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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.
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Introduction

The technology of bar coding is based on the recognition of patterns of bars and spaces of defined
dimensions. There are various methods of encoding information in bar code form, known as
symbologies, and the rules defining the translation of characters into bars and space patterns and other
essential features are known as the symbology specification.

Manufacturers of bar code equipment and users of bar code technology require publicly available
standard symbology specifications to which they can refer when developing equipment and application
standards. It is the intent and understanding of ISO/IEC that the symbology presented in this
International Standard is entirely in the public domain and free of all user restrictions, licences and fees.

vi © ISO/IEC 2015 - All rights reserved
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Information technology — Automatic identification and
data capture techniques — PDF417 bar code symbology
specification

1 Scope

This Iytermatiomat-Standard-specifiestherequirementsfor-the barcodesymbotogy kmown as PDF417.
It spedifies PDF417 symbology characteristics, data character encodation, symbol format§, dimensions,
error ¢orrection rules, reference decoding algorithm, and a number of application pairaméters.

2 Normative references

The following documents, in whole or in part, are normatively refereficed in this document and are
indispensable for its application. For dated references, only the edition cited applies] For undated
references, the latest edition of the referenced document (including-any amendments) apilies.

ISO/IHC 646, Information technology — ISO 7-bit coded character'set for information interchange

ISO/IHC 15415, Information technology — Automatic identification and data capture tecHniques — Bar
code symbol print quality test specification — Two-dimensional symbols

ISO/IHC 15424, Information technology — Automaticyidentification and data capture techniques — Data
Carriet Identifiers (including Symbology Identifiers)

[SO/I1 19762-1, Information technology.\— Automatic identification and data cdpture (AIDC)
techniques — Harmonized vocabulary — Pawt 1: General terms relating to AIDC

[SO/I1 19762-2, Information techhology — Automatic identification and data cdpture (AIDC)
techniques — Harmonized vocabulairy — Part 2: Optically readable media (ORM)

ISO/IEC 24723, Information technology — Automatic identification and data capture tecHniques — GS1
Compdsite bar code symbolegy specification

3 Terms and definitions

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

31

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

Note 1 to entry: A decoder complying with this model operates in Basic Channel Mode.

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

© ISO/IEC 2015 - All rights reserved 1
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3.3
cluster
any of the thr

ee mutually exclusive subsets of PDF417 symbol characters

Note 1 to entry: The symbol characters in a given cluster conform with particular structural rules which are
used in decoding the symbology.

3.4

compaction mode
any of the three data compaction algorithms in PDF417 (Text, Numeric and Byte Compaction modes)
which are used to map 8-bit data bytes efficiently to PDF417 codewords

3.5
e-distance
distance fron
trailing edge {

3.6

error correc
encodes a val
detected and,

3.7
Extended Ch
ECI
procedure w
another inter

Note 1 to entry
scanned symb

3.8
Extended Ch

system for eficoding and transmitting both-data message bytes and control information abd

message, the

escape sequenmnces

Note 1 to entry

39
function cod
initiates a pay

EXAMPLE

to invoke Extefpded Channel Interpretations.

3.10
Global Label
GLI

o trailing edge

fion codeword
pe derived from the error correction codeword algorithm to enable decode error
depending on the error correction level, to be corrected

hnnel Interpretation

thin some symbologies, including PDF417, to replace the default interpretatio
bretation in a reliable manner

: The interpretation intended prior to producing-the symbol can be retrieved after decod
| to recreate the data message in its original fgrmat.

hnnel Model

control information being communicated using Extended Channel Interpretatior
: A decoder complying with this model operates in Extended Channel Mode.
pword

ticular operation within a symbology

To switch between data encoding sets, to invoke a compaction scheme, to program the re

the leading edge of an element to the leading edge of the next similar elemént, or from

5 to be

n with

ing the

ut the
(ECI)

hder, or

Identifier

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

Note 1 to entry: The GLI system was the PDF417-specific precursor to the symbology-independent ECI system.

3.11

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

Note 1 to entry: The procedure considerably extends the data capacity beyond that of a single symbol.

Note 2 to entry: This procedure is similar to the Structured Append feature in other symbologies.

© ISO/IEC 2015 - All rights reserved
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Mode Latch codeword
used to switch from one mode to another mode, which stays in effect until another latch or shift
codeword is implicitly or explicitly brought into use, or until the end of the symbol is reached

3.13

Mode Shift codeword
used to switch from one mode to another for one codeword, after which encoding returns to the
original mode

3.14

Row Indicator codeword

PDF41
struct
and th

3.15

codeword adjacent to the start or stop character in a row, which encodes informa
ire of the PDF417 symbol in terms of the row identification, total number of rows
P error correction level

Symbg¢l Length Descriptor

firstc

4

4.1

For th
some (
done f

A
b

Ty

~ = X T N T

Sy

Sy

el

7
d

el

rg

deword in a PDF417 symbol, which encodes the total number of data:codewords in

'mbols, operations and abbreviated terms

$Symbols

e purposes of this International Standard, the follewing mathematical symbols ap
ases where the symbols below have been used:in‘a different manner in an equation.
r consistency with a more general use of thenoetation and is always clearly defined

rmbol aspect ratio (height to width) of aPDF417 symbol

ement width in a symbol character:

nyimber of columns in the symbualin the data region (excluding start, stop and row in

ords)
hta codeword including al function codewords

ror correction codeword

edlge to similariedge dimension in a symbol character

w number

n

mber/of substitution errors

fion about the
and columns,

the symbol

ply. There are
This has been
n the text.

dicator code-

height of symbol including quiet zone

cluster number

number of error correction codewords

le

ft row indicator

number of erasures

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

total number of data codewords including Symbol Length Descriptor and any pad codewords
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p  pitch or width of a symbol character

Qy horizontal quiet zone

Qv vertical quiet zone

R right row indicator

r  number of rows in the symbol

error correction level

s
W  width of
X  X-dimens
Y moduleH
4.2 Mathe

For the purpo

div isthei

INT isthei
ignorin
mod istheq
divisor

when a

4.3 Abbrey

For the purpqg

KymDbOl INCIUding quiet Zone
ion or module width

eight (also called row height)

matical operations
ses of this International Standard, the following mathematical‘eperations apply.
hteger division operator, rounding down

nteger value, i.e. where a number is rounded down tg,its whole number component
g its decimal fractions

ositive integer remainder after division. If thextemainder is negative, add the value]
to make it positive. For example, the remainder of -29 160 divided by 929 is -361 ¥
dded to 929 yields 568.

riated terms

ses of this International Standard, the following abbreviated terms apply.

ECI  Extended Channel Interpretation

GLI  Global

5 Require¢

[.abel Identifier

ments

5.1 Symbollogy characteristics

5.1.1 Basid

of the
vhich

characteristics

PDF417 is a bar code symbology with the following basic characteristics.

a) Encodable character set:

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

2) Byte Compaction mode (see 5.4.3) 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;

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

© ISO/IEC 2015 - All rights reserved
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b)

d)

f)

g)
h)

i)
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4) Upto 811 800 different character sets or data interpretations;
5) Various function codewords for control purposes.

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

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

1) Text Compaction mode: 1 850 characters (at 2 data characters per codeword);

2) _Byte Compaction mode: 1 108 characters (at 1,2 data characters per codeword):

3)| Numeric Compaction mode: 2 710 characters (at 2,93 data characters per codewqrd).

Atjthe minimum recommended error correction level, there is a maximum of 863 dqta codewords
which can encode:

4)| Text Compaction mode: 1 726 characters (at 2 data characters per e6deword);
5) Byte Compaction mode: 1 033 characters (at 1,2 data characters per codeword);
6)[ Numeric Compaction mode: 2 528 characters (at 2,93 datacharacters per codewqrd).
Sylmbol 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 c¢odewords;

5)] Maximum data codeword capacity: 925 codewords.

Since the number of rows and the number of columns are selectable, the aspect rati([) of a PDF417
syimbol may be varied whén printing to suit the spatial requirements of the applicati¢n

Selectable error correction: 2 to 512 codewords per symbol (see 5.7).
N¢gn-data overhead;
1)| Per row¢Z3 modules, including quiet zones;

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

Cddedype: continuous, multi-row two-dimensional.

Character self-checking: Yes.

Bi-directionally decodable: Yes.

5.1.2 Summary of additional features

Additional features which are inherent or optional in PDF417 are summarised below.

a)

b)

Data compaction: (inherent) Three schemes are defined to compact a number of data characters
into codewords. Generally data is not directly represented on a one character for one codeword
basis (see 5.4.1.5 to 5.4.4).

Extended Channel Interpretations: (optional) These mechanisms allow up to 811 800 different
data character sets or interpretations to be encoded (see 5.5).

© ISO/IEC 2015 - All rights reserved 5
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c¢) Macro PDF417: (optional) This mechanism allows files of data to be represented logically and
consecutively in a number of PDF417 symbols. Up to 99 999 different PDF417 symbols can be
so linked or concatenated and be scanned in any sequence to enable the original data file to be

correctly reconstructed (see 5.13).

d) Edge to edge decodable: (inherent) PDF417 can be decoded by measuring elements from edge to

similar edge (see 5.3.1).

e) Cross row scanning: (inherent) The combination of the following three characteristics in PDF417

facilitates cross row scanning:

1) being synchronised horizontally, or self clocking;

2) row ifdentification;

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

htion.

This combination allows a single linear scan to cross a number of rows and achieve-a partial lecode

of the datfa so long as at least one complete symbol character per row is decodedinto its cod
The decofling algorithm can then place the individual codewords into a meaningful matrix.

f) Error cofrection: (inherent) A user may define one of 9 error correctionlevels. All but Levd
only deteft errors but also can correct erroneously decoded or missing/codewords (see 5.7).

g) Compact{PDF417: (optional) In relatively ‘clean’ environments,it\is possible to reduce soms
row overhead to improve the symbol density (see 5.12).

NOTE In eprlier specifications of PDF417, Compact PDF417 was\¢alled Truncated PDF417. Compact PD}
the preferred tprm to avoid confusion with the more general use-ofthe term ‘truncated’.

5.2 Symbo|l structure

5.2.1 PDF417 symbol parameters

Each PDF417 gymbol consists of a stack of vertically aligned rows with a minimum of 3 rows (maj
90 rows). Each row shall include a minirum of 1 symbol character (maximum 30 symbol char3
excluding staft, stop and row indicatér columns. The symbol shall include a quiet zone on all fou
Figure 1 illusfrates a PDF417 symbol.encoding the text: PDF417 Symbology Standard.

Left Row Right Row .
PSattata;:n Indicator Data codewords Indicator PStop Quiet
codewords codewords attern zone

bword.

1 0 not

of the

F417 is

Kimum
cters),
" sides.

Figure 1 — PDF417 symbol structure

5.2.2 Row parameters
Each PDF417 row shall comprise of the following:

a) leading quiet zone;

6 © ISO/IEC 2015 - All rights reserved
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b) startcharacter;

c) leftrow indicator symbol character;

d) 1to 30 symbol characters;

e) rightrow indicator symbol character;

f) stop character;

g) trailing quiet zone.

ISO/IEC 15438:2015(E)

NOTE The number of symbol characters (or codewords) defined in item ‘d’ above is equal to the number of

data cdlumns in the PDF417 symbol.

5.2.3 | Codeword sequence

A PDFf17 symbol may contain up to 928 symbol characters or codewordssSymbol chpracter is the
more gppropriate term to refer to the printed bar/space pattern; codeword'is more appr¢priate for the

numertlic value of the symbol character. The codewords shall follow this sequence:

a) The first codeword, the Symbol Length Descriptor, shall always.encode the total nimber of data
codewords in the symbol, including the Symbol Length Desecriptor itself, data codewords and pad

codewords, but excluding the number of error correction codewords.

b) The data codewords shall follow, from the most{significant encodable charadter. Function
c

ewords may be inserted to achieve data compacgion.

c) P4d codewords to enable the codeword sequence to be represented in a rectanguldr matrix. Pad

(@)

as[specified by the application.

d) An optional Macro PDF417 Control Bleck.

e) Error correction codewords for ersor detection and correction.

ewords may also be used to fill additional eomplete rows to achieve an aspect ratio desired or

The c¢dewords are arranged with the most significant codeword adjacent to the Symbol Length
Descriptor, and are encoded friom left to right and from top row to bottom. Figure 2 illustrates in layout
format the sequence for a symbol like what is being shown in Figure 1. In Figure 2, an erfor correction
level of 1 has been used, ahd one pad character was needed to completely fill the symbol matrix.

Ly dis di4 Rq

L di3 di2 R>

L3 di1 dyo R3
S Ly dy dg Ry S
: Ls d7 de Rs T
R Lg ds dy Rg (0]
T L, ds dy R p

Lg dy do Rg

Lo E3 ) Ro

Ly Eq Ey R1o

Figure 2 — PDF417 Example of Symbol Layout Schematic

© ISO/IEC 2015 - All rights reserved
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where

L,R,dand E  are as defined in Clause 4;

dis
digtodq

do

Symbol Length Descriptor (in this example, with a value of 16);
encoded representation of data;

pad codeword.

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

5.3 Basicd

5.3.1 Symb

Each PDF417
can be one to
PDF417 symb

Each symbol
of the eight e
space sequen

ncodation

ol character structure

5ix modules wide. The four bar and four space elements shall measure’l7 modules i
ol characters can be decoded by measuring the e-distances within the character.

haracter is defined by an 8-digit bar-space sequence which représents the module

fe 51111125.

MODULE #
l "2'3 Il 'll.l'l'l I' ||0|H|12|'3'N'15 |1l||7l

1l1|1 |1|2| 5

ELEMENT
WIDTH

b b b b,

1 2 Al

Figure 3 — A PDF417 symbol character

There are 929

defined symbol character values (codewords) numbered from 0 to 928

ymbol character shall consist of four bar elements and four space elements, each of which

n total.

Wwidths

ements of that symbol character. Figure 3 illustrates a symbol character with the bar-

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

The cluster number K is defined by the following formula:

K= (b1 - by + b3 - b4 +) mod 99

where b1, b, b3 and b4 represent the width in modules of the four bar elements respectively.

© ISO/IEC 2015 - All rights reserved
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The cluster number K for the symbol character in Figure 3 is:
K=(5-1+1-2+9)mod9=3
The codewords and the bar-space sequences for each cluster of symbol characters are given in Annex A.

5.3.2 Start and stop characters

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

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

Bar-space sequence
Character
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

NOTE1 The PDF417 stop and start characters are unique in having elements.more than 6 modfiles wide.
NOTE 2  The stop character has one extra single module bar element.

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

TN 1N

Start Character Stop Character

Figure4 — PDF417 Start and Stop Characters

5.4 High level (data)iencodation
High l¢vel encoding'eonverts the data characters into their corresponding codewords.

Data dompaction*schemes shall be used to achieve efficient high level encoding. Thrge modes are
definefl belowy each of which defines a particular efficient mapping between user defijned data and
codewprd,sequences. PDF417 has three data compaction modes:

— Text Compaction mode (se€ 5.4.1.5];
— Byte Compaction mode (see 5.4.3);
— Numeric Compaction mode (see 5.4.4).

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

900 codewords (0 to 899) are available in each mode for data encodation and other functions within
the mode. The remaining 29 codewords are assigned to specific functions (see 5.4.1) independent of the
current compaction mode.

© ISO/IEC 2015 - All rights reserved 9
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PDF417 also supports the Extended Channel Interpretation system, which allows different
interpretations of data to be accurately encoded in the symbol (see 5.5).

5.4.1 Function codewords
Codewords 900 to 928 are assigned as function codewords as follows:
— for switching between modes (see 5.4.1.1);

— for enhanced applications using Extended Channel Interpretations (ECIs) (see 5.4.1.2);

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

At present coflewords 903 to 912, 914 to 917, and 919 are reserved. Table 2 defines the completg list of
assigned and feserved function codewords. Their functions are defined in 5.4.1.1 to 5.4.1.5.See 5/4.6 for
the treatment of reserved codewords.

Table 2 — Assignments of PDF417 function codewords

Codewordl Function Refer to subclause
900 mode latch to Text Compaction mode 5411
901 mode latch to Byte Compaction mode 541.1,54.3.1
902 mode latch to Numeric Compaction mode 5411
903 to 91p Reserved
913 mode shift to Byte Compaction mode 54.1.1
914 to 917, 919 Reserved
918 linkage flag to associated linear compefient, in a composite symbol |5.4.1.5
(other than an EAN.UCC Composite symbol)
920 linkage flag to associated lineart¢omponent, in an EAN.UCC Compos- |[5.4.1.5
ite symbol
921 reader initialisation 5.4.1.4
922 terminator codewordfet Macro PDF control block 5.13
923 sequence tag to identify the beginning of optional fields in the Macro |5.13
PDF control block
924 mode latch to/Byte Compaction mode (used differently from 901) 54.1.1,54.3.]
925 to 92} identifiex for an Extended Channel Interpretation (ECI) 5.5
928 Maero marker codeword to indicate the beginning of a Macro PDF 513

CGontrol Block

5.4.1.1 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 5.4.5.

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 for this purpose. 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 5.4.2.4.

10 © ISO/IEC 2015 - All rights reserved
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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

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

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

Table 4 — Mode Transition Table, Showing Codewords and Their Functi¢n
Destination Mode
Origirjal Mode -
Text Byte Numeric
Text 900 mode latch 913 mode shift 902'mode latch
901 mode latch
924 mode latch
Byte 900 mode latch 901 mode latch 902 mode latch
924 mode latch
Numeric 900 mode latch 901 mode ldtch 902 mode latch
924 modelatch
900
Texi < -
Compaction
9011924
a00 0?2
T
7
T Numeric
901/ 7\ Compaction | 901/324 Compaction
924
- -
— )
e g
k.___ﬁ-—""f
902
Key
— — — mode shift
mode latch

Figure 5 — Available Mode Switching

The switching rules into Byte Compaction mode are more fully defined in 5.4.3.1.

© ISO/IEC 2015 - All rights reserved
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5.4.1.2 Function codewords for switching to Extended Channel Interpretations

An ECI codeword can be used to switch to a particular interpretation, which stays in effect until
another ECI codeword is explicitly brought into use or until the end of the data. Codewords 925 to 927
are assigned to this function (see 5.5).

5.4.1.3 Function codewords for Macro PDF417

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

5.4.1.4 Fu

Codeword 92
as program

Symbol Lengt
appear in eve

The data cont

reader.

5.4.1.5 Fun

Codeword 92
component in|

Codeword 91
in any other c

When used, {

Readers supp
components 4
the indicated

5.4.6). In addition, readers not supporting the indicated 918 composite application may have an

to ignore the

linear compoment.

5.4.2 Text(

The Text Comppaction mode includes all the printable ASCII characters (i.e. values from 32 t

and three AS
or carriage r¢

fio

18
TIOTT

shall be used to instruct the reader to interpret the data contained within-the s
ing for reader initialisation. Codeword 921 shall appear as the first codeword af
h Descriptor. In the case of a Macro PDF417 initialisation sequence, codeword 92
'y symbol.

ained in an initialisation symbol or sequence of symbols shall ngt be transmitted

ction codewords for linkage flags in composite symbaols

D shall be used as a linkage flag to signal the presence’ of an associated EAN.UCC
accordance with ISO/IEC 24723.

B shall be used as a linkage flag to signal the presence of an associated linear com
pmposite symbology.

prting the indicated composite application should decode and transmit the data fi
s specified in the relevant_comiposite symbology specification. Readers not supq
composite application may treat the 918 or 920 codeword as a reserved codewo

two-dimensional composite component and transmit only the data from the assc

Compaction inode

[II control characters: HT or tab (ASCII value 9), LF or line feed (ASCII value 10),
turn-(ASCII value 13). The Text Compaction mode also includes various latch an|

ymbol
fer the
1 shall

by the

linear

ponent

he 918 or 920 codeword may appear in any position in the symbol. The applicable
composite symbology specification may define a specific position of the linkage flag.

om all
orting
"d (see
option
ciated

b 126)
ind CR
d shift

characters whichare used exclusively within the mode.

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

5.4.2.1 Text Compaction sub-modes

The Text Compaction mode has four sub-modes:

12

Alpha (uppercase alphabetic);
Lower (lowercase alphabetic);
Mixed (numeric and some punctuation);

Punctuation.

© ISO/IEC 2015 - All rights reserved
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Each sub-mode contains 30 characters, including sub-mode latch and shift characters.

The default 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 Compaction mode shall always switch to the Text Compaction Alpha sub-mode.

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

Table 5 — Text Compaction Sub-Mode Definition

Text Compaction Sub-Modes

Base 30 Alpha Lower Mixed Punctuation
Value Char | ASCH | Char ASCII Char | AscIl chaf | ascn
A 65 a 97 0 48 N 59
B 66 b 98 1 49 Y < 60
2 C 67 c 99 2 507" > 62
D 68 d 100 3 | ¢,s1 @ 64
4 E 69 e 101 R [ 91
F 70 f 102 501 53 \ 92
( G 71 g 103 5 54 ] 93
1 H 72 h 104 77 55 _ 95
$ 1 73 i 105V 8 56 ' 96
) ] 74 j 106 9 57 ~ 126
1p K 75 k | o 107 & 38 ! 33
i L 76 I P 108 CR 13 CR 13
1p M 77 mo | 109 HT 9 HT 9
1B N 78 | A0 110 , 44 , 44
1@ 0 79 - o 111 58 58
15 3 8-  p 112 # 35 LF 10
1 Q W81 q 113 : 45 . 45
17 R () 82 r 114 46 46
1B s, Y 83 s 115 36 36
1p o 84 t 116 47 47
20 [Ou 85 u 117 43 “ 34
20, Of v 86 v 118 % 37 | 124
\V W 87 w 119 * 42 * 42
23 X 88 X 120 - 61 ( 40
24 Y 89 y 121 A 94 ) 41
25 z 90 2 122 pl ? 63
26 space 32 space 32 space 32 { 123
al = latch to alpha
as = shift to alpha
11 =latch to lower
ml = latch to mixed
pl =latch to punctuation
ps = shift to punctuation
© ISO/IEC 2015 - All rights reserved 13
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Table 5 (continued)

Text Compaction Sub-Modes
Base 30 Alpha Lower Mixed Punctuation
Value Char | Asci | char | AscH Char | AscH Char | AsCH
27 11 as 11 } 125
28 ml ml al ‘ 39
29 ps ps ps al

al = latch to alpha

as = shift to alphe

11 = latch to lows

—

ml = latch to miked

pl = latch to punjctuation

ps = shift to purjctuation

NOTE The|Char columns above show the default interpretation of ECI 000003 of the byte values showh in the
adjacent ASCII folumns. Each table entry represents half a codeword, i.e. the value rarxige from 0 to 29 (see p.4.2.2)

5.4.2.2 Compaction rules for encoding in Text Compaction mode

In Text Comppction 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. bas€ 30) and are defined in Table 5. F¢r each
pair of base 3|0 values, the first or left value shall be designated the more significant value h, th¢ other
shall be desighated the less significant value I.

The encoded PDF417 codeword is defined using the folowing formula:

d=hx30[+1

where d is as flefined in Clause 4.

The formula $hall also apply to the base 30 values for shifts and latches within the Text Compaction
mode. Appropriate latch and shift.values shall be used between sub-modes. If the encoding|of the
character sequence does not result in an even number of base 30 values, see 5.4.2.4 for the specific
mechanism tq use.

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

EXAMPLE Data to beencoded: PDF417

Table 6 — Example of Text Compaction Encoding

Character Pairs h | hx30+1 Codeword
PD 15 3 15x30+3 453
Fml 5 28 5x 30+ 28 178
41 4 1 4%x30+1 121
7 ps 7 29 7 x 30+ 29 239

NOTE1 ml (latch to mixed sub-mode) is used to switch to encode the numeric characters.
NOTE 2 psisused as a pad value in this example, other shift and latch values can be used (see 5.4.2.4)

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

14 © ISO/IEC 2015 - All rights reserved
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5.4.2.3 Text Compaction sub-mode switching: latch and shift function

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

A 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 5.4.2.4). The shift functions are as follows:

bs

as

shift to punctuation sub-mode;

shift to uppercase alphabetic sub-mode.

A sub-
in effe

al

11

m

pl

A limi
which
sub-m

NOTE
may no

mode latch shall be used to switch from one Text Compaction sub-mode to anothe]
Ct until another latch or shift is explicitly brought into use. The latch functions-are §

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.

fed set of latch and shift functions is available withinteach Text Compaction sub
are available are listed in Table 5. Table 7 shows the transition table between Tex
bdes; Figure 6 shows this schematically.

A sub-mode latch may be followed by anothersub-mode latch or sub-mode shift; but a
t be followed by either a sub-mode shift or sub-fode latch.

Table 7 — Text Compaetion sub-mode transition table

I, which stays
s follows:

-mode. Those
t Compaction

sub-mode shift

S?lgi-gnjll:)ille Destination Sub-Mode
Alpha Lower Mixed Punctuation
Alpha 11 ml ps
Lower as ml ps
Mixed al 11 bs
pl
Punctuation al

©150/1
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900 Latch from any mode

Punctu-
ation

Key
sub-mode latch
,,,,,,,,,, sub-mode shift
1l latch to lower case sub-mode
ps shift to punctuation sub-mode
ml latch to mixed sub-mode
as shift to alpha sub-mode
al latch to alpha sub-mode
pl latch to punctuation sub-mode

Figure 6 — Text Compaction Sub-Mode Switching

5.4.2.4 Mec¢hanisms for using.a'pad in Text Compaction mode

If the Text C¢mpaction charaéter sequence does not result in an even number of base 30 values, a
pad shall be gdded to theend of the character sequence. An example is illustrated in Table 6. A$ there
are no specific null functions in Text Compaction mode, the sub-mode shift and latch shall be ysed in
accordance wjith themechanisms defined for the following cases.

The cases are|asdfollows:

a) If the character sequence continues to the end of the data, or the Text Compaction mode character
sequence is followed by latching to another compaction mode, then the pad can be any of the sub-
mode shifts or sub-mode latches.

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

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

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

16 © ISO/IEC 2015 - All rights reserved
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5.4.2.5 Switching from Text Compaction mode

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

— 900 (Text Compaction mode latch);

— 901 (Byte Compaction mode latch);

— 902 (Numeric Compaction mode latch);

— 924 (Byte Compaction mode latch);

— 928 (Beginning of Macro PDF417 Control Block);

— 97
— 97

The la
(see 5.

3 (Beginning of Macro PDF417 Optional Field);
2 (Macro PDF417 Terminator).

5t three codewords only occur within the Macro PDF417 Control Block of:a Macro P
13.1). Text Compaction mode is also affected by the presence of a reserved codewoy

DF417 symbol
d (see 5.4.6).

If the dlecoder is in the Text Compaction mode and encounters codeweord 913 (Byte Comjpaction mode

shift),
Text C
mode
913 is

If the
latch),

5.4.3

The B
codew]
of six I

All the
graphi
define

NOTE

of the |
operat
values
system
Applic3
if they

it decodes the codeword following codeword 913 as a single-binary byte and then
bmpaction mode. The sub-mode to which the decoder retiisn’s is the most-recently
Fhat was in effect prior to codeword 913; a ps sub-mode shift immediately priory
ignored.

the decoder reinitialises to the Alpha sub-mode,

Byte Compaction mode

yte Compaction mode enables a_sequence of 8-bit bytes to be encoded into 4§
prds. It is accomplished by a Base.256 to Base 900 conversion, which achieves a cor
ytes to five codewords (1,2 : 1)

characters and their value§ (0 to 255) are defined in Annex B. This shall be treated
cal and control characterinterpretation. When ECls are invoked (see 5.5), this int
H as ECI 000003 (see.5.5.2).

returns to the
r-latched sub-
to codeword

lecoder is in the Text Compaction mode and encounters codeword 900 (Text Comjpaction mode

sequence of
hpaction ratio

as the default
erpretation is

In previous PDE417 specifications, the default character set corresponded to ECI 0000
MS-DOS operating-system). The interpretation of byte character values below 128 is unc

vish to signal this interpretation.

D2 (a code page
anged and the

on of PDF417%printing and scanning equipment is unaffected. New applications that use [byte character
above 127should assume the ECI 000003 default interpretation for broadest compatibilify with current
s. Existing’applications utilizing values above 127 may continue to encode and process data as before.
tionSthat rely upon the prior default interpretation of values above 127 may encode ECI 0000002 explicitly

5.4.3.1 Switching to Byte Compaction mode

When in either Text or Numeric Compaction mode, to switch to Byte Compaction mode, it is necessary

to use

one of the following codewords:

— mode latch 924 shall be used when the total number of Byte Compaction characters to be encoded
is an integer multiple of 6;

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

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

to

be encoded.

© ISO/IEC 2015 - All rights reserved
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5.4.3.2 Compaction rules for encoding a single Byte Compaction character (using mode shift 913)

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

character as defined in Annex B.

5.4.3.3 Compaction rules for encoding longer Byte Compaction character strings (using mode

latch 924 or 901)
The following procedure shall be used to encode Byte Compaction character data.

a) Establish the total number of Byte Compaction characters.

b) If a perfefTmultiple of b, mode latch 924 shall be used; else mode tatch 901 shall be used.

c) Sub-divide the number of Byte Compaction characters into a sequence of 6 charactersf{from
right (thel most to least significant characters). If less than 6 characters, go to Step 7

d) Assign thie decimal values of the 6 data bytes to be encoded in Byte Compactiomanode as b
(where by is the first data byte).

e) Carryoutjabase 256 to base 900 conversion to produce a sequence of 5 cédewords. Annex C
an algorithm and illustrates a worked example.

f) Repeat frpm Step 3 as necessary.

g) For the remaining Byte Compaction characters when modeflatch 901 is used, (i.e. when t
group is less than 6 Byte Compaction characters) the codeword(s) shall be the decimal valy
to 255) of the character(s) as defined in Annex B, the most'to the least significant.

NOTE Bytg Compaction mode following mode latch 901 “assumes that the total number of byte
encoded is notf multiple of six. If the number of bytes to b€ encoded in Byte Compaction mode happens t
integer multiple of six, then either a 901 or a 924 Byte Compaction Latch shall be encoded, placed at an
in the symbol fhat would create a correct encodatiorraccording to these encodation rules. For examplg
codeword as ejther the first or second codeword waouild identify the following stream of Byte Compactio
codewords as gncoding a multiple-of-six numbef of bytes. Alternatively, a 901 could be placed at any g
within the Bytp Compaction mode codeword\stream that would split that stream into two segments, ne
which encodes|a multiple-of-six number ofbytes.

If additional gncodation is required in Text Compaction or Numeric Compaction modes, the appr
latch charactgrs shall be used (sée\5.4.1.1).

5.4.3.4 Swikching from Byte Compaction
Byte Compactfion mode hiay be terminated by the end of the symbol, or by any of the following code

— 900 (Text Compaction mode latch);

left to

5 to bg

lefines

he last

e(s) (0

5 to be
0 be an
y point
,a 924
h mode
osition
ther of

priate

ivords:

— 901 (Byte€ompactiommode tatchy);

— 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 last three codewords only occur within the Macro PDF417 Control Block of a Macro PDF417 symbol

(see 5.13.1). Byte Compaction mode is also affected by the presence of a reserved codeword (see

5.4.6).
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Re-invoking Byte Compaction mode (by using codeword 901 or 924 while in Byte Compaction mode)
serves to terminate the previous Byte Compaction mode grouping of 6 Byte Compaction characters as
described in 5.4.3.3, and then to start a new grouping. This procedure may be necessary when an ECI
assignment number needs to be encoded (see 5.5.3.2).

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

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

If Bytemmﬁmmmmmpwmsr interpreted
directly as one byte per codeword, without compaction. Therefore, if the last group“cgnsists of five

codewprds, the group is interpreted as 5 bytes, rather than 6.

5.4.4 | Numeric Compaction mode

The Nyimeric Compaction mode is a method for base 10 to base 900 data*compaction dnd should be
used tp encode long strings of consecutive numeric digits. The Numerie-Compaction mog¢le encodes up
to 2,93 numeric digits per codeword.

5.4.4.1 Latch to Numeric Compaction mode

Numeftic Compaction mode may be invoked when in Text-GOmpaction or Byte Compactiof modes using
mode latch 902.

5.4.4.2 Compaction rules for encoding long strings of consecutive numeric digits

The following procedure shall be used to compact numeric data.

a) Diide the string of digits into groupsof44 digits, except for the last group, which may fontain fewer.
b) FI each group, add the digit 1 to-the most significant position to prevent the loss of leading zeros.
EXAMPLE

original data 00246812345678
after step 2 100246812345678
NOTE Theteading digit 1 is removed in the decode algorithm.

c) Pdrform a‘base 10 to base 900 conversion. Annex D defines an algorithm for this anfl illustrates a
worked example.

d) Rdpedtfrom Step 2 as necessary.

The following rules can be used to determine the precise number of codewords in Numeric
Compaction mode:

— 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 (28/3) + 1 =9 + 1 = 10 codewords

© ISO/IEC 2015 - All rights reserved 19
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5.4.4.3 Switching from Numeric Compaction mode

Numeric 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 (Beg
923 (Beg

922 (Mac

The last three
(see5.13.1).N

Re-invoking |
serves to terr]
to start a new
encoded (see

During the decode process for Numeric Compaction mode{the result of the base 900 to b

conversion sH
conversion dd
leading ‘1" is 1

5.4.5 Advid

All basic imp
Text Compac
Compaction s
Text Compact
ASCII text file

The Numeric

Advice about
algorithm in 4

nning of Macro PDF417 Control Block);
nning of Macro PDF417 Optional Field);
o PDF417 Terminator).

codewords only occur within the Macro PDF417 Control Block of a Macro PDF417 s
imeric Compaction mode is also affected by the presence of a reserved codeword (see

lumeric Compaction mode (by using codeword 902 while in-Numeric Compaction
hinate the current Numeric Compaction mode grouping as-described in 5.4.4.2, an
grouping. This procedure may be necessary when an ECI assignment number need
b.5.3.4).

all result in a number whose most significant digit is a ‘1. If the base 900 to b
es not result in a number beginning with “I’;-the symbol shall be treated as inval
emoved to produce the original number.

e to select the appropriate compaction mode

ymbol
5.4.6).

mode)
d then
s to be

hse 10
ase 10
d. The

ementations for printing and,scanning PDF417 symbols shall support the thre

ion mode is usually more efficient than Byte Compaction mode for encoding st3
s because of its bettér compaction of ASCII character values 9, 10, 13 and 32 to 126

Compaction mgde-should be used for long numeric strings.

switching,between modes to minimise the number of codewords is provided
Annex Ny

5.4.6 Treallment of PDF417 reserved codewords

fion, Byte Compaction and/Numeric Compaction. The default character set fgr Text

e Iodes:

hall be as defined in Table:5;yand that for Byte Compaction shall be as defined in Anjnex B.

indard

as an

5.4.6.1 Overview

PDF417 symbols intended for use in open systems should not employ any of the codewords that are
listed as reserved (see 5.4.1) in the current edition of this International Standard. However, decoding
equipment should support the transmission of reserved codewords using escape sequences as defined
in 5.17.4. Decoding equipment may also support an option of treating such symbols as invalid, as would
be the case when operating in Basic Channel Mode.

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

20
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5.4.6.2 Making future use of reserved codewords

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

a) when a new signalling codeword (as opposed to a new compaction mode codeword) is encoded,
it shall immediately be followed by an appropriate compaction mode latch so that the subsequent
data codewords are interpreted and transmitted as a byte stream, rather than as a series of escaped
uninterpreted codewords. This approach will achieve the desired results with decoding equipment
conforming with both the original and this PDF417 standard, regardless of whether that equipment
employs the original or the new transmission protocol, and
b) atjthe receiving system, the ECI decoder will process the signal ECIs (i.e. Macro Centtol Blocks and
escaped uninterpreted codewords) before the encodable ECIs (such as character sgts). Thus, the
erfcoder should take into account the order of operations as follows:
1)| the Macro Control Block ECIs, if present, will be used to assemble the’complete Qyte stream in
the proper order;

2)| the escaped data codewords will be translated by the ECI decdder according to the rules of the
new compaction mode or signalling ECI, and the resultingdata bytes will be insefted into their
proper place within the byte stream;

3)| finally, the character set and other encodable ECIs,will be applied to the resulting byte stream.

5.5 Extended Channel Interpretation

The Hxtended Channel Interpretation (ECI) protocol allows the output data strgam to have

interpfetations different from that of the default’character set. The ECI protocol is definefl consistently

across|a number of symbologies, including PDF417. ECIs are assigned by AIM Global, Inc.

NOTE Originally, a symbology specific.scheme called Global Label Identifiers (GLIs) was defified for PDF417.

Encodipg and decoding ECls is identical(to earlier specifications for PDF417 GLIs. However, the transmission

protocgl for decoded messages according to earlier PDF417 specifications for GLIs is diffdrent from the

transniission protocol for ECIs. There.are also differences with respect to the use of interpretive ECIs with Macro

PDF417. This International Standayd permits the use of the earlier and current protocols in suchl a way that old

and neyv equipment can continue to co-exist.

Five broad types of interpretations are supported in PDF417:

a) chiaracter setsy(0r code pages);

b) general purpose interpretations such as data encryption and data compression (as|distinct from
the compaction modes of the symbology);

c) usendefined interpretations for closed systems;

d) transmission of control information for Macro PDF417;

e) transmission of uninterpreted PDF417 codewords.

Transmission of the Extended Channel Interpretation protocol is fully specified in the AIM International
standard ITS/04-001, Part 1. The protocol provides a consistent method to specify particular
interpretations of byte values before printing and after decoding.

The Extended Channel Interpretation (ECI) is identified by a 6-digit number which is encoded in the
PDF417 symbol by one of three specific codewords followed by one or two codewords (see 5.5.1). A
specific ECI may be invoked anywhere in the encoded message subject to the rules of the compaction
modes (see 5.5.3).
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The ECI protocol can only be used with decoders enabled to transmit the symbology identifier (see
5.17.5). Decoders that are not enabled to transmit the symbology identifier cannot reliably convey the
escape sequences from any symbol containing an ECI.

5.5.1 Encoding the ECI assignment number

An ECI can be invoked anywhere in the data stream, subject to the conditions defined in 5.5.3. Once an
ECI has been invoked, switching may take place between any of the compaction modes. The compaction
mode used is determined strictly by the 8-bit data values being encoded and does not depend on the
ECI in force. For example, a sequence of values in the range 48 to 57 (decimal) would be most efficiently
encoded in Numeric Compaction mode even if the sequence were not to be interpreted as numbers.

The ECI assighment number is encoded in one of the three ECI codeword sequences, which begi|n with
the codewordss 927,926 or 925. One or two additional codewords are used to encode the ECl-assignment
number. The ¢ncodation rules are defined in Table 8.

Table 8 — Encoding ECI assignment numbers

ECI assignmept number Codeword sequence |Codewords Ranges
000000 to 004899 Co 927

C1 ECI_no C1=(0to 899
000900 to 810899 Co 926

C1 ECI_no div900 - 1 C1=(0t0 899

Cy ECI_nofod 900 C2=(0to0 899
810900 to 811j799 Co 925

C1 E€I_no - 810 900 C1=(0to899

There are 817 800 possible ECI assignment numbetts available in PDF417.

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

The following example illustrates the.encodation:

EXAMPLE ECI=013579

Codewords: [926[N¢13 579 div 900) - 1] [13 579 mod 900]
= +f926][15 - 1] [79]
= [926] [14] [79]

5.5.2 Pre-ﬁssigned and default Extended Channel Interpretations

The following ECIs, ECI 000000 to ECI 000003, have been pre-assigned to be backwards compatible
with existing symbology specifications, including PDF417.

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

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

NOTE ECI 000000 (equivalent to GLI 0) and ECI 000001 (equivalent to GLI 1) require a return-to-GLI 0 logic

at the beginning of each encoded symbol of a Macro PDF417 set of symbols. This protocol is not adopted for other
Extended Channel Interpretations.

22 © ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

— ECI 000002 has an equivalent code table to ECI 000000, without the return-to-GLI 0 logic.

— ECI000003 hasan equivalent code table to ECI000001, withoutthe return-to-GLI 0 logic. ECI 000003
is the default encodation scheme for encoders fully compliant with this edition of this standard.

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 ECIs. ECI 000002 and ECI 000003 provide the compatible
alternatives to ECI 000000 and ECI 000001 respectively. ECI 000000 and ECI 000001 should not be
used in new applications.

5.5.3 Encoding ECI sequences within compaction modes

The géneral encodation principle is that ECIs are applied to the source data byte stream (to signal
various interpretations) producing a modified byte stream that is encoded into"PD¥417 symbols
using fhe symbology’s compaction modes for efficiency. The ECI encoding, and symbplogy specific
compaction, form two independent logical layers of the process.

Althoygh ECI assignments and compaction modes may generally be intermiked, some conlbinations can
produge illogical or ambiguous behaviour. The following clauses define how ECIs may bel incorporated
withoyit ambiguity by specifying the valid placements of ECI escape sequences.

5.5.3.1 ECIs and Text Compaction mode

An EC] escape sequence may be placed anywhere within TexttGompaction mode. The sub-mode invoked
immediately prior to the ECI escape sequence is preservéd for the encodation immedjately after it.
Thus, $ub-mode latches and shifts are preserved across‘an ECI escape sequence and thys a sub-mode
shift ilmmediately before an ECI escape sequence is not ignored.

5.5.3.2 ECIs and Byte Compaction mode usitig mode latch 924 and 901

If encdding in Byte Compaction mode usingimode latch 924, an ECI escape sequence may|be positioned
by an ¢ncoder immediately following codeword 924, or at any 5-codeword boundary theijeafter. This is
necesgary to provide an unambiguous position in the decoded byte stream for the decodé¢r to place the
escapd sequence.

If the decoder is in the 924 version of Byte Compaction mode and finds an ECI escape sequ¢nce following
a 5-cogleword group, it shall output the six data bytes associated with the codewords bef¢re the escape
sequeilpce, output the eseape sequence, and then continue collecting codewords for decpding in Byte
Compdction mode. If the‘decoder encounters an ECI escape sequence at other than thejse prescribed
locatiqns, it shall treatthe symbol as invalid.

If encgding in Byite Compaction mode using mode latch 901, an ECI escape sequence may pe positioned

— immediately following codeword 901,

'rr madiatal o ftaws oy oo £ daotaardce an dinag ciz haztac oo
1 TIICOTacCTy artCTatry SCTOT IV CCOUCwWOTOS CTrIiCOUTITS STA Oy cCSarra

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

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

Figure 7 illustrates valid locations for ECI escape sequences 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.

© ISO/IEC 2015 - All rights reserved 23


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

[po1eO0DOOODO0eDOOODOOeOO¢OeOI¢O¢

[924]¢ 00000600000 ¢

5 codeword group 5 codeword group

Key
o
L 4

byte compaction mode codeword
valid location for ECI escape sequence

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

5.5.3.3 ECI$ and Byte Compaction using mode shift 913

If encoding in|Byte Compaction mode using mode shift 913, an ECI escape sequengeay be placsg

immediat

ely preceding codeword 913,

immediately following codeword 913, and

immediat

ely following the codeword after codeword 913.

In the first tw
the escape se

o cases, the ECI escape sequence is output beforethe encoded byte, while in the las
quence is output following the encoded byte.

t case,

5.5.3.4 ECI$ and Numeric Compaction mode

An ECI escap¢
base 10 to bag
mode region

an unambigu

 sequence shall not be placed within_a group of codewords being processed throy
e 900 conversion as defined in 5.4.42"'[t may only be placed within a Numeric Comql

gh the
action

it a boundary between (the typically) 15-codeword groups. This is necessary to provide

us position in the decoded digitstream for the decoder to place the escape sequen

CEe.

Thus, an ECI gscape sequence may only-be’'placed

immediat

ely after codeword 202,

after the [L5th codeword,

after the B0th codeword, and

etc.

If the encodet iple of
15 codewords 5.4.4.2
step 2. It shall re-invoke the Numeric Compaction mode by placing another codeword 902 in the stream
followed by the ECI escape sequence.

néeds to place an ECI escape sequence at a location that does not result in a mulf
itshall treat the numeric block hefare the ECl as a complete entity as defined in

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.

5.5.3.5 Combining ECIs

Two or more ECI escape sequences (e.g. 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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Post-decode protocol

The protocol for transmitting ECI data shall be as defined in 5.17.2. When transmitting ECIs, symbology
identifiers (see 5.17.5) shall be fully implemented and the appropriate symbology identifier shall be
transmitted as a preamble.

5.6 Determining the codeword sequence

The encoding process generates a sequence of codewords defined as:

dy-1..do

where
d

n

The Sy
equal
itself a

During
the mq
to the
encod¢

The pi
additi

5.7 1

is the total number of data (and pad) codewords including the Symbobl:ength De
excluding the error correction codewords.

mbol Length Descriptor shall be the first data codeword and designated d,, - 1. Its
o the total number of data codewords n; this count shall include the Symbol Leng
nd thus shall be in the range of 1 to 926.

F the encoding process, sequences of codewords wil] be)éstablished. Like the origi}
st significant data shall appear first, for example,téxtual and numeric data reads

bd data is the one designated dj, - 2. The final data(or pad) codeword is the one desi

n of trailing pad codewords to the end‘ef the data codeword sequence.

Error detection and correction

Each
provi

5.7.1

The ey
shows

F417 symbol contains at least two error correction codewords. The Error Correcti
e capability for both errotdétection and correction.

Error correction level

ror correction(level for a PDF417 symbol is selectable at the time of symbol cre
the number.oferror correction codewords for each error correction level.

Table 9 — Error Correction Levels and Error Correction Codewords

Error Correction Total Number of Error

is the data codeword including the Symbol Length Descriptor and all function coglewords;

scriptor but

value shall be
th Descriptor

hal data itself,
from the left

right. The sequence of codewords shall be that’the most significant data codewdrd containing

bnated do.

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

pn codewords

htion. Table 9

©150/1

Laval CorrectionlLodewords
T T T et ot WortS

o

2
4
8
16
32
64
128
256
512
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5.7.2 Error correction capacity

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

— an erasure, which is a missing or undecodable codeword at a known position;
— asubstitution error, which is an erroneously decoded codeword at an unknown position.

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

to recover a nhotitution Ay Thiic o givnn Arens copenoting Tagnl oo e obifyy oy nnmkann-ion Of
oSttt o e oS8 gve S or—otrrecaohrEver—eat—Tecery sy €omoital

substitution drrors and erasures which satisfy the following equations:

I+2f <pstt 2

where [, fand|s are as defined in 4.1.

However, if thost of the error correction capacity is used to correct erdsures, the possibility of
undetected efrors is increased. For this reason, whenever there are fewer than 4 errors cornrected
(except when|s = 0), the error correction capacity should be reduced as follews:

[+2f<pst1 3

where [, fand|s are as defined in 4.1.

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

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

Recovered Recovered Determining Equation
Substitution Erasures
Errors
0 13 orless
1 11 or less [+2f<2s+1-3
2 9 or less (number of errors <4)
3 7 or less
4 6 or less
C 4 rlacc J o2 £ - 2¢4] 2
5 +orless 2 =2 2
6 2 or less (number of errors =4)
7 0

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

a) Selecting the error correction level. This is a user or application defined option and is described in
Annex E.

b) Generating the error correction codewords. This is to a prescribed set of rules defined in 5.10. The
procedures cannot be used until all the data codewords, including pad codewords (see 5.9.2) have
been defined.
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The procedures defined in 5.3 to 5.9, 5.13 and 5.14 are of prime interest to users. The

more technical

procedures defined in 5.10, 5.11 and 5.15 are likely to be achieved electronically and require no user decisions.

5.8 Dimensions

PDF41

5.8.1

7 symbols should conform with the following dimensions.

Minimum width of a module (X)

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

nlication

the ap
The X

NOTE
dimenf{

minimf@im dimension should not therefore, by itself, be a reason for rejection of a symbol under th

5.8.2
For sy
Y

For sy
be inci
error ¢

5.8.3
— M
— M

59 1]
The PI}
a) th
b) th

To cre

limension shall be constant throughout a given symbol.

Current bar code symbol quality measurement standards (e.g. ISO/IEC 15415)-do notr
ional measurements to be taken into account for assessing symbol quality, Non-compl

Row height (Y)
mbols with at least the recommended minimum level of ezrorcorrection:
> 3X
mbols with less than the recommended miniméunlevel of error correction, the ro

eased, particularly when the X dimension is small. (See Annex E for details of the 1
orrection level).

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

nimum size of vertical quietizone (above and below the PDF417 symbol): 2X

Defining the symbol format

F417 symbol matrix, and the overall size and shape of the symbol, are determined
e module width-and aspect ratio, and

e numbér of rows and columns in the symbol matrix.

ate 'a JPDF417 symbol, these parameters are selected through a combination o

applic

bquire absolute
ance with any
bse standards.

w height may
ecommended

2X

[ user inputs,

htion constraints, and default settings. The selection process can be iterative un

til the user is

satisfied with the resultant format.

5.9.1
The as

Defining the aspect ratio of the module

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

— Xis the desired dimension of the narrowest bar and narrowest space;

— Yis the desired dimension of the height of each row.

These parameters are defined by the user or application. The major factors that determine the values
of these parameters are the resolutions of the printing and scanning systems used in the application.

These

©150/1

points are discussed in 5.14.
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5.9.2 Defining 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
number of rows r and the number of columns c:

the amount and type of data to be encoded;

and columns (see 5.2.1 and 5.2.2);

the fact t
indicator

the factt
line pres

the type
the selec

For many apj
matrix can be
guidelines wh

After the sou
data codewor]
known. Once
total number

n=cXxr

wherec, k, n 4

The matrix c
codewords (b

n>m-+1

where m and

The Symbol L
d

n— =n

1=

the physical space available to print the symbol;

and space for quiet zones);

atthe length of the row (including the quiet zones) must be less than the length-of t}
ribed or implied by the application;

f scanner, which may determine the overall aspect ratio of the symbaék
ed level of error correction.

lications, the allowable width of the symbol is the primany'constraint, and the 3

the basic rules of the symbology which, for example, determine the limits on the number of rows

S, FOW

e scan

ymbol

b directly determined by fixing the number of columns..Afinex O provides more precise

ich should be used to define the symbol matrix.

Fce data has been encoded using the selected compaction modes, the number of
ds m (prior to the addition of the Symbol Length Descriptor and any pad codewqg
the number of rows and columns, and the ertor correction level, have been select
pf data codewords n is calculated as:

- k

nd r are as defined in 4.1.

in result in a situation where the number of rows and columns requires the use
y convention using value'900). This occurs when:

h are as defined+in 4.1.

ength Descriptor shall be set to the value n determined above, thus:

=cxXr—k

source
rds) is
bd, the

of pad

The number o

f pad codewords required is (n — m) —1.

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

EXAMPLE
letm=246,c=

NOTE The

12,r=24,and k=32,thenn=(cxr)-k= (12 x 24) - 32 = 256.

notation is as defined above.

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

Original data codeword sequence: dm-1 do

Codewords: 902 423

Padded data codeword sequence: dn1 dn-2 dg dg do
Codewords: 256 902 423 900 900
5.10 Generating the error correction codewords

The el
calculd
and an

d

n

where

The sy

d

The fo
given s

The ey

dividipg the symbol data polynomial(d(x) multiplied by xk by the generator polynomial

values

The fd
codew

g

=

where

ror correction codewords shall be generated using the procedure defined bel
ited on the basis of the values of all the data codewords including the Symbol Leng
y pad codewords. The codeword sequence is defined as:

d d

—-1’"n-2>""""0

dp-1 is the Symbol Length Descriptor.

mbol data polynomial is:

n—2
X +...+d1x+d0

n—1 n—

x):d X" 44

llowing describes mathematically how, the error correction codewords shall be c
tream of data and a selected error correction level. All the arithmetic shall be done i

ror correction codewords are the complement of coefficients of the remainder 1

are mapped into the Galois Field GF (929) by adding 929 until the value is 20.

llowing generator polynomial shall be used to calculate coefficients for k err

prds required for the error correction level:
(x) = (x —3)(x —32)()( —33)... x—3k)
= @yt ogXx + a2x2 +. 4 ock_lxk_1 + x¥

ow. They are
th Descriptor

mputed for a
h modulo 929.

esulting from
j(x). Negative

or correction

Gk
k

@j

(x) is the generator polynomial and x is the unknown variable;
is the total number of error correction codewords;

is the coefficient of powers of x produced by the generator polynomial gi(x)

An example for calculating the coefficients is given in Annex Q.

Annex F contains all the coefficient values necessary to encode a PDF417 symbol of any error
correction level.

©150/1
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The error correction codewords shall be calculated according to the algorithm defined below using the
following notation:

di is the data codeword dp-1 ... do;
Ej is the error correction codeword Ej-1 ... Ep;
aj is the coefficient of powers of x taken from the generator polynomial (see above for an

explanation and Annex F for the values);

t1,t2, t3 are the temporary variables.

The algorithnpisasfotows-
a) Identify the data codeword sequence d,, -1, d - 2 ... do.
b) Initialise ferror correction codewords Ej, ..., Ek - 1 to value = 0.
c¢) Foreach ¢lata codewordd;=dp -1 ... do:

BEGIN
t1 = (d; + Ex-1) mod 929
For each error correction codeword Ej = Ek - 1 ... Ex:
BEGIN

t2 = (t1 x aj) mod 929

t3=929 -t

Ej=(Ej-1+t3) mod 929
END
t2 = (t1 x ap) mod 929
t3=929 -t
Eo = t3 mod 929

END
d) For each grror corréétion codeword, Ej = Ej ... Ej - 1, calculate the complement:

BEGIN

[f£;not equal to 0

Ej=929 - Ej
END
An example of calculating the error correction codewords is given in Annex Q.

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

5.11 Low level encodation

Low level encoding converts the codewords into their corresponding symbol characters (bar-space
sequence) given that the symbol matrix has been fixed.
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Figure 8 illustrates schematically for a PDF417 symbol the corresponding position of each data
codeword, error correction codeword and row indicators.

Ly dp-1 | dn-2 Ry
Ly R
S S
T T
A 0
R P
T Lyq do Ex-1 | Ex-2 | R¥H
L, Eq Eo R,
Key
Ly left row indicator
Ry right row indicator
shaded|area data codeword area
Unshaded
area urlder the for error correction codewords
codewqrd area
Figure 8 — Typical PDF417 Symbol Schematic Showing the Positioning of Codewords
5.11.1 Clusters
PDF41[/ uses a system of local row discrimination to detect row-to-row transitions.
The seft 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 aphd cluster are

given jn Annex A.

To enc
patter
charad
charad
numbg

K

pde the row indieaters and codewords, each row shall contain the symbol characts
hs) of only one Cluster. Row 1 shall use symbol characters from cluster 0, row 2 shg
ters from cluster 3, row 3 shall use symbol characters from cluster 6, row 4 sha
ters from<luster 0 and so forth. The cluster sequence 0, 3, 6 shall repeat continual
r K forany row can be calculated:

x 3

rs (bar-space
111 use symbol
11 use symbol
y. The cluster

= [(rownumber - 1) mod3

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

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

5.11.2 Determining the symbol matrix

The symbol matrix of rows and columns shall be finally determined by the procedures set out in 5.9.2.
This provides the values of r and c.
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5.11.3 Determining the values of the left and right row indicators

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

5.11.3.1 Leftrow indicators

Left row indicators shall be calculated as follows:

IfKp=0; Lr=30x[(F-1)div3]+(r-1)div3

IfKp3; Lp=30x[(F-1)div3]+(sx3)+(-1) mod3
IfKr46; Lr=30x [(F-1)div3]+(c-1)

wherdc, F, r, s and K are as defined in 4.1

5.11.3.2 Right row indicators
Right row indjicators shall be calculated as follows:
IfKr90; Rp=30x[(F-1)div3]+(c-1)
IfKr93; RFp=30x[(F-1)div3]+ (r-1)div3
IfKp46; Rp=30x[(F-1)div3)+ (sx 3]+ (r-1) med3

wherdc, F, r, s, and K are as defined in 4.1.

5.11.4 Row encoding
In each row, the following symbol characters,shall conform with the cluster number:
— leftrow indicator;

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

— right row|indicator.

The start and|stop characters are constant for all rows.

The symbol shall be-enicoded row by row, taking ¢ (the number of columns) codewords into eagh row.
The first row [shall include the Symbol Length Descriptor in the first column. The last row shall include
some or all of|thé-€rror correction codewords. l|n

5.12 Compact PDF417

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

5.13 Macro PDF417

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

Each Macro PDF417 symbol shall contain additional control information to enable the original data file
to be properly reconstructed, irrespective of the sequence in which the individual PDF417 symbols are
scanned and decoded.
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Up to 99 999 individual PDF417 symbols may be used to encode data in Macro PDF417.

Full details of the procedures of Macro PDF417 are given in Annex H.

5.13.1 Compaction modes and Macro PDF417

The Macro PDF417 Control Block has a predefined encoding method, so codeword 928 causes the
termination of any compaction mode sequence in the body of the symbol. The Segment Index field shall
be encoded in Numeric Compaction mode. Each defined Macro PDF417 optional field has a specific,
implied initial compaction mode and sub-mode, and the beginning of a new optional field serves
to terminate the compaction mode from the previous field (see H.2.3) and initiates its default mode.

Specif

cally. even if two consecutive optional fields both use the Text Compaction mode,

e Alpha sub-

mode

5.13.2

Subjec]
PDF41
EClis

The E(
Contrd
is inte
option|
the fie

NOTE

AIM Eu
the sta
encode]

s reset when codeword 923 is encountered.

ECIs and Macro PDF417

t to the constraints defined in 5.5.2, ECIs may occur in the message encoeded in a si
7 set of symbols. Any ECI invoked shall apply until the end of the enceded data, or

[ interpretation(s) in the body of the data codeword stream do.not extend into the I
1 Block but resume automatically at the beginning of thetext symbol. The Contrd
'preted using the default ECI (000003), unless ECI escape‘sequences are explicitly
al field in the Control Block; the effect of any such EChis automatically terminated
d in which it appears.

rope (1994) PDF417 specifications), encodatioiisimplies a return to GLI 0 (equivalent to
't of each symbol. If it is intended for a GLI 1 to,persist into the next symbol, then GLI 1 sh
d at the start of this next symbol. As encoder's compliant with these earlier standards w

some time, advice is given in 5.17.6 on how to achieve compatibility with this specification.

5.14 |

5.14.1

PDF41
interp
than 1
surroy
charad

5.14.2

Jser guidelines

Human readable interpretation

/ symbols are capable of encoding large amounts of data, which means that a hu
Fetation of the data~characters may not be practical. As an alternative, descriptiy
teral text, may accompany the symbol. The message may be printed anywhern
nding the symbol, but should not interfere with the symbol itself nor the quiet za
ter size arenot specified by this International Standard, but may be by application

Autodiscrimination capability

PDF41

7 con ba oo PPETY raofotbar ool ol

A o o o A e e o o Az o ot el o kb
CU TIT AdIT AdUlUUIOUT TITIITIIAUIVIT CITVIT VITITICIIU VVILIT A TTUITTUCTI U ULI1ICI Q-y IIIUUrT

encountered. Thus, the interpretation of the ECI may straddle tw@ or more symbols.

Ingle or Macro
until another

Mlacro PDF417
I Block’s data
encoded in an
at the end of

When implemented as GLIs according to earlier specifications (e.g. the original AIM PSA (1994) and

ECI 000000) at
hll be explicitly
1 be in use for

man readable
e text, rather
e in the area
nes. Font and
standards.

gies (see S.1).

5.14.3

7 CcarrotTasS

User-defined application parameters

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

5.14.3

.1 Symbology and dimensional characteristics

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

a)

beyond the default interpretations of the basic modes;

the selection and use of Extended Channel Interpretations, if required, to extend data encodation

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

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

NOTE Additional factors which should be taken into consideration when specifying PDF417 applications are
given in Annexes O and S.

5.14.3.2 Testspeeification

The parametprs for the evaluation of symbols shall be defined by specifying a quality ‘grpde in
accordance wiith ISO/IEC 15415 in the application standard.

This grade is gxpressed in the form:
gradefaperture/peak response wavelength

The following example illustrates the types of value which need to be expressed:
1,5/1Q/660

where
1,5 1sthe overall symbol quality grade;
10  {s the measuring aperture reference numbefr(in this example 0,25 mm diameter);
660 s the peak response wavelength in nanemetres.

NOTE ISOfIEC 15415 gives guidance on selection’of grading parameters in application specificatiops. The
values appropifiate for the application shall be defined in the application standard.

5.14.4 PDF4{17 symbol quality

PDF417 symHols shall be assessed for quality using the 2D bar code symbol print quality guidlelines
defined in ISQ/IEC 15415 for multi-row symbols with cross-row scanning capability.

5.15 Reference decode'algorithm

The referencq decode algorithm for PDF417 is defined in Annex ]. This reference decode algorithm is
the basis for grint quality assessment according to ISO/IEC 15415.

atoaction A oprpraxs coppmn ooy s o e

5-16 Error C \at\abllcll an“ CITIULI CULNICULULIVUII l.ll Jiiuulr o

As part of the decode procedure, it is possible to reconstruct the symbol for erasures and substitution
errors within the error correction capacity of the symbol. This can be done by using the procedure set
outin Annex K.

5.17 Transmitted data

5.17.1 Transmitted data in the basic (default) interpretation

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

In systems where ECIs are supported, a symbology identifier prefix shall be used with every
transmission (see 5.17.5 and Annex L). Macro PDF417 Control Blocks (if transmitted) shall be treated
as part of a control set of escape sequences which operate in conjunction with the ECI transmission
protocol (see 5.17.3 and Annex H).

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

a) Ifthe ECI sequence begins with codeword 927:

1) codawuior AdQ27 1ottt d oo t]ﬂr\ accann charo oty 92’ 'v‘v'hiCh rcprcsnnh- Feverse SOlidUS (\)’

COTCYwOTt =715 cratrstrrrecc oS orre T sCapt—trraTacttet TIICoTCVCT

or backslash, in the default encodation;

2)| thenextcodeword 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
Sylmbol encodes: [927] [123]
Ddta transmission (byte): 92, 48, 48, 48, 49, 50, 51
A{CII interpretation: \000123
b) Ifthe ECI sequence begins with codeword 926:
1)| codeword 926 is transmitted as escape character 92;

2)| the nexttwo codewords are converted intoa 6-digit value, with leading zeros if r¢quired, using
the following formula:

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

The 6-digit value is transmittedsds’the six corresponding byte values in the range, 48|to 57.

EXAMPLE
Sylmbol encodes: [926].[136] [156]
Ddta transmission. (bytes): 92, 49, 50, 51, 52, 53, 54
A{CII interpretation: \123456
c) Ifthe ECL$equence begins with codeword 925:

1)| eodeword 925 is transmitted as escape character 92;

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

EXAMPLE
Symbol encodes: [925] [456]
Data transmission (byte): 92, 56, 49, 49, 51, 53, 54
ASCII interpretation: \811356
The procedure is repeated for each occurrence of Extended Channel Interpretation (ECI).

Application software recognising the 7-byte escape sequence of 92 followed by six bytes (each in the
range 48 to 57) should interpret all subsequent characters until the end of the encoded data, or until
another single byte 92 is encountered, as being from the ECI defined by the 6-digit sequence.
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If the reverse solidus, or other character represented by byte 92 needs to be used as encoded data,
transmission shall be as follows. Whenever byte 92 occurs as data, two bytes of that value shall
be transmitted; thus a single occurrence is always an escape character and a double occurrence
indicates true data.

EXAMPLE
Encoded data: A\\B\C
Transmission: A\\\\B\\C

5.17.3 Transmitted data for Macro PDF417

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

5.17.4 Transmission of reserved codewords using the ECI protocol

When operat
codeword esc
followed by ‘Q
by another ‘C

ng under the ECI transmission protocol, PDF417 decoders should transmit a re
ape sequence of six bytes (interpreted as ‘\CnnnC’), representing escape charact
" (67), three digits which represent the decimal value of the reserved codeword, fo
, which terminates the escape sequence in a symbology-independent manner. TH

served
er (92)

llowed

e data

codewords which follow the reserved codeword are not interpreted- by the decoder according to
any compactipn mode, but instead are transmitted as a series of escape sequences representing the
codewords uding the same 6-byte escape sequence defined earlier incthis paragraph. All remaining data
codewords ar transmitted in this manner, until one of the following is reached:

the end o

Fthe encoded data in the symbol;

alatch to

a recognised compaction mode;

a Macro HDF417 Control Block function codeword{928, 923, or 922).

Codeword 91
the codeword]

B (Byte shift) is only permitted fronr Text Compaction mode, and thus shall not be part of

stream while in this process of sending escaped uninterpreted codewords.

NOTE Thi future

definition is to

protocol can properly tran§mit the message syntax of any reserved codeword whose
provide either a signalling function or to represent a new compaction mode.

5.17.5 Symbology identifier

cture of the data’(in terms of Macro PDF417, ECI, etc) has been identified, the appr¢priate
entifier should be added as a preamble to the transmitted data by the decoder. See Ainnex L
logy identifiers which apply to PDF417.

Once the stru
symbology id
for the symbd

5.17.6 Transmission using older protocols

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

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

Codeword Bar-space sequence .
Cluster 0 Cluster 3 @ter 6
BSBSBSBS BSBSBSBS A '\SBS BSBS
0 31111136 51111125 0y 211{11ss
1 41111144 61111133 A7 311]1163
2 51111152 nuzte N 11111246
3 31111235 51111224 () 21111254
4 41111243 61111232~\" 31111262
5 51111251 1111815 11111345
6 21111326 51111323 21111353
7 31111334 61111331 31111361
8 21111425 < mas 11111444
9 11111516 O 51111422 21111452
10 21111524 @ 41111513 11111543
11 1111615 o\~ 51111521 61112114
12 211121360 41111612 11112155
13 31112144 41112125 21112163
14 41342152 51112133 61112213
15 (21112235 61112141 11112254

o

16 . 31112243 31112216 21112262
17 S 41112251 41112224 61112312
18 NG 11112326 51112232 11112353
19 N 21112334 31112315 21112361
20 O 11112425 41112323 61112411
s 11113136 51112331 11112452
K2z 21113144 31112414 51113114
23 31113152 41112422 61113122
24 11113235 31112513 11113163
25 21113243 41112521 51113213
26 31113251 31112612 61113221
27 11113334 31113125 11113262
28 21113342 41113133 51113312
29 11114144 51113141 11113361
30 21114152 21113216 51113411
31 11114243 31113224 41114114
32 21114251 41113232 51114122
33 11115152 21113315 41114213
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS
34 51116111 31113323 51114221
35 31121135 41113331 41114312
36 41121143 21113414 41114411
37 51121151 31113422 31115114
38 21121226 21113513 41115122
39 31121234 31113521 31115213
40 41121242 21113612 41115221¢
41 21121325 21114125 31115812"
42 31121333 31114133 31115411
43 11121416 41114141 | 127116114
44 21121424 11114216 N 31116122
45 31121432 21114224 O 21m16213
46 11121515 31114232 RN 31116221
47 21121523 1mu3s G 21116312
48 11121614 21114323 11121146
49 21122135 311143350 21121154
50 31122143 111 M4 31121162
51 41122151 (21114422 11121245
52 11122226 ) 11114513 21121253
53 21122234 N 2111421 31121261
54 31122242 o 11115125 11121344
55 11122325 - 21115133 21121352
56 21122333 " 31115141 11121443
57 311223417 11115224 21121451
58 11122474 21115232 11121542
59 21122432 11115323 61122113
60 (1123135 21115331 11122154
61 S0 21123143 11115422 21122162
62 D 31123151 11116133 61122212
o3| 11123234 21116141 11122253
64 \?/V 21123242 11116232 21122261
65 11123333 1116331 61122311
66 21123341 41121116 11122352
67 11124143 51121124 11122451
68 21124151 61121132 51123113
69 11124242 41121215 61123121
70 11124341 51121223 11123162
71 21131126 61121231 51123212
72 31131134 41121314 11123261
73 41131142 51121322 51123311
74 21131225 41121413 41124113
75 31131233 51121421 51124121

38
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS

76 41131241 41121512 41124212
77 11131316 41121611 41124311
78 21131324 31122116 31125113
79 31131332 41122124 41125121
80 11131415 51122132 31125212
81 21131423 31122215 31125311
82 11131514 41122223 24136113
83 11131613 51122231 _Cplige1z1
84 11132126 31122314 0.V 216212
85 21132134 41122322 Jn 2ugesnn
86 31132142 31122413 N 11131145
87 11132225 miz2421 [ 21141153
88 21132233 311225120 31131161
89 31132241 31122610 11141244
90 11132324 21323116 21131252
91 21132332 1123124 11141343
92 11132423 Q V1123132 21131351
93 11132522 L 21123215 11131442
94 11133134 2 31123223 11131541
95 21133142 V] 41123231 61132112
96 11133233. ) 21123314 11142153
97 21133241 31123322 21132161
98 11133332 21123413 61132211
99 41134142 31123421 11142252
100 . 21141125 21123512 11132351
101 S 31141133 21123611 51133112
102 N 41141141 11124116 11133161
103 S0 11141216 21124124 51133211
104 (Y 21141224 31124132 41134112
105 31141232 11124215 41134211
La06 11141315 21124223 31135112
07 71141323 31124231 31135211
108 31141331 11124314 21136112
109 11141414 21124322 21136211
110 21141422 11124413 11141144
111 11141513 21124421 21141152
112 21141521 11124512 11141243
113 11142125 11125124 21141251
114 21142133 21125132 11141342
115 31142141 11125223 11141441
116 11142224 21125231 61142111
117 21142232 11125322 11142152
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS
118 11142323 11125421 11142251
119 21142331 11126132 51143111
120 11142422 11126231 41144111
121 11142521 41131115 31145111
122 21143141 51131123 11151143
123 11143331 61131131 21151151
124 11151116 41131214 11151242(
125 21151124 51131222 11151841
126 31151132 41131313 11152451
127 11151215 51131321 | MP161142
128 21151223 41131412 N 11161241
129 31151231 41131511 O 12111146
130 11151314 31132115 RN 22111154
131 21151322 m132123 &~ 32111162
132 11151413 51132131 12111245
133 21151421 31132284 22111253
134 11151512 41152222 32111261
135 11152124 (31132313 12111344
136 11152223 @ M132321 22111352
137 11152322 N 31132412 12111443
138 11161115 o 31132511 22111451
139 31161131 - 21133115 12111542
140 21161222 <~ 31133123 62112113
141 21161320 41133131 12112154
142 11161511 21133214 22112162
143 AApii113s 31133222 62112212
144 (2111143 21133313 12112253
145 S0 52111151 31133321 22112261
146 D 22111226 21133412 62112311
w| 32111234 21133511 12112352
148 \?/V 42111242 11134115 12112451
149 77111325 71134123 52113113
150 32111333 31134131 62113121
151 42111341 11134214 12113162
152 12111416 21134222 52113212
153 22111424 11134313 12113261
154 12111515 21134321 52113311
155 22112135 11134412 42114113
156 32112143 11134511 52114121
157 42112151 11135123 42114212
158 12112226 21135131 42114311
159 22112234 11135222 32115113

40
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS

160 32112242 11135321 42115121
161 12112325 11136131 32115212
162 22112333 41141114 32115311
163 12112424 51141122 22116113
164 12112523 41141213 32116121
165 12113135 51141221 22116212
166 22113143 41141312 22116311
167 32113151 41141411 _Cpi1z{1us
168 12113234 31142114 0. 312{1153
169 22113242 41142122 Jne azjue
170 12113333 31142213 N 11211236
171 12113432 w21 21211244
172 12114143 311423120 31211252
173 22114151 3114241 11211335
174 12114242 21343114 21211343
175 12115151 Sg1u3122 312]1351
176 31211126 Q21143213 11211434
177 41211134 LN 31143221 21211442
178 51211142 2 21143312 11211533
179 31211225 V| 21143411 2121541
180 41211233. 0 11144114 11211632
181 51211241 21144122 12131145
182 21211316 11144213 22131153
183 21211324 21144221 32131161
184 . a1211332 11144312 11212145
185 S 21211415 11144411 12141244
186 N 31211423 11145122 22131252
187 S 41211431 11145221 11212244
188 ()" 21211514 41151113 21212252
165 31211522 51151121 22131351
L4950 22121126 41151212 11212343
1971 32121134 AT151311 T2121442
192 42121142 31152113 11212442
193 21212126 41152121 12121541
194 22121225 31152212 11212541
195 32121233 31152311 62122112
196 42121241 21153113 12122153
197 21212225 31153121 22122161
198 31212233 21153212 61213112
199 41212241 21153311 62122211
200 11212316 11154113 11213153
201 12121415 21154121 12122252
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS
202 22121423 11154212 61213211
203 32121431 11154311 11213252
204 11212415 41161112 12122351
205 21212423 41161211 11213351
206 11212514 31162112 52123112
207 12122126 31162211 12123161
208 22122134 21163112 51214112(,
209 32122142 21163211 52123211
210 11213126 42111116 11214161
211 12122225 52111124 | hs214211
212 22122233 62111132 N 42124112
213 32122241 42111215 O sasin
214 11213225 52111223 RN 42124211
215 21213233 62111231 5~ 41215211
216 31213241 42111314 32125112
217 11213324 52111352 31216112
218 12122423 420143 32125211
219 11213423 (52111421 31216211
220 12123134 @ 42111512 22126112
221 22123142 N anien 22126211
222 11214134 o 32112116 11221136
223 12123233 42112124 21221144
224 22123241 <y~ 52112132 31221152
225 11214238 32112215 11221235
226 21214241 42112223 21221243
227 1214332 52112231 31221251
228 (2124142 32112314 11221334
229 S0 11215142 42112322 21221342
230 D 12124241 32112413 11221433
231 A% 11215241 42112421 21221441
232 \?/V 31221125 32112512 11221532
233 I1271133 32112611 11221631
234 51221141 22113116 12131144
235 21221216 32113124 22131152
236 31221224 42113132 11222144
237 41221232 22113215 12131243
238 21221315 32113223 22131251
239 31221323 42113231 11222243
240 41221331 22113314 21222251
241 21221414 32113322 11222342
242 31221422 22113413 12131441
243 21221513 32113421 11222441

42
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Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS
244 21221612 22113512 62132111
245 22131125 22113611 12132152
246 32131133 12114116 61223111
247 42131141 22114124 11223152
248 21222125 32114132 12132251
249 22131224 12114215 11223251
250 32131232 22114223 52143111
251 11222216 32114231 _Cptzgan
252 12131315 12114314 0,V ajan
A
253 31222232 22114322 Jne szdsin
254 32131331 12114413 N 32135111
255 11222315 22114421 [0 31236111
256 12131414 12114512\ 22136111
257 22131422 12115124~ 11241135
A
258 11222414 22345132 21231143
259 21222422 115223 31231151
260 22131521 O V22115231 11231234
261 12131612 LN 12115322 21231242
N\
262 12132125 ® 12115421 11231333
263 22132133 O 12116132 21231341
264 32132141. ) 12116231 11231432
265 11223125 51211115 11231531
266 12132224 61211123 12141143
267 92132232 11211164 22141151
268 - 11223224 51211214 11232143
269 S 21223232 61211222 12141242
270 e 22132331 11211263 11232242
271 8\ 11223323 51211313 12141341
272 (Y 12132422 61211321 11242341
275" 12132521 11211362 12142151
N4
R&Z 12133133 51211412 11233151
375 77133141 51211511 11741134
276 11224133 42121115 21241142
277 12133232 52121123 11241233
278 11224232 62121131 21241241
279 12133331 41212115 11241332
280 11224331 42121214 11241431
281 11225141 61212131 12151142
282 21231116 41212214 11242142
283 31231124 51212222 12151241
284 41231132 52121321 11242241
285 21231215 41212313 11251133
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286 31231223 42121412 21251141
287 41231231 41212412 11251232
288 21231314 42121511 11251331
289 31231322 41212511 12161141
290 21231413 32122115 11252141
291 31231421 42122123 11261132
292 21231512 52122131 11261231¢,
293 21231611 31213115 13111085
294 12141116 32122214 23111153
295 22141124 42122222 | 133111161
296 32141132 31213214 N 13111244
297 11232116 41213222 O 23111252
298 12141215 42122321 RN 13111343
299 22141223 31213313 O~ 23111351
300 32141231 32122412 13111442
301 11232215 31213412 13111541
302 21232223 32122511 63112112
303 31232231 31213511 13112153
304 11232314 @y 22123115 23112161
305 12141413 S 32123123 63112211
306 22141421 o 42123131 13112252
307 11232413 21214115 13112351
308 21232421 <y~ 22123214 53113112
309 112325127 32123222 13113161
310 12142174 21214214 53113211
311 52142132 31214222 43114112
312 () T1233124 32123321 43114211
313 S0 12142223 21214313 33115112
314 D 22142231 22123412 33115211
35| A5 11233223 21214412 23116112
316 \?/V 21233231 22123511 23116211
317 11233322 71214511 12211136
318 12142421 12124115 22211144
319 11233421 22124123 32211152
320 11234132 32124131 12211235
321 11234231 11215115 22211243
322 21241115 12124214 32211251
323 31241123 22124222 12211334
324 41241131 11215214 22211342
325 21241214 21215222 12211433
326 31241222 22124321 22211441
327 21241313 11215313 12211532
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Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS

328 31241321 12124412 12211631
329 21241412 11215412 13121144
330 21241511 12124511 23121152
331 12151115 12125123 12212144
332 22151123 22125131 13121243
333 32151131 11216123 23121251
334 11242115 12125222 12212243
335 12151214 11216222 _(Cp222251
336 22151222 12125321 0, 12212342
337 11242214 11216321 Jne 1313144
338 21242222 12126131 N 12212441
339 22151321 s1221114 63132111
340 11242313 61221122\~ 13132152
341 12151412 11221063~ 62213111
342 11242412 51241213 12213152
343 12151511 Se1221221 13132251
344 12152123 Q11221262 12213251
345 11243123 LN 51221312 53133111
346 11243222 2 11221361 522]4111
347 11243321 V] 51221411 43134111
348 31251122 C) 42131114 42215111
349 31251221 52131122 33135111
350 21251411 41222114 32216111
351 22161122 42131213 23136111
352 . 12161213 52131221 21311135
353 S 11252213 41222213 31311143
354 N 11252312 51222221 4131151
355 S 11252411 41222312 11311226
356 () 23111126 42131411 21311234
35T 33111134 41222411 31311242
Lp58 43111142 32132114 11311325
359 73111225 17132122 71311333
360 33111233 31223114 31311341
361 13111316 32132213 11311424
362 23111324 42132221 21311432
363 33111332 31223213 11311523
364 13111415 41223221 21311531
365 23111423 31223312 11311622
366 13111514 32132411 12221135
367 13111613 31223411 22221143
368 13112126 22133114 32221151
369 23112134 32133122 11312135
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BSBSBSBS BSBSBSBS BSBSBSBS
370 33112142 21224114 12221234
371 13112225 22133213 22221242
372 23112233 32133221 11312234
373 33112241 21224213 21312242
374 13112324 31224221 22221341
375 23112332 21224312 11312333
376 13112423 22133411 12221432(
377 13112522 21224411 11312432
378 13113134 12134114 12221531
379 23113142 22134122 | M#312531
380 13113233 11225114 N~ 13131143
381 23113241 12134213 O 23131181
382 13113332 22134221 RN 12222143
383 13114142 11225213 &5~ 13131242
384 13114241 21225221 (o 11313143
385 32211125 11225317 12222242
386 42211133 1243441 13131341
387 52211141 L M225411 11313242
388 22211216 @ 12135122 12222341
389 32211224 N 11226122 11313341
390 42211232 o 12135221 13132151
391 22211315 11226221 12223151
392 32211323 " 51231113 11314151
393 42211330 61231121 11321126
394 22211414 11231162 21321134
395 Aeai1422 51231212 31321142
396 (72211513 11231261 11321225
397 s 32211521 51231311 21321233
398 D 23121125 42141113 31321241
390|  ~5 33121133 52141121 11321324
400 \?/V 43121141 41232113 21321332
401 72212125 51232121 1321423
402 23121224 41232212 21321431
403 33121232 42141311 11321522
404 12212216 41232311 11321621
405 13121315 32142113 12231134
406 32212232 42142121 22231142
407 33121331 31233113 11322134
408 12212315 32142212 12231233
409 22212323 31233212 22231241
410 23121422 32142311 11322233
411 12212414 31233311 21322241
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Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS

412 13121513 22143113 11322332
413 12212513 32143121 12231431
414 13122125 21234113 11322431
415 23122133 31234121 13141142
416 33122141 21234212 12232142
417 12213125 22143311 13141241
418 13122224 21234311 14333142
419 32213141 12144113 _Oy22§2241
420 12213224 22144121 0.V 11343241
421 22213232 11235113 Jn 1sjis
422 23122331 12144212 N 21331133
423 12213323 11235212 31331141
424 13122422 121443130 11331224
425 12213422 1123551 21331232
426 13123133 12345121 11331323
427 23123141 236121 21331331
428 12214133 QVs12s1112 11331422
429 13123232 L 11241161 11331521
430 12214232 2 51241211 12241133
431 13123331 V| 42151112 22241141
432 13124141. Q) 41242112 11332133
433 12215141 42151211 12241232
434 31311116 41242211 11332232
435 41311124 32152112 12241331
436 . 51311132 31243112 11332331
437 S 31311215 32152211 13141141
438 N 41311223 31243211 12242141
439 S\ 51311231 22153112 11333141
440 (VO 31311314 21244112 11341124
44T 41311322 22153211 21341132
R 31311413 21244211 11341223
743 AT311421 2154112 71341231
444 31311512 11245112 11341322
445 22221116 12154211 11341421
446 32221124 11245211 12251132
447 42221132 51251111 11342132
448 21312116 42161111 12251231
449 22221215 41252111 11342231
450 41312132 32162111 11351123
451 42221231 31253111 21351131
452 21312215 22163111 11351222
453 31312223 21254111 11351321
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BSBSBSBS BSBSBSBS BSBSBSBS
454 41312231 43111115 12261131
455 21312314 53111123 11352131
456 22221413 63111131 11361122
457 32221421 43111214 11361221
458 21312413 53111222 14111144
459 31312421 43111313 24111152
460 22221611 53111321 14111243
461 13131116 43111412 24111251
462 23131124 43111511 14111542
463 33131132 33112115 | Mdi11441
464 12222116 43112123 N 14112152
465 13131215 53112131 O uizs

N
466 23131223 33112214 RN 54113111
467 33131231 s3112222 44114111
468 11313116 33112313 34115111
469 12222215 4311238( 24116111
470 22222223 33102412 13211135
471 32222231 (33112511 23211143
N\
472 11313215 @) 23113115 33211151
473 21313223 S 33113123 13211234
474 31313231 % 43113131 23211242
475 23131421~ 23113214 13211333
476 11313314 |~ 33113222 23211341
477 122224130 23113313 13211432
478 22222471 33113321 13211531
479 1313413 23113412 14121143
480 (13131611 23113511 24121151
481 S0 13132124 13114115 13212143
482 D 23132132 23114123 14121242
ag3| 12223124 33114131 13212242
N\ 4

184 O 13132223 13114214 14121341
485 73132231 73114222 13212341
486 11314124 13114313 14122151
487 12223223 23114321 13213151
488 22223231 13114412 12311126
489 11314223 13114511 22311134
490 21314231 13115123 32311142
491 13132421 23115131 12311225
492 12223421 13115222 22311233
493 13133132 13115321 32311241
494 12224132 13116131 12311324
495 13133231 52211114 22311332
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Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS

496 11315132 62211122 12311423
497 12224231 12211163 22311431
498 31321115 52211213 12311522
499 41321123 62211221 12311621
500 51321131 12211262 13221134
501 31321214 52211312 23221142
502 41321222 12211361 12312134
503 31321313 52211411 (13241233
504 41321321 43121114 0.V 23201241
505 31321412 53121122 o 1232233
506 31321511 42212114 N 13241332
507 22231115 3121213 [ 12312332
508 32231123 53121221\ 13231431
509 42231131 42212333 12312431
510 21322115 52242221 14131142
511 22231214 2212312 13232142
512 41322131 QVaz21411 14131241
513 21322214 LN 42212411 123]3142
514 31322222 2 33122114 13242241
515 32231321 V| 43122122 12313241
516 21322313.C) 32213114 21411125
517 22231412 33122213 31411133
518 21322412 43122221 41411141
519 22231511 32213213 11411216
520 . 21322511 42213221 21411224
521 S 13141115 32213312 31411232
522 Q) 23141123 33122411 11411315
523 s 33141131 32213411 21411323
524 (Y 12232115 23123114 31411331
525" 13141214 33123122 114{1414
526 23141222 22214114 21411422
527 11323115 73123213 1411513
528 12232214 33123221 21411521
529 22232222 22214213 11411612
530 23141321 32214221 12321125
531 11323214 22214312 22321133
532 21323222 23123411 32321141
533 13141412 22214411 11412125
534 11323313 13124114 12321224
535 12232412 23124122 22321232
536 13141511 12215114 11412224
537 12232511 13124213 21412232

© ISO/IEC 2015 - All rights reserved

49


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

Codeword Bar-space sequence
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538 13142123 23124221 22321331
539 23142131 12215213 11412323
540 12233123 22215221 12321422
541 13142222 12215312 11412422
542 11324123 13124411 12321521
543 12233222 12215411 11412521
544 13142321 13125122 13231133(
545 11324222 12216122 23231041
546 12233321 13125221 12322433
547 13143131 12216221 | 13231232
548 11325131 61311113 N~ 11413133
549 31331114 11311154 O 12322032
550 41331122 21311162 RN 13231331
551 31331213 61311212 5~ 11413232
552 41331221 11311253 12322331
553 31331312 21311260 11413331
554 31331411 61311311 14141141
555 22241114 1311352 13232141
556 32241122 @, 11311451 12323141
557 21332114 N 52221113 11414141
558 22241213 o 62221121 11421116
559 32241221 12221162 21421124
560 21332213 "~ 51312113 31421132
561 313322207 61312121 11421215
562 21332312 11312162 21421223
563 SRaha 12221261 31421231
564 (71332411 51312212 11421314
565 S0 13151114 52221311 21421322
566 D 23151122 11312261 11421413
se7] A5 12242114 51312311 21421421
568 \?/V 13151213 43131113 11421512
569 73151221 53131121 T1421611
570 11333114 42222113 12331124
571 12242213 43131212 22331132
572 22242221 41313113 11422124
573 11333213 51313121 12331223
574 21333221 43131311 22331231
575 13151411 41313212 11422223
576 11333312 42222311 21422231
577 12242411 41313311 11422322
578 11333411 33132113 12331421
579 12243122 43132121 11422421
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BSBSBSBS BSBSBSBS BSBSBSBS

580 11334122 32223113 13241132
581 11334221 33132212 12332132
582 41341121 31314113 13241231
583 31341311 32223212 11423132
584 32251121 33132311 12332231
585 22251212 31314212 11423231
586 22251311 32223311 14441115
587 13161113 31314311 _Cp1afi123
588 12252113 23133113 0.7 311131
589 11343113 33133121 Jne 11sfi214
590 13161311 22224113 N 21441222
591 12252311 23133212 11431313
592 24111125 213151130 21431321
593 14111216 22224813 11431412
594 24111224 23343311 11431511
595 14111315 1315212 12341123
596 24111323 Q22224311 22341131
597 34111331 L 21315311 11442123
598 14111414 2 13134113 12341222
599 24111422 V) 23134121 11442222
600 14111513. ) 12225113 12341321
601 24111521 13134212 11442321
602 14112125 11316113 13241131
603 24112133 12225212 12342131
604 L. 34112141 13134311 11443131
605 S5 14112224 11316212 11441114
606 N 24112232 12225311 21441122
607 S 14112323 11316311 11441213
608 () 24112331 13135121 21441221
609" 14112422 12226121 11441312
610 14112521 61321112 11441411
611 4113133 1321153 12351122
612 24113141 21321161 11442122
613 14113232 61321211 12351221
614 14113331 11321252 11442221
615 14114141 11321351 11451113
616 23211116 52231112 21451121
617 33211124 12231161 11451212
618 43211132 51322112 11451311
619 23211215 52231211 12361121
620 33211223 11322161 11452121
621 23211314 51322211 15111143
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622 33211322 43141112 25111151
623 23211413 42232112 15111242
624 33211421 43141211 15111341
625 23211512 41323112 15112151
626 14121116 42232211 14211134
627 24121124 41323211 24211142
628 34121132 33142112 14211233
629 13212116 32233112 24211241
630 14121215 33142211 14211432
631 33212132 31324112 | M4211431
632 34121231 32233211 N 15121142
633 13212215 31324211 O 214
634 23212223 23143112 RN 15121241
635 33212231 22231112 5 14212241
636 13212314 23143211 13311125
637 14121413 21325147 23311133
638 24121421 22250211 33311141
639 13212413 (21325211 13311224
640 23212421 @) 13144112 23311232
641 14121611 N 12235112 13311323
642 14122124 o 13144211 23311331
643 24122132 11326112 13311422
644 13213124 12235211 13311521
645 14122223 11326211 14221133
646 24122231 61331111 24221141
647 Az213223 11331152 13312133
648 (73213231 11331251 14221232
649 S0 13213322 52241111 13312232
650 D 14122421 51332111 14221331
651 5 14123132 43151111 13312331
652 \?/V 13214132 42242111 15131141
653 4123231 A1333111 4222141
654 13214231 33152111 13313141
655 32311115 32243111 12411116
656 42311123 31334111 22411124
657 52311131 23153111 32411132
658 32311214 22244111 12411215
659 42311222 21335111 22411223
660 32311313 13154111 32411231
661 42311321 12245111 12411314
662 32311412 11336111 22411322
663 32311511 11341151 12411413

52

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6
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664 23221115 44111114 22411421
665 33221123 54111122 12411512
666 22312115 44111213 12411611
667 23221214 54111221 13321124
668 33221222 44111312 23321132
669 22312214 44111411 12412124
670 32312222 34112114 13331223
671 33221321 44112122 3341231
672 22312313 34112213 0. 12412223
673 23221412 44112221 Jn 224feem
674 22312412 34112312 N 12412322
675 23221511 sar2411 13331421
676 22312511 24113114\ 12412421
677 14131115 34113122 14231132
678 24131123 24113213 13332132
679 13222115 Sga113221 14231231
680 14131214 QVau3312 12413132
681 33222131 LN 24113411 13332231
682 12313115 2 14114114 12413231
683 13222214 V] 24114122 21511115
684 23222222. 0 14114213 31511123
685 24131321 24114221 41511131
686 12313214 14114312 21511214
687 92313222 14114411 3151222
688 . 1131412 14115122 21511313
689 S 12313313 14115221 31511321
690 N 13222412 53211113 21511412
691 S 14131511 63211121 21511511
692 () 13222511 13211162 12431115
695" 14132123 53211212 22431123
94 24132131 13211261 32431131
695 13223123 53211311 1512115
696 14132222 44121113 12421214
697 12314123 54121121 22421222
698 13223222 43212113 11512214
699 14132321 44121212 21512222
700 12314222 43212212 22421321
701 13223321 44121311 11512313
702 14133131 43212311 12421412
703 13224131 34122113 11512412
704 12315131 44122121 12421511
705 41411114 33213113 11512511
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706 51411122 34122212 13331123
707 41411213 33213212 23331131
708 51411221 34122311 12422123
709 41411312 33213311 13331222
710 41411411 24123113 11513123
711 32321114 34123121 12422222
712 42321122 23214113 13331321¢
713 31412114 24123212 11513222
714 41412122 23214212 12427521
715 42321221 24123311 | 19513321
716 31412213 23214311 N7 14241131
717 41412221 14124113 O 13332131

N
718 31412312 24124121 RN 12423131
719 32321411 1321513 5~ 11514131
Y
720 31412411 14124212 21521114
721 23231114 13215217 31521122
722 33231122 14124311 21521213
723 22322114 13215311 31521221
724 23231213 @, 14125121 21521312
725 33231221 N 13216121 21521411
726 21413114 o 62311112 12431114
727 22322213 12311153 22431122
728 32322221 o~ 22311161 11522114
729 214132130 62311211 12431213
730 31413271 12311252 22431221
731 331411 12311351 11522213
732 () 7m3312 53221112 21522221
733 S0 22322411 13221161 11522312
734 D 21413411 52312112 12431411
735 AN 14141114 53221211 11522411
N\ 4

736 < 24141122 12312161 13341122
737 13232114 52312211 12432122
738 14141213 44131112 13341221
739 24141221 43222112 11523122
740 12323114 44131211 12432221
741 13232213 42313112 11523221
742 23232221 43222211 21531113
743 11414114 42313211 31531121
744 12323213 34132112 21531212
745 22323221 33223112 21531311
746 14141411 34132211 12441113
747 11414213 32314112 22441121
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748 21414221 33223211 11532113
749 13232411 32314211 12441212
750 11414312 24133112 11532212
751 14142122 23224112 12441311
752 13233122 24133211 11532311
753 14142221 22315112 13351121
754 12324122 23224211 12442121
755 13233221 22315211 _(Oy15§3121
756 11415122 14134112 0.V 21541112
757 12324221 13225112 Jne 21shen
758 11415221 14134211 N 12441112
759 41421113 1231612 11542112
760 51421121 13225211~ 12441211
761 41421212 12316810 11542211
762 41421311 11411144 16111142
763 32331113 Snanse 16111241
764 42331121 Q11411243 15211133
765 31422113 L 21411251 25211141
766 41422121 2 11411342 15211232
767 31422212 V| 11411441 15211331
768 32331311..C) 62321111 16131141
769 31422311 12321152 15212141
770 23241113 61412111 14311124
771 83741121 11412152 24311132
772 . 22332113 12321251 14311223
773 S 23241212 11412251 24311231
774 Q) 21423113 53231111 14311322
775 S\ 22332212 52322111 14311421
776 (Y 23241311 51413111 15231132
R 21423212 44141111 14312132
RYL 22332311 43232111 15241231
779 71423311 12323111 4312231
780 14151113 41414111 13411115
781 24151121 34142111 23411123
782 13242113 33233111 33411131
783 23242121 32324111 13411214
784 12333113 31415111 23411222
785 13242212 24143111 13411313
786 14151311 23234111 23411321
787 11424113 22325111 13411412
788 12333212 21416111 13411511
789 13242311 14144111 14321123
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790 11424212 13235111 24321131
791 12333311 12326111 13412123
792 11424311 11421143 23412131
793 13243121 21421151 13412222
794 11425121 11421242 14321321
795 41431211 11421341 13412321
796 31432112 12331151 15231131~
797 31432211 11422151 14322031
798 22342112 11431142 13413131

A0
799 21433112 11431241 | 122511114
800 21433211 11441141 N 32511122
801 13252112 45111113 O 22511213
N
802 12343112 45111212 RN 32511221
803 11434112 sz O 22511312
N
804 11434211 35112113 22511411
805 15111116 4511215¢ 13421114
806 15111215 35142212 23421122
807 25111223 (35112311 12512114
808 15111314 @) 25113113 22512122
809 15111413 N 35113121 23421221
810 15111512 D 25113212 12512213
811 15112124~ 25113311 13421312
812 15112223 <~ 15114113 12512312
813 15112322 25114121 13421411
814 15112471 15114212 12512411
815 5113132 15114311 14331122
816 (15113231 15115121 13422122
817 S0 24211115 54211112 14331221
818 Ko 24211214 14211161 12513122
sio] 5 34211222 54211211 13422221
N\ 4

820 \?/ 24211313 45121112 12513221
821 34211321 34212112 31611113
822 24211412 45121211 41611121
823 24211511 44212211 31611212
824 15121115 35122112 31611311
825 25121123 34213112 22521113
826 14212115 35122211 32521121
827 24212123 34213211 21612113
828 25121222 25123112 22521212
829 14212214 24214112 21612212
830 24212222 25123211 22521311
831 14212313 24214211 21612311
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS

832 24212321 15124112 13431113
833 14212412 14215112 23431121
834 15121511 15124211 12522113
835 14212511 14215211 13431212
836 15122123 63311111 11613113
837 25122131 13311152 12522212
838 14213123 13311251 13441311
839 24213131 54221111 _Oy16]3212
840 14213222 53312111 0,.Y 12582311
841 15122321 45131111 Jn” 163z
842 14213321 44222111 N 14341121
843 15123131 sz 13432121
844 14214131 35132113 12543121
845 33311114 3422301 11614121
846 33311213 33384111 31631112
847 33311312 5133111 31631211
848 33311411 Q224111 22531112
849 24221114 L 23315111 21642112
850 23312114 2 15134111 22531211
851 33312122 V| 14225111 21632211
852 34221221.C) 13316111 13441112
853 23312243 12411143 12532112
854 33312221 22411151 13441211
855 93312312 12411242 11633112
856 . 24221411 12411341 12532211
857 S 23312411 13321151 11643211
858 N 15131114 12412151 31631111
850 S 14222114 11511134 22541111
860 ()" 15131213 21511142 21632111
got " 25131221 11511233 134$1111
Ls62 13313114 21511241 12542111
863 14222213 1511332 1633111
864 15131312 11511431 16211132
865 13313213 12421142 16211231
866 14222312 11512142 15311123
867 15131411 12421241 25311131
868 13313312 11512241 15311222
869 14222411 11521133 15311321
870 15132122 21521141 16221131
871 14223122 11521232 15312131
872 15132221 11521331 14411114
873 13314122 12431141 24411122
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Codeword Bar-space sequence

Cluster 0 Cluster 3 Cluster 6

BSBSBSBS BSBSBSBS BSBSBSBS
874 14223221 11522141 14411213
875 13314221 11531132 24411221
876 42411113 11531231 14411312
877 42411212 11541131 14411411
878 42411311 36112112 15321122
879 33321113 36112211 14412122
880 32412113 26113112 15321221¢
881 42412121 26113211 14412221
882 32412212 16114112 23511113
883 33321311 16114211 | 133511121
884 32412311 45212111 N 23511212
885 24231113 36122111 /O 23511311
886 34231121 35213111 RN 14421113
887 23322113 26123111 5~ 24421121
888 33322121 25214111 13512113
889 22413113 16124141 23512121
890 23322212 1524511 13512212
891 24231311 14311151 14421311
892 22413212 ) 13411142 13512311
893 23322311 N 13s112m 15331121
894 22413311 o 12511133 14422121
895 15141113 22511141 13513121
896 25141121 \_~ 12511232 32611112
897 1423248 12511331 32611211
898 24232171 13421141 23521112
899 3323113 12512141 22612112
900 () az32212 11611124 23521211
901 S0 15141311 21611132 22612211
902 D 12414113 11611223 14431112
93| 5 13323212 21611231 13522112
904 \?/V 14232311 11611322 14431211
905 12414212 TT611421 12613112
906 13323311 12521132 13522211
907 15142121 11612132 12613211
908 14233121 12521231 32621111
909 13324121 11612231 23531111
910 12415121 11621123 22622111
911 51511112 21621131 14441111
912 51511211 11621222 13532111
913 42421112 11621321 12623111
914 41512112 12531131 16311122
915 42421211 11622131 16311221
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Codeword Bar-space sequence
Cluster 0 Cluster 3 Cluster 6
BSBSBSBS BSBSBSBS BSBSBSBS
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 _Cpasfizn
924 23332112 12611321 0.V 1541112
oD
925 24241211 13521131 e usfan
926 22423112 12612131 N 15431211
927 23332211 12621122 14512211
928 21514112 12621221\ 3361111
\.J
N
<< @)
N
%)
$\.‘Q
¥
xO

© ISO/IEC 2015 - All rights reserved

59


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

Annex B
(normative)

The default character set for Byte Compaction mode

B C B C B |c| B |c| B |[c]| B C B |c| B |c
0 | NUL | 32 |space| 64 | @ | 96 128 160 | NBsp | 192 | A | 224 a
1 | soH| | 33 ol es | A 97 | a | 129 161 | ; | 193 | A [@2d5 | a
2 | stx| | 34| “ |66 | B| 98 | b | 130 162 | ¢ | 194 ] 226 | a
3 | ETX| | 35 | # |67 | c | 99 | ¢ | 131 163 | £ | 195K | 237 | a
4 | EOT| | 36 | $§ | 68 | D | 100 | d | 132 164 | n | 196 | A 2284
s | ENQ[ | 37 | % | 69 | E | 101 | e | 133 165 | ¥ 1197 [A 2294
6 | ack|| 38 | & |70 | F | 102 | £ | 134 166 | <7 | 198 | & ] 290 | =
7 | BEL| | 39 ‘ 71 | 6 | 103 | g | 135 167C)" s | 199 | ¢|291]¢
8 Bs|| 40 | ( | 72 | H | 104 | h | 136 aes’ | - | 200 | B [292]e
9 Hr| | 41 | ) | 73 [ 1 [ 105 |1 | 137 ] Q69 | © | 201 |E[2§3]¢
10 | e 42| < [ 7a| g 106 | j | 138 0] 170 = | 2028 ]|244]e
11 | v 43| + | 75 k| 107 | k[ 1301 171 | « | 203 | E|235] @
12 | FF| | 44 | , 76 | L | 108 | 1 | 140 172 | - | 204 |1 |236] 3
13 | R[] a5 | - [ 77 | M| 109 | m 141 173 | sHY | 205 | 1 [247] i
14 | sof| 46 78 | N | 110 S | 142 174 | ® | 206 | 1 |238] i
15 sit{| 47| / |79 ] o ur] o | 143 175 | - | 207 |1 |239] i
16 | DLE[ | 48 | o |80 | P M2 | p | 144 176 | ° | 208 | D | 240 &
17 | pci| | 49 | 1 | 81 [@Y 113 | q | 145 177 | + | 209 | N |241 | @
18 | pc2|| 50 | 2 [ 82| R |14 | r | 146 178 210 |0 | 242 | o
19 | nc3| | 51 | 3 |88 s | 115 | s | w7 179 | * [ 211024356
20 | pca| | s2 | 4 (Usa | 7T | 116 | ¢ | 148 180 212 | 0 | 244 | 6
21 | Nak| | 53 | 58] 85 | U | 117 | u | 149 181 | p | 2130|2455
22 | syn| | 54 (D% |86 | v | 118 v | 150 182 | 7 | 214 |0 |246| 5
23 | ETB| | 85| 7 |87 [w ][ 119 | w ] 151 183 215 | x | 247 | +
24 | caN|¥<s6 | 8 | 88 | x | 120 | x | 152 184 | ., | 216 | @ |248 | o
25 | EM | 57 | 9 |8 | v | 121 |y | 153 185 | * | 217 U249 0
26 SUB 58 90 | Z | 122 | z | 154 186 0 218 | U | 250 | G
27 | BSC | 59 | ; |91 | [ | 123 | { | 155 187 | » | 219 |0]251]a
28 |1s4/Fs| 60 | < | 92 | \ | 124 | | | 156 188 | % | 220 | U [252 |
29 [183/GS| 61 | = | 93 | 1 | 125 | } | 157 189 | 1% | 221 | Y |253]y
30 [1s2/Rs| 62 | > | 94 | ~ | 126 | ~ | 158 190 | % | 222 | p|254|p
31 |istyus| 63 | 2 | 95 | _ | 127 |DEL| 159 191 | ; | 223 | g |255]

NOTE This table corresponds to the character set defined in ISO/IEC 8859-1, with the addition of the control

characters (byte values 00 - 31) defined in ISO/IEC 646, International Reference Version.

60

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

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 2565 +byg x 2564 +b3 x 2563 +by x 2562 +b1 x 2561 +bg x 2560

=4 x 9004 + d3 x 9003 + d2 x 9002 + dq x 9001 + dy x 9000

b |is the data byte value as a decimal (0 to 255);
d [is the data codeword.
The fo]lowing algorithm may be used for a base 256 to base 900 conversion.
a) Dgsignate t = temporary variable
b) Cdlculate t = bg x 2565 + by x 2564 + b3 x 2563 +by x 2562 + b1 x 2561 + by x 2560
c) Cdlculate each codeword as follows:
For each data codeword d; =5 .... da
BEGIN

d; tmod 900

t tdiv900

END
EXAMPLE
Epcode the'Byte Compaction characters bs .... bg {231, 101, 11, 97, 205, 2}

Cqlculate'the sum t using the decimal values of the six Byte Compaction characters:

B
|
[\ 8]
Q

2045 L 101 2024 11 2023 .. Q7 2022 . 2NEC 201
ZIO0~ - 1TuUT IO L us o o~ T 7 [~TeAv i my ~Avre) y=reavy

=254 421168672002
Calculate codeword 0
do =254421168 672002 mod 900 =302
t =254421168672002div900 =282690 187 413
Calculate codeword 1

di =282690 187 413 mod 900 =213
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62

t =282690187 413 div900 =314 100 208

Calculate codeword 2

d2 =314100208 mod 900 =208

t =314100208div900 =349 000

Calculate codeword 3

d3 =349 000 mod 900 =700
t =349 000 div 900 =337
Calculgqte codeword 4
ds =387 mod 900 =387
t =387div900 =0
The codewjord sequence d4 ... dg is 387, 700, 208, 213, 302
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Numeric Compaction mode encoding algorithm

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

numer

The fo
a) Dd
b) Se
c) C4

E}

Pi

ic digits to 15 or fewer PDF417 data codewords.
lowing algorithm may be used for a base 10 to base 900 conversion.
signate t = temporary value.
lculate each codeword as follows:
For each data codeword d;=d, ....dn -1
BEGIN
d; = tmod 900
t = tdiv900
Ift = 0, then stop encoding
END
KAMPLE

Encode the fifteen digit numeric string 000213298174000

efix the numeric string with a¥and set the initial value of

t =1000213298 174000

Calculate codewaord,0

do =1000,213298 174 000 mod 900 =200

t =1000213298174000div900 =1111348109 082

Calculate codeword 1

t the initial value of ¢ to be the group of up to 44 consecutive numeric digits,preceded by the digit 1.

©150/1

T =1 111348199082 mod 966 =282
t =1111348109 082div900 =1234831232

Calculate codeword 2

d2 =1234831232mod 900 =632

t =1234831232div900 1372034
Calculate codeword 3

dz =1372 034 mod 900 =434

t =1372034div900 =1524

EC 2015 - All rights reserved
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Calculate codeword 4

ds =1524 mod 900 =624
t =1524div900 =1
Calculate codeword 5

ds =1mod900 =1

t =1div900 =0

The codeward sequence do dgisl 624 434 632 282 200
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User selection of error correction level

E.1 Recommended minimum error correction level

The m

Asag

use 1,8 text characters per data codeword in Text Conipaction mode, 2,9 digits per dat3

Nume
Highe
is ant
applic
E2 {

The o
witho

The fo
a) TH

b) Si
CO|

inimum 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
321to 863 5

iide for estimating the number of data codewords{from data content in order to

ic Compaction mode and 1,2 bytes per data codeword in Byte Compaction mode.

levels of error correction should be used*where significant symbol damage o
cipated. Lower than recommended ewror correction levels may be used in d
tions.

Dther user considerationf the error correction level

jective in an application:standard should be to make use of the features of ert
t sacrificing the data content capacity.

lowing factors sheuld be taken into account by the user in selecting an error corre
e recommended-error correction level (see Table E.1) should be followed.

1ce the maXimum number of data codewords per symbol is fixed at 925, large nu

Lgvels 7 and 8. More than 799 data codewords precludes Levels 6, 7 and 8. More {

ddta .cdodewords precludes Error Correction Level 8. More than 671 data codewo
ciewmmmmrﬂmW

dewords-limit the maximum level of error correction that can be implemented. M

use Table E.1,
codeword in

" degradation
losed system

or correction

"tion level.

mbers of data
[ore than 415
ds precludes
han 863 data

c) 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.

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

©150/1
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Tables of coefficients for calculating PDF417 error correction
codewords

Table F.1 — Coefficient table for error correction level 0

j 0 1
a 27 917

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

j 0 1 2 3
a; 522 568 723 809

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

j 0 1 2 3 4 5 6 7
a 237 | 308 436 284 | 646 653 428 379

Table F.4 — Coefficient table forzerror correction level 3

J) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
aj | 274 | 462 | 232 | 755 | 599 | 524 | 801\~132 | 295 | 116 | 442 | 428 | 295 | 42 | 176 | 65

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

J) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
@j |361| 375 | 922 | 525 | 176"| 586 | 640 | 321 | 536 | 742 | 677 | 742 | 687 | 284 | 193 || 517
J) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
aj | 273|494 | 263 | <147 | 593 | 800 | 571 | 320 | 803 | 133 | 231 | 390 | 685 | 330 | 63 || 410

Table F.6 — Coefficient table for error correction level 5

J) 0 it 2 3 4 5 6 7 8 9 10 11 12 13 14 15
aj | 539 | 422 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
aj | 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
@ |440| 35 | 519 | 31 | 460 | 594 | 225 | 535 | 517 | 352 | 605 | 158 | 651 | 201 | 488 | 502
J) 48 | 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
a |648| 733 | 717 | 83 | 404 | 97 | 280 | 771 | 840 | 629 4 381 | 843 | 623 | 264 | 543
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Table F.7 — Coefficient table for error correction level 6

j 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
aj 521 | 310 | 864 | 547 | 858 | 580 | 296 | 379 | 53 | 779 | 897 | 444 | 400 | 925 | 749 | 415
Jj 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
aj 822 | 93 | 217 | 208 | 928 | 244 | 583 | 620 | 246 | 148 | 447 | 631 | 292 | 908 | 490 | 704
j 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
aj 516 | 258 | 457 | 907 | 594 | 723 | 674 | 292 | 272 | 96 | 684 | 432 | 686 | 606 | 860 | 569
j 48 | 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
aj 193121517129 T 186 T 236 T 287 T 192 T 775 T 278 T 173 T 40T 375 T 712 493 646 | 776
j 64 65 66 67 68 69 70 71 72 73 74 75 76 \'\ZV; 78 79
aj 171 | 491 | 297 | 763 | 156 | 732 | 95 | 270 | 447 | 90 | 507 | 48 ;\ '\)821 808 | 898
j 80 81 82 83 84 85 86 87 88 89 90 91 hnﬁ 93 94 95
aj 784 | 663 | 627 | 378 | 382 | 262 | 380 | 602 | 754 | 336 | 89 Qf@v 87 | 432|| 670 | 616
Jj 96 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 10/6‘<:)107 108 | 109(| 110 | 111
aj 157 | 374 | 242 | 726 | 600 | 269 | 375 | 898 | 845 | 454 130 | 814 | 587|| 804 | 34
Jj 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 1%]'},\{22 123 | 124 | 125|| 126 | 127
aj | 211330 539|297 | 827 | 865 | 37 | 517 | 834 | 515 | 550 | 86 | 801 | 4 || 108 539
Table F.8 — Coefficient table f@gﬁor correction level 7
AN
ol 12345 |6 |a@] 8| 9101|1213 14]i1s
aj 524 1894 | 75 | 766 | 882 | 857 74}\(\@0‘4 82 | 586 | 708 | 250 | 905 | 786|| 138 | 720
Jj 16 17 18 19 20 21 \&2\'\ 23 24 25 26 27 28 29 30 31
aj 858 | 194 | 311 | 913 | 275 19(\)‘\\2)575 850 | 438 | 733 | 194 | 280 | 201 | 280| | 828 | 757
Jj 32 33 34 35 36 \@‘ 38 39 40 41 42 43 44 45 46 47
aj 710 | 814 | 919 | 89 \6‘%\}' 569 | 11 | 204 | 796 | 605 | 540 | 913 | 801 | 700/ | 799 | 137
Jj 48 49 50 51 Cﬁ 53 54 55 56 57 58 59 60 61 62 63
aj 439 | 418 | 592 QQQ' 353 | 859 | 370 | 694 | 325 | 240 | 216 | 257 | 284 | 549|| 209 | 884
j 64 65 6?.(:)37 68 69 70 71 72 73 74 75 76 77 78 79
aj 315 | 70 <\§2 793 | 490 | 274 | 877 | 162 | 749 | 812 | 684 | 461 | 334 | 376|| 849 | 521
j | 80| 882 | 83 | 84|85 |86 |87 |88 |8 | 90 |91 |0o2] 93] 94| o5
aj 302;@'{ 803 | 712 | 19 | 358 | 399 | 908 | 103 | 511 | 51 8 517 | 225]| 289 | 470
j |96 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109]| 110 | 111
aj 0\;/ 731766 [ 255 1 917 [ 269 463 830 730 43384815851 136 538 | 906 | 90
j 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127
aj 2 290 | 743 | 199 | 655 | 903 | 329 | 49 | 802 | 580 | 355 | 588 | 188 | 462 | 10 134
j 128 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143
aj 628 | 320 | 479 | 130 | 739 | 71 | 263 | 318 | 374 | 601 | 192 | 605 | 142 | 673 | 687 | 234
j 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159
aj 722 | 384 | 177 | 752 | 607 | 640 | 455 | 193 | 689 | 707 | 805 | 641 | 48 60 | 732 | 621
j 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175
aj 895 | 544 | 261 | 852 | 655 | 309 | 697 | 755 | 756 | 60 | 231 | 773 | 434 | 421 | 726 | 528
j 176 | 177 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191
aj 503 | 118 | 49 | 795 | 32 | 144 | 500 | 238 | 836 | 394 | 280 | 566 | 319 9 647 | 550
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Table F.8 (continued)

Jj 192 | 193 | 194 | 195 | 196 | 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207
aj 73 | 914 | 342 | 126 | 32 | 681 | 331 | 792 | 620 | 60 | 609 | 441 | 180 | 791 | 893 | 754
Jj 208 | 209 | 210 | 211 | 212 | 213 | 214 | 215 | 216 | 217 | 218 | 219 | 220 | 221 | 222 | 223
aj | 605|383 228 | 749 | 760 | 213 | 54 | 297 | 134 | 54 | 834 | 299 | 922 | 191 | 910 | 532
Jj 224 | 225 | 226 | 227 | 228 | 229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 | 237 | 238 | 239
aj | 609|829 189 | 20 | 167 | 29 | 872 | 449 | 83 | 402 | 41 | 656 | 505 | 579 | 481 | 173
Jj 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 | 249 | 250 | 251 | 252 | 253 | 254 | 255

. 404 201 00 QL 407 |l el Yl ko) 42 207 1LCQ 024 LLCO 4.0 [l 407 10
a] =0T \vjeiv) T T 77 TITT o TZ T T o7 TJ7 TT TIOT O TO TJ T 77
2

,\‘O
Table F.9 — Coefficient table for error correction level 8 (]/Q
j o [1 2 |3 [« |5 l6 |7 [8 Jo |10 |11 [12 [B37|1s |15

aj 352 |77 373 |504 |35 599 (428 |207 (409 |574 |[118 |498 285\9.)380 350 |492

j 16 |f7 |18 |19 |20 |21 |22 |23 |24 |25 |26 (27 |28 |29 (30 |31
@ |197 |265 [920 |155 |914 [299 (229 |643 |294 [871 [306 [88\\Y87 [193 |352 [781
j 32 |43 [34 [35 [36 [37 [38 [39 [40 |41 [a2 43’ |44 |45 46 |47

aj 846 |75 327 |520 |435 [543 [203 |666 |249 |346 7?&\\ 621 |640 |268 |794 [534
Jj 48 (49 50 |51 52 53 54 |55 56 |57 {58 |59 60 |61 62 63
aj 539 |7181 |408 |390 (644 |102 (476 |499 |290 QZ\/SLLS 37 |858 |916 (552 |41

J 64 |45 66 |67 68 69 70 71 72&0\.\ 3 74 75 76 77 78 79

Qj 542 289 (122 (272 |383 |800 [485 (98 ,@2\ 472 |761 |107 |784 [860 |658 (741
J 80 |91 82 |83 84 |85 86 87§\ 8 89 90 91 92 93 94 |95

aj 290 [404 |[681 [407 |855 |85 99 ;&‘ 482 [180 |20 297 |451 |593 |913 |142
Jj 96 |97 98 |99 100 |101 I.QZ)‘ 103 |104 (105 (106 |107 |108 |109 |110 (111
aj 808 (484 [287 |536 |561 |76, (-\5-5"3 899 |729 |567 |744 |390 |[513 |192 |516 |258
J 112 |113 (114 |115 |116 @\\ 118 (119 |120 |121 |122 |123 (124 |125 (126 |127
Qj 240 |318 |794 (395 |768Y, |848 |51 610 [384 |168 [190 |826 (328 |596 (786 |303
J 128 {129 (130 |131 r@‘ 133 |134 (135 (136 |137 |138 [139 |[140 (141 |142 |143
Qj 570 (381 |[415 6&&5{56 237 |151 |429 |531 (207 |676 |710 |89 168 (304 |402
J 144 |145 |146 <@4\>? 148 |149 |150 (151 |152 |153 |154 |155 |156 |157 |158 |159
aj 40 |708 _@" 162 |864 (229 |65 861 (841 |512 |[164 |477 (221 |92 358 |785
J 160 ]Qb(~l)‘2 163 |164 |165 |166 (167 |168 (169 |170 (171 |172 |173 |174 |175
Qj 288 CS}V 8560—836—82F—736—TF—T94—8 49H4—1ttH4—521+—2 499—85+—543
J 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 (820
j 192 (193 |[194 |195 |196 |[197 |198 (199 |200 |201 |202 |203 (204 |205 |206 |207
aj 669 |45 902 |452 |167 |[342 |244 |173 |35 463 |651 |51 699 |591 |452 |578
J 208 |209 |210 |211 (212 |213 (214 |215 (216 (217 (218 (219 |220 (221 |222 (223
Qj 37 |124 |298 |332 |552 |43 427 |119 |662 |777 |475 |850 |764 (364 |578 (911
J 224 (225 (226 (227 |228 |229 |230 (231 (232 |233 |234 |235 (236 |237 |238 |239
Qj 283 |711 |[472 |420 |245 |288 |594 (394 |511 |327 |589 |777 |699 |688 |43 408
J 240 |241 |242 |243 (244 |245 (246 |247 |248 |249 (250 |251 |252 (253 |254 (255

aj 842 [383 |721 |521 |560 |644 |714 |559 |62 145 |873 |663 |713 |159 |672 |729
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Table F.9 (continued)

j 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
j 272 |273 |274 |275 (276 |277 |278 |279 |280 (281 |282 |283 |284 [285 (286 (287
aj 677 310 |248 |353 |708 |410 |579 |870 |617 |841 |632 (860 [289 |536 |35 777
j 288 289 |290 (291 [292 |293 |294 (295 (296 [297 |298 |299 (300 (301 |302 |303
a; 618 |586 |424 [833 |77 |597 |346 (269 |757 |632 |695 |751 |331 (247 |184 |45
Jj 304 |305 |306 {307 |308 |309 |310 (311 |312 |313 |314 (315 (316 |[317 |318 |319
aj F3F—680—1H8—66 457—369—5% 402—22A8—613—830—922—43+F 51:) 644 |905
j 320 |321 |322 |323 (324 |325 |326 |327 [328 (329 |330 |331 |332 r\ﬁ@ 334 |335
aj 789 |420 |305 |441 (207 |300 |892 |827 |141 |537 |381 |662 5’1‘3(]:,%6 252 |341
j 336 |337 |338 (339 (340 |341 |342 (343 |[344 |345 |346 |347 '3}8 349 ||350 |351
a; 242 |797 |838 [837 |720 |224 |307 |631 |61 |87 |560 3&60\‘ 756 |665|(397 |808
j 352 (353 [354 |355 |356 |357 |[358 [359 [360 [361 |362, (] 63 |364 |365[[366 |367
aj 851 (309 |473 |795 |378 |31 647 |915 [459 (806 5@0 731 [425 |216 ||548 |249
j 368 |369 |370 |371 (372 |373 |374 |375 |[376 37‘70@‘8 379 |380 |381 (382 |383
aj 321 |881 |699 |535 (673 |782 |210 |815 [905 ;’:@@\ 843 (922 |281 |73 469 |791
j 384 |385 |386 [387 [388 |389 |390 |391 32& 393 (394 (395 [396 [397[[398 [399
aj 660 |162 (498 |308 |155 [422 |907 |817 @V 62 |16 |425 |535 |336||286 |437
j 400 |401 |402 |403 |404 |405 |406 4Qb\>'408 409 |410 |411 |[412 (413 ||414 |415
a; 375 |273 |610 [296 |183 |923 116“\@\7 751 |353 |62 |366 |691 |379||687 |842
j 416 |417 |418 |419 (420 |421 4‘%@\}‘423 424|425 |426 |427 [428 |429 (|430 |431
aj 37 |357 |720 |742 (330 |5 \\3‘9 923 |311 |424 (242 |749 |321 |54 669 (316
J 432 |433 |434 |435 |436 w\‘ 438 (439 (440 [441 |442 |443 |444 |445||446 (447
a; 342 |299 |534 [105 |66 (%4\2'38 640 |672 |576 |540 |316 |486 |721 |610 |46 |656
j 448 (449 |450 |451 453 454 [455 [456 |457 [458 [459 |460 [461([262 |463
aj 447 171 |616 4;6«’ 190 |531 |297 |321 |762 |752 |533 |[175 |[134 |14 381 |433
j 464 (465 469(@7‘ 468 |469 |470 |471 [472 |473 |474 |475 |476 477 ||478 |479
aj 717 |45 111120 596 (284 |736 |138 |646 |411 (877 |669 |141 |919 | |45 780
J 480 4%1\Q N82 483 |484 |485 [486 (487 (488 |489 [490 |491 (492 |493||494 |495
a; 407 46&4) 332 [899 |165 |726 |600 (325 (498 |655 |357 |752 |768 (223 ([849 |647
j 4?98)4;97 498 499 |500 |501 |502 |[503 |504 |505 |506 |507 (508 |[509 ([510 |511
aj 63~ 1310 1963 [251 1366 1304 g2 [73g lgzg [41g l3g9 loag 131 14041303 |263
© ISO/IEC 2015 - All rights reserved 69


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)
Annex G
(normative)

Compact PDF417

G.1 Description

Compact PDF{117 may be used where space considerations are a primary concern and symbol darhage is
unlikely. In arf environment where label damage is unlikely (e.g. an office), the right row indicatofs may
be omitted and the stop pattern may be reduced to one module width bar, as indicated in Figure G.1.
This procedufe reduces the non-data overhead from 4 codewords per row to 2 codéewords pg¢r row,
with some trgde-off in decode performance and robustness, or the ability to withstand noise, dgmage,
degradation, ¢lust etc.

This overheafl reduction version is called Compact PDF417, which is fully{decoder compatible with
standard PDF¢417.

A Compact PIDF417 symbol with fewer than 6 rows encodes the number’of columns in only ond place,
which is not error corrected, and is therefore extremely vulnerable to poor print quality or damdge.

NOTE In the original AIM USA (1994) and AIM Europe (1994).RDF417 specifications, the term Tryncated
PDF417 has been used in a technically synonymous manner. The Hame Compact PDF417 is preferred tp avoid
confusion withlthe more general use of the term ‘truncated’.

Stop
: Left Row pattem _
Qet St D \Data codeworts | QUi
Cadeward .
[ | ! [I | Quiet zone
I R O
I R 1
I R 2
I Foow 2
Fow 4
Faw 4
" Quist zone

Figure G.1 — Compact PDF417

G.2 Print ua}ity

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

The analysis of scan reflectance profiles for the Start and Stop Patterns applies only to the Start Pattern.

For the assessment of Codeword Yield, the requirement that a qualifying scan of the top or bottom row
of the symbol (which ISO/IEC 15415 includes the decoding of both Start and Stop Patterns) cannot be
applied; instead, as for other rows, the Start Pattern and at least one additional codeword must have
been decoded.
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Annex H
(normative)

Macro PDF417

H.1 Macro PDF417 overview

Macro
large t
symbd

Using
The C
about
correc

H.2 Macro PDF417 syntax

Each M
The Cq
block ¥
and in
codew

NOTE

The C
may c(

Figure

D be represented by a single PDF417 symbol. Macro PDF417 symbols differ from ord
Is in that they contain additional control information in a Macro PDF417 Coftrol Bl

Macro PDF417, large files are split into several file segments and encoded.inito indivi

ntrol Block defines the file ID, the concatenation sequence and @ptionally othe
the file. The Macro PDF417 decoder uses the Control Block’s information to recon
tly, independent of symbol scanning order.

[acro PDF417 symbol shall encode a Macro PDF417 Centrol Block containing contr

vith which it is associated, and the number of\codewords in the control block is co
corporated in the value of the Symbol LengthyDescriptor. The beginning of the ert
prds identifies the end of the Control Block:

A symbol containing no user data, othier than a Macro PDF417 Control Block, is a valid

ntrol Block shall contain at leastthe two mandatory fields: a segment index and
ntain a number of optional fields, as described in H.2.3.

|H.1 illustrates the positien-of the Control Block in a Macro PDF417 symbol.

Standard PDF417 Symbo! Layout

|
ntrol Block begins with the Macro marker codeiword (928). The Control Block fo(ﬂl

PDF417 provides a standard mechanism for creating a distributed representati«l)n of files too

inary PDF417
pck.

dual symbols.
r information
struct the file

information.
ows the data
unted as data
or correction

ymbol.
file ID. It also

SymbolLergth Encoded Data + Pads Error Correction

Deseriptor (N)

Macro PDF417 Symbol Layout

Control Block

Symbol Length Encoded Data + Pads Error Correction

vescriptor (N}

Optional Information

File ID

/

Figure H.1 — PDF417 Symbol Layouts

928 Segment Index

Control Header
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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 5.4.4. The segment index value shall be padded with leading zeros to five digits before
Numeric Compaction shall be applied, and the switch to Numeric Compaction shall not require an
explicit mode 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 dat file.

or 184
de.

NOTE Thi$ translates to a capacity of nearly 110 million bytes of data in Byte Compactionnmode,
million characfers in Text Compaction mode, or nearly 300 million characters in Numeric Compaction mo

H.2.2 File ID field

For each relaged 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 representatien! The file ID is a variable
length field which begins with the first codeword following the segment index and extends to thie start
of the optiondl fields (if present) or to the end of the Control Block (if nef):

Each codewortd in the file ID can have a value between 0 and 899(effectively making the file ID o series
of base 900 nqimbers. Each codeword of the series is transmittéd)as the 3-digit ASCII representation of
its decimal vallue.

NOTE The] effectiveness of the file identification scheme issinfluenced by both the length of the file D field

and the suitability of the algorithm used to generate its values

H.2.3 Optignal fields

s may follow the file ID. EachCoptional field begins with a specific tag sequenfe and
the start of the next optional-field (if present) or the end of the Control Block (if ngt). The

Optional field
extends until

tag sequence
field, data foll
be used. Tabld
field contents
table and wit]
standards). E
fields initially

These fields s
of more than

Consists of codeword 923\followed by a single codeword field designator. In each optional
owing the tag sequencehas a field-specific interpretation. Empty optional fields shall not
t H.1 shows the corréspondence between currently defined field designators and optional
. Each optional field begins with an implied reset to the compaction mode shown]|in the
h an implied réset to ECI 000002 (or GLI 0 for encoders complying with earlier fDF417
CI escape sequiences and mode latches and shifts may be used, but only in the optional
in Text Compaction mode.

hall always represent global file attributes and so need not be present in the Control Block
one Macro PDF417 symbol within the distributed file representation, with the exdeption

of the segmer

ihed 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 Value Initial Compaction Fixed_ Total
Designator | Transmitted Contents Mode le\r/llpactlon Number ofb
odea Codewords

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 Variable

5 53 File Size Numeric Compaction Y Variable

6 54 Checksum Numeric Compaction Y, 4
a  A'Y’inthe ‘Fixed Compaction Mode’ column means that no ECIs and no compaction mode latches and shifts are allowed
in that field.
b Thp totals shown in the last column include the two-codeword tag sequence.

As shown in Table H.1, all optional fields use standard PDF417 high-leyel’encoding. At th¢ beginning of
each field, the default mode in effect shall be defined by Table H.1, regardless of mode shifits and latches
earlier] in the symbol.

Specific construction of optional fields shall be as follows.

— THhe segment count field (identifying the total numbjep of Macro PDF417 symbols in the distributed
file) can contain values from 1 to 99 999 and shall be encoded as two codewords. Iif the optional
segment count field is used, that field shall appear'in every segment.

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

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

— TRe checksum field contains the value of the 16-bit (2 bytes) CRC checksum using|the CCITT-16
pdlynomial x16 + x12 +5 + 1 computed over the entire source file.

The file size and checksum shall be calculated from the original source file, prior to the addition of any
ECI esfape sequences for Extended Channel Interpretation encoding. This implies that, |f 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 usey-selectable or
optionfl transformations of the byte stream be performed, even if these would normally be done in ECI
decod¢ processing.

If the CRTTs 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.

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.
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H.3 High level encoding considerations

While Macro PDF417 provides a mechanism for logically associating a set of symbols, it is important
to realise that, with respect to PDF417 high-level encoding, each symbol shall remain a distinct entity.
Thus, the scope of a mode switch shall be confined to the symbol in which it occurs. Each symbol shall

implicitly beg

in in the Alpha sub-mode of the Text Compaction mode.

The two mandatory fields are encoded as follows: a) the segment index is encoded in Numeric
Compaction mode; b) the file ID is encoded as a sequence of base 900 numbers.

In the context of a Control Block optional field, the compaction modes indicated in Table H.1 shall
supersede the mode currently set by the mode identifier codewords within the data codeword region

of the symbo
of the next M
000002 (or GI
set a differenf
represent pro
position (see |

. I'he scope of the current ECI, however, skips over the Macro Control block to th
hcro PDF417 symbol. Each Macro Control Block field begins with an implied reéset
L] 0 for encoders complying with the earlier PDF417 standards). It shall also bepos;
ECI within an optional Text Compaction mode Macro Control Block fieldsfor exan;
perly a Greek addressee’s name. The ECI escape sequence may be placed in any per
b.5.3) after the tag codeword (923).

H.4 Encodation example

To illustrate t

A Macro PDF4
file segments]

— FileID =
Segment
Sender: C
Addresse

NOTE The

On the assunf
Macro Contro|

. [la
[11
[fix

he encodation of a Macro Control Block, the following exatriple is used.

117 series encodes a total of 4 567 bytes of user defined data in four PDF417 symb
. Other ‘header’ data to be encoded are

17base 900 53base 900,

count to be used,

EN BE, and

e: [SO CH.

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

ption that the encoder\places optional fields in the first symbol, the encodation
| Block would be as fellows for that symbol.

5t data codeword}-{928]a [111] [100]g [017] [053]¢ [923] [001]p
1] [104]g [923] [003]F [064] [416] [034]c [923] [004]y [258] [446] [067];

st erroreorrecting codeword]...

The last symkh

e start
to ECI
ible to
ple, to
mitted

ols (or

of the

okef four would have the following Macro Control Block:

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

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

where

A is

B is

File segments

74

the Macro Marker Codeword;

the File Segment ID.

are numbered from 0 toj - 1, and are encoded using Numeric Compaction
1st Segment = 00000 = codewords 111, 100
4th Segment = 00003 = codewords 111, 103
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H.5 Macro PDF417 and the Extended Channel Interpretation proétocol

The sy
PDF41
the pr
1994.

conditjons which need to be taken into account:

— GLI 0 and 1 which were the only interpretations specifieéd in the original PDF417 §
These are equivalent to ECI 000000 and ECI 00000%. The precise rules for Macr
ddfined in H.5.1;

— al] other ECI assignments, whose usage with Maéro PDF417 is defined in H.5.2.

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

As GLIp were intrinsically part of the original PDF417 specification, it is logical to have a GI

Macro
implie
thus e
00000
ECIs, t

Encod
compl
GLIs (1

All EC
PDF41
closed

H.5.2

ISO/IEC 15438:2015(E)

C =File ID 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

[ = Addressee field encoding ISO CH

] = Macro PDF417 Terminator

'mbology-independent Extended Channel Interpretation (ECI) prietecol was de
7 was specified as a symbology. PDF417 supported its own Global Label Identifier
bcursor and basis of the ECI protocol, from the first publication’¢fthe symbology sj
[herefore, previous ‘GLI" implementations have to be taken into account. There are

PDF417 encoder combined in orre unit. The original PDF417 symbology specificatio
H ‘return-to-GLI 0’ logic at the beginning of the second and subsequent Macro PD]
ery symbol is expected to'start at the default interpretation. For GLI 0 and 1 (equ
|0 and ECI 000001), this_has no inherent effect on the encodation. However, for 3
he return-to-GLI 0 legic is difficult to implement in a symbology-independent manr

ng software cempliant with the original specification for Macro PDF417 and G
btely suitablenfor pre-existing applications. So too are pre-existing applications o
ow called/ECIs) because by definition, the domain of the system is constrained.

s numbered 000002 or higher shall not be defined with the return-to-GLI 0 log
/ symbols shall not mix ECI 000000 and ECI 000001 with any higher numbered

veloped after
(GLI) system,
pecification in
two different

pecifications.
b PDF417 are

I encoder and
h called for an
417 symbols,
ivalent to ECI
ome complex
er.

LI 0 and 1 is
F user defined

ic. Therefore,
FCI (except in

syStems).

Macro PDF417 and other ECIs

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

schem

©150/1

e, where returning to GLI 0 would not be appropriate.

EC 2015 - All rights reserved
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Macro PDF417 encoders compliant with this International Standard need not encode the prevailing ECI
at the beginning of subsequent Macro PDF417 symbols.

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

H.6 Macro PDF417 data transmission

The transmission of Macro PDF417 Control Block information shall be treated in a s1m1lar manner to
that of interprets - mbology-independen eriginal
PDF417 protcol is def1ned in Annex M. Although the Macro Control Block is encoded at the end of the

Three codewgrds (922, 923 and 928) signal the encodation of a Macro PDF417 ContrglBlock orfone of
parts. Decoding is as follows:

a) Ifthe Maqro marker codeword (928) begins the sequence:

1) Codepord 928 is transmitted as the escape sequence 92, 77, 73, which represents “\MI]in the
defaylt interpretation.

2) Theexttwo codewords identify the segment index. These are encoded in Numeric Compgaction
modg and decode as a 5-digit number in the range 00 000,to 99 998.

3) The pext codewords encode the file ID field, which'shall be the same for all related |Macro
PDF4{17 symbols. The end point of the file ID field is\codeword 922, codeword 923, or thelend of
the ehcoded data in the symbol. Each codeword is converted to a 3-digit number in thg range
000 to 899 (i.e. the codeword number) andtransmitted as three byte values (in the| range
decimal 48 to 57) following the escape header 92, 77, 70, which represents ‘\MF’ in the ¢lefault
interpretation.

b) If the Maqro sequence tag codeword (923)begins the sequence:

1) Codepword 923 is transmitted as-the escape sequence 92, 77, 79, which represents ‘\MO] in the
defaylt interpretation.

2) The next codeword represents one of the optional field designators in Table H.1 transmifted as
a single byte representing the ASCII value of the designator.

3) The fext codewords carry the data content of the optional field designator. The end ppint of
the optional field is codeword 922, codeword 923, or the end of the encoded data in the symbol.
The iptervening codewords should be converted according to the decode rules of the rglevant
complaction mode defined in Table H.1. The resultant data may be variable length.

c) 9, which

represents ‘\MZ’ in the default interpretation, shall be transm1tted

d) Attheend ofthe 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.
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EXAMPLE

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

encode

d in the symbol as the codeword sequence:

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

It would be transmitted as:

Data transmission (byte):

A

92,77,73,48,48,48,48,48,92,77,70,49, 48, 48, 50, 48, 48, 51, 48, 48,92, 77,89

Cllinterpretation:

As thed
messa

in buffered mode, the de-packetizing function is in the decoder; if operatinglisy unbuffered

the reg

Decod
file ID
prever

H.6.1

In buffered mode, de-packetizing shall be performed in‘the decoder/reader. Depending on

config
— se
— se
in
sh|
thi

H.6.2

Inunb
Contrd

\MIO0000\MF100200300\MY

Macro PDF417 symbols are scanned, the de-packetizing function recenstruct
be, bearing in mind that the symbols may be scanned out of sequence. [f the syster

eiving system.

brs should provide a decoder-specific means whereby the processing of a given N
may be aborted, thus allowing the decoder to begin processing'a new File ID. This i
t a deadlock condition should one or more symbols of a given File ID be missing or

Operating in buffered mode

iration, it will either
nd the reconstructed data with no Macre Control Block, or

hd one Macro Control Block (which itself may have been reconstructed to include all

Cluded in any symbols) to precede.the entire encoded message. The resulting Macro
all have its Macro Index field setto 0 and shall include the Macro end-of-file field (in ¢
P entire reconstructed messdge as the first - and only - Macro segment of the pseud

Operating in unbuffered mode

5 the original
h is operating
| mode, it is in

lacro PDF417
b necessary to
undecodable.

he equipment

bptional fields
Control Block
ffect, to mark
h-series).

Liffered mode, de-packetizing shall be performed in the receiving system. Each trang
1 Block shall represent all of the required and optional fields actually encoded in t

configuredin unbuffered mode, a decoder may optionally be configured not to req

Is to be 6fthe same File ID. This procedure would only be appropriate if the decode
smit<the Macro PDF417 Control Block to the receiving system, and this recei

mitted Macro
e symbol.

ire successive
is configured
'ng system is

set) sh

all 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.

H.6.3

Reset-to-Zero transmissions

Because the original AIM USA (1994) and AIM Europe (1994) PDF417 specifications defined GLI 0 and
GLI 1 to have rules slightly different from the rules for ECIs, a reader compliant with this International
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Standard must, in two situations, emit extra escape sequences when transmitting symbols containing
explicit GLI 1 invocations.

a) 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.

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

This requirement applies whether operating in buffered or unbuffered mode, and whether the decoder
is programmgqdtotransmit using eittrer the E€t protocol, ortheorigimat PBF4t7 transmissiomr prptocol.
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Annex I
(normative)

Testing PDF417 symbol quality

As specified in 5.14.4, the quality of PDF417 symbols is evaluated according to the methodology defined
in ISO/IEC 15415 for the assessment of multi-row symbologies with cross-row scanning ability.
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Annex ]
(normative)

Reference decode algorithm for PDF417

J.1 General

This Annex describes the reference decode algorithm used in the computation of decodability

assessing the
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shall be decod
character, buf
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shall be achie

The PDF417 s
a)
b)
‘)
d)

initialisat
line deco
filling the

interpret

g symbol quality through the use of this reference decode algorithm, a®DF417 s

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

ed, in a series of scan lines running across the symbol that cross at least one start
not necessarily row by row. It is possible to decode the symbol if,the scan line g
ows by using the cluster number. The decoding of symbol character bar-space seq
yed by using ‘edge to similar edge’ () measurements.

ymbol shall be decoded in four phases:

ion - to establish the symbol matrix;

ling using the reference decode algorithm;
matrix;

htion.
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els. This information is@ncoded in the left and right row indicators, adjacent respe
1d stop characters.

hbol structure parameters have been initialised, a matrix shall be established
ze (rows by columns) of the symbol being decoded. The matrix shall exclude st3
's and row_ indicators.

'nce-decode algorithm for line decoding

when
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error
ctively

which
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A decodable s

can'line shall contain at least one quiet zone a start or stop character, one row indicator

and one or more symbol characters in the data region. A scan line may cross more than one row. The
algorithm contains the following steps to decode the line.

a) Confirm the presence of a quiet zone.

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

following

80

width measurements as per Figure J.1.

p

e1, e, e3, e4, es and eg
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A 4
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U

Figure J.1 — Decode measurements

c) Cdnvert measurements eq, ey, €3, e4, €5, and eg to normalisedvalues E1, Ep, E3, E4, Esland Eg which
wlll represent the integral module width of these measuréments. The following method is used for
the i th value.

If 1,5p/17 < e;j< 2,5p/17, then E; = 2
If2,5p/17 < e; < 3,5p/17, then E; = 3
If 3,5p/17 < e; < 4,5p/17, then Ei="4
If 4,5p/17 < e; < 5,5p/17, then E; = 5
If 5,5p/17 < e; < 6,5p/17)then E; = 6
If 6,5p/17 < e; <%5p/17,then E; =7
If 7,5p/17 <e; < 8,5p/17, then E; = 8
If 8,5p/17< e; <9,5p/17, then E; = 9

Otherwisesthe symbol character bar-space sequence is in error.

d) After finding a start or stop character, attempt to decode a row indicator, and as j[many symbol
chlaracters as the number of columns in the matrix, in the direction derived from th¢ start or stop
character decoded. Decode the symbol character bar-space sequences as per step 5.

e) Compute the symbol character cluster number K by:
K=(E1-E2 +Es5-Eg+9)mod9
NOTE1 This formula yields identical results to the equation given in 5.3.1.

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

f) Retrieve the codeword from the decode table (Annex A) using the seven values (cluster value K and
the values E1, Ep, E3, E4, Es and Ep) as the key. These values can be calculated directly from the bar-
space sequence values given in Annex A.
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g)

h)

J.4 Filling-the-matrix

NOTE 2  The calculation implicitly uses the cluster number to detect all decode errors caused by single
non-systematic one-module edge errors.

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

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

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

initialisation procedure.

a)
b)

c)

Set the inftial value of the erasure count v to be equal to rx c.
For each $can, attempt to decode as many codewords as the number of columns of the matrix.

Valid decpde results are placed in the matrix at their appropriate positions determined by the row
number (from the row indicators) and the cluster value.

If row crossing occurs, the scan line will have different row numbers-indicated by the left and right row
indicators. THe cluster number shall be used to interpolate the carrect row number for each indjvidual

valid codewoid.

EXAMPLE A decoded scan has valid start and stop characters.and has a left row indicator with row nymber 7
and a right row indicator with row number 10. There are 10 columns in the matrix. The scan line has not decoded
three codeworfls because it did not remain entirely in the gn€row for the full transition, however the podition of

these ‘missing’|codewords is known from element timings:

TS Ty R7 | ¢
T |Lg T Rg .
A |Lg s Ro |
R [Lip T R1p
T L4 Ryq| T

Figure J.2 — Schematic Showing a Scan Line Crossing Rows

The clusters are as follows: unknown, 6, 6, 6, unknown, 0, 0, unknown, 3, 3.
Using matrix notation of r (row), ¢ (column), the codewords are filled in the positions:

unknown, (8, 2), (8, 3), (8, 4), unknown, (9, 6), (9, 7), unknown, (10, 9), and (10, 10)

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.

d)
e)

f)

82

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

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

If the error correction level is equal to zero, validate the two error correction codewords.
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For more details on error detection and correction see Annex K.

J.5 Interpretation

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

(normative)

Error correction procedures

When the total number of unknown codewords v is less than or equal to the value of / in the appropriate
equation in 5.7.2, where f= 0, then the recovery scheme may be invoked. The unknown codewords shall

be substituted hy zeros and the position of the Ith unknown codeword isjy forl=12 v Constr

ict the

symbol charafter polynomial:

n—2 1
Cx)=Ch_ x4 +Cpx" P+ 4+ Cxt + €

where

n coeffici¢nts

n

are the codewords read, with ;.1 being the first codeword;

is the total number of codewords.

Calculate k syjndrome values (S1 to Sk) by evaluating:

C(x) atx =|31

fori=1toi=f

where k is thd number of error correction charactersdn'the symbol = 25 + 1.

A circuit to ggnerate the syndromes is shown in:Eigure K.1.

-

Input /\

Figure K.1 — Symbol Syndrome Divider

Since the locations of unknown codewords in the symbol matrix are known from j; for [ = 1, 2, ... v, the

error location polynomial for these known positions can be computed:

o (X) = (1 — ﬁlx) (1- ﬁzx)...(l — ﬁvx)
=140 x+..+0x’

where 8, = 31,

84

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=126d67069830501b42221a4705a556e9

ISO/IEC 15438:2015(E)

The error location polynomial, o(x), can be updated to include the position of errors. This can be done
by using the Berlekamp-Massey algorithm, see Reference [2].

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

Solving o(x) = 0 yields the position of the t errors, where t = 0; if t = 0 there is no error. It is now necessary
to compute the error value, ej for location ji, [ = 1, ..., v + t. To compute the error values one auxiliary
polynomial, the Z-polynomial, is needed which is defined by:

Z(x) =1 —|—<51 —1—0'1))( —i—(sz + 0,5, +02)x2 +... —l—(Sn toys, 10,5, +Gn)x”

where|n =v +¢t.

The erfror value at location jj is thus given by:
-1
Z(B;,)

n

g, T (1-p:B7)
i=1,i=l

After golving successfully for the error values, the complements_of the error values arg added to the

codewprds in the corresponding locations.

ej-
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Annex L
(normative)

Symbology identifier

The uniform methodology defined in ISO/IEC 15424 shall be used for reporting the symbology read,

options setin

the reader and any special features of the symbology encountered.

The symbology identifier for PDF417 is:
]Lm
where
] isthgsymbology identifier flag character (ASCII 93);
L isthdqsymbology identifier for PDF417;
m is a modifier character with one of the values defined in Table IC,
Table L.1 — Symbology Identifier Modifier Yalues for PDF417
m Optijon

0 Readler set to conform with protocol defined in thetoriginal AIM USA (1994) and AIM Europe
PDF{17 specifications (see Annex M)a

(1994)

dat

characters 92 are doubled

1 Reajler set to follow the protocol of this standardfor Extended Channel Interpretation (see 5.17

.2). All

acte

2 Reacller set to follow the protocol of thisstandard for Basic Channel operation (see 5.17.1). Dat

's 92 are not doubledb

h char-

a  When this g
data byte 92 ha

b When dec
ECI escape sequl

ption is transmitted, the receiver cannot determine reliably whether ECIs have been invoked, nor v
been doubled in transmissien;

ders are set to this mode, tinbuffered Macro PDF417 symbols, and symbols requiring the decoder to
ences, cannot be transmitted.

Fhether

convey

This informat
after decodin

ion shall not be_eéncoded in the bar code symbol, but should be generated by the d
b and be transmitted as a preamble to the data message.

pcoder
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