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Executive Summary

Thisis the firstDeliverableof TaskT7.1- First Iteration Geneva Large Scale Pilot Use Case Demonstration
report - which is due irmonth 16.The nain focusof this Taskis to describethe setup, authorization
processes antbreseenoperations including barriers of trelemonstrator sitesn detail.

This deliverable is structured fhree main sections:

1 A detailed description ahe demonstratorsite homologation process in ordéar the Public
Transport Operatoto receive the necessaguthorizations (sectior)

1 A summary on thautonomousvehicles, including technical data, options, covering, vehicle
inspections, maintenance and supervisi{@action 3)

1 An overview of the current and futurdemonstratorsites includingn exhaustive description on
the Xa Line in Meyrin as well as the future Bédlée site projec{sectionb)

A conclusion and wrapp section together with a set of next steps cardes the deliverable.

The Copenhagen, Geneva, Luxembourg dwydn - First lteration Large Scale Pilot Use Case
Demonstration reports use the same template in order to be able to compare the demonstrator sites.

Figure2: Autonomous vehicle on the Belldée demonstrator site



1 Introduction

The target of theAVENUEproject is to demonstrate and pilot the adaptability and efficiency of the

RSLX 28YS8Syid 2F avlrftf ' YR Y SR indtyon, [Ldzéntbgudgy Saimva, S K A
Copenhagen and ® 3 replicator cities as of ther8 year of the project. ThAVENURision for future

public transport in urban and suburbasreasis that autonomous vehicles will ensure safe, rapid,
economic, sustainable d@npersonalised transport of passengers, while minimising vehicle changes. The

goal is to provide doato door, ondemandautonomous transport allowing commuters to benefit from
autonomous vehicles.

At the end of the AVENUBEproject four year period the mission is to have demonstrated that
autonomous vehicles will become the future solution for public transport. ARENUEproject will
demonstrate the economic, environmental and social potential of autonomous vehicte®oth
companies ad publiccommuters whileassessing the vehicle road behaviour safety.

1.1 On-demandMobility

Public transportation is a key element of a region's economic development and the quality of life of its
citizens.

Governments around the world are definisgrategies for the development of efficient public transport
based on different criteria of importance to their regions, such as topography, citizens',isee@ds and
economic barriers, environmental concerns ahidtorical development. However, new tedblogies,
modes of transport and services are appeanwigch seemvery promising to support regional strategies
for the development of public transport.

Ondemand transport is a public transport service that only works when a reservation has been
recordedand will be a relevant solution where the demand for transport is diffuse and refgalasport
inefficient.

Ondemand transport differs from other public transport services in that vehicles ddatiotv a fixed
route and do nousea predefinedtimetable. Unlike taxison-demand public transporis usuallyalsonot
individual. An operator or an automated system takes carth®booking, planning and orgaaitzon.

It is recognized that the use and integration of-d@mand autonomous vehicles has thetential to
significantly improve services and provide solutions to many of the problems encountered today in the
development of sustainable and efficient public transport.

1.2 Autonomous Vehicles

A seltdriving car, referred in thAVENUEproject asan Autoromous Vehicle(AV) is a vehicle that is

capable of sensing its environment and moving safely mathuman input The choice of Autonomous

vs Automated was made MVENUEInce, in the current literaturanost of the vehicle concepts have a

person in thedriver's seat, utilize a communication connection to the Cloud or other vehicles, and do
y2i AYRSLISYRSy(Gte aStSOG SAGKSNI RSadAylriaAirzya 2N
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AVENUEhe target is to reach a system comprising of vehicles sawdices that independently select
their destination and routes (via a fleet management system).

In relation to the SAE levels, th&/ENUproject will operate SAE Level 4 vehicles.

g.oE SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE
LEVELO J LEVEL1 J LEVEL2

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
What does the you are not steering “the driver’s seat”
human in the
driver's seat S ; Bas
have to do? You must constantly supervise these support features; When the !ea!uw These aulomaled driving features
you must steer, brake or accelerate as needed to requests, will'not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
What do these to providing steering steering not operate unless all required vehicle under
features do? warnings and OR brake/ AND brake/ conditions are met all conditions
: momentary acceleration acceleration
assistance support to support to
the driver the driver
*automatic +1ane centering +|ane centering «traffic jam +local driverless | *same as
emergency OR AND chauffeur taxi level 4,
braking } > - pedals/ but feature
Example gy *adaptive cruise J *adaptive cruise 3 can drive
Features | [REMAELLL control control at the steering everywhere

vcheel may or
may not be
installed

warning same time
*lane departure
warning

in all
conditions

©2020 SAE International

Figure3: SAE J3016 iels of driving automation

1.2.1 Autonomous vehicle operation overview

We distinguish ilAVENUEwo levels of control of the AV: mictmavigation and macrmavigation. Micro
navigation is fully integrated in the vehicle and controls the road behaviour of thelggiwhile macre
navigation is controlled by the operator running the vehicle and defines the destination and path of the
vehicle.

For micrenavigation Autonomous Vehiclesmbine a variety of sensors to perceive their surroundings,
such as3D videg lidar, sonar, GNSSodometryand other advanced sensor&dvanced control systems
integrated in the vehiclénterpret sensory information to identify appropriate navigation paths, as well
asobstacles, and choose the most appropriate reaction of the vehide) topping to bypassing the
obstacle, reducing its speed, making a turn etc.

For the Macrenavigation, that is the destination to reach, the Autonomous Vehicle receives the
information from either the iavehicle operator, or from the remote control serei with 4/5G
communication.
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1.3 Preamble

The AVENUBproject is set up to offer on demand do#o-door solutions integrated within existing
public transportation services, and evaluates the feasibility of operating autonomous shuttles with
routes and schedules based on rgiate passenger demand, instead of followifixed itineraries and
pre-determined timetables.

AVENURE 202SOGAGS Aa G2 akKz2¢0lasS (GKSAS OdzaiG2YAT S
Copenhagen, Geneva, Luxembourg and Lyon, and later duplicate them in several other European cities.
Work package WP7 aims to organize run and evaluate thee large scale demonstrators of the
autonomous vehicle servicdsr public transport, targeting different user groups, and transport models.

The goal is to validate a high quality, safrvice, which will emance acceptance and adoption of
autonomous vehicles for public transport.

The purpose ofaskT7.1is to integrateautonomous vehicles into the existing public transport services.
From day one of the project TPG will promote the nesvvices, the securitgf the vehicles and the
efficiency of the system, kich targets to increase the acceptance by citizepsiblic authorities and
other actors through important information campaigns.

In deliverableD7.1, the main focus is othe organization the running ad the evaluation of the large
scale demonstrators of the autonomous vehicle servioepublic transport in Geneva, Switzerland.
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2 Project homologation

Swiss authoritiesre havinga positive attitude towards the development of future transport modes and
fully support initiatives such as autonomous driving and connected vehicles.

In order to run aPilot project, which fallsout of the scope ofcurrent existing Swisslegishtions a
predefined process has to be followed in order to be able to acquire the necessary permissions.

2.1 Authorities

Switzerland, officially the Swiss Confederatia®) a federéion of 26 cantons Swiss cantons can be
considered to hawng an independentgovernmentand are anadministrative subdivisiomf the Swiss
Confederation

Municipalities are the lowest level of administrative division in Switzerland. Each municipality is part of
one of the Swiss cantons, which form the Swiss Confederation

In order to receive an accreditation, the following Authorities havapprovethe pilot project

Authority Acronyms

Federal
Environment, Transport, Energy and Communications
FederalRoads Office FEDRO Federal
Federal Office of Transport FOT Federal
FederalOffice of Communications OFCOM Federal
The Rpartment ofInfrastructure DI Cantonal
General Transport Directorate of the Canton of Geney OCT Cantonal
Department of Security and EconomyrafficPolice DSES Cantonal
Cantonal Vehicle Service SAN Cantonal
Village/Town/City Municipal

Tablel: Homologation- Authorities

2.2 Vehicle homologation

The vehicles in itselfnly need to be homologated on adieral level by theSwissFederal Office of
Transport It concernsatechnical approval of the construction and functioningegerysinglevehicleas
supplied by the constructoand includessome security tests as wellsaa brake test and an idepth
check of the safety measurasoundthe electric components.

In Switzerland thérake and electrical components testre carriedout by a specialized firm.
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Since an autonomous vehicle only has the right to drive predefined route, this specific route has to
be defined and homologatelefore a formal authorization to use the vehicle can be given.

2.3 Testsite homologation

In order to homologate the test sitean applicant has to extensively describe the test site asd
complywith standard concession¥he homologation mrcess will take up to-9 months depending on
the level of difficulty of theest site and your former experience with autonomous vehicle projects.

2.3.1Concessions

The application process of a concessiegarding an autonomous vehidkeinline with the process as
followed fora nonautonomous vehicle.

2.3.1.1Telecommunications

A telecommunications concession, necessary for transmission of radio and 3/4/5 G signals, is delivered
through the Federal Office of Communications (OFC@MBern. Delivery of a concession takes up to
FNRPdzyR (62 Y2yUGK&aQo

2.3.1.2Passenger transport concession

The passenger transport concession, necessary for the transport of people, is delivered thmeugh t
Federal Transpo®ffice (FOO Ay . SNy ® 5Sf AGSNE 2F | 02y.0Saairzy i

2.3.2 Application

The followirg chapters and information needs be includedn the application.
Chapter ‘ Information

Project 1 Description

9 Official waiver request

9 Objectives

Authorities 1 Operator service agreement

Concessios 9 Radio communication

I Transport of passengers

Routes 1 In-depth description

Bus stops 9 Description

9 Identification

Vehicle 1 Description of the vehicle
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Transport capacity

Detaiked documentation

=

Safety Operational safety measures
Legal bases

Derogation of traffic rules

= = 4 =4

Compensation measures for the derogations of traffic ruleg

Operations Concept
Principals
Timetable

Remote supervision

= =4 =4 4 =

Documentation and procedures

Positions Expert
Trainer

Superoperator

= = 4 -

Operator

Operators

=

Operator commitment

Operator nstructions

=

Accident procedures

Training Theoretical training
Practical training

Trainers training

= = 4 =

AssessementiCertfication

IT 1 Data ®curity
Software

1 Embedded systems

Reporting 1 Authorities

Communication 1 Internal
1 External
 dients

Table2: Homologation¢ Application Data
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3 Vehicles

Before being parier within the EU fundedAVENUEproject, the TPGalready started to test an
autonomous vehicleln 2017, only four knowmmanufacturersworld-wide were able to supply a
productionvehicle which ould be used for public transport.

Brand ‘ Type Country
Navya ArmaDL4 France
EasyMile EZ10 France
Local Motors Olli USA
Baidu Apolong China

Table3: Vehicles- Manufacturers

After discussions with both Frenechanufacturers the TPG opted foa Navya ArmeDL4 for their first
autonomous test project.Since Navya is also partner within tHeVENUEproject, and the only
manufacturer it waslogicchoiceto alsoacquire the same type of vehiclés the AVENUEest site

3.1TPG

The TPG currently disposes of four vehitlesnologated to transporia safety driver with either ten
clientsat a timeor seven clients including onssinga wheelchair

Type ID ‘ Type ‘ Funded by Project Covering
Navya Arma DL4 | P53 Monodirectional | TPG XAdLine SIG
Navya Arma DL4 | P102 Bidirectional AVENUE Belleldée TPG
Navya Arma DL4 | P103 Bidirectional AVENUE Belleldée TPG
Navya Arma DL4 | P105 Bidirectional AVENUE Belleldée None

Table4: Vehiclesg TPG Fleet

3.2 Technical data

See appendiA

3.3 Options

3.3.1 General

1 Air conditioning
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3.3.2 Seatbelts

Even if iis not kgally imposedn Switzerlandthe TPG has opted for the installation of sbatts.

3.3.3Wheelchairramp

Public transport companies have the duty to offeansport for everyone, including the disabledh&
Navya AmraDL4 is equipped with manualfolding rampwhich can be deployed by the safety driver to
give access to a wheelchalihe Navya ArmB®l4 may beretrofitted with an automatic ramp.

Swiss legislatioregardingthe maximum slope for hangropelled wheelchair ramps

1 18% grade when help is assured
1 6%grade wherautonomous

This means that we still have to firdsolution before w are able to drivdully driverlesssince a 6%
slope means a ramp with a length of more than three meters

3.4 Covering

¢ t Ddixter organisation TP Pub sells publicity @Gvehicles, hence we drive with two types of
covering.P53 inServices Industriels de Genéve (SIG) csland P103 inTransport Publics Genevois
(TPGXolours.

3.4.1Transport Publics Genevois (TPG)

"DROITE GAUCHE ARRIERE AVANT

PORTE

Avant - Front Cété porte - Door Side

~ 1,
NAUNE
= =

X001753X ‘ A | SHUTILE POUR VUES - BIDIRECTIONNELLE

T

Valide SHUTILE FOR VIEWS
T W Lt

T | A3 | 25 |t @‘

; . s

Figure5: Vehicle covering TPG colors
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3.4.2 Services Industriels de Geneve (SIG)

=1—1
e | e ®
" [i
o

Figure6: Vehicle covering SIG colors

3.4.3AVENUEU Logo

Vehicleswithin the AVENUEramework andfunded bythe EUare equipped with arAVENUBproject
disclaimer in French and English in front athe back of the vehicle.

3.4.3.1French

Ce projet a regu un financement du programme de recherche et d’innovation Horizon 2020 * *

g AVENUE de I'Union européenne au titre de la convention de subvention No 769033 ‘; :

Figure7: Vehicle covering EU Logo FiEn

3.4.3.2English

This project has received funding from the European Union’s Horizon 2020 research and

h g *
g AVEN U E innovation programme under grant agreement No 769033 ’; :

Figure8: Vehicle covering EU Logadish
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3.4.3.30n vehicle example

Figure9: Vehicle covering EU Logm Vehicle example

3.5 Vehicle inspection

As with allvehicles used fopublic transport, the autonomous shuttle has to undergo a yearly inspection
at the. dzNB I dz RGntohad Vetidie2Serdicn order to be able to continuéo be used on the
road.

We are in the process of trying pass the annual check witlehicle P53and we experience some
difficulties with theroller test brake bench

3.6 Maintenance

Themaintenance of vehicleand GNSS base station is entirely done by N&yhlictransportoperators
have the possibilityto carry out in-house maintenance work on their vehicles until a certain
maintenance level.

10
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3.7 Supervision

Ly OrasS 2F F+y AaadzS GKS alFFfSie RNAGSNAR | NB
whatsapp group or the SOS intercom. They always reply within a few minutes.

4 Operations

Current poé of peoplewho are involved in the datp-day operationsof the autonomous vehicles.

Expert Operator Super Operator  Tech Operator Trainer

Bentaiba llyes X

Beukers Jeroen X

Brandao Carlos

Corazza Marcello

Di StefanoMichael

Fahrni David

X[ X| X| X| X

Fazlic Melisa

Felix Eric X

Gonzalez De Sousa Daniel

Hertrich Jérébme

Kallaba Festim

Kilic Sabahudin

Launay Francois

Marcelino Pinto Licinio

Martins Carlos

McGill William

Perez Laurent

Porchet Judit

X| X| X[ X[ X| X| X| X| X| X| X

Ruckebusch Stanislas

Sauge Jean X X

Zoulalian Jean X

Table5: TPC&; Safety Drivers

11
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5TPG ést sites

Within the AVENUBramework, the TP®uns two test sites:

1 XalLine inthe community ofMeyrin
1 Belleldée site irthe community ofThdnex

The XaLine has been initiated by the TPG in 2017 and is integrated withiAWEENUEprojectin order
to be ableto exchange experienseBoth test sites ardocatedin the Canton of Geneva, Switzerland

Xaline Belleldée

Community Meyrin Thénex

Funding TPG EU + TPG

Start dateproject 01.08.2017 01.05.2018

Start date trial 02.07.2018 15.12.2019 (intended)
Type ofroute Fixed acularline Area

Distance 2.1 [km] 38 [hectare]

Road Open road Semi private

Type of trafic Mixed Mixed

Speed limit 30 [km/h] 30 [km/h]
Roundabout Yes(between track and depot)| Yes

Trafic lights No No

Type of service Traditional busline On demand
Concession Line Area

Numberof bus stops 4 >35

Type of bustop Fixed Fixed

Bus stop infrastructure Yes Sometimesmostly not
Number of vehicles 1 34

Timetable Fixed On demand
Operation hours Monday-Friday (5 days) SundaySaterday (7 days)
Timeframeweekdays 06:30-08:30/16:00- 18:15 07:00¢ 19:00
Timeframe weekend / holidays No servicgfrom June 2019) | 07:00¢ 19:00

Depot At 400 [m] distance On site

Driverless service No 2021

Table6: TPG demonstrator site comparison

12
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5.1 XalLine

The coreobjective isto be able to connect the Meyrin train station with thmain TPGtram lines
Commuters,who live in suburban areas or in neighbouring France w&hd arrive by train,have to
change tleir mode of transport in order to be dispatchedound the entre of Geneva cityJp untilthe
beginning of the project a public transport solution to connboth hubsdid not exist. The distance
between Meyrin train station and the tramlines at Meyrin Village is around ongwkmich is a 0-15
YAYydziSaQ gl @

TheTPQGransport solutionserves the spardgpopulated area of Meyrin andonnects both hubsluring
morning and evening rush hour while taking into account the connectimetables related to in and
outgoing trains and tramd.he vehicle circles arournid the direction of the clock.

During thefirst operatiors of the Xa linewe rapidly noticed the importanceof further developing the
vehicle andine-tuningits behaviour on the road.

5.1.1 XaLineRoute

Jardin

Alpin

FigurelO: Xa Line MeyrirMap

Driving direction Clockwise

Route length 2.1 [km]

Speed limitall traffic 30 [km/h]area
Road Urban open road

Table7: Xa Line Meyrin Information

13
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5.1.2Xa Line Bs stops

» Meyrin

1. Parc s

Parc
Riantbosson

Jardin
Alpin

o
M.

Figurell: Xa Line MeyrirMap with Bus stops

Bus stop 1. Meyrin-Village

Bus stop 2. GrandPuits

Bus stop 3. Meyrin-Gare (train station)
Bus stop 4. VieuxBureau

Table8: Xa Line Meyrirg Bus stop naming

14
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5.1.3Timetable

Lundi-Vendredi + Lundi-Vendredi s
Correspondances NI o ... | Meyrin-Village 6:53 7:20 748 817 8:46
B ‘ ‘ G | 718 | 145 | B:19 | 649 | Grand-Puits 655 7:22 751 819 848
Meyria 651 | 723 | 753 | 824 | 854 | S 6:50 726 756 823 852
Meyrin-Gare 659 728 759 829 859 T T T B
Correspondances M o
Vieux-Bureau 704 733 803 834 004 Meyn.,f o | e | o | s i
Correspondances MK o .\ . | Meyrin-Village 1653 16:23 1653 17:21 1751
Genéve ‘ | 15:49 | 16:18| 16:49 | 17:19| 17:47 | Grand-Puits 15:55 16:25 16:55 17:23 17:53
M0 19:54| 1623 16:54| 17.24 | 17:52| | Meyrin-Gare 1559 16:29 16:59 17:27 17:57
Meyrin-Gare 15:59 16:29 16:59 17:29 1757 Comaspondances MR I T B B
Meyrin-Village 16:09 16:39 17:09 17:39 18:07 Genéve ‘16.’72 16:411 17:13| 17:41| 18:13
Figurel2: Xa Line MeyrifTimetable
5.1.4Routebetween the Xa Line and theehicledepot
&
¥ .
& Meyrin
v Parc
K
&
v~\
C oo/p
Parc //’:;;
Parc
Riantbosson
Jardin
Alpin
Roy.
de
\&O Yrin
< N
_____——""—_‘- Aux Bataijlles ,»§r§7“~~\\
pp———" == SRy, ~ S

Figurel3: Xa Line Meyrirroute to depot Map
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5.1.5Depot

) M/‘ \ 2
@ / NOLIVC .' .O

\

[;

=== = 5 -
- - = -

- - =
o=y G - -

Figureld: P103 & P53 side by side in the Meyrin Depot
5.1.6 Operating issues

Duringone year of service we encountered the following issues:

5.1.6.1Transfer of GPS corrections

We arealmost on a daily baseonfronted with issues related to the transfer of GPS correctishish
are necessarfor the positioningof the vehicleon itspredefinedpath.

Every time a GPS receiver calculates its position, there is some amount of error inherent in the
calculated position. Errors can be introduced from a number of sources (e.g. GPS clock errors,
atmospheric conditions, the distribution of GB&ellites) over which the GPS user has little control.

In order for the vehicle to identify its exact positionifferential correction is a commonly used
technique to reduce the systematic errors that decrease the accuracy of GPS positions. Allt@ifferen
correction techniques use correction data from a GPS base station to improve GPS locations calculated
by a GPS receiver in tivehicle The GPS base station is permanently fixed to the same location, and, as
a result, its location is known with a higlegree of certainty.

These differential corrections have to be transferred from the base station to the Shuttle in real time.
This is done via radio signals as well as 3/4G connectivity.

Out of path errors have resulted in situations where the vehicteve upon thesidewalk

Around the MeyrinGare bus stop, the vehicle drives in the shadow of a large buildingraswlinters a
signal losshence loss ohecessary GPS corrections. It concerns a zone of almosbBd%# total route.

In order to reducedhe transfer of GPS correctiorssuesdn this areait is decided to us®&dometrics and
3Dmapping(instead of 2Dmapping to accurately position de vehicle.

16
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4 _ Meyrin

rc oo
Parc %
P
Parc
Riantbosson
Jardin
Alpin
R
O‘/'P
de
4
K«L t.y’ln
N
< / e
LS 3 5%
|
Aux Batajlles] P | eSS
“Romga~; - N ~SS
e du & > -

Figurel5: Xa LineMeyrin radio signal interference

30% of theroute does not receive the necessary GPS correctiluestothe interference of radio signals

Figurel6: Xa Line Meyrin Magxtra foreseen radio signal interference

Not only that, they are planning to build another buildifigreground in purplehext tothe one which is
alreadyinterfering withour GNSS base to vehicle radio signals.
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5.1.6.2Mainissues

Apart from theGPS correctionissues the vehicle has been out of order for longer periods of time due

to the following issues:

Startdate  End date ‘ Issue

18.06.2019 | In progress | Accident caused by PG driver inside the depot driving in manual
mode. Vehiclecurrentlyat Navyafactoryin VénisseuxFR)Yor repair,
the retro-fit of mechanical components anghdate ofsoftware
Vehicle substituted bAVENUERehicle P103 with TPG livery

29.04.2019 | 03.05.2019 | MechanicalAir suspension problem

16.04.2019 | 24.04.2019 | ElectricalDoors do not closéssue

12.03.2019 | 05.04.2019| IT:GPS corrections issue

30.01.2019 | 25.02.2019 | MechanicalTraction eagine support brokeifwelds). Vehicle send
back to Navya factory in Vénisseux (FR) for repair.

18.12.2018 IT:GNSS base Router change

02.11.2018 | 03.12.2018 | Incident shuttle drove upon the sidewalk. Problem related to GPS
corrections

02.10.2018 | 09.10.2018 | IT:Router shuttle

17.09.2018 MechanicalDoors issue

12.09.2018 Incident: SkateboarddR NA @Ay 3 0SKAYR (KS ¢

the vehicle from behind

Table9: Vehicles; Technical issues

5.1.6.3Second vehicle

Due tothe frequent standstill of vehicle P53 and since we already ordered and homologated the three
vehicles for our maiAVENUBproject on the Belleldée site we have asked thE&ederal Roads Office

(Fedro) to use one of theif?103) for tle use of:

1 Replacement of P53 in case of issue
9 Operator training
1 Testing of ordemand software and applications

TheFederal Roads Offi¢geedro)approvedour demand in July 2019

5.1.6.4Infrastructureissues

Theadvancement of the vehicle isgularlyobstructedby:

1 Trees

1 Wrondy parked cars

18
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5.1.6.5Road behaviour

Current roads are noyet designed for autonomous vehicles anddesirablesituations may occur, for
example:

Parking places or other obstaclptaced on the side of the road which are not prominent enough
encouragawo passenger vehicles to passovertake the hurdleside by sideat the same timelt would
be better to redesigrthis traffic situationin a wayfor just one vehicle to be able taapsat a time.

With the experiencegainedfrom the first vehiclein terms of road holdingwe tried a differentset-up
and gave thesecondvehicle a morgprominent placeon the roadto ensure safetraffic behaviourand
improved handling Tre second vehicle is able to better cope wittaffic situations, the vehicle
completes lesemergency stopsand the driving experience is much more fluid.

I
e — Obstacle / Stationnement
> 25 métres

Figurel7: Enhance road behaviour as well as safety by rethinking rgédations

5.1.1.1Safety drivers

Experienced PTO drivehsve a daily routingo control their bus or tramand to interfere in case of a
dangeroustraffic situation. With the arrival of the autonomous vehicle, thesévers areconfronted
with a vehicle whicldecides for itself without control or interference from the drivéhis is against the
habit of the driverand requires a change mind-set.
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5.1.7VehicleDevelopment

In order for the vehicle to be better accepted by othead usersand clients we have tdevelop:

Develp: 1 Driveability
Object Identification(not only detection)

In order to enhance: Security

1
1
i Acceptance
1
1

Which enables us to: Increase Vehicle Speed

Which leads to: Experience / comfort / fluidity

Table10: Vehicles Development

5.1.8 Reporting

5.1.8.1Safety driver

Safety drivers have to filh a report with their findings and interventiorduring every service.

Bilan des opérations en véhicule autonome Date: =T() () g o 12
Ops Intervention Cause N°¢ agent Remarque
i
[ 2| g b % [ 2 S o [ 5
[ £l ol & sl 2l 2l el Sl ‘ —
| = e sl =) &2 31 0] 8| 5% |
' ol 8| & Sl | Q| O] =] 3] S|« | S
& s d SO B @ 55 @&l B8] 55|53 [} =
; 82 2lalBlelld 28857282z ||
| = [0 = | Q © 72N (s} bl ] |
8l sl Bl E|S|F|E|E||S| 98 E|IE| 8 EDE £3
HETEE R BRI
glello| 8|85/ 8 =8 88 a|ls|al s BE|y]|
5|8 |22 E| & 88|55l 5l8l8l8l8l8sls
z|E| || 2| &| 8| & & |3|0|5||&|&|&l&] S| 2
Exemple 2 4' > a x , 59999 Branches / a=voir suy
. — sk s, —— t t la carte
ks i i
Village 6:13 e e | A e g\‘e ();M,py,\ ,\J‘-
Gare6:27 | | || g B
Village 6:44 |
- - i
Gaetss | | || | X X BTy
Vilage 711 | L, B wEb ey N
Gare7:22 | L,| | < ®d L E |
vilage 7:44 | 24 |
Gaerse | 4| || | af s . |
Village 8:16 4 \
O8I\ 2 | | PRl
Gare822 |2l | || | >¢ 1011 398 & |

Figurel8: Safety driver reporting
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5.1.8.2Clients

We ask clients who travelled with our autonomorehicle to fillin asurveyonline:

otpg (XA
Bienvenue a bord de notre véhicule autonome !

C’est un plaisir de vous avoir a bord du premier vehicule autonome exploité en
service de ligne a Gengve.

Comme sur 'ensemble de nos autres lignes, nous nous efforcons de vous offrir
un service de qualité. S’agissant ici toutefois d’un projet résolument innovant,
nous faisons appel a votre indulgence en cas de retard ou de panne technique
amenant a une immobilisation du véhicule.

Nous sommes intéresses, dans le cadre de la recherche sur les
véhicules autonomes, a connaitre votre avis. Nous vous
remercions d’avance pour votre participation :
https://fr.surveymonkey.com/r/LignexA, ou par le QR code ci-
contre. Merci !

Figurelaxhytf AyS Of ASyidQa aldAra¥fl Ol2NEe
5.1.8.3Authorities

A birannual report is send to all concerning authoritéexd includes topics such as the number of clients
transported, issues to overcome etc.

B Nombre de voyages
assures en vehicule
autonome

B Nombre de voyages en
retard ou interrom pus

B Nombre de voyages
assuré en veéhicules
thermique

Figure20: Xa Line Meyriroperations reporting

Number of travels in autonomous mode (blue bar)
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5.1.9Future developments

The following changes arektensionsduring or after theAVENUPproject may beforeseen When the
Belleldée site trial is up and running, we may discuss an evolution of thén€asuch as:

— XA Line Meyrin
— Track between XA line and depot
N

Position of GNSS base (antenna) and
building X which blocks the coverage of
radio signals to transmit GPS offset
information

—smm—  [ramway

future developments ?

Repositioning of GNSS base antenna?

Track between XA line and future depot

Eco-neighbourhood with on-demand
possibilities

Aux Batailles

Figure21: Xa Line Meyrirfuture developments
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5.2 Belle-ldée

In AVENUE vision for the future of urban and suburban public transportation, autonomous vehicles will
ensure safe, fast, and personalized passenger transportation, minimizing vehicle ¢hiakigpgscare of
passengers frontheir doorstepand bringinghem as close as possible to thelestination.The projects
main objectiveis to demonstrate that autonomous vehicles will be a key element of the solution for
public transport in the future.

The project will not only assess the safety of autonomous leshio public transport, but it will also
demonstrate the economic, environmental and social benefits of autonomous vehicles fopbblic
transport companies and users, paving the way for widespread adoption of autonomous vehicles in
public transport ater the end of the project.

AVENUEWIll integrate, adapt, develop and validate innovative- @nd out- of vehicle services,
maximizing personalization and route optimization, and making travel a real experience for its
passengersAVENURuill revisit the public transportation services offered, from the initial problem of
allowing passengers toavel from one place to another

Initially three vehicles, type Navya Arma DL4 identical to the one that circulates today in Meyrin, will be
deployedon the semiprivate site of the Bellddée clini¢ with the subsequent possibility of assigning a
fourth. TPG plans to integrate them into the existirgnsport network without imposing fixed trips or
stops. The goal is to develop an-demand sevice, which can be managed \@&martphone and will
transport the customer from door to door. Like taxis but in the form of shared autonomous public
transport.

5.2.1 University Hospitas of Geneva (HUG)

TheHUGwas created in 1995, and is part of a traditiohexcellence in medicine and science dating
back hundreds of years. The group brings together 10 Geneva public hospitals and 40 outpatient units
throughout the canton of Geneva, and together they form the leading Swiss University Hospital.

The Bellddéesite brings together most of the general and specialized hospital psychiatric ltirgitso
includesa day hospital, consultation facilities for autistic patients, a community geriatric unit and a sleep
laboratory.

Located at 2 chemin du PefitelAir in Thonex in the Canton of Geneva, the Bédlée estate covers an
area ofapproximately 38 hectares and includes several buildings and care units.

The Bellddée area is moderated at 30 km/h, open to the public, limited by automatic barriers and
contains anetwork of small lanes with a relatively low traffic load.
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5.2.2Objectives

The '"AVENUEproject on the Bellddée estate foreseethree main objectives:

1. Test three to four autonomous vehicl@san ondemandenvironmentwithin a geographically
defined area, withoufixed bus line®r predefinedtimetables.

2. Test the possibilitto board and alight passengees systemdefined bus stops without any
infrastructure such as a yellow zigzag on the ground to marksthp or a pole to display
passenger information.

3. At the end of the project, test at least one vehicle in 100% autonomous mode, without operator
on board, with the authorization to supervise several vehicles simultaneously at a distance.

5.2.3Belle-ldée estate

-

Figure22: Belleldée DeimonstratorGeneraIMap
HUG- Belleldéeestate- Chemin du PetiBelAir n°2- 1226 Thonex

24




SAVENUE

D7.1First Iteration Geneva Large Scale Pilot Use Case Demonstration report

5.2.4Boundaies

Figure23: Belleldée DemonstratoiBounderiesMap

The belleldéesite comprisessixland plots

5.2.4.1Land plots

Land plot Egrid Community Owner

4514 CH69.6584.8263.30 ChéneBourg State of Geneva
4524 CH35.7965.8663.43 ChéneBourg City ofGeneva
4525 CH36.8665.6379.20 ChéneBourg State of Geneva
4701 CH35.5065.8863.44 Thénex State of Geneva
6349 CH35.8665.8063.66 Thénex Dependency
6374 CH62.8490.6563.81 Thénex State of Geneva

Tablel1: Belleldéec Land Plots
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5.2.5Currentpublic transportstatus

Figure24: Belleldée DemonstratorCurrent Bus Lines Map

TPG bus line r° and n°® 31 through the main axe of the estate

Bus stop 1. Seymaz

Bus stop 2. Petit-BelAir

Bus stop 3. Belleldée-Saleveto be renamedBelleldée-Reception
Bus stop 4. Belleldée to be renamedelleldée-Centre

Bus stop 5. Hopital TroisChéne

Tablel12: Belleldée¢ Current TPG Bus stops
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5.2.6 Future situation

Main Bus line n° 1 will probably bisplaced from the Bell&tlée estateto a newhousing area

Figure25: Belleldée Demonstrator Future Developments Map

Foreseen husingarea with 2.400 new apartments (maikée blue)

5.2.7 AVENUEolution

Figure26: Belle-ldée DemonstratotOn Demand RouteMap

AVENUEon demanddispatching
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§ Wheelchair ramp available
Parking visitors

Parking staff
Reception

Figure27: Belleldée DemonstratotOn Demand How To

From parking PV to building B without going to building E, R and D as well as parking PS first

5.2.8 Bus stops

Most bus stops are only technically defined in the system waittiout any infrastructure such asa
ZigZag on the ground orpale with travelinformation.

f. »
L =

2 L8

A .o

Figure28: Belleldée Demonstrator Bus Stops
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5.2.8.1Bus stop identification

See appendiB

5.2.9Vehicle e&pot

The vehicle depot is situated on site acah hold3-4 vehiclesas well as fully equipped mobileoffice
which can also serve as office space to supervise the driverless vehliblesdepot is equipped with
three phase32 Ampconnectors to charge the vehicles and a household 12 V system.

Figure29: Belleldée DemonstratorVehicles Depot
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Figure30: Belleldée DemonstratoVehicles Depot Inside
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5.2.10GNSS base antenna

The antenna will be placed on the highest building on $ites important to test theinterference with
other radio wavedeforehand

Figure31: Belleldée DemonstratoiGNSS base Antenna Placement
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5.2.110perations

Perimeter
Flexible Zonen
ohne fixe
Haltestellen
i Beispiel
LyadSIFcIR 2F 2LJAy3 F2NJ I 3IS23aNI LIKAOFE O22NRAYIFGS

technically defined every bus stop in order to guarantee that our clients can boardlightia vehiclén
security. Hence, a flexible zone with fixed (deipstops.

O O (]
© O Q ° O O Definierte
Haltestellen
O O O
Flexible Zonen mit O o0 O O O
fixen Haltestellen O o o

Teilbedient

Figure32: Belleldée DemonstratotOn Demand Operations
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5.2.12Map concession

Representation of the BeHlée concession: a grey area with-demand doo#to-door service and an
orange line signifying the existing bus lines and stops.

Seymaz

TPG

Direkte Verbindung ab Belle-Idée
Geldnde von/nach Haltestelle
"Seymaz" durch "Avenue"

[ "Avenue" bedientes

Gebiet (Tlr-zu-Tar)

Figure33: Belle-ldée DemonstratorTransport Concession
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5.2.13Timetable

We will assure a seven days a week service from 07:00 to 19:00 with at least one &ktloiaielongand

will test a second and third vehicle in parallel when demand is high during weekdays. We equip the main
vehicle with a TPG operator, who servesttas referencepersonon site, and the other vehicles with
students.

5.2.13.1Monday-Friday

Nombre de véhicules

07n00 08h00 09h00  10R00  11h00  12h00 13000 14h00 15h00 16h00 17h00 18h00 19h00 20h00
Horaires

Figure34: Belleldée DemonstratorTimetable weekdays

5.2.13.2Weekend and holidays

Nombre de véhicules

7h00 08h00 09h00 10hO0  11h00 12h00 13h00 14h00 15h00 16h00 17h00  18h00  1Sh00  20h00
Horaires

Figure35: Belleldée Demonstrator Timetable eekends

5.2.14Way to book a shuttle

An ondemand service requires that a client is able to book a ride. The objective is to do this directly by
means of an application on your smautione or indirectly via a telephoreumber and the help of an
operator.
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5.2.14.1Client Application

Examples of the application as developed by MobileThinking.

« V40 1230 V.40 230 V.40 1230
g /_»-'ﬁ‘lfjmm-“;\ j‘; )(,r-#mmir f“_“ ‘n": ‘_,-"ﬁ'ﬂ[lm\r-"‘“_\
[=) o g

,Aﬂ*Emin.\ _‘ﬁ'fmm\

_-'ﬁEmm.\

f2 Arrét Pictet
Prochain - E'( . q
Bus N°1 - Direction Palettes ) \‘\":( e

Horaires théoriques Bus N°1 - Palettes

Bus N°1 - Direction Plainpalais 14:00
% Bus N°1 - Direction Palettes 1415 Plainpalais
e e 4 Bus N°1 - Direction Plainpalais 14:30 Uni-mail
Bus N°1 - Direction Palettes 14:45 AcaC|a§
Industrielle
Bus N°1 - Direction Plainpalais 15:00 @ Pictet-Thelusson
& < Bus N°1 - Direction Palettes 1515 P+R Etoile
Lancy Mairie
A4
N R Plus tard e Grand Lancy Place e
F2 A proximité Palettes

Figure36: Belleldée DemonstratorOn Demand Application

5.2.14.2Vehicle dispatching

Vehicle dispatchinghrough Bestmilé &utonomous fleet orchestratioplatform.

Q4¢ 2019Manual mode

Navya Shuttle Shuttle User TPG
Shuttle Manufacturer + Operator Client Transport Operator
Black Box

48h Video / Data

Vehicle Status/ Video / Data for Analyses

Figure37: Belle-ldée DemonstratotOn Demand Dispatching Phase 1
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20192021¢ Introducing automation

Vehicle booking

Bestmile < MobileThinking
Fleet Orchestration > Ordering Tools
Network fleet status

Vehicle ordering Vehicle status Trip Data User Booking
Navya Shuttle Shuttle User TPG
Shuttle Manufacturer + Operator Client Transport Operator
Black Box

A

48h Video / Data

Vehicle Status/ Video / Data for Analyses

Figure38: Belle-ldée DemonstratotOn Demand Dispatching Phase 2
2021-2022- Full Automation

External

Trafic Info Etc l l
Vehicle booking

Bestmile < MobileThinking
Fleet Orchestration >
Network fleet status

Bus / Tram / Train Connections / Vehicle Requests / Trip Planning / Etc.

Ordering Tools

Vehicle ordering Vehicle status Trip Data User Booking
v
Navya Shuttle Shuttle User PG
Shuttle Manufacturer Without Operator Client Transport Operator

Private Shuttle User Data

Emergency Interference

Black Box
48h Video / Data

Shuttle Manager

external

Vehicle Status / Video / Data for Analyses

Figure39: Belle-ldée DemonstratotOn Demand Dispatching Phase 3
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5.2.15Traveller information

In order to inform clients about the availability afdriverless vehicle at their serviacge couldconsider
instalinginformation points on strategic placeadvertise on social media or send out flyers

Figure40: Belleldée DemonstratorTraveller Information
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