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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is a type-C standard as stated in ISO 12100.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.).

Others can|be affected by the level of machinery safety achieved with the means of the documentdy|the

above-mentioned stakeholder groups:
machine users/employers (small, medium and large enterprises);
machipe users/employees (e.g. trade unions, organizations for people with special heeds);

servic¢ providers, e.g. for maintenance (small, medium and large enterprises);

consuiners (in case of machinery intended for use by consumers).

The above:
process of

—-

mentioned stakeholder groups have been given the possibility to participate at the draff
this document.

ng

In addition], this document is intended for standardization bodies:elaborating type-C standards.

The requirgments of this document can be supplemented or modified by a type-C standard.

and
ake

For machines which are covered by the scope of a type-€istandard and which have been designed
built according to the requirements of that standard,‘the requirements of that type-C standard {
precedencg.

The machi
are covere

hery concerned and the extent to which hazards, hazardous situations or hazardous eve¢nts

1 are indicated in the Scope of this;document.

When reqyirements of this type-C stahdard are different from those which are stated in type-A or
type-B stahdards, the requirements(of this type-C standard take precedence over the requirements of
the other dtandards for machines‘that have been designed and built according to the requirements of

this type-(

Increasing
has been s

standard.

use of detectior-systems and avoidance technology in the area of earth-moving machir
Lipporting operators to safely operate machines in the field of mining and construction

ery
. At

the same t And

intervenin

me, there are demands to set standards for machines and systems detecting, alerting
b to mitigate collision risk.

There are [curtently two existing standards in the field: ISO 16001 and ISO 17757. These standdrds
provide gyidance for visibility aids and object detection systems and for autonomous and s¢mi-
autonomous machines, however, there Is currently no standard that describes collision risk awareness,
warning signals and collision avoidance actions of the machinery operated by humans when there is a
risk of collision.

Collision warning and avoidance systems are developing technologies and algorithms are not yet
mature and well understood. This document is intended to foster innovation and accelerate the pace of
improvements in new collision warning and avoidance technologies. The performance requirements of
this document are technology-neutral and do not specify technologies to make the requirements.

The systems described in this document are intended to assist the operator of the machine. As current
technologies are unable to achieve full collision warning/avoidance in every situation, the responsibility
for safe operation of the machine remains with the operator of the machine.
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This document is a part of the ISO 21815 series relating to: communication interfaces, collision risk
areas and collision risk levels, specific requirements for collision warning and collision avoidance
systems, and specific use case requirements.
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Earth-moving machinery — Collision warning and
avoidance —

Part 1:
General requirements

1
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Scope

5 document provides terminology and general guidance on the principles of collision w
jsion avoidance systems for:

earth moving machinery as defined in ISO 6165,
mobile underground mining machinery as defined in ISO 19296, and
road construction machinery as defined in ISO 22242.

5 document provides general requirements for detectign/of objects, warnings to th
bmatic intervention control to avoid collision, and test procedures. It is intended f
onjunction with the other parts of the ISO 21815 series, which provide detailed gu
1irements for collision warning and collision avoidance systems and determining risk
levels. The specific requirements and definitions for particular types of machines are
use case parts of the ISO 21815 series.

5 document covers collision avoidance by speed reduction or motion inhibit: it doeg
dance by automatic manoeuvring (e.g.'steering) away from the intended object.

systems described in this document are only intended to assist the operator of the m3
ponsibility for safe operation of the machine remains with the operator of the machine.

5 document is not applicable to collision warning and collision avoidance systems instd
hine before the date ofits publication.

Normative references

following . decuments are referred to in the text in such a way that some or all of th
Stitutes 'equirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

3450:2011, Earth-moving machinery — Wheeled or high-speed rubber-tracked m

hrning and

P operator,
o be used
dance and
areas and
defined in

not cover

chine. The

lled to the

Pir content
pplies. For
[s) applies.

ichines —

Per,

» . 4 J & £ . £ L L £
urirrivuriccec Cblull CITITTICS UTIU LTOU [Jl vlocuur COJUI T UNT D_yJLClllO

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

ISO 13766-1, Earth-moving and building construction machinery — Electromagnetic compatibility (EMC)
of machines with internal electrical power supply — Part 1: General EMC requirements under typical
electromagnetic environmental conditions

ISO 13766-2, Earth-moving and building construction machinery — Electromagnetic compatibility (EMC)
of machines with internal electrical power supply — Part 2: Additional EMC requirements for functional

safety

ISO

13849 (all parts), Safety of machinery — Safety-related parts of control systems
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ISO 19014-1, Earth-moving machinery — Functional safety — Part 1: Methodology to determine safety-
related parts of the control system and performance requirements

ISO 19014-3, Earth-moving machinery — Functional safety — Part 3: Environmental performance and test
requirements of electronic and electrical components used in safety-related parts of the control system

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 12100 and the following apply.

ISO and IE

ISO On
IEC El¢

3.1

interactio
situation W
itself or th¢

3.2
warning
transmissi

Note 1 to er
machine in

3.3
evasive ad
action initi

EXAMPLE

3.4

. 4= H 1 P R | £, - 4o | - b dodel £l - A |
L HIAIIILAITT TCTHIITITUIUG Yy UdldUdSTS TUT UST T SUdIUdT UIZAatIUITN dt LITCT TUTTUWIIT S dUUT TS5TS.

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

n
rhere a machine encounters an intended object (3.5) when moving or-ab6out to move, pla
b operator at risk, or exposing the intended objects to risk

bn of alert information by visual, audible or other means.fsignals

try: Warning is targeted to the operator and also can beifor'people located in close proximity td
hddition to operator.

tion
ated by the operator to attempt to preventor avoid a foreseeable collision

Braking, steering.

interventional collision avoidance action

automatic
foreseeabl

EXAMPLE
3.5

b collision

Braking, inhibiting\motion, slowing down.

intended

bject

object, such as a person, machine, vehicle or obstacle, which is intended to be detected by a colli
warning system (CWS) (3.8) or a collision avoidance system (CAS) (3.9) when in the collision risk area (

3.6

Fing

the

action initiated by a collision*avoidance system (CAS) (3.9) to attempt to prevent or avojid a

Kion
B.7)

collision risklevel

value that is assigned each intended object (3.5) to determine if a collision is foreseeable

Note 1 to entry: Collision risk levels are described in ISO 21815-3 and a future part of the ISO 21815 series
dedicated to risk area and risk level for track movement and swing/rotation.

3.7

collision risk area
space analysed to determine the collision risk level (3.6)

3.8

collision warning system

CWS

system which detects intended objects (3.5) in the collision risk area (3.7), determines the collision risk
level (3.6) and provides a warning (3.2) to the operator

2

© IS0 2022 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=ba2a59f0a451b78653015b701be15eb2

ISO 21815-1:2022(E)

3.9

collision avoidance system

CAS

system which detects intended objects (3.5) in the collision risk area (3.7), determine the collision risk
level (3.6) and provides interventional collision avoidance action (3.4)

3.10
CxS
collision warning system (CWS) (3.8) or collision avoidance system (CAS) (3.9) or a system providing both

3.11
detpction
ackhowledgement of intended objects (3.5) by a CxS (3.10)

colljsion warning system (CWS) (3.8) providing warning (3.2) to the operator-or collision avoidance

devjice with sensors providing CxS (3:10) functions to detect intended objects (3.5) in the proximity of
the[machine, determine the collision risk level (3.6), warn the operator of the presence of the intended
objéct for a collision warning system (CWS) (3.8), and/or provide signals to the machine control system
via p communication interface‘to initiate the appropriate interventional collision avoidance qction (3.4)
on fhe machine for a collision avoidance system (CAS) (3.9)

Note¢ 1 to entry: CxS device is described as CxD in other parts of the ISO 21815 series.

Note 2 to entry: RreXimity detection system (PDS) is a colloquial industry term for a physical devige providing
CWS$ or CAS functionality.

normalmode
opefrational mode whereby a CxS (3.10) is active and ready to provide all functions of the Cx$, including
warning (3.2) information and interventional collision avoidance action (3.4)

3.17

stand-by mode

operational mode selected by an authorized person, whereby a CxS (3.10) can be active, but warning
(3.2) information or interventional collision avoidance action (3.4) or both are not provided by the
system, and returns to normal mode (3.16) by an authorized person

3.18

override mode

operational mode selected by the operator, whereby a CxS (3.10) can be active, but warning (3.2)
information or interventional collision avoidance action (3.4) or both are suspended temporarily and
return automatically to normal mode (3.16) after a certain condition

©1S0 2022 - All rights reserved 3
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3.19

system integrator
entity, providing a whole system by integrating the machine, the interface and the CxS (3.10) devices

4 Performance requirements

4.1 General requirements

411 Ge

Machinery
measures
principles
document.

This document specifies the principles of operation, basic functionality, systemnrequirements

general tes
intends to

The ISO 2
machines.
device may

4.1.2 Ele

A CxS device providing CWS capability shall be in conforthance with ISO 13766-1. A CxS device

provides G
testing of {
with the C

neral

and systems shall comply with the safety requirements and/or protective/risk redue
bf this document. In addition, the machine and systems shall be designed accordingto
pf ISO 12100:2010 for relevant but not significant hazards which are not dealtywith by

t requirements for collision warning and collision avoidance systems. The ISO 21815 se
support the operator to safely operate the machine.

| 815 series is not intended to require plug-and-play capability between CxS devices
Technical details not described in this document should be&,agreed upon between the
jufacturer, the machine manufacturer and system integrator as applicable.

ctro-magnetic compatibility (EMC)

AS capability shall be in conformance with_both ISO 13766-1 and ISO 13766-2. The }
he CxS device may be performed treating.the CxS device as an electronic sub-assembl
(S device incorporated into the machine,.

'he addition of a CxS device could negatively impact conformance of the machine to ISO 13766+
and can require a combined re-evaluation of the CxS-equipped machine.

NOTE ’
ISO 13766-3
41.3 E

Safety-rel:[ed parts (SRP) of a CxS'dévice providing CAS capability identified according to the defini

in [SO 1901

4.1.4 Fu

The consed

ironmental condition requirements

4-1 or the ISO 13849.series shall meet the requirements of ISO 19014-3.

hctional safety

uence of.adding CxS device shall be analysed using a risk assessment.

The additi¢n of @.€xS device with CWS or CAS capability shall not negatively impact the performd

level achiey
the origina

Fion
the
this

and
ries

and
CxS

that
M C
 or

1 or

fion

nce

red (e.g. the ISO 19014 series, ISO 15998, the ISO 13849 series) of the safety control syste
| machine

llnof

NOTE
machine.

4.1.5 Risk assessment

The addition of CxS device could require a combined re-evaluation of the CxS device-equipped

A risk assessment for a CxS device-equipped machine shall be completed according to the principles of
ISO 12100 by the system integrator. All identified risks shall be mitigated to acceptable risk levels as
part of the risk assessment process. The results of the risk assessment shall be formally documented.
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.6 Analysis on machine modification

The addition of CxS device shall require an analysis to be completed as it could negatively impact the
original machine’s safety and performance characteristics (guidance can be found in standards, e.g. the

ISO

4.2

4.2,

20474 series, ISO 19296).
Requirements on CxS

1 General

Th
coll

NOT
For

ared
assd

NOT

NOT

4.2

Apq
to b

technologies should be selected, and combinhed as appropriate, according to the CxS desig

wit
fun

4.2

Thd
con
as s

Intd

CXSshatt detect Intended objects (€.8- PeopIe, Other Machines, Venicies, and obstacies)
jsion risk area and provide CxS action as defined below:

CWS shall provide a warning to instruct the operator to maintain the machine in a-stati
if an intended object is present or to immediately apply evasive action.

CAS shall provide interventional collision avoidance action without requiring an operat

E1l
excavators and other machines where all or part of the machine can rafat€, the risk area also
where the machine can rotate. A detailed guideline of a collision risk‘area and for the collisi
ssment are described in the other parts of the ISO 21815 series.

E2 The CxS does not necessarily cover all area that the machine can move.

E3  CAScanalso provide warning to operator.

2 Detection of intended objects

ropriate detection technology differs deperiding on the machine type and the object typ
e detected. ISO 16001:2017, Annex A sumimarises existing an object detection system

h consideration to the advantagescand disadvantages of differing types. Comparison
Ctions is described in Annex B.

3 Collision risk levels and CxS actions

system shall, based-on’the detection information of intended objects and machine
ditions, determine the-collision risk level and provide at least one of the CxS actions, as a
hown below:

warning sigiial’to the operator (CWS);
interventional collision avoidance action (CAS).

rventional collision avoidance actions provided by the system depend on what fuy

within the

nary state

r action.

The collision risk areas can be in front, beside or behind machines along the travel path of tthe machine.

ncludes the
n risk level

e intended
(ODS). The
n concept,
of system

operating
bpropriate,

ctions are

inst

alled in the system. Collision risk level judgement criteria and interventional collision

avoidance

actions depend on the machine type (such as dumper, dozer, hydraulic excavators and others).

4.2

4  System limitations

Collision warning and avoidance systems that have limited capabilities (e.g. limited speed and distance)
could have different limits of use based on the use cases that are defined in the other parts of the
21815 series. The limitations for each use case shall be defined in the operator's manual.

ISO

See

©IS

7.1 for the requirements on the limitations for each use case in the operator's manual.
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4.3 Outline of process flow for CxS

The CWS searches for intended objects in the collision risk area and confirms the existence of intended
object. When an intended object is detected, the CWS will provide a warning to the operator as
determined by the collision risk level.

The CAS searches for intended objects in the collision risk area and confirms the existence of intended
objects. When an intended object is detected, the CAS will provide an interventional collision avoidance
action as determined by the collision risk level.

The CxS process flow outline in Figure 1 uses braking as an example of the CxS action.

Colljsion warning system (CWS) Collision avoidance system (CAS)
P
*—< Object seeking Object seeking

Determining the
collision risk level and
decision forwarning

Determining the
collision risk level and
decision forwarning

; 3
' CWS warning | esoommmoememoeacoos
E 1 i CAS command for :
! Encourage ' ; ' el
-4 operator to take | < CASa : automatic brake :
CWS warning E evasive action E Automati e apply : In case of no E
\/‘ i evasive actionor s

o . . .
NN —}--"" ! insufficient action |
ighal processing ! by operator :
and'mechanical action '...}:-P..---.........'

in machine

Decision and initiation of
evasive action

|

Brake activation

by the operator

—_— by the machine
Brake activation Y

continued

Stop or slow down
oo (YN (low risk state)
: (Example of travel speed CxS'case) :

Figure 1 — Example of a high-level process flow diagram for CWS and CAS

4.4 Falsge CxS actions

Both false positive and false negative CxS actions shall be minimized.

4.5 Operating state transition of CxS

4.5.1 General

A CxS may have different operational modes: normal mode, stand-by mode, and override mode. Figure 2
describes an example of the operating state transition of a CxS.

4.5.2 Switching between normal mode and stand-by mode

When a CxS is equipped with a stand-by mode (CxS disengage), it shall be a deliberate action by an
authorized person. The CxS shall require authentication means, (e.g. password, key) to enable the
stand-by mode.

6 © IS0 2022 - All rights reserved
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A CxS shall not be able to automatically switch to the stand-by mode.

By default, a CxS should start in normal mode upon machine start up.

4.5.3 Switching between normal mode to override mode

When a machine is equipped with a means to shift a CxS to an override mode, it shall require a deliberate
action by the operator to engage the override mode:

— a CxSshall not be able to automatically switch to the override mode,

— | by derault, a CX5 should startin normal mode upon machine start-up.

— |staying in an override mode unintentionally shall not be possible.

4.5}4 Status information

Cortinuous status indication of operational mode of the CxS shall be protwided to the opgrator. The
method of the indication should be according to the principles of ISO 6011.

Power on or
engine start

CxS return to normgl/mo/d/é
by authorizedperson

Interventional
collision avoidance
CX\SJ) ovefride

Poweroffor i — /
engine shut-down\ Jree=t by operptor

xS disengaged by | re&f{ne d
authorized person | \\\j

- CxS override

— Poweroffor |
engine shut-down |

~ Poweroffor i ////

engine shut-down F=——=——=—""

Key

1 power on or engine start, during stand-by mode selected by an authorized person

Figure 2 — Example of CxS transition diagram

4.6 Self-checking, status indication and failure warning

Upon power on, a CxS shall perform an initial system check. While the initial system check is being
carried out, the system shall provide an indication showing the status. After completion of the initial
system check, the system shall give an appropriate system function indication. Throughout operation,
the system shall perform self-diagnosis at a frequency as determined by the manufacturer’s risk
assessment. When a CxS detects a loss of its function, the system shall inform the operator. When CxS

©1S0 2022 - All rights reserved 7
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capability is detected as not available because it is outside of its specified limits of use (e.g. speed), the
operator shall be informed. The method to indicate the operating status should be according to the
principles of ISO 6011.

4.7 Protection against unauthorized modification of system functions

A CxS shall be designed to prevent unauthorized modification of the CxS internal parameters or

software.

EXAMPLE

Protections against unauthorized modification such as passwords, key locks.

5 Syste

5.1 Gen
The CxS c§

capabilitie
examples d

5.2 Syst

There are

manoeuvring speed CxS (MSC), and travel speed CxS (TSC).

5.2.1 Ta
ATICisa

initiated fgllowed by providing CxS action. A CAS system inhibits machine movement.

NOTE1

NOTEZ2 |

5.2.2 Sw

A SIC is a

initiated fdllowed by providing CxS action. A CAS system inhibits machine movement.

NOTE1 1

NOTEZ2 1]

5.2.3 Mg

Im classification

eral
in provide either CWS or CAS or both. Systems can be built to provide ‘multiple diffe
f machine interaction scenario.

em capability types

four types of system capabilities: take-off inhibition CxS;(TIC), swing inhibition CxS (§

ke-off inhibition CxS (TIC)

xS that determines that the collision risk lewel before movement (e.g. forward, reversg
'ypical machines are dumper, grader, wheelloader, dozer excavator.

lotion inhibition prevents a machine'from moving while stationary.

ing inhibition CxS (SIC)

CxS that determines that the collision risk level before swing movement (e.g. rotatior
[ypical machines.are excavators and backhoe loaders.

otion inhihition prevents a machine from moving while stationary.

noeuvring speed CxS (MSC)

fent

5. Additional capabilities that are not listed are possible. Annex A)describes cominon

IC),

) is

An MSC is ¢

| EXS that determines the collision risk level at low manoeuvring speeds (e.g. below 10 knp/h)

and provides CxS action. An MSC needs to work in all possible directions of travel (e.g. forward, reverse).
The system may be designed only to work below the manoeuvring speed.

NOTE

Typical machines are dumpers, graders, wheel loaders, dozers, excavators.

5.2.4 Travel speed CxS (TSC)

A TSC is a CxS that determines the collision risk level at high travel speed and provides CxS action. The
system may be designed to operate at speeds only above the manoeuvring speed (e.g. above 10 km/h)
and only in the forward direction.

NOTE

Typical machines are dumpers, graders, wheel loaders.
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System types

There are two system types of CxS: CWS and CAS.

NOTE A CxS can provide both warning and avoidance CxS actions.

5.4

Types of detection

A CxS can passively detect (e.g. camera, radar) intended objects that are not instrumented or a CxS can
require the intended object to be instrumented (e.g. RFID).

5.5

CxS

EXA
veh

EXA

6

6.1
Thd

Description of systems

can be described by combining multiple classifications.

cles, and human using a passive system.

MPLE 2 Provides avoidance when manoeuvring when the intended object isinstrumented.

Test procedures

General

manufacturer and the CxS device manufacturer. The t€st procedures described here provide

req
con,

Thd

lirements of a CxS for typical operational sit@ations, and do not represent all situat
ditions.

test procedures prescribe test conditions to assure that the process can be repeated ai

stalple results. Detection technology, the type of earthmoving machinery with the system, an

of t
ISO

Thd

6.2

6.2

Thd
EXA
Thd

he test object define the test methods. Detailed test procedures are described in other
21815 series.

test condition shall be recoerded.
Test condition

1 Test environiment condition
re shall bemnd precipitation that affects the testing.
MPLE Rain, snow, sleet, hail.

re-shall be no wind strong enough to affect the testing.

MPLE1 Provides warning and avoidance for take-off for intended objects of Jarge machines, small

system integrator shall conduct testing based on technical information provided by the machine

5 minimum
ions in all

nd produce
 the shape
arts of the

Ambient temperature during test shall be within the operating range of the tested machine and CxS

dev

ices.

The system integrator can design the test based on the information about the environment condition
provided by the CxS device manufacturer and the machine manufacturer.

6.2.

2 Test surface conditions

The test surface shall consist of a hard, dry surface with a well-composed base, and the ground moisture
may be present to the extent that it does not adversely affect the test. The test surface shall not have a
slope of more than 3 % at right-angles to the direction of travel.

©IS
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The slope in the direction of travel shall be no greater than 1 %, or as specified for the test being carried

out.

6.3 Subject machine conditions

The test configuration of the subject machine that is within the scope of ISO 3450:2011 shall be
according to ISO 3450:2011, 5.4.

The test configuration of the applicable braking or safety standards (e.g. ISO 18758-2, ISO 19296,
[SO 10265) should be used for subject machines outside the scope of ISO 3450:2011.

6.4 Speq

The test ok
results as

object may]
results cou
be selected

Record the

ification of test objects

ject may be an actual intended object or a substitute test object giving equivalentdetec
the actual intended object. When a collision risk is foreseen in the test procedure, the

be replaced by the substitute test object. Even when same substitute test.object is selec
ld vary depending on the detection system used. Therefore, an appropriaté method shc
to reproduce the characteristics of the test object.

details of the test object.

6.5 Performance test

6.5.1 Ge|

Testing sh:
evaluation

6.5.2 Te

The test ol

6.5.3 Su

The operat
The operaf
as possible
position w

6.54 Te

Determine
system int
and/or the

neral

11 be carried out under the conditions determined’in 6.5. The results shall be recorded

The test shall be performed three times with each test condition, as defined in 6.3 and 4.4

5t object installation

ject installation method, orientationiand movement shall be defined in detail.

bject machine

ing conditions for the subject machine based on the limitations of the CxS shall be defi}
ing test condition of stibject machine should simulate real operating condition as clo
within safe limits. When the subject machine is tested for traveling condition, the tr
nich is defined by the’ machine's manufacturer shall be used.

5t result judgement criteria

if the setjudgement criteria have been achieved. The judgement criteria could be set by

[ion
test
ted,
uld

for

ned.
Gely
hvel

the

bgratorunder the given machine condition based on information provided by the machine

CxS\devices' manufacturer. Judgement criteria should be able to ensure that the CxS w4

the operat

rns
ine

before colliding with the test object or inhibits machine motion, at the standard test condition described
in Clause 6.

Detailed requirements will be described in other parts of the ISO 21815 series.

6.6 False positive CxS action test

The test shall verify that the system does not provide unnecessary warnings under the test
conditions based on the defined system limitation and specifications, nor give false warning and false
interventional collision avoidance action when the risk of collision is not foreseen. The test shall be
performed to set simulated situations where the system could mistakenly judge the risk of collision
when there is no risk.
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7 CxS information for use

7.1 Information for the operator

CxS-equipped machines shall be accompanied with an operator’s manual, provided by the system
integrator. The system integrator shall compile the operator’s manual based on the technical information
provided by the machine's manufacturer and the CxS device's manufacturers. The operator’s manual
shall contain technical and safety instructions and limits of use, aiming to explain the intended use of
the system (see ISO 12100:2010, 6.4.5). Annex C shows examples of information.

7.2| Information about residual risks

A risk assessment of integrating the CxS devices into the machine shall be conducted a¢cording to
the|[principles of ISO 12100. Information regarding residual risks shall be commuhicated through the
infdrmation for use documentation.
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Annex A
(informative)

Machine interaction scenario common examples

A.1 General

This anne

descriptions of possible scenarios of interaction, in three categories.

shows examples of machine interactions occurring during machine operation, With

Manufactufrers may refer to this to categorize collision cases or to define intended objects and macline

performan

A.2 Mag

A2.1 Ta

The intend
stationary

ke-off

Key
SM sibject machine
& infended object

A.2.2 Fo

rward /reverse

ce while a CxS is developed. The scenarios are not limited to the categories}isted below.

hine interaction scenario definitions

Take-off

Figure A.1 — Machine interaction scenario example - Take-off

ed object is in the collision risk area around the subject machine. The subject machine is
and intending to move (Figure A.1).

Subject machine 1s moving forward or In reverse and interacts with an intended object In the collision
risk area (Figure A.2)

12
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