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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 16001 was prepared by Technical Committee ISO/TC 127, Earth-moving machinery, Subcommittee SC 2,
Safety requirements 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 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 HDS and VA.

HDS and VA provide information to the operator as to whether a person or object is in the path of the machine,
primarily during rearward movement.

It is essential to note that HDS and VA have both advantages and disadvantages. There is no device that
works perfectly in all situations. It is especially important that the shortcomings of HDS and VA be recognised
and known to system users. The advantages and disadvantages of selected devices are summarized in
Annex A.
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INTERNATIONAL STANDARD ISO 16001:2008(E)

Earth-moving machinery — Hazard detection systems and
visual aids — Performance requirements and tests

1 Scope

This International Standard specifies general requirements and describes methods for evaluating and testing
the performance of hazard detection systems (HDS) and visual aids (VA) used on earth-moving machines. It
covers the following aspects:

— detection of people in the detection zone;

— visual and/or audible warning(s) to the operator and/or to the persons in the detection zone;

— operational reliability of the system;

— compatibility and environmental specifications of the system.

It is applicable to machines as defined in ISO 6165. HDS and/or VA can be used to augment the operator’s
direct vision (see 1ISO 5006) or indirect vision using mirrors (see ISO 14401) or to provide additional means of

hazard detection, for example, where ergonomic considerations limit the effectiveness of direct vision, e.g. to
avoid repeated turning of the head and upper body.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6165, Earth-moving machinery — Basic types — Identification and terms and definitions

ISO 6394, Earth-moving machinery — Determination of emission sound pressure level at operator's
position — Stationary test conditions 1)

ISO 9533, Earth-moving machinery — Machine-mounted forward and reverse audible warning alarm —
Sound test method

ISO 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 device
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 component or components that analyse the signals and information transmitted from the sensing device
and transform 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 zone
zone within which a test body is detected by an HDS or is shown by a VA

3.4

test body

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

n .
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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

411 Test of detection zone

The test method shall be performed on a system that is either fitted to the machine or to a representative
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);

— relative humidity (60 % + 25 %).

The test shall not be affected by reflections from surrounding walls, auxiliary test equipment or other objects.
For further details, see Annexes B to F.

4.1.4 Evaluation of test results

41.41 Detection

Detection shall take place unambiguously with an uninterrupted sequence of the signal or information
appropriate 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.
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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 device is mounted so as to limit exposure to, or amplification of, dynamic loads, temperature, shock or
vibration that could prematurely damage the device,

— the attachment and fixings of HDS and VA devices do not affect the integrity of the protective structures,
e.g. rollover protective structures (ROPS), and

— the device is designed and mounted to permit routine service access from the ground or from a service
platform so that the intended performance is maintained.

4.3 Operator station devices

4.3.1 Location of monitor

The monitor shall be located within the operator’s view. Restriction of the operator’s view of the working area
or of the machine working equipment shall be minimized.

When the monitor is used to cover the area behind the machine, the system shall be configured to provide a
reverse image on the monitor.

In order to see a person at the maximum distance of the detection zone, the monitor shall display the height of
a fifth percentile person (see ISO 3411) such that the image is 7 mm on the monitor. The monitor should be
within 1,2 m of the operator’s eye point. The monitor shall be positioned so as to minimize the glare caused by
direct sunlight.

NOTE Factors that influence an operator’s ability to detect a person on the monitor are the position of the monitor
within the cab, the distance of the operator from the monitor, the size of monitor, the ambient lighting, the lens on the
camera and the distance of the object from the lens.

4.3.2 Warning devices

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

4.3.21 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 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 This can be achieved by varying the spectral characteristics and the temporal distribution of the signals (see
ISO 9533).
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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 fitted as part of the HDS, then the external alarms shall comply with ISO 9533.

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

4.4 System activation and initial check

The system shall activate automatically on engine start, perform an initial system check and give a proper
function indication. For visual aid systems, the indication of proper function shall be by a clear image of the
detection zone on the monitor.

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

The system may enter stand-by mode until the relevant machine movement mode is selected.

If multiple cameras or sensors are fitted, the system shall automatically select the camera or sensor
appropriate to the direction of travel.

4.5 HDS detection and response time
HDS detection and response time shall not exceed 300 ms after activation of the system or after waking from

stand-by. The system detection and response 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 operational 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 function 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 f
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),
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— signal 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 exceptions shall be specified in accordance with Annexes B to F.

4.8 Physical environment and operating conditions

The HDS and VA shall comply with 1ISO 15998 in respect of the physical environment and operating
conditions with the following exceptions:

— temperature: -30 °C to +60 °C;

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

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

NOTE The objective is to achieve, as the state-of-the-art progresses, the temperature, vibration and shock
requirements of ISO 15998.

5 Marking and identification

Each device shall bear legibly and indelibly the following information:

— manufacturer;

— type/model;

— product/serial number;

— regulatory markings, as required.

6 Operator's manual

HDS and VA shall be supplied with an operator's manual containing installation, technical and safety
instructions for the intended use of such systems, as follows:

— description of systems function;

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

— information for job-site organization;
— weather limitations;
— topography limitations;
— instructions for maintenance;
— instructions for installation and assembly, including mounting location;
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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);

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

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

— electrical supply requirements.
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Annex A
(informative)

Selection of HDS and VA

A.1 Introduction

HDS and VA may be used to supplement the direct and indirect vision of the operator. In selecting HDS 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
occurs. There 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.

It is essential to note that HDS and VA have both advantages and disadvantages. There is no device that
works perfectly to cover the desired detection zone in all situations. It is especially important that the
shortcomings 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
summarized in Table A.1.

The basic technologies are being continuously improved. Therefore, some of the shortcomings could be
addressed by future developments.

A.2 Consideration of the functional aspects of HDS and VA

A.2.1 General

The following machine functions, and operational and environmental aspects, of the HDS and VA should be
considered.

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

— tolerance of false alarm signals,

— time and frequency of observation for visual systems,

— potential for information 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.
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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

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

A.2.4 Machine functions

These 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

— stopping distance.

A.3 Selection of HDS and VA

The system should be selected considering the following characteristics:
— visual or sensor detection;

— active or passive response;

— visual or audible warning or both;

— response time;

— detection zone;

— operational integrity;

— mounting security;

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

— maintenance, servicing and cleaning requirements;

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

A1aA AnAAD AT
Copyright International Organization for Standardization ghtS reserved

Provided by IHS under license with ISO Licensee=Universita Bologna - related to 5972936/5935522001
No reproduction or networking permitted without license from IHS Not for Resale, 10/19/2009 01:50:16 MDT

ISO 16001:2008(E)



2008(E)

ISO 16001

‘ubisap Aq ,09] 03 dn uedg

‘( sebejuenpesiq, Jopun

"'saAOW oym uosiad e 10818p Ajuo ue)

"8[0IYaA JO
yyed episjno sjoalqo asuss ue) "ajes |ie} JoN

"JOSuas ay}
0} Jaso|o s108qo Jgjjews 0) se Aeme Jayuny
s100lqo abie| 0y Ajlenba puodsal [Im wo)sAs
ay} Auanisuss uaalb e je alojaloy] ‘eubis
pajoajyad Jo yibualis wouy paisjul 8q Ajuo ued

"Joslgo
10 uonoalp pue poads 10810p
0] paubisep aq ue) )8 ‘ulel
‘puim ‘mous Aq pajoaye jou ‘lepel
JO @0euNS Uo UIp saloubl ‘spiezey

‘uonow
so)ealpul aousIayIp
Aouanbaly ‘199[qo Buinow e
WOJ} Pajodjal pue pajwe

99s 1nqg) paywiun oabuey [soueisiq "s1oslqo Aleuonels Buisuas AJnouQ |1Sow wWoll [|om S)}od|jad (1s00 MO |sI  uonelpes  aAemosl | Joiddoq Aousanbaly paxi4
Jepey
‘punoib anoqge jybiay Bununow pajwi]
“UOIIBUILILIOSIP INOY)IM BjoE)Sqo Aue s108}a(Qg
"auiyoew Jo eale
3oB( 8J1}ud JaA0D 0} palinbal siosuas ajdiyniy
‘y/wy 0 0} dn spaads ‘soas|nd
aslanal e bBunesado 0} pajwi] Jayjeam -Jojelado o} sjeubis | Bunosyes  Jo by jo
aslonpe Aq pejosye aq Aew sduewlopad|olpne pue Q37 Ujog :‘edouejsip [awil Aq painsesw j}os[qo
"Xew W 9 :|ejuozioH | ‘se|olyaA mojs 0} abesn sjoLsal Aejap awi] [1964e}  JO  uOlBOIpUl  S]BINDJY |JO BJUE)SIP pue 8ouasald oluosel)|n

"solsuajoeIRyD
[BJUBWIUOIIAUS pue uopisod
Bununow ‘Aousnbaiy ‘indino

‘Alwixoud asoo ul Buijelado si suiyoew
8UO UBY} 8low JI UOISNJUOD JO) |enud}od

‘woJj Buneuibuo
9SIOU UONDaIIP BUIWIBIeP 0} JNJIYIP 8g uen

‘uoioe Buiplone Buiyey

"pajoslep 109[qo usym
AlUO sulep\ 'Pe1Ds|eS JuBWBAOW

‘wueje Buiuiem

[@qioep 0} Buiploooe s|qeleA |sulyoew jo yed ul uewsepad uo sal@y | sulyoew usym pejeAnoy |Jebbuy 0} Josuss e sesn| wiee [eulsixe Buneuiwosiq
"abewep [eojueyosW
"soljsliejoeleyo [eondo uodn |0} euoid oq ue) -souewlopsd j08ye "asn "uoIsIA Joalipul Buipiaoad

Buipuadap Buo| Ajjenuajod [ ueo Bununopy “suonipuod bl poob salinbay |0} sidwis pue sdueusjulew MoT | adeuns ETNLETIEY] v JOLIN
"uonisod "JINoiyip aq Aew "1yb1| snooy
Bununow uo spuadaq | seoueysip Buibpnl pue abew jo uoneaidisiul pue puaq 0} swsud ay| joe
‘W Z AjjeotdAy ;[eoiuap ‘popasu  @ounos bl [eusdxe  Jybl  yum ‘ybis | sencoib ay] ~eoeUNS S Ul
’ ’ papooy, aq 0] sus| asned ueod Jybi| jeussxa | jo aul uonisod BulaLp [Bwiou 8y} [ SBA00IE JBINDIID DLJUSIUOD
",06 < :|eyuozloH | ‘sebpa adojgaus Jeau olsip ued abew]|mojaq s109lqo aas 0} JoAUp SMO|y | Buisn  sus| el ‘uiyl v sug| [ausal
abuey sabejueapesiq sabejueapy uonduosag KBojouyoa ]

VA pue SaH jo sebejueapesip pue sabejueape sawosg — L'y ajqel

© I1SO 2008 — All rights reserved

Universita Bologna - related to 5972936/5935522001

Not for Resale, 10/19/2009 01:50:16 MDT

1N

Copyright International Organization for Standardization

Provided by IHS under license with ISO

Licensee:

No reproduction or networking permitted without license from IHS



2008(E)

ISO 16001

‘suoleoljdde psads mo|s Ai1an 1o} Ajuo a|geyns
‘uonosjold ueuysepad Joj 8jeS palopISU0d JON

~1adwnq pajoald e Aq

"92IASp JO paJabbuy sI youms e iaye
suoisuswip Aq paulwlisle@| -uonoslep Joud ON “Saulydoew |[e Joj 9|qeyins JON "anIsuadxaul Ajpalelal pue a|dwig | pajeAnoe ase sayelq oyl 10B1U0D
‘sas|nd
Bunospyes jo by jo
awn Aq painsesw 103lqo
‘umouyun ‘umouyun ‘umouyun |0 8ouelsIp pue 8dussald BNIOY
auibua
10y Jey e wouj uosiad asoo e ysinbunsip jouue)
" sobejuenpesiq, "90UE]SIp alnseaw jouue) s1elqo
Japun e@as — uoneoydde ‘punoJsbxoeq ay) pue uosiad | wody suoISSIWe pal
Siyy ur paywil 8q Aep "UONBIQIA ‘18]BM ‘UIp O} BANISUSS | B UBBMIBq 9oUBIBYIP BY) S}oalep Ajjesp||esyur ul sebueyd sasuag anissed
paJeyju|

“,GL 1 0} dn :jeoiap
*,/2L 0} dn :|JejuoziioH

‘swiaisAs adim/ysem
uring Ag peaowss oq ued siyl -ebew
8]} LOISIP UBD SU8| BISWED UO ISNp pue pniy

"ysinBuysip o} JNoYIP S8 SMopeys Ul s199(d0
"abew ay) s}00|q Jo)UOW U0 uns 108.Ig

‘swa|qo.d
Ajpqisia sesned eiswed ay} ol bl 108.41q

"aBpn[ 0} pJey seoue)sIp seyew Uoilo}siq

"SUOIIPUOD JYBI| MO
Ul SHJOM ‘Juejsisal Jojem pue HIp ‘Yojesos

"geo 8y} Ul Jojyuow
e UM seiswed  sus|
o|Bue-spim sasn 8oIAe(

(ALDD) uoIsirBe)
1N2UIO Paso|)

‘ubisap Aq ,09| 03 dn uedg

‘paywIUn

"8[o1yaA Jo yed apisino s1o8lqo asuss ue)

"108[qo jJo uonoalip pue
paads 10819p 0} paubisap aq ue) ‘sjabie)
aldynw jo sabues sy} Apuspr ue)d

‘uiebe yoeq pue
ybly o3 mo| wou jdems
sI Aouanbayy papiwsuelsy
ay} )deoxs ‘enoge a8g

(MOW3)
OABM SNONUiUOD

paje|npow
Aouanbalg

‘ubisep Aq ,09| 03 dn uedg

‘payiwi 8q Aew abuey

"8[oIyaA Jo Yyed apisino s)oslqo asuss ue)

‘syobue) a|diynw jo sabuel Ajyuapi ued

‘sas|nd
Bupospes jo by o
awn Aq painsesw 103lqo
JO @oue)sip pue aosuasald

Jepel as|ind

‘ubisap Aq ,09| 03 dn uedg

" sebejueapesiq, Jopun
998 Ing ‘pejwiun sbuey

"9]01yaA Jo yied apisino
sjoalqo asuas ue) ‘ajes |ie} JoON ‘Aeme Jayuny
sjebie) Jabie| Aq peysew oq Aew Josuas oyl
0} 9s0|0 s)eble} |lews ‘aiojaioy] ‘siobiey |e jo
abuels abelone pajyblam ay) sI painseaw abuey

"108(qo J0 uooBlIp
pue paads jo8)ep 0] paubisep ag uey "0j0
‘ured ‘puim ‘mous Aq pejosye jou ‘epe
JO 9@0BUNS UO MHIp saioubl ‘splezey jsowl
woJj [[em sys|joy "ebues ainsesw ue)

‘selouanbaly alow
J0 OM} usamiaq paddals
sI Aousanbal} paplwsuely
oy} 1deoxa ‘anoqe 998

Jo|ddog
Aouanbaly
payoums

abuey

sabejueapesiq

sabejueapy

uonduoasaq

ABojouyosa]

(penunuo) |y ajqeL

11

ghts reserved

TaYaYalalals) Al

~

Copyright International Organization for Standardization

Provided by IHS under license with ISO

Universita Bologna - related to 5972936/5935522001

Not for Resale, 10/19/2009 01:50:16 MDT

Licensee:

No reproduction or networking permitted without license from IHS



2008(E)

ISO 16001

"SloyJom AQ UIOM

‘g|Bue sua| eloweo uodn "M3IA JO pIal} S,BJaWED UIYNIM SI0)UOW |INojoD  oyoads  108)ep ALDD
Buipuadap yipm w G| 0} W QL ‘Bey Inojod e Jnoyym BuiyiAue Jojluow jou saoq | isenied  yjoq o0} sbBuiuiem jeninpy | 03 pasAjeue abewr A DD |uoniuboosal  unojo)
"AJIAoaaIp ‘SiayIom ay)
.09 puB  0b .08 .02 0} Buiulem s|gipne pue lojelado ay) 0)
se papiroid 8q ued Jaonpsuel) Buiuiem s|qipne pue [ENSIA S8jEIBUSD) ‘slaylom Aq
sl yjpm uonosleg sdeys oWl Woq O} Anoslip Luele Ue Spuss DoIA8p Bunoajep,
W ul1es aq ueo Jeyy wygl ‘padinbai abuel | usamiag  S1EOIUNWILLOD Japuodsuely
s| abuel uonoslep WNWIXe|N "Japuodsal e Jnoyym Buiyifue jos1ep Jou sao | uonoslep 8y} Joj s|geisnlpe aq uen|seaem oluosesn |enQg oluosed)n
*9Jl| (4eah g "xoudde)
panwi sey apoiq ‘bBuiues|o jusnbaly saiinbal susT
‘wJee ue jeubis os[e p|nod ‘(039 ‘uIoy punos
yibusjonem aswes ay) uo Bunelado uase| Jayjouy | ‘seyelq Aldde -6:8) sauoz juaiayip
‘ww Qg *J0JJIW
0} uanlb &g ued suonouny uBIBYIQ
0] dn Jo ssauyoly} weaq "Jallieq Buinjonal e pue Jose|
‘,08] Jo 9|bue ueds pue w g|e se joe pnod ayows Jo sawn|d Jo wesa)s AresH ‘painbyuod [ pasind e bBuisn wa)sAs
Jo obuels |eonoeld wnuwixepy | ybluns joaap WoJ) doUBIBLSIUI WOl Jayns ue) [Apsiwald egq ued suoz uopodsleq |sjgewwelbold ailemyos JoseT]

‘saouanbauy
olpel ay} Jo d210yd snomipn e salinbal pue eale
uo1}09}8p palinbal sy} apisino uosiad e 109jep ue)

‘(1'p°3 @88)
Japuodsued) olUOSeJ} N 8y} 8yl ‘|euonoalip ate Aay |

"8U0Z UOI}08}ap Y} ||e JoA0D 0} pue Apog uewny
8y} ybnouyy ssed 0} yeam 00} si Jomod psjeipey

‘splezey Jay}o Jo
sioyiom Aq uiom sbey,

Japuodsuel [eubis

‘uooalIp ‘uonoalIp AJaAs SIojuOW | pue SoIYaA 8y} usamiaq |(Aousnbaiy  oiped)
Aane ul wQz o} sgeisnipy ‘6ey e Jnoyum BuiyiAue Jojuow jou sao( [ ‘saiied yjoq o0} sbBuiuiem [eninpy |10BISIUI  SBABM  Olpey oneubewosos(]
abuey sabejueapesiq sabejueapy uonduosaqg KBojouyoa]

(panupuoo) 'y ajqeL

© I1SO 2008 — All rights reserved

Universita Bologna - related to 5972936/5935522001

Not for Resale, 10/19/2009 01:50:16 MDT

19

Copyright International Organization for Standardization

Provided by IHS under license with ISO

Licensee:

No reproduction or networking permitted without license from IHS



ISO 16001:2008(E)

Annex B
(normative)

Test procedure for closed-circuit television (CCTV) systems —
Additional performance requirements and tests

B.1 Introduction and purpose of tests

The tests are designed to measure the performance of CCTV systems intended for use on earth-moving
machinery. Aspects of the performance to be determined are

a) overall quality of the image presented in terms of TV lines resolved or equivalent, based on the scale on
the test body (see B.2) reading that can be resolved,

b) limit of operational light levels to maintain minimum proposed resolution,

c) vertical and horizontal fields of vision for the system,

d) detection distance (see 4.3.1),

e) masking due to direct exposure to high intensity light, and

f)  time taken for the system to respond fully to rapid changes in light levels.

The tests are not designed to measure aspects of performance due to the camera's height. The performance

criteria laid down in these tests assume operating conditions of at least 50 Ix average and 20 Ix minimum
measured illuminance.

B.2 Test body

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

B.3 Test areas

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

B.4 Test environment

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

B.5 Mounting and set-up

B.5.1 Assembly

The CCTV system shall be assembled according to the manufacturer's instructions.
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B.5.2 Positioning and alignment

B.5.2.1 Camera

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 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
comfortable height, and shall be free from glare and reflections.

B.6 Horizontal test

B.6.1 Light levels

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

B.6.2 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 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 monitor screen. Measure and record the
distance between the two marks and calculate by trigonometry the horizontal field of view.

B.7 Vertical test

B.7.1 Light levels

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

B.7.2 Test 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 monitor screen.

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

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 Light levels

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

B.9.1.2 Test procedure

Position the test body away from the camera so that the image occupies 100 % of the vertical height at the
centre of the monitor screen.

Determine and record the CCTV system resolution from the scale on the test body reading from set H to set A.
B.9.1.3 Test criteria

A resolution 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
Repeat the procedure according to B.9.1.2 in appropriate steps, from the lowest to the highest light levels

stated in the manufacturer's specification. Record the light level at which minimum acceptable resolution 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.

A 1O ANNO A
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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 Test 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 Light levels

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

B.9.4.2 Test procedure

Position the test body at 100 % of the vertical height of the monitor screen.
Move the test body to one side of the screen.

Measure and record the resolution.

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

B.9.4.3 Test criteria
A minimum resolution of 200 TV lines or equivalent [see B.1, a)] shall be achieved. If this resolution is not

achieved across the entire monitor screen, the field of view shall be specified as the angle at which the
resolution is achieved.

B.9.5 High intensity light effect

B.9.5.1 Light levels

Test to be carried out outdoors in direct sunlight.

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.

i .
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B.9.5.3 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
background objects on the monitor.

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.10 Functional tests

Verify the operation of any additional features of the system, such as mirror/normal image and day/night
setting for the monitor.

NOTE Some systems can be switched for forward or rearward use. In forward use the image on the monitor is
usually set to normal image, while for rearward use the image on the monitor is usually set to mirror image. If a
two-camera system — one for forward use and the other for rearward use — is to be connected to a single monitor, then
automatic switching between mirror and normal image can be required.

B.11 Recording

B.11.1 Information

The following information about the CCTV system shall be recorded:
— technical specifications for the monitor and camera;

— cable length;

— model number;

— serial number;

— test date(s).

B.11.2 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.
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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.

A
 J

Key

1 recorded angle and range
2 camera
3 range, in metres

Figure B.1 — Horizontal field of view
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A
Y

Key

1 recorded angle and range
2 camera
3 range, in metres

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

Test procedure for radar sensors

C.1 Introduction

This test procedure describes the method for determining the detection zone for radar systems used to detect
obstacles near earth-moving machinery. The procedure is designed to identify the geometry of the
three-dimensional zone within which a person will be reliably detected.

This procedure does not evaluate the position of that zone with respect to the machine on which the radar
sensor is to be fitted. Practical considerations regarding the application of this zone to earth-moving machines
are given in C.11.

C.2 Test body

The test body shall be that part of a human body which will protrude into the detection zone. In some
situations around the edge of the detection zone, the first part of the body to protrude into the zone will be the
head. This test procedure will therefore use the detection of the head alone as the point of measurement for
the edges of the detection zone.

NOTE The consistency of results with real people of varying sizes has been found to be greater than those with
artificial substitute objects. The test procedure has therefore been designed to accommodate the use of a real person.

C.3 Test area

The test area shall be an open space on flat terrain with a dry sand and/or gravel base. No rocks, foliage, or
debris larger than 8 cm in diameter shall be in the test area. No large objects such as buildings or heaps shall
be within approximately 50 m directly in front of the radar system. No large objects shall be within 25 m of
either side of the radar system. All personnel, except whoever is conducting the test, shall remain in an area
where they will not be detected by the radar system.

Mark out a rectangular grid with lines at 1 m intervals over an area equal to the expected detection zone.

C.4 Test environment

The test environment 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.
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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.

Figure C.1 — Measuring full geometry of detection zone

C.6.2 Measuring horizontal limits

Position the radar as normally oriented on the machine but with the radar beam extending horizontally and the
centre of the radar beam at the height of the nose on the head of the test person.

Position the warning device where it can be heard by the test person and the person conducting the test.
Move the test person 0,5 m away from the radar on the centre line of the anticipated detection zone. If the
warning device indicates detection, move the test person sideways in each direction until detection does not
occur. Record the last position where detection occurs on each side. Record any position between these
points where detection does not occur.

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

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

Record the horizontal limits of the detection zone. Record any areas within this zone where detection did not
occur.

C.6.3 Measuring vertical limits

Position the test person 0,5 m away from the radar on the centre line of the horizontal detection zone. If
detection occurs, tilt the radar upwards until detection does not occur and record the maximum angle of
upward tilt where detection does occur.

Repeat this test at 1 m from the radar and at further intervals of 1 m until the end of the horizontal 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.
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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 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 a 1 m grid 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 | Kk
10987654321 "'"12345678910

Figure C.2 — Maximum detection points for horizontal plane

The maximum detection 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.
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Figure C.3 — Maximum detection points for vertical plane

C.10 Additional testing

C.10.1 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
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 As it has proven difficult to obtain consistent results with any test object designed to simulate a large structure,
this test needs to be regarded as an indication only of the detection zone for large structures.

Dimensions in millimetres

250

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 whether 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 Practical considerations for mounting radars on machines

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

The above tests describe the three-dimensional zone within which detection will occur if a sufficiently large
part of a person penetrates this zone. The tests are conducted with a person, but other objects, including the
ground, may 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.

Considération 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, i‘tyhe radar should be mounted at a height less than 1,5 m. If this is impractical, then the detection zone
close to the radar may be above the height where a man will be detected. If the radar beam is tilted down to
improve detection close to the radar, unwanted alarms may occur from the ground.

This should be checked on ground typical of the intended working environment as the smooth, dry ground of a
typical test site will cause less reflection back towards the radar than wet, rutted mud. Some ground, notably
sand, may not cause unwanted alarms even when the radar is tilted towards it.

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

Test procedure for ultrasonic detection systems

D.1 Introduction and purpose of tests

The tests are designed to measure the performance of ultrasonic detection systems intended for use on earth-
moving machinery.

Aspects of the performance to be determined are the following:

— overall 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;

— deactivation of the system;

— the detection time;

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

The dimensions shown in Figures D.1 to D.3 are for illustrative purposes only and are based upon an example
where a 6,0 m range is required. The specific range required depends upon the application of the machine.

This annex describes requirements and tests of ultrasonic detection systems for earth-moving machinery with
an operational 3) reverse speed of up to 10 km/h.

NOTE Performance requirements and tests of ultrasonic detection systems for slow-moving earth-moving machines
(operational reverse speed of up to 3,0 km/h) are determined according to ISO/TR 9953.

D.2 Test body

The geometry of the monitoring area is tested with the following test objects.

D.2.1 Test body H for horizontal 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 environment
The conditions given in 4.1.3 apply with the following addition:

— wind velocity < 5,4 m/s.

D.5 Mounting and set-up

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

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

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

The device shall be permanently affixed to the machine.

D.5.2 Location and fixing of evaluation device
The evaluation device shall be located inside the operator's station or at an adequate location on the machine

so as to prevent environmental and high vibration or shock loads (see 4.8 for physical environment
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.

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

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 short audible signal

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

D.5.7.1.1 Adjustment of warning ranges

If the system has two or three warning ranges, these ranges shall be adjusted at the evaluation unit 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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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.

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 m distance from the sensor: emergency warning.

— At 2,1 m distance from the sensor: pre-warning.

D.5.7.2 Static test of detection zone
The test method shall be performed on a system that is fitted to the machine.

If the test is performed without a machine, then the sensors shall be arranged 1,2 m above the test surface as
specified in D.3.2 and located in accordance with D.5.1.

D.5.7.2.1 Horizontal test

Position test body H statically, with the longitudinal axis in the detection zone, standing perpendicular to the
ground, so that its longitudinal axis is in the grid position of each measuring point shown in Figure D.2.

D.5.7.2.2 Vertical test

Position test body V statically, and horizontally in the detection zone, so that its three-dimensional centre is
situated in the specific grid position of each measuring point as shown in Figure D.3.

D.5.7.3 Evaluation of the test result
Test bodies H and V shall be detected statically in all grid positions. Detection shall take place unambiguously
with an uninterrupted sequence of the signal appropriate to the measuring distance. If the test body is not
detected in one position, displace the position to the left and right (test body H) or up and down (test body V)
by the width (diameter) of the test body.

The test body 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:
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3) Identification

i)
i)
ii)

Evaluation device (part number and serial number):
Warning device (part number and serial number):

Centre(s) (part number and serial number):

b) Test conditions

1) Test surface:

2) Test environment

i)
i)
ii)

Wind velocity (m/s):
Temperature (°C):

Relative humidity (%):

3) Mounting and set-up

i)

Detection zone:

[) width: mm;
II) length mm.
Sensor fixing:

I)  machine:

Il) testbar:

4) Sensor arrangement

distance from the outside boundary: mm;
distance between sensors: mm;

adjustment of warning ranges:

emergency warning: m;
pre-warning: m;
warning: m.

5) System performance

A Anno

System activation/check (see D.5.6.1):
Actuation time (see D.5.4):

Detection time (see D.5.5):
Malfunction control (see D.5.6.2):
Operational integrity (see D.5.6.3):

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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<500
< L -
Key -
1 i:, reference line (front of the sensor)
L basic length
w basic width, relating to the required detection zone width
GRP  ground reference plane
Figure D.1 — Detection zone shape
Table D.1 — Detection zone size
. L w
Max. operational reverse speed
m m
a > 6,0 As specified by the system manufacturer
@  Usual rearward operating speed: 0—10 km/h in a work cycle.
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Dimensions in millimetres
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1 reference line (front of the sensor)
e measuring point with test body H
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W width

8 SeeD.5.7.1.3.

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 used with warning ranges, make the measurements 100 mm before and/or behind each warning range.

Key
reference line (front of the sensor)
2 test body
. measuring point
GRP  ground reference plane
w width

a  Maximum.
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Annex E
(normative)

Test procedure for ultrasonic transponder systems

E.1 Introduction and purpose

An ultrasonic transponder system is a system by means of which a worker is detected by dual ultrasonic wave
communication between a detecting device installed on the machine and a responder worn by the worker.

This annex provides a test method for verifying the detection zone necessary to prevent accidental contact

between the machine and the worker and confirming that the worker who enters the detection zone is
detected without fail.

E.2 Test body
The test body shall be a responder worn by a dummy which represents the 50t percentile human body (see

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

E.3 Test condition

E.3.1 Test area

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

E.3.2 Test environment

This shall be as follows:

a) temperature in accordance with 4.1.3;

b) relative humidity in accordance with 4.1.3;

c) wind velocity of 10 m/s or less.

E.3.3 Mounting of transducer

E.3.3.1 Height and 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.
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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.

E.3.3.1.3 The distance between the transducer and the responder

The distance, R, between the transducer and the responder shall be set to 0,5m, 1,0m, 25m, 5m, 7,5 m
and 10 m.

E.3.3.1.4 Measuring horizontal and vertical patterns

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

Measurement of the vertical pattern should be carried out with the transducer positioned as shown in
Figure E.2 b).

E.3.4 Checking the detection

Whether or not the transducer detects the responder in the measuring range shall be validated by the visual
and/or audible signal integrated in this system.

E.3.5 Criteria
The detection range obtained shall be expressed as shown in
— Figure E.3 for (e.g. 60°) oval type transducers, or

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

E.3.5.1 Detection zone distance

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

E.3.5.2 Detection zone width

The difference between the nominal width set at the transducer and the width where the responder first
responds shall be +20 % or less, 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 first
responds shall be = 20 % or less at the vertically offset position.
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Dimensions in millimetres
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3 direction of rotation
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b) Top view

first responder
second responder
alarm indication unit
rotation pedestal

0 detection area

= O 0 N O

Figure E.1 — Detection area measurement
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a) Horizontal pattern

b) Vertical pattern

Key

1 direction of rotation
2 transducer
3 rotation pedestal

Figure E.2 — Horizontal and vertical pattern measurement
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a) Horizontal pattern

Figure E.3 (continued)
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Detection range vs. angle
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Key
1 transducer

@ Detection range.

Figure E.3 — Detection area (60° oval type transducer)
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Detection range vs. angle
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Key
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b) Vertical pattern

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

E.4 Additional 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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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.

E.4.21 Test method of alarm at operator cab and criteria
The sound pressure level shall be measured at the operator’s ear position. The microphone position shall be

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

E.4.2.2 The alarm at the responder

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

E.4.3 Environmental durability

Environmental durability shall follow the requirements of the main standard unless specified.

E.5 Test report
The test report shall include the following information.
a) Manufacturer/model.
b) Test body.
c) Test conditions
1) Test area.
2) Test environment:
i) temperature;
i) relative humidity;

iii) wind velocity.

E.6 Test results

E.6.1 Detection zone shape

The detection zone shape should be recorded as a diagram or drawing of the measured zone, prowdmg
three-dimensional information (see Figures E.3 and E.4).
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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.
E.6.2.2 Audible alarm

Record the sound pressure level at the operator’s ear when

— the engine is running at high idling, and

— the engine is running at low idling and 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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Annex F
(informative)

Test procedure for electromagnetic (EM) signal transceiver systems

F.1 Introduction and purpose

An EM signal transceiver system (including two-way radio) is a system by means of which a worker or other
obstacle is detected by communication between a machine-mounted fransceiver and an electronic tag worn
by workers or mounted on other obstacles via an electromagnetic signal.

This annex provides a test method for determining the detection zone for EM signal transceiver systems used
to detect workers and other obstacles that are outfitted with tags near earth-moving machinery. The procedure
identifies the geometry of a two-dimensional zone within which a tag is detected. 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 aspects that should be considered when installing
these systems on actual machinery.

Because there are many variations of this technology, it will be helpful to distinguish between the main types:

— Type 1: a transmitter and antenna mounted on the machinery radiates an electromagnetic field. The tag
detects this field and transmits a signal back to either a separate communications antenna on the
machinery or the same antenna used to generate the detection signal. If the tag is within a specified
detection range, then an alarm is generated on the machinery to warn the operator. Some systems also
generate an alarm at the tag.

— Type 2: the tag radiates an electromagnetic field around the worker or object on which it is mounted. A
receiver and antenna mounted on the machinery detects the signal from the tag and generates 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.

F.2 Test body

The test body shall be a stand made from wood (or other material that will not interfere with EM signals) that
will allow the mounting of the tag in at least three different orientations at a height of 1 m from the ground, with
no part of the stand protruding above 1 m. See Figure F.1. :
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Dimensions in millimetres
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orientation 3 — lying on side
orientation 2 — rotated 90°

orientation 1 — normal

direction to machine-mounted antenna

B WODN -

Figure F.1 — Test body showing three tag orientations

F.3 Test area

The test area shall be outdoors in an open area with no obstructions that could cause EM signal
interference — buildings, vehicles, or other objects — within a 60 m radius from the centre. Mark out a polar
grid with radial lines marked every 10° and concentric circles marked every metre. The total radius of the grid
should be as large as the expected detection range of the system. See Figure F.2.
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Values in degrees
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1  distance (in metres) from test body

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

F.4 Test environment

The test environment shall be in accordance with 4.1.3.

F.5 Mounting of components meant for machinery

F.5.1 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 will not interfere with
EM signals) at a height of 2 m in the same orientation that it would normally be on the machinery; it shall
remain stationary. If a separate antenna is used to communicate with the tags, it shall be mounted at a height

A 1O ANNO A
Copyright International Organization for Standardization ght eeeeee ed 45
ided by IHS under li ith ISO Licensee=Universita Bologna - related to 5972936/5935522001
No reproduction or networking permitted without license fromis ... Notfor Resale, 10/19/2009 01:50:



ISO 16001:2008(E)

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.

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
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o °
7
Key
1 transmitter or receiver normally mounted on machine 5 control electronics
2 optional tag communications antenna 6 270° radial line
3 alarm display 7 0°radial line
4  power 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
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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, firstly, a person turned 90° in relation to the first test, and secondly, a person bent over
at the waist or lying down facing the machinery. See Figure F.1.

F.7 Test procedure

F.7.1 System settings

If the range of the system is adjustable, i.e. 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.

F.7.2 Measuring detection zone

With the machine components at the centre of the test area according to F.3, place the test body and tag on
the 1 m radius circle at the 0° radial line. Record whether on not detection occurs. Rotate the tag to the
second and third positions as described in F.6, recording detection for each case. The person conducting the
test should step aside while detection is noted to ensure they are not causing interference.

Move the test body away from the centre to the next circle along the 0° radial line and repeat the steps
described above. Continue along the radial line until detection does not occur for any tag orientation.

Move to the next radial line and repeat the tests. The test body and tag shall be oriented to face the machine
components as described in F.6 (the test body will need to rotate to compensate for movement around the
circle). Continue until detection has been recorded for all radial lines and distances from the centre.

F.8 Recording detection zones

Each test point specified in F.7.2 shall be recorded on a polar grid as shown in Figure F.4 in order to indicate
the dimensions and shape of the detection zone. Reliable detection should be noted for those points where all
three tag orientations were immediately detected by the system. Sporadic detection should be noted for those
points where only one or two tag orientations were detected. Furthermore, tag detection shall be considered
sporadic if any tag orientation resulted in inconsistent detection at that point. The detection area shall be
outlined to indicate the overall shape of the reliable detection zone with sporadic areas identified.

A 1O ANNO A
Copyright International Organization for Standardization ghtS reserved 47
Provided by IHS under license with ISO Licensee=Universita Bologna - related to 5972936/5935522001
No reproduction or networking permitted without license from IHS Not for Resale, 10/19/2009 01:50:16 MDT



ISO 16001:2008(E)

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

F.9 Verification test for tag on a human

Human shielding of a tag can cause interference and missed detection. An additional test shall be conducted
to verify that a tag intended to be worn by a human worker is detected in all orientations. The tag shall be
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 facing the machine components
mounted on the stand as described in F.5. The person shall stand on the intersection 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 Tag detection
degrees Yes/No

0
45
90
135
180

225
270
315

F.10 Practical considerations for mounting EM transceiver systems on machines

The detection zone for these systems, when recorded as described above, could be very different to the
detection zone that results after mounting the system on machinery. Interference from the metallic structures
on the machine can block portions of the signal, resulting in a detection zone that is truncated in one or more
directions. Mounting height and location can also affect the shape of the detection zone. Some manufacturers
use this quality of EM signals to limit detection to one area of the machinery. For instance, an antenna
mounted on the rear axle of a dump truck might only detect tags at the rear of the truck, and conversely foran
antenna mounted on the front bumper. Manufacturers must make these limitations clear in the installation:or
operation manual so that it is understood that multiple antennas could be needed for full protection around a
piece of machinery. It is recommended that manufacturers include an example plot of the detection area of the
system when mounted on a typical piece of machinery.

F.11 Commissioning test for machine types

Because of the potential for metallic structures on the machine to block portions of the signal (see F.10), a
commissioning test based on the method described in F.7 shall be carried out on each machine type to
determine the limitations of detection of the system as installed on the machine. The results shall be recoded
in accordance with F.8 and the plot compared with that obtained in the original component test. Where there is
significant truncation of the signal, a risk assessment shall be used to determine whether multiple antennae
are needed to provide additional protection to the areas of truncation.
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