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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
respectiv izati i i i i ivi i )mittees
in fields of mutual interest. Other international organizations, governmental and non-governméntal, in
liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO andJIE[C have
established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives;Part 3.
The main [task of the joint technical committee is to prepare International Standards. Draft International Standards
adopted by the joint technical committee are circulated to national bodies for voting. PUblication as an Interpational
Standard fequires 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 sybject of
patent riths. ISO and IEC shall not be held responsible for identifying any or @l 'such patent rights.

ISO/IEC 15438 was prepared by Joint Technical Committee ISO/IEC JTCA, Information technology, Subcommittee
SC 31, Adtomatic identification and data capture techniques.

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

:2001(E)

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 rule
the translation of characters into bar and space patterns and other essential features are known as the s
specification

Manufacturers of bar code equipment and users of bar code technology require publicly available

s defining
ymbology

standard

symbolpgy specifications to which they can refer when developing equipment and application standards. It is the

intent and understanding of ISO/IEC that the symbology presented in this standard is entirelysin’the pub
and freg of all user restrictions, licences and fees.

ic domain

© ISO/IEC 2001 — Al rights reserved
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INTERNATIONAL STANDARD ISO/IEC 15438:2001(E)

Information technology — Automatic identification and data
capture techniques — Bar code symbology specifications —
PDF417

1 Sqope

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

2 Nogrmative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this Intprnational Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based:on-this International Standard are encguraged to
investigate the possibility of applying the most recent editionsof the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISQ and IEC
maintaip registers of currently valid International Standards.

ISO/IEQ 646:1991, Information technology — ISO 7-bit.coded character set for information exchange

ISO/IEQ 8859-1:1998, Information technology —8-bit single-byte coded graphic character sets — P4drt 1: Latin
alphabgt No. 1

ISO/IECQ 15416, Information technology— Automatic identification and data capture techniques — Bar |code print
quality {est specification — Linear Symbols

AIM International Technical Specification: Extended Channel Interpretations — Part 1: Identification ScHemes and
Protocql

AIM Infernational Technical Specification: Extended Channel Interpretations — Part 2: Registration |of Coded
Character Sets and Qther Data Formats

EN 796}, Bar coding — Symbology identifiers

EN 1556, Bar‘coding — Terminology

© ISO/IEC 2001 — Al rights reserved 1
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nitions, 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, n
zone, refg¢rence decode algorithm, row, scanner, self-checking, space, start character, stop character,
aspect ratlo, symbol character, symbology, symbology identifier, symbol width, X-dimension, Y-dimension

The followiing definitions also apply to this International Standard.

3.1.1 Bdsic Channel Model:

A standard system for encoding and transmitting bar code data where data meSsage bytes are output f
decoder but no control information about the message is transmitted. AXdecoder, complying to this
operates ih Basic Channel Mode.

3.1.2 Bd4dr-space sequence:

The sequénce which represents the module widths of the elements of a symbol character.

3.1.3 ClI

One of th
a given cl

3.1.4 Cgmpaction modet

The name given to ené of three data compaction algorithms in PDF417: Text, Numeric and Byte Com
modes. These modes'efficiently map 8-bit data bytes into PDF417 codewords.

3.1.5 Er

nodulo, multi-row symbology, n, k symbology, numeric, overhead, pad character, pad codeword, quiet

ister:

ee subsets of PDF417 symbol.characters, all of which are mutually exclusive. The symbol charag
ster conform with particulap-structural rules which are used in decoding the symbology.

symbol

fom the
model,

cters in

paction

ror 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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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 syst
decode
using Ei

3.1.8
A codeg

betwee
Interpre

3.1.9

A procgdure in the PDF417 symbology, which behaves in a similar manner to Extended Channel Inte]

The Gl

3.1.10 Macro PDF417:

A procgdure within the PDF417 symbology to:logically distribute data from a computer file across a

related

This procedure is similar to the Structured*Append feature in other symbologies.

3.1.11 Mode Latch codeword:

A code
shift co

3.1.12 Mode Shift codeword:

mTforencodinmg—and-transmittnmgbothrdatamessage bytes—andcontrot-mformmatiomaboutthe e
r, complying to this model, operates in Extended Channel Mode. The control information is gom
xtended Channel Interpretation (ECI) escape sequences.

Function codeword:

word in a symbology which initiates a particular operation within the symbology, for example
N data encoding sets, to invoke a compaction scheme, to program the reader, to invoke Extende
tations.

Global Label Identifier:

| system was the symbology-dependent precursor to the symbology-independent ECI system.

PDF417 symbols. The procedure-considerably extends the data capacity beyond that of a sing

vord which is usédyto switch from one mode to another mode, which stays in effect until anoth
Heword is impli€itly or explicitly brought into use, or until the end of the label is reached.

ssage. A
municated

to switch
j Channel

rpretation.

humber of
e symbol.

br latch or

A code

mvard which ic cad ta owiteh fram ana mada ta anathar for ana cadawnrd aftar which ancodina
VOra—Ww oS tO-SW oo —-ore—Hoae—to—<aHote—o—ore SeYvoreT—ater—wrheH-ereoamg

the original mode.

3.1.13

Row Indicator codeword:

returns to

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/IE

C 2001 — All rights reserved
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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 element width in a symbol character

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

d data codeword including all function codewords
E effor correction codeword
e armn edge to similar edge dimension in a symbol character

F  rogw number

f n:[mber of substitution errors
H height of symbol including quiet zone
K clpyster number

k  ndmber of error correction codewords
L left row indicator
| n:[mber of erasures

m n
cqdewords

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

p the pitch or width ef@symbol character
Qy hgrizontal quiet-zone

Qy vartical quiet zone

R rightrow indicator

mber of source data codewords prior to the addition of the Symbol Length Descriptor and gny pad

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)

© ISO/IEC 2001 — All rights reserved
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For the purposes of this standard the mathematical operations which follow shall apply:

div

INT

mod

is the integer division operator, rounding down

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

is 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 Abpreviations

For the|purposes of this standard, the following abbreviations shall apply:

EC

GL

4 Requirements

4.1 Symbology characteristics

4.1.1 PBasic characteristics
PDF417 is a bar code symbology with the following basic characteristics:

a. |Encodable character set:
1.

Extended Channel Interpretation

Global Label Identifier

3.
4.
5,

Text Compaction mode ‘(see 4.4.2) permits all printable ASCIl characters to be endoded, i.e.
values 32 - 126 in¢lusive in accordance with ISO/IEC 646, as well as selected control characters.

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

Numeric’'Compaction mode (see 4.4.4) permits efficient encoding of numeric data strings
Up'to 811 800 different character sets or data interpretations.

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 Inrgnc‘r element 6 madules wide (m)

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

1.
2.
3.

Text Compaction mode: 1 850 characters (at 2 data characters per codeword).
Byte Compaction mode: 1 108 characters (at 1,2 data characters per codeword).

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
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4.1.2 Summary of additional features

The following summary is of additional features which are inherent or optional in PDF417:

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.

nce the number of rows and the number of columns are selectable, the aspect ratio of &/ PDF417
ay be varied when printing to suit the spatial requirements of the application.

S
m
Selectable error correction: 2 to 512 codewords per symbol (see 4.7).
Npn-data overhead:

1. Perrow: 73 modules, including quiet zones.

2. Per symbol: a minimum of 3 additional codewords, represented as’symbol characters.
Copde type: continuous, multi-row two-dimensional.

Character self-checking: Yes.

Bi-directionally decodable: Yes.

Data compaction: (inherent) Three schemes are defined to compact a number of data charact
cgdewords. Generally data is not direCtly represented on a one character for one codeword ba
44.2t04.44).

Extended Channel Interpretations: (optional) These mechanisms allow up to 811 800 differe
character sets or interpretations'to be encoded (see 4.5).

Macro PDF417: (optional)” This mechanism allows files of data to be represented logica
cansecutively in a number of PDF417 symbols. Up to 99 999 different PDF417 symbols can be s
ol concatenated and.be scanned in any sequence to enable the original data file to be ¢
onstructed (see\4.13).

E¢dge to edge.decodable: (inherent) PDF417 can be decoded by measuring elements from edge tq
edge (see 4.31).

Ctross row scanning: (inherent) The combination of the following three characteristics in |
facilitates cross row scanning:

symbol

ers into
Bis (see

nt data

lly and
D linked
orrectly

similar

PDF417

* row identification

» being vertically synchronised, by using the cluster values to achieve local row discrimination.
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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).

o L DN 447 & dlo £ ot H
—CompactPBH4tFis-thepreferrec-term to avoid

[« B

NOTE 'H HH 4 £ DT 447 4. el T %
- rrTddincr opTullivadtlivulico U T = 17, Ullo Wdo LAllTUu TTurealtc

confusign with the more general use of the term ‘truncated'.
4.2 Symbol structure

4.2.1 PDF417 symbol parameters

Each PPF417 symbol consists of a stack of vertically aligned rows with a minimum/f-3 rows (maximum 90 rows).
Each rgw shall include a minimum of 1 symbol character (maximum 30 symbol characters), excluding start, stop
and row indicator columns. The symbol shall include a quiet zone on all four,sides. Figure 1 illustrates p PDF417
symbolfencoding the text: PDF417 Symbology Standard.

Quiet Left Row Data Right Row Quiet
Zone Indicator Codewords Indicator Zone

Start Codewords Codewords Stop
Pattern Pattern

B / N/ A\

e |

Figure 1 — PDF417 Symbol Structure

4.2.2 Row parameters

Each PDF417 row shall comprise:

a. Teading 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 th
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:

€ more

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

b. lemmwwmwm@mmﬁmmeMds may
bg inserted to achieve data compaction.

c. Pad codewords to enable the codeword sequence to be represented in a rectangular imatrix.

Cq
S{

d A

e. E

The code

dewords may also be used to fill additional complete rows to achieve an aspect ratio desire
ecified by the application.

h optional Macro PDF417 Control Block.
ror correction codewords for error detection and correction.

vords are arranged with the most significant codeword adjacent to the Symbol Length Descriptor,

encoded from left to right top row to bottom. Figure 2 illustrates in layout format the sequence for the syni

that show
to comple

n in Figure 1. In Figure 2 an error correction level of 1 has beenused and one pad character was
ely fill the symbol matrix.

L4 dis diy R1

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

Le d4 do Rs

Lo Es =) Rg

L1o Eq Eo R1o

Figure 2 — PDF417 Example of Symbol Layout Schematic

Pad
d or as

and are
bol like
needed

where L, R, dandE are as defined in 3.2

The rules

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

and advice for structuring the matrix are included in 4.9.
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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 gre 929 defined symbol character'values (codewords) numbered from 0 to 928.

The coflewords are represented-by three mutually exclusive symbol character sets, or clusters. Each cluster
encodep the 929 available PDE417 codewords into different bar-space patterns so that one cluster is digtinct from
another. The cluster numbers-are 0, 3, 6. The cluster definition applies to all PDF417 symbol charactgrs, except
for star{ and stop characters;

The cluster number K/is'defined by the following formula:

K= (b1-bs+bs-bs+9)mod?9

Whiere«by, bo, b3 and by represent the width in modules of the four bar elements respectively

The clusteftnumber K for the eymhnl characterin l:igllrn 3 ig:
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

The start @nd stop characters shall have the same bar-space sequence for all rows.

4.4 High
High level
Data com

which def
three datq

*  Text Compaction mede (see 4.4.2).

- B

* N

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.

START CHARACTER STOP CHARACTER

Figure 4 — PDF417 Start and Stop Characters

level (data) encodation
encoding converts the data characters into their corresponding codewords.
paction schemes shall be used to achieve high level encoding. Three modes are defined below,

nes a particular efficient mapping between user defined data and codeword sequences. PDF4
compaction modes:

te Compaction mode (see 4.4.3).

imeric ‘€ompaction mode (see 4.4.4).

each of
17 has

A given string of data bytes may be represented by different codeword sequences, depending on how the ¢ncoder
switches between compacfion modes and sub-modes. There is no single specified way 1o 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
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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 presgnt codewords 903 to 912 and 914 to 920 are reserved. Table 2 defines the complete list of asgigned and
reserved function codewords. Their functions are defined in 4.4.1.1 to 4.4.1.4. See 4.4.6 for the\treatment of
reserved codewords.

Table 2 — Assignments of PDF417 Function Codewords

Codeword Function Refer to Sectipn
900 mode latch to Text Compaction mode 4411
901 mode latch to Byte Compaction mode 4411
902 mode latch to Numeric Compaction mode 4411

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 identify, the beginning of optional fields in 413

the Macro PDF control*block
924 mode latch to Byte Compaction mode (used differently from 4411
901)
925 identifierfor'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 rules between the three modes are defined in Table 4 and shown schematically in Figuré 5.

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

Qriginal Mode Destination Mode
Text Byte Numeric
Tlext 900 mode latch 913 mode shift 902 mode latch
901 mode latch
924.mode latch
Byte 900 mode latch 901 mode latch 902 mode latch
924 mode latch
Numeric 900 mode latech 901 mode latch 902 mode latch

924 mode latch
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Compaction
901/924

AR

\\‘\
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The sw

441.2
An EC

codewd
functior

4413

Macro
Codew

4.41.4

BVTG A/' IA‘!'uluc|iu
994 7'\ Compaction 901/924 Compaction
902
— — — Mode Shift

Mode Latch

Figure 5 — Available Mode Switching

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

(see 4.5).

Function codewords for Macro PDF417

brds 922 and 923\are used for special functions in Macro PDF417.

Function codeword for reader initialisation

Function codewords for switching to Extended Channel Interpretations

codeword can be used to switch to_a particular interpretation, which stays in effect until anjother ECI
rd is explicitly brought into use or until‘'the end of the data. Codewords 925 to 927 are assigned to this

PDF417 symbols~(see 4.13) shall use Codeword 928 at the start of the Macro PDF417 Control Block.

Codew

rd—92t—shat—be used to nstruct the Teader to nterpretthe data contaimed withim 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 — Al rights reserved

13


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

ISO/IEC 15438:2001(E)

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)

» Lower (lowercase alphabetic)
*  Mjxed (numeric and some punctuation)

e Puinctuation

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

The defallt compaction mode for PDF417 in effect at the start of each symbol“shall always be Text Compaction
mode Alpha sub-mode (uppercase alphabetic). A latch codeword from, another mode to the Text Conpaction
mode sha|l always switch to the Text Compaction Alpha sub-mode.

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

14 © ISO/IEC 2001 — Al rights reserved
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ISO/IEC 15438:2001(E)

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 143 - 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 Kol As [ } 125
28 4 ml M al ‘ 39
29 - ps Ps ps al
al = latch to alpha ml = latch to mixed

as = shift to alpha

Il = latch to lower

pl = latch to punctuation

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).

© ISO/IEC 2001 — Al rights reserved
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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 formdila shall also apply to the base 30 values for shifts and latches within the Text Compaction mode.
Appropriafe latch and shift values shall be used between sub-modes. If the encoding of the character sgquence
does not result in an even number of base 30 values, see 4.4.2.4 for the specific mechanism ¢o,Use.
The followiing example illustrates how compaction is achieved in Text Compaction mode,
EXAMPLE:
Data to be encoded: PDF417

Table 6 — Example of Text Compaction Encoding

Character h | hx30+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 (latch’to mixed sub-mode) is used to switch to encode the numeric characters.
NOTE 2: 9s)is used as a pad value in this example, other shift and latch values can be used (see 4.4.2.4).

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

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 © ISO/IEC 2001 — Al rights reserved
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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:

al |=
I |=
ml =

pl (=

A limitdd set of latch and shift functions is available within each Text Compaction sub-mode. Those
available are listed in Table 5. Table 7 shows the transition table between Text Compaction sub-modeq

latch to uppercase alphabetic sub-mode

latch to lowercase alphabetic sub-mode

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

latch to punctuation sub-mode

shows this schematically.

Table 7 — Text Compaction Sub-Mode Transition Table

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

which are
; Figure 6

NPTE: A sub-mode latch may be followed by another sub-mode latch or sub-mode shift; but a sub-mode shift may not
b¢ followed by either a sub-mode shift or sub-mode latch

© ISO/IEC 2001 — Al rights reserved
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4424

If the Tex
added to
functions
mechanis

The caseq

a.

4425

900 Latch from any mode

If
S6
sh

If
si
su

Punctu-

) . II = Latch to Lower Case sub-mode
atian

ps = Shift to Punctuation sub-mode
Latch to Mized sub-rnode
Shift to Alpha sub-rmode
Latch to Alpha sub-mode
Latch to Punctustion sUb-mode

ml
Sub-rnode Latch as

________ Sub-rmode Shift

=
I

Figure 6 — Text Compaction Sub-Mode Switching

Mechanisms for using a pad in Text Compaction mode

he end of the character sequence. An example is illustrated in Table 6. As there are no speq
in Text Compaction mode, the sub-mode shift_and latch shall be used in accordance v
ms defined for the following cases.

are as follows:

ifts or sub-mode latches.

ngle Byte Compaction mode-gharacter, two mechanisms can be used depending on the Text Com
b-mode being used prior to.the Byte Compaction shift:

1. If the Text Compaction sub-mode is other than punctuation, then base 30 value 29 (ps) sh

shall ignore-a ps immediately preceding codeword 913.

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

Switching from Text Compaction mode

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

18

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)

Compaction character sequence does not result in an even number of base 30 values, a pad ghall be

ific null
ith the

the character sequence continues to the“end of the data, or the Text Compaction mode character
quence is followed by latching to another compaction mode, then the pad can be any of the supb-mode

the Text Compaction mode character sequence is followed by a byte shift (codeword 913) to encode a

paction

ould be

used if encodation is intended to revert to the same Text Compaction sub-mode. The ¢decoder

d. The
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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

Byte Compaction mode

The Byje Compaction mode enables a sequence of 8-bit bytes to be encoded into a sequence of codewlords. It is
accomplished by a Base 256 to Base 900 conversion, which achieves a compaction® ratio of six bytes to 5

codewdrds (1,2:1).

All the
and co
ECI 00

4431

When i

of the fpllowing codewords:

4.4.3.2

To encgde a single.Byte Compaction character, the codeword shall be the decimal value (0 to 255) of the

as defin

4433

haracters and their values (0 to 255) are defined in Annex B. This shall\be treated as the defaul

000 or ECI 000002 (see 4.5.2).

Switching to Byte Compaction mode

N either Text or Numeric Compaction mode, to switech to Byte Compaction mode, it is necessary f

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

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

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

Compaction rules for encoding a single Byte Compaction character (using mode shift 91

ed in Annex'B.

graphical

trol character interpretation. When ECls are invoked (see 4.5) this interpretation may be defined as either

O use one

bded is an

ded is not

has to be

3)

character

or 901)

Compaction rules for encoding longer Byte Compaction character strings (using mode Ilatch 924

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

defines an algorithm and illustrates a worked example.

6. Repeat from Step 3 as necessary.

7 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 kix, then
either a 90[1 or a 924 Byte Compaction Latch shall be encoded, placed at any point in the symbol that would create*a correct
encodation| according to these encodation rules. For example, a 924 codeword as either the first or second cedewofd would
identify the|following stream of Byte Compaction mode codewords as encoding a multiple-of-six number of bytess Altefnatively,
a 901 could be placed at any position within the Byte Compaction mode codeword stream that would splifithat stream(into two
segments, heither of which encodes a multiple-of-six number of bytes.

If additional encodation is required in Text Compaction or Numeric Compaction modes, the appropriaje latch
characterd shall be used (see 4.4.1.1).

4.4.3.4 ([Switching from Byte Compaction

Byte Compaction mode may be terminated by the end of the symbol, or by/any’of the following codewords:
* 900 (Text Compaction mode latch)
* 901 (Byte Compaction mode latch)
* 902 (Numeric Compaction mode latch)
+ 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). Byte Compaction mode is also affected by the presence of a reserved codeword (see 4.4.6).

Re-invoking Byte Compaction modeé ,(by using codeword 901 or 924 while in Byte Compaction mode) sgrves to
terminate the previous Byte Compaction mode grouping of 6 Byte Compaction characters as described in 4.4.3.3,
and then fo start a new grouping.~This procedure may be necessary when an ECI assignment number needls to be
encoded (see 4.5.3.2).

During thé decode protess for Byte Compaction mode, the treatment of the final group of codewordg differs
depending on whether'Byte Compaction mode is invoked with codeword 901 or 924.

If Byte Codmpaction mode is invoked with codeword 924, the total number of codewords within the compaction
mode shdlltbe 'a multiple of five. If this is not the case, the symbol is invalid. All the 5-codeword grolips are
decoded inmto6-bytegroups:

If Byte Compaction mode is invoked with codeword 901, the final group of codewords is interpreted directly as one
byte per codeword, without compaction. Therefore, if the last group consists of five codewords, the group is
interpreted as 5 bytes, rather than 6.

4.4.4 Numeric Compaction mode
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.
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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 zéros

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 algerithm for this and illustrates a worked
example.

4] Repeat from Step 2 as necessary.
The follpwing rules can be used to determine the precise number of.codewords in Numeric Compaction moge:
. Groups of 44 numeric digits compact to 15 codewords.
. For groups of shorter sequences of digits, the number of codewords can be calculated as follows

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

INT (28 'h3) + 1

=9%1

=10 codewords

4.4.4.3| Switching from’Numeric Compaction mode

Numeri¢ Compactiom-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)

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.

445 Ad
All basic
Compactic
defined in
more effic
ASCII cha
The Numq

Advice al
Annex P.

446 Tr

4.4.6.1

PDF417 s
(see 4.4.1
of reserve
option of t

Receiving
system is

4.4.6.2

Any new
specified t

o  Wher

vice to select the appropriate compaction mode

implementations for printing and scanning PDF417 symbols shall support the three."mode
n, Byte Compaction and Numeric Compaction. The default character set for Text Compaction shg
Table 5; and that for Byte Compaction shall be as defined in Annex B. Text Compaction mode is|
ent than Byte Compaction mode for encoding standard ASCII text files because of its better compa
racter values 9, 10, 13 and 32 to 126.

ric Compaction mode should be used for long numeric strings.

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

batment of PDF417 reserved codewords

Overview

ymbols intended for use in open systems shall not employ any of the codewords that are listed as r
in any published edition of this standard. *However, decoding equipment should support the trans

d codewords using escape sequenceS as defined in 4.17.4. Decoding equipment may also suq

eating such symbols as invalid, as would be the case when operating in Basic Channel Mode.

systems should discard data:containing any escape sequences using reserved codewords, un
aware of a new definition for.a previously reserved codeword.

Making future'use of reserved codewords

function codewords, to be defined in future revisions of this standard, shall have their encodir
b providebackwards compatibility with pre-existing equipment. Specifically:

s: Text
Il be as
usually
ction of

fithm in

bserved

mission
port an

ess the

g rules

a-new signalling codeword (as opposed to a new compaction mode codeword) is encoded,

it shall

imm

ftatety befottowed by amappropriate compaction mode tatchrso- that the subsequent datatodew

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

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 Extended Channel Interpretation (ECI) protocol allows the output data stream to have interpretatior]

s different

from that of the default character set. The ECI protocol is defined consistently across a number 'of symbologies,

including PDF417.

NOTE:

decoding ECls is identical to earlier specifications for PDF417 GLIs. However, the transmission protocol for decodeq

accordi

with respect to the use of interpretive ECls with Macro PDF417. This standard permits the usé.of-the earlier and curre

in such

Five brg

Transm
Specifig
provide

The Ex
by one
anywhe
The EC

that arg
symbol

4.51

An ECI

riginally a symbology specific scheme called Global Label Identifiers (GLIs) was defined foryPDF417. En
to earlier PDF417 specifications for GLIs is different from the transmission protocol for ECls. There are also

way that old and new equipment can continue to co-exist.

invoked
strictly

coding and

messages
differences
ht protocols

ad types of interpretations are supported in PDF417:

a. character sets (or code pages)

b. general purpose interpretations such as datadencryption and data compression (gs distinct

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
ission of the Extended Channel Interpretation protocol is fully specified in the AIM International|Technical
ation: Extended Channel Interpretations”— Part 1: Identification Schemes and Protocol. The protocol
5 a consistent method to specify particular interpretations of byte values before printing and after decoding.
ended Channel Interpretation (ECI) is identified by a 6-digit number which is encoded in the PDF4{17 symbol
of three specific codewords-followed by one or two codewords (see 4.5.1). A specific ECI may he invoked
re in the encoded message subject to the rules of the compaction modes (see 4.5.3).
| protocol can only beused with decoders enabled to transmit the symbology identifier (see 4.17.5). | Decoders

not enabled to fransmit the symbology identifier cannot reliably convey the escape sequenceg from any

containing an ECH,
Encoding the ECI assignment number
cande invoked anywhere in the datastream, subject to the conditions defined in 4.5.3. Once an EC| has been
, Switching may take place between any of the compaction modes. The compaction mode used is determined

=bi i i . :quence 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,=(0to 899)
C4 ECI _no

000900 to 810899 Co 926 C,=(0to 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

NOTE: Thd
incorporat¢

The follow]

4.5.2 Prg-assigned Extended Channel Interpretations

The following ECIs have been pre-assigned to be backwards compatible with existing symbology specifi

including

ECIO

ECIO

ECIO

811 800 possible ECI assignment numbers available in PDF417.

encodation method is identical to the GLI scheme supported in the PDF417 spensor's original specifica
d in the AIM USA (1994) and AIM Europe (1994) specifications.

ng example illustrates the encodation:

ECI = 013579
Codewords:  [926] [(13579 div 900) - 1] [13579 mod.900]
= [926] [15 - 1] [79]
= [926] [14] [79]

PDF417.

DO000 (equates to original GLI Q)'and represents the default encodation scheme of encoders com
the original PDF417 standards. The character set is as represented in Annex B.

D0001 (equates to original ' GLI 1) represents the GLI encodation scheme of a number of symbolog
characters 0 to.127 being identical to those of ISO/IEC 646 : 1991 IRV (equivalent to ANS
and characters~128 to 255 being identical to those values of ISO 8859-1

NOTE<E€I 000000 ( equivalent to GLI 0) and ECI 000001 (equivalent to GLI 1) require a rg
GLI-Q¢logic at the beginning of each encoded symbol of a Macro PDF417 set of symbol
protecol is not adopted for other Extended Channel Interpretations.

DOO02 has an equivalent code table (see Annex B) to ECI 000000, without the return-to-GLI 0 log

tion and

cations,

pliant to

ies with
bl X3.4)

turn-to-
5. This

ic. ltis

tha dafault ancoadation-scschameforancoderefullv compliantwith thic ctandard
tHE-CerauterG tHOH-SERe 1o CHE0GeSTutty-GorHpHiart—WitHtHS-Staraatrar

ECI 000003 has an equivalent code table to ECI 000001, without the return-to-GLI 0 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

24
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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

An EC
immedi
latches
ECI esq

4.5.3.2

If encodling in Byte Compaction mode using mode latch 924, an~ECI escape sequence may be positio

encode
an unar

If the d
codewd
the esc
encoun

If encod

NOTE:

codewor]
that enc
sequend
how the

ECIls and Text Compaction mode

escape sequence may be placed anywhere within Text Compaction mode. <{The sub-mod
btely prior to the ECI escape sequence is preserved for the encodation immediately after it. Thus,
and shifts are preserved across an ECI escape sequence; and thus a sub-mede/shift immediately
ape sequence is not ignored.

ECIs and Byte Compaction mode using mode latch 924 and 901

" immediately following codeword 924, or at any 5-codeword-boundary thereafter. This is necessary
hbiguous position in the decoded byte stream for the decoder to place the escape sequence.

pcoder is in the 924 version of Byte Compactionimode and finds an ECI escape sequence folld
rd group, it shall output the six data bytes associated with the codewords before the escape sequer
bpe sequence, and then continue collecting codewords for decoding in Byte Compaction mode. If th
ers an ECI escape sequence at other than\these prescribed locations, it shall treat the symbol as in

ing in Byte Compaction mode:using mode latch 901, an ECI escape sequence may be positioned:
. 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 sequenc

'he decoder.cannot assume that, just because the ECI escape sequence follows a set of five codewor:
ds encodersix bytes, since an input stream of length 6N+5 (where N is an integer) will have a final set of five
bde only.five‘bytes, one byte per codeword. The decoder must, therefore, scan forward in the symbol past the

grolp, of five codewords have been encoded.

e invoked
sub-mode
before an

hed by an
to provide

wing a 5-
ce, output
e decoder
alid.

e

Is, the five
codewords
ECl escape

e to determine where the 901 mode terminates, as defined in 4.4.3.4. Based on this information, it can then determine

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

$— Validtocationm for ECtescape 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
. Immediately following codeword 913
. Immediately following the codeword after codeword™913

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

4.5.3.4 |(ECIs and Numeric Compaction mode

An ECI eqcape sequence shall not be placed within a ‘group of codewords being processed through the bage 10 to
base 900 |conversion as defined in 4.4.4.2. It may«only be placed within a Numeric Compaction mode regjon at a
boundary petween (the typically) 15-codeword groups. This is necessary to provide an unambiguous positign in the
decoded digit stream for the decoder to place theescape sequence.

Thus, an ECI escape sequence may only‘be placed:

. Immediately after codeword 902
. After the 15th cedeword

. After the 30th-codeword

. etc

If the endoder needs‘to place an ECI escape sequence at a location that does not result in a multiple of 15
codewords, it shall~treat the numeric block before the ECI as a complete entity, as defined in 4.4.4.2 step 2.| It shall
re-invoke the Numeric Compaction mode by placing another codeword 902 in the stream followed by the ECl{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:

dp.1 ---dg
whe¢re: d = data codeword including the Symbol Length Descriptor and all function codewords
n = total number of data codewords including the Symbol Length Descriptof{~but exd
error correction codewords
The Symbol Length Descriptor shall be the first data codeword and designated d,_4. Its value shall be e

total nu
the ran

During

significant data shall appear first, for example textual and numeric datareads from the left to the r

sequen
designa

mber of data codewords n; this count shall include the Symbol Length Descfiptor itself, and thus
je of 1 to 926.

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

ce of codewords shall be that the most significant data codeword containing encoded data i
ted dn.o. The final data codeword is the one designated dj.

uding the

nual to the
shall be in

the most
ght. The
5 the one

The process used to determine the symbol matrix of rows ahd’columns (see 4.9.2) can require the addition of

trailing

4.7 Ernor detection and correction

Each P
capabili

4.71

The e
number

bad codewords to the end of the data codeword sequénce.

DF417 symbol contains at least two error{.correction codewords. The Error Correction codewor
ty for both error detection and correction.

Error correction level

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

Table 9"— Error Correction Levels and Error Correction Codewords

Error Correction Total Number of Error
Level Correction Codewords

2
4

Is provide

shows the

16

32

64
128
256
512

O N| O O | W N =~ O
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ror 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,

* a

The error

substitutiogn error. Thus a given error correction level can rectify any combination of substitution~err

erasures

W

However,
increased
correction

W

EXA

A PDH
to cor
of | er
comb

l42f<25" .2

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

vhich satisfy the following equations:

nere: |, f and s are as defined in 3.2

capacity should be reduced as follows:
b 2f<2% .3
nere: |, f and s are as defined in 3.2

MPLE:

417 symbol with error correction level 3 has 16zrror correction codewords of which up to 14 can
rect errors and erasures. They can correct up to 13 erasures or 7 substitution errors, or any com

nations.

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

cover a
brs and

if most of the error correction capacity is used to correct erasures, the possibility of undetected grrors is
For this reason, whenever there are fewer than 4 errors corrected (except when s = 0), the error

be used
bination

hsures and f substitution errors subject toithe practical equations above. Table 10 specifies 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

% 6orfess

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 10 4.9, 413 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 Dimensions

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 aniIabiIity of
equipment for the production and reading of symbols and €omplying with the general requifements of
the application.

The X dimension shall be constant throughout a givenxsymbol.

NOTE: | Current bar code symbol quality measurement standards (e.g. ISO/IEC 15416) do not require absolute dimensional
measurg¢ments to be taken into account for assessing symbol quality. Non-compliance with any minimum dimensior] should not
thereforg, by itself, be a reason for rejection of a symbol under theSe standards.

4.8.2 Row height (Y)

For symbols 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 RQuiet zones

Mi

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

Mirimum 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

Defining the aspect ratio of the module

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

X
Y

These pafameters are defined by the user or application. The major factors that determine the values d
parametefs are the resolutions of the printing and scanning systems used in the application.These po
discussed|in 4.14.

4.9.2 Ddfining the symbol matrix of rows and columns

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

For many|applications, the allowable width of the symbol is the primary constraint, and the symbol matrix
directly dgtermined by fixing-the number of columns. Annex Q provides more precise guidelines which sh
used to dgfine the symbol matrix.

After the |source data has been encoded using the selected compaction modes, the number of sour
codewords m (priorto the addition of the Symbol Length Descriptor and any pad codewords) is known. O
number of rows™and columns, and the error correction level, have been selected, the total number
codeword$ A-is‘calculated as:

n=

th

the desired dimension of the height of each row

the amount and type of data to be encoded

the basic rules of the symbology which, for example, determine the limits on the number of ro
cqlumns (see 4.2.1 and 4.2.2).

the physical space available to print the symbol

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

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

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

the selected level of error correction.

f these
nts are

mber of

ws and

Hicators

can line

can be
ould be

ce data
nce the
of data

cxr-k

where: c, 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 and n are as defined in 3.2

30
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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
generafedwhen encoding the source data.

EXAMPLE:

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

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

The number of pad codewords = (n-m) -1 =256 - 246 - 1 = 9. In this«€Xxample, the data codeworfds (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 belpw:

Original 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 Generating the‘error correction codewords

The errpr correction codewords shall be generated using a procedure, which is defined below. They are|calculated
on the basis 6f-the values of all the data codewords including the Symbol Length Descriptor and any pad dodewords.
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)

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

= 0c0+oc1x+0c2x2+... Olk-1 T4 K

wherd:

gk(x)
k
Qi

An examp

Annex F @

The error
notation:

ty to.t3
The algori

the generator polynomial and x is the unknown variable

total number of error correction codewords

coefficient of powers of x produced by the generator polynomial gy(x)

le for calculating the coefficients is given in Annex R.
ontains all the coefficient values necessary to encode a PDF417 symbol of\any error correction le

correction codewords shall be calculated according to the algorithin defined below using the f

= data codeword d,.1...dg
= error correction codeword Ej_4 ... Eg

= coefficient of powers of x taken from the genérator polynomial (see above for an explanat
Annex F for the values)

= temporary variables

thm is:

entify the data codeword sequence™ ¢4, dn2 ... dg

tialise error correction codewords” Ej, ..., Ex.4 to Value =0

3. For each data codeword d;= dp_1 ... do:

BEGIN
t1 = (d; + E&r) mod 929
For each(error correction codeword E;j = Ey_1 ... Eq:
BEGIN
to = (4 x o) mod 929

el.

bllowing

jon and

ts =020 - ¢,
E;j = (Ej.1 + t3) mod 929
END
t> = (t1 X a,g) mod 929
t3 =929 - t,
Eo = t3 mod 929

END
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4. For each error correction codeword, Ej = Ep ... Ex.1, calculate the complement:

BEGIN
If Ej not equal to 0
Ej=929 -
END

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

An alte

4.11 Low level encodation

Low leV

that the

Figure
correcti

symbol matrix has been fixed.

pn codeword and row indicators.

native procedure for generating the error correction codewords, using a division circuit, is‘given infAnnex T.

el encoding converts the codewords into their corresponding symbol characters (bar-space sequehce) given

B illustrates schematically for a PDF417 symbol the correspaending position of each data codeword, error

Ly | dn1 | Dn2 h@ R1
W<
L, AA\ Ry
4
s \1:\ s
O
N
T .Q T
A O@
R AQ P
\J
T | Les &\GJ do | Ecq | Excz | Ret
L, E, Eo R

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

where: L, = Left Row Indicator

Rr = Right Row Indicator

Shaded area = data codeword area

Unshaded area under the codeword area is for error correction codeword
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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 encod¢ the row indicators and codewords, each row shall contain the symbol characters (bar-space_pgtterns)
of only orle cluster. Row 1 shall use symbol characters from cluster 0, row 2 shall use symbol charactgrs from
cluster 3, fow 3 shall use symbol characters from cluster 6, row 4 shall use symbol characters from cluster 0 and so
forth. Thelcluster sequence 0, 3, 6 shall repeat continually. The cluster number K for any row candbe. Calculated:

K = ((row number -1) mod 3) x 3
wherg the rows are numbered 1 to r (as defined in 3.2)

Because pny two adjacent rows have different clusters, the decoder can utjlize/scans that cross rows while
decoding f PDF417 symbol.

4.11.2 Ddtermining the symbol matrix

The symbpl matrix of rows and columns shall be finally determined by the procedures set out in 4.9.2. This provides
the values|of r and c.

4.11.3 Ddtermining the values of the left and right row indicators

The row indicators in a PDF417 symbol are cedewords which encode several key parameters: the row number (F),
the numbgr of rows (r), the number of columns’(c) and the error correction level (s). The information shall beg spread
over three|rows and the cycle shall repeat.continually. The row number (F) shall be encoded in each row.

4.11.3.1 [Left row indicators

Left row indicators shall be caleulated as follows:
If Keg0; Lg= 30%((F-1)div3)+(r-1)div3
If Ke33; Lp=.7"30x((F-1)div3)+(sx3)+(r-1)mod3
If Ke6; Lg= 30x((F-1)div3)+(c-1)

wherd: (¢; F r, s and K are as defined in 3.2

4.11.3.2 Right row indicators
Right row indicators shall be calculated as follows:
If Ki=0; Rgp= 30x((F-1)div3)+(c-1)
If Ke=3; Rp= 30x((F-1)div3)+(r-1)div3
If Kk=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 staft and stop characters are constant for all rows.
The symbol shall be encoded row by row, taking c (the number of columns) codewords into each row. The first row

shall inglude the Symbol Length Descriptor in the first column. The last row shall include some’ or all of the error
correctipn codewords.

4.12 Gompact PDF417

Compagt PDF417 symbols are an available option. If used, Compact PDF41%'shall conform to Annex G.

4.13

Macro PDF417 provides a mechanism for the data in a file\to be split into blocks and be represented in more than

acro PDF417 symbol shall contain additional control information to enable the original data|file to be
reconstructed, irrespective of the sequénce in which the individual PDF417 symbols are scgnned and

The Mdcro PDF417 Control Block has a predefined encoding method, so codeword 928 causes the termination of
any corppaction medeé sequence in the body of the symbol. The Segment Index field shall be encoded ih Numeric
Compattion modey‘Each defined Macro PDF417 optional field has a specific, implied initial compaction mode and
sub-made, and-the beginning of a new optional field serves to terminate the compaction mode from the¢ previous
field (sge Annex H.2.3) and initiates its default mode. Specifically, even if two consecutive optional field$ both use
the Text Cempaction mode, the Alpha sub-mode is reset when codeword 923 is encountered.

4.13.2 ECIs and Macro PDF417

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 Hymanreadabteimterpretation

PDF417

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

padable

interpretation of the data characters may not be practical. As an alternative, descriptive text, rather-than litgral text,
may accompany the symbol. The message may be printed anywhere in the area surrounding-the sympol, but

should no

standard,

but may be by application standards

4.14.2 Adtodiscrimination capability

PDF417 cpn be used in an autodiscrimination environment with a number of ether symbologies (see Annex U)[

4.14.3 Uder-defined application parameters

Applicatiof standards shall define parameters of PDF417 symbols specified in this standard as variable, as fol

4.14.31

Symbology and dimensional characteristics

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

a.

beyond the defaultiinterpretations of the basic modes.

The selection of the error correction level.
Range of X-dimension.

Range of Y-dimension.

t interfere with the symbol itself nor the quiet zones. Font and character size are-not specified| by this

ows:

The selection and use of Extended Channel Interpretations, if required, to extend data engodation

The volume ‘efidata in the symbol, which may be fixed, variable or variable up to a defined maximum.

4.14.3.2

Symbol parameters: the range of permissible aspect ratios and/or whether symbol width or he
a maximum size.

ight has

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

in Annex Q and U.

Test specification

The parameters for the evaluation of symbols shall be defined by specifying a quality grade in accordance with

ISO/IEC 1

36

5416 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 applicatigns shall be
defined |n the application standard.

4.14.4 PDF417 symbol quality

At the tjme of publication of this standard, ISO/IEC 15416 does not explicitly cover the testing of PDF417 symbols.
Annex J provides a comparable procedure.

4.15 Reference decode algorithm

The reference decode algorithm for PDF417 is defined in Annex K. This\reference decode algorithm shall b¢ the basis
for any test specification for PDF417 bar code symbols.

4.16 Hrror detection and error correction procedure

As part|of the decode procedure, it is possible tQ reconstruct the symbol for erasures and substitution erfors within
the errgr correction capacity of the symbol. This can be done by using the procedure set out in Annex L.

4.17 Transmitted data

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

All datgd codewords shalkbe translated into user data and transmitted as 8-bit bytes, whether this data b¢ encoded
in Text Compaction,Byte Compaction or Numeric Compaction mode. Start and stop characters, row indi¢ators, the
Symbol Length Descriptor, mode switching codewords, pad codewords and error correction codewordls are not
transmifted.

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 57.

EXAMPLE:

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

2. If theECtsequencebeginswithcodeword-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 required, using the
following formula:
([1st codeword] +1) x 900 + [2nd codeword]
The 6-digit value is transmitted as the six corresponding byte values in the range, 48 to 57.
EXAMPLE:

3. Ifthe ECI sequence begins with codeword 925:

The procedure is repeated for each oeetirrence of Extended Channel Interpretation (ECI).

Applicatioh software recognising the 7-byte escape sequence of 92 followed by six bytes (each in the rang

57) shoul

encountered, as being from the_ECI defined by the 6-digit sequence.
If the revgrse solidus, enother character represented by byte 92 needs to be used as encoded data, trans
shall be ap follows. WWhenever byte 92 occurs as data, two bytes of that value shall be transmitted; thus
occurrencg is always, an escape character and a double occurrence indicates true data.

EXAMPLE:

BXAMPLE:

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

a. Codeword 925 is transmitted as escape character‘92.

b. The next codeword is converted into a 6-digit'value by adding the value 810 900 to it. Th¢ 6-digit

value is transmitted as the six corresponding byte values in the range, 48 to 57.
Symbol encodes: [925] [456]

Data transmission (byte): 92, §6,-49, 49, 51, 53, 54
ASCII interpretation: \811356

interpret all subsequent characters until the end of the encoded data, or until another single by

e 48 to
te 92 is

mission
b single

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

© ISO/IEC 2001 — All rights reserved


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

ISO/IEC 15438:2001(E)

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:

Codeword 913 (Byte shift) is only permitted from Text Compaction mode, and thus shall not bé’part of the

stream

NOTE: ]
either a

4.17.5

Once tHh
identifie
identifie

4.17.6

The intfoduction of the Extended Channel Interpretation system, common to a number of symbologies, h

impact

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

and Ma

All new

conforming to the earlier standard will still be in existence for a number of years. Users producin

symbol
generat
decodir
symbol

thc Il Id Uf thc <l IbUdUd data ;II thc Oylllbu:
a latch to a recognised compaction mode
a Macro PDF417 Control Block function codeword (928, 923, or 922)

while in this process of sending escaped uninterpreted codewords.

[his protocol can properly transmit the message syntax of any reserved codeword whaose future definition is
signalling function or to represent a new compaction mode.

Symbology identifier
e structure of the data (in terms of Macro PDF417, ECI, etc)dhas been identified, the appropriate

r should be added as a preamble to the transmitted data-by the decoder. See Annex M for the
rs which apply to PDF417.

Transmission using older protocols

bn pre-existing symbologies including®PDF417. The basic encoding and decoding rules remain i
cro PDF417 is different in format;. but conveys equivalent information.

PDF417 decoding equipment and software should conform to this standard. However,
5 do not have to «make any changes, as the encoded symbols have equivalent meanings
ion of decoding.'equipment is in use. Annex N defines the rules which shall be followed w

g equipment~and software not capable of being compliant with the current ECI and Macr¢
5. In this way,~old and new decoding equipment can continue to co-exist.

codeword

to provide

5ymbology
5ymbology

as had an
dentical in
both ECls

bquipment
) PDF417
whichever
hen using

PDF417
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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 value$ e used in the decoding phase can be derived from the bar-space sequence by the following equatipn

e =x+x}

Table A.1 — The bar-space sequence
Codewor Bar-space sequence Codeword Bar-space segquence
Cluster 0 Cluster 3 Cluster 6 Cluster 0 Cluster3 Cluster 6
BSBSBSBS | BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS BSBSBSBS

0 31111136 51111125 21111155 26 31113251 31112612 61113221
1 41111144 61111133 31111163 27 11113334 31113125 11113262
2 51111152 41111216 11111246 28 24413342 41113133 51113312
3 31111235 51111224 21111254 29 11114144 51113141 11113361
4 41111243 61111232 31111262 30 21114152 21113216 51113411
5 51111251 41111315 11111345 31 11114243 31113224 41114114
6 21111326 51111323 21111353 32 21114251 41113232 51114122
7 31111334 61111331 31111361 33 11115152 21113315 41114213
8 21111425 41111414 11111444 34 51116111 31113323 51114221
9 11111516 51111422 21111452 35 31121135 41113331 41114312
10 21111524 41111513 11111543 36 41121143 21113414 41114411
1 11111615 51111524 61112114 37 51121151 31113422 31115114
12 21112136 41111612 11112155 38 21121226 21113513 41115122
13 31112144 41112125 21112163 39 31121234 31113521 31115213
14 41112152 51112133 61112213 40 41121242 21113612 41115221
15 21142235 61112141 11112254 41 21121325 21114125 31115312
16 31112243 31112216 21112262 42 31121333 31114133 31115411
17 41112251 41112224 61112312 43 11121416 41114141 21116114
18 TTTT2326 51112232 TTTT2353 1z PANPALYZ: 14276 3TTT6122
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

40
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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 21122333 31115141 11121443 89 31132241 31122611 11131244
57 31122341 11115224 21121451 90 11132324 21123116 21131252
58 11122424 21115232 11121542 91 21132332 31123124 11431343
59 21122432 11115323 61122113 92 11132423 41123132 21131351
60 11123135 21115331 11122154 93 11132522 21123216 11131442
61 21123143 11115422 21122162 94 11133134 31128223 11131541
62 31123151 11116133 61122212 95 21133142 41123231 61132112
63 11123234 21116141 11122253 96 11133233 21123314 11132153
64 21123242 11116232 21122261 97 21133241 31123322 21132161
65 11123333 11116331 61122311 98 11133332 21123413 61132211
66 21123341 41121116 11122352 99 147134142 31123421 11132252
67 11124143 51121124 11122451 100 21141125 21123512 11132351
68 21124151 61121132 51123113 101 31141133 21123611 51133112
69 11124242 41121215 61123121 102 41141141 11124116 11133161
70 11124341 51121223 11123162 103 11141216 21124124 51133211
71 21131126 61121231 51123212 104 21141224 31124132 41134112
72 31131134 41121314 11123261 105 31141232 11124215 41134211
73 41131142 51121322 51123314 106 11141315 21124223 31135112
74 21131225 41121413 41124413 107 21141323 31124231 31135211
75 31131233 51121421 51124121 108 31141331 11124314 21136112
76 41131241 41121512 41124212 109 11141414 21124322 21136211
77 11131316 41121611 41124311 110 21141422 11124413 11141144
78 21131324 31122116 31125113 111 11141513 21124421 21141152
79 31131332 41422124 41125121 112 21141521 11124512 11141243
80 11131415 51122132 31125212 113 11142125 11125124 21141251
81 21131423 31122215 31125311 114 21142133 21125132 11141342
82 11181514 41122223 21126113 115 31142141 11125223 11141441
83 11431613 51122231 31126121 116 11142224 21125231 61142111
84 11132126 31122314 21126212 117 21142232 11125322 11142152
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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 21143141 51131123 11151143 155 22112135 11134412 42114113
123 11143331 61131131 21151151 156 32112143 11134511 52114121
124 11151116 41131214 11151242 157 42112151 11135123 42114212
125 21151124 51131222 11151341 158 12112226 21135131 42114311
126 31151132 41131313 11152151 159 22112234 11135222 32115113
127 11151215 51131321 11161142 160 32112242 1113532 42115121
128 21151223 41131412 11161241 161 12112325 11186131 32115212
129 31151231 41131511 12111146 162 22112333 41141114 32115311
130 11151314 31132115 22111154 163 12112424 51141122 22116113
131 21151322 41132123 32111162 164 12112523 41141213 32116121
132 11151413 51132131 12111245 165 12118135 51141221 22116212
133 21151421 31132214 22111253 166 22413143 41141312 22116311
134 11151512 41132222 32111261 167 32113151 41141411 21211145
135 11152124 31132313 12111344 168 12113234 31142114 31211153
136 11152223 41132321 22111352 169 22113242 41142122 41211161
137 11152322 31132412 12111443 170 12113333 31142213 11211236
138 11161115 31132511 22111451 171 12113432 41142221 21211244
139 31161131 21133115 12111542 172 12114143 31142312 31211252
140 21161222 31133123 62112413 173 22114151 31142411 11211335
141 21161321 41133131 12112154 174 12114242 21143114 21211343
142 11161511 21133214 22112162 175 12115151 31143122 31211351
143 32111135 31133222 62112212 176 31211126 21143213 11211434
144 42111143 21133343 12112253 177 41211134 31143221 21211442
145 52111151 311383321 22112261 178 51211142 21143312 11211533
146 22111226 21133412 62112311 179 31211225 21143411 21211541
147 32111234 21133511 12112352 180 41211233 11144114 11211632
148 42111242 11134115 12112451 181 51211241 21144122 12121145
149 22441325 21134123 52113113 182 21211316 11144213 22121153
150 32111333 31134131 62113121 183 31211324 21144221 32121161
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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 21211514 41151113 21212252 221 22123142 42111611 22126244
189 31211522 51151121 22121351 222 11214134 32112116 11221136
190 22121126 41151212 11212343 223 12123233 42112124 24221144
191 32121134 41151311 12121442 224 22123241 52112132 31221152
192 42121142 31152113 11212442 225 11214233 32112216 11221235
193 21212126 41152121 12121541 226 21214241 42112223 21221243
194 22121225 31152212 11212541 227 11214332 52412231 31221251
195 32121233 31152311 62122112 228 12124142 32112314 11221334
196 42121241 21153113 12122153 229 11215142 42112322 21221342
197 21212225 31153121 22122161 230 12124241 32112413 11221433
198 31212233 21153212 61213112 231 14215241 42112421 21221441
199 41212241 21153311 62122211 232 31221125 32112512 11221532
200 11212316 11154113 11213153 233 41221133 32112611 11221631
201 12121415 21154121 12122252 234 51221141 22113116 12131144
202 22121423 11154212 61213211 235 21221216 32113124 22131152
203 32121431 11154311 11213252 236 31221224 42113132 11222144
204 11212415 41161112 12122351 237 41221232 22113215 12131243
205 21212423 41161211 11213351 238 21221315 32113223 22131251
206 11212514 31162112 52123112 239 31221323 42113231 11222243
207 12122126 31162211 12123161 240 41221331 22113314 21222251
208 22122134 21163112 51214112 241 21221414 32113322 11222342
209 32122142 21163211 52123211 242 31221422 22113413 12131441
210 11213126 42111116 11214161 243 21221513 32113421 11222441
211 12122225 52411124 51214211 244 21221612 22113512 62132111
212 22122233 62111132 42124112 245 22131125 22113611 12132152
213 32122241 42111215 41215112 246 32131133 12114116 61223111
214 11243225 52111223 42124211 247 42131141 22114124 11223152
215 21213233 62111231 41215211 248 21222125 32114132 12132251
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 32131331 12114413 32135111 287 41231231 41212412 11251232
255 11222315 22114421 31226111 288 21231314 42121511 11251331
256 12131414 12114512 22136111 289 31231322 41212511 12164141
257 22131422 12115124 11231135 290 21231413 32122115 14252141
258 11222414 22115132 21231143 291 31231421 42122123 11261132
259 21222422 12115223 31231151 292 21231512 52122134 11261231
260 22131521 22115231 11231234 293 21231611 31213115 13111145
261 12131612 12115322 21231242 294 12141116 32122214 23111153
262 12132125 12115421 11231333 295 22141124 42122222 33111161
263 22132133 12116132 21231341 296 32141132 31213214 13111244
264 32132141 12116231 11231432 297 11232116 41213222 23111252
265 11223125 51211115 11231531 298 12141215 42122321 13111343
266 12132224 61211123 12141143 299 22141223 31213313 23111351
267 22132232 11211164 22141151 300 32141231 32122412 13111442
268 11223224 51211214 11232143 301 11232215 31213412 13111541
269 21223232 61211222 12141242 302 21232223 32122511 63112112
270 22132331 11211263 11232242 303 31232231 31213511 13112153
271 11223323 51211313 12141341 304 11232314 22123115 23112161
272 12132422 61211321 11232341 305 12141413 32123123 63112211
273 12132521 11211362 12142151 306 22141421 42123131 13112252
274 12133133 51211412 11233151 307 11232413 21214115 13112351
275 22133141 51211511 11241134 308 21232421 22123214 53113112
276 11224133 42121145 21241142 309 11232512 32123222 13113161
277 12133232 52121423 11241233 310 12142124 21214214 53113211
278 11224232 62121131 21241241 31 22142132 31214222 43114112
279 12133331 41212115 11241332 312 11233124 32123321 43114211
280 11224331 42121214 11241431 313 12142223 21214313 33115112
281 11225141 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 313114143
321 11234231 11215115 22211243 354 11252312 51222221 41311151
322 21241115 12124214 32211251 355 11252411 41222312 11311226
323 31241123 22124222 12211334 356 23111126 42131411 21311234
324 41241131 11215214 22211342 357 33111134 4122241 31311242
325 21241214 21215222 12211433 358 43111142 32132114 11311325
326 31241222 22124321 22211441 359 23111225 42132122 21311333
327 21241313 11215313 12211532 360 33111233 31223114 31311341
328 31241321 12124412 12211631 361 18411316 32132213 11311424
329 21241412 11215412 13121144 362 23111324 42132221 21311432
330 21241511 12124511 23121152 363 33111332 31223213 11311523
331 12151115 12125123 12212144 364 13111415 41223221 21311531
332 22151123 22125131 13121243 365 23111423 31223312 11311622
333 32151131 11216123 23121251 366 13111514 32132411 12221135
334 11242115 12125222 12212243 367 13111613 31223411 22221143
335 12151214 11216222 22212251 368 13112126 22133114 32221151
336 22151222 12125321 12212342 369 23112134 32133122 11312135
337 11242214 11216321 13121441 370 33112142 21224114 12221234
338 21242222 12126131 12212441 371 13112225 22133213 22221242
339 22151321 51221114 63122111 372 23112233 32133221 11312234
340 11242313 61221122 13122152 373 33112241 21224213 21312242
341 12151412 11221163 62213111 374 13112324 31224221 22221341
342 11242412 51221213 12213152 375 23112332 21224312 11312333
343 12151511 61221221 13122251 376 13112423 22133411 12221432
344 12102123 11221262 12213291 k14 13112922 212244711 11312452
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 42211133 12134411 13131341 419 32213141 12144113 12232241
387 52211141 11225411 11313242 420 12213224 22144121 11323241
388 22211216 12135122 12222341 421 22213232 11235113 11334125
389 32211224 11226122 11313341 422 23122331 12144212 24331133
390 42211232 12135221 13132151 423 12213323 11235212 31331141
391 22211315 11226221 12223151 424 13122422 1214431 11331224
392 32211323 51231113 11314151 425 12213422 11285311 21331232
393 42211331 61231121 11321126 426 13123133 12145121 11331323
394 22211414 11231162 21321134 427 23123141 11236121 21331331
395 32211422 51231212 31321142 428 12214133 51241112 11331422
396 22211513 11231261 11321225 429 13123232 11241161 11331521
397 32211521 51231311 21321233 430 12214232 51241211 12241133
398 23121125 42141113 31321241 431 13123331 42151112 22241141
399 33121133 52141121 11321324 432 13124141 41242112 11332133
400 43121141 41232113 21321332 433 12215141 42151211 12241232
401 22212125 51232121 11321423 434 31311116 41242211 11332232
402 23121224 41232212 21321431 435 41311124 32152112 12241331
403 33121232 42141311 11321522 436 51311132 31243112 11332331
404 12212216 41232311 11321621 437 31311215 32152211 13151141
405 13121315 32142113 12231134 438 41311223 31243211 12242141
406 32212232 42142121 22231142 439 51311231 22153112 11333141
407 33121331 31233113 11322134 440 31311314 21244112 11341124
408 12212315 32142242 12231233 441 41311322 22153211 21341132
409 22212323 31233212 22231241 442 31311413 21244211 11341223
410 23121422 32142311 11322233 443 41311421 12154112 21341231
411 12212414 31233311 21322241 444 31311512 11245112 11341322
412 13121513 22143113 11322332 445 22221116 12154211 11341421
413 12212513 32143121 12231431 446 32221124 11245211 12251132
414 18122125 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 21312215 22163111 11351222 485 23132231 23114222 13212344
453 31312223 21254111 11351321 486 11314124 13114313 14122151
454 41312231 43111115 12261131 487 12223223 23114321 18243151
455 21312314 53111123 11352131 488 22223231 13114412 12311126
456 22221413 63111131 11361122 489 11314223 13114514 22311134
457 32221421 43111214 11361221 490 21314231 13116423 32311142
458 21312413 53111222 14111144 491 13132421 23415131 12311225
459 31312421 43111313 24111152 492 12223421 13115222 22311233
460 22221611 53111321 14111243 493 13133132 13115321 32311241
461 13131116 43111412 24111251 494 12224132 13116131 12311324
462 23131124 43111511 14111342 495 13133231 52211114 22311332
463 33131132 33112115 14111441 496 14315132 62211122 12311423
464 12222116 43112123 14112152 497 12224231 12211163 22311431
465 13131215 53112131 14112251 498 31321115 52211213 12311522
466 23131223 33112214 54113111 499 41321123 62211221 12311621
467 33131231 43112222 44114111 500 51321131 12211262 13221134
468 11313116 33112313 34115111 501 31321214 52211312 23221142
469 12222215 43112321 2411614 502 41321222 12211361 12312134
470 22222223 33112412 13211135 503 31321313 52211411 13221233
471 32222231 33112511 23211143 504 41321321 43121114 23221241
472 11313215 23113115 33211151 505 31321412 53121122 12312233
473 21313223 33113123 13211234 506 31321511 42212114 13221332
474 31313231 43143131 23211242 507 22231115 43121213 12312332
475 23131421 23113214 13211333 508 32231123 53121221 13221431
476 11313314 33113222 23211341 509 42231131 42212213 12312431
477 12222413 23113313 13211432 510 21322115 52212221 14131142
478 22222421 33113321 13211531 511 22231214 42212312 13222142
479 11313413 23113412 14121143 512 41322131 43121411 14131241
430 13131611 23113511 24121151 513 21322214 42212411 12313142
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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
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 21322412 43122221 41411141 551 31331213 61311212 11413232
519 22231511 32213213 11411216 552 41331221 11311253 12322331
520 21322511 42213221 21411224 553 31331312 21311261 11413331
521 13141115 32213312 31411232 554 31331411 61311311 4141141
522 23141123 33122411 11411315 555 22241114 11311352 13232141
523 33141131 32213411 21411323 556 32241122 11311454 12323141
524 12232115 23123114 31411331 557 21332114 52221413 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 12232214 33123221 21411521 561 31332221 61312121 11421215
529 22232222 22214213 11411612 562 21832312 11312162 21421223
530 23141321 32214221 12321125 563 22241411 12221261 31421231
531 11323214 22214312 22321133 564 21332411 51312212 11421314
532 21323222 23123411 32321141 565 13151114 52221311 21421322
533 13141412 22214411 11412125 566 23151122 11312261 11421413
534 11323313 13124114 12321224 567 12242114 51312311 21421421
535 12232412 23124122 22321232 568 13151213 43131113 11421512
536 13141511 12215114 11412224 569 23151221 53131121 11421611
537 12232511 13124213 21412232 570 11333114 42222113 12331124
538 13142123 23124221 22321331 571 12242213 43131212 22331132
539 23142131 12215213 11412323 572 22242221 41313113 11422124
540 12233123 22215221 12321422 573 11333213 51313121 12331223
541 13142222 12215312 11412422 574 21333221 43131311 22331231
542 11324123 18124411 12321521 575 13151411 41313212 11422223
543 12233222 12215411 11412521 576 11333312 42222311 21422231
544 13142321 13125122 13231133 577 12242411 41313311 11422322
545 11324222 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 32251121 33132311 12332231 617 33211124 12231161 11451242
585 22251212 31314212 11423231 618 43211132 51322112 11451311
586 22251311 32223311 11431115 619 23211215 52231211 12361121
587 13161113 31314311 21431123 620 33211223 11322161 11452121
588 12252113 23133113 31431131 621 23211314 51322214 15111143
589 11343113 33133121 11431214 622 33211322 43144112 25111151
590 13161311 22224113 21431222 623 23211413 42232112 15111242
591 12252311 23133212 11431313 624 33211421 43141211 15111341
592 24111125 21315113 21431321 625 23211512 41323112 15112151
593 14111216 22224212 11431412 626 1412146 42232211 14211134
594 24111224 23133311 11431511 627 2412124 41323211 24211142
595 14111315 21315212 12341123 628 34121132 33142112 14211233
596 24111323 22224311 22341131 629 13212116 32233112 24211241
597 34111331 21315311 11432123 630 14121215 33142211 14211332
598 14111414 13134113 12341222 631 33212132 31324112 14211431
599 24111422 23134121 11432222 632 34121231 32233211 15121142
600 14111513 12225113 12341321 633 13212215 31324211 14212142
601 24111521 13134212 11432321 634 23212223 23143112 15121241
602 14112125 11316113 13251131 635 33212231 22234112 14212241
603 24112133 12225212 12342131 636 13212314 23143211 13311125
604 34112141 13134311 11433131 637 14121413 21325112 23311133
605 14112224 11316212 11441114 638 24121421 22234211 33311141
606 24112232 12225311 21441122 639 13212413 21325211 13311224
607 14112323 11316311 11441213 640 23212421 13144112 23311232
608 24112331 13135121 21441221 641 14121611 12235112 13311323
609 14112422 12226121 11441312 642 14122124 13144211 23311331
610 14142521 61321112 11441411 643 24122132 11326112 13311422
611 14413133 11321153 12351122 644 13213124 12235211 13311521
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 13243322 5224444 13342232 582 1233445 444 12443234
650 14122421 51332111 14221331 683 13222214 24114122 21511115
651 14123132 43151111 13312331 684 23222222 14114213 31511123
652 13214132 42242111 15131141 685 24131321 24114221 41511431
653 14123231 41333111 14222141 686 12313214 14114312 21541214
654 13214231 33152111 13313141 687 22313222 14114411 31511222
655 32311115 32243111 12411116 688 14131412 14115122 21511313
656 42311123 31334111 22411124 689 12313313 14115224 31511321
657 52311131 23153111 32411132 690 13222412 53214113 21511412
658 32311214 22244111 12411215 691 14131511 63211121 21511511
659 42311222 21335111 22411223 692 13222511 13211162 12421115
660 32311313 13154111 32411231 693 14132123 53211212 22421123
661 42311321 12245111 12411314 694 24432131 13211261 32421131
662 32311412 11336111 22411322 695 13223123 53211311 11512115
663 32311511 11341151 12411413 696 14132222 44121113 12421214
664 23221115 44111114 22411421 697 12314123 54121121 22421222
665 33221123 54111122 12411512 698 13223222 43212113 11512214
666 22312115 44111213 12411611 699 14132321 44121212 21512222
667 23221214 54111221 13321124 700 12314222 43212212 22421321
668 33221222 44111312 23321132 701 13223321 44121311 11512313
669 22312214 44111411 12412124 702 14133131 43212311 12421412
670 32312222 34112114 13321223 703 13224131 34122113 11512412
671 33221321 44112122 23321231 704 12315131 44122121 12421511
672 22312313 34112243 12412223 705 41411114 33213113 11512511
673 23221412 44112221 22412231 706 51411122 34122212 13331123
674 22312412 34112312 12412322 707 41411213 33213212 23331131
675 23221511 34112411 13321421 708 51411221 34122311 12422123
676 2231254 24113114 12412421 709 41411312 33213311 13331222
677 14134445 34113122 14231132 710 41411411 24123113 11513123
678 24131123 24113213 13322132 71 32321114 34123121 12422222
50
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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 31412213 23214311 14241131 749 13232411 32314211 12441242
717 41412221 14124113 13332131 750 11414312 24133112 11532212
718 31412312 24124121 12423131 751 14142122 23224112 12441311
719 32321411 13215113 11514131 752 13233122 24133211 11532311
720 31412411 14124212 21521114 753 14142221 22315112 13351121
21 23231114 13215212 31521122 754 12324122 2322421 12442121
722 33231122 14124311 21521213 755 13233221 22315211 11533121
723 22322114 13215311 31521221 756 11415122 14134112 21541112
724 23231213 14125121 21521312 757 12324221 13225112 21541211
725 33231221 13216121 21521411 758 11415221 14134211 12451112
726 21413114 62311112 12431114 759 4442113 12316112 11542112
727 22322213 12311153 22431122 760 51421121 13225211 12451211
728 32322221 22311161 11522114 761 41421212 12316211 11542211
729 21413213 62311211 12431213 762 41421311 11411144 16111142
730 31413221 12311252 22431221 763 32331113 21411152 16111241
731 23231411 12311351 11522213 764 42331121 11411243 15211133
732 21413312 53221112 21522221 765 31422113 21411251 25211141
733 22322411 13221161 11522312 766 41422121 11411342 15211232
734 21413411 52312112 12431411 767 31422212 11411441 15211331
735 14141114 53221211 11522411 768 32331311 62321111 16121141
736 24141122 12312161 13341122 769 31422311 12321152 15212141
737 13232114 52312211 12432122 770 23241113 61412111 14311124
738 14141213 44181112 13341221 m 33241121 11412152 24311132
739 24141221 43222112 11523122 772 22332113 12321251 14311223
740 12323114 44131211 12432221 773 23241212 11412251 24311231
41 13232213 42313112 11523221 774 21423113 53231111 14311322
742 23282221 43222211 21531113 775 22332212 52322111 14311421
743 11414114 42313211 31531121 776 23241311 51413111 15221132
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 13242113 33233111 33411131 815 15113132 15114311 14331122
783 23242121 32324111 13411214 816 15113231 15115121 13422122
784 12333113 31415111 23411222 817 24211115 54211112 14334221
785 13242212 24143111 13411313 818 24211214 14211161 12513122
786 14151311 23234111 23411321 819 34211222 54211211 13422221
787 11424113 2232511 13411412 820 24211313 45121112 12513221
788 12333212 21416111 13411511 821 34211321 44212412 31611113
789 13242311 14144111 14321123 822 24211412 45121211 41611121
790 11424212 13235111 24321131 823 24211511 44212211 31611212
91 12333311 12326111 13412123 824 15121115 35122112 31611311
792 11424311 11421143 23412131 825 25124923 34213112 22521113
793 13243121 21421151 13412222 826 14212115 35122211 32521121
794 11425121 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 22342112 11431142 13413131 831 14212313 24214211 21612311
799 21433112 11431241 22511114 832 24212321 15124112 13431113
800 21433211 11441141 32511122 833 14212412 14215112 23431121
801 13252112 45111113 22511213 834 15121511 15124211 12522113
802 12343112 45111212 32511221 835 14212511 14215211 13431212
803 11434112 45111311 22511312 836 15122123 63311111 11613113
804 11434211 35112143 22511411 837 25122131 13311152 12522212
805 15111116 45142421 13421114 838 14213123 13311251 13431311
806 15111215 36112212 23421122 839 24213131 54221111 11613212
807 25111223 35112311 12512114 840 14213222 53312111 12522311
808 15111314 25113113 22512122 841 15122321 45131111 11613311
809 15441413 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 33311411 24224111 22531112 881 42412121 26113211 14412221
849 24221114 23315111 21622112 882 32412212 16114112 23511143
850 23312114 15134111 22531211 883 33321311 16114211 38511121
851 33312122 14225111 21622211 884 32412311 45212111 23511212
852 34221221 13316111 13441112 885 24231113 36122114 23511311
853 23312213 12411143 12532112 886 34231121 3521831 14421113
854 33312221 22411151 13441211 887 23322113 26123111 24421121
855 23312312 12411242 11623112 888 33322121 25214111 13512113
856 24221411 12411341 12532211 889 22413113 16124111 23512121
857 23312411 13321151 11623211 890 23322242 15215111 13512212
858 15131114 12412151 31631111 891 24281311 14311151 14421311
859 14222114 11511134 22541111 892 22413212 13411142 13512311
860 15131213 21511142 21632111 893 23322311 13411241 15331121
861 25131221 11511233 13451111 894 22413311 12511133 14422121
862 13313114 21511241 12542111 895 15141113 22511141 13513121
863 14222213 11511332 11633111 896 25141121 12511232 32611112
864 15131312 11511431 16211132 897 14232113 12511331 32611211
865 13313213 12421142 16211231 898 24232121 13421141 23521112
866 14222312 11512142 15311423 899 13323113 12512141 22612112
867 15131411 12421241 25311131 900 14232212 11611124 23521211
868 13313312 11512241 15311222 901 15141311 21611132 22612211
869 14222411 11521133 15311321 902 12414113 11611223 14431112
870 15132122 21521141 16221131 903 13323212 21611231 13522112
871 14223122 11621232 15312131 904 14232311 11611322 14431211
872 15132221 11521331 14411114 905 12414212 11611421 12613112
873 13314122 12431141 24411122 906 13323311 12521132 13522211
874 14223221 11522141 14411213 907 15142121 11612132 12613211
875 13314221 11531132 24411221 908 14233121 12521231 32621111
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 41512112 12531131 16311122
915 42421211 11622131 16311221
916 41512211 11631122 15411113
917 33331112 11631221 25411121
918 32422112 14411141 15411212
919 33331211 13511132 15411311
920 31513112 13511231 16321121
921 32422211 12611123 15412121
922 31513211 22611131 24511112
923 24241112 12611222 24511211
924 23332112 12611321 15421112
925 24241211 13521131 14512112
926 22423112 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 Defanlt Character Set ,
E1ec Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | Char | Dec | €har
p [NUL| 32 |space| 64 | @ [ 96 | - | 128 | ¢ [0 | & [192| - |20 &

SOH | 33 ! 65 | A |97 | a 12| o (w1 ]| ¢ 193] L Qpis| p
b | STX | 34 66 | B |98 | b |130| ¢ |162] 6 [194 |, 3x{228| T
b [ETx| 35 | # |67 | Cc |9 | ¢ | 131 a [w3] a |[19s NF |27 | &
P |eot]| 36 [ s [ es | D [wo| 4 [132] a |14 | & |a9’| - | 228 ] &
b [ENQ| 37 | % [ 69 | E |1 | e [ 133 a [ 165 | N\19o7 | + |29 | &
b |ack] 38 | & |70 | F o[w2 ]| ¢ |13 | & [1es [0 1es | F | 230 L
| BEL | 39 71| G w3 g [135]] ¢ |67 |19 | F [231] ¢
£ | BS | 40 ( 72 H Jwa] h [136] & e8| ; [200] & [2:2 ] ¢
b | HT | 41 y |l Jws| i |mwr] ediee| r 2| ¢ |[233] b
0 | LF | 42 . 74 ] 106 | j 18 b 170 | - 202 ] & [ 2m | B
ft |vr]l 3| + | 7| K fwr| k |13 i |17 % |20 ¢ |[235] §
2 | FF | 44 | , 76 | L [ws] 1 [\ i [172] w |20a] F | 236 | $
B lcrR|4 | - |77 | M |[1w9| m@uaa] i |13 ; [20s] = [237] B
s [so] 4 78 | N 1o fpn | 142 A [174] « 208 | 4 | 238 [ &
I HIEREARRERERET "o |13 | A |15 » 207 | £ [ 239 |
e |DLE| 48 | o [ 80 | PANM12 | p [144 | E 176 | - 208 | & [240 | £
Flocale | 1 sl ol q [as5] 2 [177] & Ja29[ = J2an | k
B pc2| 50 | 2 [ 82fFR [1a| r 146 ]| & | 178 B [20] v [2a2]
o |pc3] s1 ] 3 1@ s |15 s |47 6 [ | [an| b [243] k
Jo [pca| s2 | 4-\Psa | 7 [ne] ¢ 148 | & |80 | 1 (22| F [o2aa | |
1 [NaK| 53 |ca | 85 | U |17 | uw [149 ] & |81 | 4 |23 | r 245 )
lsywwlsoVe [ 8 | v [nus| v [150] a |2 1 [|204] v [246] }
el es | 7 [s7 [ wlnmo| w151 o [183] + [25] % [247] F
4 [cany 56 | 8 [ 88 | x [120] x | 152 v [18] 9 [216] # |248] P
BAEM [ 57 | o [ 89 [ v [1a1] y [153[] Ofuss|[ 4 |ar| & |29
B AsuB| s8 : o0 | z Jl122 ] 2 [154 ] 0 Jase | 0 [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° +by x 256" +bs x 256° +b, X 2567 +by x 256" +by x 256°
= dy x 900* + d3 x 900° + d, x 9007 + dy x 900" + dg x 900°
where b = data byte value as a decimal (0 to 255)

where d = data codeword

The followjng algorithm may be used for a base 256 to base 900 conversion.

1. Designate t = temporary variable
2. Calculate t = bs x 256° +b, x 256* +b; x 256> +b, x 256> +b, x 256" +b, x 256°
3. Calculate each codeword as follows:

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

t mod 900
t div.900

END
EXAMPLEH:
Encode 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 x256° +101 x 256" +11 x 256° +97 x 256> +205 x 256'
+2 x 256"
7254 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 = 349000 div 900 =387

56 © ISO/IEC 2001 — All rights reserved


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

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)

© ISO/IEC 2001 — Al rights reserved

57


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

ISO/IEC 15438:2001(E)

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 followjng 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, precéded by thel|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 the fifteen digit numeric string 000213298174000
Prefix the numeric string with a 1 and set the initial valte of
t=1Q00 213 298 174 000

Calculate codeword 0
do| = 1000213298 174 000.med 900

t] = 1000213298 174000 div 900

200
1111 348 109 082

Calculiate codeword 1
dq| = 1111348109 082 mod 900

t] = 1311348 109 082 div 900

282
1234 831 232

Calculatecodeword 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 Rege

Annex E
(normative)

User selection of error correction

The minin

As a guid
characters
and 1,2 by

Higher ley
Lower tha

E.2 Oth

The objec
the data c

The follow
1.

2.

um level of error correction level should be as defined in Table E.1.

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

bntent capacity.

b for estimating the number of data codewords from datascontent in order to use Table E.1, use
per data codeword in Text Compaction mode, 2,9 digits per data codeword in Numeric Compactig
tes per data codeword in Byte Compaction mode.

els of error correction should be used wheresignificant symbol damage or degradation is anti
N recommended error correction levels may be\used in closed system applications.

er user consideration of the‘error correction level

ive in an application standdrd) should be to make use of the features of error correction without s3

ng factors should be-faken into account by the user in selecting an error correction level:
The recommended error correction level (see Table E.1) should be followed.

Since the maximum number of data codewords per symbol is fixed at 925, large numbers
codewords limit the maximum level of error correction that can be implemented. More than 4
codewords precludes Error Correction Level 8. More than 671 data codewords precludes L
and 8. More than 799 data codewords precludes Levels 6, 7 and 8. More than 799 data coqg

1,8 text
n mode

cipated.

crificing

of data
15 data
evels 7

ewords

60

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

i[To] 1
ol [ 27 [ 917

Coefficient table for error correction level 1

o || 522 | 568 | 723 | 809

Coefficient table for error correction level 2

4 5 6 7
284 | 646 | 653 | 428

oj| | 237 | 308 | 436

379

Coefficient table for error correction level 3

i 0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
of 274|562 | 232 | 755|599 | 524 [ 801 | 132 | 295 | 116 | 442 | 428 | 295 | 42 [ 176 | 65
Coefficient table/for’error correction level 4
Q 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
111 361 | 575|922 | 525 | 176 | 586 | 640 | 321 | 536 | 742 | 677 | 742 | 687 | 284 | 193]|| 517
'j 16 A 18 49——20—24 P23 12A—T25—126T2F—28—"T29—136-| 31
aj 273 1494 | 263 | 147 | 593 | 800 | 571 | 320 | 803 | 133 | 231 | 390 | 685 | 330 | 63 | 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

j 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
oj 4401 35 15101 31 {460 | 504 1225 | 535 | 517 | 352 | 605 | 158 | 651 | 201 | 488 | 502

j 48 | 49 | 60 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 63
oj | 648 733|717 | 83 | 404 | 97 | 280 | 771 | 840 | 629 | 4 | 381 | 843 | 623 |'264

[&1]
N
w

Coeffigient table for error correction level 6

j 0 1 2 3 4 5 6 7 8 9 10¢ |NT1 12 | 13 | 14 15
o | 521 | 310 | 864 | 547 | 858 | 580 | 296 | 379 | 53 | 779 | 897 | 444 | 400 | 925 | 749 | 415

j 16 | 17 [ 18 | 19 | 20 [ 21 | 22 | 23 | 24 | 2DV 26 | 27 | 28 | 29 | 30 31
oy |822| 93 | 217 | 208 | 928 | 244 | 583 | 620 | 246 |\148 | 447 | 631 | 292 | 908 | 490 | 704

i 32 | 33 | 34 | 35 |36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 7
oj | 516 | 258 | 457 | 907 | 594 | 723 | 674 | 292\| 272 | 96 | 684 | 432 | 686 | 606 | 860 | 369

j 48 | 49 | 50 | 51 | 52 | 53 | 54 |\65 | 56 | 57 | 58 | 59 | 60 | 61 | 62 b3
o | 193|219 | 129 | 186 | 236 | 287 | 192) 775 | 278 | 173 | 40 | 379 | 712 | 463 | 646 | 776

j 64 | 65 | 66 | 67 | 68 | 694070 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 y9
oj | 171 491 | 297 | 763 | 156 | 782 | 95 | 270 | 447 | 90 | 507 | 48 | 228 | 821 | 808 | 498

i 80 | 81 | 82 | 83 | 84 85 | 86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94 D5
o | 784 | 663 | 627 | 378 | 382 | 262 | 380 | 602 | 754 | 336 | 89 | 614 | 87 | 432 | 670 | §16

i 96 | 97 | 98 |99 | 100 [ 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111
oj | 157 | 374 | 242726 | 600 | 269 | 375 | 898 | 845 | 454 | 354 | 130 | 814 | 587 | 804 | B4

j 112 | 113 [\14 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127
o | 211|380 539 | 297 | 827 | 865 | 37 | 517 | 834 | 315 | 550 | 86 | 801 | 4 | 108 | 339

N

()]
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Coefficient table for error correction level 7
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4

10

11

12

13

14

15

aj

524

894

75

766

882

857

74

204

82

586

708

250

905

786

138

720

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

a

858

194

311

913

275

190

375

850

438

733

194

280

201

280

828

757

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

710

814

919

89

88

569

11

204

796

605

540

913

801

700

799

137

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

439

418

592

668

353

859

370

694

325

240

216

257

284

549

209

884

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

315

70

329

793

490

274

877

162

749

812

684

461

384

376

849

521

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

307

291

803

712

19

358

399

908

103

511

51

517

225

289

470

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

637

731

66

255

917

269

463

830

730

433

848

585

136

538

906

90

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

290

743

199

655

903

329

49

802

580

355

588

188

462

10

134

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

628

320

479

130

739

71

263

318

374

601

192

605

142

673

687

234

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

722

384

177

752

607

640

455

193

689

707

805

641

48

60

732

621

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

895

544

261

852

655

809

697

755

756

60

231

773

434

421

726

528

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

503

118

49

795

32

144

500

238

836

394

280

566

319

647

550

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

73

914

342

126

32

681

331

792

620

60

609

441

180

791

893

754

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

605

883

228

749

760

213

54

297

134

54

834

299

922

191

910

532

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

609

829

189

20

167

29

872

449

83

402

41

656

505

579

481

173

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

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
oj 8461 75 327 | 520 1435 | 543 | 203 | 666 1249 | 346 | 781 | 621 | 640 | 268 | 704 | 534

i 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 B3
o || 939 | 781|408 | 390 | 644 | 102 | 476 | 499 | 290 | 632 | 545 | 37 | 858 | 916 |'8552 | #1

i 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | #/0| 78 | ¥9
Qj 542 | 289 | 122 | 272 | 383 | 800 | 485 | 98 | 752 | 472 | 761 | 107 | 784860 | 658 | 141

j 80 [ 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 | 90 | 91 .92 | 93 | 94 | P5
aj 290 [ 204 | 681 | 407 [ 855 | 85 | 99 | 62 | 482 | 180 | 20 | 29%\[ 451 | 593 | 913 | 142

j 96 | 97 | 98 | 99 [ 100 | 101 | 102 | 103 | 104 | 105 | 106 \1O7 | 108 | 109 | 110 | 111
o ||808 | 684|287 | 536|561 | 76 | 653 899|729 | 567 |,744 | 390 | 513 | 192 | 516 | 458

i 112 | 113 | 114 | 115 | 116 | 117 [ 118 | 119 | 120 | 12N\f 122 | 123 | 124 | 125 | 126 | 127
o || 240 | 518 | 794 | 395 | 768 | 848 | 51 | 610 | 384 [\168 | 190 | 826 | 328 | 596 | 786 | 303

j 128 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 1
Qj 570 | 381 | 415 | 641 | 156 | 237 | 151 | 429 |~631 | 207 | 676 | 710 | 89 | 168 | 304 | 402

j 144 | 145 | 146 | 147 | 148 | 149 [ 150 |~¥61 | 152 | 153 | 1564 | 155 | 156 | 167 | 158 | 159
a; 40 | 708 | 575 | 162 | 864 | 229 | 65)| 861 | 841 | 512 | 164 | 477 | 221 | 92 | 358 | 185

i 160 | 161 | 162 | 163 | 164 | 165(|,166 | 167 | 168 | 169 | 170 | 171 [ 172 | 173 | 174 | 175
o 288 | 357 | 850 | 836 | 827 | %36 | 707 | 94 8 494 | 114 [ 521 | 2 | 499 | 851 | 543

i 176 | 177 | 178 | 179 | 180.] 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191
Qj 152 | 729 | 771 | 95(] 248 | 361 | 578 | 323 | 856 | 797 | 289 | 51 | 684 | 466 | 533 | §20

i 192 | 193 | 194 |-1956 | 196 | 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 407
Q; 669 | 45 | 902+(*452 | 167 | 342 | 244 | 173 | 35 | 463 | 651 | 51 [ 699 | 591 | 452 | §78
i 208 | 2094210 | 211 | 212 | 213 | 214 | 215 | 216 | 217 | 218 | 219 | 220 | 221 | 222 | 423
o 37 (424 | 298 | 332 | 652 | 43 | 427 | 119 | 662 | 777 | 475 | 850 | 764 | 364 | 578 | 911
i 224>1-225 | 226 | 227 | 228 | 229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 | 237 | 238 | 439
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
| [320]321]322]323]324]325]326[327[328]329[330][331[332]333]334][ 335
d4; | 789420305 441|207 [ 300|892 | 827 | 141 | 537 | 381 | 662 | 513 | 56,[252] 341
| [336[337[338]339]340[ 341342343344 [ 345 [ 346 [ 347 [ 348 [ 349 350 [ 351
dq; |242] 797|838 837|720 224307 631 61 | 87 |560 310 | 756.}'665 | 397 | 808
| 1352[353]354[355]356]357 358359360 ]361]362] 363364 [365] 366 ] 367
d4; |851]300[473 795|378 31 [ 647 | 915|459 | 806 | 590 | 71| 425 | 216 | 548 | 249
| 1368369370 [371[372]373[ 374375376 [ 377 [ 378:-}379 [ 380 [ 381 [ 382 [ 383
d4; [321]881[699 535673782210 815|905 | 303|843 [ 922|281 73 | 469] 791
| [384]385] 386387388389 390]391]392]393]394 [ 395]396 [ 397 [ 398 | 399
d4; [ 660|162 [ 498|308 | 155 422 907 [ 817 [ 187 |62 | 16 | 425|535 | 336 | 286 | 437
| 14007 401402403404 [ 405 406 [ 407 [ 408 [ 409 [ 410 [ 411 [ 412 [ 413 [ 414 [ 415
d4; [ 375|273 ] 610|296 | 183 | 923 | 116 | 6671751 [ 353 | 62 | 366 | 691 | 379 | 687 | 842
| T416 417418 [ 419 [ 420 [ 421 [ 422 }423 [ 424 [ 425 [ 426 | 427 [ 428 | 429 [ 430 || 431
d; |37 [357 720|742 (330 | 5 | 397923311 [ 424 [ 242|749 321 54 | 669 316
| T432[433 434435436 [ 437438 [ 439 [ 440 [ 441 [ 442 | 443 [ 444 | 445 [ 446 | 447
d4; | 342299 [ 534|105 | 667|488 | 640 | 672 | 576 | 540 | 316 | 486 | 721 [ 610 | 46 | 656
| 1448449450451 [ 452|453 | 454 [ 455 [ 456 | 457 | 458 | 459 [ 460 | 461 | 462 [ 463
d4; [ 447|171 ] 616 | 464 (190 | 531 | 297 [ 321 | 762 | 752 | 533 | 175 | 134 | 14 | 381 433
| 464465 466 [467 [ 468 [ 469 | 470 [ 471 [ 472 [ 473 [ 474 | 475 [ 476 | 477 [ 478 | 479
4 [717] 45 [ 141 20 | 596 | 284 | 736 | 138 | 646 | 411 | 877 | 669 | 141 [ 919 | 45 | 780
| 1480481482 [ 483 [ 484 [ 485 | 486 [ 487 | 488 [ 489 [ 490 | 491 [ 492 [ 493 [ 494 [ 495
d4; [407 | 164 [ 332|899 | 165 | 726 | 600 | 325 | 498 | 655 | 357 | 752 | 768 | 223 | 849 | 647
| [ 49647497 [ 498 [ 499 [ 500 [ 501 | 502 | 503 | 504 | 505 | 506 [ 507 [ 508 [ 509 [ 510 [ 511
d; ].63 | 310 [ 863 | 251 [ 366 | 304 | 282 | 738 | 675 | 410 | 389 | 244 | 31 [ 121 | 303 [ 263
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Annex G
(normative)

Compact PDF417

PDF417 may be used where space considerations are a primary concern and symbol damage is

In an envifonment where label damage is unlikely (eg an office), the right row indicators may be omitted and

pattern m
data over

Iy be reduced to one module width bar, as indicated in Figure G.1 below. This procedure’reduces
ead from 4 codewords per row to 2 codewords per row, with some trade-off in decode performa

robustness, or the ability to withstand noise, damage, degradation, dust etc.

This overH

A Compa

error corrgcted, and is therefore extremely vulnerable to poor print quality or damage.

NOTE In the previous versions of PDF417 (e.g. specifications published by AIM USA and AIM Europe),

Truncd

confusjon with the more general use of the term 'truncated'.

66

inlikely.
he stop
the non-
nce and

ead reduction version is called Compact PDF417, which is fully decoder compatible with standard PDF417.

t PDF417 symbol with fewer than 6 rows encodes the number of columns in only one place, whigh is not

he term

ted/PDF417 has been used in a technically synonymous manner, The name Compact PDF417 is preferred|to avoid

Quiet Start Left row Data Stop Quiet
Zone Pattern Indicator Codewords Pattern Zone
Codewords
vt ! ! et Quiet Zone

Row 0

I Row 1

I Row 2

Row 3

J Row 4

Row 5

Figure G.1 — Compact PDF417
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Annex H
(normative)

Macro PDF417

Macro PDF417 provides a standard mechanism for creating a distributed representation of files (too' I3
represented by a single PDF417 symbol. Macro PDF417 symbols differ from ordinary PDF417 symbols in that they
containadditional control information in a Macro PDF417 Control Block.

rge to be

Using Mlacro PDF417, large files are split into several file segments and encoded into individual symbols. The Control

Block defines the file ID, the concatenation sequence and optionally other informationh about the file. 1

he Macro

PDF417 decoder uses the Control Block's information to reconstruct the file correctly, independent jof symbol

scanning order.

H.2 Macro PDF417 syntax

Each Macro PDF417 symbol shall encode a Macro PDF417 Control Block containing control information. The
Control|Block begins with the Macro marker codeword (928). The:Control Block follows the data block with which it

is assotiated, and the number of codewords in the control block:is'counted as data and incorporated in th

e value of

the Symbol Length Descriptor. The beginning of the error correction codewords identifies the end of the Control

Block.

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

The Control Block shall contain at least the two mandatory fields: a segment index and file ID. It also mpy contain

a numbser of optional fields, as described in Annex H.2.3.

Figure H.1 illustrates the position of the Control Block in a Macro PDF417 symbol.

Stand ard PDF 417 Symhbol Layout

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

Malao PDF 417 SymholLayout

Symbol Length | Encoded Data + Pads Control Block (Errvor
D escriptor (N) Correction
ox8 | Segment Index | File ITy | Optional Information

Control He ade/

Figure H.1 — PDF417 Symbol Layouts
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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 allowed value in the segment index field is 99 998. Thus, up to 99 999 Macro PDF417 symbols may
comprise the distributed representation of a data file.

NOTE] This translates to a capacity of nearly 110 million bytes of data in Byte Compaction mode, or, 184 million characters
in Tex{ Compaction mode, or nearly 300 million characters in Numeric Compaction mode.

H.2.2 File ID field

For each |related Macro PDF417 symbol, the file ID field contains the same value. This ensures that all re-
assembled symbol data belongs to the same distributed file representation. The file ID is a variable length field
which bedins with the first codeword following the segment index and.-éxtends to the start of the optional fields (if
present) or to the end of the Control Block (if not).

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

NOTE] The effectiveness of the file identification scheme)is influenced by both the length of the file ID field|and the
suitability of the algorithm used to generate its value.

H.2.3 Optional fields

Optional flelds may follow the file ID.( Each optional field begins with a specific tag sequence and extends until the
start of the next optional field (if present) or the end of the Control Block (if not). The tag sequence corjsists of
codeword| 923 followed by a _single codeword field designator. In each optional field, data following [the tag
sequence| has a field-specificZinterpretation. Empty optional fields shall not be used. Table H.1 shgws the
correspondence between currently defined field designators and optional field contents. Each optional field begins
with an implied reset tothe/compaction mode shown in the table and with an implied reset to ECI 000002 (¢r GLI O
for encod¢rs complying.to earlier PDF417 standards). ECI escape sequences and mode latches and shifts jmay be
used, but pnly in the optional fields initially in Text Compaction mode.

These fields shall always represent global file attributes and so need not be present in the Control Block pf more
than one Macro PDF417 symbol within the distributed file representation, with the exception of the segment count
field, as described below. The segment which confains these fields is defined by the specific encoder
implementation. If a particular field is to appear in more than one segment, it shall appear identically in every
segment. There is no required order for the optional fields.
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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 Time Stamp Numeric Compaction Y 6
3 51 Sender Text Compaction N Variable
4 52 Addressee Text Compaction N Variablg
5 53 File Size Numeric Compaction Y Variabl¢
6 54 Checksum Numeric Compaction Y 4

NOTE 1
allowed

As sho
the def
symbol
Specifig

- A 'Y' in the ‘Fixed Compaction Mode' column means that no ECls~and no compaction mode latches an
n that field.

NOTE 2: The totals shown in the last column include the twg-codeword tag sequence.

vn in Table H.1, all optional fields use standard PDF417 high-level encoding. At the beginning of

construction of optional fields shall be asfollows:
The segment count field (identifying the total number of Macro PDF417 symbols in the distribute
field is used, that field shall appear in every segment.

The time stamp field shali-be interpreted in Numeric Compaction mode. It indicates the time sta
source file expressed\as the elapsed time in seconds since 1970:01:01:00:00:00 GMT (i.e. 00:0
on 1 January 1970).~Using this format, four codewords can encode any date over the next 200 cs

The file sizedield contains the size in bytes of the entire source file.

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

12 5

polynemial x16 +x “ +x~ + 1 computed over the entire source file.

i shifts are

each field,

bult mode in effect shall be defined by Table- K1, regardless of mode shifts and latches earfier in the

d file) can

contain values from 1 to 99 999 and shall be encoded as two codewords. If the optional segment count

mp on the
0:00 GMT
pnturies.

CCITT-16

NOTE 4. T

£1 H Aol 1 ol l 1 lotaalf 4l o 1 £1 H dotlo A HH
INO T T e e Stz arta CrCURSTTTT Stia o CarCuratC U O e OTgiar SOUTCC e~ PTrioT 1O the—aGuurtoT

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.
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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 Hig

h level encoding considerations

While Magro PDF417 provides a mechanism for logically associating a set of symbols, it is important to real
with respdct to PDF417 high-level encoding, each symbol shall remain a distinct entity. Thus, the scopg “of
switch shgll be confined to the symbol in which it occurs. Each symbol shall implicitly begin in the Alphasub-

the Text

The two
the file ID

In the con
mode curr
current EC
Control Bl

standards).

Block field
in any per

H.4 Eng

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

A Macro
segments

On the as
Block wou

ompaction mode.

andatory fields are encoded as follows: the segment index is encoded in Numeric €ompaction m
s encoded as a sequence of base 900 numbers.

text of a Control Block optional field, the compaction modes indicated in_Table H.1 shall supers
ently set by the mode identifier codewords within the data codeword region.of the symbol. The scop
I, however skips over the Macro Control Block to the start of the next. Maero PDF417 symbol. Eac
bck field begins with an implied reset to ECI 000002 (or GLI 0 for encoders complying to the earlier

It shall also be possible to set a different ECI within an optional Text Compaction mode Macro
| for example, to represent properly a Greek addressee's name>_The ECI escape sequence may bg
mitted position (see 4.5.3) after the tag codeword (923).

todation example

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

. Other 'header' data to be encoded are:
. File ID =17hase 900 93pase 900
. Segment count to be used
. Sender: CEN BE
. Addressee: ISO CH

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

sumption.that the encoder places optional fields in the first symbol, the encodation of the Macro
d be @s-follows for that symbol.

ze that,
a mode
mode of

pde and

ede the
e of the
h Macro
PDF417
Control
placed

(or file

Control

[ast data codewordl [9281., [1111 1100110171 10531~ [9231 [001]1-
T T AT T BT T 1T Tt D

[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:

70

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

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

© ISO/IEC 2001 — All rights reserved


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

ISO/IEC 15438:2001(E)

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 Macro PDF417 and the Extended Channelnterpretation protocol

The symbology-independent Extended Channel Interpretation (ECI) protocol was developed after PDF417 was
specified as a symbology. PDF417 supported its own Global Label Identifier (GLI) system, the precursor and basis of
the ECy protocol, from the first publication of the symbology specification in 1994. Therefore, preyious 'GLI'
implementations have to be taken into account. There are two different conditions which need to be [taken into
account:

. GLI 0 and 1 which were\the only interpretations specified in the original PDF417 specificatiopns. These
are equivalent to EC1)000000 and ECI 000001. The precise rules for Macro PDF417 are|defined in
Annex H.5.1.

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

H.5.1 Macro PDF447 with ECI 000000 and 000001 (GLI 0 and 1)

As GLI$ weresintrinsically part of the original PDF417 specification, it is logical to have a GLI encoder and Macro
PDF417 encoder combined in one unit. The original PDF417 symbology specification called for an implied ‘return-
to-GLI P'dlegic at the beginning of the second and subsequent Macro PDF417 symbols, thus every [symbol is
expected-to—start-at-the defatit-intet pretatton—ot St-6-and— (cquiva:cllt toECH0666660—andECH 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: The
mode shall[not straddle two segments, but two separate Numeric Compaction blocks can be encoded at the end 0f-ong
and at the beginning of the next. These conditions are related to Macro PDF417 and High Level Encoding (see Annex
not Macro PDF417 and ECls.

H.6 Mac¢ro PDF417 data transmission

The transmission of Macro PDF417 Control Block information shall be treated(in‘a similar manner to
interpretafive ECIs. The symbology-independent ECI protocol is defined below; the original PDF417 prg
defined infAnnex N. Although the Macro Control Block is encoded at the end ef the symbol's data, it is tran
before thegl symbol's data when using the ECI protocol.

Three codewords (922, 923 and 928) signal the encodation of a Macro PDF417 Control Block or on
constituent parts. Decoding is as follows:

1.

72

If the Macro marker codeword (928) begins the seguénce:

a. Codeword 928 is transmitted as the esgape sequence 92, 77, 73, which represents \M
default interpretation.

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

c. The next codewords encode the file ID field, which shall be the same for all related Macro §
symbols. The end pointiof the file ID field is either codeword 922, codeword 923, or the en
encoded data in the symbol. Each codeword is converted to a 3-digit number in the range
899 (i.e. the codeword number) and transmitted as three byte values (in the range decim
57) following theescape header: 92, 77, 70, which represents \MF' in the default interpretat

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

a. Codeword 923 is transmitted as the escape sequence 92, 77, 79, which represents \M(
defadlt interpretation.

re may need to be some iteration to produce a logical end-of-symbol encodation, for example: Numeric Corlnpaction

e symbol
H.3) and

that of
tocol is
smitted

e of its

in the

paction

PDF417
d of the
000 to
8| 48 to
ion.

"in the

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

0 single

[y ' 4o AQOLL 1 £ Ll ol H &
UYIT TTPUTTOTTIUNTY T AOUIT VAIUT UT UTT UTSTYrialur.

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.

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

be

bncoded in the symbol as the codeword sequence:
[928] [111] [100] [100] [200] [300]

It Would be transmitted as:

As the

Data transmission (byte):

92,77,73,48, 48, 48, 48, 48, 92, 77, 70, 49, 48, 48, 50, 48, 48, 51, 48,48, 92, 77, 89
ASCI!I interpretation:

\MIO0000\MF100200300\MY

Macro PDF417 symbols are scanned, the de-packetizing function reconstructs the original

bearing| in mind that the symbols may be scanned out of sequence:\If the system is operating in buffe

the de-

backetizing function is in the decoder; if operating in unbuffered mode it is in the receiving system.

Macro PDF417 Control Block of the first symbol, Segment Index = 0, with a File ID (100, 200,~300) would

message,
red mode,

Decodgrs should provide a decoder-specific means whereby the processing of a given Macro PDF417 fjle ID may

be abo

conditign should one or more symbols of a given File ID_be missing or undecodable.

H.6.1

In buff
configu

OR

H.6.2

In unby
Block s

Dperating in buffered mode

ered mode, de-packetizing shall be (performed in the decoder/reader. Depending on the
ation it will either:

. send the reconstructedidata with no Macro Control Block.

. send one Magro-Control Block (which itself may have been reconstructed to include all opt

included in-any’symbols) to precede the entire encoded message. The resulting Macro Col
shall have\its Macro Index field set to 0 and shall include the Macro end-of-file field (in effe
the entire-reconstructed message as the first - and only - Macro segment of the pseudo-serie

Dperating in unbuffered mode

hallrepresent all of the required and optional fields actually encoded in the symbol.

ted, thus allowing the decoder to begin processing:a‘new File ID. This is necessary to prevent g deadlock

equipment

onal fields
hirol Block
ct, to mark

5).

ffefed*mode, de-packetizing shall be performed in the receiving system. Each transmitted Magro Control

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.
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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. Tiredetodershattransmita GE—(ECT00000 1 at the start of each varrabte tengthoptionat fiefdgncoded
in| Text Compaction mode in the Macro Control Block, if the data preceding that field ends in a-GL| 1 (ECI
000001) interpretation.

This requirement applies whether operating in buffered or unbuffered mode, and whethér-the decpder is
programmed to transmit using either the ECI protocol, or the original PDF417 transmission protoecol.
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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 foll

wing procedures should be used to assess the grade of PDF417 symbols.

J1G

The PD
specifie
evaluat
graded

When p
measur
not be §

is desir¢d, PDF417 symbols should be printed and tested in both<orientations.

J.2 G

approp
charac

1.

This grLde shall be based on an analysis of thetentire symbol as scanned with an effective aperture spec

rade based on start and stop characters

F417 start and stop characters shall be evaluated according to ISO/IEC 15416, using-the aperture
d in the appropriate application standard. The reference decode algorithm (se€ Annex K.2) shall
b the parameters decode and decodability for the start and stop characters< /PDF417 test scan
using these parameters.

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

erforming a measurement, the scan lines should be made perpendicular to the start and stop charac
ement of the start and stop character may be used for process control purposes. Note that this n
ensitive to printing variations parallel to the start and stop eharacters. If a full analysis of the printir

rade based on symbol characters

iate application standard. Test scans’ shall be made slightly off the perpendicular of the start
rs such that cross row scanning is-utilised in all scans.

Determine a global threshold value for each scan equal in reflectance to (RpaxtRmin) / 2 where R
highest reflectance valué in the scan and Rnj, is the lowest. All elements above the global thre
spaces and those below are bars. Determine the E measurements in Figure K1 using an edd
equal to the mid-peint reflectance of the adjacent bar and space pairs. Continue processing scar
number of decoded codewords stabilises.

Decode thessymbol and for error correction levels 1 to 8, calculate the unused error correction as
2f) / (25+1 -)p)) where p = 2 or 3 in accordance with the formulas in 4.7.2. For error correction leV
symholdecodes, the unused error correction is 1,0. Compare the result with the values in Ta
determine the symbol character based grade.

size that is
be used to
s shall be

ters. This
hethod will
g process

fied in the
and stop

max IS the
pshold are

e location
s until the

1,0 - ((I +
el 0, if the
ble J.1 to
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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

Nl w| &

20,25

<0,25

J.3 Overall symbol grade

The overd
Annex J.1

Il symbol grade shall be the lesser of the grade based on start and stop~characters in accordarjce with

or the grade based on symbol characters in accordance with Annex J.2.
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Annex K
(normative)

Reference decode algorithm for PDF417

This seftion describes the reference decode algorithm used in the computation of decodability when ass
symbol|quality using the method described in ISO/IEC 15416.

decode
neces

When Esessing symbol quality through the use of this reference decode algorithm, a PDE417* symbqd

, in a series of scan lines running across the symbol that cross at least one start or stop charactg
rily row by row. It is possible to decode the symbol if the scan line crosses two,or more rows by

:2001(E)

essing the

| shall be
r, but not
using the

cluster pumber. The decoding of symbol character bar-space sequences shall be achieved by using 'edge to similar

edge’ (¢

The PDJF417 symbol shall be decoded in four phases:

1. Initialisation - to establish the symbol matrix.
2. Line decoding using the reference decode algorithm.
3. Filling the matrix.
4. Interpretation.
K.1 Initialisation
A suffigent number of line decodes (see Annex K.2 below) shall be performed at the start of the decode

establish the symbol structure parameters (numberof rows r, number of columns c¢), and error correction lg
information is encoded in the left and right rowndicators, adjacent respectively to the start and stop charact

After thé symbol structure parameters have been initialised, a matrix shall be established which reflects the
by columns) of the symbol being decaded. The matrix shall exclude start and stop characters and row indic

K.2 Reference decode algorithm for line decoding

A decoglable scan ling-shall contain at least: one quiet zone, a start or stop character, one row indicator 3

more s

following steps.to.decode the line:

1.

) measurements.

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

brocess to
vels. This
ers.

size (rows
ators.

nd one or
ntains the

Confirm the presence of a quiet zone.

2.

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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y

" 1

el e3 e5
%92%94
Figure K.1 — Decode Measurements

3. Cepnvert measurements e4, €,, €3, €4, €5, and ez to normalized values.Ey, E,, E;, E4, Es and Eg which will
represent 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
If 4,5p /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/ AFthenE =7
If7,5p /17 <e;<8,5p/ 17, then E;= 8
If8,5p /17 <e;<9,5p/17,thenE =9

Otherwise the symbol character bar-space sequence is in error.

4. After findingHha start or stop character, attempt to decode a row indicator, and as many|symbol
characters ds~the number of columns in the matrix, in the direction derived from the start|{or stop
character,decoded. Decode the symbol character bar-space sequences as per step 5.
5. Compute the symbol character cluster number K by:

K=(E1-E2+E5-E6+9)m0d9

NOTE-Thisformutayietdsdenticat Tesuitstotheequationrgiverrim 43t

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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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).

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.

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

procedyre.
1.
2.

3.

Set the initial value of the erasure count v to be equal to r x c.

For each scan, attempt to decode as many codewords as the number of ‘columns of the matfix.

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 cfossing occurs, the scan line will have different row numbers indicated by the left and right row indicators. The

cluster pumber shall be used to interpolate the correct row number for-€ach 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 40. There are 10 columns in the matrix. The scgn 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.

Suu gy R B
T L8 I Rg T
'\
— |
A Lg \\\ R9 0
R P
o — o |P |
T L‘l‘l R11

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 codewgrd.

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 =/4and f = 0).| If error
recovery fails, then more codewords shall be collected.

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

For more ¢letails on error detection and correction see Annex L.

K.4 Intgrpretation

Beginning| from an initial state of the Alpha sub-mode of Text Compaction mode, the data codewords s$hall be
interpreted according 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

= |, 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 syndrome values (S; to Sy) by evaluating:
C(x)atx=3
fori=1toi =k
s+1

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

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

3i

Input ﬁ\
U

Figure L.1 — Symbol Syndrome Divider
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