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This workshop was conducted to kick off the Project
“Studying Autonomous Vehicles Policies with Urban Planning in Singapore”
This project brings together strong expertise from MIT SMART, and Singapore ETH Centre’s Future
Cities Laboratory (FCL) and National University of Singapore (NUS) in autonomous vehicles, urban
planning, spatial analysis and transportation simulation, optimisation of electrification and applies
them in a study tailored towards Singapore’s unique high density tropical urban environment.
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About the Project

With continued development and intensification of Singapore, the challenges of
increased car usage, traffic congestion, as well as the availability of land for roads
become more pressing. A future Singapore that is both sustainable and liveable will
need to reduce reliance on cars and work towards a car-lite future, a principle that was
endorsed by Prime Minister Lee Hsien Loong in the Singapore Sustainable Blueprint
2015.
This research investigates if Autonomous Vehicles (AVs) can potentially offer a solution
to these issues. The goal of the project is threefold:
1. Understanding how shared autonomous vehicles (AVs) reduce the use and demand
for private cars, increase public transport mode share, and support higher intensities of
development (especially if road space cannot be increased continuously).
2. Examining how and what type of AV system and innovative urban designs can be
deployed to support such scenarios. Integrating optimum AV deployments by examining
the impact and associated trade-offs of different land use scenarios where mixed traffic
is present.
3. Investigate if AVs will lead to increase in total vehicle-km travelled, energy
consumption, carbon emissions, while improving first-last mile connections in defined
region.
Specifically, the objective of the study is to evaluate the feasibility of AV policies and
investigate their land and transport implications. The study will focus on the deployment
of AVs in both green field and infill/brownfield study areas as well as the development
of suitable urban design and AV operation schemes for implementing the mode in both
urban contexts.
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About the
Workshop

At the Workshop
Source: Michael van Eggermond

The kick-off workshop was organized on 10 March 2017, at Value Lab Asia in Future
Cities Laboratory, Singapore ETH Centre. There were 35 participants in total (3 remote
participants), from seven different entities - MIT SMART, Future Cities Laboratory
(Singapore ETH Centre), National University of Singapore, Ministry of Transport, Urban
Redevelopment Authority, Land Transport Authority and Housing and Development
Board.
The workshop was an opportunity for participants from multiple entities and disciplines
to come together and synthesize issues surrounding Autonomous Vehicles and their
deployment in Singapore.
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Aims and
Objectives

The kick-off workshop was an opportunity for the project team and collaborators
to come together, pool their combined knowledge, set priorities, define goals and
aspirations for AV enabled neighbourhood design in Singapore. Without coming up with
solutions or clear answers, the workshop aimed to just start the conversation on AV in
Singapore and gauge the common aspirations.
Without being bound by the constraints of technology or applicability, the participants
were encouraged to envisage their personal vision for AVs in Singapore, which they
think would best suit the city and its inhabitants. In particular, the urban design,
planning and policy implications were the focus of the envisioning exercise.
The aim of the workshop was also to trigger the imagination of the participants, to think
out of the box and generate innovative solutions. The workshop served as a platform for
the team members and collaborators to get to know each other, their areas of expertise
and comprehend our common knowledge bank.
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At the Workshop
Source: Michael van Eggermond
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Urban Form
and AVs

Implications of Autonomous Vehicles on Urban Form and Transport Supply
Presented by:
Tanvi Maheshwari, PhD Researcher, Future Cities Laboratory, Singapore ETH Centre
Alex Erath, Project Coordinator, Future Cities Laboratory, Singapore ETH Centre
Tanvi Maheshwari, an urban designer, speculated on the implications of Autonomous
Vehicles on Urban Form and vice versa. Alex Erath elaborated on how the different
types of AV deployment systems can be supported by different types of Urban Networks,
forms and transport supply. The presentation lay the groundwork for the breakout
session.
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Transformation in transportation technology influences how the urban form is shaped
Urban form has historically been shaped by different flows: virtual and physical. The movement
of people and goods are one of the most obvious examples. Technologies like trains, trams and
cars, have had enduring impacts on urban form, both as physical systems engineered into the city
fabric, and as provocations for imagining new city forms- be they suburbs, garden cities or transit
oriented developments.
With the automation of transportation flows, new relationships with urban form emerge. To what
extent and under which conditions can AVs contribute to sought-after urban qualities such as
compactness, sustainability and liveability? Will AVs promote individual car ownership, and higher
traffic volumes? What might automation of transport mean for active mobility? Do we need to
formulate fundamentally different urban models?
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Pictures:
http://s.picture-russia.ru/wpic/l/9/b/9bc4c2405b56fcc00df114add273aaa5.jpg
https://www.6sqft.com/worlds-first-streetcar-began-operation-in-lower-manhattan-on-november-14-1832/
Diagram adapted from Peter O. Muller’s Transportation and Urban Form

Potential Benefits of AVs and the Flipside
Although technology can develop under the sheer will to innovate, its innovative technical
features may blur our view as to what will really happen in the future. It might fit a purpose at a
certain point in time, but its consequences for our daily lives are sometimes difficult to foresee.
Automobile technology, when it was first developed, is a case in point, because hardly any of the
car industry visionaries were thinking about the environment when they switched from electric
vehicles to combustion motors. Thus, despite the fast technological development in the field
of vehicle automation, where pilot testing is showing that we will soon be able to create fully
automated vehicles, there is great uncertainty about the subsequent changes to traffic, mobility
and cities as we know them. It is common to spin the impacts in both positive and negative
directions.
For example, while AVs may reduce VMT due to more efficient usage and driving patterns, they
might also lead to increased Vehicle Miles Travelled (VMT) due to induced demand. In the end, the
combination of type of AV policy and operating mode will determine the nature of impacts. We need
to develop policies to nudge the impacts in an equitable and sustainable direction.
The following section discusses possible benefits and flipsides of autonomous vehicle
deployments.
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For people with disabilities

Low speed, less efficiency
Increased Sprawl

More Accessibility

For aging population
Children

More VMT

Efficient use of
in-vehicle time
Door to door
connectivity

More Productivity

No more
parking hassles

Loss of Privacy and
security concerns

Fewer crashes

Increased Safety
Mobility for
ped. & cyclists
Fuel savings

More congestion

Environment friendly

E-mobility

Smaller ROW

Car dominated streets
Decline in walking and
cycling modal share
Fears

Efficient use of Space

Potential Gains

Less congestion

Smaller
headways
Fewer Signages
Infill potential

Source: Tanvi Maheshwari

Capacity
AVs can sense and possibly anticipate lead vehicles’ braking and acceleration decisions. Such
technology allows for smoother braking and fine speed adjustments of following vehicles. AVs are
also expected to use existing lanes and intersections more efficiently through shorter headways,
coordinated platoons, and more efficient route choices leading to fuel savings.
When employed as a public utility, the efficient integration of automated cars with collective public
transport systems and non-motorized modes, would result in a mobility based on efficient and
intelligent combination of all modes.
On the flipside, along with fuel savings, one can also expect increased VMT. People might choose
to live farther away since their commute time may be used more effectively. New demand may
emerge from those who cannot drive under current conditions like the disabled or elderly. In
addition, there could be induced demand due to travel time savings, less congestion, fuel savings,
hassle-free parking, and urban sprawl.
Emissions have been estimated to fall when travel is smooth, rather than forced, with Berry (2010)
estimating a 20 percent reduction in accelerations. Thus, while AVs may increase VMT, emissions
per mile could be reduced.
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Stability
Capacity equates to the greatest traffic volume that a traffic flow at given road and traffic
conditions at a cross-section can achieve. Stability of the traffic flow is also an important factor in
its efficiency. When autonomous vehicles are able to anticipate the actions of preceding vehicles
through communication, they can contribute to a stabilization of traffic flow. In purely autonomous
traffic, it is to be assumed that full stability will be achieved and a capacity drop avoided.
Universal accessibility
Research cites that with increased mobility among the elderly and disabled, as well as lowered
travel effort and congestion delays, the U.S. can expect VMT increases, along with associated
congestion, emissions, and crash rates, unless demand-management strategies are thoughtfully
implemented (Fagnant and Kockelman 2013).
On the other hand, driverless cars could reduce VMT by enabling substantially more car-sharing,
better transit, and a shift from paying for vehicles and insurance in lump sums to paying for each
trip or mile driven.
Space Efficiency
AVs are expected to be smaller in size, require less physical space, and drive with greater precision
than existing vehicles. Features such as “lane keeping” will have significant impacts on roadway
capacity, not so much from the longitudinal standpoint, but from the cross-sectional perspective.
By the year 2040, when all vehicles are driving in a connected environment, whether we need
traffic signals as we know them today is an arguable matter. Over the long term, new paradigms
for signal control such as autonomous intersection management could use AVs’ powerful
capabilities.
Surface parking lots will start to disappear while some of the road space will be repurposed
to facilitate the increased need for drop-off and pick-up activities. Reduction and relocation of
parking could open up significant land area and potential densification of urban centres. While
market forces will inevitably play a large part in how newly available land is ultimately redeveloped,
policy makers will also have a role in determining how publicly-owned land once utilized for larger
road Right of Ways and parking lots will be re-purposed.
Many believe that on-street parking will no longer be as necessary, as autonomous vehicles can
deliver urban patrons directly to their destination. Such direct service, however, conflicts with
traditional urban design principles. The experience of walking to and from a destination, and the
resulting random interactions, sights, and experiences along the way, are part of what makes cities
liveable and desirable.
Bicycle and Pedestrian Mobility
AVs have the potential to improve the quality and productivity of car riders, but the increasing
numbers of drop-off/ loading areas and free flow intersections could hinder pedestrian and bicycle
travel. The potential positive and negative impacts of AVs on bike/pedestrian mobility will be a key
concern.
The communicaton between AVs and ‘unconnected’ pedestrians and cyclists also poses additional
challenges with regards to the communication of various desirable forms of traffic in cities.
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Increased Productivity / Increased Sprawl
While travelling in an AV, users will be able to sleep, eat, email or work. AVs will become a place
of activity rather than just a means of transport. The in-vehicle experience becomes more like
that of a transit passenger while in the vehicle. However, over the longer term, higher levels of
automation and in-vehicle amenities could lead to problematic outcomes. The implication is that
transit passengers are far less sensitive to changes in travel time than are auto drivers, possibly
because they can engage in other productive activities while in motion. For that reason, it is
expected that the value of time used in the utility expression for an automated vehicle would differ
from that of a conventional human driven vehicle and probably would be more like that for seated
passengers in rail transit. However, it also seems clear that compared to rail shared autonomous
vehicle will provide a different level of comfort with regards to the smoothness of the ride due to
the difference in vehicle mechanics and track design principles.
Automated vehicles could draw trips from healthier and environmentally beneficial travel modes,
walking, bicycling and public transit. A greater tolerance for travel time could also lead to greater
dispersion of development, consuming more land and greater separation within communities.
Safer Streets / Streets for Cars
Autonomous vehicles have the potential to dramatically reduce crashes, since most of those are a
result of alcohol, distraction, drug involvement or fatigue. Driver error, which is believed to be the
cause of over 90% of the crashes, would be eliminated in AVs.
Much of the ‘safety’ benefits are for cars operating in car-only environments (e.g. highways).
However the real safety challenges are in streets with mixed traffic: pedestrians, bikes, cars, and
buses all sharing the same space. In this case, the safety benefits of AVs might be diminished by a
slower overall network speed, encouraging more segregated driving environments.
Efficient Streets / Segregated Mobility Environments
When we imagine an AV-ready future, is it a liveable urban environment? This is a critical question
to ask, at the same time not entirely quantifiable.
According to a report produced by Land Transport Authority in Singapore “Fewer hard traffic
management measures, improved safety, lower emissions and noise will create a better utilised
and more attractive urban realm. Removing road safety and signage clutter in streets will create
more space. Streetscaping and shared space schemes will become more common, especially
since fewer cars will park on-street. Housing stock close to traffic, fumes, noise and physical
segregation may become more desirable and increase in value.”
Lloyd Alter’s vision of a driverless city is somewhat different. He believes that, “the self-driving car
will probably cause yet another massive change in urban design; probably it will enable a return to
sprawl by making commuting fun. Meanwhile, our cities may turn into Hong Kong or Calgary with
pedestrians banned from the streets. (Lloyd Alter 2016)” In his mind, a driverless city would look
more like Harvey Wiley Corbett style, City of Tomorrow
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Harvey Wiley Corbett’s City of the future (1913)
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ured

How Autonomous Vehicles will influence Urban Form is dependent on some initial assumptions
As we begin constructing scenarios for future urban environments where AVs are commonplace,
we need to make some baseline assumptions.
1. How far has the technology developed and what is the market penetration of AVs? Are all
vehicles in the projected time horizon fully autonomous and connected? What is the mix of partially
automated and fully autonomous vehicles? Is there vehicle to infrastructure connection in limited
areas of the city or everywhere?
2. What type of service is prevalent in the given time horizon and to what extent? Are AVs only
marketed as private vehicles? Are large private taxi companies running fleets of autonomous
taxis? Is the government policy pushing investment in autonomous public transit?
Essentially, these baseline assumptions can be derived from where the deployment system can
be placed on the matrix shown in the diagram below. Based on the types of assumptions we can
expect certain impacts on urban form and flows. Some of these impacts are obvious and can be
calculated easily. However, most are speculative and undetermined.

Shared

Taxi and Ridesharing Model

Govt. Regulated Fleet

No one needs to own a car! Just hail
a ride. A danger of oligopoly/
monopoly by taxi companies. More
VMT and Instability in service
provision

Fully integrated ticketing and
management with all public transport
modes. Centralized Planning and
Control leads to more control over
mode share.
Administrative burden, political
implications.

Eg. Uber

Type of AV Policies
Laissez Faire

Structured

Personal Ownership Model

Demand Management Model

Car owners can now choose between
human driven or autonomous cars
with various levels of automation. You
can choose to drive or choose to
work while you are being driven. Car
ownership becomes even more
attractive

Whether you own or AV or share one,
they are all subject to demand
management regulations. In this way
the government indirectly manages
mode share. Because vehicles are
connected strategies like ERP are
easier to implement.

Eg. American Model

Eg. COE

Private

Operating Mode
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Type

What impact does each deployment system have on Urban Form?
Shared

Govt. Regulated Fleet

Taxi and Ridesharing Model
Eg. Uber

Sprawl

Dispersed drop-offs

Remote parking lots = Grade separation
more VMT

Lane separation Superblock Mobility hubs

Laissez Faire

Structured

Personal Ownership Model

Dispersed drop-offs

Type of AV Policies

Demand Management Model

Eg. American Model

Sprawl

Limited costly parking

Eg. COE

Remote parking lots = Shared streets
more VMT

Superblock Grade separation

Shared streets

Mobility hubs

Private

Operating Mode

Each type of deployment system and accompanying policies will have particular impacts on urban
form. Certain network designs, street configurations, policy pushes can support or curb transport
supply and modal choice. Key questions that emerge are:
- What kind of Networks will be more efficient and equitable for different AV systems?
Islands of slow mobility, surrounded and connected by high speed dedicated AV connector roads? Green
buffers between ‘urban cells’? the Barcelona Superblock Model? Can existing internal networks of HDB
towns be re-purposed for circulation of AVs?
- How will the street design norms change?
With fewer cars on the road due to the efficiency of autonomous driving, more space is left for bike
lanes and green space. Is this a cyclist’s heaven? Or an incentive to build more high speed highways? Is
a low speed mixed street preferable? Or is it an AV operator’s nightmare?
- How does the building street interface work?
How much drop-off space is required in an AV only neighbourhood? Where are drop-off and pick-up
points located? Are they designed as taxi drop-off style bays in every building? Or, will AVs be accessed
from strategically located multi-modal mobility hubs?
- What type of infill opportunities emerge with AVs?
Can we reclaim space from major roads and highways? Can we reclaim existing on-street parking
spaces to create more space for street activities? Can we reclaim existing parking lot and garage
spaces?
- How will the intersections change?
Do the traditional slip-lanes make sense anymore? Can visual clutter like traffic signs be done away
with?
- How will parking norms change?
16

Breakout Session
Setup

A World Café format was adopted to structure the breakout session. The World Café is
a structured conversational process intended to facilitate discussion, initially in small
groups and then linking ideas within a larger group to access the collective intelligence.
Questions are formulated before an event, related to its goals, which are discussed by
participants.
Step 1
Participants were split up into three multidisciplinary multi-agency groups. Each group
represented one type of urban development - Business District, HDB Town and Mixed
Use Development.

ess District
Business District
HDB Town

HDB Town

HDB
Mixed
Town
Use Development
Mixed Use Development
Mixed Use Development
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Step 2
Based on the type of development, participants were asked to place themselves on an appropriate
spot in this AV policy and Operating Mode Matrix
Shared

Taxi and Ridesharing Model
Eg. Uber

Govt. Regulated Fleet

Laissez Faire

Structured

Personal Ownership Model
Eg. American Model

Type of AV Policies

Demand Management Model
Eg. COE

Private

Operating Mode

Step 2

Based on the type of development, AV policy and operating mode participants were then
encouraged to think of urban form implications and evaluate them based on the following lenses.

Accessibility
Viability

Safety

Privacy and Security

Liveability

Environment

Space Efficiency
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Formal Responses
To trigger the discussion, some examples of formal responses were presented, which became the
toolbox to formulate the future neighbourhood vision for each group.

Sprawl
Sprawl

Superblock
Superblock

Fine Grid

Laneseparation
Separation Shared
Sharedstreets
Streets
Lane

Dispersed
drop-off
Dispersed drop-offs

Limited costly parking

Grade
Separation
Grade separation

Mobility
Hubs
Mobility hubs

Remote parking lots
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Physical Barriers

Breakout Session
Outputs

Source: Michael van Eggermond
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HDB Town

Mixed Use Development

Participants
Moderator: Stephen Cairns, SEC
Tanvi Maheshwari, SEC
Ravi Seshadri, SMART
Qiang Meng, NUS
Ong Ghim Ping, NUS
Xu Min, NUS
Andrea Teo, MoT
Elaine Tan, URA
Mindy Ong, URA
Alvin Oh, HDB
Violet Lee, HDB
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Aspiration: Car-lite system
• All AVs should be publicly operated and managed
• AV buses will serve as a link to MRT station (MRT is the backbone of Singapore transportation
and AV will be the second backbone in the future)
• In peak hours buses are run on fixed lines and in non peak hours it is run demand-responsive
• Transportation system should be resilient. Therefore it should be a combination of bus, MRT & AV
• Buses could be like a trunk service that also includes first and last mile

Which journey type will AVs serve?
This depends on: Demographic profile, bus size, spine capacity

The Parking Question
When Autonomous Vehicles are not in service, where are they parked?
One option is to keep them in the network. When not in service, AVs could be slow cruising in the
neighbourhood. A simulation can determine if this is feasible and sustainable.
Note: We need to have a list of KPIs that determine whether a plan is sustainable and feasible.
For example, accessibility per motorised VMT, which should be maximized. In addition we should
develop Dynamic KPIs - Dynamic speed, road spaces, lane direction etc.
The second solution to the Parking problem is to park on road. Currently we see road as a line
connecting origin to destination but not a space. In the case of AVs we can question the basic
premise of a road - can road only accommodates motion? Could they also be used for parking,
maintenance, charging etc.? The road will become a multi-layered shared space. Slow moving or
stationary cars would be positioned close to pedestrians dynamically.
HDB is developing Future-ready car parks - Upper decks of parking garages are freed once we
have more autonomous vehicles. These can be used for AV maintenance and servicing. In the end,
the size of the AV will also determine the type of parking needed.
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Freight Transportation
In mixed-use neighbourhoods freight transportation is very important. Shops (malls etc.) need
a lot of freight logistics to be catered to. This could be done through autonomous trucks and
platooning (mostly underground). JTC is developing a goods mover system that is expected
to optimise use of surface land for industrial purposes and other supporting facilities. The
underground goods movement system will be automated, with conveyor belts and self-driving
cars being possible options. Urban consolidation and de-consolidation of freight could also be
supported by these kind of goods mover systems.
Comment on Research Method:
We should simulate both laissez faire and structured scenario to build the argument for the
solution we all instinctively agree on.
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Business District

HDB Town

Participants
Moderator: Pieter Fourie, SEC
Sergio Ordoñez, SEC
Chetan Rogbeer, SMART
Neeraj Deshmukh, SMART
Hua Wen , NUS
Sreyus Palliyani, NUS
Chiu Wen Tung, URA
Kai Guan Lau, URA
Tresa Foo, LTA
Edward Lee, HDB
Zhao Rui, HDB
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Mixed Use Development

What type of AV model is suitable for HDB town?
A spectrum of systems across all four quadrants is needed. Smaller vehicles with a modular
platooning system would serve first and last mile trips. 5-10 passenger size vehicles can platoon
at peak times, solving off-peak big empty vehicle problem. Big groups (like one HDB block) owning
a vehicle (peer sharing) would be incentivized. Ownership of fleets of large vehicles should always
be controlled by the government.
How would AV impact active mobility in HDB town?
AV should not cannibalize non-motorised group of commuters. Multiple parallel networks would
be created, accessible to different user groups. At the same time, mixed shared streets could also
be provided in selected areas.
Just providing space for walking is not enough. Activity spaces should also be a part of walking
experience in order to make active mobility equally exciting. Non-motorized vehicles will have to
cope with multiple drop-off bays in every block. This is a problem that needs to be solved through
clever design.
Personal mobility devices (PMD) would not be allowed anymore. Currently there is a certain user
group that have no option but to use PMDs for short trips. This user group would be best served in
the future by AVs. This would render PMDs obsolete.

Source: Michael van Eggermond
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HDB Town

Mixed Use Development

Participants
Moderator: Alex Erath, SEC
Zhang Xiaohu, SMART
Der-Horng Lee, NUS
Zhao Kangjia, NUS
Chen Shukai, NUS
Titus Seah, MoT
See Nin Tan, URA
Siok Kheng Tan, URA
Lim Pei Wen, LTA
Shuchi Jhalani, HDB
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Regional bus hub
• No requirement for driver layover anymore
• Bus doesn’t need to loop around the terminal because it is bi-directional, easy to turn around
• Allows to support continuing and terminating lines.
Pickup and drop-off
• Relevant distance – same as bus – 300m
• What is the space requirement?
• Mobility Pods
• Delivery port (shared with disabled access)
Urban Logistics
• Autonomous freight vehicles
• How is the handover done without a driver?
• Many delivery vehicles today are half empty – when centralized, this can be optimized
• We need interfaces for pickup and drop-off of parcels
• A trailer that transports the AV?
• Regional logistic centres
Road network and street profile
• Demand responsive lanes – responsive lane markings
• What is the road material, if the road is multi-purpose?
• Grade separation between pedestrians and cars – game of sidewalk chicken - who goes first?

29

Bus Terminal Design

Notes on Pickup and Drop off
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Notes on Urban Logistics

Notes on Road Network and Street Design
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Synthesis

Source: Michael van Eggermond

The kick-off workshops opened up many areas of discussion and exploration. At the
same time, certain points of consensus emerged. All teams agreed that the use of
autonomous vehicles should be regulated by the government in the future. The AV
should be used as a public utility shared vehicle rather than a privately owned car.
This would be achieved by setting out clear policy directives and guidelines for use of
Autonomous Vehicles.
Progress in vehicle technology will be a major driver in determining the extent of
market penetration and resulting impact on our environment. Nonetheless, assuming a
future of fully autonomous connected vehicles, all participants agreed that AVs will have
a significant impact on urban environment and traffic supply.
There was, however, no clear consensus on the benefits of AVs. In an ideal scenario, AVs
will significantly reduce car use, roads will be safer, and more space will be created for
greening and active modes of transport. Given full market penetration of AVs, structural
changes can be made to roads and transit hubs. It can be an opportunity to redefine
currently established models of urban development. But it can just as easily lead to an
automobile-dominated sprawling model of urban development. The workshop revealed
such points of concern and debate, which we will need to pay special attention to in our
future work.
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1. What type of service will be provided by Autonomous vehicles?
AVs were seen as an ideal solution for last mile connectivity in HDB towns. They would function as
shuttle service to from HDB to MRT stations. How will usage differ in peak and non-peak hours?
Do AVs need to be demand responsive or line based when they are functioning as a public transit
service? How will privately owned autonomous vehicles be regulated? What type of ownership
model should be encouraged? Are AVs a public service, collectively owned, or a service provided
by privately owned companies? What are the size of vehicles and fleets that would best serve this
need?
2. How will AVs impact other modes of transportation?
Many participants proposed that AVs should not compete with buses and MRT for ridership,
although there was no general consensus. Instead they would support them by offering last mile
connectivity. In that case, what will the transition space between modes look like? Is it like a
traditional drop-off point or could it be design for a more seamless transition between modes?
It is expected that AVs would (and should) push out personal mobility devices (PMDs), since they
would essentially cater to the same needs. This is debatable and needs to be examined further.
Finally, there is no clear understanding of how AVs will impact active modes of transport like
walking and cycling. How do we make sure that the streets remain walkable and enjoyable to bike
on? Would these modes be pushed out as well, like PMDs? Is that desirable?
3. What type of new infrastructure will be needed to support AVs?
Drop-off pickup points, charging points for electric vehicles, parking lots, repair and maintenance
facilities, would need to be rethought to fit new requirements. The street section as we know it
may change dramatically. Smaller lane widths, headway distances at intersections, minimal roads
signs, would all lead to space savings that can be quantified. Beyond this, the very idea of a ‘road
space’ can be rethought. The road could be an entirely shared space by all modes. At the other
extreme, it could be a fast moving corridor, like a train without rails, with no signals or stops. But it
is important to keep in mind that the road is not just for AVs or pedestrians or cyclists. The needs
of each type of mobility system needs to be kept in mind and evaluated.
4. How do we evaluate AV systems?
We should develop key performance indicators to evaluate AV systems. These KPIs should be
dynamic and measure economic, environmental as well as social factors. In order to justify policy
directives, it is important to measure KPI against an extreme scenario – no government regulation
for AV use and private AV ownership only. This will help us form a better judgement of the gains we
are making from a particular policy.
5. How do we design flexibility into AV systems?
Autonomous driving is a new technology and it is very hard to predict the full extent of its impact.
Infrastructure changes and policy guidelines should be adaptive and flexible. The transition period
between today and a fully autonomous future is a long one, and any A-related planning needs to
accommodate mixed traffic.
6. Autonomous Vehicles for Urban Logistics
There is a large market for use of autonomous vehicles for urban logistics – freight transport,
street cleaning, track maintenance are some examples. Although most of this might be outside
the scope of this study, it is an important aspect that needs to be taken into consideration when
developing designs and simulations.
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Source: Pieter Fourie
34

35

36

