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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-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 outlines test procedures and sets criteria for the development of object detection
systems (ODSs) and visibility aids (VAs) which indicate to the operator the presence of objects which

are within the detection zone of these systems.

Proper job-site organization, operator training and the application of relevant vision standards
(ISO 5006 and ISO 14401) address the safety of people on job sites. In some cases, vision of the working
area cannot be achieved either by the operator's direct view or indirect view using mirrors. In such

cases, operator awareness can be improved by the use of ODSs and VAs.

0DS4 and VAs provide information to the operator as to whether a person or object is inth
machine, primarily during rearward movement.

It is ssential to note that ODSs and VAs have both advantages and disadvantages, There
that works perfectly in all situations. It is especially important that the shortcomings of O
be rgcognized and known to system users. The advantages and disadvantagés of selected
suminarized in Annex A.

The luse of a haptic signal (signal that stimulates the operator’s sense”of touch, vibratio
motipn) as an alternative to the use of visual and audible signals in ODS warning devices w
during the revision of this document, as haptic warnings are now.Being used in the automot
Whiﬂ‘e this document does not currently allow warning devices that only use haptic signals
incorporated into the warning device to supplement the vistal'and audible signal. More stu
to ddtermine the effectiveness of a haptic signal in various-earth-moving machinery applicy

e path of the

is no device
DSs and VAs
devices are

n, force and
hs discussed
ve industry.
they can be
Hy is needed
itions.
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Earth-moving machinery — Object detection systems and
visibility aids — Performance requirements and tests

1 Scope

This document specifies general requirements and describes methods for evaluating and testing
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Normative references

ines. It covers the following aspects:

etection or visibility or both of objects including people in the detection zone;

risual, audible, or both warnings to the operator and if appropriate{to’ the per
etection zone;

perational reliability of the system;
ompatibility and environmental specifications of the system.

hpplicable to machines as defined in ISO 6165. An ODS,~-VA or both can be used to 3
htor’s direct vision (see ISO 5006) or indirect vision using mirrors (see ISO 14401). In
VA or both can be used to provide additional means of object detection or view, for exa
homic considerations limit the effectiveness of direct vision and to avoid repeated tu
and upper body.

following documents are referred to:in the text in such a way that some or all of t
Fitutes requirements of this dogument. For dated references, only the edition cited
ted references, the latest editionof the referenced document (including any amendme

8411, Earth-moving machinery — Physical dimensions of operators and minimum op
ope

b394, Earth-moving-imachinery — Determination of emission sound pressure level d
jon — Stationary.test conditions

533, Earth-moving machinery — Machine-mounted audible travel alarms and forward K
ods and performance criteria

3766y karth-moving machinery — Electromagnetic compatibility

nrth-moving

sons in the

jugment the
addition, an
mple, where
rning of the

heir content
applies. For
hts) applies.

prator space

t operator's

orns — Test

ISO

mponents —

5998, Earth-moving machinery — Machine-control systems (MCS) using electronic co

Performance criteria and tests for functional safety

EN 50132-7:1996, Alarm systems — CCTV surveillance systems for use in security applications —
Application guidelines

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

I
I
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object detection system

oDS

system that detects objects, including people, that are in the detection zone (3.3) and warns the operator

Note 1 to entry: The system generally includes a sensing device (3.1.1), warning device (3.1.2) and evaluation
device (3.1.3).

Note 2 to entry: An ODS which operates by detection of a visual image is a visual object detection system.

Note 3 to entry: The system can also warn the person on the ground.

3.11
sensing deyice
0DS (3.1) component that detects a test body (3.4) in the detection zone (3.3)

3.1.2
warning device
0DS (3.1) cgmponent that transmits information to the operator or to persons.in‘the detection|zone
(3.3) by visyal or audible or both signals

3.1.3
evaluation device
0DS (3.1) cgmponent or components that analyse the signals and jdformation transmitted from the
sensing device and transform the corresponding signal to the warning device (3.1.2)

3.2
visibility aid
VA
system that[provides indirect visibility without a warning device (3.1.2)

Note 1 to entfy: The system generally includes one or more monitors (3.2.1) and cameras (3.2.2).

3.2.1
monitor
VA (3.2) compponent that provides a visual image of the detection zone (3.3) on a screen

3.2.2
camera
VA (3.2) compponent that transmiits’to the monitor an image of the detection zone (3.3)

3.3
detection zpne
zone within|which a test body (3.4) is detected by an ODS (3.1) or is shown by a VA (3.2)

3.4
test body

person or a stahdard measuring unit representative of 2 person, used to test the geometry and size of

the detection zone (3.3)

Note 1 to entry: Depending on the system used, test bodies can be varied (see Annexes B to I).

3.5

self-checking

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

3.6

detection time

time required for an object detection system to detect the test body (3.4) in the detection zone (3.3) and
activate the signal output

2 © IS0 2017 - All rights reserved
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3.7

stand-by

operation mode whereby the object detection and visibility aid systems are active, but no information
is transmitted by the warning device (3.1.2) or monitor (3.2.1)

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.

3.9
warning range
rangp within the detection zone (3.3) in which a distinctive warning is provided to'indicafe the range
between the machine and the object being detected

4 Performance requirements and tests
4.1 | General requirements

4.1.1 Testto determine the detection zone boundary

The test shall be performed on a system that is either¢fitted to the machine or to a representative
confjguration in accordance with the appropriate annex(see Annexes B to Annex I).

4.1.2 Testbody requirements

The test body requirements are specified in Aniiex B to Annex I.
4.1.3 Evaluation of test results

4.1.3.1 Detection

Deteftion shall take place unambiguously with an uninterrupted sequence of the signal or|information
apprppriate to the detection zone. For further details, see Annex B to Annex I.

It is possible to combing'ODSs and VAs to cover the necessary detection zone in the case where a single
systgm cannot coyér the zone.

EXANPLE A surround view system can be combined with another object detection system, whpse detection
zone fovers the'drea where the image size achieved by the surround view system is less than requifed.

4.1.3.2> Evaluation of false signals

False signals, such as the following, should be minimized:
— from objects outside the detection zone;

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

4.2 Location and fixing of ODS and VA components

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

— the component does not restrict any function or operation of the machine,

— the component is protected against external damage,

© IS0 2017 - All rights reserved 3
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— the component is affixed to the machine so as to deter unauthorized disablement or removal,

— the componentis mounted so as to limitexposure to, or amplification of, dynamicloads, temperature,

shock o

r vibration that could prematurely damage the device,

— the attachment and fixings of ODSs and VAs component do not affect the integrity of the protective
structures, e.g. rollover protective structures (ROPS).

4.3 Operator station components

4.3.1 Loc

The monitor shall be located such that it is in the 180° arc centred in front of the operator.

ation and images of monitor

The image dn the monitor should be displayed in the most intuitively logical way for the applicatign, as

in the following examples.
— The imdge of a rear view camera is commonly displayed as a mirror image (see Eigure 1).

— The imdge of a front view camera is commonly displayed as a “normal” image.

— The imgge from a side-mounted camera looking downwards is commenly displayed as “nofmal”

image.

— The imdge from a side-mounted camera looking rearwards could be displayed either as a “nofmal”

or “mirfor” image.

— A 360° [surround view” image is commonly displayed as:a“normal” image (see Figure 2).
1
g 3
4
2 R
9 9gem
/

4
Key
1  top of monitor 3 right side of monitor
2 left side of monitor 4  bottom of monitor

Figure 1 — Example of a mirror image on the monitor covering the area behind the machine

© ISO 2017 - All rights reserved
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Key

1 ock surround view of machine 6.4 *ground in front of machine
2 xp of monitor 7  ground to right

3 1ight side of monitor 8 ground in rear of machine
4  left side of monitor 9  ground to left

5  Bottom of monitor

Figure 2 — Example of a normal image on the monitor showing the surround view around
the machine

The monitor should be within 1,2 m of the operator’s eye point. If the monitor location if more than
1,2 m of operator’s eye\point, the displayed images shall be proportionally enlarged according to the
monitor. The test requirements shall be according to B.8.2, G.4 and G.5. The monitor shall be positioned
so ag to minimizéthe glare caused by direct sunlight.

NOTH Facters that influence an operator’s ability to detect a person on the monitor are the ppsition of the
monifor within the cab, the distance of the operator from the monitor, the size and resolution off monitor, the
ambientTighting, the lens on the camera and the distance of the object from the lens.

4.3.2 Warning devices for ODS

Both audible and visual warning devices are required for an ODS. These devices shall provide indications
to the operator and may provide indications to workers and other persons present at the work site.

4.3.2.1 Audible devices

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 3 400 Hz.

© IS0 2017 - All rights reserved 5
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In-cab alarms shall be distinguishable from other sounds (for example, warnings or machinery noise)

in the opera

NOTE

tor's station.

distribution of the signals (see ISO 9533).

4.3.2.2 Vi

sual devices

Distinctiveness of the alarm can be achieved by varying the spectral characteristics and the temporal

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

shielding m

The warnin
warning sha

4.3.2.3 EX

If an externg
other persol

External m
detection zg

4.4 Syste

4.4.1 Syst

The system

check, and s
NOTE Fq

In the case ¢

4.4.2 Syst
The system

If stand-by

sensor aboult the direction of the machine motion when the machine moves.

If multiple ¢

shall be bright enough to be viewed under sunlight operating conditions. Approp
iy be used to reduce the effect of direct sunlight onto the visual display unit.

b signals shall be distinguishable from other instrument panel warnings; thesmost s¢
1l be a flashing red light.

ternal machine-mounted warning devices

il machine-mounted audible warning device is fitted as part of tlie ODS to alert worker
1s at the worksite, then the external alarms shall comply with ISO 9533.

ne.
In activation and initial check

em activation on engine start

shall activate automatically on engine‘start or power-on, shall perform an initial sy
hall give a proper function indicatidn.

r a visibility aid, displaying the image from a camera on the monitor fulfils this requirement.

fan ODS malfunction, a warhing shall be given to the operator.

em activation from'stand-by mode

mode is provided, the system shall wake up and provide information from the came

ameras or sensors are fitted, the system shall provide the camera view or sensor s

may remain invstand-by mode unless the relevant machine movement mode is selected.

f the
riate

tvere

5 and

hchine-mounted visual warning devices, when fitted,<shall be visible to people i the

stem

ra or

ignal

appropriate

to'the direction of travel or other machine movement, for example:

corresp

onding camera or sensor;

cameras or Sensors;

cameras or sensors.

4.5 ODS detection time

After the introduction of an object to be detected, the ODS detection time shall not exceed 300 ms.

by using multiple monitors or multiple indicators, each of which provides information about its

by using a single monitor or indicator which sequentially provides information about multiple

by using a single monitor or indicator which simultaneously provides information about multiple

© ISO 2017 - All rights reserved
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Continuous self-checking

The availability of an image of the detection zone on the monitor is sufficient as a monitoring function

for a

An O

VA.

DS shall have a permanent monitoring function including at least the following:

a) anoperating indication light (green);

b) if stand-by mode is provided, a stand-by indication light (flashing amber or flashing green) (see
4.3.2.2);

) 1lvisual or audible or both failure signal if the operation of the system is impaire

q

4.7

The
deac

The {
be al

Any

4.8
The ¢

The
ISO 1

NOTH

onitoring of each link on the ODS, which includes the monitoring of all machine sign

gystem operation, for example:

— wire break,

— short-circuit,

— time management (if applicable),
— signal output and signal input, and

— checking of the system.

Warning device disablement for ODS

DDS warning device shall not have a means to allow it to be deactivated by a single acti
fivated by two or more separate and distinctactions by the operator.

ctivation of the warning device shall beso designed and installed that its operation c
tered by the operator.

bxceptions shall be specified in dccordance with Annex B to Annex I.

blectromagnetic compatibility (EMC) of ODSs and VAs shall comply with ISO 13766.

physical environmental conditions in which the ODSs and VAs are used shall be 3
5998.

1S0,19014-3 can be used as an alternative to ISO 15998.

d, including
als used for

bn. It may be

annot easily

Electromagnetic compatibility and physical environment operating conditions

ccording to

5 Ir/[arking and identification

Each major component (e.g. camera, sensor, monitor and controller) shall bear legibly and indelibly the
following information:

— manufacturer;

— type and model;

— product serial number;

— regulatory markings, as required.

© ISO
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6 Operator's manual

6.1 Operator’s manual

An operator’s manual complying with ISO 6750 shall be provided. The manual may be integrated into
the appropriate manual for the base machine and shall contain the following, if applicable:

— description of systems function;

— detection area shape and size, and variances according to operational and external factors
(e.g. interference, weather, presence of other systems);

— inform4g

— weathel

— topography limitations, as required;

— instruct
conditid

— instruct
— descrip
— instruct
— instruct

— regulat
regulat

— countri

— recomnj

6.2 Othel
For ODSs an

the followinlg:

— detailed

mounting heights and-angles;

— instruct

— instruct

tion for job-site organization as it related to the use of ODSs and VAs, as required;

" limitations;

ions for routine maintenance, including necessary countermeasures,against environm
ns that could impair the system’s sensitivity or its ability to discriminate objects;

ions for activation;

[ion of controls;

ions concerning safe operation;

ions on action in the event of malfunction;

ry certifications (such as RF conformitytest certifications required by the reg
ry body), if required;

s for which type approval has been achieved, if required;

ended routine for regular performance checks of the ODSs and VAs by the user, as requ

" information documents

d VAs systems if separately placed on the market shall have additional instructions cov

description gfyperformance and operating limits, in particular, the effect of diff

ions forinstallation and assembly, including mounting location, if required;

ions for performance verification;

ental

jonal

ired;

Pring

brent

— information for connection with other components, 1T required;

— regulatory certifications (such as RF conformity test certifications required by the regional
regulatory body);

— electrical supply requirements, as required.
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Annex A
(informative)

Selection of ODSs and VAs

A.1 Overview

ODS4 and VAs can be used to supplement the direct and indirect vision of the operator.

In selecting

an OPS or VA, consideration should be given to the operator’s information needs and-\to the operator’s
ability to respond to the information provided. The operator experiences many demands for attention.
When selecting, careful consideration should also be given to the form of information, visual or audible,

that |s of most use to the operator when an object entering occurs.

It is essential to take into account that ODSs and VAs have both advantages and disadvan
is no|device that works perfectly to cover the desired detection zone,ihall situations. Ther

fages. There
b is always a

risk that visual information passes unnoticed. Audible informationcgan catch the operatoy’s attention,
but dan be ignored if too many unwanted warnings are provided. It is especially important that the
shorfcomings of ODSs and VAs be recognized and known to system users. Some of these shortcomings

can be offset by combining two or more technologies. The ‘advantages and disadvanta
techniques are summarized in Table A.1.

NOTH The basic technologies are being continuouslyithproved. Therefore, some of the shortc
be addressed by future developments.

A.2 | Consideration of the functionalaspects of ODSs and VAs

A.2.1 General

bes of some

bmings could

The following machine functionsjand operational and environmental aspects, of the OI)Ss and VAs

should be considered.

A.2.2 Operator needs and ability to interface and use the system
Thesge needs are, for-example:

— folerance offalse alarm signals;

— gignal-te=rioise ratio;

— tiime and frequency of observation for visual systems;

— potential for information overload where multiple ODSs and VAs are used;
— human factors, (e.g. reaction time);
— training and instruction;

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

A.2.3 Operating environment
The operating environment can be influenced by, for example:

— open, congested or restricted site;

© IS0 2017 - All rights reserved
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topography of the site;

site conditions (for example, dust, water, light, contrast);

weather;

sources

of interference (for example, other machines, stronger reflectors or emitters).

A.2.4 Machine functions

These functions can be, for example:

A.3 Selec

The system

10

objecte

analysiy

ntering zones to be covered;

of machine movement and application at the job site;

available mounting positions;

anticipg

turning

ted speed of movement;

circle;

articulation effects;

stoppin

b distance.

tion of ODSs and VAs

should be selected considering the following characteristics:

visual o[ sensor detection;

active 0

NOTE
the othe
combine

passive response;

For example, Annex C, Annex D(and Annex F type 1 systems are based on active respons
r hand, Annex B and Annex F type 2 systems are based on passive response. There also ex
d system such as Annex E, one:that is based on passive response triggered by active input.

visual or audible warning or both;

respons

detectid

e time;

nzone,

operati

nal integrity;

mountipg secutity;

e; on
ists a

overriding/muting and disablement requirements;

unwanted alarms;

maintenance, servicing and cleaning requirements;

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

ability t
ability t
ability t

o distinguish persons (pedestrians) from other obstacles;.
o perform in inclement weather;

o perform in harsh conditions.
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Table A.1 — Some advantages and disadvantages of ODSs and VAs

Technology

Description

Advantages

Disadvantages

Range

Fresnel lens

A thin, flat lens
using concentric
circular grooves
in its surface. The

Allows the driver to

see objects below the
normal driving position
line of sight.

Image can distort near enve-
lope edges.

External light can cause lens
to be “flooded” with light.

Horizontal: >90°.

Vertical: typically
2 m.

grooves act like Depends on
prisms to bend and External light source needed. |\ mounting
focus light. . . ition.
§ Interpretation of image and position
judging distances can be
difficult.

Mirrpr Areflective surface |[Low maintenance and |Requires good light Potentjially long,
that provides simple to use. conditions. depenfling upon
indirect vision. Mounting can affect optical

charadteristics.
performance.
Can be prone to mechanical
damage.

Discrimina- [Analarm system |Activated when Relies on pedestrians in the |Varies|according

ting pxternal |thatusesasensor |machine movement path of the machine to take |to dec]bel output,

alarm to trigger an is selected. evasiveaction. frequgncy,
audible warnin . e . mountin
siu nal W & Warns only when object |Can®de difficult to determine oslilti n gnd
gnat is detected. whereé the direction of sound |P°%!
N\ envirgnmental
Qriginates. N
charadteristics.

Potential for confusion if
more than one machine is
operating in close proximity.

Ultrasonic

A system that uses
reflecting sound
waves to detect
the presence and
measure the
distance of

an object.

Accurate indication of
target distance; both
LED and\audio signals
to operator.

Time delay restricts usage to
slow vehicles; limited to
operating at reverse speeds
of up to 10 km/h.

Performance can be affected
by adverse weather.

Multiple sensors required to
cover the entire back area of
the machine.

Does not discriminate
between people and other
objects.

Limited mounting height
above ground.

Horizqntal: 6 m
max.

© IS0 2017 - All rights reserved
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Table A.1 (continued)
Technology Description Advantages Disadvantages Range
Fixed- A system that uses |Low cost. Difficulty sensing stationary |Range unlimited

frequency is
stepped between
two or more
frequencies.

radar surface and is not
affected by snow, wind,
rain, etc.

Can be designed to
detect speed and
direction of ebject.

targets farther away from
the sensor.

Not fail safe. Does not
discriminate between
people and other objects.

Can sense objects outside
the vehicle's path.

frequency microwave objects; distance can only be |(but see under
s . Reflects well from most |, it »
Doppler radiation that is . inferred from strength of Disadvantages”).
. objects. .
radar emitted and reflected signal. Therefore, o
. . s Spans up to 160
reflected from a Ignores any dirt on the |ata given sensitivity, the .
. o . by design.
moving object; radar surface and is not |system-responds equally to
frequency affected by snow, wind, |larger objects farther away
difference rain, etc. from the sensor and to
indicates motion. smaller objects closer to the
Cam be designed to sensor.
detect speed and '
direction of object. Not fail safe. Can sense
objects outside the
vehicle's path.
Does not discriminate
between people and other
objects.
Can only detect moving
objects.
Switched- See description for |Can measure range. Range measur€dis the Range unlimited,
frequency Fixed frequer}‘cy Reflects well from most weighted average range of  |butsee unds}r Dis-
Doppler Doppler radar”, obiects all targets.Therefore, small |advantages”.
radar except that the ) ' targets*clese to the sensor Spans up to 1d0°
transmitted Ignores any dirt on the |can b&masked by larger p p

by design.

Pulse radar

A system that uses
reflecting pulses
to detect the
presence and

Can identify the ranges
of multiple targets.

Can sense objects outside
the vehicle's path.

Does not discriminate

Range can be
limited.

Spans up to 10°

measure the bereen people and other by design.
. objects.
distance of
an object.
Frequency See aboveyexcept |Can identify the ranges |Can sense objects outside Unlimited.
modulated the transmitted of multiple targets. the vehicle's path. o
. . Spans up to 140
continuous frequency is swept . R .
. Can be designed to Does not discriminate by design.
wave from low to high
. detect speed and between people and other
(FMCW) and baCk again. direction af ohiect ohiects
J J
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Table A.1 (continued)

machine-mounted
transceiver and
an electronic tag
worn by workers
or mounted on
other obstacles to
signal close
proximity or
collision.

Technology Description Advantages Disadvantages Range
Closed A device that uses |Scratch, dirtand water |Distortion makes distances |Horizontal: up to
circuit wide-angle lens resistant. hard to judge. 127°.
television cameras .Wlth a Works in low-light Direct light into the camera |Vertical: up to
(CCTV) monitor in the cab. . > o

conditions. causes visibility problems. |115°.
Direct sun on monitor blocks
the image.
Objects in shadows are
aifficultto distinguisi.
Mud and dust on camera
lens can distort the image.
Mud and dust can be
removed by built-in
wash/wipe systems,
Passjve A device that Ideally detects the Sensitive to dirt, water and |Can bg limited in
infrdred senses changes difference between a vibration. this agplication;
(PIR in infrared (IR) person and the . see under
- Cannot measure distance. P, "
emissions from background. Disadvantages”.
objects. Cannot.distinguish a nearby
personfrom a hot engine
afar.
Actiye A device that uses
infrared infrared (IR)
(IR) emissions from
pb]ects to detect Unknown; Unknown. Umknown.
its presence and
measure its
distance from
the machine.
Contact Uses brakes that Simiple and relatively Not suitable for all Deterﬁined by
are activated after |inexpensive. machines. No advance the dimensions
a switch is detection of object or of the device.
triggered by a pedestrian.
pivoted bumper. Not considered safe for
pedestrian protection.
Suitable only for very low-
speed applications.
Electro- System that uses Mutual warnings to Does not monitor anything |Adjustiable to 20 m
maghetic electromagnetic both parties. without a tag. in every direction.
grad © signals or radio Monitors every Radiated power is too weak

reqyiency) waves to ; :

. ¥l communicate direction. to pass through the human
sign bodv and to cover allthe
transponder |between a 7

detection zone.

Directional, like the
ultrasonic transponder
(see E.4.1).

Can detect a person outside
the required detection area
and requires a judicious
choice of the radio
frequencies.

© IS0 2017 - All rights reserved
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Table A.1 (continued)
Technology Description Advantages Disadvantages Range
Laser Software-program- |Detection zone can be |Can suffer from interference |Maximum
mable precisely configured. from direct sunlight. practical range
system that uses Different functions can |Heavy steam or plumes of of 8 m and Sian
a pulsed laser and X . . angle of 180°,
. . be given to different smoke could act as a barrier. .
arevolving mirror. zones (e.g. appl beam thickness
& abby Another laser operatingon |of up to 50 mm.
brakes, sound horn, etc.).
the same wavelength could
also signal an alarm.
Lens requires rrequent
cleaning. Diode has limited
life (approx. 5 years).
Ultrasonic System that uses Can be adjustable for Does not detect anything Maximum detgc-
transpon- dual ultrasonic the detection range without a responder. tion'range
der wave to required. i$12 m, which|
communicate . can be setin 1jm
Sends an alarm directly .
between a . increments.
“ ; . _» |toboth the vehicle
detecting device .
. operator and the Detection range
installed on the
: worker. depends on the
machine and a .
« ” . choice of a
responder” worn |Generates visual and ;
. . transducer, which
by the workers to |audible warning to the . : ; o
: . is available in R0°,
signal close operator and audible o 40° o
o . 30° 40° and 6
proximity or warning to the workers. . .
o directivity.
collision.
Colour System that Mutual warnings to Doeés not monitor anything |Detection range is
recognition [ |analyses CCTV both parties. without a colour tag. 10 mto 15 m,
CCTV images to detect Monitors within depending upon
specific colour g . camera lens
camera's field of view.
tags worn by angle.
workers.
14 © IS0 2017 - All rights reserved
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Table A.1 (continued)

according to
their appearance.

VA.and ODS
functionalities are
integrated by design;
easy installation.

Detection zone can be
precisely configured.

posture or clothing, or incor-
rect angle from the system's
cameras, making identifica-
tion difficult.

Above a certain level, dirt
on lenses can lead to
degraded detection/
recognition performances.

Technology Description Advantages Disadvantages Range
Moving System that More than one object Difficult to detect stationary |According to
object detects objects by |can be distinguished objects; can fail to detect manufacturer’s
visual ODS analysing visual based on the images object when the machine specifications

image of moving provided by the itself is travelling.
objects from the camera. L
Does not discriminate
CCTYV, then warns . . .
Theoretically, it is between moving people
the operator . . . ;
possible to add velocity |and other moving objects.
(and the person measurement and
on the ground Direct light onto the camera
if appropriate). CTTECtion detection causes visibility problems.
to the system's
functions. Objects in shadows are
difficult to distinguish.
Snow, rain, mist, dust, etc.
can cause difficulty in
distinguishing objects.
Raindrops on the.camera
can cause distertion on the
image and cause it difficult
to distinguish the object.
If a person does not move
(walk), it can be difficult to
distinguish the person from
static objects such as rocks.
Visupl Visual system Obstacle detection Cameras shall have direct |Maximjum range
systém that uses camera |with the capability: visibility on the surveil- from § m up to
and morpho- |and video analysis |to differentiate lance area. 15m
logiqal N algorithms to pedestrians frqm Might not detect a person
recognition |detect obstacles hazards andobjects 2
. . with “unnatural
and their to avoid Unnecessary o
e . : appearance”, i.e. unusual
classification triggering of alarms.

© IS0 2017 - All rights reserved
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the distance to, or
other properties
of atarget by
illuminating the
object with pulsed

No electronic
emissions.

Good field of detection.

Table A.1 (continued)

Technology Description Advantages Disadvantages Range
Light An optical Can be used close to or |Needs to be evaluated Detection range is
Detection remote sensing at some distance from |relative to heavy dust from 1,5 m (min.)
and Ranging |[technology that the machine. and heavy rain conditions. |to 120 m (max.)
(LIDAR) can measure

Vertical field of
detection >20°,
with most biased
below the horizon-
tal.

light. It is a scan-
ning laser
rangefinder that
generates a 3D
point cloud of its
environment.

Similar to a radar
in principle and
operation but
using laser light
instead of radio
waves, it is capable
of detecting
particles and
varying physical
conditions in the
atmosphere.

Horizontalfield of
detection >25(°

16
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Annex B
(normative)

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

Additional performance requirements and tests

B.1

The {
mach

a)

q

b) limit of operational light levels to maintain minimum proposed resolution (see B.9.2),

c)

gcale on the test body (see B.2) reading that can be resolved (see B.9.1};

Overview and purpose of tests

ests are designed to measure the performance of CCTV systems intended for use.on e
linery. Aspects of the performance to be determined are

verall quality of the image presented in terms of TV lines resolved or‘equivalent, b

rertical and horizontal fields of vision for the system (see B.6.and B.7),

e)
) 1

The
perfq
20 I

B.2
The ]

B.3

Fori

B.4
The {

d) I:etection distance (see 4.3.1 and B.8),

asking due to direct exposure to high intensity light(see B.9.5), and
ime taken for the system to respond fully to rapid changes in light levels (see B.9.6).

tests are not designed to measure aspegts of performance due to the camera's
rmance criteria laid down in these tests-assume operating conditions of at least 50 Ix
minimum measured illuminance.

Test body
Rotakin test body describedin EN 50132-7:1996, Annex A shall be used.

Test areas

hternal tests+5\m x 5 m level floor area. For external tests: 30 m x 8 m level area.

Testenvironment

eStenvironment shall be evenly lit, free from shaded areas and reflections in field of v

hrth-moving

ased on the

height. The
average and

iew.

B.5

Mounting and set-up

B.5.1 Assembly

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

B.5.2 Positioning and alignment

B.5.2.1 Camera

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

© ISO

2017 - All rights reserved
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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 otherwise stated, the image of the test body shall occupy the entire vertical field of view of the

monitor.

B.5.2.3 Monitor

The monitor shall be mounted, positioned and aligned so that it is normal to the observer's face, at a

comfortabl

B.6 Hori

R SIS B R c c 1 3 £1 :
HEIgIit, A1t Siidl DE ITeC ITOIT gldI e dIIU T'CTICCLIOILS.

zontal test

B.6.1 Lightlevels

Light levels

B.6.2 Tes

Position the
the centre d
Move the te
is at the edg]

Similarly, eg
the distancs

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

[ procedure

test body away from the camera so that the image occupies™25 % of the vertical heig
f the monitor screen. Measure and record the distance from the camera to the test |
5t body along an arc to the point where the vertical centre line of the image of the test
e of vision in the monitor screen. Mark the point.

tablish and mark the point at the opposite side of the monitor screen. Measure and re
between the two marks and calculate by trigonometry the horizontal field of view.

B.7 Vertical test

B.7.1 Lightlevels

Light levels

B.7.2 Tes

Rotate the ¢
25 9% of the

Measure an

Move the te

chall be greater than 50 Ixand less than 50 000 Ix.

[ procedure

amera through 909 Position the test body away from the camera so that the image occ
vertical height'at the centre of the monitor screen.

l recordthe distance from the camera to the test body.

5t body-along an arc to the point where the vertical centre line of the image of the test

is at the ed

ht at
body.
body

cord

ipies

body
nt at

ecof vision in the monitor screen. Mark the point. Similarly establish and mark the po

. oA .l .
the OppOSlt staeofthemonttor-screen:

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

B.8 Range

B.8.1 Lightlevels

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

18
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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.

NOTE The effective operating range of the system is based upon a minimum screen height of 7,0 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 Lightlevels

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

B.9.1.2 Test procedure

Positlion 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 set H
to sef A.

B.9.1.3 Test criteria

A redolution 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 Testprocedure

Repdat the procedure accordingito B.9.1.2 in appropriate steps, from the lowest to the highest light
levelk stated in the manufacturer's specification. Measure and record the minimum light lgvel at which
the minimum resolution specified in B.9.2.2 is observed.

B.9.2.2 Test criteria

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

B.9.3 Edge distortion

B.9.3.1 Lightlevels

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

B.9.3.2 Testprocedure

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

B.9.3.3 Te

st criteria

No reduction in the image dimensions shall be observed at the edge for 25 % of the test body height.

B.9.4 Screen edge resolution

B.9.4.1 Lightlevels

Light levels

B.9.4.2 Te
Position the
Move the te
Measure an

Rotate the t

B.9.4.3 Te

A minimum
not achieve(

shall be greater than 50 1xandlessthan 50 000 Ix

st procedure

test body at 100 % of the vertical height of the monitor screen.
5t body to one side of the screen.

l record the resolution.

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

st criteria

resolution of 200 TV lines or equivalent [see B.1 a)}shall be achieved. If this resoluti
| across the entire monitor screen, the field of view’shall be specified as the angle at W

the resolutign is achieved.

B.9.5 Hig|

B.9.5.1 Lij

Test to be c4

B.9.5.2 Te
Point the ca

Position the
the camera

Measure an
the test bod

B.9.5.3 T

h intensity light effect

bht levels

rried out outdoors in direct sunlight.

st procedure
mera straight at the Suh‘to produce a masking on the monitor.

test body close ®o,"and in front of, the camera and move the test body directly away
Intil the image.of the test body is wholly obscured by the masking.

1 record the width of the masking. This measurement shall be taken at the shoulder po
.

on is
rhich

from

nt of

stCriteria

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

B.9.6 Rec

overy from radical change in light levels

B.9.6.1 Lightlevels

Place the test body against 10 000 Ix for background, in an elevated position so that it is visible with
little or no background objects on the monitor.

20
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B.9.6.2 Test procedure

Place a shutter over the camera and hold for 5 s.

Remove the shutter.

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

B.9.6.3 Test criteria

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

B.1(L Functional tests

Veriff
day ¥

If my
B.6t

NOTH
is usy

atwd
then

B.11

B.11
The {

— 1

— 1nodel number;

JR— q

— 1
B.11

The
and ]

B.11

y the operation of any additional features of the system, such as mirror versusnormd
fersus night setting for the monitor.

b B.9, and the results shall be evaluated.

Some systems can be switched for forward or rearward use. Inforward use the image o

1l image and

Itiple cameras are installed on the parent machine, each camera shall-be'tested in accardance with

h the monitor

-camera system, one for forward use and the other for rearward use, is to be connected to a si
hutomatic switching between mirror and normal image can bedequired.

| Recording

.1 Information
ollowing information about the CCTV system shall be recorded:

echnical specifications for the monitor and camera;

erial number;

est dates.

.2 Test values

Lest values\obtained from tests B.6, B.7, and B.8 shall be recorded, as illustrated in
B.2.

.3'Actual values

ally set to normal image, while for rearward use the image on th€ monitor is usually set to miLror image. If

gle monitor,

Figures B.1

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.
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\

n.-""'--L\_.'l

_]

v

Key
1 recorded angle and range
2 camera
3 range, inm

Figure B.1 — Horizontal field of view — Top view

Key

1 recorded angle and range
2 camera

3 range, inm

Figure B.2 — Vertical field of view — Side view
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Annex C
(normative)

Test procedure for radar sensors

Overview

This
obst
the g

This
rada
movi

C.2
The

fort

For t
ISO 3

NOTH
thosd

C3

The 1
sand
area
ther
excej
rada

MarK

situ
the ;.Eead. This test procedure therefore uses the detection of the head alone as the point of m

annex describes the method for determining the detection zone for radar systems, us
icles near earth-moving machinery. The procedure described in this annex is designe

procedure does not evaluate the position of that zone with respect to the’machine g
I sensor is to be fitted. Practical considerations regarding the application of this zo
ng machines are given in C.11.

Test body

fest body shall be that part of a human body which pretrudes into the detection zd
ions around the edge of the detection zone, the first part of the body to protrude int

e edges of the detection zone.

he tests, a real person with the stature of the*medium operator shall be used in acco
411.

The consistency of results with real people of varying statures has been found to be
with artificial substitute objects.

Test area

est area shall be an gpen’space on flat terrain with a dry sand, dry gravel, or combin
and dry gravel basei.No rocks, foliage, or debris larger than 8 cm in diameter shall b
No large objects-sueh as buildings or heaps shall be within approximately 50 m direct
hdar system. No\arge objects shall be within 25 m of either side of the radar system. A
bt those persens conducting the test, shall remain in an area where they are not det
I system,

out arectangular grid with lines at 1 m intervals over an area equal to the expected def

eometry of the three-dimensional zone within which a person can be reliablyrdetected.

ed to detect
d to identify

n which the
ne to earth-

ne. In some
the zone is
easurement

rdance with

greater than

ation of dry
e in the test
ly in front of
| personnel,
ected by the

ection zone.

C4

Test environment

The test environment shall be in accordance with 4.8.

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 s

tand 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.
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C.6 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.6.2 Mes

Position the
and the cent

Position the

Move the te
the warning
does not od
between thd

Move the te
Repeat the |

Record the |
did not occu

C.6.3 Mes

Position the
detection og
of upward t

Repeat this
detection zd

Invert the r

Figure C.1 — Measuring full geometry of detection zone

jsuring horizontal limits

radar as normally oriented on the machine but with the radar béam extending horizor
re of the radar beam at the height of the nose on the head of the-test person.

warning device where it can be heard by the test persondand’the person conducting the

device indicates detection, move the test person sideways in each direction until dete
cur. Record the last position where detection*occurs on each side. Record any poq
se points where detection does not occur.

it person a further 0,5 m away from the radar and repeat the above procedure.
rocedure at 1 m intervals away from the radar until detection does not occur.

horizontal limits of the detection—zone. Record any areas within this zone where dete
r.

jsuring vertical limits

curs, tilt the raddar upwards until detection does not occur and record the maximum
It where detection does occur.

test at I{m'from the radar and at further intervals of 1 m until the end of the horiz
ne.

hdar in the mounting so that the normal top of the detection zone is at the bottom. (

tally

test.

5t person 0,5 m away from the radar on the centre lineof the anticipated detection zopne. If

ction
ition

ction

test person 0,5 m-away from the radar on the centre line of the horizontal detection zone. If

ingle

bntal

heck

that the cen

[Te of the beam 15 again tevet 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 can include relative movement between radar and test object in the
detection strategy. If this function is optional, it should be switched off. If the function cannot be
switched off, then the test person may mimic the movement required.

Record whichever of the following applies:

a) no movement is required;

24
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b) movement requirement is switched off;
c) movement is always required.

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

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

Where a radar sensor can be programmed to create a variety of detection zone shapes and sizes, the
tests specified in C.6.2 and C.6.3 shall be used to confirm the maximum dimensions of the detection
zone that can be programmed 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 4 1 m grid as
illustrated by the example shown in Figure C.2.

3 Pl

saTE5L221"'1234567480810

E
=t B B Ch O S 00D

Figure C.2 — Maximum detection points for horizontal plane

The maximum detection pojnts/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.

Figure C.3 — Maximum detection points for vertical plane
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C.10 Additional testing

C.10.1 Alarms from large objects outside the detection zone

Large structures, such as other machines, can be detected at wider angles and greater distances than
a person and can generate unwanted alarms. The test according to C.6.2 shall be repeated using a
trihedral metallic reflector as the test object, as shown in Figure C.4. Hold the test object at the height
of the horizontal axis of the radar beam with the concave surface pointing toward the radar. Record the
detection zone in the same manner as for a person.

NOTE Because it has proven difficult to obtain consistent results with any test object designed to simulate a
large structufe, this test needs to be regarded as an mndication of only the detection Zone for [arge Structyres.

Dimensions inillimetres

150

Figure C.4 — Test body simulating large structure

C.10.2 Detpction suppressed by large objécts in background

Certain methods of radar range measurement can cause large objects in the background to dominate the
range measyrement and mask the presence of smaller objects closer to the radar. The manufacturer|shall
state whethgr such methods are used and explain any additional strategies used to minimize this effect.

A standard test of this effect can.give misleading results, because the test might not take into ac¢ount
any additiornal 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 Practicaliconsiderations for mounting radars on machines

The manufagtdrer shall include in the instruction manual practical considerations for mounting radars
on machines, with regard to the following.

The tests in C.6 and in C.10 describe the three-dimensional zone within which detection occurs,
provided a sufficiently large part of a person penetrates this zone. The tests are conducted with a
person, but other objects, including the ground, might also be detected. The detection zone should
therefore be positioned to intercept a person but to avoid intercepting the ground, as this can cause
unwanted alarms.

Consideration shall be given to the fact that the vertical limits measured apply only on the horizontal
centre line. The depth of the conical zone tends to zero at the horizontal limits, as shown in Figure C.2.

Ideally, the radar should be mounted at a height less than 1,5 m. If this mounting height is impractical,
then the detection zone close to the radar can be above the height where a man is detected. If the radar
beam is tilted down to improve detection close to the radar, unwanted alarms can occur from the ground.
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The correct angle of the radar beam should be checked on ground typical of the intended working
environment, because the smooth, dry ground of a typical test site causes less reflection back toward
the radar sensor than does wet, rutted mud. Some ground, notably sand, might not cause unwanted
alarms even when the radar is tilted towards it.

In order to avoid unwanted alarms, the radar should be mounted so that no part of the machine
intercepts the detection zone. However, certain radars can include detection strategies that ignore
objects which have no movement relative to the radar. The manufacturer should indicate where this
detection strategy applies.
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Annex D
(normative)

Test procedure for ultrasonic detection systems

D.1 Overview and purpose of tests

The tests d
systems int¢

Aspects of t
— overall

the critq
the ope
deactiv
the dete
— physica

The dimens

example whiere a 6,0 m range is required. The specific range required depends upon the applicati
the machine.

This annex
machinery ¥

NOTE 1
reversing.

NOTE2  Peg
machines (op

D.2 Test

The geomet

the performance criteria and limits of detection zone;

An operational speed of up t0/10 km/h is typical working mode of wheel loaders, dumpers etc.,

bscribed in this annex are designed to measure the performance of ultrasonic dete
bnded for use on earthmoving machinery.

he performance to be determined are the following:

performance criteria of the system;

bria for location and fixing of the components;

ational system's reliability;

hition of the system;

ction time;

environment conditions (vibration, shock, témperature, humidity).

ons shown in Figures D.1 to D.3 are forjllustrative purposes only and are based upq

describes requirements and’ tests of ultrasonic detection systems for earth-m
vith an operational reversespeed of up to 10 km/h

rformance requirements and tests of ultrasonic detection systems for slow-moving earth-m
erational revensespeed of up to 3,0 km/h) are determined according to ISO/TR 9953.

body

Fy of the monitoring area shall be tested with the following test objects.

ction

nan

on of

ving

when

bving

D.2.1 Test body H for horizontal testing

Test body H for the horizontal test shall consist 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 shall consist of a tube 75 mm in diameter and of length 300 mm, of grey
colour and of hard plastic or metallic construction.
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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
The

D.5

D.5.

The 1
is coy

The number of sensors to be used depends on the machine width and on the beam shapes of]

NOTH
the fq
outsi
is as

The dlevice shall be pefimanently affixed to the machine.

D.5.

The
the 1

Test environment
ronditions given in 4.8 apply with the following addition:

vind velocity less than or equal to 5,4 m/s.

Mounting and set-up

I Location and fixing of sensors on machine

ered.

Experience has proven that with the current‘type of ultrasonic sensors with a reach o
llowing arrangement is appropriate: location of‘the first sensor, left and right: <500 mm from

le boundary. The appropriate number of symmetrically arranged sensors in relation to the m
ollows:
Machigejvidth Number of sensors
mm
<2 500 4
<3000 5
<3500 6

. Locatiomand fixing of evaluation device

evaluation device shall be located inside the operator's station or at an adequate
hachine so as to prevent environmental and high vibration or shock loads. See 4.8

ensors shall be located and arranged on the machine sd\that the detection zone specified in D.3.1

the sensors.

Fup to 6,0 m,
the machine
achine width

location on
for physical

envij

onment performance criteria required for the device.

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

The device shall be located at the operator's station and shall meet the requirements of 4.3.2.

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.
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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 moved at a speed of 1 m/s from outside the detection zone to the 3,0 m grid position,
i.e. the trigger point for the time measurement.

D.5.6 Operational reliability

D.5.6.1 Systems check

The systems check shall control the function of the whole system and be confirmed by a shortauldible
signal of lesg than or equal to 10 ms. The systems check shall be automatic after activation of the'system.
The system shall meet the requirements of 4.5.

D.5.6.2 Malfunction warning

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

D.5.6.3 Operational integrity

The system shall meet the requirements of 4.6.

D.5.7 Tests

D.5.7.1 Adjustment of system

Before startiing the test procedure, the system shall beiadjusted as follows:

D.5.7.1.1 Ildiustment of warning ranges

If the systemn has two or three warning ranges, these ranges shall be adjusted at the evaluation unit
following thle 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 $ensor adjustmernt

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) legs 100¢mm and move the test body from the ground up to the position where test body V is
detected (vistial and acoustic signal). Note the height (centre line of test body V) above the grouncll and
adjust the semsor 30 tat this hetght 15800 M (=100 T

D.5.7.1.2.2 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 sensors shall be adjusted perpendicularly to the machine longitudinal axis.
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D.5.7.1.3 Verification of detection warning ranges

If the system has two or three warning ranges, verify the correct adjustment of the range by placing
test body H 100 mm before and after the adjusted range (see D.5.7.1.1 and Figure D.2).

For example, for a 2 m warning range:

— at 1,9 mdistance from the sensor: emergency warning;

— at 2,1 mdistance from the sensor: pre-warning.

D.5.7.2__Statictest of detection zone

The

1

Altet]
thet

D.5.7

Posit
to thi
Figu

D.5.7

Posit

cent

1

D.5.7

Test

unar
the t
up and down (test body V) by the width (diameter) of the test body.

The

D.6
The

a)

b)

1

1

q

1

est shall be performed on a system that is fitted to the machine.

natively, if the test is performed without a machine, then the sensors shall be arranged
bst surface as specified in D.3.2 and located in accordance with D.5.1.

[.2.1 Horizontal test

ion test body H statically, with the longitudinal axis in the detection zone, standing pe
e ground, so that its longitudinal axis is in the grid position ‘of each measuring poi
e D.2.

[.2.2 Vertical test

ion test body V statically, and horizontally in theé“detection zone, so that its three-

.3 Evaluation of the test result

bodies H and V shall be detected‘statically in all grid positions. Detection shal
hbiguously with an uninterrupted'sequence of the signal appropriate to the measuring
bst body is not detected in one.position, displace the position to the left and right (tes

est body shall be detected perfectly in both positions.

Test report

est report shall include the following information.

$ystemddentification

)~ manufacturer;

e is situated in the specific grid position of each measuring point as shown in Figure 0.

1,2 m above

rpendicular
nt shown in

Himensional
.3.

take place
r distance. If
t body H) or

2) model;

3) identification:

i) evaluation device (part number and serial number);
ii) warning device (part number and serial number);

iii) centre (part number and serial number);

Test conditions

1) testsurface;
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2) testenvironment:

i)
ii)

iif)

wind velocity (m/s);
temperature (°C);

relative humidity (%);

3) mounting and set-up

i)

4) sen

5) sys

detection zone:

H—width-{rmmm;
1) length (mm);
sensor fixing:

I) machine;

1) testbar;

Sor arrangement

distance between sensors (mm);
adjustment of warning ranges;
emergency warning (mm);
pre-warning (mm);

warning (mm);

fem performance:

system activation/check (see D.5.6.1);
actuation time (see D.5:4);

detection time (se€-D.5.5);
malfunction¢centrol (see D.5.6.2);

operatignal integrity (see D.5.6.3);

physical environment (see D.4);

gt

distance from the outside boundary (mm);

c) Testres

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).
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Dimensions in millimetres
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W Thasic width, relating to the required detection Zone width
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Figure D.1 — Detection zone shape
Table D.1 — Detection zone size
Max. operational reverse speed L w
m m
a 26,0
a Usual rearward operating speed: 0 km/h to 10 km/h in a work cycle.
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Dimensions in millimetres
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See D.5.7.1.3.
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Figure D.2 — Horizontal detection zone and test grid for static test
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Dimensions in millimetres
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If systems are usSed with warning ranges, make the measurements 100 mm before or b

each warning range.
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Figure D.3 — Vertical test grid for static test

bhind or both
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Annex E
(normative)

Test procedure for ultrasonic transponder systems

E.1 Overview and purpose

This annex
contact bety
zone is dete
E.2 Test
The test bod

(see Figure
constructiol

E.3 Test

E.3.1 Tes

The test are

E.3.2 Tes
This shall bg
a)
b)

temper:
relative

c) wind veg

provides a test method for verifying the detection zone necessary to prevent accid
veen the machine and the worker and confirming that the worker who enters the.dete
rted without fail.

body

y shall be a responder worn by a dummy which represents the 50th’percentile human
F.1). Responders shall be fitted to a helmet, vest, or other outfitthat is typically worn
1 worker.

condition

I area

q shall be a flat surface with a minimum width of 20 m and a minimum length of 20 m.

[ environment

e as follows:

hiture in accordance with 4.8;
humidity in accordance'with 4.8;

locity of 10 m/s or less.

E.3.3 Mounting of transducer

E.3.3.1 Hgq

ight and angle

ental
ction

body
by a

D

=

The horizonrally set responder position and vertically offset responder position are shown in Figur

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.

E.3.3.1.2 Vertically offset position

The transducer 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 anticlockwise (counter-clockwise), shall be measured.
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E.3.3.1.3 The distance between the transducer and the responder

The distance, R, between the transducer and the responder shall be setto 0,5m, 1,0 m, 2,5m,5m, 7,5 m
and 10 m.

E.3.3.1.4 Measuring horizontal and vertical patterns

Measurement of the horizontal pattern shall be carried out with the transducer positioned as shown
in Figure E.2 a).

Measurement of the vertical pattern shall be carried out with the transducer positioned as shown
in Figure£-2b):

E.3.4 Checking the detection

Whether or not the transducer detects the responder in the measuring range shall'be valigated by the
signals (visual, audible, or both) integrated in this system.

E.3.% Criteria

The dletection range obtained shall be expressed as shown in
— JFigure E.3 for (e.g. 60°) oval type transducers, or

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

E.3.53.1 Detection zone distance

The difference between the maximum distancegset at the transducer and the maximum| distance at
which the responder actually responds shall bei+10 % or less at the horizontally set position.

E.3.5.2 Detection zone width

The flifference between the nominal'width set at the transducer and the width where thle responder
first responds shall be +20 % ordess, and -10 % or more, at the horizontally set position.

The difference between the(nominal width set at the transducer and the width where the responder
firstresponds shall be £20 % or less at the vertically offset position.

Dimensions in millimetres
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a) Side view
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b) Top view
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fansducer 7  second responder
of rotation 8 alarm indication unit
of movement 9 rotation pedestal

10 detection area

Figure E.1 — Detection area measurement

a) Horizontal pattern
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Key
direction of rotation
2 transducer

lotation pedestal

b) Vertical pattern

Figure E.2 — Horizontal and vertical pattern measurement
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Detection range vs. angle

Range (m) 0,5 1,0 2,5 5,0 7,5 10,

Angle (degrees) 180 180 130 100 75 60

a) Horizontal pattern

Figure E.3 (continued)
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Detertion 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 transducer
a  [petection range.
Figure E.3 — Detection area (60° oval type transducer)
41
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Deteftion 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 transducer
a  [petection range.

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

E.4 | Additional test

E.4.1 Directivity of responder

Because 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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E.4.1.2 Criteria

There shall be no non-responding areas of angle.

E.4.2 Audible alarm

To ensure that the alarm is loud enough for the operator and the workers, an alarm volume test shall be

conducted.

E4.2.1 Te

st method of alarm at operator cab and criteria

The sound |
shall be pos
noise shall H

E.4.2.2 TH

Effort shall
be fitted ned

E.4.3 Eny

tioned according to ISO 6394. The sound pressure level of the alarm with low idling e
e equal to or shall exceed the sound pressure level of the engine at high idling.

e alarm at the responder

be paid to provide sufficient sound pressure for the workers. For example, the alarm
ir an ear so that a worker can hear the alarm.

ironmental durability

Environmerjtal durability shall follow the requirements of the main standard unless specified.
E.5 Testreport
The test report shall include the following information.
a) Manufafturer/model
b) Testbody
c) Test conditions:
1) tesfarea;
2) tesfenvironment:
i) [temperature;
ii) |relative humidity;
iii) [wind velocity.
E.6 Test results

pressure level shall be measured at the operators ear position. I'ne microphone pojﬂition

E.6.1 Detection zone shape

gine

shall

The detection zone shape should be recorded as a diagram or drawing of the measured zone, providing
three-dimensional information (see Figures E.3 and E.4).

E.6.2 Additional tests

E.6.2.1 Directivity of responder

Verify and record that there is no position at which the test body does not respond.

44
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E.6.2.2 Audible alarm

Record the sound pressure level at the operator’s ear when the alarm sounds with the engine is running
at low idling and, for comparison purpose, record the sound pressure level when the engine is running
at high idling without the alarm sounds.

E.6.2.3 Environmental durability

With reference to 4.8, record that no malfunction was observed for:

— the temperature test,

— the humidity test, or

— the shock test.
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Test procedure for electromagnetic (EM) signal transceiver systems

F1 Overview and purpose

This annex ;I)rovides a test method for determining the detection zone for EM signal transceiversystems
used to detect workers and other obstacles that are outfitted with tags near earth-moving-machipnery.
The proceduyre identifies the geometry of a two-dimensional zone within which a tag is détécted.| This
procedure does not consider the changes that could occur in the detection zone from\interference or
other effects when the transceiver is mounted on the machinery. See F.10 for aspécts that shou]d be
considered yhen installing these systems on actual machinery.

Because thefe are many variations of this technology, it is helpful to distinguish.between the main types.

— Type 1:|a transmitter and antenna mounted on the machinery radiates an electromagnetic ffield.
The tag|detects this field and transmits a signal back to either a séparate communications antenna
on the thachinery or the same antenna used to generate the detéction signal. If the tag is within a
specifield detection range, then an alarm is generated on the machinery to warn the operator. $ome
systemg also generate an alarm at the tag.

— Type 2: the tag radiates an electromagnetic field around the worker or object on which it is moupted.
A receiyer and antenna mounted on the machinery detects the signal from the tag and generatps an
alarm for the operator if the tag is within a certain range. An optional and separate signal may be
transmitted back to the tag if an alarm is generated at the tag.

F2 Testpody

The test bofly shall be a stand made-from wood (or other material that does not interfere with EM
signals) thaf allows the mounting of the tag in at least three different orientations at a height of 1 m
from the ground, with no part ofthe stand protruding above 1 m. See Figure F.1.
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Dimensions in millimetres

Key
q
q
q

B wWw N R

d

E3

The test area shall be outdoors-.in an open area with no obstructions that could caus
interfference, buildings, vehicles) or other objects, within a 60 m radius from the centre.

pola
radit

1000

i

rientation 3 — lying on side
rientation 2 — rotated 90°

rientation 1 — normal

irection to machine-mounted antenna

Figure F.1 — Test body.showing three tag orientations

Test area

grid with radial lines ‘marked every 10° and concentric circles marked every metrs
s of the grid should-be’as large as the expected detection range of the system. See Figu

ire F.2.

© ISO

2017 - All rights reserved

e EM signal
Mark out a
e. The total

47


https://standardsiso.com/api/?name=0f48076311c55d09777fe902b821b326

IS0 16001:2017(E)

Values in degrees

Key
1 distance|from test body, in m

Figure F.2=—Example grid for test area and plotting paper

F.4 Testpnvironment

The test environment shall be in accordance with 4.8.

F.5 Mounting of components meant for machinery

F5.1 Type 1 system

The components that transmit the detection area signal for the system, i.e. those components normally
mounted on the earth-moving machinery, shall be placed in the centre of the test area. The transmitting
antenna shall be mounted on a wooden stand (or stand made of another material that does not interfere
with EM signals) at a height of 2 m in the same orientation that it would normally be on the machinery;
the transmitting antenna shall remain stationary. If a separate antenna is used to communicate with
the tags, this antenna shall be mounted at a height of 1 m, directly below the transmitting antenna.
The alarm portion of the system shall be situated so that it is easily seen and heard during the tests.
See Figure F.3 for an example.
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F.5.2 Type 2 system

The components that receive the detection signals from the tags, i.e. those components normally
mounted on the earth-moving machinery, shall be placed in the centre of the test area. The receiver
antenna shall be mounted on a stand at a height of 2 m in the same orientation that it would normally be
on the machinery and it shall remain stationary. If a separate antenna is used to communicate with the
tags, it shall be mounted at a height of 1 m directly below the receiving antenna. The alarm portion of
the system shall be situated so that it is easily seen and heard during the tests.

Dimensions in millimetres

2 one

1000

1 &

AN
%\?5 ‘

Key

1 ransmitter or receiver mormally mounted on machine 5  control electronics
2 bptional tag communjcdtions antenna 6  270°radial line

3 hlarm display 7  0°radial line

4 bower source

Figure F.3 — Example of machine component test stand

F.6 Tag mounting

The tag, or component normally worn on the worker or mounted on other obstacles, shall be placed on
the test body platform in an orientation expected in working situations. For example, a tag worn on the
belt shall be placed on the stand in an upright position similar to the orientation that it would have on
the belt of a person facing the components on the machinery. See orientation 1 in Figure F.1. Tags inside
a hard hat shall remain in the hard hat and the hat should be placed on the test body platform in an
orientation similar to the one it would have on a person standing upright and facing the components on
the machinery.

Besides the above tag orientation, two additional orientations shall be tested with the tag in orthogonal
positions to simulate, first, a person turned 90° in relation to the first test, and second, a person bent
over at the waist or lying down facing the machinery. See Figure F.1.
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E7 Test procedure

E7.1 System settings

If the range of the system is adjustable, (that is, the range over which a tag is detected can be adjusted
according to equipment size or speed, then two sets of tests as described in F.7.2 shall be conducted, one
with the range set at minimum and the other with the range set at the manufacturer’s recommended

maximum.

E7.2 Measuring detection zone

With the machine components at the centre of the test area according to E.3, place the test body
tag on the 1|m radius circle at the 0° radial line. Record whether detection occurs. Rotate the-tag't
second and third positions as described in F.6, recording detection for each case. The persontondu

the test sho

Move the te
described alf

Move to the
components|
circle). Cont

F.8 Reco

Each test pq
indicate the
points wher
should be n
tag detectio
that point. ']

1d step aside while detection is noted to ensure they are not causing interference.

5t body away from the centre to the next circle along the 0° radial line and repeat the
pbove. Continue along the radial line until detection does not occur for-any tag orientati

hextradial line and repeat the tests. The test body and tag shall be priented to face the ma
as described in E.6 (The test body needs to rotate to compensate:for movement aroun|
nue until detection has been recorded for all radial lines and distances from the centre.

rding detection zones

dimensions and shape of the detection zone. Reliable detection should be noted for {
e all three tag orientations were immediately detected by the system. Sporadic dete
pted for those points where only one or two tag orientations were detected. Furthert
n shall be considered sporadic if any tag orientation resulted in inconsistent detecti
'he detection area shall be outlined-to indicate the overall shape of the reliable dete

zone with sporadic areas identified.

r and
o the
cting

bteps

chine
d the

int specified in F.7.2 shall be recorded on a polargrid as shown in Figure F.4 in order to

hose
ction
nore,
On at
ction
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Values in degrees

Key
1 distance from test body, in m
-1 _ sporadic detection area

1 reliable detection area

Figure F.4 — Example plot of reliable and sporadic detection zones

F.9 | Verification test for tag on a human

Humpn shielding-of.a tag can cause interference and missed detection. An additional test shall be
conducted to vegify that a tag intended to be worn by a human worker is detected in all grientations.
The tag shalkbe worn on an average-sized person (height between 1,65 m and 1,75 m)|in a typical
orientation ‘and location as recommended by the manufacturer. The test person shall stand upright
facinig the machine components mounted on the stand as described in E.5. The person shall tand on the
inte?lgection of the 180° radial line and the 8 m circle. Tag detection shall be recorded as “[Yes” or “No”
for this orientation. The test person shall then rotate his body in place in 45° increments, recording tag
detection at each orientation. Results shall be recorded as shown in Table F.1.
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Table F.1 — Recording of tag detection for person at range of 8 m

Person's orientation
degrees

0
45
90

135
180
225

Tag detection
Yes/No

F.10 Praci

The detecti
to the dete
metallic str
is truncated
detection zd
machinery.
at the rear
shall make 1
multiple ant
that manuf{
typical piecq

A computel
commission
the computsg

F.11 Com}

Because of t|
a commissid
to determin
recoded in 4
Where therq

whether mulltiple anfenhnae are needed to provide additional protection to the areas of truncation.

ling test as defined in E.11 shall be performed to confirm the validity of results produc

270
315

fical considerations for mounting EM transceiver systems en'maching

bn zone for these systems, when recorded as described above, could be very diff

ictures on the machine can block portions of the signal, resultihg in a detection zong

in one or more directions. Mounting height and location can dlso affect the shape d
ne. Some manufacturers use this quality of EM signals todimit detection to one area ¢
For instance, an antenna mounted on the rear axle of a dump truck might only detect
bf the truck, and conversely for an antenna mounted ‘o1 the front bumper. Manufacty
hese limitations clear in the installation or operation manual so that it is understood
ennas could be needed for full protection around'a piece of machinery. It is recomme
cturers include an example plot of the detection area of the system when mounted
p of machinery.

simulation may also be used as ‘a‘-means of determining system performan

r simulation.

missioning test for machine types

he potential for metatlic:structures on the machine to block portions of the signal (see |
ning test based orf-the method described in E.7 shall be carried out on each machine
e the limitationstef detection of the system as installed on the machine. The results shj
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Annex G
(normative)

Particular performance requirements and tests for CCTV system
with surround view

G.1| Overview and purpose of tests

This|annex provides particular performance requirements and tests for a surround vigw on CCTV
systdm, which merges the images from multiple cameras into a single image.on a single monitor.
This|annex modifies Annex B so that the object can be appropriately represegated on the monitor and
recognized by the operator by a surround views.

The tests in Annex B shall be applied except for modification given in G@-below.

G.2 | Test body

Test pody consists of a closed top cylinder 400 mm in diameter and of height 1 600 mm.
Top 4nd bottom should be painted or marked, so that they'are discriminated as mock-headfand feet.

NOTH Specified dimensions are based on the dimensions of a Rotakin test body as specified in EN 50132-
7:1996, Annex A.

G.3 | Mounting and set-up

G.3.1 Cameras
The ¢amera shall be set-up on thé-parent machine as designed.

G.3.2 Test body

The test body shall bé-vertical and shall be placed in the test evaluation area.

G.4 | Test requirement

The purpose of the test is to measure and record the location of the test body at which the size in the
monijtorof the test body image is 7,0 mm. This test shall be done to each merging overlap image.

NOTE If a single test body is represented as multiple images on the monitor, use images equal to or larger
than 7,0 mm height for test recording purposes.
G.5 Test procedure

For merging overlap image from multiple cameras, draw on the ground a mesh covering the detection
area with specified size cells as presented on Figure G.1. Cell size shall be specified by manufacture
conforming to the risk assessment. The minimum cell size shall be 1 m.

— x-axis (the lateral direction of the base machine) is the line that runs through the rear end of the
base machine and perpendicular to y-axis.
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— y-axis (the longitudinal direction of the base machine) is the line that runs through the centre point
of base machine and parallel to the longitudinal of base machine.

— The centre point of the base machine is based on the parent machine manufacturer’s specifications.

Place test body on each point of the mesh. Measure and confirm if the size in the monitor of the test
body image is equal to or larger than 7,0 mm.

Repeat the procedure, measure and record the location of the test body, until the test body image size
becomes less than 7,0 mm. If some part of the test body is not represented, the head end image and leg
end image need to be represented at the same time with the total image height of these ends minimum
7,0 mm for l"ping r;\}'mhlp to be npprnpriquly rprngniwnd

..................................................................................

Figure G.1 — Records of merging overlap image
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Annex H
(normative)

Particular performance requirements and tests for visual ODS

H.1

Overview and purpose of tests

Thisjannex is applicable to object detection systems that detect based on the camera imagg
moving person around the earth-moving machinery. It specifies particular performance r¢

and

tests (amending those specified in Annex B) for a visual object detection system (OD|

the rlearby persons around the machines can be appropriately detected avoiding.detection

H.2 | Test body

See (.2.

H.3 | Mounting and set up
H.3.l. Camera

See (r.3.1.

H.3.2 Test body

The

H.4

The
test

test body shall be vertical and shall pe-placed in the test evaluation area.

Test area

test area shall be an opefi flat surface also no visibility obstruction to the visual ODS sH
grea. All personnel, except those conducting the test, shall be in an area where they are

by the visual ODS. MarKoiit criss-cross lines at 1 m intervals over the test area from the b

mac

H.5
The

H.6

ine to the distanee'as specified by the manufacturer.

Test environment

testenvironment shall be in accordance with 4.8 and with the following additions:

of a nearby
Pquirements
S) such that
loss.

all be in the
hot detected
order of the

lljghf levels shall he greater than 50 Ix and lessthan 50 000 Ix:

the camera shall not receive direct sunlight;

avoid snowfall, rainfall, mist or dust that can otherwise cause the test body difficult to be

recognized;

avoid raindrops, mud or dusts on camera lens that can otherwise cause distortion of the images.

Test procedure

The test body shall approach each border of the machine (in the following order: from the front, rear,

left,

and right) at each of the four test conditions.
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ﬁ}\ - R

test body approaching from the front side of the machine
test body approaching from the rear side of the machine
test body approaching from the LH side of the machine

Bw N R

test body approaching from the RH side of the machine

Figure H.1 — Test body approachingthe machine border

H.6.1 Testbody approaching from the front side of the machine

Test body shall be placed at the distance, where it'is not recognized by visual object detection. Lqgt the
test body approach, at velocity 4 km/h to tlie;machine front border (0 m). Record the detection rfange
for the test pody. If this approaching line is outside the machine LH/RH border, move the test bofy to
the centre of the front and rear end borders of the machine and record the detection range.

Shift sidewdy by 1 m then repeat the/above mentioned movement [approaching velocity 4 km/h tp the
machine front border (0 m)] and tecord the detection range.

Then repeat side-shift by 1.nDalso repeat approaching movement so far as the test evaluation criteria
(see H.7) ar¢ met.
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Key
1  detection range where the test body is appropriately detected (bold line)
2 non-detection range where the test body cannot be detected (broken(line)

Figure H.2 — Machine front side test area also-recording of the detection range

H.6.2 Test body approaching from the rear side of the machine

Test pody shall be placed at the distance, where\itis not recognized by the visual ODS. Let the test body
apprpach, at velocity 4 km/h to the machine(bear border (0 m). Record the detection rangg for the test
body} If this approaching line is outside the.machine LH/RH border, move the test body to the centre of
the front and rear end borders of the machine and record the detection range.

Shift{sideway by 1 m then repeatithe above mentioned movement [approaching velocity 4 km/h to the
machine rear border (0 m)] and-record the detection range.

Then repeat side-shift by 1 mralso repeat approaching movement so far as the test evaluation criteria
(see H.7) are met.
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—

—— —-————-—-—————1

Key
1  detection range where the test body is appropriately detected (bold line)
2 non-detdction range where the test body cannot be detected (broken line)

Figure H.3 — Machine rear side test area also recording of the detection range

H.6.3 Testbody approaching from the LH side of the‘machine

Test body shall be placed at the distance, where it is notrecognized by the visual ODS. Let the test pody
approach, at velocity 4 km/h to the machine LH side border (0 m). Record the detection range for the
test body. If|this approaching line is outside the miachine front end/rear end border, move the test pody
to the centre line of the LH and RH borders of'the machine and record the detection range.

Shift fore orjaft by 1 m then repeat the abgove mentioned movement [approaching velocity 4 km/h to the
machine LH|side border (0 m)] and recerd the detection range.

Then repeat fore or aft shift by i.m“also repeat approaching movement so far as the test evaluption
criteria (see{H.7) are met.
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Key
1  detection range where the test body is appropriately detected (bold line)
2 non-detection range where the test body cannot be detected (broken(line)

Figure H.4 — Machine LH side test area also recording of the detection range

H.6.4 Test body approaching from the RH side of the machine

Test pody shall be placed at the distance, where\itis not recognized by the visual ODS. Let the test body
apprpach at velocity 4 km/h to the machineg RH side border (0 m). Record the detection rpnge for the
test body. If this approaching line is outside the machine front end/rear end border, move the test body
to the centre line of the LH and RH borders of the machine and record the detection range.

Shift{fore or aft by 1 m then repeat the above mentioned movement [approaching velocity 4|km/h to the
machine RH side border (0 m)}-and record the detection range.

Then repeat fore or aft shift-by 1 m also repeat approaching movement so far as the tesft evaluation
critefia (see H.7) are met.
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