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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC

participate in

the development of International Standards through technical committees established by the

respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in

liaison with IS

established a jpint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

The main task|
adopted by theg
Standard requ

ol 1 o | o o I 1 dlo £iolal e ak ' 4 lo 1 OO IE h
dliiu 1L, dloU ant pait 1 uic WUITR. T U TITTU UT IO IAtiunT teUHNuIivygy, 1o U dl d C ave

of the joint technical committee is to prepare International Standards. Draft’Internationgl Standards
joint technical committee are circulated to national bodies for voting. Publication as an |nternational
res approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of

patent rights. IBO and IEC shall not be held responsible for identifying any of-all such patent rights.

ISO/IEC 1543
SC 31, Autom

Annexes A to

was prepared by Joint Technical Committee ISO/IEC JTCA, Information technology, Sybcommittee
tic identification and data capture techniques.

N form a normative part of this International Standard. Annexes P to U are for information| only.

Vi
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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 bar and space patterns and other essential features are known as the symbology

specification.

Manufactur:

jjable standard

symbology $pecifications to which they can refer when developing equipment and application stangdards. It is the

intent and understanding of ISO/IEC that the symbology presented in this standard is entirely (nythe
and free of all user restrictions, licences and fees.

© ISO/IEC 2001 — Al rights reserved
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Information technology — Automatic identification and data
capture techniques — Bar code symbology specifications —
PDF417

1 Scopl

This International Standard specifies the requirements for the bar code symbology known‘as PDF4/17. It specifies
PDF417 symbology characteristics, data character encodation, symbol formats, dimensions, error cprrection rules,
decoding algorithm, and a number of application parameters.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this Internajional Standard. For dated references, subsequent améendments to, or revisions of| any of these
publications|do not apply. However, parties to agreements based-eh this International Standard are jencouraged to
investigate the possibility of applying the most recent editions of'the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards:

ISO/IEC 64¢:1991, Information technology — ISO 7-bit.eoded character set for information exchangg

ISO/IEC 8859-1:1998, Information technology ~~-8-bit single-byte coded graphic character sets — Part 1: Latin
alphabet Ng. 1

ISO/IEC 15416, Information technology.<—"Automatic identification and data capture techniques — |Bar code print
quality test $pecification — Linear Syihols

AIM International Technical Spegification: Extended Channel Interpretations — Part 1: Identification| Schemes and
Protocol

AIM Interngtional Technical Specification: Extended Channel Interpretations — Part 2: Registrdtion of Coded
Character Sets and Other Data Formats

EN 796, Baf coding — Symbology identifiers

EN 1556, Bar coding — Terminology

© ISO/IEC 2001 — Al rights reserved 1
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3 Definitions, mathematical symbols and abbreviations

3.1 Terms and definitions

For the purposes of this International Standard, the following terms and definitions given in EN 1556 apply.

algorithm, application standard, ASCII, autodiscrimination, bar, bar code, bi-directional, binary, bit, codeword,
column, continuous code, data character, data codeword, data compaction, data region, decode algorithm,
decoder, element, encode, error correction level, human readable character, leading zeros, linear symbology,
module, modulo, multi-row symbology, n, k symbology, numeric, overhead, pad character, pad codeword, quiet
zone, reference decode algorithm, row, scanner, self-checking, space, start character, stop character, symbol

aspect ratio, s\

mbol character-svymbologyv.-svmbologyidentifier - svymbol width. - X-dimension.—Y=dimension
7 J g J7 J g J 7 J 7 L

The following ¢

3.1.1 Basic

A standard sy
decoder but A
operates in Ba

Channel Model:

3.1.2 Bar-space sequence:

The sequence

3.1.3 Cluste

One of three s
a given cluster

3.1.4 Compdction mode:

The name giv|
modes. These

efinitions also apply to this International Standard.

which represents the module widths of the glements of a symbol character.

stem for encoding and transmitting bar code data where data message bytes are output from the
o control information about the message is transmitted. Aldecoder, complying to[this model,
5ic Channel Mode.

ubsets of PDF417 symbol-characters, all of which are mutually exclusive. The symbol gharacters in
conform with particular structural rules which are used in decoding the symbology.

en to one/of three data compaction algorithms in PDF417: Text, Numeric and Byte |Compaction
modes efficiently map 8-bit data bytes into PDF417 codewords.

3.1.5 Error correction codeword:

A codeword in a symbol which encodes a value derived from the error correction codeword algorithm to enable
decode errors to be detected and, depending on the error correction level, to be corrected.

© ISO/IEC 2001 — All rights reserved
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3.1.6 Extended Channel Interpretation:

A procedure within some symbologies, including PDF417, to replace the default interpretation with another
interpretation in a reliable manner. The interpretation intended prior to producing the symbol can be retrieved after
decoding the scanned symbol to recreate the data message in its original format.

3.1.7 Extended Channel Model:

A system for encoding and transmitting both data message bytes and control information about the message. A
decoder, complying to this model, operates in Extended Channel Mode. The control information is communicated
using Extenfled Channel Interpretation (ECI) escape sequences.

3.1.8 Fungtion codeword:
A codeword in a symbology which initiates a particular operation within the symbology, for example to switch

between daja encoding sets, to invoke a compaction scheme, to program the reader, to invoke Extended Channel
Interpretations.

3.1.9 Gilobal Label Identifier:

A procedurg in the PDF417 symbology, which behaves in a similar manner to Extended Channel| Interpretation.
The GLI sygtem was the symbology-dependent precursor to the symbology-independent ECI system|

3.1.10 Macfo PDF417:
A procedurg within the PDF417 symbology to logically distribute data from a computer file acrosg a number of

related PDR417 symbols. The procedure considerably extends the data capacity beyond that of a|single symbol.
This procedpre is similar to the Structured Append feature in other symbologies.

3.1.11 Mode Latch codeword:

A codeword which is used o switch from one mode to another mode, which stays in effect until apother latch or
shift codewqrd is impligitly or explicitly brought into use, or until the end of the label is reached.

3.1.12 Mode Shift codeword:

A codeword which is used to switch from one mode to another for one codeword, after which encoding returns to
the original mode.

3.1.13 Row Indicator codeword:
A PDF417 codeword adjacent to the start or stop character in a row, which encodes information about the structure

of the PDF417 symbol in terms of the row identification, total number of rows and columns, and the error correction
level.

© ISO/IEC 2001 — Al rights reserved 3
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3.1.14 Symbol Length Descriptor:

The codeword in a PDF417 symbol which encodes the total number of data codewords in the symbol. The Symbol
Length Descriptor shall always be the first codeword in a PDF417 symbol.

3.2 Mathematical symbols and operations

For the purposes of this standard the mathematical symbols which follow shall apply. There are some cases where
the symbols below 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 the elgment width in a symbol character
¢ numbgr of columns in the symbol in the data region (excluding start, stop and row indicatoér codewords)
d data cpdeword including all function codewords

E error gorrection codeword

€ an eddge to similar edge dimension in a symbol character

F row nymber

f  numbaer of substitution errors
H height|of symbol including quiet zone
K clusteq number

k  numbgr of error correction codewords
L left roy indicator
|  numbeér of erasures

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

n total nbmber of data codewords including Symbol Length Descriptor and any pad codewords
p the pitch or width efia symbol character
Qy horizoptal quiét'zone

Qy verticdl duiet zone

R right row indicator

r  number of rows in the symbol

s error correction level

W width of symbol including quiet zone
X  X-dimension or module width

Y module height (also called row height)

4 © ISO/IEC 2001 — Al rights reserved
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For the purposes of this standard the mathematical operations which follow shall apply:
div is the integer division operator, rounding down

INT is the integer value i.e. where a number is rounded down to its whole number component, ignoring its
decimal fractions

mod s the positive integer remainder after division. If the remainder is negative, add the value of the divisor
to make it positive. For example, the remainder of -29 160 divided by 929 is -361 which when added to
929 yields 568.

3.3 Abbreyiations
For the purposes of this standard, the following abbreviations shall apply:
ECI Extended Channel Interpretation

GLI Global Label Identifier

4 Requirements

4.1 Symbdlogy characteristics

4.1.1 Basic characteristics
PDF417 is g bar code symbology with the following basic characteristics:

a. Encpdable character set:

1. Text Compaction mode" (see 4.4.2) permits all printable ASCIl characters to bg encoded, i.e.
values 32 - 126 inclusive in accordance with ISO/IEC 646, as well as selected contrdl characters.

2. Byte Compaction.mode (see 4.4.3) permits all 256 possible 8-bit byte values to be gncoded. This
includes all(ASCII characters value 0 to 127 inclusive and provides for internationdl character set
support.

3. Numeric Compaction mode (see 4.4.4) permits efficient encoding of numeric data stifings.
4. Up:to 811 800 different character sets or data interpretations.

5.5¢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 per 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 mode: 2 710 characters (at 2,93 data characters per codeword)

At the minimum recommended error correction level, there are 863 data codewords which can encode:

© ISO/IEC 2001 — Al rights reserved 5
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4.1.2 Summary of additional features

The following 3

a.

1.

Text Compaction mode: 1 726 characters (at 2 data characters per codeword).

2. Byte Compaction mode: 1 033 characters (at 1,2 data characters per codeword).

3. Numeric Compaction mode: 2 528 characters (at 2,93 data characters per codeword)
Symbol size:

1. Number of rows: 3 to 90.

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 @RPDH

may b
Select
Non-d

1.

2.
Code {
Chara
Bi-dire

Data ¢
codew
442t

Exten
charag

Macro
conse
or cof
recong

Edge
edge (|

p varied when printing to suit the spatial requirements of the application.
Able error correction: 2 to 512 codewords per symbol (see 4.7).
hta overhead:
Per row: 73 modules, including quiet zones.
Per symbol: a minimum of 3 additional codewords, represented-as'symbol characters.
ype: continuous, multi-row two-dimensional.
cter self-checking: Yes.

ctionally decodable: Yes.

ummary is of additional features which.are inherent or optional in PDF417:

ords. Generally data is not direCtly represented on a one character for one codewor
D 4.4.4).

Hed Channel Interpretations: (optional) These mechanisms allow up to 811 800 d
ter sets or interpretations 10 be encoded (see 4.5).

PDF417: (optiopal)* This mechanism allows files of data to be represented Iq
cutively in a number’of PDF417 symbols. Up to 99 999 different PDF417 symbols can
catenated and .be scanned in any sequence to enable the original data file to
tructed (see4.13).

o edge.decodable: (inherent) PDF417 can be decoded by measuring elements from ed
see 4.3v1).

F417 symbol

tompaction: (inherent) Three schemes are defined to compact a number of data characters into

| basis (see
fferent data

gically and
be so linked
be correctly

ge to similar

Cross

row scanning: (inherent) The combination of the following three characteristics

in PDF417

facilitates cross row scanning:

being synchronised horizontally, or self clocking
row identification

being vertically synchronised, by using the cluster values to achieve local row discrimin

© ISO/IEC 2001 — All
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This combination allows a single linear scan to cross a number of rows and achieve a partial decode of the
data so long as at least one complete symbol character per row is decoded into its codeword. The
decoding algorithm can then place the individual codewords into a meaningful matrix.

f. Error correction: (inherent) A user may define one of 9 error correction levels. All but Level 0 not only
detect errors but can correct erroneously decoded or missing codewords (see 4.7).

g. Compact PDF417: (optional) In relatively ‘clean' environments, it is possible to reduce some of the row
overhead to improve the symbol density (see 4.12).

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

4.2 Symbadl structure

4.2.1 PDF417 symbol parameters

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

Qyiet Left Row Data Right Row Qujet
Zdne Indicator Codewords Indicator Zone

Start Codewords Codewords Stop
Pattern Pattern

il / /T \/h

e |

Figure 1 — PDF417 Symbol Structure

4.2.2 Row parameters

Each PDF417 row shall comprise:
a. leading quiet zone
b. start character
c. left row indicator symbol character
d. 1 to 30 symbol characters
e. right row indicator symbol character
f. stop character
g. trailing quiet zone

NOTE: The number of symbol characters (or codewords) defined in item ‘d' above is equal to the number of data columns in the
PDF417 symbol.

© ISO/IEC 2001 — Al rights reserved 7
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4.2.3 Codeword sequence

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 num

ber 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.

c. Pad cpdewords to enable the codeword sequence to be represented in a rectangular n||atrix. Pad

codewprds may also be used to fill additional complete rows to achieve an aspect satio ds
specified by the application.

d. An optional Macro PDF417 Control Block.

e. Error gorrection codewords for error detection and correction.
The codeword$ are arranged with the most significant codeword adjacent to the Symbol Length Descrif
encoded from [left to right top row to bottom. Figure 2 illustrates in layout format the sequence for the

that shown in frigure 1. In Figure 2 an error correction level of 1 has been-used and one pad character
to completely fjll the symbol matrix.

L4 dis d1g R1

L2 di3 di2 R2
S L3 dqx d1o R3 S
T Ly dg dg R4 T
A B d7 de Rs o)
R Le ds ds Rs P
I Ly ds do R7

Le d4 do Rs

Lo Es =) Rg

L1o Eq Eo R1o

bsired or as

tor, and are
symbol like
was needed

Figure 2 — PDF417 Example of Symbol | ayout Schematic

where L, R, dandE are as defined in 3.2

d15 = Symbol Length Descriptor (in this example, with a value of 16)
d14tod1 = encoded representation of data
do = pad codeword

The rules and advice for structuring the matrix are included in 4.9.

8 © ISO/IEC 2001 — All

rights reserved
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4.3 Basic encodation

4.3.1 Symbol 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.

MODULE Ho.
J 12|34 15 |6]7|8|9(10[11)12|13|14|15]16 117 |

s e
ELEMEHNT
WIDTH
h, h. h, by
59 5 (8 5y

Figure 3= A PDF417 Symbol Character
There are 929 defined symbol characterwvalues (codewords) numbered from 0 to 928.

The codewgrds are representediby three mutually exclusive symbol character sets, or clusters.[ Each cluster
encodes thg 929 available PDF417 codewords into different bar-space patterns so that one cluster |is distinct from
another. The cluster numbers-are 0, 3, 6. The cluster definition applies to all PDF417 symbol chafacters, except
for start and| stop characters.

The cluster humber K is'defined by the following formula:
K= (b1-bs+bs-bs+9)mod?9

Where + h‘, ho and h4 rnprneonf the width in modules of the four bar elements rnepnr‘fi\/nly

The cluster number K for the symbol character in Figure 3 is:
K=(5-1+1-2+9) mod9=3
The codewords and the bar-space sequences for each cluster of symbol characters are given in Annex A.

4.3.2 Start and stop characters

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

© ISO/IEC 2001 — Al rights reserved 9
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Table 1 — Bar-space sequence for Start and Stop Characters

Character Bar-space sequence

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.

The start and gtop characters shall have the same bar-space sequence for all rows.

START CHARACTER STOP CHARACTER

Figure 4 — PDF417 Start and Stop Characters

4.4 High level (data) encodation
High level encpding converts the data charactérs into their corresponding codewords.
Data compactipn schemes shall be usedto achieve high level encoding. Three modes are defined beJow, each of
which defines |a particular efficient.mapping between user defined data and codeword sequences. PDF417 has
three data compaction modes:

*  Text Qompaction mede (see 4.4.2).

» Byte Jompaction’' mode (see 4.4.3).

*  Numeric‘€ompaction mode (see 4.4.4).

A given string of data bytes may be represented by different codeword sequences, depending on how the encoder
switches between compaction modes and sub-modes. There is no single specified way to encode data in a
PDF417 symbol.

900 codewords are available in each mode for data encodation and other functions within the mode. The
remaining 29 codewords are assigned to specific functions (see 4.4.1) independent of the current compaction
mode.

PDF417 also supports the Extended Channel Interpretation system, which allows different interpretations of data to
be accurately encoded in the symbol (see 4.5).

10 © ISO/IEC 2001 — Al rights reserved
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441 Function codewords
Codewords 900 to 928 are assigned as function codewords as follows:

+ for switching between modes (see 4.4.1.1)
« for enhanced applications using Extended Channel Interpretations (ECIs) (see 4.4.1.2)
« for other enhanced applications (see 4.4.1.3 and 4.4.1.4).
At present codewords 903 to 912 and 914 to 920 are reserved. Table 2 defines the complete list of assigned and

reserved function codewords Their functions are defined in 4411 10 4414 See 446 for the treatment of
reserved coflewords.

Table 2 — Assignments of PDF417 Function Codewords

Cpdeword Function Refer to Section
900 mode latch to Text Compaction mode 4.4 .11
901 mode latch to Byte Compaction mode 4411
902 mode latch to Numeric Compaction mode 4.4 .11

903 to 912 Reserved
913 mode shift to Byte Compaction mode 4411

914 to 920 Reserved
921 reader initialisation 4414
922 terminator codeword for Macro PDF control block 413
923 sequence tag to identifythe beginning of optional fields in 413

the Macro PDF controlblock
924 mode latch to Byte Compaction mode (used differently from 4411
901)
925 identifier for“a user defined Extended Channel Interpretation 4.5
(ECI)
926 identifier for a general purpose ECI format 4.5
927 identifier for an ECI of a character set or code page 4.5
928 Macro marker codeword to indicate the beginning of a Macro 413

PDF Control Block

4411 Function codewords for mode switching

In one PDF417 symbol it is possible to switch back and forth between modes as often as required. Advice about
selecting the appropriate modes is given in 4.4.5.

A mode latch codeword may be used to switch from the current mode to the indicated destination mode which
stays in effect until another mode switch is explicitly brought into use. Codewords 900 to 902 and 924 are
assigned to this function. Table 3 defines their function.

The mode shift codeword 913 shall cause a temporary switch from Text Compaction mode to Byte Compaction
mode. This switch shall be in effect for only the next codeword, after which the mode shall revert to the prevailing
sub-mode of the Text Compaction mode. Codeword 913 is only available in Text Compaction mode; its use is
described in 4.4.2.4.

© ISO/IEC 2001 — Al rights reserved 11
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The switching

12

Table 3 — Mode Definition and Mode Switching Codewords

Destination Mode Mode Latch Mode Shift

Text Compaction 900

Byte Compaction 901/924 913
Numeric Compaction 902

NOTE: The table identifies the codeword which shall be used to switch to the defined mode.

Table 4 — Mode Transition Table, Showing Codewords and Their Function

[ules between the three modes are defined in Table 4 and shown schematically in Eigure| 5.

Original Mode Destination Mode
Text Byte Numeric
Text 900 mode latch 913 mode shift 902 mode latch
901 moderlatch
924 mode latch
Byte 900 mode latch 901 mode latch 902 mode latch
924 mode latch
Numdric 900 mode latch 901 mode latch 902 mode latch

924 mode latch

© ISO/IEC 2001 — All rights reserved
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900

Text
Compaction

901/924

Byte Numeric
gg]l Compaction 90” 924 Compaction
< A —<§
N 902
902

— — — Mode Shift
Mode Latch

Figure 5 — Available Mode Switching

The switching rules into Byte Compaction mode are more fully defined in 4.4.3.1.

441.2 Function codewords for switching to Extended Channel Interpretations
An ECI codeword can be used to switch to a\‘particular interpretation, which stays in effect unfil another ECI

codeword i explicitly brought into use or until the end of the data. Codewords 925 to 927 are apsigned to this
function (seg 4.5).

441.3 Flunction codewords for Macro PDF417

Macro PDF#17 symbols (see 4.13) shall use Codeword 928 at the start of the Macro PDF417 |Control Block.
Codewords 022 and 923.are used for special functions in Macro PDF417.

441.4 Function-codeword-forreaderinitialisation

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 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.

44.2 Text Compaction mode

The Text Compaction mode includes all the printable ASCII characters (i.e. values from 32 to 126) and three ASCII
control characters: HT or tab (ASCII value 9), LF or line feed (ASCII value 10), and CR or carriage return (ASCII
value 13). The Text Compaction mode also includes various latch and shift characters which are used exclusively
within the mode.

© ISO/IEC 2001 — All rights reserved 13
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The Text Compaction mode encodes up to 2 characters per codeword. The compaction rules for converting data
into PDF417 codewords are defined in 4.4.2.2. The sub-mode switches are defined in 4.4.2.3.

4421 Text Compaction sub-modes

The Text Compaction mode has four sub-modes:

» Alpha (uppercase alphabetic)

(lowercase alphabetic)

 Lower
Mixed
*  Puncty

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

The default cd

mode Alpha sub-mode (uppercase alphabetic).

mode shall alw

All the charact

(rToTmeTicard sonmTe purctuation)

ation

ays switch to the Text Compaction Alpha sub-mode.

prs and their values are defined in Table 5.

mpaction mode for PDF417 in effect at the start of each symbol)shall always be Text [Compaction
A latch codeword from -another mode to the Text [Compaction

14
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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 99 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 i 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 0] 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 z 90 z 122 pl ? 63
26 space 32 space 32 space 32 { 123
27 O 1 As [ } 125
28 ml M al ‘ 39
29 ps Ps ps arl

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 GLI 0 and ECI 000002 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 4.4.2.2).
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4422 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 3.2

The formula ghall also apply to the base 30 values for shifts and latches within the Text Cempagction mode.
Appropriate lajch and shift values shall be used between sub-modes. If the encoding of the Charact¢r sequence

does not resul{ in an even number of base 30 values, see 4.4.2.4 for the specific mechanism toyuse.

The following g¢xample illustrates how compaction is achieved in Text Compaction mode.

EXAMPLE:

Data to belencoded: PDF417

Table 6 — Example of Text Compaction Encoding

Character h | hx 30 +1 Codeword
Pairs

PD 15 3 15x30+ 3 453

F ml 5 28 5x30+28 178
41 4 1 4x30+ 1 121

7 ps 7 29 7 x30+29 239

NOTE 1: ml (latchto mixed sub-mode) is used to switch to encode the numeric characters.

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

NOTE 2: s.is used as a pad value in this example, other shift and latch values can be used (seg 4.4.2.4).

44.2.3 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.

16
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A sub-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 when
ps is used as a pad, see 4.4.2.4). The shift functions are as follows:

ps

as

shift to punctuation sub-mode

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:

latch to uppercase alphabetic sub-mode

al =
I =
ml =
pl =
A limited ssg
available ar

shows this d

NOTE;]
be follg

latch to lowercase alphabetic sub-mode

latch to mixed (numeric and other punctuation) sub-mode

latch to punctuation sub-mode

t of latch and shift functions is available within each Text Compaction sub-mode. TH
b listed in Table 5. Table 7 shows the transition table between Text"Compaction sub-m

chematically.

A sub-mode latch may be followed by another sub-mode latch-0r sub-mode shift; but a sub-mo

wed by either a sub-mode shift or sub-mode latch

Table 7 — Text Compaction Sub-Mode Transition Table

Original Destination Sub-Mode
Sub-Mode
Alpha Lower Mixed Punctuation
Alpha i Il M Ps
Lower as Mi Ps
Mixed al Il Ps
PI
Punctuation al

ose which are
odes; Figure 6

de shift may not

© ISO/IEC 2001 — Al rights reserved
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900 Latch from any mode

Punct
:‘:Znu II = Latch to Lower Case sub-mode
ps = Shift to Punctuation sub-mode
ml Latch to Mized sub-rnode

Sub-mode Latch as Shift to Alpha sub-rmode
________ Sub-made Shift al = Latch to Alpha sub-mode
pl = Latch to Punctuation sUbsfnode

Figure 6 — Text Compaction Sub-Mode Switching

4424 Meghanisms 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 ¢nd of the character sequence. An example is illiusirated in Table 6. As there are no [specific null
functions in Text Compaction mode, the sub-mode shift and latch shall be used in accordange with the
mechanisms defined for the following cases.

The cases are|as follows:

a. If the [character sequence continues to the’end of the data, or the Text Compaction mode character
sequepce is followed by latching to anothér compaction mode, then the pad can be any of the sub-mode
shifts ¢r sub-mode latches.

b. If the Text Compaction mode character sequence is followed by a byte shift (codeword 913) fo encode a
single Byte Compaction mode character, two mechanisms can be used depending on the Text|Compaction
sub-mpde being used prior to the Byte Compaction shift:

1.| If the Text Compaction sub-mode is other than punctuation, then base 30 value 29 (p$) should be
used if encodation is intended to revert to the same Text Compaction sub-mode. The decoder
shall ignore:a'ps immediately preceding codeword 913.

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

44.2.5 Switching from Text Compaction mode

Text 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)
+ 924 (Byte Compaction mode latch)
+ 928 (Beginning of Macro PDF417 Control Block)
* 923 (Beginning of Macro PDF417 Optional Field)
922 (Macro PDF417 Terminator)
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The latter three codewords only occur within the Macro PDF417 Control Block of a Macro PDF417 symbol (see

4.13.1). Text Compaction mode is also affected by the presence of a reserved codeword (see 4.4.6)

If the decoder is in the Text Compaction mode and encounters codeword 913 (Byte Compaction

mode shift), it

decodes the codeword following codeword 913 as a single binary byte and then returns to the Text Compaction
mode. The sub-mode to which the decoder returns is the most-recently-latched sub-mode that was in effect prior

to codeword 913; a ps sub-mode shift immediately prior to codeword 913 is ignored.

If the decoder is in the Text Compaction mode and encounters codeword 900 (Text Compaction mode latch), the

decoder reinitializes to the Alpha sub-mode.

443 Bytd Compaction mode

The Byte Compaction mode enables a sequence of 8-bit bytes to be encoded into a sequence of c¢

dewords. ltis

accomplishgd by a Base 256 to Base 900 conversion, which achieves a compaction’ratio of gix bytes to 5

codewords (1,2:1).

All the chargcters and their values (0 to 255) are defined in Annex B. This shallbe treated as the d¢fault graphical

and control character interpretation. When ECls are invoked (see 4.5) this interpretation may be de
ECI 000000jor ECI 000002 (see 4.5.2).

4431 Switching to Byte Compaction mode

When in either Text or Numeric Compaction mode, to switch’to Byte Compaction mode, it is necessg
of the followjng codewords:

*  mode latch 924 shall be used when the tétal number of Byte Compaction characters to be
integer multiple of 6

* mode latch 901 shall be used when the total number of Byte Compaction characters to be
a mpltiple of 6

+ mode shift 913 can be used instead of codeword 901 when a single Byte Compaction char:
encpded

fined as either

ary to use one

encoded is an

encoded is not

hcter has to be

44.3.2 (Qompaction rules for encoding a single Byte Compaction character (using mode shjft 913)

To encode g single-Byte Compaction character, the codeword shall be the decimal value (0 to 255) ¢
as defined i Annpex.B.

f the character

443.3 CompactionrulesforencodingtongerByte-Compaction-character-strings-({using-mode latch 924

or 901)

The following procedure shall be used to encode Byte Compaction character data :

1. Establish the total number of Byte Compaction characters.

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

Sub-divide the number of Byte Compaction characters into a sequence of 6 characters, from left to right

(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 by

(where bsis the first data byte).

© ISO/IEC 2001 — Al rights reserved
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5.

defines an algorithm and illustrates a worked example.

7

Repeat from Step 3 as necessary.

Carry out a base 256 to base 900 conversion to produce a sequence of 5 codewords. Annex C

For the remaining Byte Compaction characters when mode latch 901 is used, (ie when the last group is

less than 6 Byte Compaction characters) the codeword(s) shall be the decimal value(s) (0 to 255) of
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 accq
identify the follo
a 901 could be
segments, neith

If additional €|
characters sha

rding to these encodation rules. For example, a 924 codeword as either the first or second godeword would

ving stream of Byte Compaction mode codewords as encoding a multiple-of-six number of bytes:
blaced at any position within the Byte Compaction mode codeword stream that would split,that st
er of which encodes a multiple-of-six number of bytes.

hcodation is required in Text Compaction or Numeric Compaction modes; the appr
| be used (see 4.4.1.1).

4434 Swi

Byte Compact

901 (
902 (
924 (
928 (
923 (
922 (
The latter thre|
4.13.1). Byte

Re-invoking B
terminate the
and then to sta
encoded (see

During the de|
depending on

ching from Byte Compaction

n mode may be terminated by the end of the symbol, or by any of the following codewo
xt Compaction mode latch)
yte Compaction mode latch)
umeric Compaction mode latch)
yte Compaction mode latch)
eginning of Macro PDF417 Control Block)
eginning of Macro PDF417 Optional-Field)
acro PDF417 Terminator)
codewords only occur within-the Macro PDF417 Control Block of a Macro PDF417
ompaction mode is also affected by the presence of a reserved codeword (see 4.4.6).

te Compaction modée\(by using codeword 901 or 924 while in Byte Compaction mod
revious Byte Conipaction mode grouping of 6 Byte Compaction characters as describe
rt a new grouping) This procedure may be necessary when an ECI assignment number
1.5.3.2).

code process for Byte Compaction mode, the treatment of the final group of codew
whether. Byte Compaction mode is invoked with codeword 901 or 924.

Alternatively,
feam into two

bpriate latch

ds:

symbol (see

E) serves to
d in 4.4.3.3,
needs to be

ords differs

otion - maoda—isinvaokad with codeword 024 tha taotal niimhbar of codawords within thae
HOH—HO a8t VoKW RGO a8WorHa— 4t BB+ D6t t SSWOHaS—AWHTFHAR—tH

If Byte Compa

mode shall be a multiple of five.

If this is not the case, the symbol is invalid. All the 5-codeword

decoded into 6-byte groups.

compaction
groups are

If Byte Compaction mode is invoked with codeword 901, the final group of codewords is interpreted directly as one

byte per codeword, without compaction.

interpreted as 5 bytes, rather than 6.

4.4.4 Numeric Compaction mode

Therefore, if the last group consists of five codewords, the group is

The Numeric Compaction mode is a method for base 10 to base 900 data compaction and should be used to encode
long strings of consecutive numeric digits. The Numeric Compaction mode encodes up to 2,93 numeric digits per

codeword.

20
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4441 Latch to Numeric Compaction mode

Numeric Compaction mode may be invoked when in Text Compaction or Byte Compaction modes using mode latch
902.

4442 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 zeros.
EXAMPLE:
original data 00246812345678
after step 2 1 00246812345678

NOTE: 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 illusfrates a worked
example.

4. Repeat from Step 2 as necessary.

The following rules can be used to determine the precise number af godewords in Numeric Compactior) mode:
. Groups of 44 numeric digits compact to 15 codewords.

. For groups of shorter sequences of digits, the . nimber of codewords can be calculated as follows:

Codewords = INT (number of digits / 3) +1
EXAMPLE:
For a 28 digit sequence

INT (287 3) + 1

=0t 1

=)10 codewords

4443 Switching from Numeric Compaction mode

Numeric Compactionsmode may be terminated by the end of the symbol, or by any of the following codgwords:

. 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 Block)
. 923 (Beginning of Macro PDF417 Optional Field)
. 922 (Macro PDF417 Terminator)

The latter three codewords only occur within the Macro PDF417 Control Block of a Macro PDF417 symbol (see
4.13.1). Numeric Compaction mode is also affected by the presence of a reserved codeword (see 4.4.6).
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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 4.4.4.2, and then to start a new grouping.
This procedure may be necessary when an ECI assignment number needs to be encoded (see 4.5.3.4).

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.

4.4.5 Advice to select the appropriate compaction mode

All basic implementations for printing and scanning PDF417 symbols shall support the three) n

Compaction,

defined in Table 5; and that for Byte Compaction shall be as defined in Annex B. Text Compastion mo

more efficient
ASCII charactg

The Numeric G

Advice about
Annex P.

4.4.6 Treatn]

4461 Ovg

PDF417 symb
(see 4.4.1) in g
of reserved cg

option of treating such symbols as invalid, as‘would be the case when operating in Basic Channel Mode.

Receiving sysiems should discard data.containing any escape sequences using reserved codewords

system is awa

44.6.2 Mah

Any new func
specified to prd

hodes: Text

e Compaction and Numeric Compaction. The default character set for Text Compactiof shall be as

an Byte Compaction mode for encoding standard ASCII text files because of its better ¢
rvalues 9, 10, 13 and 32 to 126.

ompaction mode should be used for long numeric strings.

switching between modes to minimise the number of codewords is provided as an

ent of PDF417 reserved codewords
rview
s intended for use in open systems shall not employ any of the codewords that are listed

ny published edition of this standard)“*However, decoding equipment should support the
dewords using escape sequenceS)as defined in 4.17.4. Decoding equipment may alsd

e of a new definition for a previously reserved codeword.

ing future use of reserved codewords

ion codewords, to be defined in future revisions of this standard, shall have their en
vide backwards compatibility with pre-existing equipment. Specifically:

He is usually
bmpaction of

algorithm in

as reserved
ransmission
support an

, unless the

coding rules

e When a new signalling codeword (as opposed to a new compaction mode codeword) is encoded, 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 to both the original and this
PDF417 standard, regardless of whether that equipment employs the original or the new transmission protocol.

e At the receiving system, the ECI decoder will process the control ECIs (ie Macro Control Blocks and escaped
uninterpreted codewords) before the interpretive ECls (such as encryption schemes and character sets). Thus,
the encoder should take into account the order of operations as follows:
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proper order.

The Macro Control Block ECls, if present, will be used to assemble the complete byte stream in the

2. The escaped data codewords will be translated by the ECI decoder according to the rules of the
new compaction mode or signalling ECI, and the resulting data bytes will be inserted into their
proper place within the byte stream.

3. Finally, the character set and other interpretive ECls will be applied to the resulting byte stream.

4.5 Extended Channel Interpretation

The Extend

ed Channel Interpretation (ECI) protocol allows the output data stream to have interpre

tions different

from that of]
including PO

NOTE: Origin
decoding EC
according to ¢
with respect t
in such a way

Five broad t

Transmissig

Specification: Extended Channel Interpretations*— Part 1: Identification Schemes and Protocol,

provides a @

The Extendg

the default character set. The ECI protocol is defined consistently across a number.g
F417.

ally a symbology specific scheme called Global Label Identifiers (GLIs) was defined_foryPDF417|
s is identical to earlier specifications for PDF417 GLIs. However, the transmission protocol for de:
parlier PDF417 specifications for GLls is different from the transmission protocol for&Cls. There arg
b the use of interpretive ECls with Macro PDF417. This standard permits the use'of the earlier and
that old and new equipment can continue to co-exist.

pes of interpretations are supported in PDF417:
a. character sets (or code pages)
b. general purpose interpretations such as data encryption and data compress
from the compaction modes of the symbology)
C. user defined interpretations for closed systems
d. transmission of control information forMacro PDF417
e. transmission of uninterpreted PDF417 codewords

n of the Extended Channel Interpretation protocol is fully specified in the AIM Internati

onsistent method to specify particular interpretations of byte values before printing and a

d Channel Interpretation (ECH is identified by a 6-digit number which is encoded in the H

f symbologies,

Encoding and
oded messages
also differences
current protocols

on (as distinct

pnal Technical
The protocol
fter decoding.

DF417 symbol

by one of three specific codewords followed by one or two codewords (see 4.5.1). A specific ECI may be invoked

anywhere in

The ECI pro
that are nof]

the encoded message.subject to the rules of the compaction modes (see 4.5.3).

ocol can only b& used with decoders enabled to transmit the symbology identifier (see 4.1
enabled to transmit the symbology identifier cannot reliably convey the escape seque

(.5). Decoders
nces from any

strictly by the 8-bit data values being encoded and does not depend on the ECI in force. For example, a sequence of
values in the range 48 to 57 (decimal) would be most efficiently encoded in Numeric Compaction mode even if the

sequence is

not to be interpreted as numbers.

The ECI assignment number is encoded in one of three ECI codeword sequences, which begin with the codewords
927, 926 or 925. One or two additional codewords are used to encode the ECI assignment number. The encodation
rules are defined in Table 8.
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Table 8 — Encoding ECI Assignment Numbers

ECI assignment Number Codeword Sequence | Codewords Ranges

000000 to 000899 Co 927 C,=(01to 899)
C4 ECI _no

000900 to 810899 Co 926 C,=(01to 899)
C, ECI_nodiv900-1 | C,=(0to 899)
C, ECI_no mod 900

810900 to 811799 Co 925
Cs ECI_no - 810900 C,=(0to 899)

There are 811 BO0 possible ECI assignment numbers available in PDF417.

NOTE: The end
incorporated in {

The following ¢

4.5.2 Pre-aspigned Extended Channel Interpretations

The following
including PDF4

ECI 00000

ECI 00000

odation method is identical to the GLI scheme supported in the PDF417 sponsor's original spe
he AIM USA (1994) and AIM Europe (1994) specifications.

xample illustrates the encodation:

FCl = 013579
Codewords:  [926] [(13579 div 900) - 1] [13579 mod 900]
[926] [15 - 1] [79]

[926] [14] [79]

FCls have been pre-assigned to be backwards compatible with existing symbology sp
117.

0 (equates to original GLI O)and represents the default encodation scheme of encoders
the original PDF417 standards. The character set is as represented in Annex B.

1 (equates to origimalNGLI 1) represents the GLI encodation scheme of a number of symk
characters 0 to 127 being identical to those of ISO/IEC 646 : 1991 IRV (equivalent to
and charactérs 128 to 255 being identical to those values of ISO 8859-1
NOTE:ECI 000000 ( equivalent to GLI 0) and ECI 000001 (equivalent to GLI 1) requirg

protocol is not adopted for other Extended Channel Interpretations.

cification and

ecifications,

compliant to

ologies with
ANSI X3.4)

a return-to-

GLL O logic at the beginning of each encoded symbol of a Macro PDF417 set of symbols. This

ECI 000002 has an equivalent code table (see Annex B) to ECI 000000, without the return-to-GLI 0 logic. It is

ECI 00000

the default encodation scheme for encoders fully compliant with this standard.

3 has an equivalent code table to ECI 000001, without the return-to-GLI O logic.

ECI 000000 and ECI 000001 shall not be encoded in the same PDF417 symbol or Macro PDF417 symbol 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, and are preferred for use in new applications.

Additional ECIs are assigned according to rules specified in the AIM International Technical Specification:
Extended Channel Interpretations — Part 2: Registration of Coded Character Sets and Other Data Formats.
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4.5.3 Encoding ECI sequences within compaction modes

The general encodation principle is that ECls are applied to the source data byte stream (to signal 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 independent
logical layers of the process.

Although ECI assignments and compaction modes may generally be intermixed, some combinations can produce
illogical or ambiguous behaviour. The following sections define how ECIls may be incorporated without ambiguity by

specifying the valid placements of ECI escape sequences.

4.5.3.1 E
An ECI esq
immediately|
latches and
ECI escape

4532 E

If encoding
encoder imn
an unambig

If the decod

Cls and Text Compaction mode

ape sequence may be placed anywhere within Text Compaction mode.  ‘Fhe sub-
prior to the ECI escape sequence is preserved for the encodation immediately-after it. T
shifts are preserved across an ECI escape sequence; and thus a sub-modé) shift immedi
sequence is not ignored.

Cls and Byte Compaction mode using mode latch 924 and 901

in Byte Compaction mode using mode latch 924, an-ECI| escape sequence may be pd
nediately following codeword 924, or at any 5-codewordboundary thereafter. This is neces
lous position in the decoded byte stream for the decoder to place the escape sequence.

er is in the 924 version of Byte Compaction/mode and finds an ECI escape sequence

codeword g

up, it shall output the six data bytes associated with the codewords before the escape s¢

the escape $equence, and then continue collecting cddewords for decoding in Byte Compaction mode.

encounters

If encoding i

10

n ECI escape sequence at other thanthese prescribed locations, it shall treat the symbol as invalid.

h Byte Compaction mode(using mode latch 901, an ECI escape sequence may be position

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 seq

NOTE: The

ecoder «cannot assume that, just because the ECI escape sequence follows a set of five cod

codewords encode-six bytes, since an input stream of length 6N+5 (where N is an integer) will have a final set g
that encode gnlyfive‘bytes, one byte per codeword. The decoder must, therefore, scan forward in the symbol pas|
sequence to fetermine where the 901 mode terminates, as defined in 4.4.3.4. Based on this information, it can then determine

mode invoked
hus, sub-mode
ately before an

sitioned by an
sary to provide

following a 5-
quence, output
If the decoder

lence

ewords, the five
f five codewords
I the ECI escape

how the group of five codewords have been encoded.

Figure 7 illustrates valid locations for ECI escape sequences when encoding in Byte Compaction mode. If the
decoder encounters an ECI escape sequence within the 5-codeword group, it shall treat the symbol as invalid.
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QoMeOOODODOeOOOOOeOeOeeIen¢

Q2400000 eOOOODO¢

5 codeword group 5 codeword group

where 0O = Byte Compaction mode codeword

4 = Valid location for ECI escape sequence

Figure 7 — Valid Locations for ECI Escape Sequences in Byte Compaction Mode

4.5.3.3 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:

: Immediately preceding codeword 913

p Immediately following codeword 913
i 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 oytput following the encoded byte.

4.5.3.4 ECIs and Numeric Compaction mode

An ECI escapg sequence shall not be placed within a group of codewords being processed through th¢ base 10 to
base 900 conyersion as defined in 4.4.4.2. It may.only be placed within a Numeric Compaction modg region at a
boundary between (the typically) 15-codeword groups. This is necessary to provide an unambiguous pgsition in the
decoded digit gtream for the decoder to place theescape sequence.

Thus, an ECI gscape sequence may onlybe'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 myltiple of 15
codewords, it §hall freat the numeric block before the ECI as a complete entity, as defined in 4.4.4.2 stgp 2. It shall
re-invoke the Numerie-Gompastion-node-by-placing-another-cedewerd-902-in-the-stream-follewed-by-the ECI escape

sequence.

If the decoder finds an ECI escape sequence on one of the boundary points defined above, it shall emit the data bytes
associated with the codewords before the escape sequence (if any), then emit the escape sequence, and then
continue collecting codewords for decoding in Numeric Compaction mode. If the decoder encounters an ECI escape
sequence at other than the prescribed locations, it shall treat the symbol as invalid.

4.5.3.5 Combining EClIs
Two or more ECI escape sequences (eg assignment numbers) may be placed at any point where one ECI can be

validly located; providing that no codewords, other than those used to encode the ECI escape sequence, are placed
between them.
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4.5.4 Post-decode protocol

The protocol for transmitting ECI data shall be as defined in 4.17.2. When transmitting ECls, symbology identifiers
(see 4.17.5) shall be fully implemented and the appropriate symbology identifier shall be transmitted as a preamble.

4.6 Determining the codeword sequence

The encoding process generates a sequence of codewords defined as:

where:

dn_1 ...do

The Symbo
total numbe
the range of

During the ¢ncoding process, sequences of codewords will be established. "ike the original data

significant ¢
sequence O
designated

The proces
trailing pad

4.7 Error d

Each PDF4
capability fo

4.71

The error ¢
number of e

Errofr correction level

total number of data codewords including the Symbol Length Descriptar; -but
error correction codewords

Length Descriptor shall be the first data codeword and designated d,.1. Jts xalue shall

1 to 926.

ata shall appear first, for example textual and numeric datajreads from the left to
f codewords shall be that the most significant data codéword containing encoded d
0. The final data codeword is the one designated dj.

5 used to determine the symbol matrix of rows and columns (see 4.9.2) can require
codewords to the end of the data codeword sequence.

etection and correction

both error detection and correction.

prrection level for a PDF417 symbol is selectable at the time of symbol creation. Tabl

ror correction codewords for each error correction level.

Table 9 — Error Correction Levels and Error Correction Codewords

Total Number of Error
Correction Codewords

Error Correction
Level

2

data cadeword-includina thae-Svmboll anath Dascrintor and all fiinection r\nrln\unrrjs
aata GeWoraHcdaig—+h YRR =8RG Hpto—ahRa—ar—HhcHOR GBWOH

excluding the

be equal to the

[ of data codewords n; this count shall include the Symbol Length Descriptor itself, and thus shall be in

tself, the most
he right. The
ata is the one

the addition of

17 symbol contains at least two errorcorrection codewords. The Error Correction cod¢words provide

e 9 shows the

4
8
16
32
64

128

256

512

O N| O O | W N| | O
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4.7.2 Error correction capacity

Error correction can be used to compensate for defects in the label and misreads during the decode procedure.
For any given error correction level, a particular number of error correction codewords is incorporated into the
PDF417 symbol. The error correction codeword algorithm used allows two types of error to be recovered:

* an erasure, which is a missing or undecodable codeword at a known position,

* asubstitution error, which is an erroneously decoded codeword at an unknown position.

The error correction scheme requires one error correction codeword to rectify an erasure and two to recover a

substitution error.
erasures which satisfy the following equations:

l+2f
where
However, if m

increased. Fq
correction cap

[+2f
where
EXAMPI
A PDF417
to correct

of | erasur
combinatid

Thus a given error correction level can rectify any combination of substitution errors and

A

|, f and s are as defined in 3.2

r this reason, whenever there are fewer than 4 errors corrected{except when s =
hcity should be reduced as follows:

< 2s+1 -3

I, f and s are as defined in 3.2
E:
symbol with error correction level 3 has 16 error correction codewords of which up to 14
brrors and erasures. They can correct up to 13 erasures or 7 substitution errors, or any
bs and f substitution errors subject to-the practical equations above. Table 10 specifies

ns.

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

pst of the error correction capacity is used to correct erasures, the passibility of undetected errors is

D), the error

can be used
combination
the possible

28

Recovered Recovered Determining
Erasures
Substitution Equation
Errors

0 13 or less

1 11 or less l+2f<25"1_3

2 9 orless (number of errors is <4)

3 7 orless

4 6 or less

5 4 or less [+2f<25"1_»o

6 2 or less (number of errors >4)

7 0
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4.7.3 Defining the error correction codewords

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

1. Selecting the error correction level. This is a user or application defined option and is described in
Annex E.
2. Generating the error correction codewords. This is to a prescribed set of rules defined in 4.10. The

procedures cannot be used until all the data codewords, including pad codewords (see 4.9.2) have
been defined.

NOTE: The procedures defined in 4.3 to 4.9, 4.13 and 4.14. are of prime interest to users. The more technical
procedures defined in 4.10, 4.11 and 4.15 are likely to be achieved electronically and require no user decisions.

4.8 Dimégnsions

PDF417 symbols should conform with the following dimensions:

4.8.1 Minimum 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 giveh symbol.

NOTE: Curfent bar code symbol quality measurement standards (e.g. ISO/IEC 15416) do not require abso|ute dimensional
measurements to be taken into account for assessing symbol quality. Non-compliance with any minimum dimepsion should not
therefore, by jtself, be a reason for rejection of a symbol under these standards.

4.8.2 Row height (Y)

Forisymbols with at least the recommended minimum level of error correction:
Y > 3X

For symbols with less than the recommended minimum level of error correction:
Y >4X

(see Annex E for details of the recommended error correction level).

4.8.3 Quigt zones

Minimum-width of horizontal quiet zone (to the left and right of the PDF417 symbol): 2X

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

4.9 Defining the symbol format

The PDF417 symbol matrix, and the overall size and shape of the symbol, are determined by:
1. the module width and aspect ratio, and

2. the number of rows and columns in the symbol matrix.
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To create a PDF417 symbol, these parameters are selected through a combination of user inputs, application
constraints, and default settings. The selection process can be iterative until the user is satisfied with the resultant

format.

491

The aspect rat
X
Y thede

Defining the aspect ratio of the module

io of the printed module shall be defined by two dimensions:

the desired dimension of the narrowest bar and narrowest space

sired dimension of the height of each row

These parame
parameters ar
discussed in 4

4.9.2 Definin

There are sev
rows r and the

the ani

the b4
colum

the ph

the fad
and s

the fad
prescr

the typ
the se
For many app
directly detern

used to define

After the sour
codewords m

ters are defined by the user or application. The major factors that determine the~aly
e the resolutions of the printing and scanning systems used in the application,.(Thes
14.

g the symbol matrix of rows and columns

bral factors which need to be considered in order to determine the symbol matrix, i.e. th
number of columns c:

ount and type of data to be encoded

sic rules of the symbology which, for example, determine the limits on the number
Ns (see 4.2.1 and 4.2.2).

ysical space available to print the symbol

t that longer rows result in the use of less.symbol overhead (start and stop characters, rg
ace for quiet zones)

t that the length of the row (including the quiet zones) must be less than the length of t
bed or implied by the application

e of scanner, which may determine the overall aspect ratio of the symbol.

ected level of error correction.

ications, the allowable width of the symbol is the primary constraint, and the symbol m
ined by fixing\the number of columns. Annex Q provides more precise guidelines whio

the symbolmatrix.

ce data has been encoded using the selected compaction modes, the number of
prior-to the addition of the Symbol Length Descriptor and any pad codewords) is know

number of ro

es of these
E points are

e number of

bf rows and

w indicators

he scan line

atrix can be
h should be

source data
n. Once the

vshand columns__and the error carrection level have been selected the total nu

ber of data

codewords n is calculated as:

n=cxr-

where: c,

k

k, n and r are as defined in 3.2

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

n>m+1

where: m

30

and n are as defined in 3.2
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The Symbol Length Descriptor shall be set to the value n determined above, thus:
di.y=n=cxr-k
The number of pad codewords required is (n - m) - 1.

The pad codewords should have the value 900 and shall be placed in the least significant positions of the data
codeword sequence, i.e. to the right of the least-significant source data codeword (but before the Macro PDF417
Control Block, if present). An example of this process is given below. Apart from the insertion of the Symbol
Length Descriptor and any pad codewords, the codeword sequence shall remain identical to the one originally
generated when encoding the source data.

EXAMPLE:

letm=246,c=12,r=24,andk =32,thenn=(cxr) -k =(12 x 24) - 32 = 256.
NOTE: The notation is as defined above

The vallie of the Symbol Length Descriptor is n = 256.

The nurhber of pad codewords = (n-m) -1 =256 - 246 - 1 = 9. In this_example, the data cod¢words (before

padding)) begin with a latch to Numeric Compaction mode (Codeword 902), and end with codeword 423, and
the pads all use codeword 900. The addition of the Symbol Length,Descriptor and pads is shown below:

Driginal data codeword sequence: dm-1 - do

Codewords: 902 ... 423

Padded data codeword sequence: Dp.q  dp2 .. dg dg do
Codewords: 256 902 .. 423 900 .. 900

4.10 Gengrating. the error correction codewords

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

dn1, dpz ... do

where: d,.1is the Symbol Length Descriptor
The symbol data polynomial is:

d(X) = dpt X"+ dno X2+ L+ dix + do

The following describes mathematically how the error correction codewords shall be computed for a given stream of
data and a selected error correction level. All the arithmetic shall be done in modulo 929.
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The error correction codewords are the complement of coefficients of the remainder resulting from dividing the
symbol data polynomial d(x) multiplied by x* by the generator polynomial g(x). Negative values are mapped into
the Galois Field GF (929) by adding 929 until the value is > 0.

The following generator polynomial shall be used to calculate coefficients for k error correction codewords required for
the error correction level:

gk(x)

where:

(x-3) (x-3%) (x-3%) ... (x-3Y)

k-1

2 k
ogtaqXxtopX +...0k1X +X

gk(x)

k

Q
An example fo

Annex F conta

The error corr

the generator polynomial and X 1S the unknown variable
total number of error correction codewords
coefficient of powers of x produced by the generator polynomial gy(x)

- calculating the coefficients is given in Annex R.
ns all the coefficient values necessary to encode a PDF417 symbol,of any error correctig

bction codewords shall be calculated according to the algorithin)defined below using {

data codeword dp.1 ... dg
error correction codeword Ej_4 ... Eg

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

temporary variables

s:
y the data codeword sequence(dn.1, dn-2 ... dg

e error correction codewords Eg, ..., Ex.1 to Value = 0
ch data codeword d; ='d,,_1 ... do:

5IN

t1 = (d; + Eg)'mod 929

For each error correction codeword E;j = Ey_1 ... E:

B|EGIN

n level.

he following

anation and

mad
T A%l

=l e \ 20
(T A u.J} L} zJ

4

t3 =929 - t2
Ej = (Ej_1 + t3) mod 929

END

notation:
di =
EJ' =
OLJ' =
t1,t2,t3 =
The algorithm
1. Identif
2. Initialig
3. Foresq
BE
END

32

tr = (t1 X (10) mod 929
t3 = 929 - )
Eo =13 mod 929
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4. For each error correction

BEGIN
If Ej not equal to
Ej=929 -
END

ISO/IEC 15438:2001(E)

codeword, Ej=Ey ... Ex.1, calculate the complement:

0

An example of calculating the error correction codewords is given in Annex S.

An alternatiye procedure for generating the error correction codewords, using a division circuit, is.given in Annex T.

4.11 Low |evel encodation

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

Figure 8 illystrates schematically for a PDF417 symbol the corresponding position of each data cpdeword, error

correction cpdeword and row

indicators.

-

Ly | dnt | Dn2 %) R1

N
Lo n$ R2
\ 4
S X\ S
O
T oF T
N
A O
R N p
QO

T bt |l do B | Exz | Re

L, E, Eo | R

Figure 8 — Typical PDF417 Symbol Schematic Showing the Positioning of Codewords

where:

© ISO/IEC 2001 — Al rights reserved

L, = Left Row Indicator

Rr = Right Row Indicator

Shaded area = data codeword area

Unshaded area under the codeword area is for error correction codeword

33
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4.11.1 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)

of only one cluster. Row 1 shall use symbol characters from cluster 0. row 2 shall use symbol characters from
er sequence 0, 3, 6 shall repeat continually. The cluster number K for any row can-be) calculated:

cluster 3, row
forth. The clus

Because any

where the fows are numbered 1 to r (as defined in 3.2)

decoding a POF417 symbol.

4.11.2 Deternmpining the symbol matrix

K = ((row number -1) mod 3) x 3

B shall use symbol characters from cluster 6, row 4 shall use symbol characters from clugter 0 and so

two adjacent rows have different clusters, the decoder can utilize, scans that cross| rows while

The symbol matrix of rows and columns shall be finally determined by the procedures set out in 4.9.2. Tlhis provides
the values of r pnd c.

4.11.3 Deter

ining the values of the left and right row indicators

The row indicgtors in a PDF417 symbol are codewords which encode several key parameters: the row(number (F),
the number of fows (r), the number of columns-(c) and the error correction level (s). The information shall be spread

over three rows and the cycle shall repeatcontinually. The row number (F) shall be encoded in each row,

4.11.3.1 Leff row indicators

Left row indicators shall be calculated as follows:

If Ke=0; | Le= 30 ((F - 1)div3)+ (r- 1) div3
If Ke=3; | Lp=<30 x ((F - 1) div3) + (s x 3) + (r- 1) mod 3
If Ke=6; | L= 30x((F-1)div3)+(c-1)

where: ¢, Fr, s and K are as defined in 3.2

4.11.3.2 Right row indicators

Right row indicators shall be calculated as follows:

34

If Ke=0; Rg= 30x((F-1)div3)+(c-1)
If Ke=3; Rp= 30x((F-1)div3)+(r-1)div3
If Ke=6; Rp= 30x((F-1)div3)+(sx3)+(r-1)mod3

where: ¢, F, r, s, and K are as defined in 3.2
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4.11.4 Row encoding

In each row, the following symbol characters shall conform to the cluster number:
a. left row indicator
b. symbol characters representing data and/or error correction codewords to a number equal to the
number of columns
C. right row indicator

The start and stop characters are constant for all rows.

The symbol
shall includg
correction cq

412 Com

Compact P[

4.13 Macr

Macro PDF

one PDF417

Each Macrg
properly red
decoded.

Up to 99 99

shall be encoded row by row, taking c (the number of columns) codewords into each row.

the Symbol Length Descriptor in the first column. The last row shall include some or
dewords.

bact PDF417

F417 symbols are an available option. If used, Compact PDF41.7-shall conform to Annex

o PDF417

117 provides a mechanism for the data in a file\to be split into blocks and be represente

PDF417 symbol shall contain additional control information to enable the original
onstructed, irrespective of the sequence in which the individual PDF417 symbols are

D individual PDF417 symbols:may be used to encode data in Macro PDF417.

Full details ¢f the procedures of Macro PDF417 are given in Annex G.

4.13.1 Con

The Macro
any compag

paction modes.and Macro PDF417

PDF417 Control Block has a predefined encoding method, so codeword 928 causes thg
tion mode sequence in the body of the symbol.

Compaction
sub-mode,
field (see A

and./the beglnnmg of a new optlonal field serves. to termmate the compactlon mode fro

The first row
all of the error

)

d in more than

symbol. This mechanism is similar to the Stfdctured Append feature in other symbologigs.

Hata file to be
scanned and

termination of

The Segment Index field shall be encodled in Numeric

mode.\ Each defined Macro PDF417 optional field has a specific, implied initial compad

the Text Compact|on mode the AIpha sub mode is reset when codeword 923 is encountered

4.13.2 ECIs and Macro PDF417

tion mode and
the previous
ields both use

Subject to the constraints defined in 4.5.3, ECIs may occur in the message encoded in a single or Macro PDF417 set
of symbols. Any ECI invoked shall apply until the end of the encoded data, or until another ECI is 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 (000002), unless ECI escape sequences are explicitly encoded in an optional field in the Control
Block; the effect of any such ECI is automatically terminated at the end of the field in which it appears.
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NOTE: When implemented as GLlIs according to earlier specifications (e.g. those published by AIM USA and AIM Europe),
encodation implies a return to GLI 0 (equivalent to ECI 000000) at the start of each symbol. If it is intended for a GLI 1 to
persist into the next symbol, then GLI 1 shall be explicitly encoded at the start of this next symbol. As encoders compliant
with these earlier standards will be in use for some time, advice is given in 4.17.6 on how to achieve compatibility with this

specification.

4.14 User guidelines

4.14.1 Human readable interpretation

PDF417 symbols are capable of encoding large amounts of data, which means that a human readable

interpretation g
may accompa

should not intgrfere with the symbol itself nor the quiet zones. Font and character size are)not speg

standard, but 1

4.14.2 Autodiscrimination capability

PDF417 can b

4.14.3 User-defined application parameters

Application sta

414.3.1 Symbology and dimensional characteristics

Application sta

a.

f the data characters may not be practical. As an alternative, descriptive text, rathef tha
hy the symbol. The message may be printed anywhere in the area surrounding-the

nay be by application standards

e used in an autodiscrimination environment with a number of other symbologies (see Anng

hdards shall define parameters of PDF417 symbols specified in this standard as variable, 3

hdards shall specify the following data, symbology and dimensional parameters:

The selection and use of Extended Channel Interpretations, if required, to extend dat3
beyond the default interpretations of the basic modes.

The volumetefidata in the symbol, which may be fixed, variable or variable up to a defined

The selection of the error correction level.

n literal text,
symbol, but
ified by this

ex U).

s follows:

encodation

maximum.

Ranhge of X-dimension.

Range of Y-dimension.

Symbol parameters: the range of permissible aspect ratios and/or whether symbol width or height has

a maximum size.

4.14.3.2 Test specification

NOTE: Additional factors which should be taken into consideration when specifying PDF417 applications are given
in Annex Q and U.

The parameters for the evaluation of symbols shall be defined by specifying a quality grade in accordance with
ISO/IEC 15416 in the application standard.
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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 reference number (in this example 0,25mm diameter)

660 is the peak response wavelength in nanometres

NOTE: ISO/IEC 15416 specifies the range of values which are permissible. The values appropriate for the applications shall be
defined in thgappnication standard.

4.14.4 PDF@A17 symbol quality

At the time pf publication of this standard, ISO/IEC 15416 does not explicitly cover the testing of POF417 symbols.
Annex J proyides a comparable procedure.

4.15 Reference decode algorithm

The referenge decode algorithm for PDF417 is defined in Annex K. This\reference decode algorithm shall be the basis
for any test gpecification for PDF417 bar code symbols.

4.16 Erron detection and error correction procedure

As part of the decode procedure, it is possible to reconstruct the symbol for erasures and substitutign errors within
the error coffrection capacity of the symbol. This\can be done by using the procedure set out in Annex L.

4.17 Tran$mitted data

4.17.1 Transmitted data in-the’basic (default) interpretation

All data codewords shall ‘be translated into user data and transmitted as 8-bit bytes, whether this ddta be encoded
in Text Compaction, Byte Compaction or Numeric Compaction mode. Start and stop characters, rowindicators, the
Symbol Ler|gth Descriptor, mode switching codewords, pad codewords and error correction codgwords are not
transmitted.

4.17.2 Transmission protocol for Extended Channel Interpretation (ECI)

In systems where ECIs are supported, a symbology identifier prefix shall be used with every transmission (see
4.17.5 and Annex M). 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 4.17.3 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:

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

EXAMPLE:
Symbol encodes: [927] [123]
Data transmission (byte): 92, 48, 48, 48, 49, 50, 51
ASCII interpretation: \000123

2. If the ECI sequence begins with codeword 926:

a. —Codeword 926 is transmitted-as-escape character 92
b.| The next two codewords are converted into a 6-digit value, with leading zeros if requirg
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
EXAMPLE:
Symbol encodes: [926] [136] [156]
Data transmission (bytes): 92, 49, 50, 51, 52, 53, 54
ASCII interpretation: \123456
3. If the ECI sequence begins with codeword 925:
a.| Codeword 925 is transmitted as escape character92.
b.| The next codeword is converted into a 6-digit'value by adding the value 810 900 to it.
value is transmitted as the six correspondingsbyte values in the range, 48 to 57.
EXAMPLE:

The procedure

Application so
57) should intg
encountered, 4

If the reverse
shall be as fol

Symbol encodes: [925] [456]

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

ASCII interpretation: \811356

is repeated for each occurrence of Extended Channel Interpretation (ECI).

tware recognising they7-byte escape sequence of 92 followed by six bytes (each in the
rpret all subsequent characters until the end of the encoded data, or until another sing
s being from the-ECI defined by the 6-digit sequence.

ows. Mthenever byte 92 occurs as data, two bytes of that value shall be transmitted; t

occurrence is leays an escape character and a double occurrence indicates true data.

57.

d, using the

57.

The 6-digit

range 48 to
e byte 92 is

bolidus, erother character represented by byte 92 needs to be used as encoded data, fransmission

nus a single

EXAMPLE:

Encoded data: AW\B\C

Transmission: AWBWC

4.17.3 Transmitted data for Macro PDF417

The protocol for transmitted data for Macro PDF417 is included in Annex H.6.

38
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4.17.4 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'), representing escape character (92) followed by 'C' (67), 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 decoder according to any compaction mode, but instead are transmitted 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 manner, until one of the following is reached:

the end of the encoded data in the symbol

a latch to a recognised compaction mode

Codeword 9
stream whilg

NOTE: This f
either a signa

4.17.5 Symbology identifier

Once the st

identifier shguld be added as a preamble to the transmitted data‘by the decoder. See Annex M for

identifiers w

4.17.6 Tran

The introdug
impact on p

this standard as in the 1994 versions of PDF417 published by AIM Europe and AIM USA. Transmissio

and Macro H

All new PO
conforming
symbols doj
generation
decoding e
symbols. In

a Macro PDF417 Control Block function codeword (928, 923, or 922)
13 (Byte shift) is only permitted from Text Compaction mode, and thus shall not bg)part o
in this process of sending escaped uninterpreted codewords.

rotocol can properly transmit the message syntax of any reserved codeword whose future definit
ling function or to represent a new compaction mode.

ucture of the data (in terms of Macro PDF417, ECI, etc)-has been identified, the appropr|

hich apply to PDF417.

smission using older protocols

tion of the Extended Channel Interpretation system, common to a number of symbologi
re-existing symbologies includingsPDF417. The basic encoding and decoding rules rem

DF417 is different in format,"but conveys equivalent information.

F417 decoding equipment and software should conform to this standard. Howe\
to the earlier standard will still be in existence for a number of years. Users prod
not have to,make any changes, as the encoded symbols have equivalent meani
bf decoding.fequipment is in use. Annex N defines the rules which shall be follows
huipment-abd software not capable of being compliant with the current ECI and N
this way;-old and new decoding equipment can continue to co-exist.

f the codeword

jon is to provide

ate symbology
the symbology

bs, has had an
ain identical in
n for both ECls

er, equipment
ucing PDF417
ngs whichever
d when using
lacro PDF417

© ISO/IEC 2001 — Al rights reserved

39


https://iecnorm.com/api/?name=085ce8caf6d9e01a1806da1a086b0adb

ISO/IEC 15438:2001(E)

Annex A
(normative)

Encoding/decoding table of PDF417 symbol character bar-space sequences

The table on the subsequent pages of this Annex gives the value of each codeword and the bar-space sequence for
symbol characters of clusters 0, 3, and 6.

The values e used-n-the-deceding-phase-can-be-derived-from-the-bar-space-sequence-by-the-fellewing-equation
€i = X + Xi+1
Table A.1 — The bar-space sequence
Codeword Bar-space sequence Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster3 Cluster

BSBSBSBS | BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS
0 31111136 51111125 21111155 26 31113251 31112612 61113221
1 41111144 61111133 31111163 27 11113334 31113125 1111326R
2 51111152 41111216 11111246 28 21113342 41113133 5111331
3 31111235 51111224 21111254 29 11114144 51113141 1111336(1
4 41111243 61111232 31111262 30 21114152 21113216 51113411
5 51111251 41111315 11111345 31 11114243 31113224 4111411¢
6 21111326 51111323 21111353 32 21114251 41113232 51114120
7 31111334 61111331 31111361 33 11115152 21113315 4111421
8 21111425 41111414 11111444 34 51116111 31113323 51114221
9 11111516 51111422 2114452 35 31121135 41113331 4111431
10 21111524 41111513 11111543 36 41121143 21113414 41114411
1 11111615 51111524 61112114 37 51121151 31113422 31115114
12 21112136 41111612 11112155 38 21121226 21113513 4111512
13 31112144 41112125 21112163 39 31121234 31113521 311152183
14 41112152 51112133 61112213 40 41121242 21113612 41115221
15 21112235 61112141 11112254 41 21121325 21114125 3111531
16 31112243 31112216 21112262 42 31121333 31114133 31115411
17 41112251 41112224 61112312 43 11121416 41114141 21116114
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 85 21132134 41122322 21126311
53 21122234 21114521 31121261 86 31132142 31122413 11131145
54 31122242 11115125 11121344 87 11132225 41122421 21131153
55 11122325 21115133 21121352 88 21132233 31122512 31131161
56 2H22333 4 HA24H443 89 3H3224H 3H226H 3424
57 31122341 11115224 21121451 90 11132324 21123116 2113425
58 11122424 21115232 11121542 91 21132332 31123124 1113134
59 21122432 11115323 61122113 92 11132423 41123132 2113135
60 11123135 21115331 11122154 93 11132522 21123215 1113144]
61 21123143 11115422 21122162 94 11133134 31123223 1113154
62 31123151 11116133 61122212 95 21133142 41128231 6113211}
63 11123234 21116141 11122253 96 11133233 21123314 1113215
64 21123242 11116232 21122261 97 21133241 31123322 2113216
65 11123333 11116331 61122311 98 11133832 21123413 6113221
66 21123341 41121116 11122352 99 11134142 31123421 11132252
67 11124143 51121124 11122451 100 21141125 21123512 1113235
68 21124151 61121132 51123113 101 31141133 21123611 5113311}
69 11124242 41121215 61123121 102 41141141 11124116 1113316
70 11124341 51121223 11123162 103 11141216 21124124 5113321
71 21131126 61121231 51123212 104 21141224 31124132 4113411
72 31131134 41121314 11123261 105 31141232 11124215 4113421
73 41131142 51121322 5112334 106 11141315 21124223 3113511}
74 21131225 41121413 41424113 107 21141323 31124231 3113521
75 31131233 51121421 51424121 108 31141331 11124314 2113611
76 41131241 41121512 41124212 109 11141414 21124322 2113621
77 11131316 41121644 41124311 110 21141422 11124413 11141144
78 21131324 31422116 31125113 111 11141513 21124421 21141151
79 31131332 41122124 41125121 112 21141521 11124512 1114124
80 11131415 51122132 31125212 113 11142125 11125124 2114125
81 21131423 31122215 31125311 114 21142133 21125132 1114134
82 11131514 41122223 21126113 115 31142141 11125223 1114144
83 11431613 51122231 31126121 116 11142224 21125231 6114211
84 11132126 31122314 21126212 117 21142232 11125322 11142152

© ISO/IEC 2001 — Al rights reserved
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Table A.1 (continued)

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
118 11142323 11125421 11142251 151 42111341 11134214 12113162
119 21142331 11126132 51143111 152 12111416 21134222 52113212
120 11142422 11126231 41144111 153 22111424 11134313 12113261
121 11142521 41131115 31145111 154 12111515 21134321 52113311
122 24344 SH3H23 M43 155 2242435 34442 42444443
123 111143331 61131131 21151151 156 32112143 11134511 52114124
124 1151116 41131214 11151242 157 42112151 11135123 42444212
125 211151124 51131222 11151341 158 12112226 21135131 42114311
126 31151132 41131313 11152151 159 22112234 11135222 32115113
127 11151215 51131321 11161142 160 32112242 11135321 42115121
128 211151223 41131412 11161241 161 12112325 11136431 32115212
129 31151231 41131511 12111146 162 22112333 4M4114 32115311
130 1151314 31132115 22111154 163 12112424 51141122 22116113
131 211151322 41132123 32111162 164 12112523 41141213 32116121
132 11151413 51132131 12111245 165 12113135 51141221 22116212
133 21151421 31132214 22111253 166 22113143 41141312 22116311
134 11151512 41132222 32111261 167 32113151 41141411 21211145
135 1152124 31132313 12111344 168 12113234 31142114 31211153
136 111152223 41132321 22111352 169 22113242 41142122 41211161
137 11152322 31132412 12111443 170 12113333 31142213 11211236
138 1161115 31132511 22111451 171 12113432 41142221 21211244
139 31161131 21133115 12111542 172 12114143 31142312 31211252
140 211161222 31133123 62112113 173 22114151 31142411 11211335
141 211161321 41133131 12442154 174 12114242 21143114 21211343
142 1161511 21133214 22112162 175 12115151 31143122 31211351
143 P111135 31133222 62112212 176 31211126 21143213 11211434
144 40111143 21133313 12112253 177 41211134 31143221 21211442
145 5111151 31433321 22112261 178 51211142 21143312 11211533
146 20111226 21133412 62112311 179 31211225 21143411 21211541
147 P111234 21133511 12112352 180 41211233 11144114 11211632
148 42111242 11134115 12112451 181 51211241 21144122 12121145
149 22111325 21134123 52113113 182 21211316 11144213 22121153
150 32111333 31134131 62113121 183 31211324 21144221 32121161

42
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Table A.1 (continued)
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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 SBSBSBS BSBSBSBS

184 41211332 11144312 11212145 217 11213324 52111322 31216112
185 21211415 11144411 12121244 218 12122423 42111413 32125211
186 31211423 11145122 22121252 219 11213423 52111421 31216211
187 41211431 11145221 11212244 220 12123134 42111512 22126112
188 212544 4HEHR 2242262 224 22423442 4244464+ 2242624
189 31211522 51151121 22121351 222 11214134 32112116 1122413
190 22121126 41151212 11212343 223 12123233 42112124 21221144
191 32121134 41151311 12121442 224 22123241 52112132 3122115
192 42121142 31152113 11212442 225 11214233 32112215 1122123
193 21212126 41152121 12121541 226 21214241 42112223 2122124
194 22121225 31152212 11212541 227 11214332 52112231 3122125
195 32121233 31152311 62122112 228 12124142 32112314 1122133
196 42121241 21153113 12122153 229 11215142 42112322 2122134
197 21212225 31153121 22122161 230 12124241 32112413 1122143
198 31212233 21153212 61213112 231 11215241 42112421 2122144
199 41212241 21153311 62122211 232 31221125 32112512 1122153
200 11212316 11154113 11213153 233 41221133 32112611 1122163
201 12121415 21154121 12122252 234 51221141 22113116 12131144
202 22121423 11154212 61213211 235 21221216 32113124 2213115
203 32121431 11154311 11213252 236 31221224 42113132 1122214
204 11212415 41161112 12122351 237 41221232 22113215 1213124
205 21212423 41161211 11213351 238 21221315 32113223 2213125
206 11212514 31162112 52123112 239 31221323 42113231 1122224
207 12122126 31162211 12423161 240 41221331 22113314 2122225
208 22122134 21163112 51214112 241 21221414 32113322 1122234
209 32122142 21163244 52123211 242 31221422 22113413 1213144
210 11213126 421414116 11214161 243 21221513 32113421 1122244
211 12122225 52111124 51214211 244 21221612 22113512 6213211
212 22122233 62111132 42124112 245 22131125 22113611 1213215
213 32122241 42111215 41215112 246 32131133 12114116 6122311
214 11213225 52111223 42124211 247 42131141 22114124 1122315
215 21213233 62111231 41215211 248 21222125 32114132 1213225
216 31213241 42111314 32125112 249 22131224 12114215 11223251
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Table A.1 (continued)

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
250 32131232 22114223 52133111 283 31231124 51212222 12151241
251 11222216 32114231 51224111 284 41231132 52121321 11242241
252 12131315 12114314 42134111 285 21231215 41212313 11251133
253 31222232 22114322 41225111 286 31231223 42121412 21251141
254 3343 124443 324354H 28 44234234 44242442 H254232
255 111222315 22114421 31226111 288 21231314 42121511 11251331
256 1131414 12114512 22136111 289 31231322 41212511 12461441
257 20131422 12115124 11231135 290 21231413 32122115 11252141
258 11222414 22115132 21231143 291 31231421 42122123 11261132
259 21222422 12115223 31231151 292 21231512 52122131 11261231
260 2131521 22115231 11231234 293 21231611 31213115 13111145
261 1131612 12115322 21231242 294 12141116 32122214 23111153
262 1p132125 12115421 11231333 295 22141124 42122222 33111161
263 22132133 12116132 21231341 296 32141132 31213214 13111244
264 3p132141 12116231 11231432 297 11232116 41213222 23111252
265 11223125 51211115 11231531 298 12141215 42122321 13111343
266 1p132224 61211123 12141143 299 22141223 31213313 23111351
267 20132232 11211164 22141151 300 32141231 32122412 13111442
268 11223224 51211214 11232143 304 11232215 31213412 13111541
269 211223232 61211222 12141242 302 21232223 32122511 63112112
270 20132331 11211263 11232242 303 31232231 31213511 13112153
271 111223323 51211313 12141341 304 11232314 22123115 23112161
272 1p132422 61211321 11232341 305 12141413 32123123 63112211
273 1p132521 11211362 12442151 306 22141421 42123131 13112252
274 1p133133 51211412 14233151 307 11232413 21214115 13112351
275 22133141 51211511 11241134 308 21232421 22123214 53113112
276 111224133 42121415 21241142 309 11232512 32123222 13113161
277 1p133232 52421123 11241233 310 12142124 21214214 53113211
278 111224232 62121131 21241241 31 22142132 31214222 43114112
279 1p133331 41212115 11241332 312 11233124 32123321 43114211
280 11224331 42121214 11241431 313 12142223 21214313 33115112
281 111225141 61212131 12151142 314 22142231 22123412 33115211
282 21231116 41212214 11242142 315 11233223 21214412 23116112
44
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Table A.1 (continued)

ISO/IEC 15438:2001(E)

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
316 21233231 22123511 23116211 349 31251221 52131122 33125111
317 11233322 21214511 12211136 350 21251411 41222114 32216111
318 12142421 12124115 22211144 351 22161122 42131213 23126111
319 11233421 22124123 32211152 352 12161213 52131221 21311135
320 11234132 32124131 12211235 353 11252213 41222213 3131144
321 11234231 11215115 22211243 354 11252312 51222221 4431115
322 21241115 12124214 32211251 355 11252411 41222312 1131122
323 31241123 22124222 12211334 356 23111126 42131411 2131123
324 41241131 11215214 22211342 357 33111134 4122241 3131124
325 21241214 21215222 12211433 358 43111142 32132114 1131132
326 31241222 22124321 22211441 359 23111225 42132122 2131133
327 21241313 11215313 12211532 360 33111233 31223114 3131134
328 31241321 12124412 12211631 361 13111316 32132213 11311424
329 21241412 11215412 13121144 362 23111324 42132221 2131143
330 21241511 12124511 23121152 363 33111332 31223213 1131152
331 12151115 12125123 12212144 364 13111415 41223221 2131153
332 22151123 22125131 13121243 365 23111423 31223312 1131162
333 32151131 11216123 23121251 366 13111514 32132411 1222113
334 11242115 12125222 12212243 367 13111613 31223411 2222114
335 12151214 11216222 22212251 368 13112126 22133114 3222115
336 22151222 12125321 12212342 369 23112134 32133122 1131213
337 11242214 11216321 13121441 370 33112142 21224114 1222123
338 21242222 12126131 12212441 371 13112225 22133213 22221241
339 22151321 51221114 63122111 372 23112233 32133221 1131223
340 11242313 61221122 13122152 373 33112241 21224213 21312241
341 12151412 11221163 62213111 374 13112324 31224221 2222134
342 1242412 51221213 12213152 375 23112332 21224312 1131233
343 12151511 61221221 13122251 376 13112423 22133411 12221432
344 12152123 11221262 12213251 377 13112522 21224411 11312432
345 11243123 51221312 53123111 378 13113134 12134114 12221531
346 11243222 11221361 52214111 379 23113142 22134122 11312531
347 11243321 51221411 43124111 380 13113233 11225114 13131143
348 31251122 42131114 42215111 381 23113241 12134213 23131151
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Table A.1 (continued)

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
382 13113332 22134221 12222143 415 23122133 31234121 13141142
383 13114142 11225213 13131242 416 33122141 21234212 12232142
384 13114241 21225221 11313143 417 12213125 22143311 13141241
385 32211125 11225312 12222242 418 13122224 21234311 11323142
386 42233 1243444 13434344 419 3224344 244443 12232244
387 5p211141 11225411 11313242 420 12213224 22144121 11323244
388 20211216 12135122 12222341 421 22213232 11235113 11331425
389 3211224 11226122 11313341 422 23122331 12144212 214331133
390 49211232 12135221 13132151 423 12213323 11235212 31331141
391 20211315 11226221 12223151 424 13122422 12144311 11331224
392 3p211323 51231113 11314151 425 12213422 11235311 21331232
393 40211331 61231121 11321126 426 13123133 12145121 11331323
394 20211414 11231162 21321134 427 23123141 11236121 21331331
395 3211422 51231212 31321142 428 12214133 51241112 11331422
396 20211513 11231261 11321225 429 13123232 11241161 11331521
397 3p211521 51231311 21321233 430 12214232 51241211 12241133
398 2121125 42141113 31321241 431 13123331 42151112 22241141
399 33121133 52141121 11321324 432 13124141 41242112 11332133
400 48121141 41232113 21321332 433 12215141 42151211 12241232
401 20212125 51232121 11321423 434 31311116 41242211 11332232
402 23121224 41232212 21321431 435 41311124 32152112 12241331
403 3121232 42141311 11321522 436 51311132 31243112 11332331
404 19212216 41232311 11321621 437 31311215 32152211 13151141
405 18121315 32142113 12231134 438 41311223 31243211 12242141
406 30212232 42142121 22231142 439 51311231 22153112 11333141
407 3121331 31233113 11322134 440 31311314 21244112 11341124
408 1p212315 32142212 12231233 441 41311322 22153211 21341132
409 20212323 31233212 22231241 442 31311413 21244211 11341223
410 23121422 32142311 11322233 443 41311421 12154112 21341231
411 19212414 31233311 21322241 444 31311512 11245112 11341322
412 18121513 22143113 11322332 445 22221116 12154211 11341421
413 1p212513 32143121 12231431 446 32221124 11245211 12251132
414 13122125 21234113 11322431 447 42221132 51251111 11342132
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Table A.1 (continued)

ISO/IEC 15438:2001(E)

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

448 21312116 42161111 12251231 481 13132124 13114115 13212143
449 22221215 41252111 11342231 482 23132132 23114123 14121242
450 41312132 32162111 11351123 483 12223124 33114131 13212242
451 42221231 31253111 21351131 484 13132223 13114214 14121341
452 21342245 22463+H 1354222 485 2343223 234222 1324234
453 31312223 21254111 11351321 486 11314124 13114313 1412215
454 41312231 43111115 12261131 487 12223223 23114321 1321315
455 21312314 53111123 11352131 488 22223231 13114412 1231112
456 22221413 63111131 11361122 489 11314223 13114511 2231113
457 32221421 43111214 11361221 490 21314231 13115123 3231114}
458 21312413 53111222 14111144 491 13132421 23115131 1231122
459 31312421 43111313 24111152 492 12223421 13115222 2231123
460 22221611 53111321 14111243 493 13133132 13115321 3231124
461 13131116 43111412 24111251 494 12224432 13116131 12311324
462 23131124 43111511 14111342 495 13133231 52211114 2231133
463 33131132 33112115 14111441 496 11315132 62211122 1231142
464 12222116 43112123 14112152 497 12224231 12211163 2231143
465 13131215 53112131 14112251 498 31321115 52211213 1231152
466 23131223 33112214 54113111 499 41321123 62211221 1231162
467 33131231 43112222 44114111 500 51321131 12211262 1322113
468 11313116 33112313 34115111 501 31321214 52211312 23221141
469 12222215 43112321 2411614 502 41321222 12211361 1231213
470 22222223 33112412 13211135 503 31321313 52211411 1322123
471 32222231 33112511 23211143 504 41321321 43121114 2322124
472 11313215 23113115 33211151 505 31321412 53121122 1231223
473 21313223 33113123 13211234 506 31321511 42212114 1322133
474 31313231 43113131 23211242 507 22231115 43121213 1231233:
475 23131421 23113214 13211333 508 32231123 53121221 1322143
476 11313314 33113222 23211341 509 42231131 42212213 1231243
477 12222443 23113313 13211432 510 21322115 52212221 1413114
478 22222421 33113321 13211531 511 22231214 42212312 1322214
479 11313413 23113412 14121143 512 41322131 43121411 1413124
430 13131611 23113511 24121151 513 21322214 42212411 12313142

© ISO/IEC 2001 — Al rights reserved

47


https://iecnorm.com/api/?name=085ce8caf6d9e01a1806da1a086b0adb

ISO/IEC 15438:2001(E)

Table A.1 (continued)

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
514 31322222 33122114 13222241 547 13143131 12216221 13231232
515 32231321 43122122 12313241 548 11325131 61311113 11413133
516 21322313 32213114 21411125 549 31331114 11311154 12322232
517 22231412 33122213 31411133 550 41331122 21311162 13231331
518 (322442 43422224 44444444 554 331243 83242 H443232
519 20231511 32213213 11411216 552 41331221 11311253 12322331
520 211322511 42213221 21411224 553 31331312 21311261 11443381
521 13141115 32213312 31411232 554 31331411 61311311 14141141
522 23141123 33122411 11411315 555 22241114 11311352 13232141
523 3B141131 32213411 21411323 556 32241122 11311451 12323141
524 1p232115 23123114 31411331 557 21332114 52221113 11414141
525 13141214 33123122 11411414 558 22241213 62221121 11421116
526 23141222 22214114 21411422 559 32241221 12221162 21421124
527 11323115 23123213 11411513 560 21332213 51312113 31421132
528 19232214 33123221 21411521 561 31332221 61312121 11421215
529 20232222 22214213 11411612 562 21332312 11312162 21421223
530 2141321 32214221 12321125 563 22241411 12221261 31421231
531 111323214 22214312 22321133 564 21332411 51312212 11421314
532 211323222 23123411 32321141 565 13151114 52221311 21421322
533 13141412 22214411 11412125 566 23151122 11312261 11421413
534 111323313 13124114 12321224 567 12242114 51312311 21421421
535 19232412 23124122 22321232 568 13151213 43131113 11421512
536 13141511 12215114 11412224 569 23151221 53131121 11421611
537 1p232511 13124213 21442232 570 11333114 42222113 12331124
538 18142123 23124221 22321331 571 12242213 43131212 22331132
539 2142131 12215213 11412323 572 22242221 41313113 11422124
540 1p233123 22215224 12321422 573 11333213 51313121 12331223
541 13142222 12215312 11412422 574 21333221 43131311 22331231
542 111324123 13124411 12321521 575 13151411 41313212 11422223
543 1p233222 12215411 11412521 576 11333312 42222311 21422231
544 18142321 13125122 13231133 577 12242411 41313311 11422322
545 111324222 12216122 23231141 578 11333411 33132113 12331421
546 12233321 13125221 12322133 579 12243122 43132121 11422421
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Table A.1 (continued)

ISO/IEC 15438:2001(E)

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

580 11334122 32223113 13241132 613 14113232 61321211 12351221
581 11334221 33132212 12332132 614 14113331 11321252 11442221
582 41341121 31314113 13241231 615 14114141 11321351 11451113
583 31341311 32223212 11423132 616 23211116 52231112 21451121
584 32254424 334323H 12332234 &+ 332424 12234464 445424
585 22251212 31314212 11423231 618 43211132 51322112 1145131
586 22251311 32223311 11431115 619 23211215 52231211 1236112
587 13161113 31314311 21431123 620 33211223 11322161 1145212
588 12252113 23133113 31431131 621 23211314 51322211 1511114
589 11343113 33133121 11431214 622 33211322 4314112 2511115
590 13161311 22224113 21431222 623 23211413 42232112 1511124]
591 12252311 23133212 11431313 624 33211421 43141211 1511134
592 24111125 21315113 21431321 625 23211512 41323112 1511215
593 14111216 22224212 11431412 626 14121416 42232211 1421113
594 24111224 23133311 11431511 627 24121124 41323211 24211141
595 14111315 21315212 12341123 628 34121132 33142112 1421123
596 24111323 22224311 22341131 629 13212116 32233112 2421124
597 34111331 21315311 11432123 630 14121215 33142211 1421133
598 14111414 13134113 12341222 634 33212132 31324112 1421143
599 24111422 23134121 11432222 632 34121231 32233211 1512114
600 14111513 12225113 12341321 633 13212215 31324211 1421214]
601 24111521 13134212 11432321 634 23212223 23143112 1512124
602 14112125 11316113 13251131 635 33212231 22234112 1421224
603 24112133 12225212 12342131 636 13212314 23143211 1331112
604 34112141 13134311 11433131 637 14121413 21325112 2331113
605 14112224 11316242 11441114 638 24121421 22234211 3331114
606 24112232 12226311 21441122 639 13212413 21325211 13311224
607 14112323 11316311 11441213 640 23212421 13144112 2331123
608 24112331 13135121 21441221 641 14121611 12235112 1331132
609 14112422 12226121 11441312 642 14122124 13144211 2331133
610 14112521 61321112 11441411 643 24122132 11326112 1331142
611 14413133 11321153 12351122 644 13213124 12235211 1331152
612 24113141 21321161 11442122 645 14122223 11326211 14221133
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Table A.1 (continued)

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
646 24122231 61331111 24221141 679 13222115 34113221 14231231
647 13213223 11331152 13312133 680 14131214 24113312 12413132
648 23213231 11331251 14221232 681 33222131 24113411 13322231
649 13213322 52241111 13312232 682 12313115 14114114 12413231
650 14122421 51332111 14221331 683 13222214 24114122 21511115
651 14123132 43151111 13312331 684 23222222 14114213 31511123
652 18214132 42242111 15131141 685 24131321 24114221 41511434
653 14123231 41333111 14222141 686 12313214 14114312 21511214
654 18214231 33152111 13313141 687 22313222 14114411 31511222
655 3P311115 32243111 12411116 688 14131412 14115122 21511313
656 4311123 31334111 22411124 689 12313313 14115221 31511321
657 5311131 23153111 32411132 690 13222412 53241113 21511412
658 3P311214 22244111 12411215 691 14131511 63211121 21511511
659 40311222 21335111 22411223 692 13222511 13211162 12421115
660 3311313 13154111 32411231 693 14132123 53211212 22421123
661 49311321 12245111 12411314 694 24432131 13211261 32421131
662 3P311412 11336111 22411322 695 13223123 53211311 11512115
663 3311511 11341151 12411413 696 14132222 44121113 12421214
664 2221115 44111114 22411421 697 12314123 54121121 22421222
665 3221123 54111122 12411512 698 13223222 43212113 11512214
666 2312115 44111213 12411611 699 14132321 44121212 21512222
667 23221214 54111221 13321124 700 12314222 43212212 22421321
668 3221222 44111312 23321132 701 13223321 44121311 11512313
669 20312214 44111411 12412124 702 14133131 43212311 12421412
670 30312222 34112114 13321223 703 13224131 34122113 11512412
671 3221321 44112122 23321231 704 12315131 44122121 12421511
672 20312313 34112213 12412223 705 41411114 33213113 11512511
673 23221412 44112221 22412231 706 51411122 34122212 13331123
674 20312412 34442312 12412322 707 41411213 33213212 23331131
675 28221511 34112411 13321421 708 51411221 34122311 12422123
676 20312514 24113114 12412421 709 41411312 33213311 13331222
677 1#131115 34113122 14231132 710 41411411 24123113 11513123
678 243423 2R 13322432 +H 323 3442344 42422277
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Table A.1 (continued)

ISO/IEC 15438:2001(E)

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
712 42321122 23214113 13331321 745 22323221 33223112 21531311
713 31412114 24123212 11513222 746 14141411 34132211 12441113
714 41412122 23214212 12422321 747 11414213 32314112 22441121
715 42321221 24123311 11513321 748 21414221 33223211 11532113
716 442243 2324H43H H4244434 49 13232444 323442H 1244424
717 41412221 14124113 13332131 750 11414312 24133112 1153221
718 31412312 24124121 12423131 751 14142122 23224112 1244131
719 32321411 13215113 11514131 752 13233122 24133211 1153231
720 31412411 14124212 21521114 753 14142221 22315112 1335112
21 23231114 13215212 31521122 754 12324122 23224241 1244212
722 33231122 14124311 21521213 755 13233221 22315211 1153312
723 22322114 13215311 31521221 756 11415122 14134112 2154111
724 23231213 14125121 21521312 757 12324221 13225112 2154121
725 33231221 13216121 21521411 758 11415221 14134211 1245111
726 21413114 62311112 12431114 759 41421113 12316112 11542111
727 22322213 12311153 22431122 760 51421121 13225211 1245121
728 32322221 22311161 11522114 761 41421212 12316211 1154221
729 21413213 62311211 12431213 762 41421311 11411144 1611114
730 31413221 12311252 22431221 763 32331113 21411152 1611124
731 23231411 12311351 11522213 764 42331121 11411243 1521113
732 21413312 53221112 21522221 765 31422113 21411251 2521114
733 22322411 13221161 11522312 766 41422121 11411342 1521123:
734 21413411 52312112 12431411 767 31422212 11411441 1521133
735 14141114 53221211 11622411 768 32331311 62321111 1612114
736 24141122 12312161 13341122 769 31422311 12321152 1521214
737 13232114 52312244 12432122 770 23241113 61412111 14311124
738 14141213 44434112 13341221 m 33241121 11412152 2431113
739 24141221 43222112 11523122 772 22332113 12321251 1431122
740 12323114 44131211 12432221 773 23241212 11412251 2431123
41 13232243 42313112 11523221 774 21423113 53231111 1431132
742 23232221 43222211 21531113 775 22332212 52322111 1431142
743 11414114 42313211 31531121 776 23241311 51413111 1522113
744 12323213 34132112 21531212 777 21423212 44141111 14312132
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Table A.1 (continued)

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
778 22332311 43232111 15221231 811 15112124 25113311 13421312
779 21423311 42323111 14312231 812 15112223 15114113 12512312
780 14151113 41414111 13411115 813 15112322 25114121 13421411
781 24151121 34142111 23411123 814 15112421 15114212 12512411
782 1242443 33233+H 334 HH 315 153432 15HH43H 143341422
783 23242121 32324111 13411214 816 15113231 15115121 13422122
784 1p333113 31415111 23411222 817 24211115 54211112 14331221
785 13242212 24143111 13411313 818 24211214 14211161 12513122
786 14151311 23234111 23411321 819 34211222 54211211 13422221
787 1424113 22325111 13411412 820 24211313 45121112 12513221
788 1p333212 21416111 13411511 821 34211321 44212112 31611113
789 18242311 14144111 14321123 822 24211412 45421211 41611121
790 11424212 13235111 24321131 823 24211511 44212211 31611212
91 1333311 12326111 13412123 824 15121115 35122112 31611311
792 11424311 11421143 23412131 825 25121123 34213112 22521113
793 18243121 21421151 13412222 826 14212115 35122211 32521121
794 111425121 11421242 14321321 827 24212123 34213211 21612113
795 41431211 11421341 13412321 828 25121222 25123112 22521212
796 31432112 12331151 15231131 829 14212214 24214112 21612212
797 31432211 11422151 14322131 830 24212222 25123211 22521311
798 20342112 11431142 13413131 831 14212313 24214211 21612311
799 211433112 11431241 22511114 832 24212321 15124112 13431113
800 211433211 11441141 32511422 833 14212412 14215112 23431121
801 18252112 45111113 22614213 834 15121511 15124211 12522113
802 1p343112 45111212 32511221 835 14212511 14215211 13431212
803 1434112 45111311 22511312 836 15122123 63311111 11613113
804 111434211 35112413 22511411 837 25122131 13311152 12522212
805 16111116 45442121 13421114 838 14213123 13311251 13431311
806 16111215 35112212 23421122 839 24213131 54221111 11613212
807 26111223 35112311 12512114 840 14213222 53312111 12522311
808 16111314 25113113 22512122 841 15122321 45131111 11613311
809 1BNIM3 35113121 23421221 842 14213321 44222111 14341121
810 15111512 25113212 12512213 843 15123131 43313111 13432121
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Table A.1 (continued)

ISO/IEC 15438:2001(E)

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
844 14214131 35132111 12523121 877 42411212 11541131 14411411
845 33311114 34223111 11614121 878 42411311 36112112 15321122
846 33311213 33314111 31621112 879 33321113 36112211 14412122
847 33311312 25133111 31621211 880 32412113 26113112 15321221
848 333+H4H 2422444 226342 834 42442424 26+432H 444222
849 24221114 23315111 21622112 882 32412212 16114112 235111
850 23312114 15134111 22531211 883 33321311 16114211 3351112
851 33312122 14225111 21622211 884 32412311 45212111 2351121
852 34221221 13316111 13441112 885 24231113 36122111 2351131
853 23312213 12411143 12532112 886 34231121 3521311 1442111
854 33312221 22411151 13441211 887 23322113 26128111 2442112
855 23312312 12411242 11623112 888 33322121 25214111 1351211
856 24221411 12411341 12532211 889 22413113 16124111 2351212
857 23312411 13321151 11623211 890 23322212 15215111 1351221
858 15131114 12412151 31631111 891 24231311 14311151 1442131
859 14222114 11511134 22541111 892 22413212 13411142 1351231
860 15131213 21511142 21632111 893 23322311 13411241 1533112
861 25131221 11511233 13451111 894 22413311 12511133 1442212
862 13313114 21511241 12542111 895 15141113 22511141 1351312
863 14222213 11511332 11633111 896 25141121 12511232 3261111
864 15131312 11511431 16211132 897 14232113 12511331 3261121
865 13313213 12421142 16211231 898 24232121 13421141 23521111
866 14222312 11512142 15311123 899 13323113 12512141 22612111
867 15131411 12421241 25311131 900 14232212 11611124 2352121
868 13313312 11512241 15311222 901 15141311 21611132 2261221
869 14222411 11521133 15311321 902 12414113 11611223 1443111
870 15132122 21524141 16221131 903 13323212 21611231 13522111
871 14223122 11521232 15312131 904 14232311 11611322 1443121
872 15132221 11521331 14411114 905 12414212 11611421 1261311]
873 13314122 12431141 24411122 906 13323311 12521132 1352221
874 14223221 11522141 14411213 907 15142121 11612132 1261321
875 13314221 11531132 24411221 908 14233121 12521231 3262111
876 42411113 11531231 14411312 909 13324121 11612231 23531111
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Table A.1 (concluded)

Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS
910 12415121 11621123 22622111
911 51511112 21621131 14441111
912 51511211 11621222 13532111
913 42421112 11621321 12623111
914 A5+ 12534434 163HH422
915 4421211 11622131 16311221
916 41512211 11631122 15411113
917 3331112 11631221 25411121
918 3p422112 14411141 15411212
919 3B331211 13511132 15411311
920 31513112 13511231 16321121
921 3422211 12611123 15412121
922 31513211 22611131 24511112
923 24241112 12611222 24511211
924 23332112 12611321 15421112
925 14241211 13521131 14512112
926 20423112 12612131 15421211
927 23332211 12621122 14512211
928 21514112 12621221 33611111
54
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Annex B
(normative)

The default character set for Byte Compaction mode

Decimal Values of Default Character Set
Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char
0 [NUL| 32 |space| 64 | @ | 96 | = | 128 ]| ¢ |60 | & [192 | * | 24| =
1 [poH| 33 | v [ es | A |97 | a [120] a [ | ¢ 193] L faes|| p
2 |IsTX | 34 66 | B | o8| b |130] 6 [162] 6 | 194 | 7. 226[]| I
3 [[ETx| 35 | # |67 | € | 99| ¢ 131 ] a [1.3] u |195:0F | 27| =
4 |FOT] 36 | & |68 | D [wo| 4 |132] a |14 ]| a | 298] - | 228/ =
5 |ENQ| 37 | % |69 | E 1| e | 133 a |15 N7 | + | 29/| &
6 |hek| 38 | & [ 70 | F o2 | £ J134 | & [1ee LNV 198 | b | 230 | u
7 ||BEL | 39 1| G w3 g [135]] ¢ |6 |10 | F [ 23] =
8 |[|Bs | 40 | ¢ 72 H Jwa] h [136] & [J68| ; [200] & [ 232 o
o [[HT | @1 ) 73| 1 Jws]| i |17 el | r |20 | ¢ | 233] o
10 |[LE | 42 . 74 ] 106 | j 1 bHhw [ 170 | - 202 ] & |23 | o
mfvr ] 3| + | 75 K {107 | k [ 138 i | 171 | % |203| ¢ |235] &
12 |[FF | 44 | , 76 | L |ws| 1 [iao]| i [172] w [208] F | 23] | =
13 [[cr | 45 | - 77 M 1w ] mwr | 3 [1w7m] ; 25 = [237]| ©
14 [[sOo | 46 78 | N |mnmopn |12 A [174] « 208 | & | 238 [ e
15 [[si |47 ] 7 |79 O |ur| o 143 A [175| » [207 | & | 239 |
16 |DLE| 48 | o [ 80 | P INMI2 | p [144 | E | 176 | - 208 | & | 240[| =
17 [Pl a9 | 1 [Tsn [ @lnal| q [15] 2 [177] & 29[ = | 24| =
8 [pc2| 50 [ 2 [ 82.[MR 14| «r 46| & [ 78| W |20 v | 242 =
19 [Ipc3| s 3 |8 | s |5 s |47 6 |79 | [2nn | Y |24y | <
20 [Ioca| 52 | 484 | T [ne ] ¢ 148 | & |80 | 1 (22| F [o2ad| [
21 |NAK]| 53 5.0 8 | U |17 | uw | 149 & | 181 | 4 213 | r | 248 | )
2 |byn] 56y s [ 86 | v [ms]| v [150] a |2 41 214 ¢ [ 246 | «
23 ([Tl | 7 [ 87 [ wlmo| w [151] o [183] + [25] & [24] =
24 [caxt’se | 8 [ 88 | x [120] x | 152 v [18] 9 [216] # | 248 [ =
5 |Sestr—sr Tt sty S O sy 29
26 |SUB| 58 : 90 | z 122 =z | 154 | U |18 | | |218| r | 250
27 |BsC | 59 | ; |91 | [ |123] ( [155] ¢ | 187 2 [29( W [250 |
2 | 'S |60 | < [ 92 | v [1za] | |16 £ |88 4 |20 m [252] =
29 [Gs| e | = [ 93| 1 (15 } |57 v [we| ¥ Joan| 0 [283] 2
30 | Rs| 62| > | 9a | ~ [126] ~ |58 | Pt [190]| 4 [222] | |[25¢| m
31 |US | 63 | 2 | 95 | _ | 127 |DEL| 159 | 5 | 191 | 7 |223| ™ | 255

NOTE: The lower half of the character set (decimal value 0 to 127) equates to ISO/IEC 646: 1991 IRV (equivalent to
ANSI X3.4). The upper half (decimal value 128 to 255) equates to Code Page PC437.
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Annex C
(normative)

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* +b3 x 256° +b, x 2562 +b4 x 256" +b, x 256°
=d, x 900* + d; 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 glgorithm may be used for a base 256 to base 900 conversion.

1. Designate t = temporary variable
D. Calculate t = bs x 256° +b, x 256* +b; X 256> +b, x 2562 +b, x 256" +by x 25¢°
3. Calculate each codeword as follows:

For each data codeword d; = d, .... d4
BEGIN
di
t

t mod 900
t div-900

END
EXAMPLE:
Fncode the Byte Compaction characters bs ... by {231, 101, 11, 97, 205, 2}
Calculate the sum t using the decimal values of the six Byte Compaction characters:
t 231 x 256° +101 x 256" +11 x 256° +97 x 256% +205 x 256'
+2'% 256"
= ,254 421 168 672 002

Calculate codeword 0

do = 254421168 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 = 282690 187 413 div 900 =314 100 208
Calculate codeword 2
do = 314 100 208 mod 900 =208
t = 314 100 208 div 900 =349 000
Calculate codeword 3
d3 = 349 000 mod 900 =700
t = 349 000 div 900 = 387
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Calculate codeword 4
dy4 387 mod 900 =387

t 387 div 900 =0

The codeword sequence dg4 ... dg is 387, 700, 208, 213, 302

ISO/IEC 15438:2001(E)
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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, preeceded by the digit 1.
3. Calculate each codeword as follows:

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

BEGIN

di = t mod 900

t = t div 900

If t = 0, then stop encoding
END

EXAMPLE:
Encode thg fifteen digit numeric string 000213298174000
Prefix the pumeric string with a 1 and set the initial value of
t=1000 213 298 174 000

Calculate ¢odeword 0
dgp = 1000213298 174 000(mod 900

t = 1000213298 174.000 div 900

200
1111 348 109 082

Calculate godeword 1
diy =[ 1111 348109 082 mod 900

t = 1111348 109 082 div 900

282
1234 831 232

Calculate codeword 2
do 1234 831 232 mod 900 = 632
t

1234 831 232 div 900 = 1372034

Calculate codeword 3
ds 1 372 034 mod 900 = 434

t

1372 034 div 900 = 1524
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Calculate codeword 4

ISO/IEC 15438:2001(E)

d4s = 1524 mod 900 = 624
t = 1524 div900 = 1
Calculate codeword 5
ds = 1 mod900 = 1
t = 1divo0o0 = 0
The codeword sequence ds ... dg is 1, 624, 434, 632, 282, 200
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E.1 Recom

Annex E
(normative)

User selection of error correction

mended minimum error correction level

The minimum

As a guide for|
characters per
and 1,2 bytes

Higher levels
Lower than reg

E.2 Other U

The objective i

the data content capacity.

The following f
1.

2.

evel or error correction level should be as defined in lable E.T.

Table E.1 — Recommended Error Correction Level

Number of Data Codewords Minimum Error Correction Level
1to 40 2
41 to 160 3
161 to 320 4
321 to 863 5

estimating the number of data codewords from data‘content in order to use Table E.1, Juse 1,8 text
data codeword in Text Compaction mode, 2,9 digits ‘per data codeword in Numeric Compgaction mode
er data codeword in Byte Compaction mode.

bf error correction should be used where:Significant symbol damage or degradation is| anticipated.
pmmended error correction levels may be\used in closed system applications.

iser consideration of the error correction level

h an application standard should be to make use of the features of error correction withopt sacrificing

hctors should be taken into account by the user in selecting an error correction level:
The recemimended error correction level (see Table E.1) should be followed.

Since the maximum number of data codewords per symbol is fixed at 925, large numpers of data

60

codewords limit the maximum level of error correction that can be implemented. More tHan 415 data
COUEWOTUS preciudes Error Correction tevel 8 Wore tham 67t data codewords preciudes Levels 7
and 8. More than 799 data codewords precludes Levels 6, 7 and 8. More than 799 data codewords
precludes Levels 6, 7 and 8. More than 863 data codewords precludes Level 5 and therefore is not
recommended.

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.

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 large 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

Coefficient table for error correction level 0

j Jo 1
o | 2f 917

Coeffici¢nt table for error correction level 1

o | 52 | 568 | 723 | 809

Coeffici¢nt table for error correction level 2

i D 1 2 3 4 5 6 7
oj | 2B7 | 308 | 436 | 284 | 646 | 653 | 428 | 379

Coefficie¢nt table for error correction level 3

42 | 176 | 65

o |474|562 | 232 | 755,( 599 | 524 | 801 | 132 | 295 | 116 | 442 | 428 | 295

Coeffici¢nt tablefor error correction level 4

5861646 6426871284193 | 517

Fal 04 I naYal Z
\%) JOU UsU J 1 T

JJIU

2 3 4 5 6

faYaYa) L O 4
JLoo JoJ 1

Q1
Q1

O(,J' oo

i 16 | 17 | 18 | 19 | 20 | 21
a; 273 | 494 | 263 | 147 | 593 [ 800 | 571 | 320 | 803 | 133 | 231 | 390 | 685 | 330 | 63

22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
410
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Coefficient table for error correction level 5

j 0 1 2 3 4 5 6 7 8 9 10 | 11 [ 12 | 13 | 14 | 15
o | 539422 | 6 93 [ 862 | 771 | 453 | 106 | 610 | 287 | 107 | 505 | 733 | 877 | 381 | 612

j 16 | 17 | 18 | 19 | 20 [ 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
o | 723 | 476 | 462 | 172 | 430 | 609 | 858 | 822 | 543 | 376 | 511 | 400 | 672 | 762 | 283 | 184

i 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
oj | 440 | 35 | 519 | 31 [ 460 | 594 | 225 | 535 | 517 | 352 | 605 | 158 | 651 | 201 | 488 | 502
j 48| 49 A0 A1 R2 A3 R4 55 h6 57 K8 59 60 61 62 63
aj 648 | 733 | 717 | 83 [ 404 | 97 | 280 | 771|840 | 629 | 4 | 381|843 | 623 |26k | 543

Coefficient table for error correction level 6

j 0 1 2 3 4 5 6 7 8 9 10 y\M1 12 | 13 | 14 15
o | 521|310 | 864 | 547 | 858 | 580 | 296 | 379 | 53 | 779 | 897 | 444 | 400 | 925 | 74D | 415

j 16( | 17 | 18 | 19 | 20 [ 21 | 22 | 23 | 24 | 25V 26 | 27 | 28 | 29 | 30 | 31
oj |822 | 93 | 217 | 208 | 928 | 244 | 583 | 620 | 246{\148 | 447 | 631 | 292 | 908 | 49D | 704

i 32| 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40| 41 | 42 | 43 | 44 | 45 | 49 | 47
oj | 516 | 258 | 457 | 907 | 594 | 723 | 674 | 292, 272 | 96 | 684 | 432 | 686 | 606 | 86D | 569

j 48 | 49 | 50 | 51 | 52 | 63 | 54 |\55 | 56 | 57 | 58 | 59 | 60 | 61 | 64 | 63
o | 19% 219 | 129 | 186 | 236 | 287 | 1920 775 | 278 | 173 | 40 | 379 | 712 | 463 | 646 | 776

j 64 | 65 | 66 | 67 | 68 | 69«(O70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 7§ | 79
o | 171491297 | 763 | 156 | 732 | 95 | 270 | 447 | 90 | 507 | 48 | 228 | 821 | 80p | 898

i 80 | 81 | 82 | 83 | 84 85 | 86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94 | 95
oj | 784 | 663 | 627 | 378+.382 | 262 | 380 | 602 | 754 | 336 | 89 | 614 | 87 | 432 | 67D | 616

i 96 | 97 | 98 (99| 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 11p | 111
oj | 157 | 374 | 2424726 | 600 | 269 | 375 | 898 | 845 | 454 | 354 | 130 | 814 | 587 | 80# | 34

j 112 | 113114 | 115 | 116 [ 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127
o | 211 (330° 539 | 297 | 827 | 865 | 37 | 517 | 834 | 315 | 550 | 86 | 801 | 4 | 108 | 539
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Coefficient table for error correction level 7
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j 0 1 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
j 16 | 17 | 18 [ 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31

oy |858|194 311|913 | 275|190 | 375 | 850 | 438 | 733 | 194 | 280 | 201 | 280 | 828 | 757
i 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
oy |710]814 1919 | 89 | 68 | 569 | 11 | 204 | 796 | 605 | 540 | 913 | 801 | 700 | 799 | 137
j 48 49 50 A1 K2 A3 R4 A5 56 K7 A8 59 60 61 62 63
o |[439|418 | 592 | 668 | 353 | 859 | 370 | 694 | 325 | 240 | 216 | 257 | 284 | 549 |-R09 | 884
j 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76_[||/7 |78 | 79
o 315 70 | 329 | 793 | 490 | 274 | 877 | 162 | 749 | 812 | 684 | 461 | 334+ 376 | p49 | 521
i 80 [ 81 | 82 | 83 [ 84 | 8 | 86 | 87 | 88 | 89 | 90 | 91n]X92 | 93 [[94 | 95
oy 307|291 |803 | 712 | 19 | 358 | 399 | 908 | 103 | 511 | 51 8 | 517 | 225 | 89 | 470
i 96 | 97 | 98 | 99 [ 100 | 101 | 102 | 103 | 104 | 105 | 106,| 107 | 108 | 109 | 110 | 111
oy ||637 | 731 | 66 | 255|917 | 269 | 463 | 830 | 730 | 433.]7848 | 585 | 136 | 538 | p06 | 90
j 112 {113 | 114 | 115 [ 116 | 117 | 118 | 119 | 120 } 121 | 122 | 123 | 124 | 125 | 126 | 127
o 2 | 290|743 | 199 | 655 | 903 | 329 | 49 | 802)'580 | 355 | 588 | 188 | 462 | (10 | 134
i 128 | 129 | 130 | 131 [ 132 | 133 | 134 | 135{136 | 137 | 138 | 139 | 140 | 141 | (142 | 143
oy ||628 | 320 | 479 | 130 | 739 | 71 | 263 | 318 | 374 | 601 | 192 | 605 | 142 | 673 | p87 | 234
i 144 | 145 | 146 | 147 | 148 | 149 | 150151 | 1562 | 163 | 154 | 155 | 166 | 157 | [158 | 159
oy ||722| 384 | 177 | 752 | 607 | 640 | @55 | 193 | 689 | 707 | 805 | 641 | 48 | 60 | 32 | 621
j 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175
oy ||895 | 544 | 261 | 852 | 655-1:309 | 697 | 755 | 756 | 60 | 231 | 773 | 434 | 421 | V26 | 528
j 176 | 177 | 178 | 179 (\180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191
oy |[903 | 118 | 49 | 795.| 32 | 144 | 500 | 238 | 836 | 394 | 280 | 566 | 319 | 9 | p47 | 550
j 192 | 193 | 1947|195 | 196 | 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | P06 | 207
Q; 73 | 914 |342 | 126 | 32 | 681 | 331 | 792 | 620 | 60 | 609 | 441 | 180 | 791 | B93 | 754
j 208 | 209)[ 210 | 211 | 212 | 213 | 214 | 215 | 216 | 217 | 218 | 219 | 220 | 221 | 22 | 223
oy ||605(] 383 | 228 | 749 | 760 | 213 | 54 | 297 | 134 | 54 | 834 | 299 | 922 | 191 | P10 | 532
j 224 | 225 | 226 | 227 | 228 | 229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 | 237 | P38 | 239
oy |609|829|189 | 20 (167 | 29 | 872 | 449 | 83 | 402 | 41 | 656 | 505 | 579 | 481 | 173
i 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 | 249 | 250 | 251 | 2562 | 253 | 254 | 255
oy 404|251 688 | 95 | 497|555 | 642 | 543 | 307 | 159 | 924 | 558 | 648 | 55 | 497 | 10
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Coefficient table for error correction level 8

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

o 352 | 77 | 373|504 | 35 | 599 | 428 | 207 | 409 | 574 | 118 | 498 | 285 | 380 | 350 | 492
i 16 | 17 | 18 [ 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31

aj 197 | 265 | 920 | 155 | 914 | 299 | 229 | 643 | 294 | 871 | 306 | 88 | 87 | 193 | 352 | 781
j 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47

aj 846 | 75 | 327 | 520 | 435 | 543 | 203 | 666 | 249 | 346 | 781 | 621 | 640 | 268 | 794 | 534
i 48 49 A0 A1 K2 A3 R4 oo} h6 7 h8 59 60 61 62 63

aj 539 | 781 | 408 | 390 | 644 | 102 | 476 | 499 | 290 | 632 | 545 | 37 | 858 | 916 (~55p | 41

j 6 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 71, | 78§ 79

Qj 542 | 289 | 122 | 272 | 383 | 800 | 485 | 98 | 752 | 472 | 761 | 107 | 7847y860 | 658 | 741
j 8p | 81 | 82 | 83 | 84 | 85 | 8 | 87 | 88 | 89 | 90 | 91 [n92 | 93 | 94 95

aj 290 [ 204 | 681 | 407 [ 855 | 85 | 99 | 62 | 482 | 180 | 20 | 297 | 451 | 593 | 91B | 142
j 96 | 97 | 98 | 99 (100 | 101 | 102 | 103 | 104 | 105 | 106~\107 | 108 | 109 | 11D | 111
aj 8(08 | 684 | 287 | 536 | 561 | 76 | 653 | 899 | 729 | 567 | (44 | 390 | 513 | 192 | 51p | 258
i 112 | 113 | 114 | 115 | 116 | 117 [ 118 | 119 | 120 | 121 122 | 123 | 124 | 125 | 12p | 127
o 240 [ 518 | 794 | 395 | 768 | 848 | 51 | 610 | 384.4. 168 | 190 | 826 | 328 | 596 | 78p | 303
j 128 | 129 | 130 | 131 | 132 | 133 [ 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 14R | 143
Qj 570 | 381 | 415 | 641 | 156 | 237 | 151 | 429,1°631 | 207 | 676 | 710 | 89 | 168 | 30@ | 402
j 144 | 145 | 146 | 147 | 148 | 149 [ 150 | 161 | 152 | 153 | 1564 | 155 | 156 | 167 | 158 | 159
o 4D | 708 | 575 | 162 | 864 | 229 | 6%, 861 | 841 | 512 | 164 | 477 | 221 | 92 | 358 | 785
i 140 | 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
i 146 | 177 | 178 | 179 | 180)) 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 19D | 191
Qj 192 | 729 | 771 | 95.}"248 | 361 | 578 | 323 | 856 | 797 | 289 | 51 | 684 | 466 | 53B | 820
i 192 | 193 | 194 (195 | 196 | 197 [ 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 20p | 207
Q; 669 | 45 | 902\1'452 | 167 | 342 | 244 | 173 | 35 | 463 | 6561 | 51 | 699 | 591 | 45p | 578
i 208 [ 209(] 210 | 211 [ 212 | 213 | 214 | 215 | 216 | 217 | 218 | 219 | 220 | 221 | 22 | 223
o 3V [d24 | 298 | 332 | 652 | 43 | 427 | 119 | 662 | 777 | 475 | 850 | 764 | 364 | 57B | 911
i 224225 | 226 | 227 | 228 | 229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 | 237 | 23B | 239
o 283 | 711 | 472 | 420 | 245 | 288 | 594 | 394 | 511 | 327 | 589 | 777 | 699 | 688 | 43 | 408
i 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 | 249 | 250 | 251 | 252 | 253 | 254 | 255
Qj 842 | 383 | 721 | 521 | 560 | 644 | 714 | 559 | 62 | 145 | 873 | 663 | 713 | 169 | 672 | 729
i 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 272273274 [275[ 276 [ 277 [ 278 [ 279 [ 280 [ 281 [ 282 | 283 [ 284 [ 285 [ 286 [ 287
aj | 677|310 [ 248|353 (708 | 410579 [ 870 [ 617 [ 841 | 632 | 860 | 289 | 536 | 35 | 777
i [288]289]290[291]292]293]294 295296297 [ 298 [ 299 [ 300 [ 301 | 302 | 303
aj | 618|586 | 424|833 | 77 | 597 [ 346 | 269 | 757 | 632 | 695 | 751 | 331 [ 247 | 184 | 45
i [304]305][306[307[308]309]310]311[312]313][314[315][316 317 [ 318|319
a | 787680 | 18 | 66 | 407 [ 369 | 54 | 492|228 | 613|830 | 922 | 437 | 519 | 644 | 905
i [320]321]322]323]324]325]326[327[328]329[330[331[332]333]334]335
a; |[789 | 420 | 305 | 441 | 207 | 300 | 892 | 827 | 141 | 537 | 381 | 662 | 513 | 56, P52 | 341
i [[336 [ 337 [ 338 [ 339 ]340 [ 341 [ 342 [ 343 | 344 | 345 [ 346 [ 347 [ 348 [ 849’[ B50 | 351
aj ||242] 797 | 838|837 [ 720 | 224 [ 307 [ 631 | 61 | 87 | 560 | 310 | 756665 | 397 | 808
i [|352[353]354[355]356]357 | 358359360 361362 363/.364 | 365 | B66 | 367
aj ||851] 300 [ 473|795 (378 | 31 [ 647 [ 915|459 | 806 | 590 | 731|425 | 216 | p48 | 249
i [|368 [ 369370 [371[372]373[ 374375376 [ 377 [ 378,879 [ 380 [ 381 [ B2 [ 383
a; ||321]881[699 535|673 782210 | 815|905 | 303 [ 843 | 922 [ 281 | 73 |69 | 791
i [[384 [ 385] 386387 ]388]389390]391]392]393]394395]396 [ 397 [ Bos | 399
a; ||660 | 162 | 498 | 308 | 155 | 422 [ 907 | 817 [ 1870 62 | 16 | 425 | 535 | 336 | p86 | 437
i [|400 [ 401 [ 402 [ 403 [ 404 [ 405 | 406 [ 407 [ 408°] 409 | 410 [ 411 [ 412 [ 413 [ 114 [ 415
a ||375] 273610 | 296 | 183 | 923 | 116 | 667.[ 751 | 353 | 62 | 366 | 691 | 379 | p87 | 842
i [la16 [ 417 [ 418 [ 419 [ 420 [ 421 | 422:423 [ 424 [ 425 [ 426 | 427 [ 428 | 429 [ 30 [ 431
o ||37 | 357 [720 [ 742 (330 | 5 | 39 [923[311 [ 424 [ 242|749 321 54 |69 | 316
i [|432 [ 433 [ 434 [ 435 [ 436 | 4371438 [ 439 [ 440 [ 441 [ 442 | 443 [ 444 | 445 [ 46 | 447
aj ||342] 299 | 534 | 105 | 667 | 488 | 640 | 672 | 576 | 540 | 316 | 486 | 721 [ 610 | [46 | 656
i [|448 [ 449 | 450 [ 451 [ 452 453 | 454 [ 455 | 456 | 457 | 458 | 459 [ 460 [ 461 | 462 [ 463
aj ||447 | 171 ] 616 | 464190 | 531 | 297 [ 321 | 762 [ 752 | 533 | 175 | 134 | 14 |81 [ 433
i [|464 | 465 | 466 [467 [ 468 | 469 | 470 [ 471 [ 472 [ 473 [ 474 | 475 [ 476 | 477 [ 78 | 479
a ||[717] 45 [ 141 20 | 596 | 284 | 736 | 138 | 646 | 411 | 877 | 669 | 141 [ 919 [ [45 | 780
i [|480 [ 481482 [ 483 [ 484 [ 485 | 486 | 487 | 488 [ 489 [ 490 | 491 [ 492 [ 493 [ 1194 [ 495
aj ||407 [A64] 332 | 899 | 165 | 726 | 600 | 325 | 498 | 655 | 357 | 752 | 768 | 223 | B49 | 647
i [|496°[497 | 498 [ 499 [ 500 [ 501 | 502 | 503 | 504 | 505 | 506 [ 507 [ 508 [ 509 [ F10 | 511
Q [6)¢} SJT0 | obas | 29T [ obo [ oU4 | ZoZ | oo | 6/0 | 410 | S6Y | 244 S TZT 1 303 | 263
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Annex G
(normative)

Compact PDF417

Compact PDF4
In an environm
pattern may bsg
data overhead
robustness, or

This overhead

A Compact PQ

error corrected,

NOTE: I
Truncated/R
confusion W

117 may be used where space considerations are a primary concern and symbol damag
ent where label damage is unlikely (eg an office), the right row indicators may be omitted

B is unlikely.
and the stop

reduced to one module width bar, as indicated in Figure G.1 below. This procedure reduges the non-

from 4 codewords per row to 2 codewords per row, with some trade-off in decode perfa
the ability to withstand noise, damage, degradation, dust etc.

reduction version is called Compact PDF417, which is fully decoder compatible with standa

F417 symbol with fewer than 6 rows encodes the number of columns in only one place,
and is therefore extremely vulnerable to poor print quality or damage.

the previous versions of PDF417 (e.g. specifications published by AIM USA and AIM Euro
DF417 has been used in a technically synonymous manner<The name Compact PDF417 is prefi

rmance and

rd PDF417.

which is not

be), the term
brred to avoid

ith the more general use of the term 'truncated'.
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Figure G.1 — Compact PDF417
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Annex H
(normative)

Macro PDF417

H.1 Macro PDF417 overview

Macro PDF
represented
contain addi

Using Macrd
Block defing
PDF417 de

scanning ordler.

H.2 Macr

Each Macrd
Control Blog
is associate
the Symbol
Block.

NOTE: A

The Control
a number of

Figure H.1 i

T7 provides a standard mechanism jor creatng a distributed representation of flles t
by a single PDF417 symbol. Macro PDF417 symbols differ from ordinary PDF417 symb
ional control information in a Macro PDF417 Control Block.

PDF417, large files are split into several file segments and encoded into individual symbd

s the file ID, the concatenation sequence and optionally other informatiah,about the fil
coder uses the Control Block's information to reconstruct the file correctly, independ

o PDF417 syntax

PDF417 symbol shall encode a Macro PDF417 Cantrol Block containing control in
k begins with the Macro marker codeword (928). The Control Block follows the data blo
H, and the number of codewords in the control block.s“counted as data and incorporated
Length Descriptor. The beginning of the error ¢orrection codewords identifies the end

symbol containing no user data, other than a Macro PDF417 Control Block, is a valid symbol.

Block shall contain at least the two_mandatory fields: a segment index and file ID. It alg
optional fields, as described in Anpex H.2.3.

lustrates the position of the:Control Block in a Macro PDF417 symbol.

Stand ard PDF 417 Symhbol Layout

S¥mbol Length Drescriptor (N} Encoded Data + Pads | Error Correction

Malao PDF 417 SymholLayout

bo large to be
ols in that they

Is. The Control
e. The Macro
ent of symbol

ormation. The
ck with which it
in the value of
of the Control

0 may contain

S¥mibol Length | Encoded Data + Pads Control Block (Errvor

Drescriptor (19) _Or Tection

Segment Index | File ITy | Optional Information
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H.2.1 The segment index

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

The segment index field is two codewords in length and is encoded using Numeric Compaction mode as defined in
4.4.4. 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 latch (codeword 902). The

largest allowe

value in _the segment index field is 99 998. Thus, up to 99 999 Macro PDF417 s

mbols may

comprise the d

NOTE: This
in Text Con

H.2.2 File ID

For each rela
assembled sy
which begins
present) or to t

Each codewor
900 numbers.

NOTE: The
suitability of

H.2.3 Optiorn

Optional fields
start of the ne
codeword 923
sequence has
correspondeng
with an implieg
for encoders c
used, but only

istributed representation of a data file.

translates to a capacity of nearly 110 million bytes of data in Byte Compaction mode, or 484 milli
paction mode, or nearly 300 million characters in Numeric Compaction mode.

field

ed Macro PDF417 symbol, the file ID field contains the same’ value. This ensures

bol data belongs to the same distributed file representation.” The file ID is a variable
vith the first codeword following the segment index and exténds to the start of the optid
he end of the Control Block (if not).

d in the file ID can have a value between 0 and.899, effectively making the file ID a se&
Each codeword of the series is transmitted as ¢he 3-digit ASCII representation of its deci

effectiveness of the file identification schemeé.is influenced by both the length of the file ID
the algorithm used to generate its value.

pal fields

may follow the file ID. Each optional field begins with a specific tag sequence and exte
Xt optional field (if present) or the end of the Control Block (if not). The tag sequencs
followed by a,single codeword field designator. In each optional field, data follow
a field-specificvinterpretation. Empty optional fields shall not be used. Table H.1
e between currently defined field designators and optional field contents. Each optional
reset tothie compaction mode shown in the table and with an implied reset to ECI 0000
bmplying to earlier PDF417 standards). ECI escape sequences and mode latches and s
in the optional fields initially in Text Compaction mode.

bn characters

that all re-
length field
nal fields (if

ries of base
mal value.

field and the

nds until the
consists of
ing the tag

shows the
field begins
02 (or GLI O
hifts may be

These fields s

el PR B R B T PRI Rt ! ! — el o PR I Y
Idll dliwwadys TTCPITSCIIL lIUUdAl THTE alllToulcs dlil SU TISCU TIUU UG PITCSTIIU T TS UUTIUUT D

ck of more

than one Macro PDF417 symbol within the distributed file representation, with the exception of the segment count

field, as described below.
implementation.

segment. There is no required order for the optional fields.
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Table H.1 — Macro PDF417 Optional Field Designators

Field Byte Contents Initial Compaction Fixed Total
Number of
Designator Value Mode Compaction | Codewords
Transmitted Mode
0 48 File Name Text Compaction N Variable
1 49 Segment Count Numeric Compaction Y 4
2 50 Fime-Stamp Numeric-Gompastion ¥ 6
3 51 Sender Text Compaction N Variable
4 52 Addressee Text Compaction N Vatriable
5 53 File Size Numeric Compaction Y Variable
6 54 Checksum Numeric Compaction Y 4

NOTE 1: A°
allowed in thg

N

As shown in
the default
symbol.

Specific con

The]
con
field

The
sou
on 1

The

The]

" in the ‘Fixed Compaction Mode' column means that no ECls.and no compaction mode latchg
t field.

DTE 2: The totals shown in the last column include the two-codeword tag sequence.

Table H.1, all optional fields use standard PDF417 high-level encoding. At the beginnin
mode in effect shall be defined by Table-H/, regardless of mode shifts and latches
struction of optional fields shall be agfollows:

segment count field (identifying the total number of Macro PDF417 symbols in the distr|
ain values from 1 to 99 999.and shall be encoded as two codewords. If the optional
is used, that field shall appear in every segment.

time stamp field shalf*be interpreted in Numeric Compaction mode. It indicates the tim
rce file expressed as the elapsed time in seconds since 1970:01:01:00:00:00 GMT (i.e.
January 1970).."Using this format, four codewords can encode any date over the next 2

file size(field contains the size in bytes of the entire source file.

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

s and shifts are

g of each field,
earlier in the

buted file) can

segment count

e stamp on the
00:00:00 GMT
DO centuries.

the CCITT-16

nomial y16 + y12 5

poly

+x" + 1 anpnfnd aver the entire source file

NOTE 1: 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 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.

NOTE 2: 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 A to Z (byte
65 to 90) by treating the field's data as being initially in Text Compaction mode and being variable length.

© ISO/IEC 200
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H.2.4 Macro

PDF417 terminator

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

H.3 High level encoding considerations

While Macro PDF417 provides a mechanism for logically associating a set of symbols, it is important to realize that,

with respect t

PDE417 high-lmml pnr‘nding] each Qymhnl shall remain a distinct pnﬁfy Thus_the SCOf

of a mode

switch shall be
the Text Comp|

The two mand
the file ID is en

In the context
mode currently
current ECI, hd
Control Block f]
standards). It
Block field, for
in any permitte

H.4 Encodation example

To illustrate thq

A Macro PDF
segments). Ot

NOT

On the assum

confined to the symbol in which it occurs. Each symbol shall implicitly begin in the Alpha
paction mode.

btory fields are encoded as follows: the segment index is encoded in NumerigcsGompactio
coded as a sequence of base 900 numbers.

of a Control Block optional field, the compaction modes indicated in/Table H.1 shall sy
set by the mode identifier codewords within the data codeword regiofivof the symbol. The
wever skips over the Macro Control Block to the start of the nextMacro PDF417 symbol.

eld begins with an implied reset to ECI 000002 (or GLI 0 for encoders complying to the ea
shall also be possible to set a different ECI within an optionakText Compaction mode M
example, to represent properly a Greek addressee's name.(The ECI escape sequence m
H position (see 4.5.3) after the tag codeword (923).

encodation of a Macro Control Block, the following example is used:

117 series encodes a total of 4(567 bytes of user defined data in four PDF417 sym
her 'header' data to be encoded.are:

File ID = 9755e 900 93pase 900
Segment count to be used

Sender: CEN BE
Addressee: ISO CH

[E: The segment count, sender and addressee are three optional fields selected by the user.

sub-mode of

n mode and

persede the
scope of the
Each Macro
lier PDF417
acro Control
by be placed

bols (or file

btion“that the encoder places optional fields in the first symbol, the encodation of the M

Block would bg

as follows for that symbol.

Iacro Control

... [last data codeword] [928], [111] [100]g [017] [053]c [923] [001]p
[111] [104]g [923] [003] [064] [416] [034]g [923] [004]y [258] [446] [067]

[first error correcting codeword]...

The last symbol of four would have the following Macro Control Block:

[last

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

923] [001]p [111] [104]g [922], [first error correcting codeword]
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where: A Macro Marker Codeword

B

File Segment ID

File segments are numbered from 0 to j - 1, and are encoded using Numeric Compaction

1st Segment = 00000 = codewords 111, 100

4th Segment = 00003 = codewords 111, 103

C = FileID to base 900

D = Tag for segment count field

E = Segment count

F = Tag for sender field

G = Sender field encoding CEN BE

H = Tag for addressee field

I = Addressee field encoding ISO CH
J = Macro PDF417 Terminator

H.5 Macrp PDF417 and the Extended Channelinterpretation protocol

The symbology-independent Extended Channel Interpretation (ECI) protocol was developed aftef PDF417 was
specified as|a symbology. PDF417 supported its own Global Label Identifier (GLI) system, the precurgor and basis of
the ECI prgtocol, from the first publication of\the symbology specification in 1994. Therefore, |previous 'GLI'
implementafjons have to be taken into account. There are two different conditions which need tq be taken into
account:

. GLI 0 and 1 which were the only interpretations specified in the original PDF417 specifications. These
are equivalent to ECI-000000 and ECI 000001. The precise rules for Macro PDF417 are defined in
Annex H.5.1.

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

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

As GLls weredntrinsically part of the original PDF417 specification, it is logical to have a GLI encofler and Macro
PDF417 encoder combined in one unit. The original PDE417 symbaology Qpnpifipafinn called for an mplied ‘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 ECI 000001), this
has no inherent effect on the encodation. However for some complex ECIs, the return-to-GLI 0 logic is difficult to
implement in a symbology-independent manner.

Encoding software compliant to 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 ECIs) 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).
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H.5.2 Macro PDF417 and other ECls

An ECI encoder could be symbology independent and create a byte stream as input to a PDF417 symbology
encoder. The ECI encoder should behave as if there is a single data stream, irrespective of the size of the file.
Thus, an ECI once invoked would persist across segments until another ECI or the end of the encoded data. This
is essential if, for example, the ECI assignment represents an encryption scheme, where returning to GLI 0 would
not be appropriate.

Macro PDF417 encoders compliant with this standard need not encode the prevailing ECI at the beginning of
subsequent Macro PDF417 symbols.

NOTE: There may need to be some iteration to produce a logical end-of-symbol encodation, for example: Numeric Compaction
mode shall not §traddle Two segments, but two separate Numeric Compaction blocks can be encoded at the end ¢f one symbol
and at the beginning of the next. These conditions are related to Macro PDF417 and High Level Encoding (see Afnex H.3) and
not Macro PDF417 and ECls.

H.6 Macro PDF417 data transmission

The transmisgion of Macro PDF417 Control Block information shall be treatedin’/a similar manngr to that of
interpretative ECIs. The symbology-independent ECI protocol is defined below; the original PDF41T protocol is
defined in Annex N. Although the Macro Control Block is encoded at the end ‘of)ithe symbol's data, it ig transmitted
before the synbol's data when using the ECI protocol.

Three codewdrds (922, 923 and 928) signal the encodation of a4Vlacro PDF417 Control Block or one of its
constituent pafts. Decoding is as follows:

1. If fhe Macro marker codeword (928) begins the sequence:

a.| Codeword 928 is transmitted as the esgape sequence 92, 77, 73, which representy ‘MI' in the
default interpretation.

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

c.| The next codewords eneode the file ID field, which shall be the same for all related Macro PDF417
symbols. The end point-of the file ID field is either codeword 922, codeword 923, or the end of the
encoded data in theisymbol. Each codeword is converted to a 3-digit number in the range 000 to
899 (i.e. the codeword number) and transmitted as three byte values (in the range decimal 48 to
57) following thejéscape header: 92, 77, 70, which represents \MF' in the default interpgretation.

2. If fhe Macro_sequence tag codeword (923) begins the sequence:

a.| Codeword 923 is transmitted as the escape sequence 92, 77, 79, which represents [\MOQO' in the
default interpretation.

b. The next codeword represents one of the optional field designators in Table H.1 transmitted single
byte representing the ASCII value of the designator.

c. The next codewords carry the data content of the optional field designator. The end point of the
optional field is either 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.
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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.

NOTE: 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 \MI...
and ending with \MY. The transmission of the Macro Control Block shall precede the transmission of the remainder
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 1n the symbol as the codeword Sequence:

[928] [111] [100] [100] [200] [300]

It would|be transmitted as:

Datg 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
L1l interpretation:

MIO0000\MF100200300\MY

As the Magro PDF417 symbols are scanned, the de-packetizing function reconstructs the oridinal message,
bearing in nind that the symbols may be scanned out of sequence. (If the system is operating in Tuffered mode,
the de-packgtizing function is in the decoder; if operating in unbufferéd mode it is in the receiving system.

AS(

Decoders should provide a decoder-specific means whereby.the processing of a given Macro PDF4
be aborted, [thus allowing the decoder to begin processing<a-new File ID. This is necessary to preyv
condition shjould one or more symbols of a given File ID_be missing or undecodable.

117 file ID may
ent a deadlock

H.6.1 Operating in buffered mode

In buffered | mode, de-packetizing shall be(performed in the decoder/reader. the equipment

configuration it will either:

Depending on

send the reconstructed\data with no Macro Control Block.

OR
. send one MacfoControl Block (which itself may have been reconstructed to include al| optional fields
included in any symbols) to precede the entire encoded message. The resulting Macr¢ 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-s$eries).
H.6.2 Ope¢jrating in unbuffered mode

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

Macro Control

Block 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 as determined by the receiving
system.

To facilitate 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 Control Block.

© ISO/IEC 2001 — Al rights reserved 73


https://iecnorm.com/api/?name=085ce8caf6d9e01a1806da1a086b0adb

ISO/IEC 15438:2001(E)

H.6.3 Reset-to-Zero transmissions

Because the 1994 USS for PDF417 defined GLI 0 and GLI 1 to have rules slightly different from the rules for ECls,
a reader compliant with this International Standard must, in two situations, emit extra escape sequences when
transmitting symbols containing explicit GLI 1 invocations:

1. The decoder shall transmit either a GLI 0 escape sequence or an ECI 000000 escape sequence
(depending upon which transmission protocol it is programmed to use) after transmitting the data of any
Macro PDF417 symbol whose data ends in a GLI 1 (ECI 000001) interpretation.

2. The decoder shall transmit a GLI 1 (ECI 000001) at the start of each variable length optional field encoded
in Text Compaction mode in the Macro Control Block, if the data preceding that field ends in a GLI 1 (ECI
00000f1) interpretation.

This requirement applies whether operating in buffered or unbuffered mode, and whetherthe | decoder is
programmed t¢ transmit using either the ECI protocol, or the original PDF417 transmission protocol.
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Annex J
(normative)

Testing PDF417 symbol quality

At the date of publication of this standard, ISO/IEC 15416 does not explicitly cover the testing of PDF417 symbols.
The following procedures should be used to assess the grade of PDF417 symbols.

J.1 Grade based on start and stop characters

The PDF41}
specified in
evaluate thg
graded usin

[ start and stop characters shall be evaluated according to ISO/IEC 15416, using the aper
the appropriate application standard. The reference decode algorithm (se€-Annex K.2) s

parameters decode and decodability for the start and stop characters. PDF417 test
) these parameters.

NOTE: This method does not provide a complete symbol quality gradé for PDF417 (see Annex J.2

When perfofming a measurement, the scan lines should be made perpendicular to the start and stop ¢

measureme
not be sens
is desired, P

J.2 Grad

This grade s
appropriate
characters g

1. Det
high
spa
equ

nt of the start and stop character may be used for process-control purposes. Note that t
tive to printing variations parallel to the start and stop€haracters. If a full analysis of the g
DF417 symbols should be printed and tested in both.orientations.

e based on symbol characters

hall be based on an analysis of the entire symbol as scanned with an effective aperture
application standard. Test scans’ shall be made slightly off the perpendicular of the
uch that cross row scanning istutilised in all scans.

prmine a global threshold value for each scan equal in reflectance to (RmaxtRmin) / 2 wh
est reflectance valuelin the scan and Ry, is the lowest. All elements above the globg

ces and those below are bars. Determine the E measurements in Figure K1 using an
bl to the mid-point'reflectance of the adjacent bar and space pairs. Continue processing

ure size that is
hall be used to
scans shall be

)-

naracters. This
his method will
rinting process

specified in the
start and stop

bre Ryax is the
| threshold are

edge location
scans until the

nunjber of decoded'codewords stabilises.

2. Dedode the symbol and for error correction levels 1 to 8, calculate the unused error correction as 1,0 - ((I +
2f) (25+1 -p)) where p = 2 or 3 in accordance with the formulas in 4.7.2. For error correction level 0, if the
synbol decodes, the unused error correction is 1,0. Compare the result with the values |n Table J.1 to
determmmethesymbotcharacter basedgrade:
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Table J.1 — Symbol Grade in Relation to Unused Error Correction

Unused

Error Correction

Grade

20,62

=0,50

=>0,37

20,25

=1 N| W &

o250

D

J.3 Overal

The overall sy
Annex J.1 or th

symbol grade

\v Y=o

mbol grade shall be the lesser of the grade based on start and stop. characters in accordance with
e grade based on symbol characters in accordance with Annex J.2.
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Annex K
(normative)

Reference decode algorithm for PDF417

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

symbol qual

When asse
decoded, in
necessarily
cluster num
edge' (e) mg

The PDF417

ty-using-the-method-descrbedintSOHEC 15446
C15446-

5sing symbol quality through the use of this reference decode algorithm, a PDF447 s
a series of scan lines running across the symbol that cross at least one start or stop cha
row by row. It is possible to decode the symbol if the scan line crosses tworimore roy
per. The decoding of symbol character bar-space sequences shall be achieved by using

asurements.

symbol shall be decoded in four phases:

Initialisation - to establish the symbol matrix.

Line decoding using the reference decode algorithm.
Filling the matrix.

Interpretation.

o=

K.1 Initiajisation

A sufficient
establish thq
information i

After the syn
by columns)

K.2 Refe

A decodablg
more symbg
following ste

humber of line decodes (see Annex K.2-below) shall be performed at the start of the dec
symbol structure parameters (number-of rows r, number of columns c¢), and error correcti
5 encoded in the left and right row ndicators, adjacent respectively to the start and stop ch

hbol structure parameters haye been initialised, a matrix shall be established which reflects
of the symbol being decoded. The matrix shall exclude start and stop characters and row

rence decode algorithm for line decoding

scan line shall contain at least: one quiet zone, a start or stop character, one row indicg
| characters in the data region. A scan line may cross more than one row. The algorith
ps/to-decode the line:

ymbol shall be
racter, but not
vs by using the
edge to similar

pde process to
on levels. This
racters.

the size (rows
ndicators.

tor and one or
m contains the

1.

2.

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 K.1.

p

€4, €2, €3, €4, €5 and €6
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Figure K.1 — Decode Measurements

3. Convet measurements e4, €;, €3, €4, €5, and ez to normalized values By, E,, E;, E4, Es and g which will
represgent the integral module width of these measurements. The following method is used for the i th value.

If1,5p /17 <e<2,5p/17,then E;=2

If 2,5p /17 <e<3,5p/17,then E;=3

If 3,5p/ 17 <e;<4,5p/ 17, then E; =4

If4,5p /17 <e;<5,5p /17, then'E;=5

If 5,5p/17 <e;<6,5p/17,then E;=6

If6,5p/17<e<7,5p/ A7 thenE =7

If 7,5p /17 < e;<8,5p/ 17, then E;= 8

If8,5p/17<e<9,5p/17,thenE =9
Otherwise the symbaolcharacter bar-space sequence is in error.
4. After finding_a start or stop character, attempt to decode a row indicator, and as mpany symbol
characters _as\the number of columns in the matrix, in the direction derived from the Btart or stop
characterdecoded. Decode the symbol character bar-space sequences as per step 5.

5. Compute the symbol character cluster number K by:

= 40O\ d Q
'IFQE’FEZ""‘EFEU ot

NOTE: 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,, E3, E4, Es and Eg) as the key. These values can be calculated directly from the
bar-space sequence values given in Annex A.

NOTE: The calculation implicitly uses the cluster number to detect all decode errors caused by single non-
systematic one-module edge errors.
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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 4.11.3.1 and 4.11.3.2 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).

8. 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.

K.3 Filling the matrix

The following procedure shall be used to fill the matrix of rows (r) by columns (c) established by the initialisation
procedure.

1. Set the initial value of the erasure count v to be equal to r x c.
2. For each scan, attempt to decode as many codewords as the number ef‘columns of thg matrix.
3. Valid decode results are placed in the matrix at their appropriate positions determined by the row

number (from the row indicators) and the cluster value.

If row crossing occurs, the scan line will have different row numbers indicated by the left and right row |ndicators. The
cluster numbper shall be used to interpolate the correct row number for each individual valid codeword.

EXAMPLE:

A decoded scan has valid start and stop characters and has a left row indicator with{row number 7
and a right row indicator with row number 10. There are 10 columns in the matrix. The scan line has
not decoded three codewords because®it\did not remain entirely in the one row for the full transition,
however the position of these 'missing~codewords is known from element timings.

S G R.[ [S
\\
T Lg \\\ Rs T
A Lg \ Rg O
\\
R [T —Rd{ |P
L Ro N

Figure K.2 — Schematic Showing a Scan Line Crossing Rows
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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)

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

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 4.7.2 (with v =l@nd 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’cedewords.

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

K.4 Interpretation

Beginning from an initial state of the Alpha sub-mode of Text Gompaction mode, the data codewofds shall be
interpreted acgording to the compaction modes.
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Annex L
(normative)

Error correction procedures
When the total number of unknown codewords v is less than or equal to that given the appropriate equation in 4.7.2 (v

=1, f = 0), the recovery scheme may be invoked. The unknown codewords shall be substituted by zeros and the
position of the | th unknown codeword is jfor | = 1,2,..., v. Construct the symbol character polynomial:

C(X) = CpaX™" + CpoX™2 + ... + Cix' +Cy
where: the n coefficients are the codewords read, with C, 4 being the first codeword
n = total number of codewords
Calculate k $yndrome values (S to Sy) by evaluating:
C(x)atx=3
fori=1toi =k
s+1

where k = number of error correction charaeters in the symbol = 2

A circuit to generate the syndromes is shown in Figure L.1.

3i

Input ﬁ\
U

Figure L.1 — Symbol Syndrome Divider
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