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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Libraries are implementing radio frequency identification (RFID) as item identification to replace bar
codes. RFID streamlines applications like user self-service, security, and materials handling. A standard
data model for encoding information on RFID tags could increase the cost-effectiveness of the technology
within libraries, particularly through greater interoperability of RFID tags and equipment, and enhance
support for resource sharing between libraries.

Several countries have undertaken preliminary work on standardization. The Netherlands developed
a data model for public libraries and in Denmark “RFID Data Model for Libraries” has been published.
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Information and documentation — RFID in libraries —

Part 2:
Encoding of RFID data elements based on rules from ISO/

IE

C 15962
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5 part of ISO 28560 specifies a data model and encoding rules for the use, of radio

idemtification (RFID) tags for items appropriate for the needs of all types of librdries (includir
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lemic, public, corporate, special, and school libraries). The rules for ericoding a sub
hents taken from the total set of data elements defined in ISO 28560-1 ‘are based on ISO
ch uses an object identifier structure to identify data elements.

5 part of [ISO 28560 defines the technical characteristics required:to encode the data eleme
50 28560-1 in accordance with ISO/IEC 15962. These subsets of data elements can be d
brent items in the same library. The encoding rules also erfable the optional data to be on
RFID tag in any sequence. In addition, the encoding rules provide for flexible encoding
rth and variable format data.

5 part of ISO 28560 provides essential standards-bdased information about RFID in librarie
dditional information about implementation issues is provided in Annex A.

Normative references

following documents, in whole orlin part, are normatively referenced in this docume

1 protocol — Part 1: Application interface

IEC 15962, Information technology — Radio frequency identification (RFID) for item man
1 protocol: dataencoding rules and logical memory functions

IEC 18000385 Information technology — Radio frequency identification for item managemef
imetersyor air interface communications at 13,56 MHz

IEC. 18046-3, Information technology — Radio frequency identification device perfor|

met

frequency
1g national,
bet of data
[EC 15962,

nts defined
ifferent on
oanized on
of variable

s. A source

nt and are

spensable for its application. For dated references, only the edition cited applies. For undated
rences, the latest edition of the referenced document (including any amendments) appligs.

%)

IEC 15961-1, Informatien-technology — Radio frequency identification (RFID) for item m@nagement:

igement —

t— Part 3:

Inance test

hods — Part 3: Test methods for tag performance

ISO/IEC/TR 18047-3, Information technology — Radio frequency identification device conformance test
methods — Part 3: Test methods for air interface communications at 13,56 MHz

ISO 28560-1, Information and documentation — RFID in libraries — Part 1: Data elements and general
guidelines for implementation

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.
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3.1

access method
component of the DSFID (3.8) that is responsible for declaring the ISO/IEC 15962 compaction and
encoding rules on an RFID tag

3.2

air interface protocol
rules of communication between an RFID interrogator and the RFID tag of a particular type, covering:

frequency,

3.3

modulation, bit encoding, and command sets

applicatio|
instructior

an action or operation with the RFID tag(s) via the interrogator

3.4
AFI
applicati
mechanis
relevant to
classes of |

3.5
arc
specific br

Note1toen

3.6
data form

n command

o

issued from the application to the ISO/IEC 15962 data protocol processor in order to'ini]

family identifier

used in the data protocol and the air interface protocol (3.2) to select'a class of RFID {
an application, or aspect of an application, and to ignore further communications with of
LFID tags with different identifiers

inch of an object identifier tree, with new arcs added as\required to define a particular ob

ry: The top three arcs of all objectidentifiers are compliant with ISO/IEC 9834-1, ensuring uniquer

it

mechanis

tag, and (Where possible) identify a particular data’dictionary for the set of relevant object identif]
for that application

Note 1 to efptry: The data format declares the‘Root-OID (3.13) in an efficient manner, so that a complete ol

identifier (3|

3.7

data protd
implement
support of

3.8
DSFID

used in the data protocol to identify howrobject identifiers (3.11) are encoded on the R

11) can be reconstructed for external communications.

col process
ntion of the processes defined in ISO/IEC 15962, including data compaction, formatt]
the command/résponse unit, and an interface to the tag driver

data stor
code that

39

e formatidentifier
nsistsof, at least, the access method (3.1) and data format (3.6)

jate

ags
her

ject

ess.
FID

iers

ject

ing,

digital vandalism
unauthorized modification of data on an RFID tag that either renders it unusable or falsely represents
another identifier

3.10
metadata
type of dat

a or information about data

Note 1 to entry: In the context of this part of ISO 28560, metadata (3.10) can be the Relative-OID (3.12) in relation
to the data, the precursor in relation to the compacted and encoded bytes, or the AFI (3.4) and DSFID (3.8) in

relationto t

he data.
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3.11
object identifier
value (distinguishable from all other such values), which is associated with an object

3.12
Relative-OID
particular object identifier (3.11) that constitutes the remaining arcs (3.5) after the Root-OID (3.13)

3.13
Root-0ID
particular object identifier (3.11) that constitutes the first, second, and subsequent common arcs (3.5) of

a S¢

3.14
tag
imp

4

4.1
par
par

t of object identifiers (hence the common root)

3
driver
lementation of the process to transfer data between the data protocol processotr‘and the

Applicability and relationship with other systems

Figure 1 gives an overview of the relationship of this part of ISO"28560 with other sy
£ of [SO 28560 defines a set of technical features while addressinga number of operational
[ of [SO 28560 interfaces with four other activities, but with<a clearly defined overlap. T

actilities are

4.2
wit
suc

As 1
ISO

To &

the circulation of library materials,
the data requirements of publishers, printers, aiid other suppliers,
the interlibrary loan processes, and

the details of borrowers, including merbership cards.

RFID tag

ttems. This
ssues. This
hese other

Figure 1 also shows that there"is'a direct relationship with supply chain activities, and internally

1in the library with RFID circulation devices and the library management system includin;
h as SIP2 and NCIP.

he use of RFID in libraries moves towards a more standardized approach as defined in
28560, the characteristics and architecture systems change compared to those already ¢

chieve interoperability with equipment and software, the required features include

the air intecface protocol, which defines the way readers and tags communicate with on

b interfaces

this part of
stablished.

e another,

the data‘protocol, which defines the encoding rules that convert application-based dlata to the

encoded bytes on the RFID tag; the data protocol also defines metadata features in the
pretect the integrity of RFID for library systems in relation to other RFID applications,

RFID tag to

— the set of data elements that form the dictionary from which individual libraries can choose those

that are most appropriate for their operation.

4.3 Byadopting this part of ISO 28560, libraries will have increased flexibility with a number of features
as follows.

Beyond the minimum of mandatory data elements defined in this part of [SO 28560, libraries is able

to choose from the optional data elements those that are more appropriate to its applic
varying these for different types of item.

ation, even

— Libraries should be able to rank the optional data elements into an appropriate order for encoding

on the RFID tag to support fast transactions across the air interface.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=56a0f6e9b2b04e9e20815ffa6e3de376

ISO 28560-2:2014(E)

— Libraries have a greater choice of interoperable RFID equipment, and should be able to select RFID
tags with an appropriate size of memory.

— Some degree of choice in the types of security system becomes a library responsibility.

— Libraries with an installed base of RFID data capture is offered options on how to migrate to the
more open standard solution.

— The library community, as a whole and through developments of this part of ISO 28560, is provided
with future options to cope with changes within the RFID equipment as the technology develops.
This includes ensuring that new open systems applications do not corrupt the established base of
RFID sfystems in libraries.

External logistics

Data requirements of publishers,

Interlibrary processes . )
printers, suppliers;.etc.

Issues addressed

Interoperability between libraries
Interoperability of RFID system comporiehts
Interoperability with other RFID systems
Potential to address future RFID developments

Technology

Specification of-the air interface
Rules for the selection of the data elements
Specification of data compaction and encoding
Supportfor selective locking

Circulation of library materials Borrower details, membership cards

Use in the library

RFID circulation devices SIP2, NCIP, etc. Other RFID devices

Library management
system

Figure 1 — Relationship of this part of ISO 28560 with other systems
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5 Requirements

5.1 Data elements
The data elements shall be compliant with ISO 28560-1.

NOTE There is a degree of flexibility in using locally defined codes that enable enhancements and variations
to be implemented while still complying with the basic set of data elements.

5.2 RFID air interface

5.2/1 General

The air interface for compliant tags is specified in ISO/IEC 18000-3, specifically the 'specification for
Modle 1.

Formigration purposes, additional non-compliantair interfaces used in legac§systems can bg supported
durfng a transition period, which is permitted to remain in place for years as necessary.

5.2J2 Air interface conformance

The air interface conformance shall be tested in accordance withdhe procedures of ISO/IEC TR 18047-3.

5.2{3 Tag performance

Where there are requirements for testing tag perfofinance, these shall be done in accordlance with
ISOJIEC 18046-3.

5.3| Data protocol

ISOfIEC 15961-1 specifies the application commands that are used to define the comunication
reqpirements between the application-and the RFID tag. The relevant commands are dg¢scribed in
Annjex B.

The process rules of ISO/IEG15962 shall be used to encode and decode data from the RFID tag. In
partficular, the following cofistraints shall apply.

— | The only encoding’rules shall be based on the No-directory access method. No alternative access
method shall besupported until this part of ISO 28560 is revised.

— |Both the hatd=coded and software-encoded DSFID shall be supported, depending on the ¢apabilities
of the RFID tag.

5.4 RFID readers

In order to achieve interoperabitity, RFID readers snait be based on open architecture RFID standards
defined by ISO/IEC Joint Technical Committee JTC 1/SC 31. Particular standards are specified in this
part of ISO 28560. This means that any one manufacturer’s reading/writing equipment shall be able to
read or write to any other manufacturer’s RFID tags, and that any manufacturer’s RFID tags shall be
able to be read and/or programmed by any other manufacturer’s reader/writer.

6 Data elements

6.1 General

The set of data elements that comprises the data dictionary for this part of ISO 28560 is fully described
in ISO 28560-1 and repeated in outline in Table 1. Only one data element is mandatory, the primary item

© IS0 2014 - All rights reserved 5
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identifier. All others are optional, but can be selected to meet the requirements of individual libraries,
and/or for particular items.

Table 1 shows the Relative-OID value, the format for input data, and advice about locking the data
element as an encoded data set on the RFID tag. A maximum length of 255 characters should apply to all

data elements that have a variable length display format.

Table 1 — List of data elements

Name of the data ele-

Character set = [SO/IEC 646 IRV, ISO/IEC 8859-1,

Na Status Display format Lock
_ment
1 Primalry item identifier |Mandatory |Variable length alphanumeric Should be
Character set = ISO/IEC 646 International Refer- |locked
ence Version (IRV)
2 |Contept parameter Optional Bit mapped code (see 6.3) Optional
3b |Ownef institution (ISIL) |Optional Variable length field (maximum of 16 character§){Optional
based on ISO 15511
4 |Setinformation Optional {Total in set/part number} structure Optional
(maximum < 255)
Type ¢f usage Optional Single octet (coded list) Optional
6 |Shelflocation Optional Variable length alphanumeric Optional
Character set = [SO/IEC 646dRV
ONIX media format Optional Two uppercase alphabetic.characters Optional
MAR({ media format Optional Two lowercase alphabgetic characters Optional
Supplier identifier Optional Variable length alphanumeric Optional
Character set =ISO/IEC 646 IRV
10 |Order|number Optional Variable length alphanumeric Optional
Character'set = [SO/IEC 646 IRV
11b |ILL bdrrowing institu- |Optional Variable length field (maximum of 16 characters) |Notlocked
tion (ISIL) based on ISO 15511
12 |ILL bdrrowing transac- |Optional Variable length alphanumeric Not locked
tion nimber Character set = [SO/IEC 646 IRV
13 |GS1 product identifier  |Optional Fixed length 13 numeric digit field Optional
14 |Alterrjative unique item |Reserved — —
identifier for future
use
15 |Local data A Optional Variable length alphanumeric Optional
Character set = ISO/IEC 646 IRV, ISO/IEC 8859-1,
or UTF-8
16 |Local dataB Optional Variable length alphanumeric Optional

orulr-o
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Table 1 — (continued)

Na | Name of the data ele- Status Display format Lock
ment
17 |Title Optional Variable length alphanumeric Optional
Character set = ISO/IEC 646 IRV, ISO/IEC 8859-1,
or UTF-8
18 |Product identifier local |Optional Variable length Alphanumeric Optional
Character set = ISO/IEC 646 IRV
19 |Media format (other) Optional Single octet (coded list) Optional
20| |Supply chain stage Optional Single octet (coded list) Optipnal
21| |Supplier invoice number |Optional Variable length alphanumeric Optipnal
Character set = ISO/IEC 646 IRV
22| |Alternative item identi- |Optional Variable length alphanumeric Optipnal
fier Character set = ISO/IEC 646 IRV
23| |Alternative owner insti- |Optional Variable length alphanumeric Optipnal
tution Character set = ISO/IEC 646 IRV
24| |Subsidiary of an owner |Optional Variable length alphanumeric Optipnal
institution Character set = ISO/IEC 646-IRV
25| |Alternative ILL borrow- |Optional Variable length alphanuineric Not Jocked
ing institution Character set = ISO/IEG.646 IRV
26| |Local data C Optional Variable length alphanumeric Optipnal
Character set = 1SO/IEC 646 IRV, ISO/IEC 8859-1,
or UTF-8
27| |Not defined Reserved — —
for future
use
28| |Not defined Reserved — —
for future
use
29| |Not defined Reserved — —
forfuture
use
30| |Not defined Reserved — —
for future
use
31| |Not defined Reserved — —
for future
use
a  |This column specifies the data element number (N) or the Relative-OID value, i.e. the number identifyfing the data
elethentyas defined in ISO 28560-1.
b The ISIL _asused for Relative-0QID values 3 and 11 is nrpcnhfnd and dlcnlnvnd nr‘rnrdlnc to the characters defined in
ISO 15511. A special encoding scheme, as defined in 6.4, is used to compact eff1c1ent1y the complex ISIL character string.

6.2 Primary item identifier
The primary item identifier is a mandatory data element defined in ISO 28560-1.

This is the only mandatory data element that is required to be encoded to be compliant with this part of
[SO 28560. The format is variable length, and the alphanumeric characters can be any from ISO/IEC 646
International Reference Version (also known as US-ASCII). Although the encoding rules support any
length of primary item identifier, shorter codes and all-numeric codes encode more efficiently, requiring
less memory and enabling faster transactions across the air interface. Although locking the primary
item identifier is optional, under normal circumstances, this data element should be locked to prevent
various forms of digital vandalism. The primary item identifier shall be encoded as the first data element

© ISO 2014 - All rights reserved 7
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on the RFID tag to allow for faster transactions across the air interface by invoking a Read-First-Object(s)
argument in the read command (see B.5).

6.3 Content parameter

The content parameter is an optional data element used to declare the Relative-OID values that are
encoded on the RFID tag, and for the purposes of this part of ISO 28560 is used as an OID index. It
should be used if additional data elements are encoded on the RFID tag. If used, it can be an aid to faster
reading, because it indicates the presence or absence of a particular data element. If the desired data
element is encoded on the tag, then additional reading is required, whereas if the OID index indicates
that it is ng

+ +1 : +1 PR B — — 1 1 : ; 1
L UIT'LIIC Ldg, LIIC WdSLEU LI dIISdULIUIT LI C4all DC CIHIITIdUCU.

The index,
Relative-0O
the RFID t4
map begin

itself, consists of a bit sequence, where each bit position is associated with a particplar
D. If the bit position is set “1”, then the Relative-OID and associated data object is encodedl on
1. As Relative-OID 1 is mandatory and Relative-OID 2 is this particular data element, th¢ bit
5 at Relative-OID 3. An example is shown in Figure 2.

7 o}

v

o

3
1

4
0

i
]

&
1

1o
i

i1
1

5

L]

lh:l'.ll.iﬂ:lDID
coded

)

@\.

Bitl=e a 0

padded bits to indicate not enceded or not applicablé yunded to 8-bit boundaries

Figure 2 — Example of OID indéx bit map

In the example in Figure 2, the OID index indicates thatiRelative-OID values 3, 8, and 11 are encogled.

Irrespectiy
truncated
boundarie

Ifthis data
system car
OID index s
data eleme

e of whether the data dictionary includes‘ether Relative-OID values, the bit map cary
ht this last Relative-OID that is encoded¢lt is also necessary to round up the bit map to §
for encoding on the RFID tag.

element is encoded on the RFID tagyit should be in the second position so that the data capt
be set up to read the primary item identifier and the OID index in a single read process.
hould only be locked if the information on the RFID tag is certain to remain unchanged.
nt provides no information/about the sequence of the encoded data elements, nor their s

be
-bit

ure
The
Chis
ize.

In the example in Figure 2, the encoding sequence could be Relative-OID value 8 followed by 11, folloyed

by 3.

6.4 Owrer institution/(ISIL)

t of
nce
WO-

institution‘data element represents the ISIL code as specified in ISO 15511. For this pat
the [SlE¢odeisintroducedinto the RFID encoding processinastructure defined inaccordd
les©f{ISO 15511. This means that the hyphen (present in every ISIL code following the t
ountry code) is presented in the application commands.

The ownern
ISO 28560,
with the ru
character ¢

To achieve efficient encoding, the ISIL is pre-encoded to rules defined in Annex C. This Annex also applies
to the ILL borrowing institution (6.12). In addition to providing details of the encoding scheme, Annex C
also provides advice about interfacing with ISO/IEC 15962 encoders and decoders.

The use of these codes assumes (for example) an external interlibrary loans (ILL) system capable of
tracking the item based on the unique combination of its primary item identifier and owner institution.
This element is optional where items are not included in an ILL scheme but required when items are
required to be issued on ILL using RFID. While it might be deemed necessary to lock this data element,
this is left optional as some libraries can choose to leave the data element unlocked so that it could be
changed if necessary as a result of library mergers or transfer of collections, etc. Other applications can
also make use of the ISIL.
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6.5 Setinformation

The set information is presented in two components, which are
— the total number of parts, followed by

— the ordinal part number, with a maximum of 255 parts.

ISO 28560-1 defines various examples of encoding, particularly where not all the parts of the set carry
an RFID tag.

Ift}' etotalnumhor af narteic O arlace thon the ncordata canhonroconted ac 12 tvwn.diait cad to reduce
tolalnumberolparts| rless thentheuserdalacanbepresenledasatbwo-digitcod
the|encoding requirement. If the total number of parts is between 10 and 99, then the user data are
prefented as a four-digit code, with the lowest ordinal values shown as 00 to 09. If thetotall number of
parfs is between 100 and 255, then the user data are presented as a six-digit code. If therordipal value is
lesgthan 100, it is prefixed by leading zeros to create a three-digit number.

6.6| Type of usage

The type of usage data element is defined in ISO 28560-1, together with' the supporting c¢ded list of
Valies for this data element. The code in ISO 28560-1 is presented\as an alphanumeric dode, but is
actyially a single-byte hexadecimal code and is encoded in this manner.

6.7| Shelflocation

The shelf location is a variable length field that is used tejidentify the location code of a shelving system
of the owning institution.

6.8 ONIX media format

Thg ONIX media format data element represents an ONIX media descriptor of two uppercase{alphabetic
chafacters. A reference source for the code list is provided in ISO 28560-1.

6.9 MARC media format

Thg MARC media format ddta ‘element represents a MARC category of material descriptor of two
lowercase alphabetic characters. A reference source for the code list is provided in ISO 2856p-1.

6.10 Supplier identifier

The supplier idéntifier is a variable length field that can be used for a locally designated id¢ntification
number relating to the supplier of the library material. It can be left permanently written to the tag or it
can|be usedonly temporarily during an acquisitions process.

6.11Order number

The order number is a variable length field that can be used for a locally designated order number
meaningful to the library and to the supplier of the library material. It can be left permanently written
to the tag or it can be used only temporarily during an acquisitions process.

6.12 ILL borrowing institution

The ILL borrowing institution is represented by the ISIL code in accordance with ISO 15511. The data
are presented according to the rules defined in 6.4 (for the owner institution). This data element shall
not be locked.

© ISO 2014 - All rights reserved 9


https://standardsiso.com/api/?name=56a0f6e9b2b04e9e20815ffa6e3de376

ISO 28560-2:2014(E)

6.13 ILL transaction number

The ILL transaction number is assigned by the lending institute to identify an interlibrary loan
transaction. The structure of the number is locally defined. The data element shall not be locked.

6.14 GS1 product identifier

The GS1 product identifier data element is used to store the GTIN-13 code, commonly seen on retail
products in a bar code format on books and other media products. A more detailed definition is provided
in ISO 28560-1. The GTIN-13 code is always presented as a 13-digit code (i.e. with leading zeros, if

Fos 3ot 2o thaoa ICO/IDC 100D oo dio o oo
necessary) TOF llll,lut Hrto-the TOU/ TG T 70z \,u\,uulus PT O€€SST

NOTE1 §ince January 2007, the ISBN has formally changed from being a 10-digit code (sometimescwith fn X
check charalcter) into a 13-digit code, as represented in the GTIN-13 code.

NOTE 2  The GTIN-13 code is more popularly understood in the United States as the UPC céd¢, and in other
parts of the|world as the EAN-13 code.

6.15 Alternative unique item identifier

This data dlement is reserved for possibly encoding in different tag architectures.

6.16 Loc3al data
The local data elements (A, B, and C) are each variable length fields that can be used for any lodally

defined pufrpose and as such there is no external application of this data object. Table 2 identifies|the
parameterf for the local data elements.

Table 2 — Local data element parameters

Rela-
Data element tive-OID Category Format Lock

Variable length alphanumeric
field

Character set = ISO/IEC 646 IRV,
ISO/IEC 8859-1, or UTF-8

Variable length alphanumeric
field

Character set = ISO/IEC 646 IRV,
ISO/IEC 8859-1, or UTF-8

Variable length alphanumeric
field

Character set = [SO/IEC 646 IRV,
ISO/IEC 8859-1, or UTF-8

Local data A 15 Optional Optional

Local data B 16 Optional Optional

Local'data C 26 Optional Optional

c.

pr Lo . .
The rules defimredim 617 forencoding characters fromrdifferent character setsshattapply tothesedata
elements.

6.17 Title

The title data element is a variable length field used to identify the title or name of the item. The format
can be UTF-8 to allow for titles to be encoded in a language other than those based on the extended Latin
alphabet. The following advice is intended to assist with encoding efficiency.

— If possible, a title should be defined using the ISO/IEC 646 IRV (US ASCII) character set. It is also
recommended that all uppercase characters be used as this encodes more efficiently.

— Ifitis not possible to use the ISO/IEC 646 IRV (US ASCII) character set, then consideration should
be given to using ISO/IEC 8859-1, which is the default encoding set for ISO/IEC 15962. The default
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character set of ISO/IEC 15962 is defined in ISO/IEC 8859-1 (as specified in 7.4.4). As this clause on
compaction clearly defines, if any graphical character of the data element is outside the range of
[SO/IEC 8859-1, then UTF-8 needs to be declared as the compaction scheme.

UTF-8 should only be declared for titles that cannot be defined using the ISO/IEC 8859-1 character
set.

For all defined titles, in situations where tag memory is small, a locally defined and administered
limit can be placed on the length of this field. The length should be the shortest that is practical to
satisfactorily identify the item from a small set of items (e.g. one item from six as a library borrower
exits the security gates and triggers an alarm due to a processing error).

Dif[lerent program languages, and therefore software, support the storage of these charactelrs is one of

twd

NOT
Thd

6.1

For
pos
Sys

6.1
The

onlj
dat

ways.

As 16-bit code points compliant with ISO/IEC 10646 (also known as Unicode}. Ifitthe LMY/ILS or the
ISO 28560-2 encoding supports these characters, then the encoder needs. toybe responsjible for the
transformation to UTF-8.

If the LMS/ILS holds the characters already transformed as UTF-8 c4de points, then it is ¢ssential to
check that ISO 28560-2 encoding process is completely compatible:

E The ISO/IEC 646 IRV character set is a perfect subset of both ¥SO/IEC 8859-1 and of UTF-8.

parameters for the item title data element are defined i Table 3.

Table 3 — Title data elemeént parameters

Data ele- Relative-OID | Category. Format Lock
ment
Variable length alphanumeric
) . field .
Title 17 Qptional |y oo cter set = ISO/IEC 646 IRy, | OPtional
ISO/IEC 8859-1, or UTF-8

8 Product identifier (local)

items that do not have'a GTIN-13 code, or where one cannot be constructed independently as is
Kible with the ISBN,the'product identifier (local) data element can be used. This enables information
ems linked to specific local code structures to be supported by the RFID system.

0 Media format (other)

mediaformat (other) data element represents any media descriptor other than ONIX or MARC. It is
 used(if either of the two more standard codes is not supported locally. The assigned vallues of this
h element are defined in [SO 28560-1.

6.2

0 Supply chain stage

The supply chain stage is a single octet that is used to identify the current stage of the supply chain in
which the RFID tag resides. The code list is provided in ISO 28560-1.

For

encoding purposes the hexadecimal values in that code list shall be encoded using the application-

defined compaction scheme. The code point 00ygx for undefined does not apply to this part of ISO 28560
and should not be encoded.
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6.21 Supplier invoice number

The supplier invoice number is a variable length field that can be used for a locally designated invoice
number meaningful to the library and to the supplier of the library material. It can be left permanently
written to the tag or it can be used only temporarily during an acquisitions process.

6.22 Alternative item identifier

The alternative item identifier is a variable length field that can be used for a locally designated optional
identifier. The ID can be temporary and have only local meaning as during an acquisitions process or it
can contai i 4

6.23 Alternative owner institution

The alterngtive owner institution is used, for example, where a library identifier scheme pre-dates|the
ISIL. This ¢lement is optional where items are not included in an ILL scheme but requivéd when items
are issued|on ILL. While it might be deemed necessary to lock this data element, €his is left optignal.
Some librafies can choose to leave the data element unlocked so that it could be changed if necessarfy as
aresult of library mergers or transfer of collections, or a future migration to theISIL code.

6.24 Subsidiary of an owner institution

The subsidliary of an owner institution data element is used to refifie‘the identity to a level lower than
the ISIL. A§ such it is an internal code defined locally.

6.25 Alternative ILL borrowing institution

The alternative ILL borrowing institution is a variable length field that can be used for a lodally
designated optional identifier, where an ISIL cannot be'used. This data element shall not be locked.

6.26 Other reserved data elements

Data elemdnts with the Relative-OID values27 to 31 are reserved.

7 Datagencoding

The encoded byte stream on the RFID tag shall be encoded in accordance with the rules of ISO/IEC 15962.
These rules are implemented automatically through a system that has both ISO/IEC 15961-1 and
ISO/IEC 15962 as part of the complete data protocol.

NOTE The adoption of this data protocol, together with other standards specified by ISO/IEC JTC 1/SC 31,
will allow libraries to migrate more easily if any developments in RFID technology were considered suitable
for the library community. This is because the data protocol has been designed to be independent of RFID air
interface protocols and tag architectures. As new RFID technology has been standardized, the core components
of ISO/IEC 15961 and ISO/IEC 15962 remain constant. New features are supported by interface mechanisms
(known as tag drivers) being specified in ISO/IEC 15962 and any new features being supported more generically
in the commands of ISO/IEC 15961-1 and the processes defined in ISO/IEC 15962.
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7.2 Data constructs

7.2.1 General

ISO/IEC 15961-2 requires that a set of RFID data constructs be registered for applications that use
the data protocol. The four RFID data constructs are described in 7.2.2 to 7.2.6, together with their
particular code values that have been assigned by the ISO/IEC 15961 Registration Authority for use for
RFID for libraries.

7.2.2 AFI

The AFl is a single-byte code used as a tag selection mechanism across the air interface te_ntjnimize the
extént of communication transaction time with tags that do not carry the relevant AEl'code.

The AFI value C2hgx has been assigned under the registration of ISO/IEC 159612 explicitly|for library
use

Alibrary can use the AFI in one of the two ways.

— |It can use a single AFI, the value C2ugx assigned under the registsation of ISO/IEC 15p61-2. This
distinguishes library loan items from all other items using RFID in item management systems.
This avoids the risk of an RFID reader in another domain readihg the RFID tag on a loan item and
confusing the encoded content with data for its own application. It also enables a library system to
reject items that carry a different AFI code, possibly from“another domain visited by { client. If a
single AFlis used, then alibrary can wish to lock this. Before they do, they should give consideration
to the item’s use in other libraries through cooperative arrangements or interlibrary|loans. The
recipient library might want to use the AFI for:seeurity while the item is in their poss¢ssion even
though the donor library does not.

— | The AFI can additionally be used as part ofia “security system” where the AFI value C2ygj is written
to tags for items that are on loan to a client. When the books are returned, an in-stock AFI (07HEy,
as defined in ISO/IEC 15961-3) is written to the tag. In this case, the AFI shall not be locked.

7.2{3 Data format

The data format is used as a nféegchanism to enable object identifiers to be encoded in a truncated or short
forrr. The data format valué 6 (xxx001107) has been assigned under the registration of ISO/IEC 15961-2
explicitly for library use(The data format is part of a single-byte value defined as the DSFID gnd defined
in 7]2.6.

7.214 Object idertifier for library applications

The object identifier structure used in the RFID data protocol ensures that each data element is unique
notjonly within a domain such as a library system for this part of ISO 28560, but between a]l domains.
The object identifier can be split into two component parts. The Relative-OID, as defined in Thble 1, only
distlingliishes hetween data elements within a particular domain whereashy prefixing this with a Root-
OID, the data element becomes unique within all object identifiers. The common Root- OID that has been
assigned under the registration of ISO/IEC 15961-2 explicitly for library use is:

10159618

For all object identifiers specified in this part of ISO 28560, only the Relative-OID needs to be encoded.
Software designed specifically for the library community probably only requires the Relative-OID to be
provided in commands.

If alibrary system uses generic ISO/IEC 15962 encoding and decoding software, the full object identifier
might be required in commands and responses. In such cases, the Root-OID has to be prefixed to the
Relative-OID value to create the object identifier. The RFID tag encoding is still efficient, because the
data format truncates the Root-OID during the encoding process and reconstructs it in the decode
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process. Even under this more generic process, only the Relative-OID is actually encoded on the RFID
tag to distinguish between data elements.

7.2.5 Object identifier for the primary item identifier

The primary item identifier needs to have its full object identifier structure registered as part of
the rules of ISO/IEC 15961-2. This is to enable this object identifier to be labelled as the unique item
identifier (UII). This provides a generic distinction between the UIl and all other data elements, and
ensures consistency for this identification, which might be relevant with future developments of RFID
technology. The object identifier registered for the primary item identification code is:

1015p6181

The Relatiye-OID “1” for the primary item identifier (see 6.2) is consistent with this registratipn.

7.2.6 DSFID and access method

The DSFID(is a single-byte code that has two component parts relevant to this pant)6f1SO 28560:

the da

a format, as defined in 7.2.3, which is represented in the last five bits-of the DSFID;

ess method, which is represented in the first two bits of the DSFID, and which determ
hta are structured on the RFID tag; the access method that-is/currently defined for this J

nes
part

the ac
how d

of ISO 8560 is 00 = No-directory, where the encoded bytes are)oncatenated in a continuous yte
strean).
The use of|the OID index (see 6.3) reduces the advantage of using the directory access method, so[the

ded
Fess
the

directory dccess method is not supported in this part of ISQ.28560. Other access methods are inclu
in the second edition of ISO/IEC 15962. This part of ISO.28560 shall not support any additional ac
method without a formal amendment. Such an amerdment shall include a migration path for
introductign and support of a new access method.

FID
4.

Locking th
tag. Any de

e DSFID results in both the access method and data format being permanently set for the R
cision to lock or unlock the DSFID needs to take into consideration advice provided in 8.

7.3 ISO/IEC 15961-1 commands-and responses

ISO/IEC 15
rules and
commands
and respor

961-1 specifies commands, and their responses, from the application to the ISO/IEC 15962
nterrogator. These.cemmands cover the writing, reading, and modifying of data. These
and their responsésare designed to operate at a higher level than the air interface commands
ses, which only deal with bytes and blocks.

The applic
a way und
application
data. A list

htion commands enable an object identifier and associated object (data) to be define
erstood by an application. Additional command arguments support features to enable
to instruct the encoder to compact the data, to lock the data, and to avoid encoding dupli
of ISO/IEC 15961-1 commands that are relevant for the ISO/IEC 18000-3 Mode 1 RFID {

1 in
the
Cate
ags

are defined4aAnnexB-

All the arguments in the command are essential to achieve compliant encoding (e.g. instructions to lock
a specific data set, or to determine the sequence of data elements). However, it has been approved that
ISO/IEC 15961-1 no longer requires a detailed interface mechanism with ISO/IEC 15962, as currently
incorporated in the first edition of these International Standards. This means that the explicit ASN.1
transfer encoding rules into the ISO/IEC 15962 encoder are no longer required to claim compliance.
Systems providers now have a simpler and more flexible manner to implement the encoding on the
RFID tag, but are still required to encode based on the relevant command arguments. The conformance
requirements (see Clause 5) are in line with this approach.
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ISO/IEC 15962 encoding rules

1 General

The encoding rules are designed to achieve a combination of flexibility and efficiency for the bytes that

are

encoded on the RFID tag. In particular,

— dataare compacted efficiently using a defined set of compaction techniques that reduce the encoding

on the RFID tag and across the air interface;

— data formatting minimizes the encoding of the object identifiers on the RFID tag and on the air
interface, but still provides complete flexibility for identifying specific data without the fecourse to
rigid message structures.

The syntax associated with the encoding rules effectively creates a self-defining méessage structure for

each RFID tag. This allows optional data from the application datadictionary to be §elected. It dlso enables

varjable length data to be encoded, and for different formats of data (e.g. numetic-6r alphanurperic) to be

encpded as efficiently as possible and intermixed in the same RFID system~The rules of ISOfIEC 15962

male it possible to correctly interpret the data on the RFID tag withoutany prior knowledge of what

is encoded on the tag. This is an important feature that enables interéperability of devices, jand allows
thig part of ISO 28560 to add new data elements without changes‘o‘the equipment. It als¢ allows an
ind{vidual library to vary the choices of data elements without the ‘need for any major updatg.

Figuire 3 illustrates the basic architecture of the data protacol/ The components of ISO/IEQ 15962 are

dis¢ussed below.

Application\software
ISO/IEC 15964 application interface
Fermat object identifier
System information
Command & response
Application Application
commands responses
ISO/IEC 15962 encoding rules
Data protocol processor
Data compactor
Data formatter
Logical memory
\VI
Tag driver
Interrogator reader/encoder
Antenna
s )
Air interface N\,
commands \\j
R Air interface
R responses
Figure 3 — ISO RFID data protocol architecture
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7.4.2 Logical memory

The logical memory is the software equivalent of the structure of the memory on the RFID tag, itself. Not
all tags have the same memory size and memory structure. The parameters that define block sizes and
number of blocks have to be delivered from the tag through the interrogator and the tag driver to enable
the encoder to create a logical memory that is appropriate for a particular tag.

This process is hidden from the application, but is necessary to cater for the fact that in a truly open
system with full interoperability, RFID tags that are compliant with the specified air interface protocol
(see 5.2.2) have different architectures.

7.4.3 Configuration of the RFID tag

7.4.3.1 (Qeneral

ISO/IEC 15
interface p
in74.3.2t

P61-1 has specific commands that are used to configure the AFI and DSFID fara’particulay air
otocol. The configuration of each of these components of the system information is defined
74.3.3.

7.4.3.2 (Configuration of the AFI

N to

The 1SO/IF
define that
locked if it
items and

C 15961-1 command to configure the AFI has an argument.that enables the applicatio
the AFI is to be locked, or to be left unlocked. As discussed in 7.2.2, the AFI shall no
is used as part of a security system where two values of the AFI are used, one for on-|
bne for in-stock items. If other security mechanisms.are used, then the AFI can be locke

[ be
0an
d at

the individual library’s discretion. Once locked, the AFI cannet,be unlocked.

7.4.3.3 Gonfiguration of the DSFID

The DSFID| for library applications, consists of two-components:

the acgess method;

the data format.

The data f
combined {

brmat is specified in 7.2.3,"and the access method is defined in 7.2.6. These bit values
o create the appropriate DSFID byte value as shown in Table 4.

are

Table 4 — Relevant DSFID value

Bit sequence DSFID
Access methoda | Reserved | Data format | byte
00 0 00110 06

a 00 No-directory, where the encoded bytes are

concatenated in a continuous byte stream.

Some RFID tags do not have an explicitair interface command to write the DSFID to a designated memory
location on the RFID tag. ISO/IEC 15962 uses rules in the tag driver to automatically identify whether a
particular tag supports a “hard-coded” DSFID or a “software-encoded” DSFID.

NOTE This process is transparent to the application and uses similar features in ISO/IEC 15962 that are used

to determine the size of the memory and the size of the block. Using these processes increases the opportunity for
interoperability and choice of tags suitable for particular types of item.

7.4.4 Data compaction

Most of the data elements in Table 1 are subjected to the standard ISO/IEC 15962 compaction as
described in the next paragraph. The exceptions are explicitly discussed later in this subclause.
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When the command arguments are set to compact the data, ISO/IEC 15962 automatically selects the most
efficient compaction scheme for each data element presented. This allows libraries to use alphanumeric
or numeric code structures flexibly, with the only penalty being that more complex character sets
require more encoding space on the RFID tag. It also enables shorter codes to be represented (generally)
in fewer bytes.

The application-defined argument can be used to encode externally encrypted data, whose interpretation
is only known to the host system. Its most common use in the support of this part of ISO 28560 is when
encoding the OID index for Relative-OID value 2. Because this is a bit string, no pre-encoding is required.
Another use of the application-defined argument is when encoding the ISIL for Relative-OID values 3 and
11. i - i i i i ,and then
encpded according to ISO/IEC 15962 rules as application-defined. Similarly, the application-defined
argphiment applies to the encoding of Relative-OID value 5 for type of usage, Relative-OID vilue 19 for
medlia format (other), and Relative-OID value 20 for supply chain stage.

Theg UTF-8 string is used to encode characters outside the default character.sét of ISO/IEC 8859-1.
Thif is mainly used for languages that use character sets other than the LatidANo. 1 charactpr set. This
conjpaction scheme needs to be declared only when a UTF-8 character string is encoded fqr Relative-
OIDfs values 15, 16, 17, and 26.

Theg compaction schemes are identified on the RFID tag by a three-bit\code which is included as part of
the[precursor (see 7.4.5.2). The full set of compaction schemes andtheir code is shown in Table 5.

Table 5 — ISO/IEC 15962 compaction schemes

Code Name Description

000 [Application-defined As presented by the application

001 |Integer Integér

010 |Numeric Numeric string (from “0” to “9”)

011 |5-bitcode Uppercase alphabetic

100 |6-bit code Uppercase, numeric, etc.

101 |7-bit code US ASCII

110 |Octet string Unaltered 8-bit (default = ISO/IEC 8859-1)
111 |UTF-8string External compaction to ISO/IEC 10646

7.4/5 Creating the.encoded data set(s)

7.4/5.1 General

The encoding-of the Relative-OID and data object on the RFID follows a particular sequentidl structure
defined i ISO/IEC 15962. The next two subclauses define the basic rules that are relevant fo this part
of 1$@:28560.

NOTE ISO/IEC 15962 defines other rules, for example, for encoding full object identifiers, which are not
described here. If these are used to encode any data, a compliant decoder needs to be capable of decoding the
object identifier and data.

7.4.5.2 Data set for Relative-OID values 1 to 14

The structure of an encoded data set with the Relative-OID values 1 to 14 consists of the following
components:

— aprecursor, i.e. a single-byte that in this case encodes the compaction scheme and the Relative-0ID;

— the length of the compacted data object;
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— the compacted data object.

This structure is shown in Figure 4.

Precursor

Length of data

Compacted data

]

Figure 4 — ISO/IEC data set with Relative-OID values 1 to 14

The majority of data elements defined in this part of ISO 28560 have Relative-0ID values (1 to 14). These
are directly encoded in the precursor (see Table 6), and this reduces the amount of memory required for
the encoding.

Table 6 — Bit position of precursor components

Precursor bit positions
7 e | 5| 4| 3]2]1]o0

Offset| Compaction code Object identifier

The offset pit in the precursor is only set to “1” if an offset byte is encedéed on the RFID tag. An exanmple

of the use ¢f the offset byte is given in 7.4.5.4.

7.4.5.3 Data set for OID values 15 to 127

The precur
Relative-0O
values betjy

sor only provides 4 bits for encoding the object identifier. Itis only capable of directly encoc
D values from 1, which encodes as 00012, t0°14 which encodes as 1110;. For Relative-
veen 15 and 127, of which some are used-for this part of ISO 28560, the last four bits of]

precursor

hre set = 11115. This signals that the Relative-OID has to be explicitly encoded as a sepa

ling
OID
the
Fate

component (a single-byte) in the data set, as shon in Figure 5.

Precursor Relative-QID-15 to 127 Length of data Compacted data

Figure 5 — ISO/IEC data set with Relative-OID values 15 to 127

15
ris

The value ]
is encoded
Relative-0O

hat is encodedfor the Relative-OID is the value offset by -15. This means that Relative-OlIl
as 15 - 15,5 0 = 00ygx. The highest Relative-OID that can be encoded in this manng
D 127, encoded as 127 - 15 =112 = 70ygx.

7.4.5.4 LocKing a data set

Based on the requirements of the application, any one or more data elements can be locked. The lock
object argument in an application command effectively calls for the entire data set to be locked. This
avoids one component being permanently encoded and others changeable. The ISO/IEC 18000-3 Mode 1
air interface protocol permits locking by block. Generally, any data set that requires locking needs to be
block aligned so that the precursor is the first byte of a block and the precursor of the next data set also
begins on the first byte of a block. The encoding rules carry out the necessary re-alignment processes,
which are defined in detail below, and insert an offset byte immediately following the precursor. The
value of this offset is the number of null bytes (typically encoded as value 00ygx, but the value 80yEgx is
also acceptable) that are added after the final byte of the compacted data to end on a block boundary.

Each of the values of the pad byte, or null bytes, has the same status. The value encoded in the offset
byte determines how many bytes to skip after the compacted data to find the precursor of the next
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encoded data set. The null byte value 80ygx is preferred when modifying or deleting data to minimize
the number of air interface transactions.

The decode process is expected to accept tags encoded with one or other pad byte value, and even with
these intermixed on the same tag.

Although all of this processing is undertaken automatically by the software that implements the
ISO/IEC 15962 encoding rules, the following descriptions are included for users to gain a better
understanding of some of the factors that are taken into account.

— If the data set immediately preceding the data set to be locked is itself to remain unlocked, the
encoding rules ensure that this data set ends on a block boundary. This is to ensure that the locking
process does not lock the trailing bytes of the unlocked data set. This formatting proeess can result
in the insertion of an offset byte and a change in the value of the precursor.

— |If two or more contiguous data sets are to be locked, then block alignment is.orly reqyired at the
beginning of the first locked data set and the end of the last locked data sefcFrom this, if should be
clear that there can be encoding efficiencies and a reduction in the number-of bytes to bd encoded if
data sets that are to be locked are grouped together.

— |Once a block of memory is locked, it cannot be unlocked or «€fased, so the data sgt becomes
permanently encoded on the RFID tag.

7.4)5.5 The logical memory

Irrgspective of whether one data set or multiple data sets-are to be encoded, or if a data set is o be added
or modified, the encoded bytes are formatted in the logical memory in a structure that is comjpliant with
theppecific tagarchitecture. Because the block size ahd number of blocks differs between marjufacturers
and even between model versions, this formattingis an essential feature of the encoding ruleg to achieve
intgroperable RFID tags. This enables any RFID.tags to be considered as candidates for encogling to this
part of ISO 28560 that can claim complianece with ISO/IEC 18000-3 Mode 1, but differ befween each
other within the options permitted by the air interface standard.

EXAMPLE 1  RFID tags can have different sizes of memory.
EXAMPLE 2  The block size is pefimitted to vary within a prescribed range.

EXAMPLE 3  Sometagsare abletotransfer multiple blocksacrosstheairinterfaceinwriteandread tfansactions,
othgrs only to transfer single btocks.

Onde the logical memory has been populated, single or multiple blocks are written acrpss the air
intgrface. Any blogks-that require to be locked are marked up as such so that the interrogatdr calls up a
subpequent seri€s-of lock block air interface commands.

When reading’/data from the RFID tag, the logical memory is populated block by block. Decpding of an
RFID tag-with a No-directory access method is done sequentially by Relative-OID, but the flata object
only néeds decoding if its Relative-OID is selected by the application command.

There is an ISO/IEC 15961-1 command that enables the first position data set(s) to be read without
attempting to read other data from the RFID tag. This command should be used to achieve a faster read
transaction of the data sets that are encoded in the lower block positions. A use of this command is to
read the primary item identifier and the OID index as part of an initial transaction.
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8 RFID
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tag requirements

8.1 Air interface protocol

8.1.1 Gen

eral

The air interface protocol shall be in accordance with ISO/IEC 18000-3 Mode 1, with the requirements
specified in the 8.1.2 to 8.1.5.

8.1.2 De

The tag ID
Mode 1 RH

parameter
tags that cl

and applic:

the nu

the ad
the ad

A standing
ISO/IEC 18
website (sé

8.1.3 AF

An ISO/IEC
location af
commands

be declared in air interface comimands.

8.1.4 DS

An ISO/IE(
one of the {

— The pr

DSFID.

the blg

the red

the wr

lﬂl‘i“g mpmnry pnrnmnfprc

(which specifies a unique tag identifier) is a mandatory component for ISO/IEC~180(
ID tags. The structure of the 64-bit code, as defined in ISO/IEC 18000-3, and $pecifid
M1-P:3b, only specifies the first 16 bits of this code structure. ISO/IEC 18000-3'Mode 1 R
nim compliance with this part of ISO 28560 shall provide information to enablelinterroga
itions to establish the following characteristics of the RFID tag:

ck size (see parameter M1-P:10);

mber of blocks (see parameter M1-P:10);

d size if greater than one block (see parameter M1-P:4);

ite size if greater than one block (see parameter M1-P:5);

iress of the first block in which application data can be written;
iress of the last block in which application data can be written.

document published by ISO/IEC JTC 1/SC 3&provides this information for different mode
{000-3, M1 RFID tag. Details of the source-of this are provided on the ISO 28560 informati
eA.l).

memory

18000-3 Mode 1 RFID tag-eompliant with this part of ISO 28560 shall have a specific mem
signed to encode the AEL’ This location shall be addressable with write, read, and
. The address of this Jocation can be determined by the IC manufacturer and does not nee

FID memory

18000:3 Mode 1 RFID tag compliant with this part of ISO 28560 shall support the DSFI
ollowing two ways.

0-3
ally
FID
[OT'S

sof
nal

ory
ock
d to

D in

the

efeyred manner is for the RFID tag to have a specific memory location assigned to encode]

I'nis location shall be addressable with speciiic DSFID write, read, and [0oCK commands.

The

address of this location can be determined by the IC manufacturer and does not need to be declared

inairi

nterface commands.

— The alternative method is to use the “software-encoded” rules for DSFID specified in ISO/IEC 15962.
RFID tags using either method are fully interoperable with respect to the use of the DSFID.

If the RFID tag has a specific memory allocation, then it could also support a Lock DSFID air interface
command. Locking then becomes a user choice based on an assessment of the need to change the access
method and data format at some future date. If, on the other hand, the DSFID is software-encoded,
locking it should be taken into consideration with locking the primary item identifier, which this part of
ISO 28560 recommends to be locked.
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8.1.5 Required air interface commands

Table 7 identifies the mandatory and optional commands that are requirements for RFID for item
management applications and therefore for this part of ISO 28560. Interrogators and tags claiming
compliance with this part of ISO 28560 shall comply with the item management requirements provided
in Table 7.

Table 7 — Required commands and their codes

ISO/
Co zl_aolgend IE&%)%(LOS_S Fumction e mramagenent Tequirenrent
basic type

01 Mandatory |Inventory The AFI is a requirement in the command, and the DSFID is
required as part of the response.

02 Mandatory |Stay quiet No change.

20 Optional Read single block |The interrogator shall supportithis command. The RFID tag
shall support this commang-if the Read multiple Hlocks com-
mand is not supported.

21 Optional Write single block |The interrogator shall'support this command. Thie RFID tag
shall support this eommand if the Write multiple plocks com-
mand is not supported.

22 Optional Lock block Required for the interrogator and for the RFID tag.

23 Optional Read multiple The interrogator shall support this command. Thie RFID tag

blocks shall support this command if the Read single blogk com-
mandis not supported.

24 Optional Write multiple The interrogator shall support this command. The RFID tag

blocks shall support this command if the Write single bldck com-
mand is not supported.

25 Optional Select This command shall be supported in interrogatofs and
should be supported in tags.

26 Optional Reset to ready This command shall be supported in interrogatofs and
should be supported in tags.

27 Optional Write AFI Required for the interrogator and for the RFID tajg.

28 Optional Lock AFI Required for the interrogator and for the RFID tajg.

29 Optienal The interrogator shall support this command. The RFID tag

Write DSFID should support this command, but if this is not pgssible, it
shall support the “software-encoded” DSFID (see|8.1.4)

2A Optional The interrogator shall support this command. Thie RFID tag

Lock DSFID should support this command if it supports the ajr interface
command Write DSFID (command code 29).
2B Optional Get system infor- |Required for the interrogator and for the RFID tag.
mation
2C Optional Get multiple block |Required for the interrogator and for the RFID tag.
security status

8.2 Bitand byte sequence

Bit and byte ordering rules vary based on the standards being referred to, the development of
proprietary interfaces to the interrogator, the interrogator’s processing of data, even the brand and
model of computer and operating system used. Figure 6 illustrates some of the issues and constraints.

ISO/IEC 18000-3 Mode 1 refers to the air interface protocol defined in ISO/IEC 15693-3. This makes
clear that the AFI and DSFID (as single-byte values are transmitted in commands and responses least
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significant bit first. The unique chip id, or UID, is a multiple-byte field that is transmitted least significant
byte first; each byte is transmitted least significant bit first.

S0 28560-2
Application Std

15961-1
App Cmds

15962 Logical
b J Memory &

;4* Tag Diriver
' Proprietary
! Device
! Interface
Meod to
control byle Interrogator
sequence
! 15693-3
\ AirInterface
“ Commands
b "
RFID Tag
“Memory

Figure 6 — Issues and constraints on bit and byte sequence

Unlike songe of the more recént RFID technologies, ISO/IEC 18000-3 Mode 1 has no standardized deyice
interface. This means thatthe bit and byte ordering might be addressed differently in the interroggtor,
or input ARI to the interrogator, or even between the ISO/IEC 15962 logical memory and the API for|the
interrogatgr. It is therefore important for systems designers to address these issues for the particfilar
software, lardware, and operating system being used.

ISO/IEC 15962 defines the structure of a data set as always beginning with the precursor.

The complete encoding for an example of the primary item identifier is shown in Table D.3.

The precursor of the primary item identifier is therefore encoded in the lowest addressable block of user
memory and in the lowest addressable byte. For example, in a memory with a 4-byte block, the encoding
for the example in Table D.3 is shown in Figure 7.
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Figure 7 — Encoded bytes for example in Table D.3

Theonly exception to this 15 for those tags where the soft-coded DSFID needs to be in thjs position;
moying the precursor of the primary item identifier to the second addressable byte.

The air interface Write Single Block command (or request) to write to the lowest block/is shpwn below,
with each byte with each byte sent to the RFID tag least significant bit first.

Table 8 — Example of a Write Single Block ISO/IEC 15693-3 air ihterface command

SQF | Flags Command UlDa Block Data CRC16 EOF
code Numberd
8 bits 21 D59B 7A 130001 04 EO 8 bits 910005 1C 16 bifs

a  |The UID is only required under specific flag settings. The UID of thetgdg,in this example is E0040100137A9BD5.

b IThevalue ofthelowestblocknumbervaries depending on the meniery architecture defined by differentIC mgnufacturers
and{models.

8.3| Air interface conformance

Corfformance testing of the system shall be imaccordance with ISO/IEC TR 18047-3.

8.4] Performance

Performance testing of the RFID tag shall be in accordance with ISO/IEC 18046-3.

9 [Data integrity, secupity, and privacy issues

9.1] Data integrity

ISOfIEC 15962 supports the selective locking of an individual data set, which renders the|associated
blo¢ks on the-RFID tag permanently locked and virtually impossible to change. This featur¢ should be
usef to lockiparticular data objects that would render the RFID tag inoperable if changed. Any data set
that is likely to be modified, or deleted, should not be locked. The locking feature should be fonsidered
for fhe.primary item identifier (see 6.2) and possibly the ISIL code for the owner institutiopn (see 6.4).

Locking any data element ensures the permanent integrity of that data throughout the lifetime of the
loan item, and protects the system against accidental or deliberate changes of key data elements.

9.2 Item security

9.2.1 General

Various approaches can be used for securing library loan items against unauthorized removal.
The choice of a security system is outside the scope of this part of ISO 28560 and the responsibility
of solution providers to develop particular schemes for libraries to choose. However, there are some
specific features of the ISO/IEC 18000-3 Mode 1 RFID tag and the implementation of the data protocol
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that can be incorporated into specific security systems. The individual features are discussed in the
following subclauses, without any comment on their particular merits. Combinations of these can also

be provide

d in particular systems.

Detailed advice is provided in ISO 28560-1.

9.2.2 Use of the dual AFI system

Security implementations based on a dual AFI require that value 07ygyx is programmed as the AFI code
for library items that are checked into the collection. It also requires that AFI code C2ygx is encoded on

items that

The portal
code value
authorized

If this seculrity system is used, the AFI code shall not be locked.

9.2.3 Us

Each I1SO/
manufact
ensure th
primary st
Inventory @

The databg
out of thel
all tag IDs,
items, the §

are checked out and on loan

at the library exit interrogates for any tag with AFI code 07ygx. RFID tags with-this
respond with their unique tag ID, while all other tags with different AFI codes (in€luding
on-loan code value of C2ygx) are ignored.

e of the unique tag ID

EC 18000-3 Mode 1 tag has a unique tag ID programmed. by the integrated cir
er in a non-volatile memory. The tag ID is used as part of,the’ anti-collision procedur
communications across the air interface is with one pagticular RFID tag. As such, it is

age of the communication chain and is part of the respense of the Inventory command.

ommand, itself, has an argument that enables selectiohusing the AFI.

se lookup system requires a database to be compiléd of the tag IDs of items that are ched
brary, usually for a given defined period of time*Fhe security system is programmed to 1
look them up on the database and, if they are-not on the database of authorized checked
issumption is that they have been removedint an unauthorized manner.

AFI
the

cuit
b to
the
The

ked
ead
out

Because the ISO/IEC 18000-3 Mode 1 tag can bhge used in other systems, the DSFID (see 7.2.6) should be

checked to|
part of the

It is essent
other RFID
implement
ensure tha
to achieve

9.24 Us

Electronic

ISO/IEC 18000-3"Mode 1 tag as a proprietary feature. As such, the operation of this feature is out

the scope

ensure that the RFID tag is complidnt with this part of ISO 28560. The DSFID is returne
response to the Inventory command.

jal that the AFI on-loan items 'comply with this part of ISO 28560 to avoid interference V
ntions that are based on'the unique tag ID being checked for “on loan” status shall addition|

I the AF1 value C2ygxis' encoded on all items that are checked out and on loan. The proced
this is not specified Here and should be developed by each systems manufacturer.

e of the EAS features
article—surveillance (EAS) features have been added by some manufacturers to

f@he air interface standard. It is included here, because a number of vendors offer this

 as

vith

systems that are compliantwith the AFlregistration procedures of ISO/IEC 15961-2. Seculrity

ally
ure

the
side
hsS a

feature as

FalPl T 1 11 1 1.cc AC 1 1
Pdl U OL'UICIT SYSUCIIL TIICTOPCT dDITILY DELWCECIT UITICITTHU LAS SYSUCIILS CdITIIUT DE d55UIIICU.

It is essential that the AFI on-loan items comply with this part of ISO 28560 to avoid interference with
other RFID systems thatare compliant with the AFI registration procedures of ISO/IEC 15961-2. Security
implementations that are based on EAS features being checked for “on loan” status shall additionally
ensure that the AFI value C2ygx is encoded on all items that are checked out and on loan. The procedure
to achieve this is not specified here and should be developed by each systems manufacturer.

10 Implementation and migration

Issues concerned with new implementations and migration issues from legacy RFID implementations to
this part of ISO 28560 are discussed in Annex E.
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Annex A
(informative)

Information about ISO 28560 RFID in libraries

A.1 Informationalwehsite
J—HRHeF a4t oA Website

The Danish Agency for Culture hosts a website with additional information about ISO 28560
http://biblstandard.dk/rfid

Darlish Agency for Culture
Copenhagen,
Derjmark

Emdil: rfid@bs.dk

A.Z Types of support information

At the time of publication of this part of ISO 28560, two items of information have been identified. These
arellisted below, together with the URL of the continually updated material.

— |RFID in libraries. Links to external materials:
http://biblstandard.dk/rfid/docs/RFID~in-libraries-Links-external
— |RFID in libraries. Q&A:
http://biblstandard.dk/rfid/docs/RFID-in-libraries-q-and-a

Othler material can be published'In future, and this will be publicized and made available frqm the URL
in A.1.
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Annex B
(normative)

Relevant ISO/IEC 15961-1 application commands

B.1 Configure-AEl

;

supports the additional argument to lock the AFI.

The Confi

A valid res
provides a

B.2 Con

This comm
argument

particular
encoded” v

The respor

B.3 Inve

The Invent]
AFlis used
whether sd
Number-0
business aj

The respor
tag. There

B.4 Wri

The Write-
object iden
Compact-P
OID is not 3

re-AFl command is used to write, or overwrite, the AFI code to the RFID tag. The comm|

ponse from the command indicates that the command was successfully implemented
h indication of failure.

figure-DSFID

and supports the writing of the DSFID to the RFID tag. It includes support for the opti
to lock the DSFID. The ISO/IEC 15962 processes automatically determine whether
RFID tag being encoded supports the “hard-coded” version of DSFID or the “softw
ersion.

se indicates whether the operation was successfulyor provides details of errors.

ntory-Tags
ory-Tags command is used to select a sétof tags from within a population of RFID tags.

me, an exact number of, or all tags'need to be identified. This argument is combined with|
-Tags argument. The combination’of these arguments is intended to support many diffe
pplications, where reading allithe RFID tags might not be necessary.

se from the command is aTist comprising the tag IDs together with the DSFID for each R
s also an indication ¢f'the nature of any failures to complete the command instructions.

Le-Objects

Objects command and its Add-Objects-List argument is used to write a list of one or n
tifierssand objects to an RFID tag. Each object is provided as a byte stream supported |
hrameter. Additionally, there are arguments to lock the data set and to check that the Relat]
iIteady encoded on the RFID tag.

and

, OI

nal
the
hre-

The

as a selection criterion. It is also possible to use the Identify-Method argument to deternpine

the
ent

FID

ore

Dy a
ive-

The response from the command is a list that identifies what action was taken with respect to each data

object.

B.5 Read-Objects

The Read-Objects command is used to read one or more data objects from the RFID tag. It is supported
by a Read-Type argument that enables only first objects (such as the primary item identifier and OID-
index) to be read, or to read one or more objects, or to read all objects. If the read type is Read-First-
Objects, this has to be supported by an additional argument, i.e. Max-App-Length, which requires a total
number of bytes to be defined. This value can be calculated relatively easily if the primary item identifier
for the particular library is of a fixed length. An additional Check-Duplicates argument can also return
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information of whether there is more than one instance of a particular Relative-OID encoded on the
RFID tag. This can be useful for housekeeping purposes.

The response from the command provides a list of information associated with each data object. In
particular, it clearly identifies whether the data has been de-compacted, or remains application-defined,
as would apply for example to the OID-index.

B.6 Read-Object-Identifiers

The Read-Object-Identifiers command reads all the object identifiers, but not the associated data objects,
frofn an RFID tag. The command Is mainly used as part of a "housekeeping~ procedure, or pxample to
chefk that the OID-Index is correctly encoded, or when a new loan item is brought in\frqm another
soufce such as an interlibrary loan.

Theresponse from the command provides a list of all of the Relative-OIDs encoded on the tag, or details
of apy failure to execute the command.

B.7 Get-App-Based-System-Info

Thg Get-App-Based-System-Info command requires the interrogater to read the system ipformation
(thg AFI and DSFID) from the RFID tag. In some applications, thisis-a housekeeping command ensuring
that the code values are correctly encoded.

The response from a successful read returns the AFI and DSFID values.

B.§ Modify-Object

Thg Modify-Object command is used to change the value of the data object, and effectively overwrite the
asspciated data set. If the data set is already, locked, it cannot be modified. The command sppports an
arghment that enables the modified data;set to be locked.

Thegresponse from the command eitherindicates success, or reasons for failure in invoking th¢ command
including the inability to modify,a‘data set that is already locked.

B.9 Delete-Object

The Delete-Object comimand enables a complete data set to be deleted from the RFID tag. THis can only
be 4chieved if the data set is not locked.

Thd response fsom the command indicates whether the action was successful, or provides Jeasons for
failyire.

B.10Read-Logical-Memory-Map

The Read-Logical-Memory-Map command is used for diagnostic purposes. It returns the complete
content of the memory on the tag in terms of encoded bytes, with no processing to identify individual
object identifiers or objects.

The response is either a byte stream of all the encoding on the tag, or a reason for failing to action the
command.
B.11Erase-Memory

The Erase-Memory command instructs the interrogator to set to zero the entire encoding on a specified
RFID tag. If any blocks are locked, then a generic Blocks-Locked response is returned, indicating failure
to properly action the command.
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The response from the command gives an indication that the command was successfully completed, or
reasons for failure.
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Annex C
(normative)

Pre-encoding the ISIL
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mixture of uppercase, lowercase, and numeric characters, a specific pre-encoding scheme is
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ISIL supports a number of structures, including library identifiers under a national sehen]
-alphabetic-character ISO 3166-1 country code, and three other formats where the prefix
one-, three-, or four-character long. A hyphen minus character separates this code from

hyphen minus character is essential to distinguish the boundary point between the variag
[ix and the library identifier. The use of the standard compaction schemes of ISO/IEC 15
relatively inefficient compaction of these data.

ichieve a more efficient compaction of the ISIL, which can be@p to 16 characters in le

part of [SO 28560. The scheme supports the encoding of@ny mixture of characters that i
n ISO 15511 for the registration of the ISIL.

ISIL encoding scheme is based on an encoding table, as defined in Table C.1. The charact
in three columns, each of which contains a subset of the character set and some control
h alphabetic and punctuation character is enéoded in 5 bits, and each numeric charactg

in in the uppercase set, a point that is explained in C.3.

Table C.1 — ISIL:encoding table for this part of ISO 28560

e using the
identifiers
the library

us types of
D62 results

hgth and a
included in
compliant

brs are laid
rharacters.
r in 4 bits.

cial control characters (see C.2) are used\to’ switch between the sets. The encoding slhall always

©IS

Uppercase set Lowercase set Numeric set
Value| Character’ |Hex |Value| Character |Hex|Value| Character | Hex
00000 - 2D {00000 - 2D | 0000 0 30
00001 A 41 |00001 a 61 | 0001 1 31
00010 B 42 |00010 b 62 | 0010 2 32
00011 C 43 |00011 C 63 | 0011 3 33
00100 D 44 100100 d 64 | 0100 4 34
00101 E 45 |00101 e 65 | 0101 5 35
00110 F 46 (00110 f 66 | 0110 6 36
00111 G 47 100111 g 67 | 0111 7 37
01000 H 48 01000 h 68 | 1000 8 38
01001 I 49 (01001 i 69 | 1001 9 39
01010 | 4A {01010 j 6A | 1010 - 2D
01011 K 4B (01011 k 6B | 1011 3A
01100 L 4C 01100 1 6C | 1100 |Latch upper| N/A
01101 M 4D |01101 m 6D | 1101 | Shift upper | N/A
01110 N 4E |01110 n 6E | 1110 |Latch lower| N/A
01111 0 4F 01111 0 6F | 1111 | Shiftlower | N/A
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Table C.1 (continued)

10000 P 50 (10000 p 70
10001 Q 51 |10001 q 71
10010 R 52 |10010 r 72
10011 S 53 |10011 s 73
10100 T 54 (10100 t 74
10101 U 55 (10101 u 75
10110 V 56 110110 v 76
10111 w 57 |10111 w 77
11000 X 58 (11000 X 78
11001 Y 59 |11001 y 79
11010 Z 5A 11010 vA 7A
11011 : 3A |11011 / 2F
11100| Latchlower |N/A|11100| Latch upper |N/A
11101 | Shiftlower |N/A|11101| Shiftupper |N/A
11110 | Latch numeric | N/A {11110 | Latch numeric | N/A
11111 | Shift numeric | N/A |11111| Shift numeric | N/A

C.2 Control characters

Each chardcter set in Table C.1 has four control characters. These are used as follows.

— The SRift function transfers the encoding to a different character set for a single character.
encoding automatically returns to the charact€p set from which the Shift was invoked.

— The Latch function transfers subsequentencoding to one of the other character sets, where encog
remains in place until the end of encoding or until another Latch or Shift is invoked.

These contfrol characters are requiredito be encoded on the RFID tag so that the data can be prop
reconstrudted during the decode process.

C.3 Encpding rules

C.3.1 Base character-set

The encodjng shall.begin in the uppercase character set, which is considered as the base chara

The

ling

erly

Cter

set. This if to ptevide an efficient encoding scheme for the majority of ISIL codes that begin wit
alphabetic
then the ap

C.3.2 Encoding process

Each character is encoded in sequence, adding a bit pattern associated with a particular characte

an

r to

an encoded bit string. Encoding remains within the same character set until the end of the encoding

process, or until a character is found that is not supported by the particular character set.

At this point, there is an advantage to “look ahead” to additional characters. If the next two characters

can be supported in the same character set, then a latch to that character set should be used. If only
character can be encoded from the character set, then a shift to that character set should be used.

one
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These rules are recommended because they are simple to implement. Using alternative analyses of the
complete character string might result in a more efficient encoding, and this can be used as long as
appropriate shift and latch characters are properly used.

A shift or a latch to the numeric set only requires each of these characters to be recorded with a four-bit
string.

At the end of the encoding process, a concatenated bit string is produced that consists of a number of
five-bit and four-bit (for any numeric digits) patterns produced for each character and any necessary
control characters. If the number of bits is not perfectly divisible by eight, then additional pad bits “1”
shall be added at the end. During the decode process, some of these pad bits might appear as control
chafacters, but as they cannot point to a shift in alphabetic, numeric, or punctuation chardcters, they
arelignored.

C.4{ Declaring the ISO/IEC 15962 compaction scheme

When the byte stream is transferred to the ISO/IEC 15962 encoding proceSs,-the compactjon scheme
shall be specified as “application-defined”. This is to ensure that no additional compaction|is applied.
An gpplication-defined compaction scheme declares itself as such durjng the decode procesg, requiring
spefial application-defined rules (for example, as defined in this Annex), to be applied to inferpret the
data string.

C.5 The use of generic or application-specificISO/IEC 15962 encoders and de-
coders

C.5|/1 General

It ig likely that a library implementation couldise a generic ISO/IEC 15962 encoder or decdder, or one
more specifically designed to support this paxt of ISO 28560. Itis also possible that, dependingon specific
equiipment configurations, the library impléementation might even need to support both methods. These
are|discussed below.

C.5{2 The generic ISO/IEC 15962 encoder or decoder

The generic ISO/IEC 15962eneoder or decoder is intended for use in mass-market applicatjons where
application-specific details.are not directly supported. Therefore, the encoding rules, apd implicit
decpding rules, defined-in'this Annex for the ISIL need to be implemented externally. The pgesentation
to the ISO/IEC 15962-eéncoder is the byte stream result (see C.3.2), qualified by the compactjon scheme
being declared astapplication-defined. The generic ISO/IEC 15962 decoder outputs the uninterpreted
byte string, qualified by the compaction scheme being declared as application-defined.

C.5|3 Aminclusive encoder or decoder for this part of ISO 28560

In thistype of hardware or software device implementation, the interface with the applicatior} is the ISIL,
itself Al of The encoding processes described 1N ThiS ANNEX are incorporated in the process, including
the creation of the appropriate byte stream and declaring that the compaction is application-defined.
The decoding process outputs a valid ISIL.

C.6 Encoding examples

C.6.1 EXAMPLE 1: DE-Heul

This example contains characters from all three character sets and illustrates the use of the latch and
shift control characters as follows.

a) Encoding begins in uppercase character set with the character {D}, which encodes as “00100”.
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b) Encoding continues with the next three characters {E-H}, which are from the same character set
and encode as: “00101”,“00000”, and “01000”.

c¢) The next two characters are lowercase {eu}, and cannot be encoded in the same character set as
used for the first four characters. Therefore, a latch lower control character needs to be encoded as
“11100”.

d) The two lowercase characters {eu} are then encoded as “00101” and “10101”.

e) The next character is from the numeric set and cannot be encoded in the same character set as
currently being encoded. As there is only a single digit, a shift numeric control character is encoded
as “1171T1™

f) The nymeric digit {1} is encoded as the four-bit code “0001".

g) The bif pattern is concatenated to create a 44-bit string, as shown in Table C.2.

Table C.2 — Encoding of ISIL DE-Heul
D E i H Latch e u Shift_ 1
lower nuineric
00100 | 00101 | 00000 | 01000 | 11100 | 00101 | 10101 11111 0001

h) The fopir-bit pad string “1111” is appended to round this encoding.string to one divisible by eight to
enable|conversion to a byte string, as shown in Table C.3.

Table C.3 — Byte string for.ISIL DE-Heul

C.6.2 EXAMPLE 2: CH-000134-1

This example is an ISIL with a long numeri€ string and is encoded as follows.

a) Encoding begins in uppercase character set with the character {C}, which encodes as “00011".

b) Encoding continues with the next two characters {H-}, which are from the same character set pnd
encode as “01000” and “00000”.

c¢) The ngxt six characters-are numeric {000134}, and cannot be encoded in the same character st as
used for the first threecharacters. Therefore, a latch numeric control character needs to be encoded
as “11110”.

d) The six numérie digits {000134} are then encoded as a sequence of four-bit codes: “0000”, “0000”,
“00007, “0001” “0011”, and “0100".

e) The nexttharacteris<{Famdasthis s supportetby the mumericset it tamr beencoded as a four-bit
code “1010".

f) The final character is the numeric digit {1} and is encoded as “0001".

g) The bit pattern is concatenated to create a 52-bit string, as shown in Table C.4.

Table C.4 — Encoding of ISIL CH-000134-1
C H : Latch 0 0 0 1 3 4 : 1
numeric
00011 | 01000 | 00000 11110 0000 | 0000 | 0000 | 0001 | 0011 | 0100 | 1010 | 0001
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h) The four-bit pad string “1111” is appended to round this encoding string to one divisible by eight to
enable conversion to a byte string, as shown in Table C.5.

Table C.5 — Byte string for ISIL CH-000134-1

00011010 { 00000001 | 11100000 | 00000000 | 00010011 | 01001010 | 00011111
1A 01 EO 00 13 4A 1F
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Annex D
(informative)

Encoding examples

ral considerations

D.1 Gen

This Anne
ISO 28560,

The proces
input data

element, but it should be borne in mind that software compliant with ISO/IEC 15962ymight have diffe

processes {

D.2 Inpq

D.2.1 Thie RFID tag

The RFID t
of the data
bytes and ¢

D.2.2 The input data

The data e

O CUTIO T C I atroto

x shows the encoding of a hypothetical set of data elements compliant with this\pan
The example includes features that require selective locking of some data elemernts:

are converted to encoded bytes on the RFID tag. This is done progressively for each ¢

o achieve the same end result.

it assumptions

ag has separate memory areas for encoding the AFIand the DSFID. Therefore, the encoc
can begin from the first byte of user memory. Theuser memory is organized in blocks
bach block can be independently locked.

ements to be encoded are describeduin Table D.1.

Table D.1 ~— Example data elements

t of

ses described in this Annex are presented in a manner to help the reader asinderstand how

lata
rent

ling
pf 4

Rela-
Data element |Sequence|—tive- |Lock Format Example data
oID
Primary item Dst 1 Yes |Variable length alpha- [123456789012
ID numeric
OID index 2nd 2 No |Bit mapped code
Set information 3rd 4 No |n of m structure 3rd item of set of
(nand m numeric < 255) |12
Shelflocation 4th 6 No |Variable length alpha- |QA268.L55
numeric
Owner institu- 5th 3 Yes |Variable length field US-InU-Mu
tion (ISIL) based on ISO 15511

D.3 Encoding the data elements

D.3.1 General

As all of the Relative-OID values are in the range 1 to 14, the Relative-OID is directly encoded in the
precursor (see 7.4.5.2). This means that each data set consists of the precursor, the length of the encoded
data, and the compacted data.
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