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Intellectual Property Rights

Essential patents

IPRs essential or potentially essentiahtomative deliverablesiay have been declared to ETSI. Teelarations
pertaining to these essential IPRs, if aangpublicly available folETSI members and noamembers and can be
found in ETSISR000314:"Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETSI in respect of ETSI standardshich is available from the ETSI Secretarladtest updates are available on the
ETSI Web serverhtps://ipr.etsi.org/

Pursuant to the ETS®irectives including the ETIPR Policy, no investigatioregarding the essentiality of IPRs

including IPRsearches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSBR000314 (or the updates on the ETSI Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reprodecany trademark and/or tradename. Mention of those trademarks in the present document does

not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT/®LUGTE S ;JUSVET S and the ETSI logo are traderka of ETSI registered for the benefit of its
Members3 G P PdhdL T E fare trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners.n e M2 Mo is a trademark of ETSI registered for the benefit of its Membersfahe
oneM2M PartnersGSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This Harmonised European Standard (EN) has been produced by ETSI Technical Committee Electromagnetic
compatibility and Radispectrum Matters (ERM).

The present document has been prepared under the Comraistamalardisation request C(2015) 5376 fjné] to

provide one wvluntary means of conforming to the essential requirements of Directive 2014/53/EU on the harmonisation
of the laws of the Member States relating to the making available on the market of radio equipment and repealing
Directive 1999/5/EQi.3].

Once the present document is cited in the Official Journal of the European Union under that Directive, compliance with
the normative clauses of the present document given in tableoifers, within the limits of the scope of the present
document, a presumption of conformity with the corresponding essential requirements of that Directive and associated
EFTA regulations.

National transposition dates

Date of adoption of this EN: 14-August 20177 line 2022

Date of latest announcement of this EN (doa): 30 Nevember2013eptember 2022
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 31 May-2018arch 2023

Date of withdrawal of any conflicting National Standard (dow): 31 May-201March2024
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Modal verbs terminology

In the present documerghall’, "shall not', "should', "should not', "may"”, "need not, "will ", "will not", "can" and
"cannot' are to be interpreted as described in clause 3.2 &Ti% Drafting RulegVerbal forms for the expression of
provisions).

"must" and 'must not' areNOT allowed in ETSI deliverables except when used in direct citation.

Introduction

The present document covers Robotic Mowers Wwithuctive loop systems (RMI) using the frequency range below
148,5 kHz. A1 RMI system includes:

1  RMI docking station: chargingtations for the robotic mower and the signal genéiaitenna connecting
pointfor the signals on the ingeal antenna and boundary wire.

i Robotic Mower: receiving part inside the RMI
1  Bounday Wire: user installed antenna.
The present document is struad as follows:

1  Clauses through 2 and3 provide a general description on the types of equipment covered by the present
document and thdefinitieongdefinition of terms, symbols and abbreviations used.

1  Clause 4 provides the technical requirements specifications, limitsosrickmance relative to transmitter and
receiver.

1  Clause 5 specifies the conditiomsd informatiorfor testing of the equipment and interpretation of the

measurement resultgth-the-maximum-measurement-uncertainty-values

1  Clause 6 specifies the required measurement methods.

=

of Directive 2014/53/EUi.3].
Annex B(normative)provides necessary information on usest sites and procedures

Annex C (informative) provides the justification for missingRequirements from ETSI| EG 203 3H65].

Annex D (informative) provides information on TX spurious emission limit assessment below 9 kHz.

A A A=A

Annex E (informative) provides information on Change history.

ETSI

Annex A (nformative provides the relationship between the present document and the essential requirements
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1 Scope

The present documespecifies technical characteristics and methafdaeasurements fé&kobotic Mowers with
Inductive loop systems (RMBelewoperating within the frequenggangel00 Hz t01485 kHz.

The present dagnent covers the following RMI systems:

1 RMI1 systemsRMI systemswithout receive only mode

1 RMI2 systemsRMI systems with receive only mode

NOTE 1: In RMI1 systems the robotic mower is not able to restart automatically if the boundary signal comes back
after the loss of the boundary signal (safe mode, see clause 4.2.2.3), while in RMI2 systems the robotic
mower & able to restart automatically after the boundary signal is back. This differentiation has been
introduced to cover receiver spurious esiaigs for RMI2 systems.

These radio equipment types are capable of operating in all or part of the frequency bemdstgble 1.

Table 1: Permitted range of operation

Permitted range of operation
Transmit 0100 Hz to 148,5 kHz
Receive 0100 Hz to 148,5 kHz
NOTE: It should be noted that the frequency range between 9 kHz and
148,5 kHz is EU wide harmonised for inductive Short Range
Devices according to EC Decision

2013/752/EU§i-2}.2017/1483/EU [i.2].

NETE 2: The relationship between the present documentasential requirements
of article 3.2 of Directive 2014/53/EU. B] underthe-conditions-identified-inanigxiven inAnnexaA.

The present documently covers RMI systems with antenna sizes smaller it&iHhkm, see
CEPT/ERC/REC70-03[i.1], Annex9.

NOTE 3. The antenna size is described by the distance between those two points on the antenna that have the
largestdistance between them (e.q. for a rectangle shaped arnbenla@gest diagonal; for a circular
shaped antenna the diaméter

2 References

2.1 Normative references

References areitherspecific(identified by date of publication and/or edition number or version nunalber
non-specific. For specific references)lyp the cited version applieBor nonspecific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referencedocuments are necessary for the application of the present document.

ETSI
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[1] ETSI EN 300 330 (V2.1.1) (62017): "Short Range Devices (SRD); Radio equipment in the
frequency range 9 kHz to 25 MHz and inductive loop systems in the frequency ranged® kH
30 MHz; Harmonised Standard covering the essential requirements of article 3.2 of Directive
2014/53/EU".

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version humber) or
non-specfic. For specific references, only the cited version applies. Fospenific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of @itnic ETSI cannot guarantee
their long term validity.

The following referenced documents at necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] CEPT/ERC/REC 7®3: "Relating to the use of Short Range Devices (SRD)".

[i.2] ECCommission ImplementinBecision2013/752(EU:—Commission-implementing-Decisipn
2017/1483%f 11-Becember20BAugust 201 &mending Decision 2006/771/EC on
harmonisation of the radio spectrum for use by stange devices and repealing Decision
2005/922006/804EC-.

[i.3] Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the
harmonisation of the laws of the Member States relating to the making available on the market of
radio equipment and repealing Direeti1999/5/EC.

[i.4] CEPT/ERC/REC 741: "Unwanted emissions in the spurious domain®.
[i.5] ETSI EG 203 336 Electromaghetic-compatibility-and-Radio-spectrum-Matters (ERWE.2.1):

"Guide for the selection of technical parameters for the production of Harmonised Standards
covering article3.1(b) and article 3.2 of Directive 2014/53/EU".

[i.6] Commission Implementing Decision C(2015) 5376 final of 4.8.2015 on a standardisation request
to the European Committee for Electrotechnical Standardisation and to the European
Telecommunications Staards Institute as regards radio equipment in support of Directive
2014/53/EU of the European Parliament and of the Council.

[i.7] EGMF Robotic Mowers Boundary Wire Standard RLMaNG/20141/2016

[i.8] CENELECEN 506362-107:2015: "Safety of hoesold and similar appliance$art 2107:
Particular requirements for robotic battery powered electrical lawnm&Wwearsoduced by
CENELEC.

ired in the
irements of

1 Void.

[i.10] ETSI EN 303 454(V1.1.1):"Short Range Devices (SRD); Metal and object cl&ta sensors in
the frequency range 1 kHz to 148,5 kHz; Harmonised Standard covering the essential requirements
of article 3.2 of Directive 2014/53/EU".

3 Definitiondi.12] Void.
[i.13] EN 550161-1:2010 + A1:2010 #A2:2014: "Specification for radio disturbance and immunity

measuring apparatus and methdéart 11: Radio disturbance and immunity measuring apparatus
- Measuring apparatus”, produced by CENELEC.

ETSI
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[i.14] ETSI TS 103 567 (V1.1.1): "Requiremerts signal interferer handling".

[i.15] ETSI TS 103 051 (V1.1.1) (68011): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Expanded measurement uncertainty for the measurement of radiated electromagnetic
fields".

3 Definition of terms, symbols and abbreviations

3.1 DefinitionsTerms

For the purposes of the present documentigitasanddefinitionsgiven inETSIEN 300 33( 1] and the following
apply:

99 % OBW function: measurement function of a spectrum analyseneasure the OBW

antenna: factory-defined-loefs){e-g-integral antenneanderuser-definedloofs)}{e-g, boundarywire;loop, and/or
guidanceaire)loop (both dependent and independavtijch are useébrthe-functionalmode-ai the RMI

NOTE 1: The inductive wire loops are installed dependent fronsttape of the gardeA-currentisfednto-these
. )

NOTE 2: To clarify the differentoopste-gene
with-therobetic-mowesee figure 2

boundary wireloop: inductive wire loop whiclwil-beis defined by manufacturer angrepared by the user

NOTEZ1: It can be implemented as a single or multiple turn coil installed by the usecandance with instruction
from the manufacturer for the purpose of generating magnetic fields to determine the working area.

goidance-wirerelectricalwire NOTE 2. To clarify the different loops see figure 2.

dependent guidance loopguidance loop which is connected to boundary l@g@. via al-junction) and the RMI
docking station

NOTE: To clarify the different loops see figure 2.

guidanceloop: inductive wire loopwhich is defined by manufacturer and prepared by the user

NOTE: To clarify the different loops see figure 2.

inductive loop: all electricalloop either wire or coil, where current is fed in order to generate a magnetic field intended
for guidance and/or communication with the robotic mower

NOTE: Infigure 2different inductive loops are shown and named basetenftinction within the RMI system,
e.g boundary loop, guidance loop

integral antenna smgle or multlple turreoili nductlve Iooppremstalled |nS|de the RMI dockmg statitmr-the-purpose

NOTE: To clarify the different loops see figure 2.

integral receiving antenna:single or multiple turn inductive loop preinstalled inside the robotic mower

OccupiedBandWidth (OBW): width of a frequency band such that, below the lower and above the upper frequency
limits, the mean powers emitted are eagha to 0,5 % of the totahean power of a given emission

NOTE  To clarify eccupied-bandwidiBccupied Bandidth (OBW), seefigure 1.

ETSI
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i et

|
SN TN ¥

S S

|
[~ oBW
|
|
I

Figure 1. Occupied bandwidthBandWidth (OBW)

RMI docking station: chargingstatienstationfor the robotic mower and the signal generator forsigeals-en
theinductive loop(s) and, if applicablategral antennand-boundarn-whis)

NOTE: The RMI docking station can be seen as the signal generator/antenna connecting point. Iniaddition
the automatic battery charging facility located on or within the working area.

robotic mower: mobile part of the RMI including cutting mea#sis-thereceiving-partinside-the-RMI
NOTE: ltis thereceiving parinside the RMI

Robotlc Mower with Inductive loop system (RMI): system thaineludencludes robotic mower irpower

supply, docking statiomwith-integral-antena,—guiding-wires,-power-supply

from
jeation with the

working area: areain which the RMI can function

ETSI
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integral antenna ‘

RMI docking station | boundary loop

L

‘ integral receiving antenna

==

robatic mower

working area

Figure 2: Overview of an RMI system, including the different possible antenna/loops

3.2 Symbols

For the purposes of the present documentsyiebolsgiven inETSIEN 300 330 1] and the following apply:

higherfrequency border between OOB and spurious domain
lower frequency border between OOB and spurious domain

common mode resistive part of the artificial antenna
high frequency resistive part of the artificial antenna

Ca filtering capacitors of the artificial antenna
ffc centre frequency of the OFR

fu highest frequencgf the OFR

fL lowest frequencyf the OFR

fsH

fsL

lem Cemmerrommonmode current

lom Differentialdifferential mode current

La inductive part of the artificial antenna

Ra low frequency resistive part of the artificehtenna
Rc

Rp

tswr sweept time for TX measurement

3.3 Abbreviations

For the purposes of the present documentabieeviationgiiven inETSI EN 3@ 330[1] and the following apply:

CDMA Code Division Multiple Access

CF Conversion Factor

CM Common Mode

Ccw Continuous Wave

DM Differential Mode

EGMF European Garden Machinery industry Federation
IHR Interferer Handling Requirements

LO Local Oscillator

OoBW OperatingDccupiedBandWidth

OFR Operating Frequency Range

ETSI
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Out Of Band

PT SRDMG Project Team Short Range DevikRintenance Group

RBR Receiver Basdtie Resilience

RMI Robotic Mower with Inductive loop system

RX Receiver

X Transmitter

WG FM Working Group Freguency Management
4 Technical requirements specifications
4.1 Environmental eenditiensprofile

The technical requirements of the present document apply under the environmental profile for operation of the
equipment, which shall b#eclared-by-thenanufacturein accordance with its intended u3é&e equipment shall
comply with all the technical requirements of the present deoctmhich-are-identified-as-applicable-inanneatiall
times when operating within the boundary limits of deelarecoperational environmental profildhe-conditions-shall

be-used-as-deseripted-in-claustdefined by its intended use

4.2

4.2.1

General

Wanted technical performance criteria

In general, the robotic mower shall stay in its current operationag rfsa® clause 4.2.2.2), this is the wanéethnical

performanceriteriaof the RMI system.

i-iE-no beable topeeeweiehe
dréemdie two mterference scenarios:

WherScenario 1: unddeherebeotic-moweris-operatipesence of an interfering signttie robotic mower

shallnetbe able tdeavaletect a loss ahewerking-areapoundaryloop signal(see clause 6.32).

If the mower detects the loss of boundary signal, it shall react in the same way as requireitievisaife
modé' (seeclause 4.2.23). The los®f the boundaryoop signalcan be basedn, but not limited to,
switching off the boundarlpop signal, disconnection of tHeoundary loopor blocking of the receiver within
the mower

Scenario 2: under th@resence of an interfering signal, the robotic mower shall be able to detect the passage of

the boundary wirésee clause 6.3.3).
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422 RMI functional-modemodes

4221 General

In this clause all general considerations for the testing of the inductive parts Rivithe the frequency range from
0100 Hz to 1485 HzkHz are given.

FypicalunctionalmodaesModesbeingpart of an RMlare explained in the followingauses

The manufacturer shall provide information (e.g. installation requirements), number and kind of antennas used by the
RMI (e.g. boundary loop(s), guidance loop(s), integral antenre(),see figure 2A RMI is fabricated by one
manufacturer. There is no option to swap e.g. a mower to another boundary installation. Based on thetigreral

(TX and RX) of an RM| coveral bythe present documerthe RMIshall be tested as a system.

The test setip of the different modeshall be performed as describectiause 6.1 andrreXAnnexB.

4.2.2.2 Operational MedeModes

Operational modes of an RMI awghen the robotic mower isavelling aroundmowing grassreturning to the docking

stationand charging the battery in the docking station.

During theoperational modedifferent combinations of the RMI antenragactive.

The test shall be performedrfeach active antenna in each operational mode, unless the transmitting signal to the same
antenna is identical over different modes, the test of the active antenna shall be performed only once.

4223 Safe Mode

Safdf the robotic mowerdoesnot receive & boundary signal adequately, thabotic mowerswitches into safenode.
This loss of signal may either be caused by a stop of the signal gemeraty interference

The @fe modds indicated thaafter a loss of signathe RMl-shalrobotic mowerdoesnot travel nore than Im and the
cutting meanshall-stogtops within 5 sseconds seeCENELECEN 506362-107[+8i.8], clause 22.104 . 2isnrot
il | - , . _

4.2.3 Presentation of equipment for testing purposes

Each RMI submitted for testing shall fulfil the requirements of the present document.

establish the
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To simplify andharmonisehe testing procedures between different testing laboratories, measurements shall be
performed, according to the present docutnen samples defindd clause4.2.2 ofETSIEN 300 33(1].

4.3 Transmitter conformance requirements

4.3.1 Operating Frequency Range (OFR)

4311 Applicability

This requirement applies to &MI|_systems

4312 Description

The operating frequency range is the frequency range over whiétiMhes intentionallytransmitting. Theperating
frequency rangef theRMI is determined byhe lowest (f) and highest frequencyif):

OFR =1 'fL

An RMI canhave more thanneoperating frequency randeelatingto the operational modes and antennas of the RMI
system see clause 4.2.2

For a single frequency system the OFR is equal te¢bapied-bandwidBccupied Band/idth (OBW) of the RMI
system as described in figu2a.
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Figure 23: Operating Frequency Range (OFR)

4313 Limits

Theoperating frequencsangefor intentional emissions shall lrégthin the following limits:
i Upper edge of the operating frequency rarig®  1-%k8iz.
f  Lower edge of the operating frequency rarfg€9100Hz.

Forthelaterspurious and OOBmission measurement procediireclauses 4.3.3and 4.3.4he OFRshallbe
calculated asf—¥, -ancthecentrdregquency as:

fr-fL

and the centrérequencyasNOTE—H-theresulifor{ islowertharb00Hz the-value-of,f=500Hzis
appropriate-in-thecaleulationgf-bnd-OFR—Thislimitof f = 500Hzis based-onavalable-test
equipmentin-orderto-achievereliable-testresults(measurement-uncertainty).

ETSI



16 ETSI EN 303 447 V1.3.1.1 (2017-09 (2022-07)

43.1.4 Conformance

The conformance test suite for operational frequency range shall be as defined in 2laysb&-g-.

clause 4.1.

4.3.2 Transmitter H-field requirements

4321 Applicability

This requirement applies to &Ml _systems

4.3.2.2 Description

The radiated Hield is defined in the direction of maximum field strength of Ridl.

4.3.2.3 Limits

The Hield limits for theband-belew-Bands 100 Hz to 148}8Hz are provided in table@rd-forthe-band-RHzto

Table 2: H-field limits belew-9between 0.1 kHz and 148,5 kHz

Frequency range (kHz) H-field strength limit (Hf) dBmA/m at 10 m
031¢f<B;<9 82
8,9 ¢-¢ <9 <60 8272 descending 10- dB/dec_above 0,03 MHz
60¢f<90 42
90¢f<119 42
119¢f<135 42
135 ¢ f <140 42
140 ¢ <1485 37.7
NOTE: For the range 0,1 kHz to 9 kHz the limit is in line with CEPT/ERC/REC 70-03 [i.1],
Annex 9.
For the range 9 kHz to 148,5 kHz it is in line with EC Decision 2017/1483/EU [i.2].

43.2.4 Conformance
The conformance test suite for transmittefiéld requirements shall be as defined in claudef@ble-§-2.2

clause 4.1.
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4.3.3 Transmitter spurious emissions

4331 Applicability

This requirement applies &l RMI_systems

4.3.3.2 Description

The transmitter spurious emissidas-a-single-frequencyystemare to be considered in frequency ranges defimed
figure 3y f < fs. and f > &1).. For a single frequency system the ranges are illustrated in figure 4.

Spurious emissions, Qut of band, OFR Out of band, Spurious emissions,
I"see clause 4.3.4

see clause 4.3.3 I seaclause 4.3.4 see clause 4.3.3

i

fo=f.+2,5 x OBW

Spurious emissions, QOut of band, OFR Out of band, Spurious emissions,
see clause 4.3.3 I seeclause 4.3.4 I see clause 4.3.4 see clause 4.3.3
| |

foy=f.+2,5 x OBW

Figure 34: Out of band and spurious domain of a single frequency system
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The following additional conditions applying fagif
1) Forsystems withiy O 9  kuldhall be $et to 27 kHz.
2)  For systems witliy > 9 kHz: &y is thesmallest of:
- f=fc+ 2,5 x OFRor
of
- f=148,5 kHz.
NOTE 1: fsuyunder numberYlabove was calculated based on an assuama4f5 kHz and OBW of 9 kHz.

NOTE 2: Bullet two of number 2) above ensures that the spurious limits of CEPT/ERC/RBL]i74]
appliegpplyabove 148,5 kHz.

The following additional conditions applying faii f

1)  For systems with calculateg, f< 100 Hz: §, is set to 100 Hz

2) The f and &nshall be calculated based on the OFR resak, clause 4.3.1 (definition OFR) and figdrer
the calculation

4333 Limits

Thespurious emissionghall not exceed the limits given in taldlend-table-3.

Table 3: TX spurious emissions

State Frequeney-9-kHz100 Hz ¢ f < 10 MHz Frequeney-10 MHz ¢ f 30MHz ¢ f<1GHz
< 30 MHz
Operating 2746.,5 dBmA/m at 9-kHz100 Hz descending -3,5 dBmA/m -36 dBm
3 dB/oct_(note 3) (note 3) (note 4)
100 Hz ¢ f < 4,78 MHz 4,78 MHz ¢ f < 30 MHz 30MHz ¢ f <1 GHz
Standby 5,525 dBmA/m at 9-kHz100 Hz descending -2522 dBmA/m -57 dBm
3 dB/oct (note 3) (note 4)
(note 3)

NOTE—There-are-no-spurious-emissionlimits <9-kHz.NOTE 1: For the frequency range below 9 kHz: the limits

are on voluntary basis, based on an EC request. ETSI proposed the limits to ECC to be implemented in
CEPT/ERC/REC 74-01 [i.4], for more details see Annex D of the present document.
NOTE 2: For the frequency range above 9 kHz: the limits are in line with CEPT/ERC/REC 74-01 [i.4], Annex 2.
NOTE 3: The limit is specified at a distance of 10 m.
NOTE 4: The limit is specified as e.r.p.
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4.3.3.4 Conformance

The conformance test suite for transmittpurious emissianshall be as defined in clausé-@able §.2.3

g-b. clause

4.3.4 Transmitter eut-ef-bandOut Of Band (OOB) emissions

4341 Applicability

This requirement applies to all RMYystems

4.3.4.2 Description

The transmitteput-of-ban@®ut Of Bandemissions are to be consideredhiafrequency rangedefined-in-figure-3
{betweend and f (fs. O f,) and betweenfand &)= (fu>  fsy).@or & single frequency system, the ranges are
illustrated in figure 4.

The fs. and &4 shallbe calailated based on theFR result see clause 4.3.1 (definition OFR) and cla#i$e3.2,
figure 4 for the calculation

4.3.4.3 Limits

The OOB limits are visualized in figurke(clause 43;.3.2), they are descending from thdentionallimits from table 2
andtable3-atfy/ fL with 10 dB/decade.

NOTE— There-are ho OOB-limits < 9 kHz.

434.4 Conformance

The conformance test suite foransmitter out of band emissioissprovided in clause B-¢able-8)2.3.

4.4 Receiver Cenfermaneeconformance requirements

4.4.1 Introduction

The stification for the RXrequirements of RMI is provided in Annex The receiver concept on signal interferer

handling in ETSI TS 103 5671.14] is used. The specific RMI justification for the receiver requirements is pravided

1 For Receiver Baseline Sensitivity and Receiver Baseline ResiliseeelauseC.1.

4.4.2 Receiver yawantedSpurious Emissions

4.42.1 Applicability

This requirement applies only to RRIsystems
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4.4.2.2 Description

The receiver spurious emissions

Fherobeticmowenf the RMI systenis in thereceiveonly part-einode, e.gif the RMlwhich-isreceiving.

Butmower is |n sleep/standstlll mode aftbemewem%anet_b&used—wmheutuarigss of theboundary sighalsee

443—4.42.3 Limits

Thereceiverspurious emissions shall nexceed the limits given in table.4

Table 4a: Receiver bleekingspurious emissions

State 100 Hz ¢ f <9 kHz 9KkHz¢f<4,78 MHz (4,78 MHz ¢ f<30MHz |30 MHz ¢ f<1 GHz
(note 1)
Operating 5,5 dBYUA/m 5,5 dBnA/m at 9 kHz -22 dBmA/m -57 dBm
descending 3 dB/oct (note 3) (note 4)
(note 3)

NOTE 1: For the frequency range below 9 kHz: the limits are on voluntary basis, in CEPT/ERC/REC 74-01 [i.4],
there are no limits proposed. See similar information in table 3.

NOTE 2: For the frequency range above 9 kHz: the limits are in line with CEPT/ERC/REC 74-01 [i.4], Annex 2.

NOTE 3: The limit is specified at a distance of 10 m.

NOTE 4: The limit is specified as e.r.p.

4424 Conformance

The conformance test suite for Recei$purious Emissiorshall be as defined in clauss4.

4.4.3 Receiver Baseline Sensitivity

4431 Applicability

This requirement applies to all RMI.

4.4.3.2 Description

BleckingTherobotic mower isoperating withinthe test garde(seeclauseB.1.5)without switching into a safe mode
The largest distance the boundary wire will happen if the mower is in the middle to thestdsip, see clause 6.3.2
figures 5 and 6andrelatedparameter for an afitial antenna irclauseB.1.1.

4.4.3.3 Limits

Theroboticmower has to run longer th&9 semndswithout switching intahe safe modesee clause 4.2.2.3

4.4.3.4 Conformance

The conformance test suite fReceiverBaseline 8nsitivity shall be as defined in claus8.8.
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4.4.4 Receiver Baseline Resilience

4.4.4.1 Applicability

This requirement applies &l RMI.

4.4.4.2 Description

Receiver Baseline Resilientea measure of the capability of the receiver to receive a wanted modulated signal without
exceeding a given degradation due to thegares of an unwanted input signal at any frequencies other than those of
the receiver spurious responses.

The test shall be in thgpicaloperational modéreal scenario, see clause 4.2.2.2).

TheRMI shall achieve thevantedtechnicalperformance criteri§,_seeclause 4.2 .} willbe-used-for-thereceive
blecking-testsin the presence of thieterferingsignal

4.4.4.33 Limits
Thereceiver-blockinReceiverBaseline Resilienckmits in tableé4b shall be fulfilled.

Table 64b: Receiver blecking-timitsBaseline Resilience requirements

In-band signal QOB signal Remote-band signal
Fregueneyinterf |f =fc f="f.+£ OFR f=1fc+ 10 x OFR

erer signal
frequency
receier 98 dBpA/m - 20log10 (f/10 kHz) |98 dBuA/m - 20log10 (f/10 kHz) |98 dBpA/m - 20log10 (f/10 kHz)
blocking
limitsInterferer
signal level
Kind of CWwW CcWwW Ccw
interferer signal
NOTE:

The industry standard for RMI (Source: EGMF [i-#i.7]) proposes that robotic mower installations should never
be closer than 1 meterm and the RMS current in the wire should never exceed 500 mA.

-When an interfering standard garden is located at a distance of 1 m with long side to long side the H field
from a 500 mA current will be 98 dBuA/m (or 100 nT for B-field).

_Robotic mowers use coils as antennas and the electremagneticforceElectromagnetic Force (EMF)
generated in those antennas are proportional to the derivative of the signals. Therefore, when doubling the
frequency of the interfering signal the voltage generated in the antenna will also double.

_The 100-nT is therefore normalized to a typicalstate of the art value for robotic mower signal centre
frequency of 10- kHz.

ausé 2.1-in-the presence-the-blocking-signal

4434 Conformance

The conformance test suite feperational-frequencyranBeceiverBaseline Resiliencshall be as defined in clause
6.1{table-8.3.3
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‘ 5 Testing for compliance with technical requirements

5.1 Environmental conditions for testing

Tests defined in the present document shall be carried out at representative points within the boundary limits of the
‘ declaredoperational environmental profitiefined by its intendiuse

Where technical performance varies subject to environmental conditions, tests shall be carried out under a sufficient
variety of environmental conditions (within the boundary limits ofdbaelarecbperational environmental profile
defined by its intended upto give confidence of compliance for the affected technical requirements.

5.2 General conditions for testing

53  Normalandextreme-] provides information on test
conditions

Fhe-provisions-gfpower supply and ambient temperati#ESI EN-300330TS 103 051 1}¢clause.15] provides
additional information on measurememtcertainty.

5.3shall-apply.

54 Artificial antenna

TFests-using-th@ he artificial antennaare-specifies describedn clauseB.2—Fable8-gives-an-overview-of conformance
tests-forwhich-the-artificialantenna-shal-be-selected-by-the-manufdcturer
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5.6—5.4 Measuring receiver

The term"measuring receiverefers to a selective voltmeter, oscillosc@pgea spectrum analysefFheor a
measurement instrument accordindetd 550161-1:2010 + A1:2010 + A2:2014.13). Theresolutionbandwidth and

detector type of the measuring receiver avegiintableZtables5 and 6

Table #5: Resolution Bandwidth and detector type for the-measuring-receivermagnetic field

measurements
Frequency: (f) Detector type Measurement Spectrum-analyser
receiverResolution bandwidth
bandwidth
300100 Hz ¢ Quasi-Peak 20010 Hz 300 Hz
f-<9-kHz <500 Hz
500 Hz ¢ f < 9 kHz Peak 200 Hz
9-kHz ¢ f< < Quasi Peak 200- Hz 300-Hz
150- kHz
150- kHz ¢ f<- < Quasi Peak 9- kHz 10-KHz
30- MHz
30-MHz ¢ f¢ Quasi Peak 120-kHz 100-kHz
1- 000- MHz

Different bandwidths-may be used-if agreed-withTable 6: Resolution Bandwidth and detector type for

spurious and OOB measurements
according to CEPT/ERC/REC 74-01[i.4]

Frequency: (f) Detector type Resolution bandwidth
100 Hz ¢ f <500 Hz RMS 10 Hz
500 Hz ¢ f <9 kHz RMS 100 Hz
9 kHz ¢ f < 150 kHz RMS 1 kHz
150 kHz ¢ f <30 MHz RMS 10 kHz
30MHz ¢f¢ 1000 MHz RMS 100 kHz

In tables5 and6 aresolutionbandwidthof 10 Hzis requested fothetest-laboratonymeasurements up to 561. |
such resolution bandwidth it available in the measurement receaeesolution bandwidth up to 18 shall be
used.The measurement bandwidths and any related calculations shall be stated in the test report.

57— Measurementuncertainty

5.8—Interpretation-of-the-measurementresults
Fhe provisions-oETSHEN-300-33d1}clause 5-14-shall-apply

If a different detector typand resolution bandwidivill be used for the conformance test this is specifiethénrelated
subclauses of clause 6.
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5 Conformance methods of measurement for transmitters
and receivers

6.1 General

Table 87: Overview of Conformance tests

Essential requirements Conforma | Festsetup-and | Fest Measurement
nce tests procedure condit wncertainty
ons
Userdefined |Faeter
antenhas ¥
define
d
anten
Aa
OFR, clause-4.3.1 6.2.1 BlorB2 Blor 53 57
B3
H-field, clause- 4.3.2 6.2.2 BlerB2 Bler | 53 57
B3
Transmitter unwanted emission 6.2.3 forf<30-MHz: Blor | 53 5%
(spurious and out of band BlorB2 B3
emissions), clauses-4.3.3 and
4.3.4 for30-MHz <f<1 GHz:
notappheable
Receiver spurious emissions 6.3.1
clause 4.4.2
Receiver Sensitivity, clause 6.3.2
4.4.3
Receiver Blocking, 6.3.23 B1 B1 53 5%
clause- 4.4.34
6.2 Transmitter conformance methods
6.2.1 OFR

The measuremeshall-be-made with-one-of the test sepupsedure dep@ls from annrexB-the used RMI antennas

1 For userdefinedloopdbdundary andjuidanceand-boundarnwiredpopsthetestonductedsetup and
procedure from clause B.feét-garden)-ottauseB2-{artificial antennapnd-forfactory-defineghall be used

1  Forintegralantennashetestadiatedsetup and procedure from clausé&-Best-garden)-drom-clauseB-3
{anechoicchambe?)shall be used.

Based on the very low frequencies the test has to be performed within two steps

Step 1:

The tranmission shall be measured usingpeetrum-analysareasuring receiver according to clauseviit#h the
following settings:

1  Start frequency: 500 100Hz
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1 Stop frequency: 1485 kHz

1  Resolution Bandwidth: —200Hz

f  Video Bandvidth: —O0 300 Hz

1  Detector mode: RMS:

1  Display mode: maxheold max holdover>-10s.;sweeps (one measurement)

1 Sweep time: increasahe sweep timand reset max hold after each measuremetitthe
difference betweemio conseutive measurementsf the amplitude of the
spectrumis lessthan0,5 dB

The following values Ball be recorded:

1 fu seep1as theright mostfrequency above theentrefrequency § shall be recorded where the level is 23 dB
lower as the maximum.

1 fL step1@8 the left modrequency below theentrefrequency shall be recorded where the level isB3ower
as themaximum

1 fu steprand { siepishall berecorded

1 tswt: final sweep time of step. 1

Step 2:
1 Start frequency: 100 Hz or @B x f| siepiwhatever is higher
1 Stop frequency: 1485 kHz orl,5 x fy_sepiwhatever is lower

1 ResolutionBandwidth:

0 30 Hz if start frequency is below 56(¢

0 200Hz if start frequency is ave 500Hz

1___ Video Bandwidth largerthan theresolution bandwidth
1___ Detector mode: RMS

1__ Display mode: max hold overl O sveeps

1 Sweep time: tswr

The following values shall beecorded:

1 fu as the frequency of the upper marker resulting fromi @#\W"-function of a spectruranalyser using
99 % of the power (see figui28). Alternatively theright mostfrequency above theentrefrequency § shall
be recorded where the level is @B lower as the maximum.

1 fLas the frequency of theppetower marker resulting from theOBW"-function of a spectruranalyser using

99 % of the power (see figu8). Alternatively, the left mostfrequency below theentrefrequency shall be
recorded where the level is 23 dB lower as_ thaximum

T fdcis thecentrefrequency@——:
T OFR=%-fL

The resultout of step? are to be compared withegHimits in clause 4.3.1.3.
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NOTE:  Justification why a measurement below 100 Hz for TX emissions of an RMI systems is not considered:

6.2.2

A Some RMI are sending a DC current or voltage in the loop wire to feed slave devices. This DC
signal will always have a small bandwidth, but will never create high radiated emission via the loop
and the interference on radio devices at ttiespienciewill be low (no radio application knomw
in therange< 100 Hz).

A State of the arpower supply installation (58z) andAC/DC convertersnay crede highEMC
emissims. Therefore it is not possible to differetiate the radiated emission of an RMI systeonfr
the EMC emission from the power suppbarts

H-field

The measuremesthall-be-made-with-one-of the test setups-feamex-B-procedure depeis from the used RMI

antennas:

h For%de%%e%@%boundarwe&#&@%%&w%%@%ﬂ@m%@adﬁw

amennas%heutmd guidance Ioops thmnductedsetup and procedure from clause B&(—garden)

orartificial antenna) shall be used

For integralantennas theadiatedsetup and procedufeom clause B3-{radiated-tests-within-anechoic

chamber? shall be used.

em shall be

The transmission shall be measuusthga spectrtum-analysareasuring receiver according to clauseviih the
following settings:

1

=A =A =4 =4 -4 =4

Start frequency: 500Hz.0,8 x f (see clage 6.2.1)
Stopfrequency: higherthaf 2 x fy from(seeclause4-36.2.1-)
Resolution Bandwidth: according to clause &4, table 5

Video Bandwidth: ORBW-Resolution Bandwidth

Detector mode: according to clause &4, table 5

Display mode: maxholdnax holdover=>10 s;sweeps

Sweep timeAveraging-time— Ol mspersweeppoint. tswr (see clausé.2.1)

Themaximum HField results are to be compared with the limits in clati8e2.3

6.2.3

The measuremes

Transmitter unwanted emissions (spurious and OOB emissions)

ggocedure depels from annex-B-the used

RMI antennas:

1 Foruser—deﬂned—leepsbgurdary andgu|dance&nd—b9undary—wwesla)opsthetest:orductedsetup and

procedure from clause B.#a

antennapnd-forfactory-defineghall be used

Forintegralantennas th&estadiatedsetup and procedureoin clause B{test-garden)-drom-clauseB-3
{radiated-tests-within-anechoicchambeshall be used.
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em shall be

The transmission shall be measuusihga spectrum-analysareasuring receiver according to clauseViith the
following settings

1  Start frequency: 9 kHz100 Hz

1 Stop frequency: dependnt from RMI antenna:

0 For boundary and guidance loops: 30 MHz

0 For integral antennad: GHz

NOTE 1. Artificial antenna for boundary and guidance loops is only specified fdréhgaency range below
30MHz. In a real scenario a large boundary loop is low pass filter and therefore radiates no TX unwanted
emissions above 30 MHz. In addition the harmonics of the fundamental will not be present above
30MHz (e.g. at 30 MHz it would éthe 2024 harmonic of the highest fundamental frequency).

NOTE 2: For each frequency range out of table 6 one measurasieriie performed

1  Resolution Bandwidth: according to clause 4.table6:
1 Video Bandwidth: ORBW.-Resolution Bandwidth
1  Detector mode: according to clause 8, table6:
i Display mode: maxholdover >10s.sweeps

— Sweep- time Averaging time- O 1 ms per sweep point.

1 Sweep time: increasahe sweep time and reset max hold after each measurement until the
difference between two consecutive measurements of the amplitude of the
spectrum is less than3dB

The maximumunwantedemission (spurious and OOB)sults are to be compared with the limits in clause 4.3.3.3.

6.3 Receiver conformance methods

6.3.1 Receiver spurious emissions
Notapplicablesed he radiated setup and proceduanirclause4-4B.2-

Fhis-measuremershall beused.

For the receiver spurious emissiotige robotic moweshall be seto the receive only mode (steep/ide mode.

To reach the receive only mode the sameaupeind steps for the receiver baseline sensitivity (see d&u3£.1 and
6.3.2.2) shall be used. After step 4 of clause 6.3.2.2 the boundary signal shall be switched off. Now the mover is in
receive only mode and the receiver spurious can be measured.

Thetransmission shall be measured using a measuring receiver according to clavifetbelfollowing settings:

1 Start frequency: 100 Hz

1 Stop frequency: 1 GHz; according tacCEPT/ERC/REC 74€1[i.4], table 1

NOTE: For each frequency range out of table 6 one measurement ipsofoenedundernormal-conditions

ed-in-presence
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Fhe RMIshallinitially-operate-without-interference.

1 Resolution Bandwidth: according to clause 5.4, table 6

1 Video Bandwidth: O Resolution Bandwidth

1 Detector mode: according to clause 5.4, table 6

1 Display mode: maxhold over > 10 sweeps

1 Sweeptime: increase the sweep time and reset max hold after each measurement until the

difference between two consecutive measurements of the amplitude of the
spectrum is less thah5 dB

The maximunreceiver spuriousmission results are to be compared with the limits in clads2 3.

6.3.2 Receiver Baseline Sensitivity

6.3.2.1 General

The test setup is visualized figure-4igures 5 andfigure-56.

The RMI docking station shall leperated with a boundawireloop according tdigure-4igures 5 andfigure-86 with
an artificial antenna (or artificial load with@kmY and 200 pH, see clause.1) as load in series.

The test shall be carried caside-a-tesin an anechoichamberaecording-tas described inlause C.1.Brd-clause
C-1.2inof ETSI EN300 330 [].

The boundary wire shall lie on a nometallic ground and the minimum distanceatmetallic ground plane shall be
0,75m.

The geometrical gdre of the receiver(s) in the robotic mower shall be placed to the centre of tlu®pe&t.g. X=0
(see figure 6)) and shall stay there during the test (e.g. the robotic mower wheels may be deactivated or lifted from the
ground). Any possible switch offiechanism (e.q. if the robotic mower detects no movement) shall not affect the test.

artificial
antenna
boundary loop

RMI A
docking

station Robotic

Mower

Figure 5: Schematic test set-up for RX-Sensitivity test

ETSI



29 ETSI EN 303 447 V1.3.1.1 (2017-09 (2022-07)
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| Mower
| .
_______ _._________________z_
| X=0
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I
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| 2Zm
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|
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I
I
boundary loop I v
Figure 6: Schematic test set-up for RX-Sensitivity test (view from top)
6.3.2.2 Receiver-Baseline Sensitivity Test
Step 1. Place thaobotic mowelin the middle of the test sep.
Step 2: Activate theRMI system
Step 3: Start theroboticmower with the operation mode. Thebotic mower shall be adjusted in such a vilagt
the robotic mowewill keep the position in the middle of the testapt(e.g. by deactivation of the wheel,
lifting up).
Step4: If the RMI meets the wantadchnicalperformance criteria (see clause 4.2.1) at all times, this means

working longer tlan60 second asintendel, then the test shall be considered as passed.

Otherwise, the test is considered as failed.

16.3.3 Receiver Baseline Resilience (RBR)

6.3.3.1 General

Thefulfilment of the RMI performance critexin the operational mode (see claused.8hall be tested in presence of
an inference signal according to clause43}.tabledb (frequencies, magnetic field).

The test setup is visualized in figgréand8.

The RMI docking station shall be operateibwa boundary Wi’rarranqemeMCcordinq to figure7 and8 in
combinationwith an artificial antenna (or artificial load withY2 and 200 uH, seelauseB.1.1) as load in series.
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The test shall be carried out on an anechoic chamber as described irCclalise#f ETSI EN300 330 1].

A test loop with a radius R shall be used to create an interfering magnetic field. The test loop shall lie-oretahon
ground and the minimum distance to metailiound planeshall be 0,75 mThetest loop and the boundary wire shall
be on thesamehorizontal level

The geometrical centre of the receiver(s) in the robotic mower shall be placed to the centre ofdbpe (esg. X=0
(see figures8)) and shall stay there during the test (e.g rtfimtic mowemwheels may be deactivated or lifted from the
ground).Any possible switch off mechanism (e.g. if the robotic mower detects no movement) shall not affesit the

The radius R of the te&op shall be in minimum 4 times the maximum dimension r of the robotic mower (see
figure 58).

The maximum interfering HField at X = 0 can be calculated from the loop current | (into thddep) with the
following formula:

o _ o)

The required output current to achieve the magnetic field from claugd.8,4able64b at the robotic mower shall be
generated with a test signal generator at the test frequencies frorédiable

For each test frequency theactiori of theRMI shall be recorded and checked againsitheted technical
performance criteaifrom clause 4.2.1.

The RX test includes two separate test scenarios:

I  Test lifsee clause 6.32, to test thatherobotic mowercan handle a lost signal.

I  Test 2:ifsee clause 6.3.3, to test thatherobotic mowercan handle a passage of the boundary wire.

6.3.3.2 RBR Test 1.—Festif to test that the robotic mower can handle a lost signal

Step 1.1: Initially, thetest signal generator shall be switched off.

Step 1.2:  The RMI system shall be configured so that the watdeknicalperformance critea aremet: the wanted
criteria areconsidered to be met as long as the receiver always works as intended. Célediatit of
the interferer current according to clause344, tableé4b and equatiorfl).

Step 1.3:  The ®st signal generator is then switched orzat f

Step 1.4:  The est signal generator shall then be adjusted in carrier current from zero ufindttheen in
clause4.4234.3, tableé4b.

Step 1.5: If the robotic mower goes into safe mode or into a state which is not declaratitheragnetic field
shall be noted.

Step 1.6: With the interferer limit according to clause 8413, tableé4b, turn off he RMI transmitter, so there is
only the signal from the interferefhe robotic mower has to detect the loss of its signal and go into safe
mode (see clause 4.2.1)

Step 1.7:  The measurements st&eh1 to 1.6 shall be repeated at the frequency for OOBemdtesignal as
requested in clause 434.3, table64b.

If the RMI meets the wantgdchnicalperformance criteria (sedause4.2.1) at all times, then the test shml
considered as passed.

iled.
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artificial
antenna

boundary wire

RMI
docking
station

Robotic
mower

test cable-loop

current clamp

Otherwise, théest is considered as failed.

artificial
antenna

boundary loop

RMI
docking
station

Robotic
mower

test cable-loop

current clamp

Figure 47: Schematic test set-up for the RX-blocking test 1
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Figure 58: Schematic test set-up with dimensional specification for the RX-blocking test 1_(top view)

6.3.3.3 RBR Test 2:—Festif to test that the robotic mower can handle a passage of
the boundary wire-

Step 2.1:  Initially, thetest signal generator shall be switched off.

Step 2.2:  The RMI system shall be configured so that the watgelnicalperformance critesi aremet: the wanted
criteria areconsidered to be met as long as the RMI system works as intended. Calculate the limit of the
interferer current according to clause 8443, tableé4b and equatiorfl).

Step 2.3:  The €st signal generator is then switched orxat f

Step 2.4:  The tessignd generator should then be adjusted in carrier current from zero up to the limit given in
clause 4.44.3, tableg4b.
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Step 2.5:  The boundary wire should then be moved under or over the robotic mower so tadiothe mowers
outside the boundary wire (leiag the working area). The boundary wire should never be moved faster
than the speed of thebotic mowerso that a normal mode boundary wire passage can be observed, see
figure 69.

Step 2.6:  Therobotic mowershall react as intended in the RMI manualtf@ casépassing of the boundary wire
(e.q. the mower shall continue to operate as intended and its reaction (turning back, going to sleep, etc.)
has to be noted in the test report)

Step 2.7:  The measurements s&ph3 to 2.6 shall be repeated at thegirency for OOB and remesggnal as
requested in clause 434.3, tableé4b.

If the robotic mowermperates in normal mode or in safe mode at all times, then thehédidbe considered as passed.
If the robotic mowerdoes not react as intended, thea tibst is considered as failed.

The results are to be compared with the limits in clause 4.4.3.3.
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Figure 69: Schematic test set-up for the RX-blocking test 2
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Annex A (informative):
Relationship between the present document and the
essential requirements of Directive 2014/53/EU

The present document has been prepared under the Comraistanilardisation request C(2015) 5376 finé] to

provide one voluntary means of conforming to the essential requirements of Directive 2014/53/EU on the harmonisation
of the laws of the Member States relating to the making dlaitan the market of radio equipment and repealing

Directive 1999/5/EQi.3].

Once the present document is cited in the Official Journal of the European Union unBérreittate, compliance with

the normative clauses of the present document given in table A.1 confers, within the limits of the scope of the present
document, a presumption of conformity with the corresponding essential requirements of that Directiveciaig@ss
EFTA regulations.

Table A.1: Relationship between the present document and
the essential requirements of Directive 2014/53/EU

Harmonised Standard ETSI EN 303 447
Requirement Requirement Conditionality
Essential requirements | Reference-Clause
No Description of Directive Ne(s) of the present | U/C Condition
document
1 |Operating frequency 3.2 43.1 U
rangeFrequency Range
(OFR)
2 |Transmitter H-field 3.2 432 U
requirements
3 |Transmitter spurious 3.2 4.3.3 U
emissions
4 |Transmitter eut-of-bandOut Of 3.2 434 U
Band (OOB) emissions
5 |Receiver Spurious Emissions 3.2 4.4.2 C RMI2 systems only
6 |Receiver Baseline Sensitivity 3.2 4.4.3 U
57 |Receiver bleckingBaseline 3.2 4.4.34 U
Resilience
Key to columns:
Requirement:
No A unique identifier for one row of thiable which may be used to identify a requirement.

Description A textual reference to the requirement.

Essential requirements of Directive

Identification of article(s) defining the requirement in the Directive.

ClauseNumber(s) of the present document

Identification of clause(s) defining the requirement in the present document unless another
document is referenced explicitly.

Requirement Conditionality:

u/C Indicates whether the requirement is unconditionally applicable (U) or is conditional upon the
manufactureis claimed functionality of the equipment (C).

Condition Explains the conditions when the requirement is or is not applicable for a requirement which is
classified"conditional.
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Presumption of conformity stays valid only as long as a referentte toresent document is maintained in the list
published in the Official Journal of the European Union. Users of the present document should consult frequently the
latest list published in the Official Journal of the European Union.

Other Union legislatin may be applicable to the product(s) falling within the scope of the present document.
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Annex B (normative):
Test sites and procedures

B.1 Setup-l-Magheticfieldmeasurementsata fest

20m

10m

RMI docking station

C1om
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Artificial antenna for conducted measurements below
30 MHz

The artificial antennésee figure B.1)s used for equipment with an antenna connector and submitted for testing
without an antenna. The radiated fields are a function of the RF energy radiated by the currents. Therefore,
measurements are made to detemithose currents in the artificial antenna.

DM current measurement;
Iom artificialantenna

Ca l CM current

measurement; lqy

A
ol

RMI transmitter I_lR:I- v

C ~
N
Ra Rp ~

@ I I switch closed for
Common mode (CM)
measurement®

* switch could also be realised as a simple cable connector

DM current measurement; I,
artificialantenna

Ca l CM current

i
|

measurement; |-y
LA RD
RMI transmitter I_:I- C
RC

Connection closed for
Common mode (CM)
measurement

Figure €B.1: Schematic of artificial antenna

The artificial antenna consists of one resistaoy) (&d one inductor (4) in series connected to the boundary wire
connector of the RMI docking station. The totapidance shall bedR=  2+1%-in series with la = 200 pH+=5%-
Fhe-manufacturercan-declare-othervaluefsimulate a garden withe artificial-antenna-parameters-Bhenhe

shallverify the parametesis-the-testrepemtimension if 10 mx 20 m(seeclauseB.1.5)
Thenominal value focapacitors & = 40 nF=5-%
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Thenominal value foresistors B= 7 %&5%

Thenominal value foresistor R = 1 1#55-%q

NOTEZ: The valuedor Ca, Rp and R have been chosen;gbat the high frequency current path does not affect
the impedance of the artificial antenna in the operating frequency range. The high frequency differential
mode i mpedance of dd&s0vorgicaseaenl pdritefehe standaed test gardengoop in
the frequency range between 150 kHz and 30 MHz.

The artificial antenna shall be put in a shielded box. It shall be taken care when choosing the layout and components to
avoidresonances within the measurement frequency range. Between 150 kHz to 30 MHz both the differential mode
i mpedance and the common mode i mpedance shall al ways b

ghlhanpedances fobothinputanodeyDifferential

Mode (DM) and Cmmon Mode (CM))shaII b&she#temnd—used—aeneiéepmma{lémnt—A-Nenfled based on the
tolerances givefor DM in tableB.1 andtherelated-secorgrminalis Point B;-sedigureCB.2-

NOTE andfor the CM intableB.2:
&n%enn&need&te—ldeseemeeted—#em%he—RMHFanstter

artificialantenna

short for common mode c l
impedance verification A

¢ Freroms
Re
Point A [] RA RD

Ca

FigureG-2:-Schematithe validation setp for theverification-ef-theartificial antennas specified in clause B.1.6.

Thespecifictest setup for the validation of the differential mode impedance is provided in clause B.1.6.2, figure B.

Thespecifictest setup for the validation of taeemman mode impedands provided in clause B.1.6.3, figure7B.

The inductance at 10 kHz shall be verified that it is within +20 % of 200 pH.

For the mechanical/electrical realization of the artificial antenna it shall be taken into account that the twitrent in
antenna can be larger tha\1This current into ZhmY would create a loss of power@i#aminimum. 2 W in this
resistor. This power needs to be taken into account when choosing the electronic parts for the artificial antenna.

The saturation current dfi¢ inductor shall be at least 2 A or 1,5 x peak current of the RMI docking station.
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Table B.1: Differential Mode Impedance for the RMI artificial antenna

Differential Mode Impedance [Ohm]
Frequency [Hz Tolerance
Calculated -

- High Low

500 2,12 2,65 1,59
1000 2,43 3,04 1,82
10 000 14,20 17,75 10,65
25 000 37,84 47,30 28,38
50 000 85,60 106,99 64,20
75 000 125,32 156,65 93,99
95 000 141,67 177,09 106,26
100 000 144,08 180,10 108,06
110 000 147,55 184,44 110,66
125 000 150,48 188,10 112,86
135 000 151,52 189,40 113,64
140 000 151,87 189,84 113,90
145 000 152,13 190,16 114,10
150 000 152,32 190,40 114,24
175 000 152,66 190,83 114,50
1 000 000 150,17 187,71 112,62
10 000 000 150,00 187,50 112,50
30 000 000 150,00 187,50 112,50

bl T Y S —

1 10 100 1000 10000 100000 1000000 10000000 100000000 [HZ]

—— [iffer ential Impedance = e as DM High Tolerance ssssss DM Low Tolerance

Figure B.2: Differential Mode Impedance for the RMI artificial antenna

Table B.2: Common Mode Impedance for the RMI artificial antenna

Common Mode Impedance [Ohm]
Frequency [Hz Tolerance
Calculated -

E—— High Low
150 000 148,10 185,12 111,07
175 000 147,94 184,92 110,95
1 000 000 147,51 184,39 110,64
10 000 000 147,50 184,38 110,63
30 000 000 147,50 184,38 110,63
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B.1.2 General setup and measurement procedure for the current

measurement with artificial antenna

Mechanical setupsee figure B:

|l

The equipment shall be placed on a horizontal metal ground plane (reference ground plane), but isolated from
it by a nonmetallic support of 0,1 m + 25 % in height.

Theleadwirereference ground plar@n either be separated in two directly connected parts as displayed in
figure B3 or shallbeled-downward-alomxtend at least 0,5 m beyotitk boundaries of th&MI docking

stationto-the-level-of the nometallic supporandbe-led-horizontally to-the-artificial-antersiall have

minimum dimensions of 2 m by 2.m

The artificial antenna shall be bonded te thference ground plane as short as possible. The reference ground
plane shall extend at least 0,5 m beyond the boundaries of the RMI docking station and shall have minimum
dimensions of 2 m by 2 m.

The RMI docking station is connected as short as pesgilthe artificial antenna by a twisted 2 lead wire
except where the current clamp is. The distance from the outer boundary of the RMI docking station to the
artificial antenna shall not exce8@-cail m.

The differential mode current clamp shall be placechataf the two lead wires a maximum of 5 cm away
from the artificial antenna input port, see fig@B.3.

The common mode current clamp shall be placed on the ground wire above-tnetatiic support, see
figure CB.3.

NOTES: If no switch is available in thartificial antenna, the common mode conductor to the ground plane can

alternatively be removed during the differential mode measurement.

- »

<30 cm [

non-metallicsupport

max
...... S5cm

10 cm

non-metallic support

Figure €B.3: Mechanical setup for measurement
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The ground connection between the two ground planfigure B3 shallbe made with a copper braiding presenting
low impedance, not exceeding ¥Oon all test frequencies.

The test shall be performed for edmiundaryand (dependent) guidank®mp separatelyBoundary loopsire
electrically connected only inside tRI docking stationwhile (dependentquidancdoops are electrically connected
outside theRMI docking station

1 For eachhoundaryloop:

- The test shall be performed for edmbundaryloop separately while all oéln loops are connected to
artificial loadsin order to keep the RMI system in normal operation

- The transmitter of the RMI shall be connected t@dificial antennaaccording to clausB.1.1

1 For (dependentguidancedoops:

- The test shall be performed feach(dependentguidancdoop separately.

- The transmitter of the RMI shall be connected to an artificial antenna according toR:lhdse every
combination of possible single lo®® measured oncH.needed for functin of the RMI an artificial

loadshallbe connected to ports that enable function of the RMj.one resistor of ¥ and one inductor
of 200 pH in series if not otherwise specified by the manufacturer

The measuring receiver shall be connected tatinent clamps of the measurement setup

Tests shall be performed fbifferential Mode(DM, seeclauseB.1.3) andCommon ModdCM, seeclauseB.1.4)
separately

B.1.3 Differential mode measurement

The differential mode curreniy delivered to tl artificial antenna during a transmission duty cycle shall be measured
up to 30MHz. The maximum Hield shall be calculated from the currepiilusingformula (B.1)

H/dBUA/m at 10m = Ipw/dBUA - CE (B.1)

forf <1 MHz: CF = 46

for 1 MHz <f <30 MHz: CF = 39

NOTE: The conversion factor CF has been derived by a full Maxwell solution for the standard testjdrden
defined reference measurement pésste clause B.8) with a simulation software.

B.1.4 Common mode measurement

The comnon mode currenicly delivered to tle artificial antenna during a transmission duty cycle shall be measured
between 1 MHz and 3WHz. The maximum Hield shall be calculated from the curreaf lusingformula (B.2)

H/dBA/m at 10m = lcy/dBpA i CF (B.2)

CF = 39,5 45,4 x logso (fIMHz])

NOTE: The conversion factd€F has been derived by a full Maxwell solution for the standard test gaitien
defined reference measurement pésste clause B.8) with a simulation software.

B.1.5 The reference test garden

A reference test garden has been used as a theoretical reference to dimension the artificial antenna with the related
limits. This size represents the average of garden sizes in the EU.

The measurement point A is located at a distafid® m from the middle of the long side (see figurd)BThe
measurement antenna shall be there at a height of 1 m.
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20m

D B

10m

RMI docking station

10m

Figure B.4: The test garden

B.1.6 Test setup for verification artificial antenna

B.1.6.1 General

For the verification of the artificisdntenna a calibrated impedance analyser is necessargnalysershall provde a
symmetrical measurement solution with two cables.

To connect the artificial antenna with the impedaacalyseitwo cables with matching connectatsall be usedror
the alibration of the test setup the measurement canldthe matchingonnetorsshall be considered in the
calibration proceduresee figure B.5

The calibration of the impedance analyser together with the measurement calmegamidgconnectorshall ke from
100 Hz to 3GMHz.

Impedance
Analyzer

Tt

measurement cable
with connector

Figure B.5: Calibration of the validation set-up

For the verification of the artificial antenna, the antenna needs to be disconnected from the RMI transmitter.

The test setup for theerification of the differential mode impedance is provided in clause B.1.6.2, figére B.

The test setup for theerification of the common mode impedance is provided in clause B.1.6.3, figdre B.
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B.1.6.2 For Differential Mode Impedance verification

Figure B6 shows as test setup for therification of the differential mode impedance of the artificial antenna

Impedance
Analyzer

|

——
M) ——

La Rp

~® Point B

Point Ra Rp

Ca

artificialantenna

Figure B.6: Validation test setup for the differential mode impedance

B.1.6.3 For Common Mode Impedance verification

Figure B7 shows as test setup for therificationof the common mode impedance of the atrtificial antenna

To verify the common mode impedance loé @artificial antenna both inputs shall be shortened and used as one terminal
(Point A) and the related second terminal is Point B, see figute B.

Figure B.7: Verification test setup for the common mode impedance
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