurate the
model is.
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"length of the preceding vehicle" and the "flow of all vehicles on lane 1" are variables to be
considered.
Consideration of the traffic variable (see Figure 8, right figure) shows that the flow values for the
right lane are around 700 vehicles/hour (between 600 and 900), except for the cyan coloured group.
The traffic does not seem to affect the drivers in this group. This is also the case with low flow (< 500
vehicles/hour) (see Figure 8, bottom figure). In this group of drivers, the grouping of trucks is either
intentional or imposed by other factors, such as speed in the middle lane. In all groups, the average
speed on this lane is high (around 110 km/h, which is 20 km/h higher than the speed limit imposed
on HGV in France). In all the cases, overtaking such a long vehicle cannot be done in a satisfactory
time because of the small speed differential with the previous truck.

Figure 8: Results of K-Means classification focused on the lengths of the following and the
preceding trucks, and the flow of all vehicles on lane 1 (with 5 clusters)
The linear regression model applied to each of these groups still does not show satisfactory results.
The black group, with only 88 observations, is the best predicted. However, it has no significant
variables and its points are scattered throughout the three figures.
Group

Vehicles of 16.5
meters that follow

“Short” vehicles
following another

Vehicles of 16.5
meters that follow

Vehicles that
following one

Black
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one of the same
length

16.5 meters
(Green)

a longer one
(Blue)

another in a low
flow (Cyan)

R2

0.074

0.063

0.088

0.124

0.484

RSE

2.147

2.979

2.5

2.287

2.248

4.3.5. New filters to isolate drivers involved in the grouping of trucks
phenomenon
Based on the results, and given the difficulties encountered in modelling the phenomenon of truck
grouping, we carried out a new analysis of the data from the Fabrègues weigh-in-motion station.
This consisted in eliminating from the database the vehicles that were about to overtake or had just
been overtaken. For this, we kept only the trucks that had a zero speed differential with the truck in
front of them. We then distinguished them according to their inter-vehicle time, which could vary from
less than two seconds to five seconds.
The Fabrègues WIM station's database contains 1 590 259 records. There are 43,096 vehicles
following a HGV with a zero speed differential and an inter-vehicle time less than or equal to 2
seconds, at an average speed of 87.2 km/h and an average distance of 41 m. The share of this
population represents less than 2.7% of the registered vehicles. With higher inter-vehicle times, the
proportion of vehicles involved remains low (less than 6% with an inter-vehicle time at least 5
seconds) (Table 7). Whatever the inter-vehicle time, the average speed is more or less always the
same (around 87.5 km/h). This could be the combined effect of the speed limiters.
Inter-vehicle
time
at least 2 sec
at least 3 sec
at least 4 sec
at least 5 sec

Number of
vehicles

Proportion
(%)

Average speed
(km/h)

43 096
65 638
82 035
94 772

2,71
4,12
5,15
5,95

87,2
87,3
87,5
87,6

Average intervehicle distance
(m)
41
52
61
70

Average time
(sec)
1,71
2,15
2,52
2,85

Table 7: Distribution of the following HGVs according to the inter-vehicle time (for a zero
speed differential with the HGV in front) for Fabrègues in 2015
Although there are even fewer trucks within two seconds of the one in front of them, we performed
the same treatments on the Massay WIM station database in order to specify the importance of the
phenomenon on this type of highway, but especially to check the speeds when it was present. The
results are very similar to those of Fabrègues. The database of the Massay WIM station contains
557,383 records. There are 2,955 vehicles following a heavy vehicle with a zero speed differential
and an inter-vehicle time less than or equal to 2 seconds, at an average speed of 87.3 km/h and an
average distance of 36 m. This represents less than 0.5% of the vehicles recorded. Whatever the
inter-vehicle time, we find the same speeds as Fabrègues (Table 8). It seems to be an effect of the
speed limiters.
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Inter-vehicle
time
at least 2 sec
at least 3 sec
at least 4 sec
at least 5 sec

Number of
vehicles

Proportion
(%)

Average speed
(km/h)

2 955
6 220
9 282
12 028

0,53
1,12
1,67
2,16

87,2
87,4
87,5
87,6

Public

Average intervehicle distance
(m)
36
49
61
72

Average time
(sec)
1,49
2,02
2,51
2,96

Table 8: Distribution of the following HGVs according to the inter-vehicle time (for a zero
speed differential with the HGV in front) for Massay in 2015.

4.4. Test phase, drivers’ feedbacks
In addition to the analysis of the data from the weigh-in-motion stations, a questionnaire was
distributed to the drivers in the multi-brand test phase. We asked them about their feeling during the
six hours of driving, depending on whether they had been the platooning leader or the follower. We
received 4 filled-in questionnaires.
For the drivers who were leaders, if the leader keeps the control of his driving activity, he must adapt
to the performance of all the vehicles in the platooning. He must align his speed with that of the
slowest vehicle in order to maintain contact between the latter and the platoon.
None of the drivers who were in the lead position felt that this position changed his information intake
or his level of attention. The experience of being a platoon leader did not lead to any particular
tension or feeling of stress for them. Only the driver who was never leader considers that this position
could be more stressful. Another one declared that the hazard of technical incidents, as it was the
case during the test, could be stressful5. The requirement to anticipate the road situation seems
perhaps even more necessary for some drivers6 7. In the event that a lighter vehicle stops in front
of them, drivers agree to let the system manage the situation. However, one of them points out that
it is important to keep in mind that the braking distance of a light vehicle is shorter. He wonders if it
is necessary to anticipate these situations or that the system will be more effective than his own
reaction time. According to him, sometimes the vehicle might brake late. This last driver and two
others do not yet trust the system, which does not work as well as possible8. Only one driver has
complete confidence in the system9.
In the end, respondents who were leaders show a divergence of point of view about platooning. Two
of them prefer driving outside a platoon. One of them considers that an ACC can perform some
sufficient functions. Moreover, among the two drivers who indicated that they had already been in a
5

« It depends of the traffic situation, topography, load situations of the trucks and the engine power of the trucks. If there is all automatically
working it is less demanding than classic driving. If you have to handle cut ins, and always working on closing the gaps because auf speed differences
of truck weights and engine power it is more demanding » DC.
6
« In front it is more attentive for the leader because he has to decide if the platoon has to overtake or not. The vehicle driving behind
are not important for the platoon leader aspect of they doing a cut in while overtaking the platoon » DC.
7

« Driving such a large truck, it is hard to see the smaller vehicle behind me. I always pay more attention to the vehicle in front of me, because the
traffic situation is unpredictable » CNH Ind.
8
« Not yet. I think the system needs to be refined » CNH Ind ; « Not now, but perhaps in the future » VR.
9
« Yes, totally. I trust the system and feel especially as platoon leader totally save. » DC.
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prolonged driving situation with a short inter-vehicle distance, one emphasized that this reduction
was ensured by this kind of assistance system. One driver puts the incidents into perspective and
sees potential benefits to the system. At the same time, the driver, who has never been leader, feels
that in certain conditions such as night driving with little traffic may be more suitable for driving in a
platoon.
When drivers are followers, they report more changes than in non-platooning situations. The reduced
field of vision due to the proximity of the vehicle in front causes the driver to give more attention to
that vehicle. Overall, drivers feel that platooning requires greater attention because of the short
distance between them and the vehicle in front and the probable need to be able to anticipate a
deteriorated situation. Among the elements of the situation that require greater attention from drivers,
they mention the road environment. Some drivers mentioned more frequent information research
from the mirrors. The diversity of the characteristics of the vehicles that make up the group and
possible technical incidents are also mentioned. All four drivers admit to have been more stressed
by driving in a platoon, which would require more attention. One of them mentioned technical
incidents that occurred during the test.
The distance between vehicles is a crucial dimension for drivers. It determines the time available to
react to a system failure or to recover a safety distance in case of insertion. Drivers evocate the
tension between the reduction of the intervehicle distance, which reduces the probability of a cut-in
vehicle that would require regulation, and the increasing inter-vehicle distance, which could lead to
more cut-in vehicles. For two of the drivers, the reduction in headway is more stressful than the risk
of a cut-in. Only one driver mentions the risk of an accident due to a malfunction of the system and
an inter-distance too short to allow the driver to catch up. In case of cut-in and braking of a light
vehicle, three of the four drivers trust the system to regulate the situation and maintain a safe
distance. However, when we ask them if they would adopt the system, three would not accept it at
this level of development.One of them mentions the potential discomfort of the situations of catching
up with the malfunctioning of the system.
On the other hand, the four drivers consider that the integration of a platoon did not lead to a change
in their behaviour. Concerning the communication with the other drivers of the platoon, the drivers
specify that they or their co-driver regularly exchanged with the other drivers via the HMI proposed
by the system or the CB. One of the reasons for this was the organization of the platoon.
Finally, only one of the four drivers prefers to drive with platooning because of its greater
responsiveness to sudden braking. Another one considers that the system could take over when
driving in a sequence where environmental conditions would allow it and the driver could be relieved.
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CONCLUSION AND DISCUSSION
The study described in this deliverable consisted of building a new database from existing data of
weight-in-motion measurements of vehicles, the engineering of new features and the addition of data
in open access. One of the main difficulties was inferring a dynamic phenomenon (the maintenance
of an inter-vehicular time gap of less than two seconds) from static data. Nevertheless, the results
suggest new directions to explore in order to determine the main variables explaining the grouping
of trucks. While traffic density does not seem to be a determining factor, HGVs density appears to
be one.
The main conclusion is that the formation of spontaneous, informal platoons, or convoys with an
inter-vehicle time of less than 2 seconds, is uncommon on the type of roadway addressed in this
study (French provincial highway near a regional agglomeration) Despite a significant number, no
explanatory variable was identified as contributing to the phenomenon. Nevertheless, if overall traffic
has no effect on the phenomenon, truck traffic, when it is sufficiently important, could contribute to
its occurrence. The speed limit of the engines of the trucks could be the main cause.
What other crucial variables may be at the origin of this phenomenon? Whether they are exogenous
(infrastructure, weather conditions…) or endogenous (engine performance, time constraints…), the
knowledge and the understanding of the role of these variables could make it possible to set up the
most favourable conditions for the adoption of platooning by drivers.
Concerning the questionnaire, the conditions under which the test was conducted and the small
sample size of respondents do not allow us to conclude anything about the acceptability of the
system by drivers. Questions are nevertheless raised about the level of automation that will be
retained and the context of its implementation. Regardless of the situation, drivers seem eager to
maintain a supervisory role in the event that they need to regain control of the vehicle (Banks and
Stanton, 2016) even if some studies underline an over-trust in a second time (Banks et al, 2018). In
that case, is it realistic to consider them as not being engaged in the travel task? Whatever, if the
density of heavy vehicle traffic could be a facilitating factor in the adoption of platooning, a high
overall traffic level could, on the other hand, place drivers in a more uncomfortable situation due to
their particular apprehension of light vehicle insertions. What will be the consequences when the
driver is engaged in a secondary task if he had to take-over from automated driving? Would the
driver maintain the secondary task (Wandtner et al, 2018)? What would be the effect of the
environment? If some studies underline the importance of a personalized driver readiness predictor
as an input parameter for a safe and comfortable transition of control (Zhang et al, 2019a), it is also
essential to forecast the driver intervention to ensure a sufficient take-over time (Zhang et al, 2019b).
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APPENDIX A. GLOSSARY AND ACRONYMS
7.1. Glossary
7.1.1. Definitions
Term

Definition

Convoy

A truck platoon may be defined as trucks that travel together in convoy
formation at a fixed gap distance typically less than 1 second apart up to 0.3
seconds. The vehicles closely follow each other using wireless vehicle-to-vehicle
(V2V) communication and advanced driver assistance systems

Cut-in

A lane change manoeuvre performed by vehicles from the adjacent lane to the
ego vehicle’s lane, at a distance close enough (i.e., shorter than desired inter
vehicle distance) relative to the ego vehicle.

Cut-out

A lane change manoeuvre performed by vehicles from the ego lane to the
adjacent lane.

Cut-through

A lane change manoeuvre performed by vehicles from the adjacent lane (e.g.
left lane) to ego vehicle’s lane, followed by a lane change manoeuvre to the
other adjacent lane (e.g. right lane).

Ego Vehicle

The vehicle from which the perspective is considered.

Emergency
brake

Brake action with an acceleration of <-4 m/s2

Event

An event marks the time instant at which a transition of a state occurs, such that
before and after an event, the system is in a different mode.

Following truck

Each truck that is following behind a member of the platoon, being every truck
except the leading and the trailing truck, when the system is in platoon mode.

Leading truck

The first truck of a truck platoon

Legal Safe Gap

Minimum allowed elapsed time/distance to be maintained by a standalone truck
while driving according to Member States regulation (it could be 2 seconds, 50
meters or not present)

Manoeuvre
(“activity”)

A particular (dynamic) behaviour which a system can perform (from a driver or
other road user perspective) and that is different from standing still, is being
considered a manoeuvre.
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ODD
(operational
design
domain)

The ODD should describe the specific conditions under which a given
automation function is intended to function. The ODD is the definition of where
(such as what roadway types and speeds) and when (under what conditions,
such as day/night, weather limits, etc.) an automation function is designed to
operate.

Operational
layer

The operational layer involves the vehicle actuator control (e.g.
accelerating/braking, steering), the execution of the aforementioned
manoeuvres, and the control of the individual vehicles in the platoon to
automatically perform the platooning task. Here, the main control task is to
regulate the
inter-vehicle distance or velocity and, depending on the Platooning Level, the
lateral position relative to the lane or to the preceding vehicle. Key performance
requirements for this layer are vehicle following behaviour and (longitudinal and
lateral) string stability of the platoon, where the latter is a
necessary requirement to achieve a stable traffic flow and to achieve scalability
with respect to platoon length, and the short-range wireless inter-vehicle
communication is the key enabling technology.

Platoon

A group of two or more automated cooperative vehicles in line, maintaining a
close distance, typically such a distance to reduce fuel consumption by air drag,
to increase traffic safety by use of additional ADAS-technology, and to improve
traffic throughput because vehicles are driving closer together and take up less
space on the road.

Platoon
Automation
Levels

In analogy with the SAE automation levels subsequent platoon automation
levels will incorporate an increasing set of automation functionalities, up to and
including full vehicle automation in a multi-brand platoon in real traffic for the
highest Platooning Automation Level.
The definition of “platooning levels of automation” will comprise elements like
e.g. the minimum time gap between the vehicles, whether there is lateral
automation available, driving speed range, operational areas like
motorways, etc. Three different levels are anticipated; called A, B and C.

Platoon
candidate

A truck who intends to engage the platoon either from the front or the back of
the platoon.

Platoon
cohesion

Platoon cohesion refers to how well the members of the platoon remain within
steady state conditions in various scenario conditions (e.g. slopes, speed
changes).

Platoon
disengaging

The ego-vehicle decides to disengage from the platoon itself or is requested by
another member of the platoon to do so.
When conditions are met the ego-vehicle starts to increase the gap between the
trucks to a safe non-platooning gap. The disengaging is completed when the gap
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is large enough (e.g. time gap of 1.5 seconds, which is depends on the
operational safety based on vehicle dynamics and human reaction times is
given).
A.k.a. leave platoon

Platoon
dissolve

All trucks are disengaging the platoon at the same time.
A.k.a. decoupling, a.k.a. disassemble.

Platoon
engaging

Using wireless communication (V2V), the Platoon Candidate sends an engaging
request. When conditions are met the system starts to decrease the time gap
between the trucks to the platooning time gap.
A.k.a. join platoon

Platoon
formation

Platoon formation is the process before platoon engaging in which it is
determined if and in what format (e.g. composition) trucks can/should become
part of a new / existing platoon. Platoon formation can be done on the fly,
scheduled or a mixture of both.
Platoon candidates may receive instructions during platoon formation (e.g. to
adapt their velocity, to park at a certain location) to allow the start of the
engaging procedure of the platoon.

Platoon split

The platoon is split in 2 new platoons who themselves continue as standalone
entities.

Requirements

Description of system properties. Details of how the requirements shall be
implemented at system level

Scenario

A scenario is a quantitative description of the ego vehicle, its activities and/or
goals, its static environment, and its dynamic environment. From the
perspective of the ego vehicle, a scenario contains all relevant events.
Scenario is a combination of a manoeuvre (“activity”), ODD and events

Service layer

The service layer represents the platform on which logistical operations and new
initiatives can
operate.

Specifications

A group of two or more vehicles driving together in the same direction, not
necessarily at short inter-vehicle distances and not necessarily using advanced
driver assistance systems

Steady state

In systems theory, a system or a process is in a steady state if the variables
(called state variables) which define the behaviour of the system or the process
are unchanging in time.
In the context of platooning this means that the relative velocity and gap
between trucks is unchanging within tolerances from the system parameters.
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Strategic layer

The strategic layer is responsible for the high-level decision-making regarding
the scheduling of platoons based on vehicle compatibility and Platooning Level,
optimisation with respect to fuel consumption, travel times, destination, and
impact on highway traffic flow and infrastructure, employing cooperative ITS
cloud-based solutions. In addition, the routing of vehicles to allow for platoon
forming is included in this layer. The strategic layer is implemented in a
centralised fashion in so-called traffic control centres. Long-range wireless
communication by existing cellular technology is used between a traffic control
centre and vehicles/platoons and their drivers.

Tactical layer

The tactical layer coordinates the actual platoon forming (both from the tail of
the platoon and through merging in the platoon) and platoon dissolution. In
addition, this layer ensures platoon cohesion on hilly roads, and sets the desired
platoon velocity, inter-vehicle distances (e.g. to prevent
damaging bridges) and lateral offsets to mitigate road wear. This is implemented
through the execution of an interaction protocol using the short-range wireless
inter-vehicle communication (i.e. V2X). In fact, the interaction protocol is
implemented by message sequences, initiating the manoeuvres that are
necessary to form a platoon, to merge into it, or to dissolve it, also taking into
account scheduling requirements due to vehicle compatibility.

Target Time
Gap

Elapsed time to cover the inter vehicle distance by a truck indicated in seconds,
agreed by all the Platoon members; it represents the minimum distance in
seconds allowed inside the Platoon.

Time gap

Elapsed time to cover the inter vehicle distance by a truck indicated in seconds.

Trailing truck

The last truck of a truck platoon

Truck Platoon

Description of system properties. Details of how the requirements shall be
implemented at system level

Use case

Use-cases describe how a system shall respond under various conditions to
interactions from the user of the system or surroundings, e.g. other traffic
participants or road conditions. The user is called actor on the system, and is
often but not always a human being. In addition, the use-case describes the
response of the system towards other traffic participants or environmental
conditions. The use-cases are described as a sequence of actions, and the system
shall behave according to the specified use-cases. The use-case often represents
a desired behaviour or outcome.
In the ensemble context a use case is an extension of scenario which add more
information regarding specific internal system interactions, specific interactions
with the actors (e.g. driver, I2V) and will add different flows (normal &
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alternative e.g. successful and failed in relation to activation of the system /
system elements).

7.1.2. Acronyms and abbreviations
Acronym /
Abbreviation

Meaning

ACC

Adaptive Cruise Control

ADAS

Advanced driver assistance system

AEB

Autonomous Emergency Braking (System, AEBS)

ASIL

Automotive Safety Integrity Level

ASN.1

Abstract Syntax Notation One

BTP

Basic Transport Protocol

C-ACC

Cooperative Adaptive Cruise Control

C-ITS

Cooperative ITS

CA

Cooperative Awareness

CAD

Connected Automated Driving

CAM

Cooperative Awareness Message

CCH

Control Channel

DEN

Decentralized Environmental Notification

DENM

Decentralized Environmental Notification Message

DITL

Driver-In-the-Loop

DOOTL

Driver-Out-Of-the Loop

DSRC

Dedicated Short-Range Communications

ETSI

European Telecommunications Standards Institute

EU

European Union

FCW

Forward Collision Warning

FLC

Forward Looking Camera

FSC

Functional Safety Concept
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Abbreviation

Meaning

GN

GeoNetworking

GNSS

Global Navigation Satellite System

GPS

Global Positioning System

GUI

Graphical User Interface

HARA

Hazard Analysis and Risk Assessment

HIL

Hardware-in-the-Loop

HMI

Human Machine Interface

HW

Hardware

I/O

Input/Output

IEEE

Institute of Electrical and Electronics Engineers

ISO

International Organization for Standardization

ITL

In-The_Loop

ITS

Intelligent Transport System

IVI

Infrastructure to Vehicle Information message

LDWS

Lane Departure Warning System

LKA

Lane Keeping Assist

LCA

Lane Centring Assist

LRR

Long Range Radar

LSG

Legal Safe Gap

MAP

MapData message

MIO

Most Important Object

MRR

Mid Range Radar

OS

Operating system

ODD

Operational Design Domain

OEM

Original Equipment Manufacturer

OOTL

Out-Of The-Loop

PAEB

Platooning Autonomous Emergency Braking
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Meaning

PMC

Platooning Mode Control

QM

Quality Management

RSU

Road Side Unit

SA

Situation Awareness

SAE

SAE International, formerly the Society of Automotive Engineers

SCH

Service Channel

SDO

Standard Developing Organisations

SIL

Software-in-the-Loop

SPAT

Signal Phase and Timing message

SRR

Short Range Radar

SW

Software

TC

Technical Committee

TOR

Take-Over Request

TOT

Take-Over Time

TTG

Target Time Gap

V2I

Vehicle to Infrastructure

V2V

Vehicle to Vehicle

V2X

Vehicle to any (where x equals either vehicle or infrastructure)

VDA

Verband der Automobilindustrie (German Association of the Automotive
Industry)

WIFI

Wireless Fidelity

WLAN

Wireless Local Area Network

WP

Work Package
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