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Abstract

Australian and New Zealand road agencies and operators are
preparing for the introduction of Automated Vehicles (AVs). ‘This report
investigates the potential changes needed to the way road networks
are managed to consistently support and optimise the outcomes from
the introduction of AVs.

The project reviewed international and local documents and initiatives
and consulted a range of stakeholders to determine the emerging
requirements for AVs to operate on public and private road networks
(including urban and rural areas).

The report captures key issues in three broad categories:

9| physical infrastructure

9 digital infrastructure

9| road operations.

The report concludes with high level guidance for road agencies and
operators. There are obvious challenges in providing practical
guidance to agencies in a still evolving and changing environment, and

some of the guidance, although still relevant, may be beyond the
purview of individual road operators.
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Glossary and Abbreviations

Abbreviation

AASHTO
ABS
ACC
ACMA
AdaptlVe
ADAS
ADRs
AEB

Al
ANRAM
AusRAP
AV

BIM
BITRE
CAM
CAV
C-ITS
Connected Vehicle
CORS
CSD
DARPA
DDA
DDT
DENM
DIRD
D-GPS
DSRC
ERTICO
ESC
EuroRAP
EV
Freeway

GBAS
GNSS
GSMA
HOV
IAP
ICT
IEEE

American Association of State Highway and Transportation Officials
Anti-lock Braking System

Adaptive Cruise Control

Australian Communications and Media Authority

Automated driving applications and technologies for Intelligent Vehicles
Advanced Driver Assistance Systems

Australian Design Rules

Autonomous Emergency Braking

Artificial Intelligence

Australian National Risk Assessment Model

Australian Road Assessment Program

Automated Vehicle

Building Information Modelling

Bureau of Infrastructure, Transport and Regional Economics
Cooperative Awareness Message

Connective Automated Vehicle

Cooperative Intelligent Transport Systems

Vehicles that use wireless communication to receive and send data to enable various services
Continuously Operating Reference Stations

Context Sensitive Design

Defense Advanced Research Projects Agency (US)

Disability Discrimination Act

Dynamic Driving Task

Decentralized Environmental Notification Message
Department of Infrastructure and Regional Development
Differential Global Positioning System

Dedicated Short Range Communications

European Intelligent Transportation System (ITS) organisation
Electronic Stability Control

European Road Assessment Programme

Electric Vehicle

A divided highway with no access for traffic between interchanges and with grade separation at
all intersections.

Ground Based Augmentation System

Global Navigation Satellite System

Global System for Mobile communications Association
High-Occupancy Vehicle

Intelligent Access Program

Information and Communication Technology

Institute of Electrical and Electronics Engineers
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loT

iRAP

ITS

LDW

LiDAR or LIDAR
LKA

LTE

MaaS

Motorway

MUARC
NHVR
NOP
NTC
NZTA
ODD
OEDR
OEM
PPP
RLAN
RTK
SAE
SAE AV taxonomy
SBAS
SLAM
SPaT
SVID
UMTRI
V2v
V2l
V2X
VKT

Internet of Things

International Road Assessment Programme
Intelligent Transport Systems

Land Departure Warning

Light Detection and Ranging

Lane Keep Assist

Long Term Evolution
Mobility-as-a-Service

A divided highway for through traffic with no access for traffic between interchanges and with
grade separation at some interchanges. Certain activities or uses may be restricted or

prohibited by legislative provision.

Monash University Accident Research Centre
National Heavy Vehicle Regulator

Network Operation Planning

National Transport Commission

NZ Transport Agency

Operational Design Domain

Object and Event Detection and Response
Original Equipment Manufacturer

Precise Point Positioning

Radio Local Area Network

Real Time Kinematic

Society of Automotive Engineers

(SAE J3016) http://www.sae.org/misc/pdfs/automated_driving.pdf
Satellite-Based Augmentation System
Simultaneous Location And Mapping

Signal Phase and Timing

Simultaneous Vehicle and Infrastructure Design
University of Michigan Transportation Research Institute
Vehicle-to-Vehicle communication
Vehicle-to-Infrastructure

V2V, V2I, and vehicle-to-other (including but not limited to pedestrians, cyclists)

Vehicle Kilometres Travelled
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Summary

The purpose of this report is to provide guidance for Australian and New Zealand road agencies and
operators on what changes may be required to the way road networks are managed, to support a consistent
approach towards supporting and optimising the outcomes from the introduction and use of Automated
Vehicles (AVs).

This project was commissioned by Austroads to review international and local documents and initiatives and
carry out consultation with a range of stakeholders to determine the emerging requirements for AVs to
operate on public and private road networks (including urban and rural areas). The project has sought to
capture key issues that were identified, assess these issues for validity and relevance to our local road
networks, and summarise the conclusions and/or recommended approaches for each key issue identified.
Key issues were captured in three broad categories:

9 Physical infrastructure
9 Digital infrastructure

9 Road operations.

Physical infrastructure requirements of our roads will differ for different AVs, and for different use cases.
Feedback suggests that many AVs will be designed to operate on our road networks as they currently are.
However, to best support a wide range of AVs and their use cases, the following physical infrastructure
design and maintenance elements were identified as requiring consideration by road operators:

9 Physical attributes: road and intersection design may need to be considered differently depending on
the AV use case that may need to be supported.

I Road pavement and structures: consider changes to loads on bridges, pavements, and barriers, if
automated heavy vehicle platoons are to be supported. Road and asset maintenance programs may also
need to consider increased loads from platooning. Feedback also suggested that road condition could
affect the operation of some AVs.

9 Signs and lines: need for consistency in design, implementation and maintenance of road signs and line
marking. Existing infrastructure is noted to be problematic for a number of AV manufacturers. There
appear to be issues with readability of electronic signs, and therefore greater consideration of machine
readability is required when designing signs.

1 Roadworks: there is a need for consistency of traffic management treatments which vary significantly
between projects and across different jurisdictions. The need for real time information about current road
conditions was also highlighted (and further detailed under Digital Infrastructure).

1 AV certification:Some agencies have mentioned their considerat
roads as AV compliant. Another approach could be to provide some guidance or framework, outlining
where certain AV use cases should or should not operate.

Digital infrastructure requirements, in a similar manner to physical infrastructure, will vary depending on the
AV and the use case being supported. Data management, positioning services, and communication
technologies are important areas to be considered. The following issues with digital infrastructure may need
to be considered to support AVs operating across the road network:

9 Australia and New Zealand are both challenged by relatively low geographical coverage of cellular
communication services in comparison to many other developed countries.

1 Many vehicle systems emerging overseas utilise free access to a Satellite Based Augmentation System
(SBAS) for absolute positioning. Australia and New Zealand do not currently have access to such a
system.
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There will be greater focus on digital mapping and data exchange as part of core operating capabilities
into the future. Road operators will need to consider how best to support these elements, which data it
should make available, and what it should be the authoritative source for. The fact that the private sector
is currently collecting and supporting AVs with data, may mean that the balance of the roles of public and
private sectors may shift over time. Ensuring that data is available to ensure the best operational
outcomes on the network will be a key challenge for road operators. The need to consider and protect the
privacy of road users will continue to be a significant issue.

Road operations may need to evolve to support new use cases that come with the introduction of AVs, and
to optimise the potential transport outcomes across a road network. The following issues may require further
consideration:

1

Network management approaches such as Movement and Place, and supporting tools like Network
Operating Plans, may need to be reviewed and amended to ensure they appropriately consider future AV
use cases.

A range of standards, guidelines, and regulations will need to be reviewed and updated to ensure the
best possible outcomes in implementing AVs. These processes will support consistency of operations,
which is paramount for AVs.

Roadworks are a key aspect noted to be of particular concern to AV manufacturers and system suppliers.
It is necessary to ensure that roadworks become well planned events and real time information is
provided to AVs. This information should include physical changes to the road layout, which may be more
complex for an AV to negotiate.

The report concludes with high level guidance for road agencies and operators. There are obvious
challenges in providing practical guidance to agencies in a still evolving and changing environment, and
some of the guidance, although still relevant, may be beyond the purview of individual road operators.
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1. Introduction

1.1 Purpose

This research report has been written to provide guidance for road agencies and operators on what changes
may be required to the way road networks are managed, so that there is a consistent approach towards
supporting and optimising the outcomes from the introduction and use of Automated Vehicles (AVs).

The project was commissioned by Austroads to review international and local documents and initiatives
regarding the emerging requirements for AVs to operate on public and private road networks including urban
and rural areas. The project aimed to capture key issues that were identified, assess these issues for validity
and relevance to our local road networks, and summarise the conclusions and/or recommended approaches
for each key issue identified. Consideration was also given to how any learnings and conclusions from
international initiatives would translate to Australian and New Zealand road networks. A key objective of the
project investigation was to provide guidance that will facilitate an effective and consistent approach to
designing, maintaining and operating road networks to support the deployment and use of AVs on Australian
and New Zealand roads.

1.2 Background

Automated Vehicles (AVs) is a term used for vehicles that involve some automation of the primary driving

controls (i.e. steering, acceleration, braking). There is a significant trend towards higher levels of automation

in new vehicles. O6Partiallyd automated vehicles that ¢
our roads, but the driver is still responsible for monitoring the driving environment and must be ready to take

back control (e.g. highway driving assist, traffic jam assist).

Highly automated vehicles, in which an automated driving system can perform the entire dynamic driving

task when the system is engaged, are anticipated to start entering the market before 2020. Some of these

may be O6self drivingd vehicles that stildl require a hu
may be 6édriverlessd vehicles that do not require a hum
environment they operate in.

In addition to AV technology, a number emerging technologies such as connected and electric vehicles will
also be prevalent on future roads. During the opening ceremony of the 2015 ITS world congress Cees De
Wijs, the Chairman of ERTICO noted the following key trends for transport:

9 electrification
I automation

9 the shared economy (including on demand shared mobility services).

While it is likely that vehicles of the future will make use of all of these three trends, this report focuses on
AVs, and where applicable connected AVs (CAVs). The term AV for the purposes of this report can be
applied to encapsulate CAVs as a functional iteration of AVs. Electric vehicles and shared vehicles will not
be specifically addressed by this report.

AVs have the potential to change all aspects of mobility and many aspects of our communities. Examples of

this include driver safety, insurance liability, and car ownership. Broader implications could also be expected

on a more community level, changing the way we move, connect, work, and play in our cities. AVs can be
considered a o6disruptived innovation introducing a ran
addition to innovation disruption, market disruption will be also experienced across a broad spectrum of

industries.
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Potential synergies between AVs and the Internet of Things (loT) may offer significant benefit to road

operators in the future. 10T refers to a network of physical objects linked with technology allowing objects to

exchange data. In broad terms it means devices talking to each other or talking directly to back end systems

through digital communications. AVs will make use of this technology to connect vehicles and to connect

fixed infrastructure on t he r oewddeoppdntiunities foresafetylaedv el of fc
optimisation not previously available.

Federal, State/Territory, and Local Governments will play a key role in dealing with these new disruptive
technologies. It is vital that the policies, laws, and regulations are established finding a balance between
guarding public safety, regulating insurance liability and encouraging investment in research and
development of more automated vehicles. It is anticipated that vehicles with automated driving systems will
begin to become more prevalent in the near future with some forecasts suggesting that highly automated
vehicles could be on the market before the end of this decade.

1.3 Scope

The purpose of this study is to identify and assess key actions required by road agencies to support the use
of AVs on our road networks. This includes examining key issues relating to road operations and addressing
these with a consistent approach to support the following fundamental outcomes:

9 safe and effective operation of AVs on the road network

9 achieve an optimised level of safety and mobility benefits from AVs.

The long term implications for sustainability and wider societal impacts have also been considered as part of
the project.

The scope is limited to AVs operating on roads, and does not extend to vehicles that operate on footpaths or
aerial drones. There is however some discussion within this report of dast mile§ fixed route automated
solutions which could be envisaged to operate on the public road network as well as off road.

1.4 Methodology/A pproach of S tudy

The approach to delivering the project has been considered in three main stages:
1. Inception and Scoping: This includes inception meeting and scoping workshop with Austroads to
confirm the scope, agree the project plan, and discuss the stakeholder consultation group.

2. Stakeholder Consultation and Gap Analysis: Following a desktop review on national and international
literature, a stakeholder engagement process was carried out with industry experts gathering information
in relation to key project issues.

3. Review and Reporting: Upon collation of results and drafting of submission documentation. Following
return of comments, this report was revised and a final document completed.

1.5 Structure of this R eport

This report has seven sections including this introduction:

Introduction

Societal

Framework

Physical infrastructure
Digital infrastructure

Road operations

Guidance for road operators.

No oD Re
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2. A Framework to Consider Automated Vehicles

This section of the report provides an introduction to the concept of Automated Vehicles and brief
commentary on functionality and instrumentation. It also discusses a framework to assist with consideration
of the potential impacts and opportunities of AVs. It is divided into sections, as follows:

What is an Automated Vehicle? An introduction to AVs
Basics of AV operation

Frameworks for AV operation

AV operational use cases

Timeline for deployment

o o M wnh PR

Summary.

2.1 Whatis an Automat ed Vehicle? An | ntroduction to AVs

AAut omated Vehicleo (AV), is a term used for those mot
primary driving controls (i.e. steering, acceleration, braking). Over the last one hundred years manufacturers

have been increasing the level of assistance that is provided to drivers to ensure safe control of motor

vehicles. Systems such as power assisted steering and brakes which started being introduced approximately

50 years ago, have gradually entered the realm of standard inclusions.

The concept of greater levels of automation of vehicle control has been mooted for a very long time. Some of

the more interesting examples include the 1964 World F
General Motors concept cars such as the Firebird. Today, the level of driving automation may vary from

systems such as cruise control to driverless vehicles without need for human control.

Whilst relatively mature forms of Advanced Driver Assistance Systems (ADAS) such as antilock-braking
system (ABS) or cruise control have had significant impact, they have not fundamentally changed the
responsibility of the driver.

Automation in a vehicle is commonly expressed in terms of the sophistication of the automated driving
offered. Levels of driving automation may be discussed in the context of the Society of Automotive Engineers
(SAE) taxonomy. This nomenclature is presented in Figure 2.1 and is an extract from the SAE International
Standard J3016.

An important consideration for road operators is the changeover that can occur in some AVs from human
control and supervision to automated control of the vehicle. According to SAE J3016, the automated driving
system undertakes the entire dynamic driving task, when it is engaged and operating at level 3 (conditional),
4 (highly automated), and 5 (fully automated). At these levels of automated driving there is no need for a
human to monitor the driving environment, although at level 3 (conditional automation) a human must be
present and take back the driving task if requested.

The fundamental changes in vehicle automation and control outlined above have resulted in the need for a
wide range of organisations to consider the impacts, and implications of these technologies. Well established
processes and procedures such as vehicle regulation and driver licensing require review.
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Figure 2.1 SAE automated driving taxonomy
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Source: SAE International Standard J3016

2.2 Basics of AV O peration

Many AVs will operate by combining digital maps with data gathered from sensors and positioning systems
to build a digital model of the physical world. The vehicle then uses this digital model to perform driving tasks
safely, reliably, and predictably.

2.2.1 Operational Modes

AVs are required to adapt to complete a range of tasks from simple through to very complex. Broadly
speaking, AV functionality can be deconstructed into the following areas:

1. Repetitive tasks in controlled environments.

2. Varying tasks in dynamic environments.
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Repetitive Tasks in Controlled Environments

To perform repetitive tasks in controlled environments (e.g. adaptive cruise control on a freeway), vehicles
rely on internal sensors and systems. System performance should be monitored by the vehicle, and in the
event of a failure, the automated driving system should either alert the human driver to take over, or bring the
vehicle to a minimum risk condition (which may be to stop).

Varying Tasks in Dynamic Environments

To undertake varying tasks in an uncontrolled environment (e.g. urban street with pedestrians), the vehicle
must be able to correctly interpret the surrounding environment and take appropriate, timely control of the
vehicle. These actions are based on sensor inputs (LIDAR, radar, and cameras); or other external inputs
such as data packets from other connected vehicles or cloud services. These inputs allow the machine to
develop a model of its environment and continually interpret the model to control the vehicle appropriately.
This aspect is extremely complex and challenging for AV manufacturers. The difficulty can be summarised
as the difference between operating in a constant speed freeway/motorway environment versus driving in a
local street at low speed and sharing space with pedestrians.

2.2.2 Sources of Error

When seeking to automate vehicles to assess the surrounding environment AV manufacturers are
challenged by two broad types of problems?:

i False negatives (Type | error): Not perceiving an object or road user is where they actually are. This
could result in a disastrous outcome e.g. collision.

9 False positives (Type Il error): Perceiving that an object or road user is somewhere when they actually
are not. This could result in a sudden and unnecessary evasive manoeuvre or more likely braking.

Artificial Intelligence (Al) and Machine Learning are approaches to addressing the errors defined above.

2.2.3 Artificial Intelligence and Machine Learning

Selected AV manufacturers are seeking to employ some component of Al or machine learning into their AV
systems to assist AVs with interpretation of the surrounding environment and improve driving safety
performance. These technologies are expected to address the sources of error encountered in the two
primary modes of operation.

There appears to be three key defining elements of Al that many AV developers are building into their
automated driving systems. Understanding these can help to understand the performance and behaviour of
AVs on our roads. Each of these aspects can be summarised as follows:

9 Biomimicry: is an approach that seeks to emulate what happens in nature. With AV development, this
approach assumes that if a human can read and respond to something in the road environment, then an
automated driving system can too. However, our consultations highlighted that this approach does not
necessarily aim to mimic human drivers, as humans do not always perform the dynamic driving task well.

1 Retrieved Jun 15, 2016 from Explorable.com: https://explorable.com/type-i-error
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)l

Swarm intelligence: is defined as natural and artificial systems composed of many individuals that
coordinate using decentralised control and self-organisation. In particular, the discipline focuses on the
collective behaviours that result from the local interactions of the individuals with each other and with their
environment?. In the AV context, swarming refers to the ability of an AV to communicate with other
vehicles and users of a transport network, allowing the continual refinement of its system based on data
received from others. Many AV manufacturers appear to be focusing on connectivity with a centralised
service that supports data exchange with vehicles of the same make. An alternate approach is to support
data exchange across multiple brands and transport modes, which may better support what is generically
being considered as fAiConnected Automationo

Machine learning: is an approach where computers have the ability to learn without being explicitly
programmed. In the context of AVs, a vehicle may sense a bump from a pothole in a road, and the next
time it drives along that road it will steer away from the location of the pothole. Deep learning, a subset of
machine learning, is being employed by many AV developers, and involves a deeper abstraction and
learning from multiple layers of data.

2.2.4 Sensing and Navigating

This section of the report discusses how AVs consider and navigate a model of the world in greater detalil. It
is necessary to establish a base understanding of the implications of this for design and maintenance of a
range of infrastructure as well as operation of the road network. It is necessary for a vehicle to be equipped
with a suite of sensors in order to construct a model of its environment. Sensors enable three distinct
processes for AV operations (AASHTO 2001):

)l
)l

T

Navigation: trip planning and route following.

Guidance: following the road and maintaining a safe path in response to traffic conditions (including lane
choice).

Control: steering and speed control (including braking).

Guidance and control processes are reliant on the suite of sensors available. Navigation in most cases
requires absolute positioning via Global Navigation Satellite Systems (GNSS).

Sensors used by AVs to detect other vehicles or obstacles can include:

=A =4 =4 =4 =

RADAR

LIDAR

cameras
ultrasonic sensors

GNSS fused with map data can be used to identify known hazards or obstacles.

An illustration of these sensors is presented in Figure 2.2 and described in greater detail in Table 2.1. The
range and function of sensors illustrated in the figure and described in the table is not exhaustive with
products evolving and developing rapidly. Operating distances vary between manufacturers.

2

http://lwww.scholarpedia.org/article/Swarm_intelligence
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Figure 2.2 Vehicle sensor overview
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Source: Texas Instruments 2015

Table 2.1 Summary of sensor types utilised in AVs

Surround View

Park Assistance/

Surround View

Surround View

Sensor type Description and abilities O_peratlng Enwr_o_nmental Limitations
distance conditions

Radar Radio Detection and Ranging Long Range Extreme weather Can be susceptible
(long, medium  Used to monitor the range and (R>150m). Range  conditions such as  to radio frequency
and short- velocity of nearby vehicles by is reduced if rain, snow or hail interference. Can
range) emitting radio frequency (RF) signals ~ €nvironmental adversely affect deliver better
and waiting for reflected signals from  conditions such as  the effectiveness performance in low
other vehicles or obstacles to be rain, snow or hail on this type of light & poor
received. Long range sensors use the ~are present. Sensor. weather conditions
Doppler effect to directly provide Narrow field of due to weak
velocity information. They are already ~ View and reduced absorption of RF
employed in adaptive cruise control angular resolution. waves, which

(ACC) systems. Medium and short
range radar is used within cross
traffic alert, blind spot detection and
rear collision warning systems.

allows for greater
detection distances
than light based
systems.
Resolution of data
captured may not
be as detailed as
cameras or LIDAR.

LIDAR Light Detection and Ranging Medium range Light based Cannot detect
Sensors emit pulses of near Infra- (1<R<50m). sensor system colours (greyscale
Red (NIR) light and detect the Greater range in more susceptible image only), so
reflected pulse off vehicles or excess of 50m can {0 absorption from  camera sensors are
obstacles. These are analysed to be obtained with poor atmospheric typically used to

identify lane markings and the edges  specialist LIDAR conditonssuchas fireado tr

of the road. LIDAR is much higher modules.
resolution than RADAR (and also

more expensive). Since it is based on

NIR light only a greyscale image of

the surroundings can be rendered.

Fast, accurate and detailed imaging.

Ability to detect smaller objects at

longer distances.

precipitation. Hot and signs.
weather conditions Currently not a

may also impact primary source of
sensor information to read
performance as it line marking.

is based on Performance can
infrared be affected by
wavelengths. inclement weather.

C
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Sensor type Description and abilities Oppertiy Envn_o_nmental Limitations
distance conditions

Ultrasonic

Cameras

Global
Navigation
Satellite
Systems
(GNSS)

The sensors emit acoustic pulses
(chirps), with a control unit measuring
the return interval of each reflected
signal and calculating object
distances. The system in turn warns
the driver with acoustic tones, the
frequency indicating object distance,
with faster tones indicating closer
proximity and a continuous tone
indicating a minimal pre-defined
distance. These sensors are also
known as parking or proximity
sensors which alert the driver to
obstacles while parking. Some
manufacturers also use ultrasonic
based sensors for blind spot assist
systems.

A range of different types of cameras
are applicable: colour, monochrome,
stereoscopic; infrared (IR).

Cameras are used by systems such
as detection of traffic lights, reading
road signs and line marking to assist
in keeping lane position and position
relative of other vehicle, pedestrian
and other objects. Cameras as also
used by systems to detect inattentive
drivers. They also provide additional
visual support for drivers with rear
vision and more recently side
vision/surround vision.

A stereoscopic camera has two
lenses with separate image sensors
for each lens. This allows the camera
to simulate human binocular vision.
They are used for range imaging and
hence are capable of performing
distance measurements.

GNSS refers to global and regional
satellite constellations used for
positioning, navigation and timing. A
popular and most well-known
example is GPS. GNSS may be
supplemented by other systems and
broadcast to enable various
augmentation services such as
SBAS, GBAS, RTK and D-GPS.

Real Time Kinematic (RTK) is a
navigation approach used to enhance
the precision of position data derived
from satellite-based positioning
systems. It relies on a reference base
station to provide real-time
corrections, providing up to
centimetre accuracy. Can be used to
detect fixed dangers such as
approaching the stop signs through a
location database

Short range
(0O<R<5m). Due to
high frequency
and resulting
narrow directivity
of beam.

Short to medium
range (1<R<50m).
Range dependent
on optical zoom of
lenses and also
sensitive to
environmental
conditions such as
rain, snow, fog or
hail which
adversely affect
sensor
performance.

Global. Functional
as long as the
sensor is within
line of sight on a
satellite and
accuracy is
enhanced if within
range of base
station (see
Section 5)

Sensitive to dusty
and poor
atmospheric
environments

which reduce their

performance.
Immune to
environmental
noise (unless
there is a
significant
ultrasonic
component)

With the exception

of IR, performs
optimally in well-lit
environments or
requires external
lighting from
vehicle headlights
to obtain further
range.
Performance
reduced in rain,
snow, fog or hail
environments.

Robust against
rain, fog, snow
and hail with
system
operational in
these conditions.

Must have an
unobstructed view
of a surface to
receive ample
sound echo signal.
Sensor response
time is relatively
long compared to
RADAR and LIDAR
being about 0.1s.
Suitable for short
range detection
only.

This sensor type is
based on visible
light to render an
image of the scene
(with the exception
of IR). Hence, poor
light, fog, snow and
extreme weather
conditions can
reduce the sensors
ability to render a
useable image for
processing.

GNSS can become
unavailable due to
poor atmospheric
conditions or
driving through a
tunnel with no
coverage.

Can also be
affected by urban
canyons, multi-
pathing and
6spoofingtet
Free access to an
SBAS is not
currently available
in Aus/NZ. RTK
and D-GPS
services are
available but at an
additional cost.
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AVs will have a sensor system, comprising multiple sensor types, capable of safely navigating through a
road environment full of vehicles, obstacles, pedestrians and underlying road rules. One method vehicles
may use to achieve this navigationis i | o ¢ a | iLacaitation involves fusion of data from several sources
including on-board sensors for relative positioning, plus external absolute positioning, e.g. GNSS.

Figure 2.3 is one model of localisation which uses sensor fusion to obtain data (this one is provided by

Bosch). Sensor fusion utilises the strengths of each sensor type listed in Table 2.1 and enables higher levels
of automation.

Figure 2.3 Sensor fusion and localisation
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Source: Bosch 2015

The difficulty in achieving full automation relies on the effectiveness of the sensor technology at gathering
and processing the data in sufficient time to enable the AV to drive at a safe speed in a particular
environment. Redundancy must be built-in by vehicle manufacturers to enable other sensors to take over if
one fails during operation. The vehicle must have compensatory systems in place to maintain a view of
localisation and control of the vehicle. Ensuring these systems are highly robust is one of the greatest
challenges facing AV manufacturers. Other new sensor types are likely to be introduced in the future to help
improve AV operation.

Alternatively, infrastructure may be required to provide positioning broadcasts to alert AVs of their presence
as a safety precaution. Further clarity is required as current generations of AVs mature and more data on
operation becomes available.

2.3 Frameworks for AV Operation

A common framework, describing the form and function of automated driving, will allow road operators to
consider potential impacts, opportunities and implications of increasing vehicular automation. This framework
should be applicable to all project types, covering the planning, design, operation, maintenance and use of
AVs on the road network. Additionally, the framework will need to consider the potential opportunities
afforded by completely driverless vehicles operating on our transport networks.
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Government and industry have collaborated on a wide range of frameworks to allow more meaningful
consideration of what AVs are, and the short and long term impacts of their implementation. The three
primary driving tasks identified in Section 2.2.4 are: navigation; guidance (path following); and control. All
three of these inputs are needed for a human driver or automated driving system to complete a journey. In
alignment with this concept, a three-part framework is proposed for consideration, which is also outlined in
Figure 2.4 below:

1. The Vehicle (level of driving automation): SAE AV Taxonomy (SAE J3016) classifies/defines levels of
6dri vi ng asuiscassed in Figure®.1. This is generically described as the SAE AV Taxonomy
throughout this report. Perhaps the most important consideration for road operators regarding the SAE
Taxonomy is the need to consider the division between human control and automated control of the
vehicle. For levels 3, 4 and 5, the automated driving system performs the entire dynamic driving task
when engaged. At level 3 (conditional) automation, a human must be present and able to take back the
driving task if requested. Vehicle operation at levels 4 (highly) or 5 (full) automation will not require a
human t dhe-beopdnof the driving task at alll

2. Interaction with the Road Environment: The European research project AdaptiVe (Automated Driving
Applications & Technologies for Intelligent Vehicles) has developed a model as a base to consider AV
interaction with the road environment. It considers use cases for interaction between the road system
and the AV system. Some use cases considered include low speed parking, highway driving and light or
heavy vehicle platooning. The obj ective of the project was to devel
daily traffic by dynamically adaptingthele vel of aut omation to situation an:¢

3. Strategic Management of Road Use: Use the existing framework of considering the strategic road use
hierarchy (Network Operating Plans (NOP)) combined with the concept of Movement and Place which
considers the importance of streets in communities as destinations not just a conduit for transport. By
strategically considering the role of AV with NOP as a base we are able to utilise a well-used base to
discuss impacts on a wide range of road users and scenarios. The need to consider place is vital T this
will allow more meaningful discussions with issues impacting on land use which are generally of primary
interest to local road operators and communities.

Figure 2.4 Strategic view of land use and hierarchy, vehicle interaction and vehicle automation
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AUTOMATION
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J

These three models are being promoted for consideration in this report. It is important to note that there is a
diversity of models and use cases that have been upheld by different government, academic and private
sector research groups for a wide range of reasons. Many deal with a myriad of use cases that relate to
regulation. These use cases do not sufficiently discuss the underlying factors that determine key road
operations principals.
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The first model for consideration is the SAE AV Taxonomy.Austral i abés regulatory fr ame
introduction and use of motor vehicles, does not currently specifically address differing levels of driver

automation. The Informal Group on ITS and Automated Driving (IG-ITS/AD) under UN Working Party 29 is

currently working towards an agreed definition for automated driving. They currently refer to the SAE AV

Taxonomy but it is important to note that the taxonomyh as ndét been referred to in any

The second part of the suggested framework (based on AdaptlVe) builds on the SAE taxonomy to present
the interaction between the vehicle and the environment. Most standards and frameworks relating to AV are
written solely from the perspective of vehicle systems. The AdaptlVe model being proposed is developed
with more consideration of the road operator and the need to test the functions of the vehicle in a structured
gateway process prior to implementation.

The project involved the development of a framework for assessing the implementation of a specific type of
AV under certain environmental conditions. Figure 2.5 outlines three key dimensions that were assessed
when evaluating the operational safety of AVs.

1. the level of automation
2. the speed of the vehicle

3. road complexity (the particular vehicle manoeuvres to be performed).

Figure 2.5 Consideration of functional safety
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Limiting the operational environment in terms of speed and complexity (for a given level of automation)
allows the safety of implementation to be assessed in a more efficient, systematic manner.

The AdaptlVe group and other organisations interested in defining levels of automation (including the SAE)
defineaut omati on as Aconfvebobobk}P. Gunhomabnag

Movement and Place and NOP provide the most strategic view of the framework with a focus on land use
planning and operational hierarchy and are discussed in greater detail in Section 3 as a key influence on
transport and land use outcomes.

As mentioned above there are many other ways to consider AV frameworks depending on the need of the
information and interactions taking place. Another way of considering a framework from a vehicle centric
perspective is to consider information flow. Key information flows have been described as navigation, path,
and control optimisation (which aligns with our discussion of AV frameworks above). In addition, other
information flows are: provision of environmental information (road conditions potentially shared with a traffic
management centre and other road users), updating vehicle capability, monitoring the vehicle performance,
monitoring occupant health, and occupant emergency (Wachenfeld & Winner 2014). These information flows
will be discussed in further detail in Section 5 and Section 6.

2.4 AV Operational Use Cases

A recent study on automated driving was able to show that given a group of people, the perception of
@rivingp an AV di ffered (FmgdachH& ez, Bo2014y Asrdiscassead earlier in the
document, the Adaptive framework facilitates a better understanding of user interaction with the AV
environment.

It is important to be very clear about the particular context of AV operation i discussing these issues in terms
of easily described use cases is a good way to progress a common understanding. Undertaking a concept of
operations discussion with key manufacturers, road operators and a range of other interested parties would
greatly assist the understanding and implications of these use cases for all parties.

The non-exhaustive set of selected use cases outlined in Table 2.3 is presented to cover the range of
functions from driver support systems through to completely driverless vehicles (with no human driver input).
Please note that the use case names are used in a generic context and are not referring to any product or
brand names. It is important to note that these use case names have been used in a variety of ways across
the industry which can cause some confusion. A detailed consideration of the implications of the associated
descriptions is required.

Table 2.3 Example AV use cases

Highway The vehicle is able to perform the driving task on At level 3 automation and
(freeway/motorway) freeways/motorways. The vehicle is able to execute tasks above, the driver becomes a
pilott such as navigation, path tracking, and control as well as a passenger during this
safe handover to a fAmini mal automatedjourneyand can
The AV takes over the driving task when it enters the pursue other activities without
freeway/motorway, after the driver indicates a desired need to provide oversight to the
destination and performs handover. The AV executes all driving task. This alternative use
driving processes until the exit from or end of the highway  Of time is perceived as a boon to
is reached. At the end of the driving period, a handover the traveller, who can re-direct
process occurs. his/her effort from the monotony

If the driver does not meet the requirements for a safe of d(;lvm_g e pote_nt|ally more
handover, the AV transfers the vehicle to the minimal risk ~ Productive pursuits.

state in the emergency lane as it exits the Potential safety benefits,
freeway/motorway. particularly with addressing run-
off-road crashes.

3 https://www.adaptive-ip.eu/index.php/objectives.html
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Traffic jam assist 2

Autonomous valet
parking *

Heavy vehicle
platooning?®

Vehicle on demand*
(Including
automated bus)

The Traffic Jam Assist system provides vehicles with some
automation in slow-moving congested traffic including

aut omati on -goofo tdhrei viisntgo pf unct

The vehicle autonomously follows the vehicle in front at a
safe distance and maintains its lane position (without
requiring any communication with other vehicles).

Control may be given back to the driver if lane changes are
required or if obstacles are detected or if the driver takes
control.

Once the driver has reached the destination, he/she stops
the vehicle, implements the automated parking function
and exits the vehicle.

In this use case, the vehicle may be owned either privately
or by a car sharing provider.

The AV may drive to an assigned parking spot or interface
with a local government application to identify the nearest
available parking.

Once the traveller is ready to be picked up, he/she
indicates a pick-up location to the AV.

The AV drives to the pick-up locations and stops, waiting
for the driver to take over the driving task.

Particularly applicable to densely populated urban
locations.

One Potential Lead Vehicle (PLV) and one Potential
Following Vehicle (PFV) indicate that they wish to initiate a
new platoon.

The PLV driver is properly trained for HV platooning.

Back office systems may be used to generate financial
transactions around this agreement and to guide the
Leading Vehicle (LV) and Following Vehicle (FV) to
connect with each other.

To maintain the platoon, speed, and positioning have to be
periodically adjusted.

When an LV or FV wishes to leave the platoon, they
indicate their intention to leave. The leaving vehicle reverts
to manual control.

The platoon still exists after an LV or FV exits, as long as
another vehicle steps forward to take the place of the LV. If
this does not happen, the platoon must be dissolved.

A platoon may be dissolved when:
An LV indicates an intent to leave in a controlled manner.

An FV indicates an intention to leave in a controlled
manner, but leaves behind other FVs.

The platoon exceeds a safe capacity,

Other vehicles (not HV) become part of the platoon.

There is an emergency.

An automated vehicle receives the requested destination
from occupants.

The AV proceeds in a highly automated mode to the
destination.

There is no option for any of the occupants of the vehicle to
take over the driving task.

The traveller can only provide destination input or opt to
take a safe exit.

This vehicle could operate as a taxi, an automated bus (on
a pre-set route) or a shared vehicle.

Reduce driver stress in highly
congested (but controlled)
environments

Potentially safety benefits,
particularly in addressing rear-
end and lane-changing crashes.

The vehicle is able to park itself
after the driver, passengers and
cargo have got out and to return
automatically from parking to a
desired destination.

The driver saves time searching
for a parking vacancy.

Departure may be co-ordinated
with the vehicle, such that it is

ready and available for pick-up
as the traveller exits a building.

Parking spaces outside the CBD
or entertainment district may be
utilised more equitably.

Drivers of the following vehicles
may utilise their time in other
tasks or in resting to avoid
fatigue.

Decreased fuel consumption
and/or emissions.

Increased road capacity
utilisation

The AV is potentially capable of
being available at any requested
location or patrolling an in-
demand route during peak times.
The AV can drive with or without
occupants and cargo.
Passengers have free time to
pursue other tasks.
Transportation services can be
transported 24/7, barring a need
to re-fuel or re-charge.

1. Wachenfeld & Winner 2014

2. Bosch 2016

3. Bergenhem et al 2010
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2.5 Timeline for Deployment

Accurately predicting the degree of AV penetration in the vehicle fleet is difficult given the number of
variables which could influence introduction. There are various opinions on a timeframe for deployment of AV
technology. These opinions are oftenmi x ed wi t h ma r kirdtsiryragendash Ropdeoperatons d
have noted interest in the length of transition from a low proportion of the vehicle fleet through to a
homogeneous highly automated vehicle fleet on some or all infrastructure. It is not possible to accurately
forecast the timing of such a transition at present. However this will continue to be a point of focus for road
operators in the immediate to medium term.

There are three major issues which will affect the widespread introduction of AV:
1. Availability of AV technology at an affordable price.
2. Appropriate legislation and regulation to ensure safe introduction and use of AV technologies.

3. Societal acceptance of the benefits of AVs and other changes to transportation and technology which
could change the use of and turnover of the vehicle fleet. These issues are discussed in further detail in
Section 3.

Figure 2.6 outlines one view of the potential introduction of a range of AV applications to Australia,
developed by Austroads. The left hand side outlines the level of driving automation based on the SAE
nomenclature outlined in Figure 2.1. It should be noted that this diagram focuses on a wide range vehicle
operation on public road but does not specifically consider low-to-mid speed vehicles operating on dedicated
routes (e.g. level 4 shuttle buses) that may be exempted from complying with many regulated vehicle
standards. It should also be noted that this diagram was based on feedback and knowledge that was
available at the time, and the timings would likely be forecast differently if the diagram was to be updated.

The thin vertical blue line indicates the current day (2016) at the time it was drafted. The horizontal bars
indicate the earliest forecast date of introduction (left hand side of each bar) and the graduation in shading
shows increasing penetration of these technologies over time. The acronyms outlined in the diagram are
outlined in the Glossary.

2.6 Summary

Clear frameworks are needed to consider the complex interactions between AVs and the environment. This
section has outlined three different levels of a framework for consideration:

1. Automation: The definition of an AV is still under consideration by various regulatory bodies worldwide.
The SAE Taxonomy has been suggested as a guide to defining the levels of automation within vehicles.

2. Complexity of road environment: It is clear that vehicles with greater levels of automation have
different needs from the road environment. The European AdaptlVe project has developed a model as a
base to consider AV interaction with the road environment.

An issue that has emerged is the fact that the road environment also needs to be defined in terms of its
complexity for AV operation. To achieve this, use cases should be defined for the road system, possibly
using a Concept of Operations approach.

3. Strategic Road Hierarchy and Land Use: AV use cases also need to be considered to understand more
strategic aspects of operation. This could be done as part of Network Operating Plans, in a similar way to
how we would consider other road users. The conceptof A Movam& nPl aced al so needs
considered as part of a framework to consider land use alongside considerations of mode of travel and
road hierarchy.

A sample of use cases and a potential timeline for deployment has been outlined in this section.
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Figure 2.6 Possible timescales for AV introduction

|

Level 1 - Driver
Assistance

Assists steering,
acceleration or
braking for a
sustained period

< Park Steering Assist i low speed

< Adaptive Cruise Control (ACC) i high-mid speed

Lane Keep Assist (LKA) - active lane centring, high-mid speed

Level 2 - Partial
Automation

Driver monitors
environment
during auto mode
& is ready to
take-back driving

Low speed i Auto Parking Assist

High-to-mid speed - Highway Driving Assist (eg. ACC + LKA + AEB)

Mid-to-low speed - Traffic Jam Assist (eg. ACC + LKA + AEB + Stop&Go)

L3 - Conditional
Automation

Driver does not
monitor enviro,
but is receptive
to requests to
intervene with
the driving task

Low speed i Auto Valet Parking

High-mid speed, low-mid complex roads i Auto Hwy Chauffeur

Truck Platooning i only on specific roads

Hi-mid-low speed, highly complex urban & rural roads

Level 4 - High
Automation

Driver does not

need to monitor

system, and is
not fallback

Low speed i Auto Parking Pilot

L4 on specific roads, but L3/L2/L1 on others

Driverless (always in auto pilot), but road access limited

Level 5 - Full
Automation

Driverless, all roads

Source: Developed by Austroads following a wide range of discussions with vehicle manufacturers and wider industry

(2016)
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3. Influences on AV Uptake and U sage

Before considering the potential impact of AVs further, it is important to consider the wider technology and

mobility trends which could influence the impacts of AVs. In his opening address to the ITS World Congress

in 2015 the Chairman of ERTICO Cees DeWijsnote d t he t hree key trends of AEI e
the shared economyo as influencing transport moving fo
there is significant interplay between these trends and they cannot be considered in isolation.

This section will illustrate the complexity of trying to predict the societal circumstances, mobility trends and
technology uptake that will be experienced with the disruptive trends as outline by Cees De Wijs. It is
important to understand there is no single-point future prediction. There is a range of outcomes that may
eventuate. AVs have the potential to facilitate changes in our communities in the way we move, connect,
work and play. These societal changes may be beneficial or detrimental, depending on the diffusion of the
technology and adaptive changes of the collective community.

This section develops the following concepts:
 movement and place
9 mobility in an automated vehicle world

9 potential positives and potential negatives of AV usage.

Building on these concepts the possible broader interventions by regulators are briefly discussed. These
include:

1 pricing and taxation
vehicle parking
provision of public transport services

planning and modelling for AVs

= =4 =4 =

regulation.

3.1 Movement and Place

fMovementand Pl aced met iwhead riesf sroaredl RPloa@aesd AiLSs nk concept al
which is being adopted by many government authorities internationally to consider and plan our road

network and urban environment. The Movement and Place Framework identifies the role of each road

through a movement and place matrix (as shown in Figure 3.1). This is based on the strategic significance of

the road to move people and goods and the strategic significance of the land use interacting with the road.

(Austroads 2016a)

The model is simplistic but is a useful instrument to allow stakeholder discussions about what outcomes we
are seeking for our urban environments.

A Network Operation Plan (NOP) is a detailed assessment process that has been adopted by numerous
authorities across Australia and New Zealand. The use of NOPs is outlined in the Guide to Traffic
Management Part 4: Network Management (Austroads 2016a). The development of a NOP allows
development and integrated operation of our road transport network. It considers land use but only in terms
of access to and impact on the transport network. This is discussed in more detail in Section 3.2.
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Given the different nature of operation of highly automated vehicles (operating at SAE levels 3, 4 or 5), it is
i mportant that we consd deg vmhdetsonamgmsparttnstworksto énfutea c e
optimised outcomes from a whole of community perspective. This is discussed in greater detail in Section 6.

Figure 3.1 Movement and place framework

MOVEMENT

Designated
movement with
no place aspect

Significant movement with significant
place aspects

Some movement with some place | Some movement wi
aspects Y ~ aspects

Source: Austroads 2016a
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3.2 Network Operations Planning Framework

As discussed above jurisdictions in Australia and parts New Zealand have adopted an approach called
Network Operation Planning (NOP). This framework outlines the important role of network operations in
terms of increasing the efficient use of road network assets. It goes beyond traditional paradigms of the
provision of road infrastructure and looks more holistically at the road asset as an operational system for
multiple transport modes. Overall system performance and efficiency of the road network as the ultimate goal.
Looking at the needs of road users, determining the right mix of infrastructure and non-infrastructure
solutions, and focusing the prioritisation of interventions are examples of considerations of the NOP process.

One particularly important part of the NOP process is the development of the road hierarchy beyond a simple
two dimensional model of classification, for example arterial road vs local road. NOP seek to recognise the
additional dimensions to road hierarchy. That is different modes, use types and time of day considerations.

Figure 3.2 outlines how certain road types provide a certain mix of mobility and access function from 100%
network or movement function (freeway) through to 100% access to a land use function. This concept has
been central to the development of our road networks globally over many years.

Figure 3.2 Road type and function

Intermediate roads -
balance hetween mobility
and access functions

Clearly serve
mobility function

Clearly serve
access function

100% 100%
L
Serves only a Exists only for
network function land service
s Mobility
MObl"ty function Access
No network No access
function Arterials Distributor/Collectors Local streets

ROAD TYPE

Source: Brindle 1987

The process of NOP and similar concepts adopted in other countries has been well received by many
planners and engineers because it provides a mechanism for a more transparent consideration and
discussion regarding our use of roads as an integrated network. NOP enhances our ability to consider
balance between transport and access. NOP promotes a focus on moving people and goods not vehicles
and allows recognition of transport as supporting broader community goals.
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3.3 Mobility — Providing for or Containing the Increased Travel
Demand

Mobility will be greatly increased with the rollout of automated vehicles, with car access no longer limited to
those willing and able to safely operate a vehicle. This will lead to an increase in the mobility options of
members of society who currently cannot readily access private vehicle services, including the young, elderly
and disabled.

Automated vehicles may also impact mobility by further encouraging the implementation of functional ride
sharing systems. Assuming an automated vehicle future which sees vehicles constantly connected, ride
sharing can be further integrated by combining two discrete trips if they share similar origins and destinations.
There are numerous ways this behaviour can be encouraged, but to be successful on a wide scale it will
require data to be shared near instantaneously, widely, and securely. It is important that the Disability
Discrimination Act (DDA) issues and inclusiveness of all people are considered with the update and
encouragement of these services, particularly if they are being viewed to provide public transport services.

In a scenario where we have a homogenous fleet of highly automated vehicles the capacity of roads could
be increased without increasing the road footprint in the future. This could be achieved by the potential for
AVs to safely maintain smaller clearances between vehicles both ahead, behind (i.e. headways) and lateral
clearances. Connected AVs may also be able to dynamically reallocate road space based on demand,
allowing for a greater ability to cater for heavy peak directionality demands on roads, or prioritise the
movement of certain vehicle types. This is discussed in greater detail in Section 5 and 6 of this report. It is
important to note that in a mixed fleet scenario these benefits may not be as achievable, except where
capacity is available for AV specific use (potentially including at intersections and interchanges).

In certain scenarios highly automated vehicles could allow for reduced trip times and enable passengers to
be productive during their trips. The combination of these factors may result in a greater ability for people to
live further from their jobs and activity centres, which will in turn put increased pressure on the urban fringes
of cities, and increase utilisation and demand on road assets by increasing the aggregate VKT of the fleet.

3.4 Potential Positives and Potential N egatives of AV Usage

Any assessment of the impacts of automated vehicles should be considered through the lens of the
uncertainty around what the AV future will look like. As highly automated vehicles become mainstream, they
will catalyse many changes broadly throughout society. From a road operator perspective these changes
have the potential to be both positive and negative depending how AVs are utilised and how society adapts
to their application.

For example, in a scenario where private vehicle ownership rates are low and ride sharing is high, the
productivity of the combined vehicle fleet may be improved. This in turn would have a positive outcome.
Another scenario involves a situation where private ownership remains high, and vehicles begin to make
driverless pick up and drop off journeys. In this case fleet productivity is reduced with negative impacts
experienced from the decreased vehicle utilisation.

These two scenarios are simplistic representations to demonstrate extreme (though unlikely) impacts AVs
may have depending on the diffusion of the technology into society. Table 3.1 provides further detail
regarding the contrasting future visions as they relate to technology, mobility and societal impacts only and
not safety implications which have already been widely discussed and documented.
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Table 3.1

Key attributes of contrasting future visions

Attributes Optimistic Scenario

Technology

Mobility

Societal
impacts

AV operations

AV
Interoperability

AV connectivity

Vehicle
ownership

Vehicle usage

Public transport

Other road
users

Pedestrians

Mobility of

vehicle users

VKT

Road capacity

Lack of continuity and consistency
regarding when highly automated
modes are available and
inconsistent handover between
manual and automated control

AVs are autonomous and not
interoperable with AVs supplied by
different operators

AVs are not connected to other
AVs or a wider network and key
information cannot be shared

Vehicles are mostly privately
owned

Low percentage of shared rides,
likely only between family, friends
and colleagues similar to today

Public transport usage limited, with
decreased services due to
popularity and affordability of
private AVs.

Cyclists and manually operated
vehicles including motorcycles
banned or have very limited use on
some sections of road due to
provision of AV only infrastructure.
This may be more focused on
meeting the needs of Level 4 AVs
which could require more
controlled environments to be
operating without driver fall back
and need to drop back to minimal
risk condition if the driver is not
available for handover of control.

Pedestrian crossing of some
thoroughfares restricted to ensure
safety operating conditions which
impact on pedestrian amenity.

Inequity of mobility for people that
do and do not have access to AV
technology.

VKT increasing due to the
commute distances from urban
sprawl, lack of trip linking, and lack
of ride sharing. This has resulted in
increased congestion and travel
times.

Government is required to increase
the road capacity due to the
significant VKT increase.

No driver inputs required in nearly all
scenarios in the future. In the short term the
availability of highly automated modes and
handover is highly predictable and reliable

AV data is able to be exchanged in a format
which is readily understandable by other
system providers, vehicle manufacturers and
road operators

AVs are connected to wider network,
increasing network performance through
vehicles across a network. Vehicles are also a
source of information to help manage
infrastructure and operations

Vehicles are mostly owned by businesses or
other mobility service providers.

High amount of vehicle sharing

A wide range of commuter services are
available which are fast, reliable, and
competitively priced. Automated vehicles able
to provide a range of solutions including yrst
and last mile solutions.

AVs capable of operating in mixed vehicle
environments. Decrease in overall VKT allows
for road space to be reallocated to other road
users encouraging active transport modes

On main routes pedestrians operate much like
t oday 6 s Decease iedverall VKT
allows for road space to be reallocated to
pedestrians

Increase in mobility as all people are now
capable of utilising an AV, as opposed the
existing situation where only drivers are able
to operate vehicles

VKT has either stayed the same as today's
society or decreased, and congestion and
travel times are improved due to, reduced
vehicle headways, better throughputs limits to
urban sprawl, and the reduction in accidents
providing greater reliability.

Road capacity needs have decreased,
allowing reallocation of road space
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Attributes Optimistic Scenario

$ocietal Parking Parking needs have generally Parking needs have decreased substantially
Impacts stayed the same as the demand is due to the reduction in single occupancy
(contg similar to existing private vehicle/privately owned vehicles Parking pick

ownership models. Parking spaces up / drop off is ubiquitous.
may be re-located due to ability for

vehicles to park themselves

remotely after usage. Parking pick

up / drop off is substantial.

Access and ARatunni ngd mor e AVsoperatingin an appropriately designated
Movement and  to increased congestion, eroding road use hierarchy and with recognition of
place amenity of places Place, which will restrict rat running through

inappropriate areas. AVs only operating in
residential areas for first and last mile of trips.
Care taken to manage pick up and drop off to
mitigate impact on Place

Transport Demand for public transport is Low income individuals have excellent access
accessibility reduced resulting in a lower level  to mobility options, using both public

of service provision. Low income  transportation and other shared AV rides.

individuals have fewer public

transport choices and services

available to them which may be

focused around areas which have

a sustainable demand level.

3.5 Pricing and Taxation

In order to provide some measured influence over the potential effects of AVs, regulatory and financial
incentives and disincentives could be used to guide and influence behaviour. Tax and fee structures relating
to vehicle ownership, usage, and parking could be adjusted to promote desired vehicle usage and
behaviours. Examples of these include:

9 sales tax on private vehicle purchases

tax on vehicle kilometres travelled combined with some measure of the impact of those kilometres
variable vehicle registration fee based on level of sharing/use

variable insurance based on usage

high fees for public parking and high taxes for private parking

reduced or subsidised costs for shared ride services

= =4 =4 =4 =4 =4

reduced or subsidised costs for bi ke Isahsatr emi Ishautad eess s
transport nodes.

3.6 Vehicle Parking

Parking needs may be impacted with the introduction of AVs. If consumers own their vehicles and rarely
share them, the parking needs will probably remain similar to today. On the other hand, increased vehicle
sharing could significantly reduce the parking requirements. Parking policies can be established to minimise
and manage dedicated parking facilities. Examples and other opportunities include:

i Eliminate or reduce minimum parking requirements in planning laws.

i Restrict or limit the number of parking spaces allowed in residential developments (and reduced even
further if along public transport corridor) (and encourage/require those spots to be dedicated to car
sharing providers).
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9 Require developers to develop parking management plans that outline how parking requirements can be
minimised. This would include details about how pick up and drop off access will be facilitated.

9 Developers must pay for the right to develop parking spaces and the government can use that funding to
pay for parking in designated (and possibly remote) locations.

Establish a city-wide parking space cap.

Dedicate parking space to car sharing companies or shared vehicles. Additionally, car sharing companies
may have exemptions for parking time limits or unlimited access to street parking.

Institute variable priced parking to proactively manage how parking spaces are used.

Reduce the size of parking bays in areas where vehicles can self-park. There will be no need for people
to open doors. This is seen as an advantage in compact house design where home garage space is
limited.

3.7 Public Transport ~— Changing Demands

Public transportés role in social access andedmobility
vehicles are able to provide a greater level of amenity to users at a comparable cost. At this time public

transport agencies will need to determine the appropriate level and the location of services. For example, the

use of smaller vehicles for public transport services on a more dynamic basis may reduce the costs and

increase utilisation of the service. This may enable public transport to compete more readily with private

ownership and other mobility providers.

It is important to consider that an AV on-demand service forms an important social mobility role, and should
be accessible to all users and not completely market driven. Government may need to consider how to work
with private mobility providers to ensure equitable, fairly-priced mobility options for everyone. This may
include community delivery of transport focused on relatively small geographic areas. This is particularly
important in outer suburban areas. As noted in the recent Smart Cities Plan [Commonwealth Government
2016, pg 11]:

it hese out er s utheriromshoiaes ia edachtiore anspout and essential
services. In the absence of good planning, growth can create isolated communities with
l imited access to opportunities to realise their ful

Public transport operators will need to re-evaluate their fleet management plans in order to incorporate
automated vehicles into their fleet. This will have significant implications for labour requirements,
maintenance facilities, maintenance workers, and the safety and security of passengers.

3.8 Plannin g for and Modelling Impacts of AV

As more information becomes available about AV and their uptake increases, travel demand models will
need to be updated to take account of these effects. The travel demand models should ideally reflect
updated information regarding where people are living and working, how many trips they are taking, and
what level of shared rides are occurring. The nature of these trips will be determined by a range of vehicle
ownership approaches. It should also capture any changes associated with freight delivery. All of these
factors are likely to impact travel behaviour. Modelling these impacts will likely be refined as the technology
is developed further.
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As has been described in the above section there are a wide range of potential assumptions that could be
made about the future mix of parameters that need to be understood to allow accurate modelling. Many in
the transport planning and forecasting industry recognise the need to consider integrated land use, public
transport, private, and active transport options in a holistic manner. Bain (2009) notes that there are two key
aspects we should always consider when making a forecast: firstly the need for transparency about what the
model is being designed to do: its purpose, and secondly the need to clearly articulate and state the
assumptions, in particular about the fifuture caseo mod
discussion about these future scenarios and test some of the underlying considerations outlined above.
Greater engagement is needed with the modelling community about the importance of these issues and the
need to respond to these challenges. The lack of transparency of modelling assumptions for future year
forecasts has already been recognised as a critical failing in some of our largest infrastructure projects
(particularly toll roads (Bain 2009)) and could be further exacerbated by layering of the other aspects noted
above. The transport and land use modelling community is able to develop simple and transparent ways of
allowing policy and strategy makers to test a wide range of assumptions. This could be a very useful step in
considering the range of future outcomes. Such a tool would be valuable in engaging wide ranking
government, community and private industry stakeholders in these important discussions. It is important to
note that this is the key benefit rather than the outputs themselves, as these tools and models could well
serve as a platform to consider significant policy changes to meet the needs of our changing communities.

3.9 Governments and R egulators

Automated vehicles have the potential to impact State/Territory and Local Governments in a number of ways.
This can be broadly grouped into two categories:

i impacts on existing operations

9 impacts on governance frameworks and policies.

Operational impacts include changes that may cause adjustments of current operations. Some examples
include:

T increases i n tr aujhycbhbangesimvghicle usagen, t hr
9 taxation revenues that may increase or decrease with changes in fleet ownership and levels of electrification

9 changes to provision of public transport and parking services in response to changing needs.

Governance impacts include the requirement to establish new frameworks or policies to ensure the impacts
of AVs are aligned with the needs of the community. The increased mobility provided by highly automated
vehicles will lead to significant challenges and opportunities that will need to be managed. The requirement
for governance frameworks will span across government jurisdictions and departments. This will require
significant collaboration across a wide range of government and private stakeholders. This will be discussed
in further detail in Sections 6 and 7.

3.10 Summary

Road operator actions to support AVs will be influenced by societal uptake and usage that are as yet
unknown. Potential impacts and operator actions given these unknowns are summarised below:

9 Frameworks and guidelines to plan and operate road networks will need to change to take account of the
introduction of AVs. This will bring a focus on the need to consider the concept of @lacebas part of
Network Operating Plans.

9 Travel demand models will also need to change to take account of the impact from AVs. AV introduction
will result in increased mobility and the ability to more productively use our travel time could result in a
large increase in VKT if not appropriately managed. The impacts are currently unclear. There is a need
for transparency of key assumptions being used in these models.
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9 Emerging mobility services such as on-demand mobility services will have a significant impact on VKT
and could have a significant impact on ownership models which would encourage earlier AV take up.

9 Public transport services, particularly, local bus services could be impacted by last mile AV services. Care
will need to be taken to ensure that access and mobility is being enhanced and that DDA is being well
considered.

9 Vulnerable road users could gain significantly from AV introduction depending on how AVs are deployed.
A strong focus on cyclists, motorcyclist and pedestrian interactions is required to ensure an optimised
outcome.

9 There will likely be a need to change parking requirements as a result of AV take up in the more distant
future, particularly with highly automated vehicles. This is likely to result in a decrease in the need for city
centre car parking spaces. More importantly it is likely that highly automated vehicles will result in a
substantial change in pickup and drop off activities, which will need careful consideration in planning,
development, and operations.

I Governments may need to consider changes to regulatory fees if they wish to influence the ownership
(private v fleet) and usage (e.g. shared use) of AVs.

In addition to the above we note that there will be significant change to operations which will result from the
uptake of AV. These issues will be considered in detail in Section 6.
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4. Physical | nfrastructure

4.1 Introduction

This section will outline AV interaction with physical infrastructure and identify how AV deployment could
affect:

9 Inthe short to medium term (1-5 years), the way in which we will design and maintain existing
infrastructure in a mixed traffic fleet scenario (depending on the particular route).

9 Inthe medium to long term, on changes to the way in which we design and maintain infrastructure, which
is being purpose-built to cater for mixed fleets with an increasing proportion of AVs, in particular highly
automated vehicles.

Two of the most important aspects are ()t he 6 p hy s i c(a)lthe dbifitypfor A\¢s do reamdtlieir physical
environment, such as signage and line marking. As discussed earlier, AV operation is dependent on its
ability to read the physical environment.

The physical road environment is a key consideration for vehicle manufacturers and the way vehicles interact
with a roadway. Existing road infrastructure will need to support a mixed fleet of vehicles with differing levels
of automation across a range of vehicle classes.

The scope of this section is for AVs that operate on roads accessible to the public, and not other types of
AVs such as off-road shuttles or footpath delivery drones.

4.2 Australian and New Zealand Roads

In Australia roads are owned and managed by State/Territory government agencies, local government, and
private operators. Federal government funding supports a range of priorities at both the state/territory and
local levels. Each State/Territory government agency maintains its own network of freeway/motorway and
arterial roads. Local government maintains local roads and there are several private road operators
operating motorways. Most but not all of these privately operated roads are tolled.

Legal responsibility for roads in Australia is shared between the State/Territory and local governments and,
in some cases other authorities established by the State/Territory Governments or the Commonwealth. In
Australia funding for roads is shared between the three levels of government, with the Federal Government
contributing funding to roads while not holding responsibility for operations and maintenance of public roads.

In New Zealand there is a similar regime with the federal NZ Transport Agency (NZTA) responsible for state
highways, and other roads jointly funded by NZTA and local governments?.

Roads are broadly classified in the following way, noting that all could be located in either urban or rural
environments:

9 freeways/motorways (major and minor) including roads known as freeways, motorways, expressways and
toll ways ( 6 MAustrodda201b) r oads)

T highways and primary arterial roads (generally O0Ab0

9 secondary arterial and minorroads (includi ng 6éB6 and 6C6 class .roads along

4 http://www.transport.govt.nz/land/land-transport-funding/road-funding/
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In addition there are different categories of carriageway:
9 dual (or divided) carriageway
1 mixed carriageways

9 single carriageways.

According to the Australian Infrastructure Statistics Yearbook 2015 (BITRE 2015a) within Australia there are:
9 873,573 total km of roads
9 640,216 km of these are local roads.

In New Zealand?® it is estimated there are:
I 94,496 total km of roads

9 83,621 km of these are local roads.

Some highways in remote areas of Australia and New Zealand are not sealed for high traffic volumes, and
may not be suitable for AVs to operate in the range of weather conditions likely to be experienced. Following
heavy rains, they may be closed to traffic for several days or weeks.

AV developments appear to be mainly focused on urban and freeway/motorway operation, with little focus on
unsealed roads. I n 2005, the ABS estimated that 56. 8%
concrete (ABS 2005). Additionally, a significant proportion (65% in 2013) of annual fatalities occurred on

regional or remote roads (BITRE 2015b). These factors are important when considering potential needs for

AV infrastructure.

In a regional environment, the AV will be significantly more reliant on in-vehicle technologies to navigate the
environment. For many rural areas there will also be less communications coverage. This is considered
further in Section 5.

Due to the vast differences between regional and urban infrastructure, it may be that early AV deployments
will be focused on urban freeways/motorways or high standard rural freeways and highways where a base
level of acceptable infrastructure exists. Further to that, some early deployments would be best confined to
controlled environments e.g. low speed off road scenarios such as university campuses.

4.3 Implications of AVs on Road Infra structure

In Section 2 it was noted that in the longer term the nature of the motor vehicle would be likely to change.
Feedback suggests that automotive manufacturers are developing AV technology with the goal of being able
to safely operate on existing roads without the need to change existing road infrastructure (Gill et al 2015).
The full benefits of Level 3+ AV deployment cannot be harnessed until AV technology matures to be able to
correctly read the road environment in a highly reliable, predictable and safe manner. In very simple terms it
is best to describe AVs as another road user with a particular set of requirements to interact with the road
environment and other road users. As outlined in Section 2 we have suggested a framework to consider that
interaction. We need to consider AV operation in terms of use cases.

The SAE J3016 standard (September 2016 update) outlines the need for highly automated vehicles to have
the capability to bring themselves to a @ miThiscousdl ri sk
result in the need for laybys in tunnels and at the end of AV routes (e.g. at off-ramps).

As noted in Section 2, the mass market deployment of AVs with Level 3 or greater capability could have
infrastructure implications for certain environments. AV deployment will ultimately redefine our infrastructure
needs as the benefit from more prevalent AV operations overtakes the cost of infrastructure improvement.
This will allow road operators to improve the safety and efficiency of our road networks (Gill et al 2015).

5 http://www.transport.govt.nz/ourwork/tmif/infrastructureandinvestment/ii002/
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In the short to medium term, physical infrastructure required to operate in concert to support AV operation,
can be considered in three broad categories:

l.Ilnfrastructure which i mpacts on the AVs ability to po
environment. Examples include lane widths, vertical and horizontal curves (which impact forward visibility),
intersection design, line marking, and signage.

2. Structural systems which support vehicle safety generally and may require some special consideration for
unique AV characteristics (particularly heavy vehicle platooning). Examples include, pavement design,
barrier design and bridge and culvert design. This is collectively described as pavements and structures.

3. Other road design elements or facilities required to support AV operation. This includes consideration for
elements such as on-ramps/off-ramps (for light and heavy vehicle platooning operation), prevalence of
emergency or pull-off bays, connector roads, merging lengths etc.

4.3.1 What Does This Mean for Existing Australian and New Zealand Road Signs
and Road Markings?

Issues regarding the condition and consistency of existing infrastructure can be addressed by ensuring
consistent application of the design and installation of national roadside signs. Vehicle and system
manufacturer discussions held as part of this study indicate that international consistency in the application
of road signs and road markings would be ideal. They also note that the provision of nationally consistent
information would be a very helpful first step towards ensuring a more effective introduction of AVs in
Australia and New Zealand. This could be met by consistent update to and adherence to existing national
standards and guidelines by all road operators.

Many European countries are signatories of the Vienna convention for road signs which aims for basic and
consistent sign features. Another approach is the Manual on Uniform Traffic Control Devices (MUTCD) used
in the USA. To achieve national consistency in the long term Australia and New Zealand could consider
using one or a combination of both conventions, as long as we do not add any additional signs. It is
important to note that following a convention will not guarantee consistency. The Vienna convention does not
cover all features that need to be addressed. The missing features include:

9 traffic signal sequences

1 specific information about the heights of mounting signs and signals.

Understanding the condition of current road infrastructure will aid AV technology by identifying areas of
inadequacy. It is envisaged that ongoing monitoring and surveying of road infrastructure conditions will be
required to maintain the condition of the road.

EuroRAP established a survey to address the practical use of road signs and marking in seven sample
countries; Germany, Great Britain, Netherlands, France, Poland, Greece, and Serbia (EuroRAP 2011). The
results of this study included:

legal frameworks for prescribing signs and markings exist in all of the studied locations

all of the studied countrieshadafihi gh wady ocrodoet her reference for driver s

1

1

1 consistency in speed limits was exhibited when entering a speed zone (less consistency when exiting)

f st opd and Ano entryo si bemeenaourdriesgyener ally consi stent
1

warning signs are generally consistent between countries.

Civil and structural design of roadways, bridges, and other associated infrastructure needs to be
reconsidered in light of the changing usage scenarios.
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4.3.2 Changing Our Use of Infrastructure

As highlighted in Section 2, the emergence of AVs, along with the new mobility services that AVs will support,
will lead to a range of new use cases and scenarios. While industry feedback suggests that most AVs will be
designed to operate on our roads as they are, it is likely that the emergence of these new use cases and
scenarios may progressively bring with them changing requirements from our road infrastructure. This
section discusses some likely changes on the horizon.

a) Road Certification

It will be prohibitively expensive to modify all existing road infrastructure in the short to medium term. One

idea that is commonly raised is that road sections may
cases. Road certification would work by evaluating and defining roads that are suitable for specific vehicles

and use cases. There is understandably significant interest in this topic, and the discussion has been

evolving in a range of forums over the last few years. No detailed approach to road certification has yet been

proposed.

Road owners or operators could be given the responsibility for developing roadway classifications and

allocating certifications. Essentially, road certification creates a bias for or against particular vehicle use

cases operating on particular roadways. This concept is similar to the method already defining heavy vehicle

routes. It is quite possible that road owners and operators may choose to rule out the operation of certain

use cases on a particular roadway, rather than certify the road for specific use. Certification may result in

roadway ownersass umi ng some | evel of r espo(issac 2016}, ant thismhater t he 0 c
needs to be considered further.

Requirements for certification would include clear road markings, appropriate and consistent signage on the
network, and communication to users regarding use cases that can operate on that roadway (Isaac 2016).

Many of the stakeholders with whom we discussed the concept of road certification, noted that this could be
too difficult to implement and cause road owners to assume unnecessary or unreasonable levels of liability.
For this reason, some manufacturers are focusing on AV that can exist with our current infrastructure without
modification, thus eliminating the reliance on new infrastructure (Isaac 2016).

The conference board of Canada has produced a report on the status of AV technology and likely social and
economic impacts. It contends that no major infrastructure project should be undertaken in Canada without
an fAAV i mpaconsideathediabtlitg of long-term investment decisions, in the context of the
impending disruption from AVs. This is particularly significant given the long lifetime of road related
infrastructure (Gill et al 2015).

These audits would have additional merit if the terms of reference could be extended to consider when
proposed changes to future infrastructure would be most viable to implement. In particular, it would be useful
to consider the tipping point when AV benefits exceed the infrastructure spend. The content of such an audit
would need to be carefully considered to ensure the full range of potential impacts are considered and that
key attributes are able to be measured in a meaningful and consistent manner.

Another potential model to consider is the Australian National Risk Assessment Model (ANRAM). It could be
modified to take account of some of the infrastructure needs such as clear and consistent line markings and
signs outlined in this document.

b) Speed Limits

It is conceivable that a 100% AV fleet will travel at or below the speed limitspeci yed on roads as
method of ensuring safer outcomes on our roads. Potential issues with speed differentials between AV and

non-AV could be problematic in some countries if drivers are not generally law abiding. It should be noted

that Google's self-driving cars are programmed to exceed speed limits by up to 16km/h. This is to account for

the behaviour of non-automated vehicles. Google has found that when surrounding vehicles were breaking

the speed limit, going more slowly could actually present a danger. Therefore the Google car accelerates to

keep up in this context (SIBA 2014).

ol
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For roads that are available exclusively for automated vehicles it may be just as safe to have higher speed
limits, especially on highways although this would be a long way into the future. While it is not considered
likely that society will move to exclusively automated vehicles within the foreseeable future it is possible that
the methods for setting speed limits will change over time (Isaac 2016).

The combination of Connected and Automated Vehicles allows for the possibility of dynamic variation of
speed limits in response to demand, incident management, or congestion.

4.3.3 Changes to Design Standards and Guidelines

The table below outlines initial considerations for changes to standards to facilitate the introduction of AVs. It
should be noted that it will still be necessary to ensure reasonable levels of passenger comfort and wellbeing
is maintained when considering road alignment and stopping distances in addition to the vehicle / road
interaction.

Table 4.1 Initial considerations for changes to design to encourage the introduction of AV

Design element Modifications AV may require

Alignment 9 Stopping sight distance 1 Improved ability to read the road with

| Horizontal alignment improved headlight technology (e.g. LED,
laser light and infrared) and automatic braking
systems will change stopping sight distances
and vertical curve lengths.

9 Guidance systems could affect horizontal

9 Superelevation etc.

curve design.

Cross section 1 Roadway width and shoulder width, 9 Long term changes to vehicle design will
median intersection design, turning change these key requirements e.g. reduced
lanes. lane widths if vehicles are narrower.

Intersection 1 Intersection sight distance models 9 In the short to medium term seeking to simplify
are based on driver behaviour rather intersection arrangements and interactions
than vehicle and roadway capacity between vehicles. In the longer term if there is

the greater potential for coordination between
vehicles intersections could be made more

compact
Structures 9 Dynamic loading due to platooning 9 May require a revision of design standards
vehicles including loading assumptions. Note this may

lead to greater numbers of heavy vehicles
being attracted to a corridor or provide another
reason to use a particular lane as well as
decreased spacing between vehicles.

Pavements 9 Loading due to platooning vehicles 9 May require a revision of design standards
including loading assumptions.
Freeways/motorways 9§ Design of certain aspects of urban 9 Inthe long term homogenous fleets of AV will,
freeways/motorways focuses on improve throughput due to certainty of
acceleration lanes, high-occupancy interactions and could require changes to
vehicles lanes, and entrance and exit ramp lengths depending on potential light and
ramps. heavy vehicle platooning requirements. In the

short term differences in the level of
conservatism of AV operation will impact
negatively on road operation, requiring at least
current level of infrastructure provision.
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4.4 Design of Road Infrastructure

There will be additional requirements from existing planning frameworks and operational guidelines to
accommodate AV operations.

The design elements considered, relate to a range of road related infrastructure. It is vital to consistently
apply local standards to achieve the best possible outcomes for AV. An area requiring more focused
consideration is road worksosites due to the relatively unpredictable nature of these events.

Two key types of standards and guidelines need to be considered in the near future (within the next 10
years):

1. Provision of AV-readable, consistent infrastructure, such as static and electronic signage, and line
marking (as well as lane widths). This should ideally be supported through national, and if possible,
international standardisation wherever possible.

2. Appropriate infrastructure provision to cater for changes required to structures such as bridges,
pavements and barriers.

In the longer term, when we have significant proportions of AV on the road network we are more likely to see
more significant changes in the design of infrastructure to meet changes in vehicle design.

Based on experiences with both current vehicles and future vehicles that are being assessed, AV
manufacturers have raised issues with the following in relation to Australian infrastructure. It is likely that
some of these same issues would apply in New Zealand (Sage 2016):

I Road signage:

¢ static signs (incl. fonts and spacing of characters, inconsistencies with the design and use of advisory
signs, and inconsistencies with the use of words/conditions),

¢ electronic signs (incl. refresh rates and readability of LED signs), and

¢ sign location (e.g. service road signs adjacent to main carriageways have reportedly caused issues
with some in-vehicle camera systems, and the height of signs)

9 Line marking: including variability and visibility. This may also include accounting for the differentiation in
driving behaviour required, based on double white lines, single lines or hazard markings.

9 Pavement condition: including uneven pavement where bitumen has been used to seal cracks, cuts or
drainage.

There have been significant efforts to standardise elements of road infrastructure in Australia and New
Zealand over time. Austroads Guides and Australian Standards are primary technical references to ensure
an appropriate level of national consistency.

Jurisdictions dev @éntfpwhérethep mdctean diffet, which take precedence. Standards
for infrastructure are developed using a consensus approach with individual jurisdictions then choosing to
extend elements of the standards to suit local conditions or a differing technical view regarding design.

This results in the creation of technical notes or additional guidelines which can then be cited in contracts for

road operators as a mandatory requirement in suitably assessed cases. Some elements of infrastructure

may be governed by international US or European design standards and guidelines, again on a case by

case basis. This combination results in a wide range of approaches to infrastructure design which is a very
unsatisfactory outcome fromct@e.vehicle manufacturero6s
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Some relevant standards are outlined below (this list is not exhaustive):
9 Civil design (roads and pavement):

¢ Austroads Guides (including the Guide to Traffic Management Part 10: Traffic Control and
Communication Devices (Austroads 2016b))

¢ American Association of State Highway and Transportation Officials (AASHTO) guides and manuals
¢ Highway Capacity Manual (TRB 2010)
¢ Australian Standard AS1742 Manual of uniform traffic control devices for signs and line marking
¢ State based technical or guidance notes
¢ Roadworks related Code of Practices and Guidelines (sometimes project specific).
9 Structural design (pavements, bridges, containment barriers and retaining walls):
¢ Guide to Pavement Technology Part 2: Pavement Structural Design (Austroads 2012)
¢ Australian Standard AS3600 Concrete Structures
G Australian Standard AS5100 Bridge Design
¢ AASHTO LRFD Bridge Design Specifications (AASHTO 2014)
¢ Standardised Bridge Barrier Designs (Austroads 2013a).

There will potentially be impacts on traffic signal and electronic road sign standards. Some of these issues
are discussed in Section 5 (Digital Infrastructure).

There are a range of standards and guidelines applied to road operations, for example the US
Transportati on TRensittCapaagthandBQuality of 8esvice Manual (TRB 2013). These are
outlined in Section 6 (Road Operations).

4.4.1 Revision to Current Design Methods

Changes in the way we use our roadways may change geometric design as outlined in the section above. In
addition to this we need to consider the implications of our roads being used in different ways as discussed
below. A framework to consider these issues was outlined in Section 2.3.

It is important to note that national and international consistency in the way in which we design our
infrastructure is vital to ensure the best possible outcome for AV deployment.
From discussion with a wide range of AV and equipment/sensor providers there is a very strong preference for:

1. Key elements of road side infrastructure to follow one international standard. This would appear unlikely
in the short term.

2. If there is no international standard or even national standard, then consistency of design within a
jurisdiction is the next best thing.
Other trends and elements to consider regarding future infrastructure design include:

1 Major transportation infrastructure forecasting will need to start anticipating the arrival of AV on our roads.
Design of infrastructure will need to start anticipating AV deployment and future-proofing projects to
support AV technology (Gill et al 2015).
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9 The concept Simultaneous Vehicle and Infrastructure Design (SVID) was building some momentum
around the year 2000 in the USA. This design approach works by aligning vehicle and infrastructure
designers. This is done to identify synergies that allow the designers to improve the performance of both
the vehicle and the infrastructure. This concept would appear to have more validity at present. Designing
via a functional safety approach will provide a similar end result and is a useful model to consider
development of design standards and guidelines. This is recognition of the whole road environment and
the interaction of the human, roadside infrastructure and the vehicle being a system of systems.

9 Three-dimensional (3D) and four-dimensional (4D) tools (which include the dimension of time) in highway
design are becoming more prevalent (Fambro et al 1999). Technology advancements are changing the
way engineers are approaching the design of transport infrastructure.

Uptake of automated vehicles will create greater demands on precision and currency of spatial information
about our cities. As discussed earlier, mobility trends are likely to shift towards a more integrated solution to
transportation. Therefore transportation will become complex, large, and interconnected systems.

AV makes it possible to use several transport modalities to create a collection of interrelated subsystems,
strongly tied through feedback loops. However, this will also create reliance on accurate, current data.
Designing infrastructure for AV requires designers to rethink the traditional model of usage and to embrace a
more data driven design process.

Modelling will therefore become a fundamental activity to understand and simplify reality through abstraction.
A holistic approach is needed to integrate and manage the various ITS solutions. A base modelling and
simulation platform should incorporate some combination of a Geographical Information System for
Transportation (GIS-T), able to cope with the spatial dimension, and a traffic simulation tool, able to handle
the temporal dimension. The platform must be able to include other modelling tools as needed (e.g.,
environmental impact models, travel demand models). The basic requirements for such a platform would be
(Ramos et al 2012):

9 To support a broad digital Traffic and Environment database, and allow the integration of efficient data
acquisition tools and the calculation of appropriate key performance indicators.

i To act as a decision support system by means of modelling, analysis and simulation capabilities that
enables the comparison of different strategies.

9 To provide tools to inform and involve stakeholders via intelligible, user friendly and realistic visualizations.

4.4.2 Design Considerations to Accommodate AVs

Different AVs will use different sensing technologies, have different functionality, and support different use
cases. Given much of this is still unknown, designing future road infrastructure has its challenges. Some key
design considerations are listed below:

a) Consistency of Lines, Signs, Pavements and Road Layout

As outlined above, vehicle manufacturers are concerned about these factors impacting the ability of their
vehiclesbeingabl e to fireadd the roads in Australia and New Ze
these issues before we make any changes to current practices, or at least ensure we consider a range of

potential outcomes.

b) Context Sensitive Design Approach

Context Sensitive Design (CSD) is the art of creating public works projects that meet the needs of the users,
the neighbouring communities, and the environment.

CSD uses a collaborative, interdisciplinary approach that includes early involvement of key stakeholders to
ensure that transportation projects are not only fAmovi
the natural, social, economic, and cultural environment.
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