
HAL Id: hal-01717575
https://hal.science/hal-01717575v1

Submitted on 27 May 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Truck platooning strategy near merge: Heuristic-based
solution and optimality conditions
Aurélien Duret, Meng Wang, Ludovic Leclercq

To cite this version:
Aurélien Duret, Meng Wang, Ludovic Leclercq. Truck platooning strategy near merge: Heuristic-
based solution and optimality conditions. TRB 2018, Transportation research board annual meeting,
Jan 2018, Washington, United States. 19p. �hal-01717575�

https://hal.science/hal-01717575v1
https://hal.archives-ouvertes.fr


Truck platooning strategy near merge:1

Heuristic-based solution and optimality2

conditions3

Aurelien DURET4

Univ Lyon, ENTPE, IFSTTAR, LICIT,5

UMR-T9401, F-69675 Lyon.6

phone: +33 (0) 472 1423 317

aurelien.duret@ifsttar.fr8

Meng WANG9

Department of Transport & Planning, TU Delft10

Stevinweg 1, 2628 CN, Delft.11

phone: +31 (0) 152 783 40112

m.wang@tudelft.nl13

Ludovic LECLERCQ14

Univ Lyon, ENTPE, IFSTTAR, LICIT,15

UMR-T9401, F-69675 Lyon.16

phone: +33 (0) 472 047 71617

ludovic.leclercq@ifsttar.fr18

Paper submitted to TRB Annual Meeting 201819

July 31, 201720

5732 words + 5 figures + 0 table⇒ 6982 ‘words’21



TRUCK PLATOONING STRATEGY NEAR MERGE

Abstract1

Truck platooning aims to form platoon of trucks along freeway corridors to save fuels2

and increase roadway capacity, but the presence of long platoons is problematic near merges3

where vehicles from freeway entrance have to make mandatory lane changes. An active pla-4

tooning strategy that deals with merging of conventional vehicles is needed for platooning5

application in real world. The paper proposes an original approach to split platoon when6

approaching merging areas. The proposed strategy aims to provide safe and comfortable7

merging maneuvers for conventional vehicles while maximizing the efficiency for the truck8

platoon. This is achieved by deciding the position and time of the truck in the platoon that9

should open a large gap for merging vehicles. The problem is posed, based on reasonable10

physical and behavioral assumptions of truck platoon dynamics. A heuristic-based solu-11

tion is proposed, and its optimality is verified through an optimization-based strategy. The12

strategy can deal with both individual merging and merging of a small platoon of vehicles.13

Applicability of the proposed solution is demonstrated via examples.14
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TRUCK PLATOONING STRATEGY NEAR MERGE

INTRODUCTION1

Vehicle automation is seen as one of the promising solutions to today’s traffic problems since it2

will revolutionize the way we operate our vehicles today [1]. However, it is also acknowledged3

that individual automation can hardly bring benefits to collective traffic systems, whiles their4

connected automated vehicles (CAV) pose more potential in improving traffic operations [2].5

Vehicle platooning is a highway CAV application characterized by a string of vehicles6

keeping short spacing with Vehicle-to-Vehicle (V2V) communication [3, 5, 6]. Vehicle platoon-7

ing is not a new concept. In the U.S., PATH started the research on automated platoons more8

than two decades ago, with a public demonstration of vehicle platooning on a special track in9

San Diego in 1997 [7]. From there onward, PATH continued this line of research and recently10

experimented a string Cooperative Adaptive Cruise Control vehicles on public highway in 201311

[8].12

As a subclass of vehicle platooning problem, truck platooning has received much at-13

tention recently. Technically, truck platooning is more challenging compared to car platooning14

due to the complex truck dynamics. From implementation perspective, truck platooning is more15

likely to happen before platooning of individual cars due to the pronounced benefits of fuel saving16

and more mature business models [3]. In Europe, several projects and initiatives were conducted17

that aimed at putting truck/vehicle platooning on pubic roads, including the Safe Road Trains for18

the Environment (SARTRE) project [9], the COMPANION project [10], the Grand Cooperative19

Driving Challenge (GCDC) [11], and the Truck Platooning Challenge [12]. Truck platooning20

initiatives have been reported in the U.S. and Japan [13].21

One of the lessons learned from the existing truck platooning projects is problems that22

large platoons may bring at freeway entrances and exits [3, 12]. How to handle vehicles merging23

while long platoons are passing the merging area is an intriguing question for both researchers24

and practitioners. This work deals with the design of truck platooning strategy at merges to25

facilitate smooth merging.26

Relevant work in literature27

There are many technical challenges with truck/vehicle platooning, including environment per-28

ception, reliable communication, platooning coordination and vehicle control [1, 4]. In view of29

platooning coordination and control, several studies discussed the system control architecture30

involving automated vehicle platoons, most of which pertain to a hierarchical setting [4, 5]. Of-31

ten a coordination layer is placed between the traffic control layer and the vehicle control layer,32

dealing with trajectory planning and coordination among platoons [4, 5].33

Literature has been focusing on vehicle control layer design for platoons. Different con-34

trol approaches have been used to design vehicle longitudinal control systems. String stability35

and collision avoidance have attracted considerable attention, addressing the problems of how36

the controller can attenuate disturbance propagation along the platoon [14] and how to combine37

vehicle following with collision avoidance mechanism [6].38

A few researchers have designed maneuver strategies at the coordination layer. A set of39

protocols for highway maneuvers of platoons was proposed in [15], including platoon merge,40

platoon split, and lane change. The design of the protocol is based on a finite state description41

of the platoon maneuvers, giving the commands from the upper level traffic control layer. While42
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TRUCK PLATOONING STRATEGY NEAR MERGE

acknowledging the pioneering role of this work, the design was not aimed at generating decisions1

of when and where to split a platoon at highway entrance and was based on fully automated2

vehicle environment.3

In [16], entry and exit maneuvers of platoons on highway were discussed. Strategies4

were proposed that were applicable in highways with dedicated automated vehicle lanes and5

transitional lanes near entry and exit. The design was based on the assumption that the merg-6

ing vehicle is a CAV and it required changes of infrastructure, e.g. a parallel transition lane or7

dedicated ramps, raising concerns over its applicability in reality.8

In [5], two basic platoon maneuver strategies, merge and split, were proposed to facilitate9

another automated vehicle joining an existing platoon and a platoon member leaving the platoon10

respectively. The split strategy was further elaborated by sub-tasks of initiating split request,11

creating safe gap and changing lane. However, when is optimal to start the gap creation process12

and how the transient maneuver looks like were not formulated.13

More recently, a finite state machine approach was also reported in [17] for platoon ma-14

neuver protocols. The protocols were combined with CACC control logic was used to represent15

longitudinal behavior. An interesting approach was presented in [18], where a spring-mass-16

damper analogy was adopted to describe platooning dynamics. This modeling approach allows17

derivation of efficient platooning strategies at entry and exit by controlling the spring constant18

and damping coefficient. It can capture different scenarios where an automated vehicle join or19

leave platoons.20

Notice that another body of literature focused on platoon formation strategies [19, 20].21

We restrict the discussion on platoon formation because this paper concentrates on how to split22

a platoon rather than forming a platoon.23

Literature shows that quite some effort in defining platoon maneuver protocols at high-24

way entry and exit. These studies focus on dynamics and interactions between platoons or be-25

tween a platoon and an individual CAV, which implies communication between interacting pla-26

toons/vehicles. Some even requires additional changes in the infrastructure, which may impede27

the near-term application of the strategies. In addition, there is a gap between finite state de-28

scription of the platoon maneuvers and the detailed operational truck platooning strategies for29

the transition between states. In case of truck platooning, it is likely that the platoon has to be de-30

tached to facilitate merging vehicles at on-ramp sections. A decision-making strategy to support31

when and where to split the truck platoon is yet to be explored.32

To this end, the paper proposes an original approach to split platoon approaching merg-33

ing areas. The split strategy aims to provide safe and comfortable merging maneuvers while34

restricting the disturbance for the platoon. The problem is posed, based on reasonable physical35

and behavioral assumptions about string-stable vehicle following dynamics. A heuristic-based36

solution and optimization-based solution are proposed based on simplified car-following model37

for platoons, which enables us deriving the vehicle index and time to yield a gap analytically.38

The performance of the strategies is verified with simulation.39

In the remainder of the paper, we first present the vehicle-following model for platoons,40

followed by the formulation of the decision-making strategy and its optimality verification. After41

that, we apply the strategy to derive some insights into the relations between model parameters.42

We summarize the findings and future research in the conclusion section.43
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MODEL FOR PLATOON DYNAMICS NEAR MERGE1

Vehicle-following model2

Vehicle trajectories are described by a Vehicle-Following model, also referred to as Car-Following
(CF) model. In the paper, we assume the design of longitudinal vehicle control algorithm guar-
antees string stability of the truck platoon and the Newell model is considered [21] for the CF
model. It consists in a piece-wise linear speed-headway relationship, which is consistent with
the macroscopic kinematic wave model originaly proposed in [22, 23]. Several arguments are
in favor of this model for the study : simple but not simplistic representation of first-order pla-
toon dynamics; limited number (three) and observability of model parameters; ability to describe
car-following steady states; numerous prior works on vehicle trajectory-based calibration and
validation. In the paper, the model is supposed to describe the platoons steady states, i.e. when
the platoon is formed with no disturbance to the trucks time-gap policy. It assumes that under
normal car-following situations, the speed of the following truck is adjusted with respect the dis-
tance to its leader. The speed-headway relationship is defined based on three parameters: u the
free-flow speed, w the maximum wave speed and κ .

vt+1
i = min

(
u,(st

i−
1
κ
) ·w ·κ

)
(1)

Notice that the minimum time headway h is determined as follows :

h =
1
κ
.
w+u
w ·u

(2)

Also notice that from a physical perspective :3

- κ is directly related to the minimum spacing at stop sx = 1/κ (including the truck length).4

- r=1/(w · κ) is the reaction time, i.e. a speed variation of the leader will impact the follower5

trajectory with a time shift r.6

The car-following behavior can be completed with two additionnal models. First, an acceleraton7

model which bounds the acceleration with a maximum value ax [24]. Second, a relaxation model8

[25, 26] which describes the speed difference ε that a follower is willing to accept when its9

spacing is lower that its equilibrium value. The complete CF model can adress most of the10

car-following situations with a minimal set of five parameters.11

Parameters for platooning under constant-time-gap policy12

All the five parameters have a physically meaning and default values can easily be proposed.
The literature provides many references to refine their calibration, mostly based on empirical
trajectories [27, 28]. To the best of authors knowledge, the proposed CF-model has never been
calibrated for truck platooning operations. Here we propose basic formulas to calibrate the car-
following parameters according to the platooning strategy.
Classically, a Truck-Platooning (TP) strategies consider a target gap g, which can be expressed
in time (gt) (e.g. the constant time gap policy) or in space (gs) (e.g. the constant spacing policy).
The gap corresponds to the time or space difference between the front bumper of the following
current truck and the rear bumber of its leader. In the remaining we consider the time gap, but
identical results can be drawn by considering the space gap instead.
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Figure 1: Fundamental diagram

The speed-spacing function of the CF model has to be calibrated with respect to this gap. In
the case of the Newell CF model, only 3 parameters are concerned: u; w and κ . However, u
is classically related to the maximum authorized speed on the section, and κ is constrained by
the length of the vehicle L. Consequently, the maximum wave speed w is the parameter to be
adjusted according to the TP strategy.
Considering the length of a truck L and the minimum time gap gt , the minimum time headway
during truck platooning operation writes:

hp = gt +L/u (3)

the corresponding space headway is sp = u ·gt +L. Thus, the maximum wave speed adjusted for
TP strategy becomes :

wp =
u

u ·κ · (gt +L/u)−1
(4)

Notice that this equation holds if u ·κ · (gt +L/u)> 1. Consequently the minimum gap g
has to respect the following constraint:

gt >
1
u
·
(

1
κ
−L
)

(5)

This condition imposes a minimum gap between trucks according to their car-following proper-1

ties.2

Remark It should be noted that under platooning operation, the reaction time rp = 1/(wp ·κ)3

of truck is (or should be) highly decreased by the raising of its maximum wave speed.4
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Platoon dynamics due to merge1

When a vehicle is about to merge from the on-ramp, a truck will decrease its speed to open a gap2

for the merging vehicle. We propose to process the speed of the complying truck considering3

relaxation. Thus, the complying truck will accept a speed lower than its leader, such that the gap4

will progressively increase. It provides the advantage of simplicity, it accounts for the speed of5

the leading truck and it rely on a two physical parameters:6

• ε , the speed difference with the predecessor during the relaxation period7

• ax, the maximum acceleration rate at the end of the relaxation period.8

.9

The CF model is modified accordingly and the different model formulations from [24,
25, 26, 28] can be combined as follow:

vt+1
i = min

(
vt+1

i,dem,v
t+1
i,sup

)
(6)

where 
vt+1

i,dem = max(u,vt
i +ax ·dt)

vt+1
i,sup =

vt
i−1− ε if relaxation is active

(st
i−

1
κ
) ·w ·κ if not

(7)

Note that the time step must be set as : δ t = 1/w ·κ . The process is illustrated in Figure10

2. On the left side, the platoon is composed of 10 trucks crosses the stretch of road at the free11

flow speed u = 20m/s with a constant time gap gp = 0.5 s between every trucks. On the right12

side on the figure, the fifth truck (In = 5) decreases its speed between t = 30s and t = 60s, with13

a speed difference ε = 1m/s. Then the truck re-accelerate at the rate ax to retrieve the free-flow14

speed. During this period, a gap is formed and the final spacing headway between the forth and15

fifth trucks reaches s = 60m.16

17

At this stage, some issues are raised. How to choose the truck that must comply by18

decreasing its speed? How to estimate the starting time of the complying maneuver? These19

problems are posed and analytical (heuristic) solutions are proposed in the next section.20

DESIGN OF PLATOON SPLIT STRATEGY21

Without anticipation of merging maneuvers, the presence of platoons involves safety issues and22

traffic disturbances. In Figure 2, a platoon of 10 trucks crosses a road stretch (3km). A vehicle23

merges at the time-position t = 60s,x = 1000m (trajectory not represented for a better readabil-24

ity). On the left picture, the platoon does not anticipate the merging maneuver: the vehicle25

merges in a short space, which raises comfort and safety issues, and immediate following truck26

behind the merging vehicle may over-react and trigger disturbance for the surrounding traffic.27

On the right picture, the platoon anticipates the merging maneuver : the seventh truck decreases28

its speed far upstream the merge, so that a gap is created. The vehicle merges in comfortable and29

safety conditions, and the disturbance for surrounding traffic on the carriageway is smoothed.30

The main objective of the platoon strategy is to determine the truck index in the platoon31

that should yield a gap for the merging vehicle, denoted by iyield and the time instant that the32

7 DURET, WANG, LECLERCQ
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Figure 2: Platoon trajectories without splitting (left) and with splitting (right)

gap creation process starts, denoted by tyield in real time, so that merging vehicles can merge1

smoothly onto the main carriageway. Thus the decision variables are: d = (iyield,Ta).2

Operational assumptions3

The design of the platooning strategy at merges is based on several assumptions. In particular,4

we assume that:5

• trucks in the platoon follow their leader with a constant time gap gt , corresponding to6

a time headway hp = gt +L/u;7

• conventional vehicles from on-ramp merge at the same speed of the platoon, denoted8

u;9

• the truck platoon leader has the knowledge of the time tmerge that the merging vehicles10

start to move to the main carriageway from the acceleration lane. This can be assisted by a11

roadside system that detects the position and speed of the merging vehicle;12

• the truck platoon leader decides which truck in the platoon should open a gap to ac-13

8 DURET, WANG, LECLERCQ
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commodate the merging vehicles and when it should do so. Trucks in the platoon follow the1

decisions of the truck platoon leader;2

• the acceleration for trucks is bounded, denoted ax;3

• the merging is performed in a relatively smooth way, e.g. no emergency braking will be4

needed for the trucks and merging cars. The merging process model is described in the previous5

section.6

Heuristics-based strategy7

The problem is posed in Figure 3, and a heuristic solution is proposed to estimation the estimating8

the yielding truck index iyield , the anticipation time Ta and the speed difference ε . Recipes for9

each variable to estimate are presented in paragraphs below.10

Solution for iyield
11

We start with the heuristic method that based on the first-in-first-out (FIFO) principle, i.e. for all
vehicles involved in the merging process, the passing sequence at the merging point is determined
by the predicted arrival time tarrive

i at the fixed merging point Xm. The arrival time is determined
by the constant speed heuristics, i.e. vehicles will maintain their current speed in the near future,
thus we have:

tarrive
i (t) =

Xm− xi(t)
vi(t)

(8)

Thus we can determine the yielding truck index (increasing in the upstream direction) as:

iyield = i ∈
[
tarrive
i−1 (t)< Tm < tarrive

i (t)
]

(9)

Since the truck index in the platoon is an ordered set, the uniqueness of the solution (9) is guar-12

anteed.13

Solution for Ta14

After determining the yielding vehicle index, the time that the truck starts to yield must be deter-
mined. Some empirical evidence shows that it takes around 20 to 40 seconds for a truck to split
from a platoon [9]. This is consistent with the duration of relaxation process after merge [28].
Thus we choose to command the designated truck starting to yield gap at the time T yield before
the merging vehicle moves onto the mainline:

T yield = Tm−Ta (10)

where Ta is the anticipation time before the merging maneuvers. The objective is to formulate15

anticipation time with respect the to decision variables, i.e. the time that a truck needs to decrease16

their speed to open a gap [T yield, t1], and then to accelerate to come back to its initial speed [t1,Tm].17

Figure 3 shows that two time periods have to be considered separately.18

9 DURET, WANG, LECLERCQ
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time

space

leading truck (iyield-1) following truck (iyield)

a x

merging vehicle

Xm

u

u− e

T yield t1 Tm

hp

Sc
f (v)

Sc
m(v)

Ta

Figure 3: Heuristic-based decision : problem and parameters

Recipe for t1 During the acceleration period, the following truck accelerates from the speed
u− ε to reach the free-flow speed u. Assuming a constant acceleration rate ax, it gives:

t1 = Tm−
ε

ax
(11)

Recipe for T yield From Figure 3

u · (gt +Ta) = (u− ε) · (t1−T yield)+
∫ Tm

t1

∫ Tm

t1
ax ·dt +Sc (12)

10 DURET, WANG, LECLERCQ
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where Sc = Sc
m(v)+Sc

f (v). It follows from Equations 11 and 12 that:

Ta =
Sc−hp ·u

ε
+

ε

2 ·ax
(13)

Solution for ε1

In the previous section, the optimal anticipation time is the decision variable to set, assuming a
given ε . However, in reality, the platoon maybe be informed of the merging time from a road
side unit, where the only decision variable is the speed difference ε . Consequently, the problem
is re-formulated to find the optimal ε for a given anticipation time Ta = Tm−T yield. To solve this
problem, Equation 13 gives:

ε

2 ·ax
−Ta +

Sc−hp ·u
ε

= 0

⇔ ε2

2 ·ax
−Ta · ε +(Sc−hp ·u) = 0

(14)

A positive solution exists for Equation14 if (and only if) Ta >
√

2·(Sc−hp·u)
ax

. The solution is:

ε
+ = ax ·Ta ·

(
1−

√
1− 2 · (Sc−hp ·u)

T 2
a ·ax

)
(15)

Equation 15 is easy to implement, but the importance of each parameter is not explicit. We
propose to derive a second order Taylor expansion to bring out high (first order) and low (second
order) importance parameter.

ε̂ =
Sc−hp ·u

Ta
+

1
2
· (S

c−hp ·u)2

T 3
a ·ax

=
Sc−hp ·u

Ta

(
1+

1
2
· S

c−hp ·u
T 2

a ·ax

) (16)

Equation 16 demonstrate that the anticipation time Ta plays a major role while the acceleration2

rate ax has a minor impact on ε .3

It should be noted here that S is a critical spacing composed of Sc
m(v), critical space head-4

ways for the merging vehicle, and Sc
f (v), critical spacing for the following truck. The solution can5

be easily adapted for multiple merging maneuvers, when a platoon of N vehicles needs to merge6

on the carriageway. In this case, The solution basically considers the critical spacing for a platoon7

of N vehicles Sc(v,N) = N ·Sc(v). Then the critical spacing Sc becomes: Sc = Sc
n(v,N)+Sc

f (v).8

Equivalence to an optimization-based strategy9

In this section, we show that the heuristic-based solution is equivalent to an optimization-based10

strategy. Recall the general objective of the platoon split strategy: opening a sufficient gap within11

a closely-spaced truck platoon to facilitate comfortable merging of conventional vehicles from12

11 DURET, WANG, LECLERCQ
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on-ramp. To this end, we formulate the problem as the following mathematical programme, with1

objective function:2

max︸︷︷︸
iyield,tyield

N

∑
j=1

qTm
j ≡ max︸︷︷︸

iyield,tyield

N

∑
j=1

vTm
j

sTm
j +L

(17)

where N is the total number of trucks in the platoon and qi(Tm) is the local flux for vehicle i.3

The optimal decisions are subject to some physical and behavioral constraints, including:4

• The car-following dynamics in normal conditions, for truck platoons and during merg-5

ing, see Section 2.6

• Safe merge: at the time of merge, the yielding truck should keep a spacing with respect
to the merging vehicle no less than the normal vehicle- following spacing:

sTm
iyield ≥ st (18)

• Bounds on speed: the vehicle speeds are bounded by the zero speed and free speed u;

0≤ vi(t)≤ u (19)

• Limited acceleration capability;

v̇i(t)≤ ax (20)

The formulation entails that the optimal maneuver strategy aims at maximizing the flux7

at the time of merging while respecting physical and behavioral constraints.8

Notice that the objective function can be rewritten as:

N

∑
j=1

vTm
i

sTm
i +L

=
iyield

∑
j=1

1
gt +L/u

+
vTm

iyield

sTm
iyield +L

+
N

∑
j=iyield

1
gt +L/v j

(21)

The first term in the right hand side (RHS) of Equation 21 is at its maximum flux since9

v j ≤ u and we would like as many truck passing the merging vehicle as possible. But the safety10

constraint restricts the number to the first truck in the platoon that would arrive at the merging11

point later than the merging vehicle at the maximum speed u. This gives the same solution for12

iyield as in Equation 9. The third term in the RHS of 21 is a decreasing function of v j and achieves13

the maximum when v j = u.14

The middle term in the RHS of 21 depends on the yielding time tyield . Let t̄yield = T yield +15

δ , where T yield is determined by the heuristic method. If δ > 0, using the same derivation process16

as in the heuristic-based method, the spacing of the yielding truck at the time of merge will17

become syield = s f + u · δ , while the speed of the yielding truck and those behind the yielding18

truck at the time of merge is the same as u. Thus the third term of the objective function achieves19

its maximum but the middle term is smaller than that from the heuristic solution: e.g. ui
s f+uδ+L <20

u
s f+L .21

12 DURET, WANG, LECLERCQ
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When δ < 0, we can only achieve syield = s f when the acceleration adopted by the yielding truck1

iyield is less than ax. This implies the speed of the yielding truck at the time of merge is lower2

than free speed: vTm
iyield < u, and the second and third term becomes:

vTm
iyield

s f+L +∑
N
j=iyield

1
gt+L/viyield

<3

u
s f+L +∑

N
j=iyield

1
gt+L/u , which is smaller than that with the heuristic solution. Consequently, we4

can conclude that the heuristics-based solution is the optimal solution that maximize the flux at5

the time of merging conditioned at providing sufficient gap for the conventional vehicle to merge.6

APPLICATION7

Illustrative example8

Let consider the following situation:9

• a platoon is composed of 10 trucks, moving with a speed u = 20m/s with a time gap10

policy is gt = 1s.11

• a merging maneuver has the following parameters : Vm = u = 20m/s and the merging12

time Tm = 60s.13

• in case of merging, the yielding truck opens the gap with speed difference of ε = 2m/s14

and then with acceleration at ax = 1m/s2.15

16

Figure 4a illustrates vehicle trajectories with no anticipation (left) and with the optimal17

anticipation maneuver (right). According to the heuristic-based strategy proposed in the paper,18

the optimal solution is : iyield = 8, Ta = 48s. On the right picture, the eighth truck in the platoon19

starts to decrease its speed at the time t = T yield = 12s from 20m/s to 18m/s. It keeps this speed20

to open the gap until the time t1 = 58s, and it accelerates at the rate ax = 1m/s2 to return to21

its free-flow speed. The variation of the space headway with respect to time is illustrated in22

Figure 4c, where the space headway is gradually increased from h = 40m to h = 125m during23

the yielding maneuver. Finally, at the time t=60s, the space headway has reached h = 125m, i.e.24

105m excluding the truck length.25

Decision support chart26

The heuristic-based solution can be the basis for designing decision support diagrams. Let as-27

sume that a platoon of trucks received the following merging information from a road site unit :28

"a vehicle will merge in 50s from the next on-ramp". With the help of Figure 5(a), the truck will29

start its maneuvers immediately with a speed difference ε = 2m/s. The decision can be adjusted30

according to the number of vehicle to merge (See Figure 5) and the maximum acceleration rate31

ax of the truck.32

Impact on traffic33

It should be noted that the anticipation maneuver smooths the impact of merging maneuvers34

inside platoon of truck. It should also be noted that the anticipation limits the impact on traffic35

flow. Indeed, total travel time or total delay for trucks does not depend on the transitional yielding36

parameters, but it only depends on the number of vehicle(s) that merge, which causes a short37

delay to the trucks that follows the merging vehicle(s).38

On the contrary, if the merging maneuvers are not anticipated by platoons, one can expect39
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(a)

(b) (c)

Figure 4: Platoon trajectories without anticipation (left) and with the heuristic-based decision
(right)
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Figure 5: Decision support charts for adapting (a) anticipation time Ta = f (ε,N) , (b) speed
difference ε = f (Ta,N) or (c) number of vehicle(s) to merge N = f (N,Ta)

merging failures with vehicles stopped at the end of the acceleration lane, or an abrupt decelera-1

tion and over reactions from following trucks. Both cases are known to be the cause of capacity2

drop around merges, with major impact on traffic conditions.3

CONCLUSION4

Main contribution5

The paper proposes an original solution to split platoon of trucks approaching merging areas.6

The splitting aims to provide a safe and comfortable merging maneuvers while restricting the7

disturbance on the carriageway. The problem is posed, based on reasonable physical and behav-8

ioral assumptions. A heuristic-based solution is proposed, which optimizes the flux at the time9

of merging while supplying safe gap for the merging vehicles. The proposed solution can be the10

basis for designing efficient and safe splitting strategies for platoons. The paper also provides de-11

cision support charts that can be the basis for scaling the anticipation time or the speed difference12

of trucks with respect to the number of vehicle(s) to merge.13
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Further research1

In the paper, the solution is adapted to platoons of vehicles from the on-ramp merges into a2

platoon of trucks on the main line. Further research is needed to extend the proposed solution3

to address several independent merging vehicles. Moreover, it is assumed that vehicles merge4

at the speed of the platoon, which could be extended for low speed merging maneuvers. And5

finally, the proposition can be the basis for advanced solutions, where the anticipation time can6

be combined with a merging control, for instance with ramp-metering strategies. The ramp7

metering algorithm would control the rate and the speed of the merging maneuvers, and would8

provide more flexibility framework to improve global safety and comfort indicators, for both9

trucks and light vehicles.10
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