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Abstract—We model a platooning system including trucks and
a third-party service provider that performs platoon coordi-
nation, distributes the platooning profit within platoons, and
charges the trucks in exchange for its services. This paper studies
one class of pricing rules, where the third-party service provider
keeps part of the platooning profit each time a platoon is formed.
Furthermore, we propose a platoon coordination solution based
on distributed model predictive control in which the pricing
rule is integrated. To evaluate the effect of the pricing on the
platooning system, we perform a simulation over the Swedish
road network. The simulation shows that the platooning rate and
profit highly depend on the pricing. This suggests that pricing
needs to be set carefully to obtain a satisfactory platooning system
in the future.

Index Terms—Platoon coordination, pricing rules, profit-
sharing, distributed model predictive control

I. INTRODUCTION

Platooning is when trucks are lined up in a formation
on the road with small distances between the trucks. Pla-
tooning technology is enabled by sensor, communication,
and automation technologies, that have been taking great
leaps over the last decades. In comparison to normal driving,
platooning improves the aerodynamics which leads to reduced
fuel consumption, especially for follower trucks in a platoon.
For example, experimental results in [1] show that follower
trucks can achieve fuel savings of up to 21% with inter-
vehicular distances of 10 meters and speeds of 80 km/h. The
experimental results in [2] show that truck platooning yields
fuel consumption reduction of 8-13% for the follower truck
in a platoon comprised of two trucks. In addition to energy
savings, platooning has the potential to increase the road
capacity, reduce greenhouse gas emissions and the workload
of drivers, as reported in [3]–[6].
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Due to the aforementioned benefits, platooning has been
researched by truck manufacturers, freight companies and
academia. The first research project on platooning started
in the late 1980s in the California PATH program [7], and
has been followed by a series of research projects from all
around the world, for example, the European Commission’s
CHAUFFEUR project [8], the Energy ITS project [9] in Japan,
the European SARTRE [10] project, and so on [11]. The main
focus of the platooning research has been on safe and efficient
control of platoons, see, e.g., [12]–[14].

Trucks with different routes and time schedules need to
be coordinated to fully reap the platooning benefits. By
coordination, trucks can expect to join more platoons for fuel
economy through the way of, for example, planning their
routes [15], adjusting driving speeds [16], changing waiting or
departure times at hubs [17]. Most previous works on platoon
coordination study centralized schemes where the aim is to
optimize the overall platooning profit of all trucks. However,
this is not applicable when trucks are owned by different
carriers since they in practice are interested in optimizing their
individual profits.

The authors in [18] developed a non-cooperative game-
theoretic framework to study the strategic interaction among
trucks when deciding on their waiting times at hubs to form
platoons. The efficiency of this approach is limited because
a large number of iterations may be required to find a Nash
equilibrium in the platoon coordination game when the number
of trucks is large. Another work considering platoon coordina-
tion of trucks with individual utility functions is [19]. In this
work, a distributed model predictive control (MPC) method
is presented as a solution wherein trucks plan their waiting
times independently while relying on the predicted arrival
times of others. The aforementioned works assume that trucks
are willing to communicate their routes and schedules with
other trucks in the network. In practice, trucks from different
carriers may not communicate directly due to privacy and trust
concerns. Then, one solution to avoid direct communication
among trucks is to employ a third-party service provider that
communicates with trucks and performs coordination.

In a platooning system with a third-party service provider,
the commercial attribute of the service provider makes the
profit sharing between trucks and the provider a new problem.
The works in [20] and [21] studied profit-sharing schemes
within platoons, where [20] proposes three different profit-
sharing schemes and models trucks’ platoon formation behav-
iors in a non-cooperative game. On the contrary, the authors
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in [21] model the trucks’ behavior in a cooperative game,
where the presented profit-sharing scheme makes trucks do not
have any incentive not to follow the system-optimal solution.
One difference between these works and our work is that
a large-scale system is considered in our work while [20]
and [21] consider small-scale systems. Another difference is
that the profit-sharing between trucks and the service provider
is taken into account in our work.

The objective of this paper is to propose and evaluate a
pricing rule for the third-party service provider which offers
real-time communication and platoon coordination services to
trucks, and charges a service fee in return. In this paper, we
present a pricing rule in which the service provider collects
the service fee from follower trucks and keeps a part of the
platooning profit, making the profit evenly distributed among
trucks. In addition, we integrate the pricing rule with our
platoon coordination solution developed in [19], which enables
the service provider to provide an optimal suggested waiting
time to each truck while considering its platooning reward,
waiting cost and service fee. The simulation evaluates the pric-
ing rule and shows its effect on the profit distribution between
the service provider and trucks. The main contributions of this
paper are as follows.

• We model a transportation system with a third-party
service provider and propose a pricing rule for charging
trucks that use the platoon coordination service.

• We propose a platoon coordination method based on the
distributed MPC, in which the pricing rule is integrated.

• The pricing rule is evaluated in a large-scale simulation
over the Swedish road network.

This paper is organized as follows. Section II formally
presents the pricing rule for the service provider, including
the charging and compensation rules. In Section III, we
introduce how to integrate the pricing rule with the distributed
MPC platoon coordination method. Section IV provides the
simulation and evaluation results. Finally, Section V concludes
this paper and points out the directions for future work.

II. PRICING RULE OF THE THIRD-PARTY
SERVICE PROVIDER

This section presents the pricing rule for a platooning
system consisting of trucks and a third-party service provider.
Fig. 1 shows the financial flow between the third-party service
provider and trucks. The service provider collects trucks’
information and performs platoon coordination. Moreover, it
distributes the platooning profit within platoons and keeps
some profit for offering the services. As previously mentioned,
the fuel savings due to platooning are different for leader
trucks and its follower trucks. To distribute the platooning
benefit evenly among trucks, we intend to charge the follower
trucks a service fee and compensate the leader truck each time
a platoon is formed. First, the charging rule for the follower
trucks is proposed. Then, the compensation rule for the leader
truck of the platoon is presented.

Third-Party Service Provider Communication

Algorithm & codesDatabase

App server

Follower truck Follower truckLeader truck

SFSFCA

Fig. 1. The financial flow between the third-party service provider and trucks,
where CA and SF stand for the compensation allowance and service fee,
respectively.

A. Charging Rule

Consider a platoon of n trucks where each truck focuses on
its own platooning benefit. According to experimental results
on truck platoons, see, e.g., [22], [23], each follower truck
in a platoon has approximately the same fuel consumption
reduction while the leader truck has significantly lower fuel
saving. Therefore, we assume that every follower truck enjoys
the same platooning benefit and the leader truck has no benefit.
In this work, we propose a charging rule where each follower
truck is charged a service fee and the leader truck instead
receives a compensation. The service fee and compensation
are set to even out the imbalance in profit and the service
provider keeps part of the profit.

We denote by Pf the platooning benefit of a follower truck
obtained by forming platoons with other trucks. The service
fee to be paid to the service provider is represented by Ff ,
which includes two parts: one is the profit Rs,f kept by the
service provider and the other part is the compensation Rc,f

used to charge the leader truck. To guarantee that the leader
and follower trucks equally enjoy the remaining platooning
profit, i.e., (n−1)(Pf−Rs,f ), each truck in the platoon should
keep the profit of

R̄t =
(n−1)(Pf−Rs,f )

n
. (1)

Since the profit to compensate the leader truck is shared among
all follower trucks, each follower truck spends Rc,f =R̄t/(n−
1) on the compensation. Thus, the service fee of every truck
is represented as

Ff = Rs,f +Rc,f (2)

= Rs,f +
(Pf−Rs,f )

n
, (3)
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where Rc,f is the compensation contributed by each follower
truck in a platoon to charge the leader truck. The total profit
kept by the service provider in a platoon of n trucks is

F = (n−1)Rs,f , (4)

which is obtained by summing the trucks’ service fees.

B. Compensation Rule

The leader truck in a platoon receives a compensation to
even out the benefit between the leader and its follower trucks.
That is, given a platoon with size n, the total compensation
that the leader truck can receive, denoted by Rc, has the form

Rc = (n−1)Rc,f = R̄t (5)

which equals to the platooning profit Rf saved by each
follower truck in the platoon after paying for its service fee,
i.e.,

Rf = Pf − Ff = Rc. (6)

In this way, every truck in the platoon achieves the same
platooning benefit, which is closely related to the platooning
reward, the service fee of each follower, as well as the number
of trucks in the platoon.

Remark 1: According to Eq. (4), the service provider is able
to regulate its total profit by changing the value of Rs,f , which
in turn affects every truck’s profit by Eq. (1) and every truck’s
incentive to use the platoon coordination service. In this sense,
there should be a trade-off between the profits of the service
provider and the profits of trucks in the platooning system.

III. PLATOON COORDINATION

This section introduces how the service provider offers
the platoon coordination service to individual trucks, taking
into account for the charging and compensation rules. First,
we give the system model, which includes the road network
and the dynamic models of trucks. Then, the utility of each
individual truck is proposed. Subsequently, we provide the
optimization problem that is used to compute the optimal
platoon coordination solution.

A. System Model

We consider a large-scale transportation system that consists
of M trucks, where every truck travels from its origins to
the destinations to fulfill a delivery task. Each truck i ∈
M={1, 2, . . . ,M} has a fixed route and can form platoons at
the hubs alongside its route. By indexing the origin as the first
hub and the destination as the Ni-th hub, the route of truck i
is represented by the set

Ei = {ei(1), ei(2), . . . , ei(Ni−1)}, (7)

where ei(k) denotes the road segment connecting the k-th and
(k+1)-th hub of truck i.

Meanwhile, ai(k) and wi(k) are used to denote the arrival
time and waiting time of truck i at its k-th hub, respectively.
The travel time on the route segment ei(k) is denoted by ci(k).

Then, the arrival times at hubs of truck i can be computed
according to the following equations

ai(1) = ti,start (8)
ai(k+1) = ai(k)+wi(k)+ci(k), k=1, 2, . . . , Ni−1, (9)

where truck i’s arrival time at its first hub (i.e., the origin) in
its route is denoted by ti,start. Seeing that every trip has its
delivery deadline which needs to be respected, we require that
ai(N)≤ ti,end, where ai(Ni) is the arrival time of truck i at
its destination and ti,end is its deadline.

B. Utility of Trucks

The utility of every truck includes the reward it gains from
forming platoons and its loss caused by waiting at hubs.

1) Reward function: Let us recall Eq. (5) and (6). For any
truck i traveling in a platoon on its k-th route segment ei(k),
no matter it is a follower or a leader truck, its platooning profit
is the same, and Pf can be described as the form

Pf = ξici(k), (10)

where ξi denotes the platooning profit per follower truck
and per travel time unit. Additionally, Rs,f is the portion
of the service fee retained by the service provider, which is
considered as the following form

Rs,f = αPf , (11)

where 0 ≤ α ≤ 1 is the adjustable parameter to regulate the
profit sharing between the service provider and trucks.

To form a platoon, the departure times and the routes of
trucks in the platoon must be synchronized. Subsequently,
the size of a platoon is characterized. The dynamic model of
individual trucks in Eq. (9) indicates that the arrival time of a
truck at its next hub is predictable given its arrival and waiting
times at the current hub. In other words, with the knowledge
of other trucks’ predicted arrival times and waiting times at
hubs, the service provider is able to predict the platooning
partners for every truck at each of its hubs.

Let Ri(k+h|k) denote the predicted platooning partners of
truck i on its (k+h)-th route segment, which is predicted by
the service provider to decide truck i’s waiting times at its k-
th hub. More precisely, Ri(k+h|k) consists the trucks that are
predicted to depart from the (k+h)-th hub on Ei at the same
time as truck i and have the next route segment in common,
including truck i itself. Mathematically, a truck j ∈ M that
has ei(k+h) in its route is part of the set Ri(k+h|k) if

ai(k+h|k) + wi(k+h|k) = dj,i(k+h|k), (12)

where dj,i(k+h|k) denotes the predicted departure time of
truck j at the (k+h)-th hub of truck i when it makes the
decision at its k-th hub. By this definition, the size of truck i’s
platoon formed on the route segment ei(k+h|k) equals to the
cardinality of its platooning partners, i.e., |Ri(k+h|k)|.
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In consequence, by Eq. (5), (10) and (11), the platooning
benefit of truck i on its route segment ei(k+h) predicted at
its k-th hub is denoted by

Ri(k+h|k) = (1−α)ξici(k)
|Ri(k+h|k)|−1

|Ri(k+h|k)|
(13)

with Ri(k+h|k) denoting the set of trucks in the platoon.
Considering all the platooning benefits of truck i on its

remaining route segments, i.e., from its k-th to (Ni−1)-th
route segment, the profit that truck i predicts to achieve is

Ri(k) =

Ni−1−k∑
h=0

Ri(k+h|k). (14)

This reward function of truck i is used by the service provider
to coordinate platoons in the platooning system and schedule
the waiting times of truck i at its hubs.

2) Loss function: Waiting at hubs could increase the proba-
bility of forming platoons with others for individual trucks, but
may also increase their waiting loss due to a delayed delivery
of goods or higher costs for drivers. For any truck i at its
k-th hub, the predicted waiting cost at all the remaining hubs
between its k-th and (Ni−1)-th hub is denoted as

Li(k) =

Ni−1−k∑
h=0

ϵiwi(k+h|k), (15)

where ϵi represents the monetary loss per time unit and wi(k+
h|k) denotes the waiting time of truck i at its (k+h)-th hub
predicted at the k-th hub.

Taking the above reward and loss functions together, the
utility of truck i at its k-th hub is denoted as

Ji(k) = Ri(k)−Li(k). (16)

By maximizing such a utility for every truck arriving at a hub,
the service provider is able to provide an optimal suggested
waiting time for trucks to form platoons.

C. Platoon Coordination Problem

Given the route information, dynamic models and time
constraints of every truck, the service provider is able to
provide an optimal suggested waiting time at a hub for every
truck. Based on the distributed MPC method, the optimal
platoon coordination solution of any truck i at its k-th hub
can be computed by solving the following problem

max
wi(k)

Ji(k) (17a)

s.t. ai(k|k) = ti,arr(k) (17b)
ai(k+h+1|k) = ai(k+h|k) + wi(k+h|k) (17c)

+ ci(k+h), h=0, 1, . . . , Ni−1−k

ai(Ni|k)− ti,end ≤ 0, (17d)

where, as previously defined, Ji(k) includes the predicted
platooning reward and waiting cost of truck i at its remain-
ing hubs. It is a function of truck i’s waiting times and
the predicted departure times of other trucks at the hubs

{k, k+1, . . . , Ni−1}. The optimization variable wi(k) includes
truck i’s waiting times at all its remaining hubs, namely,

wi(k) = [wi(k|k), wi(k+1|k), . . . , wi(Ni−1|k)]. (18)

The optimal waiting time w∗
i (k|k) will be provided to truck i

as its optimal suggested waiting time at its k-th hub, while
the predicted waiting times [w∗

i (k+h|k), . . . , w∗
i (Ni−1|k)]

and the departure times of truck i will be saved by the third-
party service provider when scheduling the waiting times of
other trucks.

Moreover, the constraint (17b) in the optimization problem
sets the arrival time to the current hub k in the predictive
model. In Eq. (17c), ci(k+h) is the travel time of truck i on
its route segments ei(k+h), which is known in advance to the
service provider. The last constraint (17d) ensures that truck i
respects its delivery deadline at the destination.

Remark 2: The distributed platoon coordination problem
(17) is in nature a mixed integer nonlinear programming
(MINP) problem, and we solve it by dynamic programming.

Remark 3: As the optimal suggested waiting time w∗
i (k|k)

is based on the predicted departure times of other trucks in
the system, the above platoon coordination method cannot
guarantee that truck i will join a platoon by waiting at its k-th
hub for w∗

i (k|k). Therefore, to establish trucks’ acceptability
and willingness to use the platoon coordination service, we
assume in this paper that the service provider will pay for a
truck’s waiting loss if it fails to form a platoon with others.

IV. SIMULATION AND EVALUATION

In this section, we evaluate the effect of the pricing rule
on the platooning system by conducting simulations over the
Swedish road network with hundreds of trucks.

A. Parameter Settings

In the simulation, we consider a platooning system with
hundreds of trucks, where the number of trucks is varied from
100 to 500, and the origin and destination pairs (i.e., OD pairs)
of each truck are randomly selected from 84 major hubs in
the Swedish road network. The route information and travel
times on each route segment of trucks are downloaded from
OpenStreetMap [24]. We assume that trucks start their trips
randomly between 8:00-12:00 a.m. Each truck travels with the
speed of 80 km/h, and the fuel price is 18 SEK per liter. In line
with the guide to EU rules on drivers’ hours, the total driving
time of each driver per day is less than 9 hours. Furthermore,
the allowed waiting times of every truck at all the hubs in its
route are assumed to be within 10% of its total travel times.
We assume that the fuel saving of each follower truck in a
platoon is 10% of the total fuel consumption. On this basis,
the monetary saving of the truck platooning is 0.72 SEK per
follower per kilometer and the parameter ξi that captures the
platooning benefit is obtained as 57.5 SEK per follower per
hour. According to the labor cost for drivers, every truck’s
waiting loss at hubs, denoted by ϵi, is set as 260 SEK per
hour.
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The adjustable parameter α in Eq. (11), capturing the profit
sharing between the service provider and trucks, is varied
from 0 to 1 to evaluate its influence on the platooning system.
For each selection of the parameter α, five scenarios are tested,
where each scenario includes 100, 200, . . . , 500 trucks in the
system, respectively. We fix the initial system setting in each
scenario, including the OD pairs, starting times of different
trips, delivery routes, and waiting time constraints, while only
changing the value of α in the multiple runs.

B. Evaluation of the Pricing Rule
The simulation results are given below. First, Fig. 2 shows

the total profit of the third-party service provider from the
platooning system, which does not include the compensation
to charge the leader trucks in platoons. As is shown, the profit
of the service provider increases at first then decreases as the
parameter α increases. This result indicates that a decreased
number of platoons are formed when the service fee is higher
than a certain level. In addition, for a fixed value of α, the more
trucks in the system, the more platooning profit the service
provider can get.
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Fig. 3. The utility of the platooning system.

Fig. 3 provides the utility of the whole system, including
both the platooning profit kept by trucks and profit of the

service provider. This result shows the effect of the pricing
on the total utility of the platooning system. As we can see,
the system’s utility is maximized when the service provider
offers the platoon coordination service to trucks for free. As
the proportion of the service fee in the platooning benefit
increases, the total utility of the system keeps decreasing. The
system utility with α=1 is achieved by the platoons formed
spontaneously without trucks’ waiting, which can also be seen
in Fig. 5 shown below.
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Fig. 5. The average waiting time per truck.

The results in Fig. 4 show the average profit per truck in the
system, i.e., the average monetary gains of every truck after
paying for the service fee. It is shown that the profit of each
truck tends to decrease as the parameter α increases, and the
profit approaches 0 when α approaches 1. From this figure
we can also see that a platooning system with more trucks
is beneficial to every individual truck for obtaining a higher
platooning profit.

The average waiting time per truck in the whole trip is
given by Fig. 5. In the five scenarios, the average waiting
time per truck is less than 7 minutes, and no truck decides to
wait when the parameter α equals 1, i.e., the service provider
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takes all the platooning benefit. Moreover, by comparing Fig. 3
and Fig. 5, we notice that some platoons can be formed
spontaneously without coordination in particular cases. The
more trucks in the system, the more profit that the system
obtains from spontaneous platoons.

The above simulation and evaluation results show that the
third-party service provider could obtain a high platooning
profit by setting a high service fee when the service provider
has its monopoly in the platooning system. Otherwise, because
the system’s utility and the average utility of the truck is
decreasing as the service fee is increasing, the service provider
needs to maintain a certain platooning rate by decreasing the
service fee for achieving a satisfactory profit.

V. CONCLUSIONS AND FUTURE DIRECTIONS

This paper modeled a platooning system with a third-party
service provider that coordinates trucks from different carriers
without direct communication between trucks. A pricing rule
for the platoon coordination service is proposed in which the
followers pay a fee, the leaders are compensated and the third-
party service provider keeps some of the profits. Moreover,
the pricing rule was integrated with a distributed MPC based
platoon coordination method, by which the service provider
could compute an optimal suggested platoon solution for every
truck. The pricing rule was further evaluated in the simulation
over the Swedish road network with hundreds of trucks.

Our simulation results show that if the third-party service
provider is in a monopoly position, it can get a considerable
platooning profit by setting a high service fee. If other compet-
itive service providers exist, the service provider needs to set
the pricing carefully in order to maintain trucks’ willingness
to use the service and achieve a satisfactory profit. In practice,
a third-party service provider may have a monopoly during an
early phase of the commercial platooning rollout before other
actors have been established.

As future work, we aim to study pricing rules when there
is not a monopoly market, and the trucks can choose among
different service providers. Another interesting future work can
be exploring other pricing rules that encourage trucks to form
platoons with the financial support from governments, which
helps to reduce the CO2 emissions by platooning.
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