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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
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bmmittees collaborate in fields of mutual interest. Other international organizations, governme
pvernmental, in liaison with ISO and IEC, also take part in the work. In the field of informa
ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of the joint technical committee is to prepare International Standards-Draft Internatig
adopted by the joint technical committee are circulated to national bodies for voting. Publicatior]

onal Standard requires approval by at least 75 % of the national bodies gasfing a vote.

hal circumstances, the joint technical committee may propose the pUblication of a Technical Re
e following types:

when the required support cannot be obtained for the publication of an International Stand
p repeated efforts;

when the subject is still under technical development or where for any other reason there is
put not immediate possibility of an agreement on.an International Standard;

ly published as an International Standard’({state of the art”, for example).
p transformed into International Standards. Technical Reports of type 3 do not necessarily hav
d until the data they provide are considered to be no longer valid or useful.

drawn to the possibility that'some of the elements of this document may be the subject of pa
and IEC shall not be held responsible for identifying any or all such patent rights.

R 18047-7, which.\is’a Technical Report of type 2, was prepared by Joint Technical Commi

C 1, Information-technology, Subcommittee SC 31, Automatic identification and data cap

R 18047 consists of the following parts, under the general title Information technology — R4
dentification device conformance test methods:
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Part 3.

Part 4:

Part 7:

Festmethods-forairinterfacecommunicationsat—1+3;56 Mz
Test methods for air interface communications at 2,45 GHz

Test methods for active air interface communications at 433 MHz

Test methods for air interface communications below 135 kHz and at 860 MHz to 960 MHz will form the

subjects of

the future Parts 2 and 6, respectively.
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Introduction

ISO/IEC 18000-7 defines the air interface for radio frequency identification (RFID) devices operating in the
433,92 MHz Industrial, Scientific, and Medical (ISM) band used in item management applications. The
purpose of this part of ISO/IEC TR 18047 is to provide a test method for ISO/IEC 18000-7.

Thip part of ISO/IEC TR 18047 contains all compliance measurements required to be fulfilled by g product in
order to be compliant to ISO/IEC 18000-7.

© ISO/IEC 2005 — All rights reserved \
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Information technology — Radio frequency identification device
conformance test methods —

1

Thi
ide
1Sd

The test methods require only that the mandatory functions; and any optional functions

imp
Spe

The interrogator and tag conformance parameters in.this part of ISO/IEC TR 18047 are the followin

The

Unl
inte

2

Scope
5 part of ISO/IEC TR 18047 defines test methods for determining the ‘conformance of radio

ntification devices (tags and interrogators) for item management/with the specification
/IEC 18000-7, but does not apply to the testing of conformity with tegulatory or similar requirem

lemented, be verified. This may, in appropriate circumstances, be supplemented by further,
cific functionality criteria that are not available in the gefieral case.

mode-specific conformance parameters including nominal values and tolerances;

parameters that apply directly affectingsystem functionality and inter-operability.

following are not included in this part of ISO/IEC TR 18047:

parameters that are alreadydncluded in regulatory test requirements;

high-level data encoding conformance test parameters (these are specified in ISO/IEC 15962).

ess otherwise specified, the tests in this part of ISO/IEC TR 18047 apply exclusively to RFI
rrogator defineduin ISO/IEC 18000-7.

Normative references

The “following referenced documents are indispensable for the application of this document.

frequency
5 given in
ents.

which are
hpplication-

D tags and

For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 18000-7:2004, Information technology — Radio frequency identification for item management —
Part 7: Parameters for active air interface communications at 433 MHz

ISO/IEC 19762 (all parts), Information technology — Automatic identification and data capture (AIDC)
techniques — Harmonized vocabulary

ISBN 92-67-10188-9, 1993, ISO Guide to the expression of uncertainty in measurement

© ISO/IEC 2005 — All rights reserved
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3 Terms, definitions and abbreviated terms

3.1

Terms and definitions

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

3.2 Abbreviated terms

RSSI

4 Conf

41 Gen

This part o

tags. The
determine

4.2 Defs

4.21

Unless otherwise specified, testing shall take place in an €nvironment of temperature 23 °C + 3

(73°F £5

4.2.2 Prerconditioning

Where pre
conditioneq

4.2.3 Deflault tolerance

Unless oth
the charac
equipment

4.2.4 Total measurement uncertainty

The total measuremeft-uncertainty for each quantity determined by these test methods shall be stated in
test report.

Basic information is given in “ISO Guide to the expression of uncertainty in measurement”, ISBN 92-
10188-9, 1D93:

Tegt environment

receiver signal strength indicator

brmance tests for ISO/IEC 18000-7 — 433 MHz

eral
f ISO/IEC TR 18047 specifies a series of tests to determine the conformanceof-interrogators

results of these tests shall be compared with the parameters specified. in“ ISO/IEC 18000-1
whether the interrogator or tag under test conforms.

ult items applicable to the test methods

F) and relative humidity of 40 % to 60 %.

-conditioning is required by the test method, the tags and interrogators to be tested shall
to the test environment for an appropriate period of time before testing.

brwise specified, a default tolerance of + 5 % shall be applied to the quantity values given to spe
eristics of the test equipment (e.g. linear dimensions) and the test method procedures (e.g.
adjustments).

and
to

°C

be

cify
test

the

67-

4.3 Test set-up and measurement equipment

4.31

General

The long-range, high data-rate RFID system specified in ISO/IEC 18000-7 is designed for long-range
operation. Therefore a good receiver characteristic on both side’s interrogator and tag (if applicable) is useful.
The range of an RFID system also depends on the output power of the interrogator, which is set according to
regulatory limits and application needs.

© ISO/IEC 2005 — All rights rese
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Subclause 4.3 defines the test set-up and measurement equipment for verifying the operation of a tag or an
interrogator according to ISO/IEC 18000-7.

Test results shall not be influenced by the set-up method of the test.

Test set-ups include:

test set-up for interrogator testing (see 4.3.2),

test set-up for tag testing (see 4.3.3),

4.3

An
deV

A g
dip
cor
A g
cor
ISC

To
shd

The
usd

Unl

The

The implementation-ef the test mode shall be in accordance with the specified air interface para

tim

test equipment (see 4.3.4).

2 Test set-up for interrogator testing

interrogator with integral antenna(s) shall be equipped with temporary antenna.cennector(s),
ice(s) [i.e. sense antenna(s)] shall be used to connect to the test equipment.

ense antenna shall not affect test results; appropriate distances (e.g. 3,m), antenna sizes and
ble antenna), as well as antenna polarization (i.e. circular polarization) shall be used. T}
figuration and distance shall be included in the test report.

ontrol computer with appropriate software and user documentation provided by the vendor p
trol of all tests. All interrogator commands defined for this conformance testing are
/IEC 18000-7 Command codes.

set-up an interrogator with the appropriate test patfernh and operational modes, one of the tw
Il be used (combinations shall also be possible):

an implemented test mode,
a tag for initialising the appropriate operational mode.

air interface parameter in a test mode shall behave the same as the air interface parameter du
ge.

ess otherwise stated, thefollowing frequency shall be used for all tests.

frequency of the reference carrier shall be set to 433,92 MHz.

ng in ISO/IEE-18000-7. Unless otherwise stated, the following parameters are valid for all meas

Th
out
ant
Th

frequeney of the interrogator transmitter shall be within the tolerance specified in ISO/IEC 18
ut, power shall be set to the maximum allowed by local regulatory rules taking into consid

pr coupling

types (e.g.
e antenna

rovides the
defined in

o methods

ring normal

meters and
Urements.

000-7. The
eration the
in Figure 1.

g gain. A control computer is required to set up and trigger all interrogator activity, as shown

spectrum analyser and logic analyser.

RF test
equipment

Control
computer

Interrogator

)

Figure 1 — Interrogator test system

© ISO/IEC 2005 — All rights reserved
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4.3.3 Test set-up for tag testing

The conformance tests are designed to verify compliance with the basic radio-frequency parameters of the
interrogator and tag.

A tag with integral antenna(s) shall be equipped with temporary antenna connector(s), or suitable coupling
device(s) [i.e. antenna(s)] shall be used to connect to the test equipment.

A sense antenna shall not affect test results; appropriate distances (e.g. 3 m), antenna sizes and types (e.g.
dipole antenna), as well as antenna polarization (i.e. circular polarization) shall be used. The antenna

configurati

n and distance shall be included in the test report

To set-up

(combinatipns shall also be possible):

an imp

e aninte
If no test n
period. For
be used.
response t
specified g
mode shall

A control ¢

The RF te
spectrum 3

a tag with the test pattern and operational modes, one of the two methods shall Abe)u

emented test mode,
rrogator for initialising the appropriate operational mode.

node is implemented in the tag, the conformance tests shall be performed during this operatig
R/W-tags without a test mode, an interrogator for initialising the apprépriate operational mode s
Because the system is an Interrogator talks first active RFID system, the tag only transmit
p Interrogator commands. The implementation of a test modé shall be in accordance with
ir interface parameters and timings in ISO/IEC 18000-7. Thejair interface parameter in the
behave the same as the air interface parameter during normal usage.

bmputer and interrogator is required to set up and trigger-all tag activity, as shown in Figure 2.

5t equipment in Figure 2 includes RF receiver (i:e: sense antenna with/without FM demodulat

Control
computer

Interrogator

Tag

nalyser and logic analyser.

<)

RF test
equipment

Figure 2 — Tag test system set-up

434 Tes]t equipment

sed

nal
hall
5 in
the
test

All tests shall be done with commercial test equipment. In addition to the measurement devices described
below, appropriate devices such as power supplies, splitters, combiners and cables shall be used.

The reference point for all measurements shall be either (temporary) antenna connector(s), or appropriate
coupling device(s). The reference point shall be documented in the test report.

4.3.41  Spectrum analyser

A spectrum analyser with the capability of digital demodulating and vector signal analysis capability shall be

used. Appropriate trigger functionality shall be either implemented in the spectrum analyser, or generated
externally with additional measurement devices.

© ISO/IEC 2005 — All rights reserved
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4.3.4.2 Modulation analyser

A modulation analyser with the capability of analysing the signal’s central frequency and frequency deviation
shall be used.

4.3.4.3 Signal generator

A signal generator for the 433 MHz band shall be used to generate an interrogator output signal for testing
tags. The signal level for the tests shall be within the operational range of the receiver input of the tag. The
input level shall be specified by the tag manufacturer and shall be documented in the test report.

4.3(4.4 Logic analyser
A logic analyser with memory shall be used for verification of the correct data. Therefore.the'analyser shall be

cagable of sampling at a rate of at least 100 million samples per second with a resolution' of at least 8 bits at
optlmum scaling.

4.4 Functional test — interrogator
4.411 Operating frequency accuracy

44111 Test objective

The objective of this test is to verify that the interrogator communication frequency is per ISO/IEC 18000-7
Intgrrogator to Tag Link Parameters.

44/1.2 Test procedure

The interrogator shall transmit a broadcast or (point-to-point tag collection command, which inclides a tag
walkeup signal with a nominal duration of 2,5 s« The center frequency of the transmitted signal shall b¢ measured.

A modulation analyser shall be used forthis measurement.
44/11.3 Measurement values and limits

The Interrogator center fréquency shall be within the frequency and frequency accuracy gpecified in
ISQ/IEC 18000-7, Interrogator to Tag Link Parameters Int:1 and Int:1c.

44/1.4 Test report

The test reportishall give the measured frequencies. The pass/fail condition is determined by thg values in
4.41.3.

4.4|12 ¢ FSK modulation

4421 Test objective

The objective of this test is to ensure that the interrogator frequency deviation is within acceptable operating
limits of 50 kHz nominal.

4422 Test procedure

The interrogator shall transmit a collection command, which has a tag wakeup signal with a nominal duration
of 2,5 s. The FSK frequency deviation of the transmitter shall be measured.

A modulation analyser shall be used for this measurement.

© ISO/IEC 2005 — All rights reserved 5
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4423

Measurement values and limits

The modulation frequency deviation shall be 50 kHz + 5 kHz.

4424

Test report

The test report shall give the measured modulation parameters. The pass/fail condition is determined by the
value in 4.4.2.3 and the values defined in ISO/IEC 18000-7 Interrogator to Tag Link Parameters.

443 Wa

4.4.31

The object
within nom
tone of 30
will cor

e will not

4.4.3.2

The Interrg
sub-carrier|

An RF re

ISO/IEC 18
observing

4433

Verify that

keup signal

Measurement values and timing

['est objective

ve of this test is to verify that the wakeup signal carrier frequency and wakeup signal‘duration
nal value tolerances. This test is designed to ensure that the interrogator transmits”a sub-ca
Hz + 1,0 kHz that

rectly wake up quiet tags,

be incorrectly interpreted as data.

['est procedure

gator shall transmit a tag collection command that initiallyAransmits a tag wakeup signal, a 30
tone for 2,5 s to 2,7 s, to wake up all tags in the range of the Interrogator.

ceiver with FM demodulator with receiver bandwidth and center frequency as defined

000-7 Tag to Interrogator Link Parameters Tag:2a and Tag:1 and logic analyser shall be used
he correct wakeup coding and measuring the-bit/symbol timing as shown in Figure 3.

)))

Interrogator
9 Tag

2)

FM receiver | | Logic analyser

Figure 3 — Wakeup signal testing set-up

he wakeup command for a single antenna consists of:

rier

Hz

for

| -

Pulses

Wakeu

£ N0 T | HP | H £ 40 T W =~ o410 T a W =~ 1
UT VZ S T T IS PTTTUUT LUTTISISTNTY UT TUO NS T U, U IS TIyIT alfu TU IS U, I ISTUVW,

p signal duration of 2,5 s minimum to 2,7 s maximum.

All timing measurements shall be made at the signal midpoints.

4.4.3.4

Test report

The test report shall give the measured timing parameters. The pass/fail condition is determined by the values
in 4.4.3.3, the carrier-tone frequency measurement and the values defined in ISO/IEC 18000-7 Interrogator to
Tag Link Parameters for the forward link.

© ISO/IEC 2005 — All rights reserved
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4.4.4 Message preamble format and timing

4441 Test objective
The objective of this test is to verify the interrogator preamble structure and timing.
Each interrogator command includes a preamble of 1 308 ps duration, as shown in Figure 4, with the first byte

of a sample data packet. The pulse widths shown are in pys. Data bytes are transmitted significant bit first. The
example byte shown is 0x64.

PREAMBLE DATA BY 1IE
1308us 324us
b0 | | vt | bs f\bs | 7| ] 68
‘0' D ‘o'l‘l"l'l‘o T

I |

30us | 30us  S4us | S4us
g - -~ 18us 36us
Frkn

Interrogator

I

\

Figure 4 — Interrogator data.communication and timing

44/4.2 Test procedure

The Interrogator shall transmit a convenient broadcast or point-to-point command. Each command sends a
pregmble of twenty-one (21) pulses with'dwenty (20) pulses with a 60 ps pulse period, 30 ps high and 30 us
low, followed by a final sync. pulse, 54 jis high, 54 ps low, that identifies the interrogator-to-tag communication
dirgction.

An| RF receiver with FM (demodulator with receiver bandwidth and center frequency as |defined in
ISQ/IEC 18000-7 Tag to Interrfogator Link Parameters Tag:2a and Tag:1 and logic analyser shall be used for

obgerving the correct eading and measuring the bit/symbol timing. The test set up is the samg as that in
Fighre 3.

4.4/4.3 Measurement values and timing

Vetlify that-.the’command preamble consists of

o [20\pulses of 60 us + 1,0 ys period, consisting of 30 us + 0,5 us high and 30 ys + 0,5 ys low,

o followed by one final sync. pulse of 54 ps + 1,0 ys high and 54 pys + 1,0 us low.
All timing measurements shall be made at signal midpoints. A transmission is defined when the signal

changes from 10 % to 90 % or 90 % to 10 %. In this case the midpoint is defined as time at 50 % of the signal
level, see Figure 5.

© ISO/IEC 2005 — All rights reserved 7
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Measurement N
Value
100%
90%
midpoint midpoint —>
10%
Time
Figure 5 — Signal example with reference levels

4444 [est report
The test report shall give the measured waveforms and timing jparameters. The pass/fail condition is
determineq by the values in 4.4.4.3 and the values defined in/ISO/IEC 18000-7 Interrogator to Tag Link
Parameters for the forward link.
4.4.5 Data coding and reference timing
4451 ['est objective
The object|ve of this test is to verify that the intérrogator transmission employs Manchester coding and that
data timing| is within defined limits. This test js,designed to ensure that the interrogator transmits data at a fate
of 27,7 kHz + 1,0 kHz so that
e the trapsmission will be correctly_interpreted as data by tags,
o the trapsmission will not bejincorrectly interpreted as a wakeup signal at 31 kHz.
4.4.5.2 est procedure
The Interrggator shall) be set up with an interrogator ID set with the 16-bit bit pattern of "1111111111111111”
(all 1’s). THe Interrogator shall then transmit a point-to-point sleep command, or equivalent, with a 32-bit Tag
ID of bit ppttern-"111111....11111” (all 1’s). These patterns are intended to provide reasonably long gnd

easily recognized bit patterns for testing.

An RF receiver with FM demodulator with receiver bandwidth and center frequency as defined in Table 41 in
ISO/IEC 18000-7:2004 and logic analyser shall be used for observing the correct Manchester coding and

measuring

4453

the bit/symbol timing. The test set-up is the same as that in Figure 3.

Measurement values and limits

Observe that Manchester coding is employed with a high-to-low or low-to-high transition in the center of each
data bit position.

© ISO/IEC 2005 — All rights rese

rved


https://iecnorm.com/api/?name=481a4958a3879d2442a6343fcb96a71a

ISO/IEC TR 18047-7:2005(E)

The demodulated “high” and “low” signal shall each be measured for bit times in three separate and distinct
portions of the transmitted message. Each “high” and “low” shall be 18 ps + 0,5 ps, and the total bit (symbol)
length shall be 36 us + 1,0 ys. All measurements shall be made at the signal midpoints.

Verify that the Interrogator inserts a “stop bit” (0) after every eight data bits.

4454 Testreport

The test report shall give the measured coding format and timing parameters. The pass/fail condition is
determined by the values in 4.4.5.3 and the values defined in ISO/IEC 18000-7 Interrogator to Tag Link

Pammeterstnt:8;nt:9and-nt:9aforvlanchestercodingamd-datatiming-for the-forwardtimk—

4.4

4.4

6 Receiver bandwidth

6.1 Test objective

The objective of this test is to verify that the interrogator has a minimum — 3 dB neceiver bandwidth

The

Altg
rea

4.4

rnative means may be used to verify the receiver bandwidth if the infesrogator does not provid
pout.

6.2 Test procedure

With a programmable signal generator and RF modulator; generate and transmit an ISO/IH

con

pliant RF message at 433,92 MHz and adjacent frequéncies as described.

At ¢ach frequency, read the RSSI value provided by-the interrogator.

a)

b)

c)

4.4

The RSSI shall be verified to be linearly proportional to the power, otherwise a calibration of t
up needs to be done.

Next, develop an average RSSI value from five (5) RSSI measurements made at 433,92 MHz
5 kHz steps (433,91 MHz to 433,93 MHz).

Then, read the RSSI valués-at two (2) points, 433,92 MHz + 125 kHz (433,795 MHz and 434,0

6.3 Measurement\values

Vellify that both RSShvalues are within — 3 dB of the average RSSI developed in step b) of the test

4.4

The
pas

6.4 Testreport

testreport shall give the measured RSSI values and their relationship to the average RSSI
s/fail condition is determined by the value in 4.4.6.3 and the values defined in ISO/IH

of 250 kHz.

following test requires that the interrogator be able to measure and communication the RSSI value.

e the RSSI

£C 18000-7

he test set-

i+ 10 kHz in

15 MHz).

procedure.

in dB. The
FC 18000-7

Interrogator to Tag Link Parameters Int:2 and Int :2a.

4.5 Functional test - tag

4.5.

1 Operating frequency accuracy

4511 Test objective

The objective of this test is to verify that the tag communication frequency is per ISO/IEC 18000-7 Tag to
Interrogator Link Parameters.
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4.51.2

Test procedure

Initialize for the test:

The tag must have a suitable n-byte data pattern pre-stored in user memory.

The tag must be in a sleep state, waiting for the wakeup command.

The interrogator shall issue a “collect with data” command with the test tag ID. The tag shall respond with
transmission of the selected, pre-stored data. The tag response shall be analysed to determine the operating

frequency |

4513

Verify that
ISO/IEC 19

4.51.4

iIsina-the calibrated antenna and modulation analvyser
b Y

easurement values and limits

the interrogator communication frequency is within the frequency and accuracy limitg
000-7 Tag to Interrogator Link Parameters.

['est report

of

The test r¢port shall give the measured frequency. The pass/fail condition is~determined by the valu¢ in

4.5.1.3.

4.5.2 FSK modulation

4521

The object
50 kHz nor

4.5.2.2
Initialize fo

The interrg
transmissiq

frequency deviation using a-calibrated antenna and modulation analyser.

4523

The peak
from the c3

The tag must have a suitable n-byte data-pattern pre-stored in user memory.

The tag must be in a sleep state] waiting for the wakeup command.

Measurement values and limits

['est objective

ve of this test is to ensure that the tag frequency déviation is within acceptable operating limit
ninal.

['est procedure

the test.

gator shall issue a<collect with data” command with the test tag ID. The tag shall respond
n of the selected, pre-stored data. The tag response shall be analysed to determine the FH

requency deviation from the carrier shall not exceed 55 kHz. The minimum frequency devia
rrier’'shall not be less than 40 kHz.

vith
SK

ion

4524

Test report

The test report shall give the measured modulation parameters. The pass/fail condition is determined by the
value in 4.5.2.3 and the values defined in ISO/IEC 18000-7 Tag to Interrogator Link Parameters.

4.5.3 Message preamble format and timing

4.5.3.1

The objecti

10

Test objective

ve of this test is to verify the tag message preamble structure and timing.
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Each tag response includes a preamble of 1296 pys duration, as shown in Figure 6, with the first byte
(example) of a data packet. Pulse width in ps. Data byte transmitted significant bit first. Byte shown is code

0x64.
PREAMBLE DATA BYTE
1296us 324us
bOlbl|b2|b3|b4|b5|b6|b7|b8
o o Ty T o T I 7T T g7 T
| 2 20 _‘ ‘7 _‘
O 3.()“5. 3IOUS -  47us |  S4us E 4—_b
\ 18us 36us
FromTag
Figure 6 — Tag data communication and'timing
4.5/3.2 Test procedure

Init

alize for the test.
The tag must have a suitable n-byte data pattern pfe-stored in user memory.

The tag must be in a sleep state, waiting for the\wakeup command.

The Interrogator shall transmit a point-to-point-“collect with data” command with the test tag ID. The tag shall

res
the

bond with transmission of the selected;-pre-stored data. The tag response shall be analysed tqg
message preamble and timing.

The tag response message sends a preamble of twenty-one (21) pulses with twenty (20) pulse

60
ide
An

1ISQ
cor|

4.5

s pulse period, 30 ps highfand 30 ps low, followed by a final sync. pulse, 42 us high, 54
htifies the tag-to-interrogdtor’communication direction.

RF receiver with:SFEM demodulator with receiver bandwidth and center frequency as

/IEC 18000-7 Tag-to Interrogator Link Parameters and logic analyser shall be used for ob
rect coding and measuring the bit/symbol timing. The test set-up is the same as that in Figure 3.

3.3 Measurement values and timing

determine

s having a
s low, that

defined in
serving the

Vellify that the tag response preamble consists of

20 pulses of 60 us + 1,0 uys period, consisting of 30 us + 0,5 us high and 30 ys + 0,5 us low,

followed by one final sync. pulse of 42 ps + 1,0 ps high and 54 ps + 1,0 ps low.

All timing measurements shall be made at signal midpoints.

4534 Testreport

The test report shall give the measured modulation parameters. The pass/fail condition is determined by the
values in 4.5.3.3 and the values defined in ISO/IEC 18000-7 Tag to Interrogator Link Parameters for the
reverse link Tag:11c and Tag:11d.
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