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Executive Summary

In this deliverable, the focus is on the organization, the running and the evaluation of thestzalge
demonstrators of the autonomous vehicle services for public transport in Luxembourg.

Different sites all oveLuxembourg have been analyzed in order to find a suitable use case for the
deployment of autonomous shuttle services within tA¥ ENUIproject. The industrial zone of

Contern as well as Pfaffenthal, an urban living area in Luxemiitygnd Eschur-Alzette. Esch is

the second most populated town in Luxembourg and is located on the border to France in the
South of the country around 17 km away from the capital Luxemb@iiy The different
environments of the industrial zone of Contethe touristic and busy city surroundings in

Pfaffenthal andhe main pedestrian road iEsch are leading to different operational experiences. In

all use casesSales.entz (SLA) wable to successfully implement the Automated minibuises

traffic and to gain importanexperience in their deployment and their operation as well as the
preceding administrative preparations. Furthermoiteyas possibléo identify areas that need

further development in order to improve the operation the Automated minibuses.

Before the tart of the trials in Luxembourg, Contern and Esch different administrative work was
necessary. Luxembourg is very open to new technologies and vehicles for research purposes can get
a special permit to drive on public roads even if not all parts of ttécleswere homologatedin the
beginning None the less different authorizations from different national authorities for the vehicles

as well as for the test routes were necessary and could be obtained in a reasonable tinie tgan

first part of the prgect. In the end, it was not possible to restart the Pfaffentité after COVID

because of delays in the authorization process.

Future concepts foall sites have been analyzddfaffenthal will continue in 2023 for at least two more
years. Esch will operate until the end of 2023 with the possibility of extenSimmterncan continue if

more companies will join the service to lower the cogispecially the Contern trial showsatht is

very important to notice that the operation of the autonomous shuttles is linked to very high costs. A
lot of companies, cities, authorities, etc. are very interested in such an innovative mobility solution but
they are not able to bear the codiar it. Therefore the further development to an autonomous service
gAGK2dzO | alFFSde 2LISNIG2NI 2y 02 NR Aa ySOSaal NI
transport network org like in Conterrg, as alast mile solution.

For the last months oAVENUEt was possible to cooperate with the RittieAutonomy (R2A)
project, becausehe planned projects could not be implementeVENUE can use the lessons learnt
from R2A as well as the other way around.

AVENUE has shown th&ietimplementation of a new mobility service can continue after the funding
if every stakeholder and the users are convinced that the service is adding more value to the city,
expands the mobility options and contributes to a safer, cleaner, quieter and camfortable
environment.

. VIII
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1 Introduction

AVENUE aims to design and carry out-dodle demonstrations of urban transport automation by
deploying, for the first time worldwide, fleets éutomatedminibuses in low to medium demand area
of 4 European demonstrator cities (Geneva, Lyon, Copenhagen and LuxemdnodiBy)o 3 replicator
cities The AVENUE vision for future public transport in urban and suburban areas, Butoatated
vehicles will ensure safe, rapid, economic, sustainabtépersomlised transport of passengesYENUE
introduces disruptive public transportation paradigms on the bas@nedemand,door-to-door services,
aiming to set up a newnodel of public transportation, byevisiting the offered public transportation
servicesand aiming to suppregsrescheduledixedbus itineraries.

Vehicle services that substantially enhance the passenger experience as well as the overall quality and
value of the service will be introduced, also targeting elderly people, people with disabilities and
vulnerable users. Road behaviour, security of Aaomated@S KA Of Sa | yR LI 84Sy 3ISNE
points of the AVENUE project.

At the end of the AVENU#oject four-year period the mission is to have demonstrated thatomated
vehicles will become the future solution for public transpdihe AVENE project will demonstrate the
economic, environmental and social tpatial of Automated vehiclesfor both companies and public
commuterswhile assessing the vehicle road behaviour safety.

1.1 On-demand Mobility

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

Governments around the world are defining strategies for the development of efficient public transport
based on different criteria of importance to their regions, suchoasgraphy, citizens' needs, social and
economic barriers, environmental concerns and historical development. However, new technologies,
modes of transport and services are appeariwhich seem very promising tihe support of regional
strategies for thelevelopment of public transport.

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

Ondemand transport differs from other public transport services in that vehicles do not follow a fixed
route and do not use a predefined timetable. Unlike taxisdemand public transport is usually also not
individual. An operator or an automated system takase of the booking, planning and organization.

It is recognized that the use and integration of-@@mand Automated vehicles has the potential to
significantly improve services and provide solutions to many of the problems encountered today in the
devebpment of sustainable and efficient public transport.
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1.2 Fully AutomatedVenhicles

A selfdriving car referred inthe AVENUE project asFully AutomatedVehicle(AV), also referred as
Autonomous Vehicleis a vehicle that is capable of sensing its environment and moving safelyavith
human input

The termsautomated vehiclesand autonomousvehiclesare often used together. The Regulation
2019/2144 of the European Parliament and of the Council of 27 Noger2b19 on typeapproval
requirements for motor vehicles defines "automated vehicle" and "fully automated vehicle" based on
their autonomous capacity:

1 An "automated vehicle" means a motor vehicle designed and constructed to move autonomously
for certain peiods of time without continuous driver supervision but in respect of which driver
intervention is still expected or required

1 "fully automated vehicle" means a motor vehicle that has been designed and constructed to move
autonomously without any driver sepvision

In AVENUE we operateully Automated minibuses for public transpor{previously referred as
Autonomousshuttles, or Autonomous busgsand we refer to them as simpAutomatedminibusesor
the AVENUE minibuses.

In relation to the SAE levelfie AVENUIBroject will operate SAE Level 4 vehicles.

* SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE SE SE SE
LEVELO J LEVEL1 J LEVEL2 J LEVEL3 J LEVEL4 J LEVELS

You are driving whenever thase 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
w’:‘ﬂt does ::e you are not steering "the driver’s seat”
uman in the
driver's seat "
have to do? You must constantly supervise these support features; When the featore These automated driving features
' you must steer, brake or accelerate as needed to requests, will not require you 1o 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 provige provide under limited conditions and will can drive the
to providing sleering steering not operate vnless all required vehicle under
Wt'vat do "‘:“; warnings and OR brake/ AND brake/ conditions are met all conditions
eatures do: momentary acceleration accelesation
assistance support to support to
the driver the driver
«automatic «lane centering «lane centering s{raffic jJam «local driveriess *Same as
emergency OR ) chauffeur tax| level 4,
braking «pedals/ but feature
Example «blind spot «adaptive cruise [ *adaplive cruise slee'ri; can drive
Features 5 control control at the 9 everywhere

warning vheel may or
may not be

installed

same time in all

conditions

+lane departure
warning

Figurel: SAE Driving Autontan levels (©2020 SAE International)
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1.2.1 Automatedvehicle operation overview

We distinguish in AVENUE two levels of control of themdisto-navigation and macrmavigation. Micro
navigation is fully integrated in the vehicle amdplements theroad behaviour of the vehicle, while
macra-navigation is controlled by the operator running thehicle anddefines the destination and path
of the vehicle as defined the higher view of the overall fleet management

For micrenavigationAutomated Vehiclescombine a variety of sensors to perceive their surroundings,
such as3D videg LIDARsonar,GNSSodometryand othertypessensors Gontrol software andsystems
integrated in the vehiclefusion andnterpret the sensor information to identifghe current position of
the vehicle, detectingbstacles in the surround environmeiaind choosgthe most appropriate reaction

of the vehiclerangingfrom stopping to bypassing the obstacle, reducing its speed, making a turn etc
For the Macrenavigation, that is the destination to reach, tAetomatedVehicle receives the information
from either the invehicle operator (in the current configuration with a fixed path routa) from the
remote controlservice via a dedicated 4/5G communication channel, for a-flestaged operation. The
fleet management system takes into account all available vehiddahe services area, the passenger
request, the operator policies, the streebnditions (closed streets) and send route and stop information
to the vehicle (route to follow and destination to reach).

1.2.2 Automated vehicle capabilities in AVENUE

TheAutomated vehicles employed in AVENUE fully antdomaticallymanage theabove defined, micro
navigation and road behaviouin an open street environmenThe vehicles arAutomaticallycapable to
recognise obstacles (and identify some of them), identify movamgl stationary objects, and
Automaticallydecide to bypass them or wait behind thetmased on the defined policieBor example

with small changes in its route the AVHRthini-busis able tabypass a parkedar, whileit will slow down

and followbehind aslowlymoving carThe AVENUini-buses areble to handle different complex road
situations, like entering and exiting rowadbout in the presence of other fast running cars, stop in zebra
crossingscommunicate with infrastructure via Vihterfaces (exred light control).

Themini-busesused in the AVENUE project technically can achieve speeds of more than 60Km/h. However
this speed cannot be used in the project demonstrators for several reasons, ranging from regulatory to
safety. Under current regulations the maximum authorised spe&tbisr 30 Km/h (depending on the

site). In the current demonstrators thtepeed doesiot exceed 23 Km/hwith an operational speed of 14

to 18 Km/h Another more importantreason for limiting the vehicle speed is safety for passengers and
pedestrians. Duéo the fact that the current LIDAR has a range of 100m and the obstacle identification is
done for objects no further than 40 meters, and considering that the vehicle must sadglyncase of

Fy 204Gl 0fS 2y (KS Nasthmoneters dskance) wé danndt uaranie& fsyfé I
braking if the speed is more than 25 Km/h. Note that technically the vehicle can make harsh break and
stop with 40 meters in high speeds (48D Km/h) but then the break would too harsh putting in risk the
vehicle passengers. The project is working in finding an optimal point between passenger and pedestrian
safety.

Due to legal requirements @afety Operatomust always be present in the vele, able to take control

any moment. Additionally, at the control room Sapervisoris present controlling the fleet operations.
Anintervention Teamis present in the deployment area ready to intervene in case of incident to any of
the minitbusses|In table 2 provides and overview of the AVENEU sites and OODs.




=AVENUE

D7.12 Luxembourg Large Scale Pilot Use Case Demonstration report

Summary of AVENUE operating sites demonstrators
TPG Holo Keolis SalesLentz
Geneva Copenhagen Oslo Lyon Luxembourg
Site Meyrin Belleldée Nordhavn Ormgya ParcOL Pfaffental Contern
Funding TPG EU + TPG EU + Holo EU + Holo EU + Keolis EU + SLA EU + SLA
Start date of project August 2017 May 2018 May 2017 August 2019 May 2017 June 2018 June 2018
Start date of trial July 2018 June 2020 September 2020 December 2019 November 2019 September 2018 September 2018
Type of route Fixed circular line Area Fixed circular line Fixed circular line Fixedcircular line Fixed circular line Fixed circular line
Level of ondemgng Fixed route / Fixed stopg AU/ Fixed route / Fixed Fixed route / Fixed stops| Fixed route/Fixed stops| Fixed route / Fixed stops| Fixedroute / Fixed stops
service demand stops stops
Route length 2,1 km 38 hectares 1,3 km 1,6 km 1,3 km 1,2 km 2,3km
Road environment Open road Semiprivate Open road Open road Open road Public road Public road
Type of traffic Mixed Mixed Mixed Mixed Mixed Mixed Mixed
Speedimit 30 km/h 30 km/h 30 km/h 30 km/h 810 10 km/h 30 km/h 50 km/h
Roundabouts Yes Yes No No Yes No No
Traffic lights No No No No Yes Yes Yes
Type of service| Fixed line On demand Fixed line Fixed line Fixed line Fixed line Fixed line
Concession Line (circular) Area Line (circular) Line (circular) Line (circular) Line (circular) Line (circular)
Number of stops 4 > 35 6 6 2 3 2
Type of bus stop Fixed Fixed Fixed Fixed Fixed Fixed Fixed
Bus stop infrastructure Yes Sometimesmostly not Yes Yes Yes Yes Yes
Number of vehicles 1 3-4 1 2 2 2 1
Timetable Fixed On demand Fixed Fixed Fixed Fixed Fixed
. Tuesday & Thursda
Operation hours| MondayFriday (5 days)| SundaySaturday (7 days) Monday-Friday Monday-Sunday (7 days) RIS IR Saturday, ySundaly & E\B/Ier Monday- Friday
(5days) (6 days) . .
public holiday
Timeframe weekdays 00 Ofé:sfsl 16:00 07:00¢ 19:00 10:00¢ 18:00 7:30¢ 21:30 08:30¢ 19:30 12:00¢ 128%‘;‘ 16h45¢ 122382 2:9(?80
Timeframe weekends| No service 07:00¢ 19:00 No service 9:00¢ 18:00 08:30¢ 19:30 10:00¢ 21:00 No Service
Depot 400 meters distance On site 800 meters distance 200 meters distance On site On site On site
Driverless service No 2021 No No No No No
Drive area type/ODD B-Roads Minor roads/parking B-Roads/minor roads B-Roads B-Roads B-Roads B-Roads/parking
Drive area geo/ODD Straight linesplane Straight linesplane Straight linesplane Curvesslopes Straight Lines/ plane Straightlined plane Straight lines/ plane
Lane specification/ODD Traffic lane Traffic lane Traffic lane Traffic lane Traffic lane Traffic lane Traffic lane
Drive area signs/ODL Regulatory Regulatory Regulatory, Warning Regulatory Regulatory Regulatory Regulatory
Standard surface, Standard surface, Standard surface Frequent Ice, Snow Standard surface, Standard surface Standard surface
Speedbumps Speedbumps Speedbumps, Potholes
Drive area surface/OD[ Roadworks

Tablel: Summary of AVENUE operating site (+ODD components
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1.3 Preamble

The AVENUE projetd set up to offer on demand do#o-door solutions integrated within existing public
transportation servicesind evaluates the feasibility of operating autonomous shuttles with routes and
schedules based on re@me passenger demand, instead of follogirfixed itineraries and pre
determined timetables! +9b! 9Qa 202SOUAGS Aa G2 akKz2g0lasS GKS
demonstrator sites in Copenhagen, Geneva, Luxembourg and Lyon, and later duplicate them in several
other European cities.

Work pakage WP7 aims to organize, run and evaluate these lasgale demonstrators of the
autonomous vehicle services for public transport, targeting different user groups, and transport models.
The goal is to validate a high quality, safe service, which wilhreseh acceptance and adoption of
autonomous vehicles for public transport.

The purpose of task T21s to integrate autonomous vehicles into the existing public transport services.
From day one of the projecSLAwill promote the new services, the security the vehicles and the
efficiency of the system, which targets to increase the acceptance by citizens, public authorities and other
actors through important information campaigns.

In deliverable D72, the main focus is on the organization, the runnimgl &he evaluation of the large

scale demonstrators of the autonomous vehicle services for public transpbuxiEmbourg
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2 Sales Lentz test sites and replicator site

Within the AVENUE framework, Salemtz runs two test siteb. uxemburgPfaffenthal and Conterrgnd
one replicator sitdEschsur-Alzette).

2.1 General Information

One of the main goals for SLA as a public transport operator igeioabgood service to thpeople
becauseghe AVENUH.INdingis public moneybesidesown financial contributionérom SLAand has to
create anadded valudor the people The selHunderstandingof this is not only based on the natural task
asapublic transport company, buggpecialy because public transport in Luxembourg has been free of
charge since 2020 and is 100% financed by the stdteut any income from ticketing-or new modes

of transport,it is even more important than before to convince the local and nationafigiah to see

the opportunitiesand contribute to the financing

2.1.1 Safety operators related

Safety operators receiva technical and operational training at Baschar§eAheadquarters)A training
trip and an Automated minibus are also availabletfa Drivers. This training is followed by a roundtrip
2y GKS 2LISNIGAZ2Y aA0S 6A0K2dzi LI aaSYy3aISNE O6aYl NOK!

2.1.2 Traveller information

All users of public transpor{bus, train, tram special servicesgan get travelling information at
mobiliteit.lu (ormer Mobility Centerf YR i GKS a[ SSGadGStftéd

¢CKS a[ SStadasStté 200dzLlIASa | @l aid O02YYlLIYyR OSYyaGNB gA
of Mobility and Public Works, located in Kirchberg. Created in 2018, its purpose is to improve tbe comf

and allround experience of public transport passengers.

2.1.3Way to book an Automated minibus

2.1.3.1Client Application

This service is not available in Luxembourg and not necessary because public transport has been free for
all users since April 2020.

As thepublictransport is for free in Luxembourg, the Transport Ministry in collaboration with the mobility
center wants to draft a procedure concerning the reservations of a service which integnateseof

public transport. The procedure and the way to book a service of a public transport can only be drawn up
by the MMTP.

Mobiliteit.lu is the communication platform of the Public Transport Administration of the Ministry of
Mobility and Public Works. Traers can contact thecall centerabout all public transport matters,
problems, or complaintsr use theapplication for the public transport.
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Where do you want to go?

Start G}
Destination ;'I'
Dep. now O

Choose @ @ | TIA = =

Figure2: Mobiliteit.lu application

2.1.3.2Vehicle dispatching

SLAusesthe TomTont So Ff SSG aeadsSy TF2N) 3S2f20FdA2y-invig R T2 N,
Tablet) All drivers are equipped with tablets and they have access to TomTom WebflebFleet will

also be the platform wher8LAexportsoperational data fromhe Automated minibuseéwhichisalready

done with the existing fleet, excludingutomated minibuses

BT A .

( l ) 00:00 02:01 77.9
2 T LT E——

Figure3: WebFleet Dashboard
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SLAalso ussthe HOLGDashboardwith additional information like issues, % of autonomous or manual
mode, GNSState, battery capacity, passenger counting (with an app) etc. The dashboard was introduced
after the service stopped, therefore SLA uses it for Contern and Esch.

=LA T onal Dashboard | ESC

Distarce

wires AL CATLAACE S T A3 e Passengers

Autonomous driving

L |ro= Laweehl il | 1l

safety e Issues
" th
Battery level
- - -—
= e [ =
m— ——
e — -

|0y ||

N e i s

]

&
Figure4: HOLO Dashboard
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Table 2 gives a generalerview of all siterelated information.

ity LuxembourgVille Contern +AffS RQ9aC(
Funding EU + SLA EU + SLA 9! b {[! b
Start dateproject | 01.07.2018 01.07.2018 01.02.2021

Date of Service

19.09.201§;31.01.2020
No restart in 2022 but
for sure from April 2023
for 2 years

19.09.¢ 30.12.2018
01.01.¢ 16.03.2020
01.10-18.12.2020

04.04¢ 15.07.2022
12.09¢ 31.12.2022

17.092021¢ 31.12.2022
Service for 2023 is
nearly fixed maybe
beyond

Type of route

Fixed circular line

Fixed circular line

Fixed circular line

Distance(one way) | 1.2[km] 2.3[km] 1 [km]

Road Open road Open road Open road pedestrian
zone

Type of traffic Mixed Mixed Mixed

Speed limit 30¢ 50 [km/h] 50 [km/h] 20 [km/h]

Peak speed 18 [km/h] 18 [km/h] 5.4[km/h]

Roundabout No No No

Traffic lights No No No

Type of service

Traditional busline

Traditional busline

Traditional busline / On
Demandsince12.09.22

Concession Line Line Line
Number of bus 3 2 5 (+4 on demand)
stops
Type of bus stop | Fixed Fixed Fixed(+4 virtual)
Bus stop Yes Yes Yes
infrastructure
Number of vehicleg 2 1 1
Timetable Fixed Fixed Fixed / On Demand
Operation Days Tuesday & Thursday | Mondayc¢ Friday Monday¢ Saturday
12h00¢ 16h00&16h45 | 07h20¢ 09h10 & 11h00¢ 18h00
¢ 20h@ 15h50¢ 18h35 18h00¢ 21h00 (on
Saturday, Sunday & on demand)
holidays: Dh00¢ 21h00
Depot On site On site On site
Driverless service | No No No
KM driven in total | 9.000 4.040 4.700
Total passenger 25.060 850 11.600
autonomousmode | ~85% ~50% ~60%

Table2: SalesLentzdemonstrator site comparison
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2.2 Testsite Pfaffenthal

The specific characteristics of the Pfaffenthal valley make it the ideal use case scenario for the
demonstration of a first and last mile mobility service. Different means of transportation are arriving in
the different areas of Pfaffenthal and no connectiin between them was available before the start of

the project. Furthermore, Pfaffenthal offers a very diverse traffic situation with all kinds of different road
users. lis ashowcase to see how an autonomous vehicle can be integrated in such a dirersmment.

2.2.1Partners

Project partners
1 Ville de Luxembourg (VDL)it
1 Autobus de la Ville de Luxembourg (AVL)p

9 L'Administration des ponts et chausséesit:

2.2.2 Objectives

Until the beginning ofhe project, no transportation solution existed to overcome the distance between
the residential area, the multimodal station, and the public elevator. The core objective is to fill this lack
of transportation to connect the different means of transpoitat as well as the different areas of
Luxembourg City with each other.

AVL, the PTA of Luxembotity is responsible for the operation of the buses within Luxemb@liyg
Buses driving in Luxembou@jty are either operated directly by AVL or they apemted by private
companies under subontract for AVL. The Automated minibusesPfaffenthal are operated under
subcontract for AVL by SLA.

2.2.3 Site description

Pfaffenthal is a small urban living area located in Luxembourg City, the capital of Luxembourg. This urban
area witharound1.300 inhabitants idasedin a valley between the historical center of Luxembourg City
and Kirchberg, the business districtlafxembourg Cityhome of the European Investment Bank and the
Court of Justice of the European Union

Pfaffenthal is connected to the city center via a public elevator and to Kirchberg via a furiavaral

bus connections are available in the surroutgdi of the elevators entrance at the city center levidte
funicular is part of a multimodal station that has been newly implemented in Pfaffenthal. Besides the
funicular station this multimodal station consists of a train station, a stop of severainessds well as a

bike sharing station. On the Kirchberg siole top, a tram connectiorand additional bus stops are
available. Over a day all kinds of different people are transiting through the Pfaffenthal valley on the
different means of transportatiorDuring the peak hours in the morning and the afternoon mainly work
commuters are passing through Pfaffenthal.

10
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2.2.3.1Use cases

During the day, residents, employees and a vast number of tourists are using the multimodal station in
combination with the elevatora get to the different parts of Luxembourg City. The public elevator and
the multimodal station are separated by 500 m and the residential area and the public elevator by 800 m.
This corresponds ta5-10 minute walkingdistance

2.2.3.2Site Data

To connect thepublic elevator, the multimodal station and the residential area with each other, the
following route for the Automated minibuses has been selecld traffic in the residential area is low
because the valley of Pfaffenthal is far away from the mainsdeading to the city.

@ Sichenhaff

‘a\"‘écg

“Val des BonS”

Quniculalre Gare

® [Funiculalrs -
Kirchberg

'S
?l‘?

‘ . \PFAFFENTHA
Figure5: Route andAutomated minibusesstops

Figure6: traffic map Pfaffenthal
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2.2.3.3Automated minibus stops
The Pfaffenthal route includes four fixed Automated minibteps.

Automated minibus stog Panorama Lift
Automated minibus sto@ FuniculaireGare
Automated minibus stof3 Sichenhaff
Automated minibus stog Funiculaire

Table3: Fixed Automated minibuses stops Pfaffenthal

2.2.3.4Route(fixed)

Driving direction Clockwise

Route length 1.2 [km]

Speed limit all traffic 30¢ 50 [km/h] (30 during the tesphase with the shuttle)
Road Public road

Table4: Route Pfaffenthal

2.2.3.5Current public transport status

Publicbus | Train station
stop | Pfaffenthal
Pfaffenthal J & p

% Funicularto
Kirchberg

Public
elevator to
City centre

Bus lines (Public transport) stop near Pfaffenthal
Line 23 AVL AVL, the PTA of Luxembot(ity)
Line 26 AVL AVL, the PTA of Luxembou@ity)
Table5: Bus Lines (public transport) near Pfaffenthal

12
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2.2.3.6 Road networkand environmental conditions

Based on theOperational design domain (ODB)andard the following list describes shortly the
complexity of the road network and the environmental conditions of the test site. Only the most important
parts of the ODD will be described.

9 There are no special zones.

The traffic area consists ofshort minor road and a long major road inside a quiet residential are.

1 The drivable area geometry consists of straight planes and one curve from/to the main road
without any noteworthyradiuses or slopes. The planes are undivided but with oncoming traffic.
Partially there are pavements.

1 The lane dimensions are normal, the small minor road has a speed limit of 30 km/h and is a little
narrow. There are no other lanes as for cars and trucks, but the main road is shared with a public
bus. It is one per directivof driving. The markings are continuous.

1 There are signs on every junction.

1 Mostly there are curbs on the roadside but on the last part there is a shared space right before
the elevator.

1 The surface of the main road is uniform with no road damage. THacguof the minor road are
cobblestones.

1 There are several intersections. Thes one small bridge over a little river. There are no
streetlights.

1 We have no data for the weather and particulates. The main road has artificial illumination, the
minor roadhas not.

=

2.2.3.7Vehicle depot

At the beginning there was an unused area close to the route at the end of residential Gige®) This
area is to be developedin alternativearisesat the other end of the route (top of fig. hich can be
used after the estart of the service in 2023.

2.2.3.7.1Route to vehicle depot

13
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2.2.3.7.2GNSS base antenna

The antenna is installed at the old demdtRue Laurent Ménager.
[ « | =

Figure9: GNSS basantenna Pfaffenthal

2.2.40perations

Operational experience Pfaffenthal
1 25.060 passengers since 24.09.2018 (uk@iD3.2020)
9 9.000 km driven with both vehicles since 24.09.2018 (utid3.2020)
1 Instantaneous consumption (kwh) per hour > 0.58
1 Instantaneous consumption(kwh) per kms > 0.51

2.2.4.1Main issues Pfaffenthal trial

9 Obstacles on the Automated minibusgsth (wrongly parked vehicles, construction work
equipment, traffic signs)

1 Growing vegetation along the route

1 Heavy rainfall or snowfaknow piles along the route

1 Massive overtaking by other traffic (cars, buses, trucks)

2.2.4.2Timetable

SLAassurel the following service:
1 Tuesday & Thursdag2h0016h00&16h4520h00
9 Saturday, Sunday & on holiday£h00¢ 21h00

14
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2.2.4.30perational Costs

Here below you will find an updated talbé the estimated costbased orD8.406 413 Preliminary results
from the AVENUR S Y 2 y & (i NJI")(iTheNBGAREXHpital Expenditurd$as notthe Amortization
and Depreciatiorintegrated.

Luxembourg (Salekentz)

Pfaffenthal Contern Esch

CAPEX
Single shuttle onc ®Hp s

onc ®Hprs
Fleet total CHC®pprsr oncd®ups onc dHp
OPEX

Single shuttle MHO®CcYy [ MHO®DCY [ MOT ®my |

Fleet total HOH®ATS MHODCY [ MOT ®my |
KPIs**
Cost passenger/km nzaon HZHO MZyo

Cost shuttle/km MO Znp ooXno HT Znn
Table6: CAPEX and OPPBfaffenthal

2.2.5Reporting

2.2.5.1Safety operator

Safety operators have to filh a report with their findings and interventions during every service

CARNET DE BORD |
Plague Navette: DATE

7h00-8h00

8h00-9h00

9n00-10h00

10h00-11h00

11h00-12h00

12h00-13h00

13h00-14h00

14h00-15h00

15h00-16h00

16h00-17h00

17h00-18h00

18h00-19h00

19h00-20h00

20h00-21h00

FigurelO: Safety operatorseport

2.2.5.2Clients

As subcontractor, all contact with passengers must go through the ordering parties; in this case Autocars
+AffS RS [dzESYO62dzNB Ay O2fflF 02N A2y 6AGK (GKS af ¢

15
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2.2.5.3Authorities

A monthly report must be sent to the City lofixembourg with:
9 Daily distance of the two Automated minibuggkstance per day)

Total distance per day

Total distance
o Rt R g
[ I v -

5 @

3112208 01012020 02012020 04012020 05012020

Figurell: Daily distance graphic

1  Number of passengers

31.12.2019 01.01.2020 | 02.01.2020
7h00-8h00 / / /
8h00-9h00 / / /
shoo-10h00 ! / /
10h00-11h00 / 6 /
11h00-12h00 / 13 /
12h00-13h00 22 8 10
13h00-14h00 3 9 14
14h00-15h00 probléme technique 7 15
15h00-16h00 probléme technigue 5 22
16h00-17h00 7 16 /
17h00-18h00 13 11 10
18h00-15h00 6 9 0
15h00-20h00
20h00-21h00 / 2 /
Total : 51 92 71

Figurel2: Number of passengers report

9 If there were anyanomalies during the week

For example, here a truck parked in front of the Automated minibus stop.

16
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Figurel3: Wild parking Pfaffenthal

2.2.6 Deployment

There were no issues with the deployment at all. Everything went as expddiedhuttle was driven on
a trailer to the location, the GN&®itenna was set up, the charging point was installed and after a few
test runs over a couple of days with NAVYA, the service started.

2.2.7Evaluation

During the last months (2019, SLAencountered the following issues:
9 Obstacles on the Automated minibusgsth (wrongly parked vehicles, construction work
equipment, traffic signs,)
Growing vegetation along the route
Heavy rainfall or snowfall
Snow piles along the route
Massive overtaking by other traffic (cars, buses, trucks)

1
)l
1
T
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Figurel4: Obstacles on thé\utomated minibusegath Paffenthal

After the restrictions because of COVID were eased the parking for the shuttle was no longer usable. The
search for a new parking close to the route was very difficultabse of the density and high land prices

in Luxemburg. Several options were declined by the city. One alternative could not be uses because there
was no electricity nearby and road work needed to be done. The coordination between the different
departmentsof the city for authorizations was difficult, too. A last option was found 800m away from the
route and the shuttle needed to cross a national road. During the authorizatiocess the city offered

us a new parking space close to the route with the retue@svrite an offer for a tweyearservice. The
service will finally continue in April 2022.

For moregeneral informationsee also point 5 Recommendations

2.2.7.1Operations related

It was possible forravelles to find information like thetimetable, the objective of the projecindthe
advantageson the page of the City of Luxemburg but since the service stopped, the page is. offline
(https://www.vdl.lu/en/getting-around/bus/routesand-maps/city-shuttle)

For more gealsopoint 2.2.4

2.2.7.2Vehicle related

TheAutomated minibusebave been victims of vandalism. On two different dates, unknow people broke
several windows of théutomated minibusesAfter these incidents, the City of Luxembungtalled a
fence around the shuttles at the parking lot and no other destruction happegedh.

18
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09.01.2019 13.02.2019

Figurel5: Vandalism January Figurel6: Vandalism February

2.2.7.3Infrastructure related

No special occurrences

2.2.7.4Q0VIDrelated

The followingprotective and preventive measurdgmd to be observed untithe service stopped at the
beginning of 202®y all operators and users of public transport to minimize the spread of the CIVID
coronavirus among the population

1 Wearing a protective mask mandatory for travellers: Passengers must wear either a medical
mask, a homemade fabric mask, a bandana or a scarf when using public transport.

T 5NAGSNE R2y Qi KI @S { 2-metrs tiskihce to palss@rigersh OF if theit && | S ¢
separated by a fotective shield > In the Automated minibuses -@n2ter distance cannot be
respected.Thedrivers should wear his mask nestop.

Duingthe peak ofCOVIDNn 2020 SLA asked the Citylafixembourg to give permission to drive with the
measures put in placky SLAbut because of the confinement the requestthzeen rejected At the end

of 2021 SLA tried to restart the service after most of the restrictions ran out. There was a huge problem
in finding a new parking lot, because the former am&s going to be eveloped. To get the permission
from every authority (and the two months break during the summer vacation) was so much time
consuming that in the end it was not possible to restart the service until the end of the AVENUE project.
But SLA was asked in Sapteer 2022 to plan the restart of the service from April 2023 on for at least two
years.
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2.2.7.5Intendedfuture situation

During the time of the AVENUE project there were plans to expand the byutiee City of Luxembourg
and at a Political Level.
Theobijective of this route extension is to provide a transport service to:

1 Hospice de Pfaffenthal (limit in parking space)

1 Youth Hostel (limit in parking space)

1 Servior a retirement homglimit in parking space)

All these three future partners havelack of parking space and no approximate Bus stops, for people
who take the Panorama Lift, to come down from the upper ton.emerging factor is providing
accessibility to different users where transportation is scarce.

The city of Luxemboungantedto geta few months of experience witthe original routebefore giving
the authorizations for an on demarehd door to door serviceDue to COVID and the full stop of the
service until the end of the project, the extensibasneverbeenrealised but is sfila possible option in
the future.

-

Figufel?: Future Stops Pfaffenthal

2.2.8 Future developments

In the near future the City of Luxembourg is willing to restart the service from April 2023 on for at least
two years. SLA can implement the-demandoption because Esch has shown that this service can be
implemented.The restart along the existing roudéend with enough time to get all authorizations is a good
way to get back to the service after a thrgear break. Afterwards the extension or implementation of
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other options and routes can be done, if needed. It is a very good sign that this service suasessful

that the stakeholders want to continue after a long break and without EU funding!

The vision for the trial in Pfaffenthal is to deploy more routes within Luxembourg City to establish a
network and an orDemand service of Automated minibusestthee linked to each other, to the different
parts of Luxembourg City and to the public transport of the city.

Public transport of the city of Luxembourg is circulating around the historical city center. No transport
solution is available in this area. Amtated minibuses would be the ideal sustainable transportation
solution to fill this gap without the necessity of adapting the existing infrastructure of the city center.
Figurel88 shows a map of Luxembourg City center with existing public transport lines and the potential
future routes for Automated minibuses to establish an Automated minibuses network.

The yellow lines (numbered 1,2,3 and 4) are shedomated minibuses routes and the different colored
lines are current bus lines. The yellow line with number 1 is representing the current Automated minibuses
route with a slight modification.

This network will only be authorized when an automated vehiekehes a speed of at least 40 km/h. A
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In a controlled area it would be possible to reach a speed @ft@@n/h. But in an open road, where people
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Any risk has to be avoided and to achieve a2¢f a1 f S@St X A0GQa RAFTFAOMA
standards, like the resolution of the LIDA&®&sors and its limited range resulting in a lower reaction time.

In a controlled area, where people are aware of the existence of the shuttle and where the path is clearly
delineated, the operational speed of the vehicle can be raised. But this is oniplpdssa private road,

where the number of users is limited and inforch@bout the existence of the automated shuttle.
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Figurel8: BusNetwork Pfaffenthal
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