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Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-goveérnmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, I$O and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Btandards are drafted in accordance with the rules given in the ISO/IEC Directives) Part 2.
The main tagk of the joint technical committee is to prepare International Standards:'Draft Interngtional
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publicatfon as
an Internationjal Standard requires approval by at least 75 % of the national bodies gasting a vote.

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

ISO/IEC 18046-2 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technplogy,
Subcommittep SC 31, Automatic identification and data capture techniques.

This first edition of ISO/IEC 18046-2, together with ISO/IEC 148046-1 and ISO/IEC 18046-3, will cancel and
replace ISO/IEC 18046:2006.

ISO/IEC 18046 consists of the following parts, under.the general title Information technology — Radio
frequency iddntification device performance test methods:

— Part 1: Tpst methods for system performance
— Part 2: Test methods for interrogator performance

— Part 3: Test methods for tag performance

iv © ISO/IEC 2011 — All rights reserved
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Introduction

Radio frequency identification (RFID) technology has broad applicability to the automatic identification and
data capture (AIDC) industry in item management. As a wireless communication technique based on radio
frequency technology, the applications cover multiple levels of the industrial, commercial and retail supply
chains. These can include
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Information technology — Radio frequency identification device
performance test methods —

Part 2:
Test methods for interrogator performance
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art of ISO/IEC 18046 defines test methods for performance characteristics.of RFID interrog
gement, and specifies the general requirements and test requirements for interrogato
able to the selection of the devices for an application. The summary.of the test reports forn
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Parar

1ISO/I
techn

ollowing referenced documents are indispensable’ for the application of this documer
nces, only the edition cited applies. For undated references, the latest edition of th
nent (including any amendments) applies.

FC 18000-2, Information technology — Radio frequency identification for item managem
heters for air interface communications>below 135 kHz

EC 18000-3, Information technal6gy — Radio frequency identification for item managem
heters for air interface communiications at 13,56 MHz

FC 18000-6, Information \technology — Radio frequency identification for item managem
neters for air interface.communications at 860 MHz to 960 MHz

FC 18000-7, Information technology — Radio frequency identification for item managem
heters for activie air interface communications at 433 MHz

FC 19762 (all parts), Information technology — Automatic identification and data ca
jques.==Harmonized vocabulary

ETSI

ators for item
rs which are
a unified tag

t. For dated
e referenced

ent — Part 2:

ent — Part 3:

ent — Part 6:

ent — Part 7:

pture (AIDC)

EN300 330-1, Electromagnetic compatibility and Radio spectrum Matters (ERM); Short R

hnge Devices

(SRD); Radio equipment in the frequency range 9 kHz to 25 MHz and inductive loop systems in the frequency
range 9 kHz to 30 MHz — Part 1: Technical characteristics and test methods

ETSI EN 300 330-2, Electromagnetic compatibility and Radio spectrum Matters (ERM); Short Range Devices
(SRD); Radio equipment in the frequency range 9 kHz to 25 MHz and inductive loop systems in the frequency
range 9 kHz to 30 MHz — Part 2: Harmonized EN covering the essential requirements of article 3.2 of the
R&TTE Directive

47CFR15, Code of Federal Regulations, Title 47— Telecommunications, Chapter |I—Federal Communications
Commission — Part 15: Radio frequency devices, http://www.fcc.gov/oet/info/rules/
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 (all parts) apply.

4 Symbols and abbreviated terms

HTHR 1dentification identification magnetic field threshold

HTHR Read reading magnetic field threshold

HrhR write writing magnetic field threshold

Hmax maximum operating magnetic field

Hsurvival survival magnetic field

Lm Load Modulation

ETHR 1dentification identification electromagnetic field threshold
ETHR Read reading electromagnetic field threshold
EtHR write writing electromagnetic field threshold
Spegradation sensitivity degradation

Emax maximum operating electromagnetic field
Esunival survival electromagnetic field

DUT device under test

IRejection interference rejection

G antenna gain

D Distance between the tag and the antenna
MPE Maximum Permissible human Exposure
SAR Specific Absorption Rate

5 Conditjons applicable to the test methods

5.1 Number of interrogator to be tested

Unless otherwise specified, testing shall be performed on 5 randomly chosen interrogators among a
population of 20 functional interrogators.

5.2 Test environment

Unless otherwise specified, testing shall take place in air environment of temperature 23 °C +3°C
(73 °F £ 5 °F) and of relative humidity within the range of 40 % to 60 %.

2 © ISO/IEC 2011 — All rights reserved
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5.3 RF environment
The tests shall be performed in a known RF environment.

For measurements of propagative UHF interrogators (ISO/IEC 18000-6, ISO/IEC 18000-7) an anechoic
chamber is the recommended test environment.

For measurement of inductive interrogators a typical laboratory environment is sufficient, where consideration
is given to minimize the impact of electromagnetic sources that may influence the results.

5.4 Pre-conditioning

Wherg pre-conditioning is required by the test method, the identification interrogators to be tgsted shall be
conditioned to the test environment for a period of 24 hours before testing.

5.5 |[Default tolerance
Unless otherwise specified, a default tolerance of + 5 % shall be applied to the.quantity values giyen to specify

the characteristics of the test equipment (e.g. linear dimensions) and the/test method proceddres (e.g. test
equipment adjustments).

5.6 [Total measurement uncertainty

The tptal measurement uncertainty for each quantity determined’by these test methods shall bg stated in the
test report.

NOTE] Basic information is given in ISO/IEC Guide 98-3:

5.7 |Test result reporting

Each |test result shall be reported with the aumber of samples, minimum value, maximum valug, mean value
and sfandard deviation.

For mpeasurement curves additionally to the curves on minimum value, maximum value, megn value and

standprd deviation, the individuakeurves of 5 randomly selected measured devices shall be shown in a figure
as well.

5.8 |Test communication parameters

All th¢ tests can be-done for various communication parameters (forward and return link). The tést conditions
shall be recorded.in the test report.

5.9 |Testequipment limits

Test equipment for survivability field maximum level shall be able to handle the maximum level declared by
the product vendor. It shall be ensured that the test equipment is not limiting the performance measurement.

5.10 Human exposure to EMF
High magnetic or electromagnetic field strength may exceed the limits of maximum permissible human

exposure to EMF, which should be considered accordingly. FCC guidelines for MPE and SAR or
EC 1999/519/CE are examples for relevant documents.

© ISO/IEC 2011 — All rights reserved 3
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6 Setup of test equipment for interrogator test

6.1 Test apparatus and test circuits for ISO/IEC 18000-3 interrogators

The specification for ISO/IEC 18000-3 tags and interrogators specifies an operating frequency of
13,56 MHz + 7 kHz. Since both the interrogator and the tag may be shifted by 516ppm and potentially in
opposite directions, the interrogator must function with a tag simulator that may be +1032ppm (14 kHz)
relative to the nominal centre frequency of the interrogator under test.

This frequency adjustment will be made using only the tag simulator's signal source since there may be no
convenient way to adjust the frequency of the interrogator being evaluated. The relative Interrogator to Tag
frequency shift is still achieved using this method.

For convenignce in setting up the signal source in the tag simulator, use a low carrier drequerjcy at
13,546 MHz, |]a nominal centre frequency at 13,560 MHz, and a high carrier frequency at 13/574"MHz for all
frequency offget tests.

The set up of all test equipment shall be in an anechoic chamber or some other, fully characterized and
controlled location that is free from interference sources and propagation influences, such as significant gignal
reflections, alpsorptions, or blockages.

Unless otheryise specified, all the tests should be run using a known reference antenna attached to the tag
simulator.

The tag simulator used for these test shall be able to receive interrogator commands and transmit tags replies
compliant with ISO/IEC 18000-3. The command decoder must provide a signal to trigger a properly |timed
response fror the code generator so that the entire assembly acts as a tag simulator.

The output of the decoder in the tag simulator is also connected to a computer and appropriate monitoring
software so that it can display the tag commands as réceived from the interrogator being tested in orfler to
confirm that if is sending correct commands.

The timing of|the interrogator's transmitted signal~and modulation can be monitored using the output of the tag
simulator's rgceiver attached to a storage scope that has sufficient memory depth to allow the captyre of
complete intgrrogator/tag transactions.

The interrogator is connected to a. control and monitoring computer that allows issuing of wakeup and
command tr{nsmissions. This software should also provide display of decoded data received by the
interrogator t confirm that it is able to properly decode and output received tag responses.

Unless otherwise specified,"the recommended test distance between the interrogator's location and the
reference anfenna attached to the tag simulator should be 75 % of the maximum working distance whigh can
be obtained with the interrogator under test and the tag simulator.

6.2 Test apparatus and test circuits for ISO/IEC 18000-6 interrogators

The test apparatus and test circuits for ISO/IEC 18000-6 interrogator tests will be the subject of future work
and are not covered in this international standard.

6.3 Test apparatus and test circuits for ISO/IEC 18000-7 interrogators

The specification for ISO/IEC 18000-7 tags and interrogators specifies an operating frequency of
433,920 MHz (+20ppm), which is approximately +8,7 kHz. Since both the interrogator and the tag may be
shifted by 20ppm and potentially in opposite directions, the interrogator must function with a tag simulator that
may be +40ppm (approximately 17,4 kHz) relative to the nominal centre frequency of the interrogator under
test.

4 © ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=0ff10f25797e1ba9285f8b4f2d499bd2

ISO/IEC 18046-2:2011(E)

This frequency adjustment will be made using only the tag simulator's signal source since there may be no
convenient way to adjust the frequency of the interrogator being evaluated. The relative Interrogator to Tag
frequency shift is still achieved using this method.

For convenience in setting up the signal source in the tag simulator, use a low carrier frequency at
433,900 MHz, a nominal centre frequency at 433,920 MHz, and a high carrier frequency at 433,940 MHz for
all frequency offset tests.

The set up of all test equipment shall be in an anechoic chamber or some other fully characterized and
controlled location that is free from interference sources and propagation influences, such as significant signal
reflections, absorptions, or blockages.

Unless otherwise specified, all the tests should be run using a known reference antenna attached to the tag
simulgtor through a splitter/combiner of a known loss as shown in Figure 1.
Interference Y
& Overload PL.-'*"M >
Sig Gen _ _ W
PA (if required) %
Tag Simulator nEa
e — Interrogator
Du
i Respe FSK || Dioods o o
|| Response | | wmodulated v
|| Code Gen ng Eli}zrze T_ by 1dB
: Trigger In I
| A : -
I | = Control &
: | w Monitor
Maonitor || Interrogator FSK : Computer
Jomputer H Command Receiver 1
Displays Interogator : Decoder ' [
Lommands | : [
___________________ Optional :
[ e o I
Large Spectrum |
Memory Analyzer [
Storage | with FSK -
O'scope | Demod |
Figure 1 — Test Setup for ISO/IEC 18000-7 Interrogator Measurements
A se¢ond, reference antenna is located in the place of the interrogator at its test location [and shall be
connected—to—a—spectrum—anatyzer—at-thebeginningof-testing—with—the—tag—simutator's—signat-source set to

0 dBm output to establish the field strength at the test site where the interrogator will be placed.
Calculation of field strength is as follows:
field strength = 107 + (PR + AF + |LC]|)

Where 107 is dB above 1uV at 0dBm, PR = power received on the spectrum analyzer, AF = antenna factor of
the reference antenna, and |LC| = loss of cable in dB (absolute value).

Example: PR = -35 dBm, AF = 22dB, LC = |-1,2dB|

FS =107 + (-35 + 22 + 1,2) = 107 + (-11,8) = 95,2dBuV/m

© ISO/IEC 2011 — All rights reserved 5
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The field strength at 0 dBm reference level shall be used during interrogator sensitivity testing.

The tag simulator used for these test consists of an ISO/IEC 18000-7 compliant code generator, an FSK
modulated 433,920 MHz signal source, an FSK 433,920 MHz receiver, and an ISO/IEC 18000-7 compliant
decoder. The decoder must provide a signal to trigger a properly timed response from the code generator so
that the entire assembly acts as a tag simulator.

The step attenuator shown in the diagram allows adjustment over a 100 dB range in 1 dB steps. The 100 dB
of output level change can be adjusted solely using the step attenuator or, as a practical matter, using the
level setting capabilities of both the attenuator and the FSK signal source.

The output oﬁ&dmwgswwwwmmmtoring
software so that it can display the tag commands as received from the interrogator being tested inlerfer to
confirm that i is sending correct commands.
The timing of|the interrogator's transmitted signal and modulation can be monitored using the output of the tag

simulator's FEK receiver attached to a storage scope that has sufficient memory depth to allow the capfure of
complete intdrrogator/tag transactions.

The interrogator is connected to a control and monitoring computer that allows, issuing of wakeup and
command transmissions. This software should also provide display of decoded data received by the
interrogator t¢ confirm that it is able to properly decode and output received tag résponses.

Unless otherwise specified, the recommended test distance between. the interrogator's location and the
reference anfenna attached to the tag simulator should be 2 meters, minimum, with 3 meters preferred. This
will provide slfficient distance to ensure Far Field conditions at the.ifiterrogator's location yet not require use
of a test site gxceeding practical dimensions. A 3 meter test distance is recommended since this is a conmon

regulatory test distance and is also a distance at which many. reference antennas have been calibratgd for
Antenna Facfor. This distance also meets the Far Field criteria’at a frequency of 433,920 MHz.

7 Functional tests for inductive interrogators as defined in ISO/IEC 18000-2 and
ISO/IEC 18000-3

7.1 Interrggator Sensitivity in Listen‘Mode (Receiving Mode)

7.1.1 Purpogse

This test detgrmines the minimum level of modulated carrier at the antenna of the interrogator that cgn be
detected by ifis receiver.

7.1.2 Test procedure

The Load mopulatien of the tag simulator is set to the nominal level: 0

The tag simulator is positioned on the axis of the interrogator's antenna. The distance between the tag
simulator and the interrogator's antenna (D) is equal to 75 % of the E1pr igentification diStance.

Then, the Load modulation is increased from 0 to the level where the interrogator starts to recognize the
identification data from the tag simulator.

7.1.3 Test Report

The test report shall give the measured minimum Load modulation Lm interrogator. All parameters shall be
recorded according to the example in Table 1

6 © ISO/IEC 2011 — All rights reserved
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Table 1 — Parameters recorded for Sensitivity measurement

Test: Interrogator Sensitivity in Listen Mode (Receiving mode)

Temperature: Humidity:
Interrogator Type: Interrogator ID:
Air Interface Protocol between Interrogator and tag:

Test Results

Lm Minimum XX, XX

7.2

7.21
This t

This
DUT

7.2.2

The
13,56
be se

The {
simul

A sec
face 4

Interference rejection (Irejection)

Purpose
st determines the interference rejection ability of the interrogator.

est determines the minimum distances between two identical interrogators (same devices
can read the tag without disturbances.

Test procedure

vaveform generator shall be set to the required ope€rating frequency of 125 kHz or
MHz respectively for ISO/IEC 18000-2 or ISO/IECA8000-3 and the waveform generator a
to a value below the identification magnetic field:threshold. This amplitude is typically zero

ag simulator is positioned on the axis of the interrogator's antenna. The distance bet
htor and the interrogator's antenna (D) is equal to 75 % of the Etyr igentification diStance.

pond interrogator (identical to the DUT)4s positioned near the DUT. The test covers two posi
nd side by side.

The tést configurations are shown on Figure 2.

at which the

134,2 kHz or
mplitude shall

veen the tag

tions: Face to
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Side by side I
configuration I

g Tag simulator
|

|
S T

T
2nd inl-o!rrngafnr D41 | DLIT
< p!
Face to face
configuration Tag simulator
. D2
2" interrogator DUT

Figure 2 — Test configurations

The dialog bgtween the DUT and the tag simulator is;monitored.

The 2" inter ogator is moved to the DUT up. 40 errors detected in the dialog between the DUT and the tag
simulator.

The dialog myst be alternatively read commands and write commands from the DUT to the Tag simulatof.

7.2.3 Test report

The test report shall give\the measured minimum distance between the two identical interrogatofs. All
parameters shall be recoerded according to the example in Table 2.

Table 2 — Parameters recorded for Interference rejection distance

Test: IntefFogator Sensitivity I Listen Mode (Receiving mode)

Temperature: Humidity:

Interrogator Type: Interrogator ID:

Air Interface Protocol between Interrogator and tag:

Test Results

Distance D1 (side by side) XX, XX

Distance D2 (face to face) Xx. XX
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7.3 Maximum Electromagnetic field exposure (MEexposure)

7.3.1 Purpose

This test determines the maximum value of the electromagnetic field generated by another interrogator at
which the DUT ceases to operate.

7.3.2 Test procedure

The electromagnetic field generated for the test is similar to the field generated by the DUT (same
frequency/modulation/protocol). The strength of the electromagnetic field is limited to the maximum allowed
value|(ETSI EN 300 330-1/2 or 47CFR15).

Exposure time for this test is 1 min for each step of the test. The DUT must be able to read a fag after each
expogure period.

7.3.3| Test report

The test report shall give the measured maximum Electromagnetic field @xposure. All parameters shall be
recorgled according to the example in Table 3.

Table 3 — Parameters recorded for Maximum Electomagnetic field exposure

Test: Maximum Electromagnetic field exposure (MEexposure)

Teémperature: Humidity:

=1

ferrogator Type: Interrogator ID:

Alr Interface Protocol between Interrogator and tag:

Test Results

MEexposure XX, XX A/m

7.4 (Ratio between field radiated and power consumption

7.4.1| Purpose

This test determines a ratio between the field radiated and the power consumed by the interrogator.

7.4.2| Test procedure

The load(modulation of the tag simulator is set to the level obtained as a result of test 7.1/ (Interrogator
Sensitivity,in Listen Mode (Receiving Mode).

The tag simulator is positioned on the axis of the interrogator's antenna. The distance between the tag
simulator and the interrogator's antenna (D) is equal to 1, 5, 10, 50 and finally 100 centimetres.

— Measurement of the average power consumption of the interrogator when transmitting during 1 second:
P1in W (Watt).

— Measurement of the field strength: Hfield in A/m.

The ratio between the field radiated and the power consumed is equal to Hf/P1.

© ISO/IEC 2011 — All rights reserved 9
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7.4.3 Testreport

The test report shall give the ratio between the field radiated and the power consumed by the interrogator. All

parameters shall be recorded according to the example in Table 4.

Table 4 — Parameters recorded for Injected Power into the antenna

Test:Power injected into the antenna of the interrogator

Temperature:

Humidity:

Interrogator Type:

Interrogator ID:

Air Interfage Protocol between Interrogator and tag:

Test Results

Ratio (1 cm) XX, XX
Ratio (5 cm) XX, XX
Ratio (10 cm) XX, XX
Ratio (50 cm) XX, XX
Ratio (100 cm) XX, XX

7.5 Field strength distribution

7.5.1 Purpogse

This test detgrmines the axial measure of the Electromagnetic field strength generated by the interrogd

the place of the measurement antenna.

This test detgrmines the 3D map of the electromagnsetic field generated by the interrogator.

Interrogators| are grouped (as defined below) according to local regulations ETSI EN 300 330-1/2
47CFR15. Injorder to ease user comparisont-5 groups are defined:

— Class A |nterrogator with radiated-H-field level between 80 and 100 % of the maximum radiated

allowed by local regulations;

— Class B |nterrogator with_radiated H-field level between 60 and 80 % of the maximum radiated |
allowed by local regulations;

— Class C jnterrogator with radiated H-field level between 40 and 60 % of the maximum radiated |
allowed by locahregulations;

— Class D interrogator-with-radiated H-field level between 20 and 40 % of the maximum-radiated K
b4

tor at

and

i-field

i-field

i-field

H-field

allowed by local regulations;

— Class E interrogator with radiated H-field level between 0 and 20 % of the maximum radiated H-field

allowed by local regulations.

7.5.2 Test procedure

Measurement shall be done using local regulations test procedure (ETSI EN 300 330-1/2 and 47CFR15). This
test gives a table of field strength measurements.

Measurements are performed every 1 centimetre in the normal direction if the value measured is higher than
0,15 A/m. Measurements in other directions are performed every 1 centimetre for positions in the normal

10
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direction having a measured value higher than 0,15 A/m. Measurements in other directions have to be done if
the value measured is higher than 0,15 A/m.

7.5.3 Test report
The test report shall give a table of electromagnetic field measurements. This would allow the user to estimate

the read range in all directions in front of the interrogator antenna. All parameters shall be recorded according
to the example in Table 5.

Table 5 — Parameters recorded for Injected Power into the antenna

Test:Power injected into the antenna of the interrogator

Temgerature: Humidity:

Interrpgator Type: Interrogator ID: Interrogator groups

Air Inferface Protocol between Interrogator and tag:

Test Results

Other Directions X and Y Y=xx Y=-1 =0 =1 Y=xx
X=xx XX, XX XX, XX XX, XX XX, XX XX, XX
X=-1 XX, XX XX, XX XX, XX XX, XX XX, XX
Normal direction-2Z: 1
X=0 XX, XX XX, XX XX, XX XX, XX XX, XX
X=1 XX, XX XX, XX XX, XX XX, XX XX, XX
X=xx XX, XX XX, XX XX, XX XX, XX XX, XX
Other Directions X and ¥ Y=xx Y=- Y=0 Y=1 Y=xx
X=xx XX, XX XX, XX XX, XX XX, XX XX, XX
Normal direction — Z : xx X=-1 XX, XX XX, XX XX, XX XX, XX XX, XX
X=0 XX, XX XX, XX XX, XX XX, XX XX, XX
X=1 XX, XX XX, XX XX, XX XX, XX XX, XX
X=xx

8 HRunctionaltests for interrogators as defined in ISO/IEC 18000-6

8.1 |General

Funcfjontests for ISO/IEC 18000-6 propagative interrogators will be the subject of future work and are not
covered in this part of ISO/IEC 18046.

8.2 Inductive UHF interrogators

The special case of functional tests for inductive interrogators as defined in ISO/IEC 18000-6 shall follow that
of the ISO/IEC 18000-3 as detailed in Clause 7.

© ISO/IEC 2011 — All rights reserved 11
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9 Functional tests for 433,920 MHz propagative interrogators as defined in
ISO/IEC 18000-7

9.1 Identification electromagnetic field threshold (Etyr igentification) @and frequency tolerance

9.1.1 Purpose

This test determines the electromagnetic field threshold level required at the interrogator for tag identification
when using an ISO/IEC 18000-7 interrogator functioning in Master-Slave mode (Interrogator Talks First or

ITF).

The identificg
at the interro
means 10 red

9.1.2 Test procedure

To determine

1)

2)

10)

Test
freq

Set
Con

Incr¢ase the tag simulator's attenuator by 1 dB step“until the interrogator does not read th

simy

Dec

Rec

Con
0 dH
pola

Rep

Rec
for h

Con
leve

tion electromagnetic field threshold, Etyr igentification, 1S th€ minimum electromagnetic field~a
pjator that allows the interrogator to identify a tag reliably. For the purpose of this test, “re
ds out of 10 sequential read attempts.

interrogator sensitivity (Ethr identification), the following procedures shall be‘performed:

shall be run based on the test apparatus and test setups outlined\in/6.2. Set the tag simu
hency to 433,920 MHz. Begin by placing the tag simulator's antenha to vertical polarization.

the tag simulator's attenuator to 30 dB to provide the interrogator with a moderate signal

firm that the interrogator reads the tag simulator response at this level.

lator response.

brd this attenuator level in the box provided for attenuator setting for vertical polarization.
vert the attenuator setting into/dBuV/m by subtracting this setting from the field strength le
m measured in 6.2. Place-this into the ETHR Identification (dBuV/m) box in the v
Fization column.

pat steps 2 through4 with the tag simulator's antenna horizontally polarized.

brd this attenuator level (unsigned) in the box provided for attenuator setting under the c

orizontal pOlarization.

aly 0°7dBm measured in 6.2. Place this into the ETHR Identification (dBuV/m) box

riving
iably”

ator's

level.

e tag

rease the attenuator setting until the interregator reads the tag simulator response 10 times out
of 10 attempts.

vel at
ertical

blumn

vert the.unsigned attenuator setting into dBuV/m by subtracting the setting from the field stiength

n the

horiz

rontal pnlnri7a’rinn caolumn

Repeat steps 2 through 9 after increasing the centre frequency to 433,940 MHz. However in this
case place the data into the boxes provided for 433,940 MHz instead of 433,920 MHz.

11) Repeat steps 2 through 9 after decreasing the centre frequency to 433,900 MHz. However in this
case place the data into the boxes provided for 433,900 MHz instead of 433,920 MHz.

12) The measurements in steps 1 through 11 shall be performed on all interrogators. The ETHR
Identification value shall be the greatest electromagnetic field strength noted out of all measurements.

If one interrogator is clearly lower in sensitivity than all others, i.e. it requires more signal before it will respond,
then it should be removed from the tests and replaced with another interrogator.

12
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Test report

The test report provides data recorded for the system's lower, nominal, and upper tolerance limits. The
environmental conditions and communication parameters shall be recorded according to the example in

Table

6.

Table 6 — Parameters recorded for Etyr igentification measurement

Test: Identification electromagnetic field threshold (Ethr identification) at centre frequency and £40ppm)

Temperature: deg (C) Humidity: %
InferrogatorProtocot: tterrogatortit:
Fgrward Link
D¢viation (kHz): 50 kHz, nominal | Data Rate: 27 kbps Data Coding: Manchester coding
Command: Collect with UDB
Return Link
Da'ta Rate: 27 kbps | Data Coding: Manchester coding
TJst Results
Céntre Frequency fc + 40 ppm fc — 40 ppm
433,920 MHz 433,940 MHz 433,900 MHz
Attenuator Setting : dB | Attenuator Setting: dB | Attenuator Setting: dB
Eq}ir 1gentification: dBuV/m ErthR ientification: dBuVim | Eqir entification: dBuV/m
ID ID: ID:
9.2 |Reading/Writing electromagnetic field threshold (Etyr readwrite) and frequency|tolerance
9.2.1| Purpose

This fest determines the electromagnetic field threshold level at the interrogator that allows a t

writin
with

electr
allow!

9.2.2

Tests
be se

). To successfully read/write tag data, the command shall be transmitted correctly by th
maximum antenna .output power allowed by the regulatory environment. The rq
bmagnetic field threshold, Ethr readmwrite; 1S the minimum electromagnetic field at the int
b tag reading/writing.

Test procedure

shall-be*run at signal source set as specified in 6.2. The electromagnetic field of the signa
t below the level that allows a interrogator to read the tag simulator's response to a

ag reading or
b interrogator
pading/writing
errogator that

| source shall
read or write

interr

pgator command, then it shall be increased to a level where it is possible to read the tag

simulator's ID

and to read or write the memory contents. For this test, the tag's simulator's memory shall be any available
memory that permits both reading and writing.

To determine the electromagnetic field threeshold (Etyr readmwrite), the following measurement procedures shall

be pe

1

2)

rformed:

) Test shall be run based on the test apparatus and test setups outlined in 6.2. Set the tag simulator's
frequency to 433,920 MHz. Begin by placing the tag simulator's antenna to vertical polarization.

Confirm that the interrogator reads the tag simulator response at this level.

© ISO/IEC 2011 — All rights reserved
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3) Increase the tag simulator's attenuator by 1 dB step until the interrogator does not read the tag

simulator's response.

4) Decrease the attenuator setting until the interrogator reads the tag's simulator response 10 times out

of 10 attempts.

5) Record this attenuator level (unsigned) in the box provided for attenuation setting for vertical

polarization.

6) Convert the unsigned attenuator setting into dBuV/m by subtracting this setting from the field
strength level at 0 dBm measured in 6.2. Place this into the ETHR Read /Write(dBuV/m) box in the

Vel't' al nalarioatian ~al
o PO ZotroT CoToT T

7) Reppat steps 2 through 4 with the tag simulator's antenna horizontally polarized.

8) Recprd this attenuator level (unsigned) in the box provided for attenuation setting under the cplumn

for Horizontal polarization.

9) Conyert the unsigned attenuator setting into dBuV/m by subtracting the setting from the field stqength

leve
polarization column.

10)
casqg

at 0 dBm measured in 6.2. Place this into the ETHR Read/Write (dBuVY/m) box in the horigontal

Repgat steps 2 through 9 after increasing the centre frequency“to 433,940 MHz. However in this
place the data into the boxes provided for 433,940 MHz instead of 433,920 MHz.

11) Reppgat steps 2 through 9 after decreasing the centre frequency to 433,900 MHz. However in this

caseg

place the data into the boxes provided for 433,900.MHz instead of 433,920 MHz.

12) The|measurements in steps 1 and 11 shall be performed on all interrogators. The ETHR Read|value

shal

be the greatest electromagnetic field strength’noted out of all measurements.

If one interrogator is clearly lower in sensitivity than-all others, i.e. it requires more signal before it will regpond,

then it should be removed from the tests and replaced with another interrogator.

9.2.3 Test report

The test repprt provides data recorded for the system's lower, nominal, and upper tolerance limitg.

The

environmentdl conditions and communication parameters shall be recorded according to the example in

Table 7.

Fable 7 — Parameters recorded for Etygr reaq measurement

Test: Identification‘electromagnetic field threshold (Ethr read) at centre frequency and +40ppm)
Temperature: deg (C) Humidity: %
Interrogatoy Protocol: Interrogator Ull:
Forward Link
Deviation (kHz): 50 kHz, nominal | Data Rate: 27 kbps Data Coding: Manchester Coding
Command: Collect with UDB
Return Link
Data Rate: 27 kbps | Data Coding: Manchester Coding
Test Results
Centre Frequency fc + 40 ppm fc — 40 ppm
433,920 MHz 433,940 MHz 433,900 MHz
Attenuator Setting : dB [ Attenuator Setting: dB | Attenuator Setting: dB
EthRr Readmrite! dBuV/m EthRr Readmrite! dBuV/m ERr Readnwrite: dBuV/m
ID: ID: ID:
14 © ISO/IEC 2011 — Al rights reserved
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9.3 Sensitivity Directivity (Spirectivity)

9.3.1

Purpose

This test determines the interrogator's sensitivity to various orientations, such as azimuth and elevation (see
Figure 3). This, of course, is a determination of the directivity of the interrogator. It shall be determined under
all conditions for which the interrogator is designed. This may include the interrogator being mounted on a
metal surface such as the wall of a metal building. A sheet metal reflector of 20 x 20 inches can be used to
simulate this situation so that the assembly can be rotated conveniently. A interrogator may also be used on a
metal or wooden pole where a more omnidirectional pattern can be expected.

9.3.2

Test procedure

0-360 Deg . Rggder Polarizgtion and
Azimuth Directivity Evaluation Setup

+
L? 0 Deg +/-Elevation TALIAC

Simulator

[

!

Representétive Reader

Figure 3 — Measurement setup for sensitivity directivity.

To dgtermine the sensitivity directivity of a interrogator, Spireciviyy, the following measurement procedures shall

be pefformed:

1

(N —

Test shall be ranybased on the test apparatus and test setups outlined in 6.2. Set the tag simulator's
frequency to. 433,920 MHz. Begin by placing the tag simulator's antenna to vertical polarization.
Adjust the.interrogator to the azimuth or elevation angle being evaluated.

Set the’tag simulator's attenuator to 0 dB to provide the interrogator with a full signal level. Confirm
that\the interrogator reads the tag simulator response at this level.

Adiust tha taa csimulatar's attanuiator tuntil tha intarrcaator does-not read-thae taa simul tor response
EFHSHHREeag—SHthato-S—attteRtato—uHth—ReH e o gato—Go e ShHo++eda—He+ag—SHhtd

properly.

Decrease the attenuator setting until the interrogator reads the tag simulator response 10 times out
of 10 attempts.

Record this attenuator level (unsigned) in the box provided for attenuation setting for vertical
polarization.

Convert the unsigned attenuator setting into dBuV/m by subtracting this setting from the field
strength level measured in 6.3. Place this into the ETHR xx degrees (dBuV/m) box in the vertical
polarization column.
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If one interrd
compared to

7) Repeat steps 2 — 4 with the tag simulator's antenna horizontally polarized.

8) Record this attenuator level (unsigned) in the box provided for attenuation setting under the column
for horizontal polarization.

9) Convert the unsigned attenuator setting into dBuV/m by subtracting the setting from the field strength
level measured in 6.3. Place this into the ETHR xx degrees (dBuV/m) box in the horizontal

polarization column.

10) Repeat steps 2 through 9 after at every 15 degrees increment from 0 to 345 degrees in azimuth,
while the elevation is fixed at 0 degrees. Record in the appropriate ETHR xx degrees (dBuV/m)

I 1 H [ £ H o 1 H o xI + 0 t
Va Ll.aO T VUA TUT Ad4ITTIiuULrT ar IHIU e TTOoU TANCPUTL.

11) Reppgat steps 2 through 9 after at every 15 degrees increment from 0 to +90 degrees._in“elev
whil¢ the azimuth is fixed at 0 degrees. Record in the appropriate ETHR xx degrees (dBuV/m)
in box for elevation angle in the Test Report.

12) The|measurements in steps 1 and 11 shall be performed on all interrogators.»SDirectivity sh
graghed for azimuth and elevation for each interrogator on a common graph.

9.3.3 Test report

The test repg

the example in Table 8.

gator is clearly lower in sensitivity or shows extreme directivity. or nullling pattern pro
bthers, then it should be removed from the tests and replaced with)another interrogator.

rt provides data recorded for the unit's normal opefating situation. Record results accord

Table 8 — Parameters recordedfor Spjectivity measurement

ation,
alues

all be

blems

ing to

Test: Sengitivity directivity (Spirectivity)

Mounting Material:

Temperature:

Humidity:

Interrogator Protocol:

Interrogator UlI:

Forward Link

Deviation: 50 KHz nominal Data Rate: 27 kbps Data Coding: Manchester coding
Command] Collect with UDB
Return Link
Data Rate:|kbps | Data Coding:

Test Results: Azimuth @ 0 degree elevation

Az

muth (degree)

Attenuator Setting (dB)

Sensitivity (dBuV/m)

0

ESurvival

15

345

Test Results: Elevation @ 0 degree azimuth

Elevation (degree)

Attenuator Setting (dB)

Sensitivity (dBuV/m)

0

15

90

16
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Interference rejection (Irejection)

Purpose

This test determines the interference rejection ability of the interrogator.

9.4.2 Test procedure

A interrogator is placed in the test setup, and the tag simulator's level is set to 3 dB above the Etr Reaq l€VEl
as determined in measurements reported in 9.2. This provides the interrogator with receive levels that have a
3 dB margin.

A seg
for th
anten
shoul
betwe

First
below

The i
signa
chanr

To dsg

1

bn unmodulated/modulated signal from the interference source is set t0°433,920 MHz is
the Ethr read l€VEL. This should still allow the tag simulator responses to’be read by the inte

)

ond signal source acts as an interference signal and is attached to an antenna equijvalen
b tag simulator. The recommended test distance between the interrogator's locatiomand th
nas should be the same and at minimum 2 meters, with 3 meters preferred. The two soy
 also be equal in gain and separated from each other by at least one wavelength to reduc
en them.

Test shall be run based on the test apparatus and setup outlined in Clause 6.2 using
vertical polarized reference antennas!'One antenna connects to the tag simulatg
connects to the interference signal seurce as shown in Figure 1.

Set the tag simulator's attenuator‘level to the ETHR Read setting for the interrogator be
Confirm that the interrogator’reads the tag simulator response 10 out of 10 times.

Readjust the attenuator Jevel to 3 dB below that of the ETHR Read level. This increases
the interrogator by 3.dB:

Adjust the level of the unmodulated interfering source to 20 dB or more below the ETH
Confirm that'the interrogator still reads the tag simulator's signal 10 out of 10 times.

Increase the level of the unmodulated interfering source by 1 dB steps until the interrg
longer-read 10 out of 10 read attempts from the tag simulator.

Reécord the value 1 dB lower than this level as the Co-channel Rejection (unmodulated)

[ to that used
e two source
rce antennas
e interactions

set to 20 dB
rrogator.

nterference level is then increased until the interrogator is no-loenger able to decode the tag simulator's
. This is considered the interrogator's On Channel Irejecion I€VEK This test is repeated for th
els (+250 kHz) and 2" adjacent channels (500 kHz).

e 1% adjacent

termine the interference rejection of the interrogator. in the presence of unmodulated apd modulated
interference signal, the following measurement procedures shall be performed:

two identical
r. The other

ng evaluated.

the level into

R Read level.

gator can no

evel.

Repeat steps 2 through 5 with the interference source 250 kHz higher in frequency (4

33,170 MHz).

Record the value 1dB lower than this level as the Upper 1st Adjacent Channel Rejection

(unmodulated).

Repeat steps 2 through 5 with the interference source 500 kHz higher in frequency (4

33,420 MHz).

Record the value 1dB lower than this level as the Upper 2nd Adjacent Channel Rejection

(unmodulated).

Repeat steps 2 through 5 with the interference source 250 kHz lower in frequency (4

33,670 MHz).

Record the value 1 dB lower than this level as the Lower 1st Adjacent Channel Rejection

(unmodulated).

© ISO/IEC 2011 — All rights reserved
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10) Repeat steps 2 through 5 with the interference source 500 kHz higher in frequency (433,420 MHz).
Record the value 1 dB lower than this level as the Lower 2nd Adjacent Channel Rejection
(unmodulated).

11) Repeat steps 2 through10 except that the interference signal source is modulated with a 1 kHz tone
set to 50 kHz deviation and record the corresponding results for the case of modulated interference
signal.

These measurements shall be performed on all interrogators. The interferer electromagnetic field value
recorded shall be the smallest one of all measurements done.

9.4.3 Test neport

The test repprt shall provide data recorded for On Channel, 1 Adjacent Channel (+250 kHz), ard 2
Adjacent (+500 kHz) channels. Record the results according to the example in Table 9.

Table 9 — Parameters recorded for Igejection Measurement

Test: Interference rejection (IresecTion)

Mounting Material:

Tempefature: Humidity:

Interrogator Protocol: Interrogator UlI:

Forward Link

Deviatign: KHz Data Rate: kbps Data Coding:
Commgnd:

Return Link
Data Rate: kbps LData Coding:

Test Results @ 433,92 MHz centre frequency

Interferler Frequency Offset | 0Hz | 250khz | -250 kHz | 500 kHz | -500 kHz

Unmodulated Interference Rejettion (dBuV/m)

Modulated Interference Rejection (dBuV/m)

9.5 Maximum operating electromagnetic field (Emax operating)

9.5.1 Purpcrse

This test determines the maximum electromagnetic field (Ewax operating) at the interrogator that still allows tag
identification.

9.5.2 Test procedure

Tests shall be run at 433,920 MHz, nominal centre frequency with the tag simulator's output raised from
0 dBm to 10 dBm. The attenuation level of the tag simulator's output shall be set to 30 dB. This attenuation
level should allow the interrogator to collect 10 out of 10 tag simulator responses. The attenuation level will
then be raised to a level where the interrogator ceases to respond to commands or to the full signal level
available from the test source, whichever comes first. Full signal level is defined as 0 dB attenuation at
10 dBm output from the tag simulator. It is not necessary to provide a signal higher than this level.
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