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1 Executive Summary

The SARTRE project is a FP7 project which aims to develop strategies and technologies to allow
vehicle platoons to operate on normal public highways with significant environmental, safety and
comfort benefits.

The overall concept of SARTRE is to have a group of vehicles driving together with a lead vehicle,
driven normally by a trained professional driver, and several following vehicles driven fully
automatically by the system with small longitudinal gaps between them. Driving in this way in a
platoon brings benefits in fuel consumption, safety and driver convenience. In addition to
investigating the concept, a demonstrator system has been developed consisting of 5 vehicles: a lead
truck, a following truck, and 3 following cars. An offboard system has also been developed to allow
a potential SARTRE driver to find, and navigate to, a suitable platoon, although this has not been
fully integrated into the vehicle system.

The project has investigated the human factors aspects of platooning from the point of view of the
lead driver, the following drivers, and the other road users. Safety analyses have been carried out on
the system considering not only the effects of potential faults, but also the effects of potential
misinterpretation by a driver as well as deliberate malicious actions by third parties.

The demonstration system has been successfully tested on test tracks and public motorways, and
demonstrated to industry stakeholders as well as members of the press. Using these vehicles, the fuel
consumption benefits of platooning have been measured.

The commercial viability of product offerings based on platooning has been studied, looking at the
different range of options for trucks and for cars. The policies which would be affected by
platooning of automated vehicles have been outlined.

2 Project context

SARTRE is a FP7 project that seeks to support a step change in transport utilization. The project
vision is to develop and integrate solutions that allow vehicles to drive in platoons resulting in a
reduction in fuel consumption, improvement in safety, and increased driver convenience. The project
explores the issues around operating platoons on public motorways and the integration of
technologies necessary to achieve this as well as potential charging mechanisms that support the
business case.

The overall concept of SARTRE is to have a group of vehicles driving together with a lead vehicle,
driven normally by a trained professional driver, and several following vehicles driven fully
automatically by the system with small longitudinal gaps between them. Driving in this way in a
platoon brings benefits in fuel consumption, safety and driver convenience. In addition to
investigating the concept, a demonstrator system has been developed consisting of 5 vehicles: a lead
truck, a following truck, and 3 following cars.

Over the years, a number of other projects have investigated platooning and created prototype
demonstrator systems. Some of these have only used trucks, some have only used cars. Often, the
vehicles used within the platoon have been of exactly the same type which makes development easier



as all the vehicles have the same characteristics. Some have required changes to the road
infrastructure or expensive sensors on the vehicles.

The SARTRE demonstrator system includes both trucks and cars within the platoon. The cars are all
of different types, with different body styles and different engines. The vehicles therefore have a
wide range of characteristics, a situation closer to real-world conditions, which provides more of a
challenge to the developers. The basic assumptions are that SARTRE platoons will operate on
public highways, shared with other non-platoon traffic, and that no changes to the road infrastructure
are required.

To facilitate the introduction of such systems in the near future, the project maximises the use of
existing vehicle technologies. This brings advantages in terms of the availability, cost and
robustness of these technologies.

In order for such systems to be adopted, they have to be accepted by the drivers (as well as by the
wider society) and therefore they must be easy and intuitive to use. The human factors of the system
have been investigated, broadly falling into three categories: driver of the lead vehicle, drivers of the
following vehicles and drivers of other vehicles on the motorway.

As we are looking at operating on public motorways, the issues arising from interactions between
platoon vehicles and other non-platoon vehicles on the road need to be investigated. The
demonstration system has been developed to accommodate a non-platoon vehicle entering into, and
then leaving from, the middle of the platoon. This is the first step to supporting interactions with
non-platoon vehicles, but the full range of potential interactions is much broader. For such a system
to be commercialised, additional work will be required in this area.

In addition to the technical challenges, the project investigates the policies that might be affected by
the introduction of such systems on the public road. This not only covers the regulations that would
allow the use of such vehicles on the road (e.g. the Vienna Convention), but also the regulations that
would enable the greatest gains to be realised from such vehicles (e.g. considering automated driving
as ‘resting time’ for truck drivers).

The project has organised two workshops where many of the issues around platooning have been
discussed with interested stakeholders. The last workshop also included a demonstration of the
SARTRE vehicle system. A large media event was also organised where, not only was the system
demonstrated, but journalists were able to ‘drive’ the automated vehicles and experience it for
themselves. The vehicles travelled at up to 90 km/h with gap sizes down to 6 m.

Although there remain technical and regulatory challenges before a commercial implementation of
SARTRE can be available, the project has successfully demonstrated platooning technology based to
a large extent on existing technologies which can be implemented on existing highways without any
additions to the road infrastructure.

The project has brought together the skills and expertise of 7 partners from 4 countries: Applus+
IDIADA, Institut fir Kraftfahrzeuge Aachen (ika), Ricardo, SP Technical Research Institute of
Sweden, Tecnalia, Volvo Cars, Volvo Technology.



3 Use Cases

In SARTRE the functional behaviour is defined by Use Cases. Each Use Case is further specified by
a scenario according to a template developed within the SARTRE project. A Use Case is a form of
requirement specification that describes an interaction between one or more actors and a system to
accomplish a goal. Example actors are persons, vehicles and computers; i.e. an actor is not
necessarily a human. In SARTRE, Use Cases are divided into Platoon Use Cases (PUCs) and Back
Office Use Cases (BUCs). PUCs relate to the structure of the platoon and its primary operation.
BUCs relate to infrastructure issues such as charging, navigating to a platoon, etc.

At the highest Use Case level (L1) there is a system that includes both the platoon and the Back
Office functionalities. A Use Case scenario consists of a main sequence of actions (the normal, or
default case) and zero or more alternative sequences of actions. Two types exist: Alternative and
Exception. An Exception could imply that “something has gone wrong”, e.g. a hardware failure. The
end state will be different compared to end state of the branch where it emanated from (this could be
the Main sequence, an Alternative or another Exception). An Alternative implies an alternative way
of reaching the same end state as the branch where it emanated from (this could also be the Main
sequence, an Exception or another Alternative).

It is necessary to define at the highest level (L1) the overall functional behaviour of the application
i.e. what it is expected to do. L2 Use Cases, L3 Use Cases, etc. are then defined wherever needed in
order to complement and refine the L1 Use Cases:
e Create platoon (PUC)
Maintain platoon e.g. when OVs interfere (PUC)
Leave platoon (PUC)
Join platoon (PUC)
Dissolve platoon e.g. at an emergency in order to avoid an accident (PUC)
Guide to platoon (BUC)
Charge platoon (BUC)
Register (BUC)
Handle platoon status (BUC)

The following vehicle related notation is used:
FV Following Vehicle

LV Lead Vehicle

OV Other Vehicle

PFV Potential Following Vehicle

PLV Potential Lead Vehicle

PPV Potential Platoon Vehicle

PV Platoon Vehicle

The following Actors are defined:
e Vehicle LV, FV, OV, PLV, PFV
e Driverof LV, FV, QV, PLV, PFV
e Back Office administrator (BOA)

Figure 1 shows the principal interactions between Actors and Use Cases for platooning UCs.



System

Maintain
platoon

platoon
*4‘

Dissolve
platoon

Create

=
" pli?ér;n
FV Driver
Driver /
NN

Figure 1. Overview of system, actors and L1 Use Cases

Figure 2 gives an example of the SARTRE template. The example scenario shows how to create a
platoon at the highest level L1 using Back Office (there is also another scenario for creating a
platoon without involving Back Office). For simplicity only one Exception branch is shown (there
are five others). Notice that there is an accurate identification of Alternatives and Exceptions e.g.
M2.E below shows that there is an exception branch from Main Step 2.

Name One PLV and one PFV create a platoon via Back Office.
ID PUC.L1.Create Platoon.1
Revision history V1.0, 2009-11-16, First version for formal review

V1.2, 2010-06-10, SP LS; updated

Super-ordinates Not applicable
Sub-ordinates None
Description This UC is invoked when one PLV and one PFV wish to initiate

a new platoon. The PLV is a Truck/Bus and will be selected as
LV since the driver of the PLV has been properly trained. Back
Office services are used for identifying the PLV, guidance to it
and charging.

One PLV and one PFV are involved.




Environment

Road and conditions are suitable for platooning.

Goal Creation of a platoon with one PLV and one PFV.
Priority level This UC shall be further elaborated

Trigger A PPV that would like to be included in a platoon.
Risk Emergency situation

Interfering OV(s)
PFV not reaching PLV in time

Involved actors

One PLV, one PLV driver
One PRV, one PFV driver
Zero or more OVs, zero or more OV drivers

BOA
Start state There is no suitable platoon for the PLV/PFV to join.
Main scenario | Step | Action: Main scenario
sequence
Main 1 PLV driver/PFV driver contacts Back Office to find a
PFV/PLV respectively and registers to Back Office,

2 Back Office finds a suitable PLV-PFV match. Back
Office gets acceptance from PLV driver for including
PFV.

3 The PFV driver accepts offer from Back Office.

4 Back Office gives guidance information to PFV driver to
find PLV.

5 PFV driver requests PLV for inclusion in a platoon. The
distance is still such that safe manual driving is possible.

6 PLV driver/PLV checks if PFV has activated ACC/CC
and in that case turns it off. PFV driver is informed by
PLV driver/PLV.

7 PLV driver acknowledge inclusion. PLV becomes an LV
and PFV becomes an FV and is thus driven
autonomously. Distance between vehicles is optimized

8 LV driver/LV informs Back Office that platoon is created

Main End state A new platoon is created with one LV and one FV. Back
Office is informed.
Exception M2.E Step | No PLV-PFV match is found
1 PLV driver/PFV driver is informed by Back Office that

no match is found.

M2.E End state

A new platoon is not created.

Open issues

Comments

If not a successful creation of platoon no charging is made for
guidance information.

Back Office checks if driver of truck/bus has proper platoon
training. If not, he/she is not registered as PLV.




An emergency situation could occur:
when PLV and PFV are far from each other (M2). This situation is the same
as separate vehicles (under full manual control).

That the platoon may pass toll booth(s) on its way has been included in the
agreement for creating the platoon.

Figure 2. Scenario example using the SARTRE template

4 Modelling and Analysis of Platooning Strategies

This section describes the analysis of platooning concepts by simulations. For further information see
D 2.2. A platooning concept is a set of combined use cases and procedures which describe the
complete concept of the platoon including how to join, maintain and dissolve platoons. The concept
also defines the boundary conditions including driver vehicle interaction. The analysis is based on
the use case high level assumptions and the use case scenarios described in the previous chapter. For
this purpose the traffic flow simulation tool PELOPS is utilised.

PELOPS (Program for the DEvelopment of LOngitudinal Traffic Processes in System Relevant
Environment) is a (sub)-microscopic traffic model and represents a combination of a detailed sub-
microscopic vehicle model and a microscopic traffic model. This allows for the analytical
investigation of the vehicle longitudinal dynamic behaviour as well as the traffic flow. The advantage
of this method is to consider all interactions that take place between the driver, vehicle and traffic.

To investigate platooning concepts in PELOPS it is necessary to enhance the PELOPS models as
shown in Figure 3. One additional system is the generic HMI manager. It manages the information
to and from the driver like requests (e.g. leave, join, etc.), acknowledgements (e.g. dissolve, leave,
join, etc), cancel (joining, leaving) or discard joining. Furthermore, the HMI manager computes the
platoon status and provides information to the driver and to the platoon control. The platoon
manager takes over the longitudinal and lateral control of the vehicles in case of autonomous driving.
To consider vehicle properties of the real test vehicles, vehicle models from VCC and VTEC are
integrated. At the end an online visualisation is implemented to monitor the traffic simulation during
runtime.
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Figure 3: PELOPS simulation environment for platooning

Based on the enhanced PELOPS simulation environment different scenarios are simulated. All
presented scenarios and results have in common the following assumptions. Deviances or exceptions
will clearly be indicated.

Simulations take place on a flat, two lanes road section without curves, road works and slip
roads
A platoon cannot exist

o onaone lane road

o Wwhere there are road works

o Wwhere there are slip roads
The aimed platoon cruise speed is 90 kph
FVs shall decelerate in a dissolve manoeuvre to increase gap in order not to exceed legal
speed (for trucks)
All trucks have a fully loaded trailer (total weight: 36 tons)
The transition from autonomous to manual driving takes place at a distance of 50 m to the
vehicle ahead because this corresponds to the legal minimum distance to a preceding vehicle
for trucks/buses driving faster than 50 kph
The data of the distance sensor and the vehicle-to-vehicle communication is updated with a
frequency of 20 Hz. Errors in accuracy and drop outs are not considered
Actuator time constants (changes in torque, ...) are considered in the vehicle model

Based on the discussions regarding the ‘Task Force Issues' (this task force deals with open issues
concerning the Use Cases) and the corresponding internal working document, a list of questions has
been drawn up and analyzed by simulations. The simulations show that all considered leaving and
joining use cases are principally feasible and that it is possible to reach string stability for a platoon
with up to 10 vehicles. A summary of needed times for different platooning manoeuvres is given in
Table 1.

| Use Case | Variant | Duration |
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Create/Join from
behind

FV is a car,
platooning distance of 10 m, PLV 85 kph,
PFV follows PLV at a distance of 40 m

37 sec.

FV is a truck,
platooning distance of 10 m, PLV 85 kph,
PFV follows PLV at a distance of 40 m

45 sec.

FV is a car,
platooning distance of 5 m, PLV 85 kph,
PFV follows PLV at a distance of 40 m

40 sec.

FV is a truck,
platooning distance of 5 m, PLV 85 kph,
PFV follows PLV at a distance of 40 m

48 sec.

Dissolve/leave
from behind

FV isa car,
platooning distance of 10 m,
LV 90 kph

54 sec.

FV is a truck,
platooning distance of 10 m,
LV 90 kph

53 sec.

FV isa car,
platooning distance of 5 m,
LV 90 kph

55 sec.

FV is a truck,
platooning distance of 5 m,
LV 90 kph

57 sec.

Join from side

Joining vehicle is a car,
platooning distance of 10 m

22 sec. (creation of needed
gap + lane change of joining
vehicle)

Joining vehicle is a truck,
platooning distance of 10 m

24 sec. (creation of needed
gap + lane change of joining
vehicle)

Joining vehicle is a car,
platooning distance of 5 m

60 sec. (creation of needed
gap + lane change of joining
vehicle + restoring cruising
distance)

Joining vehicle is a truck,
platooning distance of 5 m

75 sec. (creation of needed
gap + lane change of joining
vehicle + restoring cruising
distance)

Leave from side

Leaving vehicle is a car,
platooning distance of 10 m,
LV 85 kph

26 sec.

Leaving vehicle is a truck,
platooning distance of 10 m,
LV 85 kph

32 sec.

Leaving vehicle is a car,
platooning distance of 5 m,
First increasing to 10 m, than leaving

45 sec.

Leaving vehicle is a truck,
platooning distance of 5 m, First
increasing to 10 m, than leaving

55 sec.
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Platooning distance of 10 m,

LV 90 kph, 47 sec.
Join from front start distance 50 m

Platooning distance of 5 m, 55 sec

start distance 50 m '

Platooning distance of 10 m, 57 sec

LV 90 kph '
Leave from front - .

Platooning distance of 5 m, 60 sec

LV 90 kph '

Table 1: Comparison of time needed for different variants of Use Cases

5 Preliminary Safety Analysis

The Preliminary Safety Analysis (PSA) is targeted at the SARTRE Concept (as opposed to the
Demonstrator) and therefore:
e includes requirements related to hazards not relevant to the Demonstrator system (e.g. Back
Office checks for road-worthiness of vehicles),
e is based on assumptions about mass application using commercial equipment on typical
public roads under any plausible conditions by large numbers of drivers and, in particular,
e does not take credit for risk reduction that can be achieved through limited use in controlled
situations and conditions by skilled drivers, with additional safety features such as emergency
stop buttons that would not be present in a production system.

It consists of a Preliminary Hazard Analysis (PHA) and a set of Safety Requirements.

5.1 Preliminary Hazard Analysis

The PHA identifies potential undesirable system conditions (the hazards, e.g. “Too close distance
between vehicles”) that could lead to events with the capacity for harm (e.g. “Collision within
platoon”) in particular operational scenarios (e.g. “Maintain platoon™).

The PHA does not focus on potential causes of the hazards, since it was conducted at an early stage
in the programme, when detailed designs of the SARTRE vehicle systems were not available.
Instead, the PHA considers potential conditions derived from systematic analyses of the following:
e Possible deviations of attributes of system entities from their intended values (e.g. “Speed
(longitudinal)” of Following Vehicle has “A quantitative increase over what was intended”)
e Possible variations in the timing or nature of the activation of anticipated top level control
functions (e.g. “lack of activation when requested” of “Autonomous control of FV braking”)

The PHA is based on the hazard analysis section of the draft standard 1SO 26262, which was
developed as an automotive specific version of IEC 61508 which defined a process for designing
safety critical electronic and electrical components. The scope of ISO 26262 is limited to single
passenger cars and personal harm, and as such does not cover platoons.

For hazards that could cause harm to a person but are not consequences of failures in the

electrical/electronic systems and as such are not covered by 1SO 26262, a different simpler approach
will be used to rate them.
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As the purpose of this work package is to identify safety hazards, any hazard that could cause social,
environmental and economic harm will be identified but not rated or analysed in this document.

The PHA does not consider hazards caused by malicious intent e.g. deliberate attempts to disrupt the
system, or malicious actions by the lead driver.

5.2 Safety Requirements

The set of system level Safety Requirements were specified based on consideration of a number of
different aspects of the SARTRE system. These included a set of safety requirements that was
derived from the PHA.

The safety requirements identified system functionality intended to avoid the hazards identified by
the PHA (e.g. SARTRE REQ 10023, “Each PFV/PV under longitudinal autonomous control shall
ensure a minimum safe distance exists between itself and the vehicle in front” to avoid hazard 123,
“FV acceleration more than required, causing collision within platoon” and a number of others).

It also contained a number of non-functional requirements related to driver training (e.g.
SARTRE REQ 10042, “The training guide for LV drivers shall cover appropriate action when
visibility is poor”).

The system requirements, including the safety requirements, were formulated before the vehicles
were designed, and formed the basis for design and implementation decisions. They therefore do not
assume any particular design or implementation features, and do not take account of any potential for
unsafe behaviour that may have emerged as a result of subsequent detailed design decisions (e.g.
choice of hardware).

6 Analysis of Human Behaviour

To ensure successful implementation of platooning, driver capabilities and limitations were
considered. Human factors investigation of driver performance characteristics provided the basis for
determining system design configurations and features. Driver and system attributes were assessed
during the initial design stage and conceptual phases of the platoon’s system development, thereby
ensuring the system usability and acceptance for the widest range of driving population.

The main objective was centered in analysing human aspects involved in vehicle platooning. With
this objective in mind, human factors issues that come into play when introducing autonomous
driving were described. A further objective was to establish requirements for a high-quality HMI
development, as a basis for assessing its effectiveness and also addressing safety issues detected in
the “Safety Analysis” performed in parallel in WP2. Acceptance level from possible end-users point
of view was also assessed and for this purpose, a set of guidelines and recommendations on
interaction modes and procedures with the platoon users was stated. Aiming these objectives a
theoretical framework about cognitive psychology and human capacity and resources was used as a
starting point in the process leading to the design of the required in-vehicle information system for
the platoon services, procedures and manoeuvres.

Driver reliance in platoon system were identified as a critical psychological factor. For this reason,
human factors were considered during platoon systems development, not only from acceptance point
of view but from hazards controllability point of view, as well. Safety analysis has shown that the
effect resulting from human factors decreases the controllability of risks. Addressing these needs, a
human behaviour risk analysis was developed. In order to obtain all risks caused by human factors,
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the most relevant negative human factors were considered and linked to the following external-to-
the-driver aspects:

e Platooning procedure: rules and actuation protocols regarding platoon use cases in SARTRE
project

e Other vehicles: i.e. road users who are not part of the platoon,

e Environmental causes: related to weather conditions, road characteristics, etc.

¢ In-vehicle systems: in this case are related to HMI, communications and platoon autonomous
systems, etc.

These causes produce hazardous consequences in three fields that were considered accordingly to the
main objectives of SARTRE project: safety loss, user advantage loss (related to comfort) and
sustainability loss (related to business).

Finally mitigation actions for the hazardous situations were given in six categories:

e Vehicle: including sensors/actuators, HMI, and communications

e Drivers: understood as drivers of PLV/LV and PFV/FV

e Environment: actions derived from hazards related to weather conditions, road
characteristics, etc.

e Back Office: actions derived from hazards in B.O. normal operation

e Other Vehicle: including vehicle and driver

e Platoon procedure: related to the sequence of manoeuvres needed to complete a SARTRE use
case (join, leave, etc.)

Requirements related to Human Factors were extracted from Human Factors Hazard Analysis.
Requirements were classified considering actors (PLV, LV, PFV, FV, BO, PLV driver, LV driver,
PFV driver, FV driver, and “Platoon as a whole™)

At the end of the analysis general guidelines or recommendations for interaction modes between
driver and vehicle were presented. In order to define the best interaction mode (inputs and outputs),
different groups of signals/parameters were given.

7 System Specification

The requirements on the system have been derived with several different considerations and aspects
that had been performed; the Use Cases, the initial Safety Analysis, the Human Behaviour Analysis
and Simulation analysis. This process has ensured that the requirements cover all aspects of the
system and of the usage.

A functional architecture was developed for the SARTRE platooning system. The functional blocks
in the architecture were defined with functions and necessary input signals as well as output signals.
The hardware architecture with sensors, actuators and processing units has been developed.

Hardware allocation was completed and all functional blocks in the functional architecture has been
assigned to specific hardware units. Use cases and requirements to be covered by the implementation
has been identified and listed.

It is however important to point out that the work concerning the hardware architecture, functional
architecture and use cases to be covered has been on a conceptual basis. Consequently, the work

15



regarding these will continue in the Implementation work package and some minor adjustments was
made after the experience of developing platooning system.

___________________________________________ o~
/ \
! SARTRE CAN |
! |
| |
! |
: |
|
! FV Vehicle FV Platoon |
FV V2V PC FV V2l PC FV HMI PC
: System RCP System RCP !
|
! |
: |
|
|
' S | === :
g bovev ovar | \ "
I Antenna | | Antenna
LS I IR |
| \ |
| |
l |—————1|———";—'||——-/——1r——";—1r————1r—;——1 / '
] Front | Side | Rear |, Steering |, Braking |, Power | ‘
|
] | looking I looking I looking I, ~wheel I system 1, tain | i
| sensors || sensors || sensors || actuator || actuators || actuators |
l _____ [ R — I - I L A I [ a4 ‘ '
| |
! ]
| _‘___';F__/__';I_____':I_____';I__J__';l
| | R | I GPS | I Audio | I Keyboard | I Display | |
1 ¢ N I | I
! s I I I n
' _____ d e — d e —_ = P [N P R — 4
!
D T I X X Wy -

Figure 4 Hardware architecture of the FV / PFV.

Figure 4 shows the proposed hardware architecture of the Following vehicles. The Lead vehicle
architecture is identical but lacking the actuator control elements.

The sections on Lead vehicle system specification and Following vehicle system specification
contain the actual implemented HW architectures.
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Figure 5 Functional architecture.

Figure 5 describes the proposed functional architecture of the SARTRE with software elements and
information flow.
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8 Lead vehicle system specification

The Lead vehicle is a VVolvo FH rigid truck.

Figure 6: The Lead vehicle

Existing components in the truck are used to the largest possible extent. Signals that are received
from the truck are collected by the J1939 CAN networks in the truck. Radar data is collected from
the ACC system, and the truck has driver monitoring and lane departure systems installed. The
Tachograph and the Alcolock are also used to demonstrate the safety of the lead driver.
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Figure 7: Layout of hardware components and data communication in the lead truck

The layout shown in Figure 7 is almost identical to the layout in the following vehicles. The main
difference is that there are no actuator control on steering, braking and acceleration.
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All components are integrated in the vehicle. The visible components that differ from a production
truck are the HMI touch display installed in on dashboard and the two antennas on the top of the cab.

9 Following vehicle system specification

Four following vehicles were used: 1 VVolvo FH rigid truck and 3 VVolvo cars of different types (S60,
V60, XC60).

Figure 8: Examples of Following vehicles

Existing, production, components in the vehicles are used as much as possible. Some of the software
in the existing systems, e.g. the ACC system, has been modified to enable the additional control
required. A number of new ECUs have been installed for the new SARTRE control software.
Schematics of the installed system are shown in Figure 9 and Figure 10.

19



K} Ecremalics

-
5 Esisling Senso Modu [l Commuie: [l Power Co=panecis [l Ermmel Comporants
= 3 sensorvedu ] centr Uint [ RF Compara
AN = Elhermet — U3E
Privabe-CAN
REDEFrontCAN
Hadar CAM
§
]
]
z
]
z
3
SARTRE-CAN Ethernet
Haptc-5AN
HS-CAM
EFASCAN
Radar &N
H3-CAN
RASDERearCAN

o

2

2

£

Emtaimet

SARTRE CAW

Etteearraat
A4RATRE CAN

Privabn CAl

Figure 9: 10 Schematic for Following Cars

20



VTEC DEFB44

den 30 septembe r 2040

L Soawer ECU

L

Can Acerrared
= e LT

— L

FUZH W B’ PIPT

Fage1
Jiingen Petersson =
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10 Remote system specification and charging system specification

This section provides a specification of the remote system. For further information see D 3.3. The
remote system should guide a following vehicle to the nearest road train with a suitable destination.
It consists of an infrastructure unit — the Back Office (BO) and an onboard system in the LV/PLV
and the FV/PFV — the Organisation Assistant (OA) and the Human Machine Interface (HMI). With
the support of the infrastructure unit the Back Office Administrator (BOA) can provide services to
the LV/PLV/FV/PFV regarding registration and guidance.

In order to support the BOA and to provide the PV/PPV drivers the defined services, different
hardware components are used. Figure 11 shows the hardware architecture of the remote system
including BO and OA/HMI. The BO consists of a server and a GSM/UTMS antenna. The OA/HMI
hardware components include a Car-PC, a GPS receiver, a GSM/UMTS antenna, a TFT touch-screen
and a USB-CAN-adaptor. Using the GSM/UTMS antenna, the BO and the OA can communicate via
V21 communication interface. The OA is connected to the SARTRE CAN-Bus via the USB-CAN-
adaptor, in order to communicate with other SARTRE functional blocks. For the dialog between OA
and driver, the touch screen is used as HMI.
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Figure 11: Hardware architecture of the remote system

Figure 12 shows the software architecture of the Back Office. The V2I interface is responsible for the
communication between Back Office and the vehicle onboard system (OA/HMI). The received data
will be managed by the Global Data Manager.
These are for example

e position and destination of all registered vehicles and platoons,

e status of all registered vehicles (PPV/FV/LV),

e status of all platoons,

e driven km of a LV/FV in a platoon,

Using a digital map the BO can find the best suitable platoon/LV for the PFV according to the
destination and current position of the platoon/PLV/PFV.
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B/OA results
Several tests were performed to prove the functionalities of the BO and OA. In this section only a
few tests and results will be presented. For further information see D 3.6.

One of the performed tests was to prove the basic function of routing in OA. A calculated route from

Aachen to Berlin is shown on the left side of Figure 13 and the screen for navigation instructions is
shown on the right side of this figure.
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Figure 13: Routing an Navigation in OA

Another test was to prove the platoon monitoring function in the BO GUI and the calculation of a
meeting point for a PFV with the best suitable platoon. Figure 14 shows a screenshot of the BO
GUI. As shown in the figure the BO is able to monitor platoons and to calculate a meeting point.
Further tests showed that the BO is also able to update the meeting point based on different velocities
of the vehicles.
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As shown in Figure 11 the BO communicates with the vehicle systems via GSM/UMTS. To test, if
these communication standards are reliable enough to ensure the BO functionalities, several test on a
26,6 kilometre long track combined by highway and urban area were performed in Aachen. The OA
was integrated on a test vehicle of ika and communicated via 3G with the BO, which was running on
a server. A GPS receiver was connected to the OA.

During the tests, the OA is reading the current GPS position and show this on the integrated digital
map. At the same time the position is converted into UTM format and sent via 3G to the BO with a
time stamp. After receiving the GPS position and the time stamp, the BO sent exactly the same
information back to the OA. By comparing the time stamp of the sent and received messages
information regarding message lost and latency can be obtained.

Figure 15 shows the results of V2I latency tests on different daytimes. Due to higher traffic density
on the road between 18:40 and 19:30, the latency is higher on the whole track in comparison with the
test between 15:00 and 16:00. Since the communication between OA and BO is not relevant to safety
the higher latency is still not critical.
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Figure 15: V21 latency tests on different daytimes. On the left side between 15:00 and 16:00
and on the right side between 18:40 and 19:30

A second test investigated the message lost percentage. The OA sends the current GPS position to

BO and the BO counts the number of the received messages and sends this back to OA. The tests
showed that over 99 % of the messages are sent and received correctly.
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11 Updated Functional and System safety analysis

The Updated Functional and System Safety Analysis builds on the Preliminary Safety Analysis but
concentrates on the Demonstrator system (as opposed to the SARTRE Concept) and aims to:
e Identify the potential effects on a SARTRE platoon and/or SARTRE vehicles of failure
conditions within vehicle components.
o Identify additional mitigations to be put in place to enhance safety.
e Ensure that previously identified safety requirements are capable of being satisfied.

The analysis is targeted at the safety of SARTRE tests and demonstrations on test tracks and/or
public roads. It is based on the design and properties of the SARTRE Demonstrator vehicles at a
point in the implementation process where the hardware and software designs are relatively mature
but where changes are nevertheless feasible. The analysis takes into account the defined pre-
conditions and expected circumstances associated with the Demonstrator. Safety is judged in terms
of potential for harm to individuals.

The analysis is a systematic inductive analysis that considers potential causes of unwanted vehicle
and/or system behaviour during operation. Operation includes (a) platooning during tests or
demonstrations and (b) other use of modified vehicles on test tracks or roads (e.g. manual driving as
a PPV).

The analysis is based on consideration of the functions provided by vehicle components and of their
potential malfunctions (failure conditions). It uses key-words to prompt methodical consideration of
the potential malfunctions and their possible effects.

SARTRE vehicle drivers are also subjected to analysis, in order to consider potential operator errors.
Mitigation measures that are already planned at the time of the analysis are identified for
malfunctions with the potential for harm, and further mitigation measures are specified where
considered appropriate.

The satisfaction of relevant system level safety requirements is assessed.

The SARTRE updated functional and system safety analysis is based on a Functional Failure
Analysis (FFA). The Demonstrator system, assuming the implementation of this set of mitigations,
was then assessed for compliance with the previously identified safety requirements (the Safety
Requirements Satisfaction Analysis, SRSA) and, where appropriate, further mitigations were
identified.

11.1 Functional Failure Analysis (FFA)

Functional Failure Analysis (FFA) is a generic term for a class of safety analysis techniques based on
the examination of the potential effects of incorrect provision of functions by a system or by
components of a system. The method used here is similar to the Functional Hazard Assessment
(FHA) technique used widely in the civil aerospace industry. It is a form of Failure Mode and Effects
Analysis (FMEA). It shares some similarities with function-based component-level Design FMEAs
typically performed in the automotive industry but differs in a number of respects:
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Figure 16. Functional Failure Analysis (FFA) process

The mitigations identified during the Functional Failure Analysis fall into three categories:
operational constraints, vehicle system features / functions, and driver training / capability.

11.2 Safety Requirements Satisfaction Analysis (SRSA)

To ensure adequate implementation of the system safety requirements in the Demonstrator vehicles,
a Safety Requirements Satisfaction Analysis (SRSA) was performed. This analysis systematically
considered each of the relevant system safety requirements and assessed compliance based on the
FFA. Where appropriate, further mitigations were identified to ensure satisfaction of the safety
requirement. Since the safety requirements were based on the SARTRE Concept system, differences
between the Concept and the Demonstrator were taken into account during the analysis. New
mitigations added during the SRSA are included in the FFA.
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Results
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Figure 17. Safety Requirements Satisfaction Analysis (SRSA) process

Together with the FFA, this activity ensures that the SARTRE Demonstrator vehicles and their
operation feature safety measures based on (a) top-down consideration of the potential hazards posed
by the system, irrespective of its implementation, and also (b) consideration of the threats posed by
potential failures of system components, i.e. taking account of the implications of implementation
decisions.
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11.3 Safety Measures for the SARTRE Demonstrator

Safety of the SARTRE Demonstrator system will be ensured through a combination of the following
measures:
e Features within the vehicles to limit the effects of potentially hazardous failures or events
Examples:

o Platoon dissolve (and/or platooning disabled) on sustained loss of, corruption of or
low confidence in data needed for accurate autonomous control of vehicles

o Limits on steering angle (angle of road wheels) that can be requested by the vehicle
control system of the power steering system

o Base vehicle collision avoidance system (independent from SARTRE system
components)

o Functionality to tolerate (limited) interference by non-platoon vehicles (target tracking
and gap adjustment for single intervening Other Vehicle)

e Features within the vehicles to allow driver intervention in cases of unwanted behaviour
Examples:

o Emergency stop button (on activation, platoon-specific control units are deactivated —
vehicle reverts to normal longitudinal control with unassisted steering)

o Driver application of brake pedal deactivates autonomous longitudinal control (as per
base vehicle cruise control)

o Driver application of accelerator pedal overrides autonomous longitudinal control (as
per base vehicle cruise control)

o Limits on force applied by power steering system to achieve autonomous control
(readily overcome by driver application of force via handwheel)

e Capability of drivers
Examples:

o Only trained drivers permitted to drive Lead Vehicles or to operate Following
Vehicles autonomously

o No secondary activities permitted by drivers during autonomous operation — constant
monitoring to ensure situational awareness and ability to regain control of vehicle
promptly

o Training on system fault reactions & warnings and recommended driver responses

o Training on recommended driver responses to reasonably foreseeable external
events/conditions

e Operational constraints to limit use to scenarios with acceptable safety margins and to ensure
that other safety measures are effective
Examples:

o Use of escort vehicles to alert public vehicles and deter from interference

o No demonstrations (autonomous control on public roads) in conditions under which
system capability has not been tested (e.g. extreme weather conditions)

o Selection of demonstration route to avoid features for which no Use Cases have been
implemented (e.g. tolls), that may compromise availability/quality of data (e.g.
tunnels) and/or under which system capability has not been tested (e.g. hills)

o Pre-demonstration inspection of demonstration route for unexpected conditions

The analysis methods used were complementary. They gave rise to a complete set of safety measures
through a combination of:
e Top-down consideration of the potential hazards associated with the intended properties of
the SARTRE system (independently from any detailed design of the SARTRE vehicles)
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e Bottom-up consideration of the potential effects of failures of new components within the
SARTRE system (taking into account the design of the SARTRE vehicles and, therefore, the
implications of design decisions made during implementation)

12 Validation test plan & results

The SARTRE platoon system has been designed using pre-existing and market available systems.
These were then coordinated and programmed to achieve the automated driving function that allows
platooning on unmodified roads together with normal traffic. The following elements comprise the
system:

Sensor Fusion.- measures the environment around the vehicles and compiles the information.
Actuator control.- For longitudinal control, steering and turn indicators.

Platoon manager.- Coordinates the entire platoon.

V2V communication.- Allows transfer of information between vehicles.

Organizational assistant.- Interface between the HMI, BO and other subsystems.

HMI.- Graphical User Interface (GUI), Acoustic User Interface (AUI) and a driver seat with
haptic warnings.

e Back Office.- Supports the Back Office Administrator to offer the driver different services
and to monitor the platoon status.

WP4 is the phase of the project where all the final testing activities took place. All the sub-systems,
developed by each partner, had previously been tested individually and integrated during WP3. The
validation of the on-vehicle systems focused on the systems implemented in the vehicles to make
sure there was correct functionality and performance of the implemented platoon system. It involved
both validation of a platoon with 3 cars behind a lead vehicle and also validation with the following
truck included with the 3 cars.

The on-vehicle system was tested as a black box from an end-user perspective, i.e. focus was on the
system output exposed to a driver. This was done by using both the WP3 Sign Off test cases as well
as the relevant SARTRE uses cases.

The behaviour of platooning is described by use cases. The SARTRE use cases can be divided into
create/join a platoon, maintain a platoon and leave/dissolve a platoon. A use case consists of a main
sequence of actions (the normal, or default case) and zero or more alternative or exceptional
sequences of actions, where the exceptional sequence may imply that “something has gone wrong”,
e.g. a hardware failure or a misuse of the system. In addition to the demonstrator use cases, the WP3
Sign Off test cases will be used to validate the performance of the platoon; these are the WP4 On-
vehicle system test cases.

Remote systems are those elements that perform some activity related to platooning but are not
installed on any of the vehicles. In the developed platoon system this element is the Back Office. It is
installed on a computer outside the vehicles and connected to all possible platoon members via 3G.
Its communication partner on the platoon vehicle is the Organization Assistant. Testing will focus on
the basic functionalities and the communication between OA and BO. This includes a validation of
the usability of the Organisation Assistant as well as the robustness of the simple application in
different traffic and other boundary conditions (weather, misuse, lack of communication)
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The process adopted in SARTRE for user acceptance validation was based on a standard framework.
It consisted of a well-known and frequently used methodology for the development and realization of
ITS systems referred to as the V-model.

One of the most important benefits of having used the VV-model is that the validation activities were
identified and specified from the beginning. It also ensured a direct connection between the success
criteria, the definition and operation of the tests, and the assessment of the impact. The ‘route’ of a
V-model shown in Figure 18 starts at the top left-hand side of the ‘V’, passes the bottom and then
continues up the right-hand side. As shown in the figure, in SARTRE project the validation is
performed in WP4 and is divided into two stages: definition stage and operation and analysis stage.
Following the validation, an impact analysis stage exists that takes place in WP5.

Definition (WP4)

Operation & Analysis (it
(WP4)

Figure 18. SARTRE Validation V-model

Definition stage

The definition phase established the user acceptance validation objectives, applications to be tested
and test sites where these applications would be tested (and the vehicle demonstrators, roadside
equipment and communication equipment that needed for the tests). The selected methods for
obtaining the data (driving simulation studies and driving tests) determined these test sites:
Tecnalia’s driving simulator in the Basque Country and Idiada tracks in Catalonia, both of them in
Spain.

Operation & analysis stage

During this phase, the measurements required to evaluate the Pls were acquired mainly through
driving simulation studies, logged and post-processed. After analyzing the information collected and
stored during the data acquisition and the logging phase, the evaluation of the hypothesis was carried
out, in order to conclude this validation phase. The most important part of the operation and analysis
stage was this last step, i.e. the hypothesis evaluation, since here was where the success criteria were
evaluated to prove if the objectives had been achieved

Results

Based on participants opinions, it is possible to state that the SARTRE Human Machine Interface has
achieved right values for usefulness and satisfying level indictors. Regarding the UL all modes
achieved the success criteria (60%) except the UL of acoustic interaction, maybe due to the language.
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The ease of use level was reached, as well as perceived safety, where almost 60% of drivers trusted
the system. In addition, the drivers experimented workload during the test but 65.5% of participants
answered that the HMI helped them to not have workload.

It was also concluded that usefulness had a positively influence in the behavioural intention to use
this platoon system. However, taking into account the perceived safety, it cannot be stated that safety
feeling of drivers had a positively influence in the intention of use.

A number of demonstrations to stakeholders and the media were conducted throughout the entire
project. Each demonstration showcased different stages of the development of the system, and the
input obtained from them was valuable for the continuous development carried out afterwards.

The relevance of these demonstration sessions was high, since people that did not participate in the
development of the system were able to witness platooning in real life and evaluate it from an
external point of view. Moreover, the system had to perform exactly how it was designed. It is for
this reason that the demonstration sessions are considered within the validation of the system, where
the basic manoeuvres and functionality of the system were tested.

The list of demonstrations includes:

1. First SARTRE workshop, 10-11 Oct 2011

2. Euronews session, 8-9 Feb 2012

3. IDIADA internal demonstration, 25 May 2012
4. Second SARTRE Workshop, 11-12 Sep 2012
5. SARTRE Media event, 13-16 Sep 2012

All of these demonstrations were carried out in closed test tracks and under controlled conditions. 4
of these sessions happened at Héllered test track, near Gothenburg and one on IDIADA’s facilities,
near Barcelona.
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Figure 19 - Screen shot of the Euronews review
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Figure 20 - Volvo’s Erik Coelingh being interviewed by a platooning driver

One of the most important activities within the project was to bring the developed platoon into an
open road, with real traffic conditions. To achieve this, in the early stages of the project IDIADA
coordinated with ABERTIS Autopistas, a road administrator company that manages the highways
surrounding IDIADA’s facilities to perform this test. The project was presented to ABERTIS in
several stages of development so that they would be informed on what the behaviour of the platoon
was and were able to participate in the coordination of the test.
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Figure 21 - View from the V60 during public road test

13 Report on fuel consumption

Work package 4 has been defined as the validation phase of the project. This work task performed
the end to end system evaluation. The present document contains the results obtained from the work
done in the Computational Fluid Dynamics (CFD) aerodynamic simulation which an example of can
be seen in Figure 22 and the fuel consumption tests at the track. All of these involved the fully
functional platoon.

Velocity Magnitude
0 30

Figure 22 - An example of the CFD aerodynamic simulation

Computational Fluid Dynamics, or CFD, provides virtual aerodynamics simulations through the
application of mathematical equations that represent a flow. The main advantage of CFD for
simulating trains of vehicles is the feasibility of adding vehicles with no limitation on the overall size
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of the convoy, although this did turn out to be quite a unique challenge. By means of scripting, a pre-
processing methodology may be applied in order to automatically prepare different combinations of
train vehicles so that the calculus could run through all the selected gaps automatically. Among the
major challenges of such CFD simulations are the robustness of the code and the capability to
automatize big sets of calculations. The generation of a script is imperative in order to optimize a
CFD methodology that can easily configure and simulate many combinations of vehicles in road
trains.

OpenFoam is an open source CFD code that can be easily edited and modified. It is based on a
hierarchy of folders and subfolders in which different dictionaries and libraries are strategically
located. Every library and dictionary is a text file that defines all computational and physical
parameters. Many road train combinations are possible as both; separation distances and
combinations of vehicles can be altered. All of the variables could be included in one complete
algorithm that automatically simulates ALL combinations of vehicles and distances. Due to
OpenFoam’s open source nature, scripts that combine many OpenFoam tools can be easily
generated.

Once all variables have been introduced by the user via an input file or via the interactive mode, the
script then generates all dictionaries and libraries that are needed to launch an OpenFoam case and
organize them in their specific directories. Then, once the geometry has been generated, it is saved in
its specific folders. The next stage of pre-processing is mesh generation by definition, improving the
resolution of a mesh improves the accuracy of a calculation, since equations are computed at more
points which define the solution. However, the higher the resolution, the higher the computational
cost. An efficient resolution is that which gives a good accuracy without compromising the
computational cost. Different resolutions have been tested for the mesh study and the need of having
a VERY FINE mesh was obvious, since one cannot ensure that coarser meshes will give similar
results. Then after a lot of testing the mesh designs were completed and working at a high enough
standard.

Figure 23 —A render of the simulation

Once mesh resolution has been chosen and the final simulations of the train vehicles have been run it
is time to review the results. The following gaps between vehicles have been tested; 3, 4, 6, 8, 10,
and 15 meters, the second truck geometry keeps on having unstable results, probably due to the
nature of the large wake in front and to its large size compared to the rest of cars behind it. Apart
from the leading truck, as a general rule, the further away from the large wake of the trucks, the more
stable the numerical solution is. In a general case a gap of 3 or 4 meters is not the best solution since
there is too much instability. A distance of 6 or 8 meters seems the most optimized solution in terms
of drag.
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CFD simulations have demonstrated that road trains reduce drag of each component, even the
leading car. The following truck may have drag benefits of around 40% and 50%, and for the rest of
following cars Cx reductions rise up to 60%-75%. The gap distance of the vehicles do have an effect
in drag reduction; however, slight gap differences do not involve large changes. All CFD simulations
described involve the supposition that all vehicles are perfectly aligned in the x-direction. Correlation
proved that this is not true.
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Figure 24 — %Cx Reduction with varying gap size.

for real-life tests, the following vehicle was displaced in the y-direction for values of 0.2, 0.6, and 1
meter. Simulations have been run and the leading vehicle showed very little effect on lateral offset.
The second truck was almost unaffected by the 0.2 meter offset, and instabilities even reduced drag
slightly (4%). The 0.6-meter offset generated an increase of Cx of almost 10%, while the 1-meter
offset increased drag by almost 23%. CFD results showed that if a road train has lateral offset errors
up to 0.2 meters, the drag is almost unaffected.

The tests performed at the IDIADA High Speed Track consisted of stable speed platooning at 85
km/h Different gaps were used during the tests, ranging from 5 to 15 meters between vehicles. A
series of reference tests were also carried out along with the platooning tests to have a value to
compare with. All the data was collected directly from the vehicles. In order to obtain the valuable
data for the project, the platooning tests were carried out following procedure and latterly compared.
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Figuré 25 — Platoon under testing at IDIADA.

It was necessary to measure the fuel consumption individually for each vehicle in order to compare it
with the fuel consumption while platooning. During the test trial weeks, special procedures were
adopted to prepare the vehicles, carry out the tests and in the end obtain the required data for
analysis. The distances tested for the full platoon system were 5, 6, 7, 8, 9, 10, 12, and 15 meters a 2
truck platoon was also tested at 20 and 25 meters gap. Measurements of the fuel consumption are not
available for cars at gap sizes of 7 m and below. The reason for this is that an analysis of the results
showed that an internal safety function in the cars triggered a pre-charging of the brakes while
driving at such close distances. This pre-charging affected the fuel consumption and hence the
measurements are excluded from the graphs. The results show that there is an important decrease in
fuel consumption when platooning at shorter distances. This behaviour follows a similar trend to
what has been previously researched and also similar to that of the simulation results.
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Figure 26 - Fuel consumption results.

In conclusion this report set out to validate the developed end to end system and comment on the fuel
consumption of the vehicles in the system. It did this by carrying out aerodynamic simulations of the
entire platoon to create an estimated fuel consumption. This was done using an Openfoam CFD
simulation and the results were quite promising. The gap in between the vehicles was altered and the
behaviour of the air between the cars was interesting to analyse as it showed that the optimum
distance was 6m — 8m and not 3m or 4m. Track tests were then made to analyse the actual fuel
consumption. At a gap of 8m all of the vehicles achieve fuel savings from 7 to 15%. All of the results
from this work package show that platooning provides significant potential improvements for the
efficient use of fuel.

14 Report on commercial viability

From a commercial viability perspective, road trains are initially attractive mainly to long haul truck
companies, which can profit from reduced fuel consumption both on small and large scale. The
reduced fuel consumption can lead to large savings in the cost of transportation and a decreased CO2
footprint. Road trains for trucks may later open up a market for long distance commuters who can
join existing road trains led by professional drivers. The potential benefit for introducing road trains
to a broader market is substantial, e.g., in terms of increased road capacity, decreased CO2 footprint,
increased work efficiency and comfort. However, for practical reasons highlighted in this report, for
passenger vehicles, road trains will mainly be attractive to long distance commuters in areas where
there are plenty of road trains for commercial vehicles.

The main challenge that has to be overcome to reach a high market penetration for passenger cars is
to encourage customers to buy vehicles capable of platooning before there are large numbers of lead
vehicles available, and to encourage the professional drivers to take the additional licenses to lead a
road train. Additionally, the end users need to gain trust in that licensed drivers are trained to drive
safely. To accomplish this, engagement from governments is needed, e.g., in terms of providing free
access to car pool lanes for equipped vehicles even before there are any lead vehicles available and to
provide education at low cost to drivers who desire to lead road trains.
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14.1 Customer benefits

e Following commercial vehicles, e.g., trucks or buses, benefit mainly from decreased fuel
consumption and increased work efficiency if time spent in a road train can be considered as
rest

e There are several benefits for following passenger vehicles, the most obvious being

o Increased safety, ca 50% reduction of highway related accidents, as trained truck
drivers statistically are exposed to fewer accidents than the average driver.

o Decreased fuel consumption, ca 10% reduction

o Enabling drivers to perform other tasks, e.g., reading or working

e The lead vehicle is essential to form a road train and has less obvious benefits than those of
the following vehicles. One benefit for the lead vehicle is that the fuel consumption is
decreased, especially if the following vehicle is a truck. However, additional compensation
may be needed to motivate drivers to take this role and the increased responsibility which
follows with it, e.g.,

o Fees paid to the lead vehicle by the following vehicles

o Allowance to become a following vehicle later on, i.e., taking turns to lead

o Other benefits, such as allowance to drive in a car pool lane while leading/offering to
lead a road train

Furthermore, the system must be easy to use to get acceptance from the driver of the lead vehicle.

e The society is not a direct customer, but since there are clear benefits for society it might be
of interest for governments to encourage this type of technology. The most obvious benefits
being

o Increased safety, ~50% reduction of highway related accidents

o Reduced congestion by driving with a reduced following distance

o Decreased CO2 footprint as the fuel consumption decreases

o Increased GDP by enabling the drivers to perform other tasks than driving

14.2 Product solutions

e Road trains for commercial vehicles
o For commercial vehicles, the main driving force is reduced fuel consumption in
trucks. Since immediate benefits can be made in long haul trucks, road trains for
commercial vehicles is considered as the most likely to first adopt this type of
technology. As the market penetration increases, this model opens up both for the
pay-as-you-go model and for the monthly subscription model.
e Monthly subscription of road train usage
o In this model, passenger vehicles are paying a monthly fee to get access to road trains
for commuting. The road train is led by a truck driven by a professional driver. The
monthly subscription may either be paid by the user or by his/her company to either
make the company more attractive to employees and/or to increase the efficiency of
the employees by enabling them to work while being transported to work by the road
train. The availability of vehicles equipped with technology for leading the road train
will be limited in the initial phase, and hence, subscriptions may only be offered to a
limited number of users matching the number of available lead vehicles.
e Pay-as-you-go for joining the road train
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o This model is, at least in an initial phase, mainly directed to long distance travel, but
may later be applied more locally. The users pay a fee to the lead vehicle for joining
the road train over a predefined route, e.g., over a distance of 400 km, or per distance
of usage. The pay-as-you-go model is particularly attractive to users who travel long
distances on a regular basis, who have a monthly subscription for local usage or for
rental cars in regions where there are many lead vehicles available.

e Free service based on ’sponsored” benefits

o In the free service based model, users get immediate benefits when they purchase the
vehicle, e.g., in terms of free access to car pool lanes or free parking. Since there are
clear benefits for governments, there may be an interest to encourage this type of
technology, e.g., by giving such benefits to the users.

For all product solutions, there is an add-on cost for technology and communication. Equipment
needs to be added for enabling the vehicles to interact with each other (V2V) and with the driver
(touch display), but the main part of the add-on cost arises from technology needed for redundancy
and functional safety, e.g.,

e Redundant Electronic Power Steering

e Redundant Sensors, e.g. radar or lidar

e Redundant Control Module

In total, the estimated add-on cost for customers is €2000, both for the lead vehicle and the following
vehicle. There is also an additional cost of €300/year for Vehicle to Vehicle communication services
and maintenance. Moreover, the driver of the lead vehicle needs to obtain a license to lead the road
train, at a training cost estimated to €2500.

14.3 Conclusion

For the trucking industry, the reduced fuel consumption which road trains enable can lead to large
savings in the cost of transportation and a decreased CO2 footprint. For passenger vehicles, monthly
subscription models may be used to attract some commuters to become followers in road trains with
commercial vehicles. Considering the initial investment and the annual cost, the return on investment
is less than three years for road trains with commercial vehicles. For a trained driver, the return on
investment, when investing in a new truck, is less than two years. Hence, road trains for commercial
vehicles are viable from a business perspective. It is also possible to form a viable business case for a
model with a monthly subscription for commuters who may join existing road trains led by
commercial vehicles. This market is expected to grow but is ultimately limited by the number of
trucks on the road.

15 Report on infrastructure and environment

Although the objective of the project was to develop a system that does not require any modification
to the infrastructure, and it was achieved, there are several external factors that might need to be
modified. These factors are more related to the cases of emergency or hazards that could happen.
Also the project is trying to generate positive changes to the delicate relationship between vehicles
and the environment such as reducing emissions.

The main infrastructure impacts will be in the interest of safety more than anything else. This is
because it has been proved that the platoon can work on a public road without any changes however
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when considering things like the roadside safety barriers which are designed for a single car to
collide with them instead of up to 8 cars colliding with them in close concession.

A number of meetings with the Spanish road administrator ABERTIS were held and after they were
able to ride in one of the vehicles during the public road test they stated that the roads would need
practically no modification. Noting the possibility of an increase in the length of the acceleration and
deceleration lanes to join and leave the highway as the only possible requirement. ABERTIS are
currently modifying the tolling infrastructure to locate the tolls on branch roads that exit the highway
system, avoiding the need to stop the fast traffic on the main lanes However; there are still areas that
maintain the toll plazas on the main road section. It is for this type of facility that some modifications
might be required.

ABERTIS believe that platoons could encourage national changes on how the cost of the highway
can be paid. This is not a necessary change but an optional improvement that platoons could
encourage. Regarding the road maintenance concerns, the road is actually worn out by every vehicle
that passes, without any time input, so no modification would be needed.

Another important aspect of the project was the effect on the environment. The project achieved a
reduction in fuel consumption which is directly linked to a reduction in the gases emitted to the
atmosphere. Projects based on sustainability are gaining an increasing interest on a worldwide scale
and during the project emission reductions were encountered when taking advantage of the
aerodynamic benefits of platooning It was decided that the best way to understand the impact that
this project could have on the environment was to carry out a numerical example that supplies the
reader with realistic values concerning the emission reductions that are achieved in platooning. The
total accumulated amount of CO.q reduced from the 3 vehicles in the example, would be
approximately 3 tonnes per year and the fuel saving achieved during the tests can be seen in Figure
26.

In conclusion, only the road side barriers can be considered to be not optimized to absorb the impact
of a platoon. Regarding the environment a truck can save up to 2.8 tons of COyq in a single year and
a car up to 0.1 tons simply by platooning. An example of one of the emissions calculators is shown
below.

Factor d'emissio

Distancia *> Emissions de CO,

Mode de transport Descripcié Tipus co, %5
km g COz/km (tones)
Turisme gasolina 3.800,00 171,0 0,64976
Turisme diesel 3.800,00 157,7 0,599
Camié 42.000,00 617,8 9480
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Figure 27- Screen shot of the emissions calculator

16 Summary of the policies recommended to achieve a wider impact.

This paper looked at the policies and the legislative impact that the SARTRE project will have. For
platooning to be possible then certain legislations will need to be changed, removed or created in
order to have the largest impact.

The main issue is that there are strict rules currently in place in order to ensure drivers are
concentrating on driving and are in a suitable condition to drive. The developed platooning system
uses autonomous driving to allow the driver to use their time more productively. The current policies
state that the driver is not allowed to use their mobile phone or eat and drink while in the driving seat
of a moving vehicle, this paper aims to look into the possibility of changing these regulations for
vehicles in a platoon.

Another issue that this project faces is that different countries have different policies, to allow
platoons to function on a global scale then the governing laws would need to be altered as well as the
regional policies. The way to do this would be to change the Vienna and Geneva conventions as a
large majority of countries are bound to these 2 sets of legislations. As both of these conventions are
very similar it should be reasonably easy to adjust them in a way to allow platooning. Furthermore
after an investigation it was found that there are only around 6 articles in each convention which
appear to be relevant to platoons.

In the United States of America 3 states have already updated their policies to allow autonomous
vehicles in some situations. These vehicles are not available for the public but are being tested by
large companies. In terms of platooning this should help to change the policies needed to allow
platoons on the road in America.

However, as with each new technological advancement, there is always a delay between the
technology being ready and the legislation allowing the technology to be used. This means that new
legislation needs to be created for platoons, these regulations could consider topics to do with
liability if there is a crash involving a platoon or the repercussions of abusing the system by altering
the hardware or software.

To summarise the developed platooning system is functioning and although it still requires further
testing and improvements, preparations can start to be made for its deployment. Some of the
important preparations are ensuring that all of the required laws and regulations are in place which
may prove to be a challenge.
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17 Final Dissemination report, containing dissemination and exploitation activities

This section includes two templates:
e Template Al: List of all scientific (peer reviewed) publications relating to the foreground of the project.

e Template A2: List of all dissemination activities (publications, conferences, workshops, web sites/applications, press releases, flyers,
articles published in the popular press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters).

Template Al: list of scientific (peer reviewed) publications, starting with the most important? ones
Is/Will
. open
. Main T|tl.e o_f the Number, date | Place of Year of a(F:)cess3
NO. | Title periodical or S L X
author . or frequency publication | publication | provided to
the series this
publication?
1 All aboard the Robotic | Erik IEEE Volume 49, 2012 no
Road Train Coelingh, Spectrum Issue 11,
VCC November
2012
2 Cooperative control of | Eric Chan, | Proceedings 22-26 October | Vienna, 2012 no
SARTRE automated Ricardo of the 19th 2012 Austria
platoon vehicles ITW World
Congress
3 Impact of platooning Jens Kotte, | Proceedings 22-26 October | Vienna, 2012 no
on the traffic efficiency | IKA of the 19th 2012 Austria
ITW World
Congress
4 Safe road trains for the | Maider Proceedings 22-26 October | Vienna, 2012 no
Environment Larburu, of the 19th 2012 Austria

2 We list publications by date, starting with the most recent one, and not by importance.

% Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the
embargo period for open access is not yet over but you intend to establish open access afterwards.
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(SARTRE): Validation | Tecnalia ITW World
of SARTRE Platoon Congress
service and the
SARTRE HMI
5 Overview of Platooning | Carl Proceedings 22-26 October | Vienna, 2012 no
Systems Bergenhem, | of the 19th 2012 Austria
SP ITW World
Congress
6 Overview of the Eric Chan, | SAE 2012-01-9019 2012 no
SARTRE Platooning Ricardo Technical
ProjectOverview of Paper
Platooning Systems
7 Platooning- Safe and Arturo SAE 2012-01-0488 2012 no
Eco-friendly Mobility Davila, Technical
IDIADA Paper
8 Performance Stefan Proceedings September 16- | Anchorage, | 2012 no
Limitations in Vehicle | Solyom, of the 15th 19, 2012 USA
Platoon Control VCC International
IEEE
Conference on
Intelligent
Transportation
Systems
(ITSC)
9 Field Measurements of | Kristian Proceedings September 3-6, | Quebec, 2012 no
IEEE 802.11p Karlsson, of the 76th 2012 Canada
Communication in SP IEEE
NLOS Environments Vehicular
for a Platooning Technology
Application Conference
10 | Performance Stefan Proceedings September 9- | Seoul, 2012 no
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Limitations for Solyom, of the 11th 12,2012 Korea
Longitudinal Control of | VCC International
Vehicle Platoons Symposium
on Advanced
Vehicle
Control
(AVEC)
11 | Vehicle-to-Vehicle Carl Procedia - Volume 48 2012 no
Communication for a Bergenhem, | Social and
Platooning System SP Behavioural
Sciences
12 | SARTRE cooperative Eric Chan, | Proceedings October 16-20, | Orlando, 2011 no
control of fully Ricardo of the 18th 2011 USA
automated platoon ITW World
vehicles Congress
13 | SARTRE - Safe Road | Arturo Proceedings October 16-20, | Orlando, 2011 no
Trains for the Davila, of the 18th 2011 USA
Environment Reducing | IDIADA ITW World
Fuel Consumption Congress
through lower
Aerodynamic Drag
Coefficient
14 | Operating Platoons on | Tom Proceedings October 25-29, | Busan, 2010 no
Public Motorways: An | Robinson, | of the 17th 2010 Korea
Introduction to The Ricardo ITS World
SARTRE Platooning Congress
Programme
15 | SAFE ROAD TRAINS | Maider Proceedings October 25-29, | Busan, 2010 no
FOR Larburu, of the 17th 2010 Korea
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ENVIRONMENT: Tecnalia ITS World
Human factors’ aspects Congress
in dual mode transport
systems
16 | Challenges of Carl Proceedings October 25-29, | Busan, 2010 no
Platooning on Public Bergenhem, | of the 17th 2010 Korea
Motorways SP ITS World
Congress
Template A2: list of dissemination activities
Countries
addressed
NO. | Type of activities’ Main leader | Title Date/Period Place Typ_e of 5 S'Z? of
audience audience
1 Press release VCC “Cars that drive | October 22, Media > 1000 International
themselves can | 2009
become reality
within ten
years”
Video VCC Video: October 22, Civil > 1000 International
“SARTRE 2009 Society
animation”
Web SP SARTRE December, Civil > 10 000 International

“ A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles

published in the popular press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other.

5 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other ('multiple

choices' is possible).
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project 2009 Society,
homepage: Industry,
www.sartre- Scientific
project.eu/net Community
Publication IDIADA “SARTRE : September 21- | PRT@LHR | Scientific <50 International
SAfe Road 23, 2010 Conference | Community
TRains for the on Personal
Environment” Rapid
Transit
(PRT)
Presentation Ricardo Overview of March 3, 2010 | EARPA Industry <50 International
SARTRE internal
project conference
Press release VCC “Film November 24, Media > 1000 International
documents first | 2010
year of
progress in the
development of
safe road train
technology”
Video VCC Video: “Road | November 24, Civil > 1000 International
trains 2010 Society
platooning
project”
Press release VCC “First January 17, Media > 1000 International
demonstration | 2011
of SARTRE
vehicle
platooning”
Video VCC Video: “First January 17, Civil > 1000 International
tests with the 2011 Society
SARTRE Road
train”
Exhibition Ricardo ITS World October Florida, Scientific > 1000 International
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Congress 16-20, 2011 USA Community,
Industry
Demonstration SP SARTRE October 10, Héllered, Scientific <50 International
demonstration | 2011 Sweden Community
Workshop SP First SARTRE | October 11, Boras, Scientific <50 International
Workshop 2011 Sweden Community
Publication Ika “SARTRE: October 10- Aachen Scientific 50-100 International
Safe road train | 11" 2011 Colloguium | Community
for the
environment”
Publication Ika “SARTRE: November 1% | Aachen Scientific 50-100 International
Safe road train | 2011 Colloquium | Community
for the China
environment”
Video VCC Video: January 24, Civil > 1000 International
“SARTRE 2012 Society
Road trains -
tests with
several vehicles
in high speed”
Video Euronews, | Documentary: | March 1, 2012 Civil >10 000 Europa
European “The future is: Society
Commission | hands-free
driving”
Other IDIADA Demonstration | May, 2012 IDIADA, IDIADA <50 Spain
of the Spain personnel
SARTRE
platooning
system
Press release VCC “SARTRE road | May 28, 2012 Media > 1000 International
train premiere
on public
roads”
Video VCC Video: May 28, 2012 Civil > 1000 International
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“SARTRE road Society
train on public
road”
Publication IDIADA “Platooning- June 19-20, AutoEvent | Scientific 50-100 International
Safe and Eco- | 2012 Poland Community
friendly
Mobility”
Presentation VCC “SARTRE July 25,2012 | Road Scientific <50 International
project mixed Vehicle Community
platoon” Automation
Workshop,
Irvine,
California
Flyer SP “Safe Road September 11, Industry 100 — 1000 | Europa
Trains for the 2012
Environment —
Project
SARTRE”
Demonstration SP SARTRE September 11, | Hallered, Scientific 50-100 International
demonstration | 2012 Sweden Community,
Industry
Workshop SP Second September 12, | Boras, Scientific 50-100 International
SARTRE 2012 Sweden Community,
Workshop Industry
Media briefing VCC SARTRE September 12- | Hallered, Medias > 1000 International
Media Event 16, 2012 Sweden
Press release VCC Partners September 17, Media > 1000 International
conclude after | 2012
the SARTRE
project
Video VCC Video: “The September 17, Civil > 1000 International
SARTRE road | 2012 Society
train video”
Presentation Ricardo Title October 21, International | Industry, <50 International
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“SARTRE 2012 Task Force | Scientific
Final on Vehicle- | Community
Demonstration” Highway
Automation,
Vienna,
Austria
Presentation SP Title October 22, Energy ITS | Scientific <50 International
“SARTRE 2012 Workshop, | Community
Project” Vienna,
Austria
Poster SP SARTRE October Vienna, Scientific > 10000 International
Project 22-26, 2012 Austria Community,
Industry
Exhibition SP ITS World October Vienna, Scientific > 10000 International
Congress 22-26, 2012 Austria Community,
Industry
Presentation VCC ITS and October 23-25, | Connected | Scientific 50-100 International
Cooperative 2012 Living Community,
Systems European Industry
Summit,
Gothenburg,
Sweden
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18 Exploitation reports

The exploitation report outlines the implementation of platoons in products and on the road.
Business models developed in the public deliverable D5.1 — Report on commercialisation as
well as the D5.3 — Report on policies are used to describe possible introduction of platoons.
As ad-hoc road trains that you can join assumes that the technology has a large enough
penetration on the market, the first steps proposed is to use trucks within a single haulier as
the first commercial implementation. When the system penetration is large enough on trucks,
it can be introduced for passenger cars as well.

The challenge of technologies are describe as although the SARTRE system has been a
successful demonstrator system, much technical development remains to ensure that the
system is operable and safe in all intended working conditions. Platooning is a cooperative
activity using wireless communication. The project have been using the automotive standard
802.11p for communication between but standards on what need to be communicated on the
wireless still needs to be standardized.

In parallel activities on adapting legislation and policies needs to be carried out. The public do
also need to be both informed on what a platoon on the road is to accept an introduction, as
well as be educated on how to behave when a platoon is on the road.

The figure below shows a simplified scheme of the activities in relation to time. The dotted

red line indicates the point in time when the technology can be considered mature for
commercial use.
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Public acceptance

Education of road users

> Time

19 Report on societal implications

Replies to the following questions will assist the Commission to obtain statistics and
indicators on societal and socio-economic issues addressed by projects. The questions are
arranged in a number of key themes. As well as producing certain statistics, the replies will
also help identify those projects that have shown a real engagement with wider societal issues,
and thereby identify interesting approaches to these issues and best practices. The replies for
individual projects will not be made public.

A General Information (completed automatically when Grant Agreement number is entered.

Grant Agreement Number:

| 233683

Title of Project:

| SAfe Road TRains for the Environment

Name and Title of Coordinator:

Mr Paviter S Jootel, Project Manager, Ricardo UK

B Ethics

1. Did your project undergo an Ethics Review (and/or Screening)? \
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If Yes: have you described the progress of compliance with the relevant Ethics | OYes
Review/Screening Requirements in the frame of the periodic/final project reports? ONo

Special Reminder: the progress of compliance with the Ethics Review/Screening
Requirements should be described in the Period/Final Project Reports under the Section
3.2.2 "Work Progress and Achievements'

2.  Please indicate whether your project involved any of the following issues (tick box) | YES

Research on Humans

Did the project involve children?

Did the project involve patients?

Did the project involve persons not able to give consent?

Did the project involve adult healthy volunteers?

Did the project involve Human genetic material?

Did the project involve Human biological samples?

CIX X[ XX [ X

Did the project involve Human data collection?

Research on Human embryo/foetus

Did the project involve Human Embryos?

Did the project involve Human Foetal Tissue / Cells?

Did the project involve Human Embryonic Stem Cells (hESCs)?

Did the project on human Embryonic Stem Cells involve cells in culture?

XX [ XX [X

Did the project on human Embryonic Stem Cells involve the derivation of cells from
Embryos?

Privacy

Did the project involve processing of genetic information or personal data (eg. health, | x
sexual lifestyle, ethnicity, political opinion, religious or philosophical conviction)?

Did the project involve tracking the location or observation of people? X

Research on Animals

Did the project involve research on animals?

Were those animals transgenic small laboratory animals?

Were those animals transgenic farm animals?

Were those animals cloned farm animals?

XXX | X[ X

Were those animals non-human primates?

Research Involving Developing Countries

Did the project involve the use of local resources (genetic, animal, plant etc)?

x

Was the project of benefit to local community (capacity building, access to healthcare, | x
education etc)?

Dual Use
Research having direct military use X
Research having the potential for terrorist abuse X

C Workforce Statistics

3. Workforce statistics for the project: Please indicate in the table below the number of people who
worked on the project (on a headcount basis).

Type of Position Number of Women Number of Men

Scientific Coordinator 1 8
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Work package leaders 2 7
Experienced researchers (i.e. PhD holders) 0 8
PhD Students 1 7
Other 7 32
4. How many additional researchers (in companies and universities) were recruited
specifically for this project?
Of which, indicate the number of men:
1
D Gender Aspects
5. Did you carry out specific Gender Equality Actions under the project? O Yes
° No
6. Which of the following actions did you carry out and how effective were they?
Not at all Very
effective effectiv
e
O  Design and implement an equal opportunity policy O O O O O
U Set targets to achieve a gender balance in the O O O O O
workforce
U  Organise conferences and workshops on gender ONONONONG®)
U Actions to improve work-life balance OO0OO0OOO0O
O  Other: |
7. Was there a gender dimension associated with the research content — i.e. wherever people were

the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender
considered and addressed?
®  Yes- please specify

From statistics point of view in the
driving simulator studies for system

O No
E Synergies with Science Education
8. Did your project involve working with students and/or school pupils (e.g. open days,
participation in science festivals and events, prizes/competitions or joint projects)?
®  Yes- please specify IKA - mini project
O No
9. Did the project generate any science education material (e.g. Kits, websites, explanatory

booklets, DVDs)?
O  Yes- please specify | |

® No

F Interdisciplinarity

10.  Which disciplines (see list below) are involved in your project?
® Maindiscipline®: 1.1, 1.2, 2.2,2.3,5.1,5.2,5.4
O  Associated discipline6: O ‘ Associated discipline6:

G Engaging with Civil society and policy makers

Yes
No

1la Did your project engage with societal actors beyond the research
community? (if 'No', go to Question 14)

o®

® Insert number from list below (Frascati Manual).
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11b  If yes, did you engage with citizens (citizens' panels / juries) or organised civil society (NGOs,
patients' groups etc.)?

® No

O  Yes- in determining what research should be performed

O  Yes - in implementing the research

O  Yes, in communicating /disseminating / using the results of the project

11c  Indoing so, did your project involve actors whose role is mainly to organise | © Yes
the dialogue with citizens and organised civil society (e.g. professional mediator; | O No
communication company, science museums)?

12. Did you engage with government / public bodies or policy makers (including international
organisations)

O No
O  Yes- in framing the research agenda
O  Yes - in implementing the research agenda

®  Yes, in communicating /disseminating / using the results of the project

13a  Will the project generate outputs (expertise or scientific advice) which could be used by policy
makers?
O  Yes-—as aprimary objective (please indicate areas below- multiple answers possible)
®  Yes—as a secondary objective (please indicate areas below - multiple answer possible)

O No
13b If Yes, in which fields?
Agriculture Energy Human rights
Audiovisual and Media Enlargement Information Society
Budget Enterprise Institutional affairs
Competition Environment Internal Market
Consumers External Relations Justice, freedom and security
Culture External Trade Public Health
Customs Fisheries and Maritime Regional Policy
Development Economic Affairs Research and Innovation
and Monetary Affairs Food Safety Space
Education, Training, Foreign and Security Taxation
Youth Policy Transport
Employment and Social Fraud
Affairs Humanitarian aid

13c If Yes, at which level?
®  Local / regional levels
O National level
O  European level
O International level

H Use and dissemination

14.  How many Articles were published/accepted for publication in peer- | 16
reviewed journals?

To how many of these is open access’ provided?

How many of these are published in open access journals?

How many of these are published in open repositories?

RIOO|Oo

To how many of these is open access not provided?

Please check all applicable reasons for not providing open access:

" Open Access is defined as free of charge access for anyone via Internet.
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http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/av/index_en.htm
http://europa.eu/pol/financ/index_en.htm
http://europa.eu/pol/comp/index_en.htm
http://europa.eu/pol/cons/index_en.htm
http://europa.eu/pol/cult/index_en.htm
http://europa.eu/pol/cust/index_en.htm
http://europa.eu/pol/dev/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/ener/index_en.htm
http://europa.eu/pol/enlarg/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/ext/index_en.htm
http://europa.eu/pol/comm/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/fraud/index_en.htm
http://europa.eu/pol/hum/index_en.htm
http://europa.eu/pol/rights/index_en.htm
http://europa.eu/pol/infso/index_en.htm
http://europa.eu/pol/inst/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/justice/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
http://europa.eu/pol/tax/index_en.htm
http://europa.eu/pol/trans/index_en.htm

™ publisher's licensing agreement would not permit publishing in a
repository

O no suitable repository available

U no suitable open access journal available

U no funds available to publish in an open access journal

U lack of time and resources

Q lack of information on open access

Qother® ..............

15. How many new patent applications (‘priority filings’) have been made? | 1 (EP 2390744)
("Technologically unique™: multiple applications for the same invention in different
jurisdictions should be counted as just one application of grant).

16. Indicate how many of the following Intellectual | Trademark 0
Property Rights were applied for (give number in each box). [Registered design | 0
Other 1 (EP 2390744)

17.  How many spin-off companies were created / are planned as a direct result of | 0
the project?

Indicate the approximate number of additional jobs in these companies:

18.  Please indicate whether your project has a potential impact on employment, in comparison with
the situation before your project:

® Increase in employment, or Q | In small & medium-sized enterprises
QO  Safeguard employment, or O | In large companies
U Decrease in employment, O | None of the above / not relevant to the project
U Difficult to estimate / not possible to
quantify

19. For your project partnership please estimate the employment effect resulting | Indicate figure:
directly from your participation in Full Time Equivalent (FTE = one person working
fulltime for a year) jobs:

Difficult to estimate / not possible to quantify M

I Media and Communication to the general public

20.  As part of the project, were any of the beneficiaries professionals in communication or media
relations?
® Yes O No

21.  As part of the project, have any beneficiaries received professional media / communication
training / advice to improve communication with the general public?
O Yes ® No

22 Which of the following have been used to communicate information about your project to the
general public, or have resulted from your project?
Press Release

Media briefing

TV coverage / report

Radio coverage / report

Brochures /posters / flyers

DVD /Film /Multimedia

Coverage in specialist press

Coverage in general (non-specialist) press
Coverage in national press

Coverage in international press

Website for the general public / internet

Event targeting general public (festival,

OOOOOO
OOOOOO

® For instance: classification for security project.
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| | conference, exhibition, science café)

23 In which languages are the information products for the general public produced?

O Language of the coordinator ® | English
®©  Other language(s)

Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002
(Proposed Standard Practice for Surveys on Research and Experimental Development, OECD
2002):

Fields of science and technology

1. Natural Sciences

1.1  Mathematics and computer sciences [mathematics and other allied fields: computer
sciences and other allied subjects (software development only; hardware development should
be classified in the engineering fields)]

1.2 Physical sciences (astronomy and space sciences, physics and other allied subjects)

1.3 Chemical sciences (chemistry, other allied subjects)

1.4  Earth and related environmental sciences (geology, geophysics, mineralogy, physical
geography and other geosciences, meteorology and other atmospheric sciences including
climatic research, oceanography, vulcanology, palaeoecology, other allied sciences)

1.5 Biological sciences (biology, botany, bacteriology, microbiology, zoology,
entomology, genetics, biochemistry, biophysics, other allied sciences, excluding clinical and
veterinary sciences)

2 Engineering and technology

2.1  Civil engineering (architecture engineering, building science and engineering,
construction engineering, municipal and structural engineering and other allied subjects)

2.2  Electrical engineering, electronics [electrical engineering, electronics, communication
engineering and systems, computer engineering (hardware only) and other allied subjects]

2.3.  Other engineering sciences (such as chemical, aeronautical and space, mechanical,
metallurgical and materials engineering, and their specialised subdivisions; forest products;
applied sciences such as geodesy, industrial chemistry, etc.; the science and technology of
food production; specialised technologies of interdisciplinary fields, e.g. systems analysis,
metallurgy, mining, textile technology and other applied subjects)

3. Medical Sciences

3.1 Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology,
toxicology, immunology and immunohaematology, clinical chemistry, clinical microbiology,
pathology)

3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal
medicine,  surgery, dentistry, neurology, psychiatry, radiology, therapeutics,
otorhinolaryngology, ophthalmology)

3.3 Health sciences (public health services, social medicine, hygiene, nursing,
epidemiology)

4. Agricultural sciences
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4.1  Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry,
fisheries, forestry, horticulture, other allied subjects)
4.2 Veterinary medicine

5. Social sciences

5.1  Psychology

5.2  Economics

5.3  Educational sciences (education and training and other allied subjects)

5.4  Other social sciences [anthropology (social and cultural) and ethnology, demography,
geography (human, economic and social), town and country planning, management, law,
linguistics, political sciences, sociology, organisation and methods, miscellaneous social
sciences and interdisciplinary , methodological and historical S1T activities relating to
subjects in this group. Physical anthropology, physical geography and psychophysiology
should normally be classified with the natural sciences].

6. Humanities

6.1  History (history, prehistory and history, together with auxiliary historical disciplines
such as archaeology, numismatics, palaeography, genealogy, etc.)

6.2 Languages and literature (ancient and modern)

6.3  Other humanities [philosophy (including the history of science and technology) arts,
history of art, art criticism, painting, sculpture, musicology, dramatic art excluding artistic
"research” of any kind, religion, theology, other fields and subjects pertaining to the
humanities, methodological, historical and other S1T activities relating to the subjects in this

group]
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FINAL REPORT ON THE DISTRIBUTION OF THE European Union FINANCIAL

CONTRIBUTION

This report shall be submitted to the Commission within 30 days after receipt of the final
payment of the European Union financial contribution.

Report on the distribution of the European Union financial contribution between beneficiaries

Name of beneficiary

Final amount of EU contribution per
beneficiary in Euros

1. Ricardo UK Ltd € 1,245,074
2. Volvo Technology € 551,430
3. SP Technical Research Institute of Sweden | € 581,460
4. IDIADA € 263,200
5. FUNDACION ROBOTIKA € 342,788
(TECNALIA RBTK)

6. Institut fur Kraftfahrwesen Aachen (IKA) € 330,900
7. Volvo Cars Corporation € 522,277
Total € 3,837,129
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