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EXECUTIVE SUMMARY

This deliverable aims to give a detailed view about what is installed or modifi€dfirs EAT A0S OAT O
software and the adaptation of the OBU to the 5G technology, in the context of th#&16Gix Project. This
document completes the technical descriptions done in DAY adding descriptions of the works carried

out in vehicles and OBUs to met the UCCs requirements.

First, it presents a summary about the common updates and installations made in all vehicles and OBUSs. It
also gives a deployment plan on how those activitiesdnbeen distributed over time. Following, a current
integration status of vehicles and OBUs is described, sorted by CBC and TS. Next, a review of the SAE
levels applied to the project, determining the maximum level for each vehicle related to the céabili

and UCCs of 5®IO0BIX.

Then, the deliverable is divided in two main parts, a couple of sections dedicated to vehicle integration in
the CBCs, with descriptions of the upgrades and installations done iREESBC and GIRR CBC, and a
third section withthe vehicle and 5G OBU integration for each TS. Each of these sections are divided in:
Sensors & devices integration, Automated driving functions development, OBU integration, TS
contributions, Cybersecurity & data privacy and a sigection with descrigbns of the unitary testing at

the time of writing. Subsection 1.4z Structure of the document, a deeper insight of the descriptions is
done in each section mentionezbove.

Last section is dedicated to present conclusions obtained from the infion that also compounds this
document

17
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1.INTRODUCTION

1.1. About 5GMOBIX

5GMOBIX aims to showcase the added value of 5G technology for advanced Cooperative, Connected and
Automated Mobility (CCAM) use cases and validate the viability of the technology to bring automated
driving to the next level of vehicle automation (SAE L4 and above). To do this|GB&X will demonstrate

the potential of different 5G features on real Europaaads and highways and create and use sustainable
business models to develop 5G corridors.-lGBIX will also utilize and upgrade existing key assets
(infrastructure, vehicles, components) and the smooth operation andexigtence of 5G within a
heterogeneus environment comprised of multiple incumbent technologies such as3%%and &/2X.

5GMOBIX will execute CCAM trials along crdwsder (xborder) and urban corridors using 5G core
technological innovations to qualify the 5G infrastructure and evalutgéenefits in the CCAM context.
The Project will also define deployment scenarios and identify and respond to standardisation and
spectrum gaps.

5GMOBIX has first defined critical scenarios needing advanced connectivity provided by 5G, and the
required features to enable some advanced CCAM use cases. The matching of these advanced CCAM use
cases and the expected benefits of 5G will be tested during trials on 5G corridors in different EU countries
as well as in Turkey, China and Korea.

The trials willalso allow 5@OBIX to conduct evaluations and impact assessments and to define business
impacts and cost/benefit analysis. As a result of these evaluations and international consultations with the
public and industry stakeholders, SBOBIX will identify ew business opportunities for the 5G enabled
CCAM and propose recommendations and options for its deployment.

Through its findings on technical requirements and operational conditionsMBIBIX is expected to
actively contribute to standardisation and spegi allocation activities.

1.2. Purpose of the deliverable

4EA POAOGAT O AT AOiI AT Oh $Q8Ww O6AEEAI A AAAPOAOCEITT A&
same name4 EEO AA1I EOAOAAT A AARAOAOEAAO ET AAOAEI h OEA
deployment phase, the updates performed in the vehicles and infrastructure as well the integration
process; these upgrades are necessary to support the implementatiohed CCsdefined in the Project

and in the Deliverable D2 (). The CBC descriptions will include a summary of issues and solutions that
appear during the integration and development period and if any of these issues are resaltvethe
collaboration of the TS

18
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1.3. Intended audience

The deliverable D3.2 Vehicle adaptation for CCAM use cases is a public deliverable and it is addressed to
any interested reader. However, it specifically aims at providing theVBaBIX consortium memberwith
an extensive set of how the integration and development of different devices was made in vehicle.

1.4. Structure of the document

The D3.2document is structured as follows

9 Section 1, Introduction briefly describes the 5MOBIX project and the purpose diis document
together with its intended audience.

1 Section 2,Vehicle integration roadmap& SAE LEVE]provides @ overview of the required updates in
vehicles(Software, sensors and OBEhd a general deployment plan to know when each hardware and
software componentshould be integrated and developedhis section shows the current vehicle and
OBU integration status in each CBC and TS and, finally, presents a SAE level review where can be
consulted the AD level used by each CAV in theMBTBIX projecindthe Covid19 impact on T3.2

1 Section 3,Vehicle integration of ESPT CBCgdescribes thevehiclesintegration proces for ESPT CBC,
the different TS contribution to this CBC and the results from an early unitary test.

i Section 4,Vehicle integration of GRTR CBCgdescribes thesehicleintegration proces for GRTR CBC,
the TS contribution for this CBC and an the results from an early unitary test

i Section 5,, TS vehicle integration,describes the vehicles integration process for eactai®, as in the
previous sectionghe resultsof aunit tests doneare presented
i Section 6presents theconclusions

1.5. Impact of Covid19 on T3.2

The global Covidl9 pandemic arse during the execution of T3.8pecifically during Phase 2 of the of the

global 5GMOBIX a@ployment strategy in which T3.Bcussedon the vehicles andbG OBU deployment
(seeFigure1q8 4EA CcI1 1T AAl DPAT AATEA OAOOIXOAOS QEIAABRQOGE A
national governments and/or local or regional authorities, resulting in restrictions to regional, national and
global travel, different levels of limitations to access to facilities and/or premised and restrictions to
activity in pwlic spaces. While these restrictions and their duration were and are highly country or region
dependent and thus affect the work ¢iie consortium partners in T3i8 different ways, an overall impact

of the global Covidl9 pandemic was observed. This iag is largely in the form of delays experienced in

a) 5G chipsets deliveri) vehicle integration c¢) vehicles movement to testing arelg to restrictions to

local and national travel and restrictions to activities in public spaces.

The revised fphase plan presented in the following section does account for delays due to-C®vid
encountered and foreseen at the time of its definition in RZ020. Further delays may occur depending
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on the evolution of the global and national pandensituations at the CBCs and TSs, especially where
collaborative efforts areequired forvehicle and 5G OBldtegration or testing.

20
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2.VEHICLE INTEGRATIOROAD MAP& SAE LEVEL

The vehicles used for the development of the-M®BIX project need to be updatedei.new sensors and
devices must be installed, new software must be created and a new OBU with 5G connectivity must be
developedto support the use cases defined in the Deliverable PP).1

The most common changes or updatdonein vehicles and theiplanningare presented, as a summary, in
the following two subsections.

2.1. Needed upgrades

According to activities registered in Clickbimanagement toolthe most common updates to develop the
UCCsre grouped in the following points

In vehicle equipment the vehiclesin CBC and TS have had to be updated with new sensors and
hardware for AD, new camerastfthe remote driving and new dewds for multimedia services. All
this equipment has been describedD2.4 (2) andthe installation processis presented in the current
deliverable.

5G OBU at the beginning of the projectthe on-board units dd nat have 5G connectivity, having to

be updated with the new 5G modems, or in some case, creating a new OBU witinBEctvity.

Software components: to support the new invehicle equipmentsome new software has been
developed. This new software adapts the current version of many componernt®i@BC and TS to
support all new functionalities to carry out the UCs.

! https://clickup.com/
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2.2. Deployment plan

In D3.1(3), the 5-Phase Rollout Timeline was presentathere the timeline project is divided in 5 different
phases Each of them is in charge of developidgferent activities. Figurel presents a summary of the-5
Phase plan for T3.2. In Phasall the processes to be developedRhase2 were defined This deliverable
D3.2is part of thePhase 2- Trial Site and CrosBorder Corridor Deployment & Integration, where the
CrossBorder Corridors and the Trial Sites must integrate all equipment, hardware, and software, in their
vehicles Further, the results of Phase 2 will tested and verifiedn the following Phases

PHASE 1 | PHASE 2 PHASE 3 PHASE 4 PHASE 5

[' Vehicle - Sensor - Pevice integration & Softwafe Functionalities D&l

ES- GR-
PT_TR

DE FlL FR NL CN KR

Sensor & Devices integration in vehicles

AD user stories functions development ES- GR. p
pp TR DE FI FR NL CON KR

Ready
to test

0BU Developlhent and Integration
ES- GR-
PToTR

5G Chipset procurement and
Integration

Contributions

: ES- GR- :
PT TR PT TR DE Fl‘ FR NL CN KR

| Support and maintenance fpr trials & Final site integratjon
|ES-
e &
Local integration (5G S GR-
: 0BU and Vehicle) AR R
¢ Vehicle Testing and
verification

develop TS-CBC
Contributions

Transfer assets from TS ; S
to CBC Ensure TS-CBC interoperability

[

Support and maintenance for trials and demos

ESWGR-
PT TR

DE FIJ FR 'NL CN

ES-PT = Spain-Portugal, GR-TR = Greece - Turkey, DE = Germany
Fl = Finland, FR = France, NL =Netherlands, CN =China, KR =Korea

Figure 1: Overall Picture of the 5Phase Rollout Plan for Vehicle Adaptation
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2.3. Current integration status

At the momentto present this delierable the current integration status of the vehicles (sensors attter
devicesland the OBU isesented in the following ablel:

CBC/TS

Ready

Table 1: Vehicle & OBU integration current status

Pending

Status & remarks / characteristics

ESPT

GRTR

DE

Fl

FR

NL

CN

KR

2 Citroén C4
1 Golf
1 Bus ALSA

6 OBUs

1 Ford AIMAX

3 OBUs

2 Vehicles /
2 OBUs

1 Vehicles /
2 OBUs

2 (ICAV & 1
CV) 2 OBUs

3 CAV& 1CV.
/ 3 OBUs

1 Vehicles

2 Vehicles/ 1
OBUs

1 Shuttle
1 PT vehicle

1 OBU (PT)

1 Ford FIMAX

2 (Valeo
Peiker)

10BUs

2 (Valeo
Peiker)

30BUs

1 OBU

1 OBU

Testingwith some of the finished vehicles. The last
integrations and tests are being performanh the Shuttle

Integrated. Fully ready, ongointgsting

1 truck fully ready, ongointgsting. 1 Truck waiting for
final component integration

Fully ready, ongoingesting & integration process

Use cases have been tested using two Quectel OBUS. 1
ValeoPeiker OBUs are already available, ongoing testin

- 1 singleSIM OBU NSA & SA available M24, integratior
mM27

- 1 multiSIM OBU NSA available M26, integration M27 (
be upgraded to SA)

-1 multiSIM OBU NSA availabM?28, integration M29 (to
be upgraded to SA)

Vehicles and OBUs are completely integrated and ready

2 OBUs (advanced drivingCoCA) have been prepared at
sent to NL forfurther integration testing (January 202!
1 OBU (remote driving positioning) is planned to be
implemented by end of Q2021, ready for first testing

The vehicles will be integrated with the OBUs in May 20

The tethering use case is ready (OBU and Veh test in O

OBU for remote control use case will be ready in Mar'21
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17 Vehicles/ 3 Vehicles/

Total
190BUs 110BUs

As can be seein the Table 1, the most of the vehicles and 5G OBUs are integrated and assembled,
however,some sites with delays in vehicle and OBU integragaits, asshown below

In ESPT CBC the last sensor calibrationglahassis modifications have been done and some test to
evaluate the AD functions have also been done. The PT vehicle and OBU are being tested and to

some issues are being solved.
In GRTR CBC one of the vehicles is waiting for the purchased componeritsstall them in the

vehicle.

A common delay with Valeo Peiker TCU is present in DE, FI and FR. Some alternatives were
developed.

yl ., 43h Oxi /"5 EAOA AAAT DPOAPAOAA AT A OAT O

other OBU more is planned teeimplemented by end of Q2021.
CN and KR TS, have one OBU pending each one.

2.4. SAE level review

In 5GMOBIX project there are vehicles with a SAE level 4. They are autonomous vehicles, enabled with a
5G OBUIn Table2 presents a summary of these vehicles, describing the capabilities and the way they are
used in the project.. In this tablenly CAVs are included
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Table2: SAE level summary by site

CBC/TS Type of Max. SAE Vehicles capabilities Application in 5GMOBIX
vehicle SAE level
level used
1 Shuttle EV | 4 4 i Autonomous urban driving L4 (longitudinal ar 9 UCGH#1 ->User Story: Automated shuttle in crodmrder
Bus lateral control) settings The Shuttle EV Bus use the L4 autonuhl
1 360° Object detection (pedestrian, vehicle functionalities adding the information get form othe
bicycles). AAOT OO AO 625h OOAEEEA |
1 Route following (HD mamformation). 1 User Story: Last Mile EV Automated Shuttle vehicles
| Green light optimal speed adaptation. Cross Border and urban environmenh this case the
1 Automated emergency braking. Shuttle use the L4 during the teséxcept to avoid ar
{ Collision detection (Prediction of possible collisioi ~ obstecle placed in the middle of the path it follow
7 Remote Contral where it usesemote control
2Citroén C4 | 4 3 1 Autonomous Urban Driving L2. 9 User Story: ComplexManoeuvres in crossborder
Picasso 1 Highway chauffeur L3 (vehicle followin¢ settings In scenarios of Lane nge and automated
ESPT automated overtaking, highway entry, highwa overtaking thesevehicles use thélighway chauffeur LZ
exit and faltback) functionalities.
1 Automated ValetParking L4. 9 UCC#3: Extended Sensows inthe previous user story
1 Green light optimal speed adaptation. the vehicles use L3 functionalities to detect, in this ca
1 360° Object detection (pedestrian, vehicle an event not registered on their map and request man
bicycles). control from the driver.

1 Route following (HD map information).
i Bus stop function (Bus stop detection, opening a
closing doors automatically).
i Automated emergency braking.
i Collision detection (Prediction of possible collisiol
1 Volkswagen 4 3§ Autonomous Urban Driving L2. 1 User Story: Complex Maneuvers in craggder settings
Golf 1 Highway chauffeur L3 (vehicle followint In scenarioof Lane mege and automated overtaking

Thisproject has received funding from the Europeanumni 8 O (1 O _
research and innovation programme under gragreement No. 825496. WWW.5g-mob|x.corr
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2 FORDMAX | 4

2

automated overtaking, highway entry, highwa
exit and faltback)

i Automated Valet Parking L4.

1 Green light optimal speed adaptation.

1 360° Object detection (pedestrian,
bicycles).

1 Route following (HD map infoation).

i Bus stop function (Bus stop detection, opening a
closing doors automatically).

1 Automated emergency braking.

i Collision detection (Prediction of possible collisiol

1 Autonomous Urban Driving L4

i Autonomous Highway Platooning L2

(Longitudinal and lateral control, no need |

human intervention, but only if vehicle mov

without lane change. Hence vehicle is higher le

than L2, but due to lack of autonomous lar

change less than L3.)

Automated emegency braking

Path following

Collision detection (Prediction of possible collisiol

vehicle

Lane departure warning

E E I

See through

 CO2 emissions and Cargo identification (N
reader), front ultrasonic sensor

1 Front radar, camera

Precise GNSS positioning (Lessthl meter)

26

these vehicles use
functionalities
UCC#3: Extended SensorAs in the precious User Stor
the vehiclesuse the L3 functionalities detecting in th
case a new event does not registered in their mapd
asking take control to the driver

the Highway chauffeur LS

User Story: Platooning with See What | See Appiara
settings: In this scenarigehicle will use its Autonomou
Highway Platooning L2+, see through, lane departt
warning functions.

User Story: Autonomous Truck Routing in Borc
Crossing: i this scenario, sensors (LIDARs, CCTVs)
be placed around of the facility. When vehicle reach |
facility, application will belaunched and sensor date
placed to facility will be sent to cloud. Meanwhile vehi
will send its precise GNSS position danspeed
information also to cloud. Cloud will fuse this data a
create a path information that will be dynamic ar
change according to environment. After that path in
will be delivered to vehicle. Vehicle will follow this pe
without any human intervetion like an Autonomous
Urban Driving L4 vehicle.

Use Case: Assistedero-touch- truck bordercrossing: In



DE

Fl

FR

o °C

1Volkswagen 4
Passat

1 Toyota 4
Prius

Renault 4
Twizy (Ava)

Renault ZOE | 4
(VEDECOMZ2)

this use case CO2 emissions, Cargo identification (NFC
reader), and front ultrasonic sensors will be used.

i 360° object detection (four fisheye cameras) q

i 360° surround view generation

{ LIDAR (Velodyne32/64) and/or Vale
SCALA/SCALA2

i Autonomous driving L4 (longitudinal and later|
control).

i 360° object detection (HD cameras and LIDAR) | 1

i Driver monitoring (attention, gaze direction
drowsiness)

i Collision detection (estimation of collision
probability)

9 360° surround view generation

i Lane departure warning

Free space detection

' Autonomous urban driving L4 q

i HD mapping and localisation

i Object detection

i Path following

{ HD Cameras and LiDAR 1

i Remote monitoring and control

Road legal in mixed traffic, up to 40km/h.

i Autonomous urban driving L4 (longitudinal ar
lateral control).

1 High-level systems for planning and supervision

i Object detection

i Path following

27

User Story: EDMenabled Extended Sensors wit
surround view generation.
Radars used for reference purposes

User Story: EDMenabled Extended Sensors wit
surround view generation.

Object detection and risk estimation (collisic
probability) to assess the need for extended sens(
360° surround view generation from@AT T OA ¢
cameras to enhance the perception obtained with-c
board sensors.

User Story: Extended Sensors with redundant ec
processing. HD video and LIDAR will be used
UCC3US3. Evaluate the reliability and performance
networking and edge computing.

User Story: Remote driving futionality with increased
capability provided by 5G networks will be evaluated
UCC4US2.

User story: infrastructure-assisted advanced drivin
(lane change manoeuvre and speed adaptation): ~
infrastructure assesses the possible collision risk of
AV with another connected vehicle. Ihe risk is real
MEC sends MCM to the AV to change its lane. The



NL

CN

o °C

1VW Touareg 4

(Martti)

1 Toyota
Prius PHV

1 Toyota
Prius

SDIA

4

4

i 360° perception
i Front and back cameras

1 Automated Valet Parking L4.

i Green lightoptimal speed adaptation.
i Object detection

i Path following

i Collision detection (Prediction of possible collisiol

1 Rebalancing / Valet Parking L4

i Object detection (HD cameras and LIDAR)

i Path following
i Collision detection
i1 Remote driving

1 Automated Valet Parking L4
Object detection

Path following

Collision detection

Remote driving
Autonomous driving L4
Collision detection

Path planning

=4 4 4 4 -8 58 5 2

Platoon

i Objectdetection

1 Remote driving

i HD mapping and localisation
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upon the reception of the MCM, starts the changing la
manoeuvre and follows the trajectory included in tl
MCM.

User Story: Cooperative Collision Avoidance: the veh
detects collisions based on status data from otf
vehicles and irvehicle sesors. he vehicle selects an
follows a trajectory based on obstacles detected, init
desired path and data from other vehicles a
infrastructure.

User Story: using remote driving functionality to tal
over control of the vehicle over 5G network. Usi
detection for enhancing remote driving. Since remote
driving, L3 is correct level to be used.

User Story: Bd vehicle in Cooperative Collisio
Avoidance user story (with Martti vehicle), using obije
detection.

User Story: using remote drivingunctionality to take
over control of the vehicle over 5G network. Usi
detection for enhancing remote driving. Since remote
driving, L3 is correct level to be used.

User Story: Cloudassisted advanced driving: th
roadside unit,the remote control centre andhe cloud
server will monitor and control the autonomous vehicl
in real time, to perform tests of vehicles Internet-
connected applicationssafely and efficiently

User Story:.Cloudassisted platooning: The autonomot
driving vehicle fleet communicates with each oth
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Renault XM3 4
(Arkana)

4

Autonomous urban driving L4
360°surround view monitoring

Front, Left, Right and Reariew monitoring
Lane Departure Warning

Front Collision Warning

Parking Assist

Rear Collision Warning

Short/Long Range Blind Spot Detection
i Remote monitoring and control

= = = = = = = =
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through LTEV at the start. Among them, the leadin
vehicle includes the platoon control unfPCU), which
coordinates the vehicles in the fleet to ensure a cert
safe distance and to drive in a platoon. The lead
vehicle communicates with the control centre deploy:
in a cloud server through V2N to obtain the test sche
and the global path @inning. Then it provides the bas
planning for the rear vehicle through V2
communication (including chasing, continuous runnir
acceleration, deceleration, obstacle avoidance, ove
acceleration, and deceleration, etc.). The followil
vehicle also hasa certain perception and plannin
decisiorrmaking ability. Besides, LT communication
can be replaced by DSRC technology, and compari
between these two methods will be implemented

User Story:360° surround viewmonitoring and Front,
Left, Right and Reaview monitoring system of the
remote vehicle is implemented to enhance tt
perception obtained with orboard sensors such &
radar, camera, and ultrasonic sensors. ADAS systt
such as lane departure warning, frtooollision warning,
parking assist, rear collision warning and blind sj
detection system are also implemented to impro
vehicle safety level for remote driving



3.VEHICLE INTEGRATIONF ESPT CBC

The ESPT test and trials willake place using differentehiclesdepending on the User Stoie The two
Citroen C4, Volkswagen Golf and the CTAG Shuttle are vehicles which have autonomous driving
capabilities and the PT vehicle and the ALSA Bus does not have those functionalitiesls Cddout
equipment installed in those vehicles are available in secBdrand details of the developed software
functions can be found in sectioB®.2 Furthermore, the 5G OBU is integrated by CTAG in almost all
vehicles besides the equipment aforementioned, to carry out the User Stories. The PT vehicle is the only
one which ha a differentOBUprovider, developed by AtoBe, to be used in the User Stadtiparticipates
Table3below provides an overview of vehicle related equipment installed for théE®ial, while details
regarding their design, development and testing are provided in the followingsmdiions.

Table 3: Vehicle equipment and driving functions utilized in the ESPT CBC

User Story Scenario Vehicles Sensors Driving functions
Laser Valeo i i
Lane merge . o L nghV\{ay chauffeur L3 (vehlcl.e
e T Citroen C4 , fqllowmg, automfalted overtgklng,
vehicles VW Golf  Velodyne, highway entry, highway exit and
Camera, GPS fall-back)
Automated .
. Trimble
Overtaking -
PT Vehicle | - -
Complex
manoeuvres in Autonomousurban driving L4
crossborder (longitudinal and lateral control)
settings 360° Object detection (pedestrian,
Laser Sick, Lidar vehicles, bicycles).
VRU CTAG !
Velodyne, Route following (HD map

cooperation Shuttle ; i
Cameras and GP! information).

Automated emergency braking.
Collision detection (Prediction of
possible collision).”

Highway chauffeur L3 (vehicle
Laser Valeo

Complex ) following, automated overtaking,
. . Scala, Lidar i . )
manoeuvres in Citroen C4 highway entry, highway exit and
HD maps Velodyne,
cross-border VW Golf fall-back)
i Camera, GPS Route following (HD
settings _ oute followin ma
g Trimble g P

information)."

Thisproject has received funding from the Europeaniunid O (1 O _
research and innovation programme under gragreement No. 825496. WWW.5g-mObIX.C0n’
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Lidar Velodyne,
ALSABus @ Cameras, GPS -
Trimble
PT Vehicle | - -
Autonomous urban driving L4
Remote Laser Sick, Lidar (longitudinal and lateral control)
. Remote CTAG . ; .
Driving across Velodyne, 360° Object detectior{pedestrian,
Control Shuttle . i
borders Cameras and GP! vehicles, bicycles).
Remote Control."
Public
transport with
P . Lidar Velodyne,
HD media
. - ALSA Bus | Cameras, GPS -
services and .
. Trimble

video
surveillance

3.1. Sensors & devices integration

It was necessary tintegrate several sensors and devidesthe vehiclesas described in D2.£). The
following Table4 summaizesall this equipmenpervehicle

Table4: ESPT CBC in vehicle equipment

Horizontal Vertical

Car
Equipment Units Model " field of field of
position ' '
view view
CTAG . Front and
3 Sick 180° o° 10m
shuttle lateral
Front and
_ Valeo 3,2° (4
Citroen C4 | 2 Scal rear 145° | 200m
2D Laser cala bumper ayers)
Front and
Volkswagen Valeo 3,2° (4
2 rear 145° 200m
Golf ScalLa layers)
bumper
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LiDAR

Cameras

GPS

Alsa Bus

CTAG
shuttle

Citroen C4

Volkswagen
Golf

Alsa Bus

CTAG
shuttle

Citroen C4

Volkswagen
Golf

Alsa Bus

CTAG
shuttle

Citroen C4

Velodyne

Velodyne

Velodyne

Velodyne

IDS

Laiatech

FLIR

Panasonic

Ricoh
Theta

Mobileye

IDS

Mobileye

Basler

Trimble

CTAG

Trimble

Front

Roof

Roof

Roof

Front

Roof

Front

Roof

Roof

Windshield

Front

Windshield

Front

Roof

Trunk

Trunk

32

180°

360°

360°

360°

60°

60°

65°

360°

30°

60°

30°

60°

30°

30°

30°

30°

6m-100m
6m-100m
6m-100m
6m-100m

60m (car)
40 m (ped.)

60m (car)
40 m (ped.)

150m (car)
40 m (ped.)

60m (car)
40 m (ped.)

150m (cay
40 m (ped.)

60m (car)
40 m (ped.)
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Volkswagen
g Trimble Trunk - - -
Golf
PT Vehicle 1 Trimble Roof - o -
one per
AlsaBus 60 - - - -
seat
Tablets
) Dashboard
PT Vehicle 1 -
mounted
Router 5G Alsa Bus 1 - Trunk - - -

In eachvehicle,the devices listed abovevere installed in different places, depending on the shape of the
vehicle, the device features and what was desired to meastinelnstallationprocess, for each vehicle, is
described below.

3.1.1.Citroén C4

LiDARVelodyne VLP16as been integrated on the roof the vehicleto have360° coverage of the objects

around the vehicle until a 16@eter radius which is the maximum specification for this sensor according

to the manufacturer. In the framework of this projedt is the main source of information regding

vehicle detectionEl O OEA 1 $1 3 £OT ACEI T O ET OI1 OET ¢ AAOGEIT OE

Positioning this Velodyne sensor on the roof betvehiclewas meant to respedhe vertical field of view
of the sensor (45°) so that it is placed high engla to avoid occlusions by the own car chassis. The piece
to adapt this LiDAR sensor to the rooftop was designed in CTAG.

Valeo Scaldls are placed on the front and rear bumpéttee car, and have a 14&orizontal field of view,

so that they will only dedct objects ahead of and behind the vehicle within the mentioned region of
coverage. Its distance range is much higher (allegedly 200 meters, around 130 meters for cars in practice),
so that it enables earlier detections in a higheed scenario (typicallgighways). Their integration in the

car involved cutting and modifying the bumper pieces.

GPS Timble is integrated on the trunk of the car and it allows precise positioning of the velfiitie. GPS
model has a maximum positioning accuracy of 0.25 m prh porizontal and 0.5 m + 1 ppm vertical. The
maximum operating limit for vehicle speed 35 m/seand 18000m in terms of altitude. The antenna
connected to this GP$% located on the roof of the vehiglavoiding signal loss or attenuation due to
vehicke chassis
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IDS and Mobileye cameras have been integrated in the fraindshield at the top of it, insidehe wipers
cleaning zone. In this case, tiMobileye camera is centred and the IxSbesides it, thereforemoved
some centimetredrom the centre The two cameras are placed in this position to get alwelgman lens
(rain, dust) and to get the maximum vision angle.

Figure 2: Overview of the Citroen C4 Picasswith all sensors

Figure2is an overview of all sensors installed in these vehigiebto be used in the User Storida the
above image, the piece designed by CTAG to install the LIDAR and the GPS aateralagoresent
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3.1.2.Volkswagen Golf
Velodyne VLPL6, Scalals and GPS Trimble are installetiowing the samerulesas in C4 prototype.

As in the C4 prototypeghere areinstalledtwo camerasbut, for this model, they are #obileye anda
Basler,both in thewindshield The Mobileye is integrated in the middle of théndshield,at the top of it
while the Basler camera Isesides itbut shifted some centimetres. All of them are placed withir tngle
of action of the wipers

As in the previous subectionin Figure3is showed an overview of how is installed the components in the
vehicle.

Figure 3: Overview of Volkswagen Golf vehiclevith all sensars / components

3.1.3.CTAG Shuttle

The dimensions of this prototype are bigger than in the two aforementioned cars, so the sensors
distribution is also notoriously differenfAn overview of this vehicle is shownRigure4

Two LiDARVelodyne VLPL6s were placed on the rooftop of the shuttle, one on the front end, and the
other on the back end. Both sensors were tilted 10° downward in their intended directiodstettion
(front and rear, respectively). The reason for this applied angle is taking better advantage of the sensing
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considered as enough. No Scalienger range) were considered aseded

For the placement of bothiDARs Velodyné¢he chassis of the shuttle was modified wipieces designed
on purpose

Figure4: Overview of the Shuttle EV Bus

In this vehicle several canaswere installed. Inside the front window at the top of it and centred was
placedone cameramodel FLIRo get a good view anglef the road to detect objectstraffic signsand
lines To developthe Remote Diving User Storyeight cameras Figure 5, are beingplaced in different
parts of the shuttle

Figure5: Remote Driving camerasmodel

This positioning has been designed to amle two key factors:

The camera Lens Field of View, to create a®360
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The visual field from the camera to theshicle perimeter. This is especially important in order to
avoid blind spots

3.1.4.ALSA Bus

InDue to the larger dimensions of the CTAG shuttenmpared to the others, the sensors have been placed
in different positions.LiDARVelodyne VLP16 has been integrated on the front of the vehiclbave a
larger vision angle at the front of the vehicle, being able to cover the same range as in theuprevio
vehicles (50 meters), buinly have this detention in 18Goverage.Trimble GPSunit is integrated on the
roof of the bus and it allowsentimetre level position acuracyof the vehicle that is, 0.25 m + 1 ppm
horizontal and 0.5 m + 1 ppm vertical

The IDS camera has been integrated centred at the top of the front , as in previous cases. The other 4K
cameras have also placed in the front window; one of them is positioned pointing to the road and another
one to the interior of the bus. The Tablets hdween placed in the front seat because in this way the user
can interact with them easilyThe other equipmenspecified inTable4 has integrated in one of the trunks
available on e buslIntegration of several components can be seen in the follovigure6.

— "y
Figure6: ALSA Bus integration Overview
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3.1.5.PT ConnectedVenhicle

Despite not being originally present in the initial specifications of theFHSCBC, the PT connected vehicle
was added to enhance the interoperability tests of 5G communications between the different partners of

the project. The PT connected vehid DAOOEAEDAOAO ET OE ABoferiséttibdgsA @ - /
OOAO OOIT QanéNergéd Gveriling andvVRUscenarios.

This regular passenger vehicle is not equipped with any automated driving functionalities, being solely
retrofitted with a 5GOBU, a dashboard smartphone and a GNSS recdiigure7). 4 EA OAEEAI A8 O
integrates a 5G Quectel module for V2N/N2V communications. The smartphone is used taydispl

ET £ Of ACETT O1 adither fadsengeksl #hé GNSHDIE S AtOgrated on the roof of

the car and it allows accurate gdocalization of the vehicle.

\§.

GNSS Receiver

A-to-Be V2X App

-

5G OBU Time Server

Figure7: PT Connected Vehicle Architecture

The 5G OBU ialsoconnectedto a Time Server machin@-igure7) with the sole propose of providing a
precise source for clock synchronization, using the Pulse Per Second signal available in an independent
GNSS receiver. This accurate time synchronizatisrvery important for the logging and evaluation
measurements of KPI metrics, such as communications latency in a 5G setup. The Precision Time Protocol
(PTP) is used to synchronize the 5G OBU to the Time Server.

The OBU subscribes to the topics of inter@stthe MEC MQTT broker, namely the ones regarding CAM,
DENM and CPM messages, as well as the HD Maps JSON updates. The OBU also publishes CAM messages
xEOE OAEEAI A60 PAOAI AOAOO ET OEA ADDOI POEAOA AOT |
App, through a WiFi connection with the OBU also using MQTT protocol. Subsequently the messages are
AEODPI AUAA ET O Efédr drivdr dn@rérieds{giire8:3aPané merge example. (b) Overtaking
scenario and (c) HD Maps scengrio
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Figure 8: Smartphone Application in the PT Connected Vehicle.
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