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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Electromagnetic compatibility and Radio
spectrum Matters (ERM).

The present document is part 1 of a multi-part deliverable covering RFID Plugtests to investigate the interoperability of
tags manufactured by different vendors, asidentified below:

Part 1. "RFID Plugtestsreport”;

Part 2. "Test plan and preliminary tests".

Introduction

The present document describes an RFID Plugtest that was performed at the MGI centre in Neuss and at the
VanDerLande premisesin Veghel during the period 11t" - 15t June 2008. The purpose of the tests was to investigate i
there were any problems of interoperability when multiple tags manufactured by different vendors were simultaneously
present in the same interrogation field. The question had been raised by some members of ERM_TG34 who had
observed reduced reading performance when using different tag types on loads containing multiple items. This had led
them to suspect that there may be an incompatibility between different designs of tag built with different ASICs.

Since RFID isaglobal businessthat is frequently used in open systems, members of ERM_TG34 recognized that any
interoperability between tags would be unacceptable. It was therefore considered necessary to carry out a series of tests
at the earliest opportunity to determine whether there were any such problems existed. The tests simulated a number of
real life scenarios in which tags manufactured by different vendors might be present simultaneously in the same
interrogation zone. The tests are described in atest plan which was reviewed and approved by members of ERM_TG34
and are available at annex A. In addition, prior to the Plugtests, a practical investigation was made to measure certain
characteristics of the ASICs. It was considered that these measurements might assist in understanding the reasons for
any incompatibility observed during the Plugtests.

Three of the four test scenarios were preformed at the MGI centre in Neuss and comprised of the following:
o Reading tagged items of clothing using a hand-held reader.
. Reading of stacks of individually tagged DV Ds using shelf antennas.
. Reading pallets containing multiple tagged items passing through a portal.

In addition tests were carried out on a conveyor system at VVanDerLande on which items with multiple tags passed
reading stations. These tests simulated, for example, airline baggage fitted with RFID tags or tagged goods moving
along a production line.

Seven RFID manufacturers took part in the Plugtests. They all participated on the basis that the results of the tests on
their equipment would remain confidential. The present document therefore only provides an overall summary of the
results recorded for each of the tests. In addition all of the participants in the tests had completed the ETS
Non-disclosure Agreement.
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1 Scope

The present document describes an RFID Plugtest that was performed at the MGI centre in Neuss and at the
VanDerLande premisesin Veghel during the period 11th - 15th June 2008.

The purpose of the tests was to investigate if there were any problems of interoperability when multiple tags
manufactured by different vendors were simultaneously present in the same interrogation field.

2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific.

. For a specific reference, subsequent revisions do not apply.

. Non-specific reference may be made only to a complete document or a part thereof and only in the following
Cases:

- if it isaccepted that it will be possible to use all future changes of the referenced document for the
purposes of the referring document;

- for informative references.

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

For online referenced documents, information sufficient to identify and locate the source shall be provided. Preferably,
the primary source of the referenced document should be cited, in order to ensure traceability. Furthermore, the
reference should, as far as possible, remain valid for the expected life of the document. The reference shall include the
method of access to the referenced document and the full network address, with the same punctuation and use of upper
case and lower case |etters.

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

2.1 Normative references

The following referenced documents are indispensabl e for the application of the present document. For dated
references, only the edition cited applies. For non-specific references, the latest edition of the referenced document
(including any amendments) applies.

Not applicable.

2.2 Informative references

The following referenced documents are not essential to the use of the present document but they assist the user with
regard to a particular subject area. For non-specific references, the latest version of the referenced document (including
any amendments) applies.

[i.1] ETSI EN 302 208 (al parts): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Radio Frequency Identification Equipment operating in the band 865 MHz to 868 MHz with
power levels up to 2 W".

[i.2] SO 18000-6C: "Information technology - Radio frequency identification for item management -
Part 6: Parameters for air interface communications at 860 MHz to 960 MHZz".

[i.3] ETSI TR 102 644-2: "Electromagnetic compatibility and Radio spectrum Matters (ERM); RFID
Plugtests to investigate the interoperability of tags manufactured by different vendors; Part 2: Test
plan and preliminary tests”.
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3 Definitions, symbols and abbreviations

3.1 Definitions

Void.

3.2 Symbols

Void.

3.3 Abbreviations

Void.

4 Executive summary

These Plugtests were held at the request of members of ERM_TG34 who were concerned at possible problems of
interoperability between tags manufactured by different vendors. To determine if this was the case, a series of tests,
simulating real life scenarios, were defined. The tests were carried out the Metro Innovation Center in Neuss and at
VanDerLandein Veghel.

Seven manufacturers of interrogators and two tag vendors participated in the tests. A total of eleven different tag types
were tested, which included some RFID baggage labels provided by Air France.

Prior to the Plugtests an investigation had been carried out under laboratory conditions to determine if there were any
obvious differences in the behaviour of ASICs (in the tags) that were manufactured by different foundries.

M easurements made during thisinvestigation showed that there was a noticeabl e difference in the behaviour of the
session flags, which appeared to be dependent on the foundry that had produced the ASIC. However it was not clear if
the difference would give rise to areduction in reading performance in normal operation where mixed popul ations of
tags were present.

The results from the Plugtests showed that there was no apparent difference in reading performance, due to any
interoperability issues associated with the ASICs, between populations of tags from a single manufacturer and with
mixed populations of tags.

It was observed that there was a noticeable difference in the sensitivity of different tag types, which directly affects their
reading range. In applications where mixed types of tag might be used, it will be important to specify all tag types
correctly to ensure that they are compatible with the system requirements.

Two distinctly different types of tag are available for item level tagging. One type is designed to be operated by a
conventional radio wave. The other typeis energized by afield that is predominantly magnetic. The antennas designed
to read these two tag types are different. In an environment where both tag types are present, care will be necessary
during system design to ensure that acceptabl e reading performance is achieved.

Tests on a conveyor demonstrated that it is possible to operate satisfactorily in situations where the interval between
successive reads of the same tag by different interrogatorsis less than 2 s. Additional tests showed that using the select
command it is possible to read only the "wanted tags' from a large population of mixed tags.

During the Plugtests it became apparent that not all manufacturers had a proper understanding of the featuresin the
ASICs. Thisapplied in particular to the use of the "select" command and the session flags. The correct use of these
featuresis essential if optimum performance isto be achieved. Guidance on the behaviour of these functions, and how
best they should be configured, is provided in an annex to the present document.

The outcome from the Plugtests was satisfactory and, based on the samples presented for the tests, showed that there
was no incompatibility between different tag and ASIC types.

ETSI
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5 General

The names of the seven manufacturers of interrogators who participated in the tests were Hoeft & Wessel, Impinj,
Kathrein, Nordic ID, Panmobil, Sirit and ThingMagic. In addition 10 different tag types were provided by three |abel
manufacturers using ASICS from two different foundries. Further details of the tags are included in annex A. Also a
number of airline RFID baggage labels were supplied by Air France.

For three of the test scenarios a pre-programmed tag was attached to each of the objects under test. The objects were
divided into groups with tags assigned by tag type to each group. In addition there was an additional group which
comprised items that included tags manufactured by different tag vendors. This made it possible to compare the
performance of tags by type against the performance of a mixed population of tags. For practical reasons, in the case of
the conveyor system, each item had three different tag types attached to it, although it was possible at any time to
disable any two of the three tags.

The ID number and type of all of the tags were pre-loaded into the IBM server prior to the Plugtests. In addition the
server contained an application tool that enabled easy manipulation of the recorded results to provide useful
information. Each participant recorded each of their results on log files, which were subsequently transferred to the
server following each test sequence. The total number of individual records that were logged during the Plugtests
exceeded half amillion.

Prior to each test the participant provided the test supervisor with details of the configuration of hisinterrogator. The
configuration selected was the one considered by the participant to be the most suitable for the application that was
being tested.

Pictures of each of the test scenarios are provided in annex E.

One of the interrogators presented for the Plugtests differed from the configuration that had been assumed in the Test
Plan. Instead of being designed to drive four external antennas, the unit was equipped with an in-built antenna and an
option to drive one external antenna. Where relevant, details of the set-up for this equipment areincluded in the
description of each of the test scenarios.

With the exception of one manufacturer all of the interrogators presented at the Plugtests operated in
accordance with EN 302 208 [

]. (This describes the four-channel plan). One equipment operated in accordance with the earlier version of the standard
which specifies "Listen before Talk" and permits transmission on any channel within the band

865,6 MHz to 867,6 MHz.

All of the tags used in the Plugtests were compliant with the specification in 1SO 18000-6 C [i.2].

The tests were managed by three neutral test supervisors, who were John Falck (Chairman ERM_TG34),
Josef Preishuber-Pfluegl (Vice Chairman ERM_TG34) and Manfred Jantscher (CISC).

6 Description of tests

The definition of the four test scenariosis contained in the Test Plan at annex A. Where time permitted some additional
tests were carried out. Details of these additional tests are aso included in the present document. The Appendix to the
Test Plan also describes some preliminary tests that were carried out prior to the Plugtests.

6.1 Garment tests

Four racks were prepared, each comprising forty tagged nightdresses, as described in clause 6.10.4.2 of

TR 102 644-2 [i.3]. Three tag types, A, B and C, were used for the tests. The garments on three of the four racks were
each tagged with tags of a particular type. The fourth rack contained an equal number of tags of all three types. An
identical arrangement was configured for four stacks of trousers. Details of all of the individual tag ID numbers were
stored in the IBM server.

The output power of the different handheld readers ranged from 200 dBm e.r.p. to 500 dBm e.r.p. All manufacturers
with one exception operated in accordance with the four channel plan. All handheld readers were operated using
session SO. Subsequently one manufacturer tried setting his reader to session S1 and achieved an improvement in his
reading performance.

ETSI
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Each participant was asked to configure their handheld reader for optimum performance for the application. To ensure
consistency in the reading process, a representative from Metro scanned the garments on each rack using each of the
handheld readersin turn. The results from each scan were transferred to the IBM server. This same process was
repeated for the stacks of trousers.

The results, averaged for al handheld readers, is shown below in figure 1.

100%

80% -

60% -

B Trousers
B Nightdresses

Reading performance

40% A

20% -

0% -

Tag types

Figure 1. Averaged results for garment tests

The average results for the three tag types are shown in red for the trousers and in blue for the nightdresses. The two
right hand columns show the results for the mixed types of tags.

Manufacturers of the handheld readers pointed out that in normal use operators would move garments hanging on racks
as they scanned the tags. This would provide significantly better results than those recorded in the tests. However in
order to obtain consistency in the testing of the different readers, it was decided scan the tags with only minimal
movement of the nightdresses.

As might be expected there was a variation in the reading performance between interrogators. One reader consistently
achieved reading rates of 96 % on the nightdresses and 100 % on the trousers.

6.2 DVD tests

The tests were performed using different stacks of DV Ds each comprising ten cased DV Ds. Each stack was tagged with
different combinations of spine tags and inductive tags. A total of four different tags from three tag manufacturers were
used in the tests. In every case each tag combination was repeated to give three identical stacks of a particular type. In
total 31 different stack combinations were prepared for the tests.

The spine tags were fixed to the DV D cases while the inductive tags were attached directly to the DVDs. A particular
feature of the inductive tag isthat it is designed to be activated predominantly by a magnetic field. Three different
manufacturers supplied tags that included both the spine and inductive varieties.

The test position comprised four shelf antennas arranged in a square and mounted immediately beneath a horizontal
wooden surface. The antennas were connected to the interrogator under test and driven in turn sequentialy. All
participants operated using the "select” command but some interrogators used session S2, while others used either
session SO or session S1.

ETSI
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Initialy three stacks of an identical tag type were positioned over three of the shelf antennas and the interrogator was
activated for aperiod of 4 s. The number of tags read in each stack was recorded. This process was repeated with
successively more complex combinations of stacks. Details of each of the combinations that were tested are shownin
annex C.

The results from each of the combinations were analysed to provide an average figure for the reading performance of all
of the interrogators that were measured. During the analysis it was discovered that two tags had been incorrectly
programmed and two other tags were defective. These four faulty tags were excluded from the results. The corrected
results are shown in figures 2 and 3 below in the form of bar charts. For ease of interpretation the results for the spine
tags are shown in blue while the inductive tags are displayed in red. The tag types used in each test can be determined
from the table in annex C.

Reading performance
100%

9% H — —— -1 1A

80% 1 — <1111

70% H 1 < EHF1HHHFH

60% 1 |— — o | e Y e | e O

aspine
so% — 11t Binducive

0% H — T 1 e 1 e B e B S Y e B

30%

20% H -

lin ]: [
0%

DvD DVvD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD

GOo1 G02 GO03 Go4 GO05 G06 Go7 Go8 G09 G10 G11 G12 G13 G14 G15

—
S
=

Stack combinations

Figure 2. Averaged results for basic DVD tests

For some of the simpler DV D combinations a number of the interrogators achieved a reading performance that came
close to 100 %.

B spine
Binductive

Reading performance

DvD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD DVD
G16 G17 G18 G19 G20 G21 G22 G23 G24 G25 G26 G27 G28 G29 G30 G31

Stack combinations

Figure 3: Averaged results for advanced DVD tests

ETSI



11 ETSI TR 102 644-1 V1.1.1 (2008-12)

From theresultsit is clear that the inductive tags performed less favourably than the spine tags. The reason for this was
considered due to the use in the tests of shelf antennas that predominantly generated el ectro-magnetic transmissions.
Additional tests were subsequently performed using one of the interrogators connected to a near field antenna. The
conducted power level of the interrogator was left unchanged. The use of the near field antennaimproved the reading
performance of the inductive tags from 56 % to 71 %. It was still possible to read the spine tags although the reading
performance dropped from 98 % to 90 %. It should be bornein mind that these tests were concerned solely with
interoperability and comparisons between the performance of different systemsisinappropriate.

It should be noted that one of the interrogators that participated in the tests was designed to drive just two antennas. To
achieve compatibility in the results, two interrogators were used provide the four shelf antennas for the test set-up.

In certain orientations it was possible to read a spine tag at distances of up to 1 m from the near field antenna. It was
also observed that type C (inductive) tags appeared to give a more consistent performance than type D (inductive) tags.

6.3 Portal tests

The portal tests were carried out using small pallets comprising 50 tagged cases and large pallets with 200 tagged cases.
Details of the arrangement of the positions of tags and the type of tags are provided in annex D. This aso includes
details of the composition of the cases in each of the two sizes of pallet. Many of the cases contained items that were
"r.f. unfriendly".

Four different tag types were used in the tests. For each pallet size there were four pallets each comprising tagged cases
of one of the tag types. A fifth pallet comprised cases that were tagged with an equal number of the four different tag

types.

Two test stations were used for the tests. One test station consisted of a portal positioned inside a dock door that led to a
trailer parked outside. The portal was fitted with a pair of antennas on both sides and with a metal reflector positioned
behind both pairs of antennas. A motioned detection device coupled combined with an infra-red curtain was mounted
above the portal. This device was capable of determining the direction of motion of a pallet and could trigger an
interrogator when a pallet was at a defined position in front of a portal.

The second test station used an identical design of portal but was positioned at the centre of arail track testing system.
This system could move a pallet repeatedly at a specified speed through the portal.

Each of the interrogators was set-up in turn to transmit at a power level of 33 dBm e.r.p. with atransmission period of
3 sfor the dock door and 4 sfor the rail track system. Manufacturers chose to operate their interrogatorsin either
session S1 or session S2 and to use the select command.

The tests with the small pallets required each onein turn to be removed from the truck positioned outside the dock door
and through the portal. Each pallet was carried by afork lift that moved at an approximate speed of 1.5 m/s. The test
was repeated five times for each pallet with each of the four different interrogators. The number of tags read each time
that a pallet passed through the portal was recorded.

Dueto their size the pallets with 200 cases could not readily be moved using the fork lift truck. To ensure repeatability
of the testing procedure, the large pallets were tested on therail track system. The format of the tests was identical to
the procedure for the small pallets.

In order to test the interrogator with only two antennas, the system was configured using two interrogators, each one
driving a pair of antennas on one side of the portal.

The combined results showing the average reading performance by tag type for small and large palletsis shown in
figure 4. One anomaly in these resultsis that the reading performance for a mixed tag types improves with a small
pallet, while the reverse is true for alarge pallet. However this may not be significant.

ETSI



12 ETSI TR 102 644-1 V1.1.1 (2008-12)

100%
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60%
B Small pallets

40%
30%
20%
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Reading performance
a
g
B

Tag types

Figure 4. Averaged results for portal tests

Some interrogators achieved a better reading performance than others. The best performing interrogator achieved a
figure, averaged over 5 runs, of 96 % with a"type B" 50 tag pallet. For a"type C" 200 tag pallet the equivalent figure
was 78 %.

6.4 Conveyor tests

The conveyor tests were performed at the Innovation Centre of VanDerLande in Veghel. The conveyor used for the
tests was of the type devel oped by VanDerLande for baggage handling at airports. The items used for the tests consisted
of avariety of suitcases and bags. All twenty two of the suitcases and bags were filled with an assortment of objects,
some of which were "r.f. unfriendly”.

Three different tag types were used for the tests. One tag of each tag type was attached to the outside of each suitcase
and bag. In addition a number of airline baggage labels, each incorporating an RFID tag, were provided for the
Plugtests by Air France. These labels were attached to a selection of the suitcases.

The suitcases were placed on the conveyor in a known order with the tags facing upwards so that they could be
observed during the tests. If required it was possible to read only a single tag type on a bag by covering the other two
with adhesive-backed silver foil. The conveyor was set to run at a constant speed of 1 my/s.

Two types of reading station were used for the tests. One reading station comprised two patch MTI antennas mounted
on pedestal's on opposite sides of the conveyor. Each antenna was directed downwards towards the conveyor at an angle
of approximately 45 degrees. I nterrogators were connected in turn to the M TI antennas and adjusted to transmit at a
level of 33 dBm e.r.p. The second reading station consisted of an array of two patch antennas arranged side by side
within a moulded flexible mat. The mat was positioned beneath the conveyor belt. A metal hood above the belt
contained the emissions from the antennas to the wanted reading area. The output from the interrogator driving the
antenna array was set to a conducted power level of 22 dBm.

Asaresult of someinitial experiments with the system, it was found that the reading performance was the same
irrespective of the number of tags on the suitcases that were covered by silver foil. Similarly there was no apparent
difference in the results when either one reading station was operated alone or both reading stations operated
simultaneously. Based on these observations it was decided to conduct all of the tests with all silver foil removed and
both reading stations in operation at the same time.

Aninterrogator with its select command enabled was connected to each reading station. Some manufacturers chose to
use session S2 while others used session SO or session S1. The tags were logged for five complete revolutions of the
conveyor. The same procedure was repeated for the other remaining interrogators. For practically every interrogator the
reading performance was 100 %. The only exceptions were when a tag came away from a suitcase and when one of the
airline labels became damaged.

ETSI
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By means of the select command an additional test was carried out in which interrogators were required to singulate the
airline labels. All of the airline labels were identified, despite the fact that other tags manufactured by different vendors
were simultaneously present on the bags and suitcases.

In afurther test aroll of 150 tags were placed inside one of the suitcases. All three of the wanted tags on the case were
correctly read and 45 % of the 150 unwanted tags were identified.

In afinal additional test two read stations of the type used at station 1 were spaced two metres apart along the conveyor.
The antennas at each reading station were connected to a separate interrogator. The reading performance was logged at
both stations for five complete revolutions of the conveyor. The results showed that the reading performance remained
at 100 % at both reading stations.

7 Discussion

Although the results from the tests showed that there were no problems of interoperability between different tag types,
all of the tags tested contained ASICs from only two foundries. As volumes of tags ramp up it is probable that
additional foundries will enter the market. Provided that these new foundries comply with the specification in

SO 18000-6C [i.2], issues of incompatibility are unlikely. However tag manufacturers should be alive to the potential
risks.

The advanced DV D tests placed many stacks simultaneously over the same shelf antenna. In areal application the
numbers of stacks placed over a single antennawill be similar to those used in the basic tests. However the results for
the basic tests are probably better than will be obtained in practice. Thisis because, unlike for the tests, DVDs are
wrapped in cellophane and are printed using metallic ink. These have a detrimental effect on reading performance.

The use of a near-field antenna to read spine tags (i.e. e.m. tags) may lead to problemsin real applications. In particular
the reading performance will be reduced. Furthermore since a near-field antenna may radiate a significant em. field in
certain directions, it is capable of reading a spine tag at distances of up to 1 metre. To avoid reading unwanted spine
tags, it may be necessary in some applications to define a " protection zone" around the near-field antenna. The
additional tests on the conveyor system demonstrated satisfactory operation where the interval between successive reads
of the same tag by different interrogators is less than two seconds. Further additional tests showed that, by means of the
select command, it is possible to read only the "wanted tags' from alarge population of mixed tags.

Proper use of the session flags and select command are essential if optimum reading performance isto be achieved.
During the Plugtests some manufacturers improved their results by adjusting these parameters during the set-up of their
interrogators. Some guidance on the operation and use of session flags and the "select” command is provided in annex
D of the present document.

During a detailed analysis of the results it was observed that with interrogators manufactured by one manufacturer, tags
of one particular type responded faster than the others. The cause for this behaviour is unclear. It did not appear to effect
the overall reading performance.

8 Conclusions

From examination of the results the following conclusions were reached:

. There was no clear evidence of interoperability problems when tags manufactured by different vendors were
simultaneoudly present in an interrogation zone.

. It was apparent that there is a difference in reading performance between different tag types, which appears
due principally to variationsin their sensitivities.

. Some variation in the reading performance of interrogators provided by different manufacturers was evident.
. Inductive tags can only be read satisfactorily using near field antennas.

. It was possible to read the same tag at successive reading stations at intervals of lessthan 2 s.
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. By means of the "select” command it is possible to interrogate one particular category of tag only within a
population of different tag types and categories.

. Some vendors appeared to have a poor understanding of session flags and the select command.
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Annex A:
Test equipment

A.1  List of tags

e AD 222/Avery Dennison/Impinj Monza 2.

. Air France Tags.

. Short Dipole G2X/UPM Raflatac/NXP G2X.

. RSI Imperial/RSI/NXP G2X.

. RS Satellite/RSI/Impinj Monza 1a(!).

. RSl Corkscrew/RSI/NXP G2X.

. Short Dipole Monza 2/UPM Raflatac/Impinj Monza 2.
. UPM Spine/lUPM Raflatac/NXP G2X.

. UPM Satellite/UPM Raflatac/lmpinj Monza 1a(!).

U UPM Rabbit/UPM Raflatac/NXP G2X.

e UPM Web G2X(Crab)/UPM Raflatac/NXP G2X.
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A.2 Antennas

A.2.1 Checkpoint

Farfield 'fi_867.0000 [1]' Directivity_Abs[Theta)
]

Phi= 90 Phi=270

90 90

Frequency = 867
Main lobe magnitude = 8.65
Main lobe direction = 0.0 deg.
Angular width [3 dB] = 64.0 deg.
Side lobe level =-18.3 dB

180
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A.2.2 Kathrein Antenna

25-180 Series
RFID Directional LHCP Antenna

KOTHREID

SCALA DIVISION

Kathrein-Scala RFID Artennas ae designed and manufactured to the
same standards as our wireless panel antennas, using the finest
materials for strength and eliability. Heswy-duty radomes of high
gtremgth pullruded fiberglass, rigid matching network and elament J, - i)
circut boands, and stainless stesl mounting hardware all contributs T -E|-
to antennas that will pedorm in the toughest eutdoor smvironment.
Thess directional antennas are svailable with other polarzations
(LHCR, RHCF, Linear), and with other gains. Part 15 and 90 FCC
requiremsants are avallable. Far-fisld and Mear-field radistion
pattarns svailable.
= For Far-field, specify azimuth andfor elevation and orientation.
= For Mear-field, specify distance from antenna to tag.
= (Gain can be adjusted for EST1 and FCG requirements.
W

General Specificationa: Taps
Frequancy range BES-870 MHZ
Gan 105 dBkz
Impedance 50 ahma
Grounding D grounding
WEWR = 1.2
Auxdal ratio « 3 0B over antire hall power beam
Polarization Clrcular
Font-to-hack ratlo =20 dB
Maximum input porser 100 wats (at 50°G)
Connecior M temalke, reverss palarlty M female
Weight 8 Ib {263 k)
Cimenalors M Ax10.4x 2.3 Inches

{B56 % 260 ¥ 5 mm)

Equivalent Tl plbs area

2.2 TF (0,206 R

Wird survival rating

120 mph (200 kph)

Materalks

Radome B M= giass and meodini
hardware lagﬂgnhﬂﬂumel. -

MoLng

anm%narma KIt Ired. Fleed mount
itz ard Wt mount ke labde for 1.2 to 5.3
Irezh {9001 25 mim) OD rasts. Antenna parsl

may be Irverted.

&

10850-B

H-plans

Ep
Elevation pattarn

Kathrsin Inc., Scala Division  Post Offics Box 4580 Medford, OF 875301 (USA)  Phone: (541) 7786500 Fax: (541) T78-3381
Emall: RFID@ kathrein.com  Internel werw kathraln-scala.com
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Antenna Data sheet
MT=-242014/NRH

Page 1 of 2
MT - 24201 4/NRH
865 - 870 MHz, 8.5 dBic, Reader Antenna
Specifications
MTI PART HUMBER MT-242014MRH
ELECTRICAL
FREQUEMNCY RAMGE 865 - 870 MHz
G I 8,6 dBic (min)
YRR 1.53:1 (max)
3 dB BEAMWIDTH AZ IMUTH S ELEWAT ICi ah” (typ)
FPOLARIZAT ION RHCF * Lee other Existing Sntenna Versions below
%IDELOBES LEVEL i@ 90 -16 dB (max)
AXIALRATIOAT BORESIGHT 2dB [max)
F/BE RATIO -18 dB imax), -20dB (typ)
NPT I FECAMCE RO (Chm )
INPUT POWER & W (fmax)
LIGHTHIMNG PROTECT IOM [ Grounded
MECHAMICAL
DHMEMSIOMS | LDy 306x305x25 mm
WEIGHT 1.2 kg (max)
COMMECTCOR M - type, Female
RADOME Plaztic UY Resiztant per ETS1 300
EASE FLATE Aluminum with chemicd conwe rsion coating
QUTLINE DRAWY MG Seepage 2
MOUMTING KIT MT-120013
TEST STAHND ARD DURAT IOH TEMPERTURE MOTES
TEMPERATURE EC 658-2-1/2 72h -ERRC to +71°C &
TEMP, CHiZLING [EC &8-2-14 1h -4R°C +70°C 3 Cycles
THERMAL SHOCK MCH-OPER. -30°C to +¥0°C Ramp 30° Cimin
HUMIDIT Y ETS51 EM300-2-4 T4, 1E 144 h - 5%
WATER TIGHTMHESS IEC 523 - - IP 5
DUST RESISTAMCE* IPE4
SOLAR RADIATICON A5TH GR3 1000 b - -
QZ0OME RESISTAMCE ETS51300
F LA MM ABILIT™ L 24 = = Class HE
SALT SPRAY EC 48-2-11Ka RO0 h - -
ICE AMD SMCWE - - - 2Emm Radial
WM D SPEED SRMTYA L % 3 = 2 220 Km ok
CQPERAT ICM i = 160 Km b
WMD LOAD (SURM.): FRONT - - - 26.8 kg
SIDE THRUST = = = 2.2 kz
QUAS] RAMDOM WIBRAT 0N 202 rm= for 4 hours
WEHICLE WIERAT IOM 12 rmsz, 10-B00Hz, & hours total, 2 hrineach axiz. Accelerated wear - an
COPERATING in 3 axis additional 50brs in worst caze axis,
MECHAM ICA L SHOCK 102, 11 msec,
OPERATIMG hal f zine pulze
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Ml] WIRELEM | - mﬂma!m;m

EDGE LTD. MT - 242014/NRH

: Page 2 of 2
MT - 242014/NRH
865 - 870 MHz, 8.5 dBic, Reader Antenna

Azimuth Radiation Pattern Elevation Radiation Pattern
Midband Freq. 0.8B67 GHz Midband Freq. 0.867 GHz

b T —=]

o - 2z

4 &tlln.ﬂ.ﬂ'.:l !.t.l.ll
f MOLNTNG &
.. 1 9 [=* e

i | B
3048 — T CONMLEROR BT
1 FTMALT
e ® -
2.E5
&
\ = ! = i A C
42,8 —| =]
Existing Antenna Versions
MT-242014/HLH ** Polarization: LHCP
MT-242014/NRH/ B For more information about this model, please contact us
MT-242014 /MRH/ F For more information about this model, please contact us
* 1P 67 AVAILAELE UPON REQUEST
MTI Wireless Edge is certified according to 150 9001 and IS0 14001.
WAIVER! MTI Wireless Edge Ltd.

While the information contained in this document has been carefully compiled to the | 49 HamelachaSt.
best of our present knowledge, it is not intended as presentation or warranty of any kind Afek Industrial Park
an our part regarding the fitness of the preducts concerned for amy particular wse or ,
pupose and nmeither shall amy statement contained hersin be comstrued as a Rash Ha'ayin 48091, Israel
recommendation to infrirge amy industrial property rights or as a licemse to we any such | T8l +972-3-9008900
rights. The fitness of each product for amy particular purpose must be checked | Fax: +972-3-9003901
beforehand with our specialists. www mtiwe.com

Document No: MT -24201 4/ NRH

Issused: 2671172006 Uncontrolled Copy
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A.2.4 Scanology

IESCANOLOGY

BARCODE AND RFID SOLUTIOMS

DATASHEET

Part number: TBA Low Profile CP UHF array 1000 x 610 mm SMA fitting

General

The Low Profile CP array has been designed for installation under conveyor belts.
It is fitted with a Ultra High Molecular Weight Polyethylene radome, which provides
excellent slip and wear characteristics with minimum attenuation of the radiated
energy.

The array is fitted with two Low Profile CP antenna 375 = 375 mm SMA fitting (Scanology
Part number: 20707019)

Dimensions

1000 mm x 810mm x 10.8 mm

Part number: TBA Low Profile CP array 1000 x 810 mm SMA fitting
Version 1.0 @Scanology 2008 Page 1 of 2
Issued 7 January 2008
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IZSCANOLOGY

BARCODE AND RFID SOLUTIOMNS

DATASHEET

Part number: 20707019 Low Profile CF antenna 375 x 375 mm SMA fitting

GEMNERAL

This Low Profile CP UHF Antenna has been designed for use in tunnel and cormveyor belt
applications on its own or as part of an array. The antenna delivars a tightly defined field, and
is particularly effective operated at low conducted power input, where tags can be read
reliably in both near and far fisld.

Dimeansions: IH5emx37.5emx1.06 cm

Weight: 1.78 Kg
Cable; 4 meter RJ58 with SMA, F connector
ZAIM

The results shown are for a typical antenna, and in free air conditions.

The resulls are for far field conditions. In the near field, the gain will be lower and will vary
with distance from the antenna.

When two antennae in close proximity are powered simultaneously, the near field radiation
patterns may change significantly. The patterns may also be influenced by the loading of the
antennaie) from items in the energy field.

Part number: 20707019  Low Profile CP antenna 375 x 375 mm SMA fitting

Version 0.1 EScanology 2007 Page 1of 5
Issued 24 November 2007
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WZSCANOLOGY

BARCODE AND RFID SOLUTIONS

Part number: 20707018 Low Frofile CF antenna 375 x 375 mm SMA fitting

RETURN LOSS

eland Software, Inc., TE3D 8.1, Wed Nowv 21 11:51:25 2007
rata File: C'\Projects\Reader Atennas\Bagea e 3T75¢cir.p

Part number: 20707019 Low Profile CP antenna 375 x 375 mm SMA fitting

Version 0.1 EScanology 2007 Page 2 of 5

Issued 24 November 2007
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IESCANOLOGY

BARCODE AND RFID SOLUTIONS

Part number: 20707018 Low Profile CP anlenna 375 x 375 mm SMA fitting

VERTICAL FIELD / CROSS POLARISATION

Frequency: 0866667 [

e ] ¥

Il_:_:prjl"'llm.";:'“f:f ®lmscimiim at (15, 310) deg
3dB Bram Width (314501, 3.3BE1) deg

The Directiviny: B, BE25S

P B iismanch Loss: -0.0506512

___.—-" B _ Cireular Polarieation Loss: -0,0341057
=, Ry Efficsency: 7451593 (-0 58332
s Tonal Radiated Powar: (LDOERE]T

/-"" . Average Rediaced Power. 00006303563 [~
45 __-,/ | Tnput Poreer 2t Parts: 000992972
; ™
4 \
.t
.\
f
|
|
{ 130=pha ) direction | phi direciice
1o e =194 -2l -Hn -20.0 <1k F. g 19.40
dBi dBlL d& dHi 1) dBy dBi | dBi i
|
|
y
.l..
.

r

\.. i

& s
1350 ™, < 1350
S 3 /"'
180

Palar Elevation Pamern

Part number: 20707018 Low Profile CP antenna 375 x 375 mm SMA fitting

Version 0.1 EScanology 2007 Page 3 of &

Issued 24 November 2007
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WZSCANOLOGY

BARCODE AND RFID SOLUTIOMS

Part number: 20707019 Low Frofile CF antenna 375 x 375 mm SMA Titting

HORIZONTAL FIELDI CROSS POLARIZATION.

Freguency: 08686667 [

E-right. pli=0, (deg)
Eeft, phi=0. {d=g) Baximum al (15, 3100 dig
0.0 SdB Beam Width (3143501, 30 3EE] ) deg
e — The Dircetivity: B.BA255
o ! - B Mismaich Loss 00306512
e . 3 e Circular Pobiripatios Logs -0.0341057
st - e Efficiency: 87.4515% (<0 38113
/.-" ™. Total Radizicd Power: 0,00R6R17
Va " Avernge Fadimed Power: 0. 000SCESS (1
450 Impust Power o Poms: 0.000029T1
/.. .\,
/
F
\
J \
¢
I
i s.ca-,.}.i.d:...-mi:...l jo i | || phe direetiar
o ad ST 200 00 E T = oo 100
dfi dRi 4B dBu dii =1L dB B4 -.‘Il'l-l
|
.\.
\.
o
N,
1350 13D
., -
oy -
1500

Polar Elevatios Penem

Part number: 20707019 Low Profile CP antenna 375 x 375 mm SMA fitting
Version 0.1 EScanology 2007 Page 4 of 5

Issued 24 November 2007
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A.3

Conveyor system

Overview conveyor belt
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A4 Motion sensor

Details of the motion sensors fitted to the two portals are provided below.

GREEN

BROWN

YELLOW

WHITE

PINK

GREY

XXX

RED

MONITORING
INPUT BLUE

Q

ETSI

S

SENSOR
POWER SUPPLY

IMPULSE INPUT
OPENS DOOR

SAFETY INPUT
BEAM RECEIVER
KEEPS DOOR OPEN

MONITORING OUTPUT
BEAM TRANSMITTER

-
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Stacks
Case tapged | Case taggsd| OVD tagoed | DVD tapged Mixad
TaghpeA | Tagtype B | TagType C | Tagtype D Mixed
CA1 cB1 DC1 DD1 M1
CA2 CB2 DC2 ooD2 M2
CA3 CB3 DC3 DD3 M3
Groups / Testcases
G1 G2 G3 G5 G6
CA1 CA2 CBt cB2 DC1 Dc2 DDt Doz M M2 CB1 ce2 ce
CA3 CB3 DC3 DD3 M3 CA1 CA2 CA3
GT Ga GO G0
DCt Dcz DC3 CA1 CAZ CA3 CB1 cB2 CB3 DC1 DC2 DC3
DOt DD2 DD3 M1 M2 M3 Mi M2 M3 M1 M2 M3
G11 G12 G13 G4 G15
DDt DDz DD3 DC1 DC2 DCc3 DD4 Do2 oD3 oD DDz DD3 DC1 DC2
M1 M2 M3 CA1 CA2 CA3 CB1 cB2 CB3 CA1 CA2 CA3 CB1 cB2
G116 G1T G118 G19
DC1 DC2 DC3 DDt DD2 DD3 DD+ Do2 DD3 DDt DD2 Do3
CB1 cB2 ce3 CBt cB2 Cce3 DC1 DC2 DC3 DG DC2 DC3
CA1 CA2 CA3 CA1 CAZ CA3 CA1 CA2 CA3 CB1 ca2 CB3
G20 G21 G22 G23
CA1 DD2 CA3 CA1 M1 CAZ CB1t CA2 DC1 CA1 DD1 CcB1
CB1 Dcz DC3 DDt M2 DC1 M1 M2 M3 Doz M1 DD3
DC1 cB2 DD3 CB1 M3 CB3 DD2 DC2 DDt DC3 CB3 CA2
G24 G25 G26 GZ7
M1 DCA CB1 Mt DD1 CBi1 M1 CA1 DD M1 GB1 DD1
CAZ M2 ce2 CA2 M2 cez2 pc2 M2 Do2 DGz M2 po2
CA3 DC3 M3 cA3 ooD3 M3 DC3 CA3 M3 DC3 CB3 M3
G2s G29
CA1 CB1 M1 DC1 DD CA1 Dba CAZ DC1 CE1
cB2 CA2 M2 DD2 DC2 DD2 M1 CcB2 M2 DC2
CA3 CB3 M3 DC3 DD3 DC3 CB3 M3 CA3 DD3
G30 G31
CA1 M1 DC3 CA3 DD1 CA1 DD1 CA2 DC1 CB1
DG CB3 M2 H CcB2 CB3 M1 M2 M3 DGz
CB1 DD3 CA2 M3 DC1 DC3 DD2 ce2 CA3 DD3

ETSI



28 ETSI TR 102 644-1 V1.1.1 (2008-12)

Annex C:
Pallet detalls

C.1 50 tag pallet

C.1.1 Homogeneous tags

Layer 1 Layer 2

== == = = g &g g g ag o
() > < > H DM CHE ¢ €>H €N
Layer 3 Layer 4

(@) (<7 @ | T @ O O D @ D]

@ (@) B
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Layer 5

. B B

C.1.2 Mixed tags

Layer 1 Layer 2
=Y P I > e o T @ @
= > (i) D @ o (@D (@ D K70
Layer 3 Layer 4
D D D @ @ @ D @D D]
@D @@

o
g
®
®
©
§
P

Layer 5
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C.2 200 tag pallet
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Layer 5 Layer 6

B 8 AATAD
333 % 3
F>) ) )
L i
@ ki o ki oo g | gl 0 ‘q N
C.2.2 Mixed tags

DO | o @ | @

o @ @

g
0
g
6
0
0
0
0

T |

D

i

-

o ¢ 9 ¢

q
o
-

C
A

cs

g @

ETSI



Layer 3

[ & &

& &8

& &

| B €D €D

Layer 7
@ O P @ &
D @ IG77 180> | GED)

32

ETSI

ETSI TR 102 644-1 V1.1.1 (2008-12)

Layer 4
& &>
@ @ &
Layer 6

-

4
i

Layer 8

.
..

2848

0




33 ETSI TR 102 644-1 V1.1.1 (2008-12)

Annex D:
Session flags and "Select" command

D.1  Handling of "select" command and session flags

D.1.1 Introduction

This annex appliesto tags that operate in accordance with the standard 1SO 18000-6C [i.2]. The specification of the air
interface protocol within the present document defines four session flags, a"selected" flag and a"select” command. The
choice of the most appropriate flags for an application and correct use of the "select" command is essentia if optimum
reading performance is to be achieved.

Guidance is provided on selection of the most suitable session flag and handling of the Select command. The annex
tries, in simple words, to explain the purpose of the different flags and the "select" command in order to gain maximum
benefit from these features.

D.1.2 Session Flags

Session flags (also called inventoried flags) are used to indicate whether atag has been read during an inventory round.
Thisisuseful in order to distinguish between tags that have already been identified and those that have till to be
identified. Generally, session flags are single-bit registers within atag that each have a certain persistence time. The
persistence timeis the time that aflag remainsin a known state once it ceases to receive energy from an interrogator.
Each flag may exist in one of two possible states known as A or B (corresponding to O or 1).

At the start of an inventory round the interrogator will transmit a Query command, which designates the session flag
that will be used by all tags in the interrogation zone. The Query command will also specify the state of this session
flag. For exampleif the interrogator designates session flag SO in state A, only tags with matching conditions will reply.
On being correctly read the tag will switch to state B. Similarly atag that is correctly read in state B will switch to

state A.

The characteristics of each of the four session flagsin atag are different. Session flag SO does not have a persistence
time, which means that it resets to state A on each power-on-reset of atag. The session flag S1 has a specified
persistence time of greater than 500 ms but lessthan 5 sand is not retriggerable. This means that the flag will always
reset to state A within a period of between 500 ms and 5 sregardless of whether the tag is energized.

Session flags S2 and S3 have a minimum specified persistence time of 2 s but no maximum figure is defined. The S2
and S3 flags will not reset while the tag remains powered. When the tag ceases to be energized, flags S2 and S3 will
remainintheir current state for a period of at least 2 s. The flags will reset to state A some unspecified time after the2 s
persistence period has elapsed.

At the start of an inventory round an interrogator designates a session flag and specifiesits state (either A or B). Both
parameters are contained within the Query command. A tag compares the information in the Query command with the
state of its designated session flag and thus knows whether to participate in the inventory round. For example an
interrogator that defines an inventory round using session flag S3 in state B would only interrogate tags with their
session flags S3 in state B.

D.1.3 Selected Flag

Tags possess a fifth flag called the "selected” flag. The physical characteristics of the "selected” flag are the same as
those for session flags S2 and S3. (i.e. apersistence time of greater than 2 s). The state of the "selected” flag may only
be altered by the "select” command. An interrogator may specify three possible conditions for the "selected" flag as part
of the Query command. These are either O (~SL) or 1 (SL) or "don't care" (All). On decoding a Query command, atag
will determine whether the condition of the "select" command matches the state of its "selected” flag. If the values
differ the tag will not participate in the inventory round.
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In many situations matching conditions are necessary for both the designated session flag and the "selected” flag in
order for atag to respond. The ways in which both types of flag are used in an application are examined in more detail
inclauseD.1.4.

D.1.4 Select Command

The "select" command precedes the Query command and prepares a population of tagsin an interrogation zone for the
subsequent inventory round. It may be used to change the state of the session flags and/or the " selected" flag.

In addition the "select" command allows tags to be selected based on the content of part of the datain their memory.
Thisis done by specifying the location of a mask in the tag's memory, the data content of the mask, and the number of
bits to be compared. This feature makesit possible to read only certain categories of tag within a mixed population such
as, for example, cartons containing a particular product on a pallet that is carrying arange of different items. Where this
function is not required for an inventory round, the value of the data content to be compared should be set to zero.

By means of multiple "select" commandsit is possible to toggle the state of the flags in order to perform sophisticated
selection procedures. The names of two of these selection procedures are "union" and "intersection™. The union
procedure allows an interrogator to identify two or more categories of tag in asingle inventory round. For the selection
of just two categories, the first "select” command would define the conditions to identify the first category, and the
second "select" command would repeat the process for the other one.

The intersection procedure allows an interrogator to read only those tags that satisfy a multiple set of conditions. For
example it may be necessary to read only airline tags with a defined E.P.C. code length. To set up the necessary
conditions, the first "select" command would specify that only airline tags would be read while the second "select”
command would define the required number of data bits.

Three examples should clarify how the "select” command might be used:
e A "sdlect" command may ask al tagsin the interrogation zone to set their session flag S2 to state A.
e A'select" command may ask all tagsin the interrogation zone to set their "selected" flag to 1.

o A "select” command may ask those tags with an EPC length of 96 bits (comparison of the Protocol Control
bits) to set their "selected” flag to 1 while the remaining tags should set their "selected” flag to 0.

Since the "select" command only changes the state of a tag flag, it does not by itself determine which subset of tags
participates in an inventory round. As explained in clauses C.1.1 and C.1.2, the Query command specifies which tags
should participate in an inventory round based on the values of their designated session flag and " selected” flag.

D.1.5 Use of flags and select commands

The choice of the most appropriate session flag and use of the "select" command is very dependent on the nature of
each individual application. It is not possible therefore to list afull range of applications and recommend the most
suitable session flags for each of them. Instead installers should be prepared to experiment with different settingsin
order to determine the optimum configuration for the application. A good understanding of the operation of the flags
will greatly assist in this process.

Two examples of how flags might be used are provided below:

1) Selection of a subset of tags. Thisis useful in applications where a particular category of tags is of interest.
For example for the handling of airline baggage, it may be desirable to read only the airline baggage labels and
ignore all other categories. Similarly in logistics applications users may wish to read only tags on cartons and
not read tags on individual items. Selection by categories may be particularly beneficial in situations where the
number of wanted tagsis relatively low, while the population of unwanted tagsis large.

2) Separation between read and unread tags: In many applications users wish to read al of the tags present in
an interrogation zone. To maximize reading efficiency, flags may be used to avoid repeatedly reading tags that
have already been identified. This allows the interrogator to focus on tags that have still to be read.

In addition to these two examples the "select” command and flags provide considerable flexibility in setting up systems.
However, care must be exercised when using the "select” command and flags otherwise system performance may be
degraded. The most important considerations are listed below.
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Since there is no acknowledgement of a"select” command, an interrogator cannot know if it was received by all tagsin
the interrogation zone. To minimize this problem, "select" commands should always be repeated at regular intervalsin
order to increase their probability of being received by al tags.

NOTE: Thereare various reasons why atag may not correctly receive a"select" command. For example some
tags may arrive in the interrogation zone later than others. Also some tags may be subject to standing
wave nulls, noise, etc.

When interrogating large or fast moving tag populations it may be beneficial to avoid use of the "select” command. This
is because the time taken to transmit the "select" command reduces the time available to read the tags. Additionally
some tags may not receive the "select" command. In these circumstances it may be advantageous to use the session flag
0.

In certain types of application tags may experience several interruptionsin received power, which might be caused, for
example, by field nulls or by antenna switching. A likely situation where this may occur is when reading large
populations of tags. Depending on the length of the interruptions, atag may experience a number of power-on-resets,
which on each occasion will reset its session flag SO to state A. Thusif the session flag SO is used, tags may be
identified more often than intended. In the worst case an interrogator may fail completely to identify some tags because
it is repeatedly identifying others. In such applications either session flag S1 or S2 or S3 should be used.

Unless atag has been de-energized for at least 5 s the state of its session flag S1, is generally unknown. Provided
sufficient time is available to meet the needs of the application, the use of the "select" command to put the session flag
Sl into adefined state is recommended.

Where alimited number of tags move rapidly through an interrogation zone or where multiple interrogation zones are
close together, it is preferable to use session flag SO instead of session flag S1. Thisis because in such applications not
all tags will successfully receive the "select” command.

Some applications require an interrogator to perform multiple inventory roundsin order to achieve best reading
performance. The process might begin by an interrogator regquesting that tags with their designated session flag in state
A should respond. In the subsequent inventory round the interrogator would request that tags with their designated
session flag in state B should reply. This process might continue from A to B and B to A until theinterrogation is
complete. This technique minimizes the number of timesthat atag is repeatedly read. It also means that each time the
state of the session flag is switched, the same tags will be identified again.

No upper limit is specified for the persistence time of session flags S2 and S3. It is therefore unwise to assume their
state has changed to A after a certain period without being energized. M easurements have shown a great variation in
these persistence times from around 5 sto 70 sfor different tag types. In applications where there is insufficient time to
put session flags S2 and S3 into a known state with the "select” command, the use of either session flag SO or S1is
recommended.

Unlessthe "selected" flag is used to identify a certain category of tags, the interrogator should always choose the "All"
option in the Query command. This ensures that all tags participate in an inventory round regardless of the state of their
"selected” flags.

Session flags S2 and S3 are useful in situations where two reading stations are very close together or where two
interrogators wish to identify the same population of tagsin a common interrogation zone. One of the interrogators will
designate session flag S2 for its use, while the other will use S3. This arrangement allows both interrogators to address
the same tags without causing confusion. The only requirement is that the two interrogators may not perform their
inventory rounds at the sametime.
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Annex E:
Photographs of tests

E.1  Pictures of RFID Plugtests

-

Figure E.2: Reading stack of garments on a shelf
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Figure E.3: Basic DVD tests

Figure E.5: Pallet tests at a dock door
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Figure E.6: Pallet tests using rail track system

Figure E.8: Conveyor system with side antennas
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Figure E.9: Conveyor system with slimline antenna
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