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Abstract— Truck drivers are required to stop and rest with
a certain regularity according to the driving and rest time
regulations, also called Hours-of-Service (HoS) regulations. This
paper studies the problem of optimally forming platoons when
considering realistic HoS regulations. In our problem, trucks
have fixed routes in a transportation network and can wait
at hubs along their routes to form platoons with others while
fulfilling the driving and rest time constraints. We propose a
distributed decision-making scheme where each truck controls
its waiting times at hubs based on the predicted schedules of
others. The decoupling of trucks’ decision-makings contributes
to an approximate dynamic programming approach for platoon
coordination under HoS regulations. Finally, we perform a
simulation over the Swedish road network with one thousand
trucks to evaluate the achieved platooning benefits under the
HoS regulations in the European Union (EU). The simulation
results show that, on average, trucks drive in platoons for 37 %
of their routes if each truck is allowed to be delayed for 5 %
of its total travel time. If trucks are not allowed to be delayed,
they drive in platoons for 12 % of their routes.

I. INTRODUCTION

Truck platooning is a technology within the field of intel-
ligent transportation systems, allowing trucks to be linked in
a line with small inter-vehicle distances and drive together.
Due to the reduction of the air resistance endured by follower
trucks in a platoon, truck platooning helps reduce the fuel
consumption and COs emissions. Platoon experiments have
shown energy savings of 13 % with 10 m inter-vehicle gaps
and energy savings of 18 % with 4.7 m gaps [1]. Not only
is platooning technique economically and environmentally
friendly but it is also beneficial to increasing the road ca-
pacity, alleviating traffic congestion and improving mobility
efficiency, see, e.g., [2], [3].

In order for trucks with various itineraries and time sched-
ules to fully reap the platooning benefits, efficient platoon
coordination schemes are required, including, for example,
path planning [4], speed regulation [5], waiting and departure
times scheduling [6], [7]. In this paper, we focus on the
waiting time scheduling problem of truck platooning, where
trucks have fixed routes in a transportation network and
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schedule their waiting times at hubs along their routes to
facilitate the formation of platoons.

A. Motivation

Driver fatigue has been recognized globally as one of the
primary causes for traffic accidents, resulting in up to 20 %
of fatal road accidents [8], and has become a main cause
for heavy truck crashes [9]. To prevent driver fatigue in
transport operations and increase road safety, governments of
various countries impose strict regulations on trucks’ driving
duration and rest times, which is known as Hours-of-Service
(HoS) regulations. In Table I, we give the HoS regulations
of USA, EU and China, and the data is collected from [10],
[11], [12]. The maximal continuous driving time refers to the
longest driving period before taking a rest, and the minimal
mandatory rest time specifies the shortest time required to
rest for starting a new continuous driving period according
to the HoS regulations.

TABLE I
HOS REGULATIONS
USA EU China

Continuous driving time 8 h 45h 4h
(max.) ’
Mandatory rest time 30 min 45 min 20 min
(min.)
Daily driving time 11 h 9h 10 h
(max.)

Considering the realistic HoS regulations that all trucks
in the transportation system are required to follow, the
scheduling of trucks’ waiting times at hubs to optimally form
platoons has become a new challenging problem.

B. Related Work

Coordination of truck platoons has received considerable
attention and research efforts in recent years. Existing liter-
ature has developed coordination strategies to form platoons
on roads [13], [14], [15], by means of planning routes and
adjusting trucks’ speeds en-route.

An alternative to form platoons on roads is to form
platoons at hubs by scheduling trucks’ waiting and departure
times. Most of the previous works considering hub-based
platoon formation focus on coordination at a single hub
[16], [17], which cannot handle cases where trucks have
multiple hubs along their routes. Platoon coordination at
multiple hubs in a road network was considered in [18],
[19], [20]. The authors in [18] and [19] studied Parteo
optimal and game theoretic platoon coordination solutions,
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respectively. In difference from our work, they do not capture
realistic HoS regulations. Additionally, the decision-making
of trucks in their works is coupled and the waiting times
of many trucks are coordinated simultaneously, which may
result in a high computation load when handling large-scale
systems. In the work [20], a distributed platoon coordination
approach was developed for addressing large-scale systems.
This paper extends our previous work in [20] by proposing an
approximate dynamic programming (DP) method for platoon
coordination considering realistic HoS regulations.

C. Contributions

To the best of our knowledge, previous works on platoon
coordination have not considered today’s HoS regulations.
The authors in [21] modeled the HoS regulations as a lower
bound for the total rest time of trucks, which they allow
to be distributed arbitrarily at hubs or in platoons over
the whole journey. However, this is illegal according to
today’s HoS regulations because the rest time at a hub must
exceed a certain threshold to be accounted as a mandatory
rest, as shown in Table I. Motivated by the aforementioned
reasons, we aim to develop a platoon coordination approach
for large-scale systems that takes into account realistic HoS
regulations. In our problem, each truck has a fixed route in a
road network and can wait and rest at hubs along its route in
order to form platoons with other trucks while respecting
the HoS regulations. The contributions of this paper are
summarized as follows.

e We develop a model of the hub-based truck platoon
coordination system, where the HoS regulations are
included as constraints of individual trucks.

o We propose an approximate DP approach for platoon
coordination, where the decision-making of trucks is
based on the predicted decisions of other trucks and
decoupled. By this approach, each truck can compute
its waiting times at hubs optimally while handling the
HoS regulations.

o We perform a simulation over the Swedish road network
with one thousand trucks, considering the EU’s HoS
regulations. The simulation results show that trucks
drive in platoons for 37 % of their routes on average if
each truck is allowed to be delayed for 5 % of its total
travel time. This value will be 12 % if trucks are not
allowed to be delayed.

The rest of the paper is arranged as follows. Section II for-
mally presents the system model, including the road network,
truck dynamics and the HoS regulations. In Section III, the
procedure employed to compute the feasible rest hubs of each
truck is proposed. Section IV provides the approximate DP
method for platoon coordination. In Section V, we present
the simulation conducted over the Swedish road network,
followed by conclusions and future directions in Section VI.

II. SYSTEM MODEL
A. Road Network

We consider a large-scale transportation system illustrated
in Fig. 1, consisting of a road network with N hubs and

Fig. 1. A transportation system with hubs (marked by yellow nodes),
road segments, and trucks. The route of truck ¢ between its origin o; and
destination d; is marked by the blue lines.

M trucks from different carriers. The set of hubs and the
set of trucks are denoted by S := {s1,82,...,sy} and
M = {1,2,..., M}, respectively. We assume that trucks
have fixed routes in the road network, and each truck starts
and ends its trip at a hub. For any truck i € M, the number
of hubs in its route is denoted by /V;, and the set of its hub
indices is denoted by H; := {1,2,..., N;}. The route of
truck ¢ from its origin o; to its destination d; (i.e., between
its OD-pair) is represented by the set

Ei = {81(1)767(2)7 1)}7 (1)

where e;(k) is the k-th road segment of truck ¢ connecting
the k-th and (k+1)-th hub in its route. More precisely,

e;(k) := (hi(k), hi(k+1)), 2)

7e’i(Ni7

where h;:H; — S denotes the map from the hub indices of
truck ¢ to the set of hubs in the road network. That is, h; (k)
refers to the k-th hub of truck 7. Based on the above notions,
the common road segment of any two trucks is defined.

Definition 1: (Common road segment) We say that truck ¢
has its k-th road segment in common with truck j if e;(k) €
&;, where i, j€ M and i # j.

B. Truck Dynamics

With the goal of tackling the waiting time scheduling prob-
lem for truck platoon coordination under HoS regulations, the
dynamics of individual trucks is presented first. The arrival
time and waiting time of truck ¢ at its k-th hub are denoted
by a;(k) and w;(k), respectively. The travel time of truck 4
on its k-th road segment is denoted by 7;(k). Then, truck i’s
arrival time at its (k+1)-th hub can be computed by

where ¢, represents the mandatory rest time of a truck
when its continuous driving time exceeds the allowed limit
according to the HoS regulations. By continuous driving
time, we mean the driving time without a rest. Note that,
if a driver spends less time than ¢, at a hub, it will not be
accounted as a rest and the continuous driving time will not
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be reset. In addition, the indicator function 13, , is defined
by 13, : H;—{0,1} where H; , CH; with

o, () = {;

It is important to point out that, 13, (k) indicates whether
truck ¢ takes a rest at its k-th hub, and both the waiting times
w; (k) and the rest hubs H,;, are our optimization variables
when solving the platoon coordination problem.

The dynamic model in Eq. (3) applies to every truck in
the transportation system, where the arrival time of truck @
at its origin is denoted by t; siqr¢. That is, a;(1) =t; start-
Moreover, we assume that each truck has a delivery deadline
at its destination to respect while fulfilling the transport task,
which requires that a;(N;) < t; cng, Where t; cnq denotes
truck ¢’s deadline at its destination. It is reasonable to assume
that ¢; ¢,q could cover the total travel time of truck ¢ on its
routes and the rest times required at hubs.

if ke Hi,r:

if k¢ M, @

C. Hours-of-Service Regulations

We expound HoS regulations and the resulting constraints
in this subsection. In line with the realistic HoS regulations
in Table I, trucks are required to have a rest after a period of
continuous driving. The maximum continuous driving time
before taking a rest is represented by £, and the mandatory
rest time is denoted by ¢,.. Additionally, the maximum daily
driving time of a truck is denoted as Ty. Here, we note that,
in practice, the continuous driving time of a truck can be
less than t4. To clarify this point, two driving and rest time
plans that are feasible according to the HoS regulations in
EU (see Table I) are provided in Fig. 2.

driving @ rest driving @
45h ’ 45 min ’ 4h
driving@ | rest = | driving® | rest = | driving@®
35h ’ 45 min 4h ’ 45 min 1.5h

Fig. 2. Two feasible driving and rest time plans according to the HoS
regulations in EU, where £ty =4.5 h, t, =45 min and Ty =9 h.

We assume that each truck has a route such that its travel
times between hubs are less than the maximum continuous
driving time, and the total travel time in its whole trip is
less than the maximal daily driving time. Otherwise, trucks
will not be able to complete their missions while respecting
the HoS regulations. More precisely, we assume that, for any
hub ke{1,2,...,N;—1},

N;—1
7i(k) <ta, and Y 7i(k) < Ty (5)
k=1

Except for the mandatory rest time at hubs, we also assume
that trucks can wait extra at hubs as long as they arrive at
their destinations before their deadlines. Specifically, the sum

of the waiting times and rest times of any truck ¢ at all hubs
in its route is constrained by

N;—1
ti start + Z (Tz(k) + wz(k) + 17{7r (k)tr) < tiend- (6)
k=1

The target of this paper is to optimize the waiting times
w;(k) of truck ¢ and the rest hubs 7;, at which truck ¢
should take a rest so that its own platooning benefit can be
maximized while following the HoS regulations.

III. FEASIBLE REST HUBS

First of all, we introduce how to determine the feasible
rest hubs for each truck at which it can take a rest while
meeting the HoS regulations.

Depending on the route of a truck, it is required to rest at
a number of hubs to respect the HoS regulations. To avoid
serious delays at destinations, we assume that trucks will not
use more rest hubs than required. In this regard, the set of
feasible rest hubs H; , that meet the HoS regulations and
minimize the number of necessary rest times is referred to
as the feasible set of rest hubs of truck ¢, denoted by ’H{ .

Given the fixed route &; of any truck 4, the travel times
7i(k), k€{1,2,...,N;—1} on each of its road segments,
the maximum continuous driving time ¢4 and the mandatory
rest time t,, the set of feasible rest hubs of truck i can be
obtained by the following offline procedure.

(i) Zero rest time: Truck 7 does not need to rest in its
whole trip if E]kvzfl Ti(k)<tq, ie., H{r:®.

(i1) One rest time: If (i) is not satisfied, and there exists at
least one set of a hub {k} € {{k} : k€{2,3,...,N;—
1}} such that

—1 N;—1
Y oni(k)<tg and Y 7(k) <te, (D)
k=1 k=k

then truck ¢ needs at least one rest. The set of feasible
rest hubs ’H{ - 18 a collection of all the sets of hubs {k}
meeting the conditions in (7).
(iii) Two rest times: If (i) and (ii) are not satisfied, and
there exists at least one set of hubs {k, k} € {{k1,k2} :

ki, ka€{2,3,.. .,Nifl}} with k <k such that

k—1 k—1 N;—1
(k) <ta, Y 7i(k) <fg, and Y 7i(k) < I,
k=1 k=k k=Fk

®)

then truck ¢ needs at least two rests. The set of feasible

rest hubs Hzf - is a collection of all the sets of hubs

{k, k} meeting the conditions in (8).
Remark 1: In the above procedure for determining ”Hg;r,
we disregard the other cases with more than two rest times.
However, the proposed method can be easily extended to
handle those cases. From the perspective of practical appli-
cations, two rest times are enough to address most realistic
scenarios under the HoS regulations in Table I.
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Remark 2: Note that H; ;. is one of the elements selected
from the set of feasible rest hubs "H{ -» and each element in
Hzf ,» satisfies HoS regulations. If 7—[{ 70, then each element
in ’H{ ~ 1s a set and has the same cardinality. The cardinality

of each element (i.e., a set) in Hf - equals the least number
of rest times that truck ¢ needs to meet HoS regulations.

IV. APPROXIMATE DYNAMIC PROGRAMMING FOR
PLATOON COORDINATION

This section presents an approximate dynamic program-
ming approach for addressing the platoon coordination prob-
lem of individual trucks under HoS regulations. We start by
introducing the utility of each truck.

A. Utility

Trucks can decide their waiting times at hubs along their
routes in order to form platoons with others and enjoy the
platooning benefit. The time that trucks wait at a hub relies
on the predicted platooning reward they may achieve by
joining a platoon and the predicted loss caused by their
waiting decisions. That is, the predicted platooning reward
and the predicted waiting loss.

1) Predicted Platooning Reward: For any truck ¢ arriving
at its k-th hub, it cares about the total platooning reward it
predicts to obtain from its current hub k to its destination d;.
We denote by w;(k) the waiting times of truck ¢ at its k-th
hub, including its waiting time at the current hub £ and its
predicted waiting times at the remaining hubs (k+h) with
he{l,...,N;—1—k}, which has the form of

wi(k) == [w; (k|k), wi(k+1[k), ..., w;(Ni—1[K)], (9

where w; (k+h|k) denotes the predicted waiting time of truck
¢ at its (k4 h)-th hub predicted at its k-th hub. Given the
routes and predicted departure times of other trucks, truck @
is able to predict its platooning reward on the road segments
{ei;(k),ei(k+1),...,e;(N;—1)}.

In what follows, the predicted platooning reward on one
road segment e;(k+h) of truck i is given. Let P;(k+h|k)
be the predicted platooning partners of truck 4 at its (k+h)-
th hub predicted at its k-th hub, which is a set of trucks
that are predicted by truck ¢ to form a platoon with truck <.
Mathematically, P;(k+h|k) is represented as

P7(k+h|k) = {] JEM, ei(k:Jrh)Eé'j, and
di(k+hlk) = di* (hi(k+h))}, (10)

where e;(k + h) € &; indicates that truck ¢ has its (k+h)-th
road segment in common with truck j. Meanwhile, d;(k+
h|k) = d;k (hi(k+h)) requires that truck ¢ and j departure
from the (k+h)-th hub of truck i at the same time, where
d;-’k (hi(k+h)) is the predicted departure time of truck j at
the (k+h)-th hub of truck ¢, known by truck ¢ when it arrives
at its k-th hub. Moreover, d;(k 4 h|k) denotes the predicted
departure time of truck 7 itself at its (k-+h)-th hub, which is
determined by

di(k+h|k)

= a;(k+hlk) +wi(k+h|k) + 1y, y(k+h)t., (11

where a;(k+h|k) and w;(k+ h|k) represent the predicted
arrival and waiting times of truck ¢ at its (k- h)-th hub
predicted at its k-th hub, respectively. It is worth noting that,
in Eq. (11), H; (k) € 'H{T denotes the set of rest hubs of
truck ¢ determined at its k-th hub. In line with the indicator
function defined in (4), we have that

1 if k+he M (k)
0 if k+h ¢ H,. (k)

Recall that ¢,. is the mandatory rest time by HoS regulations.
Therefore, 13, (1) (k+h)t, depicts the rest time of truck i at
its (k+h)-th hub. The conditions in Eq. (10) ensure that truck
i and j can form a platoon on the road segment e;(k+h) in
the prediction of truck ¢ at its k-th hub.

In the sequel, we use p;(k+h|k)=|P;(k+h|k)| to denote
the cardinality (or the size) of the set P;(k+h|k), i.e., the
number of trucks included in P;(k+h|k), including truck ¢
itself. The predicted platooning reward of truck ¢ on its road
segment e;(k+h) predicted at its hub & can be defined as
pi(k+hlk)—1

pi(k+hlk)
where &; denotes the monetary platooning benefit from fuel
savings per follower truck and per time unit, and 7;(k+h)
is the travel time of truck ¢ on its (k+h)-th road segment.
As each follower truck in a platoon saves approximately the
same fuel while the leader truck has a significantly smaller
fuel saving, according to the platoon field experiments [22],
[23], we assume that the total platooning benefit is evenly
shared among the p;(k+h|k) trucks in Eq. (13).

Consequently, the platooning reward that truck ¢ predicts
to achieve from its k-th hub to the end of its trip is

Ly, oy (k+h) = { 12)

Ri(k+h|k) := &m;(k+h) (13)

Ni—1—k
Ri(k)= Y Ri(k+hlk).
h=0
2) Predicted Waiting Loss: The decision to wait at hubs
could also lead to some benefit loss for truck ¢ due to a higher
labor cost and risk for delay. We denote by L;(k+hl|k) the
predicted waiting loss of truck ¢ at its (k-+h)-th hub predicted
at its k-th hub, which is defined by

(14)

5)

where €; denotes the monetary loss of truck ¢ per time unit
for waiting. The predicted waiting loss at all hubs between
the k-th and (IV; —1)-th hub of truck is then denoted as
Ni—1—k

> Li(k+hlk).

h=0

Given the above, the utility of each truck : at its k-th hub
is represented as

Li(k) = (16)

Ji(k) = Ri(k) — Li(k).

Remark 3: With the knowledge of the other trucks’ routes
and time schedules, truck 7 is capable of planning its own
waiting times w; (k) and its rest hubs H,; ,.(k) for achieving
a maximized utility.

7)
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B. Distributed Platoon Coordination

Next, we will introduce how trucks decide their optimal
w;(k) and H; (k) by an approximate DP approach. Recall
that, the feasible set of rest hubs 'Hf ,~ computed offline
provides all the feasible solutions to H,;,(k) with each
solution meeting the HoS regulations. We denote by D; ,.(k)
the set of hubs at which truck 7 has taken a rest when arriving
at its k-th hub, which is initialized and updated by

Di,r(l) = (Z)
D r(k+1) = Dy . (k)U{k}, if keH], (k)

(18)
(19)

where H;,. (k) is the optimal H; (k) that maximizes truck
¢’s utility J;(k), which can be obtained by solving the
following problem (22). Accordingly, we denote by 7-2{ (k)
the set of feasible rest hubs of truck 7 at its k-th hub, which
is dynamically updated in line with D; ,.(k), that is

HI (1) =], (20)
HI, (k+1)
= {H;, €], (k) K'eH, it K€D (k+1)}. @D

Notice that, H; ,.(k-+1) is comprised of all the elements in
H, (k) that cover the selected rest hubs in D; ,.(k+1). For
each truck 1, it is necessary to update its feasible rest hubs
according to (21) because not all the elements in the initial
feasible set 'Hzf ,- are feasible anymore when some rest hubs
of truck 7 have been used.

Based on the above descriptions and definitions, the op-
timal waiting times and rest hubs of truck ¢ at its k-th hub
can be computed by solving the following distributed platoon
coordination problem

Ti(k) (22)

max
wi(k),Hi,r (k)

s.t. ai(klk)=t; arr (k) (22a)
a;(k+h+1k)=a;(k+h|k)+w;(k+hlk)+7;(k+h)

1y, oy (k+h)te, h=0,1,...,N;—=1—k (22b)
Hip(k) € H, (k) (22¢)
ai(Ni|k) < tiends (22d)

where t; 4 (k) denotes the arrival time of truck ¢ at its k-th
hub with ¢; 4rr(1) = ¢; stare- The set of feasible rest hubs
7—2{0 ~(k) of truck ¢ at its k-th hub is initialized by (20) and
updated via (19) and (21). The constraint (22d) implies that
each truck respects its deadline at the destination.

Remark 4: The problem (22) is a mixed integer nonlinear
programming (MINP) problem. In the proposed distributed
platoon coordination scheme, trucks compute their optimal
waiting and rest decisions w; (k) and # ,.(k) only once when
arriving at hubs, based on the predicted schedules of other
trucks. Such a decoupling of trucks’ decision-makings allows
us to solve the problem (22) via approximate DP [24].

Remark 5: Truck i takes a rest at its hub k if k€ H}, (k).
Meanwhile, its optimal waiting time implemented at its
current hub k is w} (k) (i.e., the first item of w}(k)). The

wumv‘\g

Fig. 3. The Swedish road network with 105 major hubs (marked by blue
nodes), where hubs along the route of one truck are marked by red nodes.
TABLE II
THE NUMBER OF REST TIMES REQUIRED FOR TRUCKS

Zero rest time | One rest time | Two rest times
Nr. of trucks 706 250 44
Size of H/ 0 =1 >1 =1 >1
Nr. of trucks 706 113 137 2 42

other rest hubs in 77 ,.(k) and the other waiting times in
w;(k) will serve as the predicted schedules of truck ¢ for
other trucks to compute their optimal decisions.

V. SIMULATION OVER SWEDISH ROAD NETWORK

This section performs a simulation over the Swedish
road network to illustrate the effectiveness of the developed
platoon coordination method. The considered transportation
network is shown in Fig. 3, which includes 105 hubs in
Sweden. The hubs are real road terminals selected from the
SAMGODS model [25], which is the national model for
freight transportation in Sweden. The HoS regulations in EU
in Table I are considered in the simulation.

In the simulation, we consider 1000 trucks and the OD-
pair of each truck is randomly generated from the 105
hubs such that the probability of selecting an OD-pair is
proportional to its truck flow in the SAMGODS model. The
routes of the trucks are obtained from OpenStreetMap [26].

Other simulation settings are given as follows. We assume
that trucks start their trips at a random time between 08:00—
10:00. The delivery deadline of each truck is set such that its
total waiting time over its route (also called waiting budget)
is less than 5 % of its total travel time. The speed of each
truck is 80 km/h. The fuel price is around 1.73€ per liter
and the fuel consumption of each follower truck is assumed
to be reduced by 10 %. Moreover, the platooning benefit is
& =5.5€ per follower truck per hour, and the waiting loss
of each truck is €; =25€ per hour.
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Fig. 4. Continuous driving time of each truck with zero rest time.
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Fig. 5. Continuous driving time of each truck with one rest time.

Table II shows how many trucks that are required to take
zero, one and two mandatory rests according to their routes
in the simulation. It also shows how many trucks that have
only one feasible option and two or more feasible options of
the rest hubs that meet HoS regulations, where the size of
'H,{ » €quals the number of feasible options for the rest hubs.
As we can see, 706 trucks are not required to rest since
their total travel times are less than the maximal continuous
driving period. It can be also seen that 250 and 44 trucks
are required to rest once and twice, respectively. Out of the
trucks that are required to rest once and twice, 137 and 42
trucks have more than one feasible option for the rest hubs.

Figs. 4-6 show the continuous driving times of each truck
between its optimal rest hubs, where the truck indices are
sorted according to their first continuous driving time. Specif-
ically, Fig. 4 gives the driving times of trucks that are not
required to rest. Figs. 5 and 6 show the continuous driving
times of trucks that are required to rest once and twice,
respectively. From the figures we can see, all the continuous
driving times of trucks are less than 4.5 hours, and hence,
meeting the EU’s HoS regulations. Furthermore, the result in
Fig. 5 indicates that the shorter the first continuous driving
period is, the longer is the second continuous driving period.
Such a trend can also be seen in Fig. 6.

The coordination efficiency of the developed method is

= The maximum continuous driving time
First continuous driving time
% Second continuous driving time
@ Third continuous driving time
=
= 45 kaWessssssssssessssssssssEEssEnsaannuns g
(4] X X 000 ..O ®
£ 4.0 fo XTX Oy X o0 e
aé ® JO%x x--;xx [ Py o 0000 x..oo
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Fig. 6. Continuous driving time of each truck with two rest times.

Relaxed HoS regulation

Waiting budget = 7% of the total travel time
Waiting budget = 5% of the total travel time
Waiting budget = 3% of the total travel time
No waiting budget

R

o

S)
|

Platooning rate
o
[e2]
o

0.60 -
0.45 besssessrsnssiassssaseresssnsasss

g3 Frnnnnnnnnnni g

0.20 A
0.12 A

0.00 ¥ 7 — T T
1 200 400 600 800
Truck index
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Fig. 7. The platooning rate of each truck and the average platooning rate
(dotted lines) for different waiting budgets.

further evaluated by the platooning rate, which is defined
for each truck ¢ as its total travel time in platoons over
its total travel time in the network. In Fig. 7, we provide
the platooning rate of each truck under different settings
of the waiting budget, where the truck indices are resorted
according to their platooning rates. The average platooning
rates with the waiting budgets of 0 %, 3 %, 5 % and 7 % of
the total travel times are 0.12, 0.32, 0.37, 0.42, respectively.
This result shows that the waiting budget has a large impact
on the platooning rate. The higher the waiting budget is, the
higher is the average platooning rate. We also compare with
a relaxed HoS regulation case, where trucks have a waiting
budget of 7 % of their total travel times and, in addition,
can spend their mandatory rest times arbitrarily along their
journeys, as in [21]. Fig. 7 shows that the case with relaxed
HoS yields the highest platooning rate. For the case with no
waiting budget in Fig. 7, only the set of rest hubs is optimized
to form platoons.

The achieved utilities of trucks under different constraint
and waiting budget settings are shown in Fig. 8. This figure
shows that an average utility of 4.9€ is achieved when a
relaxed HoS regulation is applied. In addition, the average
utilities of trucks are 1.1€, 3.5€, 4.0€, and 4.2€ for waiting
budgets of 0 %, 3 %, 5 % and 7 % of the total travel
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Fig. 8. The utility of each truck and the average utility (dotted lines) for

different waiting budgets.

times, respectively, which indicates that the utility generally
increases with an increased waiting budget, as expected.

[10]

VI. CONCLUSIONS AND FUTURE WORK [11]

This paper studied the problem of coordinating platoon
formation at hubs while considering trucks’ realistic HoS

regulations. We developed a model of a transportation sys-

[12]

tem, where trucks have fixed routes in the road network

and optimize their platooning profits by deciding on their

[13]

rest and wait times at hubs to respect HoS regulations. To

solve the platoon coordination problem, an approximate DP

[14]

approach was presented, where the decision-making of trucks

is decoupled so that each truck can make decisions based on

[15]

the predicted schedules of others. A large-scale simulation
was conducted over the Swedish road network that considers
the EU’s HoS regulations. Our simulation results show that
considerable platooning profits can be achieved under today’s

regulations and the waiting budget plays an import role for

[16]

[17]

achieving a high platooning profit.

The HoS regulations considered in this paper are slightly

[18]

restrictive. For example, the regulations in the EU allow
drivers to split the mandatory rest time (45 min) within one

continuous driving period into 30 min and 15 min. In future

(19]

work, we would like to extend the work in this paper to
capture less restrictive rest time constraints.

[20]
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