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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-wi de depl oyment obr ol dd oowmli mtgi, ordosnudrnte par amo
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:

1 Year 1: setting the specifications and developing a reference design with acceptance criteria

1 Year 2 and 3: implementing this reference design on the OEM own trucks as well as perform
impact assessments with several criteria

9 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 understa
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) :plafodns (ukc)k aut omatically maintain a set, c¢l os:
they are connected for certain parts of tastghaeur ney,
drivers will remain in control at all times, so they can also decide to leave the platoon and drive

i ndepend&€rEAl y(.2017) notes that Adrivers stildl pl a
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 Cerema?, the databases from 3 weighing stations in operation: Fabrégues (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.
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Figure 1: Logarithmic distributions of inter-vehicle time (in seconds) between 2 heavy vehicles for
Massay, Maulan and Fabrégues

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 Fabregues, 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:

A
distance njn 41 = Adate /vy # speedy —lenght, (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 dat a, driversod intentions
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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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-in-
motion 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).
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Figure 2: Logarithmic distributions of inter-vehicle time (in seconds) between 2 heavy vehicles for
Massay, Maulan and Fabrégues
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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 forums? 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/Whatmakestruckstravekin-convoys
https://www.planet-truck.fr/forum/topic-1959-1 +laconduite-en-convoinon-exceptionnel.php
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RESULTS

4.1. Aninfrequent phenomenon in France on regional highways

On the road section where is located the Fabrégues 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.

E > 2 seconds
B < 2 seconds

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).
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Number of trucks in grouping Number Proportions
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E L L L L L L L L L L] (11) 1 0,0007 % 1 0,00%
A g g g g g gmm () 0

Total number of trucks and buses 1591936

Distribution of truck groupings according to the number of trucks involved in

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 (12:00-
13:00) (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 drivings pe e d , di stance from the
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).

Deviance Residuals:

Min 1Q Median 3Q Max

-0.90820 -0.48706 0.06616 0.47116 1.04575
Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 1.482e+00 6.611e-02 22.412 < 2e-16 ***
length -5.958e-04 7.123e-05 -8.364 < 2e-16 ***
width 1.898e-03 2.514e-04 7.549 4.41e-14 ***
speed -1.664e-02 5.010e-04 -33.210 < 2e-16 ***
weight -2.046e-04 1.889e-05 -10.835 < 2e-16 ***
gap 2.416e-03 8.976e-05 26.915 < 2e-16 ***
deviation_leftposition 2.778e-02 4.003e-03 6.940 3.96e-12 ***
rain_low -1.526e-02 7.880e-03 -1.936 0.05283 .
rain_strong -9.521e-02 3.457e-02 -2.754 0.00588 **
rain_moderate -6.190e-02 2.620e-02 -2.362 0.01816 *
wind _strong 1.936e-02 4.760e-02 0.407 0.68422
direction_wind_ahead 2.668e-03 5.007e-03 0.533 0.59410
direction_wvind_right -2.874e-03 5.321e-03 -0.540 0.58908
direction_wind_left 2.838e-03 5.172e-03 0.549 0.58316
qust -1.116e-04 1.618e-04 -0.690 0.49026
day_week_2 6.669e-03 4.497e-03 1.483 0.13804
day_week_3 4.791e-03 4.698e-03 1.020 0.30788
day_week_4 -7.540e-03 4.410e-03 -1.710 0.08733 .
day_week_end of the week -8.626e-02 5.096e-03 -16.926 < 2e-16 ***
day_week_middle of the week 1.950e-02 4.331e-03 4,503 6.72e-06 ***
day_week;weekend -2.444e-01 9.685e-03 -25.240 < 2e-16 ***
night time -5.764e-02 7.006e-03 -8.228 < 2e-16 ***
flow_lane1 2.423e-04 1.310e-05 18.496 < 2e-16 ***
Signif. codes: 0 “***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.” 0.1 <’ 1

(Dispersion parameter for gaussian

Null deviance: 24652 on 98605
Residual deviance: 23466 on 98583

family taken to be 0.2380341)

degrees of freedom
degrees of freedom

AIC: 138323

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).

Deviance Residuals:

Min 10 Median 3Q Max
-0.79100 -0.48738 -0.03798 0.51262 0.71504
Coefficients:
Estimate Std. Error t value Pr(=|t])
(Intercept) 1.9717647 0.0435280 45.30 <Ze-16 ***
vit -0.0168681 0©0.0004985 -33.83 <2e-16 ***
signif. codes: © “***’ g.@@1 “**° @.01 ‘*’ @.85 “*.” 8.1 °* " 1

(Dispersion parameter for gaussian

Null deviance: 24652 on 98605
Residual deviance: 24369 on 98604
AIC: 142003

family taken to be ©.2471359)

degrees of freedom
degrees of freedom

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).

Score : 56.4 %
Précision : 19.3 %
Recall : 62.8 %

Predicted 0 1 All

True

0 0.472968 0.381731 0.854698
1 0.054055 0.091246 0.145302
All 0.527023 0.472977 1.000000

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 inter-
vehicle 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 catch-
up 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.

glm(formula = is_convol ~ delta_gap +gap + deviation_position +
delta_speed + delta_speed_sighie + speed + wveight + width +
length + length_previous + wwidth previous + flow TV_lanel +
flow_LV_lane1l + flow_TV lane2 + DPMv_speed lane2 + flow LV _lane3 +
DPMv_speed_lane3 + hour + deviation_position + delta_speed:delta_speed_sign
data = train)

Deviance Residuals:
Min 10 Median 30 Max
-1.07436 -0.47780 0.08912 0.47299 1.17599

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) 1.964e+80 1.117e-01 17.579 < 2e-16 ***
delta_gap 5.220e-04 9.509e-05 5.490 4.03e-08 ***
gap -8.823e-04 3.076e-04 -2.868 0.004129 **
deviation_leftposition -3.550e-02 7.065e-03 -5.024 5.07e-07 **¥
delta_speed -3.826e-82 1.174e-03 -32.603 < 2e-16 ***
delta_speed_speeder -5.299e-83 5.352e-03 -0.990 0.322176
speed -1.920e-02 7.109e-04 -27.013 < 2e-16 **+*
weight -2.524e-04 2.176e-05 -11.600 < 2e-16 ***
width 1.766e-03 2.910e-04 6.068 1.30e-09 ***
length -1.066e-03 8.163e-05 -13.053 < 2e-16 ***
length_previous 1.257e-03 7.990e-05 15.72B < 2e-16 ***
width_previous -1.245e-03 2.925e-04 -4.255 2.09e-05 **%*
flow_TV_lanel 8.906e-05 2.40%e-05 3.696 0.000219 ***
flow_LV_lane1l 8.411e-05 2.102e-05 4.002 6.29e-05 ***
flow_TV _lane2 1.962e-05 9.430e-06 2.080 0.037507 *
DPMv_speed_lane2 9.440e-04 3.911e-04 2.414 0.015787 *
flow_Lv_lane3 -2.943e-04 1.840e-04 -1.599 0.109788
DPMv_speed_lane3 -2.230e-04 1.342e-04 -1.661 0.096719 .
night time -3.431e-02 8.395e-03 -4.087 4.3Te-05 **+*
deviation_leftposition 4.064e-03 3.176e-04 12.797 =< 2e-16 ***
delta_speed:delta_speed_signplus_quick 1.190e-02 1.549e-83  7.684 1.56e-14 ***

Signif. codes: © “***’ @.@81 ‘**’ @.01 ‘*’ 8.85 *.” 8.1

£ 4
(Dispersion parameter for gaussian family taken to be 8.2355369)
Null deviance: 18146 on 72585 degrees of freedom

Residual deviance: 17092 on 72565 degrees of freedom
AIC: 101062

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).

Score : 59.7 %
Précision : 58.4 %
Recall : 60.4 %

Predicted 0 1 All

True

0 0.303091 0.209655 0.512746
1 0.192858 0.294396 0.487254

All  0.495949 0.504051 1.000000
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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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