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1. EXECUTIVE SUMMARY

1.1. Context and need of a multi brand platooning project

1.1.1. Context

Platooning technology has made significant advances in the last decade, but to achieve the next
step towards deployment of truck platooning, an integral multi-brand approach is required. Aiming
for Europe-wi de depl oyment obr @i ddorsam parayount. dt is theé dmbition
of ENSEMBLE to realize pre-standards for interoperability between trucks, platoons and logistics
solution providers, to speed up actual market pick-up of (sub)system development and
implementation and to enable harmonization of legal frameworks in the member states.

1.1.2. Project scope

The main goal of the ENSEMBLE project is to pave the way for the adoption of multi-brand truck
platooning in Europe to improve fuel economy, traffic safety and throughput. This will be
demonstrated by driving up to seven differently branded trucks in one (or more) platoon(s) under
real world traffic conditions across national borders. The project goals for each year are:

9 Year 1: setting the specifications and developing a reference design with acceptance criteria.

1 Year 2: implementing this reference design on the OEMO $rucks as well as performing impact
assessments with several criteria.

9 Year 3: focus on testing the multi-brand platoons on test tracks and international public roads.

The technical results will be evaluated against the initial requirements. Also, the impact on fuel
consumption, drivers and other road users will be determined. In the end, all activities within the
project aim to accelerate the deployment of multi-brand truck platooning in Europe.

1.1.3.  Abstract of this deliverable
The purpose of this deliverable is to describe testing procedures and definition in the ENSEMBLE
project to validate the implemented function and to ensure interoperability between different brands.

Earlier testing phases such as testing as system level, integration testing or mono-brand testing are
outside the scope of this document and are expected to be carried by OEMs on their own
responsibility.
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In the deliverable D5.1 the first states of the test plan and the common methodology plan description
was defined. The updated and complete test plan is now the topic of this deliverable D5.7.

In this deliverable (D5.7), a common methodology to assess complex platooning on test track and
open road is defined. In order to develop this methodology, the KPIs to be recorded are defined and
the tests that will be carried out are described. These KPIs relate to the following tests:

1

Tests in a controlled environment (i.e. test track) for the validation and performance
evaluation of the platoon capabilities and safety requirements.

Tests in a controlled environment for the measurements of fuel consumption and emissions
Tests on public roads for the measurements of fuel in interaction with traffic flow and real
environment.

Tests on public roads to validate the performance of multi-brand platooning in interaction with
real traffic flow.
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2. INTRODUCTION

The ENSEMBLE proj ect 0definenand implembni afally functenali mailti-kramd
platoon that can be adopted to unmodified public highways and interact with surrounding traffic.
Therefore, the platooning vehicles not only need to be tested on the test track, but also on the open
environment, public road. The main objective here is to test whether the platoon system behaves
safely and as intended.

The general objective of Task 5.1 "Test and Demonstration Plan" is to define a methodology to
evaluate the multi-brand solutions developed in the ENSEMBLE project, to define the scenarios and
test execution for the multi-brand platoons and to select an appropriate route for the open road tests.
To achieve this objective, each ENSEMBLE project work-package needs to identify requirements
and KPI 6s tthdafine tleeitest plansTaednformation that each work-package has provided
is described below:

1 WP2 has defined the specifications of the whole multi-brand truck platooning concept to be
implemented in trucks from seven different OEMs and assessed within the testing carried out in
WPS5. In addition, the defined use cases and project requirements (V2X, Safety, etc) in this work
package will be used as inputs to be included in the test plan and test case definition of WP5.
There is a regular feedback between WP5 and WP2 to update the functional specifications due to
newly acquired insights and experiences.

1 WP3 is responsible for the development and implementation of the platooning technology in the
trucks. One or more trucks per OEM are instrumented with a brand-specific layered platooning
automation system, which enables the truck to operate in a multi-brand platoon.

1 WP4 is responsible of the impact assessment for multi-brand platooning on road infrastructure,
environment, other road users and logistics. The WP4 has defined a KPlIs list to be verified and
measured during test on proving ground and open road to analyse the impact on traffic flow, on
fuel consumption and emissions, pavements, bridges and tunnels. This information has been
included on the test plan definition.

The Scenarios Cases definition, system requirements and the overall KPIs are essential for the
development of the test procedure.
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ENSEMBLE D5.7 i Final version test & Validation Plan Public

3. TESTING OBJETIVES

In the testing phase of the project, the test object is handled as a black box. A detailed overview of
the architecture of the complete vehicles or other single components and their architecture is not in
the testing focus for this work package and is not explicitly handled or tested.

The process flow of the overall method is based on the V-cycle as it can be seen in Figure 1:

Open Road Test

/ High Level
Requirements

Plan

ENSEMBLE Use
Cases

Requirements
System

Requirements

specification

System
Architectural
Definition

Trucks
Integration &
Testing Plan

System
Integration &
Testing Plan

~

Vehicle calibration,

integration and
validation

System
qualification
tests Validation

System
integration and
integration tests

N /

Development

HW/ SwW

development Lt T

[
| J

Figure 1: V-cycle testing Levels

The methodology defined for the verification and validation of the platooning function will be divided
in three main levels:

9 System Integration: In this phase, both the developed platoon coordination and the individual
platooning systems shall be verified. This task will be conducted in WP3.
1 Trucks Integration: The vehicles developed will be tested at different levels:
0 In-house mono-brand platoons (tests conducted by each OEM).
0 Three-brand platoons.
0 Multi-brand platoons.
1 Open Road: In this phase, the global platooning system shall be tested on open roads. Key
aspects of this evaluation phase will be multi-brand platooning performance, interaction with other
road users and the impact on traffic and infrastructure and real-world emissions.
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4. TEST PLAN DEFINITION

vehicle level. Once the testing activities at the vehicle system level from each OEM are completed,
sub-phases as described in Figure 2:

the multi-brand testing at vehicle level will take place. These activities will be carried-out in different

The test plan of the ENSEMBLE project includes the overall activities of integration and testing at

@ MONO BRAND TESTING

=

o

o' WG
x1

@ THREE BRAND TESTING

@ COMPLEX BRAND TESTING

Figure 2: Test overview

Figure 2 shows the different testing phases. The first phase is the mono-brand testing that will take

4.1. Test objectives

place at each O E M asilities and will be carried out on January - February 2020. The second phase
the open road testing in Catalonia (Spain) which will take place during August and September 2020.

includes the three/four-brand testing and will take place between March and June 2020. Finally, the
third phase will include the multi-brand testing (all seven brands) at IDIADA test tracks, followed by

The Platooning assessment methodology that is being developed in the ENSEMBLE project is based

function. The following points will be verified during testing:

on the definition of scenarios to validate the requirements and specifications of multi-brand
platoon impact, as well as evaluating the improvement of V2V communications for the platooning

platooning and indicators of the system that relate to fuel consumption, emissions and traffic flow

ENSEMBLE



1 Interoperability of the platoon: All vehicles in the multi-brand truck platoon are compatible with
each other to ensure correct and safe operation.

9 Safety of the multi-brand truck platoon: this is one of the key aspects to ensure acceptance of
platooning technology.

1 Impact of the multi-brand truck platoon in the real-life.

In the document &2 Platooning use cases, scenario definition and Platooning Levelsé D2.3
(Willemsen et all, 2020) two platooning functions have been defined:

9 Platooning Support Function: here the driver is responsible for the driving task

1 Platooning Autonomous Function: the driver of the following trucks is not responsible anymore;
the system performs the complete driving task within the specified operational design domain. The
leading truck, instead, is still with driver in control.

The main properties of the Platooning Support Function are based on Adaptive Cruise Control (ACC)
as defined in (ISO-15622, 2018):

9 The driver is responsible for the full driving task taking account the weather conditions, slopes,
traffic flow, etc.; in line with the current state of the art support functions, and this will be clearly
indicated via the HMI.

9 Longitudinal coordinated automated control for the complete speed range from O (brake to
standstill; acceleration from standstill optional) to maximum cruise speed (depending on country
regulations and OEM implementations).

1 Following distances according to ACC (OEM specific) with minimum distances ranging between
1.4 s and 1.6 s. The driver selects the following distance. Decelerations will be limited
accelerations to -3.5 m/s?.

The main high-level use cases of the Platooning Support Function are:

1 Engaging to platoon
o Join from behind: either by a single vehicle or existing platoon
0 Merge in-between by single a vehicle in existing platoon
1 Platooning
0 Steady state platooning
o Follow to stop
o Emergency braking
o Platoon gap adaptation:
A 12V interaction
A Cut-in
A System status (e.g. packet l0ss)
o Cohesion request
91 Disengage platoon
o0 Leave
o Split
0 Leave by steering away
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4.2. Testrequirements and performance indicators

In this section the test requirements and performance indicators, defined as part of the work of WP2,
WP3 & WP4, are listed.

There are different requirements of the system defined in the D2.3 Version A (Willemsen et all, 2020)
that will be checked during the tests:

1 Seven requirements from Tactical Layer.

9 Ten requirements from the interaction between trucks.

1 Two requirements that determine the relationship between the infrastructure and the platoon.

9 Ten requirements that all trucks must accomplish about their longitudinal control.

1 Five sensors requirements.

1 The interaction between the driver and the system is supported by an HMI. The HMI has eleven
requirements to accomplish.

These requirements must be used as an input to define the test scenarios. As some details of these
requirements are still under discussion and clarification, the final performance indicators are not
frozen and will be defined to verify the accomplishment of every requirement during the tests.

To assess the energy efficiency and impact on traffic flow, the following performance indicators have
been defined and will be monitored:

9 Fuel consumption variation [I/km].
1 Fuel efficiency variation [l/ton-km].
1 Variation in CO2 emissions (tones/year).
9 Variation in other emissions/pollutants (tones/year).
9 Stability of traffic flow:

0 Space headway statistics.

0 Heterogeneous scenario.

o Cumulated acceleration.

o Time taken to engage/disengage.

o Effective length of platoon (after disengagement).
9 Impact on road capacity

o Overtaking flow.

0 Speed. homogeneity: Platoon vs Traffic.

0 Total travel time.

0 Travel time reliability.
9 Impact on road users + flow stability:

o0 Traffic speed homogeneity.

0 % lane changing manoeuvres.

A When gap opening.
A When disengagement.
0 Number of cars that cut-in the platoon.

—_
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9 Traffic acceleration (cut-ins).

4.3. Test cases methodology

The methodology followed to create the tests cases is detailed in this section. To have a common
understanding of the concepts of use case and test case, a definition for each one has been written
as follows:

1 A Use-case represents a specific scenario in which a solution, usually the system that is being
developed, needs to be implemented. The use case describes various conditions in which the
system shall respond. These conditions can
participants or road conditions

9 A Test case is a set of requirements and variables against which the system will be tested and
assessed. The results will determine whether the system complies with the requirements and
satisfies the acceptance criteria. The process of developing test cases can also help to find
problems in the requirements definition or design of an application

To define a test-run, is necessary to identify and describe the test scenarios with the use cases.
Three levels are defined for each scenario:

1 Functional scenario: this level contains the high-level description of the test procedure, using
words and images to describe the sequence. In this level, the scope, testing procedure, needed
operational domain and acceptance criteria will be defined. A complete list of parameters will be
stated on this functional level description.

1 Logical scenario: this level is to define a range for each of parameters defined during functional
scenario. Test executions is described more in detail linking the defined parameters to each
concept in the test description and execution steps.

1 Concrete scenario: this level defines each specific parameter value and the step-by-step test
sequence. The test results must be compared with the acceptance criteria, based on KPIs, signals
behaviour and requirements.

Once the Concrete scenarios are defined, different test runs will be defined as a group of different
test scenarios to be carried-out together, one just after the other.

@?@.
ENSEMBLE



Knowledge Systematic Identification Logical Scenarios
— of scenarios — +

Parameter space

WP2-D2.3
Use Cases = poN

== O e e = Digital information

WP2- D2.5 5 pa—
e o . Environmental conditions ||
Conformance Testing Layer 5 - ‘ - —

4 - \
N O G —ouse
( h = o—O. __'\‘1 S Moving objects

WP2-D2.6 Layer 4
Infrastructure T s

| Scenarios
Tilvvv";;(.v.-x modifications Database

— and events

7
J \\

WP2- D2.13 ' A R
SOTIF Safety Concept QI‘ G Dot

Layer 2

)P LL\ Road furniture and rules

WP2- D2.14
HARAFSC

— \ Road geometry
Layer 1 3

WP2-D2.9

p
V2X Communication
A\ =

— —

Figure 3: Inputs to generate the scenarios database

In Figure 3 the different inputs used to generate the scenarios can be observed. The main inputs
are:

9 Use cases

1 V2X Communication definition.

1 Requirements of the platoon system, deriving from:
0 HARA and Functional Safety Concept.
0 SOTIF Safety concept

For the specific description of the functionals scenarios the following sections are used:

9 Scenario ID: Unique number to identify a scenario. The identifier has the format #XXYY where:
0 XX: Identifies a type of scenario.
0 YY: Sub-scenario of the XX scenario.
1 Scenario Name: Title of each scenario in few words. Between parentheses the relate use case
identification from D2.3 shall appear.
1 Scenario description: It represents of the scenario in few words with the general manoeuvres and
expected results.
9 Objective: Main purpose of the scenario.
1 Preconditions: Specification of the variables and environment necessary to realize the test.
1 Initial state: Description of the initial conditions of the scenario, before the execution test (initial
conditions for all vehicles involved during the test).
1 Scenario steps: Description of the manoeuvres to be realised during the scenario execution.
9 Acceptance criteria: Report of the expected consequences of each step of the "Scenario Steps”,
if applicable, and a checklist for making the decision to accept or reject the test on the scenario.
1 Final state: Definition of the expected platoon configurationwhena | | 6 Sc e nasereieauteds t e p s €
and 6 Ex p e c t e dbtamedsvithbut faildre.
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9 Parameters (inputs): List of variables required to fully define the scenario. Numerical values must
be assigned to each parameter.

9 Signals (outputs): All measures, actions, warnings or marks to be monitored for analysis during
the development of the scenario.

Figure 4: ENSEMBLE figure key below shows the key figures used in the image scenario setup
definition:

Other vehicle -

HMI D
Fault/ failure é} 9 ; -
Decrease velocity |||.
Increase velocity .il
Driver a
V2X )

Radar vehicle

Platoon nomenclature
RSU

Other

Emergency Braking

Figure 4: ENSEMBLE figure key

Next step after the functional scenariosistod e f i ne t he Al .dunctionalkcermrmoennsar i 0 s C
be analysed to identify all elements, inputs and signals that must be classified with a unique name
and assign a range of possible values, if necessary.

Finally, to create the "concrete scenario”, a concrete numeric value is assigned to each of the
parameters identified in the "logical scenario.

Once the scenarios have been stablished, the next step is to choose the location where each

scenario will be tested, the results will be incorporated to a data base of test results (Figure 5). The

mono and three brand testing will take place in WP3. The Mono-brand testing will take place at each

OEMbés facility. The testing wildl be carried out v
technology implemented. The implementation will consider Platooning Support Function as

described in D2.3.

In three-brand testing, trucks will be tested in groups of three at two different proving-ground
locations. The groups will be as follows:

1 MAN & Scania & Volvo / Renault.
9 DAF & Daimler Trucks & lveco.

ENSEMBLE
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Scenario Database
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Test Plan Definition & Execution

cation

1=/

Scenarios

Figure 5: Tests steps

After the three-brand tests, next step will be the multi-brand (all seven brand) tests. In Appendix B.
the test sequence is detailed . The test runs have two different phases: static tests and dynamic
tests. The static tests are used to check the requirements of the V2V communications, the safety of
the trucks and to install all the necessary equipment. In dynamic tests series, all concrete scenarios

will be carried-out.

Finally, with all test results, evaluation metrics and pass criteria, the test will be evaluated and ranked

obtaining an output result (Figure 6).

/FFF.—‘_hhH\ /’—F‘_'_-___‘_“H\\
N A N A
Evaluation ﬁ
and Evaluated
Test Results i i Classification Scenarios
~ N~
Metrics for Assesment
Figure 6: Evaluation procedure
=
@. Ej o
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4.4. Scenarios cases

The following scenarios cases have been accepted by all consortium members in one of the
workshops realized by WP5. An example of these scenarios is detailed in the Appendix A.

9 #00: Static test (V2V requirements)
9 #01: Platoon join:

(0]

O O O o

(0]

Joining from behind by single vehicle.

Joining from behind by an existing platoon.
Merge in between by single vehicle.

Merge in between by an existing platoon.

Refuse joining due to maximum number of trucks.
Non joinable situations.

9 #02: Steady state platooning:

(0]

O O O O

(0]

Steady state following constant speed.
Steady state acceleration.

Steady state deacceleration.

Steady state gap variation.

Follow braking target (use case 3.2).
Platoon in two adjacent lanes.

1 #03: Emergency braking:

(0]
(0]
(0]
(0]

Lead vehicle doing an emergency braking.

Following vehicle doing an emergency braking.

Two instances off emergency braking in the platoon (LV & second FV).

Aborting emergency braking after TBD seconds (TBD which truck starts & abort).

9 #04: 12V interaction:

(0]
(0]

9 #05: Cut-in:

(0]
(0]
(0]
(0]

New minimum distance policy (only HMI information).
New maximum speed policy (only HMI information).

Cut-in (example: constant speed cut-in, cut-in and brake).

Cut-through.

Cut-out (example: cut-out and continue, cut-out and brake, cut-out and accelerate).
Steady state multiple vehicle cut-in.

1 #06: System status (mono-brand OEM responsibility):

(0]
(0)
(0)
(0]

GPS failure.

Communication failure.
Package loss (V2V).

Forward range sensor failure.

9 #07: Disengage platoon:

(0)
(0)
(0]

Leave by trailing truck.
Leave by following truck.
Leave by leading truck.

—_
~

‘@. 'QI
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o0 Split platoon (system initiated).
0 Leave by steering-out as following truck (+ deaccelerate).
0 Leave by steering-out by leading truck (+ deaccelerate).
9 #08: Platoon cohesion:
o Closing gap at maximum set speed.
o Closing gap at maximum acceleration and speed performance (example: different
truck loads).
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5. TESTING ENVIRONMENTS

5.1. Test Tracks

The three-brand tests will be carried out in 2 groups of 3 to 4 brands on two different test tracks:
1. DAF, DAIMLER and IVECCOtestl at Testcenter PferdsfeldeeFigure7. Pferdsfeld proving ground
2. MAN, SCANIA and VOLVO/Renault will test at Testcenteredst@eeFigure8. Ast&ero proving

ground

GroRe Runde

Handling

Handling Kurzanbindung
Anbindung Skidpad

ostl. Runway

Westkopf T L

398
39

i h i B
i i i
i i i
§ H 4 {
394 | 1 i /_—__"\i
392 H i i i
388 i i i i
3 : 3 !
i i i i

386 |
18 Alt

Figure 7. Pferdsfeld proving ground

Pfersfeld is a test track in the south of Germany of 2,8 km with a 3 lane motorway and 900 m 2 lane
rural road.
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RURAL ROAD

ﬁ = Control Tower

SUPER MULTILANE

MULTILANE ROAD

\

Figure 8. AstaZero proving ground

Ast aZer endimnmenmnssamprise of a 5.7 km rural road lane, a city area with four districts of
buildings and streets, a multi-lane road for multi-lane traffic and a high speed area for high speed
tests.

The multi-brand testing (with all brands) will be carried out at the IDIADA Proving Ground which is
placed at 70 km south-west of Barcelona. Figure 9: Aeri al view | DI ghbwsé@as pr oV
aerial view of | DI ADA6s proving ground.
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Figure9: Aeri al view | DI ADAG6s proving gro

The test track selected is the High-Speed Track (see Figure 10: High-speed track map), it is an oval
track of 7,5 km, with four lanes of 4 meters width, north and south straights of 2 km long and a
maximum banking bend of 80% (38,66°) on the west and east curves. The travel direction is always
clockwise, and the speed limit is 250 km/h in shared use.

North Straight

- — .

2
Entrance / Exit

[ General Road
N cend

B Braking area 3 ;
Parking ) o ———

= Free Wifi zone

South Straight

Figure 10: High-speed track map

Depending on the performance of the test case, it could be necessary to ask for the exclusivity of
the test track as a platoon of 7 trucks making manoeuvres can compromise the safety of the others
in the High-speed track.

5.1.1. Test track equipment
| DI ADAG6 s pr o witha follovgng availabidity ¢f aquipment for use by customers.

: &9
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5.1.1.1. Connectivity Lab

TheConnectivity Lab is in | DI ADA®&s proving gfound
the-art communication technologies for Cooperative and Connected Vehicles. The deployed network

(see Figure 11: IDIADA Infrastructure map) compliances with Europe and US international
standards.

Figure 11: IDIADA Infrastructure map

The project is developed within the scope of Europe, so the standardsav ai | abl e i n the
proving ground according with the international standards in Europe are:

1 Physical Layer: IEEE 802.11-2016: IEEE Standard for Information technology o
Telecommunications and information exchange between systems & Local and metropolitan area
networks & Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) Specifications Amendment 6: Wireless Access in Vehicular Environments.

9 Access Layer:

o ETSI EN 302 571 (V2.1.1): Intelligent Transport Systems (ITS); Radio
communications equipment operating in the 5855 MHz to 5925 MHz frequency band;
Harmonized EN covering the essential requirements of article 3.2 of the R&TTE
Directive.

o ETSI EN 302 663 (V1.2.1): Intelligent Transport Systems (ITS); Access layer
specification for Intelligent Transport Systems operating in the 5 GHz frequency band.

o ETSI TS 102 724 (V1.1.1): ITS Harmonized Channel Specifications for Intelligent
Transport Systems operating in the 5 GHz frequency band.

o ETSITS 102 792 (V1.2.1): ITS Mitigation techniques to avoid interference between
European CEN Dedicated Short Range Communication (CEN DSRC) equipment and
Intelligent Transport Systems (ITS) operating in the 5 GHz frequency range.

o ETSI TS 102 687 (V1.1.1): Decentralized Congestion Control Mechanisms for
Intelligent Transport Systems operating in the 5 GHz range; Access layer part.

ga 8
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o ETSI EN 302 636-4-2 (V1.1.1): Vehicular Communications; GeoNetworking; Part 4:
Geographical addressing and forwarding for point-to-point and point-to-multipoint
communications; Sub-part 2: Media-dependent functionalities for ITS-G5.

9 Network Layer:

o ETSI EN 302 636-4-1 (V1.3.1): Vehicular Communication; GeoNetworking; Part 4
Geographical addressing and forwarding for point-to-point and point-to-multipoint
communications; Sub-part 1: Media- Independent Functionality.

o ETSI EN 302 636-5-1 (V2.1.1): Vehicular Communication; GeoNetworking; Part 5:
Transport Protocols; Sub-part 1: Basic Transport Protocols.

o ETSIEN 302931 (V1.1.1): Vehicular Communications; Geographical Area Definition.

o ETSI TS 102 636-6-1 (V1.2.1): Intelligent Transport Systems (ITS); Vehicular
Communications; GeoNetworking; Part 6: Internet Integration; Sub-part 1:
Transmission of IPv6 Packets over GeoNetworking.

o ETSITS 103 097 (V1.2.5): Security Header and Certificate Formats.

1 Facilities Layer

o ETSI EN 302 637-2 (V1.3.2): Intelligent Transport Systems (ITS); Vehicular
Communications; Basic Set of Applications; Part 2: Specification of Cooperative
Awareness Basic Service.

o ETSI EN 302 637-3 (V1.2.2): Intelligent Transport Systems (ITS); Vehicular
Communications; Basic Set of Applications; Part 3: Specifications of Decentralized
Environmental Notification Basic Service.

o ETSI TS 102 894-1 (V1.1.1): Intelligent Transport Systems (ITS); Users and
applications requirements; Part 1: Facility layer structure, functional requirements and
specifications.

o ETSI TS 102 894-2 (V1.2.1): Intelligent Transport Systems (ITS); Users and
applications requirements; Applications and facilities layer common data dictionary.

o ETSI TS 103 301 (V1.1.1): Intelligent Transport Systems (ITS); Vehicular
Communications; Basic Set of Applications; Facilities layer protocols and
communication requirements for infrastructure services.

A The data elements of SPATEM payload are defined in CEN ISO/TS 19091.

A The data elements of MAPEM payload are defined in CEN ISO/TS 19091,
Annex G.

A The data elements of the IVIM message payload are defined in CEN ISO/TS
19321.

A The data elements of the SREM and the SSEM payload are defined in CEN
ISO/TS 19091.

o ETSI EN 302 895 (V1.1.1): Intelligent Transport Systems (ITS); Vehicular
Communications; Basic Set of Applications; Local Dynamic Map (LDM).

Due to the availabilty,a pri vate mobil e network (2G,heBe®wprk 4G,

parameters including radio access network and back-end systems could be used for development,
validation, and testing of cooperative and connected vehicle applications.

@?@.
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5.1.1.2. Impact of Platooning on Pavement Structure

One goal of ENSEMBLE is measuring the impact of the platoon in the infrastructure and pavement,

to assure the capabilities. Several sensorswerei nst al l ed in the | DI ADAG6s pr
the impact of the platooning on the pavement in order to identify pulses, loads and deformation
experienced by the structure when platoon is passing through.

I n order to select the most appr op iDIADA eonsidevzed at i on
WP46s requirements for data acquisitioncenductedel!l | a
in the technical centre. The location selected for sensors installation was one particular spot of the

General Road South (Figure 12: Pavement validation track) straight because it includes the following
conditions:

1 Perfect conditions for vehicle stabilization before measuring spot i vehicles with 1km in straight
conditions at 0% longitudinal slope after a soft curve that allows certain velocity at the beginning
of the straight.

1 Itis next to Dynamic Platform A parking area that offers a space were people collecting data can
safely stand during data acquisition process segregated from test traffic.

1 Electrical power supply and WIFI is available.

In Figure 12: Pavement validation track IDIADA track view is showed including schematic graphic
references as follows:

Figure 12: Pavement validation track

1 Red spot marks location selected for sensors installations.

1 Light blue line marks the area available for vehicle stabilization.

1 Green line marks the return trajectory in order to complete.

1 Black spot marks a parking area available in the loop that allows running vehicles to be stop and
verify data acquisition results and/or receive.

&9 .
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A plan view of the area selected for sensors installation showing the adjacent Dynamic Platform
parking area can be find in Figure 13: Sensors installation location.

I T TP 77 7 DT T

e

— DynamicPlatformA
Parkingarea

Figure 13: Sensors installation location

5.2. Open road

Three routes had been chosen for the test in real traffic and orography conditions, IDIADA-Lleida
and IDIADA-Barcelona airport by two different routes. After discussion with the traffic authority of
Catalonia, it was agreed to modify the final destinations of the routes to try to make the procedures
easier and avoid potential issues. At the time this document was written, the final routes are awaiting
approval by the national traffic regulatory authorities. These final routes have different challenges to
test the platoon system.

Figure 14: Ruts select for open road tests shows the track of the three routes, IDIADAI Lleida through
AP-2 (blue line), IDIADAI EI Prat de Llobregat through AP-7 (green line) and IDIADAI El Prat de
Llobregat through C-32 (red line).

ENSEMBLE
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Figure 14: Ruts select for open road tests

The slope of the route IDIADA-Lleida is showed in Figure 15: IDIADA T Lleida through AP-2 and the
main characteristics in Table 1 and Table 2, this route is usually used by IDIADA to carry out the fuel
consumption tests since the flow of traffic is low and there are sections of the road with constant
slopes.

Figure 15: IDIADA i Lleida through AP-2

Table 1: Details of the route IDIADA i Lleida through AP-2

Characteristic Value
Distance 99 Km
Altitude min/max 96 /571 m
Maximum Speed 90 km/h

ga .
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