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Foreword

ISO (the International Organization for Standardization) and

IEC (the International

1:2008(E)

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

tecl
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tec
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nnical committees collaborate in fields of mutual interest. Other international organizations, go
non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of
hnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, P4

vernmental
nformation

rt 2.

The main task of the joint technical committee is to prepare International Standards. Draft Ipternational

Sta
an

In 4
of g

Teq
the
be

ndards adopted by the joint technical committee are circulated to national hodies for voting. Pu
nternational Standard requires approval by at least 75 % of the national bhodies casting a vote.

xceptional circumstances, the joint technical committee may propose the publication of a Techr
ne of the following types:

type 1, when the required support cannot be obtained for the publication of an Internationa
despite repeated efforts;

future but not immediate possibility of an agreemient on an International Standard;

normally published as an International Standard (“state of the art”, for example).

hnical Reports of types 1 and 2 are\subject to review within three years of publication, to deci
y can be transformed into International Standards. Technical Reports of type 3 do not necessa
reviewed until the data they provide are considered to be no longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subje

righ

1SQ
1SQ
tec

1S
fred

ts. ISO and IEC shall,not be held responsible for identifying any or all such patent rights.

/IEC TR 24729-4,"which is a Technical Report of type 2, was prepared by Joint Technical
/IEC JTC 1, Information technology, Subcommittee SC 31, Automatic identification and d4
hniques.

/IEC TR.24729 consists of the following parts, under the general title Information technolog
juency identification for item management — Implementation guidelines:

blication as

ical Report

Standard,

type 2, when the subject is still under technical dévelopment or where for any other reason there is the

type 3, when the joint technical committee) has collected data of a different kind from that which is

de whether
rily have to

ct of patent

Committee
ta capture

y — Radio

Part 1: RFID-enabled labels and packaging supporting ISO/IEC 16000-6C

Part 2: Recycling and RFID tags
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Introduction

This Part of ISO/IEC TR 24729 provides background, reference information, and practical knowledge in the

selection and application of passive RFID transponders to transport units and pallets (see Layers 2 and 3 of
Figure 1) used to move and distribute commercial packaged goods. This may be accomplished with inlays or
conventional labels, tickets and tags with embedded or attached RFID transponders. This document does not
address applications where the transponder is embedded in the container itselt.

The assumpptions for this document are:

1. RHID transponders may be placed separately from human- and machine-readable labels| or
information on to the transport unit or pallet. However, if RFID is to be supplied, it is important to have
all three on the transport unit or pallet.

2. RHID transponders will increase in reliability therefore non-reads will be minimized.

3. ISQ/IEC TR 24729-2 will describe the disposition of non-readable transponders.
The performance of RFID devices, particularly those operating at UHF-frequencies (860-960 MHz) [are
strongly influenced by the construction of the RFID-enabled label, where it'is applied to the object, and the| RF
characteristics of the underlying object or objects. In this regard, much more care has to be taken in selecfion
and placement of the RFID-enabled label on the object than with-a_conventional bar code label. This, in turn,
requires the additional knowledge and practical guidelines/for’' RFID-enabled label selection and usage
provided herein.

viii © ISO/IEC 2008 — All rights reserved
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item management — Implementation guidelines —

Part 1:
RFID-enabled labels and packaging supporting
ISO/IEC 18000-6C

1

Scope

Thi
sugd
fac
Me
cor

majerials.
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“Cl
Co
Pa

2

The
refe
dog

ISd

ISd

I1SG
124

5
bstocks, and inks. Techniques are described to minimize electrostatic discharge and transpond

hods are described to verify transponder data. Placement and attachment guidance is provided for inlays,
h-palletized

b type of RFID referred to within this document is the EPCglobal Class 1.Generation 2 techn

I

Part of ISO/IEC TR 24729 provides guidance on the use of RFID enabled labels and packa
ply chain. Guidance is provided for transponder selection, as well as the selection of media;

veyable cases and containers, palletized/unit load material, as well as non-conveyablés and no

ss” structure originally embraced by EPCglobal has, for the most patt, been overtaken
sequently, this technology may be referred to as UHF Gen 2 or by its ISO designation, 1SO/
6C.

Normative references

following referenced documents are indispensable fof)the application of this document.
rences, only the edition cited applies. For undated({references, the latest edition of the
ument (including any amendments) applies.

/IEC 646, Information technology — ISO 7-bit ceded character set for information interchange

/IEC 13239, Information technology — Telecommunications and information exchange betweq
High-level data link control (HDLC) procédures

/IEC 15417, Information technology* — Automatic identification and data capture technique
bar code symbology specification

ging in the
adhesives,

br damage.

blogy. The

by events.
EC 18000,

For dated
referenced

PN systems

s — Code

ISQV/IEC 15418, Information (technology — EAN/UCC Application Identifiers and Fact Data Identifiers and
Maiptenance

ISQ 15394, Packaging »— Bar code and two-dimensional symbols for shipping, transport and receiving labels
ISQ/IEC 15434 ,.Information technology — Automatic identification and data capture techniques — Syntax for
high-capacity ADC media

ISQ/IEC 15438, Information technology — Automatic identification and data capture techniques +— PDF417
bar|code_symbology specification

|ISCHEE-15459=5—Information fcu/lllu/uyy — Um'quc' fdentifrers—Fart5: UIII.L[UU' fetentifrer—for returnable

transport items (RTIs)

ISO/IEC 15961, Information technology — Radio frequency identification (RFID) for item management — Data

pro

tocol: application interface

ISO/IEC 15962, Information technology — Radio frequency identification (RFID) for item management — Data
protocol: data encoding rules and logical memory functions

ISO/IEC 16022, Information technology — Automatic identification and data capture techniques — Data
Matrix bar code symbology specification
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ISO/IEC 16388, Information technology — Automatic identification and data capture techniques — Code 39
bar code symbology specification

ISO 17363

ISO 17364

ISO 17365

ISO 17366

, Supply chain applications of RFID — Freight containers
, Supply chain applications of RFID — Returnable transport items (RTIs)

, Supply chain applications of RFID — Transport units

Supply chain applications of RFID — Product packaging

ISO 17367

ISO/IEC 1§
Parameter.

ISO/IEC 18§
Parameter.

ISO/IEC 18§
2005 bar c

ISO/IEC 1
frequency i

ISO/IEC 1¢
methods —

ISO/IEC 1¢
techniques

ISO 21067

ISO 22742

ISO/IEC 24
Composite

ISO/IEC 24
Space Syn

ISO/IEC 24
MicroPDF4

IEC 61000

Supply chain applications of RFID — Product tagging

000-6, Information technology — Radio frequency identification for item management'— Pa
b for air interface communications at 860 MHz to 960 MHz

000-7, Information technology — Radio frequency identification for item management — Pa
5 for active air interface communications at 433 MHz

004, Information technology — Automatic identification and data capture techniques — QR Cg
bde symbology specification

B046, Information technology — Automatic identification and)data capture techniques — H
dentification device performance test methods

047-6, Information technology — Radio frequency identification device conformance
- Part 6: Test methods for air interface communications at 860 MHz to 960 MHz

762 (all parts), Information technology —> Automatic identification and data capture (Al

— Harmonized vocabulary

Packaging — Vocabulary

Packaging — Linear bar code, and two-dimensional symbols for product packaging

723, Information technology — Automatic identification and data capture techniques — EAN.U
bar code symbology specification

1724, Information. technology — Automatic identification and data capture techniques — Reduy
hbology (RSS).bar code symbology specification

728, Infortmation technology — Automatic identification and data capture techniques
17 bar code symbology specification

L4-2 Ed. 1.2 b:2001, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measuren

techniques

t6:

t7:

de

Radio

fest

DC)

cC

ced

ent

— Efectrostatic discharge immummity test

ITU Recommendation X.25, Interface between data terminal equipment (DTE) and data circuit-terminating
equipment (DCE) for terminals operating in the packet mode and connected to public data networks by
dedicated circuit

FCC Part 15.247, U.S. Code, Title 47 — Telecommunication Chapter | — Federal Communications
Commission, Part 15 — Radio Frequency Devices — Section 15.247 — QOperation within the Bands 902-928

MHz, 2400

-2483.5 MHz, and 5725-5850 MHz
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ETSI EN 302 208-1 V1.1.1, European Standard (Telecommunications series), 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; Part 1: Technical requirements and methods of measurement

AIM Global NASAG-0401, v1.4, AIM Global Standard for the use of the AIM RFID Emblem™ and Index to
identify RFID-enabled labels

GS

1 General Specifications

EPC™ Radio-Frequency identity protocols, Class-1 Generation-2 UHF RFID, Protocol for communications at

86

MHz — 960 MHz, Version 1.0.9

EPi

EPi

M

L

De

3

For

follpwing apply.

31

pagsive RFID transponder

cor
two

3.2

inlgt dry

RF
to h

3.3

inlgt wet

RF
atts

C Tag Data Standards version 1.3
C Tag Data Standards version 1.1, Rev 1.27
-STD-129P, Military Marking for Shipment and Storage

bartment of Defense Guide to Uniquely Identifying ltems, v1.5

Terms and definitions

the purposes of this document, the terms and definitions given in ISO/IEC 19762 (all par

hbination of an RFID integrated circuit (chip) behded to an antenna, where the antenna is us
-way wireless communication and to draw power from the reader RF signal to operate the RFID

D transponder (chip and antenna) attached to substrate (typically a clear film) providing a physg
andle the transponder

D transponder (chip_and antenna) attached to a substrate that is coated with a layer of a
chment to a package

34
inl
inl

3.5
tra

1)

dru

2)

y (inlet wet)
with adhesive, on a release liner, for attaching to another surface

s) and the

ed for both

chip

ical means

Hhesive for

nort unit
Ottt

1 5d

cases, sleeves, trays, bundles (Kraft paper or poly wrapped), bags, sacks, rigid containers (tubs, totes,

ms etc.)

either a transport package or a unit load

[1SO 15394, 4.2]

3.6

primary package

1)

first wrap on containment of the product

NOTE In some cases the primary package is the transport unit or the pallet. See Figure 1.
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2) packaging designed to come into direct contact with the product
[ISO 21067, 2.2.2]

3.7
media
refers to the physical label, tag or ticket

NOTE Media with passive RFID device (transponder or inlay) (replaces RFID enabled media in the document)

Layer &
Movement Vehicle
(truck, airplane, ship, train)
4 4 r
Layer 4
433 MHz - 18000-7 :
Container
150 17363 (e.g. 40 foot Marine Container)
Freight containefs
F'y F 3 4 F 3
Layer 3 (860-9¢)) MHz - 18000-5C)
13.56 MHz (TP4) - 18000-3m3 ) .
<135 kHz (TPAY- 18000-2 Unit Load UniitL.tfad
IS0 17364 “Pallet” Pallet”
Returnable trangport items (RTIg) Yy ry ry i ry Y
Layer 2 (860-86{) MHz - 18000-6C) N
13.56 MHz (TPH) - 18000-3m3
150 17365 Transport Transport Transport Transport
Transport units Unit Unit Unit Unit
+ A A A
Layer 1 LN
13.56 MHz (TPH) - 18000-3m3 Y Y
860-960 MHz (TPA) - 18000-5C Py PKY Fig

1S0 17366

Product packagipg

o

Pkg Phy
Layer 0 N
13.56 MHz (TP4) - 18000-3m3
IEPE '???E”_Z( PA) - 18000-6C Item ltem \tdm fem Item ltem Item ltem ftem te
30 17367
Product tagging ~__J R P R

Figure 1 — Supply chain layers of RFID

[

4 Passive RFID transponder selection

4.1 Genkral

Passive RFtB—tranmsponder—chipsoperating—imthe866—966—MHzrange—shoutd—meettherequirements of

ISO/IEC 18000, Part 6c¢.

4.2 Passive UHF transponder frequency considerations

RFID readers are subject to local regulations regarding frequency and allowed reader power. For example, in
North America, the nominal operating frequencies are 902-928 MHz, conforming to FCC Part 15.247. In
Europe, the nominal operating frequencies are 865-868 MHz, conforming to EN 302-208-1. In Japan, the
nominal frequencies are in the range of 950-956 MHz, conforming to the Radio Law of Japan. Local
regulations should be consulted before purchasing and deploying UHF RFID readers.
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The transponder, when applied to the package, preferably shall be functional over the full range of UHF RFID
frequencies that are approved for use in most countries, i.e. 860 MHz to 960 MHz. It is acknowledged that the
reading performance of a transponder may differ in different regulatory environments.

4.3 UHF transponder design factors

UHF transponder antennas may be fabricated in a number of ways. Antennas produced by each process have
different electrical and mechanical properties. It is important to determine that the chosen passive RFID
transponders media performs according to the RFID transponder performance specifications when it is
e label and
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the transport unit or pallet of interest. The key parameter here is the range at which th

dard test methods are described in ISO/IEC 18046. Simplified lab methods are given in Annex

Transponder life and failure modes

method of transponder construction affects its technical performance, operating|life, and en
hpatibility, as well as its cost. Certain special considerations apply.

1 Flexure and minimum bending radius of the passive RFID transponders media

pending on the materials and methods used in production of the trafsponder antenna and the ¢
hod and orientation of the transponder on the substrate, every\transponder has a minimu
ding radius (radius of curvature). Flexing or bending the finished passive RFID transponders
us smaller than this minimum radius at any point in the ‘@pplication process may result in R
er from antenna fracture or breaking of the chip-antenna bend.

RFID label manufacturer should be able to providé the value for the minimum-bending radius.
pecific information, one practical rule is to never:bend the passive RFID transponders labels
us than that of the core on which the labels were-supplied.

2 Environmental considerations
ironmental conditions for storage, transportation, and in-use operations should be specified by

perature and humidity, and>any other unusual environment conditions expected of the o
blled. The RFID transpondershall survive the same environmental conditions as the material an
D which the RFID transponder is attached, over its intended working life.

h extreme limits and"cycling of environmental conditions can reduce RFID transponder op
ure modes inclddechip-bonding failure and antenna fracture, as well as antenna corrosion, ¢
tharge, etc. _Accelerated life testing is recommended before deployment when unusual en
ditions ar€)expected to determine any limitations on working life of the RFID transpon
ditions may include outdoor storage; desert heat, artic cold or freezer storage; nuclear or elect
ation.exposure, chemical wash-down, etc.
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5

5.1

Media incorporating passive RFID transponders

General

This clause discusses the materials and construction techniques used in making passive RFID transponders
labels and tie-on tags. There are many factors that determine the appropriate design for a given application;
whether that design will be environmentally compatible with the intended use, and have stable RFID
performance over the required usage life. All of these factors affect media cost.

1 Three (3) inch diameter is the recommended minimum
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5.2 Med

5.21 Pre

ia configurations

ssure-sensitive labels

Pressure-sensitive adhesives are widely used in passive RFID transponders media. When properly chosen,
these can meet both performance and environmental needs. Annex A contains basic terminology and key
design parameters for passive RFID transponders pressure-sensitive labels.

The inlay is attached to the facestock by the facestock adhesive, and the back of the inlay is adhesive coated
as well to improve passive RFID transponders media adhesion and prevent an air bubble from forming

between th

RFID tran

H | ol dlo o i 4 HA Heok
Illlay daliua uiIrc lIaIID'JUI Uit Ul pallct.

onders may be inserted into envelopes as an aid to transponder recovery and/or recycling.

envelopes may be attached to the facestock and adhesive coated in a similar manner to direct attachment
transponddr, as above.

522 D

These are
activation ¢
signals, so
the adhesi
change in

-gum (water-activated) adhesive labels

NOT recommended for use in passive RFID transponders media, because the water required
f the adhesive can have an impact on transponder performance. Water molecules attenuate U
read range may be adversely affected. Added moisture may result’in-changing the conductivit
ve, reducing antenna performance. Finally, added moisture may ‘ré€sult in corrosion or chem
he properties of the antenna material or the chip bond.

5.2.3 Pagsive RFID transponders tickets used in carrier envelopes

Passive R
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FID transponders tickets can be inserted in paper<r plastic envelopes. These envelopes mayj
ched to transport cases or pallets as a way of applying identification.

pes should preferably be vented to atmospheric air to avoid entrapment of moisture that r
whereby preventing transponders from funetioning properly; however vents preferably should
e the protection afforded by the envelope from general environmental hazards (e.g. rain).
hould normally provide additional ESD’protection for the transponder. Envelope adhesives shq
conform to the guidelines in Clause 5.6; however this is less critical than in pressure-sensi
e envelope adhesive is not in contact with the RFID transponder itself. The type of paper or pla
ese envelopes should be both transparent to UHF radio waves and UV-resistant. Most type
ne, polyethylene, PET and polyester films are reasonably low in attenuation at UHF frequend]
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hloride (PVC) films should be avoided when utilizing transponders with copper antennas dug to

hg-term corrosion ofithe transponder antenna by the plasticizers.

on tags

are passive RFID transponders tickets that are attached with a tie-on. These are often used
able_materiel. Depending on the situation, a conductive wire tie-on may affect the transpon
e, pasitively or negatively. UV-resistant plastic (or other non-conductive) tie-ons are gener

on
der
ally

recommen

jed\for use with passive RFID transponders tags.

5.3 Environmental considerations in media design

5.3.1

General

Many Commodity Classes of labelled materiel (including medicines and perishable food items) have highly
restricted temperature ranges and operating life. In this case, the passive RFID transponders label need only
meet the environmental and working life requirements of the labelled material itself.
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5.3.2 Operating and storage temperature ranges of applied passive RFID transponders labels

The following recommendations apply.

5.3.

Reading temperature range:  -40 °C to +70 °C

Storage range (non-reading) -51 °C to +95 °C

3 Storage of media incorporating passive RFID
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ductive) bags or cartons. This prevents water or other environmental damage; maint
hductive) moisture balance; prevents adhesive deterioration; and chip damage from’ ¢
charge. Temperature and humidity should be maintained within the limits of  thes mar

cifications.

b

Media printable facestocks

facestock is the surface of the media that is to be printed. Paper and plastic facestocks may b

sive RFID. Metal foil, metalized plastics, metal filled plastic, or high AJHF attenuation plastics
not typically used in passive RFID transponders labels as they intérfere with RF communicati
sponder.

re are three key issues in selection of a media facestock: ‘printing process compatibility, en
npatibility with the intended media usage, and physical protection of the transponder from dam
pstock is the lowest cost, but is the least environmentally resistant. UV-resistant plastic and p
bstocks generally provide the best survivability in_outdoor and rough service environments, g
vide the best protection for the transponder.

Printing method and ink compatibility

type of ink or toner used must be matched to the type of printing process used. The ink m
ched to the selection of the label facestock material to assure good quality of the bar codes pri

B,

ironmental compatibility andlohg-term survivability of the printed image are key issues, especia
n or outdoor storage applications. Considerations include resistance to water damage, re
light and UV-induced.fading of the image, and image abrasion or smear resistance.

0 negative impact of printing on RFID performance. A simple test to determine if there is an in
D label (see Annex C). The label is then put through the intended printing process and the f

% printed with the intended ink. The maximum label reading distance is then re-measured usin
Ip as before. If the maximum read range change is less than 10%, then the ink will have neglig

on

tatic (non-
hins  paper
lectrostatic
ufacturer’s

b used with
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bn with the

ironmental
age. Paper
lastic foam
nd tend to

st also be
hted on the

|ly for long-
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5t inks have little-RF absorption. The supplier of the ribbon or ink should be consulted to ensur¢ that there

pact of the

on RF reading performance is to first measure the maximum reading distance of the unprinfed passive

hcestock is
g the same
ible impact

bnormally printed (15-25% ink coverage) media passive RFID.

5.6

5.6.

Permanent label and inlay adhesives

1 General

Label and inlay adhesives have two sets of properties that must be considered:

“Initial tack” (ease of initial adhesion) and “settling time” (Number of minutes or hours it takes to form

the full-strength permanent bond).

Ultimate bond strength, i.e. long-term bond stability; environmental stability and aging resis
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Most adhesives are primarily selected for the second set of properties. There are two basic adhesive families:
Acrylic adhesives and rubber-based adhesives. While acrylic adhesives offer the widest range of properties
and best high-temperature performance, rubber-based adhesives tend to be lower in cost, offer high initial
tack and are often quite adequate for applications such as corrugated case labelling.

The physical and mechanical characteristics of adhesives must meet customer requirements.

5.6.2 Adhesive RF properties and transponder compatibility

The adhesive, since it may be a complex chemical mixture and may also be in direct contact with the
transponder—anrternra—ean—have—strong—effects—on—transponderperformance——may—abserb—RF—ere[gy.
Chemical donstituents of the adhesive may have a corrosive affect on the antenna (especially etched-¢ogper
antennas).|Also, many adhesives tend to chemically deteriorate with age so that while the adhesive properties
may be peffectly acceptable at the time of initial passive RFID transponders label application, after several
months or |years the effects of adhesive aging may affect the transponder performance. The_supplier of [the

labels shoyld be consulted to assure that the desired label working life is achieved.

5.6.3 Hygroscopic adhesives

Hygroscop|c adhesives pick up moisture from the environment and incorporate it. This can result in a number
of problems, including negative impact on RFID label performance and/or adhesive failure. Water molecdles
attenuate UHF signals, so read range may be adversely affected. Finally,"added moisture may resulf in
corrosion df the antenna material or the chip bond.

5.7 Renjovable label adhesives

Removablg adhesives are usually not used with passive RFIDvtransponders labels as they may come| off
unexpectedly during handling. If a removable or re-positionable ‘passive RFID transponders label is desired for
special purposes, work with the label supplier to obtain the-proper degree of adhesion and life for satisfacfory
results.

5.8 Reldase liners (backing) for pressure-sensitive labels and inlays

5.8.1 Purnpose

The purpoge of a release liner is to-carry the passive RFID transponders label during its manufacture and
handling to|the point that the label is*applied to the container.

5.8.2 Adhesive compatibility and release level

Adhesives |and releasetliner coatings are matched to control the force necessary to peel the label from [the
release lingr. Releasel{force must be balanced: high enough so that the stiffer passive RFID transponders
labels or inlays negarest the roll core do not separate from the liner, and yet low enough so that the label |will
peel cleanly in(the printer-encoder or label applicator. The depth of the die cut needs to be controlleq to
prevent compromising the silicon layer and facilitating consistent peel release from the liner when running on
automated'egtipment:

5.8.3 Removing the passive RFID transponders label and inlays from the release liner

A common cause of hidden damage to passive RFID transponders label transponders is carelessness in
manually removing the self-adhesive passive RFID transponders label from its release liner. This is because
the natural tendency is to peel the label from the liner, resulting in excessive stress and flexure of the
transponder antenna, which can cause fracture of the antenna circuit or its bond to the RFID chip. Figure 2
(left) shows this undesirable practice.
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Figure 2 (right) shows a better manual method. Lay the passive RFID transponders label face down on a flat
surface, and peel the disposable release liner away from the passive RFID transponders label. This minimizes
flexure of the transponder.
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Printer encoders or label applicators with the capability of automiatically stripping the release line
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nToved from the release liner before usage.en the container. One place that the RF properties

igure 2 — Incorrect (left) and preferred (right) method of peeling.passive RFID transponde

d at the point of label application whenever possible. These\are designed to remove the releas
label with minimum flexure of the label.

4 RF properties of release liners
ractice, the RF properties of release linerscare relatively unimportant, as the label with passi

ortant during label printing and encoding inside a printer-encoder. However, in this highly
ironment, signal loses due to RF absorption can easily be compensated. In practice, a slight
loss due to conductive additives 1o the silicone release liner to minimize the effects of g
tharge during peeling may be a desirable trade-off.

Avoiding electrostatic discharge (ESD)

1 Overview

Ny processes ¢an easily generate static electricity, including peeling the label with passive RF
ase liner. {tis*especially a problem in low-humidity environments as found in desert, winter or h
ditions. ( Discharge of static electricity through the transponder antenna into the RFID chip
manent chip failure or loss or corruption of the stored data.

rs labels

should be
b liner from

ve RFID is
are slightly
controlled
ncrease in
lectrostatic

D from the
igh-altitude
can cause

An

often-unrecognized source of static electricity (especially in low-humidity environments) is th

e operator

performing the label printing and application. A static charge can build up on the operator, which may be
discharged through the passive RFID transponders label as it is removed from the printer or applied to the
case or asset. In dry environments and around hazardous materials, labelling operators should work in
antistatic environments and wear antistatic clothing and protective gear.

5.9.

2 Peeling as a source of static electricity

Peeling the passive RFID transponders label from release liner is a common source of static electricity
generation. This occurs whether the label is peeled manually or within a printer or label applicator mechanism.
Most printers and applicators have internal methods for safely dissipating the static electricity.
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5.9.3 Conveyors as sources of static electricity

Certain types of conveyor belts can build up static electricity as a result of their motion and rubbing against
surfaces. This static charge can be transferred to the labelled object causing RFID label damage. The best
way to avoid this is by designing or modifying the conveyor system to avoid static electricity build up.
Consulting with the conveyer supplier should provide a way to have the static electricity tested and, if found,

eliminated.

5.9.4 [ESD compliance testing

tested to p

accordance

integrity of
960 MHz.
having bee

5.9.5 Printer-encoder considerations

There are
or unstack

environments, a static charge can build up on the label from either source. that can discharge into the chip

damage or
The design
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Thermal transfer ribbons used in many label printers generate static electricity as the polyester film unwi
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rovide a scientific basis for concluding that the requirement is met.

with IEC 61000-4-2 Ed. 1.2 b: 2001. RFID transponder labels should survive and_maintain
stored data under peak field strength of 50 V/m for 60 s at frequencies ranging from 860 MH
Such RFID transponder labels shall further survive and maintain the integrity of¢stored data g
h subjected to a 25 kilovolt electrostatic discharge.

wo common sources of static electricity generation in printer-encoders: That caused by unwing
ing the facestock, and that arising from unwinding the ribbon.” Especially in low humi

destroy it. The solution is to safely dissipate the static electricity without damaging the RFID ¢

SD in thermal transfer printers

bbon supply roll. This appears as opposite charges on both sides of the ribbon. Especially in
vironments, ensure that the printer has either metal contact or antistatic brushes on the inked 4

SD in Laser and LED printers

-photography methods used.in these printers rely on an electrostatic charge on a drum or be
hold the toner while it is(fused to the label stock under heat and/or pressure. These electrost
can contribute to passive RFID transponders label failure through ESD. Typically, there may 4§
ical failures in desktop laser printers from bending the label over small internal rollers. This typ
uld be tested extensively for passive RFID transponders label damage before deploym

of the printer-encoder should eliminate this source of passive RFID transponders label damage|

n so that the static charge is not dissipated by ESD into the transponder antenna during printing|.
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especially in low humidity.environments.

6 Printing,and encoding labels with passive RFID transponders

6.1 Print

Passive RFID transponders labels often contain unique printed information, which is correlated with the
unique encoded data in the transponder. The method shall ensure that the printed human-readable, bar codes
and the encoded transponder data exactly correlate, both with each other and the database record for the
labelled item. Ensure that the design of the label with passive RFID transponder, selection and transponder
placement in the label (see Annex A) match the printer-encoder used.

Printer-encoders designed to encode at a minimum the 96-bit EPC data structures GRAI-96, SSCC-96 and
SGTIN-96, and the DoD UID-96, specified in the EPCglobal Tag Data Standard labels with passive RFID
transponders may carry the AIM RFID Emblem “E*” as specified in Annex B. Printer-encoders designed to
encode transponders compliant with 1ISO 17363, 17364, 17365, 17366, or 17367 may carry the AIM RFID
Emblem “A* (for 433 MHz)” or “B* (for 860-960 MHz)” as specified in Annex B.

10 © ISO/IEC 2008 — All rights reserved


https://iecnorm.com/api/?name=fbb77e4ef586d7c6e16dd3342c7596ee

6.2

ISO/IEC TR 24729-

Label edge start sensing issues

1:2008(E)

Printer-encoders generally sense either the leading edge of the label facestock; a printed black mark on the
back of the label release liner; or a notch or hole. Ensure that the passive RFID transponders label stock and
printer-encoder methods are correct for each other. Also see that the label registration sensor has been
calibrated against the label stock in use.

6.3

Encoding and/or verifying transponder data

Most printer-encoder systems test the transponder both before and after encoding to validate that the
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6.4

sponderis-botirfunctiomatand-that thedata—wasproperty encoded—Useofany methodor &g
ode passive RFID transponders labels that does not perform this validation should be avoided.

Dealing with defective transponders
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Printer-encoder systems that test the transponder to validate that the transponderis|both functiopal and the
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a properly encoded also generally identify labels with defective transpondersxby printing sp¢
Ch as “void”) on the defective labels. These labels should be disposed of, githet manually or au

5t of these same printer-encoders will then attempt to encode and print the same informati

en serialized labels are to be prepared, it is recommended,. toprint the label serial number wit
p| format program that controls the RFID encoding process. This generally ensures that sefial number

not used for labelling.

sive RFID transponders label automatically, until successful.

uencing is not lost when bad RFID-labels are encounfered, and are then reprinted and reprog
next label.

Placement and attachment of media and inlay with passive RFID transpol

RF influence of the transport tnit and its contents on the transponder

JHF frequencies, packaged objects and packaging materials respond in different ways to the g
o waves at different frequencies. Since many non-metallic packaging materials are permea
uencies, the RF properties” of the contents affect the transponder performance, even
sponder is placed on the*outside of the transport unit. A simple view is that materials and obje]
transparent, RF signahreflecting or RF signal absorbing.

Typically, the effect of conductive RF reflecting materials is to shield or detune the t
antenna._from its resonance frequency so that the antenna can no longer absorb enough
to activate the transponder chip, allowing it to turn on and backscatter data back to the rea

Absorbing materials reduce the signal to the transponder by dissipating the RF energ
reader, causing less energy to be available to power up the chip.
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Chemical composition of an object can result in mixed properties of reflection and absorption

Many objects are a mixture of these properties. Figure 3 shows a triangular graph of the properties, each
ranging from 0 to 100%.
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Figure 3 — RF properties of some corrugated cases containing various objects

Imagine a UHF RFID reader with its antenna placed just above the surface of the Case where the transpor{der
would be placed at a series of corrugated cases each containing one type of.gbject. Some basic observatigns:

— Nate that the peak of the triangle implies that the transport unit'is“virtually RF transparent; RF engrgy
is heither absorbed nor reflected. Bubble wrap is only a slight)RF absorber.

— Mgtal objects, like the metal box, are high in RF reflectance but low in absorption.
— Water is a high RF absorber at UHF, but a low RE reflector.

— The pickles in glass jars are excellent RF*absorbers, because they contain electrolytes (salt and
vinegar) and well as water, but the metal lids are also RF reflectors.

— TRhe foil bags of potato crisps refleci-the RF, but because of the non-uniform surface also scatter |t in
directions other then the incident, direction. Thus some of the transport unit’s reflected energy is Ipst,
scpttering it in random directions;

The fundafmnental point of the pyramid graph is that the higher the transport unit scores on the pyramid, |the
less the transport unit influences the reading of the transponder. Qualitatively, those transport units shquild
generally have the longest read range.

One positiye way to eStablish that a passive RFID transponders label works properly on a given typg of
container i to have-a third party test laboratory test and certify it. Alternatively, in-house testing using |the
simplified methods and apparatus of Annex C will allow a selection of the type and placement of passive RFID
transpondgrs Jabel to achieve reasonable transponder read range performance. However, many transport
units can bp.&yaluated using a common-sense visual analysis.

7.2 Visual inspection method for determining label or inlay placement

Most transport units (especially if they contain irregularly shaped metal objects) have a mixture of RF
reflective and absorbing properties, which are not uniform across the surface of the transport unit. Often, the
RF properties are better near the edges. In the example in Figure 4, assume a round metal bucket is packed
in a corrugated case, with the top and bottom of the metal bucket nested top and bottom in moulded rigid
foam; and the middle of the transport unit is open (air). Figure shows a cross-section of the transport unit
bucket.

If passive RFID transponders labels are placed at points A-F on the surface of the case, their relative RF
properties due to the influence of the object and its packaging (measured as described above) are shown in
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Figure 4. This figure shows a qualitative rating of their estimated RF properties from looking at the transport
unit.

100% RF
Transparent
Moulded
Foam
C
Air = A
F D
B\

100% RF 00% RF
Absorbing Reflecting

Figure 4 — RF properties map for a corrugated case containing a metal bucket

A UHF reader interrogating passive RFID transponders labels. at points A-F sees different RF properties at
different places. In this illustration, the moulded foam is RF absorbing while the bucket itself is RF reflecting.

=

— Point C would experience a small reflective effect from the nearby curved bucket, and little|absorption
as there is no foam in the area, just air.

— Points A and E would have equal amaounts of signal absorption from the full thickness of moulded
foam, with point A having a larger reflective component as the bucket diameter is larger at the top
than the bottom, and thus closerto points A.

— Point B has the bucket closest to the surface, and thinner foam than point F, so point[ B is more
reflective and has less RE-absorption than point F.

— Point D has the bucket further from the surface than point B and has no foam covering it (¢nly air), so
it will have both less RF reflection and less RF absorption than point B

— The best place for a passive RFID transponder most likely is point C, as it has the least influence
from the bucket in the transport unit.

Thig gives rise to the rule: "Climb the pyramid” to determine the best label placement

7.3 .<Transponders for objects primarily acting as RF reflectors

Typically, the effect of reflective objects or metal surfaces is to detune and/or shield the transponder antenna
so that the operational range is reduced.

One approach to minimize this impact is to conduct tests to find the place on the transport unit surface where
the least amount of reflection occurs, and then determine whether acceptable read range performance can be
obtained with a standard transponder located in that position. It is also not unusual, however, for some
reflective material in the case to actually improve the performance of a standard transponder by increasing the
backscatter signal in certain directions (See Annex C for test methods).

Another approach is to use a transponder specially designed for use on reflective surfaces. These typically

use the corrugate itself as a spacer or have an additional foam spacer below the transponder together with a
designed resonance frequency so that the effect of the reflective surface is to retune the transponder’s
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resonant frequency toward the reader frequency. In combination with proper placement, specially designed
and constructed transponders can often overcome the problems of reflective objects.

Transport units are sometimes constructed of metal. One way of improving the reading performance of the
specially tuned transponders designed for reflective surfaces is to use a corrugate, plastic, foam or plywood
underlabel. Even a few millimeters of separation between the metal object surface and the transponder (such
as the thickness of the wall of the corrugated case itself) may result in dramatically improved read range,

depending

on the combination of spacer thickness and transponder selection.

7.4 Transponders for objects primarily acting as RF absorbers

Highly abs
passive R
containers

One appro
absorption
obtained W
transponds
special tran

One appro
metalized
metalized
transponds
reflective s

7.5 Som

For produg
locations o
or processi

brbing materials like liquids tend to absorb the RF energy from the reader before it reaches
FID transponders label, and they can also detune the antenna. Both of these effectsren
of liquids or other RF absorbing materials difficult for RFID labelling.

ach is to conduct tests to find the place on the transport unit surface where the)least amoun
and detuning occurs, and then determine whether acceptable read range performance can
ith a standard transponder located in that position. See Annex C for test methods. Spe]
rs are also available for use on RF-absorbing objects. In combination_with proper placem
sponders can help to overcome the problems of most RF-absorbing objects.

ach to extend the read range for highly RF-absorbing transport units is to apply a metal foi
plastic label to the inside of the corrugated case behind the_{ransponder. Alternatively, a foi
spacer sheet may be inserted between the corrugate wall’and the object. This isolates
r environment from the RF absorber. Then, passive REID transponders labels designed
irfaces then may be more effective choice.

p common packaging problems

t cases containing paper and/or plastic products, most RFID labels can be placed in a variet
N the case. Usually, the label ends up being placed in an area where it does not cover up any |
ng lot control information stamped on the\case.

For transpc
far away fi
stacked wi
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brt units containing primary packages filled with liquid product, it's best to place the RFID labe
om the liquid as possible. Thetefore, depending on how the liquid containers are designed
hin the transport unit, a specificarea of the transport unit may have to be utilized.

cases containing cylindrical cans, consider locating passive RFID transponders with vertig
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polarized dipole antennas placed either over the gap between the curved containers or near a verfjical

CO|
ed

Ne
wi

If the palle

preferabl

See Annex

ner of the case. (The best result is usually obtained by placing the transponder as close to
ge of the case as possible.

cked bottles often create a substantial air space at the top of the case. Passive RFID transpond
h horizentally polarized dipole antennas placed near the top of the case may be good choice.

d

the

ers

be

t'ds shrink-wrapped or stretch-wrapped the passive RFID transponder label should

v if
1<t

C for test methods.

The following is a list of packaging line issues that may have to be addressed:

14

Line validation for pharmaceutical packaging (sequence, standard operation procedures)
Bundles using poly film may require a touch - blow application method

Paper bundle
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on the small side of the bag
Sacks made of burlap are a difficult surface to attach anything to

Conveyor systems and product guides may damage the transponders

handling within the case erector-loader-closer

1:2008(E)

Bags made from Kraft paper or plastic may require the placement of the passive RFID transponder

Placing the inlay on the case after the case is loaded may avoid transponder damage during case

— If the fransponder is placed on the transport unit by the container manufacture fransponder damage
may occur within the packaging machine

— Issues with overlapping readers see ISO/IEC 24729-3

— Existing lines

— Operator training is essential regarding the implementation of RFID

— Pallet pack pattern
Prgduct cases containing tightly packed metal products, such as.a<ease of canned drinks, pose a real
chdllenge. Many of these cases are not full corrugated cases at dll}yinstead, the corrugate is in dffect a tray
(approximately 5 cm in depth) that the soda sits in and then“a clear plastic stretch material |covers the
corftents. For this situation, long narrow-width RFID transponiders may be physically required so that they fit
on the corrugated tray. The transponder application area_is limited, and the transponder antenna|may cross
ovgr many cans. Labels designed for use with reflective transport unit contents work best here.
8 | RFID labelling of conveyable cases and containers
8.1 Overviews
This Clause deals with passive RFID transponder placement on the conveyable corrugated cgses, trays,
burjdles (poly or paper), bags (plasti¢ and paper), and other objects. The goal is to find that locatfon that will
proyide the most reliable transaction communications between the passive RFID transponder and the reader.
8.2 Definition of a conveyable object
Conveyable objects™are designed for transport on rubber belt or roller conveyors. Most transpoft units are
corfveyable objects..Conveyable objects typically conform to the following commercial specification

— The user should specify minimum and maximum dimensions for conveyable objects. The following

specifications are listed for guidance.
o Minimum specifications:
= 22,5 cmlong; 10,0 cm wide; 7,5 cm tall; weight = 1,8 kg
o Maximum specifications:
= 122 cm long; 63,5 cm wide; 101 cm tall; weight < 2,6 kg

— Transport units cannot be irregularly shaped

— Transport units shall be tightly sealed; flaps must remain secure during material handling

— Risk assessment should be done when transport unit contains hazardous materials and liquids.

© ISO/IEC 2008 — All rights reserved
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— Outer packaging material may be corrugate, paper or paperboard, wood, metal, rigid or heavy-gauge
flexible plastic

8.2.1 Transport units
A transport unit is considered to be a container intended for the transportation and handling of one or more

items, items in a smaller transport unit, or bulk material. Generally the RFID transponder should be on the
longest side of the transport unit.

8.2.11 Recommended passive RFID transponder placement

The followjng recommendations address transponder placement, even if separate from any human or
machine re¢adable code. For transport units from 200 mm to 1 m in height, it is recommended\ that [the
transpondgr itself or part of a label should be placed as shown as in Figure 5:

— The bottom edge should be no closer than 25 mm from the natural bottom of the trafnsport unit

— The top edge should be no farther than 430 mm from the natural bottom of the transport unit, buf no
clgser than 25 mm from the natural top of the transport unit.

— Naither vertical edge of the label shall be closer than 19 mm from a vertical corner.

— Arjtenna polarization preferably shall be oriented to provide maximum read range under the guidahce
of clause 8.3 and/or Annex C, assuming a circularly-polarized,reader

25 mm minimurn

¢ from top 430 mm maximum
from natural bottom

Target area for
Transponder

25 mm minimum
from natural bottom

either vertical edge

Figure 5 — Recommended transponder location on transport units

RFID media on these transport units should be placed in a location within the target area that provides the
most reliable RFID communication between the media and the reader, using the guidance of clause 7 and/or
Annex C. Placement of transponders at case corners or edges is not recommended, as these areas frequently
suffer damage during material handing.

For transport units greater than 1 m in height, follow the recommendations of Clause 9.3.1.
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8.2.1.2 Read range performance requirement

The transponder selection and placement shall provide a read range of at least 1 meter with conveyor speeds
up to 200 meters per minute at the maximum allowed radiated reader power in the radio regulatory

environment in which it was designed to be used.

8.2.2 Reusable plastic totes, delivery trays, etc.

Owners of reusable shipping containers intended for use on conveyors may wish to permanently i
transponders on these contalners to faC|I|tate the|r tracking and return to the owners.

corftainer following the same guidelines in Clause 8.2.1 as for the transport unit label, within the
limitations specified in Clause 8.4.4.

Wh
ead

n multiple returnable transport item tags are used on different §ides of a returnable container t
h transponder will contain identical data.

8.2{3 Other conveyable goods

Bags, bundles, fibre and plastic drums, etc. may be.cénveyed if they meet the guidelines in Clau
rugged enough to withstand abrasion or damage by the conveyor; and do not have loose object
profrusions that can get caught in the conveyor;, Passive RFID transponders labels or tie-on tagg
plaged so that when the bag or bundle is ongonveyor, the label is on one side of the unit, or faci
the printed surface visible.

8.3 RFID reader assumptions
Tygical on-conveyor reader systems use multiple antennas. As few as two wide-field antennas ¢
sid¢s of the conveyor when (Cases are oriented with the passive RFID transponders label always
and the natural case bottom rides on the conveyor. To read all sides of a randomly oriented case 3
down a conveyor as many*as six antennas may be used. With more than two antennas speeds of
perl minute may not'be achieved. Since reader RF power is determined by local radio regu
nurpber, placement'and field width of the antennas is also affected by the available reader power.

It is
rea

strongly-r&commended that the reader antennas be circularly polarized, and therefore equally
ding tags with polarized antennas (such as UHF dipoles) placed in any orientation.

nstall RFID

The EPC Tag Data

that should
ansponder
er structure
ERAI but is
— RTI) and
ransponder

general, permanent asset identifier transponders containing Ull — RTI data should be mounted on the

placement

b identify it,

se 8.2; are
s straps or
should be
ng upward,

n opposite
bn the side
s it passes
P00 meters
ations, the

capable of

SGTIN-96,

adefs deS|gned to read ata mlnlmum the 96 b|t EPC data structures GRAI-96, SSCC 96 and

specified in Annex B. Printer-encoders designed to encode transponders compliant with ISO 173

em “E*” as
63, 17364,

17365, 17366, or 17367 may carry the AIM RFID Emblem “A*” (for 433 MHz) or “B*” (for 860-960 MHz) as

specified in Annex B.
8.4 Label format and transponder data structure
8.4.1

Printed label format

8.4.1.1 EPC printed label format

The printed label format should correspond to user specifications and should contain the following:

© ISO/IEC 2008 — All rights reserved
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character code appropriate for the RF tag’s data structure in use should be printed.

Either an EPCglobal logo or the AIM RFID Emblem as shown in Annex B containing the two-

Human readable representation of the 96-bit EPC transponder data structure, printed as a 24-

character ASCIlI hexadecimal string representation of the 96-bit data structure encoded in the bar
code preceded by that of its 16-bit (24-character ASCII hexadecimal string) ISO/IEC 13239 CRC-16
check value, also referred to as the ITU Recommendation X.25 CRC-16.

NOTE: The ISO/IEC 13239/ITU X.25 CRC-16 uses the polynomial x'® + x'? + x® + 1, where one first preloads

th

8412 |

The printed

R

— H

st

S

C

8.4.2 IS(Q
These are
When the ¢
— A

— A

It generally
(implicit or
then 1ISO 1

If the conveyable unit contains either:

A
of

A

then the Ul

The AIM RFID Emblem, as shown in Annex B containing the two-character code appropriate for

e entire CRC register with the value OxFFFF.

5O printed label format

label format should correspond to user specifications and should contain the following:

- tag’s data structure in use should be printed.
iman readable representation of transponder data structure, printed as)an” ASCIlI hexadeci
[ing representation of data structures followed by its 16-bit ISO 13239 CRC-16 check value if bir]

rialization is employed or as an ASCII alphanumeric data structure followed by its 16-bit ISO 13
RC-16 check value.

data structures

Hefined in 1ISO 15394 and ISO 22742.

onveyable unit contains either:

bredefined number of a identical commercial gbjects (e.g. 24 cans of peas), or
standard assortment or kit (e.g. a set of dishes or tools; a partially-assembled bicycle),
is called a stock-keeping unit (SKU) and has associated with it a product code with quar

explicit). If a single product code’accurately represents the entire contents of the transport
y 366 specifies that the Ull — Product package shall be utilized.

hon-standard assartment of objects or objects with multiple product codes (e.g. 2 cam shafts, a
seals, and eightivalve lifters)

non-standard-number of identical commercial objects (e.g. a partial case of 17 cans of oil)

| — transport unit data structure is to be utilized.

8.4.3 EPCylobaldatastructures

the

mal
ary
P39

tity
nit,

box

These are defined in the EPCglobal Tag Data Standard.

When the conveyable unit contains either:

— A predefined number of a identical commercial objects (e.g. 24 cans of peas), or

— A standard assortment or kit (e.g.: a set of dishes or tools; a partially-assembled bicycle),

It generally is called a stock-keeping unit (SKU) and has associated with it a Global Trade Item Number
(GTIN). If a single GTIN accurately represents the entire contents of the transport unit, then the EPC Tag Data

18
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Standards specify that the Serialized GTIN data structure SGTIN-96 be utilized. SGTIN-96 passive RFID
transponders labels should be locked so that they will not be reprogrammed.

If the conveyable unit contains either:

the

— A non-standard assortment of objects or objects with multiple GTINs (e.g. 2 cans of motor
cereal, and a calculator)

oil, a box of

— A non-standard number of identical commercial objects (e.g. a partial case of 17 cans of peas)

8.4

8.4

AU
fun
ass
unl

Pag

8.4
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bet]
are
unl

Pag

igned to each ftrip.
bcked and re-programmable to reflect the tracking information required-in Subsequent uses.

sive RFID transponders labels shall never be placed one on top.of ahother:
— When over-labelling a reprogrammed UIl — Transport ‘Unit label is performed, a non-pa
transponders (plain) label containing the human readaple, bar code and the “B2” (ID only)
plus additional supply chain data) AIM RFID Emblem information (see Annex B) shall be u
label the reprogrammed Ull — Transport Unit passive RFID transponders label.

If the existing Ull — Transport Unit RFID¢label is unable to be reprogrammed, the old pa
transponders label shall be removed and' replaced with a new Ull — Transport Unit pa
transponders label.

4.2 Use and reuse of the SSCC-96-‘transponder

ISSCC-96 is intended as temporary identification corresponding to a single trip within the transp
veen consignee and consignor'with a 1-year maximum assignment life. Different SSCC-96 datsz
therefore assigned to eaChtrip. It is the intent that the SSCC-96 passive RFID transponders |
bcked and re-programmapble to reflect the tracking information required in subsequent uses.

sive RFID transponders labels shall never be placed one on top of another:
—  When-over-labelling a reprogrammed SSCC-96 label, a non-RFID (plain) label containing
readable, bar code and the “E2” AIM RFID Emblem information (see Annex B) shall be u
labetthe reprogrammed SSCC-96 passive RFID transponders label.

the oId pas

If the exrstlng SSCC 96 RFID IabeI is unable to be reprogrammed

n the Serialized Shipping Container Cade data structure SSCC-96 is to be utilized

4 Use and reuse of transport unit transponders

4.1 Use and reuse of the Ull - Transport Unit transponder

Il — Transport Unit is intended as temporary identification corresponding to a single trip within th
ction between consignee and consignor. Different Ull — Transport Unit data structures arg

e transport
therefore

It is the intent that the Ull — Transport Unit passive"RFID transponders label will be

5sive RFID
or “B3” (ID
sed to over

ssive RFID
ssive RFID

prt function
structures
abel will be

the human
sed to over

sive RFID

8.5 Use of multiple passive RFID transponders

8.5.

1 Use of multiple passive ISO RFID transponders

ransponders

While a Ull — Transport Unit is intended as temporary identification corresponding to a single trip, a Ull —
Product Package is intended to permanently identify the product contained within case.

There may be benefit to encode both Ull — Product Package and Ull — Transport Unit transponders in the
situation that a case labelled with an Ull — Product Package may be reshipped from the consignee to a new
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consignee or when the consignee returns a case to the consignor. When using both data structures, a single
tag with separate data structures, one encoding an Ull — Product Package and another encoding the Ull —

Transport Unit, should be used complying with the syntax of ISO/IEC 15434.

8.5.2 Use of multiple passive EPC RFID transponders

While an SSCC-96 is intended as temporary identification corresponding to a single trip, an SGTIN-96 is

intended to

labelled wi
returned b
encoding 8

When muli
SSCC-96

be no closg

then anoth
the recomn

permanently identify the product contained within case.

the consignee to the consignor. When using both data structures, two separate tags;
SGTIN-96 and another encoding an SSCC-96, should be affixed.

ple EPCglobal 96-bit passive RFID transponders labels are attached to the same_case (e.g.

gnd an SGTIN-96; or an SSCC-96 and a GRAI-96), the separation between the transponders s

r than 10 cm. If the transport container is so small that one side will not support such separat
br side of the container shall be used for the second label. The printed label formats should fo
hendations of Clause 8.4.1.

9 Passive RFID transponders and labelling of palletized unit1oads

9.1 Over

Both pass
separately
more perm|

view
ve RFID transponders media and permanently attached RFID transponders may be use

anently attached RFID transponder(s) to aid in the.tracking of the pallet itself, while the unit loag

the pallet may have a passive RFID transponders shipping fabel.

A unit load
pallet slip s
transport, S

ISO 17364
preferred.
compliant
items, inclu

9.2 RFID

is considered to be one or more transport units or other items held together by means such
heet, strapping, interlocking, glue, stretch wrap, shrink wrap, or net wrap, making them suitable
tacking, and/or storage as a unit.

is clear that passive transponders compliant to ISO/IEC 18000, Part 6¢ (860 — 960 MHz range)

However, ISO 17364 als¢_notes that with Trading Partner Agreement active transpond
vith ISO/IEC 18000, Part 7%(433,92 MHz) may be used as an alternative for returnable trans
ding pallets and unitized loads.

reader assumptions

The pallet and/or unitdoad transponders will typically be read at different points in pallet handling with a var

of RFID re
Therefore,
discussed

hders operating in the 860 — 960 MHz range (18000, Part 6¢) and at 433,92 MHz (18000, Part
transponder selection and placement must be made to accommodate all the reader ty
helow-

pbne

an
hall
on,
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d—

or together—with pallets and palletized unit loads._For example, the pallet itself may have ong or

on

as
for

are
ers
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ety
7).
Des

9.2.1

Portal readers

Portal RFID readers are typically fixed gate or bridge readers used at dock doors to automatically read the
labels of pallets and unit loads passing in either direction through that door. They also may be temporary gate
readers brought to a location to facilitate unloading of a rail car, truck or container. Their function is to read
unit load transponders, regardless of the orientation of the transponder relative to the reader, as long as the
transponder is not up against a metal surface such as a forklift truck structure.
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9.2.2 Forklift-mounted readers

Forklift readers may have multiple antenna structures to allow reading of pallet and/or unit load labels while
carried by the forklift truck. There may be a requirement for alignment of the unit load label and the forklift
reader antenna, to assure reliable operation of the RFID data system. Forklift readers are typically wirelessly
connected to a host computer.

9.2.3 Pallet conveyor readers

Pallet conveyor readers are typically fixed-mount devices similar to the transport unit conveyor readers

e-9-3—Fhey-typicaty-are dev 8 : and a limited
angle of view. To accommodate the limited field of view, the unit load passive RFID transpohdérs label or
fixed transponder is placed within a fixed band relative to the bottom of the pallet. See Clause-9.B below for
dethils.

9.214 Handheld readers

Handheld readers are often used for material handling operations at the pallet‘level, typically for reading the
unif load label and either recording the data in a personal data terminal, and/gr-wirelessly communicating the
datp to the reader’s host computer. Handheld readers are widely used in reading materiel once deployed in
thelfield.

Handheld readers are usually low power, battery-operated devices'with a read range more limited than typical
porfal readers. They may be integrated with bar code readers’and/or a personal data termirjal. A key
requirement is that the user brings the reader close enough to-the transponder for it to read reliably

9.3 Passive RFID transponders label usage andplacement on pallet unit loads

Eagh pallet shall have at least one unit load passive RFID transponders label or, with tradjng partner
agreement, one unit load active transponder. Unit load tracking should utilize a passive RFID tfansponder
endoded with an appropriate 96-bit data structure corresponding to Clause 9.3.2. The printed label format
shquld correspond to Clause 8.4.1.

9.3|1 General rules for unit load.passive RFID transponders label location

These general rules for transponder placement parallel the rules for bar code labels in ISO 15394.| While it is
recpgnized that the transponder (RF tag) will generally be integral with the shipping label, the following
recpommendations address transponder placement: Referring to Figure 6:

— If the pallet is” shrink-wrapped or stretch-wrapped, the passive RFID transponders label shall be
affixed on.the outside surface of the wrapping, and not covered by it.

— Passiye RFID transponders labels should be placed on the long side of the transport ufit with the
human readable information parallel to the natural bottom of the transport unit.

—<V'The passive RFID transponders label shall be placed right of centre on a vertical face,| allowing a
minimum of 5 cm from all edges to prevent transponder damage during material handling.

— The bottom edge of the tag containing the unit load information should be within the range of 81 cm
to 122 cm from the bottom of the pallet. If the pallet is less than 51 cm in height, the label should be
placed as high as possible on the pallet, but not closer than 5 cm to the natural top of the unit load

— The label should not be placed over a seam nor should sealing tape or bands be placed over the
label in a manner that interferes with the scanning of the label bar codes or reading the transponder
data.

— The passive RFID transponders should not be placed in a manner that overlaps any other existing RF
transponder. There should be at least a 10 cm separation between transponders.
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— Passive RFID transponders should be affixed at a suitable location where there is a minimum risk of
damage.

— Passive RFID transponder material shall be environmentally compatible with the conditions of
shipment and storage of the unit load.

Shipping
Label

Figure 6 — Unit load passive RFID transponders position on a palletized load

The selection and placement of the passive RFID transponders label shall be such that the transponder] as
positioned [and mounted on the unit-load, has a read range of at least 3 meters when no obstructions [are
present bejween the passive RFID transponder and a portal reader) at the maximum allowed radiated regder
power in thie regulatory environment for which it was designed to be used.

9.3.2 General rules for active RFID transponders used on returnable transport items (RTls)

Active RFID transponders shall be embedded within the returnable transport item

9.3.3 Trarsponder data structure

9.3.3.1 ISO RTI transponder data structure
Data structures for 1ISO returnable transport items are defined in ISO 17364 and ISO/IEC 15459. Normally,

Ull — RTl is used, is left unlocked, and may accommodate the Ull — Transport Unit data structures as well as
the Ull — Product Packaging.

9.3.3.2 EPC RTI transponder data structure

These are defined in the EPCglobal Tag Data Standards. Normally, the Serialized Shipping Container Code
data structure SSCC-96 is utilized. Normally, the SSCC-96 transponder is left unlocked for reuse (see Clause
8.4.3).
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In the infrequent case that the unit load itself is a single stock-keeping unit (e.g. a palletized refrigerator; a
master pack of 24 cases of light bulbs) and has associated with it a predefined Global Trade Item Number
(GTIN), then the Serialized GTIN data structure SGTIN-96 may be utilized. Passive RFID transponders

con
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taining an SGTIN-96 data structure should be locked so that they will not be reprogrammed.
4 Wooden and plastic pallets

4.1 Wooden and plastic pallets in support of ISO 17364

assumed in this case that the unit load passive RFID transponder is placed on the unit load ca
et Permaner D transponders with U ) Factares 1 [ mounted or
Mmselves without limitation to facilitate their tracking and return to the owners.

4.2 Wooden and plastic pallets in support of EPC
assumed in this case that the unit load passive RFID transponders are placed.onithe unit load
pallet. Permanent RFID transponders with GRAI-96 data structures may. be mounted on

Mmselves without limitation to facilitate their tracking and return to the owners,

5 Special considerations for bin, cage, and tub pallet containers

en the unit load is contained within a metal or plastic cage, hinyor tub, as shown in Figure

ging passive RFID transponders tag attached to the pallet.¢ontainer may be optionally used
ching the passive RFID transponders to the container itself< \When a passive RFID transponder
ctly to the pallet container, it shall meet the same read range performance requirements of Clau

en a hanging unit load passive RFID transponders4ag’is used, its natural rest position shall be
inst the vertical pallet container wall with the printed side facing outward. Use of a non-meta
bmmended (see Clause 5.2.4). The selection“of the transponder used in the passive RFID trg
shall be such that when placed in the hanging rest position, the tag has a read range p
uirements of Clause 9.3.1 when no obstructions are present between it and a portal reader.

parly polarized, circularly polarized, or0mni-directional transponders may be used as long as t
uirements are met.

rried by the

the pallets

carried by
the pallets

¥, use of a
in place of
is attached
se 9.3.1.

hat it is flat
lic tie-on is
nsponders
erformance

he forgoing

9.4

Figure 7 — Optional unit load passive RFID transponders tag usage on pallet containers

Permanent RFID transponders on pallets compliant to ISO 17364

Pallet owners and pallet rental companies may wish to install permanent RFID transponders on the pallets to
facilitate their tracking and return to the owners. The ISO 17364 specifies a data structure called the Unique
Item Identification — Returnable Transport Item (Ull - RTI) that should be used for this purpose and

per

manently encoded in the permanent pallet-tracking transponder.

ISO 17364 transponders can either incorporate the data structures of the returnable transport item (by itself or
in conjunction with either or both
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1. The transport unit
2. The product package

Further, if a transponder utilizing Ull - RTI is used, it may also be a separate transponder from the unit load
passive RFID transponders/

In general, permanent transponders may be mounted in the pallet structure in either the geometric centre of
the support structure or in the corner of the leader board. When two permanent pallet identification
transponders are used, mounted at opposite corner of the leader boards, both transponders shall carry
identical UIL-_RTI data. Extreme care must be used in programming and installing identical RFID transponders
as errors which result in having two differently programmed transponders on the same pallet can have seripus
consequenfces of misidentification. Each Ull - RTI passive RFID transponder will have identical Ull --RTI data
structures when multiple Ull - RTI passive RFID transponders are used on a returnable container to-identify
that specific container. Placement of multiple passive RFID transponders shall conform to the requirements of
Clause 8.5

9.5 Permanent RFID transponders on pallets compliant to EPCglobal

Pallet owners and pallet rental companies may wish to install permanent RFID transponders on the pallets to
facilitate their tracking and return to the owners. The EPC Tag Data Standards specify a 96-bit data strucfure
called the Global Returnable Asset Identifier (GRAI-96) that should be used ferthis purpose and permanently
encoded in|the permanent pallet-tracking transponder.

If a transptj:nder utilizing GRAI-96 is used, it is addition to the required unit load passive RFID transponders
and its requiired transponder structure as specified in Clause 9.3.3;

In general,| permanent transponders may be mounted in the pallet structure in either the geometric centr¢ of
the suppoft structure or in the corner of the leader board. When two permanent pallet identification
transpondgrs are used, mounted at opposite corner of ‘the leader boards, both transponders shall carry
identical GRAI-96 data. Extreme care must besused in programming and installing identical RFID
transpondgrs as errors which result in having two differently programmed transponders on the same pallet fan
have seriofis consequences of misidentification. YWhen multiple GRAI-96 passive RFID transponders are uged
on a returnable container to identify that specific container, each GRAI-96 passive RFID transponders |will
have identical GRAI-96 data structure. Placement shall conform to the requirements of Clause 9.3.1.

10 Non-4conveyable and non-palletized materiel

10.1 Gengral

Non-convelyable materielis typically items that are too large, too heavy, and/or too irregularly shaped tq be
carried on p conveyor.~The biggest difference between conveyable and non-conveyable materials lies in how
the passivg RFID{ransponders or tie-on tag is read.

10.2 RFID reader assumptions

Non-conveyable materials are typically read with handheld readers, carried to the passive RFID transponders
or tag. These readers may incorporate bar code as well as RFID capability. This is typically a short range
reading application. To improve reading performance, the user may lift tie-on tags away from the material
and/or move or reorient the reader for reliable reading.

10.3 Guidelines for some common types of objects and transport units
MIL-STD-129 contains some guidelines for and examples of the shipping label placement on non-conveyable

material. These should be utilized for placement of passive RFID transponders labels and tie-on tags (see
Clause 5.2.4).

24 © ISO/IEC 2008 — All rights reserved


https://iecnorm.com/api/?name=fbb77e4ef586d7c6e16dd3342c7596ee

10.

ISO/IEC TR 24729-

4 Label printed format and transponder data structure

The printed label format and transponder data structure selection should correspond to Clause 8.4.

10.

5 Use of multiple passive RFID transponders

1:2008(E)

Use of multiple passive RFID transponders on the container or unit load should conform to Clause 8.5.

11

Representing EPCglobal data structures in bar codes

11
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{1 Unique Item Identifier (Ull) representation

F Gen 2 tags and may apply equally to HF Version 2 tags.

EPC tag encodes a Ull with a varying number of bits. Following a brief background disc
bmmended bar code and human readable representations are described, whichysupport Ver
Cglobal Tag Data Standards (hereinafter referred to as TDS v1.3), which supports the UHF|
rface, specified in EPC™ Radio-Frequency identity protocols, Class-1 Generation-2 UHF RFI
communications at 860 MHz — 960 MHz, Version 1.0.9. The descriptions’of data listed hereaf

use of 64-bit tags, as originally defined in UHF Gen 2, is in decline;{with “sunset dates” having
eral major applications. Therefore, the focus here will be on 96+bit'and larger UHF Gen 2 tags.

1.1 Background

EPCglobal Header identifies EPCglobal data siructures. The original Generation 1 doc
ned variable-length headers (either 2 or 8 bits). .Those starting with “01”, “10” or “11” denoted
ctures. Headers starting with “00” are generallyinterpreted as an 8-bit header, denoting a 96-H
b structure. Examples are shown here below (following the header format described in EP(

hdards Version 1.27. The header byte is presented here as a hexadecimal value.
- DoD-96 2Fh
«  SGTIN-96 30h
- SSCC-96 31h
+  GLN-96 32h
- GRAI-96 33h
+  GIAI-96 34h

Cglobal Header. This PC word supports variable length EPCglobal-defined data structures, and
gle Bit that supports ISO/IEC 15961 AFI (Application Family Identifier) data structures (¢
Cglobal-NSI (Number System Identifier) system. Support for AFl-encoded tags is included with
5 Guideline for future support of UHF Gen 2 ISO/IEC 18000-6¢ transponders used in non

ussion, the
sion 1.3 of
Gen 2 air
D, Protocol
er apply to

been set in

umentation
64-bit data
it or longer

Tag Data

EPCglobal UHFEGen 2 tag specification has defined a Protocol Control (PC) word of 16 bits pr¢ceding the

includes a
utside the
in this AIM
EPCglobal

apq

lications (see Annex E).

11.1.2 Recommended representations

Ideally, the bar code or human readable representation of the transponder data structures should be kept as

close as possible to a transformation of the binary format for ease of parsing into binary subfields.

options, all of which may not be supported in each bar code symbology, include:

Bytes, directly representing 8 binary bits (values 0-255) per byte
Hexadecimal digits, using 0123456789ABCDEF to represent 4-bits (values 0-15) per chara
Octal digits, using 01234567 to represent 3-bits (values 0-7) per character
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Twenty-nine decimal digits could also encode a 96-bit binary number, but parsing the backup data into binary
subfields would require decimal to binary conversion first: It is much easier to convert an octal or hexadecimal
representation to binary and then parse it than it is to start with 29 digits of decimal data and first convert it to
a 96-bit binary number before parsing.

Finally, it is recognized that direct byte representation of the bits would not be well supported in many bar
code symbologies, and would not conform to standard syntax used in many of today’s AIDC applications.
Byte encoding would result in non-printable characters within the human readable interpretation (HRI).

For bar code backup, the choice of octal encoding is based on several considerations:

« O
us
in

thdugh the number of data characters is greater when using octal than when usingyhexadecin
fewer bar code symbol characters are required to encode that data.

efficiency of octal encoding is about the same as hexadecimal encodation.

This Guideline recommends the use of octal representation, as describéd in this subsection, wi

. PL;[e-numeric symbologies must use octal encoding.

al representation allows for more efficient encoding in many bar code symbologies, sugh.as
of the double-density numeric mode of GS1-128 and the numeric mode of PDF417, as descri
SO/IEC 15438 and MicroPDF417, as described in ISO/IEC 24728. For such symbologies, e

GS12-approved Data Matrix ECC200 symbols, as described in ISO/IEC 16022, the encoqd

the
bed
ven
hal,

ing

hen

represent
is also sup

Throughouf this guideline, a backup encoding is defined for a sequenee of specific “fields” of tag data (such

a CRC or
sequence,
digit of tha
have the c

tag data in either bar code or human-readable form. Theuse of hexadecimal representa
orted for legacy applications.

a Header). It is important to note that each field starts a new octal or hexadecimal encog
and that unused bit representations are binary zeroes’in the last (low order) octal or hexadeci
field. For example, a 16-bit CRC-16 requires six.octal digits to encode the field, but six octal di
pacity to encode 18 digits. Thus, the lower 2*hits of the sixth and last octal digit are always se

zero, and this sixth digit of a CRC-16 representation willalways be either ‘4’ or ‘0’ (depending on whether

least-signiflcant bit of the CRC-16 is one or zero, respectively).

11.1.3 Barn code Application Identifiers and-Data Identifier needs

The encoding should prefix the data“fepresentation with the appropriate, fixed-length ISO/IEC 15
Note that numeric-only symbologies can only use spe

Application| Identifier (Al) or Data Identifier (DI).
Application| Identifiers (Als).

A single Application Identifier~(Al) and a single Data Identifier (DI) will be defined by external agenc
indicating packup of RFID tag data structures stored in associated UHF Gen 2 and ISO/IEC 1800(
These Alvand DI definitions can be extended to include additional RFID tag formats in

transponddrs.
future.

The data gyntaxof‘the Al and DI definition shall state that the first non-zero character of the data item
The choice of leading Flag Character indicates the choice of representa
(such as dctal¥or hexadecimal), and also distinguishes between different tag data formats (such as fix

Flag Chargcter\(see 11.1.4).
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length EPCglobal UHF Gen 2 data structures and variable-length UHF Gen 2 data structures).

In advance of the assignment of the appropriate Al and DI by external agencies, these Guidelines use a=

dummy Al of “9999” for all examples.

2 GS1 specifications can be found in the GS7 General Specifications
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11.1.4 Flag Character

Immediately following the Al or DI, one or more alphanumeric Flag Character(s) with a value in the range
‘0...°9" or ‘A’..."J’ (excluding ‘I’, to avoid visual confusion with ‘1’) shall immediately precede the representation
of the tag data. See Table 1.

Table 1 — Flag character assignments

Flag Character Tag Type Representation

(0] Any Pad character

1 Reserved Octal throughout

2 UHF Gen 2 Octal throughout

3 UHF Gen 2 Octal control bits, then ASCII

4-6 Reserved (Reserved, will be defined in Octal format)

7 Any Optional prefix: No CRC-16 in backup

8f Any* Octal Control Bits only, for tagAype ‘f

9n Reserved For future expansion: ‘n’ for10 more Types
Reserved Hexadecimal throughout
UHF Gen 2 Hexadecimal throughout
UHF Gen 2 Hexadecimal control bits, then ASCII

D-F Reserved (Reserved)\will be defined in Hex format)
Any Optienal prefix: No CRC-16 in backup

Hf Any* Heéx-Control Bits only, for tag type ‘f”

Jn Reserved For future expansion: ‘n’ for 10 more types

*Note: Secondary flag ‘f has values 0, 1 or 2. See text.

The Flag Characters indicate two characteristics of the tag data backup: the representation of the bits (for
exgmple, in octal or in hexadecimal) and the interpretation of the subsequent data fields. | The Flag

Characters are defined according to the following considerations:

Flag Character numeric value of ‘0’ is assigned as a pad character to support numeric gompaction,
so that one or.more leading ‘0’ characters can optionally precede the valid Flag Character. For
example, in..Code 128 Mode C a leading ‘0’ can be added (if needed) so as to result jn an even
number of‘compacted digits. The receiver discards all leading’0’s before reading the Flag Character
value,

Any-Aumber of leading ‘0’'s may precede the Flag Character in the human readable interpfetation, so
that the characters can be grouped for ease of key entry.

I:Inn f"ln ractarc tha ranan ~f (47 0 LIET-VZ VX 72N etal ranracantatia fihn tan Aot it Note that

ag-Charactersin-therange-of+—9indicateanoctal-representation-of- the tag-databits.
numeric-only symbologles may onIy use octal representations with numeric Flag Characters in the
range ‘1'...’9".

Flag Characters in the range ‘A’...’"J’ indicate hexadecimal representation, and the flag character
value itself is encoded as an alphanumeric character.

The particular choice of Flag Character, within the octal or hexadecimal range, indicates the tag data format.
The currently defined Flag Characters are as follows:

Flag Characters ‘1’ and ‘A’ are reserved for future use.
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* Flag Character values ‘2’ or ‘B’ indicate binary UHF Gen 2 Ull data structures, including any ISO/IEC
18000-6 transponder formats, where the Protocol Control bits indicate the data length and
interpretation.

* Flag Characters ‘3’ and ‘C’ represent ASClI-based variants of the Gen 2 formats ‘2’ and ‘B’
respectively. In these variants, only the CRC-16 and “control bits” are represented in bitwise fashion
(in Octal or Hex, respectively), and the remaining tag data is represented directly as ASCII
characters. In the case of ‘3’ and ‘C’ flags, the flag is followed by three more indicator characters, to
inform the receiver as to the precise number of control bits that precede the start of the ASCII

representation, and the ASCII representation’s tag bits per character (e.g., whether 7-bit or 8-bit
ASCllLhas been ||Qnd)

* Flag Characters ‘4’ through ‘6’ and ‘D’ through ‘F’ are reserved for future use.

* Flag Characters ‘7’ and ‘G’ indicate that the backup data is in a format indicated by-a’ second Hlag
character (from Table 1) that immediately follows the ‘7’ or ‘G’, but omits that format’s Tepresentalion
of[the CRC-16.

* Flag Characters ‘8 and ‘H’ represent supplemental backup data,Ain% octal or hexadecimal
representation respectively, where only certain “control bits” (including the PC bits) have bgen
represented.

o Supplemental backup data requires input from additionahdata sources, such as pre-exisfing
bar codes for item and/or serial number, in order to<reconstitute fully the original tag data.
After parsing the supplemental backup data, ,the’reader (or host) will have sufficlent
information to determine what additional datas\needed, and to determine how the full |tag
data format can be reconstructed.

o These flag characters ‘8’ or ‘H’ shall be imimediately followed by a second flag charactef ‘f,
from the list in Table 1 above, to indicate the proper interpretation of these control bits. |For
example f=2 indicates UHF Gen 2 tags.

o The “control bits” in the backup representation shall always include the following fields, in|the
following order:

= The 16-bit CRC=46 (omitted, if the ‘8’ or ‘H’ Flag Character is prefaced by a ‘7’ or ‘G’)

= The 16-bit Rratocol Control Word, if defined for the tag format

= Any non-data bit values defined for the tag format in the same order as encoded in

the tag,‘\represented in the backup as a single binary field.

o See 11.3 fo UHF Gen 2 encoding details.

* Note that Flag.Characters ‘7’ or ‘G’ and ‘8’ or ‘H’ serve as “modifier flags” for “format flags” ‘1’ throfigh

‘6 or ‘A’ through ‘F’, and may be concatenated if appropriate. As an example, an octal supplemeptal
bgckup, without CRC-16, of Gen 2 data would be prefaced by the flag sequence ‘782’. When hoth
modifier flags are used, the CRC modifier (‘7’ or ‘G’) shall precede the supplemental-backup modjfier
(rr

[TI EAY

—or-H:

Accommodation of future needs will be by assignment of additional Flag Character values by the AIM Global
RFID Expert Group in future revisions of this document.

11.1.5 EPCglobal tag data memory organization

UHF Gen 2 ftransponders have a simple memory organization from the point of view of tag backup.
Transponder memory organization is “big-endian,” each field starting with their most significant bit in the
lowest bit address. Data from a tag is read out in bit order, and is typically represented in that same order in
bar code or human-readable backup.
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In Gen 2 tags, a CRC-16 checksum is stored in memory bits 0-Fh and is followed by the bits of the UlI,
starting with the Header.

11.2 EPCglobal UHF Gen 2 bar code backup of binary Ull data

The EPC Tag Data Standards Version 1.3 for support UHF Gen 2 transponders allows both binary Ull data
structures, as well as mixed binary and alphanumeric data structures such as the SGTIN-198, GRAI-170, and
GIAI-202. The methods for barcode backup of all Gen 2 Ull structures as binary data are given in this section.
Optional methods for bar code backup of the mixed binary/alphanumeric Gen 2 Ull data structures are as
mixed binary and 7-bit ASCII are given in 3.4.

11)2.1 EPCglobal UHF Gen 2 data memory organization

UHF Gen 2 tags RFID tags can have more Ull data memory capacity than may be needed 16 encgde a given
EP{Cglobal data structure. The UHF Gen 2 memory word organization is “little endian”, with [the lowest
address bit corresponding to the least significant bit value in each 16-bit memory woérd.” See the UHF Gen 2
memory map in Figure D.1 in Annex D.

Ullimemory bits 00-OFh contain the CRC-16. Memory bits 10-17h contain«h& Protocol Control (PC) bits, as
shgwn in Figure D.2. The Protocol Control (PC) bits control the orgapization and interpretatior] of the Ull
memory bank.

The lower 8 PC bits 10-17h controls the Ull memory bank organization.

« Bits 10-14h, stored in Ull memory locations 10-17k of the transponder, determine thg range of
memory over which the Ull is defined (in units of 16-bit'words), and thus the range of data ¢hecked by
the CRC-16 that is stored in bits 00-1Fh of the d"\memory bank (see Annex D). For 96-pit Ull data
structures, PC bits 10-14h have the value ‘00110

« Bits 15-16h are reserved for future use (at-the time of this writing bit 15h has been proposed to be
used to indicate the presence of User, Memory).

- The Toggle Bit 17h controls the Uljxdata memory interpretation.

o When PC bit 17h is setcto binary ‘0’, it indicates that the tag contains a data structufe using an
EPCglobal Numbering System Identifier defined under an EPC Tag Data Standards Yersion 1.3
or higher

= The upper 8 PC bits 18-1Fh are reserved for future use, and are set to binary ‘(.

= Thé:Ull header byte and the remainder of the variable length EPCglobal dafa structure
follow starting in the next Ull memory word, which begins at transponder mempry bit 20h.
See Figure D.1 in Annex D

o Mhen the Toggle Bit 17h is set to one, it indicates that the tag encodes an ISO/IEC[15961 AFI
(Application Family Identifier; see Annex E)

=  The upper 8 PC bits 18-1Fh contain an ISO/IEC 15961 AFI
—The Temainder of the varabte fengthdatastructure fottowsstartimgimtherext Ul memory
word.

Note that while the definition of support for AFIl-based applications is outside the scope of this document, the
methods developed here for Ull bar code backup are also appropriate for use with ISO/IEC 18000-6¢
transponder data structures using AFls (see Annex E)

Because the PC bits control the Ull memory organization and interpretation, 16 PC bits in the backup bar
code and/or human readable representations preface all types of UHF Gen 2 data structures.
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11.2.2 Full backup of UHF Gen 2 binary Ull data structures

Full backup representations of all Gen 2 EPCglobal data structures as binary data are prefaced by a ‘2’ or ‘B’
Flag Character, and formatted as shown in Table 2; the bit ordering of the data in the bar code is the same as
in the RFID transponder memory (see Annex D). As is the case throughout this Guideline, each defined data
field starts a new octal or hexadecimal encoding sequence, and unused bit representations are binary zeroes
in the last octal or hexadecimal digit of that field (e.g. 16-bit CRC-16 requires 6 octal digits to encode; the lower
2 bits of last octal digit for each field are zero). Note that the CRC-16 field is omitted from the Gen 2 backup
representations described below, if the ‘2’ or ‘B’ Flag Character is prefaced by a ‘7’ or ‘G’.

—____Table 2— UHF Gem 2 transponder backup data structure

Al or | Flag* | Octal repr. of Octal repr. of Octal representation of variable bit length | GS*}
DI =P | CRC-16 value 16 PC bits Gen 2 Ull binary data structure
Al or | Flag* | Hexadecimal Hexadecimal repr. | Hex representation of variablecbitlength | GS*
DI =‘B’ | repr. of CRC-16 | of 16 PC bits Gen 2 Ull binary data structufe

*Notes abdut the “Flag” field:

* One or more leading zero digits may precede the Flag Character if required for efficient compagted
numeric encoding

* The flag choices of ‘2’ or ‘B’ indicate that the data_following the PC bits is treated as a continupus
sequence of bits in a single field.

* Note that the CRC-16 field is omitted from the~Gen 2 backup representations shown above, if thg 2’
or |[B’ Flag Character is prefaced by a ‘7’ or {G*respectively.

=

**If requiref. In bar codes using more than ene field each starting with Als or Dls, each field is termindted
either by the end of symbol or a GS (Group.Separator, ASCII value 29) control character.

A printed gxample of an EPCglobal . UHF Gen 2 GS1-128 full backup bar code with octal HRI is shown in
Figure 8 in|Clause 14.2.1.

11.2.3 Supplemental Backap of UHF Gen 2 binary Ull data structures

When the application requires that other bar codes or human readable interpretation be present that alrepdy
contain th¢ information-contained in the tag data structure, then only the additional structural or control
information| carried.inthe tag (such as the header, filter and partition bits) need be carried as backup to engble
exact recomstruction of the tag data structure. A common example is when an SGTIN-96 tag is backed up by
one or morg Barcodes containing Al (01) GTIN and Al (21) Serial Number data structures.

Supplemental backup representations of EPCglobal binary data structures for UHF Gen 2 tags are prefaced
by a ‘82’ or ‘HB’ Flag Character sequence, and formatted as shown in Table 3, with the left-to-right bit ordering
of the data in the bar code to be the same as in the RFID transponder memory (see Annex D). Each field
starts a new octal or hexadecimal encoding sequence, and that unused bit representations are binary zeroes
in the last octal or hexadecimal digit of that field (e.g. 16-bit CRC-16 requires 6 octal digits to encode; the lower
2 bits of last octal digit of that field are always set to zero). Note that the CRC-16 field is omitted from the Gen
2 supplemental backup representations described below, if the ‘82° or ‘HB’' Flag Character sequence is
prefaced by a ‘7’ or ‘G’.

When using EPCglobal data structures, the “control bits” field is interpreted by first examining the field’s most
significant bits (representing the Header), which determine the number and meaning of the subsequent bits.
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The control bits shall immediately follow the PC bits, and shall include the Header bits, and (if defined for the
chosen Header) the Filter bits and Partition bits. See the example in Clause 14.2.2.

When using AFI data structures, the definition of the “control bits” is part of the definition of how the data
structure is encoded in an RFID transponder, and is beyond the scope of this document.

If tag data recovery becomes necessary, the reader will parse the supplemental backup data to determine
what information, beyond the end of the encoded bits in the backup, is needed in order to reconstruct the tag
data. Note that the supplemental-backup CRC-16 is calculated over the full tag data, not just over the bits
represented in the supplemental backup; in all cases, the CRC-16 for Supplemental backup is identical to the
CRC-16 for Full backup of the same tag data.

Table 3 — UHF Gen 2 supplemental backup of EPCglobal data structures

Al || Flag* | Octal repr. of Octal repr. of | Octal representation of “control bits” (header and || GS**
or other header-dependent bits such as Filter)
Dl || ='82" | CRC-16 value 16 PC bits

Al || Flag® Hex rep. of | Hexrepr. Hex representation aof. “control bits” (header and || GS**
or CRC-16 other header-dependent bits such as Filter)
DI || = ‘HB’ of 16 PC bits

*The Flag is nominally a two character sequence; if\using Octal encodation of Gen 2 data, then th¢ sequence
is ‘¢’ (indicating Supplemental backup data) followed by ‘2’ (the appropriate format flag from Table[1); if using
Hexadecimal, then the sequence is ‘H’ (the hex-equivalent of ‘8’) followed by ‘B’ (the hex equivalent of 2’). If
the| CRC-16 is to be omitted from the representation, then a three-character Flag sequence ‘782’ por ‘GHB’ is
usgd.

**Inl bar codes using one or more fields each with Als or Dls, the data string is terminated either by the end of
symbol or a GS (Group Separator)-ASCII value 29) control character.

A grinted example of an EPCglobal UHF Gen 2 GS1-128 supplemental backup bar code with dctal HRI is
shdwn in Figure 9 in Clause14.2.2. In this example, the “control bits” that follow the PC bits consis} of an 8-bit
Hedader, a 3-bit Filter yalue, and a 3-bit Partition value; these are treated as a single 14-bit value, and encoded
intd five octal digits(

113 Optional-backup of Gen 2 mixed binary/alphanumeric Ull data

The ERC,Tag Data Standards Version 1.3 for support UHF Gen 2 transponders allows mixed |binary and
alphanumeric Ull data structures such as the SGTIN-198, GRAI-170, and GIAI-202. In this case, the initial

fields—efthe—data—structures—are—birar—but-the—terminating—sera-rumberfields—use—the-GS4—alphanumeric
character set (see Appendix G of the EPCglobal Tag Data Standards Version 1.3). This alphanumeric
character set is encoded using ISO/IEC 646 7-bit characters, which are a proper subset of the 7-bit ASCII
encoding in the range 21h to 7Ah. Note that a bar code capable of encoding 7-bit ASCII (such as GS1-128) is
required. The SGTIN-198, GRAI-170, and GIAI-202 may be though of as having a variable length binary

segment followed by a variable length 7-bit ASCIl segments.

The methods developed for bar code backup of UHF Gen 2 EPCglobal transponder data are also applicable
to ISO 18000-6C tags using with AFls (see Annex E). Such tags commonly employ 8-bit ASCIl encodation,
but 7-bit and other representations may be used, depending on the AFI.

Thus, many UHF Gen 2 transponder formats can benefit from an ASCIl-based representation. Flag
Characters ‘3’ and ‘C’ represent ASCII-based variants of the Gen 2 formats 2’ and ‘B’ respectively. In these
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variants, only the CRC-16 and “control bits” are represented in bitwise fashion (in Octal or Hex, respectively),
and the remaining tag data is represented directly as ASCII characters. In the case of ‘3’ and ‘C’ flags, the
flag is followed by three more indicator characters, to inform the receiver as to the precise number of control
bits that precede the start of the ASCII representation, and the ASCII representation’s tag bits per character
(e.g., whether 7-bit or 8-bit ASCII has been used). A ‘3’ or ‘C’ flag is therefore immediately followed by three
decimal digits nnm, where:

— nn indicates the number of bitwise-encoded control bits (not counting the 16 CRC bits). This number
shall be represented as two decimal digits, for values in the range 0..99

— m indicates the number of tag bits per ASCII character. For example. a value of ‘7’ or ‘8’ indicates that
the reraining tag data (following the control bits) is represented in 7-bit or 8-bit ASCII, respectively.

The mixed |pinary/alphanumeric backup data structure for these Ull formats is shown in Table 4.

Table 4 — UHF Gen 2 binary/alphanumeric backup data structure

Al | Flag* Octal repr. of Octal repr. of | Octal repr. of variable m-bit ASClIrepr. of the | GS
or CRC-16 value 16 PC bits length binary segment | variable Jength **
DI | ‘3nnny’ alphantimeric segment

Al | Flag* Hex. repr. of Hex. repr. of | Hex. repr. of variable m-bit ASCII repr. of the | GS
or CRC-16 value 16 PC bits length binary segment * | variable length **
DI | ‘Cnnny’ alphanumeric segment

*One or more leading zero digits may precede the Flag Character if'required for efficient compacted numeric encoding

**If requiref. In bar codes using more than one field~each starting with Als or Dls, each field is termindted
either by the end of symbol or a GS (Group Separator; ASCII value 29) control character.

First the flgdg characters ‘3nnm’ or Cnnm,’ is encoded, as described above. The CRC-16 and PC bits are then
encoded ap described in Clause 11.2.2. «The variable length binary segment is then encoded in octa] or
hexadecimpl, with trailing binary ‘0’ padding to fill out the last character, if required. The variable lergth
alphanumerric segment is then placed\in the bar code using the appropriate method for m-bit ASCIl data
encoding. |Because the length of the/alphanumeric segment is variable, the backup representation mus{ be
terminated|either by the end of symbol or a GS (Group Separator, ASCII value 29).

11.4 Regpenerating or updating RFID-enabled labels

11.4.1 Regenerating failed tags
When the fransponder data structure is reconstructed from data contained in backup bar code and/or human
readable i terpretatlon in order for it to be an accurate facsrmlle of the orlglnal transponder then the exact
same headert ' ‘ i me C the
regenerated transponder should now again agree W|th the printed backup bar code and/or human readabIe
interpretation from which it was created.

11.4.2 Use of the tag identification field (TID)

Certain applications utilize the unique factory programmed tag identification number as well as the Ull data
structure. On such application is to prevent product counterfeiting. In this case, even though the Ull data can
be recovered from the backup bar code or human-readable data, bad tag replacement is not feasible unless
the database can be told of the new and valid TID as replacing the TID of the bad tag.
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11.4.3 Modified Ull data structure

When more content is added or the data content of a functional transponder is changed during re-writing, the
backup bar code may no longer reflect what is currently stored in the transponder. Creating a new data
structure or altering an existing one in a regenerated transponder renders the original backup bar code
obsolete. Note that:

The changed transponder data structure should carry the appropriate EPCglobal header byte
reflecting its current data structure.

Destroying the obsolete bar code or over labelling it with a new backup bar code (only) may be

11.4.4 Replacing bad RFID enabled labels

If a
is 4
mu
cor

12

12

Human readable interpretation (HRI) of the transponder data structure is needed when either:

required to backup the current data structure stored in the tag.

complete new RFID-enabled label is generated, then the old label should be remoeved before the new label

{1 Need for HRI

pplied. Note that a new RFID enabled label should never be placed on top of ‘an existing ¢one, as the
ual coupling between the antennas with detune the functional transpondef,) interfering with ifs ability to
nmunicate.

Human readable interpretation (HRI) backup

Manual data entry, rather than bar code systems, are the backup for an RFID tag reader

RFID and/or bar code readers may not‘@always be available at all points where the transponder data
needs to be read

Undgler these conditions, it is important that’key entry of the HRI also be available. In addition, HRI ¢an also be

em

12

HR

ployed as a secondary backup to par codes.

2 Manual data entry considerations

backup can be supported with either octal or hexadecimal encoding using the appropriate Idading Flag

Character. The biggest problems are data input errors made in manual data entry. Ideally, one should enter

the
end

fewest data characters in order to minimize keystroke errors. The choice of octal or hexadgcimal HRI
oding depends.on several applications-related considerations:

Representations such as hexadecimal may be preferable for manual data entry with computer-type
keyboard devices.

Some hand-held devices have keypads that are only efficient at entering numeric data. Inp this case,

the use of an octal human readable interpretation is preferable to the shorter hexadecimal
representation and less prone to data entry errors.

For example, the octal HRI representation requires about 33% more characters than hexadecimal
representation. However, on many bar code scanner and portable data terminal keypads and
keyboards, the all-numeric octal message may require fewer total keystrokes to enter, even though it
has more characters than a hexadecimal message.

If it is permissible for the HRI to use a different number of leading ‘0’s. For example, using octal
encoding for the bar code, but hexadecimal encoding for the HRI will typically utilize the least total
label area. Regardless of such formatting differences, the tag data bits represented by the HRI will
always be identical to the tag data bits represented by the corresponding bar code.
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In_general, octal HRI representation is to be preferred over hexadecimal HRI representation. In any
case, the HRI representation should be the same as in the bar code.

It is recommended that the human readable characters be printed in groups of 4 separated by spaces for ease
reading and accuracy of data entry. It is also generally recommended that OCR-B font or a similar sans-serif
gothic be used in as large a point size as the available space permits.

Since keystroke errors cannot be prevented, the tag’s CRC-16 checksum will be included in all forms of the
human readable interpretation of the tag data structure.

12.3 HRIfor EPCglobal UHF Gen 2 Ull data

The HRI rgpresentations for Gen 2 backup are identical to the Gen 2 bar code representations, described in
Clause 11.R, except for formatting differences such as internal spaces and leading zeroes added*to imprpve
ease of key entry. The HRI for Gen 2 data will always begin with the appropriate Al or DI, within' parentheges,
followed by space-separated groups of octal or hex characters. The first non-zero characters after the Al or
DI represent the same Flag Character sequences used for bar code backup:

e If ‘2’ or ‘B’, it indicates full backup of a UHF Gen 2 tag data structure as binary data, represented in
Octal or Hexadecimal, respectively.

e If‘Bn’ or ‘Cn’, where n= 0...6, it indicates full backup of a UHF Gen(2)tag, but where the trailing porfion
of & mixed binary/alphanumeric tag data structure is represented-as discrete ASCII bit patterns, rather
thgn as a continuous binary field. This alternative is more fully‘described in 11.3.

e If B9’ or ‘C9, it indicates full backup of a UHF Gen 2 tag)using AFls, and the alphanumeric tag data
stryicture is represented as 8-bit ASCII bit patterns, as*described in Annex E.1.1.

e If ‘8’ or ‘H’, it indicates supplemental tag backup, represented in Octal or Hexadecimal, respectivgly.
In this case, a second flag character (2’ or ‘B!/réSpectively) indicates backup of a UHF Gen 2 tag.

Following these flag characters is a representation*of the CRC-16, followed in turn by a representation of|the
sixteen PQ bits, then followed by the remaining full or supplemental backup data. These are encoded as
three sepafate fields, each one starting a new)octal or hex encoding sequence.

Printed examples of EPCglobal UHF :Gen 2 Class backup bar codes with octal HRI are shown in clauseq 14
and 15.

13 Data(for bar code(and human readable backup examples

13.1 SGT|IN-96 example

Examples yill,be shown of an SGTIN-96 data structure encoded in UHF Gen 2 tags, as backed up in bar cpde
and humar] readable. The following data is used in both examples:

e GTIN=10614141007346
e |tem serial number = 8537604

According to the EPCglobal Tag Data Standards, Version 1.3, the 96-bit data structure for an SGTIN-96 for
both generations of tags is formed as follows, where:

The 8-bit Header value is 30h

The 3-bit Filter value is 3

The 3-bit Partition value is 5, specifying a 24-bit Company prefix and 20-bit ltem Reference
The 24-bit Company Prefix is 0614141 decimal

The 20-bit Item Reference number is 100734 decimal

The 38-bit item Serial Number is 8537604 decimal
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playing the entire SGTIN-96 as a 96-bit binary string:

Header Filter Partition Company prefix Item Reference

00110000 011 101 000010010101111011111101 00011000100101111110

Serial Number (8247604)

00000000000000100000100100011000000100

es of the complete SGTIN-96:
Octal: 14072045367721422770000040443004

Hexadecimal: 3074257BF4625F8000824604

2 UHF Gen 2 tag backup

UHF Gen 2, the data must first be converted to the form it will appearin the UHF Gen 2 memqg
wn in Annex D, in order to calculate the CRC-16. This means that the 16 PC bits must be calcuy|

total data structure is 96-bits long, including its leading 8<bit-header. Therefore, six addit

oded in the five most-significant PC bits.

owing Table 2 in Clause 11.2, the 16 PC bits (bits 10-4Fh of the Ull memory bank) are thus:
00110 000 00000000 = 3000h

e that bits 10-14h of tag memory are ‘00110’ indicating a 96-bit (6-word) data structure, and bi

cating an EPCglobal data structure. This is converted to a 6-digit octal field value by first con

bit binary and appending 2 binary zerees to form the 18-bit number, then evaluating each 3-bit s

001100000000000000 = 140000 octal

CRC-16 is now computéd,over the concatenated 16 PC bits and the 6 Ull memory words (112
concatenated bits (bgfore pre-pending the CRC-16), as represented in hexadecimal, are:

3000 3074 257B'E462 5F80 0082 4604h
hg the online'software described at

http://Amww.lammertbies.nl/comm/info/crc-calculation.html

€RE-16 is calculated to be 821B hexadecimal. This is converted to a 6-digit octal field va

1:2008(E)

ry map, as
ated first.

onal 16-bit
ue of ‘6’ is

t 17h is ‘0,
verting it to
ubstring:

bits total).

lue by first

co

verting IT10 To-DIt bInary and appending £ Dinary Zeroes 10 Torm the To-DIit numbpber, then evalua

bit substring:

100000100001101100 = 404154 octal

ng each 3-

The hexadecimal representation of the Header bits is 30h. Converting that to 8-bit binary and adding a binary
‘0’ at the right end forms 001 100 000 which is octal 140.

Using “9999” to simulate the to-be-defined Al, a Flag Character of ‘2’, and the octal SGTIN-96 representation

in 1

3.1 of “14072045367721422770000040443004”, the HRI octal representation is:

(9999) 2 404154 140000 14072045367721422770000040443004

© ISO/IEC 2008 — All rights reserved

35


https://iecnorm.com/api/?name=fbb77e4ef586d7c6e16dd3342c7596ee

ISO/IEC TR 24729-1:2008(E)

This is regrouped into the final octal HRI:

(9999)

0002 4041 5414 0000 1407 2045 3677 2142 2770 0000 4044 3004

where the Flag Character is 2’ and two leading ‘0’ are used to format the data into groups of 4.

The equiva

lent hexadecimal HRI data is

B 821B 3000 3074257BF4625F8000824604

(9999

where the
the final he

(9999

14 Linear bar code recommendation

Flag Character is “B” with three leading ‘0’s required to format the data into groups of 4 te-prod
xadecimal HRI:

000B 821B 3000 3074 257B F462 5F80 0082 4604

14.1 Gen

Code 39,
or Data Id

ral

scribed in ISO/IEC 16388, and other linear symbologies could-be used with Application Identif]
ntifiers for backup bar codes. However, most linear barcode symbologies lack the sp4
f Code 128, as described in ISO/IEC 15417, especially,fot_pure decimal or octal numerics that
2 digits per symbol character.

GS1-128 with octal HRI is the preferred method for linear bar code backup.

efficiency ¢
encoded af
Therefore,
This nume
e Stg
e Stg
e FN
. A 4
e A
e arn
* No
¢ Co
e Stq
The bar co
digits, plus
uses 11(nj
characters
66)X.

ic-only Code 128 bar code starts in Mode C.CThe GS1-128 symbol structure is:

rt Quiet Zone

rt character for Code 128 Mode C

C1 symbol character to indicate GS1-128 format

-digit decimal Al is assumed

-digit octal Flag Character (indicating tag Generation including a leading zero if Gen 2)
umber of octal digits to represent the tag data structure as an octal bar code data structure
GS at the end; the data structure terminates with the end of the bar code symbol

de 128 mod 103 chegk'character and Stop character

p Quiet zone

de data strugtures are encoded using n double-density numeric symbol characters for the 2n d
1 additional Symbol character for the FNC1 preceding the data. At 11X per symbol character,
F1)X. _In—addition, there is 35X overhead for the Code 128 Start, Stop and mod 103 ch
plus(the minimum 10X each for the Start and Stop Quiet Zones, for a total symbol length of (11

Luce

ers
tial
are

ata
this

"

14.2 UHF Gen 2 backup using GS1-128 bar codes

14.2.1 Full Backup of UHF Gen 2 Ull data

In addition to the symbol overhead as discussed above, a UHF Gen 2 GS1-128 backup bar code of a 96-bit
data structure (see Figure 2 in Clause 11.2.2) would require 50 octal digits for the data structure, as shown in

Table 5.

36
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Table 5 — UHF Gen 2 96-bit tag backup data structure in GS1-128

Al Flag = Octal repr. of 16 PC | Octal repr. of of 16 PC | Octal representation of 96-bit GS
‘02’ bits bits Ull data structure
4d 2d 6d 6d 32d Not
required

Note: *In bar codes using one or more fields each with Als or Dls, the data string is terminated either by the end of symbol
or a GS (Group Separator, ASCII value 29) control character, adding 1 symbol character.

The data format for a GS1-128 bar code is given in Table 5, and uses the octal HRI determined for the
SGTIN-96 example in Clause 13.2 above:

(9999) 0002 4041 5414 0000 1407 2045 3677 2142 2770 0000 4044 3004

Eliminating the parentheses, spaces and the extra pair of leading zeroes before the Flag ‘Charagter 2°, the
bargode data structure is formed:

99990240415414000014072045367721422770000040443004

The resulting bar code, with a 0,25 mm X-dimension, is shown full size (at45% height to width ratio) together
with the recommended printed form of octal HRI (using 9-point Arial Bold)'in Figure 8:

ARG

(9999) 0002 4041 5414 0000 1407 204% 3677 2142 2770 0000 4044 3004

Figure 8 — UHF Gen 2 GS1-128 full backup bar code with octal HRI

The resulting GS1-128 backup bar code has an‘overall length of 341X or 85,25 mm at the same (.25 mm X-
dimension, including Quiet Zones.

14.2.2 Supplemental Backup of UHE.Gen 2 Ull data

Supplemental backup representations of EPCglobal 96-bit binary data structures for UHF Gen 2 |tags follow
Table 2 in Clause 11.2.2 and are-formatted into 24 digits as shown in Table 6. Each field starts a new octal or
heXadecimal encoding sequence, and unused bit representations are binary zeroes in the last octal or
hexadecimal digit of thatfield (e.g. 16-bit CRC-16 requires 6 octal digits to encode; the lower 2 bits|of last octal
digit of that field are always set to zero).

Table 6 — UHF Gen 2 supplemental backup data structure in GS1-128

Al)] Flag | Octal repr. of | Concatenated octal representations of Header, | GS*
= 16 PC bits Filter, and Partition bits

‘082’

4d 3d 6d 5d See *

Note: *In bar codes using one or more fields each with Als or Dls, the data string is terminated either by the

end of symbol or a GS (Group Separator, ASCII value 29) control character, adding 1 symbol character.

A leading octal ‘0’ pad is required for the 2 Flag Character digits ‘82°, as there would otherwise be an odd
number of digits in the bar code.

In some applications, it may be preferable to omit the CRC-16 from the backup representation. In cases
where the Company Prefix is always a fixed length, omitting the CRC-16 can result in a supplemental backup
representation that never changes from item to item, thus allowing the backup representation to be pre-printed
on the item or label. The supplemental backup that omits the CRC-16 is shown in Table 7. The backup
structure is the same as shown above, except that a prefix of ‘7’ or ‘G’ is pre-pended to the Flag Character,
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the six digits of CRC-16 are omitted, and the formatting (for leading zeroes and internal spaces) is
recalculated.

Table 7 — UHF Gen 2 supplemental backup data structure, omitting CRC-16

Al | Flag | Octal repr. of | Concatenated octal representations of Header, | GS*
= 16 PC bits Filter, and Partition bits
‘782’
4d 3d 6d 5d See *
Note: *In bar codes using one or more fields each with Als or Dls, the data string is terminated either by the

end of symbol or a GS (Group Separator, ASCII value 29) control character, adding 1 symbol character.

Using the
backup (in
separately,

The GS1-1

0.010 inchgs is shown full size (at 15% height to width ratig).together with the recommended printed forn
Ising 9-point Arial Bold) in Figure 9:

octal HRI (

Fig

The resulti
0,25 mm X

In some ap
particularly|
(the CRC-1
these cassd
using the fl

UHF Gen 2 example data in Clause 13.1 and 13.2, the numeric field values for suppleme
tluding CRC-16) are in order as follows (note that the Header, Filter, and Partition fields)are lis

but actually encoded as the “Combined” field listed beneath them):

Table 8 — UHF Gen 2 supplemental backup data structure

Al 9999 decimal
Flag 082 decimal
CRC-16 404154 octal
PC bits 140000 octal
Header 140 octal
Filter 3

Partition 5

Combined: 14072 octal

28 bar code data structure is “999908240415414000014072”. The resulting bar code with

(9999) 0824 0415 4140 0001 4072

ure 9 — UHF Gen 2 GS1-128 supplemental backup bar code with CRC-16 and octal HRI

ng GS1-128 supplemental backup bar code has an overall length of 198X or 49,5 mm at the sg
Ldimension, or 75,24’ mm at the preferred 0.38 mm X-dimension, including Quiet Zones.

plications, it may be preferable to omit the CRC-16 from the backup representation. This featur
useful in-that it allows pre-printing of the backup barcode, as there is now no variable informa
6). Furthermore, the CRC-16 is only needed if a new tag or full backup bar code is required.
s, the JCRC-16 can be generated by the printer/encoder. Starting from the example above,
agprefix ‘7’ to indicate that the CRC-16 was omitted, the resulting GS1-128 bar code data struc

htal
ted

h of

me

e is
tion

In
but
ure

is “999978214000014072*

width ratio)

38

TheTesuttingbarcode withm X="0-010-nches isshown fultsize {at15% teigt
together with the recommended printed form of octal HRI (using 9-point Arial Bold) in Figure 10:

(9999) 0078 2140 0001 4072

Figure 10 — UHF Gen 2 GS1-128 supplemental backup example, omitting CRC-16

t to
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14.3 Partial backup

The combination of a GTIN, Application Identifier (01), and a serial number, application Identifier (21), of the
appropriate length can be used to represent the data contained in the tag SGTIN. In some cases, a bar code
symbol containing the GTIN and serial number is already on a container. This symbol can be used at any
point in the supply chain to retrieve item data using a bar code scanner or its human readable characters can
be used to retrieve the data manually.

The resulting bar code, with a 0,25 mm X-dimension, is shown full size (at 15% height to width ratio) together
with the recommended printed form of octal HRI (using 9-point Arial Bold) in Figure 11:

A FIRARRER

(01)10641410007346 (21) 8537604

Figure 11 — Partial backup symbol encoding the tag SGTIN, data using Als (01)(21)

In gertain situations where access to a database is enabled, the Partial Backup symbol can be [ised to re-
gerjerate a tag and/or a full or supplemental backup bar code symbol. See Annex C.3 for more infgrmation.

1444 Linear bar code printing recommendations
Ideglly, print backup bar codes with as large an X-dimension and bars as tall as label space permitd.

* ltis recommended that the X-dimension be'no less than 0,25 mm, and ideally 0,38-0,50 mm.
* Ingeneral, the bar height should be axminimum of 15% of the symbol length.

15| Two-dimensional bar code symbol backup

151 GS1 supported symbologies

All pf the GS1 supported symbologies, both linear and 2D, can carry the Al-based data structureq discussed
abqve in Clause 11.2. Both Data Matrix and RSS Expanded, as described in ISO/IEC 24724, dan support
hexMadecimal encoding;~however most GS1 symbologies are more space-efficient when encodingd only octal
digits. Again, the key'issue is the available scanner support.

15.1.1 Use of’Data Matrix

Dafa Matfix*can support all the bar code data structures described in Clauses 11 and 14. As ah example,
usinghe-data format for a GS1-128 bar code given in Table 5 in Clause 14.2.1, the UHF Gen 2 [full backup
barT:ode data structure for the SGTIN-96 is:

FNC19999240415414000014072045367721422770000040443004

The resulting bar code with a 0,5 mm modules, and default error correction, is shown full size together with
the recommended printed form of octal HRI (using 9-point Arial Bold) in Figure 12:

=
% (9999) 0002 4041 5414 0000 1407 2045 3677 2142 2770 0000 4044 3004

Figure 12 — UHF Gen 2 Data Matrix full backup bar code
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15.1.2 Use of EAN.UCC Composite

An EAN.UCC Composite, as described in ISO/IEC 24723, CCA component could be added on top of an
existing GS1-128, RSS, or EAN/UPC bar code to carry the backup data structure. Note that as of today,
many deployed scanners do not yet support the EAN.UCC Composite symbologies. However, it is quite likely
that a newly purchased combined RFID/Bar code reader would support the EAN.UCC Composite Symbology.
Figure 13 contains a GS1-128 Composite symbol with data structures:

= Linear component data structure: Al 01 + 14 digits

= Composite CC-A component: Al 21 + 11 digits + FENC1 + Al 9999 +14 digits

WL

(01)1P614141007346(21)8537604(9999)78214000014072

Figune 13 — Composite symbol with GS1 linear component containing the Al 01data structure

Note: The Gomposite CC-A component contains the Al 21 and supplemental backup\AlF9999 data structures

RSS-14 may also be used as the linear component with EAN.UCC Comyposite CCA component, as showh in
Figure 14. [The data structures are identical to those of Figure 13, however RSS-14 is more compact.

T

(01)10614141007346(21)8537604(9999)78214000014072

Figurel] 14 — Composite symbol with RSS14 linear component containing the Al 01data structure¢

Note: The Gomposite CC-A component/€ontains the Al 21 and supplemental backup Al 9999 data structures

15.2 Other ISO/IEC 2D symbologies

PDF417, MicroPDF417 and“QR Code, as described in ISO/IEC 18004, are all used in the supply chain, gnd
can suppoft transpondger-backup, using either ISO/IEC 15418 Application Identifiers or Data Identifiers and
hexadecimpl or octalyencoding (but all three of these symbologies will be more space-efficient if encoding
octal digits).

15.3 The [Military Shipping Label

When a high-capacity, 2D error-correcting bar code is already present, such PDF417 as on the Military
Shipping Label, an additional hexadecimal or octal field with an appropriate Data Identifier (see 11.1.3) may
be added to this bar code to carry the transponder backup data.
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Design terms for passive RFID transponders inlays or labels

Figures A.1 and A.2 show commonly used configurations of 1-up die cut pressure-sensitive roll and fanfold
sive RFID transponders inlays or labels. In both figures, the finished dimensions of the die cut label is W
in width and L in length. The backing, or release liner is assumed to be S in width, with equal edge margin on
each side. The inter-label gap, G, together with the label length, L form a label repeat distance R = L + G.

pas

Die
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asy

Far
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gaf]
tha

In
ling
A.3

strikes should not be more than 90% of (2L + 2W)

REFERENCE EDGE — --_'_____'-_'____ﬁ_

'-\.I.""H.
o,

LEADING EDGE

Figure*A.1 — Label roll dimensions

labels are presumed to be wouhd on a core of inner diameter C and the finished outer roll
umed to be D.

fold (or Z-fold) labels are.shown in Figure A.2. The dimensions W, L, S, G and R have the san
n the roll configuration in Figure A.1. Note that a perforation is assumed in the centre of thd
, to enable folding—~Fanfold labels are finished into packs of dimension S wide by E long by F
the pack length’'E'must be an exact multiple of the repeat distance, R.

oth Figures)A.1 and A.2, the Leading Edge of the roll or pack is identified. It is assumed to be
r edge approximately G/2 long preceding the first label edge. This is because the tear-off bar
normally forms the reference line of position in the printer-encoder.

diameter is

€ meaning
inter-label
high. Note

the release
see Figure

In §

Figure A.3, the label detail is shown with the die-cut label positioned at rest in a typical print

br-encoder.

The important consideration here is that the transponder location be correctly matched to the encoding
antenna position in the intended printer-encoder.

The transponder’s transverse dimension is defined as “A” and its longitudinal dimension is “B”. The internal
placement of the transponder inlay or antenna edge is measured as distance “X” from the Reference Edge,
and “Y” from the Leading Edge, which is assumed to be coincident with the printer-encoder’s tear-off bar,
when the label is at the rest position prior to encoding and printing.
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Figure A.3 — Passive RFID transponders label internal layout as shown in a typical printer-encoder
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The Association for Automatic Identification and Mobility (AIM Global) has developed the AIM Global SAG-
0501, v2.03, a public-domain system of printed visual identification for passive RFID transponders to indicate
the presence ofan embedded RFID transponder ThIS AIM RFID Emblem conS|sts ofa unique, public domain
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:] structure conformance standard and in certain cases, the data structure type conta|ned
oded RFID transponder.

two forms of the AIM RFID Emblem are:

Figure B.1 — RFID Emblem
er form may be used; it is recommended to use€/the form which most visually striking on
sive RFID transponders material. The logo should be printed no smaller then 13 mm squ
bur. There shall be a minimum 3 mm clear, unpfinted area around the mark.

two-character codes to be used with the approved data structures for Department of Defense 3
ne AIM RFID Emblem on with UHF passive RFID transponders are shown in Table B.1.

bse refer to the AIM Global website (http://www.aimglobal.org/standards/rfidemblem/default.g

range and
within the

the printed
are, in any

pplications

sp) for the

hplete list of current assignments’ and downloadable graphics files of the AIM RFID Emblems
le B.1. The actual graphics-are shown in Figure B.1. Codes not currently assigned are reserve

dware (readers and-printer/encoders) compatible with the relevant standard (e.g., E* identifies
npatible with EPCglobal standards; M* or B* with these MSL labelling guidelines).

defined in
d for future

an additional visualtaid for workers, two character codes with an asterisk are intended to identify RFID

equipment
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Table B.1 — Coding of the AIM RFID Emblem when used with passive RFID transponders

2-Character| Transponder Air Interface | Data Structure Data Structure
Printed Frequencyt Protocol Defining
Code Agency

A* 433 MHz ISO 18000-7 ISO JWG |Indicates compatible readers/encoders
A0 433 MHz ISO 18000-7 (RFU) Reserved for future use
A1 433 MHz ISO 18000-7 ISO 17363 |License plate ID plus optional application data
A2 433 MHz ISO 18000-7 (RFU) Reserved for future use
A3 433-MHz SO 18000-7 (RELY Roservedforfuturo-use
B* 860-960 MHz | ISO 18000-6 C ISO JWG Indicates compatible readers/encoders
B0 860-960 MHz | ISO 18000-6 C (RFU) Reserved for future use
B1 860-960 MHz | ISO 18000-6 C ISO 17364 |License plate ID plus optional application data
B2 860-960 MHz | ISO 18000-6 C (RFU) Reserved for futtre’use
B3 860-960 MHz | ISO 18000-6 C ISO 17365 |License plate ID plus optienal application data
B4 860-960 MHz | ISO 18000-6 C (RFU) Reserved for future use
B5 860-960 MHz | ISO 18000-6 C ISO 17366 |License plate ID plusteptional application data
B6 860-960 MHz | ISO 18000-6 C (RFU) Reserved for future use
B7 860-960 MHz | ISO 18000-6 C ISO 17367 |License plate ID ‘plus optional application data
B8 860-960 MHz | 1SO 18000-6 C ISO 10891 |Freight containefs, license plate ID only
B9 860-960 MHz | ISO 18000-6 C (RFU) Reserved for future use
E* 860-960 MHz | ISO 18000-6 C EPCglobal # |Indicates compatible readers/encoders
EO 860-960 MHz | SO 18000-6 C EPCglobal #1GID General Identifier
E1 860-960 MHz | ISO 18000-6 C EPCglobal #JSGTIN Serialized GTIN
E2 860-960 MHz | 1SO 18000-6 C EPCglobal #.1SSCC  Serial Shipping Container Code
E3 860-960 MHz | I1SO 18000-6 C EPCglobal # |SGLN  Serialized Global Location Numbgr
E4 860-960 MHz | I1SO 18000-6 C EPGglobal # |GRAI  Global Returnable Asset Identifier
E5 860-960 MHz | I1SO 18000-6 C EPCglobal # |GIAI  Global Individual Asset Identifier
H* 13.56 MHz 18000-3 M3 ISO JWG |Indicates compatible readers/encoders
HO 13.56 MHz 18000-3 M3 ISO 17364 |License plate ID plus optional application data
H1 13.56 MHz 18000-3:M3 ISO 17365 |License plate ID plus optional application data
H2 13.56 MHz 18000-3 M3 ISO 17366 |License plate ID plus optional application data
H3 13.56 MHz 18000-3 M3 ISO 17367 |License plate ID plus optional application data
L* 125/134,4 kHz ISO 18000-2 ISO JWG |Indicates compatible readers/encoders
LO 125/134,4 kHz ISO 18000-2 ISO 17364 |License plate identification only
L1 125/134,44Hz ISO 18000-2 (RFU) Reserved for future use
L2 125/134,4 kHz ISO 18000-2 ISO 17367 |License plate identification only
L3 125/134,4 kHz ISO 18000-2 (RFU) Reserved for future use
M* 860-960-MHz—1—1S0-18000-6-C Usbob Indicates-compatiblereadersfencoders
MO 860-960 MHz | ISO 18000-6 C (RFU) Reserved for future use
M1 860-960 MHz | I1SO 18000-6 C US DoD CAGE plus serial number
M2 860-960 MHz | ISO 18000-6 C (RFU) Reserved for future use
N* 13.56 MHz ISO 14443-2,3,4 | ISO 7816-5 |Indicates compatible readers/encoders
NO 13.56 MHz ISO 14443-2,3,4 -- Application Specific

T Meeting local UHF regulations

# See EPC™ Tag Data Standards
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Annex C
(informative)

Optimizing passive RFID transponders placement

While the visual inspection methods described in Clause 7.2 may be used to guide passive RFID
transponders placement, a more quantitative method is useful in both confirming results and in determining
the[Dest transponder selection, polarization and placement on the transport unit In_terms| of reader
performance. Use of this method will help ensure that the passive RFID transponder on the transport unit or
pallet unit load will meet the minimum read range requirements.

It should be noted that several commercial vendors produce testing software specifically-designed |to optimize
tag| type and location selection. These programs employ a scientific methodology.“that can report in a
stafistically significant manner the expected performance of various transponders.at various locafions on an
object. It is also important to understand performance at the various frequencies-and power level|s and duty
cyde utilized in international commerce.

The laboratory method described here requires a minimum of equipment and gives relative (ngt absolute)
megsurements of read range performance (not conformance) thatvmay be easily comparefl between
trannsponders and transport units made in the same test lab. By testing the same transponders and transport
units in multiple laboratories, meaningful correlations of test results-between labs may be made.

Forl standardized performance measurement, the methods of ISO 18046 should be followed. Cgnformance
megsurement should be performed utilizing the methods\of ISO 18047-6.

C.1 Equipment

C.11 Anindoor or outdoor facility of sufficient size that there are no large metal objects or vehiclgs within 10
m gf the front or side of the test antenna

— An outdoor parking lot works well as a temporary facility

— If indoor, the ceilings should be as high as possible, and the floor should be non-metallic. (|deally, use
an anechoic chamber)

C.12 A UHF RFID reader of the appropriate frequency designed for fixed-mount applications, together with
a fixed-mount UHF RFID antenna having circular or crossed polarization

— Both~the reader and antenna should be types approved for use on conveyors in Defense Logistics
Agency depots, and compliant with the appropriate radio regulations

-~X/The reader must have either programmable or manually step-adjustable output power

— Both the reader and antenna should have a single antenna connector
— Readers having integral antennas may be used

C.1.3 A computer with appropriate reader driver software is connected to the reader. If the computer has an
internal wireless LAN link, it should be disabled

C.1.4 A movable antenna mounting stand (preferably non metallic) having the ability to adjust antenna
height over the range 0,6 to 2 m, as well as its pointing direction
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C.1.5 A plastic or wooden table on which to set the transport unit under test. Nominal top surface height is
75 to 90 cm. It must be strong enough to support the heaviest transport unit (24,6 kg). A moulded plastic or

structural foam patio table is a good choice. Preferably, replace any metal fasteners with Nylon® fasteners

C.1.6 Co

C.2 Faci

mputer and RF coaxial cabling are used as required. See notes in Clause C.3.1

lities Set up

Ideal test environments are specified in Annex A of ISO 18046. While such facilities are necessary for
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guiding transponder selection and placement.

a stand should first be set up in a location at least 10 m from any wall or metal object as./in Fig
not always possible; as an alternative just try to place the antenna so that it is as-far‘as poss
objects in front of it.

ting anechoic foam tiles or cones on plywood panels and setting them on three sides surroung
ble can obtain additional RF isolation. Conductive black carbon-loaded-foam may also h
vhen used in one or more layers with a total thickness = 10 mm.

ha (shown as a black box in Figure C.1) should be mounted on” the stand to permit he
over the full range. If cross-polarized rather than circularly_polarized, set the two polarizati
ertical and horizontal axes. Ensure that the antenna and standZare well grounded.

brt unit as set on testing table (see C.1.6) is shown as ¢ross-hatched in Figure C.1. It should be
mately 3 m directly in front of the antenna. All othet_equipment should be located on a stand
nch set at least 2 m behind the antenna. Avoid running any cables into the area between
d transport unit-testing table.

clear area

M Test package
on testing table

the

ure
ble

ing
elp,

ght
bns

set
ard
the

Figure C.1 — Nominal transport unit test facilities layout

Ensure that there are no active RFID readers within 30 m of the test transport unit in any direction even if
there are intervening walls, ceilings or floors. As a general practice, cellular telephones, cordless telephones,
cordless earphones or speakers, Bluetooth-connected devices and IEEE 802.11 wireless LANs should not be
used within that same 30 radius. This is because certain transponder antennas are resonant at multiple
frequencies, causing the chip to be activated by an external RF source rather than the test
reader and antenna, therefore resulting in false readings of activation power threshold for the transponder
under test.
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C.3 Equipment setup

C.3.1 RF cabling considerations

The coaxial cable connecting to the antenna should be long enough to allow the antenna stand to be moved
to within 1 m of the transport unit and over the full antenna height range. Connect the single antenna port on
the detached antenna to the single antenna port on the reader. The same cable should always be used to
eliminate measurement variation due to different cable attenuations.

Pogr quality coaxial cables can induce erratic measurement errors that are not separable |from poor
transponder performance. To protect against these problems:

— Ensure that cable is of the proper impedance (generally 50 ohms) to matchnthe’ RF devices and
connectors used, and select larger-diameter, low attenuation cable

— Readers and antennas normally use 50-ohm type N, BNC or SMA _connectors (low-cpst 75-ohm
type F home CATV wiring connectors should not be used), Gold plated conrlectors are
recommended for reliability

— Connectors where the cable shield is attached by crimping rather than held by screw-in ferrules
generally have better long-term connection reliability, especially under flexure

C.3.2 Reader setup

Thig set up requires supporting software to set the reader power level from the computer. This jis normally
avdilable as support diagnostic software from the readér manufacturer.

If the reader manufacturer has not calibrated thé.power output against the programmed step Malues, it is
recommended that it be done using an RF _power meter of the appropriate frequency range and power
harjdling capability. Calibration should be in decibels (in dBm or dBw) at each power level setting.

If the receiver section of the RFID reader has programmable or adjustable sensitivity, it should b¢ set to the
“default” or “normal” sensitivity.

C.4 Test methodology

This setup may be used‘for evaluating UHF transponder sensitivity in free air, or when mounted o inlays or
labgls on transport units,

Whiat is fundamentally measured is the reader power margin in decibels above the transpondef power-up
thrg@shold to ensure consistently reliable reading at a fixed distance. The threshold is the reader poyer level at
which the tag.can no longer be read reliably, either because there is not enough power output to the antenna
to activate.the chip or because the backscatter signal is too weak to be detected by the receiver in the RFID
reapef,

C.4.1 Taking threshold power measurements

There is not always a sharp reading threshold. The best reader software will attempt a certain number of
reads, or reads per second, and measure either the % of good reads or the % of failures. Less useful
software may only show good reads; but the rate of good reads can be estimated visually by watching the
screen. A good threshold to use is the reader power setting (or reader power attenuation value) at the 50%
good read rate point. The key to good measurement practice is consistent application of technique.

While it would appear logical to start at the maximum power and monitor the percent good reads as the power
is slowly incrementally reduced, this can lead to inaccurate threshold measurements due to hysteresis effects
in the chip power circuitry. More accurate measurements are obtained by tuning off the reader power between
trial setups. Then starting at the lowest reader power, increase the reader power until the threshold power
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value is found for an approximately 50% good read rate. Record that value, in decibels. In a given test the
best comparative result is the lowest reader threshold power level realized.

C.5 Passive RFID transponder evaluation

C.5.1 General

Most transponder specifications are quoted in terms of free-air performance. These values are not always
useful in practice, as the transponder is nearly always part of an inlay or is mounted on some type of material

or object th
of the trans

C.5.2 Measurement setup

An empty (
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It is recommended that the passive RFID transponders samples be attached to vefy thin Mylar® or polyes

or PET sh
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C.5.3 Evaluating transponder lot quality

When pos
conducted

Test a rep
described
samples bg

at has RF absorption, reflection or scattering properties. This test setup will enable measuren
ponder under more realistic circumstances.

orrugated case makes a good test fixture. Place the case at the edge of the testing table with
the passive RFID transponder will be applied facing the antenna.

pets with a clear size border of at least 50 mm for ease in taping, fo transport packaging du
tests.

or more 50 mm pieces of vinyl electrical tape (for ease of clean removal from the transport u
the test sample by its border to the centre of the case facekAdjust the height and orientation of

point at the centre of the test sample at the centre of the target area.

bonder cannot be initially activated at the highest pfogrammed reader power setting, then move
ser to the transponder, initially to 2 m then 1 m if\snecessary.

adequate dynamic range for practical méasurements, ideally find a distance at which

r activates at no more than 25% of maximum reader power (i.e., at least -6 dB below maxim

exact distance between the antenna face and the transponder centre. Set this power level as th
ce power level for subsequentmeasurements.

sible, obtain transponders with performance data specified the manufacturer based on tg
according to thel methods of ISO/IEC 18046 for reference purposes.

esentativel . group in an identical manner, recording the “free air” threshold power value taken

marked and kept: Least sensitive, average sensitivity, and most sensitive.
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n Clause_C.4.1 above. For reference purposes, it is suggested that three types of representative

ISe

ensitive tranepnndpr Qamplpe are pepprially useful for use in transport unit evaluation (QPP Cla

C.6), as they represent the “worst case” of transponder performance on the transport unit.

C.5.4 Evaluation effects of transponder orientation

Some transponder antenna designs are much more orientation sensitive than others. Rotating the
transponder through one or more axes and measuring the threshold power values at known angles can

evaluate th
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