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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

0.1 Background

The 1SO 4448 series? is focused on robotic road vehicles as they load and unload passengers and goods at
the kerb as well as robotic devices operating among unprotected pedestrian bystanders to perform tasks in
public spaces such as delivery, inspection, maintenance, surveillance and others.

Mobile robotic vehicles and devices have found uses in factories, farms, mines and warehouses for well
over half a century. For applications in constrained spaces, this history stretches back to the 1950s with
the use of automated gulded vehlcles (AGV) that moved along fixed pathways gulded by embedded magnets

: usually
s (IMR)
and aut¢gmated mobile robots (AMR). These technologies have increasing capabilities of moving frdm fixed,
memorifed pathways to navigating with increasing flexibility and eventually using indoor-GPS$; hi-dgfinition
maps and sophisticated algorithms to move safely and deftly among humans in those environments

In the past decade, this technology has developed sufficiently to operate beyond suck*relatively stiuctured
spaces tjo provide services directly among humans. Multiple types of mobile rebots now operate|indoors
among 3ir travel passengers, restaurant users and hospital visitors, as well@s outdoors in publif spaces
such as footways, cycleways and parks. Any such mobile robotic device operating among such bystgnders is
called a public-area mobile robot (PMR).

0.2 Robotic vehicles at the kerb, among non-robotic users

Robotic|motor vehicles such as cars and trucks operating in drban areas often need to load of unload
passengprs and goods at a kerb. Deployment standards are needed to manage this access and queueing
process pfloading or unloading, often called “pick up and drop-off” (PUDO) in the case of human pagsengers.

The traﬂfic and parking rules that cities have relied on‘prior to the mid-2020s represent systems| already
under stress, with their design and governance shorteomings made increasingly evident by the cor¢navirus
pandemjc. The data structures related to parking,”as clarified and restructured under ISO/TS| 5206-1,
are insyfficient to support PUDO for automated vehicle systems (See Reference [3] for a comnponplace
descriptfion of the PUDO problem).

In the fyture, cities will need new operating guidelines as kerb lanes and sidewalks are used by aufomated
cars (sufh as taxis) and automated delivery vehicles that will arrive, stop, wait and either load of unload
under sgnsor, effector and softwarécontrol. These machines will need to be prioritized, scheduled,|queued,
bumped|and placed in holding patterns regardless of the nature or proximity of human oversight Moreover,
these operations need to oecur” without blocking crosswalks, bicycle lanes, micromobility ugers, no-
stopping areas or transit stops. This needs to be done safely, alongside human-operated vehicles,{without
inconveniencing pedestrians and other vulnerable road users (VRUs), and with regard to human accgssibility
challenges.

other tapks at the'kerb, they will require orchestration. Systems for this will need to be regional, operating
above the level-of private owners or commercial fleet operators and overseen by a traffic authofity. The
ISO 4448 series includes data and procedural documents to support PUDO orchestration for automdted cars
and trucks-

When c'l;cies experience large numbers of automated vehicles that are loading, unloading and pefforming

0.3 Robotic devices operating in public spaces among pedestrian bystanders

Unlike cars and trucks, smaller robotic devices designed to perform various delivery, maintenance,
monitoring and other helper tasks can operate on footways, cycleways and roadways including footpaths
inside public buildings such as hospitals, malls and airports - collectively termed “pathways.” Some are able
to move between the indoors and outdoors, and some are enabled to open doors and use elevators. These
devices can have numerous advantages for cities and people who live in cities. The ISO 4448 series refers to
these devices as “public-area mobile robots” or PMRs.

1) The other parts of this series are under development.
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PMR deployment represents the first time in human history that mobile devices (machines) designed to
operate without a proximate human attendant are being used to move among human bystanders that are
inattentive, uninvolved, unprotected and untrained relative to the task or activity of the device.

This will have a profound impact on the management of public spaces which until now have been dedicated
to pedestrians and unpowered active transportation devices such as wheelchairs, scooters, bicycles or
skateboards. Such PMRs can have impacts on safety, accessibility, existing social rights, vulnerable road
users (VRUs), adequacy of infrastructure, street and pavement design, road crossing designs, active-user
traffic flow, etc.

0.4 Standardization of robotic vehicles at the kerb vs. those operating among bystanders

oad|vehicles
such as eypédestrian
side. Urban infrastructure is organized this way for historical reasons, but is not unambiguous.everlywhere:
in some [locations the boundary implied by a kerb is merely assumed and possibly variable,

These two types of automated vehicles are generally subject to different regulations, with-the rules designed
for road vehicles being generally much more developed, explicit and often more asSertively enfgrced by
governments(s). Hence, the ISO 4448 series will focus almost exclusively on PMRg'with the critical ekception
of PUDQ (pick-up/drop-off) at the kerb.

Interactjons among all such robotic devices, active transportation users ahd human bystanders is & critical
concern|of the ISO 4448 series.

0.5 Planned way forward

This document provides an introduction to the ISO 4448:series, which will cover the desfription,
management and operation of automated vehicles at the kerhside, within walkways, in integrated Kerbside-
pathway (footway) systems and within any public pathwa§ythat permits PMRs to move among pedestrians
and othér VRUs. Operation of such vehicles is inclusive ofarriving, stopping, waiting, loading and unloading
at the kerbside and arriving, proceeding, stopping, waiting, loading/unloading or any task performed on
footwayp and other pathways.

The purpose of the [SO 4448 series is to:

1. defihe the operating and behaviouyal'systems needed to organize and expedite the flow of yehicular
and|robotic ground traffic in cities, specifically with regard to the loading and unloading of gdods and
pasgengers at the kerbside;

2. defipe the allocation and ‘movement of PMRs for short-haul delivery, garbage removal, syeeping,
washing, snow removalf repair, food trucks, public works tasks and human transportation in public
spages, among other sefvices conducted on pathways or crosswalks.

For PMRs, standardization addressing numerous behavioural rules that act as “rules of the road” is heeded.

The two most impertant attributes of PMRs are that they operate in publicly accessible spaces shated with
inattentjve, uninvolved, unprotected and untrained bystanders and that they move without a prjoximate
human g¢perator (a teleoperator beyond line-of-sight is not proximate).

The ISO4#48-sertesTs plduucd to LUlllplibC asetofter 1uiuu1ugy, guidclillca amdTeat=tinTe proceaures for
the coordination of operations at the kerbside, on pathways and the integrated use of automation on both
kerbsides and pathways. The operating and behaviour standards being defined in the ISO 4448 series are
intended to enable carefully defined (mapped) and expanding areas of cities to manage any number of
vehicles and vehicle varieties operated by any number of operators (public, commercial, and private) for
these various activities.

0.6 PMR capabilities, agency and rights

PMRs are machines. They are mobile hardware devices that use the capabilities of sensors and software to
move and to perform tasks with varying level of automation. They have no ability to reason or to “decide”
anything beyond what their electro-mechanical systems permit whether controlled by code or machine
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learning. The only current exception to this is that most of these devices can be under the control of a human
teleoperator. In such cases, a PMR that is controlled by a human can be expected to inherit the reasoning
capability of its human controller; still, it is the human that is reasoning.

There can be times when the descriptive language used in the [SO 4448 series appears to grant PMRs a degree
of agency. They have no agency. Any agency that can be inferred is with fleet operators and teleoperators.

In all cases, a PMR has no “social rights,” like a bicycle, although there are a number of circumstances in
which a PMR can potentially have the “right-of-way,” just as a bicycle with its rider often does. There have
been regulations passed in several countries that require a PMR to follow pedestrian rules or for a motor
vehicle operator to treat a PMR in a roadway intersection as though it is a pedestrian. These regulations are
describing the behaviour of a PMR or how it is to be treated in a traffic circumstance. They do not confer any
social rights, as has on occasion been erroneously interpreted in mass media.

It is als@ critical that the utility and capability of PMRs does not overshadow the social rights and well-
being of|vulnerable workers. It is frequently stated that robots are needed to address labour shortjges. The
ISO 4448 series is neutral on such issues, although it is recognized that automation has jeb impacts| It is not
the within the scope of this document to suggest whether new jobs, other jobs, or better jobs willjbecome
available, but it is recognized that there will likely be labour impacts.

© IS0 2024 - All rights reserved
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Intelligent transport systems — Public-area mobile
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cument provides an overview of the ground-based automated mobility systems deployment
M. The paradigm covers such kerbsides and pathways as are suitable for co-temporal, collzﬂaorative
hrious types and combinations of automated and non-automated, wheeled, orambulatory, mptorized
-motorized, mobility-related vehicles and devices as well as for variods levels of automated or
bperation of such vehicles. This includes vehicles and devices that-miove people as well 3ds goods
roximate distances of human bystanders.

Aerial (flying) drones are not part of the scope.

‘mative references

wing documents are referred to in the text in such a way that some or all of their content conlstitutes
erences,
t edition of the referenced document (including any amendments) applies.

4812, Intelligent transport systems — Vocabulary

ms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 14812 and the following apply.

[SO and [[EC maintain terminology-databases for use in standardization at the following addresses:
— ISO Pnline browsing platform: available at https://www.iso.org/obp

— IECElectropedia: avdilable at https://www.electropedia.org/

3.1

ambulagory
relating|to or.adapted for walking

Note 1 to e€ntry: Implies having and travelling on legs in the case of public-area mobile robots (PMRs).

3.2

block-face
segment of a street and sidewalk facing one or the other side of the street between two consecutive
intersections

Note 1 to

3.3

entry: The length of the block-face is the distance between two consecutive cross-streets.

bystander
human within a proximate distance of a public-area mobile robot (PMR) that is any of uninvolved, inattentive,
unprotected or untrained regarding the task of a PMR or other automated vehicle

© IS0 2024 - All rights reserved
1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=6ba8367d6e6b8468c1d9e821f9e1edfc

3.4
kerb

ISO/TR 4448-1:2024(en)

edge where a raised footway, road shoulder or road median meets an unraised street, carriageway or

other ro

3.5

adway

delivery robot
robotic vehicle used to deliver goods, food and other items, often for “last mile” applications

Note 1 to entry: While the word "drone" is correctly used to describe a wheeled robot, this document uses the term

"robot" a

nd the specific acronym PMR.

3.6

dockless scooter

n users
cleways,

d, active

re,a PMR

rental e{scooter that does not require returning to a docking station to terminate the rental

3.7

LoadPlgn

electronfic message provided to a road vehicle to schedule a time and place for a pickup or drop off
3.8

micrompobility

first milg or last mile forms of transport

Note 1 toentry: Including e-scooters, bicycles, skateboards and pedestrian de¥ices.

3.9

pathway

infrastrficture designed to permit the movement of various.combinations of active transportati
and public-area mobile robots (PMRs) within the samegspace, including outdoor footways, cy
crosswalks, road shoulders, trails and indoor passageways, corridors or hallways

3.10

public-drea mobile robot

PMR

wheeled or legged (ambulatory) ground-based device that is designed to travel along public, share
transpoftation pathways without the us€ of visible human assistance or physical guides

Note 1 to entry: Physical guides include.rails and kerbs.

Note 2 tolentry: While the term publi¢-area mobile robot (PMR) excludes devices with visible human assistan
can be teJeoperated by a human

Note 3 t@ entry: While the’term “PMR” excludes devices with visible human assistance, PMRs can carry himans as
passengdrs, e.g. an automated wheelchair.

Note 4 t¢ entry: While'the term “PMR” excludes devices with visible human assistance, PMRs can be electfronically
tethered|to follow~ahuman.

3.11

robotaxi

vehicle with an automated driving system (ADS) that is configured to perform the entire dynamic driving
task (DDT) throughout its operational design domain (ODD) for the purpose of a for-hire passenger service

Note 1 to entry: This is a form of ADS-DV (Automated Driving System - Dedicated Vehicle) defined in SAE ]J3016-
202104 (See Reference [2]).

EXAMPLE Remotely monitored automated taxi.

© IS0 2024 - All rights reserved
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3.12

shy distance

base measure set by an authority as the minimum distance that a public-area mobile robot (PMR) must
attempt to maintain from bystanders while operating in a public space

Note 1 to entry: There are many special cases in this document that use shy distance as a variable. For example, a PMR
passing another PMR can do so at 0,5 shy distances, but a robot following a human can be required to maintain 3,0 shy
distances.

3.13
TripPlan
electronic message provided to a public-area mobile robot (PMR) with a schedule, map and rules for a PMR trip

3.14
teleoperator
human with oversight of and some potential to navigate, guide or direct a remote vehicle, sometimes
including lateral and longitudinal control of that vehicle

4 Abbreviated terms

ADS automated driving system

ATS automatic traffic signals

C-ITS cooperative intelligent transport systems
DDT dynamic driving task

EV electric vehicle

ICT information and communications technology
[oT internet of things

JDR journey data recorder

ODD operational design domain

PMR public-area mobile robo6t

PUDO pickup and drop off

VRU vulnerable road user

5 Purpose and justification

5.1 Geéneral

Automated road vehicles for passenger and goods transport operate with awareness of existing motor vehicle
road use and parking rules. However, automated devices used on footways and other active-transportation
pathways for delivery, maintenance, surveillance or similar tasks can be subject to newly established, local
regulations - if any.

Detailed regulations for such PMRs do not yet exist in many cities and regions, because there is generally
insufficient traffic management experience to address the intention, deployment and behaviour of PMRs.

In addition, these two types of robots - automated road vehicles and PMRs - converge at crosswalks and road
intersections which are also used by pedestrians and other users of active transportation devices. A similar
observation regarding other users applies to those types of PMRs that are designed for use on cycleways and

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=6ba8367d6e6b8468c1d9e821f9e1edfc

ISO/TR 4448-1:2024(en)

roadways. Concurrent use of such infrastructures by both types of robotic systems will create unique spatial
conflicts, implying that the rules for each will commingle and potentially lead to unintended consequences.

The need for standardization is five-fold:
1) safety and conflict-avoidance;

2) planning;

3) commercial;

4) operations and management;

5) legal, liability and insurance.

5.2 Sdfety and conflict-avoidance

As the number of innovative types of mobile vehicles and devices, automated or non-automated, el

hter into

commorn] use, there is increasing potential for spatial conflicts while navigating, waiting or performing tasks

in publif spaces. These can include loading and unloading, cleaning, monitoring, 'delivering and
Additiorjally, navigational conflicts when passing, crossing, or overtaking can be'expected to grow
numberjand variety of such vehicles and devices. Such conflicts are already yery common and cum
at many| kerbs and on many sidewalks. Increasing numbers of such vehicles’and devices can be €
to opergte without on-board or proximate human operators, and withéut'the lane- or path-marki
as thosq that guide on-street vehicles. It is necessary for machines that operate at kerbs, on sidey
building corridors and sometimes combinations of these, to interactywith each other, with human-c
vehicles| and devices, and with pedestrians. This requires a‘set of agreed and tightly comm
behavioirs and guidelines for real-time resolution (rules) and:those behaviours and resolutions
agreed ferminology and structure.

5.3 Planning

Projects to re-format and reorganize streets, kerbs or sidewalks, or to design indoor pedestriar
can imply the building and shaping of such spaces to be workable for vehicles and devices whose o
charactgristics are potentially different, .or,differently constrained, than those of vehicles and
under djrect human operation. Such planhing activities need guidelines requiring common termi

guiding.
with the
bersome
xpected
ngs such
valks, in
perated
nicated
require

spaces,
perating

devices
nologies,

taxononpies, categorizations, rules and architectures. They will also need detailed metrics and design

parameter descriptions.

5.4 Commercial

Some ke¢rbs, sidewalks @and” other pedestrianized spaces can be used more frequently than of
automatled commercial vehicles (taxis, shuttles, trucks, public-area mobile robots, etc.) each with av
task cappbilities. Thésevehicles would be loading and unloading passengers and goods and executin
tasks. The use of-machines and devices without a proximate human operator for these activitie
forwardplanning“will be required. Such forward planning will need transparent spatial-under:
rules and pathiway or waiting-place reservation systems operating in near real-time. The design

hers by
hriety of
b service
5 means
tanding
of such

reservatiiansystems requires agreed terminologies, taxonomies, categories and rules.

5.5 Operations and management

Kerbs, sidewalks and public building corridors form an interface between people who are residing, visiting
or trading at buildings at or near these infrastructures. People and goods who arrive or depart on foot or

with the help of vehicles and devices, automated or not, expect to be able to arrive and depart in

a timely

manner without finding their footway, pathway or loading facility blocked and without unexpectedly long
waits or difficult passage. These spaces need to be managed in a coordinated fashion. Standardization is
required to establish consensus on methods for this management and the terminologies, taxonomies,

categories, and rules.

© IS0 2024 - All rights reserved
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5.6 Legal, liability and insurance

Public spaces can be shared by many classes of mobile users including local residents, vendors, visitors,
shoppers, and workers, whether able-bodied or otherwise. Any physical conflict involving an automated
device or vehicle that causes bodily harm, financial loss, or other harm or perceived harm can be subject
to legal action. Hence a common understanding and description for these spaces, and the interactions, data
sensors and data recording therein, is necessary to determine liability for legal and insurance purposes. This
common understanding and description require standardized terminologies, taxonomies, categorizations
and rules.

6 Parts outline

6.1 General

Key topilcs for standardization of deployment for PMRs are as follows:
1. defipitions and data;
2. behjviours;

3. safety;

4. muricipal readiness;
5. pergonal assistance.

Within the context of automated road vehicles and PMRs as covered by the ISO 4448 series, these conponents
need to|be addressed in terms of deployment matters related to loading and unloading withip public,
pedestrfanized spaces (e.g. at the kerb), or throughout-their entire management and activity spectrum
within public, pedestrianized spaces (e.g. on sidewalks, pathways, bike lanes or within public buildings).

6.2 Definitions and data

6.2.1 Pata definitions and general concepts

Data definitions include units, defaults and ranges where appropriate. Consistency throughout|informs
deploymnjent discipline and improves.the potential for integration among systems and across jurisdi¢tions.

6.2.2 Becurity, privacy, testing and data: threat, vulnerability and risk profiles
Specific[points for standardization describe:

1. communications’and cybersecurity issues that are necessary for secure and assured conrectivity,
location, determiination, teleoperation, IoT, recovery and enforcement override;

2. the maximum privacy issues and guidelines for PMRs;

3. testjngguidelines for PMRs;

4. data capture, use, retention and sharing guidelines for PMRs operating in public spaces.

NOTE Privacy, data retention and use are determined by the local jurisdiction.
6.3 Behaviours

6.3.1 Loading and unloading of goods and passengers at the kerb

A key point for standardization is a body of orchestration procedures to manage loading or unloading of
passengers and goods. This could apply to any publicly accessible loading location(s) for applicable vehicles.
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When developed for the context of automated vehicles, such procedures could also be used by human-
operated vehicles. Orchestration procedures could manage the endpoints of a trip with an electronic
document called a LoadPlan that describes multiple features about hypothetical points “A” and “B”, related
to queueing for use of a spot at point A or point B for a loading or unloading activity.

It would be important to incorporate procedures and rules for the case of vehicles constrained to the
kerbside or other designated loading area to load and unload PMRs that move goods or passengers along
public pathways that do not admit larger vehicles (for example transferring from a truck or van into a smaller
vehicle such as a PMR). This aspect could integrate with PMR orchestration messages called TripPlans.

Other important elements would include methods and metrics to determine whether a kerb on a block-face
is suitable for a particular type or intensity of use of automated vehicles or devices.

6.3.2 Public-area mobile robot access on human pathways

An imp¢rtant aspect for standardization includes establishing methods to manage PMR -congeption by
describipg capabilities for trip reservation and queueing for public-area mobile rohéts in publif spaces
(footway, cycleway, roadway and crosswalk). PMR orchestration could be provided bysmethods such as:

1. zongs and time slots (TripZone);
2. starft and end points, pathway segments, segment behaviours, and start time (TripPlan).

NOTE Method 2 provides more traffic control and a finer degree of managenent by monetization (use ¢harging)
than method 1.

6.3.3 Public-area mobile robot behaviour on human pathways

It is espcially important to describe “rules of the road” for'PMRs on public pathways or in publi¢ spaces.
This car] include the full range of behaviours related tosharing space with humans, pets, other robots and
infrastrficture, and can be described as a standard, enfor’ceable traffic code for the sidewalk. This gspect of
the ISO 4448 series could become very important forZmunicipal regulation and enforcement protocdls which
would often be locally determined.

6.3.4 Public-area mobile robot-to-human communication signals

PMRs share public space with bystanders, including those with vision or hearing challenges. Therefore,
it will be important to describe standard sound, light, haptic and gestural (motional) displays fpr social
commuijication between PMRs and bystanders. Its key purposes can include:

1. clarfty regarding a robot(s intentions when near bystanders; and

2. sociplizing the robof’s)presence.
6.4 Sgfety

6.4.1 Bafetyand reliability for public-area mobile robots

There is—a—heed—to—address—muttiplephysteal—mechatronicand-operating—safetyaspeets—oefPMRs. This
VP Py | S) Y VP

includes sensors, effectors, fire and chemical, hazardous goods and more. These could be organized into

three categories, as follows:

1. location safety, as impacted by a surrounding context;
2. device safety, as impacted by the device safety design; and

3. safety for proximate humans, as impacted by the disposition and behaviour of proximate humans.
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6.4.2 Journey planning sufficiency for public-area mobile robots

An important safety capability is the definition of a reliable field of perception including range and maximum
blind spot extent for journey planning competency. This can focus on the planning range between the full
trip (path planning or a PMR macro plan) and the immediate next decisions (trajectory planning or a PMR
micro plan). This intermediate range, a meso plan, would ensure that a PMR can perceive well in advance
any pending barrier(s) to the execution of its macro plan in order to avoid:

1. being trapped by navigating too deeply into unexpected circumstances; or

2. exhibiting undesired, unexpected or alarming behaviour in the presence of bystanders.

6.4.3 bLourney data recorder (JDR) for public-area mobile robots

To be abjle to understand, track and enforce PMR behaviour in public spaces, it will be important to fescribe
journey data recorder (JDR) functions for PMRs. Such functions can include:

1) medsurement of shy distance compliance (immediate spatial clearance);
2) comparison of shy distance compliance among fleet operators;

3) socipl compliance for licence renewal;

4) atopl for investigating complaints;

5) areford for event reconstruction;

6) atopl for measuring congestion regarding the granting of TripPlans; and

7) amethod for testing software.
6.5 Mpunicipal readiness

6.5.1 Buitability of pathway infrastructure for public-area mobile robots

[t will bp critical to describe methods and.inetrics to determine whether a footway, cycleway, roadway or
crosswallk is suitable to a particular typé or intensity of PMR use.

NOTE This can provide a critical gpportunity to ensure that PMR methods and metrics match or exceefl current
disability accessibility guidelines that apply to any infrastructure shared by PMRs, wheelchair users and other
vulnerablle road users.

6.5.2 Environmental worthiness of public-area mobile robots

It will pe important-to describe definitions and metrics to determine extreme weather and other
environinental conditions that impact PMR operation safety. This can be scaled to PMR capability $o that a
fleet opgrator oir\imanaging authority can determine which classes or types of PMRs are permitted td operate
in partidular énvironmental circumstances.

6.5.3 ost-crasit procedures for public-area mobite robots

It will be valuable to have clear, consistent methods for PMR crash clean-up, description and reporting. Such
methods can be very important for municipal oversight and enforcement, subsequent licence renewals, as
well as immediate safety for bystanders.
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6.5.4 Mapping maintenance for public-area mobile robots

It is critical to describe map parameters such as map resolution, update frequency and error tolerances
required for PMR TripZones or TripPlans. It will be equally critical to have consistent guidelines to keep such
maps up-to-date.

NOTE There is a parallel and independent need for similar maps to enable way-finding for many members of the
disability community. This implies opportunities for collaboration, map-sharing and map crowdsourcing, in which
users from both accessibility and robotics communities provide a steady stream of information that can contribute to
timely map updates shared by both communities.

6.6 Personal assistants

6.6.1 Personal assistant robots for human transport

There isja need for standards to address personal passenger robots such as automated wheelehairs of people-
movers for use in public facilities such as airports, hospitals, malls, museums, entertainment parks, ptc.

6.6.2 Personal assistant robots for tasks and goods movement
There is|a need for standards to encompass e-tethered robots, such as:
1. pergonal “follow-me” PMRs transporting loads; and

2. maihtenance robots used in “follow me” operation.

7 Context
7.1 Automated vehicles

7.1.1 Automated motor vehicles at the kerb

Vehicles|equipped with automated driving systems (ADS) are able to load and unload passengers afd goods
without|a human driver present. Such vehicles are popularly referred to as "driverless vehicles,"|and are
generally both automated and connected. The integration of automation and connectivity alloys these
vehicles|to accept route instructions and navigate accordingly while responding to other vehicles.

Passengpr cars and goods-transport vehicles are increasingly becoming connected, while progtess has
been sldwer than anticipated:\While the automated taxi is being piloted in a few carefully man

years pifior. Furthermore;the fully automated (SAE Level 5) vehicle will almost certainly be dela
longer -|possibly neverreaching the full capability frequently promised prior to 2018.

The reagons for this are clear. Rapid developments in sensors and software have enabled automated service
vehicles|to be<redlizable in respect of their mechanical instantiation, but the barriers to deployment of
automated passenger vehicles in a high-volume, high-speed, multi-agent road system lie as much [or more
in the tijaffic management and fleet operator behaviour than in the servo-mechanical manipulatign of the
vehicle. The Speed and Impact forces a , Ol a mass exceeding one tonne, usually has life
threatening consequences that have to be safely and reliably managed before automated vehicles, such as
robotic taxis and delivery vans, become commonplace.

Nonetheless, it is almost certain that significant numbers of ADS-equipped vehicles in constrained
operational design domains (ODDs) (SAE Level 4) will operate in growing deployments and will require
coordinated and wide-area PUDO (pick up or drop off) management.

7.1.2 Automated devices (PMRs) on pedestrian infrastructure
While the promised, large-scale arrival of automated passenger vehicles has been considerably delayed, the

introduction of PMRs for numerous public-area services are still advancing.
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For several reasons there are fewer and far less dangerous deployment, cost, safety and regulatory
challenges to be overcome for PMR deployment relative to the automated road vehicle. This can be due
to, for example, differences in size, speed, sophistication and teleoperation. Additionally, the accelerators
promoting the development of delivery robots are more accessible to startup innovators, investors, retailers
and other participants. In sum, there are far fewer safety and entry barriers.

Concerns for road-congestion, traffic safety and climate change underscore the benefit of using small,
clean, quiet, electric robots in place of sedans and delivery vans, in appropriate ODDs. The rapid increase
in e-commerce and its demand for rapid and cheap delivery is another growth driver, while growing labour
shortages are a driving factor in some countries.

PMRs are already engaged in indoor maintenance activities such as mopping and sweeping facilities including
airportq or shopping malls and in outdoor surveillance and package delivery. They are expected|to soon

recharging and similar services. They will likely arrive in some cities at a larger scale and
ADS-eqyipped vehicles. Without deployment standards these will be difficult to govern.

As fleet|sizes increase, these devices will likely impact other vulnerable users of detive transportation
infrastrficture. Even if perfectly engineered, the introduction of machines that sha&béctive transplortation
space wjth pedestrians and cyclists will impact traffic safety.

&
It can be argued that maintenance robots to keep sidewalks clear of ic @to monitor such spaces for
safety i§sues from potholes and cracks or vandalism-related damage cali%fer a counter balance,|but it is
unquestjonably necessary to pay attention to deployment rules that minimize inconvenience pnd risk
to vulndrable users. In other words, device safety is only part of tthquation; deployment rules gnd their
enforcement are equally and perhaps even more critical.

As of 2023, there are a several hundred companies worldw;i A mostly start-ups - engaged in defeloping
small, teleoperated and sometimes partially automate %evices for operation on city walkwjys and
cycleways. Thousands of small retailers and many ten@delivery operators are using these systems for
last milg delivery. Already, many more cities have a s@l number of such PMRs than have robotaxis in pilot
operatidn. This implies that cities are far more lik\@y to face demands to govern PMRs long befofe being
expectefl to govern robotic cars and trucks. 3

b\
C}\c‘}‘
o =

.

%\%

%&

SOURCE: Urban Robotics Foundation, reproduced with the permission of the authors.

Figure 1 — Example PMR forms for small-package delivery

As a specific case, personal delivery devices (sidewalk delivery robots, see Figure 1) are generally small
containers on wheels that can travel on sidewalks, intersections and roads over modest distances — without
a human attendant on hand - to carry food and other small packages. The four robots represented in Figure 1
are among early examples of these PMR devices, some of which have been discontinued. There are already
several hundred related designs in trials or deployment, and it is not possible to predict their final design
outcomes. Such PMRs and their successors, including legged robots, are expected to increasingly become
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frequent on active transportation pathways. As they become more capable, their adoption could become
more pervasive.

It is critical to address characteristics and behaviours of PMRs in pedestrianized spaces, in addition to the
concern for PUDO for road vehicles (7.1.1). Additionally, the intersection between orchestration for PUDO
at the kerb and for PMRs entering and exiting larger goods vehicles (sometimes referred to as motherships)
will also be important to address.

7.2 The evolution of the sidewalk and accelerators for PMRs to operate there

7.2.1 General

In this spibclause several factors are outlined which impact the evolution of PMRs.

7.2.2 History

Sidewalks are a relatively modern development that have evolved as cities have develeped and hgve been
populat¢d by an ever-expanding mixture of pedestrians and, more recently, faster-m@ving vehicles.

As citied grew larger, with larger populations, and ever more and ever faster vehicle movements, sidewalks
have be¢ome the norm. They are built into many urban plans and in a variety of widths and forms.

Some pdrts of a kerbside can be reserved for loading zones or bus stops and parts of a sidewalk fan be a
reserved loading area or can house a bus shelter. Street furniture (signs, lamp posts, etc.) are mor¢ usually
setinto the sidewalk than the roadway. Nearer to buildings, the remiaining space tends to be the ared used by
pedestrians and routes atop the sidewalk are increasingly used'by cyclists (although in some juriqdictions
these aile constrained to the roadway). The remaining walkivay space is interrupted by drivewfys, fire
hydrantp, bus shelters, garbage bins, trees, benches and posts to lock bicycles. In many cities, cqrs, both
legally aind illegally, park on or straddle sidewalk space. Mest road space for vehicles is generally mych more
expansiye, carefully structured and better managed compared to footway space intended for pedesftrians.

The mid-20th century description of the kerb and\sidewalk, while still dominant in many commubhities, is
sometinjes giving way to a much greater variet§)and more managed usage of sidewalks, such as sidewalks
incorporating accessibility guidelines, ride-hail-pick-up and drop-off points, segregated cycle or micromobility
lanes, edommerce delivery, bicycle or micremobility docks, charging stations and outdoor dining.

There ate calls for wider sidewalks and more cycling lanes in many cities. Widened sidewalks oft¢n result
in fewerjtraffic lanes or fewer on-street parking spaces, in some places leading to the removal of rodd traffic
within sp-called "pedestrian zones;" although these zones often allow bicycles and micromobility pdssage.

There is|currently a growing trend toward the reduction of road traffic in ever more and ever larger urban
centres.|Any community seeking to reduce private motor vehicle traffic would also seek to reducd the use
of cars and trucks for{commercial deliveries. To the degree that people still require deliveries, tHe use of
smaller,|quieter and €leaner PMRs for this purpose would likely increase demand for these deviced, as well
as demajnd for wider infrastructure for active transportation, accessibility and PMR safety.

7.2.3 PBafety

One reason PMRKSs, especially those used for delivery, will potentially become pervasive before ADS-equipped
motor vehicles is that the safety barrier for PMRs is lower.

Delivery PMRs come in a variety of sizes and configurations. Smaller units for single deliveries are the size
of a filing box and weigh less than 50 kg fully loaded. The travel speed of these smaller PMRs is usually
constrained to a walking pace of 4 km/h to 6 km/h. Small and slow, they can stop quickly. In the event a
PMR fails to avoid a collision with a stationary object or pedestrian, harm would be less because the impact
momentum of such devices is low. However, while the harm to a pedestrian struck by a robot would generally
be far less than the harm to that same pedestrian struck by an automobile, there is still the risk of harm.
This is especially the case for children and elderly people who can more often be using the sidewalk than the
crosswalk, which greatly increases their relative exposure time to a collision.
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Another unintended consequence for consideration is a potential increase in pedestrian collisions due to an
increase in PMR traffic. Well-managed, and well-operated PMRs are expected to cause far fewer pedestrian
collisions relative to current experience with human driven automobiles or bicycles. However, this outcome
is not guaranteed and systems of certification, traffic management, behavioural enforcement and liability
would still be required.

Larger delivery PMR, which can be half the size and weight of a passenger sedan and potentially travelling
around speeds of 40 km/h, present greater safety challenges from a momentum perspective within a
pedestrian environment and can be confined to bicycle or micromobility routes and roadway shoulders
except for very low speed operation in the final metres to delivery. Still, this needs to be carefully considered
because safety on busy or poorly conditioned infrastructure would be negatively impacted by the addition
of PMR traffic.

Safety challenges will depend on the environment in which PMRs are deployed. These challefgeq are not
merely dbout the size and speed of the PMRs, but rather the size and speed differential between PMRs and
the othdr users and vehicles sharing the same space. For example, if confined to a road, pedestrign safety
challenges can potentially be reduced since there is a lack of vulnerable users in comparison to a fogtpath.

In spite [of a reduced safety concern per distance travelled, the sheer variety of PMRS presents chfallenges
for protecting pedestrians and cyclists. Regulations will need to account fér-a wide range df safety
considertations. Smaller PMRs can be banned from the roadway except when crossing at intersectiorls, larger
PMRs cqn be banned from sidewalks, and heavier maintenance PMRs such‘as snow ploughs to be|used on
pedestrian footpaths can be constrained in terms of times of day or by reguiiring proximate human oyersight.

There afe also certain unique areas of concern such as three-way dnteractions among pedestriang, motor
vehiclesland PMRs within intersections. For example, a PMR withif a crosswalk could be blocked byla motor
vehicle making a legal right turn on red. The PMR could steer otit of the crosswalk into the traffi¢ lane to
pass in front or behind the intruding vehicle, wait in the crosswalk until the vehicle completes its|turn, or
return tp the original ramp - all of which are risky and undesirable solutions.

To counter-balance that, one safety advantage that automated PMRs have over e-scooters and bicyclgs is that
they ard designed not to hit anything. E-scooters and bicycles rely on the judgement and attention] of their
riders, and human operators of any vehicle can take risks (such as at traffic intersections or witl: speed)
to gain g minor time advantage. While the huiman teleoperator of a non-automated PMR can als¢ exhibit
inattentjon or judgement failures, such an eperator, whose job can depend more on preventing a crash or
complaint than being a few minutes early for a delivery, will likely take fewer risks.

Nonethdless, if any PMR collides with'a human, especially a child, an elderly person or a person with mobility
challenges such as collision can §till cause serious harm depending on the weights and crash dlklnamics
involved. Such a crash would onlayerage be less harmful than a crash between a full-sized motor velpicle and
a pedesfrian, but no PMR crash)¢an be considered safe.

One excgption to considenis that if a PMR surprises an automobile driver (in the same way as would an
animal funning into thestreet from behind a parked vehicle), it could trigger that vehicle driver to quddenly
swerve, [precipitating a possibly fatal crash even if the PMR itself is not struck. In summary, moving goods
delivery|activiti€s from the roadway to the sidewalk can make the roadway safer, but it is unlikely[to make
the footay, erosswalk and cycleway safer.

7.2.4 ost

Currently, most PMR forms - whether used for last mile delivery, maintenance tasks like sweeping or
spraying or patrolling an area perimeter, etc. - are less costly to develop, deploy and operate than are
automated passenger vehicles, which demand far greater effort and investment.

This low cost-barrier has enabled many start-ups to establish mobile robotic service companies. Some of
these companies provide services using PMRs developed by others, while some have developed innovative
devices. In a further distinction, some develop, manufacture and operate highly automated devices, while
others rely predominantly or entirely on teleoperation to respond to the sharp rise in e-commerce triggered
by the coronavirus pandemic, which itself exacerbated problems of cost and labour availability. Taken
together, this equates to a large number of companies, devices, operating variations and a pending traffic
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management problem that requires standardization and systems for the deployment and governance of this
new form of traffic.

7.3 The challenges

7.3.1 General

In this subclause several special challenges of PMRs are discussed. This will help users of this document
better understand the intention of many of the suggested elements that the remainder of the ISO 4448 series
will focus on.

7.3.2 nfrastructure

PMRs and robotaxis each face complex infrastructural barriers; some of these are related, such a§ at road
crossings. Because pedestrian pathways are often less rigorously structured or managed than 4re most
roadways, infrastructure often presents more complex barriers for PMRs to negotiate.

PMRs wijill have to negotiate obstructions such as human legs, barking dogs, baby strollers, plantgr boxes,
tree roots, people waiting at the bus stop, uneven pavement, kerb edges, ramps/and crosswalks 1 a more
disordefly environment than the highly regulated city streets where robotaxis will operate.

PMRs affe expected to operate on existing infrastructure. However, the rudés governing the configuration,
conditiopn and certification of footways and the systems to manageiand broadcast informatign about
constru¢tion and configurations in those spaces are neither as well-formed nor as frequently compljed-with
as for ropdways. Cities have many more undigitized and non-conforming sidewalks than roadways. [This can
constitufte a high barrier for operating PMRs in these spaces given conditions such as:

garlage bins standing on the pathway;
vehicles parked on the pathway;

construction materials stored on the pathway;
furijiture or mattresses left on the pathway;

treq limbs fallen on the pathway;

shrybbery overgrowing the pathway;

N o s W

a sidewalk that abruptly ends,{incomplete pathwayy);
8. sevdrely damaged or potholed pavement.

In many|of these cases¢a@PMR would have to request a new route or be able to navigate around these barriers,
for which robotic legs'might offer an advantage.

Depending on community preferences for active transportation and on the generosity of neighbpurhood
infrastriicture-for walking or cycling, a local population can exhibit a limited tolerance for sharinjg active
infrastrficture with PMRs. Even if constrained to using road shoulders or a "mothership" (see Clause 11)

approach-in the case of dn]ivnry, there often remains an expectation of using or crossing pnr]estrian

infrastructure.

For constraints of infrastructure configurations and access permissions, early designs (see Figure 1)
represent only a partial solution to robotic deliveries. There are many aspects of navigating footways,
using stairs, doors, elevators and locker systems that confound these early designs. There are already many
instances of pre-commercial PMRs that are ambulatory and have graspers (legs and arms).

If PMR technology is to be generally and widely deployed, eventually many PMRs will use legs rather
than wheels. One instance of a ground-based robot, the quadrupedal robot, is a legged robot with motion
reminiscent of a dog.
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Whether bipedal or quadrupedal, a legged PMR that is able to self-navigate in ODDs that include instances

of pathway barriers and obstacles such as those listed above could be superior to wheeled and
robots because of their ability to operate in many more terrain conditions in the same manner as

tracked
would a

human or animal. This makes traversing kerbs, moving around barriers on narrow passages, or mounting
stairs more achievable and makes such PMRs better equipped to manage being impacted, kicked or shoved.
Many demonstrations of such ambulatory terrestrial robots are visible on the internet but need further

development before becoming widely viable.

7.3.3 Revisions of existing regulations for PMR use on public infrastructure

The operatmg assumptlon for many ]urlsdlctlons is that the use of PMRs on publlc 1nfrastructure
prohibiteé :
require hew or altered regulations to permlt the use of PMRs

Among hational governments to have added clauses to their road traffic regulations are Estonia,
Japan, and the Republic of Korea. Several states in the United States have passed related legislatig
jurisdicfions have banned PMRs, presumably temporarily, as they await guidance fromia superioj
government. These include the Canadian cities of Toronto and Ottawa which did so atithe end of 202

One of the complexities of this regulatory work is that the governance of pédestrian spaces
sidewalks) is typically a municipal matter, while the governance of road trafficand vehicle safety is
at a higher level - either provincial, state or national. It is in the overlap;”for example crosswz:

reqliirements for infrastructure dimensions (related®o accessibility regulations);
PMR speeds, dimensions, weights (maximums apd'minimums);

equjpment such as brakes, lights, speakers, mics, reflectors, signage (decals);

1
2
3
4
5. device identification and its visibility fot .enforcement;
6. areds and hours of operation, especially avoiding certain zones such as schools;
7. PMR behaviour regarding acdessibility (e.g. distance-keeping, blocking ramps or entrance ways
8. audjble signals emanatingfrom a PMR such as their loudness and meaning;
9. requiirements to alert-other users of PMR presence (sounds, lights, flags);
Iirements to'recognize and respond to sounds such as emergency vehicle sirens;

11. enfgrcementand penalties;

12. liab]lity*and insurance.

is often
jons will

Finland,
n. A few

level of
1.

[such as
Hirected
ks and

ihing the

7.3.4 Greater variety of mobility types, and configurations

As described above, kerb and sidewalk space in many towns and cities are under increasing pressure for

access from a growing variety of users, innovations, devices, businesses and services.

Over the past decade, digitalization of mobility and commerce has brought rapid growth in new forms of
taxi-class operations, such as loading and unloading passengers at the kerbside, and a dramatic rise in goods

delivery from e-commerce systems, accelerated by society’s response to the pandemic.
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In some cases, this change has already reached unsustainable conditions, and some of these tend to be
addressed on a local and urgent short-term basis, often without a long-term framework for future change,
growth or innovation.

In addition, the rise in active transportation often adds bike and micromobility lanes at the kerb, as well as
scooter and bicycle storage systems on or beside the footway.

The onset of the coronavirus pandemic created rapid and unexpected demands for these sidewalk and kerb
spaces to accommodate social distancing (e.g. an uptake in the use of micromobility vehicles such as scooters
and e-bikes, and increased demand for outdoor dining space).

Wider sidewalk areas are being created to accommodate these new demands. These areas sometimes extend
tempordrity beyomd tiekerbamd-imto cycting amd parking tarmes:

Additionjal width invites more variety and creates an even greater need for management as sidewalk dining
continugs, micromobility grows, and demand for walkability increases along with a growing need for
cleaning, maintenance, and snow or ice removal for these expanded and complex spaces.

7.3.5 [Greater demand for orchestration in pedestrianized mobility space.

There is|expected to be a growing demand for the delivery of passengers and goeds to the kerb - pofentially
using automated vehicles and local delivery of goods via PMRs. Indeed, such systems are already in syccessful
operatign in numerous cities and campuses.

This will not only lead to increasing traffic volume requiring highly ‘digitalized management, b;[t also a
change In the nature of the interaction of these vehicles and theif mobility systems with each other, with
the kerb, with payment systems, with active human mobility andwith existing manual vehicles and|devices.

It is logdical that such digitalized management systems will use communication and security [systems
compatiple with those used for cooperative ITS (C-I'TS) Indeed, there is strong logic to use| similar
architecture and communications means since loading and unloading passengers and goods interacts with
kerbsidg robotic systems. PMRs will need to cross;toads, be aware of approaching robotic vehigles, and
interact{with them.

In addit{on to the required attention to communication and security systems, the traffic and parking rules
that citig¢s have relied on prior to 2020 repréesent governance that is already under stress - their inadequacy
and shoftcomings made evident by the ceronavirus pandemic.

Neither [current rules nor their temporarily modified versions will sufficiently support the anficipated
automated systems. Cities will need new operating guidelines to support the arrival of automated tpxis and
PMRs af kerbs and on footwaysto stop, park, wait, load and unload under sensor, effector and qoftware
control.

Often upaccompanied{by”human passengers or attendants, these machines will need to be pripritized,
schedul¢d, queued, bunmped and placed in holding patterns regardless of nearby human oversight, and all
without|blockingrerosswalks, bicycle lanes, micromobility users, no-stopping areas or transit stops.

This negeds to-be achieved safely, mixed with human-operated vehicles, without inconveniencirlg active
transportation or pedestrian traffic, and with regard for universal design.

7.3.6 Growing access demands on pedestrianized space

Today, pedestrians use the sidewalk in a variety of ways. For those walking to a destination or to make a
delivery, the sidewalk is a path. For those who are window shopping, sitting on a bench, paying for parking,
meeting someone, sleeping, sipping coffee, or walking their dog, the sidewalk is a place. This fundamental
conflict between path and place is mediated, today, by social behaviours and low speeds.

The coming of PMRs to the human pathway implies a purely path-oriented use, except for departure and
arrival terminus points. Functionally and navigationally, this is comparable to a pedestrian in a wheelchair
using the sidewalk as a pure travel path (See 9.2).
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PMRs that navigate human pathways will almost certainly be required to consistently recognize and
accommodate others using these as a place.

Wheeled PMRs have some characteristics similar to a wheelchair. They can easily travel faster or slower
than the average human pedestrian; they confront issues of climbing over uneven, damaged, steep, sloped or
potholed pavement and ramps to sidewalks; they often have difficulty managing a step of significant height
and generally cannot negotiate multiple steps; and they cannot easily step aside or streamline their body
width by turning sideways while walking as can most ambulatory humans.

7.3.7 Growing mismatch between infrastructure configuration and user capabilities

There are many circumstances for which it is difficult for a wheelchair or PMR to climb a kerb or a gradient,
or use narrow passages that would not permit a robot and a wheelchair to pass each other. This,Js due to
three fagtors:

1. The|predominance of car-oriented environments, such as in most suburbs that have'a ecar population.
Thepe tend to crowd out sidewalks, making them narrower than ideal for the infroduction ¢f PMRs.
Thig also tends to distort the design of footways and cycleways. For example, when there is inspfficient
traffic space, especially at intersections, quite often elements of active-transpdrtation infrasfructure
are [curtailed first, meaning active transportation users can find themselyes{cramped for spade. PMRs
willlcompete for this same space.

2. The|default assumption of ambulatory humans in the design of active transportation space autoratically
put§ wheeled PMRs at the same disadvantages that such design put$the wheelchair user.

3. The|design assumption, in the case of a wheelchair and an ambulatory pedestrian passing each|other, is
that/the pedestrian will walk around or step aside for the wheelchair or if not, the wheelchair fiser will
be ipconvenienced for only a short period of time. If the use of PMRs were to grow considerdbly, this
assymption would be challenged.

In summary, wheeled PMRs exhibit many of the navigational constraints and properties of a wheelchair.
Depending on wheel diameter, number of wheels and their suspension system, a non-ambulatory PMR can
have slightly fewer or slighter more constraints than a wheelchair. Indeed, several models of thefe PMRs
already pxhibit such variations.

7.3.8 egulatory or infrastructural bias: pedestrian vs PMR

It can bg expected that the PMR will-he regulated to have fewer spatial rights and diminished rightg-of-way
compared to a pedestrian or cyclist. This is distinct from the fact that some jurisdictions requirg a PMR
to use al road crossing using.the’same rules as apply for pedestrians and require that automobiles at an
intersection treat a PMR already in the intersection using the same rules as apply for a pedestrian wjthin the
intersecfion. These are traffic regulations and generally do not confer social rights on a PMR.

ConversEly, as a working machine, a PMR could play an important economic role, or perform a critjcal task
for som¢one who-has protected social rights. Perhaps certain types of PMRs can be provided with| specific
rights siich as bearding a public transportation vehicle or entering a building that would not othefwise be
permitté¢d, sifpilar to the permissions currently granted for helper animals.

A wheelpd"PMR might be unable to pass certain barriers or obstacles that an able-bodied human cgn and it
might be subject to vandalism or mischief in ways that are different or more frequent than those confronting
a wheelchair user. Moreover, it can have a lower height profile compared to a wheelchair user, making it less
visible to pedestrians or motor vehicle drivers unless specially marked or equipped with flags, lights or
motion alarms.

While a PMR will be a connected vehicle for teleoperation purposes, having no onboard or accompanying
human to provide or receive social signals could make it socially mute. This makes it rely entirely on
information from other connected devices, and the skill and patience of its teleoperator. Conversely, it could
be programmed to send and receive social or directional signals and to exhibit more patience than the
average human.
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Partially automated PMRs can be teleoperated, but the ability of a teleoperator to engage in social signalling
might be severely limited. It will be important to close this gap in order for pedestrians to become
comfortable with PMRs.

7.3.9 The problem of compute resources for PMR automation

Remote (teleoperator) oversight for PMRs will likely be required by regulation long into the imaginable
future. It would be desirable for a PMR to always be able to automate any navigation situation except the
most extreme edge cases. The simple reason for this is to increase the ratio of concurrent PMR devices under
observation per teleoperator to maximize fleet operator profit.

a dimini hmg numbers of extreme edge cases. Thls is notto say that robotlc cars and trucks w111 evientually
solve allledge cases. Rather, it is to say that current robotic vehicles appear to handle far betterwithin their
ODDs, bpth relatively and absolutely, than PMRs appear to handle within theirs.

While the size and energy requirements for this amount of compute intensity decreaSes continuglly, this
is still npt something that a much smaller PMR can afford to carry and deploy in thetmid-2020s. Whhile this
efficiendy might improve in the next few years, contemporary PMR systems are compute-starved|relative
to whatwould be needed to operate without (or with very little) teleoperator intervention. In other words,
the compination of very complex unstructured navigation environments ceupled with compute fesource
constrg]ilnts can lead to mediocre performance, slow response times and more frequent remote interyentions.

Fortunafely for PMR fleet operators, these problems can be absorbed by human teleoperators fhat can
intervernje as often as is necessary to address navigation and otherptroblems. Because there are n¢ human
passengprs to alarm and no risk to bystanders, this solution acts)as a perfect, but expensive, bridge to the
time in ywhich PMR capabilities will match those gradually being achieved by robotic automobiles.

One of the biggest differences between robotic taxis and PMRs is that teleoperation (except for pure
oversight and emergency recovery) is almost entirely\unacceptable for passenger transportafion, but
completkly acceptable - and essentially invisible - for'small goods last mile transport and a myriad|of other
maintenfance and security tasks.

In sum, fhe current state of PMR technology is“nascent and its operation within infrastructure shafed with
pedestrians needs careful consideration, especially as the number and variety of PMRs expands.

8 Operating principles for PMRs
8.1 C(Cqgntrasting types ofinfrastructure

8.1.1 [General

For operfations in a shared, human-social environment, operating and deployment standards need tqg provide
general fules for®MRs on multiple types of pathways used by active transportation users of all abiljties.

8.1.2 [Contrasting pathway and kerb

The core matters of scheduling and pairing automated vehicles with places to access are similar for both kerb
and sidewalk. However, in the case of pedestrian pathways, place (block-face or footway) is very different
from the kerb where place implies a space for loading and unloading.

At the kerb, vehicles are queuing to become stationary in order to load or unload. At any permitted pedestrian
pathway, PMRs are queuing to operate (move, navigate, work) in ways mixed with pedestrians or cyclists of
all abilities. Pedestrians often have pets, carry packages, push, drag or ride in wheeled devices, containers,
chairs, bikes, scooters or boards. Pedestrians travel in small groups, walk slowly, stand in clusters such as
at intersections or transit stops. They window-shop, line-up, run, or weave from one side of the pedestrian
clearway to the other. All these pedestrian activities are at risk of being made less safe, more difficult or less
comfortable due to the presence of PMRs.
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Depending on the prevailing view of the governance of public space such as communal public square,
regulated and orderly public square, or state-owned property (see Reference [4], and 9.1), such pedestrian
actions can be protected or curtailed. It will be desirable for any standard to be agnostic to any particular
governance style or theory.

Certain PMRs, especially maintenance PMRs such as sweepers or snowploughs, can be constrained for use
at places or times when few or no pedestrians are present.

8.1.3 Contrasting cycleways and footway

Cycleways offer the possibility for PMRs to travel to their destination at higher speeds as well as avoid

potenti

1 conflicts on footways with pedestrians, which are often more crowded and less str

ctured.

Howeve

First, PNMRs might need to travel at the speed of cycle lane traffic flow in order to minimize disry

other us
nature (
going in
pedestr
behavio

-, utilizing a cycle lane presents its own unique set of challenges.

ers. Second, PMRs often need to overtake stationary or slow-moving cycle users. Dependin
f the cycle lane and the disruption, this can require the PMR to temporarily stop, travel

ans who cross the cycle lane, such as when jaywalking or accessing a parked car. Dependin
ir of the pedestrian that is crossing the path of the PMR, the PMR can.stgp or slow down ¢

the ped
accepta

8.2 Be¢havioural factors

For the
the cont

le on a footway.

ehavioural aspects for PMRs, there are many importantfactors, listed in Table 1 to conside
ext of the ISO 4888 series.

Table 1 — Factors that can influence the dcceptance and workability of PMRs

ption to
g on the
n a lane

the opposite direction or move onto the sidewalk. Third, PMRs will need a miethod for dealjing with

g on the
nd alert

bstrians of its presence (similar to a cyclist ringing its bell). Such behaviour would likely be less

r within

Alarm o

It will not be acceptable for PMRso harm or alarm humans or animals. It is possible th

hence a PMR could emit souqd(s) to indicate concern or alarm.

L harm NOTE Within this context;the term “concern” is intended as alow alarm circumstancd
example, being touched by a bystander could be considered precursor to a harmful g
would be unacceptable for a PMR to exhibit aggressive alarm behaviour each time a p¢
comes closer-than a PMR’s programmed shy distance.

could behave defensively usingsound, light or evasive movement in the event it is threatened;

in a PMR (or its telepperator) determines that it is potentially close to being endangg¢red. For

ata PMR

, where-

ct, but it
destrian

Apparen

Many pedéstrians could be made uncomfortable or alarmed ifa PMR approached quid

(a3

that 6ther pathway users are not surprised or alarmed by a proximate PMR. Hence,
impartant for PMRs to be visible, audible or both to all users on the pathway, includi
with visual or auditory impairment(s) as well as to avoid mishaps with distracted ped

behind(oy seemed to appear suddenly because they are small or quiet. It will be i];portant

kly from

t will be
g those
bstrians.

Congest

PMR area occupancy (device count) could be controlled within a block-face to avoid g
pedestrians. It is possible to standardize an orchestration system to prevent this.

rowding

It will be important for PMRs to capture and secure information required for overs

Forthc01|ning

event post-mortems according to requirements set by the relevant licensing authori

ight and
y. [t will

be equally important for the relevant authority to describe that information prior to

icensing

and deployment of PMRs.

Intrusive infrastruc-

PMRs can be guided by localized infrastructure, high-resolution mapping, and other data or
technologies. Itis possible to describe standard constraints on physical infrastructure such that

ture it does not negatively affect the use of this shared space by making it more cluttered, riskier,
more confusing or less accessible.
Some pedestrians could be confused or be caused to stumble if a PMR made a sudden turn
Legible directly in front of them, crossed a person’s path with too-little notice or passed too closely.

to proximate humans.

It is important for PMRs to signal and behave in ways that are consistent and understandable
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Table 1 (continued)

Loitering

Sometimes a PMR can need to wait for a task to complete or a new instruction for a new des-
tination. It is possible to standardize the use of public spaces by a PMR that is waiting so that
it will minimize obstruction other users.

Non-conflicting path-
ways

PMR fleet operators will tend to prefer routes that optimize travel time. It is possible to have
standard methods that allow transportation authorities to control infrastructure use while
respecting other demands on the same infrastructure.

Non-conflicting travel
rules

It matters how a PMR uses a footway in order to avoid pedestrians or minimize conflicts with
them. It is possible to standardize whether to travel on the edge of the sidewalk that avoids
building doors, travel clockwise or counter-clockwise, pass only when necessary, travel sin-
gle-file or sometimes use cycle lanes.

Pedestrilan free flow

It will be important that PMR usage rules such as navigation manoeuvres, stoppingrhles, and
waiting-area rules do not to compromise pedestrian flow and access. It is possible fo stand-
ardize how PMRs should:

— wait on kerb cuts and at intersections;
— enter and use road crossings;
— request right of way;

— withdraw from alocation and request an alternateyoute.

PMR configurations and deployments could create physical hazards for bystanders. These
could be caused by physical elements such as size, weight, speed and protruding pafts, or by

Physicallhazards algorithmic elements such as shy distances or trip,planning guidelines created or ¢leployed
according to parameters set by the responsible duthority.
Itis not desirable for PMRs and robotic motor vehicles to diminish the privacy of people using
Privacy or residing near the pathways they use. This‘implies a need for standardized constfaints on

the recording, use and retention of data.

Rights-df way for
PMRs

There are circumstances for which ‘a'PMR will ideally be able to demand right-of-yvay over
another PMR or human. Itis possibleito standardize methods for a PMR be used to half or seize
another PMR. A PMR that is deplayed (on-duty) in an active fire, medical or police enfergency,
or one deployed to transport ahuman in an evacuation will ideally demand (and be granted)
priority over humans or other PMRs.

Rights-df-way for
humans

PMRs and robotic motoryvehicles are expected to grant right-of-way to proximate humans.
Such rules, if executed without exception, could cause a PMR to become immobiliz¢d for an
extended period in a crowded circumstance, so such rules can either be tempered or PMRs
could be denied access to areas that have a high risk of such circumstances.

Security

[tis not desirable that PMRs and automated vehicles diminish the security of humangor other
machines on or near the pathways they use. This includes both cyber and physical securi-
ty. PMRsthat are compromised, such as a suspected or reported security risk, abgndoned,
crashed, failed, in a proscribed area, on fire, etc., could be made subject to seizure, ingpection,
disablement, or being impounded or destroyed, as appropriate by local enforcement pystems.

Shy distfince and ses
cial dist@nce

PMRs and robotic motor vehicles can be expected to respect cultural and contextual interper-
sonal distances normally observed by humans walking or standing in a public placg, known
as shy distance. This could be extended to a local social distance if PMRs are identified as a
disease vector and shy distance is less than social distance.

It will be important for PMRs to signal their presence, priority and properties to other riachines.

Signals Th;o calr bllablb I ;sht‘) Ulc vV ﬂj d\/L;DlUllJ ﬂlld wdIlr h\,}}l d;ffbl \,llt;at\, autunuat\,d {MLAQLLUIA panied)
mobility devices from human operated devices, humans and non-mobility entities.
PMRs are able to make sounds. It is possible to standardize PMR minimum and maximum sound
Sounds levels relative to the range of human hearing capabilities and ambient noise levels. Exceptions

could be defined for emergency service PMRs.
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9 Governance principles for PMRs

9.1 General

Reference [4] outlines three views of public space that can guide a regulator of PMRs:
1. communal public square;

2. regulated and orderly public square; or

3. state-owned property.

Dependifng on how these views INIIUence relevant regulations, S would be governed locally in
less restricted ways.

The principle of the ISO 4888 series is to remain neutral to such legal theory. Rather its goal will be t
necessary and sufficient data and procedures so that respective socio-legal preferences can be sy
in any dountry, state or city by way of constructions that allow legislators to adapt the series
governajce needs and be able to communicate relevant rules to roboticists, operatoxs of automated
and theilr users (e.g. logistics, maintenance, or security companies). Correspondinigly, makers and o
of PMRs|can anticipate and comply with the resulting rules.

Roboticists EMS
Fire
Logistics

User rights Police

PUBLICSPACE
ecurity
(%) -
Standards
Indoor os\“@tdoors Aoty

Figure 2 — Influence of user rights and standards on governance, management and use of publi

During favigation, it is necessary(tor‘a clear space in the direction of travel to be open in order for z
proceed| The proximate, real-timeissue depends on the size and comfort of that clear space, and the b
ofa PMRlwithin that space. Itisnecessary to ensure that human users sharing that space are notinconve
endangered or harmed interms of access, safety or reasonable enjoyment of the use of that space.

Rules tHat have PMRs‘yield right of way and respect shy distance imply an optimal, clear spac
immedijte real-time-sense, but such rules do not prevent PMRs from entering a dynamic space th
after enfering, develop into a circumstance that inconveniences or delays pedestrians or adds to pe
congestion patentially made worse because of the presence of the PMR(s). These circumstances are ¢
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PMR nayigational rules that operate by opportunistically moving into clear spaces as they open up

(greedy

algorithms) are essentially how humans navigate on busy sidewalks and cars operate in traffic. If such was

the only local decision approach employed by a PMR, then as these PMRs become more capable,
and more numerous, human pedestrians, especially those who are older or less nimble, would
increasingly disadvantaged.

nimbler
become

Average human pedestrian skill, the product of millions of years of evolution, is unlikely to improve, but
within the foreseeable future PMR mobility skills will almost certainly improve. The risk is that PMRs will
eventually exhibit nimbler, quicker and more capable mobility than humans. In unregulated, congested
circumstances, this could become deleterious to human access in these spaces. Standards need to be
continuously protective of human access as this technology can eventually outperform current human

capabilities.
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