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Introduc5e	Joop	

Founder	of	The	Future	Mobility	Network	Company	(2	years	ago)	
Learning	by	Doing	approach	now	preparing	for	larger	scale	implementaRons	in	public	
transport	
FMN	has	3	lines	of	business:	smart	mobility,	smart	logisRcs,	smart	shipping.	
Joop	is	currently	Knowledge	Manager	of	several	project	
The	Ministry	of	Infrastructure	and	Environment	and	Rijkswaterstaat	(RWS)	
The	Interreg	Automated	Transport	project,	Province	of	Gelderland.	
The	AVLM	project	in	the	MRDH	region	(23	MunicipaliRes	located	South	West	in	NL)	
The	Research	lab	Automated	Driving	TU	Del_	(RADD)	
	
Joop	is	‘Use	Case	designer’	Automated	Driving	as	a	Service	empowering	public	transport	
companies	with	partners	in	Fieldlabs	deploying	shu`les.	
ESA	ESTEC,	Space	Center	Noordwijk	with	Arriva	(DB)	
Haga	Hospital	Shu`le	with	HTM	
Drimmelen	shu`le	project	with	Arriva	(DB)	
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Change….....	the	future	of	mobility!	(not	more	but	smarter)	

34

5. The risks from failing to manage 
change effectively

Failure to shape the implementation of emerging technologies 
and services could mean that we miss out on the opportunities 
presented above. Unintended consequences could lead to worse 
outcomes for society, the environment and the economy. 
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Agenda	

1.  IntroducRon.	
2.  The	future	of	mobility.		
3.  Low	speed	shu`les	in	Public	Transport:	Overview	of	pilots	(NL,	DE,	InternaRonal).	
4.  Lessons	Learned	to	share.	
5.  Topics:		

1.  General	Challenges	and	soluRons:	Vehicle	technology	and	legal	regulaRons	
2.  Business	Cases	
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First	Today..’Disillusionment’	
	Gartner	Hype	Cycle	and	automated	shuPles	at	SAE	level	4	

7Challenge the future

Automation in Transport

• Much attention to automation
• First years: mainly (individual)cars
• Much focus on technology

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	5	
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Technology	Trends:	not	1	but	at	least	4	trends	interac5ng	

3Challenge the future

Technology trends

Automation
Elektrification

SharificationInformation
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Trends	could	solve	spa5al	issues	(Space	required	for	mobility)	
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2Challenge the future

Main challenges:
• Capacity (urban)
• Efficiency /Financial viability
• Accessibility (rural)
• First- & last mile accessibility

Challenges in public transport

Scheltes et al. 2019

Our approach to maximising the benefits from the coming revolution in mobility  

43

Principle 4 

Mass transit must remain fundamental 
to an efficient transport system. 
Many journeys into and around crowded 
urban areas, over distances too long to 
walk and cycle, are always going to be best 
served by high capacity mass transit. 

Irrespective of changes in technology, individual 
motorised transport will never be able to match 
high capacity transport for getting people in 
and around dense urban centres and meeting 
increased demand on the network. 

High Speed 2, for instance, will be the 
future backbone of our national rail network, 
delivering better connections between eight 
out of ten of Britain’s largest cities, more 
than doubling the number of seats available 
from Euston in peak hours, and carrying over 
300,000 people a day.88

We want new mobility services to 
complement rather than compete with mass 
transit, for example by making it easier to get 
to and from major transport hubs. We also 
want public transport operators to consider 
how new technologies and business models 
can help them to improve the reliability, 
responsiveness, accessibility, affordability 
and safety of their services. 

Photographs comparing the amount of road space needed to move 69 people by bus, bicycle and car. 

Source: © We Ride Australia.

Case study: Complementing public transport with on-demand minibuses

The Oxford Bus Company is the operator of the largest dynamic demand responsive 
service in the UK, PickMeUp.

The PickMeUP minibuses, which can comfortably accommodate up to 20 people, serve 
customers in Oxford’s ‘Eastern Arc’, picking them up from a ‘virtual bus stop’ within a short 
walkable distance of where they are. The intelligent software works out the best way to take 
them and other passengers to their chosen destinations. 

To support greener travel and ease congestion, a £2.50 surcharge is added if the trip could 
be made via an existing Oxford Bus Company bus route without walking over 200 metres.

16Challenge the future

Rural vs. Urban

Bron: https://www.reuters.com/article/us-japan-elderly-selfdriving/japan-
trials-driverless-cars-in-bid-to-keep-rural-elderly-on-the-move-
idUSKCN1BN0UQ 

Bron: https://www.2getthere.eu/driverless-parkshuttle/

Accessibility and social
inclusion

First and last mile
Missing links
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In	city’s	space	is	limited	and	efficiency	a	must:	
	To	transport/deliver	goods.	Automa5on	could	be	a	solu5on.	

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	9	
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Kansen voor LEVV

Juridisch gezien vallen LEVV’s in de volgende  
voertuigcategorieën: 

     ●    Niet-keurings- en kentekenplichtige 
 vrachtfietsen waarvan het vermogen van  
de elektromotor maximaal 0,25 kW is en  
de maximale snelheid 25 km per uur;

     ●    Voertuigen waarvoor een nationale keuring  
(bijzondere bromfiets) of toelating door het 
ministerie van I&W (motorrijtuig met beperkte 
snelheid) nodig is. Deze voertuigen zijn (nog) 
niet kentekenplichtig. De maximale snelheid  
van deze voertuigen is 25 km per uur; 

     ●    L-categorie voertuigen (zie bijlage C): lichte  
motorvoertuigen, variërend van fietsen met een 
hulpmotor tot mini-bestelauto’s, waarvoor een  
Europese typegoedkeuring en een kenteken 
is vereist. Noot: de maximale constructiesnelheid 
in de L-categorie loopt op tot 90 km per uur. Het 
LEVV-LOGIC-onderzoek beperkt zicht tot voertuigen 
met een maximale constructiesnelheid tot 45 km/uur. 

Een LEVV onderscheidt zich van een bestelauto door 
een kleiner laadvermogen, een lagere snelheid, een 
ander gebruik van de infrastructuur en andere eisen 
die aan de chauffeur worden gesteld. Dit heeft ge- 
volgen voor de stadslogistieke stromen die zich lenen 
voor LEVV’s, zoals we in dit hoofdstuk uitwerken.

2.2.   Historie 

Spijkstaal maakte al in de jaren vijftig elektrische  
melk- en broodbezorgbusjes. Door de opkomst van 
supermarkten zijn die uit het straatbeeld verdwenen. 
Sinds 2011 is er weer een groei in aanbod en gebruik 
van lichte elektrische vrachtvoertuigen (LEVV-NL, 
2017). Niet alleen het aantal, ook de diversiteit neemt 
toe. Verschillende Nederlandse bedrijven, waaronder 
Urban Arrow, Easy Go Electric en Stint Urban Mobility, 
begonnen al voor de jaren ‘10 met de ontwikkeling van 
licht elektrisch materiaal voor personenvervoer.  
Daarna zagen ze marktpotentie in goederenvervoer.  
De groeiende aandacht voor elektrische stadsdistri- 
butie vanuit de overheid heeft daaraan bijgedragen.  

De overheid stimuleert met subsidieregelingen exper-
imenten zoals in 2010-2011 de Proeftuin Hybride en Figuur 2.1: Drie typen LEVV’s 

Elektrisch Rijden (RVO.nl, 2012). Daarnaast heeft de 
overheid een invloedrijke regulerende rol. Zo wordt in 
2010 door het ministerie van I&M de ‘bijzondere brom-
fiets’ in het verkeer toegelaten. Voor deze categorie 
is geen Europese typegoedkeuring, rijbewijs of helm 
vereist. Met een maximumsnelheid van 25 km/uur mag 
met het voertuig op het (brom)fietspad worden gereden. 
Dit is een belangrijk besluit voor de verdere ontwikkeling 
van LEVV’s. Een voorbeeld van de bijzondere bromfiets 
is de Stint, een elektrisch voertuig voor het vervoer van 
kinderen, die in 2011 wordt toegelaten in het verkeer. 

Vervolgens zien we ook een opmars in licht elektrisch 
vervoer voor logistieke activiteiten. Urban Arrow  
krijgt in 2012 met Marleen Kookt de eerste klant  
die de elektrische bakfiets inzet voor distributie in  
Amsterdam. Bubble Post, een Belgisch bedrijf opgericht 
in 2013 (en in 2017 overgenomen door BPost),  
behoort tot de eerste logistiek dienstverleners die de 
inzet en (maatschappelijke) voordelen van LEVV’s  
centraal zetten in hun bedrijfsvoering en marketing  
met het predikaat ‘ecologische stadsdistributie’. 
 
Het jaar 2014 was een belangrijk jaar met de onder-
tekening door 54 partijen van de Green Deal Zero 
Emission Stadslogistiek en daarnaast de oprichting 
van de European Cycle Logistics Federation en de 
overname van Streetscooter door DHL. Vanaf 2015 
wordt de potentie van LEVV’s voor de bezorging van 
boodschappen zichtbaar gemaakt door partijen als 
Hoogvliet, Albert Heijn, Picnic en Leen Menken.  
In 2016 en 2017, tijdens de looptijd van het 
LEVV-LOGIC-project, vonden er veel pilotprojecten 
met LEVV’s plaats en ontwikkelden verschillende  
gemeenten aanschafsubsidies voor vrachtfietsen. Ook 
de Fietsersbond begint met het promoten van LEVV’s. 
Ook starten grote en bekende online winkels waar-
onder Wehkamp (in samenwerking met DHL en  
Fietskoeriers.nl) en Coolblue met distributie per 
vrachtfiets, met als gevolg meer aandacht voor LEVV’s.  
 
Met de stijging en diversiteit van LEVV’s groeit  
tegelijkertijd de discussie over toelatingsregels, plaats 
in de lokale infrastructuur en laadstandaarden. Deze 
zijn alle nodig om de groei te faciliteren. LEVV’s voor 
zowel personen als goederen verschijnen steeds 
prominenter op politieke agenda’s (zie ook hoofdstuk 5) 
en in onderzoeksprogramma’s van gemeenten,  
provincies en de Europese Commissie. 
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Logistieke bedrijfsvoeringLogistieke bedrijfsvoering

Monitoringssystemen: wensen en mogelijkheden 
Een studententeam van de HvA onderzocht de behoeften van belanghebbenden bij voertuig- 
monitoring. De voornaamste zijn: real time locatie, snelheid, optimale route, status van de batterij  
(bijvoorbeeld verbruikspercentage en actieradius) en temperatuur van de batterij. Vervolgens is gezocht 
naar monitoringssystemen die deze behoeften kunnen monitoren. Het bedrijf ViriCiti biedt een systeem 
dat via gps doorlopend data verzamelt, filtert en naar beveiligde servers stuurt, waar ze real time  
kunnen worden uitgelezen. Het systeem is echter ontwikkeld voor stadsbussen en vrachtwagens en 
daardoor te uitgebreid voor LEVVs qua prijs en dataopslag. Een ander systeem dat werd onderzocht,  
is afkomstig van RoutiGo. Auto- en fietsroutes kunnen hiermee real time worden geoptimaliseerd  
en uitgelezen. Tijdens de LEVV-Battle is gebruik gemaakt van het systeem van RoutiGo. 

Melle Sprenger van RoutiGo: ‘Het plannen blijft mensenwerk, ook al geeft het systeem de optimale 
route aan voor elke LEVV. Als een van de adressen niet goed staat, bijvoorbeeld eenzelfde straatnaam 
in de verkeerde stad, berekent het systeem toch gewoon een route, terwijl een planner in één  
oogopslag ziet dat er iets niet klopt. En bij een lekke band geeft de software alleen maar aan dat  
de bezorgtijd niet gehaald wordt. De planner moet in zulke gevallen beslissen hoe de rest van de  
zendingen bezorgd wordt.’ Volgens Sprenger is er bij bezorging aan consumenten op 25 tot 50%  
van de afleveradressen niemand thuis. ‘Dat vergt ook de nodige planning. De backoffice bepaalt dan  
of de bezorger nog een keer teruggaat of dat het pakket een volgende dag weer aangeboden wordt.  
Via de software kan dit allemaal aan de bezorger worden doorgegeven.’

 

Online dashboard ViriCiti (links) en RoutiGo (rechts) 

Monteur Danny van cv-onderhoudsbedrijf Feenstra rijdt jaarlijks zo’n 20.000 kilometer met zijn bus 
en bezoekt vooral klanten in en rond Utrecht. ‘Met de bus ben ik soms drie keer zo lang bezig als  
met de fiets. En om klanten in het autovrije winkelgebied te bereiken, moet ik de bus parkeren op een 
afstand van vijf tot tien minuten lopen. Onhandig! Even een onderdeeltje ophalen kost dan veel tijd.  
De bakfiets lost dit allemaal op.’ (Feenstra, 2017) 

Het project met Stints bij PostNL heeft de nodige uitdagingen, maar het resultaat is volgens  
Projectleider Aandewiel positief: ‘We moesten chauffeurs die gewend waren om in hun verwarmde 
busjes te rijden echt overtuigen. Maar na een aantal weken bleken de meeste chauffeurs het erg  
fijn te vinden om in de frisse lucht te werken. We zagen ze fysiek opknappen en met een glimlach  
terugkeren van hun route. Een bijkomstigheid die de bezorgers waarderen is dat ze nu veel meer  
positieve interactie hebben met inwoners van de stad.’ (Transport & Logistiek, 2018)

3.8   Conclusie  
 
Dat LEVV’s een goed alternatief voor de bestel- 
auto’s zijn, hebben grote bedrijven als PostNL,  
UPS, DPD en DHL wereldwijd al ontdekt. Zij  
hebben de draagkracht om te investeren in de inzet 
van LEVV’s en deze te testen in meerdere steden. 
Hun ervaringen zijn positief, ze zijn bijvoorbeeld 
goedkoper uit. Bovendien weten zij met slimme 
processen, zoals containerisatie, standaardisatie en 
automatisering, de extra overslagkosten in de lokale 
hubs te minimaliseren. Ook verladers hebben LEVV’s 
ontdekt; Albert Heijn, Coolblue, Picnic en het  
Engelse Ocado. Deutsche Post, Ocado en JD testen 
zelfs autonome, ultracompacte LEVV’s die met de 
bezorger meerijden (zie afbeeling 3.2).

Uit het onderzoek blijkt dat stadslogistiek met LEVV’s 
veel aandachtspunten kent. De bedrijfsvoering met 
LEVV’s vraagt om een goede locatie van hubs, om  
robuuste processen, ondersteunende ICT, enthou-
siaste en meedenkende medewerkers en een goede 
organisatie. Voor elke goederenstroom gelden andere 

eisen, zoals een retourstroom of gekoeld transport 
voor voedsel, waardoor het optimale overslagmoment 
en overslagpunt er anders uit kan zien. Behalve een 
goed doordracht logistiek concept is natuurlijk ook  
een goed voertuig nodig; soms is dat de LEVV, soms  
is dat de bestelauto. In het volgende hoofdstuk gaan 
we in op de voertuigtechnologie.

Afbeelding 3.2: Autonome LEVV. (Foto: Deutsche Post)
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UITP	Defined	Layers	of	the	future	mobility	system	

Future of Mobility: Urban Strategy
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Principle 7 

The marketplace for mobility must be 
open, to stimulate innovation and give 
the best deal to consumers.
A competitive, open marketplace for mobility 
is needed to increase consumer choice, drive 
innovation and lower prices.

Digitally enabled mobility services could 
make travel easier and more convenient 

as consumers are able to plan journeys 
integrated across different modes of 
transport using travel apps.

However, in order to realise the benefits most 
fully we need to avoid a fragmented market, 
or one in which one or two large companies 
have excessive market power. An outline 
vision for how a mobility marketplace could 
operate is illustrated below.

Figure 13  An outline vision for how a future mobility ecosystem could operate

INFRASTRUCTURE

REGULATORY FRAMEWORKS

Providing the best possible information on 
journey options (price, speed, modes, 
routes). Ideally including seamless 
purchasing of end-to-end journeys 
incorporating local charges or regulations

OPTION 
SELECTION & 
PURCHASING 
LAYER

Including traditional public / mass transit 
services alongside private, shared, 
ride-hailing and micromobility services

MOBILITY
SERVICES
LAYER

CONSUMERS

MOBILITY PROVIDER

MOBILITY PROVIDER

COMMERCIAL / REGULATORY ARRANGEMENTS

Physical and digital infrastructure, land 
use planning and regulatory frameworks 
re-orientated to reflect changing 
demands, the need to encourage active 
travel and more flexible use cases. 

FOUNDATION
LAYER

Local National Temporary frameworks
Vehicles Services The use of space Licences

Navigation Subscriptions End-to-end journey purchasing
Data Ticketing Choice Multi-modal options

Threats to the delivery of this vision could emerge in the following circumstances:

• A dominant marketplace provider emerges. A single transport platform provider 
becomes dominant, with most travellers in an urban area accessing transport using their 
consumer app. This provider then seeks to use its market power to limit the services 
offered to consumers to those which are most profitable, rather than those which 
are best for the consumer or the city. Entry to the market for new transport providers 
becomes tough as the platform provider controls the terms of access. 

• A siloed or fragmented marketplace develops. Mobility service operators limit access 
to their services to their own apps. Consumers are never able to access a wide choice 
for transport options for a given journey and are presented only with a limited number of 
options, such as only those owned by the platform provider, from any given app or platform.

• Regulatory or commercial barriers leave the urban transport market 
fragmented. A fragmented regulatory environment means the barriers to entry for 
organisations wishing to integrate transport provision are too high. Transport users 
continue to have less convenient journeys as they lack the information to plan or buy 
integrated journeys effectively.

We will seek to mitigate these risks through working to deliver the best possible open 
marketplace for consumers.

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	10	
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Mobility	op5ons	selec5on:	
MaaS-App,	PT-Hubs-Connectors	and	last	mile	(micro)	mobility	

5Challenge the future

Access and egress

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	11	
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The	user	will	make	his	modality	choice	

11Challenge the future

On demand PT: passenger preferences
Flexibility

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	12	
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Choices	will	be	based	on	quality/reliability	and	pricing	
	in	the	future	mobility	eco	system.	

3

Source: Deloitte analysis.
Deloitte Insights | deloitte.com/insights
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FIGURE 1

The future mobility ecosystem

90%

THE FUTURE MOBILITY ECOSYSTEM
The way people and goods move from point A to point B is changing dramatically, driven by a series of 
converging technological and social forces.6 While much about the speed and trajectory of this transition 
remains uncertain, it’s been estimated that by 2040 shared autonomous vehicles could travel more than 
half of US road miles.7 In the future, in urban areas in particular, travelers might be able to continue 
journeys in shared autonomous vehicles by using other modes of transit, much as they do today with 
traditional transportation. But in the new mobility ecosystem, trips could offer intermodal travel on 
demand (figure 1) while offering products and services in transit. And passengers will likely expect to be 
able to pay for these products and services speedily, reliably, and seamlessly, in the background, without 
having to take action at each step, as is the case today. Indeed, many of the pieces of this ecosystem are 
already in place, from shared mobility providers to new types of connected infrastructure. (For a more 
complete discussion of how the future of mobility could unfold and affect a host of industries, visit the 
full collection of research on Deloitte Insights.)

Payments and the future of mobility:

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	13	
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Today:	Low	speed	automated	shuPles	

8 
 

Industry and Deployment Overview 

Vehicle and Service Characteristics 
As noted in the introduction, this paper focuses on a relatively novel vehicle class, which is not yet well defined. 
The following sections present an overview of the vehicle characteristics and the types of service 
characteristics typical of low-speed automated shuttles during 2016-2018.  

Though some higher-speed applications of automation (e.g., testing by Uber, Waymo, Ford, etc.) may be 
instructive in the study of small urban mobility vehicles, this paper focuses specifically on low-speed automated 
shuttles because they represent a particular market segment that has attracted substantial research and 
development investment from new manufacturers as well as interest from local, regional, and state 
governments and transportation agencies. General characteristics of these vehicles are described below, with 
some examples given of notable exceptions.  

Vehicle Characteristics 
The low-speed automated shuttle concept encompasses a range of small (typically 4-15 passengers), low-
speed (typically with a top speed around 25 mph with cruising speeds around 10 mph) automated (SAE Level 
4) shuttles. Vehicles share similar sensor configurations, relying upon combinations of cameras, radar, lidar, 
ultrasonic sensors, and GPS. Most of these shuttles are also electric vehicles. While they are designed to 
operate without a driver, during testing and early deployments, most low-speed automated shuttles use an on-
board attendant who is able to take control of the vehicle in the event of an emergency or system failure (see 
Table 1). 

Table 1: Typical Characteristics of Low-Speed Automated Shuttles 

Metric Units Typical Range 

Passenger Capacity  pax (total) 10-15 
pax (seated) 4-8 

Weight lbs. (vehicle + pax) 6,000-7,000 

Speed mph (top) 25-35 
mph (cruising) 10-12 

Range hours 5-10 
miles 30-60 

Note: Ranges are based on specifications for shuttles such as the EasyMile EZ10, Local  
Motors Olli, and Navya Arma. Other shuttles may vary in size, weight, speed, and range.  
As these shuttle vehicles are rapidly developing, specifications for any particular model  
may change. 

Most of the vehicles considered in this category follow a similar physical format, with low-floor, high-roof bodies 
allowing seating for half of passengers and an open standing area for the other half. Figure 1 shows a few 
examples of low-speed automated shuttles currently available and being used in pilots and demonstrations.  

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	14	
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Figure 1: Available examples of low-speed automated shuttles 
Note: from left to right: Local Motors Olli, EasyMile EZ10, Navya Arma  
Sources: Local Motors, EasyMile, and Navya Websites, 2016 

Outside of the typical ranges presented above in Table 1 are smaller “pod” vehicles built to serve as few as two 
passengers, and much larger shuttles built to accommodate up to 24 passengers. These vehicles may operate 
at different speeds and have different ranges than a 10- to 15-passenger vehicle.  

Automated driving technology developers have also, in some cases, automated existing low-speed vehicle 
platforms. For example, Robotic Research modified two Cushman Shuttle 6 vehicles for the Applied Robotics 
for Installations and Base Operations (ARIBO) project at Fort Bragg (the shuttles have since been moved to a 
test site in Greenville, South Carolina). Other companies, such as Auro Robotics, May Mobility, and Optimus 
Ride, have added sensors and other equipment to Polaris GEM e4 and e6 shuttles to enable automated 
driving. These vehicle platforms tend to be smaller and lighter than the low-speed automated shuttles pictured 
in Figure 1, and have lower seating/cargo capacities (typically no more than six passengers or 1,400 pounds of 
cargo). 

Infrastructure Assessment and Modification 

Low-speed automated shuttles are typically designed to have a more restricted operating environment than 
prototype light-duty automated vehicles and consequently may not be able to operate in many locations. They 
also carry unrestrained passengers and standees, which contributes to the limited operational speeds and 
environments. 

Operating environments are generally assessed by the provider to determine if the setting (i.e., the proposed 
route and nearby areas) and use case are appropriate for the capabilities of the vehicle platform. They may 
require modification to enable operation or may be considered too complex for shuttle operations. Photos, 
maps, and site visits can help a deployment engineer assess the site and determine the appropriate services, 
operating speed, and stops. Infrastructure modifications to enable operation may include installing signage, 
roadside equipment, eliminating blind spots, paving roadways, and improving lane markings.  

Infrastructure-based Communication and Sensors 

Several pilots have used a type of Wi-Fi called dedicated short range communications (DSRC) to broadcast 
signal phase and timing (SPaT) information from the traffic signal controller to vehicles. This SPaT information 
communicates to the vehicle when the light is red, green, or yellow, so the vehicle can stop at red lights and 
navigate through intersections on green lights. SPaT data can serve as redundant information to shuttles that 
are able to interpret signal data from camera systems, or can serve as the sole source of signal phase 
information, allowing shuttles that lack the ability to interpret traffic signals to navigate signalized intersections. 
Another infrastructure-based option is to mount a camera facing the light signal and use an algorithm to 
determine signal phasing, then send that information to the shuttle using wireless communications.  

-  Route	Infra	assesment		
-  Infra	adjustment/requirements	
-  LocalisaRon	
-  On	board	a`endant	and	remote	intervenRon		
-  Accessibility	

 
 

 
REALIZING SUSTAINABLE MOBILITY 

 
 
 
 
 

Design Considerations 
Infrastructure 
  

Version:     2.0 
Author:     Robbert Lohmann 
Confidential:    Yes 
Status:     Final 
Document No.:    8002.005 
 
 
Date – 15 May 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
2getthere  
Proostwetering 26a 
3543 AE  Utrecht 
the Netherlands 
Phone    +31 (0)30-2383570 
Fax        +31 (0)30-2383571 
E-mail    info@2getthere.eu 
Internet  www.2getthere.eu 
 
 
 



©	VPS	

Driverless	Public	Transport	(PT)	Deployment	

8Challenge the future

“Driverless PT is a form of PT which can be operated without the required presence
of a driver or attendant in the vehicle.” 

• New routing/service options (e.g. dynamic in stead of fixed)
• A higher capacity
• Supply and demand coordination

• Reduction of operational costs
• Improved financial viability

• Efficient operation and fleet management
• Passenger oriented services

• Increased safety
• Reduction of costs
• Increase of flexibility/control
• Increased passenger experience

Driverless Public Transport

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	15	
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Learning	by	Doing	(NL)	/	Learning	by	Experience	(DE)	

14Challenge the future

SWOT

Flexible
On demand

Driverless (EU)

Low speed
Customer focus lacking

Slow development

Access rural areas
First & last mile

Inclusive mobility

Interaction bicycles/pedestrians
Unions

Social safety

SWOT

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	16	
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Timing:	challenge	to	drive	without	a	steward	

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	17	
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Overview	Status	NL	Pilots	

19Challenge the future

Pilots and implementations in NL

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	18	
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MRDH	AVLM	Programm	

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	19	

Parkshuttle Rivium 
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Den Haag 
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Den Haag 

Dutch Innovation 
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Dutch Innovation 
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Usecase	HagaShuPle	
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Usecase	Drimmelen	
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Sachstand:	Automa5sierte	und	Autonome	Test-	und	
Pilotprojekte	im	ÖPNV	

Stand:	05/2019	22	
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Time	line	automated	shuPles	
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3.3. Urban Mobility Vehicles

Figure 5: The Automated Driving deployment path for urban mobility vehicles

Automation	Level Established 2018 2020 2022 2024 2026 2028 2030 ...

Level	5:
Full	Automation

Level	4:
High	Automation

Level	3:
Conditional	
Automation

Level	2:
Partial	Automation

Level 1:
Driver	Assistance

Level 0:
No	Driving	

Automation,	support	
beyond	human	
capability	to	act

Automated r an o l t  eh le Development Paths
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WEPOD	on	the	Road.	
The	First	automated	shuPle	to	Drive	legally	on	public	road	in	NL	and	in	DE	
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I-AT	2018	DE:	Living	Lab	Airport	Weeze	
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De ethiek van het zelfrijdende voertuig
Autonome voertuigen nemen bij het rijden
voortdurend beslissingen op hun route en leren
van hun fouten. Hoe gaat dat, waar zijn die 
beslissingen op gebaseerd, zijn ze goed genoeg
en wat valt er te verbeteren. Een boeiende blik
in het brein van het zelfrijdende voertuig.

www.i-at.eu
www.i-at.nl

PRIOR	TESTING	@	SCHIPHOL	ADAM	
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I-AT-UMS+RES	Mission	Bus	will	be	tested	at	Aldenhoven	

Seite 7

Route for the autonomous shuttle
alternative B (+C)

Seite 10

ASEAG projects

October 2013 – June 2016
aim of the project
To merge all public available mobility offers
in the Aachen area in an web‐ and app‐based
„market place“

functionality
The customer needs only this one platform to get all information how to reach his
destination and in this context he gets only one bill for all different public
transport he used on his trip.
Mobility Broker offers a trip information including a proposal for the fastest 
and/or cheapest route with one transport means or a combination of transport
means

Government‐funded by BMWi, IKT für Elektromobilität, DLR
Projekt partners

Mobility Broker
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I-AT 

Project Plan for Waiver Pilot Aachen/Vaals 

September 4, 2018 
Document version 0.1 
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Slides	Arbeidsgrouppe	VDV:	HEAT	Project	(started	2018)	

Partners	
Authority:	City	of	Hamburg:	Ministry	for	Economics,	TransportaRon	and	InnovaRon.	
Public	Transport	Company:	Hamburger	Hochbahn	AG	
Vehicles:	IAV	
V2X:	Siemens	
Fleet	management:	Siemens	
Infrastructure:	Siemens	
Maintenance:	IAV	&	FFG	(Hochbahn	subsidiary)	
Other:	IKEM	(accompanying	research,	regulaRon	and	business	models)		
and	DLR	(accompanying	research,	user	acceptance)	
	
Technology	
Lidar	(installed	in	the	infrastructure)	
Radar	(installed	in	the	infrastructure)	
GPS	
Video	camera	sensors	
CommunicaRon	with	traffic	lights	and	back	office	through	secured	Wi-Fi	
No	rouRng	
Traveller	informaRon	system	by	Siemens	
Challenge:	the	HD	map!	
	
LEGAL:	In	Germany	a	new	regulaRon	allows	automated	driving	of	levels	2	and	3	as	long	as	there	is	a	driver	inside	the	vehicle.	Further	
legislaRve	changes	are	part	of	the	coaliRon	treaty,	but	they	are	not	yet	addressed	in	parliament.	
	
	 Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	28	
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Slides	Arbeidsgrouppe	VDV:	Bad	Birnbach	(started	2017)	
Partners:	
Authority:	Bad	Birnbach	
Public	Transport	Company:	DB	Regio	bus	Ostbayern	
Vehicle:	Easymile	
Technology:	
Lidar	
GPS	sensors	
V2X	communicaRon	with	back-office	(for	central	
monitoring)	
4G	communicaRon	with	in-vehicle	monitor	
No	rouRng	
Results	&	Evalua5on	
So	far,	23,372	passengers	have	been	transported,	with	
an	average	of	65	passengers	per	day,	12,619km	have	
been	covered	with	an	average	distance	of	30km	a	day	
and	an	average	operaRonal	speed	of	9	km/h.	
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Topics	introduc5on	

1.  General		Challenges	
—  Vehicle	technology	and	capabiliRes	
—  RegulaRons	

2.  Business	cases	
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General	Challenges	&	Early	obstacles	for	deployment	

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	31	
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Issues, Mitigations, and Future Research 

The rapid emergence of low-speed automated shuttles has raised both technical and institutional questions in 
the private and public sectors. Note that many of the issues identified here are not necessarily unique to low-
speed automated shuttles, but rather are common to automated driving systems. Current shuttle models have 
significant technical limitations: they require highly controlled environments, they are not accessible to all 
users, and their low speeds and frequent stops may limit passenger demand. There are also policy and 
institutional challenges related to federal, state, and local requirements for testing on public roads, accessibility, 
funding eligibility, and other issues. Consequently, deployers are generally proceeding with caution. This 
section summarizes issues identified from early deployments, followed by suggestions for possible mitigations, 
and concludes with areas for future research.  

Issues 

Given the rapid changes in this area, it is impossible to definitively identify all of the issues encountered by 
those seeking to deploy low-speed automated shuttles. Challenges documented in this paper may be 
addressed in the very near future, or may have already been addressed by the time of publication. The authors 
encourage any interested readers to consider the issues identified here in the development of a pilot or 
deployment, but recognize that mitigations or solutions may be available.  
Deployers of low-speed automated shuttles must take into account the new technical considerations 
associated with driverless vehicle operations. These include both hardware and software issues related to the 
vehicles and the deployment environment, as well as broader concerns about maintaining interoperability with 
existing infrastructure and systems. Deployers must also ensure that they have adequate resources and 
permissions for identifying, procuring, and operating these systems.  
Key areas that could pose early obstacles to deployment include: 

• Vehicle capabilities 

• Operating environment 

• Product availability 

• Planning and implementation 

• Financial considerations 

• Labor considerations 

• Data and evaluation 

• Public acceptance 

• Federal, state and local regulations
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We	in	the	EU	agree	with	lessons	learned	from	Canada!	
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13	Challenges	to	scale	up	deployment	

1.  Increasing	the	vehicle’s	autonomy	and	capabiliRes	to	handle	other	traffic	and	more	
complex	routes	in	mixed	traffic	

2.  Decrease	the	need	for	a	steward	in	the	vehicle,	increase	training/cerRficaRon		
3.  Decrease	the	need	to	program	the	vehicle’s	path,	speed		
4.  Increase	the	vehicle’s	speed	and	capacity	
5.  Increase	remote	monitoring,	operaRons	API	and	datasharing	opRons	
6.  Increase	driving	capability	in	bad	weather	
7.  Decrease	physical		infrastructure	dependancy	(landmarks,	maps,	signs,	vegataRon)	
8.  Decreasing	the	price	of	the	shu`le	and	increasing	market	availability	
9.  Increase	the	local	service,	maintainance		and	implementaRon	opRons	of	the	shu`les.	
10.  Increase	funcRonality	and	responsibility	of	control	room	(vendor	independant)		
11.  Increase	payment	opRons	in	demo’s	and	first	implementaRons	
12. Decrease	leadRme	to	legally	operate	on	the	public	road	while	proving	safety	at	the	

same	Rme	
13.  Increase	public	acceptance	(other	road	users,	passengers,	accessability,	MaaS)	

-			
Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	33	
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Scaling	up	is	a	challenge;	requires	trust	and	reliability	

18Challenge the future

Challenge

Chicken-egg problem:

Big scale application: reliable system

Developing reliable system: 
big scale application

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	34	
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UK	
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ShuPle	pilots	in	the	US	[TRB-2019]	

Stand:	11/2017	 OrganisaRonen	•	Aufgaben	•	Ziele	•	AkRvitäten	38	



©	VPS	

Overview	tabel	first	pilots	in	US	(including	#	vehicels)	

16 
 

planned projects, there are more than 20 pilots and demonstrations that have been completed and many more 
that have been publicly proposed. Currently operating pilots include testing on closed courses, operation in 
parking lots, service on dedicated lanes or pedestrian pathways, and service on public roads in mixed traffic. 
This section briefly describes some of the prominent pilots that are currently operating. 

Table 4: Selected Domestic Low-Speed Automated Shuttle Deployments 

Location Project Partners Vehicle Model Shuttles Type 

Dublin, CA Livermore Amador Valley Transit 
Authority, First Transit EasyMile EZ10 1 Ongoing 

Pilot 

San Ramon, 
CA 

Contra Costa Transportation Authority, 
and Central Contra Costa Transit 
Authority (CCCTA), GoMentum 
Station, and Bishop Ranch 

EasyMile EZ10 2 Ongoing 
Pilot 

Gainesville, 
FL 

Florida Department of Transportation, 
University of Florida, and City of 
Gainesville 

EasyMile EZ10 1 Ongoing 
Pilot 

Jacksonville, 
FL 

Jacksonville Transportation Authority, 
Transdev, First Group, and Stantec 

Multiple (including 
EasyMile EZ10, a 
Navya vehicle, and 
another shuttle TBD) 

1-2 per 
model 

Ongoing 
Pilot 

Weymouth, 
MA Optimus Ride, Lstar Ventures Polaris GEM 5 Ongoing 

Piot 

Ann Arbor, MI Mcity (University of Michigan) Navya ARMA 2 Ongoing 
Pilot 

Detroit, MI May Mobility, Bedrock  Polaris GEM 5 Ongoing 
Pilot 

Las Vegas, 
NV 

City of Las Vegas, AAA, Regional 
Transportation Commission of 
Southern Nevada, and Keolis 

Navya ARMA 1 Ongoing 
Pilot 

Greenville, SC Greenville County, Robotic Research, 
and Robocist  

Cushman Shuttle 6, 
Local Motors Olli, and 
possibly others TBD 

2+ Ongoing 
Pilot 

Arlington, TX City of Arlington EasyMile EZ10 2 Ongoing 
Pilot 

 
In October 2015, Contra Costa Transportation Authority (CCTA) announced that it would be testing low-
speed automated shuttles at GoMentum Station (a converted military base in Concord, California that is being 
used as a closed test facility for automated vehicles). Following initial testing at GoMentum Station, the two 
EasyMile EZ10 shuttles were brought to Bishop Ranch (a 585-acre business park in San Ramon, California) 
for additional testing in parking lots. In March 2018, CCTA began testing the shuttles in mixed traffic along a 
stretch of road between two parking lots. 

In December 2016, the Jacksonville Transportation Authority (JTA) announced plans to modernize the 
Jacksonville Skyway (an automated people mover) and modify the existing elevated track to replace the 
existing vehicles with automated shuttles. It also plans to build ramps from the elevated structure to ground 
level, enabling shuttles to reach additional destinations using dedicated lanes or operating in mixed traffic. JTA 
has developed a test track near the local stadium and will test three different shuttles (including vehicles from 
EasyMile and Navya) managed by three different operators (Transdev, First Group, and Stantec). The three 
shuttles will be tested for six months each. 
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Case	Studies	USA	(EasyMile	and	Navya)	
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ShuPle	pilots	in	Canada	
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