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Abstract
This document presents an overview of use cases aimed to assess the potential of Internet of Things
for enhancement and enabling of Automated Driving functions. A description of the use cases is
provided for five European pilot sites, each offering specific scenarios of interest. It is explained how
Internet of Things is expected to progress Automated Driving beyond the state of the art for
automated valet parking, highway piloting, platooning, urban driving and car sharing. A set of
research questions for evaluation is proposed as well as scenarios and an initial set of performance
indicators. Finally, some recommendations for specification tasks are made on the communication
network and adaptations of Automated Driving functions.

Legal Disclaimer
The information in this document is provided “as is”, and no guarantee or warranty is given that the
information is fit for any particular purpose. The above referenced consortium members shall have
no liability to third parties for damages of any kind including without limitation direct, special,
indirect, or consequential damages that may result from the use of these materials subject to any
liability which is mandatory due to applicable law. © 2017 by AUTOPILOT Consortium.
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Executive Summary
AUTOPILOT concerns the use of Internet of Things for enabling Automated Driving. The extent and
volume of information sources that can be addressed through internet of things is seamlessly
unlimited, offering potential improvements of automated driving functions (including improvements
in security, efficiency, accuracy, etc.) and the information will enable services involving automated
driving. Various use cases are executed implemented at the 6 pilot sites of AUTOPILOT in large scale
demonstrations in order to evaluate the potential and calculate the related impacts of using Internet
of Things for Automated Driving.
This document specifies the use cases involving Automated Driving functions and car sharing that
the project will contemplate in order to comprehensively assess the usage of IoT techniques in
Automated Driving functions and car sharing services. Pilot sites offer a variety of operational
conditions for the use cases, and additionally services developed are evaluated in variants thanks to
the differences between pilot sites and stakeholders involved. Note that the Korean Pilot site is not
described, since its participation was pending approval of a Korean grant (which has been approved
very recently), during the preparation of this deliverable. An update of this deliverable may
therefore be provided at a later time. The expected impact of the integration of Internet of Things in
devices and extended technology is addressed in terms of initial key performance indicators to
support the evaluation activities. Lastly, recommendations are given on the developments of IoT
architecture and automated driving adaptations, in order to support scenarios for evaluation.
Requirements that are defined based on these recommendations will be described in other
deliverables of AUTOPILOT. The pilot sites use cases and main conditions are listed in Table 1.
Table 1: Overview of Automated Driving functions and Car sharing service for pilot sites.

Use case
Automated
Valet Parking

Finland
Tampere
Parking lot
(50 cars)

France
Versailles
Road-side
dedicated
parking

Integration
with real
Highway
Traffic
Control
Centre

Highway Pilot

Platooning

Urban Driving

Car Sharing

Italy
Livorno

Controlled
Intersections

5 identical
vehicles, 30
km/h
Road
network,
controlled
intersections

Controlled
intersections

Netherlands
Brainport
Parking lot
(180 cars)

Spain
Vigo
Parking garage
(200 cars)

Motorway

3 vehicle
variants, 100
km/h
Road
network,
uncontrolled
intersections
100 km2,
1000+ users

Controlled
intersections

Note that based on some commonalities between services at different pilot sites the following
selection of services is recommended to address interoperability between pilot sites:
 Highway Pilot / Road hazard warning services (Brainport and Livorno)
 Urban Driving / Rebalancing services (Versailles and Brainport)
 Urban Driving / Vulnerable road user safety (all pilot sites)
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With the evaluation scenarios that will be put in place at the pilot sites, the impact of IoT is expected
to be demonstrated in terms of automated driving functions and services. An overview of use cases
and expected impact of IoT is provided in Table 2, including main end user benefits.
Table 2: IoT involvement in use cases and services and expected impacts.

Use case
Automated Valet
Parking

Enabled by IoT
Routing and scheduling
of vehicles

Road condition and
hazards monitoring
Highway Pilot

Platooning

Urban Driving

Car Sharing

Optimization of platoon
planning

Speed optimisation for
road network with
multiple intersections;
Prevention of VRU
interactions
Large scale optimisation
of car (sharing) use

Enhancements
by IoT
Reduced
parking time,
more efficient
use of parking
locations
AD adaptation
relatively to
road conditions
and hazards;
Controlled
transition from
AD to manual
driving
Platoon forming
process and
platooning
performance
Improve VRU
collision
avoidance

Better
prediction of
waiting time
and travel time;
Better carcustomer
assignment

Accelerated
development
by IoT
Reduced
vehicle sensor
set required

Main end user
benefit
Effortless dropoff and just-intime vehicle
delivery

Reaching AD
performance
level fulfilling
user
expectations

Comfortable and
reassuring
automated
driving under all
conditions

Electronic lane
allocation

Platoon
management
service and
trading
Vehicle
rebalancing
services

Earlier
deployment of
V2I functions

User
acceptance
and adoption
of car sharing

Real-time
overview and
assignment of
vehicles and car
sharing
availability

Initial research questions are defined for each of the use cases, and it is identified that the following
research questions are common for most use cases:
1. To what extent can IoT improve positioning
2. To what extent can IoT enable supervisory control
3. How can VRUs be detected by IoT
4. When can IoT be used for safety applications
5. What is the required IoT penetration rate for improving AD functions and to enable services
6. How can IoT improve the co-existence of AD cars and legacy traffic
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A more detailed summary and relevant scenarios are provided below:
 Automated Valet Parking
The main research questions for Automated Valet Parking concern positioning and control, and
prevention of conflicts with other (legacy) cars and vulnerable road users (i.e. safety and efficiency
improvements). This requires scenarios with legacy traffic and route obstructions in a variety of
environments (e.g. indoor and outdoor) and different configurations of IoT sourcing for local
dynamic maps. Assessment criteria should consider (at least) the traffic flow on parking areas,
vehicle control performance and duration of the parking operation.
 Highway Pilot
The main research questions for Highway Pilot relate to the detection of road (infrastructure)
obstructions and road defects relevant for automated driving operation and assess when human
interventions are required. Scenarios focus at motorway application environments (with a variety of
types of obstructions) and at driving speeds where the range of vehicle mounted sensors is a limiting
factor. The assessment data needs to indicate the detection potential of vehicle mounted systems
and data exchange timing requirements.
 Platooning
The main research questions for Platooning concern scheduling and organisation of platoons (from
complex road networks towards motorway platooning), interactions with legacy traffic, and driving
efficiency and comfort. The scenarios need to include a variety of starting configurations of the
platoon assembly process and vehicle types, congestion levels of traffic, different penetration rates
of legacy traffic connected to the platooning system, and specific (potential) interactions with legacy
traffic. Assessment data should indicate the efficiency of the platoon assembly, platooning driving
performance (e.g. in terms of safety and comfort), and detection and prediction capability of legacy
vehicle manoeuvres.
 Urban Driving
The main research questions for Urban Driving relate to the interaction with traffic lights and legacy
traffic, robustness and safety when dealing with vulnerable road users, and positioning. The
scenarios involve intersections, locations with presence of (large groups of) vulnerable road users,
and different levels of congestion. Assessment data criteria needs to include changes in traffic
efficiency (including vulnerable road users), as well as a comparison of functional performance of
current AD systems and IoT-extended AD systems in real-traffic conditions.
 Car Sharing
The main research questions for car sharing are in which extent heterogeneous IoT sources can
provide event detections and support traffic predictions, which penetration rate of IoT devices is
required, how to address scalability (geographical and users/sources), and how to support fleet and
vehicle maintenance. The scenarios should involve a scalable IoT-enabled population and
heterogeneity, and a significant geographical area needs to be considered. Car sharing should be
deployed for a large community of users in operational situations (real traffic conditions), targeting
to capture occurring incidents (e.g. road closure, sports events, etc.), and involve a significant fleet
of vehicles to be connected to the car sharing service. Assessment data should allow for comparison
of predicted and actual travel times of vehicles, and as well as provide indications on how users’
comfort (e.g. waiting time) is affected using IoT.
In terms of the IoT service network providing connectivity to vehicle, the recommendation for each
pilot site is to interconnect the services, as the exchange of information between the services can
lead to synergies and improvements (e.g. car sharing provides accurate travel time predictions that
are useful for platoon management), but and at the same time facilitate in the evaluations.
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Finally, the expectation for automated driving functions’ adaptation is to consider IoT information at
the tactical level of driving, which corresponds to the decision-making process in anticipation of the
traffic situation ahead (i.e. beyond the range of vehicle sensors). The evaluation and assessment
scenarios should explore the boundaries of the IoT capability in this respect.
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2
2.1

Introduction
Purpose of the document

The purpose of this document (the first deliverable of Task 1.1) is to provide the initial specification
of IoT-enabled Autonomous Driving use cases that are targeted for large scale demonstration in
AUTOPILOT. The final deliverable (D1.2) of Task 1.1 will describe the realisation of the use cases. The
document additionally describes the specific scenarios where the potential of Internet of Things can
be assessed for enhancement and enabling of Automated Driving (AD) functions. The AD functions
and use cases are defined considering road layout, roadside infrastructure, available vehicles and
users at pilot locations.
This document is provided early in the project (M06) so that other tasks in WP1 as Requirements,
Specifications and Architecture can build their specification on a common basis. Towards the end of
the project a revision of the use case specifications is provided in a second deliverable of Task 1.1
(planned at M30), describing the use cases that have been realised and evaluated based on the pilot
site experiences.

2.2

Intended audience

This public document is aimed as the initial specification of IoT-enabled Autonomous Driving use
cases that will be used in the other tasks. It provides a common base for other tasks in Work package
WP1, and supports the developments executed in Work package 2 (Tasks 2.1/ 2.2 / 2.5), Tasks 3.1 /
3.3 (Pilot specification and tests) and Task 4.2 (Technical evaluation).

2.3

Definitions

The Automated Driving use cases concern various automated driving functions implemented in
selected scenarios to evaluate the impact of Internet of Things on automated driving and
corresponding services.
In this report, the following definitions are used:
Automated driving function
Vehicle driving function without human operation.
Service
A non-physical, intangible product providing customer value to users.
Storyboard
A storyline describing how a service involving (automated) vehicles may be used.
Scenario
Specific traffic situation that may be encountered by (automated) vehicles on the road.
Use case
A set of scenarios for automated driving or car sharing, containing a description of goals, as a set of
possible sequences of interactions between users, automated driving vehicles and related services in
specific pilot site environments.
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Automated driving vehicle
A vehicle that has the capability to drive without human operation using onboard sensors, actuators,
software and other information such as stored maps. The vehicle may also have connectivity to
other vehicles, the infrastructure or the cloud to enhance its capabilities. In economic context, the
automated driving vehicle is a tangible, physical product.
These definitions are used to distinct between, functions, services and use cases, which may have
identical names. Consider for example automated valet parking; an automated vehicle may have an
automated valet parking function and might be able to park itself only using its built-in software,
sensors, actuators, etc. However, a parking garage may also offer automated valet parking by
providing a service to the user of the automated car, in which for example a parking space is
reserved, and a map and route to the reserved parking space is communicated. Finally, in an
automated valet parking use case the interactions between users, automated driving vehicle and
related valet parking services are investigated.

2.4

Process

The initial specification of IoT-enabled Autonomous Driving use cases, as described in this document,
was made following a process that included several workshops, and intermediate progress meetings.
At a general kick-off workshop, the pilot site leaders defined the outline of the use cases
specification. Workshops at each pilot site with (mainly) local partners have been held to result to a
detailed specification with the use case teams (note that each pilot site has specific use cases). In a
consolidation workshop with the attendance of use case leaders from all pilot sites, the descriptions
have been unified towards the creation of the contents of this deliverable, while also the initial key
performance indicators were derived, leading to the scenarios of interest for evaluation for each of
the use cases. The process is schematically depicted in Figure 1.

Figure 1: Process scheme.
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2.5

Outline of Document

After this introduction, the automated driving functions and car sharing service are explained in
Chapter 3. Then, the various Pilot sites with their specific use cases are described in Chapter 4. Next,
Chapter 5 deals with how Internet of Things could progress automated driving and real-time car
sharing beyond the state of the art. Finally, conclusions and recommendations are given in section 6.
Annex 1 contains some extended descriptions of the pilot site in Versailles.

3

Automated Driving Functions and Real-Time Car Sharing

The automated driving functions and real-time car sharing, as well as an overview of the state of the
art are provided in the sections of this chapter.

3.1

Automated Valet Parking

3.1.1 Function Description

Figure 2: Automated Valet Parking Sequence.

The concept of Valet Parking is widely used all over the world; for example, the more luxurious
hotels offer such a service. Once a customer arrives with his/her vehicle at the hotel, he/she gets out
of the vehicle and hands over the car-keys to the hotel personnel, which will then drive the vehicle
to its parking spot, relieving the customer from that task. In the meantime, the owner of the vehicle
can e.g. check-in or attend a meeting. Likewise, the vehicle is returned by the hotel personnel upon
the request of the relevant customer. Utilising the technology evolution of self-driving vehicles, it
seems logical to also automate the valet parking concept, referred to as Autonomous Valet Parking,
or AVP.
In AVP (see Figure 2), the vehicle will park itself after the driver has left the car at a drop-off point,
which may be located near the entrance of a parking lot. When the driver wants to leave the site,
he/she will simply request the vehicle to return itself to the collect point, using (for example) a
smartphone app.
To navigate safely around the parking lot to its destination, the automated vehicle uses driving
functions based on knowledge about the environment around the vehicle. An example would be a
navigation functionality based on a digital map, positions of the automated vehicle and vacant
parking spots. The vehicle can use its own functions and sensors to accomplish this task, but it can
also benefit from accessing IoT platforms which can provide data and functions based on IoT
enabled sensors like parking cameras. Furthermore, IoT platforms may provide information to
support services for booking and payment.
The aim of AUTOPILOT is to demonstrate how the AVP functionality can benefit from such
information sources, other than the on-board sensors, accessed via the principle of the Internet-ofThings.
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3.1.2 State of the Art
In the last decade, several car manufacturers have introduced automated parking systems. Most
such systems provide assistance to the driver to park the car near a selected parking spot. Systems in
which a vehicle drives autonomously over a longer distance within a parking lot, however, are not
yet available on the market.
In 2013, Ford introduced Fully Assisted Parking Aid1, which can automatically park the vehicle in an
empty spot. The vehicle can steer, brake and throttle automatically and additionally the gearbox can
be controlled (forward and drive). During the whole manoeuvre the driver must press and hold a
button, either in the vehicle, or standing outside using a remote control. Volkswagen recently
introduced Trained Parking in which a car can be "taught" to park into a parking place that is used
routinely, such as at home or at work, and then can subsequently park into that spot without a
driver present.
At the Intelligent Transportation Systems (ITS) World Congress in Tokyo in 2013, Honda
demonstrated an AVP function, which uses cameras positioned around the parking lot2. According to
Honda, the system can be fully operational around 2020. This concept requires no additional
expensive sensors (cameras, radars, etc.…) on the vehicle other than those already in use for shortrange parking aid. The downside of this is that it requires a fully equipped parking garage. Apart from
OEMs, also automotive suppliers are active in the field of automated parking systems. Bosch is one
of those, offering multiple parking solutions3 such as home zone park assist.
Automated Valet Parking has been an active field of research for several years now. It was
demonstrated as early as 2007 being part of the DARPA Urban Challenge4. The successful
cooperation between the automated vehicle and the infrastructure in the AVP use case was
demonstrated by DLR at the main station parking in Braunschweig in 2013. In this scenario, the
vehicle was connected to camera sensors of the AIM test site to detect free parking spots5. TNO has
executed several projects in the field of autonomous driving, such as an Autonomous Valet Parking
proof-of-concept focussing on path tracking control. Other research projects combine AVP functions
with E-mobility solutions, like the European V-Charge project6. In this project, Automated Valet
Parking is used to facilitate the use of electrical cars in an optimal combination of public and
individual transportation.

1

http://www.autoblog.com/2013/10/09/ford-fully-automated-self-parking-car-video/
http://www.autoblog.com/2013/10/26/honda-autonomous-valet-parking-system-video/
3
http://www.bosch-mobility-solutions.com/en/highlights/connected-mobility/connected-and-automatedparking/
4
M. Montemerlo, et.al., “Junior: The Stanford Entry in the Urban Challenge,” in Journal of
Field Robotics, vol. 25, no. 9, pp. 569–597, 2008.
5
Löper, Christian; et.al. (2013): Automated Valet Parking as Part of an Integrated Travel
Assistance. In: IEEE (Hg.): Proceedings of the IEEE ITSC 2013. IEEE Intelligent
Transportation System Conference. The Hague, The Netherlands. IEEE, S. 2341–2348.
6
http://www.v-charge.eu/
2
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3.2

Highway Pilot

3.2.1 Function Description
The Highway Pilot function automates highway driving, meaning that steering and speed
adjustments are executed by the automated driving system. As the name of the function already
implies, the Highway Pilot is intended for use on Highways only.
In AUTOPILOT, the so-called “6th Sense Anticipation” is studied. The added-value of this sub function
is its ability to enhance drivers’ and automated vehicles’ awareness on potential road hazards on
route and to assist them to adapt their driving accordingly. Road hazards may refer to several events
and situations:
 emergency braking vehicles / slow vehicles
 stationary vehicles (breakdowns or accidents)
 fast approaching emergency vehicles
 traffic jams and queues
 road works / route modifications
 nearby presence of bicycles or pedestrians
 fallen objects (from vehicle, trees)
 road defects (potholes, bumps, gravel)
 weather related road changes (puddles, ice)
 etc.
Receiving anticipated warning information about such events is useful on all types of road
environments, including a highway context; where vehicles move at high-speed require shortened
reaction time.
Furthermore, anticipated warning information also benefits all modes of driving:
 In Manual Driving mode, thanks to experience, drivers learn to handle hazardous situations.
However, a sudden action from a driver (ex: trajectory change, quick deceleration) may
become another hazard for others.
 In Assisted Driving mode, which is more and more used on Highway roads, drivers
considerably relax their attention on the road, hence increasing their response time when a
hazard occurs.
 In Automated Driving mode, passengers depend on the detection of the vehicle’s own
sensors. The hazard must enter the sensors perception range and be identified as such
before the vehicle reacts. If the hazard is hidden around the corner, the reaction may be
abrupt. For passengers’ comfort and acceptance of AD functions, it is a priority that AD
driving is as smooth as possible.
Finally, not all hazards will trigger pre-emptive actions from drivers and vehicles. For example, near
missed potholes and slippery surfaces may go unnoticed and be noticed too late.

3.2.2 State of the Art
There are several systems that deliver Road Hazard Warning (RHW) in one way or another. The most
common are Mapping services whose warning information is:
 delivered visually or textually;
 reported by experts (as road authorities), users (as in Waze) and statistics/analytics (as in
Google Maps);
 already available commercially.
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Another one is the iRap classification that assesses the quality of road sections and assigns a ranking.
This ranking may be used by map providers to reflect hazards on maps and by end users to exert
extra care when needed.

Figure 3: Static visual warning studied in project compass4D.

More interestingly, RHW has been extensively studied in C-ITS (Cooperative Intelligent Transport
Systems) public projects like compass4D 7 and NordicWay8. In these projects, RHW is:
 delivered as a visual indicator (see Figure 3) onto a specific On-board Unit (OBU) or a
smartphone;
 reported by the transport system, by notification from road users or by a cloud layer
validating data from vehicle and/or roadside sensors;
 made of a static message if the hazard is static, made of a variable message (see Figure 4), if
the hazard is dynamic.

Figure 4: A variable warning as the vehicle approaches the event location.

Our objective within AUTOPILOT is to go further by:
 making use of multiple IoT objects, including vehicles, and fused analytics for better
detection
 taking advantage of IoT for RHW multimodal propagation towards different road user types
 advancing RHW beyond mere warning into actual driving control
7
8

http://www.compass4d.eu/
http://vejdirektoratet.dk/EN/roadsector/Nordicway/Pages/default.aspx
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3.3

Platooning

3.3.1 Function Description
Platooning is about automatically following another vehicle at a relatively close distance. Driving in a
platoon requires vehicles to use inter-vehicle communications to anticipate timely on manoeuvres of
other vehicles in the platoon.
Several aims and motivations for vehicular platooning exist, such as improvement of traffic
throughput and homogeneity, enhancement of traffic safety due to small speed variations and
relative low impact velocities in collisions, and reduction of fuel consumption and emissions due to
lowering the air drag. These objectives can to a certain extent already be achieved by nonautomated driving systems (i.e. human driver monitors the environment and may execute e.g. the
steering task), although a higher level of automation is considered to contribute in a positive way.
Automated driving (system performs all aspects of the dynamic driving task) can offer additional
benefits in terms of comfort (relieving the driver from driving task) and efficiency (no driver required
in vehicles).
The aim of AUTOPILOT is to demonstrate vehicular platoons consisting of a lead vehicle and one or
more highly automated or driverless following vehicles. The following vehicles have automated
steering and distance control to the vehicle ahead, and the control is supported by advanced V2V
communication extended with Internet of Things. Apart from driving in a platoon, forming of the
platoon is also part of AUTOPILOT targets.
Specifically, several variants of platooning will be deployed and evaluated in AUTOPILOT, see also
the pilot site descriptions in Chapter 4:
 An urban variant to enable car rebalancing of a group of driverless vehicles (up to 4),
involving one driver, driving the lead vehicle. The maximum speed considered is 30 km/h. As
the first deployment of highly automated driving will likely be on dedicated lanes, the
scenario to be implemented in Versailles will start from a parking where the driverless
vehicles will have to join the leading vehicle to form a platoon. The platoon will then move
to another location, where driverless vehicles will also use automated parking.
 A highway variant at Brainport, where one or more highly automated vehicles follow a
leading vehicle on the highway. Also in this variant, usage of a dedicated lane is considered,
i.e. the electronic allowance of the emergency lane is explored. The scenario to be
implemented will start from a platooning appointment that has been made and will consider
forming of the platoon. An approaching lead vehicle will pick up the following vehicle, which
has just been arrived from automated parking. Dynamic pick up of vehicles will be explored,
where platoon forming is done while driving. After the platoon is formed, the platoon will
drive from the city of Helmond to the city of Eindhoven. On their way, other vehicles may
join or leave the platoon dynamically.

3.3.2 State of the Art
Platooning has been demonstrated on a public road for the first time by the National Automated
Highway Systems Consortium (NAHSC) in August 19979, with eight fully automated cars traveling
together with small inter-vehicle spacing as a platoon (see Figure 5). The demonstration was held in
San Diego using a 7.6-mile segment of Interstate-15 HOV (carpool) lanes. This section of the twolane highway was equipped with magnets installed in the middle of both lanes. The magnets served
9

Rajamani, Vehicle Dynamics and Control, 2012
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as reference markers used by the automated steering control system to keep each car centred in its
lane. Next to the sensors for localizing the vehicle using these magnets, the cars were equipped with
on-board sensors that provided information about their on-road behaviour (acceleration/yaw &
pitch rate sensors) and the relative speed and distance between the vehicle and the vehicle in front
(radar). An inter-vehicle communication system formed a local area network to exchange
information with other vehicles in the platoon. A communication protocol was established to allow
cooperative manoeuvres such as lane changing, joining a platoon and sudden braking. Although the
project met its goals, there was no direct practical path to widespread deployment. The main
reasons were that at that time vehicles could not be automated easily and that a dedicated road
infrastructure with magnets was required. Nevertheless, the project inspired many new research
initiatives.

Figure 5: Cars of the NAHSC demonstration9.

Since then various other demonstrations have been performed, such as in the Dutch Connect &
Drive project, where Cooperative Adaptive Cruise Control (CACC) was adapted on a platoon of seven
Toyota Prius vehicles in 2009-2010 (see Figure 6). The vehicles are equipped with a CACC function
that uses a radar provided ex-factory. No additional sensors were installed on the vehicle apart from
using the first generation of ITS-G5 communication technology and message standards.
In a later development, car following steering functionality was added, which was demonstrated on
a public road in 2013. As the standard vehicle configuration and sensing capabilities are intended for
Adaptive Cruise Control, the integrity level of the system is not however sufficient to support high
levels of automated driving.

Figure 6: Platooning vehicles in the Connect & Drive project (left), and hands-free driving on public road (right).
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Most recently, the European Truck Platooning Challenge10 (see Figure 7) that took place in The
Netherlands in 2016 demonstrated platooning concepts aimed at future (and developed for) high
levels of Automated Driving. In this challenge, all European brands participated (Volvo, Scania, MAN,
IVECO, Daimler and DAF) by driving platoons on public roads. The platoon function varied between
the participants, but in general they were offering close distance vehicle following and some
manufacturers included automated steering.

Figure 7: Truck platoon in European Truck Platooning Challenge.

The technology typically used in the European Truck Platooning Challenge consists of environmental
perception using radar and camera sensors, wireless communication between trucks according to
state of the art V2x standards to exchange relevant data, and a video link camera to allow the driver
in the rear truck to take over when required (i.e. corresponding to SAE Level 2 Automated Driving).
No infrastructure sensors were used to support the platooning function, so the platoon relies fully
on on-board sensing and traffic interpretation.

3.4

Urban Driving

3.4.1 Function Description
Urban Driving assisted by IoT has the main objective to support CAD (Connected and Automated
Driving) functions through the extension of the Electronic Horizon of an automated vehicle. Thus,
the vehicle can process data from external sources which enrich those provided by its own sensors
(Camera, LIDAR, Radar…). The kind of relevant information that automated vehicles may access as
IoT elements concerns:
 Traffic lights at intersections
 Information from infrastructure cameras (such as pedestrian, bicycle, obstacle presence)
 Information from VRU
 Information from other vehicles captured by their own sensors and shared as IoT elements.
Taking that information into account the CAD systems will adapt their behaviour according to the
additional environmental information, available through their connection to an onboard IoT
platform.

10

https://www.eutruckplatooning.com/default.aspx
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3.4.2 State of the Art
After achieving an acceptable performance in highways, autonomous driving systems evaluation
focused in more challenging scenarios. Urban driving adds much more complexity and difficulties for
the automated vehicle. There are more things to consider like traffic lights, roundabouts, crossroads,
sharing the road with VRUs, etc.

Figure 8: Urban driving scenario.

However, authorities recognised the advantages that autonomous cars would bring to cities such as
improving safety, reducing pollution or/and enhancing traffic flow.
Autonomous vehicles by Google have been plying the roads around San Francisco Bay for years.
With its proximity to Silicon Valley, San Francisco is living up to its earlier adopter reputation
regarding driverless cars. More recently, Google has begun testing driverless cars in Austin, Phoenix
and Kirkland, Wash. Also Pittsburgh is establishing a reputation on the vanguard of driverless car
technology. It is home of Carnegie Mellon University which is a pioneer in research into self-driving
cars. The university has also recently partnered with Uber to develop a driverless vehicle for its ride
sharing service. Boston is also at the forefront of the new technology, announcing a year-long test of
driverless cars on city streets. The tests, which are being run in partnership with the World Economic
Forum (WEF), aim to advance transportation access, safety and WEF’s sustainability goals.
Meanwhile in Europe, Helsinki is running the world’s first autonomous bus system. And in the U.K.,
other cities are performing trials of self-driving vehicles. Also, recent European projects like
CityMobil211 or AdaptIVe12 deployed pilots in different cities to test urban automated driving
systems.
Considering the technology, different solutions exist. In some cases, only vehicle based sensors are
used, in other cases connectivity is added. Regarding vehicle based sensors; typically sensor fusion is
applied of e.g. radar, LIDAR, camera, GPS and motion sensors such as IMU (Inertial Measurement
Units) and wheel encoders. Moreover, detailed maps of the environment are used.
In terms of V2X connectivity, the most advanced systems with higher level of deployment are C-ITS,
although connected mobility services are being deployed and integrated in a MaaS approach. For
instance, the City of Vigo is developing and implementing their smart city platform which centralises
city management services including mobility.
11
12

http://www.citymobil2.eu/en/.
https://www.adaptive-ip.eu/.
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The data integration includes:
 Management app for City Council Staff
 Citizen App for mobility and other services and city facilities
 City Control Panel
 Open data platform for services providers.

Figure 9: Vigo City Intelligent data service platform13.

In such framework, the City council of Vigo is integrating the traffic light management, traffic
hazards warnings and priority to special vehicles, early tested as C-ITS services, within their smart
data management platform in order of being able of providing such data in a wider IoT approach.

Figure 10: Vigo City C-ITS services.

Car company PSA provides a deep background in development and testing of AD solutions and
Connected Vehicle services. Those capabilities are mainly focused on interurban scenarios and V2V
communication.

Figure 11: PSA automated overtaking and pedestrian detection V2V.

CTAG has developed several AD functions as collision avoidance, ACC and automated lane change
together with connected vehicle services offering most of day 1 C-ITS services. In addition, early
versions of connected automated functions has been successfully tested in controlled environments
as V2I pedestrian detection and speed adaptation through traffic light intersection were based in CITS.

13

http://www.socinfo.es/contenido/seminarios/0508smartcities7/Vigo.pdf.
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Figure 12: CTAG early urban autopilot and pedestrian detection based in V2I communication.

The city of Versailles has also developed an urban test bend for automated vehicles. Through its
collaboration with VEDECOM, the city has already equipped 5 traffic lights on crossroads with C-ITS
communication systems (ETSI G5) in the heart of the city at the feet of the Castle. This test bend is
an area of 2 km perimeter in real urban traffic conditions.

Figure 13: Versailles urban test bend of automated and connected vehicles.

Since November 2015, VEDECOM uses this test bend to test its autonomous vehicles (SAE L4) in real
traffic conditions. The tests performed are necessary to challenge newly developed or adapted
algorithms in a real-life environment. Since the ITS World Congress of Bordeaux (October 2015),
VEDECOM has achieved more than 2000 km of autonomous driving, on public roads in urban and
sub-urban environments (Bordeaux, Versailles, Amsterdam and Paris).

Figure 14: VEDECOM’s AD prototypes in urban environment.
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3.5

Real-Time Car Sharing Services

3.5.1 Function Description
A car sharing service is intended as a tool to enable different customers to make use of a fleet of cars
(either self-driving or not) shared amongst them. Car sharing can be interpreted as a service that
finds the closest available car and assigns it to a single customer, or drive the closest available car to
the interested customer. Car sharing can also be intended as ride sharing, where multiple customers
that possibly have different origins and destinations share a part of the ride on a common car (either
manually or self-driven). Finally, car sharing services can also be considered as services that allow
customers to specify pick-up and drop-off time-windows to increase flexibility and planning.
In AUTOPILOT, we think of car sharing as a service that can offer all the above features, allowing
customers to specify their origins and destinations, time windows, and preferences, such as whether
they want to share the ride with other people. The service takes as input customers’ requests, and
based on those, outputs car sharing schedules (plans) including pick-up and drop-off locations and
times for each passenger, itineraries, etc.
In AUTOPILOT, we will showcase the potential of integrating and extending existing car sharing
concepts into the growing IoT eco-system. Unlike current car sharing solutions, the IoT-enabled cars
will be the focus of the advanced AUTOPILOT service. They will compute how costly it is to pick up a
given customer, in terms of time, changes in current schedule, etc., and they will send this
information to the “assignment” engine. The latter will then compute the optimal car-customer
matching. Moreover, cars will be able to share information relevant to each other’s journeys. They
will benefit from the openness of the IoT platform to receive relevant information from any device
that is available in the network (traffic lights, drones, other car sensors, etc.) without the need for
cars to know what each device is and/or how it operates.
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3.5.1.1

Functionality overview

Customers will request pick-up and delivery at specified locations for specified
time-windows

The service will need to do know:
Basics
- Location
- Origin/destination/time
- Ride alone or share-a-ride
- Passenger or driver
Optional
- Time-windows specifications
- Vehicle features selection/ capacity (luggage)
- Accessibility

3.5.2 State of the Art
3.5.2.1

Introduction and available car sharing services

Car sharing, intended also as ride sharing, started most likely in North America during WWII, when
the US government required ride sharing arrangements where no other alternative transportation
means were available14. Nowadays, enabled with the current social technology and smartphones, it
became a wide and diverse application, where a plethora of services are available.
Companies such as Blablacar, Carma, Carticipate, or Liftshare offer car sharing/ride sharing offers
where customers can specify origin, destination, and pick-up time on a computer or mobile
application and the engine finds suitable rides for them. In fact, there are more than 600 services of
this type in North America alone14.
A growing number of large-scale enterprises and universities have also their own car/ride sharing
services to minimise commuting times and reduce traffic. Zimride is one such service which is used
by UCLA amongst others. In Europe, Politecnico di Milano and Università Statale, both in Milan, had
their ride sharing service called PoliUniPool 15.
Several European countries and cities offer cars that can be picked up and dropped off at specified
locations. Green-wheels in the Netherlands, Autolib’ in France, and GoCar in Ireland are a few
examples.

14

N. D. Chan and S. A. Shaheen, “ Ridesharing in North America: Past, Present, and Future,” Transport Reviews,
vol. 32, no. 1, pp. 93 – 112, 2012.
15
M. Bruglieri, D. Ciccarelli, A. Colorni, and A. Lu`e, “PoliUniPool: a carpooling system for universities,”
Procedia Social and Behavioral Sciences, vol. 20, pp. 558 – 567, 2011.
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Figure 13: Two car sharing services available currently in the Netherlands (left) and France (right).

Car sharing is part of the growing mobility-on-demand effort to re-think the transportation
infrastructure of large urban areas. It is well-known that most urban vehicles are underutilized. A
typical car would be confined to 20-30 km/h speeds and be parked 90% of the time. Several
examples of how self-driving cars and car-on-demand systems could improve the utilization of the
available resources by sharing vehicles amongst multiple riders have been investigated. In Agatz et
al. 16 the authors focus on the Atlanta region area, while in Zhanget al. 17, examples from Singapore
and New York City are described. In the case of Singapore, preliminary results suggest that a
mobility-on-demand service would meet the personal mobility needs of the entire population with a
number of vehicles that is less than 40% of the current amount.
The country of Singapore is particularly interesting, since a few activities and incentives are put in
place to favour the widespread adoption of IoT technologies, e.g. software and algorithms for selfdriving cars (see nuTonomy).
Finally, an example of a European pilot is Mobinet18, a car sharing service to help elderly people with
a mini-bus on-demand service in London (an older example of a similar service was tested in Berlin19)
Despite the wide spread use of car sharing services, some key issues remain to be addressed. Firstly,
the service is often thought of as a “stand-alone” service, which is affected by the environment, e.g.,
traffic, but it is not pro-active about it. Secondly, cars are thought of as passive workers that pick up
and drop off customers, and are not part of the decision-making process.

16

N. Agatz, A. L. Erera, M. W. P. Savelsbergh, and X. Wang, “Dynamic Ride-Sharing: a Simulation Study in Metro
Atlanta,” Procedia Social and Behavioral Sciences, vol. 17, pp. 532 – 550, 2011
17
R. Zhang, K. Spieser, E. Frazzoli, and M. Pavone, “Models, algorithms, and evaluation for autonomous
mobility-on-demand systems,” in Proceedings of the American Control Conference, (Chicago, IL, US), July 2015.
18
S. Capato et al., “Mobinet – Internet of Mobility,” tech. rep., Deliverable 7.15, 2016.
19
R. Borndoerfer, M. Groetschel, F. Klostermeier, and C. Kuettner, “Telebus Berlin: Vehicle Scheduling in a Diala-Ride System,” Wilson N.H.M (eds) Computer-Aided Transit Scheduling. Lecture Notes in Economics and
Mathematical Systems, vol. 471, 1999.
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In Figure 14 we report a sketch of the evolution of car sharing services from early ad-hoc ride sharing
solutions towards an IoT-enabled service.

Figure 14: Evolution of car sharing services.

3.5.2.2

Algorithmic state of the art

From a purely algorithmic standpoint, car sharing services can be formulated as dynamic, possibly
large-scale, optimization problems. The underlying prototype problems are the vehicle routing
problem with time windows (VRPTW) and the generalized assignment problem. Both are quite
complex optimization problems the exact solutions of which are limited to small instances of the
problems (around 100 customers). Heuristic solutions allow for reaching 1000-10000 customers with
a carefully planned geographical decomposition of origin-destination pairs. Surveys and current
algorithms can be found in [20,21,22,23]
To scale up the possibilities of the service to handle more customers in real-time, in 16 the authors
employ a heuristic based on the easier-to-solve assignment problem. It is interesting to notice that
this methodology could be enhanced by IoT-enabled cars, which would participate in solving the
assignment problem by providing the costs they would incur in picking up a given customer.

4

General Description of Pilot Sites and Targeted Use Cases

AUTOPILOT includes six pilot sites, five in Europe and one in South Korea. In this chapter, the
European pilot sites are described by the pilot site leaders. The Korean site is not described due to
their late contract assignment. For each pilot site, after a general description of the site, the use case
storyboards, related services and IoT utilisation are described.

20

G. Berbeglia, J.-F. Cordeau, and G. Laporte, “Dynamic pickup and delivery problems,” European Journal of
Operational Research, vol. 202, pp. 8 – 15, 2010.
21
N. Agatz, A. Erera, M. Savelsbergh, and X. Wang, “Optimization for dynamic ride-sharing: A review,”
European Journal of Operational Research, vol. 223, pp. 295 – 303, 2012.
22
Federal Highway Administration, “Real-time ridesharing,” Tech. Rep. FHWA-HRT-15-069, U.S. Department of
Transportation, August 2015.
23
U. Ritzinger, J. Puchinger, and R. F. Hartl, “A survey on dynamic and stochastic vehicle routing problems,”
International Journal of Production Research, vol. 54, no. 1, pp. 1 – 19, 2016.
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4.1

Finland - Tampere

The Autopilot Pilot Site in Finland is in Tampere, in the town district of Hervanta, at the premises of
VTT.

.
Figure 15 Location of the test site in Tampere and draft test route.

The pilot will be performed on the premises of VTT and on the public roads in the neighbourhood.
The major road (Hervannan Valtaväylä) connecting Hervanta to the city centre is a suburban road
with two lanes in each direction, with maximum speed limit of 50 km/h. There is a separate cycle
track at the east side of the road, which is used by students and personnel working in the Hermia
region.
Traffic lights are connected to the network of the city of Tampere and real-time information is
publicly available for selected traffic lights. Traffic lights in Finland have a pre-green amber phase.
The city of Tampere is also installing traffic cameras at major intersections.
The vehicles which will be used in the AUTOPILOT test site are VTT research vehicles. VTT has two
research vehicles, a Citroen C4 which has been converted by VTT for automated driving and acts as
an innovation environment where industry can test sensors and applications, and an automated
Volkswagen Touareg, which is equipped with V2X equipment. If available, other V2X enabled
vehicles will be included in the test site.
According to the Finnish law the driver of an (autonomous) vehicle does not have to be present in
the vehicle. For testing unmanned driving, the vehicle will be operated remotely. For this purpose,
the automated vehicle will be monitored during parking using cameras.
VTT has also a mobile station on which roadside infrastructure, such as V2X equipment and cameras
can be installed. This equipment will be used for the traffic cameras used in the pilot use cases.
Another camera may be installed at the VTT premises to identify persons and vehicles moving at the
parking place.
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4.1.1 Use Cases and Storyboards
On the Tampere Pilot site two use cases are considered:
1. Urban driving with intersection support; focused on intersections available on the
Hervannan Valtaväylä road.
2. Automated Valet Parking (AVP); implemented on the VTT facilities, in which a special area
will be reserved for accommodating the service.
Figure 15 above shows the draft test route. The AUTOPILOT Finnish pilot site team collaborates in
Tampere with the H2020 TT (Transforming Transport) project, in which, among others, a parking
reservation system for freight delivery is being developed.
The combined storyboard for Urban Driving and Valet Parking follows hereunder:
4.1.1.1

Preparatory Stage: Trip planning

This preparatory stage consists of the initial actions performed by the driver and the vehicle. The
driver enters the vehicle and enters the destination address in the vehicle’s user interface (or using a
smartphone app). The system then searches for a registered parking place near the destination, and
makes a booking for a parking place. The vehicle then calculates the route to the drop-off point,
taking - if available- the traffic conditions into account.
4.1.1.2

Urban driving with intersection support

In the city of Tampere, information from traffic lights is available from the City of Tampere traffic
network. For 80 signalised intersections (55% of all signalised intersections) real-time information is
currently available, and the other intersections are planned to be integrated in the near future. The
test track will be selected so that it includes at least one signalised intersection.
When a vehicle approaches a signalised intersection, the vehicle receives real-time information on
the status of the traffic light from the back-end system, and adapts its speed based on the available
information.
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At intersections, there may be conflicts between road users which have simultaneously green, e.g.
between cars turning right and cyclist continuing straight ahead at a cyclist crossing. Traffic cameras
at the intersection detect road users which are on a potential collision course with the cars, and
send warnings by the IoT platform to the cars, which take an appropriate action, such as stopping
prior to the cyclist crossing giving way to the cyclists.

Figure 16: Scenario for intersection support in Tampere.

4.1.1.3

Automated valet parking

Automated valet parking will be demonstrated at VTT facilities. The automated vehicle drives the
user until the drop-off point, e.g. near the door of the VTT building. The parking lot has an
availability of about 50 spaces, and there are several route options to reach the different parking
spaces (Figure 17). The automated vehicle has reserved a parking space, and calculates the route to
reach it. A traffic camera, of the same type as the camera used for intersection support, verifies the
availability of the reserved parking space and detects the presence of any other road users near it.
When the driver gets out of the vehicle, the control room allows the vehicle to drive unmanned to
the reserved parking space. During the manoeuvre, the traffic camera scans the environment for
other road users in the area, and informs the automated vehicle accordingly, in order to safely
complete the manoeuvre.

Figure 17: Parking lot where the AUTOPILOT Automated Valet parking will be demonstrated.

32

4.1.2 Related Services
The AUTOPILOT pilot in Tampere is closely collaborating with other running projects, especially with
the TT and the 5G-SAFE projects, which are briefly described below
TT (Transforming Transport)24 is a H2020 project on the use of big data in transport, which started in
2017. The Urban Mobility pilot in Tampere has as main objectives to improve the situational
awareness in the city of Tampere by providing tools for the urban Traffic Management Centre and by
providing more quality information to drivers and public transport users. A second objective is to
find solutions for improving urban mobility. A solution which will be implemented to mitigate the
planned reduction of parking places in the city centre is a parking place reservation system for goods
delivery.
The parking place reservation system will also be used for the autonomous vehicle. Specific parking
place will be assigned for the vehicles in the pilot. The traffic information provided may be used in
the Autopilot project for providing information to the autonomous vehicles.
The 5G-Safe project25 is funded by the Tekes, the Finnish Funding Agency for Innovation in
collaboration with Finnish industry, and aims to improve road safety, optimize logistics and road
maintenance, and contribute to the future of autonomous driving by delivering novel focused and
time-critical services to vehicles, road users, and 3rd party organizations in a reliable and scalable
manner. The project will assess architectures for low-latency applications, which may be used in the
AUTOPILOT pilot.

4.1.3 IoT Utilisation
4.1.3.1

Automated driving support using traffic cameras

In the AUTOPILOT project the use of traffic cameras for assisting automated vehicles will be
demonstrated. Traffic cameras are being installed by the City of Tampere at major intersections. The
AUTOPILOT project will use the same type of camera for tracking of road users which are on
conflicting routes with the automated vehicle at intersections and parking places, and which are
outside the field of view of vehicle sensors. A typical example is a bicyclist driving straight on a
separate lane to pass through green while a vehicle - also having green - turns right. Another
example is when the automated vehicle is parking in an area where also other road users can walk
freely, e.g. pedestrians walking to their own car.
4.1.3.2

Signalised intersection support

The Finnish pilot will assess how the vehicle can communicate with the traffic light control system,
by using cellular communications. Traffic light controllers communicate in real-time to the traffic
network of the City of Tampere. Information from the network will be retrieved by the automated
vehicle for adopting speed near the traffic light. This method will allow cities to deploy C-ITS at
traffic lights without the need to install additional hardware to the traffic lights.

24
25

www.transformingtransport.eu.
http://5gsafe.fmi.fi.
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4.2

France-Versailles

4.2.1 Use Cases Storyboards
In Versailles, the goal is to provide a mobility service dedicated to touristic applications. Based on a
small fleet (max 15 vehicles) of automated vehicles provided by VEDECOM and dedicated to a car
sharing application, this business case will experiment a high level of connectivity (fleet management
operations and PoI notification) and automated touristic tours.
The user will have the opportunity to pick up a vehicle at one of the three car-sharing stations (close
to Versailles Rive Gauche train station and to the castle’s gardens two main entrances) and to drive
it in the streets of Versailles having access to connected services (navigation, PoI, fleet management,
notification of charging points, etc.).
With the agreement of the “Château de Versailles”, a dedicated tour (in a controlled area) will be
implemented in the gardens of the castle. During this tour, the end user will have the opportunity to
experience level 4 of driving delegation and dedicated connected services (video streaming, internet
navigation, etc.).
Furthermore, to study the improvement of the business model of car sharing, a platooning
application will be introduced in the streets of Versailles to experiment automatic fleet rebalancing.
The vehicles will have the ability to be autonomously parked on the car sharing station, thanks to the
autonomous valet parking technology.
According to the AUTOPILOT objectives, several AD use cases will be tested to evaluate the added
value of IoT technologies in AD functions. These use cases will be implemented on VEDECOM’s
vehicles within the French pilot business cases framework, as shown below.
Table 3: Versailles Pilot Site UC/BC matrix.

Uses Cases

PoI

Fleet. Mgt.

Connected urban driving

X

X

Fully autonomous driving

X

X

Automated fleet rebalancing
4.2.1.1

X

Platooning

AVP

Coll. Per

X
X

X

Point of Interest notification

The PoI notification technology is essential in the realization of the connected urban driving use
case. In general, PoI notification is a set of announcements, or informal alerts, that are generated
automatically based on close range detection of an interesting tourist spot. It is considered that the
vehicles can detect the spots in close range and that the announcements are issued to the users of
the vehicles. The detection technologies are based on IoT devices and include:
 Automatic detection of geo-coordinates, using localisation technologies such as satellite
reception, or hybrid satellite-odometry measurements. These coordinates are compared to
a database of pre-recorded interesting spot coordinates and announcements are made
when the distance is small enough.
 Visual pattern matching of landmark architectural traits, or of pre-installed computergenerated signs such as QR-codes, against a database of pre-recorded images.
 Echo detection of radio signal from pre-installed RFID devices on certain buildings, statues,
or similar.
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Rich-data beacon signals emitted by dedicated computing and communication units (RSU,
Wi-Fi hotspot, Bluetooth point) situated very near the interesting spots.

Each PoI detection technology has different characteristics in terms of range and precision of
detection, resistance to interference, algorithm complexity, line-of-sight and data storage, and
Internet access requirements.
The following is a preliminary list of PoI’s that may be communicated to the vehicle user while
driving from the initial Car Sharing Station near the Railway Station, and back: Salle du Jeu de
Paumes, Orangerie, Deuxième Grille des Cent Marches, Grille des Matelots, Pièce d’Eau des Suisses,
Potager du Roi, Carré Saint Louis, Cathédrale Saint Louis, Petit Trianon, Grand Trianon.
In addition to these historical monuments, the vehicles may also inform about PoI’s that are relevant
to local businesses, such as restaurants and markets.

Figure 18: Versailles Pilot site overview.
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4.2.1.2

Fleet management and automated rebalancing fleet

The automated rebalancing for the fleet of vehicles will be performed using platooning technology
with a lead vehicle driven by a human driver. The lead vehicle will receive the following information
through the cloud application:
- Identification of the vehicles that will form the platoon (decided by the fleet manager
according to the free parking slots at the destination). The fleet manager requests through
the HMI for a selection recommendation for the set of vehicles that needs to be rebalanced.
The recommendation is displayed on the HMI for the fleet manager’s final decision. The
recommendation computation is based on historical mapped data analysis. The data analysis
and calculation is based on the preliminary list of data:
o Vehicle battery autonomy
o Trip cycle time and history versus time/day period
o Infrastructure information (RSUs or VRUs for example for fleet length)
o Parking base and reload station free space
- Buttons to send orders:
o Stop / start line up to form the platoon: for each vehicle to line up behind the lead
vehicle); then the driver checks if all the vehicles are lined up successfully.
o A message is displayed on the HMI once a vehicle has joined the platoon.
o Stop / start platoon service: Messages can be displayed on the HMI during the
platooning: speed, length, time needed to pass a road crossing -> this information is
received via the “platoon component”.
4.2.1.3

Platooning

Cooperative platooning is used by disposed vehicles to return autonomously (with only one human
driver) to a garage. Immediately after being disposed, they communicate each other’s position,
establish a common meeting point, agree on a topology-formation strategy and start forming the
platoon (convoy). Once formed, the platoon advances towards the garage by keeping constant
distance between the vehicles.
The platooning use case will be implemented and tested as follows: The first vehicle of the platoon is
driven by a human operator. The maximum size of the convoy is five vehicles (one leading vehicle +
four AD vehicles) and the maximum speed is 30 km/h. Each vehicle will have its own intelligence and
the technology is capable to achieve a collective intelligence: the lead vehicle provides the dynamic
orders to the rest of the platoon. During trials, a dedicated HMI will be installed in the lead vehicle to
inform the driver at each traffic light, whether it is permitted to continue the trip (time to red and/or
time to green) and keep the platoon complete or t must stop in order not to brake the platoon
(duration of traffic light is displayed and duration of passing is calculated).
Based on the above, two scenarios are provided as examples below:
Scenario “Start up the platoon”: Start moving in the platoon mode
The platoon has been formed: the vehicles are in their predefined places and the distance between
them has also defined. The local communication among the AD vehicles and the lead vehicle has
been established and maintained. The trajectory to follow is clear. The platoon can start to move
forward up to the speed limit of 30 km/h.
Exceptions / difficulties: “Start platoon” command cannot be sent. One of the AD vehicles cannot
activate the platooning mode or send the confirmation to the lead vehicle. Loss of communication.
Obstacle on the trajectory.
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Scenario “Drive the platoon in normal platooning mode”: Driving the platoon according to the
speed of the lead vehicle and maintaining the designed inter-distance
The platoon has started moving, each AD vehicle estimates the distance to the vehicle ahead, no
failure detected, no obstacles on the road. The speed of the vehicles forming the platoon, as well as
the distance between them remains constant. At every 10 meters, the lead vehicle sends its
dynamics to the other vehicles. The lateral controller keeps the AD vehicles in the predefined
trajectory.
Exceptions / difficulties: The human operator accelerates over 30 km/h. Loss of communication.
Critical failure in one of the AD vehicles. Failure in the lateral controller. Obstacles.
Other example scenarios are available in 7.1.
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4.2.1.4

Autonomous Valet Parking

Platoon setup
The autonomous valet parking is used to setup the platoon. The vehicles that need to move are
identified by the cloud. The human operator arrives at the car sharing station and starts the platoon
setup process (if possible wirelessly without leaving his/her car). The synopsis is shown in Figure 19.
The lead vehicle (LEAD) organizes the platoon. The other vehicles (AD-V) remain at their parking
slots. The vehicles that need to move start to communicate with the lead vehicle and between each
other. The lead vehicle sends in which order to move to every vehicle. The vehicles start moving one
by one and send a setup confirmation to the lead vehicle. Finally, the platoon composition (order) is
sent to the cloud to organize the parking space at the arrival car sharing station.

Figure 19: Versailles Pilot Platoon Setup Synopsis.
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Platoon division
The cloud has checked the parking space and has allocated a parking slot to each vehicle. The lead
vehicle stops at the entrance of the car sharing station and sends the division order. It then asks the
vehicles to park themselves one by one (in the platoon order).

Figure 20: Versailles Pilot site - Platoon Division Synopsis.

4.2.1.5

Collaborative perception

Collaborative perception considers information exchange among road participants to enhance the
usual perception capabilities of standalone users (vehicles and VRU). Particularly, the safety of VRUs
can be improved by the collaborative perception since both vehicles and VRUs are collaborating and
informed in case of a safety-critical situation. The goals of the collaborative perception can be listed
as follows:
 Augmenting the local perception of vehicles by fusing the information obtained from the
communication (including IoT platform)
 Warning VRUs on a potential danger by using connected objects and dedicated services
which analyse the collision risks with AD vehicles
 Comfort and information services which can be provided to the pedestrians such as the
advertisement of autonomous driving vehicles, tourist guidance, etc.
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Pedestrians and bicycles detection is an important security issue to allow automated vehicles on
open roads. The proposal here is to use other connected objects (vehicles, smartphones, traffic
lights, cameras, etc.) to improve VRU detection. The collaborative perception platform targets the
following key objectives:
 Use of a combination of wearable, on board and roadside sensors, with short range and
direct Wi-Fi communication.
 Absolute position and intention detection estimated by a fusion of GPS, kinematics sensors
and RSSI measurements, through an IoT cloud-based service.
 Tight collaboration with VEDECOM (vehicles) and roadside infrastructure (access to vehicles
CAN-bus, infrastructure input, etc.).

Figure 21: Draft architecture of the collaborative perception platform.




Each pedestrian and cyclist will bear the following equipment: Smart-phone and smartglasses (mandatory) and smart-watch (optional).
Each bicycle will be equipped with: An on-board unit and a speed sensor.

Each pedestrian and cyclist will be capable to communicate via 3G/4G, LTE and 802.11 b/g/n
networks. The following information needs to be made available for vulnerable users:
Communication protocol, time stamping and geo-coordinates. Direct communication with
connected RSUs is under investigation. Additional input is needed to determine the above features:
 Specifications of RSU and their location in the route
 Type of wireless network(s)
 Communication protocol description
 Description of information exchanged between RSU and vehicle
 In the case of 802.11 OCB (ITS-G5) communication, additional communication equipment
will be used, as mobile phones do not support this protocol.
For the case of pedestrians, the communication gateway will be the smart-phone. All wearable
sensors will transmit/receive wirelessly their data locally to the smart phone. For the case of
bicycles, the communication gateway will be the smart-phone or the OBU.

40

4.2.2 Related Services

Figure 22: Versailles Pilot site global map & business cases.

Three main business cases will be tested on the French pilot site, see Figure 22, within the
AUTOPILOT framework using the VEDECOM’s fleet of vehicles:




Connected urban driving for touristic trips (Point of Interest notification in the streets of
Versailles – public roads)
Fully autonomous driving for touristic trips (in an area shared with Vulnerable Road Users –
using collaborative perception)
Automated fleet rebalancing (in a bus line or by night – platooning, automated valet parking
and fleet management services enhanced with the Internet of Things)

Connected urban driving for touristic trips
For this car sharing service, the user can take a vehicle at one of the two AUTOPILOT car-sharing
stations. To do so, he/she uses the AUTOPILOT smartphone application. He/she can then drive the
car to head to whichever destination inside the city or activate one of the touristic trips suggested by
the navigation system. During a touristic trip the user receives PoI notifications (mostly audio) to
discover the city of Versailles. The HMI inside the vehicle (through smartphone application) provides
all the relevant information in a user-friendly way.
During the trip, if a VRU is detected by another vehicle of the fleet, the information is captured into a
backend eHorizon map to be transmitted to the other vehicles that had not detected the VRU yet.
Via their HMI, the other drivers are informed about the possible occurrence of a hazardous situation.
At the end of the trip the user parks the vehicle at one of the stations (end of trip validated through
the smartphone application).

41

Fully autonomous driving for touristic trips
The fully autonomous driving mode for touristic trips goes beyond car sharing services, like the ones
described in the previous section, by offering even more functionalities.
When the user enters in the Automated Driving (AD) zone, the system asks him/her if he/she wants
to activate the AD mode (HMI inside the vehicle through smartphone application). In AD mode, the
user is free to access more onboard services like PoI notifications by audio and video.

Figure 23: Versailles Pilot site: HMI concepts for AD.

In AD mode, the system uses IoT to enhance the detection of VRUs (see ‘collaborative perception’
use case description above). At the end of the AD zone, the user is asked, via the HMI through the
smartphone app) to take back the control of the vehicle and drive it again.

Figure 24: Versailles Pilot site: HMI concepts for transition of AD to manual driving.

Automated fleet rebalancing
Thanks to IoT technologies, the idea here is to enhance fleet management through automated fleet
rebalancing. Intelligent algorithms in the car sharing back office can optimize the number of vehicles
needed in each car station to deliver a high-quality service to the end user.
Data collected by the back office through PEPXI and from VRUs presence, are collected and mapped
into a backend eHorizon map. Vehicle data such as vehicle battery autonomy, vehicle position and
elapsed time during trip, infrastructure data such as RSUs and VRUs information are stored for
offline data analysis in the eHorizon platform. Smart algorithms using artificial intelligence are used
to process historical data and site constraints (parking base and electrical reload station number,
maximum of car per rebalancing) to provide an optimum vehicle recommendation for the platooning
sequence.
After the back office has allocated each vehicle to each station, the vehicles can start to move: A
human operator arrives to the station with a normal car. He/she sends the order to move the
selected vehicles to another station. The vehicles move in AD mode and set up a convoy behind the
lead vehicle driven by the operator. The platoon moves from one station to another by using bus
lines. The crossroads should be crossed without breaking the convoy. Upon arrival to the other
station, the operator gives the order to the vehicles to automatically park into the designated
parking slots. The operator can then leave the station.
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4.2.3 IoT Utilization
IoT technology will be used in all use cases through the complete business case, incorporating
several IoT devices: connected traffic lights cross roads (using Road Side Units), Road Side Camera,
IoT sensors (infrastructure for PoI or car park applications), wearables, connected bicycles,
smartphones, and others.

Figure 25: Versailles Pilot site overview.

Each vulnerable road user (pedestrian or cyclist) will be presented as a fully interconnected
autonomous IoT object. IoT will be used as a communication platform to exchange information
between pedestrians/bicycles and vehicles in range. The IoT architecture that will be developed in
WP2 will provide insights on the service development. The IoT platform supports the oneM2M
solution and offers communication interface to the eHorizon platform to facilitate the mapping of
the IoT element.

4.3

Italy - Livorno

The Italian permanent Pilot Site is a located in Tuscany encompassing the Florence – Livorno
highway together with road access to the Livorno sea port and its urban like environment. It was
used by ETSI/ERTICO in November 2016 for the 5th ITS Cooperative Mobility Services Plugtest™ (1st
C-ITS ETSI Plugtest™ with real-world test scenarios) and currently it is used by CNIT, Livorno Port
Authority and AVR (the latter on behalf of Regional Government Authorities) for developing research
and innovation activities.
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Figure 26: Global view of Livorno Pilot Site.

The testbed consists of three zones:
 The Livorno – Florence freeway;
o The Livorno – Florence is a highway also known as FI-PI-LI. Renowned as one of the
most important arteries and heart to the Tuscany road system, it is comprised of 31
junctions connecting some of the biggest economic and civil conglomerates of the
region like Firenze, Pisa and Livorno, but also Empoli and Pontedera. Highway with
dual carriage on a length of 100 km, and 2 lanes per direction. It is of high value on
the territory and well regarded by the public administration. The Livorno – Florence
highway is provided with ITS technology for control and data analysis in real time,
with 44 VMS spanning over the whole length of the road system and 32 Full-HD
cameras.
 The TCC in Empoli;
o The Traffic Control Centre is in Empoli which acts as the centre of information and
data analysis for the whole system. Built with the latest technologies, it follows the
best practices with a state of the art system. A monitor wall follows the
development of the traffic from point Firenze to point Livorno and Pisa and vice
versa, enabling real time monitoring by the staff of the TCC. Several ITS elements are
used to keep track of the events and change the VMS accordingly to the needs of
the users and road system.
 The port landside.
o The test track in the harbour is just in front of the cruise terminal. It is equipped with
several services points providing electric sockets and Ethernet connectivity that can
be used for a quick setup of testing equipment on the field. Full Wi-Fi coverage of
the installation points is provided by means of high power integrated antennas with
Gigabit Ethernet ports. The Internet connectivity is managed by CNIT (and turned on
when needed) with proper QoS for the intended use. In the Seaport, there is also a
jointly managed laboratory by CNIT and Port Authority, dedicated to preconformance tests of AUTOPILOT equipment. Outside the lab there is a permanent
installation of a ITS System (RSU and a smart camera network) communicating by
IEEE 802.11 OCB, ETSI ITS-G5, 6LoWPAN, 3GPP and Wi-Fi protocols, for parking lot
monitoring.
The vehicle models which will be used in the Italian AUTOPILOT test site are FCA Jeep Renegade with
different functions and roles: two vehicles by CRF with automated driving functions and five service
vans (2 by CRF, 3 by AVR) with advanced V2X communication capabilities. The latter are used for
tuning and pre-testing the systems and the services for the vehicles in the IoT enhanced ITS
environment, whereas the former are used to demonstrate the performance of the IoT-ITS
ecosystems when the automated driving scenarios beyond SAE 3 levels are running.
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Figure 27: Livorno Seaport segment of the test track (orange line), with locations (A. B, C, D) for Road Side Equipment.

4.3.1 Use Case Storyboards

Figure 28: Storyboard of the experimentation at Livorno Pilot Site.

The goal of the experimentation at the Italian PS is to assess and demonstrate the performance of
use cases involving cars with IoT enhanced AD functions, besides other important actors, such as
connected cars, VRUs and Traffic/Port Control Centres. The use cases in turn refer to services built
on top of them, aiming to gain strong interest from the rising IoT centric society.
To easily explain the different use cases, it is useful to think of them as if they were episodes of a
“car-pooling” story. An AD car is picked up by a user leaving from Florence to take a ferry in Livorno
Sea Port; the trip is shared with another passenger, picked up later. During the journey the AD car
meets road hazards (see definition in Section 0) both on the highway, such as puddle, road works,
potholes, etc. and on the urban like environment of the harbour (pedestrian at the crossroads,
cyclists, etc.) that are properly detected/communicated to the car using IoT tools (see Figure 28).
Then the driving style of the car is automatically adapted to mitigate the risk of accidents due to
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road hazards. Moreover, the data originated by IoT sensors and devices, put in the car and along the
road, are collected by an IoT platform for collection of data to be consumed by other entities, such
as Traffic Control Centre or Port Monitoring Centre, that can improve the management of the
infrastructure, the risk assessment and the infotainment applications.
It is worth noting that, for the Italian PS, the “car-pooling” use case is considered only as a” plot
device”, and not included in the real experimentation.
The schematic list of services and use cases that will be demonstrated in both Highway and Urban
environments, is the following:
SERVICE 1): IoT-enabled speed adaptation and lane change (Highway)
 Use cases:
o Hazard on the roadway
o Roadway works with TCC in the loop
o Surface road condition
SERVICE 2): VRU protection (Urban)
 Use cases
o Pedestrian detection with camera
o Connected bicycle
o Surface road condition
SERVICE 3): Data crowdsourcing from IoT (Urban and Highway)
 Use cases:
o Potholes detection/Surface road condition  feeds the services 1 and 2
o BT/Wi-Fi Mac detection / CAM-DENM detection from V2I
The storyboard of each use case is showed in the following paragraphs:
4.3.1.1

Hazard avoidance along the highway

The goal is to show how the combined use of IoT and C-ITS can mitigate the risk of accident for an
AD car, when at a certain point the road becomes dangerous because of the wet road. IoT sensors
placed along the highway monitor continuously the presence of puddles. When the hazard is
detected, the sensors send an alert to the RSU with detailed information, using IoT standard
protocols. RSU broadcasts the info to vehicles (DENM) and to the Traffic Control Centre (TCC). The
TCC validates the alert and forwards the DENM message to farther away RSUs. At the same time, the
TCC feeds the ETSI OneM2M platform with alert related data. Then the information is consumed by
the Connected eHorizon (CeH) application from CONTINENTAL, transmitted to FCA cloud as a
modified dynamic speed limit that considers the generated dynamic event. FCA cloud immediately
notifies to enabled vehicles the updated information for CeH devices installed on prototypes, and
the in-vehicle application feeds the appropriate autonomous functions that performs the necessary
adaptation of the driving style in a “smooth” way in combination with information obtained from
DENM. A notification/warning through the in-vehicle HMI can be generated.
Combination of “Long range” information provided by IoT and related cloud, and “Short range”
information provided by ITS-G5 notification, is expected to enhance capability of an AD vehicle to
perform manoeuvers with a more relaxed time response.
In this use cases the RSUs are collocated on the highway gantries, thus CeH can associate speed
limits to real point of notification. FCA cloud receives information about recommended speed for the
AD car and modifies the driving style (AD speed adaptation) according to the situation. The AD car
user is informed of the situation by the HMI, the TCC validate and forward the information towards
both the (IoT compliant) ETSI OneM2M platform and the C-ITS network.
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The AD car OBU can instantiate both smooth speed adaptation (IoT-enabled speed adaptation for
AD car) and eventually C-ITS triggered emergency warning through in-vehicle HMI.

Figure 29: Storyboard of “Hazard on the roadway” Use case.

4.3.1.2

Roadway works with TCC in the loop

The goal of this use case is to develop and demonstrate the process of managing an AD car in
presence of road works along the highway, exploiting the IoT. Even though it is similar to the
previous use case, it shows important peculiarities. Indeed, TCC has an active role now, since it
generates and manages the roadworks warning, moreover the AD car features a further AD function,
notably the so called “IoT-enabled change lane”.
As shown in the Figure 30, a stretch of road has some lanes closed to the traffic because of works. In
addition to the usual reports from the TCC, “smart” devices are also placed with the purpose of
publishing information on the new temporary route on the Internet. A (WSN) sensor node is
attached to the road works trailer and announces the presence of roadway works to a RSU. Then the
RSU triggers DENM messages, broadcasting information about available lanes, speed limits,
geometry, alternative routes, etc. This RSU is located close to the roadway works and it can be as
well a temporary ITS station, because if the road works are far away from the permanent RSUs put
on gantry, they cannot be reached by the signal transmitted by the trailer. The temporary RSU will
use the LTE network for communicating with the TCC because in that place the Ethernet wiring is not
available.
The TCC broadcasts the DENM messages to farther away RSUs. At the same time, the TCC feeds the
ETSI OneM2M platform with road works related data. Then the information is consumed by the
Connected eHorizon (CeH) application from CONTINENTAL, transmitted to FCA cloud as a modified
dynamic speed limit that considers the generated dynamic event. FCA cloud immediately notify to
enabled vehicles the updated information for CeH devices installed on prototypes, and the in-vehicle
application feed the appropriate autonomous functions that performs the necessary adaptation of
the driving style, in combination with information obtained from DENM. A notification/warning
through the in-vehicle HMI can be generated.
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In this use cases the RSUs may not be collocated on highway gantries, thus CeH should associate
speed limits to “virtual” gantries. FCA cloud receives information about recommended speed in
relation with dynamic events, this information is made available to CeH devices installed on
prototype for the AD functionalities, and can be considered to modify the driving style (AD speed
adaptation and lane change) according to the situation. The AD car user is informed of the situation
through HMI, the TCC validates and forwards the information towards both the (IoT compliant) ETSI
OneM2M platform and the C-ITS network.
The AD car OBU can instantiate either smooth IoT-enabled speed adaptation and lane change, or
eventually suggest to the driver an alternative route (if any) through HMI.
As interesting subsequent development of this use case, also moving roadworks can be considered.
This option could require the development of new DENM messages to be discussed together with
qualified working groups assigned to standardization bodies.

Figure 30: Storyboard of “Roadway works (TCC in the loop)” Use case.

4.3.1.3

Urban driving: Pedestrian detection with camera

Goal of this use case is to instantiate and assess the process of managing an AD car in an urban-like
scenario exploiting the IoT.
Figure 31 shows a smart traffic light detecting a pedestrian or an obstacle on the lane. The
information is processed locally and notified to the RSU using IoT protocols and to vehicles via
standard C-ITS messages. Moreover, a connected traffic light sends information about the time-togreen/red (SPAT/MAP messages). The RSU receives the information, fuses the data and sends it by
DENM to all the interested actors on the roads.
The OBU of the AD car receives the information and smoothly adapt the speed to the situation, e.g.
if a pedestrian is crossing the road when the traffic light is green for the cars, the AD car will behave
such as the traffic light is red. Moreover, the detection of VRUs and the traffic light status is
displayed on the HMI in the car.
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The information from RSUs and OBUs is also sent to the IoT data platform via IoT standard protocols
and it can then be processed by the Port Monitoring Centre for real time risk assessment and safety
services.
4.3.1.4

Urban driving: Connected bicycle

This use case is strongly related to the previous because another VRU, notably a cyclist, is involved.
As shown in Figure 31 Figure 31, an ITS G5 connected bicycle sends standard CAM notifying its
presence on the road. The OBU of the AD car receives the information and smoothly adapt the
speed to the situation. The driver is informed about the proximity of vulnerable users with a
notification on the HMI and he can decide to take control back of the driving.
The information from the OBUs is also sent to the IoT data platform via IoT standard protocols. Then,
it can be processed by the Port Monitoring Centre for real time risk assessment and safety services.
4.3.1.5

Urban / Highway driving: Potholes detection

Goal of this use case is to demonstrate how additional IoT sensors placed in the AUTOPILOT
prototype can enhance the functions of the car itself. In such a way, the vehicle can be used for e.g.
as an IoT sensor for detecting the surface condition for both highway and urban scenarios.
A wireless vibration sensor is put on the prototype vehicle, which transmits to the OBU via 6LowPAN
protocols the occurrence of vibrational shock above a certain level. When a pothole is detected by
the car (see Figure 31) the vibration exceeds the limit, thus the IoT vibration sensor sends an alert to
the OBU. The latter combines the information with other data coming from CAN bus (speed,
odometer, etc.) and GPS and sends this data to the IoT platform, where they can be consumed by
other services built upon crowdsourced open data, and by the abovementioned “IoT-enabled speed
adaptation and lane change” in case of AD prototype.

Figure 31: Storyboard of VRU protection use cases.

4.3.2 Related Services
The development of specific services for IoT enabled Autonomous Cars in the Italian PS has not been
explicitly considered at the time of the preparation of this document. Nevertheless, following the
methodology proposed in WG1 it is possible to outline some innovative services starting from the
use cases.
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In this sense, the highway use cases feature some important functions of the so called “IoT-enabled
speed adaptation and lane change” for AD cars. The users of this service are the AD cars and
therefore the corresponding manufacturers (OEMs).
About the urban scenario, the service implemented offers an overall increased safety for both VRUs
and cars. This service could trigger the interest of the insurance companies to be actively involved
both at local but also at project level.
Finally, the IoT data generated by the different situations combined with further IoT probes in the
car, after undergoing an anonymization process, can feed an Open Data database, to be offered to
the community of stakeholders, such as Traffic Management Companies, Port Authorities, etc. to
either improve their mission or advance their infotainment services. Such a service can be called
“Data crowdsourcing from IoT AD cars”.

4.3.3 IoT Utilization
The main challenge of AUTOPILOT is to assess the value of Internet of Things for Autonomous
Driving. Internet of Things can provide information that cannot be obtained from in-vehicle or roadside sensing, and can provide more elaborate information through extended data structures.
Furthermore, it is a new means of communication with current entities involved in Automated
Driving, but also enabling connections to a (very) wide extent of other entities.
4.3.3.1

IoT-enabled speed adaptation and lane change (Highway)

Information provided by IoT:
Infrastructure:
 A sensor network or a smart device detects the hazard
 A wireless sensor node is attached to the road works trailer and signals the dangerous zones
to the RSUs
 Alert is geocasted to all vehicles in a given area
 Alerting sent to TCC
 Condition of traffic one the road
 …
In-car:







CAN data tailored to fit CAM messages
Additional CAN data in needed
GPS data
Alert received from infrastructure
Connection with fleet management services to change the driving style (IoT-enabled speed
adaptation and lane change)
…

IoT enabled functionality
 Interaction with fleet management services
 Interaction with TCC services for safely monitoring the AD cars
 Full Interaction with the infrastructure, both the roadside and central servers
 Interaction with HMI in the car to notify the situation
 …
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Benefit compared to state of the art
 The IoT sensing infrastructure contributes to improve safety.
 Traffic management is eased
 …
4.3.3.2

Urban driving

Information provided by IoT
 A traffic light with smart camera signals the presence of a pedestrian in an intersection
 Alert is combined with the time-to-green/red messages (SPAT/MAP messages) and
geocasted to all vehicles in a given area
 Presence of cyclist on the road
 …
IoT enabled functionality
 Full Interaction with the infrastructure, both the roadside and central equipment
 Accident avoidance, safety enhancement
 …
IoT enabled functionality
 Interaction with fleet management service for adapting the driving style to the situation
 Interaction with TCC services for safely monitoring the AD car
 …
Benefit compared to state of the art
 The ITS ecosystem is populated by new sources/consumers of information, notably AD cars,
road side smart objects, sensors that contribute to improve services and travel experience
 Safety is enhanced
 Traffic management is eased
 …
4.3.3.3

Urban / Highway driving: Data crowdsourcing from IoT

Information provided by IoT:
Infrastructure:
 BT/Wi-Fi Mac detection for traffic monitoring
 CAM-DENM detection from RSUs for traffic monitoring
 Presence of hazards, roadway works
 Presence of VRUs
 …
In-car:








The pothole occurrence along the road is notified to the OBU by an IoT sensor in the car
The position of the pothole is notified to the TCC by the OBU
CAM-DENM detection from OBUs for traffic monitoring
CAN data tailored to fit CAM messages
Additional CAN data in needed
GPS data
…
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IoT enabled functionality
 Full Interaction with the infrastructure, both the roadside and central equipment
 Accident avoidance, safety enhancement
 Infotainment for AD cars
 …
Benefit compared to state of the art
 The ITS ecosystem is populated by new sources/consumers of information, notably AD cars,
road side smart objects, sensors that contribute to improve services and travel experience.
 Safety is enhanced
 Traffic management is eased
 …

4.4

Netherlands – Brainport

The Brainport Pilot site concerns the region of Helmond-Eindhoven in the Netherlands, as depicted
in Figure 32. The region includes 3 campuses (Eindhoven University, Automotive Campus, High-Tech
Campus) and Eindhoven airport. The main road between the cities of Eindhoven and Helmond is the
A270 motorway, which is part of the DITCM test site.

Figure 32: Brainport Pilot site.

This DITCM test site is a purpose-built facility for the development, testing and validation of
Intelligent Transport Systems (ITS) and cooperative driving technologies. It consists of both a
motorway and urban environments. The DITCM test site is 8 km long, with 6 km of motorway.
Roadside equipment is responsible for vehicle detection and V2X communication. All other
equipment is placed indoor and includes sensor fusion facilities, application platforms and a traffic
management centre. The test site is connected to neighbouring urban sections and other
information sources via a high-speed internet connection. Besides, the DITCM control room also the
Traffic Innovation Centre is located on the Automotive Campus.
On this Brainport Pilot site five use cases are considered:
1. Platooning from Helmond to Eindhoven is planned to be tested on the A270 motorway (2 x 2
lanes) utilizing its emergency lane. For a large extent, it is equipped with ITS-G5
communication and monitoring cameras. The speed limit is 100 km/h.
2. A driverless car rebalancing service will be used on the Eindhoven University campus. The
University Campus has a 2-km road network and a 30 km/h speed limit. On the campus,
there are neither cross walks nor traffic lights.
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3. The Automated Valet Parking (AVP) use case will be implemented on the Automotive
campus, involving a parking which can host 200 vehicles, and several access roads. The
speed limit is 15 km/h.
4. The Highway Pilot use case will be carried out on the A270 motorway (see Platooning use
case).
5. A car sharing service covering the whole Brainport area, interacting with the various
automated driving use cases.

4.4.1 Use Case Storyboards
4.4.1.1

Platooning from Helmond to Eindhoven

The platooning use case considers two or more vehicles that are platooning from Helmond to
Eindhoven using the A270 motorway. The use case describes a storyline for demonstration reasons.
This story is about a person, say User 1, that works at TNO at the Automotive Campus and wants to
travel to Eindhoven university as efficient as possible (travel time, comfort, fuel consumption) and
would like to use automated driving to do some work in the car. The idea is that a mobility service
can arrange his trip and interacts with other services, like car sharing, platooning, and Automated
Valet Parking (AVP). However, in this platooning use case description, only the platooning service
and automated driving functionality will be dealt with; the other services and functionalities are
considered in other Brainport use cases. Schematically the use case is depicted in Figure 33.

Figure 33: Overview of the platooning use case.

User 1 plans his trip to Eindhoven using the mobility service. This service has reserved a car sharing
vehicle for the user that will be driven to the drop-off/collect point in front of the TNO office building
at a planned time. The mobility service ensures that User 1 can get into the vehicle at the agreed
time, using platooning service from Helmond to Eindhoven. The platooning service will first verify
with the traffic control centre that a priority lane for platooning is available, and then will match
User 1’s vehicle with another vehicle, which can act as platoon leader and which will be available on
time at the platoon assembly location. User 2’s vehicle is identified as platoon leader. User 2 is
travelling through Helmond in the direction of Eindhoven. The concept is that people can use the
platooning service and make themselves available as potential platoon leaders, giving them some
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benefits, e.g. priority lane usage. When platoon members are identified, route planning and speed
advice are required to bring them in the correct order and distance for platoon assembly. In the
considered use case, User 1 starts from standstill and User 2 keeps driving on the main road towards
the motorway. A traffic light to enter the main road from the campus plays a role in assuring suitable
timing of the platoon members.
When the platoon members are approaching the A270 highway, a request is sent to the traffic
management centre for final confirmation to use the priority lane for platooning. The traffic
management centre assigns the platoon to the priority lane based on the monitored traffic situation.
In the use case, the emergency lane of the A270 will be used as priority lane for platooning. With
confirmation of the traffic centre the platoon members manually steer onto the emergency lane.
Next, platooning is enabled, meaning that the vehicle(s) will have automated steering and headway
control with respect to the platoon leader.
During platooning, the vehicles will encounter different scenarios that should be dealt with, e.g.
traffic light intersection crossing, legacy traffic taking motorway exit and entrances and usage of the
priority lane as bus lane. In all these scenarios, it is important to timely anticipate on the legacy
traffic, and to avoid conflicts that could lead to platoon disruption. Legacy traffic is monitored by IoTenabled road-side cameras and through access to smartphones enabled with dedicated software to
support AUTOPILOT. Information about the legacy traffic is communicated through the traffic centre
towards the platoon together with a speed advice. Scenarios will involve changing the configuration
of the platoon (e.g. adding members) during the trip on the priority lane.
At the end of the priority lane, the platoon is disengaged. Before that moment, User 2 is requested
to take over the driving task. In case he does not, the vehicle is automatically stopped at the
emergency / bus lane (safe state). Finally, the users continue their journey. User 2 will drive to the
university campus where he will continue travelling using the driverless car rebalancing service.
4.4.1.2

A driverless car rebalancing service

An Urban Driving use case will be developed within the constraints of the TU/e Campus (1 km
radius). The targeted service will offer rebalancing of several AD vehicles distributed over several
pickup points within a car sharing concept. The AD vehicles will be able to drive automatically (speed
limit of 10 km/h) between dedicated pick up points on the campus, using pre-defined and 3Dmapped tracks and IoT data to improve its world model.
Rebalancing storyboard:
1. A user requests an AD vehicle using a smartphone app.
2. The smartphone app sends the request to the IoT platform, the rebalancing service selects
and sends one of the AD vehicles to the closest available dedicated pickup point in the
campus and informs the user accordingly.
3. The unmanned AD vehicle moves through the campus to the designated pickup point, using
both its environmental sensors and information from IoT devices, such as detecting VRUs
using localization provided by IoT enabled smartphone apps.
4. The user receives a confirmation that the AD vehicle will be ready at the designated pickup
point at a specific time.
5. The user walks to the pickup point and picks up the AD vehicle.
6. The user can then drive the vehicle manually off campus and the IoT platform receives a
confirmation of the successful process.

54

The main goal of the rebalancing use case is to demonstrate a set of vehicles driving autonomously
within the constraints of TU/e Campus (Urban environment) using both environmental sensor data
as well as data available through IoT platform to improve the world model & Local Dynamic Maps
embedded in each vehicle.
Figure 34 shows an overview of possible pickup points on campus and routes the AD vehicles will
have to take.

Figure 34: TU/e Campus site with possible pickup point and routes for the rebalancing use case.

4.4.1.3

Automated Valet Parking (AVP)

In the AUTOPILOT-project, the AVP-demonstration will take place at the Helmond Automotive
Campus. An overview of the site is presented in Figure 35. In this figure, the roads are green, the
parking spaces are indicated with a blue colour, and the drop-off and collect point are represented
by the red coloured rectangle, located just in front of the main entrance of the yellow TNO-building.
The use case story starts with the vehicle being manually driven to the drop-off point in front of the
TNO building. After arriving there, the user activates the AVP function (e.g. by in-vehicle interface or
smartphone app) and exits the vehicle. Services on the IoT platform determine an obstacle-free
route to a parking position based on information of the IoT infrastructure (such as cameras, drones
and other IoT-enabled vehicles). The vehicle autonomously drives to the dedicated parking position.
Later, the user can use the smartphone app to call the vehicle to the collect point.
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Figure 35: Layout of the AVP demonstration site (source: google-maps).

4.4.1.4

The Highway Pilot use case

The Highway Pilot use case comprises two scenarios. Scenario 1 features the detection and warning
of Road Hazards that we can classify as posing an immediate and temporary safety risk. Scenario 2
features the detection and warning of Road Hazards that we can classify as road quality and defects,
posing a moderate and long lasting risk or discomfort.

Figure 36: Storyline of road hazard warning

The two scenarios will necessitate the creation of two distinctive setups at two distinct locations, as
indicated in Figure 37. Scenario 1 may involve a car stopped at roadside, and Scenario 2 some
sandbags bumps for instance. One car equipped with sensors and the right detection algorithms
drives on these two locations and the detection shall propagate onto decision systems. That same
car shall repeat the process multiple times, changing its identification each time to mimic different
vehicles detections and reports.
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Figure 37: Anticipated locations for road hazard scenarios in the Brainport

For Scenario 1, detections from vehicles shall be combined with roadside cameras observations,
whether direct observations if the obstacle in line of sight, or indirect deduction thanks to the local
slowdown of traffic for instance (see Figure 38).

Figure 38: Detailed storyline of Highway Pilot Scenario 1

For Scenario 2, analytics in a cloud service will be used for the validation of an actual road defect or
quality detection. Simulating this may require a wide number of collected data with the only
equipped vehicle (see Figure 39).

Figure 39: Detailed storyline of Highway Pilot Scenario 2

Both scenarios will trigger warnings to regular vehicles and road signals.
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4.4.1.5

Car sharing service

A car sharing service will be developed in the context of Autopilot, for the Brainport site. A
demonstration of the service will take place in the Brainport area as depicted in Figure 40. The car
sharing service will match vehicles with customers’ requests of origin and destination locations and
several other requests (ride alone or with somebody, possibly time-windows – see Chapter 0 for a
detailed list of functional and non-functional features. In Figure 40, we see a possible deployment of
the demonstrator, starting at Helmond campus (1) and driving to Eindhoven (2-3), then to Eindhoven
airport (4), and finally back to Eindhoven (5).
The car sharing will utilize a new authentication service using mobile App both web and car access.
The authentication will follow privacy by design approach, user will be provided with anonymous or
semi-anonymous credentials while preserving a possibility of investigation of incidents by authorized
entities.

Figure 40: Car sharing Service use case story board.

4.4.2
4.4.2.1

Related Services
General

Mobility service:
• Facilitates the mobility needs from destination A to B possibly using different other services
• Interacts with car sharing service, platooning service and valet parking service
• Operates on strategic driving task level
Authentication service:
• Authenticates users requesting IoT services such as car sharing, valet parking
• Authenticates users to enter the car
• Provides non-repudiation the user entered the car
Privacy friendly authentication with anonymous or semi-anonymous authentication
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4.4.2.2

Platooning from Helmond to Eindhoven

Platooning service (back office):
• Arranges platooning vehicles:
o Handles requests of a car to follow a platoon leader or join an existing platoon;
o Identifies platoon leader based on timing efficiency for platoon assembly; idea is that
the platoon can be formed while driving.
• Facilitates platoon forming and operation:
o Provides speed advice to platooning vehicles to position them at the proper inter-vehicle
distance for V2V communication range;
o Communicates with traffic centre for priority lane reservation.
• Operates on strategic driving task level, i.e. scheduling and planning.
Platoon management (on-vehicle):
• Supports the platoon operation:
o Regulates inter-vehicle distance, platoon assembly process, coupling and decoupling of
vehicles to the platoon, etc.
o Provides speed advice to avoid platoon disruption at traffic lights and to minimise
interactions with legacy traffic by timely anticipating risks during exiting and merging of
traffic.
• Interacts with traffic management:
o Obtaining information about legacy traffic
o Priority lane usage permit
o Traffic light status and green light priority request handling
o Driving speed
• Operates tactical and operational driving task level (i.e. decision making, and efficiency
improvement)
Traffic management service
• Provides information of traffic monitoring from the traffic management centre connected road
side units like cameras and traffic lights
• Request handling for all infrastructure related requests, e.g. priority lane allocation and traffic
light influencing
• Provides speed advice or maximum speed from traffic management centre
Priority lane allocation service
• Enables priority lane for automated driving cars based on traffic status
• Handles requests for priority lane usage
• In the Brainport the emergency lane is used as priority lane for automated driving
Enhancement services to enable SAE level 3/4:
• RTK DGPS service for enhanced positioning
• Real-time HD map distribution service for localisation
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4.4.2.3

A driverless car rebalancing service

The complete pilot involving the rebalancing use case can be divided into several functional
components:
Table 4: Functional components.

IoT platform level (Cloud)
Functional
components

Car Sharing
service

Rebalancing
service

IoT platform / Vehicle level
Urban
Automated
Driving (on
campus)
1st option:
Automatically
drive AD
vehicle to
requested
pickup point

Platooning

AVP

Collaborative
Perception /
World model

2nd option: Park
Make use of
Human
AD
IoT enabled
driver in
vehicle VRUs for
lead
at
detection and
vehicle,
pickup tracking + IoT
with AD
point
enabled
vehicle
historical data
following
from weather
driverless
& lecture
to
scheduling
requested
servers
pickup
point
Within the constraints of the TU/e campus there are several challenges which encourage the use of
IoT devices and IoT platform to enrich the World Model / Local Dynamic Map of an Automated
Driving vehicle:
- There are no lane markings
- There are no pedestrian crossings
- There are no traffic lights or signs
- There are no (fixed) X2V RSUs
- There are no dedicated cycling paths
Driverless
car
rebalancing
on TU/e
campus

Handling
requests,
payment and
identification

Rebalancing
the number
of AD
vehicles
over several
pickup
points

This implies that especially VRUs (Vulnerable Road Users: pedestrians & cyclists) will not be walking
on the road on dedicated marked places (such as crossings), thus their detection and intended path
and behaviour prediction is crucial on this pilot site.
Therefore, next to the above mentioned functional components, two IoT enabled services are
required:
- Access to TU/e lecture scheduling & weather information servers to consider the probability
of a large amount of VRUs on campus terrain (i.e. When every student is attending lectures,
there are less VRU on the road the AD vehicle is more likely to safely move from A to B, then
when a lot of students are walking over campus terrain).
- Smartphone app with localization functionality: VRUs can be tracked using standard phone
GPS sensor or Wi-Fi RSSI. This information can be used to feed the world model of an AD
vehicle, so it can predict the VRUs path (together with other in-vehicle environmental
sensors).
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First option will be to fully automate the rebalancing use case, with three vehicles driving over
campus to the requested pickup points fully autonomously, using IoT enabled localization
information and data from TU/e lecture scheduling for predicting large amounts of VRU on road and
environmental sensor data.
Second (back-up) option will be to send the rebalancing request to a human operator, who then
drives a lead vehicle manually and other vehicles will driverless follow the lead vehicle driverless
(using platooning).
In the AUTOPILOT project, TU/e will focus its efforts on developing a methodology for creating and
maintaining an explicit world model (WM) for the autonomous car that estimates the current world
state based on sensor data (both in-vehicle sensors as well as environmental sensors), models and
information from IoT using above mentioned methods. TU/e will also focus on implementing this
methodology in three AD vehicles and demonstrating and piloting this in this use case on TU/e
campus.
4.4.2.4

Automated Valet Parking (AVP)

The Automated Valet parking service is a holistic service that offers parking space reservations,
automatically parks vehicles and returns vehicles to users upon request.
4.4.2.5

The Highway Pilot use case

To enable the use case, a cloud service or traffic management service will be used that collects
information about environment detections from all kind of IoT sources (e.g. vehicles, road side
cameras), processes this information and sends it to other vehicles on the road. However, the
information collected for Scenario 1 and Scenario 2 may require different and separate processing.
4.4.2.6

Car sharing service

The car sharing service is intended to be eventually integrated with the other use cases, and thus
with their related services as an additional feature.
As an example, the car sharing use case could be combined with the automated valet parking service
to retrieve the vehicle from the parking in Helmond, next to the TNO offices.

4.4.3 IoT Utilization
4.4.3.1 Platooning from Helmond to Eindhoven
As already mentioned in Section 3.3 the technology typically used for platooning consists of
environmental perception using radar and camera sensors, ITS-G5 wireless communication to
exchange relevant data via V2x protocols, and automation of acceleration/deceleration and steering.
The platoon relies fully on on-board sensing and traffic interpretation, and platoon management is
done on the vehicle level, e.g. vehicles can only join the platoon when the inter vehicle distance is
close enough for V2x communication. Current platooning has not reached SAE level 3/4 automation,
as the human driver needs to monitor the driving environment and is fall-back for the driving task at
any time. For higher automation levels, amongst other things, the required integrity of sensor
information and communication needs to meet challenging standards.
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Taking the above in consideration, the concept of Internet-of-Things (IoT) is used to obtain and
exchange additional and redundant information that can improve integrity levels. Below, an
overview of the intended information exchanged by IoT is given:
• Required information for interaction of platooning service, traffic management and platooning
vehicles
• Position, velocity, planned route, etc. of IoT equipped platooning vehicles from on-board sensors
and systems
• Position, velocity, etc. of legacy traffic and planned routes, intents for exiting motorway via off
ramps or entrance via on-ramps from:
o camera-based traffic monitoring system
o smart phone traces and used navigation functions
o IoT equipped cars
• Traffic light status and request handling
• Traffic status, road-works, weather, accidents, road conditions, etc. from connected services
• Expected occupancy of busses on bus lane
• Information aiming for (redundant) localisation, e.g.:
o real-time HD maps
o position error corrections through RTK DGPS service
4.4.3.2 A driverless car rebalancing service
Current AD vehicles rely heavily on environmental perception sensors such as cameras, LIDAR &
RADAR and vehicle odometry sensors. Data from all these sensors are combined and fused into the
world model of the AD vehicle, such that it can predict the path of other road users (and obstacles)
and decide which path to take itself.
In current technology, especially algorithms for cameras rely on markers in the world, such as lane
markings or traffic signs, to localize the ego vehicle and the detected objects relative to the ego
vehicle.
TU/e campus provides an interesting case: there are no lane markings, no traffic signs, no pedestrian
crossings, no RSUs and no traffic lights. However, aside from the multiple vehicles, there are a lot of
pedestrians and cyclists. This creates a challenging urban environment for Automated Driving
vehicles.
The concept of IoT is used here to connect probabilistic & historical data not available yet in AD
vehicles for Urban Driving using 3 different sources to improve the world model of an AD vehicle:
- Use campus lecture schedule data to adapt probabilistic models in the AD vehicle’s World
Model. Statistically predict the probability of large amount of VRUs on the roads. And so,
decide when to drive and when better not to do so or adapt dynamically the vehicles driving
behaviour.
- People tracking through phone app. The app acts as position sensor and this position data
facilitates data-association and tracking for improving the AD vehicle’s World Model
- Get actual weather and daylight information from internet. Reconfigure sensors to better
perform under various weather and daylight conditions.
In the AUTOPILOT project, TU/e will focus on developing a methodology for creating and maintaining
an explicit world model (WM) for the autonomous car that estimates the current world state based
on sensor data, models and information from IoT using above mentioned methods.
To do so, TU/e will focus on mapping and localization using both on-board sensors (cameras,
RADARs etc.) as well as using the 3 IoT enabled data.
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4.4.3.3

Automated Valet Parking (AVP)

With the ongoing trend towards self-driving cars, near-future production vehicles will in general be
capable of performing the AVP task. The main challenge is, however, the environment perception to
be performed by the vehicle, and a suitable common architecture of sharing information between
different brands and sensor systems, such that any vehicle can park itself in any parking garage. For
those cases in which the parking lot is equipped with an extended set of sensors, more and accurate
information can be shared to the AVP-vehicle, such that it can better (more accurate, more efficient)
perform its task, compared to parking lots that lack those sensors.
The concept of Internet-of-Things (IoT) is used here to connect to and combine several sources of
information, such that the AVP-vehicle can perform its parking task in the most efficient way. The
influence of IoT on the AVP-efficiency will be investigated in detail.
Below, an overview of different information sources is presented which may be used in AUTOPILOT,
see also Figure 41:
a) Cameras at fixed positions in and around parking area (see Figure 41)
b) Parking spot detection sensors (see Figure 41)
c) Using camera/radar information from other (driving and/or parked) vehicles
d) Car-following drones that can aid less-equipped vehicles, or can be used at less
equipped parking lots (see Figure 41)
e) Inductive-loop traffic detectors (such as commonly used for traffic lights)
f) Usage of statistic models in traffic management systems to avoid congestions
As mentioned in the state-of-the-art, with respect to AVP, TNO has traditionally focussed on path
tracking control. Localization and environmental perception, which are key to a properly working
AVP-function, were left unaddressed and need significant development.
In the AUTOPILOT project, TNO will focus on mapping and localization using both on-board sensors
(cameras, RADARs and the likes) as well as the previously listed external sources of information.

(b)

(a)

(d)

Figure 41: Some examples of different information sources which can be used for AVP.

4.4.3.4

The Highway Pilot use case

IoT is used to exchange information about environment detections (e.g. obstacles and road
conditions). These can be identified from on vehicle or road side sensors and communicated to the
cloud.
The information is processed in the cloud and then communicated to other vehicles from the cloud.
IoT is largely used for signalling.
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In the case of the detection of a RHW representing an immediate safety risk, the Cloud may be
bypassed by the broadcast of a cautionary message to nearby IoT.

Figure 42: Highway Pilot use case IoT usage.

4.4.3.5

Carsharing service

Several Internet-of-Things sources will be used to improve routing and vehicle-to-customer
matching. An example of IoT utilisation goes as follows.
a)
b)
c)
d)
e)

4.5

Interaction with services for efficiently arranging pick-up and delivery
Safety assessment for traffic management to allow use of emergency lane usage
Avoiding delays by integration with real-time traffic information and road conditions
Reducing idle/waiting times by knowing flight/bus schedules in real-time
Subscription to events that happen on the journey (i.e., context mapping)

Spain - Vigo

The pilot site of Vigo, Figure 43, is in the north west of Spain. It is integrated in the urban section of
SISCOGA corridor. It is extended along more than 100 Km of urban and interurban roads in A55, A52,
VG20 and AP9 highways. The access to Vigo from AP9, A55 and VG20 are linked across the city roads
through the main city streets.
SISCOGA facilities has enabled testing and development of multiple ITS solutions from C-ITS systems,
ADAS, eCall and Electro mobility, especially those involving V2X communications. Some examples of
local and European projects, which have been tested in SISCOGA facilities, are: DriveC2X,
Compass4D, CO-GISTICS, CO2PerautoS2, OpEneR, Mobinet, HeERO2…
Both, urban and interurban sections are connected to management infrastructures from the
competent road authorities, Vigo Movility and Safety Area and DGT respectively.
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Figure 43: Vigo Pilot Site testing scenarios.

Vigo Pilot will test mainly 2 use cases with several configurations and combinations.
1. Urban Autopilot. Will be early tested in CTAG test tracks, where scenarios will be reproduced
and later in real conditions in the Gran Vía Avenue through a fixed route which will include 4
traffic light intersections. Pedestrian detection by infrastructure and other vehicles will be
tested as well
2. Automated VALET parking will be tested in the City Council Parking. The main challenge of
such parking lot is the indoors positioning, which is expected to be solved by the access to
cameras and parking spaces sensors through IoT connectivity. The testing area will be
selected among their 200 parking spaces and will take place in the 1st of its 2 levels. Before
starting parking testing some pre-test will be carried out in reproduced scenarios at CTAG
test facilities.

4.5.1 Use Case Storyboards
4.5.1.1

Urban Autopilot

The aim of this use case is supporting automated driving providing access to information that are out
of Automated Vehicles sensor range putting it available and accessible through an IoT platform. Such
information will be mainly traffic light status and time to change of intersections together with
information about pedestrians (or other warnings) on the road. Such information may be out of the
sensor range of the vehicle either because they are too long distant either because of the presence
of an obstacle (e.g. another vehicle).
In this sense, the main capabilities of Urban Autopilot Assisted by IoT will be:



Adaptation of speed circulating in urban roads in autonomous mode according the
status and remaining time to change of traffic lights.
Reacting in advance to potential warnings received by IoT Cooperative Sensing about
hazards provided by TMC or other vehicles (pedestrian, accident, road works…)
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The way this use case works could be explained according the story board below which considers the
IoT general architecture proposed in AUTOPILOT and where Active entities and their information
exchange is explained and related with autonomous driving functions.
AD starting
Active entities & information exchange
- Cars send request to initiate the AD mode
- Traffic management centre confirms use of AD mode in that lane
Automated driving functions
- Cars have access to relevant information relevant for the current Autonomous driving path.
- Allow the driver to start the function

Figure 44: Vigo Pilot Site Elements overview. Speed Adaptation according to traffic light status and time to change.

Traffic light speed adaptation
Active entities & information exchange
- The Traffic Light Control Unit acts as a IoT device integrated in IoT ecosystem and connected
to IoT platform
- Vehicle IoT platform connects to City IoT platform and request relevant information
according its position and heading (and/or route)
- IoT platform sends data relevant according the position, heading and (and/or route) using
the most suitable communication channel In this case traffic light status and time to
change for the next intersection(s) according heading (route)
Automated driving functions
- Cars have access to information about the remaining time to red or green light
- They adapt their speed to provide a smoother intersection crossing and reduce consumption
and pollution
Pedestrian Alert (Cooperative sensing)
Active entities & information exchange
- Traffic light cameras are part of IoT ecosystem and the detection of the pedestrian is
available in City IoT platform
- Vehicles, as IoT device part of IoT ecosystem share the pedestrian detected in the road
- Other vehicles as IoT entities in IoT ecosystem has access to this information when,
according their position and heading, is relevant for the automated driving task
Automated driving functions
- Automated vehicle reacts accordingly when relevant pedestrian presence is notified from
IoT platform.
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Figure 45: Vigo Pilot Pedestrian awareness from infrastructure/vehicle detection. Automated VALET parking sequence.

4.5.1.2

Automated VALET Parking

Description:
The driver is able of booking a parking space in parking lot through mobile app. The driver leaves the
vehicle at parking entry and the vehicle drives to the parking space and parks on automated mode
supported by data available by IoT platforms (map, parking space position, parking sensor/cameras,
vehicle position…),
The driver request the vehicle through mobile app and the sequence of leaving the parking space
and driving to parking exit is performed in automated mode supported in the same way by the data
accessible through IoT platform. The driver pays via app and takes the vehicle
IoT aspects:
The vehicle stablish connection with parking infrastructure (through IoT platforms) and have access
to information from parking cameras and sensors together with parking mapping and instructions
(such as free lane: you can leave parking space) according internal traffic. In such way, manoeuvers
are supported by information from parking cameras and sensors together with parking mapping and
instructions according internal traffic.
Vehicle delivery
Active entities & information exchange:
- The driver leaves the vehicle at the parking entrance after book and confirms a parking
space.
- The parking management system identify and admit the automated vehicle
- Information exchange takes place between vehicle and Parking management system
o Parking Map
o Parking space position
o Additional info from cameras and/or sensors in the parking lot.
Automated driving functions
- The Vehicle drives in automated mode towards the assigned parking space supported by
external info from the parking management system (access to connected elements,
indications and/or orders according Parking lot situation in terms of traffic)
- Once in parking space, the vehicle performs the parking manoeuvre.
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Vehicle return
Active entities & information exchange:
- The driver activates the return order to parking management systems
- The Parking Management Systems authorize the AD vehicle exit and provide instructions
o Parking map
o Parking Exit route
o Additional info from cameras and/or sensors in the parking lot.
Automated driving functions
- The vehicle gets out of parking space and drives in automated mode towards parking exit
supported by Parking management system
- The driver gets into the vehicle and leaves the parking.

4.5.2 Related Services
The consideration of Services for Automated driving in the city of Vigo has not been initially
considered. Nevertheless, some of the AD Services addressed in the AUTOPILOT framework may fit
in future uses in the city. The main scope of the Vigo Pilot will focus on the feasibility of Autonomous
urban driving within the city roads supported by IoT City Platform.
In this sense, for Urban Autopilot, the services with a relevant potential use within medium term in
Vigo should be City Chauffeur for Tourist and Automated driving route optimisation together with
the use of HD maps for automated driving. Moreover, there is interest in an Electronic Driving
Licence to manage the circulation of AD vehicles in the city.
The development of Automated VALET parking service supported by a mobile app is also quite
suitable, nevertheless, the focus of AUTOPILOT in Vigo will be testing the feasibility and the
performance in real environment of such AD scenario.

4.5.3 IoT Utilization
The integration of automated vehicles as IoT devices in the smart City platform will enable their role
as mobile sensors. That will provide valuable information to the Mobility Management centre for
traffic regulation and will set a solid and valuable basis towards the management of hybrid traffic
(automated/connected - non-automated/connected) in the city of Vigo which could be replicable to
other cities.
In the vehicle side, the electronic horizon extension is taken to a new dimension. With C-ITS
communication range is limited to the traffic lights of approaching intersection. IoT integration will
set the basis for enabling the access to a wider volume of data (different traffic lights, routing,
pedestrian, hazard warnings, priority to automated vehicles)
AUTOPILOT use cases in Vigo will be the starting point, piloting urban automated driving in city roads
with access to the different traffic lights across the route using IoT platforms (on board and
infrastructure) together with V2X warnings.
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Figure 46: Pilot Site Vigo global AUTOPILOT IoT approach.

4.5.3.1 Urban Autopilot with Cooperative Sensing IoT use
 The vehicle has access to Traffic light status/timing and hazard warnings through real time
connection to infrastructure IoT platform
 Each vehicle acts as mobile sensor and interchange information with infrastructure and
other vehicles. Infrastructure sensors and cameras are integrated in such data interchange
Information provided by IoT
 Traffic light status and time to change (infrastructure to vehicle)
 Hazard warnings (infrastructure to vehicle)
 Pedestrian detection by infrastructure (infrastructure to vehicle)
 Pedestrian detection by vehicle (V2V and V2I)
IoT enabled functionality
 Speed adaptation to traffic light remaining time
 Pedestrian/obstacle awareness further that vehicle sensor range
 Speed adaptation to hazards as road works, traffic jam or accident
Benefits compared to state of the art
 A more reliable perception of traffic light status
 Wider range of information of route traffic lights and potential adaptation of route speed
 Anticipation improvement with extended perception further of own vehicle sensor range
 Safer reactions in the presence of pedestrians and hazards
 Smoother driving behaviour
 The integration in IoT platforms of several communication channels 3G/4G, ITS-G5, LTEv2x
increases the reliability by offering redundant information, enabling the use of the optimal
communication channel according to data transmitted or complementary features in case of
unavailability of any of communication channel
4.5.3.2







Automated VALET parking
Assignation of Parking space
Communication of Virtual Parking Map
Positioning and routing support without GMSS signal.
Parking management improvement:
o Time saving for the driver:
 Vehicle delivery: saving time for accessing, looking for parking space,
parking, walking until parking lot exit
 Vehicle return: Walking to casher, paying, walking to vehicle, leave parking
space, drive until parking exit
Safer improvement with parking support provided
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Information provided by IoT
 Parking map
 Parking space position
 Optimal route according parking situation
 Parking sensors/cameras information
 Vehicle speed
 Vehicle sensors info
IoT enabled functionality
 Automated driving based in parking map provided and additional info from sensors and
cameras
Benefits compared to state of the art
 Possibility of parking underground (no GNSS signal available)
 Time saving for the driving in delivery and return processes
 Possibility of managing several automated vehicles parking traffic.
 No need of parking drivers.

5

Automated Driving beyond State of the Art

This chapter describes how Internet of Things could progress automated driving and real-time car
sharing beyond the state of the art. In this chapter, the IoT extensions from the different pilot sites
and use cases are consolidated for the four automated driving functions and the car sharing service.
This is done to homogenise the assessment of the extensions as much as possible. A summary of the
use case descriptions is enclosed in Section 5.6, and Section 5.7 contains suggested research
questions for all use cases.

5.1

Automated Valet Parking

5.1.1 Extensions enabled by IoT
Compared to the state of the art, using IoT can significantly enhance the AVP use case. The two main
extensions enabled by IoT are an improved environment model and function reallocation:
Improved environment model
One of the major challenges in the use case is to create a comprehensive model of the environment.
There are other vehicles - parked or driving - located on the parking lot, blocking the line of sight to
possibly vacant parking spots and roads. Due to these occlusions, the automated vehicle has a
limited view of the environment, restricting its ability to efficiently reach a parking spot. It may need
to drive overly cautious not knowing what is behind the next corner, or may even have to re-plan the
route because of objects blocking the path or parking spots not suitable for the particular vehicle.
Connecting the vehicle to IoT will considerably mitigate these issues. Exploiting existing
infrastructure, sensors outside of the automated vehicle will be made IoT-capable and connected to
the vehicle via an IoT-platform. These can be surveillance cameras as well as off-the-shelf sensors
equipped on series vehicles such as ultrasonic sensors. Furthermore, by the introduction of
additional sensors on drones, information about areas previously uncovered can be provided. The
vehicle can use this information to enhance its environment model and its driving functions. The
various types of IoT sensors will provide information about parking space, other road users and
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additional reference points for improved positioning accuracy. The use of these sensors information
will make the use case more efficient and enhance safety by redundancy. Furthermore, access to IoT
sensors used for positioning allows the possibility of parking in areas where no GNSS signal is
available (e.g. parking garage).
Function reallocation
The approaches described in the state of the art primarily suggest the functions for automated valet
parking to be running entirely on the automated vehicle. Connecting the vehicle to IoT-platforms not
only allows shared access to sensors but also to shift functionality from the vehicle to the IoTplatform. By allocating functionality to the IoT-platform, the platform can coordinate traffic on the
parking lot and do efficient route planning based on real time available traffic flow information. This
helps with avoiding blocked routes and congestions and is expected to result in time saving for the
driving in delivery and return processes. Also, user-specific data can be used to make the use case
more efficient, for example by anticipating the vehicle return time using the driver’s calendar.
Besides navigation, also functionality on the tactical decision level may be shifted to the IoT-platform
so that less functionality is required on the vehicle itself. Combined with the additional sensors
provided by IoT, this opens the use case for vehicles that would otherwise not be capable of doing
automated valet parking.

5.1.2 Hypotheses on IoT Impact





IoT will make the AVP use case more efficient (reduced drop-off / pickup times).
IoT will increase safety by allowing access to additional / redundant sensor information.
IoT will lower the entry threshold for other vehicles by allowing reallocation of functionality
from the vehicle to other systems
IoT can benefit non-AD vehicles as well

5.1.3 Performance Measures
5.1.3.1




5.1.3.2







26

Expected results with IoT
Reduced travel times to drive to / from parking spot
Reduced distance to drive to / from parking spot
Improved detection of other road users (pedestrians, vehicles) Reduced number of deadlock
situations
Decomposition / Relocation of AD functions to edge / cloud backend systems
Relevant scenarios
Different locations of parking spots
Route to parking spot obstructed by other vehicles
Unable to park in assigned parking spot (e.g. too narrow)
Variety in allocation of AD functions
Use of mobile IoT sensors (MAV26, other vehicles) in addition or instead of stationary sensors
Parking with or without GNSS available (e.g. roofed parking lot)
Managing several AD vehicles

Micro Air Vehicle

71

5.1.3.3










5.2

Indicators of performance
Position accuracy
Time to park
Waiting time / time to return vehicle
Number of conflicts (e.g. due to an unforeseen obstacle)
Latency of detection
Energy consumption
Variation in speed profile
Variation in number of hard braking/acceleration
Number of drive direction changes

Highway Pilot

5.2.1 Extensions enabled by IoT
An integrated IoT approach could extend previously described Road Hazard Warning (RHW) systems
in three ways:
1. By allowing the collection of information coming from more numerous and diverse
equipment and vehicles, plus the consequent fusion of this information for improved
hazards detection
2. By streamlining the broadcast of warnings to more numerous and diverse equipment and
vehicles, plus the interpretation of these warnings in a way specific to each IoT
3. By managing a vehicle as a connected and controllable IoT equipment that can receive actual
commands then interpreted by assisted and autonomous driving systems
5.2.1.1

Information collection

Information may be collected from vehicles, smartphones, roadside units like cameras, etc.
Road hazards may be detected in two ways:
 through direct detection, best applied to obstacles
 through indirect detection by noticing consistent patterns over a reasonable number of
observations, best applied to road quality/defects
In both cases though, it is the repetition of consistent observations by several IoT that reinforces the
knowledge and accuracy of a hazard existence, or its disappearance.
This notion of cooperative and reinforced learning was not executed in previous RHW systems
experiments.
5.2.1.2

Broadcast of warnings

A RHW warning shall materialize in a different form when raised on different type of IoT equipment.
For instance, a slippery road warning may materialize as a picture on a smartphone, as a blinking
pattern on a roadside sign or as a control in a vehicle.
In previous RHW systems experiments, warnings would materialize only as HMI display.
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5.2.1.3

Vehicle Management

A desired objective if for the vehicle to take RHW into account in its assisted and automated driving
systems. The range of possible actions is wide and this project shall focus on:
 speed limit recommendation, overriding, if lower, road signs and navigation maps values
 safety distances, overriding, if longer, the default value
 recommendation of transition to manual mode, up to disengagement and full halt
 etc.

5.2.2 Hypotheses on IoT Impact
IoT shall help build this 6th Sense Anticipation and as such:
 It shall help limit the number and intensity of obstacles avoidance manoeuvres.
 It shall also enable smoother driving experience, by intelligently adapting vehicles speed to
the road quality.
However, enabling vehicles as IoT devices raises concerns:
 Anonymization of data must be dealt with.
 It weakens vehicle integrity against hacking or improper functions, in particular if
Autonomous Driving functions are tied in.
There shall hence be:
 a secure authentication and trust protocol
 a robust hierarchy of priorities: the vehicle inner functions shall process any incoming IoT
information as additional material helping in decision making, not overriding safety
mechanisms.

5.2.3 Performance Measures
In this section, the performance measures are indicated
5.2.3.1




5.2.3.2






Expected results with IoT
Miscellaneous warnings and road signals communicated to vehicles/drivers/passengers shall
be more relevant and descriptive of the actual situation ahead.
AD driving shall apply more progressive and smoother manoeuvres when passing over or
around Road Hazards.
Overall safety shall increase in the handling of Road Hazards. For instance, the vehicle could
recommend or force transition to manual mode if uncertain about its AD capabilities.
Another example could be the vehicle lowering its speed when entering slippery areas.
Relevant scenarios
Vehicle approaching in ACC/AD mode a location where lies an unknown Road Hazard
Vehicle receiving RHW
Vehicle approaching in ACC/AD mode a location where lies a Road Hazard it has been
notified/warned about
Vehicle receiving driving instructions
Vehicle approaching in ACC/AD mode a location where lied before (=situation changed) a
Road Hazard it had been notified/warned about
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5.2.3.3





Decreased detection time for vehicle algorithms (given a fixed level of confidence threshold)
Decreased detection (spotting) time for vehicle drivers and passengers
AD driving quality perception by passengers, with and without Anticipation
Speed of detection of hazards appearance and disappearance by the fusion of multiple IoT
reports
Proper and timely interpretation of control commands to vehicles



5.3

Indicators of performance

Platooning

5.3.1 Extensions enabled by IoT
The main challenge of AUTOPILOT is to assess the value of Internet of Things for Automated Driving.
Internet of Things can provide information that cannot be obtained from in-vehicle or road-side
sensing, and can provide more elaborate information through extended data structures.
Furthermore, it is a new means of communication with current entities involved in Automated
Driving, but also enabling connections to a (very) wide extent of other entities.
5.3.1.1









5.3.1.2





Information provided by IoT
Interaction with platooning service, platoon and traffic management to exchange
coordination parameters/commands
Position, velocity, planned route, etc. of IoT equipped automated vehicles from on-board
sensors and systems
Position, velocity, etc. of legacy traffic and planned routes, intents for exiting motorway via
off ramps or entrance via on-ramps
Traffic light status and request handling
Expected occupancy of busses on bus lane
Traffic status from road-side cameras, and car sharing service
Road conditions from highway pilot service
Information aiming for (redundant) localisation, e.g.:
o real-time HD maps
o GPS error corrections with RTK DGPS service
IoT enabled functionality
Interaction with services for efficiently arranging platooning:
o Larger distance platoon forming;
o Increased penetration rate, assuming more cars are connected to IoT.
Increased V2x communication range
Traffic and safety assessment for traffic management to enable use of emergency lane as
priority lane
Reduce platoon disruptions by avoiding interference with legacy traffic and busses, or due to
traffic lights

74

5.3.1.3




5.3.1.4





IoT Information sourcing
IoT enabled cars
Road-side cameras
Traffic light control units
Smartphones and wearables used by legacy car drivers
Benefits compared to state of the art
Interactions with infrastructure, traffic management and services to have more flexibility in
platoon manoeuvring capabilities, such as platoon forming, organising vehicles, etc.
Platooning vehicles can communicate with each other over wider distances
Traffic intent and interference information that cannot be sensed by vehicle sensors
Redundant sensor information for enhancing safety

5.3.2 Hypotheses on IoT Impact






IoT will enable integration of platooning in a mobility service concept
IoT will facilitate finding other vehicles as members for platooning
IoT will extend the distance at which vehicles initiate towards platooning
IoT will allow a better anticipation on legacy traffic evolution, traffic lights, etc.
IoT will contribute to reach a higher level of automation by enhancing safety as result of
redundant sensor information

5.3.3 Performance Measures
In this section, the performance measures are indicated.
5.3.3.1



5.3.3.2






Expected results with IoT
No conflicts at off- or on-ramps at motorway
Smooth transition of traffic light intersections
Smooth platoon forming from relatively large distances
Relevant scenarios
Entering and exiting legacy traffic with potential interference
Traffic light approach with different traffic light state
Platoon forming while driving at relative large distance
Variety of congestion on motorway
Bus lane usage by public transport with potential interference
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5.3.3.3








5.4

Indicators of performance
Travel time
Number of platoon disruptions
Acceleration/deceleration level of vehicles
Speed variation
Energy consumption
Ride comfort
Efficiency of automatic fleet rebalancing

Urban Driving

5.4.1 Extensions enabled by IoT
The integration of automated vehicles as IoT devices within the smart City platform will enable their
role as mobile sensors. That will provide valuable information to the Mobility Management centre
for traffic regulation and will set a solid and valuable basis towards the management of hybrid traffic
(automated/connected - non-automated/connected) in the AUTOPILOT cities which could be
replicable to other cities.
In the vehicle side, the electronic horizon extension is taken to a new dimension. With C-ITS,
communication range is limited to the traffic lights of approaching intersection. IoT integration will
set the basis for enabling the access to a wither volume of data (different traffic lights, routing,
pedestrian, hazard warnings, priority to automated vehicles).
Following an IoT architecture the information exchanged between all the mobility entities will allow
the automated vehicles the access to:
 Traffic light status and time to change (infrastructure to vehicle)
 Hazard warnings (infrastructure to vehicle)
 Pedestrian detection by infrastructure (infrastructure to vehicle)
 Pedestrian detection by vehicle (V2V and V2I)
 …
5.4.1.1





IoT enabled functionality
Speed adaptation to traffic light remaining time
Pedestrian/obstacle awareness further that vehicle sensor range
Speed adaptation to hazards as road works, traffic jam or accident
…

The availability of such data on board has been tested and proved through C-ITS during the last
years. Such info supported drivers of different vehicles and fleets. The interaction on that sense was
limited to the information that a human driver can process, which is limited, in the case of hazards
and traffic lights to the short term in a small radius (one or two intersections and close events).
The IoT approach opens the door to the access to a higher quantity of data that, in this case, can be
processed by autonomous driving intelligence (for instance, the status of several intersections can
be known and processed by the vehicle in combination with traffic status to take decisions on the
best optimal route).
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5.4.2 Hypotheses on IoT Impact
5.4.2.1









Benefits compared to state of the art
A more reliable perception of traffic light status for speed adaptation and higher in vehicle
comfort
Wider range of information of route traffic lights and potential adaptation of route speed
Anticipation improvement with extended perception further of own vehicle sensor range
Safer reactions in the presence of pedestrians and hazards
Smoother driving behaviour
The integration in IoT platforms of several communication channels 3G/4G, ITS-G5, LTEv2x
increases the reliability by offering redundant information, enabling the use of the optimal
communication channel according to data transmitted or complementary features in case of
unavailability of any of communication channel
…

5.4.3 Performance Measures
In this section, the performance measures are indicated.
5.4.3.1








5.4.3.2








Expected results with IoT
Lower max speed
Higher min speed
Average speed increasing
Reduction in number of stops
Reduction in number of hard braking
Reduction in fuel Consumption & CO2 emissions
For Urban Autopilot with IoT Cooperative sensing.
o Pedestrian presence is detected at higher distance of intersection by IoT automated
vehicle
o Pedestrian is detected earlier by the IoT automated vehicle
o Reduction of pedestrian time detection in vehicle 2
o Softer speed profile
o Softer acceleration profile
o Reduction of hard braking
Relevant scenarios
Single Automated & connected vehicle approaching to a traffic light intersection
Combination of Automated & Connected and non-connected vehicles approaching to a
traffic light intersection or an area with a lot of VRUs.
Single vehicle driving through several traffic light intersections
Combination of vehicles (AD & IoT and conventional) driving through several traffic light
intersections.
Urban Autopilot with IoT Cooperative Sensing - Pedestrian detection V2I
Urban Autopilot with IoT Cooperative Sensing - Pedestrian detection V2V
[…]
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5.4.3.3







Based in the comparison of Automated vehicles connected and not connected)
Speed profile variation comparison
Acceleration profile comparison
Number of Hard acceleration events comparison
Number of Hard braking events comparison
Fuel Consumption&CO2 emissions comparison
 Indicators for UA with IoT Cooperative Sensing compared with AD without IoT
Time of detection of pedestrian by the vehicle
Speed profile variation comparison
Acceleration profile comparison
Number of Hard acceleration comparison
Number of Hard braking comparison"
Pedestrian detection time (direct by own sensor)
Pedestrian detection time (indirect by second vehicle Either own sensor either IoT)
Speed profile variation Vehicle 2
Acceleration profile variation Vehicle 2
Variation in the number of hard braking and accelerations
Detection distance variation"













5.5

Indicators of performance

Real-Time Car Sharing Service

5.5.1 Extensions enabled by IoT
One of the challenges of AUTOPILOT is to assess the value of IoT for car sharing services. In a
nutshell, IoT, and specifically the use of an open IoT platform, can provide additional valuable
information that cannot be obtained otherwise from other in-vehicle sensors, road-side sensing, etc.
5.5.1.1
In-car:






Information provided by IoT
GPS data
Navigation status
Time-distance computations
Real-time pick-up drop-off information for customers
Events detected by car, to be communicated to other vehicles

Infrastructure:
 Traffic status and road-works, accidents, road conditions
 Traffic light status and request handling
 Position, velocity, etc. of legacy traffic and planned routes
 Expected occupancy of busses on bus lane
 Bus schedules, flight schedules (for pick-up and delivery times)
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5.5.1.2

IoT enabled functionality

In-car:
 Time-distance computations
 Real-time pick-up drop-off information for customers
 Computation of cost-to-pick-up a determined customer
Infrastructure:
 Interaction with services for efficiently arranging pick-up and delivery
 Safety assessment for traffic management to allow use of emergency lane usage
 Avoiding delays by integration with real-time traffic information and road conditions
 Reducing idle/waiting times by knowing flight/bus schedules in real-time
 Subscription to events that happen on the journey (i.e., context mapping)
5.5.1.3







IoT enabled functionality
Interactions with infrastructure, traffic management and services, in an open architecture.
The car can consume information from, and publish information to, any device/service
connected to the platform without having to know them, thanks to the IoT broker.
Traffic intent and interference information that cannot be sensed by vehicle sensors
Redundant sensor information for enhancing safety
The car becomes active, by effectively participating in the decision-making process
Avoiding worst-case scenarios by real-time re-computing
Open platform capable of handling “plug-and-play’ any external new source of information
(drones, cameras, phones, etc.)

5.5.2 Hypotheses on IoT Impact
IoT will provide a fruitful framework in which information coming from different heterogeneous
sources can be seamlessly integrated. By leveraging the IoT infrastructure, car sharing will have
access to more accurate data to make sensible time and route predictions and offer a better service
to the customers. Better service can be measured as follows in the next section.

5.5.3 Performance Measures
In this section, the performance measures are indicated.
5.5.3.1



Expected results with IoT
Better service in terms of reduced pick-up/drop off delays and up-to-date traffic information
Reduced un-predicted events (due to traffic/accidents/road conditions)

79

5.5.3.2





Relevant scenarios
Single and multiple riders
Negotiating traffic conditions (updating the travel-times, re-routing)
Integration with flight schedules (delays, cancellations)
Bus lane usage by public transport with potential interference

5.5.3.3

Indicators of performance

The following are relative indices w.r.t. the case of using a personal car without car sharing
 Cumulative travel times
 Cumulative travel distance
 Average waiting time for customers (outside the specified time window)
 Distribution of waiting times
 Probability of constraint violation (pick-up and drop-off outside the specified time windows)
 Cumulative fuel usage

5.6

Summary for the Specific Use Cases

A summary of the specific use cases is provided below.

5.6.1 Automated Valet Parking
Automated valet parking (AVP) concerns unmanned vehicles that drive from a drop off location to an
available parking spot. The use of Internet of Things enables that the vehicles have a route and
destination, which is adapted to parking availability and road sections that may be obstructed by
other vehicles. The pilot sites offer two locations for outdoor parking and one location for indoor
parking.
In AVP, the vehicle will park itself after the driver has left the car at a drop-off point, which may be
located near the entrance of a parking lot or parking garage. When the driver wants to leave the site,
he/she will simply remotely request the vehicle to return itself to the collect point, using (for
example) a smartphone app.

5.6.2 Highway Pilot
The Highway Pilot use case aims at enabling anticipation to improve Automated Driving. At this
moment vehicles only rely on information collected within the range and capabilities of their own
sensors. The goal is to complement this information with additional processed data and
recommendations collected from other IoT (roadside units or vehicles) that have faced a similar
situation earlier
On the pilot site, there will be two scenarios to evaluate two categories of Road Hazards: 1) safety
and time critical hazards such as roadside vehicles, 2) non-time critical hazards like road defects that
will be detected over training. The goal is to demonstrate mechanisms to learn about road hazards,
ways of signalling effectively to new incoming vehicles, and methods for adapting Automated Driving
to handle these situations.
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5.6.3 Platooning
Platooning is about automatically following another vehicle at relatively close distance. The aim of
AUTOPILOT is to demonstrate vehicular platoons consisting of a lead vehicle and one or more highly
automated or driverless following vehicles. Several variants of platooning will be deployed and
evaluated in AUTOPILOT:
 An urban variant to enable car rebalancing of a group of driverless vehicles (up to 4),
involving one driver, driving the first vehicle.
 A highway variant, where one or more highly automated vehicles follow a leading vehicle on
the highway while using a priority lane.
The use case will study the benefits of IoT integration with respect to:
 smooth and efficient moving of the platoon in traffic by timely anticipating on e.g. traffic
lights, legacy traffic;
 efficient platoon forming, i.e. identifying platooning vehicles and arranging these for
platooning, and using a priority lane.

5.6.4 Urban Driving
The urban driving uses case will focus on two main situations to evaluate the potential added value
of IoT in AD functions:
1. Intersections with traffic lights
2. VRU detection and collaborative perception
Pilot sites will facilitate several test scenarios to evaluate if IoT technologies can be an enhancer or
an accelerator for safety applications related to AD functions.

5.6.5 Real-Time Car Sharing
In the context of the AUTOPILOT project, a car sharing service will be developed and tested in a use
case consisting of road network with a variety of urban and extra-urban (motorway) situations. The
use case will consist of multiple customers requesting to be picked up and dropped off at specific
locations within specific time windows. The use case will leverage IoT to provide a large-scale
optimization engine for car sharing. The use case will study the benefits of IoT integration in the car
sharing service (among others, in terms of vehicle-customer matching quality, and waiting times). A
key aspect of the implementation will be the interplay between data and events that can be
collected through IoT and the vehicle-customer matching engine. One of the main services offered
will be real-time overview and assignment of vehicles and car sharing availability.

5.7

Suggested Research Questions

The research questions associated to the extensions of Automated Driving functions that are
expected with IoT are provided in Table 5 with an indication for which use case they apply. Note that
they are indicated for the use cases that can be executed (typically they could be valid for all
automated driving functions).
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Table 5: Research questions and use cases (AVP=Automated Valet Parking, HP= Highway Pilot, PLT = Platooning, UD =
Urban Driving, CS = Car sharing).

Research question
To what extent can IoT Improve localisation?
To what extent can IoT enable supervisory control?
How can VRUs be detected by IoT?
When can IoT be used for safety applications?
How scalable is the AVP solution for cities?
What is the required IoT penetration rate for benefitting?
How can IoT improve the co-existence of AD cars and legacy traffic?
How can heterogeneous IoT sources provide environment detections?
How to deal with trustworthiness, authentication, relevance, etc.?
How does IoT improve platooning robustness / safety?
Can IoT elevate SAE level 2 Automation towards SAE level 3 (or 4)
How to decompose the platooning services (management, partnering, etc.)?
How good can IoT predict travel times?
How can IoT weather information improve the behaviour of the AD car?
Which vehicle components need to be IoT enabled for advanced vehicle service
and maintenance use?
What is the scalability in terms of fleet size and geographical coverage?
How can car sharing benefit from airport and campus Information (and vice
versa)?
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AVP
x
x
x
x
x
x
x

HP
x
x
x
x
x
x
x

PLT
x
x
x
x

UD
x

x
x

x
x

CS

x

x
x
x
x

x
x
x
x
x

Conclusions and Recommendations

Conclusions and recommendation are provided in terms of a proposal for ensuring interoperability
between pilot sites, recommendations for service and communication network, proposed
adaptations of Automated Driving functions and various recommendations to support evaluation
(i.e. research questions, scenarios and performance indicators). A summary of the use cases is
provided Section 5.6. The recommendations are provided to support other tasks in the project
where requirements are defined.

6.1

x
x
x

Proposed Interoperability between Pilot Sites

Several use cases are executed at multiple pilot sites. These use cases are suitable candidates for
assessing interoperability between pilot sites and services. The following use cases are proposed for
interoperability assessment:
1. Highway Pilot – Road hazard warning
The road hazard warning is proposed in pilot sites Brainport and Livorno. The road hazard warning
concerns assessment of the road condition, which is very different between the two pilot sites. The
road hazard warning is developed in the Brainport in the context of Highway Pilot, while in Livorno it
is offered as a service to road users. The test vehicle(s) shall be exchangeable between the pilot
sites. The Evaluation phases will plan for such tests.
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2. Urban Driving – Rebalancing service
A rebalancing service is developed in Versailles and the Brainport using a common vehicle platform.
A fleet of Renault Twizies will be instrumented of which a share will be used in Versailles and the
remaining will be used in the Brainport, ensuring interoperability at the vehicle functionality level.
Rebalancing in Versailles is at scheduled events, while at the Brainport it will adapt to car sharing use
demand. With interoperability, the full fleet of Twizies shall be used at one single location for a
demonstration event.
3. Urban Driving – Vulnerable road user safety
All pilot sites consider Vulnerable Road User safety in Urban Driving applications. The scenarios that
will be executed vary considerable between the pilot sites. Interoperability between the pilot sites
should aim for a consolidated information exchange from Smartphone towards IoT services (e.g.
position and trajectory), while information exchange from IoT services towards the Smartphone
should be encompassing the variants specific to the pilot sites.
An overview of the proposed use cases for interoperability assessment is summarized in Table 6.
Table 6: Proposed use cases for interoperability assessment.

Finland
Tampere
Highway Pilot
Road hazard
warning
Urban Driving
Rebalancing
Service
Urban Driving
VRU safety

6.2

France
Versailles

Italy
Livorno

Netherlands
Brainport

X

X

X
X

X

Spain
Vigo

X
X

X

X

Recommendations for Service and Communication Network Requirements

The latency and bandwidth (per channel, but also number of channels) of the communication is
highly relevant for the capabilities of the automated driving function. The recommendations for the
communication network can be generalised in the sense that all vehicles need to be connected to
the AUTOPILOT-IoT system for function development and evaluation through a cellular connection.
Platooning requires low-latency V2x communication (ITS-G5 or LTEV2x when available), while for
urban driving the availability of this low latency V2x communication is preferred to connect to traffic
lights.
The Automated Driving use cases involve V2x communication technology (i.e. ITS-G5) and (cellular)
IoT communication technology for the function development. A comparison of the capability of the
information exchange is addressed in these use cases, where the data extent (e.g. attributes) and
latencies are most relevant. For Urban Driving the use of Bluetooth is also considered. These
technologies need to be provided by the road infra structure, as well as on the vehicles.
Car sharing is not time critical and only use the cellular IoT communication technology, however
information from connected sources via V2x and other protocols can be considered. The cellular
technology may be current 3G/4G networks while some experiments are planned with 5G
technology.
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6.3

Proposed automated Driving Function Adaptation

The proposed automated driving function adaptations are provided below for each use case that
may be executed in AUTPILOT.
For Automated Valet Parking IoT is used for accessing sources outside the vehicle to determine the
overall parking situation. The driving function is adapted to import this external data, and to utilize
this information for routing and planning. External services may command the vehicle to a specific
parking location, or retrieve the vehicle.
The use of IoT for Highway Pilot is to change set points for driving speed and following distance in
relation to anticipated driving conditions. Furthermore, a warning in advance may be given for
transition of control to the driver, or alternatively allow the vehicle to come to a safe stop without
any action from the driver.
For Platooning, IoT will be used for the platoon formation process and efficiency enhancements.
This will result in routing and speed advice (or commands) of platooning members towards the
platooning location. During the platooning phase, the inter-vehicle distance and platoon speed will
be adjusted to the driving situation, and on external commands from e.g. a traffic server. The
platoon will act directly on IoT information from traffic lights that is obtained through IoT, or IoT
information related to motion prediction of legacy traffic. Finally, IoT will be a redundant
communication channel to current V2x communication for platooning, requiring adaptation of the
controlling software
For Urban Driving, IoT will provide information on Vulnerable Road Users, Traffic lights and legacy
traffic. The control strategies will be adapted to adjust the vehicle speed, lane choice and margins
around other traffic.
Car sharing is not an automated driving function; however, adaptations of the service are made to
consider the IoT information that will lead to real-time prediction of travel times and user demand of
the service. Car sharing users will obtain route advice, which will be more reliable in terms of
avoiding road obstructions. For future application, we could consider that speed advice is given to
car sharing users, however that is outside the scope of AUTOPILOT.

6.4

Recommendations for Evaluation Scenarios

The recommended evaluation scenarios for the different use cases are described in this section
considering the facilities offered by the AUTOPILOT pilot sites.
Automated Valet Parking will be executed in a parking garage, an outdoor parking lot and at the
side of the street in urban environments. The scenarios should include route obstructions and
presence of legacy traffic (with a share having IoT equipment). Comparisons should be made with
functionality without using IoT. Various configurations of supervisory control and vehicle based
control should be considered. Finally, different locations on the parking and routes towards the
parking need to be tested.
The Highway Pilot use case provides road hazard warnings and adaptions of the driving considering
those hazards. The scenarios should be executed on multi-lane motorways to support lane choice,
and road quality disruptions and other road hazards need to be staged. Comparisons with the driving
function not using IoT should be made. Different separation of supervisory control and vehicle based
control should be considered. Finally, the information transfer should be compared for V2x
communication methods and IoT data exchange.
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Platooning concerns the formation process and interactions with legacy traffic and traffic signalling.
Various starting points of platoon members need to be considered within the road network towards
the formation location. The routes towards the formation location, as well as on the platooning
route need to be equipped with traffic lights at intersections. A variety of legacy traffic congestion
on the platooning route, with different shares of IoT use is recommended. Different interaction
scenarios with legacy traffic crossing the path of the platoon should be considered, including
situations where the platoon (temporarily) needs to be aborted. For the use of the priority lane,
(emergency) evacuation scenarios are proposed. The platoon should also consider a mix of vehicle
types.
For Urban driving the presence of legacy traffic and vulnerable road users is required. Intersections
with and without traffic lights should be on the test route. Road obstructions may be staged (for
example, a truck or a bus parked in the middle of the street), and concerning control a shift of
supervisory and local control is recommended. Comparisons of IoT solutions with connected vehicles
and C-ITS variants should be made.
For real-time car sharing the prediction of travel times and user demands is relevant. The variety of
traffic conditions should include road closure-diversions and traffic obstructions that occur in realtraffic. The road network should include urban roads, extra-urban and motorways. Intersections
controlled by traffic lights need to be on the routes considered. Comparison of predicted and actual
travel times will show improvements by IoT when compared with current solutions. Service
availability should be wide enough to attract significant numbers of users, including car owners that
may consider car sharing as an alternative. Scalability of the service should be able to be assessed.

6.5

Initial Key Performance Indicators

As can be seen in Table 5 of Section 5.7, several research questions apply to all (or most) use cases.
In summary, we can suggest six main research questions:
1. To what extent can IoT Improve localisation?
2. To what extent can IoT enable supervisory control, i.e. external control of vehicles?
3. How can VRUs be detected by IoT?
4. When can IoT be used for safety applications?
5. What is the required IoT penetration rate for improving AD functions and to enable services?
6. How can IoT improve the co-existence of AD cars and legacy traffic?
The initial key performance indicators are defined in relation to the above research questions to
support the assessment of the potential of Internet of Things for enhancement and enabling of
Automated Driving functions. In this context, enhancement concerns improvement in the
Automated Driving functions, while enabling concerns the extension of Automated Driving function
capability.

85

The initial performance indicators for enhancement are listed in Table 7 for the Automated Driving
functions and car sharing described in this deliverable.
Table 7: Initial key performance indicators for the automated driving enhancement.

Performance
category for
enhancement

Lateral
motion

Longitudinal
motion

Automated
Valet Parking

Highway Pilot

Platooning

Urban Driving

Precision of
parking
position and
orientation;
Path
deviations
Precision of
parking
position;
Speed
deviations

Path
deviations;
Lateral
acceleration

Path
deviations;
Lateral
acceleratio
n

Speed
deviations;
Longitudinal
acceleration

Speed
deviations;
Longitudina
l
acceleratio
n
Time-tocollision;
Headway
precision
Response
time to
events
Deviations
of Traffic
prediction

Path
deviations;
Lateral
acceleration;
Distance to
VRUs
Speed
deviations;
Longitudinal
acceleration;
Distance to
VRUs
Time-tocollision

Headway
Parking time
Time

Traffic flow

Parking
conflicts

Time-tocollision;
Headway
precision
Response time
to events
Deviations in
event
detection

Car Sharing

Response time
to events

Travel time

Change in
legacy traffic

Routing
conflicts
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The initial performance indicators for enabling are listed in Table 8 for the Automated Driving
functions and car sharing described in this deliverable.
Table 8: Initial key performance indicators for enabling automated driving functions.

Extension of
capability
====>>>>

Automated
Valet Parking
Dynamic
routing to
parking
location;
Optimizing
complete
parking
operation

Highway
Pilot
Detection of
road hazard
events

Parking time
for all users
(including
legacy traffic)

Detection
info latency
and
relevance
(deteriorates
over time)
Traffic
adaptions to
detection

Platooning
Avoid
conflicts with
legacy traffic;
Platoon
formation
beyond V2x
range (incl.
recovery
after
disruption)

Urban
Driving
Adjust driving
to VRUs and
traffic lights

Car Sharing
Predict car
sharing
demand;
Real-time
traffic
prediction

Performance
category for
enabling

Time

Traffic flow

Parking
conflicts for
all users
(including
legacy traffic)

Deviations
from platoon
formation
time
prediction
Number of
platoon
cancellations
due to legacy
traffic
interaction
(and
signalling)

Detection
info latency
and
relevance
(deteriorates
over time)
Change in
legacy traffic
concerning
safety and
throughput

Deviations in
travel time
prediction

Routing
conflicts
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7
7.1

Annexes
Additional Platooning Scenarios Versailles

Scenario “Stop and restart at a traffic light”: Driving the platoon through an intersection with a
traffic light
The platoon has been started and it is in the normal operation mode or in the degraded operation
mode. The platoon passes the intersection successfully. The platoon cannot restart / the platoon is
separated. Importance of the communication traffic light.
Exceptions / difficulties: The communication with the traffic light cannot be established. The traffic
light doesn’t work. The human operator makes a wring decision.
Scenario “Degraded platoon mode”: Driving the platoon in the degraded mode.
The AD vehicles are following the lead vehicle to the destination. The degraded mode is activated
and the platoon continues its operation in this degraded mode. Several events can activate the
degraded mode: A failure detection or an error message is reported to the HMI and it is suggested to
activate the degraded mode. The driver can switch on the degraded mode. The AD vehicles read the
command, confirm its reception and activate the degraded mode. The platoon continues to move in
the degraded mode until new order.
Exceptions / difficulties: The driver does not activate the degraded mode through the HMI or the
command is not sent. The AD vehicles don’t confirm the reception of the command. The human
operator drives the lead vehicle at more than 15 km/h.
Scenario “Security stop”: Stop the platoon smoothly in risky situations.
The platoon is following the lead vehicle to the destination and the traffic conditions are normal. A
risky situation is detected in the platoon: A security break is activated. All AD vehicles stop without
having a collision and change to the waiting mode.
Exceptions / difficulties: The security flag is not sent. The AD vehicles don’t read the flag. The lateral
controller does not function normally.
Scenario “Emergency stop”: Stop the platoon in emergency situations.
The platoon is following the lead vehicle to the destination and the traffic conditions are normal. A
failure or critical situation is detected in the platoon: An emergency stop command is sent. All AD
vehicles activate the emergency break and switch on the hazard lights. They stop without having a
collision and change to the waiting mode.
Exceptions / difficulties: The security flag is not sent. The AD vehicles don’t read the flag. The AD
vehicles read the flag but don’t take the appropriate action / act in delay. The lateral controller does
not function normally.
Scenario “Reactivate platoon mode”: resume the platooning operation after an emergency stop.
This use case describes the process of reactivating the platoon after an emergency stop. The platoon
can be reactivated in the following situations: Emergency stop caused by an important deceleration
of the Lead vehicle / by an obstacle detected by any of the AD vehicles / by the loss of the intercommunication / by an external command. Condition to reactivate the platoon mode: platoon is not
broken; all vehicles still form the platoon and the inter-communication remained or re-established.
Exceptions / difficulties: One vehicle is not ready for the platoon service, not enough information so
that the reactivation is locked; distance between two consecutive vehicles is too long.
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