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FOREWORD

2020

ational electrotechnical committees (IEC National Committees). The object of IEC is to promote ifntern
bperation on all questions concerning standardization in the electrical and electronic fields. To_this ¢

baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental'organizations

prising
ational
nd and
eports,

Their
alt with
iaising

with) the IEC also participate in this preparation. IEC collaborates closely with the International Organizafion for

Sta

2) Thqg formal decisions or agreements of IEC on technical matters express, as nearly-as possible, an interr
consensus of opinion on the relevant subjects since each technical commiittee has representation f
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use”and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to‘ensure that the technical content
PuRblications is accurate, IEC cannot be held responsible for the\way in which they are used or
misjnterpretation by any end user.

4) In

trarjsparently to the maximum extent possible in their national and regional publications. Any divergence b
any| IEC Publication and the corresponding national or regional publication shall be clearly indicated in thd

5) IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con

ass
ser
6) Al

7) No
me
oth

expenses arising out of the publication), use of, or reliance upon, this IEC Publication or any other IEC Publi

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica

indi

9) Attgntion is drawn to the/pessibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shall not bé held responsible for identifying any or all such patent rights.

The main task of 1EC technical committees is to prepare International Standards. Howe

techn

data of a different kind from that which is normally published as an International Standa

exam

hdardization (ISO) in accordance with conditions determined by agreement betw€ens/the two organiza

rder to promote international uniformity, IEC National {Committees undertake to apply IEC Publi

essment services and, in some areas, access,toMEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

isers should ensure that they have the latést edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual expe|
nbers of its technical committees and“EC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg

[spensable for the correct application of this publication.

cal committee may propose the publication of a technical report when it has col

ple,"state of the art".

ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
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cations.
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patent
ver, a

ected
rd, for

IEC TR 62998-2, which is a Technical Report, has been prepared by IEC technical committee
TC 44: Safety of machinery — Electrotechnical aspects.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
44/849/DTR 44/865A/RVDTR

Full information on the voting for the approval of this technical report can be found in the report
on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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This document is to be used in conjunction with IEC TS 62998-1:2019.

A list of all parts in the IEC 62998 series, published under the general title Safety of machinery,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

reconfirmed,

withdrawn,

replaged by a revised edition, or
amenged.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indigates
that|it contains colours which are considered to be useful for the-correct understanding
of its contents. Users should therefore print this document using a colour printer
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INTRODUCTION

Safety-related sensors are applied to machinery presenting a risk of personal injury. They
provide protection by causing the machine to revert to a safe condition before a person can be
placed in a hazardous situation.

IEC TS 62998-1:2019 is intended for use by safety-related sensor manufacturers and
integrators of safety-related sensors for the design of safety-related sensor systems used for
the protection of persons.

This document gives guidance for manufacturers and integrators on the application of IEC TS

62998-1:2019.
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cope

This document establishes guidance for the application of IEC TS 62998-1:2019.

It pro

ides examples of:

— application for which SRS/SRSS are relevant,

— usle of SRS/SRSS information from an application point of view,

— fu

sion of SRS into SRSS for given applications, and

— appropriate information for use for given applications.

2 N

lormative references

The fqllowing documents are referred to in the text in such amway that some or all of their c
constitutes requirements of this document. For dated reférences, only the edition cited af
For yndated references, the latest edition of the,\referenced document (including

amen

IEC T
perso

3 T

iments) applies.

S 62998-1:2019, Safety of machinery —(Safety-related sensors used for protect
hs

prms, definitions and abbreviated terms

For the purposes of this documet, the following terms and definitions apply.

ISO a
addre

3.1
3.1.1

hd IEC maintain terminological databases for use in standardization at the foll
5ses:

C Electropedia:available at http://www.electropedia.org/

O Online-browsing platform: available at http://www.iso.org/obp

Terms and definitions

bntent
plies.
) any

on of

pwing

mobile robot

robot

able to travel under its own control

[SOURCE: ISO 8373:2012, 2.13, modified — The note has been omitted.]

3.1.2
robot

actuated mechanism programmable in two or more axes with a degree of autonomy, moving

within

its environment, to perform intended tasks

[SOURCE: ISO 8373:2012, 2.6, modified — Notes 1 and 2 have been omitted.]
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Abbreviated terms
container-handling equipment
P as low as reasonably practical

LiDAR light detection and ranging

MOR
TOF
SLAM
SRS

meteorological optical range
time of flight
Simultaneous Localization and Mapping

safety-related sensor

SRS
SCS

Fomh [y ! +
odITly=ITIdlCU STTISUT SYySICTITI

safety-related control system

4 Applications for mobile robots

4.1

This €
SRSS
safety
are 24
auton
follow|
mobil

NOTE
"mobilg

Two ¢

transg
clean
Figurg

or apy
contrg

General

in accordance with Clause 6 of IEC TS 62998-1:2019 to_improve sensing zone

bmously in a public area with limited access. The (feader should be aware th
ng descriptions are not based on comprehensive_ analysis and are only exampl
e robotics.

robot" will be used from now on.

ort of in-house mail items among\office buildings of the university, and
ng of pavements of the university.

roaching the safety related zone(s) of an SRSS should be detected and the safety-r
| system should initiate appropriate reaction of the mobile robot.

Figure 1 — Outdoor scene

xample covers the integration and installation phase using fusion of three SRSs ipto an

s and

-related zones in accordance with requirements for the intended use. The intended uses
different mobile robot types, in accordance with\ISO 13482:2014, that operate

at the
bs for

ISO 13482:2014 covers mobile robots operating in<ap autonomous manner. For simplification, tHe term

ifferent mobile robots operate on a certain university campus with buildings to achieve:

1 shows the typical outdeer pavement of a university campus. Person(s) being present

elated
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SRSS on mail transport mobile robot

Intended use

The intended use should be determined (see 6.2.1 of IEC TS 62998-1:2019) by the integrator.
It is defined by the following selected example items:

1) The mobile robot is a Type 1.1 robot specified in ISO 13482:2014 with a weight of 30 kg
and size of length: 500mm x width: 500mm x height: 600mm.

2) The mobile robot automatically navigates the pavement connecting the university office
buildings. The path of the robot is predetermined according to the map created by SLAM

te

chnology [1]1 and physical constraints. The map includes position information for o

jects

th
to
m

3) Th
a)
b)
c)

d)

4) Tt
a)

b)

5) TH

at are fixed along the pavement, such as guardrails, building walls, trees, etc. By ref
the map, the robot determines its own restricted space (ISO 13482:2014, 3.18.2)
bving.

e mobile robot moves during daytime on non-carriageways where:
light vehicles such as bicycles are not allowed to enter;
wheelchairs can enter;

pavements are smooth paved with slopes of up to 5 degrees‘\in"some areas, as g
in Figure 1;

standing or walking people on the pavements are adults@nd/or children. Children
and including 3 years are assumed to be controllediand children from 4 years
including 10 years are assumed to be accompanied by adults. An adult mig
accompany children over 10 years up to 14. Forthe purpose of this example, the
of a person towards the mobile robot is assumed to be between 0 mm/s and 800
if the person enters into the safeguarded zone.

NOTE The speed in this example deviates from SO 13855:2010 under the assumption of different
behaviour in this application. For other applications, faster or slower speeds might be more appropri
the campus, people are informed by orgahizational measures and warning signals that running

e mobile robot:

protective stop zone (seé Figure 2);

is intended to reduce-the speed when a standing or walking person moves in
safeguarded zong'(see Figure 2);

is driven with-a_speed up to 700 mm/s reduced by the safety related speed c
function down-to 300 mm/s;

can reduce speed within 0,5 s from 700 mm/s to 300 mm/s, and another 0,2 stor
to zero speed;

is ihtended to be used in the daytime.

e.outdoor environmental conditions during operation:

allowed in the areas where mobile robots>are present. Other examples of properties are given in 4.2.4.

erring
while

hown

under
up to
nt not
speed
mm/s

human
Ate. On
is not

is intended to make a protective stop when a standing or walking person comes into the

o the

ontrol

educe

a)
b)

can be up to 10 mm/h precipitation;

can have light interference representing daytime.

1 Numbers in square brackets refer to the Bibliography.
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Protective stop zone

IEC

The mgbile robot has two distinctive zones, in accordance with ISO 13482:2014. The protective stop zone| where
the mobile robot performs a protective stop, and the safeguarded zone, where a safety-relatéd speed control function
is perfqrmed when a safety-related object is detected. In accordance with IEC TS 62998-1:2019, the protectiye stop

zone and safeguarded zone would be safety-related zone(s).

4.2.2 SRSS performance class determination

Figure 2 — Mobile robot with 2 distinctive safety-related zones

In thel chosen approach, using ISO 13482:2014 the required performance level of the gsafety
functipns of a Type 1.1 mobile robot is PL b, in accordance with ISO 13849-1:2015. The gafety
functipns include the protective stop function, thessafety-related speed control functiop, the
hazarfous collision avoidance function, and the ttavel surface detection function in accorflance

with IO 13482:2014, which will be initiated bythe SRSS.

The rg¢quired performance class of the SRSS corresponding to PL b is the sensor performance

class B specified in IEC TS 62998-1:2019.

4.2.3 SRS limits of use and SRSS function
The
1.

RSS consists of three SRSs defined by the manufacturer as follows (see Figure 3)

SRS1: a 2D LiDAR suitable to be used up to PL b, in accordance with ISO 13849-1]2015,
winich allows the detection of persons and other safety-related objects and the measurg¢ment
of| their positions-/and velocities with high accuracy. The systematic capabilities are
agsessed in daccordance with IEC TS 62998-1:2019. The sensing zone is up to a radius of
7 P00 mmsanhd a viewing angle of 270°. The detection capability is given for safety-r¢lated
ohjects with’the properties: minimum size 40 mm x 40mm; minimum object reflectivity 5 %;
maximum object speed 1 600 mm/s. The response time is 0,05 s. Use in indoor and oytdoor
environmental conditions is possible within defined limits.

SRS2: a TOF camera suitable to be used up to PL b, in accordance with ISO 13849-1:2015,
which allows detecting parts of 3D volumes of persons, road surface, and other safety-
related objects using 3D imaging technology. The systematic capabilities are assessed in
accordance with IEC TS 62998-1:2019. SRS2 is capable of measuring the position and
velocity of objects within the 3D sensor coordinate system. The sensing zone is up to
4 000 mm and vertical and horizontal field of views angle of 60° and 70°, respectively. The
detection capability is given for safety-related objects with properties: minimum size
40 mm x 40 mm x 40 mm; minimum object reflectivity 5 %; maximum object speed
1600 mm/s. The response time is 0,05 s. It is possible to distinguish a paved road surface
and other objects three-dimensionally. Use in indoor and outdoor environmental conditions
is possible within defined limits.

SRS3: the same specification as SRS1.
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SRSS

SRS2
3D-TOF

60° vertical
707 harizontal

Safety related function 1

to detect persons and
hazardous objects in a safety
related zone used to initiate the
protective stop function of the
robot

Decision information
confidence information

Safety related function 3

to detect the geometry of the
travel surface in a safety related
zone used to initiate the travel

Decision information
confidence information
-

Robot control
system.

Contains SC S.

SRS1
2DtLidar
27p°

>Ultacc UCtELleUII Tarncuorrorme
robot

SRS3
2DtLidar
27p°

Y

Y

Fusion of
SRS1 + SRS3

Into safety
related zone to
2D 360°

Safety related function 2

to detect persons and
hazardous objects and to
provide their position(s) in a
safety related zone used to
initiate safety related speed
control function and the
hazardous collision avoidance
function of the robot

Measurement information
confidence information

-

Automation related function

to provide 3D point cloud with
timestamp in the robot
coordinate system for‘SLAM

Adtomation related information
3D data-history
(3D-cloud + timestamps) _ |

Figure 3 — Combination of three SRSs into an SRSS and SRSS functions

The tgrget applications require four SRSS functions (see Figure 3):

o | Safety-related function 1:to detect persons and hazardous objects in the protectiv
zone for initiating the profective stop function specified in ISO 13482:2014, 6.2.2

Executla:

SLAM
nayigati
path con
steering cd
speed cof

n,
rol,
ntrol,
trol,

IEC

e stop
3.

o | Safety-related function-2: to detect persons and hazardous objects and to provide their

positions and velotities as safety-related information for the safety-related speed G
function and/orithe'hazardous collision avoidance function specified in ISO 13482
6.4 and 6.5.2(1,

ontrol
2014,

o | Safety-related function 3: to detect the geometry of the travel surface of the robpot as

specified(in ISO 13482:2014, 6.5.3. When a travelable surface is observed

traveling direction of the robot, the robot can move forwards. If the robot n
baCkwards, the road surface that it has already travelled is definitely present, so this
function is not required.

n the
noves

e Automation related function: to provide 3D point cloud with timestamp in the robot
coordinate system for SLAM.

4.2.4 Safety-related requirements

The SRSS safety-related requirements should be specified by the integrator (see 6.2.1 of
IEC TS 62998-1:2019) based on the intended use. For example, see the requirements defined

in Table 1.
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Table 1 — Safety-related requirements

Term Requirement Details

SRSS performance class B See 4.2.2

Intended to be integrated from SRS
of the same performance class B

Demand rate of SRSS safety 10/h

related function(s)

SRSS response time 0,1s

SRSS detection capability e.g. Person related properties: See 4.2.5
OiLeb IUPIEDBIIliIIg d a-yedr-oid

person in an upright position.
Minimum reflection value 5 %
Speed 800 mm/s

e.g. Hazardous object properties:
Sizes representing wheelchair
Minimum reflection value 5 %
Speed 800mm/s

SRS{ sensing zones e.g. Safety related zones See 4.2.6
2-dimensional; 360° with SO = 656
mm and S,= 1 255 mm;
3-dimensional; vertical and
horizontal field of view 60°; Wwith So
=656 mm and §,= 1 255 mm;

4.2.5 Object classes and physical properties

The §RSS detection capability should be specified by the integrator in accordance with| 6.2.3
of IEG TS 62998-1:2019. The followifig specific examples are considered.

Objectt classes to be analysed are:

1) objects used to perform' the person detection function;
a)| supervised childfen up to and including 3 years;
b)] accompanied children between 4 years and including 10 years;
c)| unaccompanied children between 11 years and including 13 years;
d)| adult\persons from 14 years.
2) objects used to perform the hazardous object function;

a) wheelchairs.
3) objects used to perform the automation related function
a) landmarks used for navigation.

Furthermore, only the properties of an accompanied standing or walking child will be analysed
for the safety-related function 1 and safety related function 2.

For safety related function 2, the limit that SRS2 detects is the forearm of a 4-year-old child.
The simplified shape is estimated as cylinder with a diameter of 40 mm or more and a length of
200 mm.

NOTE 1 The 5th percentile value of the hand width and the hand length of a Japanese 4-year-old child is 49 mm
and 107 mm respectively. There is no arm length data for the child [2].
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For safety-related function 1, the lower limbs of a 4 year-old-child are used to identify the
minimum size. The simplified shape is estimated as cylinder with a diameter of 50 mm in
mounting height of SRS1 and SRS3.

NOTE 2 The 5th percentile value of circumference is estimated based on Data for Japanese Children measured for
calf and ankle [3].

For the safety-related function 3, performed by SRS2 of the SRSS, the travelling surface to be
detected is a continuous flat surface or smooth curved surface with a slope of 5° or less in front
of the robot.

NOTE 3 SRS1 may detect the road surface as a hazardous object at the entrance to the slope. Other measures
might He put in place to prevent a permanent stop of the mobile robot.

The nminimum diffuse reflectivity used as representation for a person, a hazardous ‘object, and
a travel surface is assumed to be 5 % or more at the wavelength used by each SRS.

NOTE # The 5 % minimum reflectivity value is taken for a safety function of PL b following/the ALARP prjnciple.
Many dtandard LiDAR sensors state 10 % as minimum reflectivity value in security and automation applications, or
6% migimum reflection value is required for person detection with sensors used on aGtomated guided veh|cles in
accordgnce with B56.5:2012. In general, additional validation in the application capybetequired for mobile| robots
within information for use as a possibility to test appropriateness of used object properties or stated perfomance
(e.g. speed of objects or minimum reflection value). The minimum reflectivity value‘is discussed specifically| taking
care of|the situation that many people using sensors for person protection in machinery are focused on it. The|reader
of this document is asked to consider that detection capability of SRS is ofteh/based on a combination of dffferent
properffies and not a single one taken for deterministic analysis. For example, a combination of low reflectiop value
with small object size and maximum assumed speed can be estimated asJof very low probability. The practifal use
and thg combination of properties, under consideration of their probability distribution, is an increasing challenge in
applications of SRSs and SRSS.

The dpeed of persons moving during daytime towards the mobile robot is assumed |to be
800 mm/s.

NOTE p Persons moving over the university are informed that mobile robots are in progress and that they are
requiref to stay at a distance from them.

For the automation-related functioncof the SRSS, all objects within the SRSS sensing| zone
representing reliable, fixed landmarks on the mobile-robot travelling path will be identified within
a progedure during the starting-of -operation.

4.2.6 Sensing zones

The |ntegrator should-specify the SRSS sensing zones in accordance with 6.4.4 of
IEC T|S 62998-1:2049:

The mounting_position and the sensing zone of each SRS, and the improved safety-related
zonegq of thetSRSS after fusion, are shown in Figure 4 and Figure 5.

SRS 1Lahd—SRS3—are—mountedhorizontally—on—theleft frontand—the—rightrear—oftherobot,
respectively, at a height of 200 mm from the ground level. By mounting SRS1 and SRS3 to the
opposite corners of the robot, it is possible to observe the entire circumference of the robot
without blind spots.

SRS2 is mounted at the centre of the front of the robot at a height of 400 mm to measure in the
direction of robot’s movement. It enables detection of safety-related objects above the detection
plane of SRS1 and carries out the travel surface detection function.

The mounting positions of the SRS are calibrated with a dedicated calibration tool before use.
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Figure 5 — Mounting positions and sensing zones of the SRS
and safety-related zones of SRSS

The safety-related zones of the SRSS correspond to the protective stop zone and safeguarded
zone of the robot. They are defined by distances Sy and S, respectively from the robot's outer

surface, as shown in Figure 4.
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NOTE This is not in accordance with informative Annex C of ISO 13482:2014, which references the centre point of
the robot and not the outer surface. To prevent confusion for the typical, assumed reader of this document, the
calculations are based on concepts of ISO 13855:2010 as referenced in normative Subclause 5.10.8.3 of
ISO 13482:2014. Concepts of ISO 13855:2010 are adapted in accordance with the results of an assumed, exhaustive,
application specific risk assessment. Existing calculations in accordance with ISO 13855:2010 seem to be developed
often under consideration of "high" performance classes like PL d respective SIL 2 and parameters considered out
of context (e.g. speed without consideration of direction of movement, stopped hazardous movement when hazardous
point is reached or bending over of a human body during movement).

Sy is a minimum distance between the mobile robot and a safety-related object. It is assumed

to be calculated based on concepts of ISO 13855:2010 and application of the specific risk
assessment in accordance with ISO 12100 as follows:

So :KXT+C+M:(V;’—stop"'Vobj)X(TSRSS +7;)+300 mm+ M (1)

Wher¢ ¥, gi0p is @ maximum speed of the robot when initiating a protective stop, Vo fis the
appropching speed of the object, Tgrgg and 7, are the response times of ¢the’ SRSS and the

robot respectively, and M is the measurement uncertainty determined in agcordance with|4.2.8,
which|can be half value of the coverage intervals around the measurement distance (for yalues
see Thble 2 of this document).

The djstance C is an additional distance in millimetres, based ©n intrusion towards the danger
zone |prior to actuation of the protective equipment ifi "‘accordance with concepts of
ISO 1B3855:2010. The value of C is the result of an analysisof potential hazards for the|lower
limbs| For upper limbs, there is no significant hazard die to the characteristic of the mobile
robot.

NOTE p If it is significant, an additional stopping distance ¢an be considered when S is calculated.

S, specifies the safeguarded zone where the robot is moving with maximum speed V| quce
when |initiating the safety-related speedccontrol function for speed reduction down to Nr-stop-
The fgrmula for the calculation is as follows:

St =(Vrreduce + Vobj ) <(Tsrss +17) +C+ M (2)

The spfety related zones of the SRSS sensing zone are determined as follows:

656 mm
1255 mm

Sg ={300 mm/s + 800°mm/s) x (0,1s + 0,2 s) + 300 mm + 26 mm
Sy ={700 mm/s800 mm/s) x (0,1 s +0,5s) + 300 mm + 55 mm

The aptomation related zone of the SRSS is the union of the sensing zones of the SRS.

4.2.7 Dependability under environmental influences

The SRSS integrator should specify the limits of all relevant environmental influences (see 6.2.5
of IEC TS 62998-1:2019).

In the following, the integrator verified that no failure to danger occurs and normal operation is
achieved within the specified limits for the environmental influences of precipitation and direct
sunlight in 4.2.1.

NOTE Further information is given in Annex F of IEC TS 62998-1:2019 for environmental influences and the use of
environmental classes in accordance with IEC 60721 series.
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4.2.8 Safety-related information

The SRSS integrator should specify logic functions performed in a processing unit of the SRSS
and should specify the safety-related information provided by the SRSS (see 6.2.6 of
IEC TS 62998-1:2019). Examples of safety-related information are given in the following
paragraphs.

The SRSS provides safety-related information as output signals. The safety-related information
(see Figure 3) of the SRSS consists of:

decision information relating to safety-related function 1, binary;

deCiSi I illfUlIIldiiUll IUidtUd tU bafciy-lciatcd fullbﬁUll 3, II.Jilldly,
measyirement information related to safety-related function 2, n-ary;

confidence information for all safety-related function, n-ary.
The aptomation-related information of the SRSS output functions consists of:
point gloud for SLAM, n-ary;

The ¢onfidence information provided within the information fdr<use as stated by the
manufacturer is as follows:

For each SRS the stated performance class is B. The requiréd one for the SRSS is also B.

The gtated coverage probability or decision probability is 1 - 1076, The required dne is
determined in accordance with Formula (1) in IEC 1S%62998-1:2019 as follows:

coverage probability or decision probability *> 1 — (upper limit PFH corresponding to
SRS/SRSS performance class B)/(the application-specific demand rate) = 1 — 107° /
10=1-1076.

The mpanufacturers provide results of ‘eonfidence information of each SRS depending gn the
detection distance. The value of the coverage interval is determined statistically from the
uncergainty of the SRS.

In addition to the information for use provided by the manufacturer, the integrator is perfgrming
their pwn measurements.in accordance with Figure 6. The tests are carried out using ja test
piece|with about 5 % (reflection value. The experimental results obtained by measurirpg the
uncerainty of SRS1'and 3 and SRS 2 result in a standard deviation of 76,29 mm (SRS1 and 3)
at 7 n) distance and*48,24 mm (SRS2) at 4 m distance.

Becayse the-coverage interval corresponding to the coverage probability 1 — 1076 is calctyilated
as 2 1 4,894, assuming that SRS1 and SRS2 use this LIDAR and TOF camera as sensof units
respeftively, the coverage interval of SRS1 at a distance of 7 mis 2 x 4,89 x 76,29 = 746,10 mm
(£373,05 mm) and the coverage interval of SRSZ at distance 4 m is Z x 4,89 x 48,24 =
471,75 mm (235,88 mm). These values are below the ones provided by the SRS manufacturer
within the information for use. For calculations in 5.2.6, the integrators decide to use the ones
stated in Table 2.
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Table 2 - Example of confidence information for SRS

Distance Coverage probability Coverage intervals Coverage intervals

of SRS1/3 of SRS2

[m]
[mm] [mm]

1m 1-107% 51,67 62,89
2m 1-107% 53,43 110,60
3m 1-1076 57,37 232,46
4m 1-10° 72,08 471,75
5m = |U_R 77,08
6 m 1-10° 106,17 -
7m 1-107° 746,10 -

NOTE | For calculation of M in Formulas (1) and (2), the half value in accordance with (Tiable 2 is used unfer the
assumption that a normal distribution can be claimed.

0,06T T 450

LIDAR

—G U +c
0,05
0,04 300
0,03
0,02 150
0.01 1 6 049,28
c:10,86

O - ~— -—

5900 5950 6 000 6050 6 100 6 150 6200

[mm]

IEC

Figure 6. < Examples of measurement data for evaluation of coverage interval

4.2.9 Verification and validation

Th ARAOQ ot n I} Lol o (W] [N o) oo oQ & (] ) fo0.Q 6 2 4
e SNROOo mneyratur STTtuuta veTiTy altu7ur vdaiitudalic uic Noo 1T actluruaricc willt U.2.9, L.
270

and 6.2.7 of IEC TS 62998-1:2019.

A normal operation laboratory test of the safety-related function 1 and 2 as example for
verification of an SRSS is given in the following.

Test setup for normal operation test is as follows:

SRS1, SRS2, and SRS3 are mounted at predefined positions of the robot with the brackets, as
defined by the manufacturer;

the safety-related zones described in 4.2.6 are determined as Sy = 656 mm and S; = 1 255 mm;
as described in 4.2.5, a black cylinder with diameter 40 mm, height 200 mm and surface

reflectivity 5 % is chosen as the test piece representing safety-related object properties for
children.
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Figure 7 illustrates the example of the test setup. The linear slider is placed at a location that
intersects the protective stop zone and/or the safeguarded zone of the SRSS.

Exempl|ary top view

Test procedures are as follows:

1)
2)
3)
4)

5)
6)

7)

8)

During further verification by the integrator, it was determined that the SRSS can be used
the limifs’of use as defined by the manufacturer of each SRS.

Protective
stop zone

~

{SRSL%

Safeguarded
zone

Linear slider

—

pst piece
(person)

IEQ

Figure 7 — Test setup

Power on the SRSS.
Construct the map to register test equipmént such as the linear slider.
Place the test piece on the linear slideft

rejative speed.

Re¢cord the safety-related information of the SRSS and the motion of the linear slide
timestamps.

Power off the SRSS.

Change the relativeocations of the linear slider and repeat from at least the test
apgproaches from _the front, left, right, rear of the robot covering all field of views
different SRS.and relevant speeds of the test piece.

Srrt to move the slider and let the test piece enter the safety-related zones at the ma

Analyse the recorded safety related information and the slider motion.

imum

r with

piece
bf the

within

4.2.10 Information for use of the SRSS

This subclause describes the documentation of the limits of use in accordance with 6.2.2 of
IEC/TS 62998-1:2019. Table 3 shows examples for the limit of use of an SRSS documented in
the information for use of the SRSS.
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Table 3 — Information for use of the SRSS

Clause(s) of IEC Overview of information for Information for use of the SRSS
TS 62998-1:2019 use to be provided

The SRSS performance class is B in accordance with IEC TS
62998-1 to achieve the level of safety performance PL b in
accordance with ISO 13849-1:2015.

4.3 The supplier should state the
SRS/SRSS performance class
and the level of safety
performance (PL, SIL or SIL CL)
and the referenced standard.

592 The SRSS function should be Safety-related function 1: to detect persons and hazardous
defined by the manufacturer in objects in the protective stop zone for initiating the protective
accordance with general stop function specified in ISO 13482:2014, 6.2.2.3.

description of Table 2 of IEC TS Igafas lotad £

tH 2% dat rs P~ Y
Safety-retated—fureton—2—to—detectpersons—eand—hazardous

62998-1:2019. objects and to provide their positions as safety\ felated
information for the safety-related speed conitrol, fiinction
and/or the hazardous collision avoidance funection specified
in ISO 13482:2014, 6.4 and 6.5.2.1.

Safety-related function 3: to detect the geometry of thq travel
surface of the robot, which is specifiedyin ISO 1348%:2014,
6.5.3. When a travelable surface is-obsérved in the trgvelling
direction of the robot, the robot cam move forwards] If the
robot moves backwards, the road’surface that has glready
travelled is definitely present,'so this function is not refjuired.

Automation-related function: to provide a 3D point clolid with
timestamp in the robot’cooerdinate system for SLAM.

Achieved by SRS1 ‘and SRS3 as part of the SRSS. Mgximum
size is of a radius.of 7 000 mm and a viewing angle ¢f 360°
horizontally and’0.5° vertically.

Achieved By SRS2 as part of the SRSS. Maximum size is of
a radiushof*4 000 mm and vertical viewing angle of 60° and
horizontal viewing angle of 70°.

5.5 The supplier should provide
information on the sensing
zone(s) if applicable.

Fof«details, see Figure 4.

5.6 Specification of safety related The safety-related zone "S,":
zones.

corresponds to the protective stop zone of the mobilg robot;
and
is used to perform safety-related function 1 of the SRYS; and
is 2-dimensional; 360° with S0 = 656 mm; 200 mm|above
ground.

The safety-related zone "S,":
corresponds to the safeguarded zone of the mobile robpt; and

is used to perform safety-related functions 2 of the [SRSS;
and

is 3-dimensional; vertical and horizontal field of view 6Q°; with
S1= 1255 mm; 400 mm above ground, and

is 2-dimensional; 360° with S1 = 1255 mm; 200 mm|above

around
=)

For details, see Figure 4.

5.7 Specification of automation The automation related zone of the SRSS is the union of the
zones if applicable. sensing zones of the SRS

NOTE As example only the rows 1 to 5 of Table 7 of IEC TS 62998-1:2019 are used.

4.3 SRSS on cleaning mobile robot
4.3.1 Intended use

The intended use should be determined (see 6.2.1 of IEC TS 62998-1:2019) by the integrator.
It is defined by the following selected example items:
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1) The mobile robot is a Type 1.2 robot specified in ISO 13482:2014 with a weight of 100 kg

and a size of length: 800 mm x width: 800 mm x height: 1 000 mm.

NOTE 1 In accordance with ISO 13482:2014, a type 1.2 robot is defined as large or not lightweight or fast or
with a manipulator.

2) The mobile robot automatically navigates the pavement connecting the university office

buildings. The path of the robot is predetermined according to the map created by SLAM
technology [1] and physical constraints. The map includes position information for objects
that are fixed along the pavement, such as guardrails, building walls, trees, etc. By referring
to the map, the robot determines its own restricted space (ISO 13482:2014, 3.18.2) while

m

3) Th

a)

oving.

campus is closed for public from 2 a.m. to 5. a.m. and cleaning will be done duri
night from 2 a.m. to 4 a.m. and only service people should be present;

b)] pavements are smoothly paved with slopes of up to 5° in some areas_ as shgwn in

c)

4) THe mobile robot:

Figure 1;

technology. The robot is not intended to be used on general pavements which have intersectio
carriageways. It is also not intended to run along such a carriageway with,an-intersection with a do
step towards different floors.

Standing or walking people on the pavements are instpucted adults over 18 year

safeguarded zone of a mobile robot.

NOTE 3 Further information is given in 4.3.4.

NOTE 2 There are also stairs where moving of robot is assumed as being suppressed by reliabld SLAM

hs with
vnward

5 with

a moving speed between 0 mm/s and 1600 mm/s\if the person enters info the

a)l is intended to make a protective stop wheh:a standing or walking person comes infto the
protective stop zone (see Figure 2);
b)| is intended to reduce the speed when a standing or walking person moves info the
safeguarded zone (see Figure 2)f
c)| is driven with a speed up te~700 mm/s reduced by the safety-related speed dontrol
function down to 300 mm/s;
d)| can reduce within 0,6 sfrom 700 mm/s to 300 mm/s, and another 0,3 s to reduce tp zero
speed.
5) Oditdoor environmental 'conditions during operation with:
a)| precipitation apto 10 mm/h;
b)| light interference on the campus during night-time.
4.3.2 SRSS performance class determination
In thel chosen approach, using 1ISO 13482:2014 the required performance level of the gafety
functipns’of a Type 1.2 mobile robot is PL d in accordance with ISO 13849-1:2015. The safety

functions include the protective stop function, the safety-related speed control function, the
hazardous collision avoidance function, and the travel surface detection function, which will be
initiated by the SRSS.

The required performance class of the SRSS corresponding to PL d is the sensor performance

class

4.3.3

D specified in IEC TS 62998-1:2019.

SRS limits of use and SRSS function

The SRSS consists of three SRSs defined by the manufacturer as follows (see Figure 3):

1) SRS1: a 2D LiDAR suitable to be used up to PL d in accordance with ISO 13849-1:2015;

SIL 2 in accordance with IEC 62061 and assessed to Type 3 in accordance with IEC 61496-
1, which allows the detection of persons. Additional systematic capabilities for the detection
of hazardous objects, positions of persons and hazardous objects and persons and the use
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2)

3)

The target applications require four SRSS functions (see Figure 3);

under outdoor environmental are assessed in accordance with IEC TS 62998-1:2019. The
sensing zone is up to a radius of 7000 mm and a viewing angle of 270°. The detection
capability is given for safety-related objects with the properties: minimum size 40 mm x
40 mm; minimum object reflectivity 2 %; maximum object speed 1 600 mm/s. The response
time is 0,05 s. Use in indoor and outdoor environmental conditions is possible within defined
limits.

SRS2: a TOF camera suitable to be used up to PL d in accordance with ISO 13849-1:2015;
SIL 2 in accordance with IEC 62061, which allows the detection of parts of 3D volumes of
persons, road surface, and other safety-related objects using 3D imaging technology. The
systematic capabilities are assessed in accordance with IEC TS 62998-1:2019. Capable of
measuring the position of objects within the 3D sensor coordinate system. The sensing zone
iS Up tU 4000 LILILLILL GIICII vclt;ua: (:IIICII hUI;LUIItG: f;U:dO Uf V;UVV allg:co Uf GCO a”d 70 . The
dgtection capability is given for safety-related objects with properties: minimum size 40 mm
x 40 mm x 40 mm; minimum object reflectivity 5 %; maximum object speed 1600 mm/s.
ThHe response time is 0,05 s. It is possible to distinguish a paved road surface’ and|other
ohjjects three-dimensionally. Use in indoor and outdoor environmental conditions is pogsible
within defined limits.

SRS3: the same specification as SRS1.

1) S4qfety-related function 1: to detect persons and hazardous, objects in the protective stop

zdne for initiating the protective stop function specified in 1ISO 13482:2014, 6.2.2.3.

2) S4gfety-related function 2: to detect persons and hazardous objects and to providg their

pgsitions as safety related information for the safety-related speed control function and/or
the hazardous collision avoidance function specified”in ISO 13482:2014, 6.4 and 6.5)2.1.

3) Sgfety-related function 3: to detect the geometry-of the travel surface of the robot, which is

sfecified in ISO 13482:2014, 6.5.3. When a.travelable surface is observed in the trayelling
difection of the robot, the robot can move\ferwards. If the robot moves backwards, the road
syrface that has already travelled is definitely present, so this function is not required.

4) Adtomation related function: to provide’3D point cloud with timestamp in the robot coordinate

4.3.4 Safety-related requirements

The

sylstem for SLAM.

3RSS safety-related requirements should be specified by the integrator (see 6.2.1 of

IEC TS 62998-1:2019) based on the intended use. For example, see the requirements defined

in Table 4.
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Table 4 — Safety-related requirements

Term Requirement Details

SRSS performance class D See 4.3.2.

Intended to be integrated from SRS
of the same performance class D

Demand rate of SRSS safety 1/h

related function(s)

SRSS response time 0,1s

SRSS detection capability e.g. Person detection properties: See 4.3.5.

e.g. Person related properties:

Sizes representing  18-year-old
person in upright position.

Minimum reflection value 5 %
Speed 1600 mm/s

SRSS

sensing zones e.g. Safety-related zones See 4.3.6.
2-dimensional; 360° with S, =
766 mm and S, = 1 965 mm;

3-dimensional; vertical and
horizontal field of view 60°; with S5

=766 mm and S, =1 965 mm.

4.3.5

The i
IEC T

Objec
1) ob

2) ob

3) ob
a)
The p

analy
functi

Object classes and physical properties

htegrator should specify the SRSS detéction capability in accordance with 6.1
S 62998-1:2019. The following specificiexamples are considered.

t classes to be analysed are:

jects used to perform the person detection function:
adult persons from 18.years.
jects used to perform-theé hazardous object function:
not applicable.
jects used to perform the automation related function:
landmarks used for navigation.
roperties”of a standing or walking employed person moving during night-time v

sed forthe safety-related function 1 performed by SRS1 and SRS3 and safety-r
bn2/performed by SRS2.

P.3 of

ill be
blated

For safety-related function 2, the limit that SRS2 detects is the forearm of an 18-year-old person.
The simplified shape is estimated as a cylinder with a diameter of 40 mm and a length of 200 mm.

NOTE 1

The sizes are based on ISO TR 7250-2:2010. 5™ percentile value of the forearm fingertip length is 390 mm,

and 147 mm wrist circumference. For simplification, a smaller cylinder is taken in this example as representation.

For safety-related function 1, the lower limbs of an 18-year-old person are used to identify the
minimum size. The simplified shape is estimated as cylinder with a diameter of 50 mm in
mounting height of SRS1 and SRS3.

NOTE 2 The sizes shown in ISO TR 7250-2:2010 are not representative for the mounting position of SRS1 and
SRS3. For simplification, the minimum size of 50mm was taken from IEC TS 61496-4-3 as representative for the

lower li

mbs.
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For the safety-related function 3 performed by SRS2 of the SRSS, the travelling surface to be
detected is a continuous flat surface or smooth curved surface with a slope of 5° or less in front
of the robot.

NOTE 3 SRS1 may detect the road surface as a hazardous object at the entrance to the slope. Other measures
might be set in place to prevent a permanent stop of the mobile robot.

The minimum diffuse reflectivity used as representation for an employed person, a hazardous
object, and a travel surface is assumed to be 5 % or more at the wavelength used by each SRS.

NOTE 4 The 5 % minimum reflectivity value for persons is taken based on an organizational directive in the
university for employed people working during night-time between 2 a.m. and 4.a.m. when the mobile robots are in
operatipn. CIOthes are provided by the University and people are mstracted.

The gpeed of employed persons during night-time is considered to be 800 mm/s~for safety
related-function 1 and 1 600 mm/s for safety-related function 2.

NOTE p In this example, it is assumed that, during night-time, employees might recognize fmebile robots lafer and
move faster from an unrecognized mobile robot. When a person enters the safety-related 'zofne S1, then adfitional
warning information will be provided by the mobile robot and reduced speed of a person is:considered in this eYample.

For the automation-related function of the SRSS, all objects within<the SRSS sensing| zone
representing reliable, fixed landmarks on the mobile robot's travelling path will be ideptified
within[a procedure during bringing into operation.

4.3.6 Sensing zones

The §RSS sensing zones should be specified by the ‘integrator in accordance with 6.2.4 of
IEC TS 62998-1:2019.

The mounting position and the sensing zone~of each SRS, and the improved safety-rglated
zonegq of the SRSS after fusion are shown in Figure 4 and Figure 5.

SRS1| and SRS3 are mounted horizontally on the left front and the right rear of the|robot
respeftively at a height of 200 mm frem the ground level. By mounting SRS1 and SRS3 fo the
oppodite corners of the robot, .it-is-possible to observe the entire circumference of the|robot
withodit blind spots.

SRS2|is mounted at the eentre of the front of the robot at a height of 400 mm to measure|in the
direct|on of the robot’s.movement. It enables the detection of safety-related objects aboye the
detection plane of SRS1 and carries out the travel surface detection function.

The mounting/positions of the SRS are calibrated with a dedicated calibration tool beforg use.

The spfety-related zones of the SRSS correspond to the protective stop zone and safegujarded
zone pfithe robot. They are defined by distances Sy and S, respectively from the rgpgt'g'outer

surface as shown in Figure 4.

NOTE This is not in accordance with informative Annex C of ISO 13482:2014, which references the centre point of
the robot and not the outer surface. To prevent confusion for the typical, assumed reader of this document, the
calculations are based on concepts of ISO 13855:2010 as referenced in normative Subclause 5.10.8.3 of
ISO 13482:2014. Concepts of ISO 13855:2010 are adapted in accordance with the results of an assumed, exhaustive,
application specific risk assessment. Existing calculations in accordance with ISO 13855:2010 seem to be developed
often under consideration of "high" performance classes like PL d respective SIL 2 and parameters considered out
of context (e.g. speed without consideration of direction of movement, stopped hazardous movement when hazardous
point is reached or bending over of a human body during movement).

Sy is a minimum distance between the mobile robot and a safety-related object. It is assumed

to be calculated based on concepts of ISO 13855:2010 and application-specific risk assessment
in accordance with ISO 12100 as follows:
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So =K XT+C+M =(Vigiop +Vobj )< (Tsrss + T )+ 300 mm+ M

3)

Where Vst Is @ maximum speed of the robot when initiating a protective stop, ¥, is a
detected approaching speed of the object, Tgrgg and 7, are the response times of the SRSS

and the robot respectively and M is the measurement uncertainty determined in accordance
with 4.3.8. The value of C is the result of an analysis of potential hazards for the lower limbs.
For upper limbs, there is no significant hazard due to the characteristic of the mobile robot.

NOTE 3 If it is significant, an additional stopping distance might be considered when S, is calculated.

Sq sp
when
formu

The a

4.3.7
The S

ECITies the sateguarded zone where the robot Is moving with maximum speed ¥,
initiating the safety-related speed control function for speed reduction down to ¥ lgio
Ja for the calculation is as follows:

S1= (Vr-reduce +Vobj)X(TSRSS +T)+C+M

bfety related zones of the SRSS sensing zone are determined: as follows:

= ({300 mm/s + 800 mm/s) x (0,1 s + 0,3 s) + 300 mm + 26 mm/= 766 mm
= ({700 mm/s + 1 600 mm/s) x (0,1 s + 0,6 s) + 300 mm 55 mm = 1965 mm

ptomation-related zone of the SRSS is the unionfofithe sensing zones of the SRS.

Dependability under environmental influences

RSS integrator should specify the limits:6f-all relevant environmental influences (se¢g

of IEG TS 62998-1:2019). Examples of safety-related information are given in 4.3.8.

In the
achie

following, the integrator verified that no failure to danger occurs and normal opera

interference on the campus in 4.3,1.

NOTE

Further information is givén in Annex F of IEC TS 62998-1:2019 for environmental conditions and thg

envirorimental classes in accardance with the IEC 60721 series.

4.3.8

The
and

Safety-related information

RSS integrator should specify logic functions performed in a processing unit of the
hould .§pecify the safety-related information provided by the SRSS (see 6.2

IEC TS 62998-1:2019). Examples of safety-related information are given in the foll
paragfraphs-

reduce

b. The

(4)

6.2.5

ion is

ed within the specified limits ‘for the environmental influences of precipitation and light

use of

SRSS
.6 of
pwing

The SRSS provides safety-related information as output signals. The safety-related information
(see Figure 3) of the SRSS consists of:

decisi

decisi

on information relating to safety-related function 1, binary;

on information related to safety-related function 3, binary;

measurement information related to safety-related function 2, n-ary;

confidence information for all safety-related functions, n-ary.

The a

utomation related information of the SRSS output functions consists of:

point cloud for SLAM, n-ary.

The confidence information provided within the information for use as stated by the
manufacturer as follows.
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For each SRS, the stated SRS performance class is D. The required one for the SRSS is also D.

The stated coverage probability (decision probability) is 1 - 1076. The required one is
determined in accordance with Formula (1) in IEC TS 62998-1:2019 as follows:

coverage probability or decision probability > 1 — (upper limit PFH corresponding to
SRS/SRSS performance class D)/ (the application specific demand rate) = 1 — 1076 /
1=1-1076.

The manufacturers provide results of confidence information of each SRS depending on the

detection distance. The value of the coverage interval is determined statistically from the
uncertairby-efthe-SRS-

oty O tTe LIAY

In addition to the information for use provided by the manufacturer, the integrator is\perfarming
their gwn measurements in accordance with Figure 6. The tests are done at 3m using [a test
piece|of about 5% reflection value. The experimental results obtained by .measuring the
uncerfainty of SRS1/3 and SRS2 result in a standard deviation of 5,87 _@mm (SRS1/3) and
23,77/mm (SRS2).

Becayse the coverage interval corresponding to the coverage probability 1 — 1076 is calctyilated
as 2 § 4,890, assuming that SRS1 and SRS2 use this LIDAR and"TOF camera as sensof units
respeftively, the coverage interval of SRS1 at a distance of 3. ris’ 2 x 4,89 x 5,87 = 57,37 mm
(£28,69 mm) and the coverage interval of SRS2 is 2 x 4,89 x 23,77 = 232,46 mm (116,23 mm).
Thesq values are below the ones stated by the SRS manufacturer. For calculations in 4.3.6,
the infegrators decided to use the ones stated in Table-2;

4.3.9 Verification and validation

As a gubset of the required verification and validation activities in accordance with Clausie 6 of
IEC TS 62998-1:2019, a test of resulting SRSS detection capability is shown as an example.

A nonmal operation laboratory test ofithe safety-related function 1 and 2 as example for
verifigation of an SRSS is given in the following.

NOTE | For simplification, only thertest set up using the 40 mm cylindrical test piece is described. This |is only
represgntative for test of safety-related function 2. For test of safety-related function 1, a diameter of 40 mnj would
be suff|cient.

Test 4etup for normal-operation test is as follows:

SRS1| SRS2, and:SRS3 are mounted at predefined positions of the robot with the brackdts, as
defindgd by the-manufacturer;

the sdfety-retated zones described in 4.3.6 are determined as Sy = 766 mm and Sy = 1 96p mm;

as de
reflec
children;

Figure 7 illustrates the example of the test setup. The linear slider is placed at a location that
intersects the protective stop zone and/or the safeguarded zone of the SRSS.

Test procedures are as follows:

1) Power on the SRSS.
2) Construct the map to register test equipment, such as the linear slider.
3) Place the test piece on the linear slider.

4) Start to move the slider and let the test piece enter the safety-related zones at the maximum
relative speed.

5) Record the safety-related information of the SRSS and the motion of the linear slider with
timestamps.
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6) Power off the SRSS.

7) Change the relative locations of the linear slider and repeat from at least the test piece
approaches from the front, left, right, rear of the robot covering all field of views of the
different SRS and relevant speeds of the test piece.

8) Analyse the recorded safety-related information and the slider motion.

During further verification by the integrator, it was determined that the SRSS can be used within
the limits of use as defined by the manufacturer of each SRS.

4.3.10 Information for use of the SRSS

This gubclause describes the documentation of the limits of use in accordance with6.R.2 of
IEC TS 62998-1:2019. Table 5 shows examples for the limit of use of an SRSS documented in
the information for use of the SRSS.
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Table 5 — Information for use of the SRSS

Clause(s) of IEC TS Overview of Information for use of the SRSS
62998-1:2019 information for use to
be provided
4.3 The supplier should The SRSS performance class is D in accordance with IEC TS 62998-

state the SRS/SRSS 1:2019 to achieve the level of safety performance PL d in accordance
performance class and with 1ISO 13849-1:2015.

the level of safety
performance (PL, SIL or
SIL CL) and the
referenced standard.

592 The SRSS functian Safety-related function 1: to detect persons and hazardous objects
should be defined by in thglpro‘tective stop z.one for initiating the protective stop flinction
the manufacturer in specified in ISO 13482:2014, 6.2.2.3.
accordance with the Safety-related function 2: to detect persons and hazardous pbjects
general description of  |and to provide their positions and velocities as* safety felated
Table 2 of information for the safety-related speed control funetion andjor the
IEC TS 62998-1:2019.  |hazardous collision avoidance function specified(in ISO 1348%:2014,

6.4 and 6.5.2.1.

Safety-related function 3: to detect the geometry of the travel gurface
of the robot, which is specified in ISO 13482:2014, 6.5.3. W}hen a
travelable surface is observed in the ttavelling direction of thq robot,
the robot can move forward. If the rebot moves backward, the road
surface that it has already travelled is definitely present, $o this
function is not required.

Automation related function: to provide 3D point cloud with time
stamp in the robot coordinate system for SLAM.

55 The supplier should Achieved by SRS1and SRS3 as part of the SRSS. Maximum (size is
provide information on of a radius of 7.000 mm and a viewing angle of 360° horizontal and
the sensing zone(s) if |05 °vertical.
applicable. Achieved by SRS2 as part of the SRSS. Maximum size is of aJradius

of 4 000 ;' and vertical viewing angle of 60° and horizontal \iewing
angle of 70°.

Forrdetails, see Figure 3.4.

5.6 Specification of safety __ |The safety-related zone "S0":
related zones. corresponds to the protective stop zone of the mobile robot; 4nd

is used to perform safety related function 1 of the SRSS, and

is 2-dimensional; 360° with S0 = 766mm; 200mm above ground.

The safety-related zone "S1":
corresponds to the safeguarded zone of the mobile robot; an

is used to perform safety related functions 2 and 3 of the SRS, and

is 3 Dimensional; vertical and horizontal field of view 60°; with S1 =
1965 mm; 400 mm above ground, and

is 2 Dimensional; 360° with S1 = 1965 mm; 200 mm above grjound.

For details. see Figure 4.

5.7 Specification of The automation related zone of the SRSS is the union of the
automation zones if sensing zones of the SRS
applicable.

NOTE As an example, only the rows 1 to 5 of Table 7 of IEC TS 62998-1:2019 are used.
5 Application for container handling equipment for harbour logistics

5.1 General

This example covers the integration and installation phase using fusion of three SRS into an
SRSS in accordance with Clause 6 of IEC TS 62998-1:2019. The goal is to improve the resulting
dependability and the resulting performance class of the SRSS with respect to each SRS. The
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ed use is safeguarding of an autonomous container-handling equipment (CHE) in a

harbour site where oversea containers are handled in a terminal area. The reader should be

aware

that the following descriptions are not based on comprehensive analysis and are only

exemplary for a harbour application with strict management and control.

Figure 8 shows an example of an application of the SRSS mounted on a CHE used to control
the motion in the presence of persons.

Presence of Person initiate Presence of Person
speed reduction of CHE initiate stop of CHE

5.2

5.2.1

/ /
.”"".’Q*” SRSS CHE

N -

Person CHE moving direction

IEC

Figure 8 — CHE application

SRSS for CHE

Intended use

The iptended use is determined (see 6.2.1 of IEC 18762998-1:2019) by the integraton. It is

defing

1) TH
h3
le

d by following selected example items:

e CHE is used to transport freight contaifters between a cargo ship and a storage site. It
s a weight of 50 tons maximum when loaded and the following | size:
ngth: 12,2 m x width: 2,4 m x height:%4,2 m (with container).

2) The CHE autonomously operates~in a restricted logistics area and uses odometry and
inductive markers to navigate. Rédestrian traffic is restricted to situations when specifically
ingtructed persons enter the site to do maintenance work.

3) Operation is 24 hours, 7 days per week:

a)l maintenance work. is- done only at specific times (e.g. 3 times per week) or on rare
occasions when-froubleshooting is required. The application specific demand rate is
assumed as t/day in operating area 1 of the CHE;

b)| the logistic.\site is separated into two distinct operation areas. Operation area [l is a
loading.@and storage area. It is a large and flat outdoor area with pathways and adjacent
container storage areas;

c)| operation area 2 (see Figure 9) is a transfer area to convey the containers between
[eading and storage areas. It is a wide and flat outdoor area where pathways, but no
storage or handling areas, are present. A CHE can move at higher speed in operation
area 2 and person access is further restricted. This results in a lower demand rate
compared to operating area 1;

d) trained persons can be present on the pathways within the operation areas, especially
in operating area 1. They are adult persons wearing clothing with reflective markers.
NOTE 1 Obstacles that could block the direct line of sight between a person and the CHE are not allowed.
The CHE monitors only the planned pathway and not the area left and right of its path.

NOTE 2 For simplification, movement of persons is not considered in the example of the CHE application.

4) The CHE:

a) is intended to stop completely when a person is at a distance of 4 m or less from the
vehicle (in the pathway) in operating areas 1 and 2;

b) is intended to reduce its speed upon detection of a person in its path in operating area

2. Slowing down starts at a relative distance of 13,32 m (see details below);
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5)

5.2.2 SRS limits of use and.SRSS function

The §RSS consists of three SRSs defined by the manufacturer as follows:

1)

2)

c) is driven with a maximum speed up to 20 km/h (5,56 m/s) in operating area 2;
d) is driven at a reduced speed of 9 km/h (2,5 m/s) in operating area 1;
e) route is planned in advance and thus the path taken is precisely known.

NOTE 3 For autonomous CHE, no C type standards are existing. All given requirements are assumed to
be based on investigation by the integrator.

NOTE 4 For simplification, only straight movement of the CHE is considered.
Specified outdoor conditions for this particular application:
a) temperature range —20 °C up to +40 °C;

b\ unta 10 mml/h nracing
—t Gt

PO o TPt

c)| fog up to a density of MOR = 30 m;
d)] ambient light up to 40 000 Ix (sunlight).

Operation area 1 Operation area 1

: i Operation area 2 [ T
' ': ) :
—) PN 5
] S | = | T ¢ - .
 E— d &9 .
— CHE pathway ’ & '
:' CHE : :
; I | s | AN ..o} ;
=) ]S ; :
() CHE pathway : :
— i H '

IEC

Figure 9,— Operation areas of CHE

SRS1: A multi-layer/laser scanner suitable to be used for risk mitigation up to PL b in
adcordance with SO 13849-1:2015, which allows the detection of persons. The systgmatic
cdpabilities arerassessed in accordance with IEC TS 62998-1:2019 for SRS performance
class B. It-monitors the volume in front of the vehicle and detects objects within a rapge of
20 m. The horizontal field of view is 180°, the vertical field of view is 15° and the response
time ,is 50 ms. The minimum object reflectivity assumed in this application is 6 %. The
m|nimum size of objects representing a person is given by a cylindrical test piece with a
diJIIICtCI Uf 200 LILLLILL dlluI d icllgﬁl Uf GGG LILLLLLE “. plUV;U‘Ub bafciy-lciatcd illfUlllldtiUII VV.Lh the
following attributes: position (the radial distance and direction), coverage intervals and
coverage probability.

NOTE 1 The minimum object reflectivity of 6 % is justified by the organizational measure that any person
present in the operation area does wear reflective clothing and by the fact that the multi-layer detection will cover
more than one plane of a person. Considering this specific application, it is very likely a) that a person will not
be completely covered with 2 % black garment and b) that availability of the SRS would be inadequate under the
specified environmental conditions if the SRS was required to detect 2 % reflectivity objects.

NOTE 2 The minimum object size of 200 mm (diameter) x 600 mm (length) is justified by the SRS’s multi-layer
detection, because the detection is not limited by the worst-case assumption that only a single leg is covered by
the scanning beam.

SRS2: A stereo camera suitable to be used up to PL b in accordance with ISO 13849-1:2015.
The systematic capabilities are assessed in accordance with IEC TS 62998-1:2019 for SRS

performance class B. It monitors the volume in front of the vehicle and detects objects within
a range of 15 m. The horizontal field of view is 90°, the vertical field of view is 50° and the
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The target applications require following safety related functions provided by tbe SRSS:
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response time is 40 ms. The minimum object reflectivity of this SRS is 6 %. The minimum
size of objects representing a person is given by a cylindrical test piece with a diameter of
200 mm and a length of 600 mm. It provides safety-related information with the following
attributes: position (the radial distance and direction), coverage intervals and coverage
probability.

SRS3: A safety laser scanner suitable to be used up to PL d in accordance with ISO 13849-
1:2015 or SIL 2 in accordance with IEC 62061, which detects persons and other safety-
related objects at close range. The systematic capabilities are assessed in accordance with
IEC TS 62998-1:2019 for SRS performance class D and IEC 61496-3 for Type 3. It monitors
the area in front of the vehicle up to a distance of 4 m and has a response time of 0,1 s.
The horizontal field of view is 190° and vertically it is a single plane. The specified minimum

S A RSN AR rparteofapersorslower
ameter of 70 mm and a length of 400 mm. Objects that
are present in a safety-related zone causes SRS3 to send a safety-related stop, signal to
the CHE control.

Safety-related function A to detect persons in the safety-related zone A to. initiate the protgective

stop qafety related function A in operating area 1.

Safety-related function B1 to detect persons in the safety-related zone B1 to initiale the

protegtive stop safety related function B1 in operating area 2.

Safety-related function B2 to detect and localize persons in the safety-related zone B2 to initiate

the slpw down safety related function B2 in operating area 2«

Safety-related function B2 is used to reduce the CHE/Speed in operating area 2. If the spged is
reduced and the person is still present, then the. safety-related function B1 will initlate a

protegtive stop of the CHE.

| 5RS1 Fusion SREB2 I Measurement information
(ML|scanner) = of _ | (initiates speed | confidence information _
| SRS1 o reduction | o
and function PLr ¢) |
| PRS2 »| SRS2
| (Gpmera) SRF B1 | Decision information CHE
(initiates | confidence information controller
| protective stop ! o (contains SCS
| ERS1 function PLr ¢) |
(Spanner) |
| SRF A Decision information
| (initiates | confidence information
protective stop o
| function PLr d) |
I_SRS 5 |

IEC

Figure 10 — SRSS structure and safety-related functions

5.2.3 SRSS performance class determination

A risk assessment in accordance with ISO 12100 yields two different PL respective SIL for the
SRSS functions related to the two different areas where the CHE is operating.

Operating area 1:

In this area, the possibility of avoidance of the harm is low and the exposure rate is high. This
results in a PLr d respective SIL2 for the safety-related function A ("Stop function").
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Operating area 2:

In this area, the possibility of avoidance of the harm is high and the exposure rate is low. This
results in a PLr C respective SIL1 for the safety-related function B1 ("Stop function") and the
safety-related function B2 ("slow-down function").

The required sensor performance class of the SRSS for the safety related function A is D as
specified in IEC TS 62998-1:2019, Table 1.

The required sensor performance class of the SRSS for safety related function B1 and B2 is C
as specified in [IEC TS 62998-1:2019, Table 1.

5.2.4 Safety-related requirements
The $RSS safety-related requirements should be specified by the integratof |(see 6.2.1 of

IEC TS 62998-1:2019) based on the intended use. For example, see the requéirements d
in Talle 6.

Table 6 — Safety-related requirements

Term Requirement Details

SRSS D respective C related to the specific safety- |[See 6.2:3Yand Figure 10.
performhance related functions

classe$ Perfermance class C achieved by integration

ofdtwo SRS of performance class B.

Performance class D provided by one SRS of
performance class D

SRSS fesponse 0,2 s (safety related function B2, SRS1*and

time (g) SRS2 combined)

0,1 s (safety related function A and\B1, SRS3)
SRSS Hetection e.g. Person-related properties; See 6.2.5
capabifity Adult persons (70 mm x 400 'mm for detection

of lower limbs and 200 mfmyx 600 mm for person
detection represented by a torso)

Minimum reflection’\value 2 % for lower limbs
and 6 % for the(torso (see Note 3)

SRSS pensing e.g. Safety“related zones See 6.2.6 and Figure 11
zones Safety‘related zone A: 2'dimensi0na|; 190° with Safety_re|ated zone B2 (Safety_re|ated speed
S1 =@ mywidth W, =3 m reduction zone) does not overlap with sgfety-

related zone B1.
Safety-related zone B2: 3-dimensional; vertical

size: 0,3 m ... 2 m; horizontal size: 52 =4m...
S, =15 m; width: W, =3 m.

Safety-related zone B1: 2-dimensional; 190°
with S, = 4 m: width W, =3 m

People walking towards CHE or entering from the side into the pathway of the CHE are not
considered in this application. If the entering of persons need to be considered, then the sizes
of the safety-related zones are different.

5.2.5 Object classes and physical properties

The integrator specifies the SRSS detection capability in accordance with 6.2.3 of
IEC TS 62998-1:2019. The following specific examples are considered.

The only relevant object class is "adult person".
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