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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
establish i izati i i i i v =C
technical fommittees collaborate in fields of mutual interest. Other international organizations, governnmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives;Part 2.

The main| task of the joint technical committee is to prepare International Standards.,Draft Internatiopal
Standardd adopted by the joint technical committee are circulated to national bodies fér yoting. Publication fas
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

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

ISO/IEC 1[5438 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technology,
Subcommiittee SC 31, Automatic identification and data capture techniques.

This secopd edition cancels and replaces the first edition (ISO/MEC 15438:2001), which has been technic3
revised.

y
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Introduction

The technology of bar coding is based on the recognition of patterns of bars and spaces of defined
dimensions. There are various methods of encoding information in bar code form, known as symbologies, and

the rules defining the translation of characters into bars and space patterns and other essential features are
known-as.-the Q\J/mhnlng\/ Qpnr\ifir\afinn

Manufacturers of bar code equipment and users of bar code technology require publicly availablg standard
symbology specifications to which they can refer when developing equipment and application, standards. It is
the intent and understanding of ISO/IEC that the symbology presented in this International'Standard]is entirely
in the public domain and free of all user restrictions, licences and fees.
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ecifies PDF417 symbology characteristics, data character encodation, symbaol formats, dimens
rrection rules, reference decoding algorithm, and a number of application parameters.

Normative references

cument (including any amendments) applies.
D/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchar
D/IEC 8859-1, Information technology — 8-bit single-byte coded graphic character sets — Pa

D/IEC 15415, Information technology — Automatic identification and data capture techniques —
nt quality test specification — Two-dimensional symbols

D/IEC 15424, Information technology”— Automatic identification and data capture technique
rrier Identifiers (including Symbology Identifiers)

D/IEC 19762-1, Informationtechnology — Automatic identification and data capture (AIDC) tech
rmonized vocabulary — Part 1: General terms relating to AIDC

is International Standard specifies the requirements for the bar code symbology-known as PDF417. It

ons, error

e following referenced documents are indispensable for thedapplication of this document. For dated
erences, only the edition cited applies. For undated references, the latest edition of the rneferenced

ge
rt 1: Latin

Bar code

5 — Data

niques —

©l

D/IEC 19762-2, Information technology — Automatic identification and data capture (AIDC) techniques —
rt 2: Optically readable media (ORM)

D/IEC 24723) “Information technology — Automatic identification and data capture techniques —
N.UCC Composite bar code symbology specification

M Inc<‘International Technical Standard: 1TS/04-001, Extended Channel Interpretations — Part 1:
bntification Schemes and Protocols 1

1 Published by AIM Global, 125 Warrendale-Bayne Road, Suite 100, Warrendale, PA 15086, USA.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762-1, ISO/IEC 19762-2 and
the following apply.

31

basic channel model

standard system for encoding and transmitting bar code data where data message bytes are output from the
decoder but no control information about the message is transmitted

NOTE A decoder complying with this model operates In 5asic Uhannel Viode.

3.2
bar-space sequence
sequence|which represents the module widths of the elements of a symbol character

3.3

cluster
any of three mutually exclusive subsets of PDF417 symbol characters; the symbgl<characters in a given
cluster conform with particular structural rules which are used in decoding the symbology

3.4
compactipn mode
any of three data compaction algorithms in PDF417 (Text, Numeric and Byte Compaction modes) which &
used to mpp 8-bit data bytes efficiently to PDF417 codewords

=4

e

3.5
e-distancp
distance ffom leading edge of an element to leading edge of the next similar element, or from trailing edge
trailing edpe

—

(0}

3.6
error corection codeword
codeword| which encodes a value derived from-’the error correction codeword algorithm to enable decode
errors to He detected and, depending on the'error correction level, to be corrected

3.7
Extended Channel Interpretation
ECI
procedurgl within some symbglogies, including PDF417, to replace the default interpretation with another
interpretafion in a reliable manner

NOTE The interpretation’intended prior to producing the symbol can be retrieved after decoding the scanned sympol
to recreate|the data message in its original format.

3.8
Extended Channel Model
system fof €ncoding and transmitting both data message bytes and control information about the message,
the control information being communicated using Extended Channel Interpretation (ECI) escape sequences

NOTE A decoder complying with this model operates in Extended Channel Mode.

3.9

function codeword

codeword which initiates a particular operation within a symbology, for example to switch between data
encoding sets, to invoke a compaction scheme, to program the reader, or to invoke Extended Channel
Interpretations

2 © ISO/IEC 2006 — All rights reserved
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3.10

Global Label Identifier

GLI

procedure in the PDF417 symbology which behaves in a similar manner to Extended Channel Interpretation

NOTE The GLI system was the PDF417-specific precursor to the symbology-independent ECI system.

3.1

Macro PDF417

procedure in the PDF417 symbology logically to distribute data from a computer file across a number of
related PDF417 symbols

NQTE 1 The procedure considerably extends the data capacity beyond that of a single symbol.
NQTE 2  This procedure is similar to the Structured Append feature in other symbologies.

3.12

Mode Latch codeword
codeword which is used to switch from one mode to another mode, which stays ineffect until another latch or
shift codeword is implicitly or explicitly brought into use, or until the end of the\symbol is reached

3.13

Mode Shift codeword
codeword which is used to switch from one mode to another for afie codeword, after which encodihg returns
to[the original mode

4
§w Indicator codeword

L

F417 codeword adjacent to the start or stop character in a row, which encodes information [about the
ucture of the PDF417 symbol in terms of the row.identification, total number of rows and columns, and the
erfor correction level

3.15
Symbol Length Descriptor
first codeword in a PDF417 symbol, which encodes the total number of data codewords in the symbo

4 Symbols, operations’and abbreviated terms

4.1 Symbols

Fdr the purposes(of,this document, the following mathematical symbols apply. There are some cages where
thé symbols belew have been used in a different manner in an equation. This has been done for consistency
with a more-general use of the notation and is always clearly defined in the text.

A symbol aspect ratio (height to width) of a PDF417 symbol

b elementwidthn-a-symbel-character

c number of columns in the symbol in the data region (excluding start, stop and row indicator
codewords)

d data codeword including all function codewords

E error correction codeword

e edge to similar edge dimension in a symbol character

F row number

© ISO/IEC 2006 — All rights reserved 3
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f number of substitution errors

H height of symbol including quiet zone

K cluster number

k number of error correction codewords

L left row indicator

/ umber of erasures

m number of source data codewords prior to the addition of the Symbol Length Descriptor and‘any pad
dodewords

n tptal number of data codewords including Symbol Length Descriptor and any pad cotdewords

p pitch or width of a symbol character

Qy Rorizontal quiet zone

Qv Vertical quiet zone

R right row indicator

r nfumber of rows in the symbol

S grror correction level

w width of symbol including quiet zone

X -dimension or module width

Y rodule height (also called row height)

4.2 Mathpmatical operations

For the pyrposes of this document, the following mathematical operations apply.

div i$ the integer division operator, rounding down

INT i$ the integer value i.e. where a number is rounded down to its whole number component, ignoring
ifs decimalfractions

mod is the positive integer remainder after division. If the remainder is negative, add the value of the
g i‘\I/‘ilso-lr‘to mzike_ i’fplpogiii‘\’/e. For example, the remainder of -29 160 divided by 929 is -361 which whtpn

dded-to-929-yietds568-

4.3 Abbreviated terms
For the purposes of this document, the following abbreviated terms apply.
ECI Extended Channel Interpretation

GLI Global Label Identifier

4 © ISO/IEC 2006 — All rights reserved
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5 Requirements
5.1 Symbology characteristics

5.1.1 Basic characteristics
PDF417 is a bar code symbology with the following basic characteristics:

a) Encodable character set:

1) Text Compaction mode (see 5.4.1.5) permits all printable ASCII characters to be encoded,|.e. values
32 - 126 inclusive in accordance with ISO/IEC 646 (IRV), as well as selected control charagters.

2) Byte Compaction mode (see 5.4.3) permits all 256 possible 8-bit byte valuestotbe encofed. This
includes all ASCII characters value 0 to 127 inclusive and provides for intetnational character set
support.

3) Numeric Compaction mode (see 5.4.4) permits efficient encoding of numeric data strings.

4) Up to 811 800 different character sets or data interpretations.

5) Various function codewords for control purposes.

b)|] Symbol character structure: (n, k, m) characters of 17 modules (n), 4 bar and 4 space elements (k), with
the largest element 6 modules wide (m).

c)| Maximum possible number of data characters pér symbol (at error correction level 0): (925 data
codewords which can encode:

1) Text Compaction mode: 1 850 characters (at 2 data characters per codeword).
2) Byte Compaction mode: 1 108 characters (at 1,2 data characters per codeword).
3) Numeric Compaction modet 2710 characters (at 2,93 data characters per codeword)

At the minimum recommended error correction level, there is a maximum of 863 data codewagrds which
can encode:

4) Text Compaction”‘mode: 1 726 characters (at 2 data characters per codeword).
5) Byte Compaction mode: 1 033 characters (at 1,2 data characters per codeword).
6) Numeric Compaction mode: 2 528 characters (at 2,93 data characters per codeword).

d)| Symbol size:

a0 Al o £ 2t OO0
) INUTTTOCTT UT'TOUOWS. U TU JU.

2) Number of columns: 1 to 30.

3) Width in modules: 90X to 583X including quiet zones.
4) Maximum codeword capacity: 928 codewords.

5) Maximum data codeword capacity: 925 codewords.

Since the number of rows and the number of columns are selectable, the aspect ratio of a PDF417 symbol
may be varied when printing to suit the spatial requirements of the application.

© ISO/IEC 2006 — All rights reserved 5
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e) Selectable error correction: 2 to 512 codewords per symbol (see 5.7).

f) Non-d

ata overhead:

1) Perrow: 73 modules, including quiet zones.

2) Per symbol: a minimum of 3 codewords, represented as symbol characters.

g) Code type: continuous, multi-row two-dimensional.

h) Char
i) Bi-dirg
5.1.2 Su
Additional
a) Data

code

5.4.1

ctersetf-theckingYes:
ctionally decodable: Yes.

mmary of additional features

features which are inherent or optional in PDF417 are summarised below:

compaction: (inherent) Three schemes are defined to compact a numbérof data characters into

vords. Generally data is not directly represented on a one character for.one codeword basis (s
5 to 5.4.4).

b) Exte

chardcter sets or interpretations to be encoded (see 5.5).

c) Macr
consq
or cg
recon

d) Edge
simila

e) Crosg row scanning: (inherent) The~combination of the following three characteristics in PDF4|

facilit

This
the d
decoq

ee

ded Channel Interpretations: (optional) These mechanisms<allow up to 811 800 different data

cutively in a number of PDF417 symbols. Up to 99 999 different PDF417 symbols can be so link
ncatenated and be scanned in any sequence to\ enable the original data file to be correg
structed (see 5.13).

to edge decodable: (inherent) PDF417_can be decoded by measuring elements from edge
r edge (see 5.3.1).

htes cross row scanning:

eing synchronised horizontally, or self clocking

bw identification

eing synchronigsed-vertically, by using the cluster values to achieve local row discrimination.
combination\allows a single linear scan to cross a number of rows and achieve a partial decode

bta so long/as at least one complete symbol character per row is decoded into its codeword. T
ing algorithm can then place the individual codewords into a meaningful matrix.

PDF417: (optional) This mechanism allows files.0f data to be represented logically and

ed
tly

to

of
he

f) Error

ion: (inl Y o f g ion levels. Al Level

detect errors but also can correct erroneously decoded or missing codewords (see 5.7).

nly

g) Compact PDF417: (optional) In relatively ‘clean' environments, it is possible to reduce some of the row
overhead to improve the symbol density (see 5.12).

NOTE

In earlier specifications of PDF417, Compact PDF417 was called Truncated PDF417. Compact PDF417 is
the preferred term to avoid confusion with the more general use of the term ‘truncated'.

© ISO/IEC 2006 — All rights reserved
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5.2 Symbol structure

5.2.1 PDF417 symbol parameters

Each PDF417 symbol consists of a stack of vertically aligned rows with a minimum of 3 rows (maximum 90
rows). Each row shall include a minimum of 1 symbol character (maximum 30 symbol characters), excluding
start, stop and row indicator columns. The symbol shall include a quiet zone on all four sides. Figure 1
illustrates a PDF417 symbol encoding the text: PDF417 Symbology Standard.

Quiat St. Left Row Right Row Stop Quiet

or
zone Pattern codewords codewords Pattern zone

L

Figure 1 — PDF417 symbol'structure

5.2.2 Row parameters

D).

Egch PDF417 row shall comprise:

a)| leading quiet zone

b)| start character

c)| left row indicator symbol charactér
d)| 1 to 30 symbol characters

e)| right row indicator symbol character
f)| stop character

g)| trailing quiet.zone

NQTE Thé number of symbol characters (or codewords) defined in item ‘d' above is equal to the numper of data
columnsfinthe PDF417 symbol.

5.2.3—GCedewerd-segtence

A PDF417 symbol may contain up to 928 symbol characters or codewords. Symbol character is the more
appropriate term to refer to the printed bar/space pattern; codeword is more appropriate for the numeric value
of the symbol character. The codewords shall follow this sequence:

a) The first codeword, the Symbol Length Descriptor, shall always encode the total number of data
codewords in the symbol, including the Symbol Length Descriptor itself, data codewords and pad
codewords, but excluding the number of error correction codewords.

b) The data codewords shall follow, from the most significant encodable character. Function codewords may
be inserted to achieve data compaction.

© ISO/IEC 2006 — All rights reserved 7
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c) Pad codewords to enable the codeword sequence to be represented in a rectangular matrix. Pad
codewords may also be used to fill additional complete rows to achieve an aspect ratio desired or as
specified by the application.

d) An optional Macro PDF417 Control Block.

e) Error correction codewords for error detection and correction.

The codewords are arranged with the most significant codeword adjacent to the Symbol Length Descriptor,
and are encoded from left to right and from top row to bottom. Figure 2 illustrates in layout format the

sequencefora—symbottike-that-showminFigure—+—inFigure2—an—error—correctiontevetof—4++hasbeenused
and one ppd character was needed to completely fill the symbol matrix.

L4 d1s d1s R1

Lo di3 di2 Ro

L3 di4 dio Ra
S I, |de |ds |Ry s
ol fe e R |7
o |Ls ds dg Rs o
T | ds dy R; P

Le d4 do Rg

Lo Es E, Rg

L1o Eq Eo R1o

Figure 2 — PDF417 Example of Symbol Layout Schematic

where L, R, d and E are as defined-in'clause 4
d1s = Symbol Length Descriptor (in this example, with a value of 16)
dq4 to dq = encoded representation of data
do =/ pad codeword

The rules pnd advice for.structuring the matrix are included in 5.9.

5.3 Basi¢ encodation

5.3.1 Sylmbol character structure

Each PDF417 symbol character shall consist of four bar elements and four space elements, each of which
can be one to six modules wide. The four bar and four space elements shall measure 17 modules in total.
PDF417 symbol characters can be decoded by measuring the e-distances within the character.

Each symbol character is defined by an 8-digit bar-space sequence which represents the module widths of the

eight elements of that symbol character. Figure 3 illustrates a symbol character with the bar-space sequence
51111125.
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MODULE #
| "2'3 Il ll'll"" l' '|0|H|12|'3||4||5 '1!"7'

TH

Th
en
frd
ch

TH

W

TH

TH

TH

.3.2 Start andstop characters

1' 1 I 1 l1 I 1 l 2 | 5
ELEMENT
WIDTH

b b b b,

1 2 1

Figure 3 — A PDF417 symbol character
ere are 929 defined symbol character values (codewords) numbered.frem 0 to 928.

e codewords are represented by three mutually exclusive symbgl character sets, or clusters. E3
codes the 929 available PDF417 codewords into different bar-space patterns so that one cluster
m another. The cluster numbers are 0, 3, and 6. Thecluster definition applies to all PDF4
aracters, except for start and stop characters.

e cluster number K is defined by the following formula:

K= (b1 - botb3- bg+9) mod 9
here b1, by, b3 and by represent the width in modules of the four bar elements respectively
e cluster number K for the symbol‘eharacter in Figure 3 is:

K=5-1+1-2+9) mod9=3

e codewords and the bar-space sequences for each cluster of symbol characters are given in Anr

e start and stop characters shall be composed as defined in Table 1 and illustrated in Figure 4:

Table 1 — Bar-space sequence for Start and Stop Characters

Bal -apau: DUqUUI 1UC
Character
B S B S B S B S B
Start 8 1 1 1 1 1 1 3
Stop 7 1 1 3 1 1 1 2 1

NOTE 1 The PDF417 stop and start characters are unique in having elements more than 6 modules wide.

NOTE 2  The stop character has one extra single module bar element.

© ISO/IEC 2006 — All rights reserved
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The start and stop characters shall have the same bar-space sequence for all rows.

\ l \ /

Start Character Q'n'n Character

5.4 High
High level
Data com

below, ez
sequence

— T
— B
— N
A given s
encoder s
data in a F
900 codey
The remd

compactia

PDF417 4
data to be

5.41 Function codewords

Codeword

— for sw

Figure 4 — PDF417 Start and Stop Characters

level (data) encodation

encoding converts the data characters into their corresponding codewords.

baction schemes shall be used to achieve efficient high level encoding.( Three modes are defin
ch of which defines a particular efficient mapping between usersdefined data and codewd
5. PDF417 has three data compaction modes:

ext Compaction mode (see 5.4.1.5).

yte Compaction mode (see 5.4.3).

umeric Compaction mode (see 5.4.4).

witches between compaction modes and sub-modes. There is no single specified way to enco
PDF417 symbol.

ining 29 codewords are assigned’to specific functions (see 5.4.1) independent of the curr
n mode.

Iso supports the Extended) Channel Interpretation system, which allows different interpretations
accurately encoded in the symbol (see 5.5).

s 900 to 9287are assigned as function codewords as follows:

itching-between modes (see 5.4.1.1)

vords (0 to 899) are available in eactiimode for data encodation and other functions within the moie.

ed
rd

ring of data bytes may be represented by difterent codeword sequences, depending on how the

de

nt

of

— foren

hancad-anplicatione-cina-Exianded Channal lntarnratationce (ECIc) (can B A4 4 D)
o et pPpPTCatoo oM gttt oo e T terpremtono (e oo (oo 17

— for other enhanced applications (see 5.4.1.3 and 5.4.1.4).

At present codewords 903 to 912, 914 to 917, and 919 are reserved. Table 2 defines the complete list of
assigned and reserved function codewords. Their functions are defined in 5.4.1.1 to 5.4.1.5. See 5.4.6 for the

treatment

10

of reserved codewords.
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Table 2 — Assignments of PDF417 function codewords

Codeword Function sRL?t]:ilratgse
900 mode latch to Text Compaction mode 5411
901 mode latch to Byte Compaction mode 541.1,54.31
902 mode latch to Numeric Compaction mode 5411
903 to 912 Reserved
IJIo moae snift to oyte Lompaction mode 9.4. 1.1
914 to 917, 919 Reserved
918 linkage flag to associated linear component, in a composite symbol | 5.4.1.5
(other than an EAN.UCC Composite symbol)
920 linkage flag to associated linear component, in an EAN.UCCr]y5.4.1.5
Composite symbol
921 reader initialisation 5414
922 terminator codeword for Macro PDF control block 5.13
923 sequence tag to identify the beginning of optional“fields in the | 5.13
Macro PDF control block
924 mode latch to Byte Compaction mode (used{differently from 901) 54.11,54.31
925 to 927 identifier for an Extended Channel Interpretation (ECI) 5.5
928 Macro marker codeword to indicate the beginning of a Macro PDF | 5.13

Control Block

54.1.1

Infone PDF417 symbol it is possible_to'switch back and forth between modes as often as require

Function codewords for mode switching

about selecting the appropriate modesJis given in 5.4.5.

A |Mode Latch codeword may-be used to switch from the current mode to the indicated destina
which stays in effect until another mode switch is explicitly brought into use. Codewords 900 to 90

are assigned for this purpese. Table 3 defines their function.

THe Mode Shift codeword 913 shall cause a temporary switch from Text Compaction mod
Compaction mode. )This switch shall be in effect for only the next codeword, after which the mode s
to[the prevailingsub-mode of the Text Compaction mode. Codeword 913 is only available in Text C

mode; its use\is described in 5.4.2.4.

Table 3 — Mode Definition and Mode Switching Codewords

NOTE

The switching rules between the three modes are defined in Table 4 and shown schematically in Figure 5.

Destination Mode Mode Latch Mode Shift
Text Compaction 900

Byte Compaction 901/924 913
Numeric Compaction 902

The table identifies the codeword to be used to switch to the defined mode.

© ISO/IEC 2006 — All rights reserved
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Table 4 — Mode Transition Table, Showing Codewords and Their Function

Destination Mode
Original Mode

Text Byte Numeric

Text 900 mode latch 913 mode shift 902 mode latch
901 mode latch
924 mode latch

Byte 900 mode latch 901 mode latch 902 mode latch
924 mode latch

Numeric 900 mode latch 901 mode latch 902 mode latch
924 mode latch

900

Teoxt

Compaction
901/924

Byte AT Numeric
901/ Compaction 901/924 Compaction
924
\\ /\\\
L 902
902
— — =" Mode Shift

Mode Latch

Figure 5 — Available Mode Switching

The switcling rules into Byte‘Compaction mode are more fully defined in 5.4.3.1.
5.4.1.2 |Function codewords for switching to Extended Channel Interpretations
An ECI cqdeword can be used to switch to a particular interpretation, which stays in effect until another BCI

codeword|is_explicitly brought into use or until the end of the data. Codewords 925 to 927 are assigned to this
function (see5-57:

5413 Function codewords for Macro PDF417

Macro PDF417 symbols (see 5.13) shall use codeword 928 at the start of the Macro PDF417 Control Block.
Codewords 922 and 923 are used for special functions in Macro PDF417.

541.4 Function codeword for reader initialisation

Codeword 921 shall be used to instruct the reader to interpret the data contained within the symbol as
programming for reader initialisation. Codeword 921 shall appear as the first codeword after the Symbol
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Length Descriptor. In the case of a Macro PDF417 initialisation sequence, Codeword 921 shall appear in
every symbol.

The data contained in an initialisation symbol, or sequence of symbols, shall not be transmitted by the reader.

5.4.1.5 Function codewords for linkage flags in composite symbols

Codeword 920 shall be used as a linkage flag to signal the presence of an associated EAN.UCC linear
component in accordance with ISO/IEC 24723.

Cadeword 918 shall be used as a linkage flag to signal the presence of an associated linear comporjent in any
other composite symbology.

When used, the 918 or 920 codeword may appear in any position in the symbol. The appliCable composite
symbology specification may define a specific position of the linkage flag.

Re¢aders supporting the indicated composite application should decode and _transmit the data from all
components as specified in the relevant composite symbology specification,\Readers not supgorting the
indicated composite application may treat the 918 or 920 codeword as a reserved codeword (see[5.4.6). In
addition, readers not supporting the indicated 918 composite application‘may have an option to jgnore the
twp-dimensional composite component and transmit only the data from thé.associated linear component.

5.4.2 Text Compaction mode
THe Text Compaction mode includes all the printable ASCIl.characters (i.e. values from 32 to 126)(and three
ASCII control characters: HT or tab (ASCIl value 9), LFcerrline feed (ASCII value 10), and CR qr carriage
refurn (ASCII value 13). The Text Compaction mode also includes various latch and shift characfers which
arge used exclusively within the mode.

THe Text Compaction mode encodes up to 2 chatacters per codeword. The compaction rules for fonverting
data into PDF417 codewords are defined in 5.4.2.2. The sub-mode switches are defined in 5.4.2.3.

5.4.21 Text Compaction sub-modes

THe Text Compaction mode has four sub-modes:
— Alpha (uppercase alphabetic)

— Lower (lowercasecalphabetic)

— Mixed (numetic and some punctuation)

— Punctuation

Egch,sub-mode contains 30 characters, including sub-mode latch and shift characters.

The—defautt—tompactiom mode—for PDFAt7 i effectatthe—startof each—symbot—stat—atways be Text
Compaction mode Alpha sub-mode (uppercase alphabetic). A latch codeword from another mode to the Text
Compaction mode shall always switch to the Text Compaction Alpha sub-mode.

All the characters and their values are defined in Table 5.

© ISO/IEC 2006 — All rights reserved 13
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Table 5 — Text Compaction Sub-Mode Definition

Text Compaction Sub-Modes
Base 30 Alpha Lower Mixed Punctuation
Value Char ASCII Char ASCII Char ASCII Char ASCII

0 A 65 a 97 0 48 ; 59
1 B 66 b 98 1 49 < 60
2 C 67 c Q9 2 50 > 62
3 D 68 d 100 3 51 @ 64
4 E 69 e 101 4 52 [ 91
5 F 70 f 102 5 53 \ 92
6 G 71 g 103 6 54 ] 93
7 H 72 h 104 7 55 _ 95
8 I 73 i 105 8 56 ‘ 96
9 J 74 j 106 9 57 ~ 126
10 K 75 k 107 & 38 ! 33
11 L 76 I 108 CR 13 CR 13
12 M 77 m 109 HT 9 HT 9
13 N 78 n 110 , 44 , 44
14 @) 79 o 111 : 58 : 58
15 P 80 p 112 # 35 LF 10
16 Q 81 q 113 - 45 - 45
17 R 82 r 114 . 46 . 46
18 S 83 S 115 $ 36 $ 36
19 T 84 t 116 / 47 / 47
20 u 85 u 117 + 43 ¢ 34
21 \Y 86 v 118 % 37 | 124
22 w 87 w 119 * 42 * 42
23 X 88 X 120 = 61 ( 40
24 Y 89 y 121 A 94 ) 41
25 4 90 z 122 pl ? 63
26 space 32 space 32 space 32 { 123
27 I as I } 125
28 ml ml al ‘ 39
29 ps ps ps al

al = latch to alpha ml = latch to mixed

as = shift to alpha pl = latch to punctuation

Il = latch to lower ps = shift to punctuation

NOTE The Char columns above show the default interpretation of ECI 000003 of the byte values shown in the
adjacent ASCII columns. Each table entry represents half a codeword, i.e. the value range from 0 to 29 (see 5.4.2.2)
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5.4.2.2 Compaction rules for encoding in Text Compaction mode

In Text Compaction mode, pairs of data characters are represented in a single codeword. The values
assigned to the data characters are in the range 0 to 29 (i.e. base 30) and are defined in Table 5. For each
pair of base 30 values, the first or left value shall be designated the more significant value h, the other shall be
designated the less significant value /.

The encoded PDF417 codeword is defined using the following formula:

d=hx30+/

where: dis as defined in clause 4
THe formula shall also apply to the base 30 values for shifts and latches within the Text-Compaction mode.
Appropriate latch and shift values shall be used between sub-modes. If the encoding of the|character
sequence does not result in an even number of base 30 values, see 5.4.2.4 for the specific mechanism to use.

THe following example illustrates how compaction is achieved in Text Compaction mode.

EXAMPLE Data to be encoded: PDF417

Table 6 — Example of Text CompactiomEncoding

Ch:;?rc;ter h / hx 30+ Codeword
PD 15 3 15%30 + 3 453
F ml 5 |28 5x30+28 | 178
41 4 1 4x30+1 121
7 ps 7 |29 7x30+29 | 239

NQTE 1 ml (latch to mixed sub-mode) is used to switch to encode the numeric characters
NQTE 2 psis used as a pad value in this example, other shift and latch values can be used (see 5.4.2.4)

The data PDF417 is represented’by codewords 453, 178, 121, 239

5.4.2.3 Text Compaction sub-mode switching: latch and shift function

Switching from“one sub-mode to another within Text Compaction mode shall be through the latch and shift
values defined(for the sub-mode in effect prior to the switch.

A pub-mode shift shall be used to switch from one Text Compaction sub-mode to another for only one data
character. Subsequent codewords revert to the sub-mode being used immediately prior to the sHift (except

whenr-psisused-asapad—see5424 —Theshiftfunctionsareasfollows———m—

shift to punctuation sub-mode

— ps

— as shift to uppercase alphabetic sub-mode

A sub-mode latch shall be used to switch from one Text Compaction sub-mode to another, which stays in
effect until another latch or shift is explicitly brought into use. The latch functions are as follows:

|
o
I

latch to uppercase alphabetic sub-mode

latch to lowercase alphabetic sub-mode
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— ml latch to mixed (numeric and other punctuation) sub-mode

— pl latch to punctuation sub-mode

A limited set of latch and shift functions is available within each Text Compaction sub-mode. Those which are
available are listed in Table 5. Table 7 shows the transition table between Text Compaction sub-modes;
Figure 6 shows this schematically.

NOTE A sub-mode latch may be followed by another sub-mode latch or sub-mode shift; but a sub-mode shift may
not be followed by either a sub-mode shift or sub-mode latch.

Table 7 — Text Compaction sub-mode transition table

SSE?I\;ITJe Destination Sub-Mode
Alpha Lower Mixed Punctuation
Alpha Il ml s
Lower as ml »
Mixed al Il ps
o]
Punctuation al

S00Watch from any mode

Il = Latch to Lower Case sub-mode
ps Shift to Punctuation sub-rnode
ml Lateh to Mixed sub-mode
Sub-mode Latch as Shift to Alpha sub-rmode
________ Sub-mode Shift al = Latch to Alpha sub-rnode
pl Latch to Punctuation sub-mode

5.4.24 Mechanisms for using a pad in Text Compaction mode

If the Text Compaction character sequence does not result in an even number of base 30 values, a pad shall
be added to the end of the character sequence. An example is illustrated in Table 6. As there are no specific
null functions in Text Compaction mode, the sub-mode shift and latch shall be used in accordance with the
mechanisms defined for the following cases.
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The cases are as follows:
a) If the character sequence continues to the end of the data, or the Text Compaction mode character
sequence is followed by latching to another compaction mode, then the pad can be any of the sub-mode
shifts or sub-mode latches.
b) If the Text Compaction mode character sequence is followed by a byte shift (codeword 913) to encode a
single Byte Compaction mode character, two mechanisms can be used depending on the Text
Compaction sub-mode being used prior to the Byte Compaction shift:
= f fOTT,; should be
used if encodation is intended to revert to the same Text Compaction sub-mode. The-dégoder shall
ignore a ps immediately preceding codeword 913.

2) If the Text Compaction sub-mode is punctuation, then base 30 value 29 (al)-shall be lised. The
decoder shall not ignore the (al), and therefore will return to the Alpha sub-mode.

5.4.2.5 Switching from Text Compaction mode
Tgxt Compaction mode may be terminated by the end of the symbol, or by any of the following codeords:
— 900 (Text Compaction mode latch)

— 901 (Byte Compaction mode latch)

— 902 (Numeric Compaction mode latch)

— 924 (Byte Compaction mode latch)

— 928 (Beginning of Macro PDF417 Control Bloek)
— 923 (Beginning of Macro PDF417 Optional Field)
— 922 (Macro PDF417 Terminator)

THe last three codewords only-gceur within the Macro PDF417 Control Block of a Macro PDF417 symbol (see
5.13.1). Text Compaction mode is also affected by the presence of a reserved codeword (see 5.4.6)).

If {he decoder is in theText Compaction mode and encounters codeword 913 (Byte Compaction mofle shift), it
decodes the codeword” following codeword 913 as a single binary byte and then returns to| the Text
Compaction mode."yThe sub-mode to which the decoder returns is the most-recently-latched sub-mode that
was in effect prierto codeword 913; a ps sub-mode shift immediately prior to codeword 913 is ignorgd.

If the decodef is in the Text Compaction mode and encounters codeword 900 (Text Compaction mpde latch),
the¢ decader reinitialises to the Alpha sub-mode.

The Byte Compaction mode enables a sequence of 8-bit bytes to be encoded into a sequence of codewords.
It is accomplished by a Base 256 to Base 900 conversion, which achieves a compaction ratio of six bytes to
five codewords (1,2 : 1).

All the characters and their values (0 to 255) are defined in Annex B. This shall be treated as the default
graphical and control character interpretation. When EClIs are invoked (see 5.5) this interpretation is defined
as ECI 000003 (see 5.5.2).

NOTE In previous PDF417 specifications, the default character set corresponded to ECI 000002 (a code page of the
MS-DOS operating system). The interpretation of byte character values below 128 is unchanged and the operation of
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PDF417 printing and scanning equipment is unaffected. New applications that use byte character values above 127
should assume the ECI 000003 default interpretation for broadest compatibility with current systems. Existing applications
utilizing values above 127 may continue to encode and process data as before. Applications that rely upon the prior
default interpretation of values above 127 may encode ECI 000002 explicitly if they wish to signal this interpretation.

5.4.3.1  Switching to Byte Compaction mode

When in either Text or Numeric Compaction mode, to switch to Byte Compaction mode, it is necessary to use
one of the following codewords:

— mode
intege

r multiple of 6

n

— mode latch 901 shall be used when the total number of Byte Compaction characters to be.encoded| i
not a|multiple of 6

—

— mode shift 913 can be used instead of codeword 901 when a single Byte Compaction.character has
be encoded

(0]

5.4.3.2 |Compaction rules for encoding a single Byte Compaction character.(using mode shift 913)

To encodg a single Byte Compaction character, the codeword shall be thecdecimal value (0 to 255) of the
character ps defined in Annex B.

5.4.3.3 |Compaction rules for encoding longer Byte Compaction character strings (using mode lat¢ch
924 or 90{1)

The followiing procedure shall be used to encode Byte Compaction character data

1) Hstablish the total number of Byte Compaction characters.

2) If a perfect multiple of 6, mode latch 924 shall be used; else mode latch 901 shall be used.

3) Sub-divide the number of Byte Compaction characters into a sequence of 6 characters, from left|to
rlght (the most to least significant characters). If less than 6 characters go to Step 7.

4) Assign the decimal values-of the 6 data bytes to be encoded in Byte Compaction mode as bs to|bg
(Where bs is the first data byte).

5) Qarry out a base 256-to0 base 900 conversion to produce a sequence of 5 codewords. Annex| C
defines an algorithm’and illustrates a worked example.

6) Repeat from'Step 3 as necessary.

7) Hor the>remaining Byte Compaction characters when mode latch 901 is used, (i.e. when the Ilast
dgroupnis less than 6 Byte Compaction characters) the codeword(s) shall be the decimal value(s) (0[to
A55Yof the character(s) as defined in Annex B, the most to the least significant

NOTE Byte Compaction mode following mode latch 901 assumes that the total number of bytes to be encoded is not

a multiple of six. If the number of bytes to be encoded in Byte Compaction mode happens to be an integer multiple of six,
then either a 901 or a 924 Byte Compaction Latch shall be encoded, placed at any point in the symbol that would create a
correct encodation according to these encodation rules. For example, a 924 codeword as either the first or second
codeword would identify the following stream of Byte Compaction mode codewords as encoding a multiple-of-six number
of bytes. Alternatively, a 901 could be placed at any position within the Byte Compaction mode codeword stream that
would split that stream into two segments, neither of which encodes a multiple-of-six number of bytes.

If additional encodation is required in Text Compaction or Numeric Compaction modes, the appropriate latch
characters shall be used (see 5.4.1.1).
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5.4.3.4 Switching from Byte Compaction

Byte Compaction mode may be terminated by the end of the symbol, or by any of the following codewords:

900 (Text Compaction mode latch)
901 (Byte Compaction mode latch)

902 (Numeric Compaction mode latch)

R¢
to
5.4
nu

Du
de

m
de

on
is
5.4
Th

en
nuy

5.4

N

.13.1). Byte Compaction mode is also affected by the presence of a reserved codeword (see 5.4.6)

924 (Byte Compaction mode latch)

928 (Beginning of Macro PDF417 Control Block)

923 (Beginning of Macro PDF417 Optional Field)

922 (Macro PDF417 Terminator)
e last three codewords only occur within the Macro PDF417 Control Block of a Macro PDF417 sy
-invoking Byte Compaction mode (by using codeword 901 or 924 while in Byte Compaction mo
terminate the previous Byte Compaction mode grouping of 6 Byte Compaction characters as de
1.3.3, and then to start a new grouping. This procedure may be necessary when an ECI a

mber needs to be encoded (see 5.5.3.2).

ring the decode process for Byte Compaction modethe treatment of the final group of codewg
pending on whether Byte Compaction mode is invoked with codeword 901 or 924.

Byte Compaction mode is invoked with codewerd 924, the total number of codewords within the c
pde shall be a multiple of five. If this is not the case, the symbol is invalid. All the 5-codeword ¢
coded into 6-byte groups.

Byte Compaction mode is invoked with codeword 901, the final group of codewords is interpreted

e byte per codeword, without compaction. Therefore, if the last group consists of five codewords,
nterpreted as 5 bytes, ratherthan 6.

1.4 Numeric Compaction mode
e Numeric Compaction mode is a method for base 10 to base 900 data compaction and should

code long strings~of consecutive numeric digits. The Numeric Compaction mode encodes (
meric digits per-Codeword.

1.4.1 Latch to Numeric Compaction mode

mbol (see

le) serves
scribed in
ssignment

rds differs

bmpaction
roups are

directly as
the group

be used to
p to 2,93

meric Compaction mode may be invoked when in Text Compaction or Byte Compaction modes u

5ing mode

lat

[ aVaVal
LLIRVAY/“H

5.4.4.2 Compaction rules for encoding long strings of consecutive numeric digits

The following procedure shall be used to compact numeric data:

1) Divide the string of digits into groups of 44 digits, except for the last group, which may contain fewer.

2) For each group add the digit 1 to the most significant position to prevent the loss of leading

© ISO/IEC 2006 — All rights reserved
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EXAMPLE:

NOTE

original data 00246812345678
after step 2 1 00246812345678

The leading digit 1 is removed in the decode algorithm.

3) Perform a base 10 to base 900 conversion. Annex D defines an algorithm for this and illustrates a
worked example.

4) H
The follow]
— Grou

— Forg

EXAMPLE

5.4.4.3

Numeric
codeword

— 900 (
— 901 (
— 902 (
— 924
— 928
— 923

— 922(

The last thiree codewords only occur within the Macro PDF417 Control Block of a Macro PDF417 symbol (s

5.13.1). N

epeat from Step 2 as necessary.
ng rules can be used to determine the precise number of codewords in Numeric Compactioh mode:
bs of 44 numeric digits compact to 15 codewords.
roups of shorter sequences of digits, the number of codewords can be calculatéd;as follows:
Codewords = INT (number of digits / 3) +1
For a 28 digit sequence
INT (28/3)+1 =9+ 1 =10 codewords
Switching from Numeric Compaction mode

Compaction mode may be terminated by the end\of the symbol, or by any of the followi

k-

['ext Compaction mode latch)

Byte Compaction mode latch)

Numeric Compaction mode latch)

Byte Compaction mode latch)

Beginning of Macro PDF417 Control Block)
Beginning of Macto/PDF417 Optional Field)

Macro PDE417 Terminator)

umeric Compaction mode is also affected by the presence of a reserved codeword (see 5.4.6).

Re-invoking Numeric Compaction mode (by using codeword 902 while in Numeric Compaction mode) serves
to terminate the current Numeric Compaction mode grouping as described in 5.4.4.2, and then to start a new
grouping. This procedure may be necessary when an ECI assignment number needs to be encoded (see

5.5.3.4).

During the decode process for Numeric Compaction mode, the result of the base 900 to base 10 conversion
shall result in a number whose most significant digit is a '1". If the base 900 to base 10 conversion does not
result in a number beginning with '1', the symbol shall be treated as invalid. The leading '1' is removed to
produce the original number.

20
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5.4.5 Advice to select the appropriate compaction mode

All basic implementations for printing and scanning PDF417 symbols shall support the three modes: Text
Compaction, Byte Compaction and Numeric Compaction. The default character set for Text Compaction shall
be as defined in Table 5; and that for Byte Compaction shall be as defined in Annex B. Text Compaction
mode is usually more efficient than Byte Compaction mode for encoding standard ASCII text files because of
its better compaction of ASCII character values 9, 10, 13 and 32 to 126.

The Numeric Compaction mode should be used for long numeric strings.

A H I} n o Jorpok 'l n HI- ) 1 £ 1 ! s H| 1 H h H
gviceaoout SWILLTITTY DTWCETTT TTTUUTS U THITTITTIRT WIS TTUTTToTcT UT CLUUTWUTUS 15 PIUVIUCU as dil d Ol'It m in

Annex N.
5.4.6 Treatment of PDF417 reserved codewords

5.4.6.1 Overview

PIDF417 symbols intended for use in open systems should not employ any of the codewords that arg listed as
reserved (see 5.4.1) in the current edition of this standard. However, decoding equipment should support the
trgnsmission of reserved codewords using escape sequences as defined/in-5.17.4. Decoding equigment may
algo support an option of treating such symbols as invalid, as would be“the case when operating in Basic
Channel Mode.

Receiving systems should discard data containing any escape-sequences using reserved codeworfds, unless
the system is aware of a new definition for a previously reserved codeword.

5.4.6.2 Making future use of reserved codewords

Any new function codewords, to be defined in future revisions of this standard, shall have their encqding rules
specified to provide backwards compatibility with pre-existing equipment. Specifically:

— When a new signalling codeword (asopposed to a new compaction mode codeword) is encodgd, it shall
immediately be followed by an..appropriate compaction mode latch so that the subsequent data
codewords are interpreted and transmitted as a byte stream, rather than as a series of escaped
uninterpreted codewords. This approach will achieve the desired results with decoding equipment
conforming with both theloriginal and this PDF417 standard, regardless of whether that equipment
employs the original or the-hew transmission protocol.

—1 At the receiving system, the ECI decoder will process the signal ECls (i.e. Macro Control Blocks and
escaped uninterpreted codewords) before the encodable ECIs (such as character sets). [Thus, the
encoder should,take into account the order of operations as follows:

1) The-Macro Control Block ECls, if present, will be used to assemble the complete byte str¢gam in the
preper order.

2)™ The escaped data codewords will be translated by the ECI decoder according to the rules of the new
i i i nd—the resulti i in intotheir proper

ac itin th b sra.
3) Finally, the character set and other encodable ECIs will be applied to the resulting byte stream.

5.5 Extended Channel Interpretation

The Extended Channel Interpretation (ECI) protocol allows the output data stream to have interpretations

different from that of the default character set. The ECI protocol is defined consistently across a number of
symbologies, including PDF417. EClIs are assigned by AIM Global, Inc.
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NOTE

decoded messages according to earlier PDF417 specifications for GLls is different from the transmission protocol for ECls.

15438:2006(E)

Originally a symbology specific scheme called Global Label Identifiers (GLIs) was defined for PDF417.
Encoding and decoding ECls is identical to earlier specifications for PDF417 GLIs. However, the transmission protocol for

There are also differences with respect to the use of interpretive ECls with Macro PDF417. This standard permits the use
of the earlier and current protocols in such a way that old and new equipment can continue to co-exist.

Five broad types of interpretations are supported in PDF417:

a) character sets (or code pages)

b) gener

comp
Cc) userd
d) transn
e) transn

Transmisy
standard |
byte valug

The Exter]
symbol by
be invoke

The ECI g
Decoders
sequence

5.5.1 En

An ECI c4d
has been
used is dq

action modes of the symbology)
efined interpretations for closed systems
hission of control information for Macro PDF417

hission of uninterpreted PDF417 codewords

s before printing and after decoding.

] anywhere in the encoded message subject to the rules of\the compaction modes (see 5.5.3).

5 from any symbol containing an ECI.

coding the ECI assignment number

n be invoked anywhere in the data stream, subject to the conditions defined in 5.5.3. Once an HC

al purpose interpretations such as data encryption and data compression (as distinct from the

ion of the Extended Channel Interpretation protocol is fully specified~in*the AIM International
TS/04-001, Part 1. The protocol provides a consistent method to specify-particular interpretations| of

ded Channel Interpretation (ECI) is identified by a 6-digit numbgr which is encoded in the PDF4(17
one of three specific codewords followed by one or two codéwerds (see 5.5.1). A specific ECI may

rotocol can only be used with decoders enabled to_transmit the symbology identifier (see 5.17.p).
that are not enabled to transmit the symbology  identifier cannot reliably convey the escape

invoked, switching may take place_between any of the compaction modes. The compaction mode
termined strictly by the 8-bit data. values being encoded and does not depend on the ECI in forge.

For example, a sequence of values inithe range 48 to 57 (decimal) would be most efficiently encoded|in
Numeric Gompaction mode even if the-sequence were not to be interpreted as numbers.
The ECI gssignment numbercis-éncoded in one of three ECI codeword sequences, which begin with Ile
codewords 927, 926 or 925.."One or two additional codewords are used to encode the ECI assignmegnt
number. The encodation{ules are defined in Table 8.
Table 8 — Encoding ECI assignment numbers
ECI assignment number Codeword Codewords Ranges
sequence
000000 to 000899 Co 927
C ECI_no C,=(0to 899)
000900 to 810899 Co 926
Cq ECI_no div 900 - 1 C1=(0to 899)
C, ECI_no mod 900 C, = (0 to 899)
810900 to 811799 Co 925
Cq ECI_no - 810 900 C1=(0to 899)
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There are 811 800 possible ECI assignment numbers available in PDF417.

NOTE The encodation method is identical to the GLI scheme incorporated in the original AIM USA (1994) and AIM
Europe (1994) PDF417 specifications.

The following example illustrates the encodation:
EXAMPLE ECI = 013579

Codewords: [926] [(13 579 div 900) - 1] [13 579 mod 900]

[926] [15 - 1] [79]

[926] [14] [79]

5.5.2 Pre-assigned and default Extended Channel Interpretations

THe following ECIs, ECI 000000 to ECI 000003, have been pre-assigned to b€ backwards compgtible with
existing symbology specifications, including PDF417.

— ECI 000000 (equates to original GLI 0) represents the default encodation scheme of encoders|{compliant
with the original PDF417 standards.

— ECI 000001 (equates to original GLI 1) represents the/GLI encodation scheme of a number of
symbologies with characters 0 to 127 being identical<io“those of ISO/IEC 646:1991, International
Reference Version (equivalent to ANSI X3.4) and characters 128 to 255 being identical to thosg values of
ISO/IEC 8859-1.

NQTE ECI 000000 (equivalent to GLI 0) and ECI 000001 (equivalent to GLI 1) require a return-to-GLI 0 [logic at the
befginning of each encoded symbol of a Macro PDF417-set of symbols. This protocol is not adopted for othgr Extended
CHannel Interpretations.

— ECI 000002 has an equivalent code table to ECI 000000, without the return-to-GLI O logic.

— ECI 000003 has an equivalentcode table to ECI 000001, without the return-to-GLI 0 logic. E{CI 000003
is the default encodation scheme for encoders fully compliant with this edition of this standard.

ECI 000000 and ECI 000004 'shall not be encoded in the same PDF417 symbol or Macro PDF417 gsymbol set
as| other ECls, except for-user defined ECls. ECI 000002 and ECI 000003 provide the compatible alternatives
to| ECI 000000 and ECI-000001 respectively. ECI 000000 and ECI 000001 should not be usg¢d in new
applications.

5.5.3 Encoding ECI sequences within compaction modes

THe general ‘encodation principle is that ECls are applied to the source data byte stream (to sigrjal various
interpretations) producing a modified byte stream that is encoded into PDF417 symbols using the symbology's
compaction modes for efficiency. The ECI encoding, and symbology specific compaction, [form two

H (l (] bl H 1l £ bl
IngepenaentTogicar ayers ol tne Process:

Although ECI assignments and compaction modes may generally be intermixed, some combinations can
produce illogical or ambiguous behaviour. The following sections define how ECIs may be incorporated
without ambiguity by specifying the valid placements of ECI escape sequences.

5.5.31 EClIs and Text Compaction mode

An ECI escape sequence may be placed anywhere within Text Compaction mode. The sub-mode invoked
immediately prior to the ECI escape sequence is preserved for the encodation immediately after it. Thus, sub-
mode latches and shifts are preserved across an ECI| escape sequence; and thus a sub-mode shift
immediately before an ECI escape sequence is not ignored.
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5.5.3.2 ECIs and Byte Compaction mode using mode latch 924 and 901

If encoding in Byte Compaction mode using mode latch 924, an ECI escape sequence may be positioned by an
encoder immediately following codeword 924, or at any 5-codeword boundary thereafter. This is necessary to
provide an unambiguous position in the decoded byte stream for the decoder to place the escape sequence.

If the decoder is in the 924 version of Byte Compaction mode and finds an ECI escape sequence following a
5-codeword group, it shall output the six data bytes associated with the codewords before the escape
sequence, output the escape sequence, and then continue collecting codewords for decoding in Byte
Compaction mode. If the decoder encounters an ECI escape sequence at other than these prescribed

H HY ball t £ 4L | 1 H Lial
|Ocat|0nS, fesShamrtreatr e Symborastvana:

If encoding in Byte Compaction mode using mode latch 901, an ECI escape sequence may be positiohed.
— Immediately following codeword 901
— Immediately after any set of five codewords encoding six bytes

— Immediately after any of the trailing single-byte codewords at the end of the sequence

NOTE The decoder cannot assume that, just because the ECI escape sequence follows a set of five codewords, the
five codewprds encode six bytes, since an input stream of length 6N+5 (where N is antinteger) will have a final set of fjve
codewords|that encode only five bytes, one byte per codeword. The decoder must, therefore, scan forward in the sympol
past the ECI escape sequence to determine where the 901 mode terminates;\as defined in 5.4.3.4. Based on this
information|, it can then determine how the group of five codewords have been{encoded.

Figure 7 illustrates valid locations for ECI escape sequences wheh'encoding in Byte Compaction mode. If the
decoder encounters an ECI escape sequence within the 5-codeword group, it shall treat the symbol as inval|d.

[o1eO0O0O0OeOOOOOeOeO eI eI e
P24 O00O00OCeOOOOO¢

5 codeword group 5 codeword group
where O = Byte Compaction mode codeword

4 = Valid locationfor-ECI escape sequence

Figure 7 — Valid L-ocations for ECI Escape Sequences in Byte Compaction Mode

5.5.3.3 |ECIs and Byte-"Compaction using mode shift 913

If encoding in Byte:Compaction mode using mode shift 913, an ECI escape sequence may be placed:

— immegdiately preceding codeword 913

— immediately following codeword 913
— immediately following the codeword after codeword 913

In the first two cases, the ECI escape sequence is output before the encoded byte, while in the last case, the
escape sequence is output following the encoded byte.

5.5.3.4 ECIs and Numeric Compaction mode

An ECI escape sequence shall not be placed within a group of codewords being processed through the base
10 to base 900 conversion as defined in 5.4.4.2. It may only be placed within a Numeric Compaction mode
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region at a boundary between (the typically) 15-codeword groups. This is necessary to provide an

unambiguous position in the decoded digit stream for the decoder to place the escape sequence.
Thus, an ECI escape sequence may only be placed:

— immediately after codeword 902

— after the 15th codeword

— after the 30th codeword

— etc.

If the encoder needs to place an ECI escape sequence at a location that does not result-in‘a mul
codewords, it shall treat the numeric block before the ECI as a complete entity, as definedin 5.4.4.2
shall re-invoke the Numeric Compaction mode by placing another codeword 902 in the stream folloy
ECI escape sequence.

If the decoder finds an ECI escape sequence on one of the boundary points defined above, it shg
a bytes associated with the codewords before the escape sequence (if any), then emit th
uence, and then continue collecting codewords for decoding in Numerie' Compaction mode. If th

be validly located; providing that no codewords,cother than those used to encode the E
uence, are placed between them.

ntifiers (see 5.17.5) shall be fully implemented and the approprlate symbology identifier shall bet
as|a preamble.

5.6 Determining the codeword sequence

THe encoding process génerates a sequence of codewords defined as:

tiple of 15
step 2. It
ved by the

Il emit the
e escape
e decoder
Aas invalid.

e one ECI
Cl escape

symbology
ansmitted

dp.q...dg
where: di{»= data codeword including the Symbol Length Descriptor and all function codewords
n = total number of data (and pad) codewords including the Symbol Length Desgriptor, but
excluding the error correction codewords
The Symbol Length Descriptor shall be the first data codeword and designated d,, . 1. Its value shall be equal

to the total number of data codewords n; this count shall include the Symbol Length Descriptor itself, and thus

shall be in the range of 1 to 926.

During the encoding process, sequences of codewords will be established. Like the original data

itself, the

most significant data shall appear first, for example textual and numeric data reads from the left to the right.
The sequence of codewords shall be that the most significant data codeword containing encoded data is the

one designated d,_». The final data (or pad) codeword is the one designated dj.

The process used to determine the symbol matrix of rows and columns (see 5.9.2) can require the addition of

trailing pad codewords to the end of the data codeword sequence.
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5.7 Error detection and correction

Each PDF417 symbol contains at least two error correction codewords. The Error Correction codewords
provide capability for both error detection and correction.

5.7.1 Error correction level

The error correction level for a PDF417 symbol is selectable at the time of symbol creation. Table 9 shows
the number of error correction codewords for each error correction level.

Table 9 — Error Correction Levels and Error Correction Codewords
Error Correction Total Number of Error
Level Correction Codewords
0 2
1 4
2 8
3 16
4 32
5 64
6 128
7 256
8 512
5.7.2 Erfor correction capacity

Error corfection can be used to compensate for defects in the label and misreads during the decode
procedurg. For any given error correction level, a particular number of error correction codewords|is
incorporated into the PDF417 symbol~Fhe error correction codeword algorithm used allows two types of erfor
to be recojered:

— an erpsure, which is a missing or undecodable codeword at a known position,
— a substitution error;.\which is an erroneously decoded codeword at an unknown position.
The error porrection scheme requires one error correction codeword to rectify an erasure and two to recovef a

substitutign errors—=Thus a given error correction level can rectify any combination of substitution errors and
erasures Which satisfy the following equations:

[+2f <272

where: [, fand s are as defined in 4.1

However, if most of the error correction capacity is used to correct erasures, the possibility of undetected
errors is increased. For this reason, whenever there are fewer than 4 errors corrected (except when s = 0),
the error correction capacity should be reduced as follows:

[+2f <2 -3
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where: /, fand s are as defined in 4.1

EXAMPLE A PDF417 symbol with error correction level 3 has 16 error correction codewords of which up to 14 can
be used to correct errors and erasures. They can correct up to 13 erasures or 7 substitution errors, or any combination of
| erasures and f substitution errors subject to the practical equations above. Table 10 specifies the possible combinations.

Table 10 — Possible Error Correction Combinations for Error Correction Level 3

Recovered Recovered Determining Equation
Substitution | Erasures
Errors
0 13 or less
1 11 or less [+2f<2t1_3
2 9orless (number of errors <4)
3 7 orless
4 6 orless
5 4 or less [+2f<25T
6 2orless (numberof errors >4)
7 0

5.7.3 Defining the error correction codewords
A two-stage process must be performed to define the error correction codewords:

1) Selecting the error correction:lével. This is a user or application defined option and is dgscribed in
Annex E.

2) Generating the error correction codewords. This is to a prescribed set of rules defined in 5.10. The
procedures cannof-be/used until all the data codewords, including pad codewords (see 5(9.2) have
been defined.

NQTE The procedures defined in 5.3 to 5.9, 5.13 and 5.14 are of prime interest to users. The mole technical
prgcedures definedin\5710, 5.11 and 5.15 are likely to be achieved electronically and require no user decisions

5.8 Dimensions

PIDF417symbols should conform with the following dimensions:

5.8.T  Ninimum width of a module (X)

This should be defined by the application specification, having due regard to the availability of equipment for
the production and reading of symbols and complying with the general requirements of the application.

The X dimension shall be constant throughout a given symbol.

NOTE Current bar code symbol quality measurement standards (e.g. ISO/IEC 15415) do not require absolute
dimensional measurements to be taken into account for assessing symbol quality. Non-compliance with any minimum
dimension should not therefore, by itself, be a reason for rejection of a symbol under these standards.
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5.8.2 Row height (Y)

For symbols with at least the recommended minimum level of error correction:

Y 23X

For symbols with less than the recommended minimum level of error correction, the row height may be
increased, particularly when the X dimension is small. (See Annex E for details of the recommended error

correction

level).

5.8.3 Qu
—  Minin
—  Minin
5.9 Defin

The PDF4

To create
constraint
resultant f]

5.9.1 Deg

The aspeq

These pa
these par
points are

5.9.2 Ddfining the symbol matrix of rows and columns

There ardg
number of

iet zones
um width of horizontal quiet zone (to the left and right of the PDF417 symbol): 2X

um size of vertical quiet zone (above and below the PDF417 symbol): 2X

ing the symbol format

17 symbol matrix, and the overall size and shape of the symbol, are determined by:

ne module width and aspect ratio, and

ne number of rows and columns in the symbol matrix.

a PDF417 symbol, these parameters are selected throughra combination of user inputs, applicati

5, and default settings. The selection process can be ‘iterative until the user is satisfied with
brmat.

fining the aspect ratio of the module

t ratio of the printed module shall be defined by two dimensions:

ne desired dimension of the narrowest'bar and narrowest space

ne desired dimension of the height of each row

rameters are defined by ‘the user or application. The major factors that determine the values

bmeters are the resplutions of the printing and scanning systems used in the application. The
discussed in 5.14.

several\factors which need to be considered in order to determine the symbol matrix, i.e.
rows\r-and the number of columns c:

on
he

of
se

he

— theat

hopt-and-tvuna-of datatao-ba aon dad
ooty PO CUatatO—oC—CTricOTTT

— the basic rules of the symbology which, for example, determine the limits on the number of rows and
columns (see 5.2.1 and 5.2.2).

— the physical space available to print the symbol

— the fact that longer rows result in the use of less symbol overhead (start and stop characters, row
indicators and space for quiet zones)

— the fact that the length of the row (including the quiet zones) must be less than the length of the scan line
prescribed or implied by the application

28
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— the type of scanner, which may determine the overall aspect ratio of the symbol.
— the selected level of error correction.

For many applications, the allowable width of the symbol is the primary constraint, and the symbol matrix can
be directly determined by fixing the number of columns. Annex O provides more precise guidelines which
should be used to define the symbol matrix.

After the source data has been encoded using the selected compaction modes, the number of source data
codewords m (prior to the addition of the Symbol Length Descriptor and any pad codewords) is known. Once
theumber of Tows and cotumns, and the error correction fevet, Tave been setected, the totatnumber of data
codewords n is calculated as:

n=cxr—=k
where: c¢, k, n and r are as defined in 4.1

THe matrix can result in a situation where the number of rows and columns requires the use of pad ¢odewords
(by convention using value 900). This occurs when:

n>m+1
where: m and n are as defined in 4.1

THe Symbol Length Descriptor shall be set to the value n determined above, thus:
d,,=n=c¢xX¥—k

THe number of pad codewords required is (n — m) —1.

THe pad codewords should have the valug 900 and shall be placed in the least significant positions ¢f the data
codeword sequence, i.e. to the rightief'the least-significant source data codeword (but before the Macro
PIDF417 Control Block, if present). AnJexample of this process is given below. Apart from the inseftion of the
Symbol Length Descriptor and any pad codewords, the codeword sequence shall remain identical fo the one
orijginally generated when enceding the source data.

EXAMPLE

letlm = 246, c =12, r=24;7and k=32, thenn=(cxr) - k= (12 x 24) - 32 = 256.
NQTE The netation is as defined above

The value of.ithe Symbol Length Descriptor is n = 256.

The number of pad codewords = (n - m) - 1 = 256 - 246 - 1 = 9. In this example, the data codewords (befofe padding)
bepgin-with a latch to Numeric Compaction mode (Codeword 902), and end with codeword 423, and the ppds all use
codeword 900. The addition of the Symbol Length Descriptor and pads is shown below:

Original data codeword sequence: dm1 .. do

Codewords: 902 423

Padded data codeword sequence: dn-1 dpo dg dg dp
Codewords: 256 902 423 900 900
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5.10 Generating the error correction codewords

The error correction codewords shall be generated using the procedure defined below. They are calculated
on the basis of the values of all the data codewords including the Symbol Length Descriptor and any pad
codewords. The codeword sequence is defined as:

d, _.d, _,,..d,

n—1»

where: d,.is the Symbol Length Descriptor

The symb

The follow
stream of

The error
symbol daz
into the G

The folloy
required f

gk(x):

w

An examp
Annex F @

The error]

bl data polynomial is:
dx)=d, x"" +d, ,x"? +..+dx+d,

ing describes mathematically how the error correction codewords shall be computed for a giv
data and a selected error correction level. All the arithmetic shall be done in modulo 929.

ta polynomial d(x) multiplied by x" by the generator polynomial g(x). Negative values are mapp|
blois Field GF (929) by adding 929 until the value is > 0.

br the error correction level:
(x—3)(x—32 x—33)...(x—3k)

Q +a1x+a2x2 +...+ ock_lxk_1 +x%

here: gk(x) = the generator polyriomial and x is the unknown variable
k = total numbef of error correction codewords
aj = coefficient of powers of x produced by the generator polynomial gy(x)

le for calculating the ceefficCients is given in Annex Q.

ontains all the coefficient values necessary to encode a PDF417 symbol of any error correction le

following motation:

d;

=¢ \data codeword d,_1 ... dgy

%

correction codewords are the complement of coefficients of the remainder+rgsulting from dividing the

ed

ing generator polynomial shall be used to calculate coefficients for k error correction codewords

el.

correction .Codewords shall be calculated according to the algorithm defined below using the

—=—gITOT COTTeCtion codeword £ Eo

= coefficient of powers of x taken from the generator polynomial (see above for an explanati
and Annex F for the values)

ty tr, t3 = temporary variables

The algorithm is:

1. Identify the data codeword sequence d,,_ 1, d,_2 ... dg

30

on

© ISO/IEC 2006 — All rights reserved


https://standardsiso.com/api/?name=89266acb482dc7405371f6a984254880

ISO/IEC 15438:2006(E)

2. Initialise error correction codewords Ey, ..., Ex. 1 to value =0
3. For each data codeword dj = dj . 1 ... dp:
BEGIN
t1 = (dj + Ex. 1) mod 929

For each error correction codeword E; = Ex . 1 ... E4:

BEGIN
tp = (¢4 X o) mod 929
t3=929-06
Ej=(Ej.1 + t3) mod 929
END
tr = (t1 X ap) mod 929
t3=929-t,

EO =13 mod 929

END

4. For each error correction codeword;.E; = Eg ... Ex . ¢, calculate the complement:
BEGIN
If Ej not equal to 0
Ej =929 - F;
END
Arn example of €aleulating the error correction codewords is given in Annex Q.

An alternative procedure for generating the error correction codewords, using a division circuit, is given in
Annex.R:

5.1t towtevetencodation

Low level encoding converts the codewords into their corresponding symbol characters (bar-space sequence)
given that the symbol matrix has been fixed.

Figure 8 illustrates schematically for a PDF417 symbol the corresponding position of each data codeword,
error correction codeword and row indicators.
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Rigure 8 — Typical PDF417 Symbol Schematic Showing the Positioning of Codewords

where: L, = Left Row Indicator

Rr = Right Row Indicator

Shaded area = data codeword area

Unshaded area under the codeword area‘s’for error correction codewords

5.11.1 Clusters
PDF417 uses a system of local row discrimination to detect row-to-row transitions.

The set of codewords is represented in each of three-clusters. Cluster numbers 0, 3 and 6 are used. The
associated bar-space sequences of each symbol character representing each codeword and cluster are given
in Annex A\.

To encode the row indicators and codewords, each row shall contain the symbol characters (bar-space
patterns) pf only one cluster. Row 1 _shall use symbol characters from cluster 0, row 2 shall use symbol
characterg from cluster 3, row 3 shalluse symbol characters from cluster 6, row 4 shall use symbol charactgrs
from cluster 0 and so forth. The clGster sequence 0, 3, 6 shall repeat continually. The cluster number K for
any row can be calculated:

K = [(rownumber —1)mod3]x3

wherg the rows are numbered 1 to r (as defined in 4.1)

Because any two-adjacent rows have different clusters, the decoder can utilise scans that cross rows while
decoding f PDF417 symbol.

5.11.2 Determining the symbol matrix

The symbol matrix of rows and columns shall be finally determined by the procedures set out in 5.9.2. This
provides the values of rand c.

5.11.3 Determining the values of the left and right row indicators

The row indicators in a PDF417 symbol are codewords which encode several key parameters: the row
number (F), the number of rows (r), the number of columns (c) and the error correction level (s). The
information shall be spread over three rows and the cycle shall repeat continually. The row number (F) shall
be encoded in each row.
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5.11.3.1 Left row indicators
Left row indicators shall be calculated as follows:

If Ke=0; Lp = 30x((F-1)div3)+(r-1)div3

If Ke=3; Lr 30x((F-1)div3)+(sx3)+(r-1)mod 3

If Ke=6; Lp= 30x((F-1)div3)+(c-1)

where: ¢, F, r, s and K are as defined in 4.1

5.11.3.2 Right row indicators

Right row indicators shall be calculated as follows:

If Kk=0; R = 30x((F-1)div3)+(c-1)
If Kk=3; R = 30x((F-1)div3)+(r-1)div3
If Kek=6; Rr= 30x((F-1)div3)+(sx3)+(r-1)mod3

where: ¢, F, r, s, and K are as defined in 4.1

5.11.4 Row encoding
Infeach row, the following symbol characters shall conform with the cluster number:
— left row indicator

— symbol characters representing data and/or error correction codewords to a number equal to the number
of columns

—{ right row indicator
THe start and stop characters’/are constant for all rows.
THe symbol shall be-encoded row by row, taking ¢ (the number of columns) codewords into each|row. The

firgt row shall include-the Symbol Length Descriptor in the first column. The last row shall include some or all
of [the error corréetion codewords.

5.12 Compact PDF417

Conmipact PDF417 symbols are an available option. If used, Compact PDF417 shall conform with Annex G.

5.13 Macro PDF417

Macro PDF417 provides a mechanism for the data in a file to be split into blocks and be represented in more
than one PDF417 symbol. This mechanism is similar to the Structured Append feature in other symbologies.

Each Macro PDF417 symbol shall contain additional control information to enable the original data file to be
properly reconstructed, irrespective of the sequence in which the individual PDF417 symbols are scanned and
decoded.

Up to 99 999 individual PDF417 symbols may be used to encode data in Macro PDF417.
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Full details of the procedures of Macro PDF417 are given in Annex H.

5.13.1 Compaction modes and Macro PDF417

The Macro PDF417 Control Block has a predefined encoding method, so codeword 928 causes the
termination of any compaction mode sequence in the body of the symbol. The Segment Index field shall be
encoded in Numeric Compaction mode. Each defined Macro PDF417 optional field has a specific, implied
initial compaction mode and sub-mode, and the beginning of a new optional field serves to terminate the
compaction mode from the previous field (see Annex H.2.3) and initiates its default mode. Specifically, even if
two consecutive optional fields both use the Text Compaction mode, the Alpha sub-mode is reset when
codeword[9Z371S encountered.

5.13.2 ECGls and Macro PDF417

=

o
S

Subject tq the constraints defined in 5.5.2, ECIs may occur in the message encoded in a single or Mad
PDF417 set of symbols. Any ECI invoked shall apply until the end of the encoded data, or until another EC
encountered. Thus, the interpretation of the ECI may straddle two or more symbols.

The ECI Interpretation(s) in the body of the data codeword stream do not extend\into the Macro PDF417
Control Block but resume automatically at the beginning of the next symbol. ~The Control Block's data| is
interpreted using the default ECI (000003), unless ECI escape sequences are gxplicitly encoded in an optionpal
field in thg Control Block; the effect of any such ECI is automatically terminatedat the end of the field in which
it appears

NOTE When implemented as GLIs according to earlier specifications_(e.g. the original AIM USA (1994) and AIM
Europe (1994) PDF417 specifications), encodation implies a return to GLI O\(equivalent to ECI 000000) at the start of egch
symbol. If [t is intended for a GLI 1 to persist into the next symbol, then. Gl 1 shall be explicitly encoded at the start of this
next symbgl. As encoders compliant with these earlier standards will'be’in use for some time, advice is given in 5.17.6|on
how to achleve compatibility with this specification.

5.14 User guidelines

5.14.1 Hyman readable interpretation

PDF417 gymbols are capable of encoding large amounts of data, which means that a human readable
interpretafion of the data characters may.not be practical. As an alternative, descriptive text, rather than litefral
text, may fccompany the symbol. The message may be printed anywhere in the area surrounding the symbol,
but should not interfere with the symbol itself nor the quiet zones. Font and character size are not specified [by
this standard, but may be by application standards.

5.14.2 Adtodiscrimination capability

PDF417 ¢an be used in an autodiscrimination environment with a number of other symbologies (see
Annex S.1).

5.14.3 Usier-defined application parameters

Application standards shall define parameters of PDF417 symbols specified in this standard as variable, as
follows:

5.14.3.1 Symbology and dimensional characteristics
Application standards shall specify the following data, symbology and dimensional parameters:

a) The selection and use of Extended Channel Interpretations, if required, to extend data encodation beyond
the default interpretations of the basic modes.

b) The volume of data in the symbol, which may be fixed, variable or variable up to a defined maximum.
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c) The selection of the error correction level.
d) Range of X-dimension.
e) Range of Y-dimension.

f) Symbol parameters: the range of permissible aspect ratios and/or whether symbol width or height has a
maximum size.

NOTE Additional factors which should be taken into consideration when specifying PDF417 applications are given in

A O el
TTOATOT Al itd I

5.14.3.2 Test specification

THe parameters for the evaluation of symbols shall be defined by specifying a quality’ grade in agcordance
with ISO/IEC 15415 in the application standard.

THis grade is expressed in the form:
grade / aperture / peak response wavelength

THe following example illustrates the types of value which need to be expressed:

1,5/10/660
where: 1,5 is the overall symbol quality grade
10 is the measuring aperture réference number (in this example 0,25mm diameter)
660 is the peak response wayvelength in nanometres
NQTE ISO/IEC 15415 gives guidance on selection_of grading parameters in application specifications. [The values

appropriate for the application shall be defined in the application standard.

5.14.4 PDF417 symbol quality

PIDF417 symbols shall be assessed ferguality using the 2D bar code symbol print quality guidelines|defined in
ISP/IEC 15415 for multi-row symbols-with cross-row scanning capability.

5.15 Reference decode, algorithm

THe reference decode-algorithm for PDF417 is defined in Annex J. This reference decode algorithm is the
basis for print quality.-assessment according to ISO/IEC 15415.

5.16 Error détection and error correction procedure

Ad part of-thé decode procedure, it is possible to reconstruct the symbol for erasures and substitution errors
withinsthé~error correction capacity of the symbol. This can be done by using the procedure [set out in
Annex K.

5.17 Transmitted data

5.17.1 Transmitted data in the basic (default) interpretation

All data codewords shall be translated into user data and transmitted as 8-bit bytes, whether this data is
encoded in Text Compaction, Byte Compaction or Numeric Compaction mode. Start and stop characters, row
indicators, the Symbol Length Descriptor, mode switching codewords, pad codewords and error correction
codewords are not transmitted.
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5.17.2 Transmission protocol for Extended Channel Interpretation (ECI)

In systems
4.17.5 and

where ECls are supported, a symbology identifier prefix shall be used with every transmission (see
Annex L). Macro PDF417 Control Blocks (if transmitted) shall be treated as part of a control set of

escape sequences which operate in conjunction with the ECI transmission protocol (see 5.17.3 and Annex H).

Three codewords (925, 926 and 927) signal the encodation of an ECI value and are decoded as byte values

as follows:

1) If the ECI sequence begins with codeword 927:

EXAMPLE

EXAMPLE

Codeword 927 is transmitted as the escape character 92, which represents reverse solidus)(\),
or backslash, in the default encodation.

The next codeword is converted into a 6-digit value, by placing leading zeros,-before the

codeword. The 6-digit value is transmitted as the six corresponding byte values.in‘the range, 48
to 57.

Symbol encodes: [927] [123]
Data transmission (byte): 92, 48, 48, 48, 49, 50, 51
ASCII interpretation: \000123
the ECI sequence begins with codeword 926:
Codeword 926 is transmitted as escape character 92.

The next two codewords are converted inte-a 6-digit value, with leading zeros if required, using
the following formula:

([1st codeword] +1) x 900.+(2nd codeword]

The 6-digit value is transmitted as the six corresponding byte values in the range, 48 to 57.

Symbol encodes~[926] [136] [156]
Data transmission (bytes): 92, 49, 50, 51, 52, 53, 54
ASCII interpretation: \123456

the EChsequence begins with codeword 925:

Codeword 925 is transmitted as escape character 92.

i)

EXAMPLE:

36

The next codeword is converted into a 6-digit value by adding the value 810 900 to it. The 6-
digit value is transmitted as the six corresponding byte values in the range, 48 to 57.

Symbol encodes: [925] [456]

Data transmission (byte): 92, 56, 49, 49, 51, 53, 54

ASCII interpretation: \811356
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The procedure is repeated for each occurrence of Extended Channel Interpretation (ECI).

Application software recognising the 7-byte escape sequence of 92 followed by six bytes (each in the range
48 to 57) should interpret all subsequent characters until the end of the encoded data, or until another single
byte 92 is encountered, as being from the ECI defined by the 6-digit sequence.

If the reverse solidus, or other character represented by byte 92 needs to be used as encoded data,
transmission shall be as follows. Whenever byte 92 occurs as data, two bytes of that value shall be
transmitted; thus a single occurrence is always an escape character and a double occurrence indicates true
data.

EXAMPLE:
Encoded data: A\\B\C

Transmission: AWBW\C

5.17.3 Transmitted data for Macro PDF417

THe protocol for transmitted data for Macro PDF417 is included in Annex H(.

5.17.4 Transmission of reserved codewords using the ECI protocol

When operating under the ECI transmission protocol, PDF417 decoders should transmit a reserved|codeword
escape sequence of six bytes (interpreted as \CnnnC'), représenting escape character (92) followed by 'C'
(6Y), three digits which represent the decimal value of the reserved codeword, followed by another|'C', which
terminates the escape sequence in a symbology-independent manner. The data codewords which|follow the
reserved codeword are not interpreted by the decoderaccording to any compaction mode, but instead are
trgnsmitted as a series of escape sequences representing the codewords using the same 6-byte escape
sequence defined earlier in this paragraph. All remaining data codewords are transmitted in this mgnner, until
one of the following is reached:

— the end of the encoded data in the symbol
—1 a latch to a recognised compaction mode
— a Macro PDF417 Control(Block function codeword (928, 923, or 922)

Cadeword 913 (Byte shift) is only permitted from Text Compaction mode, and thus shall not be part of the
codeword stream whileZin this process of sending escaped uninterpreted codewords.

NQTE This protecol can properly transmit the message syntax of any reserved codeword whose future definition is to
previde either arsignalling function or to represent a new compaction mode.

5.17.5 Symbology identifier

Once-the structure of the data (in terms of Macro PDF417, ECI. etc) has been identified. the appropriate

symbology identifier should be added as a preamble to the transmitted data by the decoder. See Annex L for
the symbology identifiers which apply to PDF417.

5.17.6 Transmission using older protocols

The introduction of the Extended Channel Interpretation system, common to a number of symbologies, has
had an impact on pre-existing symbologies including PDF417. The basic encoding and decoding rules remain
identical in this standard to those in the original AIM USA (1994) and AIM Europe (1994) PDF417
specifications. Transmission for both ECls and Macro PDF417 is different in format, but conveys equivalent
information.

© ISO/IEC 2006 — All rights reserved 37


https://standardsiso.com/api/?name=89266acb482dc7405371f6a984254880

ISO/IEC 15438:2006(E)

All new PDF417 decoding equipment and software should conform with this standard. However, equipment
conforming with the earlier standard will still be in existence for a number of years. Annex M defines the rules
which shall be followed when using decoding equipment and software not capable of being compliant with the
current ECI and Macro PDF417 symbols. In this way, old and new decoding equipment can continue to co-
exist.
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(normative)

ISO/IEC 15438:2006(E)

Encoding/decoding table of PDF417 symbol character bar-space

sequences
Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 luster 6

BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS B$BSBSBS
0 31111136 51111125 21111155 26 31113251 31112612 61113221
1 41111144 61111133 31111163 27 11113334 31113125 111113262
2 51111152 41111216 11111246 28 21113342 41113133 51113312
3 31111235 51111224 21111254 29 11114144 51113141 111113361
4 41111243 61111232 31111262 30 21114152 21113216 51113411
5 51111251 41111315 11111345 31 11114243 31113224 411114114
6 21111326 51111323 21111353 32 21114251 41113232 51114122
7 31111334 61111331 31111361 33 11115152 21113315 411114213
8 21111425 41111414 11111444 34 51116111 31113323 5/1114221
9 11111516 51111422 21111452 35 31121135 41113331 411114312
10 21111524 41111513 11111543 36 41121143 21113414 411114411
1" 11111615 51111524 61112114 37 51121151 31113422 31115114
12 21112136 41111612 11112155 38 21121226 21113513 41115122
13 31112144 41112125 21112163 39 31121234 31113521 3[1115213
14 41112152 51112133 61112213 40 41121242 21113612 411115221
15 21442235 61112141 11112254 41 21121325 21114125 3|1115312
16 81112243 31112216 21112262 42 31121333 31114133 3|1115411
17 41112251 41112224 61112312 43 11121416 41114141 211116114
18 11112326 51112232 11112353 44 21121424 11114216 31116122
19 21112334 31112315 21112361 45 31121432 21114224 21116213
20 11112425 41112323 61112411 46 11121515 31114232 31116221
21 11113136 51112331 11112452 47 21121523 11114315 21116312
22 21113144 31112414 51113114 48 11121614 21114323 11121146
23 31113152 41112422 61113122 49 21122135 31114331 21121154
24 11113235 31112513 11113163 50 31122143 11114414 31121162
25 21113243 41112521 51113213 51 41122151 21114422 11121245
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
52 11122226 11114513 21121253 83 11131613 51122231 31126121
53 21122234 21114521 31121261 84 11132126 31122314 21126212
54 31222282 TTTT5T2Z5 TTTZT34% 85 PANKYAR TTT22322 ZTTZ63T1
55 11122325 21115133 21121352 86 31132142 31122413 11131145
56 21122333 31115141 11121443 87 11132225 41122421 21431153
57 31122341 11115224 21121451 88 21132233 31122512 31131161
58 11122424 21115232 11121542 89 31132241 31122611 11131244
59 21122432 11115323 61122113 90 11132324 24123116 21131252
60 11123135 21115331 11122154 91 21132332 31123124 11131343
61 21123143 11115422 21122162 92 11132423 41123132 21131351
62 31123151 11116133 61122212 93 11132522 21123215 11131442
63 11123234 21116141 11122253 94 11133134 31123223 11131541
64 21123242 11116232 21122261 95 21133142 41123231 61132112
65 11123333 11116331 61122311 96 11133233 21123314 11132153
66 21123341 41121116 11122352 97 21133241 31123322 21132161
67 11124143 51121124 11122451 98 11133332 21123413 61132211
68 21124151 61121132 51123113 99 11134142 31123421 11132252
69 11124242 41121215 64423121 100 21141125 21123512 11132351
70 11124341 51121223 11123162 101 31141133 21123611 51133112
4l 21131126 61121231 51123212 102 41141141 11124116 11133161
72 31131134 41421314 11123261 103 11141216 21124124 51133211
73 41131142 51121322 51123311 104 21141224 31124132 41134112
74 21131225 41121413 41124113 105 31141232 11124215 41134211
75 31131233 51121421 51124121 106 11141315 21124223 31135112
76 44434244 41421512 44424212 107 21141323 31424231 31435211
77 11131316 41121611 41124311 108 31141331 11124314 21136112
78 21131324 31122116 31125113 109 11141414 21124322 21136211
79 31131332 41122124 41125121 110 21141422 11124413 11141144
80 11131415 51122132 31125212 11 11141513 21124421 21141152
81 21131423 31122215 31125311 112 21141521 11124512 11141243
82 11131514 41122223 21126113 113 11142125 11125124 21141251
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
114 21142133 21125132 11141342 145 52111151 31133321 22112261
115 31142141 11125223 11141441 146 22111226 21133412 62112311
1o TTT4222% ZTT25Z31 OTTAZTTT 147 3ZTTTZ3% ZTT335TT 2112352
117 21142232 11125322 11142152 148 42111242 11134115 1p112451
118 11142323 11125421 11142251 149 22111325 21134123 5p113113
119 21142331 11126132 51143111 150 32111333 31134131 6p113121
120 11142422 11126231 41144111 151 42111341 11134214 1p113162
121 11142521 41131115 31145111 152 12111416 21134222 5113212
122 21143141 51131123 11151143 153 22111424 11134313 1p113261
123 11143331 61131131 21151151 154 12111515 21134321 5P113311
124 11151116 41131214 11151242 155 22112135 11134412 4P114113
125 21151124 51131222 11151341 156 32112143 11134511 5p114121
126 31151132 41131313 11152151 157 42112151 11135123 4p114212
127 11151215 51131321 11161142 158 12112226 21135131 4P114311
128 21151223 41131412 11161241 159 22112234 11135222 3p115113
129 31151231 41131511 12111146 160 32112242 11135321 4p115121
130 11151314 31132115 22111154 161 12112325 11136131 3p115212
131 21151322 41132128 32111162 162 22112333 41141114 3p115311
132 11151413 51132431 12111245 163 12112424 51141122 2p116113
133 21151421 81132214 22111253 164 12112523 41141213 3p116121
134 11151512 41132222 32111261 165 12113135 51141221 2p116212
135 11452124 31132313 12111344 166 22113143 41141312 2p116311
136 11152223 41132321 22111352 167 32113151 41141411 211211145
137 11152322 31132412 12111443 168 12113234 31142114 31211153
138 11484445 31132544 22111451 169 22113242 41142122 41211161
139 31161131 21133115 12111542 170 12113333 31142213 11211236
140 21161222 31133123 62112113 171 12113432 41142221 21211244
141 21161321 41133131 12112154 172 12114143 31142312 31211252
142 11161511 21133214 22112162 173 22114151 31142411 11211335
143 32111135 31133222 62112212 174 12114242 21143114 21211343
144 42111143 21133313 12112253 175 12115151 31143122 31211351
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
176 31211126 21143213 11211434 207 12122126 31162211 12123161
177 41211134 31143221 21211442 208 22122134 21163112 51214112
178 5TZTTT42 ZTTa3312 TTZTT533 209 KYAVIALYA PANIEYAN| 52123211
179 31211225 21143411 21211541 210 11213126 42111116 11244161
180 41211233 11144114 11211632 211 12122225 52111124 51214211
181 51211241 21144122 12121145 212 22122233 62111132 42124112
182 21211316 11144213 22121153 213 32122241 42111215 41215112
183 31211324 21144221 32121161 214 11213225 52111223 42124211
184 41211332 11144312 11212145 215 21213233 62111231 41215211
185 21211415 11144411 12121244 216 31213241 42111314 32125112
186 31211423 11145122 22121252 217 11213324 52111322 31216112
187 41211431 11145221 11212244 218 12122423 42111413 32125211
188 21211514 41151113 21212252 219 11213423 52111421 31216211
189 31211522 51151121 22121351 220 12123134 42111512 22126112
190 22121126 41151212 11212343 221 22123142 42111611 22126211
191 32121134 41151311 12121442 222 11214134 32112116 11221136
192 42121142 31152113 11212442 223 12123233 42112124 21221144
193 21212126 41152121 12421541 224 22123241 52112132 31221152
194 22121225 31152212 11212541 225 11214233 32112215 11221235
195 32121233 31152311 62122112 226 21214241 42112223 21221243
196 42121241 21153113 12122153 227 11214332 52112231 31221251
197 21212225 31153121 22122161 228 12124142 32112314 11221334
198 31212233 21153212 61213112 229 11215142 42112322 21221342
199 41212241 21153311 62122211 230 12124241 32112413 11221433
200 11212316 14454443 14243153 231 14245244 42112421 21221444
201 12121415 21154121 12122252 232 31221125 32112512 11221532
202 22121423 11154212 61213211 233 41221133 32112611 11221631
203 32121431 11154311 11213252 234 51221141 22113116 12131144
204 11212415 41161112 12122351 235 21221216 32113124 22131152
205 21212423 41161211 11213351 236 31221224 42113132 11222144
206 11212514 31162112 52123112 237 41221232 22113215 12131243
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
238 21221315 32113223 22131251 269 21223232 61211222 12141242
239 31221323 42113231 11222243 270 22132331 11211263 11232242
240 AT2ZT33T 2213314 21222257 271 1223323 STZTTIT 2141341
241 21221414 32113322 11222342 272 12132422 61211321 111232341
242 31221422 22113413 12131441 273 12132521 11211362 1p142151
243 21221513 32113421 11222441 274 12133133 51211412 111233151
244 21221612 22113512 62132111 275 22133141 51211511 111241134
245 22131125 22113611 12132152 276 11224133 42121115 2[1241142
246 32131133 12114116 61223111 217 12133232 52121123 111241233
247 42131141 22114124 11223152 278 11224232 62121131 2[1241241
248 21222125 32114132 12132251 2719 12133331 41212115 111241332
249 22131224 12114215 11223251 280 11224331 42121214 111241431
250 32131232 22114223 52133111 281 11225141 61212131 1p151142
251 11222216 32114231 51224111 282 21231116 41212214 111242142
252 12131315 12114314 42134111 283 31231124 51212222 1151241
253 31222232 22114322 4122511 284 41231132 52121321 111242241
254 32131331 12114413 32135111 285 21231215 41212313 11251133
255 11222315 22114421 31226111 286 31231223 42121412 211251141
256 12131414 12114512 22136111 287 41231231 41212412 11251232
257 22131422 12115124 11231135 288 21231314 42121511 111251331
258 11222414 22115132 21231143 289 31231322 41212511 1161141
259 21222422 12115223 31231151 290 21231413 32122115 111252141
260 22131521 22115231 11231234 291 31231421 42122123 11261132
264 12131612 12115322 21231242 292 21231512 52122131 111261231
262 12432425 12445421 14231333 203 21231614 31213115 18111145
263 22132133 12116132 21231341 294 12141116 32122214 23111153
264 32132141 12116231 11231432 295 22141124 42122222 33111161
265 11223125 51211115 11231531 296 32141132 31213214 13111244
266 12132224 61211123 12141143 297 11232116 41213222 23111252
267 22132232 11211164 22141151 298 12141215 42122321 13111343
268 11223224 51211214 11232143 299 22141223 31213313 23111351
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
300 32141231 32122412 13111442 331 12151115 12125123 12212144
301 11232215 31213412 13111541 332 22151123 22125131 13121243
302 21232273 SYAVZSIN B3TTZTTZ 333 3ZT5TT3 1216123 23121251
303 31232231 31213511 13112153 334 11242115 12125222 12242243
304 11232314 22123115 23112161 335 12151214 11216222 22212251
305 12141413 32123123 63112211 336 22151222 12125321 12212342
306 22141421 42123131 13112252 337 11242214 11246321 13121441
307 11232413 21214115 13112351 338 21242222 12126131 12212441
308 21232421 22123214 53113112 339 22151321 51221114 63122111
309 11232512 32123222 13113161 340 11242313 61221122 13122152
310 12142124 21214214 53113211 341 12151412 11221163 62213111
31 22142132 31214222 43114112 342 11242412 51221213 12213152
312 11233124 32123321 43114211 343 12151511 61221221 13122251
313 12142223 21214313 33115112 344 12152123 11221262 12213251
314 22142231 22123412 33115211 345 11243123 51221312 53123111
315 11233223 21214412 23116112 346 11243222 11221361 52214111
316 21233231 22123511 23116211 347 11243321 51221411 43124111
317 11233322 21214511 12211136 348 31251122 42131114 42215111
318 12142421 12124115 22211144 349 31251221 52131122 33125111
319 11233421 22124123 32211152 350 21251411 41222114 32216111
320 11234132 32124131 12211235 351 22161122 42131213 23126111
321 11234231 11215115 22211243 352 12161213 52131221 21311135
322 212414145 12124214 32211251 353 11252213 41222213 31311143
323 31241123 22124222 12211334 354 11252312 51222221 41311151
324 41244134 141215214 22214342 355 142524144 44222312 14341226
325 21241214 21215222 12211433 356 23111126 42131411 21311234
326 31241222 22124321 22211441 357 33111134 41222411 31311242
327 21241313 11215313 12211532 358 43111142 32132114 11311325
328 31241321 12124412 12211631 359 23111225 42132122 21311333
329 21241412 11215412 13121144 360 33111233 31223114 31311341
330 21241511 12124511 23121152 361 13111316 32132213 11311424
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
362 23111324 42132221 21311432 393 42211331 61231121 11321126
363 33111332 31223213 11311523 394 22211414 11231162 21321134
364 TSTTT4TS AT223221 ZT3TTo3T 395 32211422 STZ3TZ1Z 311321142
365 23111423 31223312 11311622 396 22211513 11231261 111321225
366 13111514 32132411 12221135 397 32211521 51231314 2[1321233
367 13111613 31223411 22221143 398 23121125 42441113 3(1321241
368 13112126 22133114 32221151 399 33121133 52141121 111321324
369 23112134 32133122 11312135 400 43121444 41232113 2[1321332
370 33112142 21224114 12221234 401 22212125 51232121 111321423
37 13112225 22133213 22221242 402 23121224 41232212 2[1321431
372 23112233 32133221 11312234 403 33121232 42141311 111321522
373 33112241 21224213 21312242 404 12212216 41232311 111321621
374 13112324 31224221 22221341 405 13121315 32142113 19231134
375 23112332 21224312 11312333 406 32212232 42142121 20231142
376 13112423 22133411 12221432 407 33121331 31233113 111322134
377 13112522 21224411 14312432 408 12212315 32142212 19231233
378 13113134 12134114 12221531 409 22212323 31233212 2p231241
379 23113142 22134122 11312531 410 23121422 32142311 111322233
380 13113233 14225114 13131143 411 12212414 31233311 211322241
381 23113241 12134213 23131151 412 13121513 22143113 111322332
382 13113332 22134221 12222143 413 12212513 32143121 1p231431
383 13944442 11225213 13131242 414 13122125 21234113 111322431
384 13114241 21225221 11313143 415 23122133 31234121 1141142
385 32211125 11225312 12222242 416 33122141 21234212 10232142
386 42241133 12434444 13131344 417 12243425 22143314 18141241
387 52211141 11225411 11313242 418 13122224 21234311 11323142
388 22211216 12135122 12222341 419 32213141 12144113 12232241
389 32211224 11226122 11313341 420 12213224 22144121 11323241
390 42211232 12135221 13132151 421 22213232 11235113 11331125
391 22211315 11226221 12223151 422 23122331 12144212 21331133
392 32211323 51231113 11314151 423 12213323 11235212 31331141
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
424 13122422 12144311 11331224 455 21312314 53111123 11352131
425 12213422 11235311 21331232 456 22221413 63111131 11361122
426 13123133 TZT35T2T TT33T3Z3 257 32271371 13T TT36T22T
427 23123141 11236121 21331331 458 21312413 53111222 14101144
428 12214133 51241112 11331422 459 31312421 43111313 24111152
429 13123232 11241161 11331521 460 22221611 53111321 14111243
430 12214232 51241211 12241133 461 13131116 43111412 24111251
431 13123331 42151112 22241141 462 23131124 43111511 14111342
432 13124141 41242112 11332133 463 33131132 33112115 14111441
433 12215141 42151211 12241232 464 12222116 43112123 14112152
434 31311116 41242211 11332232 465 13131215 53112131 14112251
435 41311124 32152112 12241331 466 23131223 33112214 54113111
436 51311132 31243112 11332331 467 33131231 43112222 44114111
437 31311215 32152211 13151141 468 11313116 33112313 34115111
438 41311223 31243211 12242141 469 12222215 43112321 24116111
439 51311231 22153112 11333141 470 22222223 33112412 13211135
440 31311314 21244112 11341424 471 32222231 33112511 23211143
441 41311322 22153211 24341132 472 11313215 23113115 33211151
442 31311413 21244211 11341223 473 21313223 33113123 13211234
443 41311421 12154142 21341231 474 31313231 43113131 23211242
444 31311512 11245112 11341322 475 23131421 23113214 13211333
445 22221116 12154211 11341421 476 11313314 33113222 23211341
446 32221424 11245211 12251132 477 12222413 23113313 13211432
447 42221132 51251111 11342132 478 22222421 33113321 13211531
448 21312446 421614144 12251231 479 14343443 23113412 144211443
449 22221215 41252111 11342231 480 13131611 23113511 24121151
450 41312132 32162111 11351123 481 13132124 13114115 13212143
451 42221231 31253111 21351131 482 23132132 23114123 14121242
452 21312215 22163111 11351222 483 12223124 33114131 13212242
453 31312223 21254111 11351321 484 13132223 13114214 14121341
454 41312231 43111115 12261131 485 23132231 23114222 13212341
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
486 11314124 13114313 14122151 517 22231412 33122213 31411133
487 12223223 23114321 13213151 518 21322412 43122221 41411141
4388 22773731 TSTT441Z TZ3TTTZ0 519 22237511 BYZARYAR] 411216
489 11314223 13114511 22311134 520 21322511 42213221 21411224
490 21314231 13115123 32311142 521 13141115 32213342 31411232
491 13132421 23115131 12311225 522 23141123 33122411 111411315
492 12223421 13115222 22311233 523 33141131 32213411 2[1411323
493 13133132 13115321 32311241 524 12232116 23123114 31411331
494 12224132 13116131 12311324 525 13141214 33123122 111411414
495 13133231 52211114 22311332 526 23141222 22214114 2[1411422
496 11315132 62211122 12311423 527 11323115 23123213 111411513
497 12224231 12211163 22311431 528 12232214 33123221 2[1411521
498 31321115 52211213 12311522 529 22232222 22214213 111411612
499 41321123 62211221 12311621 530 23141321 32214221 1p321125
500 51321131 12211262 13221134 531 11323214 22214312 2p321133
501 31321214 52211312 23221142 532 21323222 23123411 3p321141
502 41321222 12211361 12312134 533 13141412 22214411 11412125
503 31321313 52211411 13221233 534 11323313 13124114 10321224
504 41321321 43124114 23221241 535 12232412 23124122 2p321232
505 31321412 53121122 12312233 536 13141511 12215114 11412224
506 31321511 42212114 13221332 537 12232511 13124213 211412232
507 22231115 43121213 12312332 538 13142123 23124221 2p321331
508 82231123 53121221 13221431 539 23142131 12215213 11412323
509 42231131 42212213 12312431 540 12233123 22215221 11321422
510 21322115 52212221 14431442 544 13142222 12245342 11412422
511 22231214 42212312 13222142 542 11324123 13124411 12321521
512 41322131 43121411 14131241 543 12233222 12215411 11412521
513 21322214 42212411 12313142 544 13142321 13125122 13231133
514 31322222 33122114 13222241 545 11324222 12216122 23231141
515 32231321 43122122 12313241 546 12233321 13125221 12322133
516 21322313 32213114 21411125 547 13143131 12216221 13231232
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
548 11325131 61311113 11413133 579 12243122 43132121 11422421
549 31331114 11311154 12322232 580 11334122 32223113 13241132
550 1331122 ZT3TTT62 13231331 58T TT33422T 3332212 12332732
551 31331213 61311212 11413232 582 41341121 31314113 13241231
552 41331221 11311253 12322331 583 31341311 32223212 11423132
553 31331312 21311261 11413331 584 32251121 33132311 12332231
554 31331411 61311311 14141141 585 22251212 31314212 11423231
555 22241114 11311352 13232141 586 22251311 32223311 11431115
556 32241122 11311451 12323141 587 13161113 31314311 21431123
557 21332114 52221113 11414141 588 12252413 23133113 31431131
558 22241213 62221121 11421116 589 11343113 33133121 11431214
559 32241221 12221162 21421124 590 13161311 22224113 21431222
560 21332213 51312113 31421132 591 12252311 23133212 11431313
561 31332221 61312121 11421215 592 24111125 21315113 21431321
562 21332312 11312162 21421223 593 14111216 22224212 11431412
563 22241411 12221261 31421231 594 24111224 23133311 11431511
564 21332411 51312212 11421314 595 14111315 21315212 12341123
565 13151114 52221311 21421322 596 24111323 22224311 22341131
566 23151122 11312261 11421413 597 34111331 21315311 11432123
567 12242114 51312311 21421421 598 14111414 13134113 12341222
568 13151213 43131113 11421512 599 24111422 23134121 11432222
569 23151221 53131121 11421611 600 14111513 12225113 12341321
570 11333114 42222113 12331124 601 24111521 13134212 11432321
571 12242213 43131212 22331132 602 14112125 11316113 13251131
572 22242221 413131443 14422124 603 24112133 12225212 12342131
573 11333213 51313121 12331223 604 34112141 13134311 11433131
574 21333221 43131311 22331231 605 14112224 11316212 11441114
575 13151411 41313212 11422223 606 24112232 12225311 21441122
576 11333312 42222311 21422231 607 14112323 11316311 11441213
577 12242411 41313311 11422322 608 24112331 13135121 21441221
578 11333411 33132113 12331421 609 14112422 12226121 11441312
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
610 14112521 61321112 11441411 641 14121611 12235112 13311323
611 14113133 11321153 12351122 642 14122124 13144211 23311331
012 ZATT3TAT ZT3ZTToT TT347122Z 43 VLAVIARY TT326T1Z 311422
613 14113232 61321211 12351221 644 13213124 12235211 13311521
614 14113331 11321252 11442221 645 14122223 1132621 14221133
615 14114141 11321351 11451113 646 24122231 61331111 21221141
616 23211116 52231112 21451121 647 13213223 11331152 18312133
617 33211124 12231161 11451212 648 23213234 11331251 14221232
618 43211132 51322112 11451311 649 13213322 52241111 18312232
619 23211215 52231211 12361121 650 14122421 51332111 14221331
620 33211223 11322161 11452121 651 14123132 43151111 1B312331
621 23211314 51322211 15111143 652 13214132 42242111 1p131141
622 33211322 43141112 25111151 653 14123231 41333111 14222141
623 23211413 42232112 15111242 654 13214231 33152111 18313141
624 33211421 43141211 15111341 655 32311115 32243111 10411116
625 23211512 41323112 15112151 656 42311123 31334111 2p411124
626 14121116 42232211 14211134 657 52311131 23153111 3p411132
627 24121124 41323211 24211142 658 32311214 22244111 10411215
628 34121132 33142112 14211233 659 42311222 21335111 2p411223
629 13212116 82233112 24211241 660 32311313 13154111 3p411231
630 14121215 33142211 14211332 661 42311321 12245111 10411314
631 33212132 31324112 14211431 662 32311412 11336111 2p411322
632 84121231 32233211 15121142 663 32311511 11341151 1411413
633 13212215 31324211 14212142 664 23221115 44111114 2p411421
834 23212223 23143112 15121241 665 33221423 54114422 1b411512
635 33212231 22234112 14212241 666 22312115 44111213 12411611
636 13212314 23143211 13311125 667 23221214 54111221 13321124
637 14121413 21325112 23311133 668 33221222 44111312 23321132
638 24121421 22234211 33311141 669 22312214 44111411 12412124
639 13212413 21325211 13311224 670 32312222 34112114 13321223
640 23212421 13144112 23311232 671 33221321 44112122 23321231
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
672 22312313 34112213 12412223 703 13224131 34122113 11512412
673 23221412 44112221 22412231 704 12315131 44122121 12421511
674 22312812 JATTZ3T2 12812322 705 T 3IZTITTS 51251
675 23221511 34112411 13321421 706 51411122 34122212 13331423
676 22312511 24113114 12412421 707 41411213 33213212 23331131
677 14131115 34113122 14231132 708 51411221 34122311 12422123
678 24131123 24113213 13322132 709 41411312 33213311 13331222
679 13222115 34113221 14231231 710 41411411 24123113 11513123
680 14131214 24113312 12413132 71 32321114 34123121 12422222
681 33222131 24113411 13322231 712 42321422 23214113 13331321
682 12313115 14114114 12413231 713 31412114 24123212 11513222
683 13222214 24114122 21511115 714 41412122 23214212 12422321
684 23222222 14114213 31511123 745 42321221 24123311 11513321
685 24131321 24114221 41511131 716 31412213 23214311 14241131
686 12313214 14114312 21511214 "7 41412221 14124113 13332131
687 22313222 14114411 31511222 718 31412312 24124121 12423131
688 14131412 14115122 21511313 719 32321411 13215113 11514131
689 12313313 14115221 31511321 720 31412411 14124212 21521114
690 13222412 53211113 21511412 721 23231114 13215212 31521122
691 14131511 63211121 21511511 722 33231122 14124311 21521213
692 13222511 13291162 12421115 723 22322114 13215311 31521221
693 14132123 53211212 22421123 724 23231213 14125121 21521312
694 24132431 13211261 32421131 725 33231221 13216121 21521411
695 13223123 53211311 11512115 726 21413114 62311112 12431114
696 14432222 44421443 12421214 727 22322213 12314453 22431122
697 12314123 54121121 22421222 728 32322221 22311161 11522114
698 13223222 43212113 11512214 729 21413213 62311211 12431213
699 14132321 44121212 21512222 730 31413221 12311252 22431221
700 12314222 43212212 22421321 731 23231411 12311351 11522213
701 13223321 44121311 11512313 732 21413312 53221112 21522221
702 14133131 43212311 12421412 733 22322411 13221161 11522312
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
734 21413411 52312112 12431411 765 31422113 21411251 25211141
735 14141114 53221211 11522411 766 41422121 11411342 15211232
736 28T8TTZZ 12312101 3341122 707 31422212 TTATT441 Tp211331
737 13232114 52312211 12432122 768 32331311 62321111 19121141
738 14141213 44131112 13341221 769 31422311 12321952 19212141
739 24141221 43222112 11523122 770 23241113 61412111 11311124
740 12323114 44131211 12432221 771 33241121 11412152 21311132
4 13232213 42313112 11523221 772 22332113 12321251 14311223
742 23232221 43222211 21531113 773 23241212 11412251 21311231
743 11414114 42313211 315631121 774 21423113 53231111 14311322
744 12323213 34132112 21531212 775 22332212 52322111 14311421
745 22323221 33223112 21531311 776 23241311 51413111 19221132
746 14141411 34132211 12441113 777 21423212 44141111 14312132
747 11414213 32314112 22441121 778 22332311 43232111 19221231
748 21414221 33223211 11532113 779 21423311 42323111 11312231
749 13232411 32314211 12441212 780 14151113 41414111 1411115
750 11414312 24133112 1532212 781 24151121 34142111 2p411123
751 14142122 23224112 12441311 782 13242113 33233111 3411131
752 13233122 24133211 11532311 783 23242121 32324111 1p411214
753 14142221 22315112 13351121 784 12333113 31415111 2B411222
754 12324122 23224211 12442121 785 13242212 24143111 1p411313
755 13233221 22315211 11533121 786 14151311 23234111 2p411321
756 11415122 14134112 21541112 787 11424113 22325111 1p411412
757 12324221 13225112 21541211 788 12333212 21416111 1p411511
758 11415221 14434214 12451442 789 13242344 14444144 11321123
759 41421113 12316112 11542112 790 11424212 13235111 24321131
760 51421121 13225211 12451211 791 12333311 12326111 13412123
761 41421212 12316211 11542211 792 11424311 11421143 23412131
762 41421311 11411144 16111142 793 13243121 21421151 13412222
763 32331113 21411152 16111241 794 11425121 11421242 14321321
764 42331121 11411243 156211133 795 41431211 11421341 13412321
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796 31432112 12331151 15231131 827 24212123 34213211 21612113
797 31432211 11422151 14322131 828 25121222 25123112 22521212
798 223027712 143122 T3T3T3T 829 LyAVZALS PLYAT YNV 21612212
799 21433112 11431241 22511114 830 24212222 25123211 22524311
800 21433211 11441141 32511122 831 14212313 24214211 21612311
801 13252112 45111113 22511213 832 24212321 15124112 13431113
802 12343112 45111212 32511221 833 14212412 14245112 23431121
803 11434112 45111311 22511312 834 15121511 16124211 12522113
804 11434211 35112113 22511411 835 14212511 14215211 13431212
805 15111116 45112121 13421114 836 15122423 63311111 11613113
806 15111215 35112212 23421122 837 25122131 13311152 12522212
807 25111223 35112311 12512114 838 14213123 13311251 13431311
808 15111314 25113113 22512122 839 24213131 54221111 11613212
809 15111413 35113121 23421221 840 14213222 53312111 12522311
810 15111512 25113212 12512213 841 15122321 45131111 11613311
811 15112124 25113311 13421312 842 14213321 44222111 14341121
812 15112223 15114113 12512312 843 15123131 43313111 13432121
813 15112322 25114121 18421411 844 14214131 35132111 12523121
814 15112421 15114212 12512411 845 33311114 34223111 11614121
815 15113132 15114311 14331122 846 33311213 33314111 31621112
816 15113231 15115121 13422122 847 33311312 25133111 31621211
817 24211115 54211112 14331221 848 33311411 24224111 22531112
818 24211214 14211161 12513122 849 24221114 23315111 21622112
819 34211222 54211211 13422221 850 23312114 15134111 22531211
820 24214343 45121442 12513221 851 33312122 14225114 21622211
821 34211321 44212112 31611113 852 34221221 13316111 13441112
822 24211412 45121211 41611121 853 23312213 12411143 12532112
823 24211511 44212211 31611212 854 33312221 22411151 13441211
824 15121115 35122112 31611311 855 23312312 12411242 11623112
825 25121123 34213112 22521113 856 24221411 12411341 12532211
826 14212115 35122211 32521121 857 23312411 13321151 11623211
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Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
858 15131114 12412151 31631111 889 22413113 16124111 23512121
859 14222114 11511134 22541111 890 23322212 15215111 13512212
860 T5T3TZT3 ZToTTT4Z ZTo3ZTTT BYT 242331 T43TTTo1 421311
861 25131221 11511233 13451111 892 22413212 13411142 18512311
862 13313114 21511241 12542111 893 23322311 13411244 1p331121
863 14222213 11511332 11633111 894 22413311 12611133 14422121
864 15131312 11511431 16211132 895 15141113 22511141 18513121
865 13313213 12421142 16211231 896 25141424 12511232 3p611112
866 14222312 11512142 15311123 897 14232113 12511331 3p611211
867 15131411 12421241 25311131 898 24232121 13421141 23521112
868 13313312 11512241 16311222 899 13323113 12512141 2p612112
869 14222411 11521133 156311321 900 14232212 11611124 23521211
870 15132122 21521141 16221131 901 15141311 21611132 2612211
871 14223122 11521232 156312131 902 12414113 11611223 14431112
872 15132221 11521331 14411114 903 13323212 21611231 1p522112
873 13314122 12431141 24411122 904 14232311 11611322 14431211
874 14223221 11522141 14411213 905 12414212 11611421 10613112
875 13314221 11531132 24411221 906 13323311 12521132 1p522211
876 42411113 14531231 14411312 907 15142121 11612132 19613211
877 42411212 11541131 14411411 908 14233121 12521231 3p621111
878 42411314 36112112 15321122 909 13324121 11612231 28531111
879 33324413 36112211 14412122 910 12415121 11621123 2p622111
880 82412113 26113112 15321221 911 51511112 21621131 1h441111
884 42412121 26113211 14412221 912 51511211 11621222 1p532111
382 32412212 16444442 23514443 913 42421112 11621324 1p623111
883 33321311 16114211 33511121 914 41512112 12531131 16311122
884 32412311 45212111 23511212 915 42421211 11622131 16311221
885 24231113 36122111 23511311 916 41512211 11631122 15411113
886 34231121 35213111 14421113 917 33331112 11631221 25411121
887 23322113 26123111 24421121 918 32422112 14411141 15411212
888 33322121 25214111 13512113 919 33331211 13511132 15411311
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Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS
920 31513112 13511231 16321121
921 32422211 12611123 15412121
922 JTHT3ZTT ZZ6TTT31 285TTTTZ
923 24241112 12611222 24511211
924 23332112 12611321 15421112
925 24241211 13521131 14512112
926 22423112 12612131 15421211
927 23332211 12621122 14512211
928 21514112 12621221 33611111
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The default character set for Byte Compaction mode

B C B C B C B C B B C B C B C
D NUL 32 | space | 64 @ 96 128 160 | NBSP | 192 | A | 224 a
| SOH 33 ! 65 A 97 a 129 161 i 193 | Av] 225 a
D STX 34 " 66 B 98 b 130 162 ¢ 194} A | 226 a
B ETX 35 # 67 C 99 c 131 163 £ 1959 A | 227 a
L EOT 36 $ 68 D 100 d 132 164 o] 196 | A | 228 a
b ENQ 37 % 69 E 101 e 133 165 ¥ 197 | A | 229 a
b ACK 38 & 70 F 102 f 134 166 ! 198 | £ | 230 | &
y BEL 39 ' 71 G 103 g 135 167 § 199 | C | 231 o
B BS 40 ( 72 H 104 h 136 168 N 200 E | 232 e
D HT 41 ) 73 I 105 I 137 169 © 201 E | 233 e
10 LF 42 * 74 J 106 j 138 170 a 202 E | 234 é
11 VT 43 + 75 K 107 k 139 171 « 203 E | 235 é
12 FF 44 , 76 L 108 | 140 172 o 204 i 236 i
13 CR 45 - 77 M 109 m 141 173 | SHY | 205 i 237 i
14 SO 46 . 78 N 110 n 142 174 ® 206 ) 238 i
15 SI 47 / 79 O 11 o 143 175 - 207 | 239 T
16 DLE 48 0 80 P 112 p 144 176 ° 208 | B | 240 o}
17 DC1 49 1 81 Q 113 q 145 177 * 209 | N | 241 A
18 DC2 50 2 82 R 114 r 146 178 2 210 | O | 242 o]
19 DC3 51 3 83 S 115 S 147 179 3 211 O | 243 o]
40 DC4 52 4 84 T 116 t 148 180 212 | O | 244 6
11 NAK 53 5 85 U 117 u 149 181 g 213 | O | 245 o]
42 SYN 54 6 86 V 118 Y 150 182 1 214 | O | 246 o]
43 ETB 55 7 87 w | 119 w 151 183 215 X 247 +
44 CAN 56 8 88 X 120 X 152 184 N 216 | O | 248 (4]
45 EM 57 9 89 Y 121 y 153 185 ! 217 | U | 249 u
46 SUB 58 90 4 122 z 154 186 ° 218 | U | 250 u
27 ESC 59 ; 91 [ 123 { 155 187 » 219 | U | 251 a
28 | IS4/FS | 60 < 92 \ 124 [ 156 188 Ya 220 | U | 252 U
29 | I1S3/GS | 61 = 93 ] 125 } 157 189 Vs 221 Y | 253 y
30 | IS2/RS | 62 > 94 A 126 ~ 158 190 Ya 222 P | 254 b
31 | IS1/US | 63 ? 95 _ 127 | DEL | 159 191 2 223 B | 255 y
NOTE This table corresponds to the character set defined in ISO/IEC 8859-1, with the addition of the control

characters (byte values 00 — 31) defined in ISO/IEC 646, International Reference Version.
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Annex C
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Byte Compaction mode encoding algorithm

This conversion is used in Byte Compaction mode. It converts six data bytes to five PDF417 data codewords.
The conversion equation is:

bs x 256° +b, x 256* +b3x 256° +b, x 2562 +b; x 256" +b,x 256°
= d, x 900* + d;3 x 900° + d, x 900% + d, x 900" + d, x 900°
where b = data byte value as a decimal (0 to 255)

where d = data codeword
The following algorithm may be used for a base 256 to base 900 conversion.

. Designate t = temporary variable
2, Calculate t = bs x 256° + by x 256* + by x 256° + by xX256° + by x 256" + by x 256
Calculate each codeword as follows:
For each data codeword d; = d, .... d4
BEGIN
d
t

t mod:900
t divv900

END
EXAMPLE:

Encode the Byte Compaction chatacters bs .... by {231, 101, 11, 97, 205, 2}
Calculate the sum t using the decimal values of the six Byte Compaction characters:
t = 231 x256° + 101 x 256" + 11 x 256° + 97 x 256 + 205 x 256
+2(x 256°
=(254 421 168 672 002

Caleulate codeword 0

dp 254 421 168 672 002 mod 900 = 302

t

254 421 168 672 002 div 900 =282 690 187 413

Calculate codeword 1

dq

282 690 187 413 mod 900 =213

t

282 690 187 413 div 900 =314 100 208
Calculate codeword 2

dz

314 100 208 mod 900 =208

t

314 100 208 div 900 = 349 000
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Calculate codeword 3

ds

349 000 mod 900 =700

t 349 000 div 900 =387
Calculate codeword 4

dy

387 mod 900 =387

t 387 div 900 =0

The codeword sequence d; ... dyis 387, 700, 208, 213, 302
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Annex D
(normative)

Numeric Compaction mode encoding algorithm

This conversion is used in Numeric Compaction mode. It converts groups of up to 44 consecutive numeric

digits to 15 or fewer PDF417 data codewords.

The following algorithm may be used for a base 10 to base 900 conversion.

1. Designate t = temporary value.

2. Set the initial value of t to be the group of up to 44 consecutive numeric digits¢ préceded by the
digit 1.

3. Calculate each codeword as follows:

For each data codeword d; = d, .... d,.1

BEGIN

d; = t mod 900

t = t div 900

If t = 0, then stop encoding
END

EXAMPLE
Encode the fifteen digit numeric string 000213298174000
Prefix the [numeric string with a 1 and set the initial value of
t=1000 213 298 174 000
Calculate codeword 0

do =| 1000213298 174 000-mod 900

200

t =| 1000213298 174:000 div 900 1111 348 109 082

Calculate codeword 1

dy =| 1111 348(109 082 mod 900

282

t  =| 1411348 109 082 div 900

1234 831 232

Calculatecodeword2

do = 1234831232 mod 900 = 632
t = 1234831232div900 = 1372034

Calculate codeword 3

ds 1372 034 mod 900 = 434

t 1372 034 div 900 = 1524
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Calculate codeword 4

ISO/IEC 15438:2006(E)

ds = 1524 mod 900 = 624
t = 1524 div900 = 1
Calculate codeword 5
ds = 1 mod 900 = 1
t = 1div900 = 0
THe codeword sequence ds ... dpis 1, 624, 434, 632, 282, 200
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The minimjum level of error correction level should be as defined in Table E.1.

As a guid

text chargcters per data codeword in Text Compaction mode; 2,9 digits per data codeword in Nume

Compacti

Higher le
anticipate

E.2 Other user consideration of the’error correction level

The objedtive in an application standard should be to make use of the features of error correction withg
sacrificing|the data content capacity.

The following factors should be-taken into account by the user in selecting an error correction level:

g) The recommended error correction level (see Table E.1) should be followed.

h) Since
code
code
More

15438:2006(E)

Annex E
(normative)

User selection of error correction level

Table E.1 — Recommended Error Correction Level

Number of Data Codewords | Minimum Error Correction Level
11040 2
41 to 160 3
161 to 320 4
321 to 863 5)

p for estimating the number of data codewords from data content in order to use Table E.1, use
bn mode and 1,2 bytes per data codeword in Byte Compaction mode.

vels of error correction should be used where significant symbol damage or degradation
. Lower than recommended error correction levels may be used in closed system applications.

[

ric

S

but

the maximum number of data codewords per symbol is fixed at 925, large numbers of d

Level

O dnd thererore Is not recommended.

ta

vords_limit the maximum level of error correction that can be implemented. More than 415 data
vords ‘precludes Error Correction Level 8. More than 671 data codewords precludes Levels 7 and|8.
than 799 data codewords precludes Levels 6, 7 and 8. More than 863 data codewords precludes

i) Where PDF417 symbols are likely to have missing or totally obliterated codewords, the Error Correction
Level may be increased up to Error Correction level 8, or up to a level where the number of error
correction codewords fills the maximum sized matrix appropriate for the application.

j) It is preferable to maintain symbol quality rather than to compensate for poor print quality by increasing
the error correction level. Instead of adopting a higher error correction level, it may be better to specify a
larger X-dimension or particular substrates and materials which can maintain the print quality of the
PDF417 symbol.
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Annex F
(normative)

Tables of coefficients for calculating PDF417 error correction codewords

Table F.1 — Coefficient table for error correction level 0
J 0 1
o 27 | 917

Table F.2 — Coefficient table for error correction level 1

i ol 1] 2173
o |522]568 | 723 | 809

Table F.3 — Coefficient table for error.correction level 2

J 0| 1 2 3 4 5 6 7
oj 237|308 | 436 | 2847( 646 | 653 | 428 | 379

Table F.4 — Coefficient table for error correction level 3

J 0 1 2 3 4 5 6 7 8 9 10 | 11 (12 | 13 | 14 | 15
oj |274|562 | 232 | 755 | 599 | 524 | 801 | 132 | 295 | 116 | 442 | 428 | 295 | 42 | 176 | 65

Table F.5 — Coefficient table for error correction level 4

J 0 1 2 3 4 5 6 7 8 9 |10 | 11|12 |13 | 14 | 15
o | 361675 | 922 | 525 | 176 | 586 | 640 | 321 | 536 | 742 | 677 | 742 | 687 | 284 | 193 | 517
j |A6%| 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
0 1273 | 494 | 263 | 147 | 593 | 800 | 571 | 320 | 803 | 133 | 231 | 390 | 685 | 330 | 63 | 410
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Table F.6 — Coefficient table for error correction level 5

2

3

4

5

6

7

8

9

10

11

12

13

14

15

9

539

422

6

93

862

771

453

106

610

287

107

505

733

877

381

612

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

%

723

476

462

172

430

609

858

822

543

376

511

400

672

762

283

184

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

%

440

35

519

31

460

594

225

535

517

352

605

158

651

201

488

502

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

648

733

717

83

404

97

280

771

840

629

4

381

843

623

264

543

Table F.7 — Coefficient table for error correction level 6

2

3

4

5

6

7

8

9

10

11

12

13

14

15

521

310

864

547

858

580

296

379

53

779

897

444

400

925

749

415

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

822

93

217

208

928

244

583

620

246

148

447

631

202

908

490

704

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

516

258

457

907

594

723

674

202

272

96

684

432

686

606

860

569

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

193

219

129

186

236

287

192

775

278

173

40

379

712

463

646

776

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

171

491

297

763

156

732

95

270

447

90

507

48

228

821

808

898

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

784

663

627

378

382

262

380

602

754

336

89

614

87

432

670

616

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

157

374

242

726

600

269

375

898

845

454

354

130

814

587

804

34

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

211

330

539

297

827

865

37

517

834

315

550

86

801

108

539
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Table F.8 — Coefficient table for error correction level 7

2

3

4

5

6

7

8

9

10

11

12

13

14

15

o |524

894

75

766

882

857

74

204

82

586

708

250

905

786

138

720

i 16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

o |858

194

311

913

275

190

375

850

438

733

194

280

201

280

828

757

j |32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

o |710

814

919

89

68

569

11

204

796

605

540

913

801

700

799

137

J | 48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

o | 439

418

592

668

353

859

370

694

325

240

216

257

284

549

209

884

J 64

65

66

67

68

69

70

71

72

73

74

75

76

iy

78

79

o |315

70

329

793

490

274

877

162

749

812

684

461

334

376

849

521

j |80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

o |307

291

803

712

19

358

399

908

103

511

51

8

517

225

289

470

j |96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

o7 637

731

66

255

917

269

463

830

730

433

848

585

136

538

906

90

i 112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

290

743

199

655

903

329

49

802

580

355

588

188

462

10

134

j [128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

o |628

320

479

130

739

71

263

318

374

601

192

605

142

673

687

234

j 144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

o |722

384

177

752

607

640

455

193

689

707

805

641

48

60

732

621

J |160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

o 895

544

261

852

655

309

697

755

756

60

231

773

434

421

726

528

j [176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

o |503

118

49

795

32

144

500

238

836

394

280

566

319

647

550

j [192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

g | 73

914

342

126

32

681

331

792

620

60

609

441

180

791

893

754

J 208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

o 605

383

228

749

760

213

54

297

134

54

834

299

922

191

910

532

<224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

o |609

829

189

20

167

29

872

449

83

402

41

656

505

579

481

173

7 (240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

o |404

251

688

95

497

555

642

543

307

159

924

558

648

55

497

10
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Table F.9 — Coefficient table for error correction level 8

I 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

aj 362 |77 |373 |504 |35 [599 |428 (207 |409 (574 |118 |498 (285 |380 (350 |492

16 |17 18 (19 |20 |21 22 |23 |24 |25 |26 |27 (28 |29 (30 |31

o 197 (265 (920 (155 |914 |299 |229 (643 (294 |871 |306 |88 (87 (193 |352 |781

32 |33 |34 |35 |36 (37 |38 (39 |40 |41 42 (43 |44 (45 |46 |47

Olj o400 [0 oZ1 [0ZU 1450 040 [£US |000  [Z4Y  [540 rol 01 04U [£00 rg4 1054

aj 539 |781 |408 [390 |644 (102 |476 (499 |290 (632 |545 |37 [858 |916 (5520441

aj 542 1289 |122 |272 |383 (800 |485 (98 |752 (472 |761 |107 (784 |86Q (658 |741

o 290 |204 (681 |407 (855 |85 |99 |62 |482 (180 |20 (297.4451 (593 |913 (142

96 (97 |98 (99 100 |101 |102 (103 (104 |105 |106 ,[107 (108 (109 [110 |111

o 808 (684 |287 |536 |561 |76 (653 (899 (729 |567 |744 )[390 (513 (192 |516 |258

112 113 |14 |115 (116 |117 (118 |119 [120 |121.\\M22 |123 |124 (125 |126 (127

aj 240 |518 (794 |395 (768 |848 |51 610 (384 |168 (190 (826 |328 (596 |786 (303

I 128 |129 |130 [131 [132 |133 (134 |135 (136 |137 (138 |[139 |140 (141 |142 (143

aj 570 |381 |415 |641 |156 (237 |151 ([429\\531 (207 |676 |710 |89 168 |304 |402

I 144 |145 (146 |147 (148 |149 (150, |451 (152 |153 (154 |1565 |156 (157 |158 (159

aj 40 |708 |575 [162 |864 |229 {65~ |861 (841 |512 (164 |477 |221 |92 |358 (785

160 |161 |[162 |163 [164 |165. (166 |167 (168 |169 (170 |171 |172 |173 |174 (175

o 288 |357 (850 |836 (827 |736 |[707 |94 |8 494 (114 |521 |2 499 (851 |543

176 |177 (178 |[179([180 |181 (182 |183 (184 |185 (186 (187 |188 (189 |190 (191

o 152 |729 (771 }95. (248 |361 (578 |323 (856 |797 |289 (51 684 |466 (533 (820

I 192 (193 (194195 |196 |197 |198 (199 (200 |201 |202 |203 (204 (205 |206 |207

aj 669 |45¢\[902 |452 (167 |342 (244 |173 |35 |463 |651 (51 699 (591 [452 |578

I 208 209 (210 |211 (212 |213 |214 |215 |216 (217 |218 (219 |220 (221 |222 |223

aj 37) |124 |298 |332 |552 (43 (427 |119 |662 |777 |475 |850 |764 |364 |578 (911

I 224 1225 (226 |227 (228 |229 |230 |231 |232 (233 |234 (235 |236 (237 |238 [239

o 283 |711 [472 |420 (245 |288 |594 |394 |511 (327 |589 (777 |699 (688 |43 (408

240 1241 (242 |243 (244 |245 |246 |247 |248 (249 |250 (251 |252 (253 |254 (255

o 842 |383 (721 |521 (560 |644 |714 |559 |62 (145 |873 (663 |713 (159 |672 |[729

256 |257 (258 |259 (260 |261 |[262 |263 |264 (265 |266 (267 |268 (269 |270 |271

aj 624 |59 193 (417 |158 (209 |563 (564 |343 |693 |109 |608 (563 |365 (181 |772
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i 272 (273 |274 |275 |276 |277 |278 [279 |280 [281 (282 [283 |284 |285 |286 |[287
o |677 [310 |248 (353 |708 |410 (579 [870 |617 |841 [632 [860 [289 |536 |35 |777

288 |289 [290 [291 [292 [293 294 |295 |296 |297 [298 [299 (300 [301 [302 |303
o |618 |586 |424 (833 |77 [597 (346 [269 |757 [632 |695 |751 [331 |247 [184 |45

304 |305 |306 [307 (308 [309 [310 |311 [312 (313 [314 |315 [316 [317 [318 |[319
o  |787 680 |18 |66 [407 |369 |54 [492 (228 613 [830 [922 437 [519 |644 (905
f 320 |321 |322 |323 |324 |325 |326 |327 |328 |[320 |[330 |331 |332 |333 |334- |B35
o |789 [420 (305 441 [207 (300 |892 |827 |[141 |[537 [381 [662 [513 |56 |252 |B41
i 336 |337 |338 (339 (340 [341 (342 |343 (344 (345 (346 |347 |348 [349+1350 |[B51
o  [242 |797 838 837 [720 |224 |307 |631 |61 |87 560 [310 |756(-|665 [397 |BO8

352 |353 |354 (355 (356 |357 |358 |359 (360 (361 (362 |363, (364 |365 |366 |67
o |851 [309 |473 |795 (378 (31 [647 [915 [450 |806 |590 |731|425 |216 |548 |p49

368 |369 |370 (371 (372 |373 |374 |375 [376 (377 |[37874379 [380 |381 [382 [B83
o 321 |881 [699 [535 |673 |782 [210 [815 [905 |303 [843 [922 [281 |73 |469 (791
i 384 385 |386 (387 (388 [389 (390 |391 (392 {393 (394 |395 [396 [397 [398 [B99
o |660 [162 |498 308 [155 |422 |907 |817 |187> |62 |16 [425 |[535 |336 [286 |@37
i 400 |401 |402 |403 404 |405 [406 |407.J408 |409 [410 [411 |412 |413 |414 |15
o [375 [273 |610 [296 [183 [923 |116 {667 |[751 [353 |62 [366 |691 379 |687 |[B42
i 416 417 |418 |419 420 (421 [422 |423 |424 |425 |426 |427 |428 |429 |430 |u31
o |37 357 |720 |742 (330 |5, {39 [923 (311 |424 [242 |749 |321 |54 |669 [B16

432 (433 (434 (435 [436-\[437 (438 |439 |440 |441 |442 (443 |444 |445 |446 |p47
o |342 [299 (534 [105 667 |488 [640 [672 |576 |540 [316 |486 |721 |610 |46 [p56

448 (449 |450 |451) |452 (453 (454 |455 |456 |457 |458 [459 |460 |461 |462 |463
o |447 [171 |616)[464 [190 |[531 207 |321 |[762 |752 |533 [175 [134 |14 (381 |433
i 464 |465-]466 |467 |468 |469 [470 |471 |472 |473 |474 |475 |476 |477 |478 |U79
o |717 4457 [111 |20 |596 |284 |736 |138 |[646 |411 |877 [669 [141 919 [45 |80
j 480" 481 (482 (483 |484 (485 |486 487 |488 [489 [490 [491 |492 (493 |494 |u95
j 1407 [164 (332 |899 (165 |726 |600 |325 [498 |655 [357 |752 |768 [223 (849 |p47
i 496 |497 498 499 [500 |501 |502 |503 |504 |505 |506 [507 |508 |509 |510 [b11
o |63 |[310 (863 [251 (366 (304 (282 [738 [675 [410 [389 [244 |31 |121 |[303 |[263
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Annex G
(normative)

Compact PDF417

G.1 Deseription

Compact PDF417 may be used where space considerations are a primary concern and symbol damage| is
unlikely. |n an environment where label damage is unlikely (e.g. an office), the right row indicators may pe
omitted and the stop pattern may be reduced to one module width bar, as indicated in Figure G/Ah-below. This
procedurel reduces the non-data overhead from 4 codewords per row to 2 codewords per row, with some
trade-off i decode performance and robustness, or the ability to withstand noise, damage\degradation, diist
etc.

This overfiead reduction version is called Compact PDF417, which is fully decoder-compatible with standard
PDF417.

A Compag¢t PDF417 symbol with fewer than 6 rows encodes the number of ¢coelumns in only one place, which
is not error corrected, and is therefore extremely vulnerable to poor print.quality or damage.

NOTE In the original AIM USA (1994) and AIM Europe (1994) PDF447 specifications, the term Truncated PDF417
has been used in a technically synonymous manner. The name Compact PDF417 is preferred to avoid confusion with {he
more genefal use of the term 'truncated'.

Stop
. Left Row pattem _
Qe S D O Data codewords ., QUi
Codewaord .
[ | [ [| | Quiet zone
I Fow 0
I Fow 1
I Faw 2
I Fiow 3
Fiow <
R &
" Quigt zone

Figure G.1 — Compact PDF417

G.2 Pript-quality

Although the standard print quality method specified in 5.14.4 is applied to Compact PDF417, the absence of
a Stop Pattern (other than the single module bar) requires two exceptions to be made.

The analysis of scan reflectance profiles for the Start and Stop Patterns applies only to the Start Pattern.
For the assessment of Codeword Yield, the requirement that a qualifying scan of the top or bottom row of the

symbol (which ISO/IEC 15415 includes the decoding of both Start and Stop Patterns cannot be applied;
instead, as for other rows, the Start Pattern and at least one additional codeword must have been decoded.
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H4MacroPDF417overview——

Macro PDF417 provides a standard mechanism for creating a distributed representation of file§teo
represented by a single PDF417 symbol. Macro PDF417 symbols differ from ordinary PDE417 s
that they contain additional control information in a Macro PDF417 Control Block.

Us
Cq
TH
of

H
Es

Cq
wh

in fthe value of the Symbol Length Descriptor. The beginning of the error correction codewords ide
end of the Control Block.

NQTE A symbol containing no user data, other<than a Macro PDF417 Control Block, is a valid symbol.
THe Control Block shall contain at least'the two mandatory fields: a segment index and file ID. I

CO

Fi

ISO/IEC 15438:2006(E)

Annex H
(normative)

Macro PDF417

symbol scanning order.

2 Macro PDF417 syntax
ch Macro PDF417 symbol shall encode a Macro PDF417 Cantrol Block containing control inform

ntrol Block begins with the Macro marker codeword (928)." The Control Block follows the data
ich it is associated, and the number of codewords in the control block is counted as data and ing

ntain a number of optional fields, as‘described in Annex H.2.3.

jure H.1 illustrates the positiontof the Control Block in a Macro PDF417 symbol.

arge to be

ymbols in

ing Macro PDF417, large files are split into several file segments and encoded intg-individual symbols. The
ntrol Block defines the file ID, the concatenation sequence and optionally othier information about the file.
e Macro PDF417 decoder uses the Control Block's information to reconstruct’the file correctly, inflependent

ation. The
block with
orporated
ntifies the

also may

©l
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Standard PDF417 Symbo! Layout

Symbol! Length Encoded Data + Pads Error Correction
Descriptor (N)

Macro PDF417 Symbol Layout

Symbol Length Encoded Data + Pads Control Block Error Correction
Descriptor (N)

928 Segment Index File 1D Optional Information

/

Figure H.1 — PDF417 Symbol Layodts

Control Header

H.2.1 The segment index

In Macro PDF417, each symbol represents a segment of thé 'whole file. To reconstruct the whole file, the
segments| need to be placed in the correct order. Contrdl information in the Control Block facilitates this
reassembly process. For a file divided into a set of j Ma¢ro PDF417 symbols, the segment index field in edch
symbol's Control Block contains a value between 0 and j - 1, corresponding to the relative position of that
symbol's gontent within the distributed representation:

The segnjent index field is two codewords in.length and is encoded using Numeric Compaction mode jas
defined in| 5.4.4. The segment index value ‘shall be padded with leading zeros to five digits before Numeric
Compaction shall be applied, and the switch to Numeric Compaction shall not require an explicit mode lafch
(codeword 902). The largest allowed value in the segment index field is 99 998. Thus, up to 99 999 Magro
PDF417 slymbols may comprise the distributed representation of a data file.

NOTE This translates to a, eapacity of nearly 110 million bytes of data in Byte Compaction mode, or 184 milllon
characters jn Text Compactionimode, or nearly 300 million characters in Numeric Compaction mode.

H.2.2 File ID field

For each felated, Macro PDF417 symbol, the file ID field contains the same value. This ensures that all fe-
assembledl symbol data belongs to the same distributed file representation. The file ID is a variable length
field which begins with the first codeword following the segment index and extends to the start of the optiopal
fields (if present) or to the end of the Control Block (if not).

Each codeword in the file ID can have a value between 0 and 899, effectively making the file ID a series of
base 900 numbers. Each codeword of the series is transmitted as the 3-digit ASCII representation of its
decimal value.

NOTE The effectiveness of the file identification scheme is influenced by both the length of the file ID field and the
suitability of the algorithm used to generate its value.
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H.2.3 Optional fields

Optional fields may follow the file ID. Each optional field begins with a specific tag sequence and extends until
the start of the next optional field (if present) or the end of the Control Block (if not). The tag sequence
consists of codeword 923 followed by a single codeword field designator. In each optional field, data following
the tag sequence has a field-specific interpretation. Empty optional fields shall not be used. Table H.1 shows
the correspondence between currently defined field designators and optional field contents. Each optional
field begins with an implied reset to the compaction mode shown in the table and with an implied reset to ECI
000002 (or GLI 0O for encoders complying with earlier PDF417 standards). ECI escape sequences and mode
latches and shifts may be used, but only in the optional fields initially in Text Compaction mode.

THese fields shall always represent global file attributes and so need not be present in the Confrol Block of
more than one Macro PDF417 symbol within the distributed file representation, with the éxcepfjion of the
segment count field, as described below. The segment which contains these fields is defined by the specific
encoder implementation. If a particular field is to appear in more than one segment, it shall’appear|identically
in every segment. There is no required order for the optional fields.

Table H.1 — Macro PDF417 Optional Field Designators

. g . Fixed Total
Field Byte Value Initial Compaction . Number of
. - Contents Compaction b
Designator | Transmitted Mode Mode? Codewprds
0 48 File Name Text Compaction N Varigble
1 49 Segment Count Numeric' Compaction Y 4
2 50 Time Stamp Numeric Compaction Y 6
3 51 Sender Text Compaction N Varigble
4 52 Addressee Text Compaction N Varigble
5 53 File Size Numeric Compaction Y Varigble
6 54 Checksum Numeric Compaction Y 4
a8 A ‘Y'in the ‘Fixed Compaction Mode"column means that no ECls and no compaction mode latches and shifts are llowed
in that field.
b The totals shown in the Jast.column include the two-codeword tag sequence.

A4 shown in Table H.1, alhoptional fields use standard PDF417 high-level encoding. At the beginnipg of each
fieyd, the default modedineffect shall be defined by Table H.1, regardless of mode shifts and latche$ earlier in
the symbol.

Specific construction of optional fields shall be as follows:
— The segment count field (identifying the total number of Macro PDF417 symbols in the distributgd file) can

centain values from 1 to 99 999 and shall be encoded as two codewords. If the optional segment count
field is used, that field shall appear in every segment.

— The time stamp field shall be interpreted in Numeric Compaction mode. It indicates the time stamp on the
source file expressed as the elapsed time in seconds since 1970:01:01:00:00:00 GMT (i.e. 00:00:00 GMT
on 1 January 1970). Using this format, four codewords can encode any date over the next 200 centuries.

— The file size field contains the size in bytes of the entire source file.

— The checksum field contains the value of the 16-bit (2 bytes) CRC checksum using the CCITT-16

polynomial X%+ x40 41 computed over the entire source file.

The file size and checksum shall be calculated from the original source file, prior to the addition of any ECI
escape sequences for Extended Channel Interpretation encoding. This implies that, if the receiver is to verify
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the checksum after reception, the original source file must be reconstructed verbatim. This requires, for the
purposes of this optional checksum verification only, that no user-selectable or optional transformations of the
byte stream be performed, even if these would normally be done in ECI decode processing.

If the CRC is used, the calculation may be performed either before the data is sent to the printer or in the
printer, based on the capabilities of the printer.

Field designator values greater than 6 are not currently defined. However, PDF417 decoding equipment shall
decode and transmit any optional fields encountered with a field designator of 7 to 9 (byte 55 to 57) or Ato Z
(byte 65 to 90) by treating the field's data as being initially in Text Compaction mode and being variable length.

H.2.4 M¢J|cro PDF417 terminator

The Control Block in the symbol representing the last segment of a Macro PDF417 file contains d spedial
marker, cpnsisting of the codeword 922 at the end of the Control Block. The Control Block [fopevery other
symbol shall end after any optional fields with no special terminator.

level encoding considerations

ro PDF417 provides a mechanism for logically associating a set of symbols, it is important to realjse
espect to PDF417 high-level encoding, each symbol shall remain & distinct entity. Thus, the scope
switch shall be confined to the symbol in which it occurs. Each{symbol shall implicitly begin in the
mode of the Text Compaction mode.

that, with
of a mod
Alpha su

The two rhandatory fields are encoded as follows: the segmentiindex is encoded in Numeric Compaction
mode and|the file ID is encoded as a sequence of base 900 nunabers.

In the conext of a Control Block optional field, the compaction modes indicated in Table H.1 shall supersede
the mode [currently set by the mode identifier codewordsWithin the data codeword region of the symbol. The
scope of the current ECI, however, skips over the Macro Control Block to the start of the next Macro PDF4{17
symbol. [Each Macro Control Block field begins_with an implied reset to ECI 000002 (or GLI O for encodgrs
complying with the earlier PDF417 standards):;*It shall also be possible to set a different ECI within jan
optional Text Compaction mode Macro Conirol Block field, for example, to represent properly a Greek
addresseg's name. The ECI escape sequence may be placed in any permitted position (see 5.5.3) after the
tag codeword (923).

H.4 Engodation example

To illustrate the encodatien)of a Macro Control Block, the following example is used:

A Macro PDF417 series encodes a total of 4 567 bytes of user defined data in four PDF417 symbols (or file

segments). Other‘header' data to be encoded are:
. File ID = 17pase 900 93base 900
. Segment count to be used
. Sender: CEN BE
. Addressee: ISO CH
NOTE The segment count, sender and addressee are three optional fields selected by the user.

On the assumption that the encoder places optional fields in the first symbol, the encodation of the Macro
Control Block would be as follows for that symbol.

... [last data codeword] [928]a [111] [100]g [017] [053]c [923] [001]p
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The last symbol of four would have the following Macro Control Block:

ISO/IEC 15438:2006(E)

[111] [104]e [923] [003]r [064] [416] [034]c [923] [004] [258] [446] [067],

[first error correcting codeword]...

[last data codeword] [928]a [111] [103]g [017] [053]¢c

923] [001]p [111] [104]e [922], [first error correcting codeword]

H

TH
W4
an
pr
to

where: A

B

File segments are numbered from 0 toj - 1, and are encoded using NumericcCompactio

Macro Marker Codeword

File Segment ID

1st Segment = 00000 = codewords 111, 100

4th Segment = 00003 = codewords 111, 103

C

D

5 Macro PDF417(and the Extended Channel Interpretation protocol

File ID to base 900

Tag for segment count field
Segment count

Tag for sender field

Sender field encoding’CEN BE
Tag for addressee field
Addresseefield encoding ISO CH

Macte PDF417 Terminator

=]

e symbology-independent Extended Channel Interpretation (ECI) protocol was developed aftegr PDF417
s specified agla~symbology. PDF417 supported its own Global Label Identifier (GLI) system, the| precursor
d basis of the' ECI protocol, from the first publication of the symbology specification in 1994. [Therefore,
bvious 'Ghl”implementations have to be taken into account. There are two different conditions which need
be taken into account:

GLI 0 and 1 which were the only interpretations specified in the original PDF417 specifications. These

H.5.1 Macro PDF417 with ECI 000000 and 000001 (GLI 0 and 1)

are equivalent to ECI 000000 and ECI 000001.

Annex H.5.1.

The precise rules for Macro PDF417 are defined in

All other ECI assignments, whose usage with Macro PDF417 is defined in Annex H.5.2.

As GLIs were intrinsically part of the original PDF417 specification, it is logical to have a GLI encoder and
Macro PDF417 encoder combined in one unit. The original PDF417 symbology specification called for an
implied ‘return-to-GLI 0' logic at the beginning of the second and subsequent Macro PDF417 symbols, thus
every symbol is expected to start at the default interpretation. For GLI 0 and 1 (equivalent to ECI 000000 and
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ECI 000001), this has no inherent effect on the encodation. However for some complex ECls, the return-to-
GLI 0 logic is difficult to implement in a symbology-independent manner.

Encoding software compliant with the original specification for Macro PDF417 and GLI 0 and 1 is completely
suitable for pre-existing applications. So too are pre-existing applications of user defined GLIs (now called
ECls) because by definition the domain of the system is constrained.

All ECIs numbered 000002 or higher shall not be defined with the return-to-GLI O logic. Therefore, PDF417
symbols shall not mix ECI 000000 and ECI 000001 with any higher numbered ECI (except in closed systems).

H.5.2 Macro PDF417 and other ECls

An ECI er
encoder.
Thus, an
This is es
0 would n

Macro PD
subseque

NOTE
Compactio

end of ong
Encoding (

H.6 Maq

The trans

interpretafive ECls. The symbology-independent ECI ‘protocol is defined below; the original PDF417 proto

is defined
transmitte

Three codg
constituen

1. If

coder could be symbology independent and create a byte stream as input to a PDF417 symbolo
ECl once invoked would persist across segments until another ECI or the end of the.encoded da
bential if, for example, the ECI assignment represents an encryption scheme, wheré-éturning to G
bt be appropriate.

F417 encoders compliant with this standard need not encode the prevailing\ECI at the beginning
Nt Macro PDF417 symbols.

There may need to be some iteration to produce a logical end-of-symbolencodation, for example: Nume
n mode shall not straddle two segments, but two separate Numeric Compaction blocks can be encoded at
symbol and at the beginning of the next. These conditions are rélated to Macro PDF417 and High Le|
Eee Annex H.3) and not Macro PDF417 and ECls.

bro PDF417 data transmission
mission of Macro PDF417 Control Block informyation shall be treated in a similar manner to that

in Annex M. Although the Macro Control-Block is encoded at the end of the symbol's data, it
H before the symbol's data when using-the ECI protocol.

ewords (922, 923 and 928) signal-the encodation of a Macro PDF417 Control Block or one of
t parts. Decoding is as follows:

the Macro marker codeword (928) begins the sequence:

default interpretation.

b. The next two codewords identify the segment index. These are encoded in Nume
Compaction mode and decode as a 5-digit number in the range 00000 to 99998.

9y

The ECI encoder should behave as if there is a single data stream, irrespective of the size of the file.

ta.
LI

of

ric
he
vel

of
col
S

its

a. Codeword 928is transmitted as the escape sequence 92, 77, 73, which represents \MI' in the

rc

c£._'The next codewords encode the file ID field, which shall be the same for all related Maq

PDF417 symbols. The end point of the file ID field is codeword 922, codeword 923, or

ro

the

2. If

72

end of the encoded data in the symbol. Each codeword is converted to a 3-digit number
the range 000 to 899 (i.e. the codeword number) and transmitted as three byte values (in t
range decimal 48 to 57) following the escape header: 92, 77, 70, which represents \MF' in t
default interpretation.

the Macro sequence tag codeword (923) begins the sequence:

a. Codeword 923 is transmitted as the escape sequence 92, 77, 79, which represents ‘MO’
the default interpretation.

in
he
he

in

b. The next codeword represents one of the optional field designators in Table H.1 transmitted

as a single byte representing the ASCII value of the designator.
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c. The next codewords carry the data content of the optional field designator. The end point of
the optional field is codeword 922, codeword 923, or the end of the encoded data in the
symbol. The intervening codewords should be converted according to the decode rules of the
relevant compaction mode defined in Table H.1. The resultant data may be variable length.

3. If the Macro PDF417 Terminator (codeword 922) is identified, the escape sequence 92, 77, 90, which
represents \MZ' in the default interpretation, shall be transmitted.

4. At the end of the Macro Control Block, as defined by the end of encoded data in the symbol, the
escape sequence 92, 77, 89, which represents \MY" in the default interpretation, shall be transmitted.

NQTE This escape sequence is not explicitly encoded in the symbol.
All the Macro Control Block fields for a symbol (segment) shall be transmitted as a single block starting with
\Ml... and ending with \MY. The transmission of the Macro Control Block shall precede theltransmisgion of the
remnainder of the encoded file segment, even though it is encoded at the end of the symbol.
EXAMPLE:

The Macro PDF417 Control Block of the first symbol, Segment Index &0, with a File ID (100,(200, 300)
would be encoded in the symbol as the codeword sequence:

[928] [111] [100] [100] [200] [300]
It would be transmitted as:
Data transmission (byte):
92,77,73,48, 48, 48, 48, 48,92, 77, 70, 49, 48, 48, 50, 48, 48, 51, 48, 48, 92, 77, 89
ASCII interpretation:
\MIOO000\MF100200300\MY
A4 the Macro PDF417 symbols are'‘sc¢anned, the de-packetizing function reconstructs the original|message,
bearing in mind that the symbols_may be scanned out of sequence. If the system is operating ih buffered

mode, the de-packetizing funetion is in the decoder; if operating in unbuffered mode it is in thg receiving
syptem.

Degcoders should provide-a decoder-specific means whereby the processing of a given Macro PDF#17 file ID
may be aborted, thus-allowing the decoder to begin processing a new File ID. This is necessary to| prevent a
degadlock conditiof should one or more symbols of a given File ID be missing or undecodable.

H{6.1 Operating in buffered mode

In[buffered mode, de-packetizing shall be performed in the decoder/reader. Depending on the gquipment
configuration it will either:

— send the reconstructed data with no Macro Control Block.
OR

— send one Macro Control Block (which itself may have been reconstructed to include all optional fields
included in any symbols) to precede the entire encoded message. The resulting Macro Control Block
shall have its Macro Index field set to 0 and shall include the Macro end-of-file field (in effect, to mark the
entire reconstructed message as the first - and only - Macro segment of the pseudo-series).
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H.6.2 Operating in unbuffered mode

In unbuffered mode, de-packetizing shall be performed in the receiving system. Each transmitted Macro

Control BI

ock shall represent all of the required and optional fields actually encoded in the symbol.

When configured in unbuffered mode, a decoder may optionally be configured not to require successive
symbols to be of the same File ID. This procedure would only be appropriate if the decoder is configured to
transmit the Macro PDF417 Control Block to the receiving system, and this receiving system is designed to
monitor the File ID portion of the Control Block to determine when the entire file has been processed.
Symbols with a different File ID or no File ID (e.g. a single symbol not part of a Macro PDF417 set) shall be

dealt with

To facilita

H.6.3 Rgset-to-Zero transmissions

Because the original AIM USA (1994) and AIM Europe (1994) PDF417 specifications defined GLI 0 and GL
to have rujes slightly different from the rules for ECls, a reader compliant with this Internvational Standard m

in two si

invocations:

1)

2) T
€

Q

This requ
programm

74

.
(Hepending upon which transmission protocol it is programmed.to use) after transmitting the data
3

s determimed-by thereceivingsysten:

fuations, emit extra escape sequences when transmitting symbols \containing explicit GLI

he decoder shall transmit either a GLI 0 escape sequence or.an ECI 000000 escape sequen
ny Macro PDF417 symbol whose data ends in a GLI 1 (EC] 000001) interpretation.

ncoded in Text Compaction mode in the Macro Control Block, if the data preceding that field ends
GLI 1 (ECI 000001) interpretation.

rement applies whether operating in buffered or unbuffered mode, and whether the decoder
ed to transmit using either the ECI protocel;’or the original PDF417 transmission protocol.

fe checking that all symbols in a Macro PDF417 set are received in an unbuffered operation, the
optional Segment Count field should be used whenever possible as part of the encoded Macro ControlBlock.

Ist,

ce
of

he decoder shall transmit a GLI 1 (ECI 000001) at the start of each variable length optional fi¢ld

n

S
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Testing PDF417 symbol quality

TH

specified in 5.14.4, the quality of PDF417 symbols is evaluated according to the methodology,
D/IEC 15415 for the assessment of multi-row symbologies with cross-row scanning ability.

summary, PDF417 symbols are graded in respect of the following:

e overall symbol grade shall be the lowest of the grade based on analysis of the scan reflectance
the grades based on Codeword Yield, Unused Error Correction and codeword print quality.

Analysis of the scan reflectance profile, applied to the start and stop patterns only

Codeword Yield, applied to the data and error correction codewords onlyfshich measures the
with which linear scans can recover data from the symbol. The Codeword Yield is the numbe
decoded codewords expressed as a percentage of the maximum namber of codewords that @
been decoded, i.e. the number of data columns in the symbol multiplied by the number of
scans (after adjusting for tilt).

Unused Error Correction, applied to the data and error correction codewords only, which exp
number of errors and erasures as a function of the errorgorrection capacity of the symbol.

Codeword print quality, applied to the data and.error correction codewords only, which er
Decodability, Defects and Modulation parameters: of scan reflectance profiles covering the ¢
region of the symbol to be graded; these grades are then modified to allow for the effe
correction in masking less than perfect attributes of the symbol that influence symbol quality.

defined in

efficiency
r of validly
ould have
"qualified"

esses the

ables the
ntire data
bt of error

rofile, and
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Reference decode algorithm for PDF417

This section describes the reference decode algorithm used in the computation of decodability when

assessin

the symbol quality using the method described in ISO/IEC 15415.

When ass|
decoded,
not neces
using the
'edge to si
The PDF4]

3) |

4) L

J.1Initig

A sufficiext number of line decodes (see Annex J@) below) shall be performed at the start of the deco

process t
correction
start and s

After the
size (rows
row indica

J.2Reference decode’algorithm for line decoding

A decoda
one or md
contains t

pssing symbol quality through the use of this reference decode algorithm, a PDF417 symbol-shall
sarily row by row. It is possible to decode the symbol if the scan line crosses two or miore rows
Cluster number. The decoding of symbol character bar-space sequences shall be achieved by us
milar edge’ (e) measurements.

17 symbol shall be decoded in four phases:

hitialisation - to establish the symbol matrix.

ine decoding using the reference decode algorithm.

illing the matrix.

nterpretation.

lisation

establish the symbol structure parameters (number of rows r, number of columns c), and er
levels. This information is encoded: inthe left and right row indicators, adjacent respectively to t
top characters.

Eymbol structure parameters-have been initialised, a matrix shall be established which reflects t

by columns) of the symbol*being decoded. The matrix shall exclude start and stop characters a
tors.

ble scan ding' shall contain at least: one quiet zone, a start or stop character, one row indicator a

ne fallowing steps to decode the line:

be

n a series of scan lines running across the symbol that cross at least one start or stop character, but

by
ng

de
For
he

he
nd

nd

re symbol characters in the data region. A scan line may cross more than one row. The algorithm

1.

2.

76

confirm the presence of a quiet zone.

For each symbol character bar-space sequence (including start and stop character) calculate the

following width measurements as per Figure J.1

p

€1, €2, €3, 84 e5and e
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Figure J.1 — Decode measurements

3. Convert measurements ey, e,, €3 €4, €5 and eg to Normalised values E;, E,, Es E4|Es and Eg
which will represent the integral module width ofd¢hese measurements. The following|method is
used for the i th value.

If1,50/17 <€;<2,5p /17, then'E;='2
If2,5p/17<e;<3,5p/17,then E;=3
If3,5p/17<e;<4,5p/ 11ythen E;=4
If4,5p/17 < e;<5,5p %17, then E;=5
If5,5p/17 < e;<6;6p /17, then E;=6
If6,50/17 <-¢;<7,5p/17,then E;=7
If 7,5p 47 < €;<8,5p/17,then E;= 8
If 8,50/ 17 < €;<9,5p/17,then E;=9
Otherwise-the symbol character bar-space sequence is in error.

4. Aften finding a start or stop character, attempt to decode a row indicator, and as many symbol
characters as the number of columns in the matrix, in the direction derived from the sfart or stop
character decoded. Decode the symbol character bar-space sequences as per step 5.

5, Compute the symbol character cluster number K by:
W = ([ y = TR y = d C

L Q)
LAY \l_" ‘—Z T l_5 l_b r \I}IIIU
NOTE 1 This formula yields identical results to the equation given in 4.3.1.

The cluster number K shall equal 0, 3 or 6; otherwise the symbol character and its associated
codeword are in error.

6. Retrieve the codeword from the decode table (Annex A) using the seven values (cluster value K

and the values E;, E,, E; E, Es and Eg) as the key. These values can be calculated directly
from the bar-space sequence values given in Annex A.
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NOTE 2

The calculation implicitly uses the cluster number to detect all decode errors caused by single non-systematic

one-module edge errors.

7.

Once valid start and/or stop characters have been established, the codewords for the left row
indicator and/or right row indicator shall be used to establish the symbol structure parameters.
The inverse of the equations defined in 5.11.3.1 and 5.11.3.2 shall be used to establish: the row
number (F), the number of rows (r), the number of columns (c¢) and the error correction level (s).

Perform such other secondary checks (scan acceleration, absolute timing dimensions, quiet
zones etc) as deemed prudent and appropriate for the particular characteristics of the reading

device

J.3Fillin

The folloy
initialisatia

1.
2.
3.
If row crg
indicators
codeword

EXAMPLE

g the matrix

ving procedure shall be used to fill the matrix of rows (r) by columns (c) established by the

n procedure.
Set the initial value of the erasure count v to be equal to rx c.
For each scan, attempt to decode as many codewords as the nufber of columns of the matrix

Valid decode results are placed in the matrix at their appréphiate positions determined by the rpw
number (from the row indicators) and the cluster value,

ssing occurs, the scan line will have different row numbers indicated by the left and right row

The cluster number shall be used to interpolate the-correct row number for each individual vdlid

A decoded scan has valid start and stop characters and has a left row indicator with row number 7 angl a

right row indicator with row number 10. There are 10.Columns in the matrix. The scan line has not decoded thfee

codewords
codewords

because it did not remain entirely in the one_row for the full transition, however the position of these 'missihg
is known from element timings.

s Ry |

T |Lg ] Rg T

A |lg T Rg

R [Cip R °
DL Ri| T—

NOTE

Figure J.2 — Schematic Showing a Scan Line Crossing Rows
The clusters are as follows: unknown, 6, 6, 6, unknown, 0, 0, unknown, 3, 3.
Using matrix notation of r (row), ¢ (column), the codewords are filled in the positions:
unknown, (8, 2), (8, 3), (8, 4), unknown, (9, 6), (9, 7), unknown, (10, 9), and (10, 10)

This example is extreme in that it crosses four rows, but it still results in the successful decode of 70 percent

of the codewords.

78
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4, As the matrix is being filled, the erasure count v shall be reduced by one for each valid codeword.

5. If the error correction level is not equal to zero, error recovery may be attempted when the
number of unknown codewords (the erasure count v) satisfies the equations in 5.7.2 (with v =/
and f=0). If error recovery fails, then more codewords shall be collected.

6. If the error correction level is equal to zero, validate the two error correction codewords.

For more details on error detection and correction see Annex K.

J.@Interpretation

Beginning from an initial state of the Alpha sub-mode of Text Compaction mode, the data’codewords shall be
inferpreted according to the compaction modes.
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Annex K
(normative)

Error correction procedures

When the total number of unknown codewords v is less than or equal to the value of / in the appropriate
equation in 5.7.2, where f = 0, then the recovery scheme may be invoked. The unknown codewords shall be
substitutegl by zeros and the position of the / th unknown codeword is jfor / = 1,2,..., v. Construct the symbol
character polynomial:

C(x)=C, x, ,+C, ,x" 7 +..+Cx' +C,
where: the n coefficients are the codewords read, with C,,4 being the first codeword
n = total number of codewords
Calculate k syndrome values (S; to S) by evaluating:
C(x)atx =3
fori=1toi =k
where k = number of error correction charactérs in the symbol = 2°*!

A circuit td generate the syndromes is shown in Figure K.1.

Input =ﬁ\ I
L/ !

Figure K.1 — Symbol Syndrome Divider

Since the locations of unknown codewords in the symbol matrix are known from j; for / = 1, 2, ... v, the error
location polynomial for these known positions can be computed:

O'(x) = (l - ﬂlx)(l - ,Bzx)...(l - ﬂvx)
=l+ox+..+o0,x"

where: f3, =3/
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The error location polynomial, o(x), can be updated to include the position of errors. This can be done by
using the Berlekamp-Massey algorithm. See Bibliography for a source text.

At this point verify that the number of erasures and errors satisfy the appropriate error correction capacity
equation in 5.7.2.

Solving o(x) = 0 yields the position of the t errors, where t > 0; if t = 0 there is no error. It is now necessary to
compute the error value, ej for location j, / = 1, ..., v + t. To compute the error values one auxiliary

polynomial, the Z-polynomial, is needed which is defined by:

Z(X):l-i'(Sl +O'1)x+(S2 + 0,5, +O'2)X2 +...+(S77 +O'1S7771 +O'2S,772 +O'77)xﬂ

where: 7 = v+t

THe error value at location j; is thus given by:
-1
Z(B/)
n
-1
/Bz H (] -ﬂi/gl )

i=1i#l

[

After solving successfully for the error values, the complements of the error values are added to the
codewords in the corresponding locations.
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