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Abstract: One of today's most significant challenges isanability, which is closely linked to environmeltydriendly
solutions and resource efficiency. As a solutiothtgse goals, the concept of the Physical Intermetrged, defining the
logistics network of the future as a global, o interconnected system. Concerning the conditibrehicles based
on Physical Internet-based systems, we cannotégherlatest vehicle technology innovations thaeap more and more
intensively in parallel. The framework proposespiag at the strategic, tactical, and operatiogatls. Different levels
of coordination implement different approachesléigon coordination in line with the network arégiture of Pl-based
logistics systems. We recommend the highest léhaffline design in fixedr-hubs. The tactical level involves designing
n-hubs online. We propose the implementation of dgisesed solutions at the operational planning level

1 Introduction electric-, shared-, connected-vehicles, and plabgon

One of today's most significant challenges i§oncepton the Pl system among the emerging auitzenot
sustainability, which is closely linked to enviroantally ~trends [3]. o .
friendly solutions and resource efficiency. As agon to Based on our research, one of the promise innavatio
these goals, the concept of the Physical InterRgts) areas is platooning concept. The implementation of
emerged, defining the future logistics network agopal, ~Platoons in a natural environment is expected teigser,
open, and interconnected system. The most signtficaSO there is a growing need to define conceptsrfyarozing
breakthrough comes from the new mindset that th¥atoons. There are several publications aboutopiat
operation of Physical Internet-based systems bredtks ~coordination. To our knowledge, this work is thestfito
traditonal storage, movement, and transportatioprovide a general framework for the coordination of
solutions. The Digital Internet inspired methodated ~Platoons in a Pl-based logistics network. _
solutions based on new principles. The Physicairiret In this paper, following the introduction, we first
transfers the flexibility and standardization tatmes review the impact of automotive trends on the Rigfsi
from the Digital Internet to the physical world.&hlobal Internet, and then in Section 3 we summarize theyaet
vision requires functioning within a single crossrder literature solutions for the coordination of platso
system, the foundations, principles, and requiresntirat  Section 4 presents the conceptual framework, wkich
anyone can Opeﬂly access [1] By Sharing reSOU(Ma' c_lete_llled in Section 5 In Section 6, v_ve summaitieenain
and designing centres for seamless interoperalfiigight findings of the article and also discuss futureeagsh
transport is optimized in cost, speed, efficienapd Plans.
sustainability. In order to achieve better logstdficiency
and sustainability, Pl is evolving extraordinariigund in 2  Impact of automotive trends on the

all elements of technological innovation [2]. Givéme Physical Internet

growing number of Pl publications and the growifwb@l  |n the history of humanity, we can say that vehicle
investment in Pl-related projects, Pl is becomingave radically changed the earth’s natural enviesmri].
increasingly important in scientific and practical. In recent years, the automotive industry has uruerg

Concerning the conditions of vehicles in the Phyisic significant transformations, which is perhaps thaim
Internet systems, we cannot ignore the newer wehigleason for the rapid emergence and integration of
technology innovations that appear more and mofgnovative information and communications technglog
intensively. Modularity and flexibility, which vetles solutions in this area as well [5]. Physical Inttris also a
must also meet, will be central to the future |Ug$ paradigm shift in terms of transport' as accord'm]ghe
network. This article reviews the impaCt of autooors, Concept built on the D|g|ta| Internet metaphor’igm
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would be exchanged as seamlessly as data over thevelopment guidelines for coupled vehicles are of
Internet. In examining the concept of the Phydictdrnet, paramount importance in Pl-based logistics netwdrke
it would be impossible to separate it from the emgtive Pl concept embodies the idea of a global intercciece
aspects of the system. By imagining an ideal systemetwork. The innovation of connected vehicles based
vehicles as modular units of the Pl-based logistatsrork  similar theory is, therefore, a well-integratedteys. In
operate energy-efficiently, are interconnected, hade such a system, the entities within it (people, nraet) and
maximum utilization while reducing noise pollutiamd even infrastructural elements) can continuously

environmental and air pollution [4].

communicate. The aim is to strive for a constainomm

In the automotive industry, various developmenivhile resolving a current situation. Figure 1 ithages the

guidelines can be defined entirely independentlythef
field of logistics, of which the most important ids for
the Physical Internet will be reviewed in the faliag:
autonomous Vvehicles, shared vehicles, electricclei
connected vehicles, and platooning systems.

increasing sharing of vehicles and the spread &frgimg
autonomous and electric vehicle technology canidighe
functioning of transport systems,
combined with platooning transport. Much of theemtc
research has focused on improving the quality aftiex

transport systems and services and designing ne
methodologies that offer a more sustainable ecoébgi

approach and address the challenges generatedwingr

demand. Cross-sectoral cooperation offers an extell

opportunity to improve the quality of transportdees [6].
Autonomous vehicles especially their partially

automated versions, are increasing focus in inddistnd

research areas [7]. Automated technology is coresiden

innovation to introduce eco-driving and energy-sgvi

features, more stringent safety and security staisda the
future [4]. However, despite its current popularityere
are still several unanswered questions associait&ditw
Fully autonomous vehicles are of enormous impogdorc
future logistics and are expected to transfornptlaetices
known for decades.

Tl

especially whe

connection system of interconnected vehicles iatavork
of Physical Internet-hubs.

Mesh network system
vehicle ¢ 5 vehicle routing system

® b Gns

[
_mpc

Figure 1 Cloud-based connection system of intereoted
vehicles in a network of Physical Intermehubs based on [8]

Reducing extralogistics shipments, which has irserda
significantly over the past decade, has become faey
environmental and economic reasons. According to
studies, fuel costs account for about 30% of tieedycle

Research oshared mobility is one of the automotive costs of trucks [9]. Furthermore, a quarter ofsligeificant

trends [6]. The advent of the Physical Internet alilow
shared transportation by creating a dynamic arxibile

20% of CO2 emissions from vehicles can be attritbtibe
trucks [10]. In general, 82% of roads are unocalipiee

network. Companies can gain a competitive advaritgge to traffic density, which is due, among other thingo

not only using access to their resources effigrerithus,
in the Physical Internet, the idea of sharing imbymeans
an unknown or new concept. It can be said thaidkbe of
sharing is part of the Physical Internet [3]. Shari
maximizes resource utilization.

Research into the use electric vehiclesis more
common within the city due to shorter
requirements [7]. In a Physical Internet-based ostythe
goal is for drivers to stay as close to home asiples so
they only need to travel short distances. With goal in
mind, electric vehicles can be considered a higtllgvant
area, as their benefits are well integrated ineoglanned
open, global hub-and-spoke system [3].

Nowadays, the essential feature ebanected vehicle
is that it can communicate via the Internet and ihteract
with other intelligent objects, which may extenddtber
vehicles, traffic signs, or other infrastructureraknts [4].
Modularity and flexibility, which vehicles must alsneet,
will be central to the future Pl-based logisticawk.

compliance with the mandatory distance requiredhey
rule [11]. A promising approach to reducing fuel
consumption is to driveehicles in a platoon which is a
kind of transition between autonomous and convaatio
transport. The essence of the technology is teatrtitks
move in close succession, in parallel with whicleyth

distancéncrease energy efficiency and reduce road occyfaas

The Pl-based open, global logistics network crettes
common platform needed to organize vehicles, ewven i
cross-company collaboration.

Vehicles travelling between PI terminals can also
communicate  within  specific  scope  through
communication, resulting from which they can taktoi
account each other's goals. Depending on the pigtoo
capacity (the number of vehicles in a platoon)ydtuld
even be possible to connect on the road. This wewtsh
admit dynamic and flexible modification of prelirairy
plans. By defining virtual transhipment points (val -
hubs) between fixed-hubs, platoons can change their
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vehicles. This allows platoons to reconfigure theiprovides a general graphical overview of the cherastics
composition as they make their way. Recombinatibn @nd main properties of the layers. This figuresiitates the
platoons can further increase the flexibility oé thystem three main problem areas, which, although veryechfi,

[13,14]. are all necessary to take full advantage of theepinof
teams. The local layer deals with the actual cbofreach
3 Literature review vehicle. In the regional layer, we interpret themtination

The whole platoon problem consists of many differerPf platoons by dynamic route planning or speed ghan
layers: global, regional, and local control. Figuge The top global layer deals with general schedubing
allocation tasks.

_‘8“ Transport .» High-level decision making
. — lanner ‘e Route planner )
Time limits o P : . \Assignment
Destinations = 4 S status
g Platoon ;- Calcu.'u?e velocity
= di * Dynamic path planner :
&J coordinator - Technologies: GPS, CACC
Routes e Vehicle
Platoonin — Vehicle & i - [status
g o JFtarehicl ))) :® Control of single vehicles
= M e Technologies: ECUs, ACC
controller i

Figure 2 Layers of the control structure of platson

There are several publications on platoon orgainizat algorithm breaks the vehicles into a smaller sdteyT
solutions, of which a summary table is in [15]. Amy¢he evaluate that if the set of the vehicle is largel &ne
related works presented in our article, our goaébishow available computation time is small, the decomposed
the achieved results and methodologies through tlgproach will find significantly better solution7]. In
diversity of solutions. It can be said that modblmations publication [18], they suggest allowing the follogi
deal with online organizations, and there are feofine  vehicle to drive faster to catch up with the legdiehicle.
operation algorithms. There are two groups of @nlinThis approach can increase the frequency of cigatin
solutions, which are hub-, and velocity-based apghies. platoons, as many HDVs do not have the exact odguh

An example of a hub-based solution can be seen in @estination with the same time window. The algonith
Kammer publication [9], where the main idea behingl provides the fuel recovery required to control batg up
methodology is to divide the problem into severaber by defining a range. They define the scope deriveih
sub-problems, as the original solutions have athe route length, within which the methodology ekas
unmanageably long runtime when handling a largelaim the connection to the platoon, as illustrated guFe 4 [18].
of cases. An example of the basis of their solus@hown
in Figure 3, where a local controller (green dastwghre)
controls the arriving heavy-duty vehicles (HDVsher
local manager decides which truck to go to and wher
catch another truck. There are different ways toupea
local controller problem [9].

In publication [16], the authors examined the peabl
of vehicles waiting at nodes in a transport networkavel
with others on a platoon. They develop two modele
with deterministic and one with stochastic traueslet The
simulation study showed that the uncertainty ofdta
times significantly impacted grouping speed andt thi
clustering can bring notable benefits at the satietel, )
even if vehicles design to optimize their profits.

'I_'he other standard solution structure is to chahge Figure 3 An example of HDVs driving towards a jimctwith a
vehicles' speed to get close enough to each ait@eate local controller node [9]

a platoon. In publication [17], they present a dawated
model with multiple speed options that integrate
scheduling, routing, speed selection, and section
design/resolution. For problems with many vehictasy
propose a heuristic decomposition solution, in Vvttice
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I operation is that transports by HDVs are intergtete
/ exclusively betweenn-hubs. Thanks to the global
cooperation available through the open and glagastics
network, the sharing and interconnection of vekics
resources can be achieved by applying the expeciéed
management system. The establishment of platoons
contributes to resource-efficient operation, whican
& reduce fuel emissions and thus pollution. Virtmeiubs
that complement fixedi-hubs have no setup cost, no
infrastructure, and can be interpreted dynamiocaiiyany
node in the network. The Physical Internet systéamgs
particular emphasis on the alternative routingasfoutes
that exist in the world of the Digital Internet cha static
or dynamic [8]. In the case of static routing, thedes
forward data through predefined nodes. Dynamicimgut
means that the nodes in the network are responfible

Given the apparent complexity of platoon organizati finding the best route. Pl centers can be mappéligitiil
it is not surprising that some artificial intelligee-based 'Ntérmet nodes (routers). These transit points @b n
approaches have also emerged. The problem is v essarily have to be static. Virtuahubs can provide a

complex and has proven to be NP-difficult in digier POSSible design solution [8]. o
versions [11]. In publication [14], authors use a Platoon coordination options can be divided into tw

reinforcement  leamning methodology to  facilitatgM@n groups: off-board and on-board. The formevjokes
collaboration between platoons. There is also aqsal & Statically defined load schedule from the plasoionmed
for a local-, ant colony-based solution in thertitare, TOM Vehicles starting from one place. There are no
where individual vehicles are independent and able Predefined platoons for the latter type but use-treee
make decisions based on their speed and orienfamjpn  datd to create new, unplanned platoons for a more
Most publications approach the coordination ofuStainable system to operate. Based on the ptibfisa
platoons with one type of solution, besides onlfea W& dllstmgmsh two main options for the on-boardeca
papers setting up the framework for management. &ching up with a truck or waiting for a truck [1th the
framework presented in [15] consists of a platognin former case, HDVs change their speed to get closagh
enabled vehicle (operational level), a platoon rgana © €ach other to form a platoon. In the latter cabe
(tactical level), a coordinator (strategic levelpd a fleet Vehicles are waiting to form a platoon with oncogin
management system and transport management Sysféﬁﬂlcles. The advar_ltage of this is that it is guedo f(_)rm
(service layer). The level of abstraction, geogiealisize, Platoons more predictable and safer than the vghoeised
and time scale increase from bottom to top [15]. case, where traffic disruptions can prevent therpd
We can see several solutions for organizing platporsP€ed changes [20]. L .
which have in common that, due to the complexityhef For the defined platoon organization solutions, we
task, they are looking for local solutions to avkiea rePresent the road network as a directed graph(i, )
globally sustainable system. Considering the ptesen Wherei represents the nodes ané i x i corresponds to
solutions and the main features of the framewooppsed the edges. The graph's nodes represent the irtferseor
in reference [15], a comprehensive, conceptualdraark  €ndpoints of the road network, and the edges représse
is presented in the next chapter, considering tietsre road sections connecting these points. The fundt{en

™% 5% 3% 1% 0%

Figure 4 Cones (for illustrative purpose) of fuakig
potentials if the HDV decides to catch up and fptatoon [18]

of the Physical Internet-based logistics network. maps the lengths of all edgesThe location of the vehicles
is determined by the pdie, x) € € x [0, L(e)], wheree is
4  The conceptual framework the current road section andis the distance the vehicle

pas already travelled within the given segment. Jdteof
Jehicles is denoted hy, in which the index illustrates
the parameters for each vehicle. The graph repiasam
is illustrated in Figure 5 [15].

In this chapter, we present the conceptual framiewo
which is detailed in Section 5. When defining th
framework, we take the structure of the logistiesarork
provided by the Physical Internet and provide atbtcal
structure for the organization using the possibgit j, iz
provided for the coordination of the platoons.

The Physical Internet logistics network consists c ==
connected fixed and virtuat-hubs. For sustainability, X
defined as a goal in the future, the Physical irger L(e)

proposes hub-based operation to achieve a flexbte
efficient operation. An essential consequence bfthased

e(iz, Ia) Is

la

Figure 5 The road network represented as a diregragh [15]
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The amount of weight assigned to the graph's edgeshicles on the road play a role in decentralizedl-time
represents the objective function. For each ofplaéoon decision-making. Based on the result of the pakttiie
coordination solutions, we want to achieve a mimmmf most appropriate solution may be the informatiavisted
the objective function, which is formulated as d@ls by the vehicles, as the vehicles already haveragpyi on-

based on the [14] publication: board computer. The data collected is beneficial to
programmers if it is in one place where a cloudedas
min C(6) = C¢(0) + C(0) + C,(6) (1) solution seems appropriate. This would create tualir

marketplace for Pl users.
whereC(@)represents the fuel co§t(9) isthe costof ~ The length of the platoon defines how many vehicles
the waiting, and, (6) represents the driver labour cost ofonnect in a group. If the platoon value is 1,vébicle is
the platoon leader and represents a set of decision™0Vving independently. If the platoon value is geedhan

variables. Taking into account the formulated cowton L+ then in the case of on-board coordination, |
grouping and objective function, Figure 6 illuststthe vehicle decides on the rest, taking into accouatdtner

framework for the coordination of platoons in tieygical Vehicles’ goals in the group.

Internet-based logistics network. The first on-board case is the tactical plannirag the
Platoon Manager System performs on virtwddubs. To
e e e & do this, the Platoon Manager System uses vehicle

information, which is the edge represente@pyhere the
vehicle is travelling, the distanag travelled on the road
f— | strategic S section, and the platogw, that contains the vehicle. Based
== @ focnhub s on the input information, a modified path segmést)
L . ' and the new platoon IDp)*") are determined if there is
cooperation with another platoon in the virtagiub.

Off-board

On-board . )

The other on-board option is a platoon merger en th
en—>L " Toctical : = road accessible by speed change by the Platoorclgehi
Xn—>» . .

P Q Sl N System at the operational level. Its input pararsetee the
same as those of the Platoon Manager System taictieal
planning level. On the other hand, its output madified

€n—> Operational ; S —p,

. o speec(vfff) due to the possibility of changing the speed,
po—> Q on the road G which is necessary to connect to the other platoahthe
new platoon ID (p:ff ). The strategic, tactical, and
operational levels are described in more detailtha
following section.

o Y
Figure 6 Platoon coordination framework in Physitaternet
system

The framework divides the coordination of platoon®  Discussion
into two main groups: off-board and on-board. la tiase 5.1 Platoon coordination system
of off-board, we interpret the strategic-level plamy Fixedn-centres organize platoons solely by considering
performed by the Platoon Coordination System iedix-  the vehicles arriving there. The goal is to creast@ptimal
hubs. GraplR representing the network, and the startinglatoon design that considers the objective functio
stations; and end stationg belonging to the vehicles are defined in Equation (1). It means it deals with démeount
the inputs for control. From these data, the systerates of detour required by the platoon members, theimgpit
a static plan for the vehicles departing from tixed n-  times, and the platoon lengths as well. The platengths
hub. The solution consists ofpg platoon plan and 8, impact the driver labour cost because if the plateo
planned router, € R(i,e). This planned route is an longer, then it needs fewer drivers.

introductory guide to the vehicles with the expddaerival The control panels detect approaching vehiclesutitro
times, which can be modified later to minimize theget the flow of cloud-based information, which alloweshicles
defined in the objective function. that are not yet physically in the center but alyehave a

This modify is conceivable by the on-board optiongredictable arrival time with less uncertainty te b
defined in the framework. In the case of on-boavd, considered in the design. Accordingly, as partaitsgic-
distinguish two levels. On-board coordination regsia level planning, platoon plans are prepared in @& trone
continuous, real-time data service provided by@udi per shift or day. The information used as inputthe
based data service in the Physical Internet sysiém. system is the graph representing the road netwaiktfze
information required for control comes from the gected vehicles' locations of departure and destinatiohe T
vehicles in the system. If the vehicle does noehsich a algorithm required for platoon coordination is dufe
connection, the driver sitting in it can easily neat to the research direction, which determines the maximuitivga
Internet on his personal mobile device. In this way
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time and the amount of detour in each vehicle, kepin The independent operation of fixaetenters, i.e., the
mind the objective function. absence of cooperation with other centers, is duialynto

The benefit available depends on the platoon leaderthe complexity of the task with a high degree afentainty
follower status. In the case of a follower vehicles can induced by congestion, weather conditions, and rothe
expect savings of 5-15%, and in the case of a te@tds factors [11]. It has been investigated in seveualipations
not so recommended to calculate savings [11]. Bigldn that the runtime of the constructed algorithm edten
cooperation and trust, Pl's system creates an izegaom  beyond the manageable extent, increasing the caityple
independent of the manufacturer and owner of thécles  of the task. Therefore, considering the resultsmsarized
arriving at the center, which, according to theljmaltion based on publication [9], we propose local optirtiiato
[20], can even double the benefits of the platogninachieve the global goals in the operation of ttaeework.
concept. An example of a platoon organization betwe
fixed n-hubs is illustrated in Figure 7 [21]. 5.2 Platoon manager system

In addition to the fixed-hubs, the Pl system consists
of a system of virtuak-hubs, which can be defined, for
example, at road junctions. This makes the logistic
network a more flexible system, as it can incretse
number of nodes, allowing for reorganization toudsl
costs and achieve a more sustainable system.

Thus, virtualt-hubs provide an opportunity to connect
platoons and reduce the detour by reconfiguring the
vehicles [13,14]. In the case of virtuahubs, waiting is
required for platoons to connect and reconfiguréh\d
continuous navigation system, the vehicles follow a
constantly updated route plan. The basic algorithsesd
for route planning are time-consuming, so we pregbe
Dijkstra algorithm for this based on the publicati@2].
Using the Dijkstra algorithm, we propose to desiba
dynamic route of the platoons. The objective fuoctat
the edges considers the cost reduction inducedhéy t
possibility of connection with the existence of filatoons
on it. To this end, by [18], vehicles would considéher
Figure 7 Fixz-hub based platoon coordination [21] platoons within a predetermined radius only to dvoi

excessive waiting times.

Arriving trucks Departing platoon

Platooning hub

Parking area 00

Starting  Desti-
station  nation
BEr M g
e T g
i Tig
PLE 1

Figure 8 Platoon manager system at virtaghub using Dijkstra algorithm

Figure 8 shows an example using the Dijkstraisit two destinations, which are node® and=n8. The
algorithm. The figure's left is a separate stratgdan for weights on the graph's edges on the right shomtdified
the two platoons (blue and red) based on the Riatoweights in green, which already considers that farot
Coordination System. The destination of the vekiofithe platoon is moving on it. The value of the modifigelights
blue platoon is center8, while the red platoon must alsoin the sample example decreased by 1 unit, indigadi
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decrease in the value of the objective functionthy changing speed profiles. The authors have showh tha
platoon merger. Modifications to the Platooning lslger platoon creating can be implemented by the Platoon
System shown on the right relative to the PlatogninVehicle System for more than 40% of the journegulting

Coordination System plan are as follows: in a high platoon ratio. In states where the speei is
« the red platoon merges with the blue platoon itugir higher (e.g., the US), even higher benefits caadhéeved.
n-hubm, and then continues on its blue route, In addition to the environmental impact of fuel wetion,

« in the m virtual n-hub, the platoons are alsothere is an additional benefit to the platoon. Thisy be
reconfigured. One of the vehicles in the red platoothe case, for example, that future legislation maysider
continues its route with the blue platoon (whicls hathat the following position in the platoon may livalent
the same destination), so the red platoon does rietrest time [17,18].
have to continue its journey 1.

6 Conclusion
With this, the Platooning Manager System reduces th In response to the goals of social, economic, and

total cost per platoon and detours the configunatio environmental sustainability globally, the conceptthe
Physical Internet has emerged, defining the laggsti
5.3 Platoon vehicle system network of the future as a global, open, and imenected

Online options for organizing platoons includesystem. In our opinion, one of the most definingaapts
connecting on the road accessible by changingabedsof of the constantly evolving vehicle technology inatens
vehicles. It can be seen in the previous chaptriththe is platoon-based transport. There are severalisofuto
case of virtuak-hubs, the vehicles only detect the platoonthe issue of coordinating platoons.
around them in a predetermined radius. As a rethdt; We propose a conceptual framework in Physical
may not have been close to each other in the chae dnternet-based logistics networks that can be ddfias a
virtual m-hub taken into account in tactical planning due toesearch gap based on literature review. The céncep
traffic uncertainties (weather, congestion) or otkasons, organizes the off-board and on-board management
but they become close to each other along the Wag. structures into three layers. Strategic, tacticahd
proposed platoon control framework will allow contien  operational-level planning was placed in the PlaJsic
on the road by changing the speed of vehicles et thternet network. We recommend the highest level of
operational level. offline design in fixedt-hubs. The tactical level includes

online-based design by PI hubs, while road-based
7:15 Start in 7:43 Start in X implementation of speed-based solutions as an tesh
e mratan & ‘I,'f]a”’b“’g plan. We propose local optimization to achievedtubal
83 km/h goals in the operation of this framework.
R In conclusion, platooning transportation planning
requires further research. Our conceptual framewvisrk
also a kind of guide, which requires specific sSolut

50 km

80 km/h
g

8:55 Platoon Merge

=Ml -G . .
proposals and algorithms in the future. In ordehétp
= practical applications, detailed algorithms aredeeketo
ol . e — achieve greater efficiency through platoon collaltipn.
915 Start o/l TEGNER - PG At the same time, there is a need to increase catipe

in Hanover

between companies for a more sustainable futuisticg
3 Vehicle Platoon  3debury
bl system to work.
L
11:03 Platoon Split References
.y [1] MONTREUIL, B., MELLER, R. D., BALLOT, E.:
bl Sy ‘ Physical Internet FoundationsIFAC Proceedings
. 84 knvh Volumes, Vol. 45, pp. 23-25.,, 2012.
i =

doi:10.3182/20120523-3-R0-2023.00444
[2] BALLOT, E., BARBARINO, S., BREE, B., LIESA, F.,
S " FRANKLIN R., HOOFT, D., NETTSTRATER, A.,
Figure 9 Three vehicles form a by small speed adag{15] PAGANELLI, P., TAVASSZY, L.: Roadmap to the
Physical Internet, The European Technology Platform
There are many examples of this type of opportienist ~ Alliance  for  Logistics  Innovation  through
connection in the literature that provides différsolutions Collaboration in  Europe, [Online], Availabe:
for implementing a connection that can be achiewed  https://www.etp-logistics.eu/alice-physical-intetne
changing speed profiles. Figure 9 illustrates ameple of roadmap-released/ [10 Aug 2021], 2020.
realizing progress in a platoon for three vehicles

11:53 Arrival at
Rest Stop 11:44 Arrival
in Eisenach

~ 413 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 8 2021 Issue: 4 Pages: 407-414 [ISSN 1339-5629

The conceptual framework
Eszter Puskas; Gibor Bohacs

[3] BOHACS, G., PUSKAS, E.: Korszérjarmiipari Cyber-Physical SystemslEEE Communications
megoldasok a Fizikai Internet megvalésitasara, Surveys & TutorialsVol. 18, No. 1, pp. 263-284,
Logisztikai trendek és legjobb gyakorlatdtol. 4, No. 2016. d0i.:10.1109/COMST.2015.2410831
2, pp. 28-33, 2018. doi:10.21405/logtrend.2018282. [13] PUSKAS, E., BOHACS, G.: Concepting freight
(Original in Hungarian) holding problems for platoons in Physical Internet

[4] NIKITAS, A., MICHALAKOPOULOU, K., NJOYA, systems,Acta logistica Vol. 6, No. 1, pp. 19-27,
E. T., KARAMPATZAKIS, D.: Artificial Intelligence, 2019. doi:10.22306/al.v6i1.114
Transport and the Smart City: Definitions and14] PUSKAS, E., BUDAI, A, BOHACS, G.
Dimensions of a New Mobility Er&ustainability\/ol. Optimization of a Physical Internet based supply
12, No. 7, pp. 1-19, 2020. doi:10.3390/su12072789 chain using reinforcement learningEuropean

[5] VARGA, 1., TETTAMANTI, T.: A jové intelligens Transport Research Reviewol. 12, No. 1, pp. 1-15,

jarmivei és az infokommunikaci6  hatasa, 2020. d0i:10.1186/s12544-020-00437-3

Hiradastechnikayol. 71, pp. 59-63, 2016. (Original in [15] VAN DE HOEF, S.:Coordination of Heavy-Duty

Hungarian) Vehicle Platooning, KTH, School of Electrical
[6] NARAYANAN, S, CHANIOTAKIS, E., Engineering and Computer Science (EECS),

ANTONIOU, C.: Shared autonomous vehicle services:  Automatic Control, 2018.

A comprehensive reviewJransportation Research [16] JOHANSSON, A., NEKOUEI, E., JOHANSSON, K.

Part C: Emerging Technologiegpl. 11, pp. 255-293, H., MARTENSSON, J.: Strategic Hub-Based
2020. d0i:10.1016/j.trc.2019.12.008 Platoon Coordination under Uncertain Travel Times

[7] SVANGREN, M.K., SKOV, M.B., KJELDSKOV, J.: IEEE Transactions on Intelligent Transportation
The connected car: an empirical study of electecsc Systems, 2021.
as mobile digital deviceMobileHCI '17: Proceedings [17] FENGQIAO, L., LARSON, J., MUNSON, T.
of the 19 International Conference on Human- Coordinated platooning with multiple speeds,
Computer Interaction with Mobile Devices and Transportation Research Part C: Emerging
Services, No. 6, pp. 1-12, 2017. Technologies Vol. 90, pp. 213-225, 2018.
doi:10.1145/3098279.3098535 doi:10.1016/j.trc.2018.02.011

[8] KAUP, S., LUDWIG, A., FRANCZYK, B.:Design [18] LIANG, K-Y.: Coordination and Routing for Fuel-
and Evaluation of Routing Artifacts as a Part oé th Efficient Heavy-Duty Vehicle Platoon Formatjon
Physical Internet Framewoyk 7" International KTH, School of Electrical Engineering (EES),
Physical Internet Conference, 2020. Automatic Control, 2014.

[9] KAMMER, C.: Coordinated Heavy Truck Platoon [19] GERRITS, B.: An Agent-based Simulation Moda f
Routing using Global and Locally Distributed Truck Platoon Matching, Procedia Computer
Approaches KTH, School of Electrical Engineering Science Vol. 151, pp. 751-756, 2019.
(EES), Automatic Control, 2013. doi:10.1016/j.procs.2019.04.101

[10] NOURMOHAMMADZADEH, A., HARTMANN, [20] LARSEN, R., RICH, J., RASMUSSEN, T. K.: Hub-
S.: The Fuel-Efficient Platooning of Heavy Duty based truck platooning: Potentials and profitakilit
Vehicles by Mathematical Programming and Genetic ~ Transportation Research Part E: Logistics and
Algorithm, International Conference on Theory and Transportation Reviewol. 127, pp. 249-264, 2019.
Practice of Natural Computing, Vol. 10071, 2016. doi:10.1016/j.tre.2019.05.005

doi.;10.1007/978-3-319-49001-4_4 [21] VAN DOREMALEN, K.P.J., NIOMEUER, H,
[11] LARSON, J., MUNSON, T., SOKOLOV, V. JOHANSSON, H., BESSELINK, 1.J.M.Platoon
Coordinated Platoon Routing in a Metropolitan coordination and routingEindhoven University of

Network, 2016 Proceedings of the Seventh SIAM Technology, Vol. 2014.050, pp. 1-42, 2014.
Workshop on Combinatorial Scientific Computing,
2016. d0i.:10.1137/1.9781611974690.ch8 Review process
[12] DONGYAO, J., LU K., WANG, J., ZHANG, X., Single-blind peer review process.
SHEN, X.: A Survey on Platoon-Based Vehicular

~414 ~

Copyright © Acta Logistica, www.actalogistica.eu



