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Foreword

ISO (the Intern tion l Org ni tion for St nd rdi tion) is  worldwide feder tion of n tion l st nd rds 
bodies (ISO member bodies). The work of prep ring Intern tion l St nd rds is norm ll  c rried out 
through ISO technic l committees. E ch member bod  interested in  sub ect for which  technic l 
committee h s been est blished h s the right to be represented on th t committee. Intern tion l 
org ni tions  government l nd non-government l  in li ison with ISO  lso t ke p rt in the work. 
ISO coll bor tes closel  with the Intern tion l Electrotechnic l ommission (IE ) on ll m tters of 
electrotechnic l st nd rdi tion.

The procedures used to develop this document nd those intended for its further m inten nce re 
described in the ISO IE  Directives  rt 1. In p rticul r the different pprov l criteri  needed for the 
different t pes of ISO documents should be noted. This document w s dr fted in ccord nce with the 
editori l rules of the ISO IE  Directives  rt 2.  www.iso.org directives

Attention is dr wn to the possibilit  th t some of the elements of this document m  be the sub ect of 
p tent rights. ISO sh ll not be held responsible for identif ing n  or ll such p tent rights. Det ils of n  
p tent rights identi ied during the development of the document will be in the Introduction nd or on 
the ISO list of p tent decl r tions received.  www.iso.org p tents

An  tr de n me used in this document is inform tion given for the convenience of users nd does not 
constitute n endorsement.

The committee responsible for this document is ISO T  184  Automation systems and integration  
Subcommittee S  2  Robots and robotic devices.

 

© ISO 2014 – All rights reserved v



 

ISO 13482:2014(E)

Introduction

This Intern tion l St nd rd h s been developed in recognition of the p rticul r h rds presented b  
newl  emerging robots nd robotic devices for new pplic tions in non-industri l environments for 
providing services r ther th n m nuf cturing pplic tions in industri l pplic tions. This Intern tion l 
St nd rd focuses on the s fet  re uirements for person l c re robots in non-medic l pplic tions.

This Intern tion l St nd rd complements ISO 10218-1  which covers the s fet  re uirements for robots 
in industri l environments onl . This Intern tion l St nd rd includes ddition l inform tion in line 
with ISO 12100 nd dopts the ppro ch proposed in ISO 13849 nd IE  20 1 to formul te  s fet  
st nd rd for robots nd robotic devices in person l c re to specif  the conditions for ph sic l hum n-
robot cont ct.

This Intern tion l St nd rd is  t pe-  st nd rd  s st ted in ISO 12100.

When  t pe-  st nd rd devi tes from one or more technic l provisions de lt with b  t pe-A or b  
t pe-  st nd rds  the t pe-  st nd rd t kes precedence.

It is recogni ed th t robots nd robotic devices in person l c re pplic tions re uire close hum n-robot 
inter ction nd coll bor tions  s well s ph sic l hum n-robot cont ct.

The robots or robotic devices concerned  nd the e tent to which h rds  h rdous situ tions or 
h rdous events re covered  re indic ted in the scope of this Intern tion l St nd rd.

rds re well recogni ed  nd the sources of the h rds re fre uentl  uni ue to p rticul r robot 
s stems. The number nd t pes of h rds re directl  rel ted to the n ture of the robot pplic tion  the 
comple it  of the inst ll tion  nd the level of hum n-robot inter ction incorpor ted.

The risks ssoci ted with these h rds v r  with the t pe of robot used nd its purpose  nd the w  
in which it is inst lled  progr mmed  oper ted  nd m int ined.

Not ll of the h rds identi ied b  this Intern tion l St nd rd ppl  to ever  person l c re robot  
nor will the level of risk ssoci ted with  given h rdous situ tion be the s me from robot to robot. 

onse uentl  the s fet  re uirements  nd or protective me sures c n v r  from wh t is speci ied 
in this Intern tion l St nd rd. A risk ssessment is conducted to determine the protective me sures 
needed when the  do not meet s fet  re uirements nd or protective me sures speci ied in this 
Intern tion l St nd rd  nd for the p rticul r pplic tion being considered.

In this Intern tion l St nd rd  the following verb l forms re used:

 sh ll  indic tes  re uirement

 should  indic tes  recommend tion

 m  indic tes  permission

 c n  indic tes  possibilit  or  c p bilit .

In recognition of the v ri ble n ture of h rds with person l c re robot pplic tions  this Intern tion l 
St nd rd provides guid nce for the ssur nce of s fet  in the design nd construction of the non-medic l 
person l c re robot  s well s the integr tion  inst ll tion  nd use of the robots during their full life 
c cle. Since s fet  in the use of person l c re robots is in luenced b  the design of the p rticul r robot 
s stem   supplement r  though e u ll  import nt  purpose is to provide guidelines for the inform tion 
for use of person l c re robots nd robotic devices.

The s fet  re uirements of this Intern tion l St nd rd h ve to be met b  the m nuf cturer nd the 
supplier of the person l c re robot.

Future editions of this Intern tion l St nd rd might include more speci ic re uirements on p rticul r 
t pes of person l c re robots  s well s more complete numeric d t  for different c tegories of people 
(e.g. children  elderl  persons  pregn nt women).
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Robots and robotic devices — Safety requirements for 
personal care robots

1 Scope

This Intern tion l St nd rd speci ies re uirements nd guidelines for the inherentl  s fe design  
protective me sures  nd inform tion for use of person l c re robots  in p rticul r the following three 
t pes of person l c re robots:

 mobile serv nt robot

 ph sic l ssist nt robot

 person c rrier robot.

These robots t pic ll  perform t sks to improve the u lit  of life of intended users  irrespective of ge 
or c p bilit . This Intern tion l St nd rd describes h rds ssoci ted with the use of these robots  nd 
provides re uirements to elimin te  or reduce  the risks ssoci ted with these h rds to n ccept ble 
level. This Intern tion l St nd rd covers hum n-robot ph sic l cont ct pplic tions.

This Intern tion l St nd rd presents signi ic nt h rds nd describes how to de l with them for e ch 
person l c re robot t pe.

This Intern tion l St nd rd covers robotic devices used in person l c re pplic tions  which re tre ted 
s person l c re robots.

This Intern tion l St nd rd is limited to e rthbound robots.

This Intern tion l st nd rd does not ppl  to:

 robots tr velling f ster th n 20 km h

 robot to s

 w ter-borne robots nd l ing robots

 industri l robots  which re covered in ISO 10218

 robots s medic l devices

 milit r  or public force pplic tion robots.

NOTE The s fet  principles est blished in this Intern tion l St nd rd c n be useful for these robots listed 
bove.

The scope of this Intern tion l St nd rd is limited prim ril  to hum n c re rel ted h rds but  where 
ppropri te  it includes domestic nim ls or propert  (de ined s s fet -rel ted ob ects)  when the 

person l c re robot is properl  inst lled nd m int ined nd used for its intended purpose or under 
conditions which c n re son bl  be foreseen.

This Intern tion l St nd rd is not pplic ble to robots m nuf ctured prior to its public tion d te.

This Intern tion l St nd rd de ls with ll signi ic nt h rds  h rdous situ tions or h rdous events 
s described in Anne  A. Attention is dr wn to the f ct th t for h rds rel ted to imp ct (e.g. due to  

collision) no e h ustive nd intern tion ll  recogni ed d t  (e.g. p in or in ur  limits) e ist t the time 
of public tion of this Intern tion l St nd rd.

INTERNATIONAL STANDARD ISO 13482:2014(E)
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2 Normative references

The following documents  in whole or in p rt  re norm tivel  referenced in this document nd re 
indispens ble for its pplic tion. For d ted references  onl  the edition cited pplies. For und ted 
references  the l test edition of the referenced document (including n  mendments) pplies.

ISO 2 31 ( ll p rts)  Mechanical vibration and shock — Evaluation of human exposure to whole-body 
vibration

ISO 374  Acoustics — Determination of sound power levels and sound energy levels of noise sources using 
sound pressure — urvey method using an enveloping measurement surface over a re lecting plane

ISO 38 4-1  Graphical symbols — Safety colours and safety signs — Part 1: Design principles for safety signs 
and safety markings

ISO 4413  ydraulic luid power — General rules and safety requirements for systems and their components

ISO 4414  Pneumatic luid power — General rules and safety requirements for systems and their components

ISO 4871  Acoustics — Declaration and veri ication of noise emission values of machinery and equipment

ISO 7000  Graphical symbols for use on equipment — Registered symbols

ISO 7010  Graphical symbols — Safety colours and safety signs — Registered safety signs

ISO 8373:2012  Robots and robotic devices — Vocabulary

ISO 11202  Acoustics — Noise emitted by machinery and equipment — Determination of emission sound 
pressure levels at a work station and at other speci ied positions applying approximate environmental 
corrections

ISO 12100:2010  Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 13849-1  Safety of machinery — Safety-related parts of control systems — Part 1: General principles 
for design

ISO 138 0  Safety of machinery — Emergency stop — Principles for design

ISO 138 4  Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

ISO 138 1)  Safety of machinery — Positioning of safeguards with respect to the approach speeds of parts 
of the human body

ISO 138  ( ll p rts)  Safety of machinery — Pressure-sensitive protective devices

ISO 138 7  Safety of machinery — Safety distances to prevent hazard zones being reached by upper and 
lower limbs

ISO 14118  Safety of machinery — Prevention of unexpected start-up

ISO 14119  Safety of machinery — Interlocking devices associated with guards — Principles for design and 
selection

ISO 14120  Safety of machinery — Guards — General requirements for the design and construction of ixed 
and movable guards

ISO 1 34 ( ll p rts)  Ergonomic design for the safety of machinery1

IE  0204-1:2009  Safety of machinery — Electrical equipment of machines — Part 1: General requirements

IE  033 -1  Household and similar electrical appliances — Safety — Part 1: General requirements

1)  If used  consider tion sh ll be given s to the relev nce nd pplic bilit  of the u ntit tive d t  to the intended 
users of the robot  especi ll  for elderl  people nd children.
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IE  033 -2-29  Household and similar electrical appliances — Safety — Part 2-29: Particular requirements 
for battery chargers

IE  0417-1  Graphical symbols for use on equipment — Part 1: Overview and application

IE  0 29  Degrees of protection provided by enclosures (IP Code)

IE  082 -1  Safety of laser products — Part 1: Equipment classi ication and requirements

IE  1140  Protection against electric shock — Common aspects for installation and equipment

IE  149  ( ll p rts)  Safety of machinery — Electro-sensitive protective equipment

IE  20 1:2012  Safety of machinery — Functional safety of safety-related electrical, electronic and 
programmable electronic control systems

IE  2471  Photobiological safety of lamps and lamp systems

3 Terms and de initions

For the purposes of this document  the terms nd de initions given in ISO 12100  ISO 8373 nd the 
following ppl .

3.1
autonomy

bilit  to perform intended t sks b sed on current st te nd sensing  without hum n intervention

SO R E: ISO 8373:2012  2.2

3.2
robot

ctu ted mech nism progr mm ble in two or more es with  degree of autonomy (3.1) moving within 
its environment  to perform intended t sks

SO R E: ISO 8373:2012  2.  modi ied

3.3
robotic device

ctu ted mech nism ful illing the ch r cteristics of n industri l robot or  service robot (3.4)  but 
l cking either the number of progr mm ble es or the degree of autonomy (3.1)

SO R E: ISO 8373:2012  2.8  modi ied

3.4
service robot
robot (3.2) th t performs useful t sks for hum ns or e uipment e cluding industri l utom tion 

pplic tions

SO R E: ISO 8373:2012  2.10  modi ied

3.5
mobile robot
robot (3.2) ble to tr vel under its own control

SO R E: ISO 8373:2012  2.13  modi ied

3.6
a ard

potenti l source of h rm

SO R E: ISO 12100:2010  3.  modi ied
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3.7
risk
combin tion of the prob bilit  of occurrence of h rm nd the severit  of th t h rm

SO R E: ISO 12100:2010  3.12

3.8
risk assessment
over ll process comprising  risk n l sis nd  risk estim tion

SO R E: ISO 12100:2010  3.17  modi ied

3.9
safe state
condition of  personal care robot (3.13) where it does not present n impending hazard (3. )

SO R E: ISO 10218-2:2011  3.11  modi ied

3.10
safety-related part of a control system
p rt of  control s stem th t responds to s fet -rel ted input sign ls nd gener tes s fet -rel ted 
output sign ls

SO R E: ISO 13489-1:200  3.1.1  modi ied

3.11
veri ication
con irm tion through the provision of ob ective evidence th t the speci ied re uirements of the personal 
care robot (3.13) h ve been ful illed

SO R E: ISO 9000:200  3.8.4  modi ied

3.12
validation
con irm tion through the provision of ob ective evidence th t the re uirements for speci ic intended 
use or pplic tion of the personal care robot (3.13) h ve been ful illed

SO R E: ISO 9000:200  3.8.  modi ied

3.13
personal care robot
service robot (3.4) th t performs ctions contributing directl  tow rds improvement in the u lit  of life 
of hum ns  e cluding medic l pplic tions

Note 1 to entr : This might include ph sic l contact (3.19.1) with the hum n to perform the t sk.

Note 2 to entr : T pic l t pes of person l c re robots include: mobile servant robot (3.14)  physical assistant robot 
(3.1 ) nd person carrier robot (3.1 ).

3.14
mobile servant robot
personal care robot (3.13) th t is c p ble of tr velling to perform serving t sks in inter ction with 
hum ns  such s h ndling ob ects or e ch nging inform tion

3.15
p ysical assistant robot
personal care robot (3.13) th t ph sic ll  ssists  user (3.2 ) to perform re uired t sks b  providing 
supplement tion or ugment tion of person l c p bilities
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3.15.1
restraint type p ysical assistant robot
physical assistant robot (3.1 ) th t is f stened to  hum n during use

E A LE This includes we r ble suits or non-medic l ph sic l ssist nce e oskeletons.

3.15.2
restraint-free type p ysical assistant robot
physical assistant robot (3.1 ) th t is not f stened to  hum n during use

Note 1 to entr : This llows free holding rele sing of the robot b  the hum n in order to control or stop the 
ph sic l ssist nce. E mples include power ssisted devices nd or powered w lking ids.

3.16
person carrier robot
personal care robot (3.13) with the purpose of tr nsporting hum ns to n intended destin tion

Note 1 to entr : It might possess  c bin nd might be e uipped with  se t nd or st nding support (or simil r).

Note 2 to entr : In ddition to hum ns  tr nsport tion might include other ob ects  e.g. pets nd propert .

3.17
protective stop
interruption of oper tion th t llows n orderl  cess tion of motion for s fegu rding purposes

3.18.1
maximum space
volume which c n be swept b  the moving p rts of the robot (3.2) s de ined b  the m nuf cturer  plus 
the volume which c n be swept b  m nipul tors nd p lo ds

Note 1 to entr : For mobile pl tforms  this volume c n be de ined b  the ph sic l bound ries through which the 
robot c n move round.

Note 2 to entr : See Figure 1.

3.18.2
restricted space
portion of the maximum space (3.18.1) con ined b  limiting devices th t est blish bound ries which will 
not be e ceeded b  the robot (3.2)

Note 1 to entr : For mobile robots (3. )  this volume c n be limited b  speci l m rkers on loors nd w lls  or b  
software limits (3.27) de ined in the intern l m p of the robot or f cilit  (m imum sp ce).

Note 2 to entr : See Figure 1.

SO R E: ISO 8373:2012  4.8.2  modi ied

3.18.3
monitored space
sp ce observed b  sensors v il ble to the personal care robot (3.13) in which  safety-related object 
(3.21.1) is detected

Note 1 to entr : onitored sp ce c n re ch be ond the maximum space (3.18.1) nd c n be de ined b   collection 
of mobile sensors on the robot nd st tion r  sensors in nd outside the m imum sp ce.

Note 2 to entr : This sp ce c n be st tic or d n mic depending on the person l c re robot nd its pplic tion.

Note 3 to entr : See Figure 1.
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3.18.4
safeguarded space
sp ce in which the personal care robot (3.13) initi tes  s fet -rel ted function if  safety-related object 
(3.21.1) is detected within it

Note 1 to entr : E mples of s fet -rel ted functions include tr ector  ch nges  speed reduction  protective stop 
(3.17)  force limiting.

Note 2 to entr : Anne   provides more det ils on possible implement tions of lgorithms for the speed reduction.

Note 3 to entr : Sp ce c n be st tic or d n mic  depending on the person l c re robot  its pplic tion nd its 
(d n mic) sh pe.

Note 4 to entr : See Figure 1.

3.18.5
protective stop space
sp ce in which the personal care robot (3.13) will perform  protective stop (3.17) if  safety-related object 
(3.21.1) enters it

E A LE E mples of oper tion l sp ces for some different person l c re robots re presented in Anne  .

Note 1 to entr : Sp ce c n be st tic or d n mic  depending on the person l c re robot  its pplic tion nd its 
(d n mic) sh pe.

Note 2 to entr : See Figure 1.

3.19.1
contact

ero dist nce between robot (3.2) nd n ob ect in its e tern l environment

3.19.2
non-contact sensing
detection or me surement c p bilit  th t does not re uire touching ob ects (including hum ns) in the 
environment

3.19.3
contact sensing
detection or me surement c p bilit  th t re uires touching ob ects (including hum ns) in the 
environment

3.19.4
unintended contact
unpl nned touching between personal care robot (3.13) nd ob ect while performing the intended t sk

3.19.5
allowed contact

n  touching with the personal care robot (3.13) th t is permitted b  the m nuf cturer

3.20
relative speed
m gnitude of the difference between the velocit  vectors of the robot (3.2) nd n ob ect (including  
hum n) bout to be touched

Note 1 to entr : The robot velocit  is the vector sum of velocities of the robot bod  nd its moving p rts.

3.21.1
safety-related object
hum n  domestic nim l  or propert  to be protected from h rm

Note 1 to entr : The kinds of domestic nim ls (especi ll  pets) nd propert  to be protected depends on the 
intended use of the person l c re robot.
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3.21.2
safety-related obstacle
ob ect  obst cle  or ground condition which c n c use h rm if it comes into cont ct or collision with the 
robot (3.2)

3.21.3
safety-related speed limit
upper bound r  of speed th t  cert in point (bod  loc tion) of  personal care robot (3.13) m  re ch 
without cre ting n un ccept ble risk (3.7)

Note 1 to entr : In the de inition  speed c n be bsolute or rel tive to the point of interest.

3.21.4
safety-related force limit
upper bound r  of force th t  cert in point of  personal care robot (3.13) c n e ert g inst  hum n  or 
other surrounding ob ects without cre ting n un ccept ble risk (3.7)

3.21.5
safety-related surface condition
surface condition

dverse conditions of tr vel surf ce for  mobile personal care robot (3.13)  for which hazards (3. ) c n 
be identi ied in the risk assessment (3.8)

E A LE Surf ce conditions b  which  person carrier robot (3.1 ) might roll over or slip c using in ur  or 
d m ge.

3.22
manual control device
hum n oper ted device connected into the control circuit used for controlling the personal care robot 
(3.13)

SO R E: IE  0204-1:2009  3.9  modi ied

Note 1 to entr : One or more m nu l control devices tt ched to  p nel or housing form  command device (3.23).

3.23
command device
device th t en bles the operator (3.2 ) or  user (3.2 ) to control the robot (3.2)

3.24.1
manual mode
oper tion l mode in which the robot (3.2) is oper ted b  direct hum n intervention vi  for e mple  
pushbuttons or  o stick

Note 1 to entr : This mode is usu ll  used for te ching  tele-oper tion  f ult- inding  rep ir  cle ning  etc.

SO R E: ISO 8373:2012  .3.10.2  modi ied

3.24.2
autonomous mode
oper tion l mode in which the robot (3.2) function ccomplishes its ssigned mission without direct 
hum n intervention

E A LE Mobile servant robot (3.14) w iting for n inter ction (  comm nd).

3.24.3
semi-autonomous mode
oper tion l mode in which the robot (3.2) function ccomplishes its mission with p rti l hum n 
intervention

E A LE Physical assistant robot (3.1 ) th t tries to correct the hum n-chosen p th to void collisions.
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3.25
operator
person design ted to m ke p r meter nd progr m ch nges  nd to st rt  monitor  nd stop the intended 
oper tion of the personal care robot (3.13)

SO R E: ISO 8373  2.17  modi ied

3.26
user
either the operator (3.2 ) of the personal care robot (3.13) or the bene ici r  of the service provided b  
the person l c re robot

Note 1 to entr : In some pplic tions   user could be both the oper tor nd the bene ici r .

3.27
software limits
restrictions to one or more oper tion l p r meters of the robot (3.2) de ined in the control s stem

Note 1 to entr : Softw re limit c n restrict oper ting sp ces  speed  force  etc.

3.28
singularity
occurrence whenever the r nk of the cobi n m tri  becomes less th n full r nk

Note 1 to entr : them tic ll  in  singul r con igur tion the oint velocit  in oint sp ce might become in inite 
to m int in rtesi n velocit . In ctu l oper tion  motions de ined in rtesi n sp ce th t p ss ne r singul rities 
c n produce high is speeds which c n le d to h rdous situ tions.

Note 2 to entr : The cobi n m tri  is t pic ll  de ined s  m tri  of the irst order p rti l deriv tives of the 
robot s degrees of freedom.

SO R E: ISO 10218-1:2011  3.22  modi ied

3.29
electro-sensitive protective equipment
ESPE

ssembl  of devices nd or components working together for protective tripping or presence-sensing 
purposes  nd comprising s  minimum

  sensing device

 controlling monitoring devices

 output sign l switching devices nd or  s fet -rel ted d t  interf ce

Note 1 to entr : The s fet -rel ted control s stem ssoci ted with the ES E  or the ES E itself  might further 
include  second r  switching device  muting functions  stopping perform nce monitor  etc.

Note 2 to entr : A s fet -rel ted communic tion interf ce c n be integr ted in the s me enclosure s the ES E.

SO R E: IE  149 -1:2004  3.  modi ied

3.30
pressure-sensitive protective equipment
PSPE

ssembl  of devices nd components triggered using the mech nic l ctiv ted trip  method to provide 
protection under h rdous situ tions

Note 1 to entr : E mples of S E re pressure sensitive m ts nd loors  bumpers  pressure sensitive edges nd 
b rs.

Note 2 to entr : S E gener te  stopping sign l b  the use of different techni ues  e.g. mech nic l cont cts  ibre-
optic sensors  pneum tic sensors.
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4 Risk assessment

4.1 General

For risk ssessment ll re uirements of ISO 12100 sh ll ppl . This provides re uirements nd guid nce 
in performing risk ssessment  including risk n l sis b sed on h rd identi ic tion. In performing the 
risk ssessment  the decision of whether  risk is ccept ble or not depends on the pplic tion nd the 
intended use of the person l c re robot.

ISO 12100 includes gener l lists of h rds for m chiner  from which the list of h rds for person l 
c re robots presented in Anne  A is derived.

4.2 Ha ard identi ication

The h rd identi ic tion sh ll be c rried out to identif  n  h rds th t might be present in  p rticul r 
person l c re robot. Anne  A cont ins  list of t pic l h rds th t c n be present with the person l 
c re robots described in this Intern tion l St nd rd. This list should not be considered ll-inclusive 

nd speci ic person l c re robot s stems might lso present other h rds s  result of their p rticul r 
design  intended use or re son bl  foresee ble misuse. An pplic tion h rd identi ic tion process 
sh ll be performed for e ch design  nd sh ll give p rticul r consider tion to:

) uncert int  of utonomous decisions m de b  the robot nd possible h rds from wrong decisions

b) different levels of knowledge  e perience nd ph sic l conditions of users nd other e posed 
persons

c) norm l but une pected movement of the person l c re robot

d) une pected movement (e.g. umping in front of the person l c re robot from the side or from  
higher level) of hum ns  domestic nim ls nd other s fet -rel ted ob ects

e) unintended movement of the person l c re robot

f) une pected tr vel surf ces nd environment l conditions in the c se of mobile robots

g) uncert int  of s fet -rel ted ob ects to be h ndled in the c se of mobile serv nt robots

h) conformit  to the hum n n tom  nd its v ri bilit  in the c se of ph sic l ssist nt robots nd 
person c rrier robots.

Where ppropri te  the risk ssessment sh ll consider in p rticul r  m nipul tors nd end-effectors of 
the person l c re robot  nd the  sh ll be given the s me re uirements s for the robots.

4.3 Risk estimation

A risk estim tion sh ll be c rried out on those h rds identi ied under 4.2  with c reful ttention p id 
to v rious situ tions where the person l c re robot m  cont ct s fet -rel ted ob ects.

After ll inherentl  s fe design nd protective me sures h ve been dopted  the residu l risk of the 
person l c re robot sh ll be ev lu ted nd proven th t it is reduced to n ccept ble level.

Appropri te risk estim tion methods sh ll be designed  on  c se-b -c se b sis. The results of the 
estim tion sh ll be dr wn upon to show th t the event (e.g. llowed cont ct between  robot nd s fet -
rel ted obst cles  or other s fet -rel ted ob ects)  does not c use n  un ccept ble risk. If numeric v lues 
for risk ssessment re used for speci ic pplic tions  n ppropri te v lid tion of the test me surement 
methodolog  sh ll be provided. If numeric v lues from other sources re used for risk estim tion  it 
sh ll be v lid ted th t referring to them is ppropri te.

NOTE 1 um n-robot inter ction nd imp cts rese rch studies h ve been c rried out on p in toler nce limits 
of dults nd robot-hum n collisions on v rious p rts of the hum n bod  to stud  signi ic nt in ur  mech nisms 
(see ibliogr ph ).
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NOTE 2 ore complete numeric d t  for different c tegories of people (e.g. children  elderl  persons  pregn nt 
women) nd person l c re robot pplic tion (e.g. mobile serv nt  ph sic l ssist nt  person c rrier) re being 
determined nd will be included in  future edition of this Intern tion l St nd rd. Some work in this direction h s 
commenced for industri l robots  which will be published s ISO TS 1 0 2) to ssist in the design of workpl ces 
with coll bor tive robots.

5 Safety requirements and protective measures

5.1 General

erson l c re robots sh ll conform to the s fet  re uirements of this cl use. Once the h rds ssoci ted 
with  person l c re robotic pplic tion h ve been identi ied using the methods described in l use 4  
the robot sh ll be designed to ensure th t the risk from those h rds is below  toler ble level. In 

ddition  the m chine sh ll be designed ccording to the principles of ISO 12100:2010 for relev nt but 
not signi ic nt h rds which re not de lt with b  this document.

When risks c n be elimin ted or reduced b  me sures th t re not described in this Intern tion l 
St nd rd  other re uirements sh ll be pplied s determined b  risk ssessment. These me sures sh ll 

chieve t le st the s me level of risk reduction s the me sures described in this Intern tion l St nd rd.

e sures sh ll be t ken to protect n  e posed person nd  where relev nt  n  domestic nim l or 
other s fet -rel ted ob ects ne r the person l c re robot from n  h rds  nd to ensure the user s 
s fet  for continuous use of the robot s much s re son bl  pr ctic ble.

erson l c re robots might need to dhere to ddition l st nd rds nd regul tions  where ppropri te  
e.g. motor vehicle regul tions when person c rrier robots re oper ting on public ro ds.

A person l c re robot sh ll be designed ccording to the principles of ISO 12100 for ll h rds identi ied 
for its pplic tion  comprising the following:

) inherentl  s fe design

b) protective me sures

c) inform tion for use.

NOTE ISO 12100 is indispens ble for the pplic tion of this Intern tion l St nd rd. It is dvis ble th t users 
re f mili r with ISO 12100 before the  ppl  or use this Intern tion l St nd rd.

The use of inherentl  s fe design me sures is the irst nd most import nt step in the risk reduction 
process bec use such inherent ch r cteristics of the person l c re robot re likel  to rem in effective  
where s e perience h s shown th t even well-designed s fegu rding me sures c n f il or be viol ted  

nd inform tion for use m  not be followed.

Inherentl  s fe design me sures void h rds b  reducing or elimin ting risks through  suit ble choice 
of design fe tures of the person l c re robot itself  nd or inter ction between the e posed persons nd 
the robot. Re uirements for inherentl  s fe design me sures re provided in subcl uses . .2 or . . .2 
of e ch subcl use .  or . .  respectivel .

Adding s fegu rds  nd or protective me sures is the second step of the risk reduction method. As  
l rge number of risks rise due to the possible d n mic inter ctions between s fet -rel ted obst cles 

nd the person l c re robot   protective control function of the robot might signi ic ntl  reduce  
p rticul r t pe of risk. Re uirements for protective me sures re provided in subcl uses . .3 or . . .3 
of e ch subcl use .  or . .  respectivel .

When risk reduction is chieved b  the use of s fet -rel ted control functions  the re uirements of 
l use  ppl .

2)  nder prep r tion.
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Inform tion bout the residu l risks  fter inherentl  s fe design nd protective me sures h ve 
been incorpor ted  sh ll be provided in the instruction h ndbook. Speci ic re uirements reg rding 
inform tion for use for e ch h rd re provided t subcl use . .4 or . . .4 of e ch subcl use .  or . .  
(respectivel ) where s gener l re uirements reg rding inform tion for use re provided in l use 8.

The s tisf ction of the s fet  re uirements of this cl use c n be veri ied b  one or more methods  such 
s:

 A: inspection

 : pr ctic l tests

 : me surement

 D: observ tion during oper tion

 E: e min tion of circuit di gr ms

 F: e min tion of softw re

 : review of t sk-b sed risk ssessment

 : e min tion of l out dr wings nd relev nt documents.

Recommended methods of veri ic tion nd v lid tion of v rious re uirements for the signi ic nt 
h rds re shown in subcl use . .  or . . .  of e ch subcl use .  or . .  (respectivel ) t the end of 
e ch cl use  in the form of which of the methods (A   etc.) re pplic ble  corresponding to the methods 
listed bove. A description of the veri ic tion nd v lid tion methods is given in l use 7.

5.2 Ha ards related to c arging battery

5.2.1 General

If  person l c re robot h s n integr ted nd built-in b tter  ch rging s stem  persons sh ll be protected 
g inst h rds due to ccident l cont ct with the ch rging connections on the robot nd its ch rging 

s stems  which sh ll be in compli nce with IE  0204-1 or IE  033 -2-29 s ppropri te  nd should 
be in compli nce with IE  0 29 nd EN 0272.

Also the ch rging s stem sh ll prevent n  h rds rising bec use of overlo ding or ch rging of deepl  
disch rged b tteries.

5.2.2 In erently safe design

h rging cont cts nd plugs sh ll be designed in  w  th t ccidentl  touching live p rts is prevented 
(e.g. c ps for plugs nd outlets).

olt ge between ch rging cont cts sh ll conform to ppropri te st nd rd ccording to the pplic tion 
nd or environment of the ch rging s stems  such s IE  0204-1  IE  1140  IE  033 -2-29 nd 

IE  18 1.

tter  ch rging currents sh ll be chosen to be s low s re son bl  pr ctic ble.

5.2.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) ch rging s stems sh ll be designed in such  w  th t the ch rging connections re onl  ctiv ted 
when the person l c re robot is connected to them

b) ch rging s stems sh ll displ  the ch rging st tus or give  sign l when the b tter  is full  ch rged
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c) ch rging s stems sh ll be designed in such  w  th t the correct ch rging of the b tter  is 
utom tic ll  supervised  nd thus h rds c used b  overlo ding or ch rging of deepl  disch rged 

b tteries re prevented.

5.2.4 Information for use

Inform tion for use sh ll cont in instructions for b tter  ch rging  in p rticul r:

 the procedure for ch rging the person l c re robot

 the environment l conditions (e.g. outdoor or indoor ch rging)

 re uirement to switch the person l c re robot off  or into  cert in oper tion l mode

 ppropri te w rnings.

5.2.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:   D  E.

5.3 Ha ards due to energy storage and supply

5.3.1 Contact wit  a ardous energy parts

5.3.1.1 General

A person l c re robot sh ll be designed nd constructed so th t ll h rds rel ted with its energ  re 
prevented.

The person l c re robot s electric l e uipment sh ll be designed nd constructed in compli nce with 
the relev nt re uirements of IE  0204-1 for electric l e uipment  of ISO 4414 for pneum tic e uipment 

nd of ISO 4413 for h dr ulic e uipment.

An  e posed person sh ll be protected from direct or indirect cont ct with live p rts on the robot.

A me ns of isol ting n  h rdous energ  sources (e.g. electric l  mech nic l  h dr ulic  pneum tic  
chemic l nd therm l) sh ll be provided. Such h rdous energ  sources sh ll be cle rl  identi ied  nd 
the isol tors sh ll be c p ble of being locked if reconnection le ds to  h rd.

5.3.1.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) use of s fe e tr -low volt ge sources for electric l e uipment ccording to IE  1140 (below 2   
A  nd 0  D )

b) use of low pressures for pneum tic h dr ulic e uipment.

Other t pes of stored energ  sh ll be kept to  level s low s re son bl  pr ctic ble  to minimi e the 
h rd.

5.3.1.3 Safeguarding and complementary protective measures

Where gu rds or enclosures re used to protect from h rdous energ  p rts  their design sh ll conform 
to ppropri te I  cl ss s de ined in IE  0 29 for electric l h rds nd s fet  dist nces of ISO 138 7 
for other h rds s determined b  risk ssessment.

Where e cessive he t is present  he t dissip tion me sures sh ll be pplied (e.g. he t sinks  ir low). If 
f ns re used  f n control devices re recommended.
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5.3.1.4 Information for use

W rning m rkings sh ll be put on the person l c re robot compl ing with ISO 7010  nd their me ning 
sh ll be e pl ined in the inform tion for use.

5.3.1.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following: A    E  .

5.3.2 Uncontrolled release of stored energy

5.3.2.1 General

ncontrolled rele se of stored energ  sh ll not le d to h rd. This pplies while the robot is oper ting 
s well s when the robot is switched off.

A me ns sh ll be provided for the controlled rele se or remov l of stored h rdous energ . The 
controlled rele se or remov l of stored energ  sh ll not le d to n  ddition l h rd.

NOTE Stored energ  c n occur in pneum tic nd h dr ulic pressure ccumul tors  c p citors  b tteries  
springs  counter b l nces  l wheels  etc.

5.3.2.2 In erently safe design

Stored energ  sh ll be kept to  level s low s re son bl  pr ctic ble.

5.3.2.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) gu rds covers sh ll be pplied to minimi e the risk during n  rele se of energ

b) the robot sh ll be provided with the me ns to regul te its energ  suppl  so s to prevent over-
he ting or over-currents c used b  overlo ds  short circuits  clothes which encomp ss the he t 
source of the robot  or device m lfunction.

5.3.2.4 Information for use

L bels sh ll be f i ed to identif  ll the stored energ  h rds nd their loc tions. Inform tion for use 
sh ll cont in the description of the me ns  nd the procedures for the remov l or controlled rele se of 
stored energ .

5.3.2.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  E  .

5.3.3 Power failure or s utdown

5.3.3.1 General

ower f ilure or unintended shutdown of  person l c re robot nd subse uent re- pplic tion of power 
sh ll not le d to un ccept ble risk. Speci l consider tion sh ll be t ken to ensure the following.

) erson l c re robots e uipped with m nipul tors sh ll be designed to ensure th t the risks due 
to m nipul tor movement or dropped lo ds in the event of f ilure or shutdown of power to the 
m nipul tor re ccept ble. This sh ll be chieved reg rdless of the t pe(s) of power suppl  (e.g. 
electric l  h dr ulic  pneum tic  v cuum).
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b) erson l c re robots e uipped with mobile pl tforms sh ll be designed to ensure th t the risks due 
to robot tr vel following f ilure or shutdown of power (e.g. run w ) re ccept ble. This sh ll be 

chieved reg rdless of the robot locomotion mech nisms (e.g. wheels  tr cks  legs).

c) A person l c re robot th t is c p ble of cutting its ctu tion power off tempor ril  sh ll be designed 
to ensure th t the risks due to robot p rts or components being dropped re ccept ble in c se of 
power loss or ch nge.

d) Where pr ctic ble  if  p rt of  person l c re robot presents  tr pping h rd  me ns sh ll be 
provided to move this p rt without drive power b   single person. This sh ll t ke into ccount the 
full r nge of potenti l users to llow their esc pe or rescue  s determined b  risk ssessment. If this 
is not possible   complement r  s fe gu rding me sure sh ll be pplied.

NOTE IE  0204-1 gives re uirements for electric l power suppl .

5.3.3.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) use of the de-energi e to ppl  principle in the design of br king mech nisms of ll moving p rts

b) intern l stor ge of suf icient energ  to llow recover  to  s fe st te following power 
f ilure shutdown.

To void n une pected st rt-up  the re uirements of ISO 14118 sh ll be met.

5.3.3.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) me ns to provide n uninterrupt ble power source sh ll be m de

b) person l c re robots ble to tr p hum ns in isol ted loc tions sh ll be provided with  me ns of 
summoning ssist nce powered independentl

c) in c se the v il ble intern l energ  or stored power (e.g. b tter  power) f lls below  cert in 
threshold  the robot sh ll notif  its st tus to the user nd or oper tor b  me ns such s udio  
light  vibr tion indic tions  nd sh ll come into  s fe st te utom tic ll  in c se the b tter  power 
re ches  h rdous level.

5.3.3.4 Information for use

The inform tion for use sh ll describe the residu l risks relev nt to power f ilure or shutdown. 
inten nce procedures c n be re uired following such power f ilures or shutdowns  if deemed 

necess r  b  risk ssessment (see 8.4).

5.3.3.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  E  .

5.4 Robot start-up and restart of regular operation

5.4.1 General

erson l c re robots sh ll not perform n  h rdous ction immedi tel  upon st rt up.
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5.4.2 In erently safe design

The following me sures sh ll be pplied where ppropri te.

) During st rt-up the person l c re robot sh ll perform intern l control tests to ensure th t ll s fet -
rel ted functions re v il ble. F ilure to do so sh ll void n  h rdous oper tion.

b) If the person l c re robot s s fet -rel ted functions c nnot be performed correctl  fter st rt up  
then it sh ll immedi tel  perform  protective stop.

c) The person l c re robot sh ll st rt up in  st te of restricted speed  force  etc. (see .4 nd .7) nd 
sh ll onl  return to norm l levels of control b  me ns of  mode ch nge (see .11).

d) The person l c re robot sh ll lw s st rt up in m nu l mode  nd sh ll onl  continue oper tion in 
utonomous mode b  me ns of  mode ch nge s speci ied in .11.1.

If testing of some s fet -rel ted components re uires robot motion  the minimum motion necess r  
to est blish the bsence of f ult  s fet -rel ted components is llowed. The risks ssoci ted with this 
motion sh ll be kept s low s re son bl  pr ctic ble.

5.4.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te.

) nipul tors  mobile pl tforms nd other moving p rts sh ll be de- ctiv ted b  s fet -rel ted 
functions t st rt-up (to prevent n  unintended ctions). Applic tion functions sh ll onl  be en bled 
if it c n be positivel  est blished  vi  sensors  th t no h rdous situ tion e ists. This me sure sh ll 
be pplied if the robot is intended to enter utonomous mode immedi tel  fter st rt-up.

b) The person l c re robot sh ll lw s st rt up in  monitored st ndstill nd sh ll onl  return to 
norm l oper tion b  me ns of  user ction.

5.4.4 Information for use

Necess r  st rt-up nd rest rting instructions sh ll be provided in the robot s inform tion for use 
ccording to the me sures which h ve been pplied.

5.4.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  F.

5.5 Electrostatic potential

5.5.1 General

The person l c re robot sh ll be designed to void ll h rm to hum ns nd domestic nim ls c used b  
electrost tic potenti l nd disch rge.

Electrost tic disch rge (ESD) protection sh ll be suf icient th t no person l protective e uipment is 
re uired b  users.

An  build-up of h rmful electrost tic potenti l sh ll be disch rged.

The person l c re robot sh ll be designed to void h rmful m lfunction due to electrost tic potenti l 
disch rge.

NOTE IE  1000-4-2 gives ddition l guid nce (see lso . ).
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5.5.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) use of conductive m teri ls

b) disch rging of outer surf ces b  e rthing

c) other techni ues to prevent build-up of electrost tic ch rge on surf ces or p rts th t c n be touched.

5.5.3 Safeguarding and complementary protective measures

se of covers of the electric l e uipment sh ll be in compli nce with IE  0204-1 to void cont ct with 
live p rts.

5.5.4 Information for use

Necess r  relev nt w rning signs for ESD from ISO 7010 sh ll be provided together with the inform tion 
for use.

5.5.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:   E.

NOTE IE  1000-4-2 nd ISO 717 -21 cont in pplic ble test methods.

5.6 Ha ards due to robot s ape

5.6.1 General

Intended use c se scen rios to perform intended t sks b  the person l c re robot sh ll be considered in 
the design of the over ll sh pe of the robot  nd of its e tern l p rts  to void the potenti l for ccidents 
th t could c use  for e mple  crushing  cutting  or severing in uries.

Risk ssessment sh ll lso consider the sh pe of lo d being c rried b  the person l c re robot.

E A LE E oskeleton str ps sh ll be designed not to c use in uries  e.g. cutting or br sion.

5.6.2 In erently safe design

Sh rp edges nd points sh ll be voided in the design of the person l c re robot  ccording to ISO 12100.

oles or g ps in the ccessible p rt of the robot sh ll be designed so th t the insertion of n  p rt of the 
hum n bod  is prevented  in compli nce with ISO 138 4 nd ISO 1 34.

The robot s oints (e.g. those in the m nipul tor) sh ll be designed in  w  th t p rts of the hum n 
bod  c nnot be crushed when the oint is moved s intended b  the m nuf cturer. This c n be done b  
choosing the robot geometr  s well s b  restricting the oint limits inherentl .

Limiting the lo d being c rried to ob ects which re not sh rp or pointed.

5.6.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) cushioning on sh rp edges nd points sh ll be provided to elimin te she ring  st bbing  cutting 
h rds nd reduce imp ct h rds (see 4.3  Note 2)

b) use of i ed or mov ble gu rds to cover h rdous moving p rts
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c) d ustment of the robot speed nd beh viour  if h rdous lo ds (e.g. sh rp or pointed ob ects) re 
being c rried.

5.6.4 Information for use

W rnings nd instructions mitig ting sh pe-rel ted risks sh ll conform to ISO 12100 nd ISO 7010.

The inform tion for use sh ll cont in instructions for protective e uipment (e.g. gloves) needed for 
h ndling  using  or oper ting  etc.  the person l c re robot.

Where the sh pe of lo d being c rried c n le d to ddition l h rds  ppropri te instructions to de l 
with these risks sh ll be given.

5.6.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following: A    .

5.7 Ha ards due to emissions

5.7.1 Ha ardous noise

5.7.1.1 General

An  hum n ne r the person l c re robot sh ll be protected from noise (including ultr sonic noise) th t 
could directl  c use discomfort  stress  he ring loss  loss of b l nce or consciousness of the user  or 
simil r disorders rising from the robot s oper tion.

The level of coustic noise emitted b  the person l c re robot sh ll be suf icientl  low th t no speci l 
protective e uipment needs to be worn.

The person l c re robot sh ll conform to noise emission st nd rds ppropri te to its intended purpose 
(e.g. see ISO 199  ISO 3740  ISO 11200  ISO TS 1  ISO 1 7).

NOTE Acoustic environment l noise ssessment c n be found in ISO 199 -1 nd ISO 199 -2.

5.7.1.2 In erently safe design

ISO TR 11 88-1 gives gener l technic l inform tion nd guid nce for the design of low-noise m chines. 
Speci l c re sh ll be t ken in the coustic l design of the robot. The following me sures sh ll be pplied 
where ppropri te:

) low-noise component: the person l c re robot sh ll be constructed with components which re 
inherentl  silent in their oper tion

b) ppropri te oper tion l beh viour: robot ctions nd or motions sh ll be designed to be s uiet s 
pr ctic ble  given the re uired t sks of the person l c re robot

c) sound-d mping m teri ls: the person l c re robot sh ll be constructed with m teri ls th t limit 
coustic noise nd reduce its emission to the outside environment.

NOTE ISO TR 11 88-2 gives useful inform tion on noise gener tion mech nisms in m chiner .

5.7.1.3 Safeguarding and complementary protective measures

At le st one of the following me sures sh ll be pplied:

) ddition l sound bsorbing m teri ls  e.g. fo m  b f les  curt ins  co tings

b) use of ctive noise c ncell tion ( nti-noise) mech nisms.
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5.7.1.4 Information for use

Inform tion for use sh ll list s fegu rds nd protective me sures used for noise reduction  nd sh ll 
give ppropri te instructions for m inten nce. Where necess r  instructions for regul r checks of the 
emitted noise sh ll be provided.

5.7.1.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D.

The du l-number decl r tion ccording to ISO 4871 sh ll be pplied  nd the me surement  decl r tion 
nd veri ic tion of noise emission v lues sh ll be m de ccording to ISO 374  or ISO 11202  s ppropri te.

5.7.2 Ha ardous vibrations

5.7.2.1 General

erson l c re robot users sh ll be protected from h rmful indirect or direct vibr tions from the robot 
in use  so th t their ph sic l conditions re s fegu rded during its oper tion.

) A person l c re robot user sh ll be protected from h rmful vibr tions th t could c use vibr tion-
rel ted in uries  e.g. tendon in l mm tion  b ck che  discomfort  neurosis  rthritis  or simil r 
disorders of n  kind due to continuous use of the robot.

b) A person l c re robot user sh ll be protected from vibr tion between 0   nd 80  which c n 
c use problems for he lth  comfort  nd perception  nd vibr tion between 0 1  to 0   which 
c n c use motion sickness. erson l c re robot designs sh ll conform to ll pplic ble p rts of 
ISO 2 31.

The level of vibr tion from the person l c re robot sh ll be suf icientl  low so th t no speci l protective 
e uipment needs to be worn.

5.7.2.2 In erently safe design

This m  include  but not be limited to  the following me sures:

) minimi tion of vibr tion produced b  mech nic l components in the design of the person l c re 
robot  e.g. b  reducing eccentric m ss distribution or limiting speed of moving p rts

b) selection nd use vibr tion d mping m teri ls within the design to limit the e tent to which hum ns 
re e posed to the vibr tion sources within the person l c re robot

5.7.2.3 Safeguarding and complementary protective measures

At le st one of the following me sures sh ll be pplied:

) pplic tion of ctive vibr tion control  e.g. b  semi- ctive d mping mech nisms or control-b sed 
d mping

b) restriction of the movement of the person l c re robot to ppropri te velocities which c use no  or 
minim l  vibr tion.

5.7.2.4 Information for use

Inform tion for use sh ll cont in speci ic tion of the vibr ting components.

5.7.2.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D.
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5.7.3 Ha ardous substances and luids

5.7.3.1 General

A person l c re robot user sh ll be protected from emissions of n  poisonous or no ious m teri ls  or 
from solvents from the robot bod  surf ce or from even within its bod  if the solvent is highl  vol tile  
which might c use burns or n  kind of irrit tion (e.g. see ISO 14123-1)

The person l c re robot sh ll be designed so th t no h rdous subst nces nd luids re emitted. The 
robot sh ll be designed such th t during norm l oper tion no protective e uipment needs to be worn 
b  the user.

No m teri l th t might c use llergies should be used t  surf ce which comes into cont ct with hum n 
skin during norm l use of the person l c re robot.

NOTE Nickel  chromium nd some t pes of rubber might c use llergic re ctions.

5.7.3.2 In erently safe design

The following me sures sh ll be pplied s ppropri te:

) elimin tion or void nce of potenti ll  h rdous subst nces nd luids  e.g. oil  cooling luid  nd 
dust rising from br ke br sion within the person l c re robot

b) substitution of potenti ll  h rdous subst nces nd luids  e.g. oil  cooling luid  nd br ke 
m teri ls b  those which re less h rmful or non-h rdous

c) design of the person l c re robot to cont in subst nces intern ll  r ther th n rele sing them into 
the e tern l environment.

5.7.3.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) me sures to detect loss of h rdous subst nces nd luids (e.g. oil) if h rdous subst nces or 
luids re needed for oper tion

b) shut-off v lves or fuses to se l le king luid pipes

c) me sures to prevent hum ns from touching in c se of le k ge (e.g. covers).

5.7.3.4 Information for use

Inform tion for use sh ll be provided bout n  h rdous subst nces inside the person l c re robot. 
If necess r  instructions for t king prec utions during use  h ndling  m inten nce  nd dis ssembl  of 
the robot sh ll be given.

If llergenic m teri ls re used  the inform tion bout the m teri ls sh ll be provided.

5.7.3.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following: E   .

5.7.4 Extreme temperatures

5.7.4.1 General

A person l c re robot user sh ll be protected from e treme temper tures (either high or low 
temper tures) of the robot or its components th t might c use burns  chilbl ins  stress  discomfort  
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or simil r disorders of n  kind. To chieve this re uirement  the person l c re robot sh ll conform to 
ISO 13732.

NOTE Surf ce temper tures between 10  nd 43  re norm ll  not considered to be e treme.

5.7.4.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) elimin tion or void nce of e treme he t sources within the person l c re robot

b) choosing m teri ls nd their te tures with ppropri te therm l conductivities.

5.7.4.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) reducing (or incre sing) the surf ce temper ture with n ppropri te cooling (or he ting) s stem

b) isol tion or the pplic tion of gu rds (see ISO 13732).

5.7.4.4 Information for use

Inform tion for use sh ll cont in w rnings nd m rkings on the hot cold p rts h ving e treme 
temper tures in compli nce with ISO 38 4-1. If necess r  instructions for t king prec utions during 
use  h ndling  m inten nce nd dis ssembl  of the person l c re robot sh ll be given.

5.7.4.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D.

5.7.5 Ha ardous non-ionising radiation

5.7.5.1 General

Emissions b  h rdous l ser light nd other electrom gnetic w ve sources sh ll be prevented. Light 
sources other th n l sers sh ll be designed to not e ceed the e posure limit for users  in ccord nce 
with IE  2471.

The use of l sers sh ll conform to IE  082 -1  nd the lowest possible l ser cl ss re uired b  the 
pplic tion sh ll be used.

5.7.5.2 In erently safe design

The l ser e uipment used sh ll not e ceed cl ss 1 ccording to IE  082 -1.

5.7.5.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) protective shutters

b) interlocking mov ble gu rds

c) direction control of l ser be ms  e.g. voiding directions where e es re likel  to be ccording to the 
re uirements in .1

d) controlling l ser-power (e.g. pulse dur tion  intensit ) in compli nce with .1

e) for l sers of cl ss 2 nd higher  the protective me sures of IE  082 -1 sh ll be met.
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5.7.5.4 Information for use

Inform tion for use sh ll provide det ils of potenti ll  h rdous emissions likel  to be encountered 
b  persons nd  where ppropri te  domestic nim ls or propert  in the oper tion l environments of 
the person l c re robot. The inform tion for use sh ll dvise not to look directl  into light  sh ll give 
inform tion for person l protective devices nd other speci l beh viour. Also m rkings on the robot 
sh ll be tt ched  nd their me ning sh ll be described in the inform tion for use.

5.7.5.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  .

5.7.6 Ha ardous ionising radiation

erson l c re robot users nd third p rties sh ll be protected from ionising r di tion emitted b  the 
robot or its components. E posure to such r di tion sh ll be minimi ed to void n  h rmful ph sic l 
in uries or disorders.

ech nisms producing ionising r di tion should not norm ll  be used in n  person l c re robot. If 
such  mech nism is essenti l for the robot s pplic tion (i.e. where there is no ltern tive method of 

chieving the pplic tion ob ectives) then speci l protection re uirements sh ll be developed. Speci l 
s fet  protection me sures sh ll be developed in ccord nce with ppropri te st nd rds (e.g. ISO 2919  
ISO 392  nd ISO 141 2).

5.8 Ha ards due to electromagnetic interference

5.8.1 General

For ll re son bl  foresee ble electrom gnetic disturb nces  h rdous robot motion nd uns fe 
s stem st tes sh ll be prevented.

The person l c re robot sh ll conform to ll relev nt st nd rds for E  (e.g. IE  1000- -1  IE  1000-
-2  IE  1000- -3  IE  1000- -4 nd IE  0204-1).

NOTE In ddition  IE TS 1000-1-2 might be useful for providing  methodolog  for the chievement of 
function l s fet  of electric l nd electronic s stems  including e uipment  with reg rd to electrom gnetic 
phenomen .

5.8.2 In erently safe design

The functions of the control s stem described in .1 sh ll be designed to meet the electrom gnetic 
immunit  re uirements of IE  20 1:2012  .4.3.

Other function(s) of the person l c re robot should meet IE  1000- -1 or IE  1000- -2  ccording to 
the intended oper ting environment.

5.8.3 Safeguarding and complementary protective measures

The risk sh ll be reduced to n ccept ble level b  electrom gnetic shielding g inst incoming r di tion.

5.8.4 Information for use

Inform tion for use sh ll provide necess r  inform tion of the propert  of the r di ting electrom gnetic 
w ves s well s the propert  of the electrom gnetic w ves which c n potenti ll  c use interference.

5.8.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:   D.
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5.9 Ha ards due to stress  posture and usage

5.9.1 General

rds c n rise from both ph sic l nd ment l spects of using the person l c re robot. In ddition 
to reducing the individu l effects s described in .7.2 nd .7.3  the combined effects sh ll lso be 
considered in the risk ssessment.

5.9.2 P ysical stress and posture a ards

5.9.2.1 General

Risk ssessment sh ll identif  h rds due to ph sic l stress nd posture  nd the person l c re robot s 
design sh ll ensure th t n  such risk is minimi ed. This m  be chieved b  but m  not be limited to  
the following re uirements:

) A person l c re robot sh ll be designed to minimi e or reduce ph sic l stress or str in to its user due 
to continuous use  including but not limited to uncomfort ble posture  oper tion l environments 
th t would directl  c use ph sic l discomfort  e.g. f tigue nd tendon in l mm tion.

b) The design of the person l c re robot sh ll t ke into ccount t pic l bod  si es of the intended 
user popul tion in order to void ph sic ll  dem nding bod  postures or to ensure e s  oper tion. 
ISO 14738 describes how principles of ergonomic f ctors  b  construction of workst tions nd 
m chiner  should be pplied. This should be considered when building  person l c re robot  where 
somebod  sits on or st nds in front of the robot.

5.9.2.2 In erently safe design

This m  include  but not be limited to  the following me sures:

) the design nd loc tion of m nu l control devices  which should ensure th t the  c n be oper ted 
without ph sic l stress or discomfort

b) the proper ergonomic design nd loc tion of the se t  which should ensure th t good posture c n be 
m int ined during oper tion of the person l c re robot

c) comm nd devices th t re det ch ble or h nd-held inste d of being perm nentl  tt ched to the 
person l c re robot in n in ppropri te position.

5.9.2.3 Safeguarding and complementary protective measures

This m  include  but not be limited to  the following me sures:

) use of shock bsorbing (suspension) mech nisms

b) use of posture supports.

5.9.2.4 Information for use

The inform tion for use sh ll cont in instructions bout the correct w  to oper te the m nu l control 
devices nd how to use the person l c re robot. The inform tion for use sh ll include the need for proper 
tr ining to void oper tor tr vel time being longer th n recommended.

5.9.2.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following: A   D  .
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5.9.3 Mental stress and usage a ards

5.9.3.1 General

Risk ssessment sh ll identif  h rds due to ment l stress nd us ge  nd the person l c re robot s 
design sh ll ensure th t n  such risk is minimi ed. This m  be chieved b  but m  not be limited to  
the following re uirements:

)  person l c re robot sh ll be designed to minimi e or reduce ment l stress to its user due to 
continuous use

b) user interf ces such s controls  sign lling or d t  displ  elements  sh ll be designed to be e sil  
understood so th t cle r nd un mbiguous inter ction between the hum n nd the person l c re 
robot is possible

c) the person l c re robot sh ll conform to ergonomics st nd rds ppropri te to its intended purpose 
(see ISO TR 9241-100  ISO 9241-210  ISO 9241-400  ISO 9241-920 nd ISO 11228).

5.9.3.2 In erently safe design

This m  include  but not be limited to  the following me sures:

) provision of de u te lighting

b) designing the person l c re robot to void the need for sust ined ttention in order to detect critic l 
sign ls s f r s re son bl  pr ctic ble or over long periods of time

c) de u te displ  design

d) reduction of sign l uncert int  nd improvement of detect bilit .

5.9.3.3 Safeguarding and complementary protective measures

There re no recommended me sures for s fegu rding with respect to this h rd.

5.9.3.4 Information for use

The inform tion for use sh ll cont in instructions bout the correct w  to oper te the m nu l control 
devices nd how to use the person l c re robot. The inform tion for use sh ll include the need for proper 
tr ining where necess r .

5.9.3.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following: A   D  .

5.10 Ha ards due to robot motion

5.10.1 General

The risk of h rds due to n  motion (intended or unintended) of the person l c re robot sh ll be 
reduced to n ccept ble level. Robot components sh ll be designed  constructed  secured  or cont ined 
so th t the risks of h rds c used b  bre king or loosening re reduced to ccept ble levels.

E posed persons sh ll be protected from h rdous movement of the person l c re robot  e.g. rollovers 
nd run w s  under norm l us ge nd oper tion of the robot  curves  inclines  nd simil r oper tion l 

conditions in its working environment.
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5.10.2 Mec anical instability

5.10.2.1 General

erson l c re robots sh ll be designed to h ve suf icient st bilit  to llow them to be used in their 
speci ied conditions of use. Speci ic st bilit  re uirements for p rticul r robot t pes in p rticul r 
situ tions re speci ied in .10.  nd .10.7.

The person l c re robot sh ll be designed to minimi e mech nic l inst bilit  (e.g. overturning  f lling 
or e cessive le ning when in motion) due to f ilure or re son ble foresee ble misuse.

The person l c re robot sh ll be designed so th t no e tr ordin r  ctions or procedures re re uired 
b  the user in order to m int in its mech nic l st bilit .

ech nic l st bilit  sh ll not be ffected in n  ph se of the robot s life c cle (including h ndling  
tr nsport tion  inst ll tion  use  de-commissioning  nd dism ntling).

The person l c re robot sh ll conform to mech nic l st bilit  st nd rds ppropri te to its intended 
purpose (e.g. for mobile person l c re robots  see ISO 717 -1 nd ISO 717 -2 for st tic nd d n mic 
st bilities of wheelch irs).

St bilit  sh ll be m int ined g inst st tic nd d n mic forces from n  moving p rts nd lo ds of the 
person l c re robots (e.g. e tendible m nipul tors).

5.10.2.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) designing the ground support re  to be s l rge s re son bl  pr ctic ble

b) designing the centre of gr vit  of the person l c re robot to be s low s re son bl  pr ctic ble

c) designing the person l c re robot to ensure th t mech nic l reson nce effects c nnot le d to 
inst bilit

d) designing the m sses of moving p rts  especi ll  the m nipul tor  to be s low s re son bl  
pr ctic ble

5.10.2.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) use of st bilit  control

b) me ns to detect the onset of inst bilit  nd ct (or not) to reduce h rm

c) me ns to limit the velocit  or r nge of the m nipul tor

d) me ns to prevent overlo d.

E A LE Tilt sensors  h rnesses  roll-b rs  feedb ck control  monitoring nd controlling the ero moment 
point.

An  control s stems performing the bove functions sh ll compl  with .1  in ccord nce with the 
robot s risk ssessment.

5.10.2.4 Information for use

The inform tion for use sh ll cont in limits of use for the person l c re robot concerning slope of tr vel 
surf ce  speed  p lo d  etc.
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5.10.2.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  .

NOTE For lift ch irs  ISO 717  is pplic ble  but testing of person l c re robots could lso include user lift 
c p bilities.

5.10.3 Instability during travel

5.10.3.1 General

A person l c re robot c p ble of tr vel sh ll be designed to ensure th t it does not c use n  h rdous 
rollovers  run w s  or drops of its bod  p rts or lo ds being c rried during tr vel. This sh ll be chieved 
for ll intended tr vel p tterns (e.g. forw rd b ckw rd tr vels  rot tions  turns -turns  cceler tions  

nd deceler tions) in its speci ied oper ting environments  which is determined depending on its 
speci ic pplic tion t pe nd design.

For person l c re robots whose st bilities v r  depending on con igur tions nd lo ds  m imum 
speeds nd cceler tions sh ll be determined for e ch intended situ tion.

For person l c re robots th t tr vel utonomousl  the control s stem sh ll be designed to ensure  s f r 
s re son bl  pr ctic ble  tr vel st bilit  under foresee ble conditions.

An  hum n ne r the person l c re robot sh ll be protected from the robot f lling or rolling over.

Risk ssessment sh ll consider potenti l h rds due to incorrect positioning of p ssengers in or on 
person c rrier robots.

5.10.3.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) design of the m ss distribution within the person l c re robot to ensure th t the robot c nnot 
f ll  rollover or overturn  even when tr velling t m imum cceler tion deceler tion or turning 

t m imum speed on the worst c se tr vel surf ce gr dient identi ied within the intended 
environment speci ied for the robot

b) design of the tr vel ctu tors (e.g. wheels  legs feet) sh ll ensure th t suf icient dhesion with 
the terr in is m int ined over ll terr in t pes  even on slipper  surf ces  etc.  s de ined in the 
speci ic tion of intended environment l conditions for the person l c re robot

c) design of the st bilit  of the person l c re robot to ensure th t it does not f ll  rollover or overturn 
when tr velling over uneven terr in  up to the worst c se limits de ined within the intended 
environment l conditions speci ied for the robot.

5.10.3.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) tr vel surf ce sensing s described in . .3

b) the person l c re robot sh ll be ble to pl n  tr vel p th to perform its intended t sk b sed on 
environment l sensing technolog

c) me ns to protect the person l c re robot from f lling due to different elev tions (e.g. st irw s  
holes)  or from rolling over  sh ll be provided for the intended oper tion l environments (see 

. .2.2)

d) restriction of the d n mics (e.g. speed  cceler tion nd centre of m ss) of the person l c re robot 
within limits th t ensure the robot will not overturn  even when ttempting to turn on  worst-c se 
tr vel surf ce gr dient identi ied within the intended environment speci ied for the robot
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e) v il bilit  of se t belts in person c rrier robots

f) continuous sensing of p ssenger positioning for s fe tr nsport in person c rrier robots nd 
ppropri te re ction (e.g.  protective stop) if incorrect position is detected

g) use of w rning sign ls  e.g. udio  visu l  vibr tions  or n  combin tion of sign ls.

An  control s stems performing the bove functions sh ll conform to .1  in ccord nce with the 
person l c re robot s risk ssessment.

5.10.3.4 Information for use

Inform tion for use sh ll specif  conditions of the environment under which the person l c re robot c n 
oper te. For environment l conditions th t might le d to h rdous situ tions but re likel  to be found 
in situ tions where the robot performs its t sks  the inform tion for use sh ll cont in w rnings.

For person c rrier robots  inform tion for use sh ll be provided to the user (p ssenger) with ppropri te 
instruction nd w rnings to encour ge the user to we r the protective me ns provided (i.e. se tbelt  
helmet  etc.).

roper tr ining sh ll be provided to void bnorm l nd brupt oper tions  e.g. sudden turns  
cceler tions deceler tions.

5.10.3.5 eri ication and validation

Tr vel st bilit  perform nce sh ll be ev lu ted under v rious s fet -rel ted surf ce conditions 
ccording to the results of risk ssessment (surf ce conditions  e.g. c rpets  met l tiles  pl stic l min tes 
nd turfs).

Appropri te method(s) sh ll be chosen from the following:  D  F.

5.10.4 Instability w ile carrying loads

5.10.4.1 General

h nges in the kinem tic properties of the person l c re robot due to the lo d (including p ssengers) 
sh ll not c use n  h rd.

An  hum n ne r the person l c re robot sh ll be protected from f lling s fet -rel ted ob ects when the 
robot performs t sks  s well s while c rr ing up to m imum lo ds. This sh ll include uneven lo ds 

nd mov ble lo ds (e.g. luids sloshing in stor ge cont iners).

Risk ssessment sh ll consider the conse uences of dropped lo ds nd n  ctions re uired b  the 
person l c re robot in the fterm th of n  such event.

For emergenc  oper tion  the m imum deceler tion r te sh ll be commensur te with emergenc  stop 
d n mic criteri  including the re uirements for lo d st bilit  nd retention.

5.10.4.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) the holders  pl cement re s  r cks  etc.  on the person l c re robot  but especi ll  end effectors (e.g. 
grippers or robotic h nds)  sh ll be designed to void the potenti l for ccidents b  lost lo ds

b) use of form itting designs

c) use of p ssive me ns of securing lo ds (e.g. screws  el stic ties  spring-lo ded cl mp)

d) limiting devices to void h ndling of lo ds e ceeding the m imum r ted p lo d.
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5.10.4.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) lo ds sh ll be tied or locked down b  bolting or l tching devices  or held b   gripping device

b) the m imum speed nd cceler tion sh ll be commensur te with re uirements for lo d st bilit  
during norm l oper tion

c) for norm l oper tion  including  protective stop or n emergenc  stop  the deceler tion r te sh ll 
be commensur te with re uirements for lo d st bilit .

An  control s stems performing the bove functions sh ll conform to .1  in ccord nce with the 
person l c re robot s risk ssessment.

5.10.4.4 Information for use

Inform tion for use sh ll cont in inform tion bout m imum si e nd or weight nd t pe of lo ds (if 
ppropri te)  nd their limits th t m  be c rried. Where lo ds re uire f stening  instructions sh ll be 

provided.

5.10.4.5 eri ication and validation

The perform nce of h nds  grippers  nd ittings sh ll be determined b   series of e treme movements  
e.g. cceler tion  stops  nd -turns of the mobile person l c re robot nd f st m nipul tor movements. 
All tests sh ll be c rried out with m imum lo d nd with the m imum speed.

Appropri te method(s) sh ll be chosen from the following:  D  F.

5.10.5 Instability in case of collision

5.10.5.1 General

S fet -rel ted ob ects sh ll be protected from h rdous movements fter or during  collision. A 
collision between  person l c re robot nd n  other s fet -rel ted obst cle should not c use inst bilit  
of the robot.

) Risk ssessment sh ll determine the llow ble m imum v lues of the ppropri te p r meters (e.g. 
cont ct force) th t h ve n in luence on the risk c used b  cont ct over the entire oper tion l r nge.

b) A person l c re robot sh ll be designed to ensure th t it does not c use n  h rdous rollovers  
run w s  or det chment of robot bod  p rts  even when it receives n  collision forces or s fet -
rel ted obst cle detection sign ls during its motion  up to the limits speci ied for its intended 
oper tion.

5.10.5.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) design of the m ss distribution nd sh pe of the person l c re robot so th t unintended collisions 
within the m imum e pected limits do not result in overturning

b) use of soft m teri ls to bsorb forces which le d to h rdous inst bilit .

5.10.5.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) use of irb gs or se t belts to prevent h rm  in c se the person l c re robot overturns
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b) design of br king perform nce of the mobile pl tform of the person l c re robot to prevent run w  
under  collision of the m imum e pected force (see .2.3)

c) design of the motion beh viour of the person l c re robot to minimi e imp ct forces (see . )

d) use of s fet -rel ted speed control (see .4) to minimi e inst bilit  nd high imp ct forces during 
collisions.

5.10.5.4 Information for use

The inform tion for use sh ll cont in det ils of ll p r meters th t ev lu te the e tent of potenti ll  
h rdous forces nd collision scen rios th t c n be toler ted.

5.10.5.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  F  .

5.10.6 Instability w ile attac ing or removing a restraint type p ysical assistant robot

5.10.6.1 General

Restr int-t pe person l c re robots (e.g. e oskeletons) sh ll be designed in  w  th t st bilit  is 
ensured while the robot is tt ched removed to from the user.

Robots th t rem in switched off during tt ching removing sh ll be designed in  w  th t the  c n be 
moved without effort in the re uired position nd th t une pected st rt-up is prevented.

Robots th t re moved with drive power during tt ching removing sh ll be designed in such  w  
th t no h rdous movements c n occur nd forces on p rts of the hum n bod  c nnot c use n  h rm.

5.10.6.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) me ns to tt ch remove the robot to the hum n sh ll be designed in  w  th t the hum n c n st  
in  st ble position (e.g. sitting  l ing) during the tt ching removing procedure

b) use of ctu tors of suf icientl  low power th t the user c nnot be h rmed while tt ching or 
removing the robot.

5.10.6.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te.

) The robot sh ll be designed to detect th t the robot is not properl  tt ched to the user. If it is not 
tt ched properl  the robot sh ll provide  w rning nd come to  s fe st te.

b) During the tt ching procedure  the force nd velocit  of the robot oints sh ll be restricted to 
s fet -rel ted speed control (see .4) nd s fet -rel ted force control (see .7).

c) The robot sh ll be designed in  w  th t intended remov l or unintended sep r tion of the robot 
during norm l oper tion le ds to  s fe st te.

5.10.6.4 Information for use

Inform tion for use sh ll cont in instructions bout tt ching remov l of the robot to the user  including 
necess r  con igur tion of the robot nd ppropri te environment l nd terr in conditions.
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5.10.6.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:   D  E  F  .

5.10.7 Instability during embarkation/disembarkation of a person carrier robot

5.10.7.1 General

erson c rrier robots sh ll be designed to ensure th t the  do not roll over or run w  while  p ssenger 
is getting on or getting off the robot under intended use situ tions.

5.10.7.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) design of the m ss distribution nd sh pe of the robot so th t emb rk tion disemb rk tion does 
not result in overturning

b) design of the br king perform nce of the mobile pl tform of the person c rrier robot to prevent 
run w  during p ssenger emb rk tion disemb rk tion.

5.10.7.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) the person c rrier robot sh ll be designed to include me sures for ctive st bilit  control th t re 
c p ble of d usting the b l nce of the robot to counter ct n  luctu tions to the centre of gr vit  
during p ssenger emb rk tion disemb rk tion ccording to .1

b) the person c rrier robot sh ll be in the ppropri te con igur tion before st rting 
emb rk tion disemb rk tion under norm l situ tions

c) the person c rrier robot sh ll be designed to be moved into  suf icientl  s fe con igur tion to llow 
disemb rk tion in emergenc  situ tions

d) detect the presence of p ssenger in the correct position in or on the robot before st rt of tr vel c n 
be en bled.

5.10.7.4 Information for use

Inform tion for use sh ll cont in instructions bout emb rk tion disemb rk tion procedures 
nd prec utions to be undert ken b  the user. It sh ll lso cont in inform tion bout the necess r  

con igur tion of the robot for emb rk tion disemb rk tion.

5.10.7.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D.

5.10.8 Collision wit  safety-related obstacles

5.10.8.1 General

erson l c re robots sh ll be designed such th t the risk of h rdous collisions with s fet -rel ted 
obst cles (see 3.21.2) is s low s re son bl  pr ctic ble (see 4.3  Note 2). A risk ssessment sh ll be 
m de including procedures of how to m n ge collisions between  person l c re robot nd s fet -
rel ted obst cles.
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5.10.8.2 In erently safe design

This m  include  but not be limited to  the following me sures (see lso .10. ):

) ph sic l limit tion of the tr vel speed of the person l c re robot to n inherentl  s fe m imum

b) moving p rts sh ll be designed so th t ccept ble imp ct energ  c nnot be e ceeded

c) use of m teri ls or structures to reduce imp ct forces to levels th t do not c use h rm.

5.10.8.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) c lcul ting  minimum dist nce between the person l c re robot nd  s fet -rel ted obst cle  in 
ccord nce with ISO 138  while the def ult hum n ppro ch speed c n v r  depending on the 
pplic tion  nd stop the robot if this dist nce is not m int ined: this c n be chieved b  position 
nd speed controlling (see .3) or b  functions th t void the s fet -rel ted obst cle  e.g. electro-

sensitive protective e uipment (ES E)(see . .2.1)

NOTE 1 Anne   presents s fet  criteri  for person l c re robots.

NOTE 2 Anne   presents n e mple pplic tion of  person l c re mobile robot with n s fet -rel ted 
obst cle void nce c p bilit . The speed of the robot c n be controlled in the s fegu rded sp ce  where the 
rel tive velocit  of s fet -rel ted obst cles is detected nd c n be used for reduced speed control.

b) e ecuting  protective stop (see .2.2.3)  when  s fet -rel ted obst cle is in the person l c re 
robot s protective stop sp ce

c) h nd-guiding or steering the person l c re robot. In this c se  the risk ssessment sh ll consider if 
ll collisions with the robot c n be voided.

NOTE 3 Since pplic ble st nd rds such s the ISO 138  series re not intended for sm ll children nd inf nts  
it is import nt th t stronger or more dem nding re uirements for detection re considered (e.g. lower pressure 
for bumper ctu tion  sm ller resolution of ES E in order to detect the sm ller limbs of children) when deemed 
necess r  b  risk ssessment.

In order to reduce the effects of possible collisions  one or more of the following me sures sh ll be 
pplied:

 use of s fet -rel ted speed control (see .3)

 use of s fet -rel ted force control ( .7)

 use of s fet -rel ted cont ct sensing ( . .2.2).

5.10.8.4 Information for use

Inform tion for use sh ll describe the collision void nce beh viour of the robot. Where n  degree of 
m nu l control is re uired for collision void nce  inform tion for use sh ll provide the user instructions 
re uired nd the limits of the pplied control me sures.

5.10.8.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  E  F  .
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5.10.9 Ha ardous p ysical contact during uman-robot interaction

5.10.9.1 General

When t ctile inter ction between  hum n nd robot is intended during the use of  person l c re robot  
functions to gu r ntee hum n s fet  during the t ctile inter ction sh ll be identi ied b  risk ssessment 
(see 4.3  Note 2). The following spects sh ll be t ken in consider tion:

) detection of hum ns in the robot s m imum sp ce

b) during the intended t ctile inter ction  the ph sic l re ction (e.g. cont ct force) from the robot to 
hum ns sh ll be designed to be s low s re son bl  pr ctic ble

c) the person l c re robot sh ll be designed  s f r s is re son bl  pr ctic ble  to void unintended 
t ctile inter ction between hum n nd other p rts of the robot other th n those intended for the 
inter ction.

5.10.9.2 In erently safe design

In ll pplic tion t sks involving ph sic l hum n-robot inter ction   person l c re robot sh ll be 
designed to reduce  s f r s is re son bl  pr ctic ble  n  levels of skin-robot friction  she r stresses  
d n mic shocks  tor ues  rcs of centre of gr vit  weight-be ring tr nsfers nd supports of the hum n 
bod .

5.10.9.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) softw re-controlled limits to the person l c re robot worksp ce (see .3)

b) speed restriction nd s fet -rel ted speed control (see .4)

c) force restriction nd s fet -rel ted force control s (see .7).

5.10.9.4 Information for use

Inform tion for use sh ll provide inform tion bout intended t sks nd situ tions for hum n-robot 
inter ction  including possible limit tions with respect to user groups  environment l conditions  etc.

Instructions sh ll be provided s to how users should oper te the person l c re robot in order to 
void in ur  nd w rnings sh ll be provided bout the potenti l in uries th t might be sust ined if the 

instructions re not obe ed.

5.10.9.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  F  .

5.11 Ha ards due to insuf icient durability

5.11.1 General

A person l c re robot sh ll be designed nd built in such  w  th t its dur bilit  is ensured throughout 
its design life without cre ting  h rd.

The minimum dur bilit  re uirements of the person l c re robot sh ll be determined b  its risk 
ssessment. The following sh ll be t ken into consider tion:

 mech nic l stresses

 m teri ls nd their properties
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 vibr tion nd other emissions

 environment l conditions (e.g. therm l  moisture)

 m imum oper tion l conditions derived from oper tion under e treme situ tions (like une pected 
turns  cceler tions deceler tions  nd dverse environment l conditions) including foresee ble 
misuse scen rios nd situ tions.

5.11.2 In erently safe design

This m  include  but not be limited to  the following me sures:

) mech nic l f ilure sh ll be prevented b  dherence to ppropri te st nd rds  e.g. ISO 13823

b) overlo d prevention me sures should be incorpor ted into  person l c re robot s design  including 
those mech nisms described in ISO 12100 (if used  the mech nisms sh ll conform to ppropri te 
est blished st nd rds)

c) ppropri te f tigue limits sh ll be pplied to the person l c re robot s components th t re sub ect 
to v ri ble stresses

d) ppropri te st tic nd d n mic b l ncing of rot ting components

e) the design of electric l devices  especi ll  electric l h rnesses nd connectors sh ll t ke into 
ccount the e pected number of use c cles

f) inclusion of p ssive he t dissip tion (e.g. b  conduction or convection).

5.11.3 Safeguarding and complementary protective measures

This m  include  but not be limited to  the following me sures:

) control functions to monitor regul te the pplied forces s mentioned in .7

b) use of ctive he t dissip tion methods (e.g. with f ns or other cooling s stems)

c) where necess r  temper tures inside the person l c re robot  especi ll  ne r he t sources sh ll be 
monitored: the robot sh ll re ct in n ppropri te w  (e.g. shutting itself off in  s fe m nner)  if 
temper ture limits re e ceeded

d) monitoring the life c cle of the person l c re robot nd inform the user when m inten nce time or 
end of life is re ched.

5.11.4 Information for use

Inform tion for use sh ll specif  m inten nce procedures necess r  for ensuring the dur bilit  of the 
person l c re robot such s the regul r e ch nge of p rts.

If repl cement of the electric l connection h rness is re uired in order to protect the person l c re robot 
from unw nted electric l noise c used b  the h rness  the use limit of the electric l connection h rness 
sh ll be depicted in the inform tion for use  b sed on the fre uenc  of the connection disconnection of 
the h rness.

If electric l power is supplied directl  (with electric l c bles)  the use limit of the electric l connector 
sh ll be depicted in the inform tion for use  b sed on its fre uenc  of connection disconnection.

5.11.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  E  .
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5.12 Ha ards due to incorrect autonomous decisions and actions

5.12.1 General

A person l c re robot th t is designed to m ke utonomous decisions nd ctions sh ll be designed to 
ensure th t wrong decisions nd incorrect ctions do not c use n un ccept ble risk of h rm.

E A LE 1 A mobile serv nt robot gr sping the wrong drink nd serving coffee inste d of w ter in  cup 
might be n ccept ble risk  where s serving  drink in  broken gl ss might be n un ccept ble risk.

E A LE 2 While  person c rrier robot m king n brupt nd une pected ev sion movement in n re  with 
smooth ground might be n ccept ble risk  m king n ev sion movement in n re  with slipper  ground might 
be n un ccept ble risk.

The risk of h rm occurring s n effect of incorrect decisions c n be lowered either b  incre sing the 
reli bilit  of the decision (e.g. b  better sensors) or b  limiting the effect of  wrong decision (e.g. b  
n rrowing the limits of use).

5.12.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) constr ining the oper tion l scen rios to reduce risk of h rm due to incorrect ctions

b) use of uni ue identi iers for s fet -rel ted ob ects  tr vel p ths  etc.

5.12.3 Safeguards and complementary protective measures

The following me sures sh ll be pplied where ppropri te.

) The c p bilit reli bilit  of sensors nd sensing lgorithms sh ll be incre sed to  level where no 
un ccept ble risk occurs.

b) Identi ic tion lgorithms sh ll be designed in  w  th t the prob bilit  of  cert in decision being 
correct (e.g. prob bilit  of h ving identi ied  cert in s fet -rel ted ob ect correctl ) is c lcul ted 

nd c n be monitored. Decisions with  high uncert int  outcome sh ll be re-ev lu ted using 
ltern tive ppro ches nd or ddition l inform tion. If  fter the re-ev lu tion the uncert int  

rem ins un ccept ble  e tern l ssist nce sh ll be sought or  protective stop sh ll be initi ted.

c) lidit  checks sh ll be m de on decisions which c n le d to h rdous situ tions.

E A LE  The correct identi ic tion of  s fet -rel ted ob ect c n be checked b  t king into ccount the 
pl ce where it is found or the time nd pl ce where this ob ect w s seen the l st time.

d) Decisions sh ll be veri ied b  diverse sensing principles.

All person l c re robot functions implementing re uirements ) to d) sh ll conform to control s stem 
perform nce re uirements described in .1  in ccord nce with the robot s risk ssessment.

5.12.4 Information for use

The limits of use sh ll e clude situ tions in which decisions c use n un ccept ble risk of n  h rm  
t king into ccount foresee ble misuse.

The inform tion for use sh ll inform bout the sensing nd decision m king c p bilities of the person l 
c re robot  nd sh ll give instructions on how to prevent h rm due to wrong ctions nd decisions.

5.12.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:   D  F  .
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5.13 Ha ards due to contact wit  moving components

5.13.1 General

erson l c re robots sh ll be designed so th t the risk of h rds c used b  e posure to components 
such s motor sh fts  ge rs  drive belts  wheels  tr cks or link ges is ccept ble.

erson l c re robots sh ll be designed in compli nce with ISO 138 7 in order to prevent h rd ones 
being re ched b  p rts of the bod .

5.13.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) the person l c re robot sh ll be designed with the minimum number of ccessible moving p rts

b) the person l c re robot sh ll be designed with moving p rts in which components such s motor 
sh fts  ge rs  drive belts  wheels  tr cks or link ges re not e posed.

5.13.3 Safeguards and complementary protective measures

rds due to moving p rts sh ll be prevented either b  i ed gu rds or b  mov ble gu rds  depending 
on the foresee ble fre uenc  of ccess  in ccord nce with ISO 14120.

Appropri te method(s) sh ll be chosen from the following.

) Where i ed gu rds re used  the following me sures sh ll ppl :

1) i ed gu rds sh ll be inst lled so th t the  c n be opened or removed onl  with tools

2) their i ing s stem sh ll rem in tt ched to the gu rds or to the person l c re robot when the 
gu rds re removed  if deemed necess r  b  risk ssessment

3) where possible  gu rds sh ll be inc p ble of rem ining in pl ce without their i ings.

b) Where mov ble gu rds re used  the following me sures sh ll ppl :

1) mov ble gu rds sh ll be designed so th t the  c nnot be removed e sil  nd once opened  
rem in tt ched to the person l c re robot

2) mov ble gu rds sh ll be interlocked with the h rdous movements in such  w  th t 
h rdous movements come to  stop  the control s stem performing this function sh ll 
conform to l use  in ccord nce with the person l c re robot s risk ssessment  the gu rd 
sh ll rem in closed nd locked until the risk due to the h rdous m chine functions covered 
b  the gu rd h s dis ppe red  in ccord nce with ISO 14119

c) Enclosures sh ll be used to provide protection g inst rot ting components.

5.13.4 Information for use

Where i ed or mov ble gu rds re incorpor ted into  person l c re robot design  inform tion for use 
sh ll include ll instructions necess r  for their correct inst ll tion  d ustment nd remov l.

5.13.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following: A   .
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5.14 Ha ards due to lack of awareness of robots by umans

5.14.1 General

Where risk ssessment shows th t l ck of w reness of robots b  hum ns is  h rd  e.g. where silent 
oper tion c n incre se the prob bilit  of collision with persons  the person l c re robot sh ll emit 
notice ble sound to reduce risk without viol ting other noise emission restrictions.

Where w rnings or l rms re used  risk ssessment sh ll be used to b l nce the risk of h rds due to 
silent oper tion g inst h rds due to high levels of noise or une pected noise.

NOTE 1 W rnings (e.g. coustic l  visu l) might nno  the user or n  hum n ne r the person l c re robot  
c using them to m nipul te the robot in order to ce se the sign l.

NOTE 2 Altern tive indic tions might lso be re uired for users with dis bilities  e.g. those who h ve visu l 
imp irment or dif icult  with he ring.

5.14.2 In erently safe design

Where needed  the person l c re robot sh ll be designed in  w  th t it h s  highl -notice ble 
ppe r nce  nd produces notice ble sound without re ching h rmful noise levels.

5.14.3 Safeguards and complementary protective measures

The following me sures sh ll ppl  where ppropri te:

) coustic emitters sh ll be provided to w rn users of potenti l h rdous situ tions

b) w rning lights or other optic l devices sh ll be provided to lert users nd third p rties to the 
presence of the person l c re robot

c) the person l c re robot sh ll stop while  s fet -rel ted ob ect is in its protective stop sp ce  nd 
sh ll continue to perform its t sks when it h s left.

5.14.4 Information for use

Where the m nuf cturer h s identi ied  p rticul r h rd rel ting to l ck of w reness  w rnings nd 
dvice to users sh ll be provided in the inform tion for use.

5.14.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:  D  F  .

5.15 Ha ardous environmental conditions

5.15.1 General

erson l c re robots sh ll be designed in such  w  th t foresee ble environment l conditions during 
the intended use do not le d to h rds.

erson l c re robots sh ll be protected from c using h rds due to the presence or build-up of s nd 
or dust in the environment. Where there is  risk of n  h rd c used b  dust cont min tion of the 
robot ( s determined b  risk ssessment) then ll ffected p rts  components or subs stems of the robot 
sh ll be designed to chieve  minimum protection r ting of I   s de ined in IE  0 29. Where dust 
ingress is not  concern  nd s nd ingress is the onl  h rd risk ( s determined b  risk ssessment) 
then ll ffected p rts  components or subs stems of the robot sh ll be designed to chieve  minimum 
protection r ting of I   s de ined in IE  0 29.
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erson l c re robots sh ll be designed to prevent dust-rel ted ires due to high temper ture components 
(see .7.4). The robots sh ll be designed to prevent h rdous electrost tic ch rge build-up (see . )  to 
prevent dust building up on ch rged outer surf ces.

erson l c re robots sh ll be designed so th t w ter nd moisture ingress does not c use n  risk. 
Where there is  risk of n  h rd c used b  w ter or moisture in the robot ( s determined b  risk 

ssessment) ll p rts  components  subs stems nd intern l enclosures of person l c re robots sh ll 
be designed to chieve  minimum protection r ting of I   (resist nt to pressuri ed w ter spr s for 
three minutes)  s de ined in IE  0 29.

If  person l c re robot is intended to oper te in cold e tern l environments  then it sh ll be designed 
to be toler nt of snow nd ice conditions. oving p rts nd electric l components sh ll be prevented 
from f ilure due to ice build-up. oving p rts sh ll be designed to be toler nt of w ter  moisture  dust  

nd s nd. Electric l components sh ll either be se led g inst w ter or moisture  or inst lled inside 
enclosures th t provide this protection. Electric l power supplies nd b tteries sh ll be protected 

g inst short circuits c used b  immersion in w ter or build-up of moisture.

If  given person l c re robot might foresee bl  oper te in co st l re s  in other loc tions ne r oce ns  
se s  other s lt w ter bodies  or in shipbo rd environments  then its risk ssessment sh ll consider the 
effects of high s linit  tmospheres nd s lt-w ter spr s. If s lt corrosion is ssessed to be potenti ll  
h rdous  robots sh ll be provided with suf icient protection to ensure n ccept ble level of risk.

5.15.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) se ling of oints nd other moving p rts

b) dust-resist nt m teri ls for moving p rts

c) co ting or se ling of electric l components

d) selection of m teri ls nd doption of me sures for inherent protection g inst e treme 
temper tures (see .7.4.2)

e) w ter- or moisture-resist nt m teri ls

f) s line-resist nt m teri l or co tings  e.g. p ints  v rnishes or org nic co tings.

5.15.3 Safeguarding and complementary protective measures

The following me sures sh ll be pplied where ppropri te:

) mech nisms to prevent dust build up (e.g. forced ventil tion or w shing mech nisms)

b) dust detection nd w rning indic tions to instruct the user to perform the necess r  ctions

c) ir ilters t the enclosure openings

d) use of he ting to melt snow or ice  or ev por te moisture or sm ll w ter droplets  so s to dr  out 
the person l c re robot without subse uent h rds

NOTE 1 elting snow nd ice might le d to w ter moisture h rds  if not designed correctl .

e) removing w ter moisture from surf ces (e.g. using wipers)

f) e tern l remov l of snow or ice from surf ces (e.g. b  w shing with hot w ter)

g) ctive detection of snow ice cold ir conditions  nd e ecution of  protective stop before snow ice 
levels build up to un ccept ble levels  the robot sh ll m ke n ppropri te indic tion to the user s 
to the re son for the stop
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h) the person l c re robot sh ll incorpor te  s fegu rd function th t ensures the periodic stopping 
or shutdown for m inten nce (which will t pic ll  include inspection nd either cle ning or p rts 
repl cement)  the robot sh ll provide indic tion to the user th t it is shutting down for this purpose: 
for the purposes of this re uirement  the period between shutdowns sh ll be b sed on the time 
re uired for un ccept ble risk levels being re ched due to  for e mple  corrosion  build up of s nd  
dust or snow.

NOTE 2 ISO 4 29 provides guid nce on the ssessment of degr d tion of p ints nd v rnishes.

5.15.4 Information for use

Where n  ction b  the user is re uired for the prevention of risks  ll necess r  ctions s well s 
ppropri te m teri ls (e.g. tools  cloths  luids) sh ll be provided in the inform tion for use. This m  

include:

 inspection  e.g. with respect to s lt corrosion or s nd br sion

 cle ning for the prevention or remov l of s nd  dust  snow nd ice

 dr ing

 m inten nce nd repl cement of p rts.

5.15.5 eri ication and validation

Appropri te method(s) sh ll be chosen from the following:   D  F  

The I  r ting of the person l c re robot sh ll be v lid ted in ccord nce with IE  0 29.

Where s lt spr  tests re necess r  the  sh ll conform to ISO 9227. Where corrosion of optic l sensor 
surf ces is signi ic nt  the  sh ll be tested in ccord nce with ISO 21227-3.

5.16 Ha ards due to locali ation and navigation errors

5.16.1 General

A person l c re robot c p ble of loc li tion nd n vig tion sh ll be designed in  w  th t uncert int  
in loc li tion nd n vig tion errors does not le d to n un ccept ble risk.

ncert int  in loc li tion sh ll not le d to h rdous movement of the mobile pl tform or n  other 
p rt of the robot. Loc li tion errors which c n c use the robot to enter  forbidden re  or to lose 
mech nic l st bilit  in  h rdous m nner (e.g. b  f lling downst irs) sh ll be prevented.

The n vig tion c p bilit  of  person l c re robot sh ll be suf icient so th t motion pl nning to n  
re ch ble go l c n be re li ed  nd th t the gener ted p th voids the positions of n  pre-known 
s fet -rel ted obst cles without c using n  un ccept ble risk of collision nd mech nic l inst bilit .

If loc li tion nd n vig tion re used for risk reduction  these control s stem functions sh ll conform 
to the re uirements of .1.

5.16.2 In erently safe design

The following me sures sh ll be pplied where ppropri te:

) designing the person l c re robot for environments nd t sks where n vig tion c p bilit  is not 
needed to reduce risks

b) implement tion of s fet  functions for collision void nce  tr vel surf ce sensing  etc.  in  w  th t 
n vig tion c p bilit  is not re uired for s fe oper tion of the person l c re robot
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