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Z529| H9| (by ISO TC 299 Robotics WG 1)

X| =™ update

programmed actuated mechanism employing a degree of autonomy to perform
locomotion, manipulation or positioning (As of 2018.02)

Tt X522t 7] 7| 2t2] XHE /M 2|5 actuated mechanism Z gt

Xt=-d(Autonomy)2| H 2|
Ability to make a decision in the presence of uncertainty based on current state
and sensing, without human intervention

QIZX|50| 220 PHEIS YA
QIZX| 51t 2R HH



Classification of robot

Service robots

Household Robots used in By Iso Tc 299 RObOtICS
robots industrial

environments

Physical assistant robot

Person carrier robots
Medical
robots

Autonomous vehicles
Personal care robots

K/

** Robot classification
Classification (2} M2 B & CIE2 8 2 ™SSt ¢lassification =8

+*¢* Rule of thumb
robot category = identified based on intended use of the robot in question.




Overlaps between personal care robots and other robot types

Household _Serva nt_in Roboticco-
. industrial
assistant ] worker
environment
Manipulating
household

assistant

_ Service robots Exoskeleton
Mobile for workers

companion

‘ -
. o B Robotic
Mobile servant robots obots-used in lifting device

industrial
Physical assistant
robot

environments
Person carrier robots

Robotic
vacuum
cleaner robots

Mobile
serverof

foodand
drinks

Industrial
truck / AGV

Mobile
manager of Medical

dicati
medication fobats

Person transpol
in industrial
environment

Exoskeleton Autonomous vehjcles

forillor Rersonal care robots
impaired

Person transport
outdoors

Exoskeleton
for elderly

Seated
person
carrier robot

Robotic

wheelchair
Single person Light electric
footboard vehicle

Autonomous car

- E30|BNS 28D 24 2% type

Ex)

=2/ 5 M2 autonomous mobile robot = mobile servant robot

S XHOf| A 2F M E autonomous mobile robot = medical robot -

Need to consider both
medical device
standard & machinery
standard



M O|(definitions)

Z 3 (Robot )

programmed actuated mechanism with a degree of autonomy, moving its environment, to
perform intended tasks (ISO 8373:2012)

A HE 22 (Industrial Robot)

Automatically controlled, reprogrammable multipurpose manipulator programmable in
three or more axes, which can be either fixed in place or mobile for use in industrial
automation applications (1SO 8373:2012)

AL 25 A AHl(Industrial robot system)

System comprising of industrial robot, end-effector, any machinery, equipment, devices,
external auxiliary axes or sensors supporting the robot performina its task(1SO 10218- _
1:2011) | S\ EE

2l 25 (Collaborative robot)

Robot designed for direct interaction with a human within a del'
workspace il



259| Mol

Robot that performs useful tasks for humans or equipment excluding industrial automation
applications (

Service robot that performs actions contributing directly towards improvement in the
quality of life of humans, excluding medical applications(

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

> X|sd E&Z(Intelligent Robots) ~ Service robot
Q528 = Q14 (Perception)ot i, AL &S EHEHCognition)St0f, A2 {22 &
& (Manipulation)St= 25



MHIA =5 (Service robots)

. MH|AZR. QI7ke| 4o

(1SO 13482:2014)

0|8 =<20|=22 M= Jiel B8 2R
(Mobile Servant Robots) (Physical Assistant Robots) Person Carrier Robots

8




> K
= |SO (International Standard Organization) > = X| 3 1SO
= |[EC (International Electrotechnical Commission) > = Xl| 3T IEC
= KATS (77t 7|2 &= &) > 57 BT KS
= KOROS(A|sd 2X H#& Z8) > HNEE
= |[EEE

= etc
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> International Standards

EX)

ISO 9001:; :2015 Quality management systems — Requirements (&2 4 GA| A =)
ISO 13482:2014 Robots and robotic devices — Safety requirements for personal care
robots

» Technical (and publicly available) Specifications (TS or TPAS)
HZE2 0| OFA] 7| Tl SO[ AL M EFL2E SHSHY| 6] Bact=HH &
O[7t =7|0f O|FO{X|7| O{E{2 8F

Ex) ISO/TS 16952-1:2006 Technical product documentation — Reference designation system
— Part 1: General application rules

» Technical Reports
technical committee L} subcommittee7} 2 & St | O] E
ISL} TSE S HSH|0f| b =L XA ot o|7t £t EEEA

Ex)ISO/IEC TR 17799:2000 Code of Practice for Information Security Management

12



HZ (KS) & HHIHE=(KOROS)

Al 7/
&= Connectivity, S/W 2/ E

I
=, 58 MH|& SO Chet #x2)
AL
T
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KOROS

9409-1:2004

9409-2:2002

} 97872013

9946:1999

SO 10218-1:2011

10218-2:2011

» 11593:1996

14539:2000

-
mEsiEe | KOROSE—E—E; = 25|

http://www.koros.or.kr/

Contact Us Sitemap

IS0 IEC OMG KS KOROS

XsHERaEzl

ISO TC 184/SC 2(Robots and robotic devices) EFSE

IS0 83732012

Robots and robotic devices -- Vocabulary

Manipulating industrial robots -- Performance criteria and related test
Manipulating industrial robots -- Mechanical interfaces -- Part 1. Plates
Manipulating industrial robots -- Mechanical interfaces -- Part 2: Shafts
Robets and robotic devices -- Coordinate systems and motion nomenclatures

Manipulating industrial robots -- Presentation of characteristics

Robots and robotic devices -- Safety requirements for industrial robots -- Part 1:

Robots

Robots and robotic devices -- Safety requirements for industrial robots -- Part 2:

Robot systems and integration

Manipulating industrial robots -- Automatic end effector exchange systems --
Vocabulary and presentation of characteristics

Manipulating industrial robots -- Informative guide on test equipment and
metrology methods of operation for robot performance

Robots and robotic devices -- Safety requirements for personal care robots

Manipulating industrial robots -- Object handling with grasp-type grippers --
Vacabulary and presentation of characteristics
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OF =Xl H=23F =&

WG 1 Vocabulary & characteristics

—— WG 2 Service robot safety

ISO
WG 3 Industrial Safety
TC 299 |
Robots
WG 4 Service robots

JWG 5 Medical robot safety
Joint ISO/TC 299 - IEC/SC 62A -
IEC/SC 62D WG

WG 6 Modularity for service robots




ord HE WL

Lh

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

ISO 10218-1 Safety requirements for industrial — robots Part 1: Robots

ISO 10218-2 Robots and robotic devices — Safety requirements for industrial —
robots Part 2: Robot systems and integration (25 A|A 8 & &2

ISO TS 15066 Robots and robotic devices — Collaborative robots

ISO 13482 Robots and robotic devices — Safety requirements for personal care
robots



ISO TC 299 WG 2 & IS0 13482

-

o MHA ZRO|QMHQAXH BE 7|

< MH|ZZ2RO| A =it 7} 7t52) x| 1, @1 7hato| FH=0| RIS MH| A 252
ol £ AL 715/80] =0}, o]ofl CHet ALt SRS 7|20 R
ofA|

o JHAX[H =X AT of CHet MIA|Z| 2| 2kl 1SO 13482:2014 Robots and
robotic devices — Safety requirements for personal care robots M|’d & &
(2014.02)

< FH7|Y: 16, X2, Toyota, Honda, Panasonic, Cyberdyn, X (google, 0| =),
Amazon(0|=t), Aldebaran(Z & 2), SICK(= ¥), PILZ(= YY), Softbank
Robotics(Z =), Omron(¥ =), UBTEch(& =), Delta Electronics(CH )
< StH, A& 7| & MBCH, B3ICH, cLAWAR(B =), Fraunhofer-IPA(S &), NIST (O
=), RIAMB(3 =), AIST, JARA, JARI, JET, METI(Y &), LI 1 OF CH( &), 1TRI(CH 2H)
< O|FE|ol, AhQl, {dgtE, EEtE Hior3



IS0 13482

<« H|2|2 & J|AX| A= X et dof clist 2 =4 8 EA X H
« W x| 22| ArEa A E A es 43, e v|elst 2
ES HAEE HES| Z4017] flst 7= & 24 YH HA

<% 3 579] personal care robot0]| &=

< 150 121002| QHHEA| A E S 7 AUX| A Z R0 HETH FAM

< CE UL etc. 2 =X QUS2| 7| & ZEAME EE

% UE0JAM = 0|0] 1Al A] 1S0 13482 ZHE M| E QS (certificate) Al =
(Cyberdyne AF2| HAL series 3%, Panasonic Resyone, RT works Robot Assist
walker)

&

K/
*

LY AA} S| @] ZI= S E0f|A] 150 13482 0|2IS S 0| QS &2 LIt
HECZS YU XN LUMA| HN Hxo| 2 HE 28 7t=

X| 4 (earthbound) 2 20f| 2t Mg

J
000 L)

%

*

<+ HE N2l
— robots travelling faster than 20 km/h
— robot toys
— water-borne robots and flying robots; A M HEF=EEHEL
— industrial robots, which are covered in ISO 10218 > F2#F HT(1SO 13482) A&

— robots as medical devices
— military or public force application robots.



IS0 13482

machine 9

personal care robot >

20



1SO 12100




Key Terminology

> Harm (&faH)
Physical injury or damage to health

» Hazard (F1 &8 R2)
. Potential source of harm
combination of the probability of occurrence of harm and the severity of that

> Risk (!
E=10]

o

harm

» hazardous situation

SOJHE A& 0l 221 T2l Dt BEHEHU S
risk (severlty of harm)

circumstance in which a person is exposed to at least one hazard

hazard

EX)
SEHE 20 =
hazardous situation

3%0| Ct.
risk (probability of harm)



Examples of Hazards

12100:2010 Annex B

Hazard Hazard Hazard Hazard

Origin Origin Origin Origin
cutting parts falling objects . . . . .
. . vibrating equipment _ noisy manufacturing process
Potential consequences Potential consequences i
-~ cutting - trushing Potential consequences War= | Potential consequences

— severing - impact — osteo-articular disorder - fatigue
— wvascular disorder - hearing impairment
— loss of awareness
Origin Origin — stress
moving elements A maving elements
Potential consequences = J (three examples) Origin Origin
— crushing Fotantlal conzaquences laser beam dust (emissions)
- impact o, | [ drevingdn Potential Potential
~ shearing E — triction. sbrasion ntial consequences otential consequences
- |- impact - burn — breathing difficulties
damage to eyes - explosion
QOrigin Origin and skin — loss of sight
gravity, stability approach of a moving
Potential consequences element o a fixed part
— crushing Potential quences Origin
— ftrapping ~ crushing L.
— impact Origin fumes
posture Potential consequences
- Potential consequences - breathing difficultias
Origin Origin . L
) } ) — discomfort - irritation
rotating or moving elements moving elements fatique o
(three examples) . Potential consequences - g ) = paisoning
Potential consequences ~ crushing musculoskeletal disorder
- severing — friction, abrasion
- entanglement - Impact Origin Origin
severing location of control devices gravity (bulk material
Origin Origin Potential consequences ' solidified)
live electrical parts objects or materials with a — any as a consequence Paotential congequences
Potential consequences high or low temperature of human emor — collapse, falling
- electric shock Patential consequences — stress ~ crushing
- bumn = burn - slumping/sagaing
= puncture - suffocation
— scald . . .
— wedging/jamming

23




Strategy for risk assessment and risk reduction

from ISO 12100
o start

- | Risk reduction
Determination of the limits - (FIEE M)
of the milchlnery |. Inherently safe design
Hazard identification | Risk e
Qs QA Al analysis I1. Safeguarding and
3 complementary
Risk estimation B protective measures
Risk ] GEELE .
Assessient | [ [11. Information for use |
Risk evaluation

I3 S B
4

isk reduction

required?
(acceptable
or not?)

a

documentation

Yes




Risk reduction process ({1 &= MZ EXh

> inherently safe design measure (RN O Z Ot st M| CHH)
QM E T FX|ol 28 90|, A & 7|A 9 e Ed2 HASIO /2
HASHALE YR8 AAaA7|= B0 A

Ex) ?lofl =& O[ote] TR A8, £7t50] 20 & == Bl 8§52 X2 gap

> safeguarding and complementary protective measure (XM &X| A EX &
DX o] HE)

 2AXCE et d7 THME E8910 fgdE 525 MASHAL /IR EE
S0 daA|7|X] Zot= 8%, UK ZE &5t 2 HAE E=2517| @[t
HS CH*H

ME G, gap cover, MO A[AE (ex. Y = Z=5)

m
=
[l

> Information for use (AHEHE 2| X|3)

M= OAEAM, B, 2A], 7|12, A2, EANE fAdE= ESMO 2 A, Jh
2 LE ZY2E AEEO ArEAA SE2E HE

Ex) Warning sign

25



Risk reduction process from point of view of designer

Risk assessment

User

input®

(based on definad limits and intendad usa of the machina)

Protective measures implemented by the

designer (3ee Figure 1)

Step 1 : Inherently safe design measures

Safeguarding and
complementary
protective measures

Infermation for use®

= at the machine

— waming signs, signals

— waming devices

= in the instruction handbook

Residual risk
after
protective
measures
implementad
by the
designer

Designer input

Protective measures iimplemented by the
user”

including those wased on the
information for use provided by the designer

+  Organization
— safe working procedures
— supervision
= permit-to-work systems
*  Provision and use of
additional safeguards °

+ Use of personal protective
equinment

= (Training, elc)

Should be
tolerable!

Residual risk
after all
protective
MEeasUres
implemented




> After all,

safety of machine

= tolerable risk

27
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IS0 13482

Risk _|
ASSess|
(Claust

start

1

Determination of the limits
of the machinery

v

Hazard identification
(Al AY)

¥
Risk estimation

(FIE = 7H)
ment !
2 5) Risk evaluation

CEEEE)

!

Risk reduction

: > No , documentation <«
required? C] .
o (acceptable ( ause )
or not?) Yes

—_

v

Risk reduction
(e M)

|. Inherently safe design

| Risk
analysis

(Clause 6] complementary

Vv

I1. Safeguarding and

protective measures

[ 111. Information for use |

END

1

30




IS0 13482 &

4. Risk assessment (& & HII)

4.1 General T8 hazard list 4| 'E

4.2 Hazard identification — ~ o

4.3 Risk evaluation By, EE 0= & 24
5. Safety requirements and protective measures 2 T & 04—|— s

51 General

5.2 Hazards related to charging battery

5.3 Hazards due to energy storage and supply . \

54 Robot start-up and restart of regular operation T| C.’:'.I = X'| &

5.8 Hazards due to electromagnetic interference —T—.Q_'O,j' hazard 01| EH St

5.9 Hazards due to stress, posture and usage Otx 9 7 qu _<|D_| -%4 =

5.10 Hazards due to robot motion

X Xt (by 12100)

5.12 Hazards due to incorrect autonomous decisions and actions

5.16 Hazards due to localization and navigation errors

6. Safety-related control system requirements

6.1 Required safety performance

6.2 Root stopping

6.4 Safety-related speed control

6.5 Safety-related environmental sensing MO A|AEIS 0|23}

6.6 Stability control QAL HZ Al @4

6.7 Safety-related force control L = &1
o gl= 27} A

6.8 Singularity protection

6.9 Design of user interface

6.11 Manual control devices



5.2 HiE{2]| & 23 2[5l

53 0{X] & S 320 7
53.1 O H | $“7r°| g5
5.3.2 EX 0|4 X| 2] X1|015|XI o
533 I—IX—| |:|:l— erKE

5.4 24 7EI:|II-I EII-_ E!' - =,
Arefiis ke 22 SHRAe] [E AEe
5.7 HHEL(EInlssmns)Oil 7|0l Qs A @ ,_C‘L’II_HE ﬁ.ﬂ%&-@mg M

5.5.1 2|8liet &2 (hazardous noise)

5.5.2 {sliet |% (Hazardous vibrations)

553 ?lofl =2 5 74

554 UtEot 2k

5.5.5 ?/dliet B|O|==2HH|HE[) B AT (non-ionizing radiation; UV)

5.5.6 ¢/5fiot 0|% shT2l) BAM (ionizing radiation; x-ray, y-ray, microwave)
5.8 ""Xfuf ?_ (Electromagnetic interference)

o|->

i

2

ol

HI‘% A\TAD £ o= h Ny l U~ J \._.\) | ?
< VLU UUEAS U UUUY \../d O\Z/

r|o

510 282 S0 7|Qlct s e B= Bel
5.10.2 7|74|& 2OLK M T SRR
5103 0| =&2| 20N 1. General
5.10.4 i% %t{ Al 20 M 2. [nherently safe desligm
5105 &5 Al =2rdd 3. Safeguard and complementary
5106 :I'I'_/—lﬁcc)i ALIX'”xl'OEIE%Ql j%HEEI- A| %?_l'g'*o'i @@@Eﬂv@ mum
5.10.7 Efsd 2829| Stk Al 20 M
5108 OFM el MOjSaHo| X5 4. [nformation for use
5. Verification and validation

511 E29| L7 &= of|

5.12 R E XI2H oA 1A 9 ASof 7|elst flsias
5.13 2Xl0|&= -TWR*RPI HEo0f 7|Qlst sl
5.14 EEOII CHot Q17to] QIX| ZAofof 7|Qlst {4
5.15 ¢loliet &td =A

5.16 SIX|F= o TH X0 ofst s

|.
r

32



tMQZd Sl HT CHAHO| Of Al
5.2 Hazard related to charging battery

5.2.1 General (2™ 7)
280 ZSTEQIo| ATt M=0|| CHSHA AFEHO| BFEA| HES E|0{OF S0, ST Al
X

— — —
45t}

B2 HtE A| |EC 60204-1, IEC 60529, IEC 60335-2-29, EN 50272-1to -49| X g}3l
=510 HA k|0fOF StC}
= 25| AHE HiHE|E SHY 0f Y

fuot
1>
$0
rlr
Ko
r|m
-0
of
10)
>
M
ok

5.2.2 =&EH QM A (inherently safe design)
AP E8{ s S EdE] FE0te st BES O
O{OF ot} (Of: E122f 2MES| I 5
b) STEIXL AFO|Q] Y2 AME =Xt STA|AH 9| 2HF0f
60204-1 % IES 61140, IEC 60335-2-29, IEC61851=2 &==0l0
o) HIEZ| =™ M= MANMOZ JI5st 71HA e ZHE MEHNS

—

5.2.3 BHS o Sl HH S X X| (safeguarding and complementary protective measures)
a) NAX|AZXO0] STALHEHO ALY s M ST TAVF 2dst 25 &
Al &[0 OF StC}
b) ST LENO Chot EA|QF 5T 2tz M2 7t XS E[0{0F otCt
o) HiEZ|e] SHIE STO0| X522 HAE= HEe = A X HiE 2|2 tE St
WA B 2|2l SO olet @[t O 2 |0 OF otrt

33



5.2

524 A2 ™ME (Information for use
AE HHEO|= B2 370 Cist &

SH ot "R
S7 Z7Ae == Al 3)

- JfQIX| AR RS AL} CIE

_ M ESE A

5.2.5 Verification and validation
A5 AN, 5E, 55 9| #E,

Hazard related to charging battery

0g ™~

otCh =9| Ch=0f| w2leCt.

REZ HHE= 4 23t X

ot =

S2E0| HE F M WY MY

34



5.3.3 Power Failure or Shutdown
(2 FOHL| KpEh

5.3.3.1 General (2t 2 %)
JHCIX| 2| MR ZOfLt o = & X| Q2 K}pCh
oF =L},
-CHS At g 2 E6L7| QI8 €z o nE{7} ERslCt:

J2[d SO A+ & Sle I 2 0|0 X H

-y

a) HLIZZOIHE #= 72 E= 222 OiLE0|H 0| Q7= M@ o E= AT 2oM OjLE2
O[H 2| XY = Hol ofs W0 Hfof7r TEoA| = EEots A7t 0| F0{X0f ot

I'

b) ZHIY EHEFS AE QU Ex 2X2 U& E0f E= [HO HE =X 235 (O : SMEX 2 =5
of 7|2let !lH =7t +&87tstt +&0| &l =5 E5t= 247t 0| F0{X0f OFEP O|A2 22X 25 U7

& 7I=(Ol - BiF, E=, Ct2|)of 2HA S10] 3 X Of Bt

TS 7| (A0 0[R2 EAIH Rl H °fo':*0| tse X EZRS TR —’.E’é |Lt BH=tof 2fs] 2X9|

LEEO|L 50| E0HAM Tdot= gzt +8 Tt +70| f[=F EFot= 277t O|F0{ MO o
Ct.

AR S S + Us B MAXHZR2 7+5 H& G0 ot AFE0] O] R25 S22 &+ Us TEO|
M S E|0f0F otH, ?1™ E%7f0ﬂ ool 2¥= 2= FF2 ALEAE B2 E= AT + JU=SF Aol0F o
Ct. 2Fef O] A0 E7tsotbtE, ExXQl o Ho 20| X EX[0{Of BhLf.

NOTE M7| M 53 L7FAI2 2 IEC 60204-1 &xg A



5.3.3.2 22X ¢ &%l (inherently safe design)
a) L= S 0|= B E2| Hl& HFHLIZ2| EA 0 “de-energize to apply” & &2 A&
b) M2 HOi/XtE Mat 2 O MEN 2 S = U= 2| X| Q| L& K&
0| 7| K| &2t 2t 59| A| &2 I[SH7| 23 1S0 141182 @ F+ X 71= THE350{ OF St

measures)
a) 2ot 20| FEE HASSE 2 8.
b) Y| El SZUUMARZ 7t = A= XA ER2 SEEH 2
77 OF StLF.
c) RO HXILF &= H& (0f, HiE{ 2| ©&)0] dEet 7= Ee= HOlE B
AL ZEAO|A 24, 9, Tlsar 22 H o QA E X = 2 e{OF Skt Hi B 2]
A EH XSS 2 OHH HEf 2 2FOF oLt

5.3.3.4 A2 ®™H (Information for use)
-AFE HE = TR FO EE= X 2HAE El THE @[> 2 0f Cf Sl
- e EIHO| ofsf ERotCr EEEM (84 Fx) M A X

A O
2 o UL,

5.3.3.5 Verification and validation
H3HE AN, &5 & 2E 2250 HdE, 24X = 8 #e

36



5.7.2 /8¢t IS (Hazardous vibrations)

5.7.2.1 L8N Q JALS (general)
EEANEXE 22O & T MY AZO| FS WX Y E ZEOZEHO| A/7HEHHO ASO2HEH
B3 E|0{0F 3t

a) EX AMEX= 2E 49 25 =4, ME5, 22 B XEH EXAECE Qo 0 5/
Zojet 20| sd #HE R4S Lo = U= 2R Us2EFH 23| 0{0F otrt,

by &, Heh QAXsEHO 2HE w2 &= U= 05Hz2E 80HzARO| 2 ﬁ'%ﬂf HO0|E 22F = Us
O1H29f 0.5HzA oo =0 CHa HE = X|0fof otCt O|F 28 HRAX|HE2XEAH = 1SO 26312] off & &
[ C HHO =Ax OI:-5|_|:|,
o - To= ©—T10° el

HEol B FXE AHEY ERVt 88 =& O[5t2 Ts FX|=|0{ofF ¢

5.7.2.2 2EHHC & MM (inherently safe design)

=2 o BA|= ChE XAt S ZE5HX| 2 o]0 oHEE|X| g= = ULt

a) ZIAA 250 oo ddE= MsS 24 e ¢ UAEE 2RSS AAG0F SChEV|E 2T, He 2
X 4= = 250|= &2 SHeh

by =X el TS0 AR =8 E0/7| ®ldiM e 55 ME2E U8 & ALE;

5.7.2.3 B3 ¥X|Q} B3 X X|(safeguarding and complementary protective measures )

CtE =X & otLr £ 1 Ol HEothf:

a) & ZIs MO (e.g. semi-active damping mechanisms EE= Y& X 0{)2| H-&

b) AKX HERS SXYS TSE T4} AL HAY &= A= HEo Sz Mo

5.7.2.4 Al2 d H (information for use)

& 240 AFYE UEA| ZSHSHOF BTt

5.7.2.5 AZ 9 =9l (Verification and validation)

AX KO = JpE 37
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5.7.4.1 YttAlet(general)

-EEANEXE BH, SAAEA ZHE E=2 RE SFO FARSHMOE 2oL £ A= ER T
= BE9 kst 2k (12 = X2)EEH E3E|0{0F otCt O|E Q[ 7HRAXHFEERZ IS
13732 1~32 &6 0F St}

HEO| U = Y= B EO EH2E = I1SO 13732 part 1-30] HIA|El 10=0f|A| 43 AlO|O] HE
2 Of $tC}.

5.7.4.2 2HXHOo 2 QMM (inherently safe design)

a) 22 UYOoA ST ER/AZ MAH E= &K

b) MESH GHMEEE JHR AKX M E

5.7.4.3 HSFX[Q} 42 H X0 HD XX

a) MEGH HZF L= HE A|ARIS ALESI EEH2EE 44 E= 7t

b) MESH WS Ho| Mg L= HAH(150 14119)

5.7.4.4 A2 X} "M H (information for use)
MEAEEE 250 Aot 22 E 7HX|= &0 CHet
E Al Zotof{OF otCt EHRSICHH 2RO AHE, 2%, B2
HEE Al 3=0{ & OF SHCt,

0=

U

1.4.
~
o

%! 0l (Verification and validation)
o=

%

Blahd
rQ oY
oy Ol

F

I
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5.8 HXtn} 20l (Electromagnetic interference)0 2|st 2|sli a4

Jtsot 2E TARD Fof, MAD FOj = ks eHE 7|

—

olr

AOfZ 0lst Qe 22 259 9 ©

o HX 2822 |EC 61000-6-1, IEC 61000-6-2, IEC 61000-6-3, IEC 61000-6-4 12| 11 IEC 60204-11} 262 M X}t A ok
1

Aol 2= &3 BTS2 T40H{0f otLt

-

- IEC/TS 61000-1-2= M Xt} 4 AH0f 2Hot 2|

ot=Hl # &% 4 UL

|

TS HI| L HA A2 7]

—

or
ro
ra

Ct
=

0x
mjo
40
rot

Y= S

5.82 2EH oz QA (inherently safe design)
- 6.10] A& HMOAAH 7|52 1EC620612| 6.4.3R 2| TALL LYE @ AN S S5 E 47 &[0 Of BiCt.

- EEANAHOICE 7|52 9| =3t A= A M2} IEC 61000-6-1 5= IEC 61000-6-25 S8l 0f $HCt

of ol Al =7t =8 =+ U= +T2 2 Y25 0f0F ohrf.

5.8.4 Al X} M H (information for use)
MEHEE EXECZE FOHE OF7|e &= AU TAIme| F& ot ot 2t BhALL = ™ AIHe| %40 CHsi 2ot
HE X|=3lOof Strt,

5.8.5 ZZ 9 &0l (Verification and validation)
A 4 XFE == mpbkb
o, Mo & U=
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a)

b)

c)

d)

f)

g)

5.10 Hazards due to robot motion
5.10.2 Z|AH|™ F2t7848 (Mechanical instability)

5.10.2.1 Ge neral (e H)
N EZEZRZ2 BAE AL =AM AL O] 7hs017[0f S22 P8 7HX =5 27 |0 OF StC.

E™ H20AMe| EFH 22 HEfO| ME oHH 2@ 7 Att2 5.10.6~5.10.70] HA| £/ RUALCH

NI XY EE2 D& L=82|XMO S Iistt 2LECZ Qe 7|4 M 20H(25 & M8, A& Ee It
ot 7| 20|t 2 2)0| XA k| =& A A Z|OfOF otCt

N EHE ZEEE 229 7|AH 2 FX|SH| Qs AtEXHO|AH EYot ZX|LE EX7 7R X FEE HA K
OfOF St}

1A HEE 2 F 2, 25, X, ALE, 07, M E Eotot 229 =& F7(2| O CHAN A = o= BHOotA =
O =IC}

EE2AME ZH Moot 7| AN ot d BEES 50O oCHEZ|E & H, 0|5 7 AKX A Z 20| CHsi M= 1s0
7176-1, 2|00 ot E& 2 58 CHH 2 150 7176-2 & X).

2E SH0ls #FE1
= A= HLEL|0[H).

5.10.2.2 2&H 2 A4 (inherently safe design)
Ct2ol ZX[E HAES| &850 0f oLt
a) 2N 2 7tseh =i 2 X|H X[X| SzZt= A 2A;

Al

b) 22 7/ TS ’\'HIEDF%E_ LS S 24

=
=
=

=
o) 7IAN STlo] S 25 g E =20k = 2XRS 27
d) 540l= #52 2%, 59l l31| LIE2|0[H e &S =|tieh A 24 40



5.10 Hazards due to robot motion
5.10.3 0| & & 2’84 (instability during travel)

5.10.3.1 General (2t 2 )
-X|HE &Y =2t gsto|M Jhset 2E O
LA, Ols & Ot st £
A k| O OF oLt

|5 WE@E=, 2™, d=2l/U-tumn, 7t%,27t% )J_—'f 2E ok&
EZ 0|s3te 2HL 28 2Eo| Ut WK rE

- 1 HEfef £o1of W2 oo Y- g0| Bt JHAX| A2 RO XKLLt hEE
20l XA Z2YE[0{OF STt

—

- ArgFd0| 7tsot 2RO HOA|AE2 oS 7tsot = (&80 CHsll BHEAl =& oY

- EXO| M2 FHO[LE =0 CHoll =2X 717t0] /= ArE 0| 2= E|0{0F ohrt

o gsAtel X Ko mE HMA ?[™S 1ofolof ohot. Tref ERotttH
A7t =28EE fIKIof A=XE & XI5HOF SHEt

5.10.3.2 =& & 2 24| (inherently safe design)

a) ol &l HYPSF Lo 2o AAt #EHOIM X H== o W = E|CY 7Y/

2t 02 0|8t
a—— o
= o, H2EX YES DYREL

=

b) 0|22 EHS Zalot = #H 0N St BAIH0| fALHE=S FHFS7|(HF, CHal, &
S) & 2AI5H0{OF Strt

o

o S|z HABFL| x| ete

G{OF StCf
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5.10.3.4 A8 ™ HE (Information for use)

=1
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T T

olg
[

b}

T

—

d) HI§ &N O[AHLf
o

| Of OF

c)Personal carrier

b)E2£0|

a)’Hl 21X

5.10.3.5 Verification and validation
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S) ofl ChsH

Zh|

EAA BA
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5.10.4.4 A2 72;'5 (Information for use)

A2 JEE= 2UtE M ZQ| A 37| Ae|1/E=s T, (HRSICHH) S5tEe &5 A2l 25 52| oA
of Ciiet §EE Z2ol|of otCt MXjE - (F=)0| 2ot 82, X|& 2 XMSsloF oLt

5.10.4.5 Verification and validation
22 & 02| Y OEo Mes20lad 7l EX 229| 7t%, @X|, A2|1 eI HE L &80/ S ¥t
Z2 30N SR Q0| AE L= “EHE JlE=o 2 ZYE|0{OFBICt B E A2 X MM =0t X £ E0|A =™K
Of OF SHCt.
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5.10.5 == Al 224/

5.10.5.1 General (22 )
- AR X CHE AlE (AMEF Z2BHhE S=0| oot 22t s 22 E HIEA| 25 [0{0fF SHC,
-el EXRZ220 CHE Ao S=2 7
a) M ZEAZFEYO CHel E&0f oot s Ty
£ =9l HtEA| 23510 OF BhCt
b) o= ZZH0| CHSH A=l SHA| Z477HX| S ==H0|Lt HofjE ZX| M2 E Bts e ofigst st ©
2 E2F 282 BE0| 2=l0| YUK A== HA K| 0{0F BHCt

5.10.53.2 =& H 2 44| (inherently safe design)
a) Ol &t &l Z|of ot Lo Mel S| =5HX| g2 S==2 2X0| FES[X| §
Of OF SHCF

b) ?leet =284

ne)

[ AYEE HdsE A6t

0|

2 QUtte B2 Bt REo2 RO AS

5.10.5.3 HFt 5l HeIH S T K|
a) EX TSLEA| & LX[E 0o O|Lt QHHHEO| AR
by OI&E XCf 2le2 F= AV SHEX X2 ZFE UX = s 0|54 EHES Hsds8A
623 N&ds)&Ex)
0 B=HE XASIEE E2O| HE HAH6.6 (2 MOHEX)
d) ZEAC =2 T4 2EE 2 X|4% St E S Xohe.7 (R 2E A 0) H#XE) ALE

rmation for use)
SE ALEIR9 72 TS 4 = D E Ti2t0|Eof| TS AHMS HEE =Y

o

5.10.5.4 A2 HE (Inf

0
[0
_(?_I'
5
o

rir
ot

il

off OF SHLt,

5.10.5.5 Verification and validation

HEA A, e 5 oE, 2ZEQOf HE, YR7IH SIYE 240 HE 4t



5.13 2Xl0|= @A219] =0 ot Qs a4

5.13.1 General (¥2I& Q FALEh
JHOIX|RERE BH AFZE, 7|0, 45 HE, HIF|, E=lf O|L} &3 Z2 2240 EECEZN LY
2490 eIl 8 = Y= =FO0| K| & HAHL|0{0F SHC},

- MK R ERE 9 " S BX|SH7| {8l 1SO 138572 =551 A k| 0{of Lt

o 297t MAo E= A Y
QtH A (inherently safe design)

5.13.2 =&X otH o
a. 8% 7tset S80|&= B2 =7t A&7t E|=& AA E[0{OF BFLE
b. E22 2H, AFZE 7|0, E2}0|E BE HIF MZ E&= HAXKL &2 S20|& BE0| =&KX FEE
A A =| O OF StCF,
5.13.3 E2th Sl HRtH S XX
ZX0|= 220 2zt {dl 4= OME= M2 Bl e, D™-E U XKL 0|5 7hsot W= HX[0 2|sH
Of| 2 | O OF BHCR(ISO 14120 & xX).
a. 18 Y YK MEE= 42, LS 2 FAIZ0| M-EE[0{0F Lt
1. DPE oKX= 20 | AL E= HAE = UAA AX[Z|0{OF SHCT,
2. Yo T D™YK|= U2 HX|7F MAEO &, 2 K| E= 220 EX 5|0 H0FQO{0F BFLt 745 SHL}
H B K= D™EK] Qo] HotA=Z == S10{0F BiC,
b. 0|5 7ts3t = X7t AHEE M=, CHS @ TFAIZ0| MK 0{O0F
1. 0l& 7ttt &KX = A MAHEZKX| UA=Z HALK|O{OF otCt d2|0 ot He|H 220 £4FEl AE)
£ EOFAO{OF BIC,
2. 0|57ttt o &K= (A2 EX o MAH A) SHLY0| X = Y= st SA YA HE(interlock)
| OfOF BtCt W & X|= ISO 141190 w2t = X0 s Hol (st 7|AH 7| S0 7|2t Y-t At
gt M7EX| =25| HARY=E HEHE 7 XISHOF SHC,
c. 2Et2|&= 2TEE0 Ciet E2E N3E = YEE AHEE[0{OF LY

7 =M= AR SHE X, =8 & M0l F2
46

5.3.1.4 A2 ™M H (Information for use)
sot W X7t 2EE24A 0 Z2HE 4
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6. Safety-related control system requirements
OtM &t RO AIAE KA

- -
" 6.1 general
R BT

- 2 HIOAAE 75 (T7],55Y, SW)OI| CHSl R+ Ekl= PL(ESTE) / SIL(2HEF
z—u-/ A X)O

Ly

- HIEA| s B Sof ZHE0[0F §

4

- 1SO 13849-1 EE= |EC 620610 £8t3ljof 5t 0 HZS Gl 2Ol T|0{0F &t

- Qe M Sl CHS MO AlAE 7|5 AFEEH B2 2 &4 2=2] PL/SIL
a) H| &8 X| emergency stop HtE Al do|E|0{Of &t
b) 2273 X| protective stop
c) 2 A5 ZF X SF limits to workspace
d) Ot 2t &&= K| Ot safety-related speed control
e) Ot 2t 3l X| Bt safety-related force control
f) ?|li 2t == 2| 1| hazardous collision avoidance
g) 2t X[ stability control (including overload protection)
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What if protective measures selected depend on a control system?

- o o E S S B S B B EEE B EEE S EEE S EEm B EEm B EEm B EEm B B E

N\
Key cdlncept of 1ISO 13849

I Sensors &
: feedback

% v
Risk reduction
Clause 6, =

Determination of the limits  — ( ) (Flel = AlZhH

i ‘ I. Inherently safe design ‘
. = - Risk \|r

Hazac::'d 61:'12[1‘[1ﬁcatmn — analysi II. Safeguarding and ISO 13482
m complementary ISO 12100

Risk estimation | protective measures
Risk oldl O | =
Assessment I11. Information for use
(Clause 5) Risk evaluation

oS CabXA

i

Risk reduction No | —
nired?

(Clause 7)

48
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- Mobile servant robot, physical assistant robot, person carrier robot 25 risk
levelO| 2} 2 typelL 2 2&F > HM=A7F 2%

A. Ol =20 EX Mobile servant robot
Type 1.1: small AND light weight AND slow AND no manipulator
Type 1.2: large OR not light weight OR fast OR with manipulator

B. MN EX EX
B.1&8 S & (Restrained type)
SEl21: &2 S22 A AXMEL(AES XIS K& 2
St 22: =2 s=22 AMMEI(MSXIEIHIXNEAZ RS

=1
=

cC

_.—
A
T HA

QCH)
)

IQ M

H 110
o T2

it

B.2% 8 @l = S8 (Restrained-free type)
SE23: X2 == AI=S AND At&2 2E 8IS AND &2 =2 OHE AND 22 AND = &
el 242X E=2 = ORAE BEEOREAECZ OHEE X 2S5 OR 2 H= ORI S

C EFA E

H o K
SEf 3.1 J|glet s et AND HE st &L =3 AND =2/ AND Jt& 1) AND Bt
A=
SE3.2: U E=sAOREsSA= 2dHAK Z2 AEHOR 2AF OR WS OR L=EX &
2 HHOR A=
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» 6.1.3 Required performance level for selected personal care robot types

HHOl 22 =H35l 9|4 72 ey O =
HEE2 SE0M S AT Mas M D22 7|HE s
HF =< ot
|_I-—A| 3—|E|O-IO|: =
Type of robot
Safety func't'i:;l;shg:spersanal Care | Mobile servant robot Physical assistant robot Person carrier robot
Typell | Type l.2 | Typel.l | Type 2.2 | Typel.3 | Type 2.4 | Type 3.1 | Type 3.2
d
6.2.2.2 Emergency stop c d c d d d
(no low risk option)
6.2.2.3 Protective stop b d b d b c c e
6.3 Limits to workspace (incl. forbid- 1
den area avoidance £.5.3) b d b d N d N/A F
5.4 Safety-related speed controel b d b b b d c e
6.7 Safety-related force control b d b3 et a bs N/A N/A
6.5.2.1, 6.5.2.2 Hazardous collision
avoidance b d N/A N/A b d N/a et
B.6, 6.7 Stability control (incl. owver- b 4z N/A . b 42 b7 4z
load protection) B

1 Avoiding forbidden areas shall have PL d.
2 Ifthe personal care robot is inherently unstable, PL e is required.

3 Iftherisk assessment shows that the user might not be able to overpower the personal care robot due to any particular
situation (e.g. being unconscious). the Type 2.2 requirement shall apply unless the robot has an inherent limitation that
prevents harm being caused.

4 [f other limiting functions (e.g. workspace or speed limitation) also provide protection against the same risk, PL d is
allowed, provided that all the relevant functions are designed to this level.

5 Ifforce control is used for collision avoidance or actively holding the person, PL d is required.

&  The control system shall achieve PL e, but this might not be achievable for sensing mechanisms. In this case, the risks
caused by systematic failure of sensors shall be reduced as low as reasonably practicable.

7 Ifthe personal care robot is inherently unstable, PL cis required.
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6.2 22 HX|
622 Ex 8X| 7| HIEEX], E= EX|(protective stop))
6.2.3 Mls s (braking performance)

6.3 Y G Mgt
6.4 Ot &H £k 0]
6.5 QFH

6.6 QHEA X|0f (stability control)
6.7 QtH2H el A of
6.8 50| Eg (singularity protection)
6.9 ArEX} QE{mjo| & EA
6.9.2 &TEfl EA|
6.9.3 & 3 x|
6.9.4 Ct& EEOH Ciot T B3 TA|
6.9.5 Cts H & &K
69.6 2AM L= KFEFAI 43 K|
6.9.7 o7t K| B2 ALE O] Cigt E=
6.10 235 R E
6.10.2 X2 2 E (autonomous mode)
6.10.3 ==& 2 E (manual mode)
6.104 =& XI& 2 E (semi-autonomous mode)
6.10.4 "JH| 2 E (maintenance mode)

6.11 =& H|0f EA]

-

R

=)
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= 6.2 28 ™HX|

Ol'

= 2= FE0A flofiet M5, 55 HM=0|Lt 21X F52| Hot 810
T AT ZAE|0{OF BT}

- X SEl= PCEXS| FFO mef 2EE, =X N =A0| ofgf ZX|Ef 7t G2l =] 0fOF
ok,

- A EX| 7|s0l 25 HR Y M= HEA MS 770 2fsiM 2 G X = 00F StH, O]
M H=7l7= = /40| BtEA| HEX[0{0F SHCt

c) ALEAOH oI5 MA|El Ols &mHO| =i BAOAME 2X0 |0 5| &
SYO| SO &A 7AI5HOF Ttrt,

d) 2% MO 7|52 &4 Alo|= BFEA] 2-53}0F

rot

Ct
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6.2.

| 8% (

o

mo

= O|f HIAMEZX| 7|5

a) IEC 60204- 19_| 2

=
Q) DkOt EEO| OLXMB}t M O*EH(safe stand stIII)Oﬂ Ef':':' ERE IS5
=

d) 2% Al<El0] o)
&) 2|5 = mj7tx| A
f 214 0|Z 0 A
G{OF et

2 28 dX| 7|5 (Robot stopping function)

H3S HX|(protective stop) 7|5 7}X0f Lt
X~

Emergency stop)

|SBIALE CHE Slofel 43S Y 4+ A 2 ¥y
7k OF $het

F
AHaE HEFA oo otrf

| = 2S5l OF @Ef

|ls= €274 B= & =X|0f S[siM T 2[H &

Of ol CIHE Z& 22X MO0 24

=80l B8 7[50| 7EH BEEA] 2X[Z[0]OF BHCf

= |[EC 60204-10] Feiot /e 2ME Sl H|AEX] 7152 category (0 L= 1)& MEHS

o H|APEX| AHA|= HEE A|
» [f5 PLE HIEA| &5

IEC 60204-11} ISO 138500 £¢tsliofF oLt
HOF 2f

Safety functions of personal care
robots

Type of robot

robot

Mobile servant Physical assistant robot Person carrier robot

Type 1.1 | Type 1.2 Type 2.1 |Typel.2 | Type 2.3 | Type 2.4 | Type3.l

Type 3.2

Emergency stop

d
c d c d d

(no low risk option)

d
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6.2.2.3 H 3 X (protective stop)

- O EHA K O] 7|52 AL oo Y=t M E
% dX|(protective stop) 7|5 & 7} Of SHCE

8%, JHeX & 2%

rlo
re
In
=
_o'_l-
I
kR
rir
Jjr
4
10
HT

- IEC 60204-1 Of @& EX|7| 52| category= = E7Hrisk assessment)E S0l 278 340{ OF otCt

HBHR| 7|52 QIHRLE O+
BE Olsf3t 22 SXS B
22 357 SHS A7 =
22 Al2gof ofsf A

& X 5FOf OF SFCt

> Ofn 2t
m \J rot

0

SN E HX|7|52 6.1-2| 0| F&slof oLt
- HOIKRERE & sHE MAHSHK = RX T ER HX| F stand-still HEf2] ZLIHE S Q7 &=
IEC 60204-1 O '8 &l stop category 22| 2= HX|7|s2 7tE & ULt

_ Ol E|

- O —

of 2[A

YR El(stand-still) M 2| 2= O|=3tX| Ri2 2&0|Lt E2EX| 7|52 1% Al IEC 60204-1
HFE Al stop category 02| X[ £ S10{0f SHLCL,

- Performance levels for protective stop of personal care robots

Type of robot
Safety functions of personal care Mobile servant Physical assistant robot Person carrier robot
robots robot
Type 1.1 | Type 1.2 Type2.1 |Typel.2 | Typel.3 | Type 2.4 | Type 3.l Type 3.2
Protective stop b d b d b C c £

o4




6.2.3 H|& ‘ds (Braking performance)

-ER 0|5 EUEL B 7‘*Kl(protectwe stop) 7|s2 Al&sts MOA|AH 7|52 **74| o= BEAl £
HEO & ds, & BE 0F7sst 0ls BEH T ZHRAX|FZL0| FX|Ste O 2ast Az|E &
= A| T2{3}jOF St}

- M5ds0l 7H2X| & 2X0| A2l O|sHH =0 ALK §24 SISYEZ Ol & W o
Joizntz ?ldet S5 U + UEE Msds2 5= 6l0F Strt
- Pl GUtol| ofsf 2l x|l OlsEHYE M = 7S¢t oF X[
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6.4 2t 2 £ X0
- Tt Al HOllE REE o As HAXAZ ROl Q2 Kot £ = BIEA| fl2 = EIt

- 820 7t 2R 2350 /Xt g3 £ AsS Sl 28
- o{ & [0 S 7 2 AR =FY 4 ULk

ST P Mot S5 T BES JHeX R 2RO £E7t HIEA|

- OtM & & (safety-rated speed) M| O & HL[EZO|H ZEEX|(end-effector)Lt
28 Cj2 220 Ot &t Eli(safe state)7| &
FE =5 27 8 MZE Z[0{0f otCt
Type of robot
Safety functions of personal care Mobile servant Physical assistant robot Person carrier robot
robots robot
Typell |Typel.2| Typel.l |Typel.l| Typel.3 | Typel.d | Type3.l Type 3.2
Safety-related speed control b d b b b d c g
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6.5 Safety-related environment sensing

6.5.2 |:||I-I_-’.’=_ 7I-x|

H= O

-ESPE == H| & ZX| HH|l= 7= &N +=F2 |FXI5H7| 2ot & &sHE 2 & ME5Eo &
A2 HESH| R AHE &[0 OF L}
-QI1Zke|l Z X7 2 2 I, XA H2l&= 1SO 138550 2|5 Z - &[0 ofF otCf,
-QIZ+Q|0f| CHE OFMEH CHMZ (7135, 4, 7HL Z|f S BA)Of| Chet X7 2ast 42, 0[ZAHe|
ISO 138552 SA10| 2|5 47 k[0{0F otCt, E ’SO'H 2| It EF C= X1|9|°FEL
2o el o8 ==<0| 2 MA Ex 28 EBszg
=
MAXFZR | &ef 1. | el 1. | &ef | el | el 2. | el 2. | el 3. | EHEl3
o| otM 7| & 1 2 2.1 2.2 3 4 1 2
ol 4= b d N/A N/A b d N/A el
A o]
LA|AA ~ES PLeE @A 8 oF sho}, 18y 7] 7] tol] tialA &= PLeE *H=:
SHA] &8 4 k. o] B9, Al=E a1l ofF fritE = Y e g der |
7he gk H gl o =5 0 2 A 7w o] of sk}
JNRIK| A 2ROl 2ot &= 2|O[A|0f0f oot H& =&
6.5.3 & ZX| (Contact sensing)
-HHEAX]= ChE s83 23 0F ot}
a) EX TR (EE ¢T01|A1) Ao 28 HH0| ZX[=|0fOF oL}
b) §EEHZ2 ™= 7o <fs| I1|°+EI010F StCH CHE 7|& BFEDF otst =20 A=A /2 O 8
Ste Z40| Hi2RSIChE D2 &)
-AFREZEX|Off AP E|= HEZUX|= 1SO 138562| 23 HE29| @ AtEE &4=8||0F stCt
-t ZtS H 5 AHX|(PSPE) 7t Tl%é S=2 WX|oH7| {8l etH A 43 HXE ALBEICHH, 612 &
SHOF St 1ISO138560] =l BHAICH 2 A X| &[0 OfF SHC}



OfLt =A(=w & A[H, AlE, 0jI2=2 X|

™

CEf3, Opa g Ejoj=

Al
~

| & Xl 7S &

A
=0 B2 It HA0 2X| LM 2X0| AR (blind spot)

-2 R0 O[3l A =to}
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6.10 &5 B E

IR ER RS SO B o] HO|E REO|MTH SEGHE 2 g 0fof Bt
Q¥ WIFZIE DEZ ME| BN JURAT US B 2R DS M T
O BIEA| B3 HX|E S3ofof St

- BEo| MElS IS HA|E0[0F 5}, BE MEO| [}2 2% 25 FE CIE 98
£ A2 JHAIAI7|X| B20fOF Bt

- BE DERCOA OfH OHHY|50| S 50|3, o QHH7|50| EB43} &0 YK
3246}l OF BHC}

- BE B AOs BRIEYE BE N J|50| YR £EOR 3|2 E[0{0f B}

Characteristic

Operational mode

Autonomous mode

Semi-autonomous mode

Manual mode

Maintenance mode

mobile servant robot

autonomous navigation

programming and pro-

Initiation of action By the robotorthe user |Bythe user By the user By an authorized person
Frequency of human once,/rare frequently constantly constantly
intervention

Degree of supervision |none/verylow low to high high high

by the human

Task example Fetch and carry task for |Person carrier robot with |Teaching, tele-operation, |Maintenance

capability. Human can gram verification
override speed and direc-
tion
User restriction none none none Key lock or password

protection required.




6.10.2 X}= 2 E (Autonomous mode)
- NE2EEOM VHRIXJER 2 KtEs £ AEedoez S8 Y = ULt

- 9lH T Byto) o) MolEl (2RO TS OHF 7|50| HHEA| BA3tE|of Ylojof
st

6.10.3 =& B E(Manual mode)

-TSEENM=E ZXO0| 22t JHYY Q5 AsEl= AS 58

Ot

LC}

E 29| W A|(teaching), & 4% H(tele-operation), T2 Y Z=2 1M AF

- =& =2 (navigation)/F = (guidance)0i| 2| 20| =l x| 0 QO 2= HEH XA
Attt A7 AFEXE HEO| HHEA| ZLBHE|0{OF Lt

-TSZE0 st EE ™ AE ZLSH7| {8l O AHEX|F HS{AO0| EHQoHK|
278517 ?lct fIel= B7H(risk assessment)/F HFEA] =24 | O] OF SHL}
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6.11 =35 X0 &X| (Manual control devices)

6.11.4 O| CE|X| %2 ZI=0f L3t BS
_AE MO RIS O|EE|K| $S QIS HIX|SIEE CHS IS 0|23810] A1 O ®|E

£|OfOF okt

a) NOIXIEEE0| =5 N0 E&= &4 KO &E{0 US B2, E&2 A9 JA| E
= F2M0 MEio| HAZ HIC A| SiLIS| AAZHEEH ZF-Eo =2 =3l L[0{0f
by HESHAH GAE =& MO ¥X|Q AR Of) ESEl 5 HE, HXA|I{E 9| =Xt=
& key ME AQ|X]
c) SEMO ™=0| YOLIX| Y= +=3HHYKX|o| MEsH 2[X| HiX]|
d) 2%t 4% oo %2 MS0|Lt MEl(setting)2| HHE HX|SH7| {8l 2 T
19| 2R SHaccess)0| BFEA| AFE E|O{OF SHCH
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Remarks on IS0 13482

L)

>

ISO 13482

v HQRE HAXFRRO AHEFS A
v LSS QX2 E LN 2N ES

v 995t o|= a2 M

—

*
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» QIS 2 2|6l 1Is0 13482 5t d A= 2@
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C BE 470 24 > MY W THY Ho

L)

L)
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*
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vISO 23482-1 7=



ISO TR 234821-1

v I1SO 13482 StHQIZ I H A 2otd 243)2 S AldME 2R

v A2 L of2] HZAFSO[ ISO 13482 M & & MBS ASHLE ZAEO0
2t 215 & QASAI™0 2t 7|F0| HQstA &[0 A|ldE7t BEES 4
StH 23

v 2016.03 NWIP 5¢ = AE T2 i A&

v I1SO TR (Technical report)2 2020 028 SH

. OFFMA A

ol

Al

ook
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ISO TR 23482-1 Al& 2H

A HER WY
ro f

[
HFH2C (E
AZ-2R = Al H8ll X &
**REE(Exoskeleton) HZEAF 0| X2l mF &l i ———
LS (&, &k, &S, locomotion, 55) Down slope full turn test

S PN (ZBARIOIA moving partOll 23t 8 OHEA)
SN b (CHYsh BR EZ0IM KIS % 7 Al oFEa Boh

S5 or8d (GAHOIA up/down slope A& S 7t Al Q) —
H(step), S(gap)0il CHet 2HE -
o ZtE gt dM 7ls (AUl Mk gted, AUl =8 7Y) e

[N ¥

0j112f2 A2 SE

MAF7|ob 7HA Stability test for steps and gaps
I

OHEA HollE tiad (E5/2= To=0 et XA & X £5) B

X[ & (localization) & A (navigation) @ °
A OAF A AlE| Y S
HHZ K| (command device)l| HZ, Tt MAHAZA Al &5 HM M o .. e

[f% EI=|E=|II-X| CE= 9_|EE|X

o} L .
| & localization and Navigation test
O A CC jcl-EI-A_! IZCI>=|E=|I|-7(|O| %
25
AN

o
= A0 gt Bsd
o BE ALl AY rHd

ko)

T — 41—

Ozl & OEE[X| 2 2

[Ii A o

= Ale| &Xo] 5H (1SO/TS 15066 )



9.2 Durability in locomotion (mobile robot)
- 1SO 13482:2014 Clause 5.11.12| durability throughout its design lifeOi| Ciet £8Hd 7}
- XEH0 2R FHO = HEHO| visible damage (e.g. fracture, deformation, or
disengagement of parts)2} functional damage (e.g. abnormality of control system) ZA}
> A
a) Test road: Drum or treadmill
{Drum: EXO0| X[H &2
Treadmill: 253 221} 7

a) Test drum without slat (for indoor application) b) Test drum with slat (for outdoor application) Treadmili-type test inachine
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13.2 Stability test on a flat surface

13.2.1 Braking test on split surface

- Al BEEH 2= OHEAS X2 075 O|82E |X|

- ZH& OHE Al4= 0.30 0|32 F X

- A|ZHEO| M Centerline M2t 7tE L Z2H0|AM X[CHE E7FK| TH5
- M&s AlE EoM X0 MsEHoE ME

- O MlsE 2R Al 25 R0 CHo A=

- EEO| MEO|L ESA/AHIE Yot 7| =

Braking start
Start position position

Low friction surface
\ | _____ ) ______________________________
_/ High friction surface

Acceleration
section

A 4

Braking from maximum speed



13.3.3 Down slope acceleration and braking test

Eol:l

EX A0 HAl=

Inclined
angle

Z|Cf 7S = L2292 B
braking start position 0| Al Z[CH M| sH2 = XN&Sot0 EX|
CHYol s (8d a4 i Als, 228X fIot A, vl dX[2et Ms

BE 0| hof AlE
M| AHeloja 22
S ANERE YR 22 W,
RS72] 30| Algel 20| of
RS Alel 20| oty g stol

BAIRE el 7kEA M 715

o YRL0| HO{LHEX| 7|2
2 M2 HSA/EYS Yot o 7|2
&}

Hnl
15l= 240

_I_

Braking position

Robot

Start position
;I )»./)L‘/_‘ZD_ _____ tﬂgll_mpd witdth

Acceleration Allowved

Down Slope Acceleration and Braking Test

| SX[AE|L A & =

HO |
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13.3.5 Down slope full turn test

2|8t BALZE Wt 7FS oM 2T £ =7HX] 7h%
XS = FXRIBE A turning positiond Al XA S|MELE S 2 180°%| ™
2 50| pivot turn0| 7H53t B2 FX| = 360° 042 pivot turn &
2| AR Al HAl £ 28 R =22
2R WS, HSA/HIE Yot o7 7|15

e

AMA L /EA AL 2 Al =

Inclined
angle

Robot

D

Acceleration Turning position
section

Vv

Start
position

Down Slope Full Turn Test
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13.3.6 Inclined surface crossing test

=S (=}
#=5 S 2 dX|
oldd oY it o L} — =]
EXO| €FE0| 38 5 HOH=X] (& 7|=
EFA L= I = =]
EX 85, BsA/EN=E Yot 7 7[=
H —e e A_I-
HiCjErefo 2 Al I =
] ) <—>/Inclined
Observation Acceleration  Start angle
P section _  section | position
N
Robot ~ Allowed
T width T
_________________________ R T Rt RS EETS S
Start  Acceleration Observation
position section section

13.3.7 Pivot turn on inclined surface test

AAIHOIA ™X|HEJO A pivot turnS 103] £ @& & A (instability) 24 A|7FX| 2=

SHCHSSE S| AlE 4%

EX S, BSA/AN=E Hot 0l F 7|=

-

-
o



13.4 Stability test for steps and gaps

- B2 AIE ZHEOo|M AT §0| o & E ER Al

- AEtER0lE 2R MY & & 7tstt A0 =0|2 4

- AISMA| Gl 42 228 EE2 50mm, HLIE EE22 20mmE A|H

- B9 E1t 4O|= 22 A0 MA[E 2&20| &F 7tsot XCf o2 4

13.4.2 Moving up from stop position
BFE|ZF AT HSotE= 22X HiK
- 22 Y oMo 2R} AT e
> orddof = gefE 0K == 27

> AP OIMA B2 90°+ 5°2 2H

. A0 o= AT 92 = X
AT ERH A 28 ME SARYENE Y3t o2 7|2

B

Robot

Step

J N\ I

Moving up from stop position
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13.4.3 Moving up at maximum speed

IS RZOM AT SRR Th
A 2oz ATe 22 = HX
ZEO| ALt =ZE Zt
> ok o] %oy o
eM“mWM”%
HAIE S5 2 0f= ol
AT £ A 28 HE, E%xr/mH% s} o2 7|2

¥8 DN o3
90°

OE )\-II-I

B

Robot

Step
) \/ —

Start Acceleration
position section

Moving up at maximum speed
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15.2 Test of safety related localization and Navigation

Z 20| map data, features(E & &)/markerE 0| &310] X E Z2HSIH T
Internal mapOfl &= geometry?t CtE2H| geometry HH

HZBE geometryOf T 2R0| ofiet YAOZ HtSsH=X| OfF HE

AKX ZHE I8 Internal mapZt marker/featureE AtESHE B O|SE220 N2

YV V V V

N

O|7F 6m, 3m O|&H(2&RQ| A 7| )&= EAZY St
2o 1m 37| HAFZH HOf= HiX|

H 0|& 7ts

Of =0 5=t 71=2| marker £%t
MOl=2 2R localization0] AFEE[= A7 ZX[ = A=S TFE HOSHH 2 F
O| A|OFE 7HEEHE FHOofgh

oA g3 10 |0
rlo oM i

YV V.V V V
ba!

= JE J% ot N N
EE B

2

ca.1lm
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> Al EXt

1) 7| Y Sl o= i X| &Eje| X|=E =s5AlE Xk XN3)e =2 d85tHL 220 &
& (ex. slamO|&) -4
2) H 8l o= Ol

3) ERE2 otF 40 HiX|.

4) Ao Z20| e} O|soteE 282 T2 121

5) Bt ZOoiS 7KL XA A7t 220 E2FX|E +HSHA St A2l 150%7t &l =
E ZFH M=

6) d=5cm, d=10cm, d=20cm and d=50cm Of CH38H 3)~5) =&

7) AA B/ REA[ AR S, 2E2to| dof| CHOH %[ 43] =

ERO| URAH A O 7[X| 2ot ERAH ™A Es= HEHEHCZE oot 252 M- 45t
=X O &2 7|F

ca.1lm
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18 8 A FHE S7H0] et SEHCE, UL, etc) Al Z4F =712

A o

Jt1|°"‘ 7I-’-.f— .%*%
> "E'E% ‘099 HE| HE X|AUZ R MEF Z2MHEE FTISI0] QHFOIZ FE AlH
Ql =2}l MEX| 2l 22 QA S ME](Robot Safety Center)E T+5 61 7HQUX| A 2 £ ¢t
MY ASTIES N
> YLE0|AM = 0|0] oAl M 150 13482 2 2 H|E Q1 F (certificate) A2

(Cyberdyne At2| HAL series 3%, Panasonic Resyone, RT works Robot A55|st walker)
> FE2150 13482:20148 7| A& 2t (Machinery

Safety) EUX| & MD2006/42/EcOll Z3IFZHL 2 SXY,

Z| 2 SE0AM = 7HUX| & 2 X M| F 0| cE Marking=

_9_?-0'-7' AI IFOI- <stzt> <0|=>
> O|=t EESF x| 2 Self balancing robot (*ﬂ:l-r-“ o] &)t

#2 B5d 220f Clolf uL AHTHQA S S A &HSHH

N2zt =
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> L XX ISO 13482 34 215 Al
(2020.09)

-
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Cleaning robot Manipulatio Dual robotarm
navigation performance performance  performance & safety

HRI
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safety performance Salt spray time reliability IPtest
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+* 1SO 18646-1:2016 Robots and robotic devices -- Performance criteria and related

test methods for service robot -- Part 1: Locomotion for wheeled robots
Rated speed, Stopping characteristics, Maximum slope angle, Maximum speed on the slope, Mobility over
the sill, Turning width

+* 1SO 18646-2: 2019 Robots and robotic devices -- Performance criteria and related

test methods for service robot -- Part 2: Navigation
Pose accuracy/repeatability, Path accuracy/repeatability, Obstacle detection, Obstacle avoidance

+»» 1SO/DIS 18646-3 Robots and robotic devices -- Performance criteria and related test

methods for service robot -- Part 3: Manipulation
Finger strength, Grasp strength, Slip resistance, Touch sensitivity, Finger force tracking, Finger manipulation

+»* 1SO/DIS 18646-4 Robotics — Performance criteria and related test methods for
service robots — Part 4: Lower back support robots
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18646-1 Locomotion for wheeled robots

> Contents

1.

2.
3.

© oo ~N O

Scope

Indoor environment(&! LI 2t Z) 0Bt H &

Normative references
Terms and definitions

AAXT B X 42!, Turn, pivot turn, spin turn, turning width

Test condltlons
RII2E (MM 10-30%), Al
(ISO 7176-13 SH LRI &)=

Ol AL 2 =X

— o/ /| I

Rated speed

Stopping characteristics
Maximum slope angle
Maximum speed on the slope
Mobility over the sill

10 Turning width

g2 Z|/EX U
A 0] Ot X1|7‘Xf7f
X[ Off Tk
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18646-2 Navigation

> Contents

1.

2.
3.

O N OO

Scope

Indoor environment(& LH 2t &) 0l Bt & &, mobile platform SlEf 202t &=
Normative references

Terms and definitions

Navigation, cluster, barycenter

Test conditions

QI 2= (EM 10-30%), A THE £ (0-80%), Z=H (100-300 lux 01
& H = 0.75~1.0 (ISO 7176-13 =S H L EHI| &)= 2= HEHot ) EEHet A,

M0 S MO HALCER £

Pose characteristics

Path characteristics
Obstacle detection
Obstacle avoidance .
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18646-3 Manipulation

» Contents
1. Scope

MBI A 232 2| manipulation & 5 & Jf
2. Normative references
3. Terms and definitions
4. Test conditions
5. Finger strength
6. Grasp strength
7. Slip resistance ISO/WD 18646-3
8. Touch sensitivity
9. Finger force tracking
1

0. Finger manipulation



Test setup for finger strength Test setup for turning doorknob (Round type)

Test setup for turning doorknob (Lever type)

Test setup for grasp strength

Load cell cylinder type
y

e

Test setup for opening a hinged door Test setup for opening a sliding door

1 3300mm |

900mm

wwogz
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ISO/CD 18646—-4 Lower back support robot

** Lower back support robot

* Rate of Assistance[%]
ref
_ fttlz Th (f)dt—fttlz T (t)dt

t ref
feftn — ®de
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