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Abstract: Sustainability has become a core issue of organizations. In the logistics domain, the
vision of the Physical Internet aims to create sustainable logistics networks. Sustainable
transport in such networks will still be a core contributor for achieving sustainable operations.
This paper investigates contributions of truck platooning, a means for safe and efficient freight
transport, to physical internet systems vice versa. The results reveal relationships especially in
the Pl areas (i) connectivity, (ii) collaboration and coordination as well as (iii) sustainable,
safe and secure supply chains.

Keywords: Truck platooning, Hyperconnected Systems, Sustainable Transport, C-ITS

1 Introduction

Sustainability receives increasing attention not only by academics and experts but also by
companies and organizations. Within the logistics domain, the vision of the Physical Internet
emerged in 2011. The Physical Internet aims to design the way physical objects are moved,
handled, stored, realized, supplied and used all over the world in a more sustainable way. The
core idea to reach this aim is to build a global logistics network capable of providing real-time
information in order to optimize logistic activities. (Montreuil 2012; Montreuil et al. 2011)

However, research and development related to Pl is far from being complete. Currently, the
European technology platform ALICE! (Alliance for Logistics Innovation through
Collaboration in Europe) supports the development of a comprehensive strategy for research,
innovation and market deployment related to the PI. In this context, the following R&D
roadmaps have been developed: (i) IS for interconnected logistics, (ii) sustainable, safe and
secure supply chains, (iii) corridors, hubs and synchromodality, (iv) global supply network
coordination and collaboration, and (v) urban logistics. Sustainable transport means are an

! https://www.etp-logistics.eu/
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important aspect of Pl systems, even if the naming of the given roadmaps does not immediately
reveal their importance. Developments in the field of connected and automated driving promise
to increase sustainability and as such represent an important enabler for sustainable transport
operations in physical internet systems. Vice versa interconnected logistics systems may
contribute to optimize automated transport vehicle operations. One development strand in the
field of connected and automated driving focuses on truck platooning, which is a promising
means to enhance efficiency and safety of freight transport.

In this paper, the contribution of truck platooning to smart hyperconnected p
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operators or governmental institutions. Evidence-based simulation models and real life test are
8 8 8 88 8

Fur 8 8 8 8 8 8 (Neubauer et al.),
interaction with other road users, safety & security, awareness of truck platooning, multi-brand
and multi-fleet platooning, or legal aspects. Beyond, the road infrastructure perspective
received little attention related to truck platooning so far, e.g. (i) the contribution of intelligent
traffic infrastructures towards truck platooning in terms of Infrastructure-to-Vehicle
communication and Collaborative Intelligent Transport Systems (C-ITS) or (ii) dynamic
infrastructure constraints (traffic sit 8

2.1 Connecting Austriainitial results

The Austrian flagship project Connecting Austria brings technology leaders and end-users
together to demonstrate and evaluate four specific use cases for semi-automated and energy-
efficient truck platoons. Key objective is the evidence-based evaluation of energy-efficient
truck platoons as a pre-requisite for the competitive strength of Austrian industries such as
logistics, telematics and infrastructure providers, automotive suppliers, as well as vehicle
development and cooperative research. The national flagship project's unique contribution is its
specific focus on infrastructure issues and on parameterized traffic perspectives when
evaluating energy-efficient and semi-autonomous truck platoons. This particularly includes
platoons at intersections before entering motorways and after leaving motorways. Key question
in Connecting Austria:

o 8 8 8 -efficient truck platoon, to
maintain a platoon, and to go back to a regular transport mode?
e What are pre-requisites and accompanying measures to prepare the future of energy
8 8 8 8

One preliminary result of Connecting Austria represents the general R&D-Approach. The
project studies have been aligned along the potential benefits of automated driving (comfort,
safety, vehicle efficiency, traffic efficiency and traffic effectiveness as the overall key
performance indicator). In a first run, each of these categories are assessed individually by
evaluation of their theoretical limits and potentials. Knowing from (Stadler and Hirz 2014) that
practical system effectiveness is normally dramatically less, and from (Kuhn et al.) that all these
categories are conflicting each other, in a second run the practical effectiveness ratings of the
categories are evaluated as well as the potential risks. The theoretical effectiveness hereby is a
good indicator where to spend most development and research effort, for the detailed evaluation
(benefit categories with few theoretical potentials will not be exploited into the very last details,
research will be concentrated to the categories with the most expected effects). At the end, all
the categories with promising potentials will be combined afterwards to a common multi-
criteria effectiveness assessment, balancing the individual potential according the desired
policies. All effectiveness assessments will be executed for the four selected use cases by
intensive scenario management, resulting in the impact layers (infrastructure & V2X & traffic
control, vehicle control strategies, laws & guidelines and the dynamic road risk map).
Naturalistic driving studies and real traffic observation, delivering representative statistics and
reference bases will accompany the assessments.

2 www.connecting-austria.at
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Figure 1: Connecting Austria R&D Approach / Procedures (connecting-austria.at, 2018)

Subsequently, selected results from the first project year of Connecting Austria are presented.
Connecting Austria investigates especially level 1 platooning with a special focus on the road
infrastructure and innovative C-ITS solutions. The results relate to the following research
questions:

e What is the (theoretical/practical) potential for platooning concerning traffic-efficiency?
e What are the advantages of cooperative regulation strategies?

e Which Austrian road sections are ready or candidates for future operation under
platooning modes?

e How to evaluate traffic efficiency, traffic safety, environmental impacts and the impact
for the logistics industry in Connecting Austria from a systemic point of view?

What is the (theoretical/practical) potential for platooning concerning traffic-efficiency?

One of the expected benefits from automated, connected cooperative driving is an improvement
of traffic efficiency and a reduced number of congestions. In technical terms, traffic efficiency
means that more vehicles can pass a traffic lane per hour where there is theoretical room for
more. Simply deriving from the fundamental diagram (Q = V- D, traffic flow is speed times
density), this can be achieved by reduction of vehicle distances or by increasing vehicle speeds.
Platooning increases the traffic flow rates by reducing distances (increasing density) at constant
speed due to reduced following distances. Figure 2 illustrates the theoretical limits for
achievable traffic flow rates with given constant speeds for different vehicle distances. Vehicles
are assumed to have a length of 4.4 respectively 18.75 m for passenger vehicles and trucks.
This graph may illustrate the estimation of the theoretical traffic efficie 8 8
assume we have a traffic situation, where all involved cars are driving 80 km/h and 2 seconds
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distance on average. With a ratio of 25% trucks, this would mean, that the traffic flow rate of
approx. 1500 vehicles per hour and lane could be increase to approximately 2000 vehicles per
hour, if the distance is reduced to 1.5 seconds. These are the best possible values and theoretical
limits. The chart can be adopted for different vehicle lengths. Nevertheless, the main issue is
that the practical improvement potential may be significantly less. Currently trucks must hold
a distance of 50 meters. If trucks in real traffic environments are already driving less distance
under certain conditions, the potential benefits due to platooning will be accordingly less. For
the investigation of this issue, the driven distances between the vehicles will be assessed in
cooperation with the Austrian highway authorities. In this way, we will assess the practical
potentials of platooning with respect to traffic efficiency.
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Figure 2: Theoretical traffic-efficiency potential of truck platooning (ANDATA, 2018)

What are the advantages of cooperative regulation strategies?

A unique selling point of the project is that we think of a cooperative system design that
8 88 8 8 8 8

managing the processes of finding trucks to platoon for a given time, but to manage the traffic
flow including platoons dynamically. For that reason, we identified three crucial technical focus
areas: sensor, data exchange and infrastructure based control strategies for use cases in the
interurban and urban area (Novak et al.). In the urban area, we are currently focusing on video-
based sensors at intersections to receive a picture of the current situation on the road. The idea
is to process video data and anonymize it onsite due to privacy reasons. We store the trajectories
of pedestrians and cyclists in order to identify if someone is crossing the street. For a first
prototype application, we fuse the data of the sensor and the traffic light controller at the
intersection to detect if a pedestrian is running a red light. Similar approaches are followed by
Honda (Peters 2018), the startup company Derg? or Continental (Lauch 2018). Information of
such an anomaly is distributed to the platoon via ITS-G5 technology. As specified in ECo-AT

8 88 8 8 8 (ECo-AT

% https://en.derg.com/
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2018). In detail, we follow the specification ofus 8 8
88 8 8 8 8 88 8

as critical driving-situations.

Which Austrian road sections are ready or candidates for future operation under

platooning modes?

To visualize road sections suitable for platooning a dynamic risk-rated map is generated in an
automated way, at the beginning based on geographic information systems and in the future
based on additional criteria. Based on specific criteria like

¢ individual length in advance to of danger zones,

¢ individual ranges around specific danger point annotated by GPS coordinates,

e special events (e.g. accidents),

e types of street section including individual zones around these (like tunnels, bridges,

exits, lane merges, toll stations, etc.),
e topographic properties of the street (e.g. slope, curvature, surface conditions, etc.)

a map will be generated with automated annotation of relevant zone for the allowed vehicle
control strategies, like allowed/recommended/forced minimum/maximum distance/speed, etc.
The constraints may be adapted with respect to local conditions, traffic conditions, weather,
temporal/spatial incidents.
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Figure 3: Dynamic risk-rated map prototype (ANDATA, 2018)

How to evaluate traffic efficiency, traffic safety, environmental impacts and the impact
for the logistics industry in Connecting Austria from systemic point of view?

As for many emerging CCAM (cooperative connected automated mobility) innovations, it is
not entirely clear how they should be assessed without undue anti-innovation bias from outdated
methods or lack of large scale validation data. Therefore, in Connecting Austria we have set up
a rather large evaluation task force and we have been going the long way of also coming up
with innovative assessment and evaluation approaches. Our key baseline is the direct
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comparison of platooning-type of truck mode to conventional non-platooning type truck mode

all with SAE level 1 and an experienced truck driver with both hands on the steering wheel
in each truck. In an effort to avoid too fuzzy concepts and prematurely touching slippery ground
we have focused on L1 truck platooning in the specific infrastructure context of Austrian roads
and Austrian laws. Key objective of this task force and effort is to come up with validated sound
information for decision makers in Austrian road authorities, road operators and transportation
stakeholders.

From this objective, each research group in the project has come up with ambitious questions,
e.g.:

e What is the platooning potential with regard to truck-efficiency caused by slipstream-
effect?

e What is the platooning potential with regard to traffic efficiency caused by increased
traffic density?

e What is the platooning potential with regard to energy efficiency caused by predictive
power train regulation?

e What are minimum distances of trucks in a platoon without safety risks?

e Which Austrian road sections are ready or candidates for future operation under
platooning modes?

e What are advantages of local and temporary densification?

e What are advantages of cooperative regulation strategies at intersections?

e What are validated efficiency gains with platooning?

e Where/when and how would platoons be a safety risk?

e When would ad-hoc platooning make sense with regard to energy-savings?

e What are bottom line platooning benefits for the logistics sector?

e What is the platooning potential for vehicle-safety and traffic-safety?

e What accompanying technical and procedural infrastructure measures are necessary?

e Which organisational and legal changes are necessary in Austria to implement the
envisaged advantages?

e How does the behaviour change due to platooning (including other participants)?

e What would be negative logistics impacts from "mandatory" platoons?

Regarding studies related to the logistics impact dimension, results with respect to truck
platooning acceptance are presented in (Neubauer et al.). These results indicate that related
work in the area of HMI provides insights in how interface designs for platooning should be
designed and what are crucial acceptance factors for truck drivers, e.g. related to information
provision or situation awareness. Furthermore, existing simulator studies and studies with
research and development prototypes in real-world tests provide insights related to the
application of platooning. These studies provide for example findings on acceptable distances
between trucks, trust between truck drivers or trust in technology as crucial elements for
deploying truck platooning.

10
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In general, the results of the empirical acceptance studies conducted in Austria in 2018 confirm
the observations presented in the related work. However, there are some differences. For
example, within the related work safety and comfort are identified as the main reasons for truck
drivers to use automated driving functions. The results of the empirical studies showed that
truck drivers do not think that platooning will increase safety. Beyond, the observation indicated
that the general intention to use assistance systems may influence the adoption of truck
platooning.

2.2 Truck Platooning in Physical Internet Systems

Puskés and Bohécs (2019) discuss truck platooning explicitly in the context of physical internet
systems. They conclude that platooning systems may contribute to physical internet systems to
increase sustainability and that physical internet systems may support interconnectivity e.g.
when building ad-hoc platoons between physical internet participants and thereby
synchronizing vehicle routes. In their contribution Puskas and Bohacs (2019) propose a concept
8 8 8 8

In addition, Bhoopalam et al. (2018) review platoon planning approaches (scheduled platoon
planning, real-time platooning, opportunistic platooning) which may be adopted by physical
internet network actors to become platoon members or even platoon providers.

3 Potential Contributions of Truck Platooning to
the Physical Internet vice versa

In the previous section related work regarding truck platooning, initial results from the Austrian
flagship project Connecting Austria and literature results target towards truck platooning and
physical internet systems is presented. In this section, potential contributions of truck
platooning to physical internet systems vice versa will be derived.

3.1 Connectivity

Information and Communication Technology (ICT) has become pervasive within the last
decades. Thereby, ICT has been a main driver for innovation in the production and the service
sector. Recent trends like the Internet of Things, Cyber-Physical Systems, Industry 4.0 or the
Physical Internet (PI) represent endeavors to digitize organizational workflows and ensure
competitive advantage. These trends aim to further integrate the physical and the digital world
to enable communication and collaboration among different organizational actors (people,
machines, and even things) and among diverse organizations in real-time (cf. hyper-
connectivity, horizontal- and vertical process integration).

With the advent of the Internet of Things the vision of the Physical Internet emerged in the
logistics domain. The Physical Internet aims to design the way physical objects are moved,
handled, stored, realized, supplied and used all over the world in a more sustainable way. The
core idea to reach this aim is to build a global logistics network capable of providing real-time
information in order to optimize logistic activities. Thereby, universal interconnectivity among
all supply chain stakeholders is considered to be a core enabler. In the context of PI, universal
interconnectivity subsumes (1) digital interconnectivity related to connecting diverse,
heterogeneous IT-systems, (2) physical interconnectivity in terms of modular load units and
interfaces, and (3) operative interconnectivity regarding the alignment of protocols and
procedures 8

When it comes to platooning connectivity also represents a crucial means. Thereby,
connectivity may refer to

11
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(1) technical connectivity, e.g. V2V communication and 12V communication supported by
the different technologies (e.g. WLAN ITS G5, 5G), or
(2) organizational/individual connectivity, e.g. multi fleet platooning.

With respect to technical connectivity 8 g8 - 8

rather with independent developments than cooperative development efforts. All stakeholders
have set-up their own tailor-made truck platooning-prototypes and first demonstrations. This
technology-push indicates a quite high technology readiness level. On the other hand, the small
number of public tests and already existing truck-platooning vehicles indicates a quite low
market readiness level (Hasenauer et al. 2016; Schildorfer et al. 2017) . Peloton*  offers
commercial level 1 truck platooning services for transport operators and is available in the US.
TuSimple® - offers all prospects truck platoon journeys; so to experience their platooning
solution on public roads. Starksy Robotics®  offers truck platooning services in the US since
April 2017. Embark” is operating truck platooning since 2017 in the US. Einride develops
the t-pod together with DB Schenker (Edelstein 2018). Plus AI® is operating in China and the
US. Uber stopped its truck programme in 2018. Tesla- 8 8 8
platooning functionality. Volvo® focus on platooning tests in closed areas and research on
new business models). Daimler announced at CES 2019 to stop truck platooning up to level3
(Cannon 2019). MAN tested with DB Schenker in Germany within the EDDI project®?).
Scania, DAF and IVECO are involved in the ENSEMBLE project!!; DAF is involved in the
UK platooning test'?. Additional information on truck platooning projects as well as the
important role of infrastructure operators in the deployment of truck platooning are mentioned
in the Austrian position paper on truck platooning (Hintenaus 2018).

However, a key lesson learnt from the European Truck Platooning Challenge®® was the need
for multi-brand platooning. In other words, the ability to form platoons between different truck
OEMs. This key lesson learnt was also confirmed in our stakeholder dialog with fleet operators.
They mentioned the necessity of a huge number of trucks equipped with platooning functions
and a European harmonised regulatory framework for organizing ad-hoc multi-fleet and multi-
brand platooning. Otherwise, they will not invest in any truck platooning technology. This
requirement demands for standardized communication protocols. The H2020 multi brand truck
platooning project ENSEMBLE is addressing this issue is ENSEMBLE.

In addition to the technical connectivity, organizational and individual connectivity have been
identified as vital ingredient for truck platooning. These results are presented in the subsequent
section, which is dedicated to global coordination and collaboration in global physical internets.

3.2 Coordination and Collaboration

4 https://peloton-tech.com/

5 http://www.tusimple.com/index-en.html

8 https://www.starsky.io

" https://embarktrucks.com

8 https://plus.ai/en/about/

9 https://www.reuters.com/article/us-volvo-autonomous/volvo-shows-off-selfdriving-electric-truck-with-no-cab-
idUSKCN1LS2QP

10 https://www.bmvi.de/SharedDocs/DE/Artikel/DG/AVF-projekte/eddi.html

11 https://platooningensemble.eu

12 https://www.daf.com/en/news-and-media/news-articles/global/2017/q3/30-08-2017-daf-trucks-participates-in-
uk-truck-platooning-trial

13 https://eutruckplatooning.com
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In a first step, large fleets might adopt truck platooning. Smaller fleets might need to cooperate
with others to find platoon partners and gain benefits from platooning. So far, building a platoon
is still an important issue to be resolved. First implementations may use platooning schedules
for dedicated routes. On the long run ad-hoc platooning on motorways could be feasible
depending on the diffusion rate of platooning capable trucks. However, initial results related to
individual aspects indicate that the connectivity between drivers and especially trust will be a
crucial ingredient for successfully implementing semi automated truck platooning. With regard
to literature on the adoption of truck platooning of fleet operators the analysis of Bevly et al.
(2017) 8 respondents felt that initially platooning would likely be implemented within-
fleet. In terms of platooning with trucks from other fleets, it was noted that trust, assurance,
and inter-operability must be clearly established.

In order to support platoon building physical internet actors could share planning information
and might receive more opportunities for platooning than without collaboration. Aside to
collaboration support physical internet actors like platoon providers could support the
coordination of platoons. Furthermore, gain sharing between platoon participants needs to be
considered. Gain sharing could be realized either by central intermediaries or even via
decentralized approaches like blockchain solutions.

3.3 Sustainable, safe & secure supply chains

Truck platooning may reduce fuel consumption and pollutant emission. Nevertheless, with
respect to environmental sustainability, the results of diverse truck platooning projects vary
regarding fuel savings (cf. related work above). For this reason, actual fuel savings of truck
platoons under different circumstances remain an important object of investigation as well as
the related emission savings via platooning. These results are relevant for designing transport
networks in physical internets. Furthermore, actual fuel savings are directly linked to the
economic sustainability for fleet operators. Fleet operators require means to evaluate the impact
of truck platooning for their company and to take informed decisions when adopting truck
platooning. Furthermore, relevant acceptance criteria such as trust among drivers, reduction of
workload, trust in the system, system safety & security are relevant for decision makers. To
achieve social sustainability also guidelines for determining situations in which platooning is
feasible on certain roads (e.g. depending on weather, traffic situation and road type) are required
for decision makers (e.g. road operators, politicians, law).

4 Conclusion

Truck platooning might become a near-term automated and connected driving function.
However, truck platooning deployment faces many opportunities and challenges (Engstrém et
al. 2019). Expected benefits from logistics and society tend to be high (Janssen et al. 2015). In
order to deploy truck platooning successfully, collaboration among diverse stakeholders will
be crucial. Truck platooning system providers will need to ensure technical connectivity as well
as system safety & security between diverse truck platooning systems. Fleet operators will need
to collaborate to gain fuel and cost savings. Truck drivers will need to collaborate to drive safely
in a semi-automated platoon. Truck platooning system developers, road authorities, and
governmental institutions will need to develop guidelines for determining situations in which
platooning is feasible (e.g. depending on weather, traffic situation and road type).

In this contribution, relationships between truck platooning and physical internet systems have
been discussed with respect to (i) connectivity, (ii) collaboration and coordination as well as
(iii) sustainable, safe and secure supply chains. Thereby, both may benefit from each other

physical internet systems may support connectivity as well as collaboration and coordination
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of truck platoon actors; platooning may serve as sustainability means for efficient and safe
transports within physical internet networks.

Acknowledgments: The work reported in this paper was partially co-funded by the Austrian
Ministry for Transport, Innovation and Technology (bmvit) within the flagship project
Connecting Austria (http://www.connecting-austria.at/#/home).
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The intention of this paper is to explain our research into the intelligent management of key
network road space for road freight vehicles in Kent, to examine with foresight as technology
moves toward semi-autonomy and full autonomy of Heavy Goods Ve 8 8
Road transport, and in particular road freight transport, is vital in Kent, 80 per cent of powered
goods vehicles travelling from Great Britain to mainland Europe use the Dover Strait Port
Group' and the sector is a significant employer. Semi and autonomous technology is the future,
there is a need for reliable journey times right, so we have an opportunity for innovation.
Currently, severe disruption at either Dover Docks or Eurotunnel or in France, all have the
potential to quickly reduce capacity through across the Channel. Under these circumstance

8 are held at a number of locations in Kent on public (this was referred to as Operation
Stack in 2015, and currently both is Operations TAP and BROCK). French terminals have up
to four times the parking capacity and a larger number of routes to the Port and Tunnel, the
impact of disruption is less.
When the impact of Operation Stack was last quantified the immediate impact on the local
economy of Kent and Medway been estimated at £1.4 million per day. If this is extended to
include the impact outside Kent and Medway this increases to £2.0 million per day."
In our research we believe taking a systems approach now and establishing that approach for
semi-autonomous and autonomous freight is the right one.
Using data from Highways England we have observed the following pattern of arrival on the
A2 close to Dover. '

Traffic Flow A2 Dover January 2019
140

Trucks
per hour

123 456 7 8 910111213 14151617 18 1920 21 22 23 24
Time of Day

The graph above illustrates an example of the pattern of large Heavy Good Vehicles on the A2
during January 2019 weekdays. With the volume of trucks peaking at 120 per hour or one every
30 seconds, this is a single carriageway road to the Port.

This peaking makes the traffic highly sensitive to delays in the Port due to poor weather or
industrial action for example, with queues quickly building at peak times. Operation TAP
(trucks queue on public roads close to Dover) is used up to 200 times per year."
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Lorries in Operation TAP, Dover, March 2019, Storm Gareth  Sunday Times

The University of Kent is researching how to proactively manage this pattern when delays

occur.

Our objective is to ensure we can manage trucks before they arrive on the Kent road network.

We have simulated the potential impact of placing these trucks into a virtual management

service, in the case of delays a volume 8 8 8 8

This will be achieved by trucks registering in the virtual queue management system and the
8

requires. In a similar way to the current operation of Air Traffic Control. We call this a Virtual

Queue (VQ).

1400 = no VO
- vithVQ

1200

Frequency 1000 7
of Parking 800
600
400

200 |

0

260 280 300 320

Parking spaces required at Dover
Our simulation has combined Highways England Data and with regional economic activity to
purpose the 8
compared the simulated scenario between when we have no Virtual Queue to that of the current
condition of no VQ. Due to the balance of pattern of arrival and origin of trucks even without
any proactive management the VQ we can reduce the parking required at Dover by
approximately 14 per cent; this is our baseline degree of influence. The baseline of influence
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needs further refinement and sensitivity analysis as well as understanding the impact of
peaking. This will be the next element of our work.

In the case of a delay, when we start to proactively manage the queue, we can use the additional
14 per cent capacity as a buffer (to avoid queues on public roads) as the impact of proactive
management of the queue is affected.

So, a systems approach can start to reduce the likely frequency of queueing. But how do we
effect the management of the trucks? We believe the first approach is a commercial one. To
analyse this we have teamed up with SNAPaccount, an international truck servicing company,
whose offer includes parking, tolls and fuel for example. SNAP have access to over 40,000
trucks. These trucks can be contacted directly and shown the nearest available parking across
150 sites in the UK. In effect we have a total of 150 holding areas with an estimated capacity
of 7,500 vehicles. We plan to establish a platform to allow different users (truck companies,
8 8 8 8 8 8 stem
when in operation will allow us to hold and release trucks via Virtual Queue trucks to be routed
directed to the port.

As part of the business case we can hypothesise the cost of parking, payment can be made via
Automatic Number Plate Recognition, making the management of the system seamless. The
attraction of early adoption is therefore one of information, visibility and convenience of not
being part of Operations TAP or BROCK; along with the wider SNAPaacount benefits.

The outcome of the VQ system will be to reduce the need for Operation BROCK (which has
replaced Stack); in May 2018, £30m was allocated to Highways England to set up Operation
Brock. As well as the financial cost there are the wider benefits of the free flow of traffic, lower
emissions (due to reduced stop start) and greater road safety.

In the future we plan to integrate the VQ systems into Border Force customs clearance as part
of their Trusted Trader Scheme.

The nest stage in the commercial management of road freight will link the VQ to a platform for

8 8
effective, in effect a consolidator for the new technology. VQ can be integrated into this.
8 8 ising traffic capacity. VQ is in

effect extended and considerations such as journey time, destination, traffic speed, road
conditions need to be ingrated to ensure the optimisation of traffic on the strategic road network.
This should initially be focused on where the network has least capacity and resilience Road
to Dover and Eurotunnel.
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Abstract: Fully automated delivery of goods in urban areas with small hybrid or electric
vehicles can reduce CO2 emissions in cities. We contribute to the ““last mile and city logistics™
topic by proposing a case study for an autonomous logistics system for delivering packages and
mail. For this purpose, electric vehicles and standardized autonomous transport boxes are
used. The operator at the distribution center (DC) keeps track of vehicles and transport boxes
based on Global Positioning Systems (GPS) information. The boxes are equipped with Radio-
Frequency Identification (RFID) tags that contain a microchip to store and retrieve the
information from the inventory database records in the central operating platform. Through
RFID the recipient is informed about the delivery and then authorized to open the transport
box with a Near Field Communication (NFC) enabled smartphone which sends a text message
to the operator.

Keywords: Autonomous transport boxes, efficient transport system, GSM, GPS, RFID

1. Introduction

Urban agglomerations are continuously growing, testing the limits of transport and
infrastructure resources and causing extremely congested traffic areas in cities (OECD, 2010;
Statistik Austria, 2019). As a consequence, travel time increases, which results in higher CO2
emissions.

Rising CO2 emissions and the expansion of transport infrastructure affect certain services and
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and logistics operations (Alliance for Logistics Innovation through Collaboration in Europe,
2019).

By using delivery hybrid- or electric vehicles that contain standardized autonomous transport
boxes with electronic labels it is possible to optimize delivery cost and times. They drive from
a strategically located logistic or central operating platform (distribution center or hubs) to a
predefined destination where their load is distributed according to the information that they
receive.

The delivery vehicles are stationed in a central location and are operative until all the
autonomous transport boxes that they contain have been delivered. The autonomous transport

8 8 ear door to exit and enter before and after each
delivery.

The proposed autonomous system for transport logistics relies on a multi-agent architecture.
The different entities in the architecture are interconnected through mobile networks for the
internal exchange of information (e.g. the state of the processes of each unit or its location) or
for external communication to acquire data related to the surrounding road users or customer
information to which the delivery is scheduled.

The remainder of the paper is organized as follows: the following section describes the related
work in the area. Section 3 presents a general description of the architecture of the proposed
system starting by explaining the operation of the different entities, detailing how they
communicate and ending with a particular use case. Section 4 explains in detail the design of
the autonomous transport box and their main hardware and software components. Section 5
describes the components of the transport management system (TMS) implemented in the
distribution center. Finally, section 6 concludes the work.

2. Related Work

In the previous section we introduced the idea of an autonomous multi-agent system as an
alternative for traditional shipment, whose main components (DC, vehicles, autonomous
transport boxes) intercommunicate between them exchanging information (location,
8 8 8 8

independent decisions to deliver a package to a particular location. Multi-agent systems (MAS)
offer advantages such as increased speed, efficiency and robustness in operations, scalability,
cost reduction and reusability of agents (Nikos, 2007; Balaji and Srinivasan, 2010).

Multiple intelligent, semi-autonomous agents can be applied in several contexts with a variety
of finalities as for example to facilitate the process of capturing software products functionality
that simultaneously represent different characters that pursue defined goals (Olaverri-Monreal
et al., 2013; Olaverri-Monreal et al., 2014).

The advantages of using autonomous system of control in logistical processes of a multi-agent
system makes this technology particularly useful and therefore its implementation over the
years has been abundant as in the work of Karageorgos et al. (2003) who used it for logistics
and planning optimization, Leung et al. (2016) who designed a case-based multi-agent wave
picking decision support system for handling e-commerce shipments or Hribernik et al., (2010)
that in the context of internet of things (l1oT) for transport logistics proposed an MAS-based
approach to connecting information flow so that the objects were able to process information,
and make decisions. The authors included in their work an extensive overview of relevant work
in anumber of areas, including holonic manufacturing, smart resources and intelligent products.
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Most of the research in the area of transport logistics in the last decades has focused on the
development of models for the management of information. Therefore we contribute to the
research in the field by implementing an architecture that includes the development of
autonomous entities that do not require a human operator to deliver goods from the transport
vehicle to the final destination.

Although The McKinsey Institute (2016) forecasts that driverless vehicles such as delivery
robots will make up 85 percent of last-mile deliveries by 2025, until the day there are no
conclusive studies on their use in cities. The cases of shipping robots are scarce and mostly
private, such as the prototype announced by Amazon or Fedex that seeks to transport packages
from Monday through Friday during daylight hours (Mashable 2019). The company that stands
out the most in the implementation of autonomous robots for sending packages is an Estonian
company called Starship Technologies. The company developed autonomous food delivery
bots that were capable of carrying two grocery bags (Venturebeat, 2019). Although the vehicle
designed by Starship works efficiently, it only focuses on transporting food to a certain location.
In our case we propose a general architecture for an urban environment, automating the delivery
process as a proposal for transport logistics in a completely digital era.

3. System Overview

As mentioned in section 1, we implement a multi-agent system (MAS) using the principles of
autonomous control in intelligent products that conform a hierarchical organization to meet the
objective of shipping a package to a particular place. This use case was selected because of the
need in modern society to implement intelligent systems with automated technology as a
solution in shipping companies (e.g. Fedex, Amazon, DHL) to reduce consumption of fossil
resources, decrease CO> emissions, increase consumer comfort and improve shippi 8
security. The physical smart entities that make up the proposed organizational architecture are
as follows:

e The distribution center where the different packages to be transported are located:;

e The autonomous transport boxes that are the containers of the packages to be transported
and constitute at the same time the entities with which consumers interact personally to pick
up their order and

e The electric vehicles that are in charge of transporting the boxes or smart containers to the
recipient neighborhood.

In this first approach, the packages to be sent are non-perishable objects whose total weight
does not exceed 10 kg.

a. General Architecture

Initially in the central operating platform hub or distribution center the goods are unloaded from
the carriers into small hybrid or electric vehicles (e.g. vans), that are in constantly
communication with the central operating platform and therefore are able to receive all the
information pertaining the distribution of the load from the leading information technology (IT)
88 8 8 & g8 8 8
delivery schedule.

The distribution center is in charge of the real-time supervision of the packages using servers
that contain a database of the autonomous transport boxes including tables for the description
of the load they contain, recipients and shipping route information. Through an electronic
communication system for network connection, it monitors the surrounding road users in urban
areas in order to calculate the most optimal routes for the vehicles and the transport boxes
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8 8 8 83
also being able to consider other parameters as in Olaverri-Monreal et al., 2016).

The autonomous transport boxes are smart containers that contain integrated sensors such as
RFID tags to allow the final customer to access their content. The tags can read data from the
recipient phone through NFC. As autonomous units the transport boxes are capable of making
decisions based on the data they acquire through sensors such as video cameras, ultrasound,

GPS and RFID tags. They also have communication capabilities to inform the recipient about
the delivery location and schedule.

The smart containers are capable of maintaining constant communication with the distribution
center throughout the whole delivery process by using a global system for mobile
communications (GSM) module, which turns the transport box into an access point to the
network in an urban environment. It is important to note that we do not consider using a Wi-Fi
module to connect the autonomous transport box to the network because in urban environments
these kind of networks fluctuate, as they depend on routers with private access and reduced
coverage, unlike cellular networks that depend on antennas that have total coverage in cities,

being only necessary a SIM card from the telephone provider to access them. Figure 1
illustrates the system architecture.
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Figure 1: System architecture

b. Communication

As for the communication between the entities in our system, a transport management system
in the hub DC included additional communication capabilities through GPS and short message
service (SMS). This communication was achieved thanks to the fact that on the part of the
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transport box there is a SIM7000E device that works as a GSM module and that together with
8 8 8 8
Figure 2 illustrates the communication process.

Distribution Center

Mobile Network SMS Gateway
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Figure 2: Communication architecture designed through a SMS gateway.

The SMS gateway is an interface for communication that uses mobile networks between smart
entities. It offers a framework to process the messages transmitted between the devices, and it
has functionalities such as the HyperText Transfer Protocol application programming interface
(HTTP-API), that handles the data acquire through the HTTP protocol from the network or
the email to SMS functionality. This allows the DC to send a message to the autonomous
transport box based on the emails that it receives.

The Short Message Service Centre (SMSC) is part of a global mobile network (GSM-, UMTS-
or LTE) and is responsible for storing, forwarding, converting and delivering messages from
the short message service.

On the other side, the TMS sends updated address information (received from the recipient)
gateway to the autonomous transport boxes and vice versa using the database driven SMS as
follow:
1) The information from the TMS-database is converted into a text message by a script
and transmitted to the transport box through the SMS gateway.
2) The SMS is converted into a text message by a script and stored in the database of the
transport box.
3) The confirmation of the change of address will be transmitted to the TMS.
4) An application from the TMS sends an email or SMS to the recipient.

As an example of messages sent between the DC and the autonomous transport box, Figure 3
shows an example of a script to send a SMS message, written in the programming language
PHP that is embedded in HTTP-code.

14 RESTful-API, used to handle data via e.g. http-GET or, http-PUT
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k!DOCTYPE html>
2 B<html>
§<body>
H<?php

14 b if(sresponse == ") |

15 echo ' beer ent! !

1 lelse/

17 echo 'An Error occurred: '. Sresponse;
19 |2>

20 r</body>

21 L</html>

Figure 3: Example of a script to send a message through the SMS gateway

Figure 4 shows the code to convert an email to an SMS using the SMS-gateway and the PHP's
mail function. To this end the phone number of the device to reach and the network's domain

8 8 8 8 -
Gateway 004313317823@sms-gateway.at.

<?php
2
3 pif ( isset( $ REQUEST ) && lempty( $ REQUEST ) ) {
4 if |
5 | isset( 5 REQUEST['00
6 lempty ( 5 REQUEST [’

23'], 5_REQUEST['gmg-gateway.at '], $ REQUEST['smsMessage'] ) &&
7823'] ) &&

] 'empty ( 5 _REQUEST['ama—¢
8 3) {

smessage = wordwrap( $ REQUEST['smsMessage'], ,"<hbr n" );
$to = $_REQUEST(['004313317823'] . '@' . $_REQUEST['gmg-gateway.at '];
$result = Gmail( $to, '', Smessage ):

12 print 'Message was sent to ' . Sto:

} else {

—pni

A ek had

Figure 4: Code example to convert an email to an SMS.

C. Use case scenario

To illustrate the operating mode we describe in this section a potential use case in a scenario
with a single family detached house with a front yard (see Figure 5). The goods are unloaded
from the carriers in the distribution center into a hybrid or electric van that drives to a target
destination determined by the central operating platform following the information from the
leading IT system (Figure 5b). The autonomous transport boxes then receive an updated
destination with new coordinates via text message (SMS) or email that is read and interpreted
automatically by the box without a third party intervention, in cases where the recipient changes
the destination address. In this scenario, the change is stored in the database of the transport
managing system and sent to the autonomous transport box through the communication
channels mentioned.

After the autonomous transport boxes have left the delivery van they drive towards the
destination (Figure 5¢). A confirmation that the destination has been reached and the box can
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take a parked position (Figure 5d) is made through the RFID tag located inside the transport
box where a customer ID is stored. This information is transferred to the database application
in the box and triggers the transmission of an SMS message with the delivery time information
8 8 8 8 8 8
information (Figure 5f). The autonomous transport box is equipped with a warning system. If
the autonomous transport box does not stay in its parked position for a certain pre-configured
time, for example 5 seconds, an alarm is sent to the corresponding person (operator, recipient,
etc.). Eligible receivers are smartphones with RFID/NFC functionality that can confirm the
receipt. As a result, the autonomous transport box can be opened without an alarm and all
involved actors get a confirmation of receipt (Figure 5h).

Figure 5: Use case scenario showing the process of the delivery starting with the leading IT system
(a), the transport vehicles (b), the autonomous boxes traveling (c) and taking their parked position (d),
the delivery of the message to the database (e) and the recipient (f), the smartphone to unblock the box

(9) and the confirmation of the delivery (h)

4. Prototype: Autonomous Transport Box

As mentioned above these smart containers are equipped with all the required technology for a
smooth autonomous operation. They are capable of simultaneous localization and mapping
(SLAM) by constructing and/or updating a map of an unknown environment while
simultaneously keeping track of their location through GPS. They are also able to perceive their
surroundings through several active and passive mounted sensors (i.e. radar, cameras,
ultrasonic). All units communicate changes in the delivery plan or schedule with the parent
system. In addition, the autonomous transport boxes are equipped with a GPS module for
localization and a global system for mobile communication (GSM) module that acts as a mobile
communication modem for sending and receiving messages from the hub.

A RFID reader/writer unit is installed in the autonomous transport box. The goods are equipped
with a RFID-tag that contain a microchip to store and retrieve the information from the
inventory database records in the central operating platform. Through this technology, the
autonomous boxes are also labeled with unique identifiers that can contain a large amount of
information and make inventory tracking a faster process. To complete the system, the boxes
have a Raspberry pi that stores and processes the information, enabling communication between
all the peripherals and processes explained above. Figure 6 depicts the relationship between all
the peripherals and processes for the exchange of information.
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Figure 6: Relationship between all the peripherals and processes for the exchange of information
pertaining to load distribution

To deliver the corresponding goods, recipients are informed via text messaging services (SMS)
that are available in mobile-device systems upon arrival of the autonomous transport box.
Recipients are able to open the box through the use of radio waves to read and capture
information stored on the tag attached to the box using a previously installed mobile device
application. This application makes it possible to operate NFC as RFID tags.

The reading distances are limited to 0.1 meters (depending on device hardware). In cases where
the recipients have a mobile phone that lacks NFC functionality, the autonomous transport box
has an intelligent lock with which they can open the box by providing a PIN sent via SMS.

a. Hardware
i. Raspberry pi

The main unit of the autonomous transport box to process data is the Raspberry pi. It consist of
an embedded computer with an Advanced RISC (reduced instruction set computer) Machines
(ARM) processor. Its General Purpose Input Output (GPIO) interface (extended 40-pin GPIO
header) allows the transport box to communicate directly with the sensors and process the data
that they acquire. This computer is compatible with a variety of Linux distributions such as
Ubuntu or Raspbian, as well as Windows OS (Raspberry pi Foundation, 2018).

Ii. Raspberry pi module SIM7000E

The SIM7000E is a Raspberry pi module that has multi communication functionalities such as
NB-1oT, eMTC, EDGE, GPRS, and GNSS. The NarrowBand-Internet of Things (NB-IoT) and
enhanced Machine Type Communication (eMTC) are rising loT communication technologies
evolved from 2G to LTE (4G), with advantages including low power, low cost and wide
coverage. This module allows the development of applications such as remote controlling, asset
tracking, remote monitoring, and mobile POS terminals. While the GSM/GPRS, and EDGE are
traditional 2G/2.5G technologies capable of sending SMS or making other wireless
communications. Following protocols (TCP, UDP, PPP, HTTP, FTP, MQTT, SMS, Malil, etc.)
and GNSS positioning (GPS, GLONASS, BeiDou and Galileo) are supported. These
functionalities makes the SIM7000E suitable to serve as an access point for the autonomous
transport boxes and to communicate these smart container with both the recipient and the
distribution center using mobile networks.
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iii. RFID-MIFARE RC522

The MFRC522 is a highly integrated reader/writer IC for contactless communication at 13.56
MHz. This internal transmitter is able to drive a reader/writer antenna designed to communicate
with ISO/IEC 14443 A/MIFARE cards and transponders without additional active circuitry. It
is designed for low-power consumption and provides a robust and efficient implementation for
demodulating and decoding signals from ISO/IEC 14443 A/MIFARE compatible cards and
transponders. The digital module manages the complete ISO/IEC 14443 A framing and error
detection functionality (parity and CRC). The MFRC522 supports contactless communication
and uses MIFARE higher transfer speeds up to 424 kB/s in both directions (MFRC522
Datasheet, 2016). This module is designed for mass production and can communicate directly
with any CPU board via Serial Peripheral Interface (SPI).

iv. Laser sensor

The RPI Lidar A3 is a 2D laser manufactured by Slamtec with a range of 20 m, scan rate of 16
kHz and angular resolution of 0.36 degrees (Slamtec, 2016). This sensor enables real-time
localization of the transport box and mapping of the surroundings (SLAM). The decision to use
this sensor is based on the fact that the company that manufactures these devices has a large
amount of support in SLAM, in addition to providing ROS packages for this purpose. The laser
will communicate by serial protocol with the Raspberry pi through a module provided by the
company. With the data acquired, the main computer will perform SLAM algorithms, by this
method estimating its localization and the trajectory that it has to follow.

Camera

The autonomous transport box is equipped with two RGB Raspberry pi model V2 cameras to
obtain images from the environment for a real time detection of objects. Together with the data
acquired from the laser it will be possible to recognize and avoid obstacles. The camera also
acts a security system to avoid that the transport boxes are stolen as it can take images of
individuals who try to directly steal the intelligent container or open it by force.

vi. Inertia Measurement Unit

The unit for measuring inertia (IMU) is a module used to estimate changes in the position and
orientation of the autonomous transport box and to estimate its location in conjunction with the
Lidar points and the camera images. The specific model used is the MPU9250 which has an
accelerometer, gyroscope and compass which are responsible for calculating through the
acceleration of the device, its angular velocity and magnetic fields to which it is subjected,
changes in position and orientation of the container. The results of these calculations can be
acquired by communicating with the device through the 12C protocol either with the main
computer of the box or through a tertiary processor such as an Arduino, used in this specific
case to decouple the acquisition of these data from the main computer.

vii. Motors

The transport box must be able to withstand loads up to 10 kg per shipment, travel at a speed
of 0.5 m/s, have 4 wheels 15 cm in diameter, and be able to drive along paths that incline of up
to 20 degrees. With these specifications, a motor that produces a torque of at least 2 Nm at an
approximate speed of 6.66 rad/s is required. In order to comply with these characteristics, we
used brushless direct current motors for the high power efficiency and the torque-to-weight
ratio they offer. To control the velocity of the motors in the most efficient way, an Electronic
Speed Control (ESC) circuit that makes the motors follow a speed reference sent from the main
computer or from a third party microcontroller such as an Arduino is needed.
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In most cases, the ESC receives a Pulse Width Modulation (PWM) as input in one of its
terminals, which is used as a reference to transmit the necessary signals to the motor to
magnetize and demagnetize its rotor and thus generate movement. It should be noted that the
ESC is also responsible for sending the necessary current signals, thus decoupling the logic
circuit (microcontroller) from the actuators. In our particular case, the Raspberry pi sends a
speed reference to an Arduino by serial protocol that will perform the low level control and
map this speed signal to a PWM. This signal is then transmitted to the ESC, which will then
send the current necessary to the motor to initiate transport box motion.

Power Supply

The battery to be used must be capable of supporting both the load of the computer and the load
of the engines. In an approximate calculation, the transport box may need a battery with a
capacity of at least 10000 mAh, a nominal voltage of at least 12V and high capacity to withstand
the load of the motors. Based on these specifications and the need for a battery with relatively
little weight, a lithium polymer batteries (LiPo) was chosen.

b. Software

The software run under the Ubuntu operating system and was stored in the SD card of the
Raspberry pi.

i. Ubuntu 18.04 & NOOBS (New Out Of the Box Software)

The operative system installed on the Raspberry pi is Ubuntu 18.04 LTS using Noobs. Noobs
is an installation assistant for the primary operating system for the family of Raspberry pi and
it is highly optimized for the embedded computer with over 35,000 compiled software packages
(Raspberry pi Foundation, 2018). This installation assistant sets up the Ubuntu 18.04 long-term
support (LTS) operating system and it is officially supported on the x86, AMD64 and ARM
architectures. As with all Debian derivatives, the program packages are divided into several
package sources that can be installed through the terminal.

ii. Ubuntu - SMS Server

SMS Server Tools 3 (smstools) are an SMS gateway software for sending and receiving text
messages (SMS) using GSM modems on Linux. They are especially interesting for
monitoring systems to send notifications not only by email, but also by SMS. This software is
the main telecommunication interface that, through the GSM SIM7000E module, allows the
autonomous transport box to exchange information with the distribution center and with the
recipient via SMS or email.

RDBMS - Relational Database Management System

The autonomous transport box uses a database based on MySQL 8 8
giving the smart container an efficient and secure storage of data sent by the distribution center
or by the recipient, in addition to serving as backup in cases of eventualities.

MySQL is a free open source product and it is one of the world's most common relational
database management systems. It is available as open source software as well as a commercial
enterprise version for various operating systems. It has a number of tools which are available
for administration. Alternatively, the included command line tools or software can be used with
a graphical user interface. The entire administration of the server is done by the program
PhpMyAdmin that is a third-party tool for editing (Apache, 2019).
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c. Apache Webserver

We use this server to interact with the TMS GPS software that needs a running server on a
device to access their location. The Apache HTTP Server is a modular open source Web server
with convenient functionalities such as encrypting the communication between browser and
Web server (mod_ssl), the capacity to be used as a proxy server (mod_proxy) or the complex
manipulation of HTTP head data (mod_headers) and URLs (mod_rewrite) (Apache, 2018). The
HTML code of a page, and the design (via CSS) files are retrieved from different sources such
as databases and transmitted separately to a client. Script languages, such as PHP, ensure that
all individual information is connected to a document. The free source code allows it to be
adapted to individual needs.

d. Robotic Operating System (ROS)

ROS is a framework for the development of robots in which it is possible to intercommunicate
isolated processes through messages transported by communication channels called topics
(Quigley et al., 2009). This framework suits this use case perfectly because it allows the
processing of the different data acquired by the systems described in section 4.1 and can control
the different modules of the system. For example, with ROS it is possible to acquire the laser
data, perform SLAM and with the results send signals corresponding to the motors to move to
a specific location. Another important feature is that this framework has a large amount of
support for its use in embedded computers such as Raspberry pi, and the great community of
programmers that publish their open source packages for the developing of robots. The specific
distribution configured in the transport box is ROS Melodic due to the Linux distribution
installed on the Raspberry pi.

5. Distribution Center: Transport Management System

This section defines the components of the transport management system implemented in the
distribution center. This system is in charge of constantly monitoring the autonomous transport
box via GPS tracking software through the SMS-gateway communication explained in section
3.

a. GPS Tracking System Software

The application for the Web server, in this case Traccar, can be self-hosted in the cloud or on-
premise. It is designed specifically to provide web-based GPS tracking services for a "fleet” of
vehicles that run an Apache Web server. It is a fleet tracking system that is very highly
configurable and scalable to larger enterprises as well. A customizable mapping service
supports OpenLayers/OpenStreetMap in addition to Google Maps, Microsoft Virtual Earth, and
Mapstraction (which provides mapping support for MultiMap, Map24, MapQuest, and more).
It supports GPS trackers from a variety of vendors, from low- cost models to high-end quality
brands (Traccar, 2019). The implementation of Traccar in the TMS allows the constant
monitoring of the location of the different autonomous transport boxes in real time. Also, as
can be seen in Figure 7, the Traccar architecture is similar to the general architecture proposed
by us, which makes it perfect to meet our requirements, fulfilling the objective of using open
source software for the development of the system. Following the architecture of Traccar, in
our use case the tracking devices are the autonomous transport boxes and the small hybrid or
electric vehicles, the persistent storage is a MySQL database implemented on the TMS and the
Web application is for managing users, devices and other entities.
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Figure 7: Traccar architecture (Traccar 2019).

b. SMS Gateway-Jasmin

Similarly to the autonomous transport box, the TMS includes a software application called
Jasmin (Jasmin, 2014) that works as a framework to use the python SMS-Gateway that is
available in the DC. Through the HTTP protocol communication with the autonomous transport
boxes is established. In addition the API makes it possible an intelligent routing to connect in
an efficient way to the autonomous transport boxes and the transport vehicles.

6. Conclusion

In this work we proposed an alternative way to transport packages or mail based on a multi-
agent autonomously controlled system, explaining in a general way the architecture of the
system designed; making special emphasis in the design of the hardware and software
components of a prototype for autonomous transport boxes. A description of the implemented
transport management system in the DC completes the work.

One of the main objectives of this work was to implement the prototype of the autonomous
transport box to test it in real conditions. To achieve this goal we also developed the required
software. After testing the platform regarding communication and monitoring tasks (servers,
SMS gateways and GPS software) to detect potential conflicts, we concluded that the trial
communication with the distribution center ran seamlessly.

Future work will address a more sophisticated system that will be evaluated in various scenarios
including other road users.
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Introduction

Urban agglomerations are continuously growing, testing the limits of transport and infrastructure| | The goods are unloaded from the carriers in the distribution center into a hybrid or electric van that
resources and causing extremely congested traffic areas in cities. As a consequence, travel time| [drives to a target destination determined by the central operating platform following the information
increases, which results in higher CO2 emissions. from the leading IT system. The autonomous transport boxes then receive an updated destination with
. o Loowaeaed eatte A nderame tsas § S han erar il hotd e d eod i sk hav
‘uel 'onsumption arid COZ Giissions reduction requires new vehicle concepts as well as efficient without a third party uucrwmim. in cases where the recipient changes the destination address. In this v
systems. The of fully electric vehicles into the market pm\'ldc: opportunities scenario, the change is stored in the database of the transport managing system and sent to the f
or sustainable mobility and a new I era while also p 2 ap S to transport box through the communication channels mentioned. v
rehicles with internal combustion engines for urban goods nmhulu\ dennnde In addmon time-critical ¢
leliveries can hardly be realized if the vehicles have to charge for hours in the middle of the delivery After the autonomous transport boxes have left the delivery van they drive towards the destination. A v
wrocess, or are subject to an insufficient charging infrastructure. Therefore, small hybrid or electric confirmation that the destination has been reached and the box can take a parked position is made v
‘ehicles are an nplm\a! approach for the urban area. In line with this, we contribute to the “last mile through the RFID tag located inside the transport box where a customer ID is stored. This a
- a case sludv describing the applics of an is transferred to the database application in the box and triggers the transmission of an I
r ing delivery hybrid- or electric vehicles that SMS message with the delivery time information to the package’s recipient (as listed on the d ]
i s,andard,m, autonomous transport boxes with clectronic labels it is possible to optimize| | The operator receives the same information. Eligible reccivers are smartphones with RFID/NFC d
lelivery cost and times. They drive from a strategically located logistic or central operating platform functionality that can confirm the receipt. (
distribution center or hubs) to a predefined destination where their load is distributed according to the b) v c) @ d) @ i

nformation that they receive. ’ E
- ]

"he proposed autonomous system for transport logistics relies on a multi-agent architecture. The
lifferent entities in the architecture are interconnected through mobile networks for the internal
xchange of information (e.g. the state of the processes of each unit or its location) or for external
‘ommunication to acquire data related to the surrounding road users or customer information to which
he delivery is scheduled.

(a) The leading IT system

(b) The transport vehicles

(¢) The autonomous boxes traveling

(d) Taking their parked position

(¢) The delivery of the message to the database
(f) The delivery of the message to the recipient
(g) The smartphone to unblock the box

(h) The fi ion of the delivery

Proposed Prototype

The prototypes proposed are equipped with all the required technology for a smooth autonomous
operation. They are capable of simultancous localization and mapping (SLAM) by constructing and/or
updating a map of an unknown environment while simultancously keeping track of their location
through GPS. They are also able to perceive their surroundings through several active and passive
mounted sensors. All units communicate changes in the delivery plan or schedule with the parent
system. In addition, the autonomous transport boxes are equipped with a GPS module for localization
and a global system for mobile communication (GSM) module that acts as a mobile communication
modem for sending and receiving messages from the hub.

BRI arara

Transport Vehicle (j)....

A RFID reader/writer unit is installed in the autonomous transport box. The goods are equipped with a
RFID-tag that contain a microchip to store and retrieve the information from the inventory database
records in the central operating platform. Through this technology. the autonomous boxes are also
labeled with unique identifiers that can contain a large amount of information and make inventory
tracking a faster process. To complete the system, the boxes have a embedded computer that stores
and processes the ion, cnabling ion between all the peripherals and processes
explained above.

Recipients are able to open the box through the use of radio waves to read and capture information
stored on the tag attached to the box using a previously installed mobile device application. This
application makes it possible to operate NFC as RFID tags.

System Communication

3
‘or the communication between lhc ’nuucw in our system, a transport management system in the hub s | S 4 Software E I
)C includes additional bilities through GPS and short message service (SMS), Hardware e i
“his communication is achieved thanks to lh‘ fact that on the autonomous transport box side there is a PIEs i @ o s
JIM7000E device that works as a GSM module and that together with the program SMS Server tools Serom| [ srocsee| | 0sS '
renerates an SMS Gateway that connects with the DC’s SMS gateway. The SMS gateway is an b aichatiin? ax! Computer i
nterface for communication that uses mobile networks between smart entities. It offers a framework Ty > foxchevier A G U
o process the messages transmitted between the devices and it can handle the data acquire through the & N ki = 1
5 e s | & supply N
ITTP protocol from the network or the email to SMS functionality. 3
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Abstract: European ports are currently facing the challenge of adapting to the current trends
in global trade and efficiently handling the increasing volumes placed on them. The aim of this
paper is to present an innovative framework supported by disruptive technologies for cargo
ports to handle upcoming and future capacity, traffic, efficiency and environmental challenges.
The innovations to be implemented within the proposed framework will contribute to the Port
of the Future objectives regarding reduction of port’s total environmental footprint associated
with intermodal connections; the improvement of operational efficiency, and increase of data
sharing and information visibility; and the promotion on the innovation in the port-urban
context. Among the solutions presented, the model-driven tool for Real-time Control of port
operations, the advanced Truck Appointment System and the Cargo Flow Optimization tool,
aim to pave the way into interconnected port systems with information at various steps of the
transportation flow. Overall, the proposed framework aims to develop models and tools which
can support ports to improve their efficiency and gradually participate in a Physical Internet
network.

Keywords: port of the future, container terminal management, sustainability, internet of things,
data analytics, 5G networks
1 Introduction

With the ongoing growth in economic activity and the trend towards increasing globalisation,
transport infrastructure has to accommodate ever larger numbers of cargo flows. Extended
transport capacity from building new transport infrastructure is often increasingly rapidly fully
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absorbed, due to ever increasing demand for freight transport. In order to sustain an efficient
functioning of the economic system and preserve quality of life, new solutions for the future
ports need to be found.

In Europe, ports face the challenge of adapting to the trends in global trade and efficiently
handling the increasing volumes placed on them. This challenge is further magnified by the
restrictions in available land use, the environmental impact in the vicinity of the port area as
well as the complexities of the hinterland connection between the port and the urban
environment. These concerns increase the need for technological development and advanced
logistics concepts to propose sustainable, yet economically competitive solutions for European
ports (Prokopowicz and Berg-Andreassen, 2016).

The Physical Internet (PI) term has been recently used and targets sustainable logistics and
supply chain management. The basic concept is an open global logistics system based on the
physical, digital and operational interconnectivity enabled by smart modular containers,
interfaces and protocols for increased efficiency and sustainability (Montreuil, 2011). In other
words, PI intends to provide universal interconnection of logistics services, and substantially
increase efficiency.

This paper presents an innovative conceptual framework supported by disruptive technologies,
including internet including Internet of Things, data analytics, next generation traffic
management and emerging 5G networks for cargo ports to handle upcoming and future
capacity, efficiency and environmental challenges. The innovations will be implemented and
tested in real operating conditions in five Living Labs (LLs), associated with five European
ports: Port of Livorno, Port of Piraeus, Port of Valencia, Port of Haminakotka, and Port of
Antwerp.

In this work, we present selected innovations of the proposed framework to be adopted by the
ports that will serve as enablers for driving ports of the future to be ready to a Pl environment,
though optimisation, integration, and massive connectivity. The innovations examined in this
work can be viewed as complementary to understanding the benefits of the PI. In addition, the
proposed technologies exhibit innovation potential. At first, the use of predictive analytics for
implementing dynamic asset management is a major step towards resource and land-use
efficiency. Current asset management tools, e.g. SAP, only perform static preventive
maintenance. Another novel application of predictive analytics based on rail/barge/vessel ETAS
are cargo flow prognoses in order to support port operators and urban planners foresee required
infrastructure changes and upgrades in the medium-/long-term so as to accommodate increased
flows. Finally, truck appointments 8 8 8 8

time windows to enter the port. The Truck Appointment System presented in this work will
provide a more collaborative and dynamic approach making use of an IoT environment that
will link different 8 8 8 8 88 8

information from the urban Traffic Management Center. The system will be supported by a
machine-learning module based on real-time information and traffic flows forecasting (both
entering and leaving the port).

The paper is structured as follows: Section 2 provides an extensive literature review, and
introduces port-driven technological innovations. Section 3 presents an approach for
establishing a framework for sustainable development of the port of the future. Section 4
provides an overview of the framework implementation through the Living Labs and highlights
the expected impact from the implemented technologies. Finally conclusions are drawn in
Section 5.
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2 Physical Internet and sustainable port development

2.1 Literature review

8 8 8
negative impact on the ecosystem and recognises environmental systems as a mix of elements
that interact with e Schipper et al., 2017). However, as

8 - 8 8
better described as the port which has achieved and is maintaining a balance in economic,
environmental and social extent for the surrounding local region®®®, Moving to such a
definition and considering that ports are strong catalysts for regional development, their
optimisation, integration and seamless connectivity with the surrounding socio-economic area
are key requirements.

To this end, and according to Deloitte Port services (2017), the Port of the Future has three
considerable characteristics, which can provide the port of the future with the level of
adaptability required to the increasingly changed (physical, economic and social) environment,
namely the cooperation in both horizontal and vertical level, the innovation and digitalization
and the sustainability. Having embraced the above, the vision of the Port of the Future
ecosystem is twofold: on the one hand it is substantially increasing and extending the range of
innovation possibilities and it is providing opportunities across the entire value chain (from
seaside to port and landside) and on the other hand the desirable seamless infrastructure, port
ecosystem connectivity and data handling can be more proactively come true toward a more
sustainable and interoperable future.

Whilst ports are ripping for disruption in optimization processes, seamless connectivity and
data handling and although disruptive technologies (such as 10T, 5G networks etc.) are
considered as major driving forces, some of the already matured technologies and processes are
not fully-fledged drive towards the Port of the Future vision, according to Trelleborg Marine
systems (2017). For achieving a step closer to this vision, the P1 is a newly introduced concept
in port logistics, with the aim to provide the principles for making disruptive and emerging
models more dynamic, towards improving the transportation of goods both environmentally,
economically and socially speaking. The paradigm of the Pl intends to substantially increase
the flow of physical goods through open networks, protocols and the encapsulation of goods
(Montreuil et al., 2012).

Under the PI vision, a large scale optimization process along with the development,
customization, and deployment of proper emerging technologies can radically replace the
deficit of efficiency in networks interoperability and operations with tangible positive effects
on prices, time, urban congestion, pollution etc. (Crainic and Montreuil, 2016). To this end, PI
can be considered a mean to improve the sustainability of logistics by fostering the seamless
movements of goods in and out of ports and across the cities towards the Port of the Future
vision®’,

2.2 Port-driven technological innovations

port of the future: Explanatory Study, Deltares & WWF (2015)
https://www.deltares.nl/app/uploads/2015/12/Port-of-the-Future-report.pdf
¥ PIANC - IAPH EnviCom WG150, Sustainable Ports, A Guide for Port Authorities (2014)

17 https://www.port-montreal.com/en/physical-internet-aut2015.html

36


https://www.deltares.nl/app/uploads/2015/12/Port-of-the-Future-report.pdf
https://www.port-montreal.com/en/physical-internet-aut2015.html

Nikolopoulou A., Amditis A., Tsimiklis G., Tsertou A., Latsa E., Krikigianni E., Lu M., Tardo A., Cervera
C.P., Kanellopoulos I., Hinka V. and Slingenberg A.

A challenging task for port operators, is to make decisions regarding freight movement and
other related matters such as asset management, without having information on how their
choices may affect the entire transport system. There have been numerous efforts in the past to
enhance information sharing and collaboration on vertical as well as on horizontal level, in
order to increase operations efficiency. Today, collaboration enabled by new technological
solutions, new logistics paradigm as provided by the PI as well as new business models, are
creating a new business reality paving the way for well-coordinated and networked port
logistics operations (Montreuil B., 2011).

The proposed framework comprises a set of port-
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The first phase of the approach will produce a classification of the port of the future stakeholders

through a two-8 8 8 8 8
will be identified and classified, comprising the core port personnel, city authorities and
logistics organisations im 8

list will be identified, namely an extended and comprehensive list of people and organisations
involved and influencing the smart port-city ecosystem. By mapping and prioritising the
stakeholder list, a set of personas will be identified, representing persons/roles that have a direct
impact to or from the port-city operations within the surrounding urban space. Around those
representative personas, the scenarios describing the implementation of the proposed modules
in the LLs will be created via a two-stage process of scenario co-creation and description a) a
hands-on, scenario co-design iteration implemented during local focus groups, organised in
each LL, and b) a second iteration, that aims to enhance, refine and consolidate/document the
co-designed scenarios produced during the first iteration. Phase | will conclude with deriving
port requirements (technical, operational, societal, environmental, legal, security and other
relevant) that will stem from the defined scenarios.

3.2 Technical design and development phase

This phase will cover the technical design and development and will implement the technical
and societal innovations piloted and assessed in the LLs. Phase Il will start with producing
detailed technical specifications. The mapping will be reflected in a requirements-specifications
traceability matrix that will clearly demonstrate the priority level for each specification and the
components involved. The design and development of the components/innovations will be done
in two iterations: i) The first iteration involves the implementation of proof-of-concept alpha
versions of the technical components in a protected environment (the definition of alpha version
per component will be included in the scoping documents). In parallel, this phase will produce
a set of KPIs/metrics to be measured and assessed within each LL. ii). During this iteration, any
tools, devices or components that are necessary for the final testing of the innovations in each
LL will be deployed and full integration with existing IT infrastructure in each port will be
implemented in real-life operating conditions.

3.3  Full-scale implementation phase

During this phase, real-life implementations will take place in each local LL setting described
in section 3.1. Initially, a full set of solutions will be ready to be deployed, allowing complete
testing, demonstration and results evaluation in the target operational environment.

The proposed methodology, follows a stake 8 8

port- 8 8 8 8

shift to Industry 4.0 era. Within this approach, the innovations will be co-created with the ports

after prioritising the port requirements and needs. The three complementary phases are expected

to create better systems, taking into account the specific challenges faced in each local setting,
8 8 8

4 Implementation approach

4.1 Living Labs
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4.1.1 Port of Livorno

The Port of Livorno is a mid-size port, which is an ideal reference for implementing ICT
solutions oriented to sustainable growth. It is taking part in the digital revolution around the
maritime transport. The Port of Livorno, with CNIT of Pisa, is leading a deep digital revolution,
making port industrial activities more efficient and safer. The main goal is to achieve a complete
digitalization of port operations, through R&D and technology transfer.

The focus of the Livorno LL is represented by the implementation of a general cargo
management system called RTPORT (Model Driven Real Time Control Module), based on the
usage of disruptive and pervasive technologies (5G). This innovation proposes a complete and
optimized system for managing the general cargo in relation to the vehicles available on the
yard. The optimization that will be achieved, will concern: 1) loading/unloading phases of the
general cargo, 2) distribution of the cargo into the storage area and its handling during loading
phases on the ship, and 3) the choice of the most appropriate forklift for handling the cargo.

—_ —
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I — (« ﬁ )

-
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Figure 4: Flow Diagram.

The RTPORT tool, consists of a mobile network (5G), connecting smart sensors with cloud
resources for optimized handling of general cargo compared to traditional human-driven
communication. 10T devices such as HDR cameras and LIDARs will be used for cargo size
measurement as well as goods localisation. In particular, the area where goods are stocked will
be monitored by a set of cameras. Specific software will then be used to identify each object
and its position. Local processing will be applied to run the distributed applications needed for
image processing and pattern and context recognition while Artificial Intelligence processing,
8 8 8 8 8
info.

The implementation of RTPORT provides a high level of automation for the general cargo
management process that is an indispensable requirement to increase the visibility of the cargo
in the intra-terminal operations. This is expected to be a fundamental part of the full visibility
concept throughout the supply chain.
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4.1.2 Port of Piraeus

Piraeus Container Terminal (PCT S.A.), is managing Piers Il & 111 of the container terminal in
8 8 8 8 8
services for import and export containers handled via the Port of Piraeus, including cargos
which use Piraeus only as an intermediary station of transport (transhipment cargo). The
strategic location of Piraeus makes it an ideal port to be used as a hub for destinations in the
Central and Eastern Mediterranean, as well as the Black Sea. The Piraeus container terminal is

currently ranked 6th in terms of annual throughput among European container terminals.

The focus of the Piraeus LL will be on the Predictor tool which focuses on the development of
a predictive maintenance tool for yard equipment in order to achieve Just in time (JIT) spare
parts inventory. The Predictor tool will dynamically predict anomalies in port operations and
reduce the total life-cycle cost of port assets, increasing its accuracy over time. To do this, an
Acrtificial Intelligence model will be 8 8 8
The model will aggregate similar data from different assets to determine recurring phenomena;
calculate the impact of asset state changes on port inventory and compare events with patterns
to detect anomalies. This learning approach helps to comprehend interactions of port agents
8 8 8 8 8

heuristic optimization algorithms to calculate nearly optimal control measures in quasi-real
time, it will enable a Just-In-Time inventory and longer (re)use of port assets. At first, pre-
processing of data and training of the Al model takes place. Then, using the network
infrastructure, this data is transmitte 8 8 8

JIT inventory is one of the main methodologies used to enhance competitiveness through yard
equipment availability, life-cycle extension and lead time reduction. However, implementing
JIT has some challenges, e.g. lack of required information sharing or communication between
stakeholders, insufficient sound action or planning system etc. Achieving JIT will enable the
port to take advantage of Internet of Things (10T) technology which has the potential to be used
for acquiring data and information in real time to facilitate dynamic yard equipment planning
and repairs. In addition, by better estimating the resources and the maintenance time the module
will contribute to a fully interconnected system with better estimations between the relevant
logistic entities, closer to the vision of PI.

4.1.3 Port of Valencia

The Port of Valencia, is the first port of the Mediterranean Sea in container cargo with an annual
throughput in 2018 of 5.18M TEU. The Port of Valencia is considered as a mixed hub with
balanced transshipment and gateway traffics and it is the first port for import/export container
cargo in Spain with more than 2.35M TEU?. This figure of gateway traffic is translated into a
huge pressure for its hinterland, which is mainly connected by road transport (approximately
93% of the container cargo) while the rail transport represents only the remaining 7%. To tackle
this unbalanced hinterland connectivity, the LL of the Port of Valencia will focus on the
implementation of new solutions to improve the efficiency of the road transport as well as
boosting the railway transport for inland cargo.

18 hitps://www.valenciaport.com/wp-content/uploads/Bolet%C3%ADn-Estad%C3%ADstico-Diciembre-2018-
PBI-1.pdf
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The implementation of an advanced Truck Appointment System (TAS) to increase the
efficiency of the delivery and pick-up container operations in the port terminals will be assessed
in the Valencia LL. This Advanced TAS will count with predefined slots to perform operations
at the container terminals but will also calculate in real time the Estimated Time of Arrival of
the trucks to the port premises, increasing the information available for the stakeholders of the
container supply chain. The ETA component relies on a machine learning model that learns the
patterns in the recent location data from the trucks (e.g. peak hours, congestion, weather impact)
and infers the arrival time at the port with a high accuracy.

In addition to the Estimated Time of Arrival of the trucks is computed dynamically offering a
rescheduling capability to the system. By sharing information about available capacity for the
port in real time it can improve the load rate of the trucks, reduce the waiting time and contribute
to an interconnected system. The utilization of the system promotes multimodal solutions on
one hand while on the other hand the efficiency of operations is increased. The system brings
one step closer the vision of Pl for an interconnected system with information about the capacity
at various steps of the transportation flow.

4.1.4 Port of Haminakotka

Kotka Container Terminal (KCT) handles about 650.000 TEUs a year, one half of which are
export containers (paper, pulp, sawn timber). Outbound products are transported mostly by rail
to the stuffing warehouses located at the port, but significant share of cargo comes also by
trucks from paper, pulp or sawn timber mills. In the stuffing warehouses, the products are
stuffed to containers and shipped with feeder container ships to the main ports of North Sea.
Therefore, in addition to moving containers, modularity questions of containerized cargo are
integral parts of operations..

The aim of HaminaKotka LL is to define a roadmap to increase automation in a medium-sized
port. Important part of this aim is to increase data sharing between different stakeholders and
improve the use of the data. To achieve this aim, the PORTMOD simulation tool will streamline
container handling operations in the container field. The tool is expected to evaluate the benefits
of different container yard layout alternatives, especially for the cases where the port has major
changes in its cargo flows.

The purpose of TAS tests is to link physical transports with information flows by increasing
cargo data sharing between transport company and port operator. Adoption of TAS will
improve visibility of pulp, sawn timber and paper transports between mills and stuffing

8 8 8 8 8 8
different warehouses. This supply chain data sharing is also one step towards Pl supply chain
and hub in HaminaKotka LL.

4.1.5 Port of Antwerp

As the second largest port in Europe, the Port of Antwerp is an important transit port in Europe
handling great volumes of international maritime freight. Antwerp is the biggest port area in
the world. The central position of Antwerp provides its customers a vital link among biggest
maritime and to Europe's centers of production and consumption. The Antwerp Port Authority
seeks to achieve a better balance among the various modes of transport by switching to more
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sustainable options: rail and inland shipping, where further growth is anticipated. Main
problems/weaknesses existing in the port-city context include i) sub-optimal organization of
pickup and delivery of containers due to schedule changes or delays of both ocean vessels or
inland means of transport, ii) road congestion around the port and city area and at the CT gates,
and iii) delays regarding discharging cargo and late booking of necessary equipment.

The Antwerp LL will be focused on demonstrating the advantages of the Cargo flow optimizer.
Automatic Identification System (AIS) data from the Port of Antwerp management system,
data from barges schedules at national level, data from railway operators in Belgium and the
Netherlands, and contextual information, e.g. weather, will apply Big Data based advanced
predictive and descriptive analytics coupled with optimization techniques, in order to perform
cargo flow optimization and prognoses. The AIS data will be multiplexed with (big) data from
an Automatic Number Plate Recognition (ANPR) network, the rail operators and barges ETAs
so that cargo flows are streamlined aiming to minimiz 8

Cargo flow prognoses for short-, mid- and long-term will be implemented for urban planners
to optimize their infrastructure investment planning.

4.2 Expected impact

In terms of sustainable port development, the proposed framework aims to improve the terminal
operations efficiency, maximize the use of the infrastructure and equipment and decrease
operational costs as well as external costs derived from congestion, waiting and idle time. This
will be primarily achieved via the Cargo Flow Optimization module, the TAS and a high-
capacity mobile network, following forthcoming 5G standards. A significant increase up to
15% in service times for shipping companies as well as an increase of 10-15% in operational
efficiency is expected. Furthermore, the PORTMOD and RTPORT modules, are expected to
lead to a 5% reduction in the empty container runs, 10-20% reduction of operational and
maintenance costs of the port spare parts as well as 30% reduction in the trucks and yard
equipment idling. Regarding the data-driven opportunistic replacements of assets proposed by
the Predictor module, more than 10% cost-rate improvements can be achieved compared to the
classical failure-based or naive age-based equipment replacement methods. In addition, the
proposed framework aims for a lower environmental impact of port operations. In particular, a
decrease of 15% in CO. emissions is expected as well as up to 10% reduction in the noise
generated by trucks calling in the port to pick up or deliver containers. This will be achieved
via the advanced TAS that is expected to improve links with the road traffic in the port vicinity
by scheduling truck arrivals 8

Furthermore, the innovations examined in this work can be viewed as complementary to
understanding the benefits of the Pl. The framework primarily aims to lead to an increased
understanding of port and terminal requirements in order to be able to move towards a
physically connected world. The framework is expected to raise awareness of the types of
possibilities that Pl may have on future transport logistics, and further assist port operators into
understanding the potential benefits of PI applications for their business.

5 Conclusions and further research

The proposed framework aims to improve the terminal operations efficiency, maximize the use
of the infrastructure and equipment and decrease operational and external costs derived from
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congestion, waiting and idle times. A lower environmental impact of port operations is also
expected to be achieved. Finally, the framework aims to improve links with the road traffic in
the port vicinity as well as increase the modal split to greener transport modes, such as rail and
inland waterways.

The innovations to be implemented within the proposed framework will contribute to the Port

8 8 footprint associated
with intermodal connections; the improvement of operational efficiency, optimization of yard
capacity and increase of data sharing and information visibility; and the promotion on the
innovation in the port-urban context. Some of these technologies, and in particular the RTPORT
tool, the advanced TAS and the Cargo Flow Optimiser tool, aim to pave the way into
interconnected port systems with information at various steps of the transportation flow. The
interoperability between networks and IT applications for logistics represents the first step to
follow in order to achieve the ambition of the PI concept: set up an open global logistic system
founded on physical, digital and operational interconnectivity, enabled through encapsulation
of goods, standard interfaces and protocols. The adoption and integration of smart
infrastructures such as 10T devices and new disruptive technologies (5G) in supply chains will
allow increasing the efficiency, effectiveness and control of supply networks.
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Abstract: In recent literature, it is indicated that freight transportation via trucks is still
insufficient in terms of efficiency and sustainability. Reasons for such inefficiency are poor
utilization of capacities (drivers, trucks, containers etc.), high shares of empty mileage, as well
as lacking flexibility when responding to an increasing market volatility. It is assumed that
future transport systems will have to deal with higher urgencies and with smaller lot sizes. In
course of this, the assignment of transport orders will be characterized by increasing
spontaneity and an uncertain planning environment for logistics service providers.

Thus, the objective of this paper is to present a conceptual model that combines a dynamical
price prediction model and an approach for the dynamical assignment of freight flows through
a network of hubs. Due to a constantly changing environment (e.g. demands, capacities, and/or
prices), freight assignment will be updated continuously. As a result