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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
the World

www.iso.or

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be the subjg

ect of

s. ISO shall not be held responsible for identifying any or all such paténf'rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as infermation about ISO's adheren
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
b /iso/foreword.html.

This docum
Subcommitt

Any feedbad
complete lis

ent was prepared by Technical Committee SO/ TC 268, Sustainable cities and commur|
ee SC 2, Sustainable cities and communities - Sustainable mobility and transportation.

k or questions on this document sheuld be directed to the user’s national standards bo
ting of these bodies can be found atwww.iso.org/members.html.

1d /or

S not

and
e to
see

ities,

dy. A

© IS0 2022 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=391a891b087a60d961aafc99c950200b

IS0 37181:2022(E)

Introduction

Various countries are facing critical issues as their population ages, often at a rate higher than expected.
One of the challenges is the shortage of manpower, where many sectors, including transportation, face
constraints. At the same time, as their economic activities expand, travel demands have also become
more diversified, thus imposing additional demand on transportation networks. These challenges are
especially acute for cities, where increased transportation needs have brought about traffic congestion

and 1

ed to a lower quality of life.

To overcome such Challenges C1t1es have trled to lmprove transportatlon systems in a Varlety of ways,

inves
trang
atgr
any {
Sing4

it, Automatlc Traln Operatlon (ATO) has been w1dely used for decades ATO are mos
hde of automation 4, i.e. Unattended Train Operation (UTO), where the system isfully
taff on board, as introduced in the metro systems in Barcelona, Copenhagen, Hong Kon
ipore, Tokyo and Vancouver.

Beyond mass transit, transportation services on public roads have potential,to be automj
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nomous shuttle services are in operation as a means to provide fifst and last mile

een transport nodes and homes or workplaces as well as transport services within
5 such as campuses, parks and neighbourhoods. Such services, have already been

g, Las Vegas, Melbourne, Nice and Singapore.

t transportation by autonomous vehicles will work as.a ‘solution to transportatior
erns in cities. However, the outcomes can be achieved-enly when autonomous vehicleg
r organised conditions with safety as a top priority. This document describes the conc
portation and aims to accelerate the proper introduction of autonomous vehicles

D .

1 As of November 2021, there are no infernational or national standards published
riour and safety of autonomous vehicles, operating on public roads except for the Singap
ence (TR) 68 series, the summaries of which are available in Annex A for information.

2 For autonomous vehicle introduction into on-demand responsive passenger services
les, ISO 37168 can be useful.
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Smart community infrastructures — Smart transportation

by

autonomous vehicles on public roads

1 Scope

This document describes the concept and goals of smart transportation by autonomous vehicles on

publ
vehig

challenges to cities such as an aging population and diverse travel demands.
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Normative references

T TOoadsS. It provides guidetines fortie successtul imtroduction amd organisation of
les, with the aim of enhancing the safety of public road transportation andcadd

document focuses on the deployment of autonomous vehicles as an operational syste
n public roads. This document is intended for those in academia, autonemous vehicle

bction and certification bodies, and vehicle manufacturers.

q

1 This document targets autonomous vehicle services except oh-demand responsive
d vehicles. For on-demand responsive passenger services with shared'vehicles, see ISO 37168

2 Abusvehicle is shared by different passenger groups and can be chartered. A taxi vehicl
f local regulations permit, be shared by different passengergroups.

following documents are referred to in thétext in such a way that some or all of t
Fitutes requirements of this document, For dated references, only the edition cited
ted references, the latest edition of the'referenced document (including any amendme

3016, Taxonomy and Definitions for.Terms Related to Driving Automation Systems for On
les

pore TR 68-1, Autonomousvehicles — Part 1: Basic behaviour
ipore TR 68-2, Autongmous vehicles — Part 2: Safety
ipore TR 68-3, Autofiomous vehicles — Part 3: Cybersecurity principles and assessment fi

hpore TR 68<4;-Autonomous vehicles — Part 4: Vehicular data types and formats

[erms.and definitions

Fort

hutonomous
ressing the

m for actual
developers,

y makers, research institutions, road infrastructure operators, public road administrators, testing

ervices with

b is hired and

heir content
applies. For
hts) applies.

-Road Motor

amework

hepurposes of this document, the terms and definitions given in SAE J3016 and the foll

bwing apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

|

|

3.1

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

autonomous vehicle
vehicle that is capable of sensing its environment and moving safely with no direct human input and
designed to be operated by automated driving systems

Note 1 to entry: Automated driving system in this document means no human intervention system characterised

as SA

©ISO

E levels 4 and 5 as defined by SAE J3016.
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Note 2 to entry: Autonomous vehicles in this document exclude those applied to on-demand responsive passenger
services with shared vehicles, which are designated in ISO 37168.

4 Autonomous vehicles as smart transportation

4.1 General

ISO 37154 provides general guidance on smart transportation that aims to solve specific city issues.
The deployment of autonomous vehicles on public roads is considered one of the ways to introduce
smart transportation systems.

NOTE A]Ily transportation technologies or services cannot be used for smart transportation systems, i their

performancelis not confirmed, formally documented or published as international or official standards,

4.2 Aut(r)r];omous vehicles used in smart transportation

This docu

for public r
Singapore T
validation w

lated
to 4.
o the

nt describes smart transportation using autonomous vehicles that have been valig
bad operations based on the Singapore Technical Reference (TR)-68 series, Parts 1
R 68-1, Singapore TR 68-2, Singapore TR 68-3 and Singapore TR 684 shall be applied 4
hen using autonomous vehicles as smart transportation.

nted.
ls].

NOTE Alitonomous vehicles have been deployed on public roads and thefexperiences have been docume
For example, [public trials were conducted for on-demand autonomous shuttles at Sentosa, Singapore in 201

5 Concept of smart transportation by autonomeus vehicles

5.1 Objectives

The smart fransportation system of autonomous:vehicles can be introduced into a city in ¢rder

to improve
transportat
for other pu

connectivity, mainly first and last mile, and accessibility to mass transit and
on networks, reduce traffic congestion levels, free up land used for roads and parkin
'poses, alleviate manpower constraints, contribute to traffic accident avoidance and le

ther
v lots
ad to

improving the quality of life of citizens:

5.2 Concept and target city issues of smart transportation

Autonomous vehicles can enhatice the efficiency of transportation services in a variety of ways.
help improve the regularity)of conventional bus services plying fixed routes and optimise dispat
dynamically routed shuttle fleets and delivery item/freight services. Autonomous vehicles can imgrove
the accessibility and~ifclusivity of public transport systems. Commuters that need point-to-point
mobility, surh as the‘elderly or people with disabilities, can hail an autonomous shuttle on demand,

which can bfing them to transport nodes.

They
thing

rdanicnd o ighly accncoihln i drn o b dbi sy ovscdbnsne o s diinn aliondn
\vpy sulll‘)\/u alrr lllslll] ACUC COOIVUIC lJuLlllb T ullal_l\.ll CALIVUIT ‘)-y SLCITITO calr ICUUCTT I'CITATICTC

Efficiently on
privately owned or personally used vehicles that are often with single occupancy and encourage a shift
to public transportation, thereby reducing congestion on public roads. Goods delivery and municipal
services such as street cleaning, can be automated with autonomous vehicles operating during off-peak
hours, enabling the dispersion of traffic over the course of the entire day.

Reducing the number of vehicles will enable the use of roads for other purposes (i.e. parking lot
removal). This would be beneficial for dense and land-scarce cities. Autonomous vehicles relieve the
manpower constraints faced by cities when it comes to drivers, thanks to their automated operation.
In addition, the number of traffic accidents can be reduced, as autonomous vehicles are designed to
achieve non-collision operation. In addition, people no longer need to drive their vehicles by themselves,
thus freeing them for productive use of their time while riding.

© IS0 2022 - All rights reserved
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5.3 Application

Smart transportation can be applied to:

— private transportation (e.g. automobiles, trucks);

— public transportation (e.g. taxis, scheduled/chartered buses, scheduled /chartered trucks).

NOTE

Private and public transportation are defined in SO 37154:2017, 3.8 and 3.9.

5.4 United Nations Sustainable Development Goals (UN SDGs)

This
goal

6

6.1

Autopomous vehicles, which partly or fully replace conventiondl vehicles on public roads, s}
the features described in 6.2 to 6.6 for safe deployment and operation on public roads
road
publ

Sma
internal combustion engines, onboard batteries, ‘catenary cables powering) and vehicl
automobile, bus, truck).

It is

vehi¢les coexisting with conventional vehicles.

6.2

Autonomous vehicles co-exist with conventional vehicles on public roads. This means that
vehi¢les are operated under ‘the current regulations and rules (e.g. highway codes, road {
traff

NOTE 1
of an

NOTE 2

smart transportation aims to satisfy the following UN SDGs: goal 7 “Affordable and¢l

roduction”, goal 13 “Climate action” and goal 17 “Partnerships for the goals®.

Features of autonomous vehicles as smart transportation

General

users operate. There should be no changes with the current operation of conventiona
c roads, which are to be shared with autonomous vehicles.

t transportation is applicable to any road vehicle independent of a vehicle’s energy

hecessary to carry out tests in a controlled environment to verify the behaviour of

Basic behaviour of autenomous vehicles

c signs, signals andTacilities). At least, autonomous vehicles should:

lhave an objeet‘detection range always exceeding a safe stopping distance dependent]
gpeed;

obstacle.

ban energy”,

8 “Decent work and economic growth”, goal 9 “Industry, innovation and infrastruetyre”, goal 10
“Red}Llced inequalities”, goal 11 “Sustainable cities and communities”, goal 12 “Respohnsible gonsumption
and

jould satisfy
Wwhere other
vehicles on

bources (e.g.
e type (e.g.

hutonomous

hutonomous
raffic rules,

on running

Stopping distance is the distance travelled for the vehicle to come to a complete stop upon detection

haszta an ohioct dataction vranagn that 1c Alvsave cnffiniantly graqatnr than o healring dict

oy o oot tr Ottt CaoTTaigt—troc o orvv a y

s-sutficiently-greater-thanabrakingdistance, which

includes another distance required for extra factors of safety when human visibility range is limited

by weather conditions;

stops.

Braking distance is the distance from the point when applying a brake to the point where the vehicle

be able to interpret the likelihood of pedestrians entering into a road unexpectedly, independently

of personal characteristics such as gender, ethnicity and disability;

detect, interpret and appropriately respond to signals (e.g. by hand, with indicators) given by other

road users (e.g. cyclists);

detect and accordingly respond to hand traffic signals by authorised persons (e.g. d
police officers);

© IS0 2022 - All rights reserved
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detect and respond to informal traffic signs indicated temporarily for convenience or safety (e.g.
school patrol warden showing signs such as “STOP-Children” and “Stop/Go” at construction sites);

— be capable of interpreting and responding to emergency vehicles.

Under any condition, including adverse weather, the autonomous vehicle should prevent harm and
facilitate free traffic movement. The vehicle should enter a minimum risk condition when not being
able to complete its intended journey due to reasons such as running out of fuel and battery charge. The
manoeuvre for risk minimization is taken by reducing operating speeds, entering a limp-home mode or
going into a safe stop depending on the situations and environment where the vehicle is operating.

Autonomous_vehicles dpplnvpd on roads will not he reliant on anv off-vehicle systems to prnvidp safe

operation. T|
systems to 1
or imprope
transportat

6.3 Safet
Safetyisat

A quality m
fitness for iy

The delined
smart trans
transportat

Even while
and vehicleq
responding

6.4 Cybel

For successflul and safe operation of autpofitomous vehicles that are connected, cybersecurity is one

most impor
to provide 3
which are o
mentioned i

The cyberse
for the full 1
and decomr
are verified
implementa

he smart transportation system can be connected via wireless communication to ext
eceive deployment commands or enhance performance. However, in the event of disru
r operation of external systems (e.g. malfunction, power loss, cyberattdcks), s
on should not present any unacceptable risk to its occupants or other road users.

y of autonomous vehicle driving
p priority when deploying smart transportation with autonomousvehicles.

hnagement system should be in place to ensure the safety of smart transportation af
itended usage through uniform interpretation of proceduralyand quality measures.

tion of roles and responsibilities for all stakeholders should be clearly defing
portation deployment. This ensures clear traceability in the legal structure of s
on.

kmart transportation can exclude safety roles’for humans, the interface between hui
should be considered for interactions with passengers during the journey, for exal
Lo emergency situations. Such considerations should involve other road users.

security principles, framewerk’and requirements

Fant and indispensable technical imperatives. Two tiers of cybersecurity safeguards §
n enhanced cybersecutity framework for autonomous vehicles deployed on public r
rganized based on cybersecurity principles and independent cybersecurity assessme
h ISO/SAE 21434.

curity principles are for autonomous vehicle developers/operators to manage cybersec
fe cycle of axtautonomous vehicle, including design, development, operations, mainter
hissionirg, This culminates in a security-by-design system and secure operations, W
by afull internal and independent cybersecurity assessment. The system design ar
Liortshould provide adequate cybersecurity safeguards against cybersecurity threats.

brnal
btion
mart

1d its

d in
mart

mans
mple,

fthe
erve
bads,
nt as

urity
ance
rhich
d its

The indeper

dent cybersecurity assessment iramework Dy third parties consists oI a system re

threat risk analysis and cybersecurity validation, which are described in Singapore TR 68-3.

NOTE

facilitate data exchanges.

6.5 Data

types and formats

view,

A connected vehicle means, as described in ISO 37168, a vehicle that is wirelessly connected to

Standardising the data type and format will enable the different entities in the smart transportation
system to communicate and operate efficiently. The message design philosophy takes into consideration
the communications between the entities in the smart transportation system, which are carried out in
various types of wired and wireless communication channels. Due to possible bandwidth and resource
constraints, messages are designed to be compactly represented.

© IS0 2022 - All rights reserved
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To define data structures, Abstract Syntax Notation One (ASN.1) (ISO/IEC 8825-1 and ITU-T Rec X.690)
is adopted to provide a precise and unambiguous description of messages to be exchanged.

NOTE ASN.1 (ISO/IEC 8825-1 and ITU-T Rec X.690) is a joint standard developed by ITU-T and ISO/IEC and
independent of hardware platforms, operating systems, programming languages or representation within an
application programme enabling interoperability.

Standardised services and data exchange formats should be provided and used for efficient
communication and interoperability in the smart transportation operation.

6.6 Data privacy protection

Privdcy is an important consideration, especially with personal data. Such data should sot{be collected
withput absolute necessity and consent. If personal data is needed to be collected; thely should be
safeguarded and used taking into consideration prevailing rules and norms that apply irf the related
jurisfictions with explicit communication on the terms designated therein.

NOTH Typical data protection regulations are the EU General Data Protection/Regulation and the Singapore
Persdnal Data Protection Act.

7 Autonomous vehicle operation on public roads

7.1 | General

In addition to the key features of autonomous vehicles asdescribed in 6.2 to 6.6, the reconimendations
in 7.2 to 7.11 enable the vehicle to be operated safely en‘public roads.

7.2 | Charging and recharging
Autopomous vehicles can take the form of a‘Conventional fuel vehicle or electrically powerdd or hybrid.

For ¢lectrically-driven transportation‘systems, charging stations should be designed at ¢onsolidated
placgs to support fleet recharging. To avoid congestion by autonomous vehicles recharging at the
statipn, options for plug-in and gutick-charging systems should be considered. Due to the high voltage,
the necharging will be served(manually by station attendants. For successful recharging, I[EC 61851-1
and SO 37158 can be helpful.

7.3 | Vehicle maintenance work

Autonomous vehicles should be checked for the system conditions whenever activating and feactivating
the autonomousdriving function while being checked for physical and system conditions af predefined
interjvals.

Autopomoeus vehicles should be updated with the latest security patch. When updating any software
for autenomous vehicles, the vehicle developer should complete an impact analysis to asdess how the
update will impact the rest of the system and sufficiently mitigate safety risks associated with the
update. Such an analysis should be furnished to the autonomous vehicle regulator whenever required.
Upon the results of the impact analysis, a system level test is required before operations.

As with conventional vehicles, autonomous vehicles should also be subject to a periodic vehicle
inspection regime to keep the vehicle roadworthy for use on public roads. In addition to the inspection,
the hardware and software for the vehicle should be inspected for safe operation and other purposes in
order to:

— avoid sensor degradation affecting the performance of the system;
— re-position the sensor as it was previously approved;

— verify deployment of only approved software into the autonomous vehicle;

© IS0 2022 - All rights reserved 5
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— confirm installation of the latest security patch in the autonomous vehicle.

The time required for all maintenance work, such as washing, inspecting and overhauling autonomous
vehicles, should be completed in the same or shorter time duration required for conventional vehicles.

7.4 Public transportation passenger services

All public transportation services using autonomous vehicles should provide a better transit experience
than conventional manned transportation systems. Autonomous mobility-on-demand vehicles or
autonomous taxis provide point-to-point direct services within geofence areas (if and when needed),
with travel distance reduced. On-demand responsive passenger services with shared vehicles are
described ip ISO 37168. Autonomous buses that run on fixed and scheduled services will rglieve
the reliancg on manpower support, especially when specially dispatching more services (€.g."fvhen
receiving mpny passengers beyond expectations). Options for dynamic routing and scheduling can be
explored. Aitonomous vehicle bus services will be integrated with ticketing and relevant information
systems for [passenger convenience.

All passenggr services using autonomous vehicles, including fare payment, boarding/alighting, cqach/
in-vehicle accommodations and amenities, and passenger capacities, should snet'be inferior to those
currently available with conventional vehicles.

7.5 Ride comfort

Autonomous vehicles should provide safer and more comfortable, rides than conventional vehiicles.
When brakihg, accelerating or changing lanes, the lateral and longitudinal velocities of the autonomous
vehicle should not affect the safety and health conditions of gnboard passengers.

7.6 Weather and climate conditions

When weather conditions are not within the vehicle's’operational design domains, autonomous veljicles
should stop [safely by themselves.

7.7 Drivipg conditions

Autonomous vehicles should be operated at least under the same traffic regulations and vehicle drjving
conditions ds conventional vehicles:

7.8 Fleetmanagement

Fleet management of autonomous vehicles is important in smart transportation, which can conduct
performance monitering, supervision and communication in real time. In fleet managemeng, all
autonomoug vehicles.in operation and not in service should be constantly monitored to optimise [their
allocation and dispatch timing for passengers and couriers delivering goods using autonomous vehiicles.
Passenger apd courier needs and feedback when using the service are also managed.

7.9 Road safety and autonomous vehicle testing

Before deploying autonomous vehicles, vehicles and the systems should be checked and validated by a
documented test and validation plan designated with local and/or international standards for safety.
This includes, but is not restricted to, functional safety, level of safety for intended functionality,
behaviour safety, compliance to local traffic rules, cybersecurity and passenger safety. Additional
safety tests can be identified in the document test and validation plan if necessary.

7.10 Emergency responses

Emergency response procedures for smart transportation can differ from those for conventional
vehicles. Autonomous vehicle fleet managers should coordinate with emergency response agencies on
required procedures in the event of an emergency.

6 © IS0 2022 - All rights reserved
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