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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 pro
describe
different
editorial

fedures used to develop this document and those intended for its further maintenance ai
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
types of ISO documents should be noted. This document was drafted in accordance with t}
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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patent r
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constitu
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World T
.org/iso,

list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n
e an endorsement.

xplanation of the voluntary nature of standards, the-meganing of ISO specific terms an
bns related to conformity assessment, as well as infermation about ISO's adherence to t}
rade Organization (WTO) principles in the TechnicalyBarriers to Trade (TBT) see www.i{
foreword.html.
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Liment was prepared by Technical Committee {SO/TC 299, Robotics.

111 parts in the ISO 23482 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body.
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Introduction

ISO 13482 is the first safety standard developed for the area of service robots. It allows close human-
robot interaction, including human-robot contact. Although ISO 13482 follows well-established
principles and practices from standards for industrial robots and machines in general, additional
guidance can facilitate its rapid and successful adoption by manufacturers and other stakeholders.

This document clarifies which robots fall under the definition of personal care robots and what
distinguishes personal care robots from robots in other areas, such as medical robots or industrial
r¢bots. This document also provides further guidance on the risk assessment and risk reduction
plocess to be conducted for a personal care robot. It contains examples of risk assessmentsior different
types of personal care robots that can serve as an example for the user of ISO 13482 forytheir pown risk
agsessment.

© IS0 2019 - All rights reserved v
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Robotics — Application of ISO 13482 —

Part 2:
Application guidelines

Scope

ersonal care robots in conformity with ISO 13482, Additional guidance is provided for ug

1

This document provides guidance on the use of ISO 13482 and is intended to facilitdte the
p

limited experience of risk assessment and risk reduction. This document provides clarificd

ghidance on new terms and safety requirements introduced to allow close.human-robot in
ahd human-robot contact in personal care robot applications, including mobile’servant robots,
apsistant robots and person carrier robots. This document considers theapplication of ISO 134
s¢rvice robots and includes related examples.

2 Normative references

The following documents are referred to in the text in such a way that some or all of thei
C

uhdated references, the latest edition of the referenceéddocument (including any amendments)

[§0 8373:2012, Robots and robotic devices — Vocabulary

1490 13482:2014, Robots and robotic devices —{Safety requirements for personal care robots

3] Terms and definitions

1]

br the purposes of this document;the terms and definitions given in ISO 8373:2012 and ISO 134
nd the following apply.

o)

[

§0 and IEC maintain terminological databases for use in standardization at the following add

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

— IEC Electropedia: available at http://www.electropedia.org/

3i1
brvice robot
r¢bot that performs useful tasks for humans or equipment excluding industrial automation app

%]

lesign of
ers with
tion and
feraction
physical
182 to all

content

pnstitutes requirements of this document. For dated-references, only the edition cited applies. For

applies.

182:2014

[esses:

lications

[§OURCE: 1SO 8373:2012, 2.10, modified — Notes to entry have been deleted.]

3.2
personal care robot

service robot (3.1) that performs actions contributing directly towards improvement in the quality of

life of humans, excluding medical applications

[SOURCE: ISO 13482:2014, 3.13, modified — Notes to entry have been deleted.]

© IS0 2019 - All rights reserved
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al robot

automatically controlled, reprogrammable multipurpose manipulator, programmable in three or more
axes, which can be either fixed in place or mobile for use in industrial automation applications

[SOURCE: ISO 10218-1:2011, 3.10, modified — Notes to entry have been deleted.]

3.4

mobile servant robot

personal

care robot (3.2) that is capable of travelling to perform serving tasks in interaction with

humans,
[SOURCH

3.5
physical
personal

supplempgntation or augmentation of personal capabilities

[SOURCE

3.6
person (
personal

[SOURCE

3.7
medicaltl
robot in

Note 1 t
IEC 6060

[SOURCE

3.8
househd
actuated
environi

Note 1 to

[SOURCH

4 Gui

4.1 Gd

such as handling objects or exchanging information

:1SO 13482:2014, 3.14]

assistant robot
care robot (3.2) that physically assists a user to perform required tasksby providing

:1SO 13482:2014, 3.15]

arrier robot
care robot (3.2) with the purpose of transporting humans te’an‘intended destination

: 1SO 13482:2014, 3.16, modified — Notes to entry have heen deleted.]

robot
ended to be used as MEE or MES

b entry: MEE (medical electrical equipmentjnand MES (medical electrical system) are defined |n
[-1.

: IEC/TR 60601-4-1:2017, 3.20, modified — Note to entry has been added.]

Id robot
mechanism with a degrge of autonomy, operating within the household and similgr
nent, to perform intended'tasks

entry: Operating includes travel and/or robot body movement.

: IEC 62849:2016, 3.1]

flance-on the scope of ISO 13482 and gaps or overlaps with other standards

neral

This clause clarifies what robot types and applications are covered by the scope of ISO 13482. It also
covers gaps and overlaps with standards for similar products, such as industrial robots, medical robots

and light

electric vehicles.

4.2 Guidance on the definition of service robots

Service robots include various robot categories performing useful tasks for humans or equipment.

Figure 1
relate to

illustrates robot categories that are included in the definition of service robot and how they
other relevant areas.

© ISO 2019 - All rights reserved
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Service robots

Household Robots used in
robots industrial
environments

q
v

2
‘bb‘
Medical

robots

Personal care robots

X
Figure 1 — Categorization of personal cg&s robots and relation with other relevant greas

A\Q
The term “service robot” contains mos\'Orobot categories, except industrial robot, as illusfrated in
Flgure 1. As different legal and rregétlﬁﬁry requirements apply to different robot categories, one of the

]

first tasks for the manufacturer i ercialization of a robot is to identify the robot category|to which
ibelongs. Robot categories of particular interest to robot manufacturers at the time of publication of

I30 13482 are summarized @abiei

© IS0 2019 - All rights reserved 3
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Table 1 — Summary of selected robot categories

Robot Purpose User Examples
categories
Personal care |Improvement of the quality of |Lay person Autonomous mobile robot that takes ob-
robot life of humans (on a non-medi- |(not a patient) jects at the request of its user
cal basis) Robot exoskeleton to enhance physical
capability of healthy person in non-indus-
trial environment
Self-balancing type personal mobility robgt
Medical robot |Diagnosis, treatment, or moni- |Patient Robot exoskeleton to compensate disabili
toring ofa patient; or compen- Medical expert ty of affected limbs
sation or alleviation of disease,
L R Surgery robot
injury or disability
Self-transfer robot transferring a patient
between bed and wheelchair
Household Implementation of housework |Lay person Autonomous vacuumycleaner
robot for humans (not a patient) Mowing robot
Robot used Implementation of tasks in Worker Warehouse mobile robot
in industrial |industrial automation .
. Welding robot
environments

ISO 10218 was the only International Standard dealing with safetj for robots and robot systems prigr

to the pyblication of ISO 13482.

4.3 Guidance on the definition of personal care robots

Personal care robots are covered by ISO 13482. They-are a subset of service robots that contribute {

the quality of life of users through direct interactiom.

ISO 13482 is intended to be applied to personakcare robots that improve the quality of life of humarns
regardleps of their attribute, age or gender (e.g. children, elderly persons, pregnant women). Since t}
area of personal care robots is broad, only,a small portion thereof was relevant to the existing mark
at the tirhe of publication of ISO 13482.'With the market relevance in mind, ISO 13482 selects the thrg

most co

The improvement of the guality of life provided by each of the three robot types is as follows.

wai

Mobjle servant rghots provide services to their users. These include serving information as well
objefts. The role-of mobile servant robots can be compared to serving personnel, such as butler
rs, secretaries or receptionists.

Phydical\assistant robots help the wearer to do a task by physically supporting movements. Th
inclydes supporting the user’s weight, as well as amplifying the force of muscles.

mercialized types of persenal care robot and specifies safety requirements particularly for
these three robot types while alewing its application to any type of personal care robot. The thrg
robot types are mobile servantrobot, physical assistant robot and person carrier robot.

(0]

e
Pt
e

e

LS

wn
~

IS

small group of persons, at limited speed, normally in pedestrian areas.

Person carrier robots transport users. Such robots can be designed to carry a single person or a

Some personal care robots can adopt the attributes of two or more robot types specified in [SO 13482.
This kind of hybrid personal care robots includes:

— person carrying exoskeleton (hybrid of physical assistant robot and person carrier robot);

— person carrier robot handling objects and interacting with humans (hybrid of mobile servant robot
and person carrier robot).

© ISO 2019 - All rights reserved
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For such hybrid personal care robots, it is important to identify all relevant safety requirements for the
two or more robot types very carefully.

One feature of ISO 13482 compared to ISO 10218 is the physical range of risk of application (see
1SO 13482:2014, 6.1.1). Industrial robot applications range from low to high risk, with more applications
having high risk. As personal care robots tend to have more direct physical contact with humans than
industrial robots, there was a tendency for manufacturers to produce more robots with low risk at
the time of publication of ISO 13482. This trend in the personal care robot market is reflected by the
intensive coverage of robots with low risk.

44 Guidance on the distinction between personal care robots and other robots

—

here are some known overlaps of scope between ISO 13482 and other standards.|Such |overlaps
low more than two interpretations of robot category applicable to one robot. To, minimize double
jterpretations, the robot category can be identified based on the intended use ofthe robot in question.
he purposes of the four most market-relevant robot categories are specified inable 1. The following
e examples of identifying robot category based on the purpose of the robot.

I =t

- A wearable robot for diagnosis, treatment, or monitoring of a pdatient, or for compensation or
alleviation of diseases, injury or disability, is categorized as a “meédical robot” (see IEC $0601-1).
The same wearable robot can be categorized as a “physical assistant robot” (ISO 13482:20[14, 3.15),
if used otherwise, e.g. exoskeleton robot assisting medical werker to transfer a patient.

—+ A mobile robot for transporting parts for an assembly line can be categorized as a “ropot used
in industrial environments”. The same robot can_be categorized as a “mobile servant robot”
(ISO 13482:2014, 3.14) if used otherwise, e.g. a_mobile robot for fetch and carry tasks in the
household.

—+ Awearablerobotassisting a factory worker in'installing a door onto an automobile in manufacturing
premises, can be categorized as a “robotaised in industrial environments”. The same rob¢t can be
categorized as a “physical assistant rebot” if used otherwise, e.g. to minimize factory worker’s
fatigue when not performing tasks in factory automation.

et

flis usually in the interests of a robet-manufacturer to identify one singular type to which a pprticular
robot belongs. In this way, it is‘only necessary to fulfil the safety requirements for this {ype and
bntradicting requirements from different standards are avoided. When a particular robot can belong
te more than one type, the-manufacturer chooses the robot type, intended use, conditions forf use and
limitation for use.

(@)

o

fla robot is intended-te’ be used for multiple purposes, the robot is normally considered to belong to
ultiple robot types:One such example is an autonomous mobile robot able to serve food and bgeverages
mobile servant robot”) and also managing and dispensing medication to a patient (“medical r¢bot”). In
stich a case, both applicable medical device standards and machinery standards should be confidered.

— 3

NPTE 1 ..Mf“a robot is designed in a way that software can be altered, it is important that the manufacturer
sipecifiés~the limits of use and selects applicable safety standards accordingly for the risk assessment process. If
the software is altered beyond the specified limits (e g using a non- medlcal robot for a medical task), 4 new risk

o 0 00 2 espansible for

the alteratlon

In the following examples, the boundaries of the personal care robots and the other products need to be
clarified:

— adriverless road vehicle can be classified as a person carrier robot if the speed is limited to 20 km/h;
[SO 13482 applies;

— aperson carrier robot is classified as a road vehicle if it is used on the public roads; regulations for
road vehicles apply.

© IS0 2019 - All rights reserved 5
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To determine which standards to apply in case of conflicting requirements, the manufacturer can

consulta third party qualified to provide advice until the boundaries are clarified. This can be from organizations
accredited according to ISO/IEC 17025.

Reasonably foreseeable misuses are identified in the risk assessment, according to ISO 12100. The robot
design can be changed to lessen the likelihood of foreseeable misuses. When these cannot be eliminated,

they are

used to determine the intended uses and limitations of use of the personal care robot.

5 ConceptsinISO 13482

5.1 Ge

ISO 13482 addresses safety issues that are distinct compared to medical and industrial nobots. The

followin
— pers|

— intel
robd

— pers
with

52 In

Personal
with the
usually 3
the envi
are defin

Due to t
achieve 4
the relat]

speed control and obstacle avoidance.can be applied. Requirements for the control system performan

of such s

53 In

Physical
especiall
itis also
robots e

During 1
intended

neral

b are some elemental differences between personal care robots and other existingmachinery:

pnal care robots are usually mobile and work among humans without being separated by guard

u

action between human and robot, including physical contact, is often afiessential part of the
t's task;

onal care robots often have a certain degree of autonomy which enables them to act and decide
out human intervention.

teraction without guards

care robots are usually designed to operate among-humans, sharing their operational spag¢e
m. In addition, personal care robots are usually @mobile. As a result, protective devices ate
ttached to, or can be integrated with, the personal care robot, rather than being installed In
fonment. Operating zones and zones safeguatided by protective devices and safety functions
ed relative to the mobile personal robot.

he closer interaction with humans, the-protective stop is not considered the only option {
safe state. More flexibility can be reached when the robot adjusts its speed to the distance an
ive speed of obstacles. To guardntee safe interaction, safety functions such as safety-relatg

[ =" = Fe)

hfety functions are provided-in 1ISO 13482:2014, 6.4 and 6.5.

tended physical contact

contact with the~user is often essential for the task of a personal care robot. This appli¢s
y for physical@assistant robots where force is directly applied to parts of the human body, buit
important that person carrier robots are in permanent contact with their rider. Mobile servant
tablish temporary physical contact, e.g. when objects are handed over.

obot design and risk assessment, it is important that a manufacturer distinguishes betwedn
and unintended forms of physical contact. For intended contact, it is important to limit contafgt

forces ar

1 —t 1 141 1 [ ) PR TS| 1 " : 1: A s
U HIPdCeLS LU 4 IEVEL LITdU dITIOWS HTILET dULIOIT WILIT LIIE USET WILIHIOULU Pdlll O UISCOIITOT L. A SU st!‘t_,y

or process is usually developed for controlled engagement and disengagement into/from physical
contact. It is important to avoid unintended contact, especially harm from collisions and clamping with
high force and impact.

Requirements for the control system performance of a safety-related force control function that can be
used to achieve acceptable physical interaction are provided in [SO 13482:2014, 6.6.

5.4 Autonomous functions

Personal care robots are in many cases equipped with autonomous functions. ISO 13482 distinguishes

between

autonomous and semi-autonomous operation (see ISO 13482:2014, 6.10). During autonomous

mode, the frequency of human interaction is very low, e.g. when a mobile servant robot performs

6
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household tasks like tidying up or preparing drinks on its own. In semi-autonomous mode, user and
robot interact frequently, but the robot is only indirectly controlled by the human.

EXAMPLE When the human controls the general direction of motion of a person carrier robot while the
robot performs obstacle avoidance and stability control on its own.

As the level of autonomy in personal care robots is still considerably low and often limited to simple
autonomous decisions, ISO 13482 assumes that the manufacturer still carries the full responsibility for
autonomous actions of the robot. The robot cannot be responsible itself for its actions, nor is the user
responsible for harm originating from autonomous decisions when using the robot as intended. It is
irrportarmnt tirat the Tranufacturer of @ personat Care robot judges caret utty witichractions amd glecisions
hin be executed autonomously by such a robot without any unacceptable risk of harm. Furthetguidance
h this issue is provided in ISO 13482:2014, 5.12.

o O

et

t{is expected that the autonomy of personal care robots will increase in the future and will ¢omprise
ore complex autonomous actions and decisions. The relevant clause of ISO 13482-is’thereforq likely to
e expanded in future revisions.

o=}

6 Methodology

611 Risk reduction methodology of ISO 13482 in the context of other safety standlards

The process of risk assessment and risk reduction is shewn in Figure 2, which is adapted from
140 12100:2010, Figure 1, and has been extended with additional information for users of ISP 13482,
fcluding priority of application order of the risk reduction 'measures.

—

Al shown in Figure 2, as a first step, the limits,of the robot are determined, and thefeby the
epvironment and the use context or application<in' which the robot operates. Based on thege limits,
hhzard identification is performed and the risk associated with the identified hazards is egtimated.
Rlisk reduction is required if risk evaluation;indicates that a risk has not been adequately redyced. It is
the manufacturer’s responsibility to determine the acceptable risk. Acceptable risk can be unflerstood
a$ the level of risk that is accepted in a given context based on the current values of society.

Alrisk reduction is performed ac¢ording to the three-step method illustrated in Figure 2 for any risks
which need risk reduction. The first step is to reduce the risk by applying inherently safe design
mjeasures. The second stepsfthe reduction of the risk by applying safeguards or compldmentary
plotective measures) can-enly be applied when the first step is not applicable or the necesgary risk
r¢duction cannot be achieved by applying the first step. In the same way, the third step is not applicable
ithout performingthefirst and the second step.

\
The process of risk-reduction is always iterative. After measures have been applied, the residyal risk is
again assessedto’determine if the risk is adequately reduced. These steps are repeated until flinally all
the remaining risks are adequately reduced.

Fpr hazard identification, the list of significant hazards provided in ISO 13482:2014, Annex 4\, can be
uped as'a checklist. This list is not exhaustive and does not necessarily cover all hazards of a pprticular
pkrsonal care robot: as a supplement, the more general list of hazards provided in ISO 12100:2010,
Annex B, can be used to identify less common hazards.

© IS0 2019 - All rights reserved 7
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See ISO 13482:2014, Clause 4

RISK ASSESSMENT

according to ISO 12100:2010, Clause 5

)

Determination of the limits of the
robot (See SO 12100:2010, 5.3,
ISO 13482:2014, 4.2 and Annex A)

+<

'
'
'
'
'
'
'
'
'
0
'
'
'

Hazard identification H This iterative risk reduction process is carried out
'
'
'
'
'
'
T
'
'
'
'
'
v

(See IS0 12100:2010, 5.4 and Annex B, separately for each hazard and hazardous situation,
1SO 13482:2014, 4.3) under each condition of use.

A

Risk estimation rmmmmmmemmm———————
(See IS0 12100:2010, 5.5) .4. ........ + Risk ana]ysis H

--------------- *F B YES

Risk evaluation
(See IS0 12100:2010, 5.6)

Are
otherhazards
generated?

NO

Has the risk been
adequately reduced?
See IS0 12100:2010, Clause 6

YES Documentation

(See 1O 12100:2010, Clause 7,

1SO 13482:2014, Clause 8)

Ateach step of the iterative process: risk estimation, risk
YES evaluation and, if@pplicable, risk comparison.

Can
the hazard
be removed?

\4
Step 1: See IS0 18482:2014, 5.X.2

YES

Risk rediretion by
' inheréntly safe '
design measures

(SeellSD 12100:2010, 6.2)

Is the
intended
risk reduction
achieved?

Can

the risk

be reduced
by inherently safe

design YES

measures?
Step 2: See SO 13482:2014, 5.X.3
Can Risk reductipn by
{Horisk YES _ safeguardl_ng . Is the YES
be reduced by guards, implementation of _» intended

protective comp_lementary risk reduction

devices? protective measures achieved?

(See 1S0 12100:2010, 6.3)

Step 3: See IS0 13482:2014, 5.X.4

YES

Can . . Is the
YES the limits NO _RfISk red_uctlfon by intended
be specified Information for use ' risk reduction

(See 1SO 12100:2010, 6.4)

again? achieved?

‘NO

Figure 2 — Schematic representation of risk reduction process with extended information for
users of ISO 13482
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[SO 13482:2014, Clause 5, is structured in such a way that appropriate measures for the three steps of
risk reduction are provided for each particular hazard in subsequent subclauses, as follows:

— 5.X.2 Inherently safe design;
— 5.X.3 Safeguarding and complementary protective measures;
— 5.X.4 Information for use.

This allows the user to take all possible measures for risk reduction into account and choose appropriate

selutions ar‘r‘nrding tothe prinrifinc defined in ISO 12100

NOTE1 Other measures than those mentioned in ISO 13482:2014, 5.X.2 to 5.X.4, can be ghosep for risk
r¢duction if they are considered to be appropriate.

hen safety functions are implemented for risk reduction using the safety-related part of thg control
system, ISO 13482:2014, Clause 6, applies, with each safety function being realized with a sufficiently
hjgh safety performance level (PL). The definition of PL and categories ofcontrol architedture are
dpscribed in ISO 13849-1. Before applying ISO 13482:2014, Clause 6, usess are highly encouraged to
fgdmiliarize themselves with the principles and methodology described in.JSO 13849-1.

NOTE 2  This document uses PL for evaluation of safety related contfe}l-circuit according to ISO| 13849-1.
Hpwever, safety integrity level (SIL) defined in IEC 62061 can also be appli€d for the same purpose.

140 13482 requires that the required performance level (PLr) for a certain safety function be determined
by risk assessment, taking into account expected probability and severity of harm. ISO 13482:2014,
Clause 6, contains recommendations for the PL of typical safety functions for typical robpt types.
However, the recommendations in ISO 13482 only seryeas a guideline and are not a substitute for users
t¢ determine the PLr of their particular robot. Compared with the recommended PL, the PLr determined
by the user can be higher or lower.

— Higher: In this case, the particular persdnal care robot has risks that are higher than the risks of
typical examples of personal care robots illustrated in ISO 13482. The manufacturer needf to fulfil
all the requirements of ISO 13849-1"to mitigate these higher risks.

—+ Lower: In this case, the partigular personal care robot can have risks that are lower than [the risks
of typical examples of personal’care robots illustrated in ISO 13482. However, it should be|ensured
that substantial reasons«eXist for this outcome of risk estimation. These reasons should be farefully
documented in the technical documentation of the robot for later review.

Ekpected safety-relatéd control functions of personal care robots are used as titles from ISO 13482:2014,
6|2 to 6.11. Each clause shows requirements for the safety-related control system with expect¢d PL.

I§0 13482 subdivides each robot type into a high-risk sub-type and a low-risk sub-typd of each
ekample of a-fobot type. Choosing either sub-type results in different recommendations for| the PLr,
which arefusually based on the choice of a high or low expected severity in the associated rigk graph.
This differentiation serves as an additional guideline for the user. However, it is not a substitute for
performing a risk assessment to determine the PLr for each safety function. In practice, a robpt that at
first’sight seems to correspond to the “low-risk” definition can prove to require safety functions with
high PL after careful inspection. The robot sub-type can be changed by implementing inherently safe
design measures.

6.2 Approach adopted for the working examples

Clause 7 comprises working examples to provide guidance on the following subjects:
— procedural steps for risk assessment and the generation of a risk assessment table;
— the application of the ISO 12100 risk reduction methodology;

— the application of safety PL for the safety-related control system function according to ISO 13849-1;

© IS0 2019 - All rights reserved 9


https://standardsiso.com/api/?name=aabec87b211934f0a355b8509d613db4

ISO/TR

23482-2:2019(E)

— conformity to specific safety requirements in [SO 13482.

Each working example shows how to use ISO 13482 rules to identify the correct sub-type of the robot
and then shows the process to identify the required PLs of its safety functions. In particular, the
following information is provided.

— Apr

esentation of the general characteristics of the robot that are relevant for the risk assessment,

such as system architecture, specifications, operating environment, typical use scenarios including
degree of autonomy of specific tasks, and robot sub-type determination (size-related assessment/
mass-related assessment/speed-related assessment/force/power-related assessment/etc.).

— Dete
initi
fund
hazg

— Ase
of ix
asse
risk
new

— Identtification of safety-related control functions used for protectiveaneasures and determination

PLr

The iten]
potentia
provide

For bett

rmination of the limits of the personal care robot, including foreseeable misuse. A sample)pf
hl risk estimation for a few selected risks and hazards. The tables have at least one,.¢dontrdl-
tion related risk reduction measure. The table consists of hazard, potential consequences,
rdous event, initial risk estimation and evaluation and a link to ISO 13482:2014, GlausSe 5.

ection of inherently safety measures, safeguarding measures for hazards, as well as generatig
formation for use for the most important risks and hazards addressed in the initial ris
ssment table. A risk assessment table after the risk reduction measuresdras been applied fi
and hazards in the initial risk assessment table. Care should be taken.ifanhy measure causes ay
hazard. The same procedure is repeated until all the identified risks-are adequately reduced

<= x5

for identified control functions.

s listed in ISO 12100:2010, Clauses B.1 to B.4, are the types of hazard, their origin and thejir
consequences to be identified before risk estimation/evaluation, and these clauses al4o
hazardous situations and hazardous events.

er readability, the working examples in Clause 7 do not offer detailed information regarding

the origﬁs of hazards nor provide hazardous situations. Origins of hazards and hazardous situations

can be i
resulting

The exa
example

plicitly read in the column “hazard and-hazardous event”, which contains cause and effeft
in a potential consequence.

mples in this document are not.inténded to cover all the risks, but to cover some speciffc
5. Risk estimation and evaluation-in each example relates to Figure 3. Determination of PLr |n

each exa

risk estiation/evaluation and deteymining the PLr of safety functions in order to present the differept
steps of fisk assessment and risK reduction in a structured and comprehensible way. Since two differept
risk graphs are used in the overall process, care should be taken to ensure consistency of analysjs
between|the risk estimatiofrdriving the need for risk reduction measures and that for determining PL
Other te¢hniques are aydilable that do not use multiple risk graphs.

EXAMPL

the risk index to Pkrwithout using a second risk graph.

ple adopts the methodology. shown in Figure 4. This document uses separate risk graphs for

=

RIA TR R15.306-2016 task-based risk assessment methodology provides an example of mapping

10
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Probability of — .
S . Possibility of Risk
everity Exposure occurrence of a d ind
hazardous event avoldance thdex
S1 F1,F2 01,02 _ Al, A2 1
03
Al, A2 ‘ 2
Start Q es /
F1 02 _ A2 3
03 AL
S2 A2 4
ol AL
F2 02 A2 5
03 AL
A2 6
Key
S1 slight injury (usually reversible) 01 low (very Gnlikely)
S? serious injury (usually irreversible) 02 medium (likely to occur sometime)
Fl seldom/short duration 03 frequent (likely to occur frequently)
FP frequent/long duration A1l <possible (person can notice and has time tq evade)
A2\ impossible
NOTE1 This figure is an example to illustrate the procedures to apply ISO 13482. It is reproduced from ISO/
TR 14121-2:2012, 6.3.2, which contains more detailéd explanation of the alternatives for S, F, O and A.
NOTE 2  Ariskindex of 1 or 2 corresponds to a'low risk, a risk index of 3 or 4 corresponds to a mediurp risk and
afrisk index of 5 or 6 corresponds to a high“tisk. The manufacturer decides up to which risk index a rfsk is still
a¢ceptable, normally with a justification,
NOTE 3 F O and A together form the “probability of occurrence of harm”.
Figure 3 — Risk estimation and evaluation
© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=aabec87b211934f0a355b8509d613db4

ISO/TR 23482-2:2019(E)

PL
r
P1
F1 > a
o P2
S1
L P1 b
F2
1 p2
‘ rl €
F1
S1 - b2
> d
> P1
F2
p2
e
NOTE The criterion “F” is defined differently for the two risk graphs, i.e. “F” anid 0” of Figure 3 correspor
to “F” in Higure 4.
Figure 4 — Determination of PLr for safety{function
6.3 Application of wording examples to other robots
The working examples for risk assessment and risk reduction are based on assumptions for a certa
robot depign and a use scenario. They should be considered to provide guidance for users of ISO 1348
to perfofm their own risk assessment and risk reduction. Although the examples are intended to be 4
realisticlas possible, it is not possible to apply thejresults of these examples to any other personal ca
robots, in particular for the following reasons|
— Somp hazards and some risk reductignmeasures have been omitted to keep the examples short an
undérstandable.
— Diffgrent personal care robot designs have different risks, even if they are apparently similar.
— Evern identical personal.care robots result in different risks and require different risk reductic
meagures, if they are used in a different environment or by different user groups.
— It is|important to) verify carefully, by means of calculations and practical tests, the ability of
safeguard or complementary protective measure to reduce a risk adequately.
7 Working examples

LS

d

a

7.1 Description policy

Clause 7 shows step-by-step procedures to perform risk assessment and risk reduction for personal
care robots specified in ISO 13482. The examples given in Clause 7 represent personal care robots,
already commercialized or about to be commercialized at the time of publication. The examples in
Clause 7 correspond to the approach described in 6.2.

12

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=aabec87b211934f0a355b8509d613db4

ISO/TR 23482-2:2019(E)

7.2 Example 1 — Mobile servant robot (high risk)

7.2.1 Overview

This example deals with a mobile servant robot designated to perform fetch-and-carry-tasks in private
households in order to support elderly persons.

System architecture:

The robot consists of an omnidirectional mobile base with four wheels. On the base sits a torso with
single arm. The arm is equipped with a 3-finger-gripper. The robot also has a foldable tray ¢n which
bjects can be placed. The robot is powered by a lithium-ion battery which is located in the'mobile base.

o

%2

pecifications:

The robot is about 1,5 m high and weighs 150 kg. The gripper can lift a maximum I¢ad of 2 kg. The robot
hhs a maximum travel speed of 1 m/s. The voltage of the battery is 48 V.

Operating environment:
The mobile servant robot is designated to operate indoors, in home environments with flat grqund.
Typical tasks:

The following tasks are foreseen for the mobile servant robgt:

—+ locating and fetching objects from a place inside the home environment (e.g. kitchen, shelf in the
living room, side table in the bedroom) upon user*¢emmand;

— receiving objects from a user and bringing them to an appropriate place (e.g. a dirty cup bgck to the
kitchen; a book back to the bookshelf);

— pouring drinks from bottles and serving them to sitting or standing persons.

Thsk execution is triggered by verbal\user commands, by pressing a button on a remote control (e.g.
smart phone app) or by placing or,taking an object on/from the robot’s tray.

Dlegree of autonomy:

The mobile servant robot works almost entirely in autonomous mode (according to ISO 13482:2014,
6{10). Having received-aicommand, it moves between rooms and avoids obstacles, it locates, griasps and
dglivers objects witliout human intervention.

Riobot sub-type determination:

The mobile.sérvant robot is equipped with a manipulator. With a weight of 150 kg and a sizeof 1,5 m,
] is neither small nor light-weight. It is categorized as a high-risk mobile servant robot ([[ype 1.2
ccording to [SO 13482:2014, 6.1.2.1).

Qy =

7.2:2—Riskassessment

7.2.2.1 Determination of the limits of personal care robot

The mobile servant robot is operated by a lay person in a home environment to perform the
aforementioned tasks. The home environment is expected to have flat ground (hard floor or carpet).
During the iterative process of risk assessment, further limitations have been decided to exclude other
hazards and make the risk estimation and risk reduction process easier.

— Conditions for use: no steps and sloped surfaces have an angle below 5°.

— Objects to be handled by the robot are limited to non-hazardous objects. Sharp objects (e.g. knives),
very hot objects or burning objects (e.g. hot frying pans, burning candles), heavy objects (more than
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1 kg) or hazardous substances such as poisonous liquids (e.g. strong cleaning agents) are restricted
from being handled by the robot.

— Adults able to understand the hazards originating from the mobile servant robot are to operate the
robot. This excludes not only small children, but also people with impaired mental capacity (e.g.
elderly people suffering from dementia). If small children are living in the household the robot are
to operate under supervision of an adult.

Foreseeable misuse:

It is anti
availablg
injuries i

It is anti
amount

wrong medicine or the wrong amount. Furthermore, such task functionality would-make the mobi

servant i

To preve
either er
ways deg

7.2.2.2

Table 2 1i
by using
a hazard
there arg
from the)

or children in order to ride on the robot. This can damage the mobile base or lead to sevel
f a child falls off the moving base and is run over.

Cipated that a user can use the robot to fetch medicine, to pick up pills or even topour a sm3
pf liquid medicine into a glass. This can lead to hazardous situations if the rabot brings th

obot a medical device which is not intended.

nt users from sitting on the robot, all surfaces in question are shaped in'a way that sitting
tirely prevented or at least very uncomfortable. Instructions not to use the robot in one of t}
cribed above will be provided in the user information.

Initial hazard identification and risk estimation

sts hazards which have been identified for the mobile servant robot. The list has been compilg
ISO 13482:2014, Annex A, as a checklist and discussing for each hazard listed in the annex,
is present. For the sake of brevity, the list is limited to ten items, although it is possible th
other hazards to be addressed. In addition, Table.2 shows an estimation of the risk originatir
se hazards based on the risk graph in Figure 3t

: + h PR P + + s +1 1ol 1 1.1 1 1 1 —
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Table 2 — Risk evaluation before applying risk reduction measures

# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation ISO 13482:
event 2014
F: Frequency of exposure
0: Probability of
occurrence
A: Possibility to evade
R Riskindex
1 |Electrical Contactof a |Electric shock, [S1:48 V cannot cause seri- |Acceptable in 5.2
person with |discomfort, ous harm. principle, but
live battery |burn : marked fon
: F2: Robot is frequently .
terminals . further risk
touched and terminals can (
be accidentally accessed reducgih, as
' the probability
03: Mistake by a lay person |of decurrence
can be expected. ofharm is high
A2: Live parts cannot be(rec- and state of
ized before touchi the art solu-
ognized before touching: tions for this
R: 2 problem are
available.
2 |Mechanical |Dropped Crushing, S$1: Only nopshazardous Acceptable, b.3.3
loads (from |other hazards |objects may be carried. but marked for
grlpper) F1: Power failure happens further.' risk
in case of infre@entl reduction, as
power fail- 4 Y state-of-the-art
ure 03:"Loads will always drop |solutions for
from gripper in case of this problem
power failure. are available.
AZ2: Falling happens unex-
pectedly.
R: 2
3 |Mechanical/ [Robotis Collisions, S$2: An elderly person who |Not accept- 5.14
ergonomic not noticed™ | elderly people |falls can fracture a bone. able, as
when L5 stumbllng and F2: Robot can operate regu- severlty gnd
atingin the [falling . probability of
. larly in the dark.
darkand it occurrence of
frightens 01: Frightening a person harm are both
the user with severe consequences | high.
occurs very seldom.
A2: The robot is not notice-
able.
R: 4
_Al' E}C\,tl u,al ‘VAV,GtCl bcius Elc»tx il' DhUb}\, Sl- 48 ‘V’ \,auuut CauostT 5C1 l A\,\,cptablc, adS J.15
spilled on short circuit ous harm. the product of
the robot, causing func- s severity and
e.g. from tional failures F1: Spilling happens seldom. probability of
served (fire and smoke | 02: Spilling will seldom have |occurrence of
drinks are not consid- |such consequences. harm is low.
ered here) A2: Live parts cannot be rec-
ognized before touching.
R:1
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Table 2 (continued)

# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
O: Probability of
occurrence
A: Possibility to evade
RRiskimdex
5 |Meghanical |Robotfalls |Crushingofa |S2:Severeinjury,e.g.frac- |Acceptable, as 5.10/2
over when |person tures are likely. the probability 510.8
loads are too of occurrence
h . F1: Overload or extreme .
eavy or in of harm is low
travel manoeuvres are
case of ex- and the me-
seldom. .
treme travel chanical staz
manoeuvres 01: Centre of gravity is near |bility has‘been
ground due to the heavy sufficiéntly
battery. addressed in
A2: Falling can happen too gianechani-
; cal design.
quickly to evade.
R: 2
6 |Meghanical |Loadis Impact, cut- S$1: Limited severity-as Acceptable in 5.10.4
dropped ting injuries handling of dangerotis and |principle, but
(from tray) |from shards heavy objects is.not allowed. |marked for
when the . further risk
F2: High exp6Sure as stop .
robot stops reduction, as
abruptly happens often when a user the probability
steps infront of the robot.
of occurrence
03:Li0ads almost always of harm is high
dfop when stopping abruptly.|and state of
. the art solu-
AZ_: Falling can happen too tions for this
quickly to evade.
problem are
R: 2 available.
7 |Meghanical |Collision Impact and S$2: Robotis heavy enough |Not accept- 5.10.8
with an ¢rushing inju- |to cause non-reversible able, as
adult includ=+{ries injuries. severity and
ing elderly. F2: Robot operates per- probability of
persons . L occurrence of
manently in the vicinity of
harm are both
humans. .
high.
02: Sensing and obstacle
avoidance usually prevent
collisions.
A2: Especially elderly per-
SUILS LdllllUt CVddC.
R:5
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# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
O: Probability of
occurrence
A: Possibility to evade
RRiskimdex
8 [Mechanical |Collision Impact and S2: Robotis heavy enough |Not accept- 5.10.8
with a small |crushinginju- |to cause non-reversible able, as
child ries injuries. severity and
F2: Robot operates per- probability-of
. L occurrencé of
manently in the vicinity of h both
humans armytte bot
' high.
03: Sensing and obsta-
cle avoidance can have
problems detecting small
children.
A2: Small children(cahnot
evade.
R: 6
9 |Mechanical |Collision Impact and S$2: Pet.canrbe killed Not accept- 5.10.8
witha pet c.rushlng MU= ga: RGbot operates perma- able, as
ries, pet can nently in the vicinity of pets severity and
be killed. y Y OLPELS | 5 obability of
03: Sensing and obstacle occurrence of
avoidance can have prob- harm are both
lems detecting small pets. high.
A1: Most pets react very
quickly.
R:5
10 |Mechanical, |Grasping Scalding, if S$2: Dangerous objects can  |Acceptable, 5.12
thermal, and bringing |hot liquids are |cause serious injury. ifa warning
chemical, wrong brought unex- . against misuse
. . . |F1: Dangerous objects are . .
ergonomic objects due |pectedly; Poi- . is provided
4 .= . |only handled in case of . . .
to.incorrect |soning, if poi- misuse including guid-
identifi- sonous liquids ' ance how to
cation of are served; 03: Experience shows that [structure the
objects Cutting, if the object identification in ~ |environment
sharp objects |question always has uncer- |to minimize
are brought. tainties. misuse.
Secondary A1: In most cases detected
hazards ifsuch |7,
Ob]ectS are Uy LIIT USCI.
damaged or R:3
dropped.

For the identified hazards, additional information can be found in ISO 13482:2014, Clause 5.

EXAMPLE 1
requirements.

For the example of dropped loads (#2 and #6), ISO 13482:2014, 5.10.4.1, contains the following

“Any human near the personal care robot shall be protected from falling safety-related objects when the robot
performs tasks, as well as while carrying up to maximum loads. This shall include uneven loads and movable
loads (e.g. fluids sloshing in storage containers).
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Risk assessment shall consider the consequences of dropped loads and any actions required by the personal care
robot in the aftermath of any such event.

For emergency operation, the maximum deceleration rate shall be commensurate with emergency stop dynamic
criteria including the requirements for load stability and retention.”

Consequently, items #2 and #6 of the risk assessment are revisited in order to consider actions required after a
load has been dropped and to determine the risk of loads being dropped in case of emergency stops.

EXAMPLE 2

contains the following requirements:

For the hazard of a lack of awareness of the robot (risk assessment #3), ISO 13482:2014, 5.14.1,

"Wherer
can incre
reduce ri

Forriskr
awareneg

7.2.2.3

During 1
reduced,

S.

Risk reduction measures

sk assessment shows that lack of awareness of robots by humans is a hazard, e.g. where silent opefatig
ase the probability of collision with persons, the personal care robot shall emit noticeable sound
k without violating other noise emission restrictions."

bduction, the emission of noticeable sound seems to be the preferred measure to reduceisks for lack

isk assessment, hazards are identified which lead to a risk that is not)acceptable or should &
Table 3 shows for three selected hazards which measures are applied to reduce the risk.

Table 3 — Risk reduction measures for three sélected hazards

n

pf

# Hazard and haz- Potential Inherently safe .| Safeguard or com- Information
hrdous event consequence design measure \|* plementary pro- for use
tective measure

3 Roljot is not noticed |Frightening the The noise of motors | The noticeabili- Instruction to
when operating in  |user, collisions, el- |and gearboxes is ty of the robot s check functionality
the|dark derly people stum- |noticeablebut not |increased by adding |oflights on every

bling and falling very loud. As home |LED light to its start-up and to re-
environments outer hull which pair non-function-
are usually quiet are integrated in ing lights.
during the night, it |the visual design
is assumed that the |of the robot. The
sound is noticeable |robot can so be
in all situations. A |easily seen when
further increase it operatesin a
of the sound level |dark room (see
would disturb the [ISO 13482:2014,
user and is not 5.14.2 and 5.14.3).
possible.

6 Lodd is dropped Impact, cutting in- |The frame of the Additional advice i
when the robot juries from shards [tray is raised to included in the user
stops abruptly prevent objects slid- manual on which

ing off the tray. This objects can be

design also holds problematic when

back cpi”nd fluid In carried and should

addition, the tray is be avoided.

;:qat?d with a high Advice is included

riction rubber (see in the user manual

[SO 13482:2014, ;

5.10.4.2). to remove spilled
liquids before the
robot can resume
operation.
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# Hazard and haz- Potential Inherently safe | Safeguard or com- Information
ardous event consequence design measure | plementary pro- for use
tective measure
7,8, |Collision with a Impact and crush- |The drive motors |The robotis The risk and
9 human including ing injuries and gearbox of the |equipped with applied safeguard-
elderly persons, mobile base are 3D-sensors for ing measures are
collision with small chosen so that they |environment sur- |described in the

children or collision

do not allow a travel

veillance and colli-

user manual to

el
WILIT d PTL

prCd uf IT10I'c
than 1 m/s. This
reduces the overall
kinetic energy

of the robot (see
ISO 13482:2014,
5.10.8.2).

The manipulator

is chosen so that it
does not have more
power than the
required force to
lift the maximum
load of 1 kg (see
1SO 13482:20144
5.10.8.2).

Overall, the expect-
ed severity of harm
can bg reduced by
these measures. As
thekinetic energy
is lowered, stopping
distances of the
robot components
can be shortened
significantly.

biUll'f[ cc leLll p‘ldll'
ning. Nevertheless,
these functions are
realized in potential
unsafe software
and cannot reach a
sufficient PL for risk
reduction.

To avoid ¢6Hisions,
the mobilé-base is
equipped with laser
scatiners (ESPE) to
detect the presence
of persons around
the robot (see

1SO 13482:2014,
5.10.8.3).

Detection sensi-
tivity of the laser
scanners are set

to the appropriate
level so that also
body parts with a
diameter of 30 mm
are detected. This
allows detecting at
arms and hands of
small children as
well as many pets.

Tarseawargness for
the hazardg§ related
to collision$. Users
are'advised to stay
away from moving
parts of the robot.

Users are informed
of the risk that
small pets gre not
recognized|prop-
erly by the fobot.

It is recommpended
to not use the robot
when smallfanimals
such as rodents are
present.
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Table 3 (continued)

# Hazard and haz- Potential Inherently safe | Safeguard or com- Information
ardous event consequence design measure | plementary pro- for use
tective measure
The height of the

laser scanners
over the ground
is lowered, so that
children and pets
lyillg OlI1 Lllt FIUUI
can be detected.

Alaser scanner
close to the ground
cannot detect lying
persons or sitting
persons whose

legs do not touch
the ground. The
manipulator and
parts of the robot
torso are equipped
with a tactile hull
(PSPE) which stops
the€ robot motion in
case of collision (see
1SO 13482:2014,
5.10.8.3). In exper-
imental tests, it is
verified that the
thickness of the tac-
tile hull is sufficient
to prevent harm
from excessive
impact forces.

7.2.2.4 | Final risk assessment and.residual risk

After all|risk reduction measures have been applied, a final risk assessment is performed to determine
if risk refluction has been successful and to determine the residual risk. Table 4 shows only the hazards
selected|in 7.2.2.3.
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# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence [g. g everity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
O: Probability of
occurrence
A: Possibility to evade
R Riskindex
3 |Mechanical/ [Robotis The harm of S$2: An elderly person who |Acceptable, as 5.14
ergonomic not noticed |frightening the |falls can fracture a bone. the probability
when oper- |user, collisions, of occurrence
o F2: Robot can operate regu-
ating in the |elderly people larly at nieht of harm has
dark stumbling and y ght. been lintited to
falling has been|01: The robot is noticeable |a lo@-level.
eliminated and cannot frighten anyone.
A1: The robot is noticeable
R:3
6 |Mechanical |[Loadis Impact, cut- S$1: Limited severity.as Acceptable, as 5.10.4
dropped ting injuries handling of dangerous and |state-of-the-
(from tray) |from shards heavy objects issiot allowed. |art measures
when the . to limit the
F2: High exposure as stop o
robot stops probability of
happens often when a user
abruptly : occurrence
steps iri\front of the robot.
of harm have
02:(The possibility of an been imple-
object still being dropped is |mented.
lowered.
AZ2: Falling can happen too
quickly to evade.
R:1
7 |Mechanical |Collision Inmipact and S$2: Robotis heavy enough |Acceptable, as 5.10.8
with a crushing inju- |to cause non-reversible the safeguards
human ries injuries. have sufficient
including F2: Robot operates per- performar-lce
elderly-per- . L and effective-
manently in the vicinity of L
song humans ly limit the
) probability of
01: Collisions are effectively |occurrence of
prevented by safeguards. harm.
A2: Especially elderly per-
sons cannot evade.
R: 4
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tal discomfort
for the owner
of the pet

02:Collisions with larger
pets are prevented altering
the position and increas-

ing the sensitivity of the
safeguards. Small pets can
still be killed but users are
instructed to keep pets away
from the robot.

A1: Most pets react very
quickly.

R: 4

effectively re-
duced for most
pets that are
usually moving
freely in home
environments
and under the
condition that
noticeable
warnings are
provided not
to let small
pets be in the
vicinity of the
robot.

Table 4 (continued)
# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence [q. ¢ everity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
O: Probability of
occurrence
A: Possibility to evade
RRiskimdex
8 |Meghanical |Collision Impact and S$2: Robotis heavy enough |Acceptable, as 5.10/8
with a small |crushinginju- |to cause non-reversible the safeguards
child ries injuries. have sufficient
F2: Robot operates per- performar}ce
. L and effective-
manently in the vicinity of Iv limit th
humans y fimit the
' probability| of
01: Collisions with children |occurrénee of
are effectively prevented harm.
by altering the position and
increasing the sensitivity of
the safeguards.
A2: Small children capnet
evade.
R: 4
9 |Meghanical |Collision Impact and S$2: Pet can be killed. Acceptable, as 5.10.8
with a pet c_rushlng inju- | eo. Robot SPerates perma- the probability
ries, pet can nently iftthe vicinity of pets .
be killed. Men- Y, YOIPELS | sfharm is

7.2.3 $afety-related control system

In the risk reduction process, two safeguards are implemented that are part of the safety-related control
system. Both the use of laser scanners and the use of a tactile skin are protective devices for avoidance
of hazardous collision. If obstacles are detected a protective stop is issued. The mobile servant robot
is furthermore equipped with emergency stop buttons on the outer hull. ISO 13482 lists for all safety
functions a recommended PL of d, according to ISO 13482:2014, Table 1, Type 1.2. In Table 5, the
required control system performance is verified according to the risk graph in ISO 13849-1.
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Table 5 — Safety function and assigned PL

Recommended
PL according

# Safety function

Table 1

PL according to ISO 13849-1:2015

ISO 13482:2014,

S: Severity of injury

F: Frequency and/or exposure
to hazard

P: Possibility of avoiding hazard or
limiting harm

Clause of
I1SO 13482:2014

I _|Emergency stop d

S2: Collisions can cause severe injury.

6.2.2.2

F1: Emergency stop is used infrequently.

P2: As the emergency already happened,
evasion is hardly possible.

PLr:d

III |Avoidance of haz- d
ardous collision
(base and torso/
laser scanner)

S2: Collisions with base and torso canm
cause severe injury.

F1: Sensing and path planningsually
prevent collisions so that the-safeguard is
activated infrequent.

P2: Robot parts can me¥ve too fast to be
avoided.

PLr:d

6.5.2.1

IV |Avoidance of haz- d
ardous collision
(manipulator and
gripper/tactile
skin)

$2: Collisions.with manipulator and grip-
per can cause severe injury.

F1: Sensing and path planning usually
preyent collisions so that the safeguard is
activated seldom.

P2: Robot parts can move too fast to be
avoided.

PLr:d

6.5.2.2

50— w

~

713.1 Overview

.3 Example'2 — Mobile servant robot (low risk)

pth emergency stop and protéective stop can be realized by removing drive power (stop cdtegory 0
ccording to IEC 60204-1).5Aprotective stop is permitted to be a stop category 2 (accdrding to
EC 60204-1) if risks aressafely controlled). However, both functions can be handled separatgly in the
bntrol system as the protective stop can be permitted to reset itself automatically when the obstacle is
bt visible any moreZEor emergency stop only a manual reset is allowed (see ISO 13482:2014, ¢.2.2.1).

play dlfferent games with a group ofpeople It offers to play music and to smg together for amusement.
Users can furthermore ask the robot for information, such as the starting time and location of scheduled
events in the facility.

System architecture:

The robot consists of an omnidirectional mobile base with three wheels. The robot has two arms with
each of three axes which are not suitable for manipulation but are used to interact with the human (e.g.
shaking hands) and express robot gestures. It furthermore has a display-type head with two axes to
represent emotions. The robot is powered by a lithium-ion battery which is charged through the line.
The robot can be controlled and operated by an external device (e.g. smart phone or tablet).

Specifications:
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The dimension of the robot is 480 mm (width) x 520 mm (length) x 1 148 mm (height) and the weight is
about 21 kg. The maximum speed is 0,6 m/sec. The maximum running noise of the robot is about 60 dB.
The touch sensors in the end of the arms are used to interact with human. The robot has a laser scanner,
a 3D camera, a CCD camera, a gyro sensor and ultrasonic sensors to navigate and avoid collisions with
objects in the environment.

Operating environment:

The robot is designated to operate indoors, in homes, hospitals, elderly care centres, or classroom
environments with flat ground.

Typical tasks:
The following tasks are performed by the personal care robot:

— playjng games with a group of users that involve speaking, making gestures, movianglaround in|a
roorh and recognizing people and objects;

— playjng music and singing with a group of people;

— answering questions and providing information;

— intefacting with users using the smart phone or interaction via speech;

— emotional interaction using arms, wheels, LED, 3D graphic avataand sound;
— makiing a gesture with arms, then the user follows the robot motion.

Task exefution can be triggered by the remote-control device\(é.g. smart phone).
Degree of autonomy:

The molile servant robot works almost entirely in~autonomous mode (according to ISO 13482:2014,
6.10). Having received a command, it moves in indoors and avoids obstacles.

Robot syib-type determination:

The robqt is equipped with arms, but they-are only used to make gestures. Drive power and mass of th
arms is gufficiently low, so that no additional risk arises from their movement. With a size of 800 m
height, 4‘100 mm width x 450 mm length and a weight of 21 kg and 0,6 m/s, it is sufficiently small an
light-weilght and low speed. It is‘categorized as a low-risk mobile servant robot (Type 1.1 according {
ISO 13482:2014, 6.1.2.1).

o asS o

Although the robot is-used by elderly persons (possibly suffering from dementia), persons with
disabilit]es, or children;the robot is not considered as a medical device, because it is not intended fj:r
diagnosik, treatmefit-or monitoring of a patient, compensation or alleviation of a disease, injury o¢r
disability.

7.3.2 1lisk assessment

7.3.2.1 Determination of the limits of personal care robot

The operating environment is to have flat ground (hard floor or carpet). During the iterative process
of risk assessment, further limitations have been decided to exclude other hazards and make the risk
estimation and risk reduction process easier.

— Conditions for use: no steps and sloped surfaces have an angle below 5°.
— The user is to be instructed to twist or bend the arms with an intentional force.

— Only adults who are mentally able to fully understand the hazards originating from the mobile
servant robot are to set up and supervise the robot. However, the robot can interact with small
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children and elderly people suffering from dementia, for example. The robot is to be used under

supervision of a mentally able adult.
Foreseeable misuse:

It is anticipated that persons can try to sit on the robot or to put load on the robot, e.g. elderly
because no chair is available or children in order to ride on the robot. This can damage the robo
to injuries if a child falls off.

persons
torlead

When the robot is charging, if the user moves the head, arms or body of robot, it can lead to hazardous

sptuatrors:

=}

a v

sease, injury or disability.

]

fis also anticipated that the user can place the robot on a table or a platformyte allow a group

fich a way. As stated above the robot can only be operated on flat groundwithout any steps.

wn

3.2.2 Initial hazard identification and risk estimation

y using ISO 13482:2014, Annex A, as a checklist and discyssing for each hazard listed in the
hazard is present. For the sake of brevity, the list is limited to seven items, although it is pos;
lhere are other hazards to be addressed. In addition, Table 6 shows an estimation of the risk or
jlom these hazards based on the risk graph in Figune,3.

L T N

-

f is further anticipated that the robot can be misused to provide information regarding medication
F medical treatment. This would make the robot a medical device which is not intended. Tihe robot
hould not be used for diagnosis, treatment or monitoring of a patient, compensation.or alleviation of a

of users

albetter view on the robot. To avoid the harm from the robot falling downjthe robot cannot bg used in

hble 6 lists hazards which have been identified for the mobiléservant robot. The list has been ¢ompiled

annex, if
ible that
ginating

© IS0 2019 - All rights reserved
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Table 6 — Risk evaluation before applying risk reduction measures

Risk estimation
# Type of Hazard and Potential |S: Severity of harm Risk Clause of
hazard hazardous | consequence F:F £ evaluation | ISO 13482:
event : Frequency of exposure 2014
O: Probability of
occurrence
A: Possibility to evade
RrRisKindex
1 |[Eleg¢trical Battery Fire, discharge |S2: Battery failure does not |Acceptable, 5.2
short-circuit |of hazardous |cause serious injury. Howev- |the current
fumes or sub- |er, if the short circuit causes |[state of art
stances a fire, the injury can be high. |does not
F2: The robot can be pr0V1_de betteg
. . solutions.
charged while operating
close to humans.
01: Equipped lithium-ion
battery has embedded
safety circuit and is covered
with flame-resistance case:
(The battery is compliant to
IEC 62133-1).
A2: Failure cannaetbe detect-
ed in advance.
R4
2 |Meghanical |Failure to Impact and S$1: The robotis light and Acceptable, 5.10.8
detect safe- |crushingofa |movesatlow speed, harm but marked
ty-related |person, blunt |causes no serious injury. for further
objects in force injuries ¥2! Robot permanently r_lsk reduc-
workspace tion, as the
operates near humans and robability of
interacts with them. p y
occurrence of
03: Sensing function has harm is high
no functional safety rating. |and state of
Occurrence can be medium |the art solu-
or even high. tions for this
A2: The elderly person is not problem are
7 - available.
able to avoid without agility.
R2
26 © IS0 2019 - All rights reserved
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Table 6 (continued)
Risk estimation
Type of |Hazardand| Potential |S: Severity of harm Risk Clause of
hazard hazardous | consequence F: Frequency of exposure evaluation | ISO 13482:
event ' q y p 2014
O: Probability of
occurrence
A: Possibility to evade
RRiskimdex
Noise Harmful Stress, discom- |S1: If the elderly person is Acceptable, 5.7.1
level of fort, pain wearing a hearing aid, noise |but marked for
acoustic causes stress. further risk
noise from . . reductiomn
F2: Noise occurs continu-
gearbox . .
ously during operation of
and motors
. the robot.
which been
identified to 03: This hazardous event
emit a high- occurs frequently during the
frequency operation of robot.
sound dur- A1: It can be avoided.
ing opera-
tion R2
Mechanical |Travel Collision, im- |S1: The robet\igs light- Acceptable, 5.10.3
instability |pact, crushing |weight so.t'does not lead to |but marked
during basic |injuries severednjiry. for further
travel pat- : . risk reduc-
. F2; User is continuously .
tern causing extoted while plaving with tion, as the
the robot to P playing probability of
the robot.
fall over occurrence of
02: Robot is inherently sta- |harm is high
ble but can become unstable |and state of the
in some extreme movement |art solutions
patterns. (e.g. reducing
A2: The elderly person or the maximur
. speed) for this
children are not able to bl
id without agility. probiem are
avol ) available.
R1
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ates near humans.

03: Likely occur as the
robot has no sensors for
detecting steps.

A2: An elderly person can
hardly evade.

manual to not
place the robot
on elevated
platforms or
tables.

Table 6 (continued)
Risk estimation
# Type of |Hazard and Potential |S: Severity of harm Risk Clause of
hazard hazardous | consequence F: Frequency of expostre evaluation | ISO 13482:
event ) q y p 2014
O: Probability of
occurrence
A: Possibility to evade
RRiskimdex
5 [Meghanical |Naviga- A person $2: In critical situations Acceptable, 5.16
tion errors |cannotevade |blocking of a path can lead to|because the
causing the |fromaroom. [severe injuries. robot can be
robot to stop |In an emergen- | ... Blocking a critical path picked up and
somewhere |cy situation, . L ) . moved manu-
) . in a critical situation hap-
in the build- |care personnel ally.
. . pens seldom.
ing, possibly |cannot reach a
blockinga |person 02: Navigation errors can
path (door, happen from time to time.
elevator, A1l: The robot can be moved
etc)
manually.
R2
6 |Meghanical |Hazardous |Impact, col- S$2: Motion of robot ai'ms can | Not accept- 5.10.9
physical lision, blunt cause head injury: able, as
contact with |force injuries . severity and
F2: Performing‘games as- s
robot arm . . . probability of
duri sociated with/gesture is the
uring hu- 1 usSSise occurrence of
man-robot porma ' harm are both
interaction 03: Acollision is likely to high.
happen as there is no safe-
glard.
A2: A person can be sur-
prised by the movement and
has no time to evade.
R6
7 |Meghanical |Fallingoff |Crushinginju- |S2:Severe injury possible Not accept- 5.10.3
a table or ries when falling on a person. able, Instruc-
elevated . tions will be
platfoym F2: Robot continuously oper- included in the

R4

7.3.2.3 Riskreduction measures

During risk assessment, hazards are identified which lead to a risk that is not acceptable or should be
reduced. Table 7 shows for three selected hazards which measures are applied to reduce the risk.
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Table 7 — Risk reduction measures for three selected hazards

detect safe- |Crushing ofa of robot is inherently

ty-related person, Blunt limited to 0,6 m/sec by
objects in force injuries selection of drive units
workspace (see ISO 13482:2014,

# | Hazard and Potential Inherently safe de- | Safeguard or comple- Information
hazardous | consequence sign measure mentary protective for use
event measure
2 |Failure to Impact and Maximum travel speed |The robotis equipped |Description of the ap-

with a protective
device (e.g. safety
laser scanner) for
obstacle detection.

plied protective meas-
ures, operation limits
and the hazard related
with collision.

510-8727:

(see ldU 15494064:2U14%,
5.10.8.3)

Noise reduced below
60 dB by using low-
noise drives and
gearboxes and possibly
some isolation

Stress, discom-
fort, pain

3 |Harmful lev-
els of acous-
tic noise

Noise insulation cover

Notice to'supefvisors
that people with hear-
ingyaids can exlperi-

é11cé stress.

6 |Hazardous |Impact, colli- A breakaway clutch

physical sion, blunt force |mechanism is applied
contact injuries at the robot’s elbow
with robot to mitigate the impact
arm during occurred in abrupt
human-robot movement.
interaction

Limiting the robot’s
workspace to prévent
the arms fromrmoving
up to the level-of a
standing person’s head
(see 6.3

(This\does not reduce
the'tisk of collision
with sitting persons
or small children, for
example.)

Information foy the
user to stay awjay from
moving parts df the
robot and provijision of
guidance to miphimize
contact with the head
area.

713.2.4 Final risk assessment and residual risk

s¢lected in 7.3.2.3.

Alfter all risk reduction measures have heen applied, a final risk assessment is performed to determine
iflrisk reduction has been successful atid to determine the residual risk. Table 8 shows only thd

hazards

© IS0 2019 - All rights reserved
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Table 8 — Final risk assessment

# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
O: Probability of
occurrence
A: Possibility to evade
RrRisKindex
2 |Meghanical |Failure to Impact and S$1: The robot is light Acceptable, as 5.10.8
detect safe- |Crushingofa |and moves atlow speed, state-of-the-
ty-related |person, Blunt |physical contact causesno |art measures
objects in force injuries |serious injury. to limit the
workspace F2: Robot is intended to probability of
te near humans OCCUITEIC,
opera ' of harm have
01: Reduced travel speed been ithple-
and use a protective device |mented.
reduced the risk of occur-
rence to near zero.
A2: The elderly person is not
able to avoid without agility.
R1
3 |Eleg¢trical/ Harmful Stress, discom- |S1: If the elderly.person is Acceptable, as 571
ergpnomic levels of fort, pain wearing a hearing aid, noise |the probability
acoustic causes stress. of occurrence
noise . . of harm has
F2: Noise*occurs continu-
. . been de-
ouslyduring the operation
creased.
of-robot.
01: Noise is effectively
reduced by the additional
measures.
A1: It can be avoided.
R1
6 |Meghanical |Hazardous/~\Impact, col- S$1: Clutch mechanism and |Acceptable, as 5.109
physical ¢on=|lision, blunt the workspace limits reduce |the workspace
tact with 'the |force injuries |the possible harm. limit and the
robgt arm . clutch mecha-
déd F2: Performing games as- . -
urmg hu- . . . nism limit the
sociated with gesture is the .
an-robot severity.
) . normal use case.
interaction
03: A collision is likely to
happen as there is no safe-
guard
A2: A person can be sur-
prised by the movement and
has no time to evade.
R2

7.3.3 Safety-related control system

In the risk reduction process, safeguards that are part of the control systems are implemented. The
safety laser scanner is a measure for avoidance of hazardous collision. In Table 9, the required control
system performance is verified according to the risk graph in ISO 13849-1.
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Table 9 — Safety function and assigned PL

Safety
function

Recommended
PL according
I1SO 13482:2014,
Table 1

PL according to ISO 13849-1:2015

S: Severity of injury
F: Frequency and/or exposure to hazard

P: Possibility of avoiding hazard or lim-
iting harm

Clause of
I1SO 13482:2014

Avoidance of haz-
ardous collision

$1: Collisions with low speed cannot cause
severe injury.

6.5.2.1

(mobile platform)

F2: The user is exposed throughout the
whole operation time.

P2: The elderly person or children are not
able to avoid as to the lack of agility.

PLr: c

11

Limits to the
robot workspace
(preventing lifting
the arms to high)

$1: Collisions with arms cannot cause
severe injury after the mechanicalelutch
has been applied.

F2: Performing games ass@ejated with
gesture is the normal use‘case.

P2: A person can be’surprised by the
movement and h&so time to evade.

PLr: c

I

emergency stop

S$2: Some hazards (e.g. falling) can cause
severe ifjury.

F1: Emergency stop is used infrequently.

P2 As the emergency already happened,
evasion is hardly possible.

PLr:d

6.2.2.2

IV

Protective stop

S1: All safeguarded hazards have low
severity.

F2: Robot is often in direct interaction
with the user and no other sensors for
preventing arm collisions exist.

P2: Elderly persons can hardly evade.
PLr: c

~

714.1_XOverview

4 Example 3 — Restraint type physical assistant robot

Thisexampte deats withra Testraint type physicat assistant Tobot that assists upper amnmd 1o

er limbs

of a user during walking on a flat floor, walking up and down a step-stool, grasping objects from high
shelves, and lifting objects.

System architecture:

The robot is a lithium-ion-secondary-battery-powered exoskeleton equipped with eight motors for
shoulders, elbows, hip joints, and knee joints to assist the motion of user’s upper and lower limbs.
Attachments covering chest, shoulders and waist, as well as cuffs around upper arms, forearms, thighs
and shins are provided.

© IS0 2019 - All rights reserved
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Specifications:

Rated torque of the motors for shoulders and elbows is 10 Nm while that for hip joints and knee joints
is 20 Nm (rated torques well below the capability of the intended user population). The size of the
exoskeleton is adjustable according to the user. Assist modes, for executing different motion tasks, can
be selected by manual switch.

Operating environment:

The robd
+30 °C in

Typical

The follg
—  assis
—  assis
—  assis
—  assis

The user

Degree

The robgq
6.10). D¢

Robot sIbtype determination:

The rob

assistive
have beq

affected
to be lift
the user.

NOTE
ISO 1348

7.4.2 Risk assessment

7.4.2.1

cluding flat ground and a step-stool.

fasks:

wing motion tasks are foreseen for the robot and require different assist modes;
ting a user walking on a flat floor;

ting a user climbing up a step-stool;

ting a user to reach objects, and to pick them up from shelves;

ting a user descending from the step-stool.

switches operation modes manually.

bf autonomy:

t in this working example operates in semi-autonomous mode (according to ISO 13482:201
gree of autonomy for all relevant tasks is low:

t is categorized as Type 2.1 (low pawered physical assistant robot) because the maximu
n conducted during the design.process to verify that the balancing capability of the user is n

if the exoskeleton is switched off during the climbing process. The mass is lightweight enoug
ed and moved by the user., The moving speed of the robot joints is slow enough for reaction

A physical assistant’robot is considered low powered if the user can overpower the robot. S¢
p:2014, 6.1.2.

Determination of the limits of personal care robot

The follow

tis designed to operate in an indoor environment with ambient temperature between 0 °C@rd

force would not injure the useymor block the balancing capability of the user. Practical test

te

dAaa it Hnmad r+h
T & tf

o S aAra acc Fay
VVITTS TITIIICS Ot C OIS UIIc TOT

— the user provides all motion intentions and the robot provides assistance;

— users of the robot are persons, who do not have any physical disabilities and who have received
instructions on use and safety functions, as specified by the manufacturer;

— the user is at least 14 years old;

— the user’s weight does not exceed 100 kg.

32
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Foreseeable misuse:

The following misuse can be anticipated:

— using the robot outdoors;

— touching electrically live parts with a wet hand;

— using the robot in an ambient temperature exceeding +30 °C;

—3

7

Ti
li
li
4

—

the risk originating from these hazards based on the risk graph in Figure 3.

- wearing an unsuitable size of robot;

- using the robot untied or tied incorrectly;

or condensation is expected.
he following are examples of two measures to prevent misuse that can bedecided by the manu

- the robot will only be sold by shops with trained personnel who ¢an help to determine th
size of the exoskeleton and can show correct tying and untying once;

- the robot will only be sold together with a training that covers handling instructions.

4.2.2 Initial hazard identification and risk estimation

hble 10 lists hazards which have been identified for'the restraint-type physical assistant rqg
5t has been compiled by using ISO 13482:2014, Antiex A, as a checklist and discussing for eac
cted in the annex, if a hazard is present. For the\sake of brevity, the list is limited to ten items,
is possible that there are other hazards to be addressed. In addition, Table 10 shows an estir

- using the robot in an unexpected area or space, e.g. a narrow space, or an envirenment where dust

facturer:

e correct

bot. The
h hazard
hlthough
nation of
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Table 10 — Risk evaluation before applying risk reduction measures

# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
0: Probability of occur-
rence
A: Possibility to evade
R: Riskindex
1 [Meghanical |Unintended |Legorarm S$1: The user can overpower |Acceptable, as 5.4
start-up injury the robot and only minor severity is low
injury is expected. and the user
F2: The user is exposed to Eﬁ:ﬁ;’;?gwer
this hazard whenever the ’
user wears the robot.
02: The hazardous event can
occur at medium frequency.
A1: User can overpower the
robot at any time.
R1
2 |Meghanical |Loss of Head injury $2: Fall from step-stoolcan |Acceptable, as 5.10.2
stability lead to serious head injury. |the probability
?nd falling F2: User wears'the exoskele- of pccurrence
rom a step- ton continuofds] of harm is low
stool due to Y and the user
unexpected 01: For this low-power can detect the
actuator exoskeleton, unexpected hazard and
forces actuator forces do not affect |react to coun-
balancing capability. ter it.
A1: User can overpower the
robot at any time.
R3
3 |Meghanical |Loss of Head injury $2: Fall from upright po- Acceptable, as 5.10.2
balance and sition can lead to serious the probability
tripping due head injury. of occurrence
to unex- . . of harm is low
F2: User is wearing the exo-
pectedaNu- skeleton continuously. and the user
ator{forces ' can detect the
01: It is tested that unex- hazard and
pected actor forces usually |reactto coun-
do not affect balancing ter it.
capability.
A1: User can overpower the
Tobot atany time.
R3
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Table 10 (continued)
# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
0: Probability of occur-
rence
A: Possibility to evade
RRiskimdex
4 |Mechanical |Application |Leginjury, S$1: The user over powers the|Acceptable, as §.10.2
of assistive |arm injury robot and only minor injury |severity is low
torque in an is expected. and the usen
uplntgnded F2: The user is exposed to can detegt Hi¢
direction, . hazardand
. this hazard whenever the
not affecting react.to coun-
user wears the robot. X
balance of ter it
user 02: The hazardous event can
occur at medium frequency:.
A1: User can overpowér-the
robot at any time.
R1
5 |Mechanical |Collapse Leg injury, S1: Friction.efuiotors Acceptable, as b.3.3
due toloss |arm injury, mitigates thé sudden loss severity is low
of assistive |back injury of assistive force and slows |and the user
torque down-possible collapse. can detect the
F2:The user is exposed to ?gjstr?oacrzin-
this hazard whenever the .
ter it.
user wears the robot.
02: The hazardous event can
occur at medium frequency.
A1: The friction of motors re-
duces the speed of change of
assistive force, and the user
can react to avoid the harm.
R1
6 |Electrical Fite'hazard |Burn S$2: Serious burn is possible. |Not accept- 5.3
Jfbatteries F2: The user is exposed to able, as
. severity and
this hazard whenever the s
probability of
user wears the robot.
occurrence of
02: Secondary battery of sel- |harm are high.
dom experiences fire hazard.
A2: The robot cannot be
takemroffquicklyemoughto
escape the fire.
R5
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Table 10 (continued)

# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event 2014
F: Frequency of exposure
O: Probability of occur-
rence
A: Possibility to evade
RRiskimdex
7 |Thdgrmal Maintenance | Burn S$1: High temperature parts |Acceptable, as 5.7.4
person of this robot can cause only |severity is low
touching a minor burn. and the main-
high temper- F2: The maintenance person tenance per-
ature part . . son can avoid
inside the is exposed to this hazard the hazard
. whenever a recently used \
robot during :
maintenance exoskeleton is opened.
03: Normal use leads to high
temperature of certain parts
inside the exoskeleton.
A1: Trained maintenance
person will avoid touchiuig
high temperature parts:
R2
8 |Elegtrical Touching of |Electric shock |[S1: Contacting an electri- Acceptable in 5.2
electrical cally live partcauses only principle, but
connectors minor injury due to low marked for
with wet batterny,voltage. further risk
hands F2: The user is exposed to reduction, as
. state-of-the-
this hazard whenever the :
art solutions
user wears the robot. .
for this prob-
02: Reaching live parts lem exist.
when touching the connec-
tor can occur in rare cases.
A2: Electric shock develops
fast and cannot be avoided.
R1
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# Type of
hazard

event

Hazard and
hazardous

Potential
consequence

Risk estimation

Risk Clause of

S: Severity of harm
F: Frequency of exposure

0: Probability of occur-
rence

A: Possibility to evade

ISO 13482:
2014

evaluation

RrRiskimdex

9 |Ergonomic Discomfort

Stress

S1: The user can feel discom-
fort from being restrained
by the robot.

F2: The user is exposed to
this hazard whenever the
user wears the robot.

01:. A generally low level of
discomfort has been meas-
ured in user tests.

A1: The user can step using
the robot if mental(stress is
experienced.

R1

Acceptable 59

10 |Material/

substances dust

Emission of

Pneumoconi-
0sis

$1: Emission of a small
amount of dust from the
braking system can in rare
caseés lead to minor respira-
tory problems.

F2: Dusts can be inhaled
whenever the user wears
the robot.

02: Harmful amounts of
dusts can gather if the robot
is used over longer time in
rooms without ventilation.

A2: Inhaling cannot be
avoided.

R1

Acceptable in
principle, as
the severity
is low, but
marked for
further risk
reductions, as
state-of-the-art
solutions for
this problem
are available.

duction. Table 11 shows three selected hazards with measures to reduce the risk thereof.

714.2.3 Riskreduction measures

Tring risk assessment, hazards are identified which lead to a risk that is intolerable and needf further
r
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Table 11 — Risk reduction measures for three selected hazards

# | Hazard and Potential Inherently safe de- | Safeguard or comple- Information
hazardous | consequence sign measure mentary protective for use
event measure
6 |Fire hazard of |Burn State-of-the-art batter- Instructions for
batteries ies with a design that proper handling and
reduces fire hazard charging of batteries
are used (e.g. see will be included in the
IEC 62133-1 and user manual.
IEC 60335-2-29
8 |Toyching of Electric shock |The connectors are Instructions are@dded
ele¢trical con- redesigned in a way to the user manual to
nedtors with that touching live parts not operate the robot
wet hands with a finger is almost with wegshands.
impossible
10 |Emjission of Pneumoconi- |Materials and compo-
dudt osis nents of the exoskele-
ton are chosen so that
the emission of dust
(e.g. from brakes) is as
low as possible.
7.4.2.4 | Final risk assessment and residual risk
After all risk reduction measures have been applied, a final risk'assessment is performed to determinelif
risk reddction has been successful and to determine the residual risk. Table 12 shows only the hazards

selected|in 7.4.2.3.

38
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Table 12 — Final risk assessment
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# Type of
hazard

Hazard and
hazardous
event

Potential
consequence

Risk estimation

Risk Clause of

S: Severity of harm
F: Frequency of exposure

0: Probability of occur-
rence

A: Possibility to evade

ISO 13482:
2014

evaluation

R RiskKindex

6 |Electrical

Fire hazard
of batteries

Burn

S$2: Serious burn is possible.

F2: The user is exposed to
this hazard whenever the
user wears the robot.

01: Due to reliable batter-
ies and proper changing
instructions the probability,
of burn is very low.

A2: The robot cannot e
taken off quickly engugh to
escape the fire.

R4

Acceptable 5.3
as the current
state of the
art doesmot
providetbétter

solutions.

8 |Electrical

Touching of
electrical
connectors
with wet
hands

Electric shock

S$1: Contagting an electri-
cally live part causes only
minopinjury due to low
battery voltage.

F2: The user is exposed to
this hazard whenever the
user wears the robot.

01: Live parts are concealed
in the connector design so
that the probability of touch-
ing is very low.

A2: Electric shock develops
fast and cannot be avoided.

R1

Acceptable as 5.2
the severity
and probability
of harm are

sufficiently low.

10 |Material/
substances

Emission of
dust

Pneumoconi-
0sis

S$1: Emission of a small
amount of dust from the
braking system can in rare
cases lead to minor respira-
tory problems.

F2: Dusts can be inhaled
whenever the user wears

Acceptable, as
probability of
harm is low.

threTobot:

02: Harmful amounts of
dust can gather if the robot
is used over longer time in
rooms without ventilation.

A2: Inhaling cannot be
avoided.

R1
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7.4.3 Safety-related control system

In the risk reduction process, no safeguards using the safety-related control system are implemented.
However, the robot is equipped with an emergency stop functionality which allows the robot to be
stopped, e.g. when wrong torques are provided by the actuators. Table 13 shows the PL required for the

safety function.
Table 13 — Safety function and assigned PL
# Safety Recommended PL according to ISO 13849-1:2015 Clause of
function PL according . . i ISO 13482:2014
1SO 13482:2014, S: Severity of injury
Table 1 F: Frequency and/or exposure to hazard
P: Possibility of avoiding hazard or lim-
iting harm
I |Emergency stop C S$1: The user can overpower the robot and 6.2.2.2
only minor injury is expected.
F1: Situations in which emergency stopdis
needed are rare.
P2: As the emergency already happeéned,
evasion is hardly possible.
PLr:b
7.5 Example 4 — Person carrier robot
7.5.1 Qverview
This example deals with a self-balancing person carrigr'robot capable of transporting a single passenger

from ong
System

This rob
decks in
the deck

Specific

The robg¢t is 1,2 m to 1,4'm-tall (adjustable) and weighs 15 kg. The maximum speed of the robot

6 km/h.
Operati
This rob

place to another.
irchitecture:

bt consists of a steering column, two decks (one for each foot), and two wheels placed under tH
lateral direction. The robot is without a seat and its passenger can drive the robot standing d

D .

htions:

The wheels copsjst of air-inflated tires.
Ng environment:
pt is désigned to operate indoor on flat floor with slope not exceeding 5°.

tasks:

n

IS

Typical

The task foreseen for the robot is transporting a person from one location to another indoors on a flat
surface without any gaps.

The robot is manoeuvred by a user by tilting a steering column in a desired direction of motion.

Degree of autonomy:

The person carrier robot in this working example assumes manual operation. However, the stability
control task is permanently autonomously performed by the robot. In combination, it is assumed that
the robot operates in semi-autonomous operational mode.

40
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Robot subtype determination:

The robot is categorized as Type 3.1 because it assumes standing single passenger, use on flat surfaces
indoor, maximum speed as low as pedestrians, lightweight, and semi-autonomous operation.

7.5.2 Risk assessment

7

—

-

7
T

q

bt

9

(0]

521 Determination of the limits of pnrennal carerobot

he following limits are assumed for the robot in this example:

breseeable misuse:

he following misuses can be anticipated:

5.2.2 Initialhazard identification and risk estimation

hble 14 ‘lists hazards identified for the person carrier robot. The list has been compiled
0 13%82:2014, Annex A, as a checklist and discussing for each hazard listed in the annex, if
present. For the sake of brevity, the list is limited to ten items, although it is possible that {

ther hazards to be addressed.In-addition, Table 14 shows an estimation-of the risk originat

use on flat surfaces in indoor environments;
all manoeuvres are conducted by the user on board;

the person who receives instructions on use and safety functions, as specified by the manu
with no physical disability, uses the person carrier robot;

the passenger is at least 14 years old;
the passenger’s weight does not exceed 100 kg;

the maximum travel speed is 6 km/h.

driving outdoors;

driving on a slippery floor;

driving on an uneven terrain;

driving with heavy load;

driving in cluttered enyironiment (humans and/or objects);
touching charging plugs with wet hands;

reckless driving:

facturer,

by using
 hazard
here are

ing from

these hazards based on the risk graph in Figure 3.
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Table 14 — Risk evaluation before applying risk reduction measures

Type of
hazard

Hazard and
hazardous
event

Potential
consequence

Risk estimation

S: Severity of harm
F: Frequency of exposure

0: Probability of occur-
rence

A: Possibility to evade

Risk
evaluation

Clause of
ISO 134.82:
2014

KR! KiskK'1ndex

Meg¢hanical

Collision

with safe-
ty-related
obstacles

Chestorleg
injury

$2: Collision with obstacles
at 6 km/h and the effects
like losing balance of pas-
senger can lead to serious
injuries.

F2: The user is exposed to
this hazard whenever the
robot is in operation.

03: The hazardous event can
happen whenever the robot
is in operation.

A1: Travel speed is equiV:
alent to that of pedestrian,
and collision canbe avoided.

R:5

Not accept- 5.10.8
able, as both
the severity
and the proba-

bility are high.

Meg¢hanical

Tripping or
falling due
to driving
over a bump
or gap

Head injury

$2: Fall fromupright po-
sition can lead to serious
head imjury.

F2: The user is exposed to
this hazard whenever the
robot is in operation.

02: The hazardous event can
happen occasionally when
the robot is in operation.

A1: Hazardous ground con-
ditions can be avoided.

R: 4

Not accept- 5.10.3
able, as both
the severity
and the proba-

bility are high.

Meg¢hanical

Falling
wheén the
robot slips
on the floor

Head injury

$2: Slipping can lead to seri-
ous head injury.

F2: The user is exposed to
this hazard whenever the
robot is in operation.

02: This hazardous event can

Not accept- 5.10.3
able, as both
the severity
and the proba-

bility are high.

happen occasionally when
the robotis in operation.

A2: It is impossible to avoid
slipping.
R:5

42
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# Type of Hazard and Potential Risk estimation Risk Clause of
hazard hazardous | consequence g, Severity of harm evaluation I1SO 13482:
event | 2014
F: Frequency of exposure
0: Probability of occur-
rence
A: Possibility to evade
RRiskimdex
4 |Mechanical |Bystand- Chest injury S2: Collision at 6 km/h can |Not accept- 5.10.8
ers being lead to serious injuries. able, as both
crushed F2: Bystanders are exposed the severity
between the ; and the proba-
to this hazard often when s :
person car- the robot is in operation bility g High.
rier robot )
and floor or 02: The hazardous event can
walls happen occasionally when
the robot is in operation.
A1: Travel speed is equiv"
alent to that of pedestiian,
and crushing can beXavoided.
R: 4
5 [Mechanical |Collision due|Head injury $2: Collision‘can lead to Not accept- 5.10.8
to control serious head injury. able, as the
Sys“’f“ mal- F2: The user is exposed to severity is high
function . and the proba-
thisthazard whenever the bility of occur-
febot is in operation. y
rence of harm
02: The hazardous event can|is medium.
occur only sometimes with
mediocre quality robot.
A1: Travel speed is equiv-
alent to that of pedestrian,
and collision can be avoided.
R: 4
6 |Mechanical |Falling.due |Head injury $2: Fall from upright po- Not accept- 5.6
taslipping sition can lead to serious able, as both
offthe decks head injury. the severity
F2: The user is exposed to ?)ﬁ(iitthoefgizgi:
this hazard whenever the renc); of harm
robot is in operation. .
are high.
02: The hazardous event
happens from time to time.
Ai. Tl dVC} prCd ib CLluiV‘
alent to that of pedestrian,
and the user can disembark
most of the times.
R4
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