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Abstract

The use of autonomous technologies for last-mile logistics has the potential to reduce operation costs, cut emissions from the
delivery sector, improve safety levels in communities, and provide efficient delivery solutions in areas which experience access
regulations. Unfortunately, the implementation of real-life, economically-sustainable, and safe use cases in open urban
environments remains scarce, especially in Europe. As a consequence, there is a real need for pilot tests of innovative delivery
schemes based on autonomous technologies, not only in numerical simulations, but also in representative urban settings throughout
Europe. In this paper, we will present the LogiSmile project, in which a consortium of European partners is piloting a transport
management system for autonomous last-mile logistics. Beyond describing the delivery characteristics and use cases of this system,
we also highlight the lessons learnt during the course of the project about managing innovation in the urban mobility field, gathering
insight form the innovation triple helix (academia, industry and public sector).
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1. Introduction

Considering that the transport sector, excluding international aviation and shipping, represents around 20% of the
total greenhouse gas (GHG) emissions in Europe (European Environment Agency, 2019), improving the efficiency of
mobility is a great leverage to enhance sustainability. Even if electric or hydrogen vehicles have the potential to reduce
emissions in cities (Davis & Figliozzi, 2013), they will hardly solve the problem of urban congestion. Efforts to solely
equip the same vehicles with low-emission powertrain technology will not be enough to make cities more sustainable.
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Instead, new mobility concepts must be developed to handle traffic more efficiently and with more appropriate vehicle
sizes (ILS, KE-Consult, Prognos, 2019).

This principle especially applies to urban freight distribution and, in particular, to the courier, express, parcel (CEP)
market which includes the transportation and logistics services associated with the movement of individual shipments
whose weight ranges below the general cargo market.

Considering the CEP market particular characteristics (ILS, KE-Consult, Prognos, 2019), and that personnel costs
represent around 70% of the last-mile total operation costs (Observatory of road freight transport in Catalonia, 2019),
autonomous robotics has the potential to reduce the CEP delivery costs (Jennings & Figliozzi, 2019; Jennings &
Figliozzi, 2020; Lemardelé et al., 2021), environmental impact (Figliozzi, 2020) and make last-mile operations in
dense areas with access regulation more efficient. Unfortunately, even if many studies are being done on an analytical
basis (UImer & Streng, 2019), more on-field data is needed to validate, feed the research and make logistics models
more representative.

2. The LogiSmile project

LogiSmile is a two-year project, co-funded by the European Institute of Innovation and Technology (EIT) Urban
Mobility, which pursues two principal objectives:

e Propose an innovative delivery scheme which relies on the collaboration of two autonomous vehicles with
different sizes and characteristics.
e Implement autonomous delivery vehicle pilots in several European cities.

2.1. AHV/ADR cooperation

The transportation management system (TMS) proposed and piloted within the LogiSmile project is based on four
elements:

e  Anautonomous hub vehicle (AHV) named Pluto (see Fig. 1). This high-capacity vehicle is essentially used
to carry parcels from a warehouse (which may be located in the city outskirts) to the considered service
region, generating large economies of scale. The long range and high traveling speed of the AHV makes
operations on metropolitan highways possible.

e An autonomous delivery robot (ADR) named Ona (see Fig. 1), in charge of final deliveries to recipients.
Thanks to its smaller capacity (around 1 m3), this vehicle is more flexible and adapted to dense city centers,
where access regulations could exist for the AHV. Unlike other already existing concepts (Bambridge, 2017),
Ona is a multi-drop-off vehicle which includes different types of sensors for autonomous navigation
(Vaquero, 2021), enabling a reduction of total traveled distances and operation costs.

e A Mission Manager (LMAD, 2023) in charge of optimizing and monitoring the robots’ operations. The
Mission Manager creates optimized logistics routes based on delivery locations and time windows and
ensures that all delivery processes are working as expected (see Fig. 1).

e A Central Command Center (CCC), which is a remote center that takes control of the mission in case of
failure or unexpected events.

The Mission Manager handles the communication and interaction needs with the various stakeholders interacting
with the digital platform, namely the recipients, the logistics operators handling the parcels and potentially safety
operators near or remote from the delivery robots. Delivery updates include timely notifications for the recipients
about their delivery with critical data (location, PIN code for fetching parcel), to reduce chances of missed deliveries.
Also, there is an interface to manage the compartments of a given robot’s cargo system by recipients, couriers, or
administrators. Finally, one of the Mission Manager’s main roles is to create optimized logistics missions where, the
AHYV and ADR routes as well as the meeting points’ location are optimized to decrease delivery distance, delivery
time and costs. At a meeting point, parcels are transhipped from the AHV to the ADR. Once the ADR is fully loaded,
it starts visiting final recipients. In the meantime, depending on the demand, the AHV moves to the following meeting
point or wait for the ADR to return at the first meeting point if several ADR delivery routes are needed in the same
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neighbourhood.

The CCC is usually located in a remote location, where the operational team controls the mission of the AHV and
ADR. The objective is to monitor the path of the vehicles and take control of them in case of failure or unexpected
events. In case of failure, the CCC remotely tries to correct the situation, but in case that this is not possible, an urban
team approaches the robot and takes control of it. In the LogiSmile project, for the ADR, the technical team was
operating, monitoring and taking control of the robots if necessary.
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Fig. 1. Joint delivery user story. CCC = Central Command Center.
2.2. Commercial use cases

The TMS proposed in the LogiSmile project presents manifold use cases, which were explored in a top-down
approach with the collaboration of international interdisciplinary mobility experts from the innovation triple helix
(academia, industrial partners, and public authorities). These use cases were classified into three categories, depending
on their level of maturity and feasibility, with the objective of implementing proofs of concept already in 2022 but
also providing research lines for future investigation: 1. Technically-feasible use cases for 2022 which did not require
the cooperation between the AHV and the ADR (individual separate validation of the two robots), 2. Potential
collaborative opportunities for the second year of the project (2023), and 3. Use cases which may be realized by
demonstrators in the future (year 2024 and beyond)

These possible applications and use cases are depicted in Fig. 2. Each one was placed in an attractiveness-feasibility
matrix. The Y-axis of this matrix represents the social but also business attractiveness, while the X-axis stands for the
technical and budgetary feasibility (see Fig. 2). This classification was performed and agreed between all mobility
experts present during the workshops.

Finally, as a result of this process, the two use cases “AHV logistics on industrial site” and “ADR e-commerce
delivery and pick-up” were selected for the LogiSmile activities in 2022. These two types of implementation showed
an interesting trade-off between technical feasibility and business attractiveness and they were adequate to settle
realistic and representative demonstrators already in the first year of the project.

It should be noted that a combination of automated and human delivery personnel may be necessary for specific
areas and circumstances — for example, for bulky and/or heavy goods. The second year of the project anticipates the
execution of the first steps towards the AHV/ADR collaboration considering joint interaction at a defined meeting
point.
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Fig. 2. Attractiveness-feasibility matrix of commercial use cases
2.3. City pilots

As explained previously, the first year of the project was focused on the integration of Pluto (AHV), Ona (ADR)
and the Mission Manager as well as the validation in real environments of Pluto and Ona, separately. Ona was piloted
in the cities of Esplugues de Llobregat (Spain) and Debrecen (Hungary) whereas Pluto was validated in the HomePort
area (Hamburg, Germany). The objective of piloting Pluto and Ona in three different cities was to analyse different
use cases and how autonomous vehicles with distinct characteristics could integrate in different urban settings. Table
1 presents a comparison of the city pilots that took place during the first year of the project.

2.3.1. Esplugues city pilot, Spain

Esplugues de Llobregat is a city of around 46,000 inhabitants and 4.6 km?, located in the first crown of the
Barcelona Metropolitan Area. It is crossed by two high-capacity roads, dividing the municipal territory into two parts:
a northern part with single-family housing and high slope streets, and a southern relatively plain part with much denser
urban characteristics. This territorial segregation is an advantage for the LogiSmile project because the autonomous
robots could be tested in distinct urban settings.

It is important to mention that the city is partly located within the Barcelona Low Emission Zone (LEZ), creating
access regulation for some types of logistics vehicles in the future (Mateu, 2022).

The city is planning an important demographic expansion in future years (La VVanguardia, 2022), which may worsen
current mobility issues. Because of its geographical location, Esplugues de Llobregat acts as a gateway to Barcelona,
so improving the quality of both private and goods transport is a key goal not only for the city but for the whole
metropolitan area. In terms of city logistics, the improvement goals focus on the reduction of operation costs, parking
issues, emissions and congestion, as well as more flexible and quicker deliveries.
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Fig. 3. Pilot tracks in a) Esplugues de Llobregat, b) Hamburg, and c) Debrecen.

Table 1. First-year city pilot characteristics.

Can Vidalet — Esplugues HomePort — Hamburg City center — Debrecen
de Llobregat (Spain) (Germany) (Hungary)

Tested vehicle Ona Pluto Ona

Urbanistic setting Very dense neighborhood Industrial area Dense neighborhood

One-way low-speed street . . .
Test track . Large mixed-traffic area Large pedestrian area
Large pedestrian zone

Weather conditions Hot, dry Cold, rainy Cold, rainy

Interaction with
pedestrians and other road Low Low High
users

High building — low
Overcome difficulties Global Navigation Satellite
System (GNSS) coverage

Adverse weather Frequent tram traffic going
conditions through the pedestrian area

The Esplugues pilot took place in the Can Vidalet neighborhood. Ona was validated on a 750-meter track, mixing
pedestrian areas and roadways (see Fig. 3), during two weeks in June 2022. The test area is dense and characteristic
of Mediterranean cities, with a high density of trees, zebra crossings, and urban furniture. The pilot streets were mainly
one-way lanes with a maximum speed limit of 30 km/h, which is representative of future use cases since many
European cities are considering reducing the current maximum speed limit in their streets (Barcelona City Council,
2023). An important aspect was the integration of the pilot within the overall city logistics strategy. The pilot track
was meant to represent the route between a supermarket — whose construction was finalizing at the time of the pilot —
operating as a distribution hub (Ajuntament d’Esplugues, 2022) and a commercial area, close to the “Rambla”. For
the project partners, it was import to integrate the LogiSmile pilots into a broader vision of the city logistics system to
increase the representativeness and acceptability of our activities.

Indeed, the Barcelona Metropolitan Area (AMB) has approved its Urban Mobility Metropolitan Plan (PMMU). In
the section dedicated to “Intelligent mobility management”, it includes measures in the field of autonomous vehicles,
logistics optimization, and promotion of R&D projects involving low-emission vehicles, among other topics
(Barcelona Metropolitan Area, 2020). In this sense, the Logismile project is contributing to these measures, which
clearly aligns with the PMMU.
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2.3.2. Hamburg homePORT pilot, Germany

Pluto’s pilot took place in the Free and Hanseatic City of Hamburg, the second largest city in Germany and the
seventh largest in Europe with around 1.85 million citizens (Statistisches Bundesamt, 2021). Hamburg is a fast-
growing city, and it is creating a new integrated digital mobility system that will handle urban traffic more effectively
and with more suitable vehicle sizes (ILS, KE-Consult, Prognos, 2019). Hamburg’s goal is to accelerate the transition
to a model city with a strong focus on making mobility safer, more efficient, more comfortable and climate-neutral
for everyone in both the city center and in outlying areas. Thanks to its characteristics, the AHV Pluto would be
perfectly suited for less dense and rural areas.

The Hamburg Port Authority initiated the homePORT facility in 2020 (homePORT, 2023), a testing and
development space for unmanned systems. The motivation was to establish a centrally located space with access to
highly frequented infrastructure. The pilot test enabled us to validate Pluto in an industrial environment, which could
be an additional use case in future years.

For the demonstration of Pluto at the homePort area, a plane driving circuit with good availability for GNSS-
satellites was built (see Fig. 3b). During the project phase, Pluto was equipped with an automated rolling gate, which
enables automated access to the vehicle cargo space for other automated systems like Ona, that could interact with
Pluto for goods exchanges in future scope. The defined route for the demonstration included an automated journey
between two delivery points and the interaction with a person responsible for the delivery. With future sight, the
person could be replaced with a system like Ona for autonomous delivery scenarios. In addition, an emerging problem
in the form of a bottleneck on the road was also to be solved within the demonstration scenario. This unexpected
situation could not be solved by the driving system itself. The onboard runtime safety monitoring system of the AHV
observed the specifics of the concrete road bottleneck through the vehicle’s sensors and passed this information to the
CCC. A human remote operator inside the CCC assessed the presented situation and reconfigured the AHV parameters
accordingly. As a consequence, the delivery tour was successfully completed, thus highlighting Pluto’s capabilities.
In terms of the interaction of the various subsystems, the greatest challenge was achieving the necessary
maneuverability of the vehicle in the narrow driving environment. However, this was solved in a targeted manner
using appropriate planning algorithms, so that a total of more than 17 km could be covered in fully automated driving,
further highlighting Pluto’s capabilities for usage in more complex scenarios in the next steps.

2.3.3. Debrecen city pilot, Hungary

Debrecen is the second largest town in Hungary after the capital city. Its population is currently around 200,000
inhabitants (Hungarian Central Statistical Office, 2023). The residential function prevails in the eastern part of the city
and the business function in the western one, which generates significant traffic every weekday through the city center,
where most mobility issues are located. As a consequence, the Municipality of Debrecen aims to reduce the city's car
traffic and allow space for sustainable and alternative modes of transport through sustainable and innovative methods
(Debrecen Smart City, 2020).

The city center is heavily loaded with car traffic due to the mixing of diverse functions. A significant part of this
traffic is accounted for by parcel service providers’ vehicles, essentially vans and trucks. In addition to not being
suitable for pedestrian-only areas, these vehicles also have significant pollution effects. The use of Pluto and Ona
could greatly help improve this situation. In the long term, a successful implementation of autonomous technologies
would make it easier to ban traditional parcel trucks from the city center, and the other residential areas of the city.

The most frequented area of the city center with restaurants and entertainment venues is the main street pedestrian
zone, including Halkdz Square. Here can be found numerous affluent, high-quality restaurants that deliver a significant
number of orders every day, especially since the coronavirus pandemics. In addition, there are currently three different
food delivery service providers in Debrecen. All these stakeholders may be interested in the LogiSmile project to
cover their long-term food delivery demands. A significant amount of these orders come from the office workers of
the city center, which area was largely in line with the action area of the pilot experiments in the LogiSmile project.

Finally, the Municipality of Debrecen and the institutions owned by the Municipality are located in many different
buildings in different parts of the city center. There is a significant daily parcel delivery happening between these
entities every day, as electronic transmission is not possible in many cases, such as official documents that must be
signed by one of the representatives. This courier activity consumes significant labor forces and resources, which
could be efficiently replaced by Pluto and/or Ona.
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Ona’s Debrecen pilot took place in the city center, between the Old and New Town Hall in November 2022. In this
case, the 500-meter testing track was essentially pedestrian, enabling us to validate Ona in different conditions
compared to the Esplugues city pilot. It is worth noticing that tram traffic or pedestrians were not altered to conduct
the test.

3. Discussion and conclusion

As expected, the role of city representatives was fundamental in the project to define adequate and sustainable use
cases, especially from the perspective of citizen acceptance. In addition, in the case of the Esplugues de Llobregat
pilot, it is relevant that being this municipality part of the Barcelona Metropolitan Area (AMB) it is more viable to
export this knowledge to other cities of the Barcelona metropolis. AMB is a supramunicipal public administration and
can act as regulator entity with homogeneous criterion of the urban logistics in its territory.

At this stage of the project, it has become clear that the biggest challenge is the shortcomings in the regulation of
self-driving vehicles. In the case of Hungary, for example, many elements of the pilot experiment depended on the
transport category in which Ona could be classified. If Ona was given the “vehicle” category, then the various
processes (regulation, authorization, insurance, etc.) were already known. However, Ona is more likely to fall into a
category that does not yet exist and is unknown to the Hungarian law. In this case, factors such as the unique
identification of the vehicle, the operative domain, the maximum permitted speed and the relevant authorizations shall
be specified. Experience has shown that the decision-making process is slow and cumbersome. This may be due to
uncertainty about the new technology. In our experience, the current EU rules can provide a good starting point for
decision-makers in the different countries, however it can take a long time to adapt them for each and every country,
based on their own demands.

In terms of integration with the Mission Manager, Ona represented a new type of delivery vehicle. First, it is
navigating both on road and on sidewalks, whereas most other vehicles are restricted to be operating only on one of
them. A key difference from other robots in the industry, is that Ona does not follow pre-recorded trajectories but
computes her path dynamically based on the destination goal. This required rethinking the role and responsibilities of
the Mission Manager. On the other hand, Ona is equipped with a robotic compartment system, with a single door, but
multiple parcel shelves inside. This solution required adapting how the parcels were allocated to the robot. Throughout
the different pilot tests, there was an increase of the complexity in terms of integration with the Mission Manager and
interaction with other road users, which is a good sign for future tests and implementation. Given the results shown in
the pilots, the connection between Pluto, Ona, the Mission Manager and the Central Command Center was very
successful. The integration of this mission control set the baseline for the business-related layer for both robots, which
defines the details of the last-mile delivery operation (e.g., connects with clients, manages the database of deliveries
and parcels, or sets delivery and pickup points).

As general comments, there is a clear acceptance on the usage of these robots from pedestrians, other road users
and citizens although there is also a clear worry about unemployment generated by its integration in our daily lives
during the initial phases. This supports the idea that starting with small and localized implementations (in terms of
geographical extent and performed delivery activities) and extending this deployment is the most sustainable way to
introduce autonomous technologies in cities. Very focused use cases should be defined at the beginning of operations,
and then extended while getting feedback from all stakeholders involved in city logistics operations.

Finally, the future research lines within the LogiSmile project will be focused on a joint pilot gathering Pluto and
Ona in the city of Braunschweig (Germany). To this purpose, initial conceptual designs have already been developed
to enable Ona and Pluto to realize the joint autonomous delivery scenarios. A new pilot will be implemented to achieve
the objectives set at the beginning of the project.
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