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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collabaorates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting:{Publication 2

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 127, Earth-maving machinery, Subcommittee
ements and human factors.
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Introduction

This International Standard outlines test procedures and sets criteria for the development of hazard detection
systems (HDS) and visual aids (VA) for detecting people.

Proper job-site organization, operator training and the application of relevant vision standards (ISO 5006 and
ISO 1 j i isi i a cannot be
achigved either by the operator's direct view or indirect view using mirrors. In such cases, operatgpr awareness
can ke improved by the use of HDS and VA.

HDS |and VA provide information to the operator as to whether a person or object is in-the path off the machine,
primgrily during rearward movement.

It is ¢ssential to note that HDS and VA have both advantages and disadvantages. There is np device that
works perfectly in all situations. It is especially important that the shortcomings-of HDS and VA bg recognised
and known to system users. The advantages and disadvantages of selected devices are sUymmarized in
Annex A.

© 1SO 2008 — All rights reserved \4
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Earth-moving machinery — Hazard detection systems and
visual aids — Performance requirements and tests

This

the performance of hazard detection systems (HDS) and visual aids (VA) used on earth-moving
covels the following aspects:

It is

direct vision (see 1SO 5006) or indirect vision using mirrors (see 1ISO 14401) or to provide additio
hazafd detection, for example, where ergonomic considerations limit the effectiveness of direct
avoid repeated turning of the head and upper body:

2

The

refergnces, only the edition cited"applies. For undated references, the latest edition of th
docupment (including any amendments) applies.

ISO

ISO

positjon — Statiopary test conditions 1)

ISO

Sound test method

ISO

$cope

nternational Standard specifies general requirements and describes methods for evaluatin

detection of people in the detection zone;

isual and/or audible warning(s) to the operator and/or to the persons:in‘the detection zone;
operational reliability of the system;

¢ompatibility and environmental specifications of the system.

applicable to machines as defined in ISO 6165. HDS-and/or VA can be used to augment t

Normative references

following referenced documents are indispensable for the application of this documen

%165, Earth-moving.hniachinery — Basic types — Identification and terms and definitions

®394, Earth-moving machinery — Determination of emission sound pressure level

9533, «Earth-moving machinery — Machine-mounted forward and reverse audible warn

j and testing
machines. It

ne operator’s
hal means of
ision, e.g. to

t. For dated
b referenced

bt operator's

hg alarm —

13766, Earth-moving machinery — Electromagnetic compatibility

ISO 15998 2), Earth-moving machinery — Machine-control systems (MCS) using electronic components —
Performance criteria and tests for functional safety

1) To be published. (Revision of ISO 6394:1998)
2) To be published.
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3 Terms and definitions

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

3.1

hazard detection system

HDS

system that both detects hazards and warns the operator and/or the person on the ground
NOTE The system generally includes a sensing device, warning device and evaluation device.
3141

sensing de\.lice
HDS component that detects a test body in the detection zone

3.1.2
warning device
HDS component that transmits information to the operator and/or to persons in the detection zone by visual
and/or audible signals

313
evaluation device
HDS compoment or components that analyse the signals and information transmitted from the sensing device
and transforr the corresponding signal to the warning device

3.2
visual aid
VA
system that provides visual information without warning

NOTE THe system generally includes a monitor and camera.

3.21
monitor
VA component that provides a visual image, of the detection zone on a screen

3.2.2
camera
VA component that transmits to the.monitor an image of the detection zone

3.3
detection zgne
zone within which a test body is detected by an HDS or is shown by a VA

3.4
test body

person or a ptandard measuring unit representative of a person. used to test the geometry and size ¢f the
detection zone

NOTE Depending on the system used, test bodies can be varied (see Annexes B to F).
35
self-testing

capability of the system to self-check continuously and immediately to inform the operator, audibly and/or
visually, of a failure

3.6

detection time

time required for a hazard detection system to detect the test body in the detection zone and activate the
signal output

2 © 1SO 2008 — All rights reserved
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3.7

stand-by

operation mode whereby the hazard detection and visual aid systems are active, but no information is
transmitted by the warning device or monitor

3.8
job-site organization
rules and procedures for managing the working together of machines and people at a job site

EXAMPLE Safety instructions, traffic patterns, restricted areas, operator training, machine and vehicle markings,
communications systems.

4 Performance requirements and tests

4.1 | General requirements

4.1.1| Test of detection zone

The {est method shall be performed on a system that is either fitted tokthe machine or to a r¢presentative
configuration in accordance with Annexes B to F.

4.1.2| Test body requirements

The test body requirements are specified in Annexes B to F.

4.1.3| Environmental conditions

The test shall be undertaken under the following environmental conditions:
— temperature (23 °C £ 5 °C);

— felative humidity (60 % + 25 %).

The ]‘est shall not be affected by.reflections from surrounding walls, auxiliary test equipment or gther objects.
For flirther details, see Annexes.B to F.

4.1.4| Evaluation of testresults

4.1.41 Detection

Dete¢tion shall” take place unambiguously with an uninterrupted sequence of the signal of information
apprgpriate(to the warning range. For further details, see Annexes B to F.

4.1.4.2 Evaluation of false signals

False signals, such as the following, should be minimized:
— when a machine approaches a ramp;

— from objects outside the detection zone;

— from weather conditions of fog, snow, rain, wind, dust, etc.

© 1SO 2008 — All rights reserved 3
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4.2 Location and fixing of HDS and VA devices

Devices shall be located and arranged on the machine in accordance with the specification of the device
manufacturer so that

the device does not restrict any function or operation of the machine,
the device is protected against external damage,

the device is affixed to the machine so as to deter unauthorized disablement and/or removal,

the devi
vibration

the attag
e.g. rolld

the devi
platform

4.3 Opers

4.31

The monitor
or of the mag

When the m
reverse imag

In order to sq
a fifth percer
within 1,2 m
direct sunligh

NOTE F4
within the calb
camera and th

4.3.2 Warning devices

Both audible
the operator

Location of monitor

Ce is mounted so as to limit exposure to, or amplification of, dynamic loads, temperature, shd
that could prematurely damage the device,

hment and fixings of HDS and VA devices do not affect the integrity of the protective struc
ver protective structures (ROPS), and

so that the intended performance is maintained.

tor station devices

shall be located within the operator’s view. Restriction of the operator’s view of the working
hine working equipment shall be minimized.

bnitor is used to cover the area behind the machine, the system shall be configured to proy
e on the monitor.

e a person at the maximum distance ofithe detection zone, the monitor shall display the hei
tile person (see ISO 3411) such that\the image is 7 mm on the monitor. The monitor shoy
bf the operator’s eye point. The monitor shall be positioned so as to minimize the glare caus
t.

ctors that influence an opefator’s ability to detect a person on the monitor are the position of the nf
, the distance of the operator from the monitor, the size of monitor, the ambient lighting, the lens
e distance of the objectfrom the lens.

and visualywarning devices are required for an HDS. These devices shall provide indicatig
and may-provide indications to workers and other persons present at the work site.

43.21

Audible devices

ck or

ures,

ce is designed and mounted to permit routine service access from the ground or from a sgrvice

area

ide a

ght of
Id be
bd by

onitor
n the

ns to

Operator station warning devices shall be set at, or shall automatically adjust to, a level at least 3 dB higher
than the ambient noise level as measured at maximum governed speed under no load.

All in-cab warnings should be selected so that they are clearly audible at the operator station. The warning
signal should be in the frequency range 500 Hz to 2 500 Hz.

In-cab alarms shall be distinguishable by the operator from other sounds (i.e. warnings or machinery noise) in
the operator's station.

NOTE
ISO 9533).

This can be achieved by varying the spectral characteristics and the temporal distribution of the signals (see

© 1SO 2008 — All rights reserved
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4.3.2.2 Visual devices

A green system-status light shall inform the operator that the system is powered and functional. The light may
be continuous or turn off after the function check is completed.

The warning signals in the cab shall be mounted in direct view of the operator and be visible in direct sunlight.

The warning signals shall be distinguishable from other instrument panel warnings; the most severe warning
shall be a flashing red light.

4.3.2.3 External warning devices

If an External warning device is Titted as part of the HDS, then the external alarms shall comply with ISO 9533.

Extennal visual warning devices, when fitted, shall be visible to people in the detection zone.

4.4 | System activation and initial check
The $ystem shall activate automatically on engine start, perform an initial system check and dgive a proper
functjon indication. For visual aid systems, the indication of proper function_shall be by a clear jmage of the
detegtion zone on the monitor.

In thg case of a HDS malfunction, a warning shall be given to the operator.

The gystem may enter stand-by mode until the relevant machinésmovement mode is selected.

If mdltiple cameras or sensors are fitted, the system_Shall automatically select the camefa or sensor
appropriate to the direction of travel.

4.5 | HDS detection and response time
HDS |detection and response time shall not€xceed 300 ms after activation of the system or aften waking from

stand-by. The system detection and respense time is the time from which the operator selects| the relevant
machine movement mode until the system is able to detect a person.

4.6 | Operational integrity

4.6.1| General

The ¢perational integrity’of the HDS and VA shall comply with ISO 15998 and ISO 13766.

4.6.2| Continuous self-checking

The availability of an image of the detection zone on the monitor is sufficient as a monitoring funclion for a VA.
An HDS-shall have a permanent monitoring function including at least the following:

a) an operating indication light (green);
b) a stand-by indication light (flashing amber or green) (see 4.3.2.2);

c) a visual and/or audible failure signal if the operation of the system is impaired, including monitoring of
each link on the HDS, which includes the monitoring of all machine signals used for system operation, i.e.

— wire break,
— short-circuit,

— time management (if applicable),

© 1SO 2008 — All rights reserved 5
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sign

al output and signal input, and

checking of the system.

4.7 System disablement

It shall not be possible to disable the warning device simply by switching it off. The activation of the warning
device shall be so designed and installed that its reliable operation cannot easily be altered by the operator.

Any exceptio

4.8 Physi

The HDS a
conditions wi

vibration

shock:

NOTE TH
requirements

5 Markin
Each device
— manufad
— type/mo
— product/
— regulato
6 Operaf
HDS and V

instructions f|

descript

temperature: —30 °C to +60 °C;

ns shall be specified in accordance with Annexes B to F.

L envi | . i

nd VA shall comply with ISO 15998 in respect of the physical environment and~ope
th the following exceptions:

: =10 g over 5 Hz to 100 Hz (4,5 g for in-cab components);

10 g for exterior components (4,5 g for in-cab components).

e objective is to achieve, as the state-of-the-art progresses, the)temperature, vibration and
bf ISO 15998.

g and identification

shall bear legibly and indelibly the following infermation:

turer;

Hel;

serial number;

'y markings, as required.

or's manual

A shall be\'supplied with an operator's manual containing installation, technical and s
br the intended use of such systems, as follows:

on-of systems function;

ating

shock

afety

heights and angles;

informat

weather

ion for job-site organization;

limitations;

topography limitations;
instructions for maintenance;

instructions for installation and assembly, including mounting location;

detailed description of performance and operating limits — in particular, the effect of different mounting

© 1SO 2008 — All rights reserved
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— instructions for activation;

— description of controls;

— instructions concerning safe operation;

— instructions for performance verification;

— instructions on action in the event of malfunction;

— information for connection with other components (if required);

— ngulatory certifications, e.g. EMC and RF conformity test certifications (if required\ by |the regional
gulatory body);

— ¢ountries for which type approval has been achieved (if required);
— recommended routine for regular performance checks of the HDS and VA/by the user;

— ¢lectrical supply requirements.

© 1SO 2008 — All rights reserved 7
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A.1 Introd

Annex A
(informative)

Selection of HDS and VA

uction

HDS and VA may be used to supplement the direct and indirect vision of the operator. In selecting, HD$ and
VA, consideration should be given to the operator’s information needs and his ability to respond to'them|. The
operator has| many demands on his attention and when selecting HDS and VA, careful consideration should
be given to the form of information, visual or audible, that will be of most use to the operator-when a hazard
is always a risk that visual information will pass unnoticed. Audible information will catch the
attention of the operator but will be ignored if too many unwanted warnings are provided.

occurs. The

It is essentigl to note that HDS and VA have both advantages and disadvantages~There is no devicg¢ that
tly to cover the desired detection zone in all situations. It is €specially important thdt the
of HDS and VA be recognized and known to system users. However some of these may be
offset by combining two or more technologies. The advantages and disadvantages of some techniques are

works perfe
shortcomingg

summarized

The basic tg
addressed b

A.2 Cons

n Table A.1.

chnologies are being continuously improved. Therefore; some of the shortcomings could be

future developments.

deration of the functional aspects of HDS and VA

A.2.1 General

The following
considered.

A.2.2 Oper

These needs

machine functions, and operational and environmental aspects, of the HDS and VA shoyld be

ator needs and ability to interface and use the system

are, for example

— tolerance of false alarm signals,

— time andg

— potentia

frequeney of observation for visual systems,

forjinformation overload where multiple HDS and VA are used,

— human factors, e.g. reaction time,

— training and instruction, and

— type of warning required by the operator or person in detection zone.

© 1SO 2008 — All rights reserved
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A.2.3 Operating environment

The operating environment can be, or be influenced by, for example,
— an open, congested or restricted site,

— the topography,

— site conditions, e.g. dust, water, light, contrast,

— weather, or

— gources of interference such as other machines, stronger reflectors or emitters.

A.2.4 Machine functions

Thesp functions can be, for example,

— hazard zones to be covered,

— analysis of machine movement and application at job site,
— available mounting positions,

— anticipated movement speed,

— turning circle,

— articulation effects, or

— gtopping distance.

A.3 |Selection of HDS and VA

The gystem should be selected considering the following characteristics:
— Yisual or sensor detection;

— active or passive response;

— VYisual or audible*warning or both;

— fesponsedime;

— detettion zone;

— operationatntegrity;

— mounting security;

— overriding, muting and disablement requirements;
— unwanted alarms;

— maintenance, servicing and cleaning requirements;

— performance checking requirements, e.g. periodic detection zone verification.

© 1SO 2008 — All rights reserved 9
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B.1

The

machinery. Aspects of the performance to be determined are

a)

The

criterja laid down in these tests assume operating conditions of at least 50 Ix average and 2(
meagured illuminance.

B.2

The

B.3

For internal tests:*5 m x 5 m level floor area. For external tests: 30 m x 8 m level area.

B.4

The

B.5

B.5.

The

ISO 16001:2008(E)

Annex B
(normative)

Test procedure for closed-circuit television (CCTV) systems —

Additional performance requirements and tests

imtroductiomrand purpose of tests
ests are designed to measure the performance of CCTV systems intended for use)on
gverall quality of the image presented in terms of TV lines resolved or equivalent, based on
the test body (see B.2) reading that can be resolved,

[jmit of operational light levels to maintain minimum proposed resolution,

ertical and horizontal fields of vision for the system,

detection distance (see 4.3.1),

]wasking due to direct exposure to high intensity light, and
me taken for the system to respond fully to rapid«¢hanges in light levels.

tests are not designed to measure aspects_of-performance due to the camera's height. The

Test body

Rotakin test body described’in EN 50132-7:1996, Annex A, shall be used.

Test areas

Test environment

parth-moving

the scale on

performance
IX minimum

test environment shall be evenly lit, free from shaded areas and reflections in field of view.

Mounting and set-up

1 Assembly

CCTV system shall be assembled according to the manufacturer's instructions.

© 1SO 2008 — All rights reserved
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B.5.2 Positioning and alignment

B.5.21 Ca

mera

The camera shall be aligned vertically and horizontally to the test body.

B.5.2.2 Test body

The test body shall be vertical and shall face the camera at the centre of the field of view, and at 90° to the
optical axis of the lens.

Unless other]

B.5.2.3 Mg
The monitor

comfortable

B.6 Horiz

B.6.1 Ligh

Light levels s

B.6.2 Test
Position the
centre of the
test body alg
vision in the

Similarly, es
distance bety

B.7 Vertig

B.7.1 Ligh

Light levels 3

Wwise stated, the image of the test body shall occupy the entire vertical field of view of the mg
nitor
shall be mounted, positioned and aligned so that it is normal to the obsetver's face,

height, and shall be free from glare and reflections.

bntal test

levels

hall be greater than 50 Ix and less than 50 000 Ix.

procedure

monitor screen. Measure and record the(distance from the camera to the test body. MoV
hg an arc to the point where the vertical.centre line of the image of the test body is at the ed
monitor screen. Mark the point.

ablish and mark the point at the ‘opposite side of the monitor screen. Measure and recor
veen the two marks and caleulate by trigonometry the horizontal field of view.

al test

levels

hall be_greater than 50 Ix and less than 50 000 Ix.

B.7.2 Test

hitor.

at a

test body away from the camera so that the\image occupies 25 % of the vertical height at the

e the
ge of

d the

procedure

Rotate the camera and monitor through 90°. Position the test body away from the camera so that the image
occupies 25 % of the vertical height at the centre of the monitor screen.

Measure and record the distance from the camera to the test body.

Move the test body along an arc to the point where the vertical centre line of the image of the test body is at
the edge of vision in the monitor screen. Mark the point. Similarly establish and mark the point at the opposite

side of the m

onitor screen.

Measure and record the distance between the two marks and calculate by trigonometry the vertical field of

view.

14
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B.8 Range

B.8.1 Light levels

Light levels shall be greater than 50 Ix and less than 50 000 Ix.

B.8.2 Test procedure

Position the test body at a point along the optical axis of the camera so that the screen height of the test body
image is 7,0 mm. Measure and record the distance from the test body to the camera.

NOTH The effective operating range of the system is based upon a minimum screen height of-#J0 mm. This is
approximately 10 % of the vertical screen height, which is normally considered acceptable for visual detection purposes.

B.9 |Additional tests

B.9.1 System resolution

B.9.1.1 Light levels

Light|levels shall be greater than 20 Ix and less than 200 Ix.

B.9.1.2 Test procedure

Positjon the test body away from the camera so that_the image occupies 100 % of the vertical |height at the
centre of the monitor screen.

Detefmine and record the CCTV system resolution from the scale on the test body reading from get H to set A.

B.9.1.3 Test criteria

A resplution of better than 200 TV lines or equivalent [see B.1, a)] shall be achieved.
B.9.2 Effect of light on resolution

B.9.2.1 Test procedure
Repdat the procedure according to B.9.1.2 in appropriate steps, from the lowest to the highest light levels

statefl in the manufacturer's specification. Record the light level at which minimum acceptable repolution level
is observed:

B.9.2.2-) Test criteria

A resolution of better than 200 TV lines or equivalent [see B.1, a)] shall be achieved across the specified light
level range or the specified light level range reduced to that equivalent to 200 TV lines.

B.9.3 Edge distortion

B.9.3.1 Light levels

Light levels shall be greater than 50 Ix and less than 50 000 Ix.

© 1SO 2008 — Al rights reserved 15
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B.9.3.2 Test procedure

Position the test body away from the camera so that the image occupies 25 % of the vertical height at the

centre of the

monitor screen.

Measure and record the distance from the camera to the test body.

Move the test body along an arc to a point indicated by an observer as being at the edge of vision in the
monitor screen.

Measure and record the height of the image of the test body.

B.9.3.3 TeLt criteria

No reduction
B.9.4 Scre
B.9.4.1 Lig

Light levels s

in the image dimensions shall be observed at the edge for 25 % of the test body height.
en edge resolution

ht levels

hall be greater than 50 Ix and less than 50 000 Ix.

B.9.4.2 Tept procedure

Position the {est body at 100 % of the vertical height of the monitor screen.

Move the tes

Measure andg

Rotate the te

t body to one side of the screen.
record the resolution.

st body through 180° and repeat the procedure for the opposing screen side edge.

B.9.4.3 Test criteria

A minimum
achieved ac
resolution is

B.9.5 High
B.9.5.1 Lig

Test to be c3

esolution of 200 TV lines.'or’equivalent [see B.1, a)] shall be achieved. If this resolution
oss the entire monitor_sereen, the field of view shall be specified as the angle at whic
hchieved.

intensity light effect

ht levels

rried_out outdoors in direct sunlight.

s not
h the

B.9.5.2 Test procedure

Point the camera straight at the sun to produce a masking on the monitor.

Position the test body close to, and in front of, the camera and move the test body directly away from the

camera until

the image of the test body is wholly obscured by the masking.

Measure and record the distance from the camera to the test body, and the width of the masking. This
measurement shall be taken at the shoulder point of the test body.

16
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.3 Test criteria

Unless otherwise specified, the maximum width of the masking shall be no more than 5 % of the viewable
screen width.

B.9.6 Recovery from radical change in light levels

B.9.6

.1 Light levels

Place the test body against a brightly lit background, in an elevated position so that it is visible with little or no

back

round objects on the monitor.

B.9.6
Placq
Rem

Mead

B.9.6

Unles

B.1(

Verif
settin

NOTH
usual

two-camera system — one for forward use and the other for rearward use — is to be connected to a singlg

autont

B.11

B.11

The f

— ftechnical specifications for the monitor and camera;

.2 Test procedure
a shutter over the camera and hold for 5 s.
pve the shutter.

ure and record the time taken for the silhouette of the test body to be clearly discernible.

.3 Test criteria

s otherwise specified, the recovery time shall be no more than 1,5 s.

Functional tests

the operation of any additional features of\the system, such as mirror/normal image 3
g for the monitor.

Some systems can be switched faf ;forward or rearward use. In forward use the image on
y set to normal image, while for rearward use the image on the monitor is usually set to mirr

atic switching between mirror and\normal image can be required.

Recording

.1 Information

pllowing information about the CCTV system shall be recorded:

nd day/night

the monitor is
br image. If a
monitor, then

aple lendin,

—  model number;

— serial number;

— t

B.11

est date(s).

.2 Test values

The test values obtained from tests B.6, B.7, and B.8 shall be recorded, as illustrated in Figures B.1 and B.2.

©1S0

2008 — All rights reserved
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B.11.3 Actual values

The actual values measured for the tests in B.9 shall be recorded with the corresponding test criteria.

B.11.4 Functional performance

Functional performance from test B.10 shall be recorded as either a positive or negative result for each

function.
1
2 1
[ e—
| —
<l 3 -
Key
1 recorded @ngle and range
2 camera
3 range, in metres
Figure B.1 — Horizontal field of view

18
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Key

1 rgcorded angle and range
2 c@mera
3 rdnge, in metres

/
D‘\N

106°

A
Y

Figure B.2 — Vertical field of view

© 1SO 2008 — All rights reserved
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Annex C
(normative)

Test procedure for radar sensors

C.1 Introduction

This test pro

obstacles ne¢ar earth-moving machinery. The procedure is designed to identify the geometry’ o

three-dimens

This procedy

sensor is to e fitted. Practical considerations regarding the application of this zone to earth-moving mac

are given in

C.2 Test body

The test bodly shall be that part of a human body which will protrude. into the detection zone. In

situations arg
head. This tq
the edges of

NOTE TH
artificial substi

C.3 Test grea

cedure describes the method for determining the detection zone for radar systems used-te ¢
ional zone within which a person will be reliably detected.
re does not evaluate the position of that zone with respect to the machine onywhich the

C.11.

und the edge of the detection zone, the first part of the body to protrude into the zone will 4
st procedure will therefore use the detection of the head alone as the point of measureme
the detection zone.

e consistency of results with real people of varying;sizes has been found to be greater than thos

fute objects. The test procedure has therefore been designed to accommodate the use of a real persor).

etect
f the

radar
hines

some
e the
Int for

b with

The test areq shall be an open space on flat.terrain with a dry sand and/or gravel base. No rocks, foliage, or

debris larger
be within ap
either side o
where they W

Mark out a reg

C.4 Test environment

than 8 cm in diameter shall be in the test area. No large objects such as buildings or heaps
proximately 50 m directly.in front of the radar system. No large objects shall be within 25
the radar system. All personnel, except whoever is conducting the test, shall remain in an|
ill not be detected by_the radar system.

ctangular gridwith lines at 1 m intervals over an area equal to the expected detection zone.

shall
m of
area

The test env

onment shall be in accordance with 4 1.3

C.5 Radar mounting locations

The radar shall be mounted on a static stand in the manner described in the test procedure. No part of the
stand shall be within the detection zone of the radar.

The radar mount shall have a facility to tilt the radar in the vertical plane through the angle required by the test
procedure and a means of measuring the angle of tilt.

20
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C.6
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Test procedure

C.6.1 General

Radar sensors emit and receive within a conical beam that can have a circular or elliptical cross-section. By
measuring the horizontal and vertical limits of the detection zone, the full geometry of the zone can be
constructed as shown in Figure C.1.

C.6.7

Posit
centr|

Posit
Movdq
warn
occu
point
Move

Repe

Reco

C.6.1
Posit
deted
upwdg

Repe

/A\ /A\
Figure C.1 — Measuring full geometry of detection zone

P Measuring horizontal limits

e of the radar beam at the height of the nose on the head of the.test person.

on the warning device where it can be heard by the testiperson and the person conducting t
the test person 0,5 m away from the radar on the centre line of the anticipated detectior
ng device indicates detection, move the test person sideways in each direction until detec
. Record the last position where detection oceurs on each side. Record any position bg

5 where detection does not occur.

the test person a further 0,5 m away, from the radar and repeat the above procedure.

at the procedure at 1 m intervals‘away from the radar until detection does not occur.

3 Measuring vertical limits

on the test.pérson 0,5 m away from the radar on the centre line of the horizontal dete
tion occurs, tilt the radar upwards until detection does not occur and record the maxin
rd tilt where detection does occur.

on the radar as normally oriented on the machine but with the radar beam extending horizontally and the

he test.

zone. If the
ion does not
tween these

rd the horizontal limits of the detection zone. Record any areas within this zone where detgction did not
occulf.

tion zone. If
um angle of

at’this test at 1 m from the radar and at further intervals of 1 m until the end of the horizovrtal detection

Zone.

Invert the radar in the mounting so that the normal top of the detection zone is at the bottom. Check that the
centre of the beam is again level with the nose of the test person.

Repeat the above test to record the angle at which detection occurs at each distance from the radar.

C.7

Adaptation of test procedure for different types of radar

Certain types of radar sensor may include relative movement between radar and test object in the detection
strategy. If this function is optional, it should be switched off for the purposes of this test. If it cannot be
switched off then the test person may mimic the movement required.

©1S0
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Record whichever of the following applies:

a) no movement required for detection strategy;
b) movement requirement switched off;

c) movement is always required.

If movement is always required, record the type of movement required, the speed and/or the distance.

C.8 Adapfation of test for radar sensors with programmable detection zones

Where a radpr sensor can be programmed to create a variety of detection zone shapes and sizes,/the|tests
specified in €.6.2 and C.6.3 shall be used to confirm the maximum dimensions of the detection.zohe thdt can
be programnped as specified by the manufacturer.

C.9 Recording maximum detection points

The maximum detection points for the horizontal plane shall be shown on a.diagram with a 1 m giid as
illustrated by|the example shown in Figure C.2.

18
17
16
15
14
13
12
11
10

b. 4

X
X

X

S NWhAhOITON O

x | K
10987654321 "'"12345678910

Figure C.2 — Maximum detection points for horizontal plane

The maximumcdetection points for the vertical plane shall be shown on a diagram with arcs at 1 m spacing, as

illustrated in the-example-shown-in-Figure-C-3-

22 © 1SO 2008 — All rights reserved
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C.1(

C.10

Figure C.3 — Maximum detection points for vertical plane

Additional testing

.1 Alarms from large objects outside the’detection zone

Large structures, such as other machines, could be detected at wider angles and greater distances than a

persd
meta
axis

same

NOTE
this tqg

manner as for a person.

st needs to be regarded@as, an indication only of the detection zone for large structures.

250

n and can generate unwanted alarms::The test according to C.6.2 shall be repeated usir
lic reflector as the test object, as shewn in Figure C.4. Hold the test object at the height of t
pf the radar beam with the concave-surface pointing toward the radar. Record the detectio

As it has proven difficultyto obtain consistent results with any test object designed to simulate a |

Dimension

g a trihedral
he horizontal
N zone in the

arge structure,

b in millimetres

©1S0

Figure C.4 — Test body simulating large structure
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C.10.2 Detection suppressed by large objects in background

Certain methods of radar range measurement can cause large objects in the background to dominate the
range measurement and mask the presence of smaller objects closer to the radar. The manufacturer shall

state whethe

r such methods are used and explain any additional strategies used to minimize this effect.

A standard test of this effect can give misleading results as it might not take into account any additional
strategies to minimize this effect. Where such methods are used, the manufacturer shall describe a test using
the test object in Figure C.4 to demonstrate the extent to which this effect has been reduced.

C.11 Pra

The manufa
machines, w

The above t
part of a per
ground, may
avoid interce]

Consideratio
line. The dep

Ideally, the radar should be mounted at a height less than 1,5 m. If this)is impractical, then the detection

close to the
improve detg

This should e checked on ground typical of the intended warking environment as the smooth, dry groun

typical test s

sand, may n¢t cause unwanted alarms even when the*radar is tilted towards it.

The radar sh
avoid unwan
have no mov

ctical considerations Tor mounting radars on machines

cturer shall include in the instruction manual practical considerations for mounting“rada
th regard to the following.

bsts describe the three-dimensional zone within which detection will occur, ifca~sufficiently
bon penetrates this zone. The tests are conducted with a person, but other objects, includin
also be detected. The detection zone should therefore be positioned te intercept a person
pting the ground, as this can cause unwanted alarms.

h shall be given to the fact that the vertical limits measured apply only on the horizontal @
th of the conical zone tends to zero at the horizontal limits, asyshown in Figure C.2.

adar may be above the height where a man will be detected. If the radar beam is tilted do
ction close to the radar, unwanted alarms may occur.from the ground.

te will cause less reflection back towards the‘radar than wet, rutted mud. Some ground, ng

ed alarms. However, certain radars'can include detection strategies that will ignore objects
ement relative to the radar. The'manufacturer should indicate where this applies.

S On

large
g the
but to

entre

zone
vn to

J of a
tably

puld normally be mounted so that norpart of the machine intercepts the detection zone in orgler to

vhich

24
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Annex D
(normative)

Test procedure for ultrasonic detection systems

Introduction and purpose of tests

The tlests are designed to measure the performance of ultrasonic detection systems intended far

movi
Aspel

—

ng machinery.
cts of the performance to be determined are the following:

verall performance criteria of the system;

— the performance criteria and limits of detection zone;

— the criteria for location and fixing of the components;

— the operational system's reliability;

—

eactivation of the system;

— the detection time;

— physical environment conditions (vibration, shock, temperature, humidity).

The ¢
wher

This
an of

NOTH

Ise on earth-

imensions shown in Figures D.1 to D3;are for illustrative purposes only and are based upom an example

b a 6,0 m range is required. The specific range required depends upon the application of the

hnnex describes requirements.and tests of ultrasonic detection systems for earth-moving m
erational 3) reverse speed 6f up to 10 km/h.

Performance reguirements and tests of ultrasonic detection systems for slow-moving earth-mo

(opergtional reverse speed\of up to 3,0 km/h) are determined according to ISO/TR 9953.

D.2

The ¢

Test body

eometry of the monitoring area is tested with the following test objects.

machine.

hchinery with

ving machines

D.2.

Hest-body H-forhorizontat-testing

Test body H for the horizontal test consists of a tube 75 mm in diameter and of length 1 700 mm, of grey
colour and of hard plastic or metallic construction.

D.2.2 Test body V for vertical testing

Test body V for the vertical test consists of a tube 75 mm in diameter and of length 300 mm, of grey colour
and of hard plastic or metallic construction.

3) Typical working mode of wheel loaders, dumpers etc., when reversing.
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D.3 Test area

D.3.1 Detection zone shape

The horizontal and vertical detection zone is defined by the dimensions shown in Figure D.1 and Table D.1.

D.3.2 Test

surface

The test surface shall be a levelled and firm plane of at least 5,0 m width and 8,0 m length.

D.4 Test elnvironment

The conditiofs given in 4.1.3 apply with the following addition:

— wind vel

beity < 5,4 m/s.

D.5 Mounting and set-up

D.5.1 Location and fixing of sensor(s) on machine

The sensor(y
covered.

The number

The device S|

D.5.2 Location and fixing of evaluation device

The evaluati
so as to pr
performance

D.5.3 Location and fixing of'warning (audible and visual) device

The device s|

criteria required for the device).

hall be permanently affixed to the machine,

bf sensors to be used depends on the machine width 4) and the beam shapes of the sensord.

hall be located,at the operator's station and shall meet the requirements of 4.3.2.

) shall be so located and arranged on the machine that the detection zone as specified in D.3.1 is

bn device shall be located inside the operator's station or at an adequate location on the magchine
event environmental and high” vibration or shock loads (see 4.8 for physical enviroriment

4) Experience has proven that with the current type of ultrasonic sensors with a reach of up to 6,0 m, the following
arrangement is required: location of the first sensor, left and right: < 500 mm from the machine outside boundary. The
number of sensors in relation to the machine width is as follows:

Machir:;width Number of sensors
<2500 4
<3000 5
< 3500 6

The sensors should be symmetrically arranged.
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D.5.4 Actuation of system

The system shall be provided with a stand-by mode. A separate actuation of the warning device shall be
provided that is activated in the reverse operating mode.

The system shall meet the requirements specified in 4.5.

D.5.5 Detection time

The detection time shall be in accordance with 4.5, together with the following: this time shall be calculated as
an arithmetic mean of at least 50 measurements in the course of which a test body (as specified in D.2) is
movdd at a speed of 1 m/s from outside the detection zone to the 3,0 m grid position, i.e. the Arigger point for
the time measurement.

D.5.6 Operational reliability

D.5.6.1 Systems check
The $ystems check shall control the function of the whole system and be confirmed by a short dudible signal

of legs than or equal to 10 ms. The systems check shall be automaticiafter activation of the |system. The
systgm shall meet the requirements of 4.5.

D.5.4.2 Malfunction warning

In cage of a malfunction, a warning shall be given to the operator.

D.5.6.3 Operational integrity

The gystem shall meet the requirements of 4.6.
D.5.T Tests

D.5.71.1 Adjustment of system

Befoie starting the test procedure, the system shall be adjusted as follows:

D.5.1.1.1 Adjustment.of warning ranges

If the| system has two*or three warning ranges, these ranges shall be adjusted at the evaluation pnit following
the system manufacturer's instruction.

EXAMPLE A system with a 6,0 m maximum range is adjusted to the 2,0 m (emergency warning), 4,0 m
(pre-warning) and 6,0 m (warning) ranges.

D.5.7.1.2 Sensor adjustment

D.5.7.1.2.1 Height adjustment of the monitoring area

Use the vertical test body, V, and place it at the sensor centre line at maximum reach (as adjusted —
see D.5.7.1.1 — less 100 mm) and move the test body from the ground up to the position where test body V is
detected (visual and acoustic signal). Note the height (centre line of test body V) above the ground and adjust
the sensor so that this height is 800 mm (—100 mm).
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Horizontal adjustment

Use the horizontal test body, H, and place it at half the distance of the maximum reach (as adjusted —
see D.5.7.1.1), on both the left and right 100 mm outside of the detection zone as defined in D.3.1.

Adjust the two outer sensors left and right so that test body H is detected.

The other sen

sors shall be adjusted perpendicularly to the machine longitudinal axis.

D.5.7.1.3 \Verification of detection warning ranges

If the systefn has two or three warning ranges, verify the correct adjustment of the range by plI

test body H 1
For example

at1,9m

At2,1m

D.5.7.2 Static test of detection zone

The test met

If the test is performed without a machine, then the sensors shall be‘arranged 1,2 m above the test surfa

specified in [
D.5.7.21

Position test
ground, so th

D.5.7.2.2

Position test
situated in th

D.5.7.3 Ev

Test bodies
with an unin
detected in d
by the width

The test bod

Vertical test

00 mm before and after the adjusted range (see D 5.7.1.1 and Figure D.2).
for a 2 m warning range:
distance from the sensor: emergency warning.

distance from the sensor: pre-warning.

nod shall be performed on a system that is fitted to the machine:

.3.2 and located in accordance with D.5.1.

Horizontal test

body H statically, with the longitudinal axis)in the detection zone, standing perpendicular t
at its longitudinal axis is in the grid position of each measuring point shown in Figure D.2.

body V statically, and horizontally in the detection zone, so that its three-dimensional cen
e specific grid position ofleach measuring point as shown in Figure D.3.

pluation of the test.result

H and V shallkbedetected statically in all grid positions. Detection shall take place unambigu
errupted sequence of the signal appropriate to the measuring distance. If the test body
ne position, displace the position to the left and right (test body H) or up and down (test bo
diameter) of the test body.

bcing

Ce as

o the

tre is

ously
S not
dy V)

shall be detected perfectly in both positions

D.6 Test report

The test report shall include the following information.

a) System identification
1) Manufacturer:
2) Model:
28 © 1SO 2008 — Al rights reserved
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3) Identification
i)  Evaluation device (part number and serial number):
i)  Warning device (part number and serial number):
iii) Centre(s) (part number and serial number):
b) Test conditions

1) Test surface:

2) Test environment
i)  Wind velocity (m/s):
i) Temperature (°C):
i) Relative humidity (%):
3) Mounting and set-up
i) Detection zone:
[) width: mm;
II) length mm.
i) Sensor fixing:
I)  machine:
Il) testbar:
4) Sensor arrangement
i) distance from the outside boundary: mm;
i) distance between-sensors: mm;

iii) adjustmentof'warning ranges:

iv) emergency warning: m;
V) ‘pre-warning: m;
Vi)' warning: m.

5) System performance
i) System activation/check (see D.5.6.1):
i) Actuation time (see D.5.4):
iii) Detection time (see D.5.5):
iv) Malfunction control (see D.5.6.2):
v) Operational integrity (see D.5.6.3):

vi) Physical environment (see D.4):
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c) Test result

1) Horizontal test (see D.5.7.2.1):
2) Vertical test (see D.5.7.2.2):
3) Warning ranges (see D.5.7.1.3):
Dimensions in millimetres
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Key
1 refergnce line_(front of the sensor)
L basic|length
w basic [width, relating to the required detection zone width
GRP  groundreference plane
Figure D.1 — Detection zone shape
Table D.1 — Detection zone size
Max. operational reverse speed L w
m m
a > 6,0 As specified by the system manufacturer

a

Usual rearward operating speed: 0—-10 km/h in a work cycle.
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Dimensions in millimetres
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- 5 000 R
B 62000 R

1 re¢ference line (front of the sensor)
e measuring point with test body H
A optional measuring point

W wlidth

a8 SeeD.5.7.1.3.

Figure D.2 — Horizontal detection zone and test grid for static test
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If systems are

Dimensions in millimetres
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used with warning ranges, make the measurements 100 mm before and/or behind each warning rangé.

Key

1

2 test bpdy
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GRP

w width

a  Maximum.
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Figure D.3 — Vertical test grid for static test
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ISO 16001:2008(E)

Annex E
(normative)

Test procedure for ultrasonic transponder systems

Introduction and purpose

An ul
comn

This

betwyé
deteq

E.2

The fest body shall be a responder worn by a dummy which represents the 50t percentile hum

Figun

E.3

E.3.]

The test area shall be a flat surface with a mihimum width of 20 m and a minimum length of 20 m

E.3.

This

a) ftemperature in accordance with 4.1.3;

b) relative humidity-in-accordance with 4.1.3;

c)

E.3.3

trasonic transponder system is a system by means of which a worker is detected by dual ‘ulf
hunication between a detecting device installed on the machine and a responder wornby-the

annex provides a test method for verifying the detection zone necessary to prevent accid
ben the machine and the worker and confirming that the worker who entérs the detec
ted without fail.

Test body

e E.1). Responders shall be fitted to a helmet, vest or any other outfit a construction worker

Test condition

Test area

? Test environment

shall be as follows:

vind velocityyof 10 m/s or less.

b Mounting of transducer

rasonic wave
worker.

ental contact
tion zone is

Bn body (see
Can wear.

E.3.3-Helghtand angle

The horizontally set responder position and vertically offset responder position are shown in Figure E.1.

E.3.3.1.1 Horizontally set position

The transducer and responder shall be set at 1,5 m above the ground. The transducer shall be rotated at the
position. The detectable rotating angle, clockwise and anticlockwise (counter-clockwise), shall be measured.

©1S0

2008 — All rights reserved
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E.3.3.1.2 Vertically offset position

The transduc

er shall be set at 2,5 m above the ground. The responder shall be set at 1,0 m above the ground

and at an angle approximately 20° lower in respect to the transducer. The detectable rotating angle, clockwise

and anticlock

wise (counter-clockwise), shall be measured.

E.3.3.1.3 The distance between the transducer and the responder

The distance
and 10 m.

, R, between the transducer and the responder shall be set to 0,5m, 1,0m, 25m, 5m, 7,5 m

E.3.3.1.4 Measuring horizontal and vertical patterns

Measuremer

Figure E.2 a).

Measuremer

Figure E.2 b).

E.3.4 Ched

Whether or 1
and/or audib

E.3.5 Criteria

The detectio
— Figure B

— Figure B

E.3.5.1 Detection zone distance

The differeng
responder aq

E.3.5.2 Detection zone width

The differen

responds shall be +20% ‘or less, and —10 % or more, at the horizontally set position.

The differen

 range obtained shall be expressed as shown in

t of the horizontal pattern should be carried out with the transducer positioned @s-shoyn in

t of the vertical pattern should be carried out with the transducer positioned as shoyn in

king the detection

ot the transducer detects the responder in the measuring range shall be validated by the Yisual
e signal integrated in this system.

.3 for (e.g. 60°) oval type transducers, or

4 for (e.g. 30° x 60°) ellipse type transducers.

e between the maximum-distance set at the transducer and the maximum distance at whidh the
tually responds shall be 10 % or less at the horizontally set position.

e between-fhe nominal width set at the transducer and the width where the respondef first

Ce betiveen the nominal width set at the transducer and the width where the respondef first

responds shall-be + 20 % or less at the vertically offset position.
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Dimensions in millimetres

S A ~—_
~N
@ 9
- Oume—"__
a) Side view
8
) 6
!
T~ @] 3
_E;éyll}lllllllllllli\ljllllI
2 500 5000 7 500 10 00d
9 10
- |
b) Top view
Key
1 fifst transducer 6 first responder
2 second transducer, 7 second responder
3  djrection of rotation 8 alarm indication unit
4  d|rection of moyement 9 rotation pedestal
5 dpmmy 10 detection area
Figure E.1 — Detection area measurement
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a) Horizontal pattern

b) Vertical pattern

Key

1 direction qf rotation
2 transducef
3 rotation pg¢destal

Figure E.2 — Horizontal and vertical pattern measurement
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25m+—/5m [75m| 10m

30°

60°

Detection range vs. angle

Range (m) 0,5

1,0 2,5 5,0 75 1 10,0

Angle (degrees)| 180

180 | 130 | 100 75 60

a) Horizontal pattern

Figure E.3 (continued)
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Detection range vs. angle

Range (m) 0,5 1,0 2,5 5,0 7,5 | 10,0
Angle (degrees)| 180 180 130 100 75 60

b)“-Vertical pattern

Key
1 transducef

@ Detectionrange.

Figure E.3 — Detection area (60° oval type transducer)
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] %
% B(E): TR T
2m[

30°

60°

Detection range vs. angle
Range (m) 0,5 1,0 2,5 5,0 75 | 10,0
Angle (degrees)| 480 °| 180 | 120 80 50 30

a) Horizontal pattern

Figure E.4 (continued)
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Detection range vs. angle

Range (m) 0,5 1,0 2,5 5,0 7,5 | 10,0
Angle (degrees)| 180 180 130 100 75 60

b)“-Vertical pattern

Key

@  Detectionrange.

1 transducef

Figure E.4 — Detection area (30° x 60° ellipse type transducer)

E.4 Additjonal-test

E.4.1 Directivity-of responder

Since installed numbers and positions of the sensors at a helmet or vest are limited, sensing ability differs at
the postures of the test body. In order to see the difference, directional sensitivity shall be checked.

E.4.1.1 Test method
With a horizontally set position, the responder shall be set at 5 m from the transducer.

Rotate the responder from 0° to 360° and check whether a non-responding area of angle exists.
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