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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of docurhents should be noted. This document was drafted in accordance with the editorial rules of|the ISO/
[EC Direfctives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

[SO and|IEC draw attention to the possibility that the implementation of this documentymay invjolve the
use of (3) patent(s). ISO and IEC take no position concerning the evidence, validity or-applicabilitfy of any
claimed|patent rights in respect thereof. As of the date of publication of this document;ISO and IE( had not
received notice of (a) patent(s) which may be required to implement this document. However, implegmenters
are cautlioned that this may not represent the latest information, which may be'‘obtained from thee patent
databasg available at www.iso.org/patents and https://patents.iec.ch. ISOvard IEC shall not [be held
respons|ble for identifying any or all such patent rights.

Any trafle name used in this document is information given for the Convenience of users and ¢loes not
constitute an endorsement.

For an efkplanation of the voluntary nature of standards, the meaning of ISO specific terms and expjressions
related [to conformity assessment, as well as information -about ISO's adherence to the World Trade
Organizption (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/forewdrd.html.
In the IHC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technical;;€ommittee ISO/IEC JTC 1, Information tedhnology,
Subcommittee SC 31, Automatic identification and data capture techniques.

This thifd edition cancels and replaces the secorid edition (ISO/IEC 16022:2006), which has been teghnically
revised.

The maip changes are as follows:
— the pxtended channel interpretations and rectangular formats have become a mandatory featute;
— the historic data matrix {ariant "ECC 000" to "ECC 140" has been removed;
— continuous grading according to ISO/IEC 15415 has been introduced to all quality measuremenits;
— trarlsition ratie.gtading has been changed;

— new quality-pdrameter “print growth” has been added;

— the reference decode algorithm has been revised;

— the interleaving blocks for 144 x 144 matrix size have been clarified.

Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html and
www.iec.ch/national-committees.
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Introduction

Data Matrix is a two-dimensional matrix symbology which is made up of nominally square modules
arranged within a perimeter finder pattern. Though primarily shown and described in this document as a
dark symbol on light background, Data Matrix symbols can also be printed to appear as light on dark.

Manufacturers of bar code equipment and users of the technology need publicly available standard
symbology specifications to which they can refer when developing equipment and application standards.
The publication of standardised symbology specifications is designed to achieve this.

© ISO/IEC 2024 - All rights reserved
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ISO/IEC 16022:2024(en)

Information technology — Automatic identification and
data capture techniques — Data Matrix bar code symbology
specification

1 Scope

This dogument defines the requirements for the symbology known as Data Matrix. It specifies 1

Matrix

requirements, error correction rules, decoding algorithm, and user-selectable applicatiomparametg

It applie

2 Noj
The follc

requiremnents of this document. For dated references, only the edition ¢ited applies. For undated re

the lateq

ISO/IEC
Harmon

ISO/IEC
symbol g

ISO/IEC

ISO/IEC
alphabet

ISO/IEC
Mark (D

3 Ten

he Data

mbology characteristics, data character encodation, symbol formats, dimensions ahd print quality

5 to all Data Matrix symbols produced by any printing or marking technologys.

'mative references

t edition of the referenced document (including any amendments) applies.

19762, Information technology — Automatic identificqtion and data capture (AIDC) techn
zed vocabulary

15415, Information technology — Automatic identification and data capture techniques —
rint quality test specification — Two-dimensional Symbols

646, Information technology — ISO 7-bit caded character set for information interchange

8859-1, Information technology — 8-bit single-byte coded graphic character sets — Part
No. 1

29158, Information technology'— Automatic identification and data capture techniques — Di
PM) Quality Guideline

ms and definitions

For the

[SO and [[EC maintain'terminology databases for use in standardization at the following addresses:
— ISO Pnlinewbrowsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

urposes of thiss<document, the terms and definitions given in ISO/IEC 19762 and the followi

I'S.

wing documents are referred to in the text in such a way that some or all of their content coaustitutes

erences,

iques —

Bar code

1: Latin

rect Part

ng apply.

3.1
codewo

rd

symbol character value
intermediate level of coding between source data and the graphical encodation in the symbol

3.2
module

single cell of element in a matrix symbology symbol used to encode one bit of the codeword (3.1)

[SOURCE: ISO/IEC 19762:2016, 04.02.06]

© ISO/IEC 2024 - All rights reserved
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3.3
pattern randomising
procedure to convert an original bit pattern to another bit pattern by inverting selected bits
Note 1 to entry: The resulting bitstream is less likely to have repeating patterns.
4 Symbols
e number of erasures
k total number of error correction codewords
n total number of data codewords
N numerical base in an encodation scheme
p number of codewords reserved for error detection
S symbol character
t number of errors
X horizontal and vertical width of a module
€ error correction codeword
5 Mathematical or logical notations
div integer division operator
mod integer remainder after division
XOR exclusive-or logic function whose outptt is one only when its two inputs are not equivaleng
6 Symbol description
6.1 BIsic characteristics
Data Mafrix is a two-dimensional matrix symbology.
The characteristics of Data Matrix are:
a) Encpdable character set:
1) [values 0= 127 in accordance with ISO/IEC 646 IRV, i.e. all 128 ASCII characters;
2) |values 128 - 255 in accordance with ISO/IEC 8859-1 (these are referred to as extended ASC
3) additional characters can be encoded using the ECI capabilities.

b) Representation of data: A dark module is a binary one and a light module is a zero.

This document specifies Data Matrix symbols in terms of dark modules marked on a light background.
However, 6.2 provides that symbols can also be produced with the module's colours reversed. In such
symbols, dark modules would be a binary zero, and light modules would be a binary one.

¢) Symbol size in modules (not including quiet zone) ranging from 10 x 10 to 144 x 144 square and
rectangular versions ranging from 8 x 18 to 16 x 48 (see Table 10).

NOTE Additional rectangular symbol sizes are defined in ISO/IEC 21471 (see Reference [4]).

© ISO/IEC 2024 - All rights reserved
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d) Data characters per symbol (for maximum symbol size):

1) Alphanumeric data: up to 2 335 characters

2) 8-bitbyte data: 1 555 characters

3) Numeric data: 3 116 digits.

e) Code type: Matrix

f) Orientation independence: Yes

g) Error detection and correction: Reed Solomon.

6.2 Symmary of additional features

The follgwing summarises additional features which are inherent or optional in Data Matrix:

a) Reflectance reversal: (inherent): Symbols are either dark on light or light on dark (see Figur¢ 1). The
spetifications in this document are based on dark images on a light background, therefore referfences to
dark or light modules should be taken as references to light or dark moduleS respectively in the case of
symbols produced with reflectance reversal.

b) Ext¢nded Channel Interpretations: (ECI), (inherent): This mechanism~enables characters frgm other
chatacter sets (e.g. Arabic, Cyrillic, Greek, Hebrew) and other data‘interpretations or industryfspecific
reqiiirements to be represented.

c) Rectangular symbols: (inherent): Six symbol formats are spe€ified in a rectangular form.

NOT[E Additional rectangular symbol formats are available by ISO/IEC 21471 (see Reference [4]).

d) Stryctured append: (optional): This allows files of-data to be represented in up to 16 Daty Matrix
synibols. The original data can be correctly recontstructed regardless of the order in which the symbols
are gcanned. If the feature is not implemented; reader should not transmit data in case of a stjuctured
appgnd symbol.

6.3 Symbol structure

6.3.1 [General

Each Data Matrix symbol consists of data regions which contain nominally square modules set [out in a

regular array. In larger symbols, data regions are separated by alignment patterns. The data region,|or set of

data reglions and alignment.patterns, is surrounded by a finder pattern, and this shall in turn be surfounded
on all four sides by a quiet zone border. Figure 1 illustrates two representations of a Data Matrix|symbol,
dark on Jight and reflectance reversal.
| LI I “I E ! 1
= =
e 1
a) Data Matrix, dark on light b) Data Matrix, light on dark (reflectance reversal)

Figure 1 — Data Matrix "A1B2C3D4E5F6G7H8I9J0K1L2"

© ISO/IEC 2024 - All rights reserved
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Finder pattern

The finder pattern is a perimeter to the data region and is one module wide. Two adjacent sides, the left and
lower sides, forming the L boundary, are solid lines; these are used primarily to determine physical size,
orientation and symbol distortion. The two opposite sides are made up of alternating dark and light modules.
These are used primarily to define the cell structure of the symbol, but also can assist in determining
physical size and distortion. The extent of the quiet zone is indicated by the corner marks in Figure 1.

6.3.3

Symbol sizes and capacities

Data Matrix symbols have an even number of rows and an even number of columns. Some symbols are

square Y
sizes fra
corner 1
The com

7 Dat

7.1 Encode procedure overview

7.1.1

Subclau
An enco

7.1.2

As Data
into cod
differen
and to f
If the us
complet

plete attributes are given in Table 10.

a Matrix code requirements

General

Step 1: data encodation

ewords more efficiently than the default scheme, analyse the data stream to identify the v
F characters to be encoded. Insert additional“¢codewords to switch between the encodation
erform other functions. Add pad charaeters as needed to fill the required number of cod
er does not specify the matrix size, then choose the smallest size that accommodates the
e list of matrix sizes is shown in Table 10.

Table 1 —Encodation schemes for Data Matrix code

lar with
m 8 x 18 to 16 x 48 not including quiet zones. For all Data Matrix code symbols, the upﬁrer right

hodule has the opposite reflectance state (i.e. light or dark) of the “L” finder pattern (see’Figure 1).

e 7.1 provides an overview of the encoding procedure. Following sections will provide mor¢ details.
ling example is given in Annex I. The following steps conyéxtuser data to a Data Matrix codelsymbol.

Matrix includes various encodation schemes that allow a defined set of characters to be cgnverted

hriety of
schemes
ewords.

data. A

Encodation scheme Characters Bits per data character
double digit numerics 4
ASCII ASCII values 0 to 127 8
Extended ASCII values 128 to 255 16
>0 Upper case alphanumeric 5,33
Lower case and special characters 10,662
Text Lower case alphanumeric 5,33
Upper case and special characters 10,660
X12 ANSI X12 EDI data set 5,33
EDIFACT ASCII values 32 to 94 6
Base 256 All byte values 0 to 255 8
a2 Encoded as two C40 values as result of use of a shift character.
b Encoded as two Text values as result of use of a shift character.

7.1.3 Step 2: error checking and correcting codeword generation

For symbols with more than 255 codewords, sub-divide the codeword stream into interleaved blocks to
enable the error correction algorithms to be processed as shown in Annex A. Generate the error correction

© ISO/IEC 2024 - All rights reserved
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codewords for each block. The result of this process expands the codeword stream by the number
correction codewords. Place the error correction codewords after the data codewords.

7.1.4 Step 3: module placement in matrix

of error

Place the codeword modules in the matrix. Insert the alignment pattern modules, if any, in the matrix. Add

the finder pattern modules around the matrix.
7.2 Data encodation

7.2.1 Overview

The datya may be encoded using any combination of six encodation schemes (see Table 1). ASCIlen
is the basic scheme. All other encodation schemes are invoked from ASCII encodation andretur
scheme.| The compaction efficiencies given in Table 1 need to be interpreted carefully.(The best

fodation
 to this
scheme

for a given set of data may not be the one with the fewest bits per data character. If thelhighest degree of

compaction is required, account has to be taken of switching between encodation, schemes and
code sefls within an encodation scheme (see Annex ]). It should also be noted that even if the ny
codewords is minimised, the codeword stream sometimes needs to be expanded-to fill a symbol.
process fis done using pad characters.

7.2.2 efault character interpretation

The deffult character interpretation for character values 0 to 127shall conform to ISO/IEC 646
default tharacter interpretation for character values 128 to 255“shall conform to ISO/IEC 885
graphical representation of data characters shown throughout this document complies with the
interpretation. This interpretation can be changed using\ ECI escape sequences, see 7.3. The
interpretation corresponds to ECI 000003.

7.2.3 SCII encodation

ASCII erfcodation is the default set for the first symbol character in all symbol sizes. It encodes AS
double ¢lensity numeric data and symbology control characters. Symbology control characters
function characters, the pad character-ahd the switches to other code sets. ASCII data is end
codewords 1 to 128 (ASCII value plus 1). Extended ASCII (data values 128 to 255) is encoded using tl
shift syipbology control character (sée 7.2.4.3). The digit pairs 00 to 99 are encoded with codeword
229 (nugneric value plus 130). The"ASCII code assignments are shown in Table 2.

NOTE ASCII encodation is the:name of the character set in Data Matrix. It is not to be confused with
charactef set (ISO/IEC 646 IRV,

Table 2 — ASCII encodation values

between
mber of
This fill

[RV. The
D-1. The
default
default

CII data,

include
oded as
e upper
s 130 to

he ASCII

Codeword Data or function

0 Not to be used in ASCII encodation
1to 128 ASCII data (ASCII value + 1)

129 Pad

130 to 229 2-digit data 00 to 99 (Numeric Value + 130)
230 Latch to C40 encodation

231 Latch to Base 256 encodation

232 FNC1

233 Structured Append

234 Reader Programming

235 Upper Shift (shift to Extended ASCII)
236 05 Macro

© ISO/IEC 2024 - All rights reserved
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Table 2 (continued)

Codeword Data or function

237 06 Macro

238 Latch to ANSI X12 encodation

239 Latch to Text encodation

240 Latch to EDIFACT encodation

241 ECI Character

242 to 255 Not to be used in ASCII encodation

7.2.4

7.2.4.1

ymbology control characters

General

Data Maltrix symbols have several special symbology control characters, which have partieular sigiificance

to the 4
function
control

s or to send specific data to the host computer as described in 7.2.4.2 to 72.4.10. These sy
Characters, with the exception of values from 242 through 255, are found’in the ASCII en

(see Tabje 2).

7.2.4.2

A latch ¢
codewot
encodat

7.2.4.3

The Upp
charactg
requires
encoded

Latch characters

on schemes have different methods for returning to the \ASCII encodation.
Upper Shift character
er Shift character is used in combination withan ASCII value (1 to 128) to encode an extend

a preceding Upper Shift character andthe extended ASCII character value decreased by 12
according to the rules of the encodation scheme. In ASCII encodation, the Upper Shift cha

represemnted by codeword 235. The redueced data value (i.e. ASCII value minus 128) is transformed

codewot
shift cha
there ar
should b

7.2.4.4

If the er]
symbol,
of the sy
necessa
algorith

d value by adding 1. For example, to encode ¥ (Yen currency symbol) (ASCII value 165), ¢
jracter (codeword 235) is followed by value 37 (165 to 128), which is encoded as codewo
e long data strings of characters from the extended ASCII range, a latch to Base 256 en
e more efficient.

Pad character;

coded dataJkrespective of the encodation scheme in force, does not fill the data capacit
pad charagters (value 129 in ASCII encodation) shall be added to fill the remaining data
mbol. The’pad characters shall only be used for this purpose. Before inserting pad characf
'y to fieturn to ASCII encodation if in any other encodation mode. The 253-State pattern rand
mrshall be applied to the pad characters starting at the second pad character as specified in |

ncodation scheme. These characters shall be used to instruct the decodefbto perform| certain

mbology
fodation

haracter shall be used to switch from ASCII encodation to-one of the other encodation schdmes. All
ds which follow a latch character shall be compacted according to the new encodation schgme. The

pd ASCII

r (129 to 255). An extended ASCII character encoded in the ASCII, C40, or Text encodatior] scheme

B is then
racter is
into its
n upper
rd 38. If
fodation

y of the
capacity
ers, it is
omising
Annex B.

7.2.4.5

ECI character

An ECI character is used to change from the default interpretation used to encode data. The ECI protocol is
common across a number of symbologies and its application to Data Matrix is defined more fully in 7.3. The
ECI character shall be followed by one, two or three codewords which identify the ECI being invoked. The
new ECI remains in place until the end of the encoded data, or until another ECI character is used to invoke

another

interpretation. See also Annex M.

© ISO/IEC 2024 - All rights reserved
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7.2.4.6 Shift characters in C40 and Text encodation

In C40 and Text encodation, three special characters, called shift characters, are used as a prefix to one of 40
values to encode about three quarters of the ASCII characters. This allows the remaining ASCII characters to
be encoded in a more condensed way with single values.

7.2.4.7 FNC1 alternate data type identifier

To encode data to conform to specific industry standards as authorised by AIM Inc., a FNC1 character shall
appear in the first or second symbol character position (or in the fifth or sixth data positions of the first
symbol of Structured Append). FNC1 encoded in any other position is used as a field separator and shall be
transmifted as GS control character (ASCII value 29)

7.2.4.8 | Macro characters

Data Matrix provides a means of abbreviating an industry specific header and trailervin one| symbol
charactgr. This feature exists to reduce the number of symbol characters needed to encodeé data in 4 symbol
using ceftain structured formats. A Macro character shall be in the first character position of a symbol. They
shall nof be used in conjunction with Structured Append and their functions afe)defined in Table 3. The
header ghall be transmitted as a prefix to the data stream and the trailer shall\betransmitted as a puffix to
the datalstream. The symbology identifier, if used, shall precede the header.

Table 3 — Macro functions

Interpretation
Macro codeword Name -
Header Trailer
236 05 Macro [*Rg056 RsEop
237 06 Macro B>R;066, R Eop

7.2.4.9 | Structured Append character

A Structiured Append character is used to indieate that the symbol is part of a Structured Append sequence
according to the rules defined in 7.5.

7.2.4.1( Reader Programming character

A Readef Programming characteriindicates that the symbol encodes a message used to program thie reader
system.|[The Reader Programming character shall appear as the first codeword of the symbol and Reader
Progranmiming shall not be used with Structured Append.

7.2.5 [40 encodation

7.2.5.1 | General

The C4( encodation scheme is designed to optimise the encoding of upper-case alphabetic and jpumeric
charactgris’but also enables other characters to be encoded by the use of shift characters in conjunctiion with
the data character.

C40 characters are partitioned into 4 subsets. Characters of the first set, called the basic set, are the three
special shift characters, the space character, and the ASCII characters A to Z and 0 to 9. They are assigned
to a single C40 values. Characters of the other sets shall be assigned to one of the three shift characters,
pointing to one of the 3 remaining subset, followed by one of the C40 values (see Table C.1).

As afirst stage, each data character is converted into a single C40 value or a pair of C40 values. The complete
string of C40 values is then decomposed into groups of three values (special rules apply if one or two values
remain at the end, see 7.2.5.3). Each triplet (C1, C2, C3) is then encoded into a 16-bit value according to the
formula: (1600 * C1) + (40 * C2) + C3 + 1. Each 16-bit value is then separated into 2 codewords by taking the
most significant 8 bits and the least significant 8 bits.

© ISO/IEC 2024 - All rights reserved
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Switching to and from C40 encodation

It is possible to switch to C40 encodation from ASCII encodation using the appropriate latch codeword (230).
Codeword 254 immediately following a pair of codewords in C40 encodation acts as an unlatch codeword
to switch back to ASCII encodation. Otherwise, the C40 encodation remains in effect to the end of the data
encoded in the symbol.

7.2.5.3

C4.0 encodation rules

Each pair of codewords represents a 16-bit value where the first codeword represents the most significant 8
bits. Three C40 values (C1, C2, C3) shall be encoded as:

(1600*C) + (A0*C2) +C3+1

which p1
Charact
characte
codewol

The foll
the erro

a) Ifty
datd
cod

b) Ifty
shif]
valy
thre

c Ifty
first
the

roduces a value from 1 to 64 000. Table 4 illustrates three C40 values compacted inte two cod
brs in the Shift 1, Shift 2 and Shift 3 sets shall be encoded by first encoding the) appropri
1, and then the C40 value for the data. C40 encodation may be in effect at theyend of the
ds which encode data.

wing rules apply when only one or two symbol characters remain in the symbol before thg
correction codewords:

and shift characters) encode the three C40 values in the lasfztwoé symbol characters. A fina
eword is not required.

o symbol characters remain and two C40 values remain to be encoded (the first C40 value 1
[ or data character but the second shall represent a data character) append a “Shift 1” charad
e 0) to the input to increase to three characters-$0 that it can be processed normally as ¥
e character C40 input. A final unlatch codeword again is not required.

vo symbol characters remain and only onex€40 value (data character) remains to be encd

Hata character using the ASCII encodation scheme.

d) If ope symbol character remains and;one C40 value (data character) remains to be encoded,

sym
chai

Ina

bol character is encoded with'the data character using the ASCII encodation scheme. The
racter is not encoded, but issassumed, before the last symbol character.

I other cases, either an‘unlatch character is used to exit the C40 encodation scheme befordg

of the symbol, or a largerf.symbol size is required to encode the data.

Table 4 — Example of C40 encoding

ewords.
hte shift
ymbol's

start of

o symbol characters remain and three C40 values remain to be encoded (which may inclyide both

unlatch

may be a
ter (C40
vith any

ded, the

symbol character is encoded as an unlatch character and the last symbol character is encodled with

the last
unlatch

the end

7.2.5.4

Data-characters AIM

C4-0wvalues 14,22, 26

Calculate 16-bit value (1600 * 14) + (40 * 22) + 26 + 1 = 23307
1st codeword: (16-bit value) div 256 23307 div 256 =91

2nd codeword: (16-bit value) mod 256 23307 mod 256 = 11

Codewords 91,11

Use of Upper Shift with C40

In C40 encodation the Upper Shift character is not a symbology function character but a shift within the
encodation set. When a data character from the extended ASCII character range is encountered, three or
four values in C40 encodation need to be encoded according to the following rule:

[F [ASCII value — 128] is in the Basic Set then:

© ISO/IEC 2024 - All rights reserved
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[1(Shift 2)] [30(Upper Shift)] [V(ASCII value - 128)]

ELSE

[1(Shift 2)] [30(Upper Shift)] [0, 1, or 2(Shift 1, 2, or 3)] [V(ASCII value - 128)]

In the rule the number in [ | equates to the C40 values from Table C.1; V has been used to indicate the
appropriate C40 value.

7.2.6 Text encodation

7.2.6.1 _General
Text endodation is designed to encode normal printed text, which is predominantly lowercasé chgracters.
It is sim]lar in structure to the C40 encodation set, except that lowercase alphabetic charactérs’are|directly
encoded (i.e. without using a shift). Upper-case alphabetic characters are preceded by a Shift 3. The [full Text
encodat]jon character set assignments shall be as shown in Table C.2.
7.2.6.2 | Switching to and from Text encodation
It is posgible to switch to Text encodation from ASCII encodation using the appropriate latch codeword (239).
Codeword 254 immediately following a pair of codewords in text encodation acts as an unlatch c¢deword
to switch back to ASCII encodation. Otherwise, the Text encodation remains in effect to the end of the data
encoded in the symbol.
7.2.6.3 | Text encodation rules
The rulgs for C40 encodation apply.
7.2.7 ANSI X12 encodation
7.2.7.1 | General
ANSI X142 encodation is used to encode thie*standard ANSI X12 electronic data interchange characters,
which afe compacted three data characters to two codewords in a manner similar to C40 encodation. It
encodes|upper-case alphabetic characters, numerics, space and the three standard ANSI X12 termingtor and
separatgr characters. The ANSI X12'code assignments are shown in Table 5. There are no shift characters in
the ANS| X12 encodation set.
Table 5 — ANSI X12 encodation set
X12 value Encoded characters ASCII values

0 X12 segment terminator <CR> 13

1 X12 segment separator * 42

2 X12 sub-element separator > 62

3 space 32

4to013 0to9 48to 57
14 to 39 AtoZ 65t0 90

7.2.7.2 Switching to and from ANSI X12 encodation

It is possible to switch to ANSI X12 encodation from ASCII encodation using the appropriate latch codeword
(238). Codeword 254 immediately following a pair of codewords in ANSI X12 encodation acts as an unlatch
codeword to switch back to ASCII encodation. Otherwise, the ANSI X12 encodation remains in effect to the
end of the data encoded in the symbol.

© ISO/IEC 2024 - All rights reserved
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ANSI X12 encodation rules

The rules of C40 encodation apply. The exception is at the end of encoding ANSI X12 data. If the data
characters do not fully utilise pairs of codewords, then following the last complete pair of codewords switch
to ASCII using codeword 254 and continue using ASCII encodation, except when a single symbol character
is left at the end before the first error correction character. This single symbol character uses the ASCII
encodation scheme without requiring an unlatch codeword.

7.2.8 EDIFACT encodation

7.2.8.1

General

The EDI
(binary
codewol
Level A

7.2.8.2
It is pos

(240). T
encodat

7.2.8.3
The EDI

6-bit EDJIFACT value and the ASCII 8-bit byte. The leading two bits of the 8-bit byte are ignored t

the EDI
three cd
remaini
Table 7.
single sy
EDIFACT
one or t)
encoded

FACT encodation scheme includes 63 ASCII values (values from 32 to 94) plus an unlatehve
011111) to return to ASCII encodation. EDIFACT encodation encodes four data charactets
ds. It includes all the numeric, alphabetic and punctuation characters defined-inthe I
"haracter set without any of the shifts required in C40 encodation.

Switching to and from EDIFACT encodation

5ible to switch to EDIFACT encodation from ASCII encodation using the\appropriate latch ¢
he unlatch character in EDIFACT encodation shall be used as a terminator at the end of |
on, which reverts to ASCII encodation.

EDIFACT encodation Rules

FACT encodation character set is defined in Table C.3xThere is a simple relationship bety

FACT 6-bit value, as illustrated in Table 6. Strings of four EDIFACT characters are eng
dewords. For a simple encodation process, the leading two bits of the 8-bit byte are remo
ng 6-bit byte is the EDIFACT value and shall be'directly encoded into the codeword as illust
When EDIFACT encodation is terminated_ with the unlatch character, any remaining bits l¢
mbol character shall be filled with zer.0sy ASCII encodation starts with the next symbol cha
' encodation is in effect at the end of.the’symbol before the first error correction character,
o codewords remain after the last\EDIFACT codeword triplet, these remaining codewords
in ASCII encodation without requiring an unlatch character.

Table 6 — Relationship between the EDIFACT value and the 8-bit byte value

Data character ASCII EDIFACT value
Decimal value 8-bit binary value
A 65 01000001 000001
9 57 00111001 111001

encodation.

NOTE_ <During the decode process, if the leading (6th) bit is 1, the bits 00 are prefixed to create the
8-bittbyte. If the leading (6th) bit is 0, the bits 01 are prefixed to create the 8-bit byte. The exception to
thisAs the EDIFACT value 011111 which is the symbology control unlatch character to return to ASCII

haracter
in three
EDIFACT

deword
EDIFACT

Veen the
0 create
oded in
ved. The
rated in
ft in the
racter. If
hnd only
shall be

Table 7 — Example of EDIFACT encodation

Data characters D A T A

Binary values (Table C.3) 00 01 00 00 00 01 01 01 00 00 00 01
Divide into 3 8-bit bytes 00 01 00 00 00 01 01 01 00 00 00 01
Codeword values 16 21
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7.2.9 Base 256 encodation

7.2.9.1

General

The Base 256 encodation scheme shall be used to encode any 8-bit byte data, including extended channel
interpretations and binary data. The default interpretation is defined in 7.2.2. The 255-State pattern
randomising algorithm shall be applied to each Base 256 sequence within the encoded data (see B.2). It starts
after the latch to Base 256 encodation and ends at the last character specified by the Base 256 field length.

7.2.9.2

[t is posst

(231). A

appropr
occur in

7.2.9.3

After sw
length i
byte val

Switching to and from Base 256 encodation

switch-toBase odationfromA odationtsingthea ateta epdeword
t the end of Base 256 encodation, encodation automatically reverts to ASCII encodatlon. The
jate ECI, if other than the default, shall be invoked prior to switching. The ECI sequence need not
mediately before switching to Base 256 encodation.

pTOTE O approprrateTaten

Base 256 encodation rules

ritching to Base 256 encodation, the first one (d1) or two (d1, d2) codewords define the data field
I bytes. Table 8 specifies how the field length is defined. Thereafter, allvencodation shall e of the
1€es.

Table 8 — Base 256 field length

Field lepgth Values of d1, d2 Permitted values of d
Remainder of symbol di=0 di=0
1to 249 d1 =length d1=1to 249
I d1 = (length DIV 250)4.249 d1 = 250 to 255
250 to 1p55
d2 =length MOD 250 d2 =0to 249
7.3 E(I
7.3.1 [General
The ECI|protocol allows the output.data stream to have interpretations different from that of th¢ default

r set. The ECI protocol is(défined consistently across a number of symbologies. Four broad|types of
tations are supported inData Matrix:

Fnational characterSets (or code pages);
bral purpose interpretations such as encryption and compaction;
defined/interpretations for closed systems;

rol infermation for structured append in unbuffered mode.

charactg
interpre
a) inte
b) gen
c) usel
d) cont
The ECI

protocol is fully specified in Reference [1]. The protocol provides a consistent method ta specify

particular interpretations on byte values before printing and after decoding. The ECI is identified by a
6-digit number which is encoded in the Data Matrix symbol by the ECI character followed by one to three
codewords. Specific interpretations are listed in AIM Inc. Extended Channel Interpretations Character Set
Register. The ECI can only be used with readers enabled to transmit the symbology identifiers. Readers that
are not enabled to transmit the symbology identifier shall not transmit the data from any symbol containing
an ECI. An exception can be made if the ECI(s) can be handled entirely within the reader.

A specified Extended Channel Interpretation may be invoked anywhere in the encoded message.

© ISO/IEC 2024 - All rights reserved
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7.3.2 Encoding ECIs

The various encodation schemes of Data Matrix (defined in Table 1) may be applied under any of the ECIs.
The ECI can only be invoked from ASCII encodation; once this has occurred, switching may take place
between any of the encodation schemes. The encodation mode used is determined strictly by the 8-bit data
values being encoded and does not depend on the Extended Channel Interpretation in force. For example,
a sequence of values in the range 48 to 57 (decimal) would be most efficiently encoded in numeric mode
even if they were not to be interpreted as numbers. The ECI assignment is invoked using codeword 241
(ECI character) in ASCII encodation. One, two, or three additional codewords are used to encode the ECI
Assignment number. The encodation rules are defined in Table 9.

The following examples illustrate the encodation:

ECI=015000

Codewoyds:

[241] [(f5000 - 127) div 254 + 128] [(15000 - 127) mod 254 + 1]
=[2(41] [58 + 128] [141 + 1]
= [241] [186] [142]

ECI = 090000

Codewoyds:

[241] [(90000 - 16383) div 64516 + 192] [((90000 - 16383) div25%4) mod 254 + 1] [(90000 - 163B3) mod
254 + 1]

[241] [1 + 192] [289 mod 254 + 1] [211 + 1]

[2h1] [193] [36] [212]

Table 9 — Encoding ECI assignment numbers in Data Matrix code

ECI as§ignment value igﬂﬁ‘g)’zg Codeword values Ranges
000000 fo 000126 Cy 241
0 ECl_no+1 C;=(1to127)
000127 to 016382 &) 241
C; (ECILno - 127) div 254 + 128 C; = (128 to 191)
C, (ECI_.no-127) mod 254 + 1 C,=(1to254)
0016383 to 999999 Cy 241
C; (ECI_no - 16383) div 64516 +192 C;=(192 to 207
C, [(ECI_no - 16383) div 254] mod 254 + 1 C,=(1to 254)
Cs (ECI_no - 16383) mod 254 + 1 C5=(1to 254)

7.3.3 ECIs and Structured Append

ECIs may occur anywhere in the message encoded in a single or Structured Append (see 7.5) set of Data
Matrix symbols. Any ECI invoked shall apply until the end of the encoded data, or until another ECI is
encountered. Thus, the interpretation of the ECI may straddle two or more symbols.

7.3.4 Post-decode protocol

The protocol for transmitting ECI data shall be as defined in 12.5. When using ECIs, symbology identifiers
(see 12.6) shall be fully implemented and the appropriate symbology identifier transmitted as a preamble.

© ISO/IEC 2024 - All rights reserved
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7.4 Data Matrix symbol attributes

7.4.1 Symbol sizes and capacity

There are 24 square symbols and 6 rectangular symbols available in Data Matrix code. These are as specified
in Table 10.

NOTE Additional rectangular symbol formats are specified in I[SO/IEC 21471.

Table 10 — Data Matrix symbol attributes

Symbo Data Total Reed-Solo- . . % of Max.
size? region Mappi_ng codewords mon block | Inter- Maximramrdatacapacity codewords &rrectable
. matrix leaved used for(]/ dewords
Row | C¢l | Size | No. size Data | Error | Data | Error | P10¢kS | Num. | Alphanum.d| Byte err[o$ Error/
correftion | drasure®
10 |10] [8x8 |1 |sxs 3 5 3 5 1 6 3 1 623 V' |2/
12 |12| [10x10 |1 [10x10 |5 7 5 |7 1 10 |6 3 (48B3 3/
14 14 12x12 |1 12x12 8 10 8 10 1 16 10 6~ ™N 55,6 5/
16 16 14x14 |1 14 x 14 12 12 12 12 1 24 16 ‘<' }J 50 6/9
18 |18] [16x16 |1 [16x16 |18 |14 |18 |14 |1 36 |25 ~\]16 [438 7/11
20 20 18x18 |1 18x18 22 18 22 18 1 44 31 L 45 9/15
22 22 20x20 |1 20x20 30 20 30 20 1 60 4;5\\\ 28 40 10§17
24 24 22x22 |1 22x22 36 24 36 24 1 72 < 527 34 40 12§21
26 26 24x24 |1 24 x 24 44 28 44 28 1 %\) 64 42 389 14)25
32 32 14x14 |4 28x28 62 36 62 36 1 SQZ‘l 91 60 36,7 1833
36 36 l6x16 |4 32x32 86 42 86 42 1 5\\) 172 127 84 32,8 21f39
40 40 18x18 |4 36x36 114 48 114 |48 Q\(O 228 169 112 29,6 24f45
44 44| [20x20 |4 40x40 144 56 144 |56\ 288 214 142 28 2853
48 48| [22x22 |4 44 x 44 174 68 174 Q@‘ 1 348 259 172 28,1 3465
52 52 24x24 |4 48x48 204 84 102 12 2 408 304 202 29,2 42)78
64 64 14x14 |16 |56x56 280 112 Q@\ 56 2 560 418 277 28,6 56f106
72 72 16x16 |16 |64x64 368 14-4,-.&\9\2 36 4 736 550 365 28,1 72132
8o [so| [18x18 |16 [72x72 [456 [19%) [114 [48 |4 912 |682 453 (296 96)180
88 88| [20x20 (16 (80x80 576 &\22’4 144 |56 4 1152 |862 573 28 11p/212
96 96 22x22 |16 |88x88 @\ 272 174 68 4 1392 (1042 693 28,1 13p/260
104 |10f [24x24 |16 |96x96 - 816 336 136 |56 6 1632 |1222 813 29,2 16B/318
120 |12 18x18 |36 |108> 1050 [408 175 |68 6 2100 (1573 1047 |28 20f/390
132 [13p |20x20 |36 Lﬁg\fio 1304 |496 163 |62 8 2608 (1954 1301 |27,6 24B/472
1
144 |14 |22x22 36Q“132x132 1558 |620 156 |62 & 3116 |2335 1555 |28,5 31p/590
PR 155 |62 2¢

Rectangulpr Symbol \) )
8 18 va) 1 6x16 5 7 5 7 1 10 6 3 58,3 3/
8 32 C:6)>1'4 2 6x28 10 11 10 11 1 20 13 8 52,4 5/
12 26 10x24 |1 10x 24 16 14 16 14 1 32 22 14 46,7 7711
12 36 10x16 |2 10x 32 22 18 22 18 1 44 31 20 45,0 9/15
16 36 14x16 |2 14x 32 32 24 32 24 1 64 46 30 42,9 12/21
16 48 14x22 |2 14 x 44 49 28 49 28 1 98 72 47 36,4 14/25
a Symbol size does not include quiet zones.
b See 7.6.3.
¢ In the largest symbol (144 x 144), the first eight Reed-Solomon blocks are 218 codewords long encoding 156 data codewords, and the last two blocks encode
217 codewords (155 data codewords). All the blocks have 62 error correction codewords.
d Based on text or C40 encoding without switching or shifting; for other encoding schemes, this value may vary depending on the mix and grouping of character

sets.
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7.4.2 Insertion of Alignment Patterns into larger symbols

As shown in Table 10, square symbols 32 x 32 and larger and four rectangular symbols (8 x 32, 12 x 36,
16 x 36, and 16 x 48) have two or more data regions. These data regions shall be bound by alignment patterns
in accordance with Annex D. The square symbols are divided into 4, 16 or 36 data regions (as illustrated
in Figures D.1, D.2 and D.3). The rectangular symbols are divided into two data regions (as illustrated in
Figure D.4). The alternating dark modules of the alignment pattern shall be to the top and right of a data
region and identify the even columns and rows.

7.5 Structured Append

7.5.1

Up to 14
Append,
followed
second &

7.5.2

This cod
Structu
of the p3
to be co
conform

basic principles

Data Matrix symbols may be appended in a structured format. If a symbol is part ef.a 'Sti
this is indicated by codeword 233 in the first symbol character position. This*is”immn]
by three structured append codewords. The first codeword is the symbol sequence indic4
nd third codewords are the file identification.

Symbol sequence indicator

eword indicates the position of the symbol within the set (up to 16).ef Data Matrix symba
ed Append format in the form m of n symbols. The first 4 bits of this'codeword identify the
rticular symbol as the binary value of (m - 1). The last 4 bits identify the total number of the
hcatenated in the Structured Append format as the binary v/alue of (17 — n). The 4-bit patte
with those defined in Table 11.

Table 11 — Structured Append symbol position bits

uctured
ediately
itor. The

Is in the
position
symbols
'ns shall

Symbol Bits Totaknumber Bits

position 1234 of symbols 5678
1 0000
2 0001 2 1111
3 0010 3 1110
4 0011 4 1101
5 0100 5 1100
6 0101 6 1011
7 0110 7 1010
8 0111 8 1001
9 1000 9 1000
10 1001 10 0111
11 1010 11 0110
12 1011 12 0101
13 1100 13 0100
14 1104 4 0041
15 1110 15 0010
16 1111 16 0001

For example, the 3rd symbol of a set of 7 shall be encoded thus:

3rd position: 0010

Total 7 symbols: 1010

Bit pattern: 00101010

© ISO/IEC 2024 - All rights reserved
14


https://standardsiso.com/api/?name=b916ef0279f4cea72667bd786410e7c0

ISO/IEC 16022:2024(en)

Codeword value: 42

7.5.3 File identification

The file identification is defined by the value of its two codewords. Each file identification codeword may
have a value 1 to 254, allowing 64 516 different file identifications. The purpose of the file identification is to
increase the probability that only logically linked symbols are processed as part of the same message.

7.5.4 FNC1 and Structured Append

If Structured Append is used in conjunction with FNC1 (see 7.2.4.7), the first four codewords shall be used
for Struetd : c-are-thefifth-and-sixth ewordsare-avatable S AEEs hajl not be
repeatedl in these positions in the second and subsequent symbols, except when used as a field separator.

..... o ad Q \Y A

7.5.5 PBuffered and unbuffered operation

The mepsage within a Structured Append sequence can be buffered in the readeryin its entifety and
transmifted after all of the symbols have been read. Alternatively, the reader may‘transmit the decoded
data in jeach symbol as it is read. In this unbuffered operation, the ECI protecol for structured append
(specifidd in AIM ITS/04-001, Part 1) defines a control block that shall be prefixéd to the beginning of the
data trapsmitted for each symbol.

7.6 Erxror detection and correction

7.6.1 Reed-Solomon error correction

Data Mdtrix symbols employ Reed-Solomon error correction,;“For Data Matrix symbols with less than 255
total cojlewords, the error correction codewords are caleulated from data codewords with no intefleaving.
For Datd Matrix symbols with more than 255 total codewords, the error correction codewords [shall be
calculated from data codewords with the interleaving procedure described in Annex A. Each Dathp Matrix
symbol has a specific number of data and error-gorrection codewords which are divided into a|specific
number|of blocks, as defined in Table 10, and«to which the interleaving procedure defined in Anjnex A is
applied.

The polynomial arithmetic for Data Matkix shall be calculated using bit-wise modulo 2 arithmetic apd byte-
wise mddulo 100101101 (decimal 301) arithmetic. This is a Galois field of 28 with 100101101 reprpsenting
the field[s prime modulus polynomial® x8 + x> + x3 + x2 + 1. Sixteen different generator polynomials fire used
for genefating the appropriate error correction codewords. These are given in Clause E.1.

NOTE An example implenientation of the error correction algorithm is available in Reference [2].

7.6.2 [Generating theerror correction codewords

The err¢r correefion codewords are the remainder after dividing the data codewords by a polynomial g(x)
used for|Reed-Solomon codes (see Clause E.1).

If this cql¢ulation is performed by "long division", the symbol data polynomial shall first be multiplipd by xk.

The data codewords are the coefficients of the terms of a polynomial with the coefficient of the highest term
being the first data codeword and the lowest power term being the last data codeword before the first error
correction codeword. The highest order coefficient of the remainder is the first error correction codeword
and the zero power coefficient is the last error correction codeword and the last codeword. This can be
implemented by using the division circuit as shown in Figure 2. The registers b, through b, _, are initialised
as zeros. There are two phases to generate the encoding. In the first phase, with the switch in the down
position the data codewords are passed both to the output and the circuit. The first phase is complete after
n clock pulses. In the second phase (n + 1 ... n + k clock pulses), with the switch in the up position, the error
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correction codewords g, _4, ..., €y are generated by flushing the registers in order while keeping the data input
at 0. The codewords output from the shift register are in the order that they are to be placed in the symbol.

NOTE1 Ifinterleavingis used, the codewords will not be placed in consecutive symbol characters. (See Annex A).

NOTE2 n and k are defined in Clause 4 as the number of data codewords and the number of error correction
codewords, respectively.

)
Q(} 9o Ir-1

é()‘_gl
by lé.)_ b lg biq &
AR

()

Key
@ GF(R56) addition
®  GF(R56) multiplication

a Inpiit.
b Qutput.
¢ Swifch.

Figure 2 — Error correction'codeword encoding circuit

7.6.3 Error correction capacity

The errpr correction codewords can goirect two types of erroneous codewords: erasures (erfroneous
codewords at known locations) and errors (erroneous codewords at unknown locations). An erasiire is an
unscanrjed or undecodable symbokcharacter. An error is a misdecoded symbol character. The nymber of
erasure$ and errors that can be cdrpected is given by Formula (1):

e+t<d-p (@8]
where

e |is the ndmber of erasures;

t |isthémnumber of errors;

d ib t}lC llulll‘UUl Uf CITUI CUI'L ULtiUll LUdUVVUl db,
p is the number of codewords reserved for error detection.

In the general case, p = 0. However, if most of the error correction capacity is used to correct erasures, then
the possibility of an undetected error is increased. Whenever the number of erasures is more than half the
number of error correction codewords, p = 3. For small symbols (10 x 10, 12 x 12, 8 x 18, and 8 x 32), erasure
correction should not be used (e =0 and p = 1).
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7.7 Symbol construction

7.7.1 General

Given the codeword sequence obtained in the previous sections, a Data Matrix symbol is constructed using
the following steps.

a) Place codeword modules in a mapping matrix.
b) Insertalignment pattern modules, if any.

c) Place finder modules along the perimeter.

7.7.2 Bymbol character placement

Each synbol character shall be represented by eight modules which are nominally squate in shape; each
module fepresents a binary bit. A dark module is a one and a light module is a zero. The eight modules are
in order| from left to right and top to bottom to form a symbol character as showndn Figure 3. [Because
the sympol character shape defined in Figure 3 cannot be perfectly nested at the symbol boundafy, some
symbol ¢haracters are split into portions. Symbol character placement is definedin‘the C language program
in Clausge F.1, described in Clause F.2 and illustrated in Clause F.3 in Annex F. Symbol character plac¢ment as
defined jn Annex F shall be used.

1 2
MSB
3 4 5
6 7 8
LSB

Key
LSB  lgast significant bit
MSB  njost significant bit

Figlire 3 — Representation of a codeword in a symbol character

7.7.3 Alignment Pattern module placement

This steps nn]y needed for ]:\rgpr matrices:

— square: 32 x 32, and
— larger rectangular: 8 x 32, 12 x 36 and larger.

The mapping matrix is sub-divided into data regions, of the sizes defined in Table 10, for the chosen symbol
format. The data regions are separated from each other by two-module-wide alignment patterns. This will
result in some of the symbol characters being split between two adjacent data regions. For square matrices,
the alignment patterns are placed between the data regions horizontally and vertically in pairs with a total
alignment pattern count of 2, 6 or 10 as shown in Figures D.1 to D.3. For rectangular matrices, only a single
vertical alignment pattern is placed between the data regions as shown in Figure D.4.
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7.7.4 Finder Pattern module placement

Modules are placed along the perimeter of the matrix to construct the finder pattern as described in 6.3.2.

8 Symbol dimensions
Data Matrix symbols shall conform to the following dimensions.

— Xdimension: the width of a module shall be specified by the application, taking into account the scanning
technology to be used, and the technology to produce the symbol.

—  Finder pattern: the width of the finder pattern shall be prlnql to X

— Alignment pattern: the width of the alignment pattern shall be equal to 2X.

— Qui¢t zone: the minimum quiet zone is equal to X on all four sides. For applications with moderate to
excgssive reflectance noise in close proximity to the symbol, a quiet zone of 2X to 4Xisrecommgnded.

9 Symbol quality

9.1 Gé¢neral

Data M4trix symbols shall be assessed for quality using the 2D madtrix bar code symbol prin{ quality
specification defined in ISO/IEC 15415 or ISO/IEC 29158 in accerdance with an applicable application
specification, as augmented and modified below.

Some marking technologies can be unable to produce symbels)conforming to this document withoyt taking
special precautions.

9.2 Symbol quality parameters

9.2.1 Fixed pattern damage

Annex ({ defines the measurement and grading basis for Fixed Pattern Damage.

9.2.2 Pverall symbol grade

The grafling method of ISO/IEC. 25415 or ISO/IEC 29158 shall be used in accordance with an application
specification.

9.2.3 Pecode

The refgrence decode algorithm specified in this document shall be applied to determine the grade for
Decode.|A failurevof the reference decode algorithm to successfully decode the symbol shall result in a
grade of 0 fotPecode. Reference decode constructs the actual sampling grid which is used to safple the

moduleq of the symbol for the purpose of decoding. In case of an invalid encodation (e.g. 7.1, 7.2 and|7.3 used
incorrecfl"‘ f]’\ﬂ cxrml‘\n] C]’\’J]] ’J]Cf\ Y‘DCII]" 'i“ ksl ﬂl"’]f‘ﬂ f\F n F{'\Y‘ nﬂl‘{'\l’]ﬂ
SR JOEEE P il el bl = e - R i

9.2.4 Grid non-uniformity

The ideal grid is calculated by using the four corner points in the surrounding fixed pattern /solid area of
the sampling grid (see Figure 4) for each data region and subdividing it equally in both axes.
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Figure 4 — Corner points of the ideal grid
9.3 Process control measurements
A variety of tools and methods can be used to perform useful measurements for monitoring and coptrolling
the prodess of creating Data Matrix symbols. These techniques do not canstitute a print quality chefk of the
produceld symbols. The method specified in 9.2 and in Annex G is the' required method for assessing symbol
print quplity. However, other techniques individually and collectively yield good indications of whdther the
symbol print process is creating workable symbols.
10 Reference decode algorithm for Data Matrix
This ref¢rence decode algorithm finds a Data Matrix-symbol in an image and decodes it.
a) Define measurement parameters and form a-digitised image.
1) [Define a distance d,;, which is 7,5 times the aperture diameter defined by the application. This will
be the minimum length of the "LI" pattern's side.
2) [Define a distance g,,,, whichivis 7,5 times the aperture diameter. This is the largest gap ip the "L"
finder that will be tolerated by the finder algorithm in step b).
3) [Define a distance i, which is 1,25 times the aperture diameter. This would be the jnominal
minimum module.size when the aperture size is 80 % of the symbol’s X dimension.
4) [Form a black/white image using a threshold determined according to the method defined in
[SO/IEC 15415.
b) Search horizental and vertical scan lines for the two outside edges of the Data Matrix "L".
1) |[Extend a scan line horizontally in both directions from the centre point of the image. Sample along
R coan 10 Lor aoch tuubara /Bl ooly o blo ol /ol ramcitiogs L0 alang +1h aan-lina oo
LIIC oLldIlrl ITTIC,. 1T'UI CLdulll VVlllL\f/ UIAdCIN UL LIIC&\,I\/ VvVIITLU LI dITOILIVIT TUUIIU d1IVUIT CIIC OoLdIll I1I1IIC 1 \,-Olved to
the pixel boundary perform the following steps.
i) Follow the edge upward sampling pixel by pixel until either it reaches a point 3,5 m_;, distant

from the intersection of the scan line and the edge starting point, or the edge turns back toward

the intersection of the scan line and the edge - the starting point.

ii) Follow the edge downward pixel by pixel until either it reaches a point 3,5 m;, distant from
the intersection of the scan line and the edge starting point, or the edge turns back toward the

intersection of the scan line and the edge - the starting point.
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iii) Ifthe upward edge reaches a point 3,5 m,;,

[) Plotaline A connecting the end points of the upward edge.

II) Test whether the intermediate edge points lie within 0,5 m_;,

from the starting point, perform the following steps.

from line A. If so, continue to

step III. Otherwise proceed to step 1)iv) to follow the edge in the opposite direction.

[1I) Continue following the edge upward until the edge departs 0,5 m
turns back for a distance of at least 0,5 m,;,, .
point with an Euclidian distance greater than or equal to m

min

min from the last ed

from line A or the edge
Back up along the edge to the closest edge

ge point

along the edge before the departing point and save this as the edge end point. This edge

point should be along the "L" candidate outside edge.

IV) Continue following the edge downward until the edge departs 0,5 m,,;, from line
edge turns back for a distance of at least 0,5 m,;,,. Back up along the edge o 'th
edge point with a Euclidian distance greater than or equal to m,,;,, from the last ed
along the edge before the departing point and save this as the edge end point. T
point should be along the "L" candidate outside edge.

V) Calculate a new adjusted line A1l that is a "best fit" line to the(edge in the two |
steps. The "best fit" line uses the linear regression algorithm (ising the end points
the proper dependent axis, i.e. if closer to horizontal, the depéndent axis is x) af
each point. The "best fit" line terminates lines at points pl-and p2 that are the poin
"best fit" line closest to the endpoints of the edge.

VI) Save the line A1 segment two end points, pl and p2% Also save the colour of the le
the edge viewed from p1 to p2.

iv) If step iii) failed or did not extend upward by«3,5 m_;, in step iii)IV), test if the do
edge reaches a point 3,5 m;, from the starting point. If so, repeat the steps in iii) but
downward edge.

v) If neither steps iii) or iv) were successful, test if both the upward and downwar
terminated atleast 2 m_;, from the starting point. If so, form an edge comprised of the a
2 my,;, length upward and downward edge segments and repeat the steps in iii) but
appended edge.

vi) Proceed to and process the next transitions on the scan line, repeating from step i),
boundary of the imagess.reached.

Extend a scan line vertically in both directions from the centre point of the image. Look for line s

using the same logic.in step 1) above but following each edge transition first left and then right|.

Search among the saved line A1 segments for pairs of line segments that meet the follow
criteria.

A or the
b closest
ge point
his edge

brevious
to select
plied to
's on the

t side of

wnward
with the

d edges
bpended
with the

intil the

egments

ing four

i) If thetwo lines have the same pl to p2 directions, verify that the closer of the interline p1 to

p2distances is less than g, ... If the two lines have opposite p1 to p2 directions, verify|
closer of the interline p1 to p1 or p2 to p2 distances is less than g, ..

that the

R XL W NS | - 1. 1. il [l |
11) VCIIly UIdU LT LWU IIICS dI'T COTIIICALD WILHIIT O UCgITTS.

iii) Verify that the two lines have the same saved colour if their p1 to p2 directions are the

same or

that the saved colours are opposite if their p1 to p2 directions are opposite to each other.

iv) Form two temporary lines by extending each line to reach the point on the extension that is
closest to the furthest end point of the other line segment. Verify that the two extended lines

are separated by less than 0,5 m_,,;, at any point between the two extended lines.

For each pair of lines meeting the criteria of step 3) above, replace the pair of line segments with
a longer Al line segment that is a "best fit" line to the four end points of the pair of shorter line
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segments. Also save the colour of the left side of the edge of the new longer line viewed from its p1

endpoint to its p2 endpoint.
Repeat steps 3) and 4) until no more A1 line pairs can be combined.

Select line segments that are at least as long as d_ ;... Flag them as "L" side candidates.

min*
Look for pairs of "L" side candidates that meet the following three criteria.
i) Verify that the closest points on each line are separated by less than 1,5 g,

ii) Verify that they are perpendicular within 5 degrees.

8)

9)

Mai
for'

1y

2)

3)

4)

Firs
sym
sym
find

iii) Verify that the same saved colour is on the inside of the "L" formed by the two lines, N
if one or both lines extend past their intersection, then the two or four "L" patterhs
will need to be tested for matching colour and maintaining a minimum length of’d ;
truncated side or sides before they can become "L" candidates.

their intersection point.

If the "L" candidate was formed from line segments with the colour white on the inside o

normal or inverted image starting from step d) below using eachnoPthe "L" candidates fron
as the "L" shaped finder. If none decode, proceed to step c).

htain the line A1 line segments and "L" side candidates from)the previous steps. Continue s
L" candidates using horizontal and vertical scan lines offset from previous scan lines.
Using a new horizontal scan line 3 m,,,;, above the céntre horizontal scan line, repeat the pi
step b)1), except starting from the offset from theeentre point, and then b)3) through b)9)
is no decode, proceed to the next step.

Using a new vertical scan line 3 m,,,;, left. ofthe centre vertical scan line, repeat the proces
b)2), except starting from the offset fromthe centre point, and then steps b)3) through b)9)
is no decode, proceed to the next step.

Repeat step 1) above except using a new horizontal scan line 3 m,;, below the centre hqg
scan line. If there is no decade, repeat step 2) above except using a new vertical scan lin
right of the centre vertical-Scan line. If there is no decode, proceed to step 4) below.

Continue processing horizontal and vertical scan lines as in steps 1) through 3) that ar¢
above, then left, thenbelow, then right of the previously processed scan lines until either a s
decoded or the beundary of the image is reached.

t assume thdt.the candidate area contains a square symbol. If the area fails to decode as
bol, then-try to find and decode a rectangular symbol starting from procedure j). For :
bol, first'plot a normalised graph of transitions for the equal sides of the candidate area in
the alternating module finder pattern.

ote that
formed
| for the

For each candidate "L" pair found in step 7) form an "L" candidate by extending the seginents to

[ the "L",

form a colour inverted image to decode. Attempt to decode the symbblstarting with the appropriate

1 step 8)

barching

ocess in
If there

5 in step
If there

rizontal
e 3 My

3 Mmin
ymbol is

h square
i square
order to

1)

Project a line through the candidate area bisecting the interior angle of the two sides o

f the "L"

2)

found above as shown in Figure 5. Define the two equal areas formed by the bisecting line as the

right side and the left side as viewed from the corner of the "L".

For each side, form a line called a “search line” between a point d,;, distance from the corner
along the “L” line, parallel to the other “L” side line, and extending to the bisecting line as shown in

Figure 5.

3) Move each search line away from the corner of the “L” as shown in Figure 5, lengthening each line
as it expands to span its two bounding lines, the “L” line and the bisecting line. Keep each search
line parallel to the other “L” side line. As each side is moved by the size of an image pixel, count
the number of black/white and white/black transitions, beginning and ending the count with
transitions from the colour of the “L” side to the opposite colour. A transition from one colour to
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the other is to be counted only when at the two adjacent parallel search lines (the previous and
the next one), a transition of the same type (black to white or white to black) is detected at the
corresponding position. Plot the number of transitions multiplied by the length of the longest “L”

side divided by the current length of the search line measured between the two bounding

indicated in Formula (2):

lines, as

(2)

. . ™
N is the number of transitions; Qq/
L. .« is the “L” maximum line length; q/(l,
L,  isthe search line length; ;\@Q
T is the normalized transition count. Qg)
N\

formula normalises T to keep it from increasing because the line ﬁa\mns.

finue to calculate the T values until the search line is longer tlé\n\the longest axis of the cg
plus 50 %.

O
53
D
?ﬁn e.

indidate

Left i§¢
Right-search-line-
"L" side.
Bisecting line.
Figure 5 — Expanding search lines
4) Form a plot of the T values for each side, where the Y-axis is the T value and the X-axis is the search

line’s distance from the corner of the “L”. A sample plot is shown in Figure 6.

© ISO/IEC 2024 - All rights reserved
22


https://standardsiso.com/api/?name=b916ef0279f4cea72667bd786410e7c0

2

ISO/IEC 16022:2024(en)

o [ I/

3 ¢
/ e ]
b b
distance from L corner
T vaJues
Pealt.
Vallgy.
Canglidate peak to valley descenders.

5)

6)

Figure 6 — Example plot of T as the search line expands

Starting from the T value with the smallest X in the right side’s plot and then increasing X,
firstinstance of a T value (T € maximum of zero and T - 1) that is less than 25 % of the pi
local maximum T value, provided that T value is greater than 1. Increment this X value
number of transitions stops decreasing. If the number of transitions does not increase, in|

find the
receding
intil the
crement
X value

the X value once morer Refer to this X value as the valley. Increment the local maximum’s

peak and valley X3ralties as the descending line X value. The search line at the peak may co
to an alternating finder pattern side. At the valley, the search line may correspond to the s
interior line‘opa light quiet zone.

Find thepeak and valley in the left side’s plot whose descending line X value most closely
the right peak and valley’s descending line X value. If returning to this step from a later s
sider-additional left peaks and valleys, ordered in terms of how closely they match the ri
and valley. However, any left peak and valley under consideration shall be checked to eng

espond
lid dark

until the number oftransitions decreases and refer to this X as the peak. Refer to the aver?fe of the

matches
fep, con-
pht peak
ure that

7)

0

‘erage of

the two peak X values and that the absolute difference between the right and left valley X values is

less than 15 % of the average of the two valley X values. The 15 % specifies the maximum
foreshortening.

allowed

The right side’s valley search line, the left side’s valley search line, and the two sides of the “L” outline
a possible symbol’s data region. Process the data region according to step e). If the decode fails, find
the next left peak and valley from step d)6). Once all left peaks and valleys have been discarded,
discard the right side peak and valley and continue searching from step d)5) for the next right peak

and valley.
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e) For each of the two sides of the alternating pattern, find the line passing through the centre of the
alternating light and dark modules as follows.

1) For each side, form a rectangular region bounded by the side’s peak and valley search lines as the
longer two sides of the rectangle, and the “L” side and the other side’s valley search line as the
shorter two sides, as shown in Figure 7.

a Peal
b Valld
¢ Rect]

d  Lbo
e Vallg
2)

 line.

y line.

undary:.

7o)

angular region.

y line from the other side. O®

Within thQ&ctangular region, find the best fit to the outer boundary as follows.

O

Qigure 7 — Rectangular region construction
N

S

i) @raverse all test lines starting with and parallel to the valley line and continuing intil the

R

peak line is reached, looking for transitions to the opposite colour normally orthqggonal to
the test line. Select only transitions that are either dark to light or light to dark where the

first colour matches the prﬂdnminnfp colour ofthe imagp qlnng the val]ny line

ii)

Create a graph that plots the distance from the peakline to the first transition found at each
position across the search lines. Where no transition was found, use zero for the distance.
For each segment of this graph that is bounded by zero on both sides:

a) find the point on this graph that is in the centre of this segment and the edge point cor-
responding to this point on the graph;

b) find all transition points that are within a radius R from the point on the edge, where R
is 25 % of the distance between the two zero points on the graph;

c) collect all these points found and continue to the next segment.
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iii) Calculate a “best fit line” with linear regression using the points collected above. This line
should pass along the outside of the alternating pattern, shown as “best fitline” in Figure 8.

3) For each side, construct a line parallel to the step €)2) line which is offset toward the “L” corner by
the perpendicular distance from the “L” corner to the peak search line divided by twice the number
of transitions in the peak search line plus one, according to Formula (3):
0=d/((n+1)*2)
(3)
where
0 is the offset q/b‘
d is the distance to the peak line ('19
n is the number of transitions Q‘],q’
Each of the two constructed lines should correspond to the mid-line 6{}'@ alternating module
pattern on that side, see Figure 8. <</
\
o
S
o
Altefnating @ n module mid-line.
Best fit li

rFigure o — Alternating pattern module mid-iine

For each side, measure the edge-to-edge distances in the alternating pattern as follows.

1)

2)

Bound the alternating pattern mid-line constructed in step e)3) by the adjacent “L’ line and the
other alternating pattern mid-line from step e)3). Call the length of this line M, (see Figure 7).

Along the bounded mid-line, measure the edge-to-edge distances between all the similar edges of
all two-element pairs, i.e. dark/light and light/dark element pairs. Begin and end the edge-to-edge
measurements with edges transitioning from the “L” colour to the opposite colour.

© ISO/IEC 2024 - All rights reserved
25


https://standardsiso.com/api/?name=b916ef0279f4cea72667bd786410e7c0

ISO/IEC 16022:2024(en)

3) Select the median edge-to-edge measurement and set the current edge-to-edge measurement

estimate, EE_Dist, to the median measurement.

4) Discard all element pairs with edge-to-edge measurements that differ more than 25 % from EE_Dist.

g) For each side, find the centre points of the alternating pattern modules:

1) Usingthe remaining element pair measurements from f)4), calculate the average ink spread (vertical
or horizontal depending on the segment side) by the average of the element pair’s ink spread, where
“bar” is the dark element width and “space” is the light element width in a remaining element pair,

2)

according to Formula (4):

1=Average((wy, —((wy, Twg )/ 2))/TTwy, Fwg ) /2))

where
i istheink spread
wy, is the dark element (bar) width
w; is the light element (space) width.

Calculate the centre of the bar in the median element pair using‘the offset in Formula (5) inf
from the outside edge of the bar in the median pair:

o=(EE _Dist*(1+i))/4

where
o isthe offset
i istheink spread.
If there is more than one median elenent pair, choose a single pair using the following pro

i) Order the edges (excluding the “L” finder edge) by their distance from the “L” finder edge
an odd number of these edges because the edges start and end on a dark to light transit
away from the “L” firlder.

ii) Call the middle édge in the list the centre edge.

(4)

o the bar

(5)

ess.

.Thereis
ion going

iii) Calculate the’fodd number of) element pair edge-to-edge distances and find their median EE_Dist.

iv) Selectitlie one or more element pairs with length EE_Dist.

v) Among those pairs identify the one or two element edge pairs that has an edge clos¢
céntre edge.

st to the

- h ol | . 1l - 1 1 1 . 1 1 1 1 £l 1 1
V1) 1T LICTC 15 ST 4 UIE, TdREC UIC CICIICIIU PAall UldUIIdS LIIE OULClh €Ugc U1 LIIE DAl CT105EST LU Ll

tre edge.

vii) If there is still a tie, take the element pair that has an inner edge closest to the “L” finder.

3) Starting from the centre of the bar in the median element pair from step f)3) proceed in the direction
of the space in the element pair until reaching the end of the bounded mid-line, calculate each element’s

centre, shown by the speckled pattern in Figure 9, by the following steps.
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D4

Dy

Figure 9 — Edge-to-edge measurements for finding an element centne

(While three bars and two spaces are shown in Figure 9, if a space is‘the element for w
centre is to be calculated, then the diagram would have three spaces.instead of the bars
bars instead of the spaces. For light elements adjacent to the element at the end of the
some of the D1 through D4 measurements are omitted as theyswould fall outside the sy
segment’s measurable element boundaries.)

i) Calculate a point p1 along the mid-line which is’EE_Dist/2 from the previously cg
element centre in the direction of the new element.

ii)  Calculate d, through d, where:

d1=D1/2
d2=D2
d3=D3
d4=D4/2

iii)  Ifone of the values d; through d, is within 25 % of EE_Dist, select the one which is d
EE_Dist, and set the new EE_Dist to be the average of the current EE_Dist and the
d; through d, distance.

1§ If djor d; are selected, select the corresponding DI or D4 edge closest to the
thecentre of which is to be calculated. Offset this edge by (i / 2) * (EE_Dist /
appropriate direction (i.e. if i is positive, the offset will move the edge toy
Space included in the distance DI or D4; if negative, the offset will move aw
this space). Calculate a point p2 along the mid-line which is 0,75 times the
d; or d, value from the offset edge and toward the element centre to be cal

II) Ifd,ord;areselected, select the corresponding D2 or D3 edge closest to the
the centre ofwhlch is to be calculated. Offset thlS edge by @i/2)* (EE Dlst/

hich the
and two
id-line,
bol’s or

lculated

losest to
selected

plement,
2) in the
vard the
fay from
selected
rulated.

element
2) in the

+£
dppruopl laLC uu C\,LIUIJ Ll O 1T l lb lJUDlLlVC, LllC UllDCL VVlll ITTUVT LllC CUSC LU

ard the

space included in the distance DZ or D3; if negative, the offset will move away from

this space). Calculate a point p2 along the mid-line which is 0,25 times the

selected

d, or d; value from the offset edge and toward the element centre to be calculated.

III) Setthe element’s centre as halfway between p1 and p2.

iv)  Otherwise if none of the values dI through d4 is within 25 % of EE_Dist, leave EE_Dist at its
current value, use p1 as the new element’s centre, and proceed to the next element.

4) To calculate the final element centre, advance from the current element centre by EE_DIST / 2.
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5) Starting from the bar in the median element pair and proceeding in the opposite direction from
step 3), until reaching the other end of the bounded mid-line, calculate each element’s centre,
following the procedures in step 3).

6) To calculate the final element centre, advance from the current element centre by EE_DIST / 2.

If the number of modules in each side does not correspond to a valid first region, continue searching
from step d)6) for the next left peak and valley. Otherwise plot the data module sampling grid in the
data region by extending the alternating pattern module centres as follows.

1) Extend each side’s step €)3) mid-line and the opposite side’s “L’ line to form the vanishing point of
the two nearly parallel or parallel extended lines.

2) |[Extend rays from each vanishing point passing through the step g) module centres

perpendicular step €)3) line.

O

3) |The intersection of the two sets of nearly perpendicular rays should corresp(gq()f)’ the cq
the data modules in the data region, as shown in Figure 10.

O
\

~ B [
L, ]

HEANEE
HERZEN

NO

To up side vanishing point.
To right side vanishing point.

Figure 10 — Module sampling grid construction
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Continue to fill in the remaining data regions as follows.

1) When a data region is processed, form a new “L” for the next data section to the “left” or “above”

using one of the two following processes.

i) If the new data region is still bounded on one side by the original “L” from procedure b), repeat
from procedure c) to process the new data region using the selected set of points from step €)2)

and the set of points on the “L” from step b)2) which lie beyond the step €)2) line.

ii) If the new data region is bounded on two sides by data regions, repeat from procedure c) to
process the new data region using the selected set of points from step €)2) for each data region

which are adjacent and bound the new region on two sides.

2)

3)
4)

Fing

1)

2)

3)

4)

5)
6)
7)

If a data region does not match the number of modules in previously processed regions;
symbol to the largest number of regions which correspond to a legal symbol.

Decode the symbol with its one or more data regions starting with procedure k),

If the current data region exhausts its last peak and valley, revert to the previous data re
continue searching from step d)6) for the next left peak and valley in that/data region.

the data sections of a rectangular symbol.

Check the lengths of the two “L” sides in the candidate pair and identify one as “longer”
other as “shorter” within this candidate pair.

For each side of the “L” move a line perpendicular to the §ide and scanning along the leng

trim the

pion and

and the

th of the

other side of the “L”. Keep each search line parallel to the\other “L” side line. As each side is njoved by

the size of an image pixel, count the number of black/white and white/black transitions, b¢
and ending the count with transitions from the colour of the “L’ side to the opposite
transition from one colour to the other shall be\Counted only when the current search lin
as the search lines immediately above and below have the same colour, opposite to the pr

counted transition colour. As each side is m@ved by a pixel, plot the number of transitions, .

Continue until the parallel line moves further than the perpendicular leg of the “L” plus 50 9
shorter side, or 25 %, if it is the longeF-side.

Starting from the origin of theJplot, for each direction, find the first instance of a
(Ts = maximum of zero andyI’ = 1) value that is less than 15 % of the preceding local m
T value, provided that Tyvalue is greater than 1. Increment this X value until the T val
decreasing. If the T valGeydoes not increase, increment the X value once more. Refer to thijs
as the valley. Incremeént the local maximum’s X value until the T value decreases and refer
as the peak. Refer to)the average of the peak and valley X Values as the descending line X vz
valley line at this‘point may form a side of a symbol or data region.

Find the altefnating pattern lines for each side of the region similar to procedure e).
Plot the-module sample grid in the data region or symbol as in procedures f), g), and h).

[f-the data region defined is not a valid rectangular symbol, try to form a new data regi

boinning
olour. A
e as well
eviously

o for the

[ value
aximum
le stops
X value
to this X
lue. The

bn using

further valid pnal{ to va”ny p]nf transitions

8)
9)

Process any additional regions as in procedure i).

If a valid data region or two regions are detected, attempt to decode the symbol as in proce
and l). If the region(s) were not valid or the decode fails, disregard the candidate area.

dures k)

If the number of data modules is even or the symbol forms a valid rectangular symbol, decode the
symbol using Reed-Solomon error correction as follows.

1) Sample the data modules at their predicted centres. Black at the centre is a one and white is a zero.

2) Convertthe eight module samples in the defined codeword patterns into 8-bit symbol character values.
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3) Apply Reed-Solomon error correction to the symbol character values.
4) Decode the symbol characters into data characters according to the specified encodation schemes.
NOTE1 This reference decode algorithm was not designed to decode symbols composed of disconnected dots (e.g.

dot peen). In this case, the reference decode algorithm fails by design. Applications can use the methods described in
ISO/IEC 29158 to mitigate this limitation.

11 User guidelines

11.1 Human readable interpretation

Because| Data Matrix symbols are capable of encoding thousands of characters, a human*readable
interpretation of the data characters can be impractical. As an alternative, descriptive text rather than the
encoded text may accompany the symbol. The character size and font are not specified,-and the mmessage
may be printed anywhere in the area surrounding the symbol. The human readable interpretatioph should
not interfere with the symbol itself or the quiet zones.

11.2 Autodiscrimination capability

Data Mdtrix can be used in an autodiscrimination environment with a number of other symbologies (see
Annex K]).

11.3 System considerations

Data Mafrix applications shall be viewed as a total system solution (see Annex L).

12 Trdnsmitted data

12.1 General

This sedtion describes the standard transmission protocol for compliant readers. These readers| may be
progranimable to support other transmission options. All encoded data characters are included in the data
transmipsion. The symbology control characters and error correction characters are not transmittgd. More
complexinterpretations are addresséd below.

12.2 Protocol for FNC1

When FNC1 appears in the first symbol character position (or in the fifth symbol character positi¢n of the
first symbol of a Structufed Append sequence), it shall signal that the data conforms to the GS1 Application
Identifigr standard format (see Reference [3]). FNC1 in any other later position in such symbols acts gs a field
separatgr. Transmission of symbology identifiers shall be enabled. The first FNC1 shall not be repredented in
the tranpmitted data, although its presence is indicated by the use of the appropriate option value (P) in the
symboldgy identifier (see 12.6).

When uged-as a field separator, FNC1 shall be represented in the transmitted message by the ASCII character
<G> (ASCII value 29).

12.3 Protocol for FNC1 in the second position

When FNC1 is in the second symbol character position (or in the sixth symbol character position of the first
symbol of a Structured Append sequence), it shall signal that the data conforms to a particular industry
standard format. Transmission of symbology identifiers shall be enabled. The first FNC1 shall not be
represented in the transmitted data, although its presence is indicated by the use of the appropriate option
value (3) in the symbology identifier (see 12.6).
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The data encoded in the first symbol character shall be transmitted as normal at the beginning of the data.
When used as a field separator, FNC1 shall be represented in the transmitted message by the ASCII character
<Gg> (ASCII value 29).

12.4 Protocol for Macro characters in the first position

This protocol is used to encode two specific message headers and trailers in an abbreviated manner in Data
Matrix symbols.

When a Macro character is in the first position a preamble and postamble shall be transmitted. If the first
symbol character is 236 (i.e. encoding Macro 05), then the preamble [)>R;056¢ shall precede the encoded
data thatfollows it Ifthe first symbol characteris 237 (i e pnr‘nding Macro ﬂﬁ) then the prpnmhlp [w >RSO6GS
shall pre¢cede the encoded data that follows it. The postamble R¢Eo; shall be transmitted after the¢ data in
both cages.

12.5 Protocol for ECIs

In systems where ECIs are supported, the use of a symbology identifier prefix is.required with every
transmipsionlll. Whenever an ECI codeword is encountered, it shall be transmitted as thd escape
charactgr 92 (or 5Cygy), which represents the character “\” (backslash or reverse solidus) in the default
interpretation. The next codeword(s) are converted into a 6-digit value, (inverting the rules ddfined in
Table 6.|The 6-digit value is transmitted as the appropriate ASCII valuesZ{48 - 57). Application Joftware
recogniging \nnnnnn should interpret all subsequent characters as being from the ECI defined by the
6-digit sequence. This interpretation remains in effect until the end 6f the encoded data or until angther ECI
sequencp is encountered. If the backslash (byte 92;) needs to béwused as encoded data, transmissjon shall
be as follows. Whenever (ASCII 92;c) occurs as data, two bytes.of that value shall be transmittedl, thus a
single o¢currence is always an escape character and a double.d¢currence indicates true data.

EXAMPLE
Encgded data: A\\B\C
Trarjsmission: A\\\\B\\C

The use jof the symbology identifier assures that the application can correctly interpret the escape character.
An exception can be made if the ECI(s) can,be handled entirely within the reader.

12.6 Symbology identifier

ISO/IEC|15424 provides a standard procedure for reporting the symbology which has been read, fogether
with opfions set in the decoder and special features encountered in the symbol. Once the structute of the
data (in¢luding the use of-any ECI) has been identified, the appropriate symbology identifier should e added
by the decoder as a preamble to the transmitted data. The symbology identifier is required if ECI$ appear
anywhere in the symbol (unless exception condition in 12.5 is valid), or if FNC1 is used as defined i 12.2 or
12.3. The symbology identifier and option values defined in Annex H shall be used.

12.7 TranSmitted data example

In this example, The two-character message 7K 1s to be encoded, using the ASCIT encodation scheme. “J”
is represented by a byte value of 182 in Data Matrix's default character set (ECI 000003, which is equivalent
to ISO/IEC 8859-1). “XX” is a Cyrillic character not available in ECI 000003, but which can be represented in
ISO/IEC 8859-5 (see Reference [6]) (ECI 000007) by the same byte value of 182. The complete message can
therefore be represented by inserting a switch to ECI 000007 after the first character, as follows: The symbol
encodes the message <> <Switch to ECI 000007> <X>, using the following series of Data Matrix codewords:
[Upper Shift] [55] [ECI] [8] [Upper Shift] [55], with decimal values of [235], [55], [241], [8], [235], [55].

NOTE1 An Upper Shift character, followed by a codeword of value 55, encodes a byte value of 182.

NOTE 2  ECIs are encoded in Data Matrix as the ECI number plus one.
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The decoder transmits the following bytes (including the symbology identifier prefix with an option value of
4, which indicates use of the ECI protocol):

93,100, 52, 182,92, 48, 48, 48, 48, 48, 55, 182
which, if viewed entirely in the default interpretation, would appear graphically as: ]Jd4{\000007q

The decoder is responsible for signalling the switch to ECI 000007, but not for interpreting the result. ECI-
aware software in the receiving application would delete the ECI escape sequence \000007, and the Cyrillic
character “K” would be represented in a system-dependent manner (e.g. by changing the font in a desktop-
publishing file). The final result would match the original message of “J2K”.
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Annex A

Data Matrix interleaving process

A.1 Schematic illustration

Using the example of the 72 x 72 symbol size, four levels of interleaving are required to encode.d total of
368 dath codewords and 144 error correction codewords. These are divided into four blockslef|92 data
codewords and 36 error correction codewords, a total block length of 128 codewords. This|is depicted in
Figure A.1.
Codg- data codewords d error correction codewords.e
worll T T3 T 365 | 366| 367|368 1|23 |4 141 | 142 143 |[ 144
strepm
Blogdk 1 | data codewords d error correction ecedewords €
1|5 361 | 365 15 137 | 141
Blodk 2 data codewords d error correction codewords €
216 362 | 366 216 138 | 142
Blodk 3 data codewords d error correction codewords €
3|7 363 (367 3|7 139 | 143
Blodk 4 data codewords d error correction codewords €
4 |8 364 | 368 4 | 8 140 || 144
Figure'A.1 — Illustration of interleaving for 72 x 72 symbol
Symbol pize of 144 x 144 1S special in the sense that there are two block sizes, 156 for Block 1 to 8fand 155

for Blocl

Due to 1
ECC cod

t 9 and 10. 1558 data bytes and 620 ECC bytes are distributed in 10 blocks as depicted in Fig

hisunderstanding of a previous version of this document some implementations erroneou
ewords-from group 9 instead of group 1. Those implementations should follow this section.

ure A.2.

Kly start
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Codeword| Data codewords d Error correction codewords e
stream

1 2 3 1556 | 1557 | 1558 | 1 2 3 619 | 620
Block 1 Data codewords d Error correction codewords e

1 11 21 1541 | 1551 1 11 21 601 611
Block 2 Data codewords d Error correction codewords e

Z TZ 22 T54Z | 1552 A TZ 2z 602 | 612
Block 3 Data codewords d Error correction codewords e

3 13 23 1543 | 1553 3 13 23 603 613
Block 4 Data codewords d Error correction.codewords e

4 14 24 1544 | 1554 4 14 24 604 | 614
Block 5 Data codewords d Error correction codewords e

5 15 25 1545 | 1555 5 15 25 605 | 615
Block 6 Data codewords d Error correction codewords e

6 16 26 1546°| 1556 6 16 26 606 | 616
Block 7 Data codewords d Error correction codewords e

7 17 27 1547 | 1557 7 17 27 607 | 617
Block 8 Data codewords d Error correction codewords e

8 18 28 1548 | 1558 8 18 28 608 | 618
Block 9 Data codewords d Error correction codewords e

9 19 29 1549 9 19 29 609 | 619
Block 10 | Data codewords d Error correction codewords e

10 20 30 1550 10 20 30 610 | 620

Figure A.2 — Illustration of interleaving for 144 x 144 symbol
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A.2 Starting sequence for interleaving in different sized symbols

The sequence of the interleaved data codewords and error correction codewords is given in Table A.1.

Table A.1 — Sequence of data and error correction codewords for different symbol sizes

Symbol size

Reed-Solomon block

Sequence of data codewords

Sequence of error correction codewords

5252 1 1,3,5 201,203 1,3,5 81,83
2 2,4,6 202, 204 2,4,6 82,84

64 % 64 1 1,3,5 277,279 1,3,5 109,111
2 2,4,6 278, 280 2,4,6 110, 112
72x72 1 1,5,9 361,365 1,5,9 137, 141,
2 2,6,10 362, 366 2,6,10 138,442

3 3,7,11 363, 367 3,7,11 4139, 143

4 4,8,12 364, 368 4,8,12 o~ 14140, 144

80 x 80 1 1,5,9 449,453 1,5,9 O~ 185,189
2 2,6,10 450, 454 2,6,10 L Ol 186,190

3 3,7,11 451,455 3,711\ 187,191

4 4,8,12 452,456 4,812 O 188, 192

88 x 88 1 1,5,9 569, 573 1,59¢ N7 217,221
2 2,6,10 570, 574 2,610 218, 222

3 3,7,11 571,575 3)7, 11 219,223

4 4,8,12 572,576 .~ <|4,8,12 220, 224

96x 96 1 1,5,9 689,693 |1,5,9 265, 269
2 2,6,10 690, 69% 2,6,10 266, 270

3 3,7,11 691,695 3,7,11 267,271

4 4,8,12 .- 692, 696 4,8,12 268, 272

104 x 104 1 1,713  J.7 [805,811 1,7,13 325,331
2 2,814 . .. |806,812 2,8, 14 326,332

3 3,9, 15:0 807,813 3,9,15 327,333

4 4,10:16 808, 814 4,10, 16 328,334

5 51,17 809, 815 5,11, 17 329,335

6 ‘s, 12,18 810, 816 6,12,18 330, 336

120 x 12( 1 - |1713 1039,1045  |1,7,13 397,403
2 e 2,8,14 1040,1046  |2,8,14 398, 404

3 P 3,9,15 1041,1047  |3,9,15 399, 405

s & 4,10,16 1042,1048  |4,10,16 400, 406

5.0\ 5,11, 17 1043,1049  |5,11,17 401, 407

o

|5 6,12,18 1044,1050  |6,12,18 402, 408

132x130 A1 1,9,17 1289,1297  |1,9,17 481, 489
VJ 2 7’1{\ 18 12901298 7’1{\ 18 A.R?’A.Qﬂ

3 3,11, 19 1291,1299  |3,11,19 483,491

4 4,12,20 1292,1300  |4,12,20 484, 492

5 5,13, 21 1293,1301  |5,13,21 485, 493

6 6,14, 22 1294,1302 |6, 14,22 486, 494

7 7,15,23 1295,1303  |7,15,23 487,495

8 8,16, 24 1296,1304 |8, 16, 24 488, 496

144 x 144 1 1,11,21 1541,1551  |1,11,21 601, 611
2 2,12,22 1542,1552  |2,12,22 602, 612

3 3,13, 23 1543,1553  |3,13,23 603, 613
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Table A.1 (continued)
Symbol size Reed-Solomon block Sequence of data codewords Sequence of error correction codewords
4 4,14, 24 .. |1544,1554 4,14, 24 604, 614
5 5,15, 25 .. |1545,1555 5,15, 25 605, 615
6 6,16, 26 .. |1546,1556 6,16, 26 606, 616
7 7,17,27 .. |1547,1557 7,17,27 607,617
8 8,18, 28 .. |1548,1558 8,18, 28 608, 618
9 9,19, 29 .. |1549 9,19,29 609, 619
10 10, 20, 30 .. |1550 10, 20, 30 610, 620
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Annex B
(normative)

Data Matrix pattern randomising

B.1 General

The pattern randomising algorithms convert an input codeword at a given position to a new ranfomised
output dodeword.

B.2 253-state algorithm

B.2.1 General

This algprithm adds a pseudo-random number to the Pad codeword value. The\pseudo-random nunpber will
always he in the range of 1 to 253 and the randomised Pad codeword value-will be in the range 1 to 254.

The variable Pad_codeword_position is the number of data codewords from the beginning of encod¢d data.

B.2.2 P253-state randomising algorithm
INPUT (|Pad_codeword_value, Pad_codeword_position )
pseudo_fandom_number = ( ( 149 * Pad_codeword_position ) mod 253 ) + 1
temp_variable = Pad_codeword_value + pseudo_randeth_number
[F (temp_variable < 254 )

OUTPUT ( randomised_Pad_codeword.zalue = temp_variable )
ELSE

OUTPUT ( randomised_Pad_codeword_value = temp_variable - 254 )

B.2.3 P253-state un-randemising algorithm
INPUT (frandomised_PRad-codeword_value, Pad_codeword_position )

pseudo_fandom_number = ( ( 149 * Pad_codeword_position ) mod 253 ) + 1

temp_valjiable =randomised_Pad_codeword_value — pseudo_random_number

IF (temp Gzariable = 1)

OUTPUT ( Pad_codeword_value = temp_variable)
ELSE
OUTPUT ( Pad_codeword_value = temp_variable + 254 )
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B.3 255-state algorithm

B.3.1 General

This algorithm adds a pseudo-random number to the Base 256 encodation codeword value. The
pseudorandom number will always be in the range of 1 to 255 and the randomised Base 256 codeword value
will be in the range 0 to 255.

The variable Base256_codeword_position is the number of data codewords from the beginning of encoded data.

B.3.2 255-state randomising algorithm

INPUT (|Base256_codeword_value, Base256_codeword_position )
pseudo_fandom_number = ( ( 149 * Base256_codeword_position ) mod 255) + 1
temp_variable = Base256_codeword_value + pseudo_random_number
[F ( temp_variable < 255)
OUTPUT (randomised_Base256_codeword_value = temp_variable )
ELSE
OUTPUT (randomised_Base256_codeword_value = temp_variable 256 )

B.3.3 255-state un-randomising algorithm
INPUT (frandomised_Base256_codeword_value, Base256_codeword_position )
pseudo_fandom_number = ( ( 149 * Base256_codewordsposition ) mod 255) + 1
temp_variable=randomised_Base256_codeword_valte - pseudo_random_number
IF (temp_variable = 0)
OUTPUT ( Base256_codeword_value =temp_variable )
ELSE
OUTPUT ( Base256_codeword_yvalue = temp_variable + 256 )

© ISO/IEC 2024 - All rights reserved
38


https://standardsiso.com/api/?name=b916ef0279f4cea72667bd786410e7c0

ISO/IEC 16022:2024(en)

Annex C
(normative)

Data Matrix encodation character sets

Table C.1 — C40 encodation character set

£t tre——Hnsteset Shifttvet Shiftavet Shiftdvet
Char | Decimal | Char | Decimal Char Decimal | Char Decimal(l/b‘
0 Shift 1 NUL 0 ! 33 ' 96()
1 Shift 2 SOH 1 “ 34 a | o1
2 Shift 3 STX 2 # 35 b 98
3 space 32 ETX 3 $ 36 N7 99
4 0 48 EOT 4 % 37 |\ 100
5 1 49 ENQ 5 & 38 ~\ e 101
6 2 50 ACK 6 ‘ 3957 102
7 3 51 BEL 7 ( 540 g 103
-
8 4 52 BS 8 ) 4 T aw h 104
9 5 53 HT 9 oV i 105
10 6 54 LF 10 BN 43 i 106
11 7 55 VT T 44 k 107
12 8 56 FF 12 N - 45 I 108
13 9 57 CR 13 46 m 109
14 A 65 so | 1 / 47 n 110
15 B 66 SI «/O 15 58 0 111
16 C 67 | DLE-| 16 ; 59 p 112
17 D 68 (I pcl 17 < 60 q 113
18 E 69, .| DC2 18 = 61 r 114
19 F DC3 19 > 62 s 115
20 ¢« (U7 DC4 20 ? 63 t 116
21 n(] 72 NAK 21 @ 64 u 117
22 N~ 73 SYN 22 [ 91 v 118
23 7 74 ETB 23 \ 92 w 119
245 K 75 CAN 24 ] 93 X 120
e L 76 EM 25 A 94 y 121
! ‘\26 M 77 SUB 26 _ 95 z 122
AN 27 N 78 ESC 27 FNC1 ( 123
T 28 0 79 TS 78 T 27
29 P 80 GS 29 } 125
30 Q 81 RS 30 Upper Shift ~ 126
31 R 82 Us 31 DEL 127
32 S 83
33 T 84
34 U 85
35 v 86
36 w 87
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Table C.1 (continued)

C40 Value Basic set Shift 1 set Shift 2 set Shift 3 set
Char | Decimal | Char | Decimal Char Decimal | Char | Decimal
37 X 88
38 Y 89
39 Z 90
NOTE The relationship between the ASCII decimal value and the C40 value remains constant regardless of which

ECl is in effect.

1dDIe L.Z2 — 1ext encoaation cnardcter set b‘
- Basic set Shift 1 set Shift 2 set Shift 3 set Q(l/
ext value £
Char | Decimal | Char | Decimal | Char | Decimal | Char | Decimal, /
0 Shift 1 NUL 0 ! 33 ‘ del/”
1 Shift 2 SOH 1 “ 34 A [n\Oss
2 Shift 3 STX 2 # 35 B() 66
3 space 32 ETX 3 $ 36 \\K/ 67
4 0 48 EOT 4 % 37 Db 68
5 1 49 ENQ 5 & N E 69
6 2 50 ACK 6 - |, 8y F 70
7 3 51 BEL 7 (<" 40 G 71
8 4 52 BS 8 Q< 41 H 72
9 5 53 HT 9 | 42 I 73
10 6 54 LF 10,9 + 43 J 74
11 7 55 VT u~ | 44 K 75
12 8 56 FF |. 012 - 45 L 76
13 9 57 CR-|" 13 . 46 M 77
14 a 97 .80~ 14 / 47 N 78
15 b 98 s 15 : 58 0 79
16 c 99 /| DLE 16 ; 59 P 80
17 d | <00 | pc1 17 < 60 Q 81
18 e A\J101 DC2 18 = 61 R 82
19 A 102 DC3 19 > 62 S 83
20 |C 103 DC4 20 ? 63 T 84
21 ~P n 104 NAK 21 @ 64 U 85
202~ | 105 SYN 22 [ 91 v 86
OB j 106 ETB 23 \ 92 w 87
I 2 k 107 CAN 24 ] 93 X 88
AF 2 1 108 EM 25 A 94 Y 89
% 26 m 109 SIIR 26 — 98 VA 90
27 n 110 ESC 27 FNC1 { 123
28 o 111 FS 28 | 124
29 p 112 GS 29 } 125
30 q 113 RS 30 Upper Shift ~ 126
31 r 114 Us 31 DEL 127
32 s 115
33 t 116
34 u 117
35 v 118
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Table C.2 (continued)

Basic set Shift 1 set Shift 2 set Shift 3 set
Text value
Char | Decimal | Char | Decimal | Char | Decimal | Char | Decimal

36 w 119

37 X 120

38 y 121

39 Z 122

NOTE The relationship between the ASCII decimal value and the Text value remains constant regardless of which
ECl is in effect.
Table C.3 — EDIFACT encodation character set (\q/b‘
a\
Data character EDIFACT Data character n",l" EDIFACT
Char Decimal Binary value binary Char Decimal Binar)anhu‘g bjnary
value value value R alue

@ 64 01000000 000000 space 32 09—1be00 100000
A 65 01000001 000001 ! 33 K @%0001 100091
B 66 01000010 000010 “ 34 ‘_O 0100010 100010
C 67 01000011 000011 # ?5{0 00100011 100011
D 68 01000100 000100 $ . @\6 00100100 100100
E 69 01000101 000101 % ,\<( 37 00100101 100101
F 70 01000110 000110 & V38 00100110 100110
G 71 01000111 000111 'Q\\\\ 39 00100111 100111
H 72 01001000 001000 d,\ 40 00101000 101000
I 73 01001001 001001 \%\) 41 00101001 101001
] 74 01001010 001010 N ,'® * 42 00101010 101010
K 75 01001011 001011 ‘A\v + 43 00101011 101011
L 76 01001100 0011‘0‘0\0 , 44 00101100 101100
M 77 01001101 OQL@ - 45 00101101 101101
N 78 01001110 @110 . 46 00101110 101110
0 79 01001111‘\\ ‘001111 / 47 00101111 101111
P 80 010102@\‘ 010000 0 48 00110000 110000
Q 81 019_{(}.9@1 010001 1 49 00110001 1100‘)1
R 82 @b-lbOlO 010010 2 50 00110010 110010
S 83 ,\O> 1010011 010011 3 51 00110011 110011
T S@y 01010100 010100 4 52 00110100 110100
U /\@b 01010101 010101 5 53 00110101 110101
\% é\’f% 01010110 010110 6 54 00110110 110110
Wl £ 87 01010111 010111 7 55 00110111 110111
X % 88 01011000 011000 8 56 00111000 111000
Y 89 01011001 011001 9 57 00111001 111001
Z 90 01011010 011010 : 58 00111010 111010
[ 91 01011011 011011 ; 59 00111011 111011
\ 92 01011100 011100 < 60 00111100 111100
1 93 01011101 011101 = 61 00111101 111101
A 94 01011110 011110 > 62 00111110 111110
Unlatch 01011111 011111 ? 63 00111111 111111

NOTE The relationship between the ASCII decimal value and the EDIFACT value remain constant regardless of
which ECl is in effect.
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Annex D
(normative)

Data Matrix alignment patterns

Figures D.1 to D.4 are examples of alignment patterns.
EEEEEN

Figure D.1 — Alignment pattern eonfiguration for 32 x 32 square symbol

IIIIIII.

Figure D.2 — Alignment pattern configuration for 64 x 64 square symbol
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- E E C C .
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- C E = E -
AL L AR LS LA LR LR AL " LARLLEED) L LR A AL RS LARRRRRAL S LA LSS ™
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-------- L hhAAAL AL LASLL LSS LA LARALAL " LALRLLELL " LALL LRSS L
e E - .
- E - -
- - - -
- L = -
e E - -
E E C E -
- - - -
- L E -
-------- L LAAAALAAL" LALLLLRLL " LALLRRLLL " LARALLRLL " LALLLEL L)
= E =
. E -
= -4 -
c E -
E E E
. E E
E E E
L - -

Figure D.3 — Alignment pattern configuration for 120 x 120.square symbol

EEEEEERN I.IIIIII.

Figure D.4 — Alignment pattern configuration for 12 x 36 rectangular symbol
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Annex E
(normative)

Data Matrix Reed-Solomon error detection and correction

E.1 Error correction codeword generator polynomials

The err¢r correction codewords are the coefficients of the remainder resulting from first multipl

symbol
polyno
generat

For exar
(x+2)(x

=x5+ (2
(8 * 32)
“4 =

X2+ (21

= x5 + 62

Note thi
“exclusiy

polynonpial term generated by bit-by-bit multiplications

The poly
gx) =x°
The poly
gx) =X
The poly
gx) =x1
The poly
g =x1
The poly

909 =1

data polynomial d(x) by xk and then dividing it by the generator polynomial g(x). Eacl-g
ial is the product of the first-degree polynomials: x - 21, x - 22, ..., x - 2", where n is the degr
r polynomial.

hple, the fifth degree generator polynomial is:

+4)(x+8)(x+16)(x + 32)

+4+8+16+32)x4+ (2*4)+(2*8)+(2*16)+(2*32)+(4*8)+ )4 *16) + (4 *32) + (
+ (16 *32))x3+ ((2*4*8)+(2*4*16)+(2*4*32)+(2*8*16)+(2*8*32)+(2*1
8 * 16 + (4 * 8 * 32) + (4 * 16 *\32) + (8 * 16
4*%8*%16)+(2*%4*8*32)+(2*%4*16*32)+(2*8*16*32J+ (4*8*16*32))x+(2*4* 8%
x4+ 111x3 + 15x2 + 48x + 228.

e-or” operation in this Field, and multiplication~is' byte-wise modulo 100101101 for eac

nomial divisor for generating 5 check characters is:

+62x* + 111x3 + 15x2 + 48x + 228.

nomial divisor for generating 7 check characters is:

+254x5 + 92x5 + 240x* + 134x3'+ 144x2 + 68x + 23.

nomial divisor for generating 10 check characters is:

D + 61x% + 110x8 + 255%7 + 116x° + 248x5 + 223x* + 166x3 + 185x% + 24x + 28.

nomial divisof for generating 11 check characters is:

L+ 120x123797x? + 60x8 + 245x7 + 39x6 + 168x5 + 194x* + 12x3 + 205x2 + 138x + 175.
nomiahdivisor for generating 12 check characters is:

L G242x11 + 100x10 + 178x9 + 97x8 + 213x7 + 142x6 + 42x° + 61x* + 91x3 + 158x2 + 153x + 41

Iying the

bnerator
e of the

3+ 16) +
b * 32) +
* 32))
16 * 32)

it this Galois Field arithmetic is not normal integer arithmetic: - is equivalent to +, which is an

 binary

The polynomial divisor for generating 14 check characters is:

g(x) = x14 + 185x13 + 83x12 + 186x11 + 18x10 + 45x9 + 138x8 + 119x7 + 157x6 + 9x> + 95x* + 252x3 + 192x2 +

97x + 15

6.

The polynomial divisor for generating 18 check characters is:

g(x) = x18 + 188x17 + 90x16 + 48x15 + 225x14 + 254x13 + 94x12 + 129x11 + 109x10 + 213X + 241x8 + 61x7 + 66X°

+ 75x° +

188x% + 39x3 + 100x2 + 195x + 83.

The polynomial divisor for generating 20 check characters is:
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gx) = x20 + 172x19 + 186x18 + 174x17 + 27x16 + 82x15 + 108x14 + 79x13 + 253x12 + 145x11 + 153x10 + 160x° +
188x8 + 2x7 + 168x6 + 71x5 + 233x* + 9x3 + 244x2% + 195x + 15.
The polynomial divisor for generating 24 check characters is:

g(x) = x2% + 193x23 + 50x22 + 96x21 + 184x20 + 181x19 + 12x18 + 124x17 + 254x16 + 172x15 + 5x14 + 21x13 +
155x12 + 223x11 + 251x10 + 197x9 + 155x8 + 21x7 + 176x0 + 39x> + 109x* + 205x3 + 88x2 + 190x + 52.

The polynomial divisor for generating 28 check characters is:

g(x) = x28 + 255x27 + 93x26 + 168x25 + 233x%4 + 151x23 + 120x22 + 136x21 + 141x20 + 213x19 + 110x18 + 138x17
+ 17x16 + 121x15 + 249x14 + 34x13 + 75x12 + 53x11 + 170x10 + 151x9 + 37x8 + 174x7 + 103x6 + 96x5 + 71x* +

97x3 + 43xet 231 x211

The polynomial divisor for generating 36 check characters is:

g(x) = x36 + 112x35 + 81x34 + 98x33 + 225x32 + 25x31 + 59x30 + 184x29 + 175x28 + 44x27 + (15x26 + [119x25 +
95x24 + [137x23 + 101x22 + 33x21 + 68x20 + 4x19 + 2x18 + 18x17 + 229x16 + 182x15 + 80x14~+ 251x13 + P20x12 +
179x11 4 84x10 + 120x% + 102x8 + 181x7 + 162x° + 250x5 + 130x* + 218x3 + 242x2 + 1275+ 245.

The polynomial divisor for generating 42 check characters is:

gx) = x* + 5x*1 + 9x40 + 5x39 + 226x38 + 177x37 + 150x36 + 50x35 + 69x3% + 202%33 + 248x3% + 101x3] + 54x30
+57x29 + 253x28 + x27 + 21x26 + 121x25 + 57x2% + 111x23 + 214x22 + 105x285%167x20 + 9x19 + 100x18 4 95x17 +
175x16 + 8x15 + 242x14 + 133x13 + 245x12 + 2x11 + 122x10 + 105x° + 247x8% 153x7 + 22x0 + 38x° + 19x% + 31x3
+137x2{ 193x + 77.

The polynomial divisor for generating 48 check characters is:

g(x) = xB + 19x47 + 225x46 + 253x%5 + 92x4* + 213x43 + 69x*2¥ 175x41 + 160x40 + 147x39 + 187x38  87x37 +
176x36 4 44x35 + 82x34 + 240x33 + 186x32 + 138x31 + 66x30+ 100x29 + 120x28 + 88x27 + 131x26 + P05x25 +
170x2%4 490x23 + 37x22 + 23x21 + 118x20 + 147x19 + 16x18 +106x17 + 191x16 + 87x15 + 237x14 + 188x13 | 205x12
+231x11 + 238x10 + 133x9 + 238x8 + 22x7 + 117x° +. 32x5 + 96x* + 223x3 + 172x2 + 132x + 245.

The polynomial divisor for generating 56 check characters is:

g(x) = x§6 + 46x55 + 143x5% + 53x53 + 233x52+ 107x51 + 203x50 + 43x49 + 155x48 + 28x47 + 247x%6 4 67x45 +
127x4% 4 245x43 + 137x42 + 13x41 + 164204 207x39 + 62x38 + 117x37 + 201x36 + 150x35 + 22x34 + P38x33 +
144x32 4 232x31 + 29x30 + 203x29 + 117x28 + 234x27 + 218x26 + 146x25 + 228x24 + 54x23 + 132x22 } 200x21
+ 38x20 |+ 223x19 + 36x18 + 159x17£350x16 + 235x15 + 215x14 + 192x13 + 230x12 + 170x11 + 175x10 |k 29x9 +
100x8 + R08x7 + 220x6 + 17x° + 12x¥ + 238x3 + 223x% + 9x + 175.

The polynomial divisor for generating 62 check characters is:

gx) = x42 + 204x61 + 1Ax80 + 47x59 + 86x58 + 124x57 + 224x56 + 166x55 + 94x54 + 7x53 + 232x52 + [107x51 +
4x50 + 170x%9 + 176x48% 31x47 + 163x46 + 17x45 + 188x*4 + 130x43 + 40x*2 + 10x41 + 87x40 + 63x39 4 51x38 +
218x37 4 27x36 + 6x35+ 147x34 + 44x33 + 161x32 + 71x31 + 114x30 + 64x29 + 175x28 + 221x27 + 185x26 | 106x25
+ 250x%1 + 190x23# 197x22 + 63x21 + 245x20 + 230x19 + 134x18 + 112x17 + 185x16 + 37x15 + 196x14 + [L08x13 +
143x12 4 189xLL+ 201x10 + 188x9 + 202x8 + 118x7 + 39x6 + 210x5 + 144x* + 50x3 + 169x2 + 93x + 242

The polynomial divisor for generating 68 check characters is:

g(x) = x68 + 186x57 + 82x56 + 103x55 + 96x64 + 63x63 + 132x6% + 153x61 + 108x00 + 54x59 + 64x58 + 189x57 +
211x56 + 232x55 + 49x54 + 25x53 + 172x52 + 52x51 + 59x°0 + 241x49 + 181x48 + 239x47 + 223x46 + 136x45 +
231x44 + 210x43 + 96x42 + 232x41 + 220x40 + 25x39 + 179x38 + 167x37 + 202x36 + 185x35 + 153x34 + 139x33
+ 66x32 + 236x31 + 227x30 + 160x29 + 15x28 + 213x27 + 93x26 + 122x25 + 68x24 + 177x23 + 158x22 + 197x21 +
234x20 + 180x19 + 248x18 + 136x17 + 213x16 + 127x15 + 73x14 + 36x13 + 154x12 + 244x11 + 147x10 + 33x9 + 89x8
+56x7 + 159x6 + 149x° + 251x* + 89x3 + 173x% + 228x + 220.

E.2 Error correction calculation

The Peterson-Gorenstein-Zierler algorithm may be used to correct errors in decoded Data Matrix symbols.
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The calculation described below follows this error correcting algorithm, using the Reed-Solomon error
correction codewords.

Erasures shall be corrected as errors by initially filling any erasure codeword positions with dummy values.

All calculations shall be done using GF(28) arithmetic operations. Addition and subtraction are equivalent to
the binary XOR operation. Multiplication and division can be performed using log and antilog tables.

Construct the symbol character polynomial C(x) = C,, _ (x" ~ 1+ C, _,x" =2 + ..

+ C;x! + C, where the n

coefficients are the codewords read with C, _; being the first symbol character and where n is the total

number

Calculat,

of symbol characters.

i cundraoma vualuac € theangh © buaualuating OO ot v — 2Kk for I — 1 thvonagh 7 wshar
=5y artHes = A= oot = S EHH—Wret

o | is the

number

Form an

where j
Constru
L(x)

from th
number

Whenev|
symbol

Save thg
location
magnitu

Trorrorrre—y O tHT OUsTTOT— T Oy cvaruatiirg ot otz = 1o it TCIIT

of error correction codewords in the symbol.

d solve j simultaneous equations with j unknowns L, through L; _ ; using the i syndromes:

SoLo+ S1Ly+..+ S8 4L 1=

S1Lo + Sl + .+ SiLi 12544

Sj_lLO+S]'L1+...+52j_2L'_1=SZj_1
= i/2.

Ct the error locator polynomial:
=L X0+Li 01+ +Lpx+1

 j values of L obtained above. Evaluate LX) at x = 2k for k = 0 through n - 1 where n is
of symbol characters in the symbol.

er L(2%) = 0, an error location is.given by n - 1 - k. If more than j error locations are fo
s not correctable.

error locations in m errox.location variables E, through E,, _ ; where m is the number
5 found. Form and solve-msimultaneous equations with m unknowns X, through X, _; (t
des) using the error location variables E and the first m syndromes S:

EoXo+ E1 Xy + .. £Ey _1X,,_1-S0
Ey2Xy + E X+ + Egy - 1)2Xm _1=51

E03XO + E13X1 +..+ E(m _ 1)3Xm 1= SZ

he total

und, the

of error
he error

EgmXo + EyMXy + o+ By - )Xy 1=Sp -1

Add the error magnitudes X, through X, _; to the symbol character values at the corresponding error
locations E,, through E,, _; to correct the errors.

NOTE

Ey..E - are the roots of the error locator polynomial.

m-1
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E.3 Calculation of error correction codewords

The following is an example of a generic routine, written in C, which calculates the error correction
codewords for a given data codeword string of length "nd", stored as an integer array wd[]. The function
ReedSolomon() first generates log and antilog tables for the Galois Field of size "gf" (= 28) with prime
modulus "pp" (= 301), then uses them in the function prod(), first to calculate coefficients of the generator
polynomial of order "nc" and then to calculate "nc" additional check codewords which are appended to the

data in wdl3L[6].

/*

upro

d(x,y,log,alog,gf)" returns the product "x" times "y" */

int prod(int x, int y, int *log, int *alog, int gf) {

/*

if |
ELSE

"Ree

/* and
/* powe
void Re

/*

/*

/*

int

allo
log
alog
logl
for

-

allo
c =
for
for

Q

Q

clea
for
for

Hh &

free
free
free

'x || !y) return 0;
ot 1 ol (1 ol 1 L1
- L - L J

bdSolomon (int *wd, int nd, int nc, int gf, int pp) {
i, j, k. *log,*alog, *c;

Fate, then generate the log & antilog arrays: */
= malloc (sizeof (int) * gf);
malloc(sizeof (int) * gf);

D] = 1-gf; alog[0] = 1;

(i = 1; 1 < gf; i++) |

log[i] = alog[i-1] * 2;

F (alog[i] >= gf) alogl[i] "= pp;
bglalog[i]l] = i;

alloc(sizeof (int) * (nc+1));
i=1; i<=nc; 1i++) c[i] = 0; c[0] = 1;

(
(1=1; i<=nc; 1i++) {
[i] = cl[i-1];
br  (J=1-1; 3>=1; j--) |
cljl = cl3-11 » prod(cljl,aloglii(log,alog,gf);

[0] = prod(c[0],alog[i],log,ale@yygf);

', then generate "nc" checkwords in the array wd[] : */
(i=nd; i<=(nd+nc); i++y"wd[i] = 0;

(i=0; i<nd; i++) {

= wd[nd] *~ wd[i] ;

br (j=0; j<nc; JH+IA

wd[nd+j] = wdmd+j+1l] »~ prod(k,c[nc-j-1],log, alog,gf);

rate, then generate the generator polynomial cegfficients:

HSolomon (wd, nd,nc,gf.pp)" takes "nd" data codeword values in wd[]
bdds on "nc" check codewords, all within GF(gf) where "gf"
 of 2 and "pp" is the value of its prime modulus polynomial */

is a */

*/

*/
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Annex F
(normative)

Symbol character placement

F.1 Symbol character placement sample program

The follgwing C language program generates symbol character placement diagrams:

#includ
#includ

<stdio.h>
<alloc.h>

b
b

int nrof, ncol, *array;

/* "modpile" places "chr+bit" with appropriate wrapping within array[] */
void moflule (int row, int col, int chr, int bit)
{ if (rpw < 0) { row += nrow; col += 4 - ((nrow+4)%8); }
if (pol < 0) { col += ncol; row += 4 - ((ncol+4)%8); }
arrafy[row*ncol+col] = 10*chr + bit;

}
/* "utah" places the 8 bits of a utah-shaped symbol character &/
void utph(int row, int col, int chr)
{ modulg (row-2,col-2,chr,1);
modulle (row-2, col-1,chr,2);
modufle (row-1,col-2,chr,3);
modufle (row-1,col-1,chr, 4)
modufle (row-1, col, chr,5);
modulle (row, col-2,chr, 6) ;
modulle (row,col-1,chr,7);
modufle (row,col,chr, 8);

’

}

/* "corherN" places 8 bits of the four speCial corner cases */

void cofnerl (int chr)

{ modulg (nrow-1,0,chr,1)
modufle (nrow-1,1, chr, 2

’

)
modufle (nrow-1, 2, chr, 3);
modufle (0, ncol-2,chr,4);
modufle (0, ncol-1,chr,5);
modufle (1,ncol-1,chr, 6);
modufle (2, ncol-1,chr,7) ;
modufle (3, ncol-1, chr, 8);

}

void cokner2 (int chr)

{ modulg (nrow-3,0,che,/1);
modufle (nrow-2,0%chr, 2)
modufle (nrow—44'0, chr, 3) ;

modufle (0, nced#4, chr, 4);

)
)

’

modufle (0, mco0l-3,chr,5);
modufle (0, ncol-2, chr, 6

modufléA®, ncol-1,chr,7);

’

module(l, ncorl—-1,cnr, 8/,

}

void corner3 (int chr)

{ module (nrow-3,0,chr,1);
module (nrow-2, 0, chr, 2)
module (nrow-1,0, chr, 3)
module (0,ncol-2,chr,4);
module (0, ncol-1,chr,5);

( )
( )
( )

’

’

’

module (1,ncol-1,chr, 6
module (2,ncol-1,chr, 7
module (3,ncol-1,chr,8

’

’

}
void cornerd (int chr)
{ module (nrow-1,0,chr,1);
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module (nrow-1,ncol-1,chr,2);
module (0, ncol-3, chr,3);
module (0,ncol-2, chr,4)
module (0, ncol-1,chr,5);
module (1,ncol-3,chr, 6);
( )
( )

’

’

module (1,ncol-2,chr,7
module (1,ncol-1,chr, 8

’

}

/* "PlaceDM" fills an nrow X ncol array with appropriate values */
void PlaceDM (void)

{ int row, col, chr;

/* First, fill the array[] with invalid entries */
for (row=0; row<nrow; row+t+) {

fpr—{ToI=07 COIINCOL; COLTT] 1

array[row*ncol+col] = 0;
}
}
/* Starfing in the correct location for character #1, bit 8,... */
chr ¥ 1; row = 4; col = 0;
do {
/* repeptedly first check for one of the special corner cases, then... ¥/
if ((row == nrow) && (col == 0)) cornerl (chr++);
if ((row == nrow-2) && (col == 0) && (ncol%4)) corner2(chr++) .
if ((row == nrow-2) && (col == 0) && (ncol%8 == 4)) corner3chr++);
if ((row == nrow+4) && (col == 2) && (! (ncol%8))) cornerd (shrh+);
/* sweep upward diagonally, inserting successive characters, ..,/
do {
if ((row < nrow) && (col >= 0) && ('array[row*ncol+ceil))
utah (row, col,chr++);
rpw -= 2; col += 2;
} whiile ((row >= 0) && (col < ncol));
row f= 1; col += 3;
/* & then sweep downward diagonally, inserting successive characters, ...

+
do {
if ((row >= 0) && (col < ncol) && ('array[row*ncol+col]))
utah (row,col, chr++);
rpw += 2; col -= 2;

} whiile ((row < nrow) && (col >= 0N~
row ff= 3; col += 1;

/* ... pntil the entire array isl\scanned */
} whiile ((row < nrow) || (€ol*< ncol));

*/

/* Lastlly, if the lower righthand corner is untouched, fill in fixed pattern */

if (Jarray[nrow*ncol~<L]Y {
array[nrow*ncolAN= array[nrow*ncol-ncol-2] = 1;

}

/* "maih" checks\for valid command line entries, then computes & displays array */

void mafin (inteaxrgc, char *argv[])
{ int x| v, \@7

if (prgc =< 3) {

printf ("Command line: # of Data Rows # of Data Columns\n");

} ELSE {
nrow = ncol = 0;
nrow = atoi(argv[l]); ncol = atoi(argv([2]);
if ((nrow >= 6) && (~nrow&0x01l) && (ncol >= 6) && (~ncol&0x01)) {
array = malloc(sizeof (int) * nrow * ncol);
PlaceDM() ;

for (x=0; x<nrow; x++) {
for (y=0; y<ncol; y++) {

z = arrayl[x*ncol+y];
if (z == 0) printf (" WHI");
ELSE if (z == 1) printf ("BLK");
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ELSE printf ("%$3d.%d",z/10,2z%10);
}
printf ("\n") ;
}

free (array) ;

F.2 Symbol character placement rules

F.2.1 Non-standard symbol character shapes

and at spme corners, a small set of non-standard symbol characters is required. There are six)co
dary conditions which affect all symbol formats, and four different corner conditions-which apply

two bo

to certa
a) One
app
the
b) One
bott

arra
Tab

c¢) Fou
star
gen
in F|
In F|

for boundary placement, which define the relative vertical position of the symbol characters ill

in F|
con

n symbol formats.

portion of the symbol character shape is placed on one side and the other on the‘opposite s
ies to two basic symbol character shapes (see Figure F.1). Variants of these arrangements
Fow-to-row relationship between the left- and right-hand boundary (see/Table F.1).

om boundary. This applies to two basic symbol character shapes.(sée Figure F.2). Variants
ngements concern the column-to-column relationship between‘the top and bottom bound
e F.1).

" symbol character shapes are split between two or thrée corners (see Figures F.3 to E.6). ]
dard symbol shapes are placed at opposite boundaries» The number of these pairings incr
bral proportion to the size of the perimeter of the mapping matrix. The basic pattern is as ill
gures F.1 and E.2. In Figure F.1, modules a8 and@a?7 are in the same row, as are modules b7
gure F.2, module c6 and c3 are in the same colunin as are modules d3 and d1. There are seV|

Table F.1 — Factors which determine the boundary placement cases

ditions:

Becaus:Ehe standard symbol character shape cannot always fit at the data module boundaries of thisymbol

de. This
concern

portion of the symbol character is placed on the top boundary(and the other portion on the

of these
ary (see

'he non-
eases in
1strated
and bé6.
en cases
istrated

gure F.1, the horizontal position of the symbol characters illustrated in Figure F.2, and the corner
litions.

Boundpry | Row relationship Cohimn relationship of Corner Mapping Refdr to
placement | of module a8 and p condition matrices Annex H Figure
module c6 and c3 .
cas¢ a7 Figure no. affected no. for gxample
Square: 82, 162,
_ _ 242,322,402 482, . N
1 a7 Row = a8-Row c3 Column = c6 Column None 562 642 722, 802, Figure F.9,F.16
882,962, 1202
a7 Row c3 Column 102 182 | Fi
2 = 18 Row 2 - ¢6 Column - 2 None Square: 104, 18 Figure §10, F.17
Square: 122
a7 Row c3 Column 2502 222 A2 | o
3 =a8 Row + 4 =¢6 Column + 4 E3 20 ‘12,\802’ 3169,’)244 | Eigure R11, E18
a7 Row c3 Column 142 222 | Fi
4 — 28 Row + 2 — ¢6 Column + 2 F4 Square: 144, 22 Figure F.12, F.19
5 a7 Row = a8 Row ¢3 Column E.5 Rectangular: Figure F.13
=c6 Column + 2 = 6x16,14x 32 *
6 a7 Row = a8 Row ¢3 Column None Rectangular: Figure F.14
=¢6 Column - 2 10 x 24,10x 32 *
a7 Row c3 Column Rectangular: .
7 =a8 Row + 4 =¢6 Column + 2 E6 6x28,14x 44 Figure F.15
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a b

N Ve

al | a2

a5 a3 | a4

™
S
Left|boundary. q/q;’
Right boundary. Q
NO
Figure F.1 — Left and right symbol characters \Qg)
a o
4 N
c6 | c7 | c8 Q O
QO
%
3\‘0
cl | c2 @Sb
)
acE
o
3°
Top poundary. O®
Bottiom boundary. C)
O B
Q%\ igure F.2 — Top and bottom symbol characters
‘éss?~ x4 | x5
X6
R
CE) X7
x8

x1 | x2 | x3

Figure F.3 — Corner condition 1
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x4 | x5 | x6 | X7

x8

x1

X2

x3

NOTE 1 | ,Algebraic notation has been used to identify the symbol characters because these vary dependi

symbol format

Figure F.4 — Corner condition 2

x3 | x4 | X5
X6 | x7 | x8
x1 %2

Figure F.5 — Cornercondition 3

x4 | x5

X6

X7

1 x8
x2
x3

Figure F.6 — Corner condition 4

1g on the

NOTE 2  The corner characters are identified by the module in the bottom left and top right corners.

F.2.2 Symbol character arrangement

The symbol characters are placed in a matrix in the following manner.

a) A mapping matrix is created.

1) For small symbols with only one data region, this equates to the mapping matrix.
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For larger symbols with more than one data region, the mapping matrix equates to an area

the size

of the abutted data regions. In effect, the mapping matrix has no separating alignment patterns. For
example, the 36 x 36 format symbol has four 16 x 16 data regions which abut to create a mapping

matrix 32 x 32. The size of the mapping matrix for each symbol format is given in Table

boundary placement case is given in Table F.1.

10. The

Symbol character 2 is placed in the uppermost left position, with its modules conforming to the bit (or
module) sequence defined in Figure 3. Using the notation 2.1 to identify module 1 of symbol character 2,
this module is in the top row and leftmost column of every mapping matrix. The module array sequence
shown in Figure F.7 is constant for all mapping matrices.

The

of the standard symbol character shapes continues, nesting the shapes as illustrated in Figun

sym
pro
are

The

45-degree parallel diagonallings between the lower left and upper right, generally linking thr

cent

The
exce
detsd
as1

Att

ZT | 22
23 | 24 | 25
26 | 27 | 28

Figure F.7 — Starting sequencefor module placement

corner shapes are positioned according to:Fable F.1 and the appropriate Figures F.3 to E.6.

bol characters 2, 5 and 6. The non-standard symbol characters are positioned as per Table
fess results in the mapping matrix(eing completely covered in symbol characters, most
lin-numbered.

sequence of symbol characters is determined as follows. Symbol characters are arra

res on module 8.

pt in the case-of-the 6 x 28 mapping matrix, where the corner condition, as defined in Fi;
rmines the valires of modules in symbol character 1 (i.e. making the module identified in F]
b representmodule 1,2). The diagonal line continues through modules 2.8 and 3.8.

1is point, the diagonal line crosses the top row boundary. The next diagonal line is started 4

tot

i.e. the.diagonal line is always displaced by 4 modules. Symbol characters are numbered in ord{

e rightin the top row, or in the case of the 8 x 8 mapping matrix, 3 modules right and 1 modu

Plotting
e F.7 for
F.1. This
bf which

hged on
ugh the

first diagonal line starts with the line through module 8 of symbol character 1; this is miodule 8

bure F.6,
gure F.7

modules
e down;

b1, based

on the placement path crossing module 8. Thus, the next characters are determined by the downward
diagonal line crossing modules 4.8, 5.8, 6.8 and so on.

As shown in Figure F.8, the placement path continues as diagonal lines four modules to the right (or
four modules down, or combinations thereof) from the previous diagonal line. The first, and all odd
numbered, diagonal lines map the symbol character sequence from bottom left to top right. The second,
and all even numbered, diagonal lines map the symbol character sequence from the top right to the
bottom left.
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11.2§ 7.6 /
/

114115 | »

11.7

a/ b

b a

Figure F.8 — Symbol character placement sequence

en the placement-path encounters a non-standard symbol character shape, which is not co

psite side~of the matrix. This has the effect of numbering the opposite portions of thesd
acters-before the placement path crosses that position. For example, in the illustrated

rix (see Figure F.8) the other portions of symbol character 3 and 7 are pre-numbered b¢
ement path crosses them. Thus, the placement path only numbers un-numbered symbol ch:

mpletely

ained withit~the boundaries of the mapping matrix, that symbol character is continuegl on the

symbol
mapping
fore the
iracters.

b F.8 for

Th Baiinda oo 4 ad ifia da—Tolblao 1 Tl nlha caan 1o
ese ooTITCar y ot corRer—conatttons—are oy\,\.ul\,u H—Tasre—Tr—r—THS—E€arDe—Sechih 1 lgul

symbol characters 1, 3, 4 and 7. The corner conditions also affect the numbering sequence. The bottom
left corner as illustrated in:

— Figure F.3 is numbered immediately before the symbol character above it (see Figures F.11 and F.18

for examples);

— Figure F.4 is numbered immediately before the symbol character above it (see Figures F.12 and F.19

for examples);

— Figure E5 is numbered immediately after the symbol character to its right (see Figure F.13 for an

example);
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— Figure F.6 is numbered immediately before the symbol character above it (see Figure F.15 for an
example).

The remaining modules of the corner are numbered before the placement path crosses them.

i) The placement procedure continues until all symbol characters are placed, and it ends in the lower right
of the mapping matrix. Four sizes of mapping matrix (10 x 10, 14 x 14, 18 x 18 and 22 x 22) havea 2 x 2
area remaining in the bottom right hand corner. The top left and bottom right modules of this area are
dark (nominally encoding binary 1). This is illustrated in Figure E.8.

Typical mapping matrices conforming to this procedure are illustrated in E.3. Figures F.9 to F.15 cover
respectlve cases 1to 7 for boundary placement. Flgures F.16 to E.19 are another set of examples for cases 1to
r matrix.

o

F.3 Symbol character placement examples

21| 22136 |37 |38)43 |44 |45

23 24 | 2551|5246 |47 |48

26 |27 | 2853 |54 |55 1112

1561 | 62]56 |57 |58)13 |14

18 63|64 ]|65]81y82)16 |17

721 66|67 |68)83 |84 |85])71

74 | 75431132186 |87|88]73

77 | 789433 |34 |35}141|42)76

Figure F.9 — Codeword placement for square mapping matrix of size 8
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21 (22336 |37 |38} 43 | 44 | 45 1.1 1.2

23 24| 2551|5246 | 47 | 48 1.3 1.4

26 | 27| 28)53 |54 | 55 (101 |102] 1.6 1.7

1561|6256 |57 |58 103|104 105]) 7.1

BLK]

WHT.

lof 6.5 ] 64 ] 05]o0l oz fJ1U0.6 | 10.7 | 10.0 /7.3

72166 |67|68]183| 84 |85 (111|112 ] 7.6

74 |75)181|82)86 | 87 | 88 J11.3| 114 | 11.5

77 |78 183 |84 |85)121 122116 | 11.7 \N¥1.8

31 |32 86|87 |88])123 124|125 a b

33 (34135 |41 | 42126 |12.7H12.8 b a

Figure F.10 — Codeword placement for square mapping matrix of size 10
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21 | 2.2 3.6 3.7 3.8 4.3 4.4 4.5 13.1 13.2 8.4 8.5
2.3 2.4 2.5 51 5.2 4.6 4.7 4.8 13.3 13.4 13.5 8.6
26 | 2.7 2.8 53 5.4 5.5 12.1 | 12.2 § 13.6 13.7 13.8 8.7
1.5 6.1 6.2 5.6 5.7 5.8 123 | 12.4 12.5 141 14.2 8.8
1.0 6.3 0.4 6.0 I1.1 11.2 12.6 12.7 1Z2.6 14.5 14.4 14.5
72 66 | 6.7 | 68 J11.3 |11.4 | 115151 | 15.2 | 14.6 | 14.7 | 14.8
74 | 75 101 | 102116 |11.7 | 11.8 § 153 | 154 | 15.5 1.1 1.2
77 | 78 §10.3 | 10.4 | 105 16.1 | 16.2 § 15.6 | 15.7 | 15.8 1.3 1.4
91 | 92 |10.6 | 10.7 | 10.8§16.3 | 16.4 | 16.5 ] 18.1 % 18.2 1.6 1.7
93 | 94 | 95 171 | 172166 | 16.7 | 1684183 | 184 | 185 | 7.1
96 | 97 | 98 § 173|174 175} 3.1 |,3:2 | 186 | 187 | 188 | 7.3
81 |82 | 83 (176|177 |178 >33 | 3.4 3.5 4.1 4.2 7.6

Figure F.11 — Codeword placement for square mapping matrix of size 12
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21| 22 Q136 | 37 | 3843 | 44 | 45 | 131 | 132 84 8.5 8.6 8.7
23 | 24 | 25 5.1 5.2 46 | 47 | 48 | 133 | 134 | 135 | 14.1 | 14.2 8.8
26 | 27 | 28 § 53 | 54 | 55 121|122} 13.6 | 13.7 | 13.8 | 14.3 | 144 | 145
15161 | 62 |56 | 57 |58 (123|124 | 125 151 | 152 | 146 | 14.7 | 148
I8 63 | 6.4 | 65 JILT | IL.Z| 126 [ 127 | I1Z8 | 153 | 1.4 | I55 | L.I T2
712§ 66 | 67 | 68 113|114 | 11.5}§16.1 | 16.2 | 156 | 157 | 158 | 13 1.4
744 | 75 §10.1 | 102116 | 11.7 | 11.8§16.3 | 16.4 | 16.5 | 22.1 | 22,2 1.6 1.7
747 | 7.8 §10.3 | 104 | 105171 | 17.2§16.6 | 16.7 | 16.8 | 22.3N\V224 | 225 ] 7.1
91 | 9.2 §10.6 | 10.7 | 10.8 §17.3 | 17.4 | 175 21.1 | 21.294 22.6 | 22.7 | 228 | 7.1
93 | 94 | 95 | 181 (182176 | 17.7 | 178 21.3H21.4 | 21.5 | 23.1 | 23.2 7.6
96 | 9.7 | 9.8 | 183 | 18.4 | 185} 20.1 | 20.2 J-21.6 | 21.7 | 21.8 | 23.3 | 234 | 23F
81 §19.1|19.2118.6 | 18.7 | 18.8]20.3./20.4 | 20.5 | 241 | 24.2 | 23.6 | 23.7 | 238
82 1193|194 | 195} 3.1 | 3.2 §,20:6 | 20.7 | 20.8 | 24.3 | 244 | 245 a b
83 §119.6|19.7 (198} 3.3 |.34 | 35 § 41 | 42 | 246 | 247 | 248 b a

BLK]

WHT.

Figuré F.12 — Codeword placement for square mapping matrix of size 14
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2122036 |37 |38Q43 |44 |45] 9.1 9.2 | 10.6 | 10.7 | 108§ 7.3 74 | 7.5
23|24 | 2551|5246 |47 4893 |94 | 95 J111|11.2y 76 | 7.7 | 7.8
26 27| 28}53 |54 5581|8296 | 97 | 98 J11.3 | 114 |115] 1.1 | 1.2
15461 | 62§56 |57 |58)83 |84 | 85121 | 122116 | 117 | 118§ 13 |14
1.8 63T AT 65332 86T 8 F T 88 23T 24T 2S5 o T2+ 1.7
711066 | 6.7 | 68 § 33 | 34 | 35|41 | 42 §12.6 | 12.7 | 128 § 10.3 | 10.4 [(10.5 7.2
Figure F.13 — Codeword placement for 6 x 16 rectangular mapping matrix
2.1 36 |37 | 3843 | 44 | 45 111 | 11.2 § 12.6 | 12.7 | 12.8 | 13.3 | 13.4 | 13.5 | 21.1 | 24.2\,22.6 | 22.7 | 22.8 | 23.3 | 23.4|| 23.5
2.3 25151 | 5246 | 47 | 48 §11.3 | 11.4 | 11.5 | 14.1 | 142 | 13.6 | 13.7 | 13.8 | 21.3\21.4 | 21.5 | 24.1 | 24.2 | 23.6 | 23.7|| 23.8
2.6 28 |53 |54 |55 )101|102)11.6 | 11.7 | 11.8 | 14.3 | 144 | 145 | 20.1 | 20.2 | 21.6 | 21.7 | 21.8 | 24.3 | 24.4 | 245 1.1 1.2
1.5 62| 56 | 57 | 58 §10.3|10.4| 105§ 15.1 | 15.2 | 14.6 | 14.7 | 14.8 | 20:3/| 20.4 | 20.5 | 25.1 | 25.2 | 24.6 | 24.7 | 24.8 ] 1.3 1.4
1.8 64 | 650191 | 92 J10.6|10.7 | 108 15.3 | 15.4 | 155 | 19.1 | 19:2°§20.6 | 20.7 | 20.8 | 25.3 | 25.4 | 25.5129.1 | 29.2 ] 1.6]|| 1.7
7.2 67 | 68193 |94 | 95 ]16.1 | 162 156 | 15.7 | 15.8 | 193\ 19.4 | 19.5] 26.1 | 26.2 | 25.6 | 25.7 | 25.8 ] 29.3 | 29.4 | 29.5|} 7.1
7.4 8182196 |97 |98 163|164 | 165 | 18.1 | 18.24,19.6 | 19.7 | 19.8 | 26.3 | 26.4 | 26.5 | 28.1 | 28.2 | 29.6 | 29.7 | 29.8|] 7.3
7.7 83 |84 | 85171 |17216.6 | 16.7 | 16.8 | 18.3([y18.4 | 18.5 | 27.1 | 27.2 | 26.6 | 26.7 | 26.8 | 28.3 | 28.4 | 28.5 | 30.1 | 30.2|] 7.6
3.1 86 |87 | 88173174 175121 | 122¢ 18.6 | 18.7 | 188 | 27.3 | 27.4 | 27.5 | 22.1 | 22.2 | 28.6 | 28.7 | 28.8 | 30.3 | 30.4|| 30.5
3.3 35141 | 42 §17.6 |17.7 | 178§ 12.3,| 124 | 125 | 13.1 | 13.2 | 27.6 | 27.7 | 27.8 § 22.3 | 22.4 | 22.5 | 23.1 | 23.2 | 30.6 | 30.7|| 30.8
Figure F.14 — Codeword placement for 10 x 24 rectangular mapping matrix
212 )36|37|38)43 (44,4581 | 82 ] 96 |97 | 98 103|104 |10.5§14.1 | 142156 | 157 | 158§ 16.3 |16.4|16.5)20.1|202§ 1.4 | 1.5
23 |2K | 2551 |52)4647|48)83| 84 | 85 111 |11.210.6|10.7 | 10.8§14.3 |14.4|145§19.1|19.216.6 | 16.7 | 16.8 | 20.3 | 20.4 | 20. 1.6
26 |2y | 2853 |854455Q71|72]86| 87 | 88 |11.3|114 | 115131 | 132|146 |14.7 | 148§ 19.3 | 19.4 | 195} 19.1 | 19.2 | 20.6 | 20.7 | 20. 1.7
11§64 | 6256057 58073 |74 (75121 |122)11.6 |11.7 | 11.813.3 |13.4|13.5§18.1 |18.2§19.6 | 19.7 | 19.819.3 | 19.4 | 19.5 | 21.1 | 21. 1.8
12 6B 62 |65031 (324767778123 |124|125] 9.1 | 92 J13.6 |13.7 | 138|183 | 184 | 185|251 | 25.2§19.6 | 19.7 | 19.8 | 21.3 | 21.4 | 21.5
136667 |68]33|34 (3541424126127 (128] 93 | 9.4 | 9.5 |26.1 |26.218.6 |18.7 | 188|253 |254 |255f16.1|16.2|21.6 217|218

Figure F.15 — Codeword placement for 6 x 28 rectangular mapping matrix
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21 | 22 Q36| 37 | 3843 | 44 | 45 | 131 | 132 | 146 | 147 | 148 | 153 | 154 | 155
23 | 24 | 2551 |52 )46 | 47 | 48 | 133 | 134 | 135 16.1 | 16.2 | 15.6 | 15.7 | 15.8
26 | 27 | 28 § 53 | 54 | 55 121|122 13.6 | 13.7 | 13.8 | 163 | 164 | 16.5 1.1 1.2
1561|6256 |57 |58 (123|124 | 125} 171 | 172§ 16.6 | 16.7 | 168 | 1.3 1.4
18 § 63 | 64 | 65 111 | 112126 127 | 128 § 173 | 174 | 175§ 27.1 | 27.2 1.6 1.7
= . ——— e
72| 66 | 6.7 | 68 §11.3 | 114 |11.5§18.1| 182 | 17.6 | 17.7 | 178 | 273 | 274 | 27.5 7.1
74| 75 §10.1|10.211.6 | 11.7 | 11.8 183 | 184 | 185 | 26.1 | 26.2 | 27.6 | 27.~|l27.8 | [7.3
7.7/| 7.8 §10.3 | 10.4 | 10.5§19.1 | 192186 | 18.7 | 188 | 26.3 | 26.4 | 265 ['28.1 | 282 ] [7.6
9.1]| 9.2 J10.6 | 10.7 | 10.8 1 19.3 | 19.4 | 19.5§ 25.1 | 25.2 | 26.6 | 26.7,426.8 | 28.3 | 28.4 | 285
93| 94 | 95 §20.1|202)19.6|19.7 |19.8 253 | 25.4 | 25.5 |°29:1 | 29.2 | 28.6 | 28.7 | 28.8
9.6|| 9.7 | 98 § 203|204 | 205241 |24.2) 25.6 | 25.7 |-258 | 29.3 | 29.4 | 295 8.1 8.2
85| 21.1 | 21.2 § 20.6 | 20.7 | 20.8 § 24.3 | 244 | 245 | 30:¥ | 30.2 | 29.6 | 29.7 | 29.8 8.3 8.4
8.6(]21.3|21.4|21.5Q23.1 232246247 | 2487 303 | 304 | 30.5 | 321 | 322 ] 86 8.7
2221216 | 21.7 | 218 233|234 | 23531 | 31.2 | 30.6 | 30.7 | 30.8 § 323 | 324 | 325 | 221
224|225 31 | 3.2 §23.6|23.7 2384313 | 314 | 315 | 14.1 | 14.2 | 32.6 | 32.7 | 328 | 223
22.11228) 33 | 34 | 35§ 41\ 42 J316| 31.7 | 318 | 143 | 144 | 145 | 151 | 152 | 226
Figure F.16,—.Codeword placement for square mapping matrix of size 16
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21 | 22 |36 | 37 | 38 || 43 | 44 | 45 | 131 | 132 | 146 | 147 | 148 | 153 | 154 | 155 1.1 1.2
23 | 24| 2551 |52 )46 | 47 | 48 | 133 | 134 | 135 ] 161 | 16.2 | 156 | 157 | 158 | 1.3 1.4
26 | 27 | 28 § 53 | 54 | 55 121|122 13.6 | 13.7 | 13.8 | 163 | 16.4 | 165 | 29.1 | 292 | 1.6 1.7
15161 | 62§56 |57 |58 ()123|124| 125§ 171 | 17.2 J 16.6 | 16.7 | 168 | 29.3 | 294 | 295 7.1
18 | 63 | 64 | 65 J11.1 |11.2412.6 |12.7 | 128 § 173 | 17.4 | 17.5 | 281 | 282 | 29.6 | 29.7 | 298 | 7.3
7_2[IAF. 67 1 cg 81131114 111508481 118201761177 11788283 1234 129508301 130210 76
741 7.5 §10.1 102116 |11.7 | 118183 | 184 | 185 | 27.1 | 27.2 | 28.6 | 28.7 | 28.8 | 30.3 | 80,4 | |30.5
771 7.8 §103|104 |105019.1|19.2)18.6| 18.7 | 188 | 27.3 | 27.4 | 27.5 | 31.1 | 31.2 | 30,6¥] 30.7 | |30.8
9.1 9.2 §10.6 |10.7 | 10.8§19.3 |19.4 | 195 26.1 | 26.2 | 27.6 | 27.7 | 27.8 | 313 | 314\ 315 ] 8.1 8.2
93] 94 | 95 |20.1|20.2f19.6 |19.7 | 198 263 | 26.4 | 26.5 | 32.1 | 32.2 | 31:6\¥31.7 | 31.8 | 8.3 8.4
9.6 || 9.7 | 9.8 20.3|20.4|20.5)251|252] 26.6 | 26.7 | 26.8 | 32.3 | 32.4\|~32.5 | 381 | 382 ] 8.6 8.7
8.5 || 21.1 | 21.2 § 20.6 | 20.7 | 20.8 | 25.3 | 25.4 | 25.5 | 33.1 | 33.2 | 32,60 32.7 | 32.8 | 383 | 384 | 385 | |22.1
8.6 || 21.3 | 21.4 | 21.5 § 24.1 | 24.2 | 25.6 | 25.7 | 25.8 | 33.3 | 33.4\N\33.5 | 37.1 | 37.2 | 38.6 | 38.7 | 38.8 | [22.3
22.2|| 21.6 | 21.7 | 21.8 | 24.3 | 24.4 | 24.5 | 34.1 | 34.2 | 33.6,[.33.7 | 33.8 § 373 | 37.4 | 37.5 | 39.1 | 39.2 | |22.6
22.4| 225§ 23.1 | 23.2§ 24.6 | 24.7 | 248|343 | 344 | 345 | 361 | 36.2 | 37.6 | 37.7 | 378 § 393 | 39.4 | |39.5
22.7|| 22.8 1 23.3 | 23.4 | 23.5 35.1 | 35.2 | 34.6 | 34.7 | 348 | 36.3 | 36.4 | 36.5 | 40.1 | 40.2 | 39.6 | 39.7 | |39.8
31| 3.2 §23.6|23.7|238]353]|354 [[35:57) 14.1 | 142 | 36.6 | 36.7 | 36.8 | 40.3 | 40.4 | 40.5 a b
33| 34 | 35| 41 | 42 356|357 |358] 143 | 144 | 145 | 15.1 | 15.2 | 40.6 | 40.7 | 40.8 b a
BLK]
WHT.

Figure F.17 — Codeword placement for square mapping matrix of size 18
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21 | 22 1 36 | 37 | 38 | 43 | 44 | 45 | 13.1 | 13.2 | 146 | 14.7 | 148 | 153 | 154 | 155 | 32.1 | 32.2 | 234 | 235

23|24 | 2551 |52)46 | 47 | 48 133 | 134 | 135 ) 161 | 16.2 | 15.6 | 15.7 | 158 | 32.3 | 32.4 | 325 | 23.6

26 | 27 | 28 | 53 | 54 | 55 §12.1 | 122 13.6 | 13.7 | 13.8 | 16.3 | 16.4 | 165 | 31.1 | 31.2 | 32.6 | 32.7 | 32.8 | 23.7

1561 | 62]56 |57 |58 (123|124 | 125§ 171 | 17.2 | 16.6 | 16.7 | 168 | 31.3 | 31.4 | 31.5 | 33.1 | 33.2 | 23.8

1.8 § 63 | 64 | 65 J11.1 (112126 |12.7 | 128 § 17.3 | 17.4 | 17.5 | 30.1 | 30.2 | 31.6 | 31.7 | 31.8 | 33.3 | 33.4 | 335

72 y 66 | 67 | 68 §11.3|11.4 | 1154181 | 182 | 17.6 | 17.7 | 17.8 | 30.3 | 30.4 | 30.5 | 34.1 | 34.2 | 33.6 | 33.7 | 33.8

74 |75 (§101 | 102116 | 11.7 | 11.8 4183 | 184 | 185 | 29.1 | 29.2 | 30.6 | 30.7 | 30.8 | 34.3 | 344 | 345 | 1.1 1.2

77 | 78 §10.3 | 10.4 | 10.5 §19.1 | 19.2 1 18.6 | 18.7 | 188 | 29.3 | 29.4 | 29.5 | 35.1 | 35.2 | 34.6 | 34.7 | 34813 1.4

9.1 | 92 J10.6|10.7 |10.8§19.3 | 194 | 195§ 28.1 | 282 | 29.6 | 29.7 | 298 | 353 | 354 | 355 | 45.1- 452 | 1.6 1.7

93 194 | 95 201 |202§19.6 |19.7|19.8] 283 | 284 | 285 | 36.1 | 36.2 | 35.6 | 35.7 | 35.8 | 45.3 | 454 | 455 || 7.1

9.6 | 9.7 | 9.8 §20.3|20.4|205)27.1|272] 286 | 287 | 288 || 363 | 364 | 36.5 | 44.1 |\ 442" | 45.6 | 45.7 | 458 || 7.3

8.5 | 21.1 | 21.2 | 20.6 | 20.7 | 20.8 | 27.3 | 27.4 | 27.5 | 37.1 | 37.2 | 36.6 | 36.7 | 36.8 | 4473 | 44.4 | 445 | 46.1 | 462 || 7.6

8.6 |21.3 |21.4|21.5026.1|262)27.6|277| 278 | 373 | 374 | 375 | 43.1 | A3.2{ 44.6 | 44.7 | 448 | 46.3 | 46.4 ||46.5

2221216 |21.7 | 21.8 263 | 26.4 | 26,5 38.1 | 382 | 37.6 | 37.7 | 37.8 | 48.3 1¥43.4 | 435 | 47.1 | 47.2 | 46.6 | 46.7 ||46.8

224|225 251 | 252 26.6 | 26.7 | 26.8§38.3 | 384 | 385 | 42.1 | 422 §43.6 | 43.7 | 438 | 473 | 474 | 475 ] 8.1 8.2

22.7 1228253 | 25.4 | 255§ 39.1 | 39.2 | 38.6 | 38.7 | 38.8 | 42.3¢[\42.4 | 42.5 | 48.1 | 48.2 | 47.6 | 47.7 | 478 | 83 8.4

241|242 256 | 25.7 | 258§ 39.3 | 39.4 | 39.5 41.1 | 41.2.442.6 | 42.7 | 42.8 | 48.3 | 484 | 485 | 50.1 | 50.2 | 8.6 8.7

243 | 24.4 | 245 40.1 | 40.2 | 39.6 | 39.7 | 39.8 | 41.3 |["4%.4 | 41.5 | 49.1 | 49.2 | 48.6 | 48.7 | 488 | 50.3 | 50.4 | 50.5 §| 22.1

24.6 | 24.7 | 248|403 | 40.4 | 405 3.1 | 3.24 416 | 41.7 | 41.8 | 493 | 494 | 495 | 141 | 14.2 | 50.6 | 50.7 | 50.8 || 22.3

23.1|23.2 | 23.340.6 |40.7 | 408 3.3_[\8.4 | 3.5 4.1 4.2 §49.6 | 49.7 | 498 | 143 | 144 | 145 | 15.1 | 15.2 || 22.6

Figure F.18 < Codeword placement for square mapping matrix of size 20
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21 | 22 136 | 37 | 3843 | 44 | 45131 | 132 | 146 | 147 | 148 | 153 | 154 | 155 | 32.1 | 32.2 | 234 | 23.5 | 23.6 | 23.7
23 | 24 | 2551 | 52])46 | 47 | 48 | 133 | 134 | 135 161 | 162 | 156 | 157 | 158 | 323 | 324 | 325 ] 33.1 | 33.2 | 238
26 | 27 | 28 | 53 | 54 | 55 121|122 136 | 13.7 | 138 | 163 | 164 | 165 | 31.1 | 31.2 | 32.6 | 32.7 | 328 | 333 | 334 | 335
1561|6256 |57 | 58)123|124| 125171 | 172 | 16.6 | 16.7 | 168 | 31.3 | 314 | 31.5 | 341 | 342 | 33.6 | 33.7 | 338
18 § 63 | 64 | 65 J11.1|11.2}12.6|12.7 | 128 | 17.3 | 174 | 175 § 30.1 | 30.2 | 31.6 | 31.7 | 31.8 | 343 | 344 | 345 ] 1.1 1.2
72 )66 | 67 | 68 113|114 115181 | 182} 176 | 17.7 | 178 | 303 | 304 | 30.5 | 351 | 352 | 346 | 347 | 348 ] 1.3 1.4
74 | 75 101 | 102116 | 11.7 | 11.8 183 | 184 | 185 ] 29.1 | 29.2 | 30.6 | 30.7 | 30.8 | 353 | 354 | 355 ]| 49.1 | 492 | 1.6 1.7
i ——————  —————
7.7 ||7.8 §10.3 | 104 | 10.5§19.1 | 19.218.6 | 18.7 | 188 | 29.3 | 29.4 | 295 | 36.1 | 36.2 | 35.6 | 357 | 358 | 49.3 | 494 | 495¢] 7.1
9.1 [|9.2 J10.6 |10.7 | 108193 |19.4 | 19.5] 281 | 28.2 | 29.6 | 29.7 | 29.8 | 36.3 | 364 | 365 | 48.1 | 48.2 | 49.6 | 49.7 / 498 | 7.3
93 (|94 | 95 ]201|202]19.6|19.7|19.8] 283 | 284 | 285 | 371 | 37.2 | 36.6 | 36.7 | 36.8 | 48.3 | 484 | 485 |50.1 | 50.2 | 7.6
9.6 [19.7 | 9.8 1203|204 |205]27.1|272] 286 | 287 | 288 || 373 | 374 | 375 || 471 | 47.2 | 48.6 | 48.7 [\48.8 | 50.3 | 50.4 | 50.5
8.5 ||21.1 | 21.2 | 20.6 | 20.7 | 20.8 | 27.3 | 27.4 | 27.5 | 38.1 | 382 | 37.6 | 37.7 | 378 | 473 | 474 | 478 1.1 | 51.2 | 50.6 | 50.7 | 50.8
8.6 ||21.3 | 21.4 | 21.5)26.1 | 26.227.6 | 27.7 | 278 | 383 | 384 | 385 | 46.1 | 46.2 | 47.6 | 47.7,.478 | 51.3 | 514 | 515 ] 8.1 8.2
22.2|121.6 | 21.7 | 21.8 263 | 26.4 | 26.5139.1 | 39.2 | 38.6 | 38.7 | 388 | 463 | 46.4 | 465 521 | 52.2 | 51.6 | 51.7 | 51.8 ] 8.3 8.4
22.4 ||122.5 25.1 | 25.2 § 26.6 | 26.7 | 26.8 1 39.3 | 39.4 | 39.5 | 45.1 | 45.2 | 46.6 | 46.7 { 46.8 | 52.3 | 52.4 | 525 | 58.1 | 582 ] 8.6 8.7
22.7 ||122.8 | 25.3 | 25.4 | 25.5 | 40.1 | 40.2 § 39.6 | 39.7 | 39.8 | 45.3 | 45.4 | 455 | 53.1 | 53.2 | 52.6 | 52.7 | 52.8 | 58.3 | 58.4 | 58.5 | 22.1
24.1 ||24.2 | 25.6 | 25.7 | 25.8 | 40.3 | 40.4 | 40.5] 44.1 | 44.2 | 45.6 | 45.7 | 458 | 53.3 | 53.4 | 53.5 | 57.1 | 57.2 | 58.6 | 58.7 | 58.8 | 22.3
24.3 ||24.4 | 24.5] 41.1 | 41.2 ] 40.6 | 40.7 | 40.8 | 44.3 | 444 | 445 ] 541 | 542 | 53.6 | 53.7 | 53.8 | 57.3 | 57.4 | 57.5 | 59.1 | 59.2 | 22.6
24.6 ||24.7 | 24.8 | 41.3 | 41.4 | 41.5] 43.1 | 43.2 ] 44.6 | 44.7 | 448\|°54.3 | 544 | 545 ] 56.1 | 56.2 | 57.6 | 57.7 | 57.8 |} 59.3 | 59.4 | 59.5
23.1||42.1 | 422|416 | 41.7 | 41.8| 43.3 | 43.4 | 435 | 55.1 |*55.2 | 54.6 | 54.7 | 54.8 | 56.3 | 56.4 | 56.5 | 60.1 | 60.2 | 59.6 | 59.7 | 59.8
232|423 | 424 | 425]) 3.1 | 3.2 | 43.6 | 43.7 | 438 I\55.3 | 554 | 555 | 14.1 | 14.2 | 56.6 | 56.7 | 56.8 | 60.3 | 60.4 | 60.5 a b
233 ||42.6 | 42.7 | 428 33 | 34 | 35 | 41\\ 42 | 556 | 55.7 | 55.8 | 14.3 | 144 | 145 | 15.1 | 15.2 | 60.6 | 60.7 | 60.8 b a
BLK
WHT.

Figure F.19 — Codeword placement for square mapping matrix of size 22
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Annex G
(normative)

Data Matrix print quality - symbology-specific aspects

G.1 General

Because|
paramet
and ISO

attributes. This annex therefore defines the method of grading Fixed Pattern Damage-to be use

applicat

In case the symbol quality is tested by using ISO/IEC 29158 then all references/tq ISO/IEC 15411

replaced

“MOD” shall be replaced by “CMOD”.

G.2 In

A signif
wherein|
level as
measure

to the nearest tenth so that the boundary between whaele' numbers remains unchanged from the |
edition ¢f this document. Accordingly, it is possible toiconvert the grade from this edition to the grz

the prev

G3 D

G.3.1

The fixe
and the
the sym
12x 36
The left
sides sh
bars and
series of
account

of differences in symbology structures and reference decode algorithms, the effect (of
ers on a symbol's reading performance may vary from one symbology to another. ISO/IE
IEC 29158 provide for symbology specifications to define the grading of certain synibology

on of ISO/IEC 15415 or ISO/IEC 29158 to Data Matrix.

by ISO/IEC 29158. The term “modulation” shall be replaced by “cellimodulation”, and t

terpolation between grade levels

cant change that is introduced in this edition of this doetiment is the use of “continuous g
grades are reported in tenth of a grade level instead\of an integer representing the enti
in the previous edition. This reduces troubling flugtuations in grades when small ch
ments cause a grade to transition between integer grade levels. Grades are to be rounds

ious edition by simply dropping the decimal$part of the grade in all cases.

hta Matrix Fixed Pattern Damage

Features to be assessed

d pattern features to be ‘assessed are contained in the one-module wide perimeter of the
quiet zone of a minimum-of one module width (or more if specified by the application) surt

pr larger) with internal alignment patterns, the alignment pattern is also part of the fixed
hnd lower side/ofthe symbol should form a one-module wide solid "L" shape and the right a
buld consistf-alternating dark and light single modules (known as the clock track). The a
| internal-clock track of the alignment pattern should similarly be a one-module wide solid

not.only of the total number of damaged modules but also of concentrations of damage.

certain
C 15415
Lspecific
d in the

will be
he term

rading”,
e grade
inges in
bd down
brevious
de from

symbol
ounding

bol. In larger symbels-(square symbols 32 x 32 modules or larger, or rectangular symbols § x 32 or

pattern.

Ed upper

gnment
bar or a

alternatirig dark and light single modules respectively. The grading of Fixed Pattern Damajge takes

a 3 £ PIELE  ¢ £l £ 3 P
G.3.2 Ul dUlllg U1 LIC OULIUC L U1 UITC ITATU Pdllclil

Damage to each side of the L shall be graded based on the modulation of the individual modules that compose
it. These measurements are applied to the full length of the L sides and to the associated quiet zones.

Figure G.1 below indicates the four segments L1, L2, QZL1 and QZL2. Segment L1 is the vertical portion of the
L and extends to the module in the quiet zone adjacent to the L corner. Segment L2 is the horizontal portion
of the L and extends to the module in the quiet zone adjacent to the L corner. Segments QZL1 and QZL2 are
the portions of the quiet zone adjacent to L1 and L2 respectively and extend one module beyond the end of
L1 and L2 respectively, furthest from the corner and are shown shaded in Figure G.1. The corner module at
the intersection of L1 and L2 is included in both segments, as is that at the intersection of QZL1 and QZL2.
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L2

QZL1 p
QZL2 p

The pro

a)

b)

d)

ISO/IEC 16022:2024(en)

vgrtical portion of the L

hq

Fing

light or dark nature of the module is known;“any module sampled to be the opposite colour
given modulation grade 0.

For
ISO

1y

2)

AddjitionallyAfof both square and rectangular symbols with more than one data region, repeat

and

tradk area of the same data region, and QZL1 and QZL2 consist of the quiet zone adjacent to

and
asy

in steps a) and b) then replace the grade obtained in steps a) and b) with this grade.'

redure described below shall be applied to eachsegment in turn.

QZL2

rizontal portion of the L
rtion of the quiet zone adjacent to L1

rtion of the quiet zone adjacent to L2

Figure G.1 — Outside L and corresponding quietzone segments of fixed pattern

the modulation grade for each module baséd on the values in ISO/IEC 15415. Since the intended

each modulation grade level-'apply the parameter grade overlay technique descy
IEC 15415:

For each side of the L (L1 and .2 in Figure G.1) and each quiet zone area (QZL1 and QZL2, ad
L1 and L2 respectively(inFigure G.1), assume that all modules not achieving that grade or
grade are module errors, and derive a notional damage grade based on the grade threshold
in Table G.1. Take.the lower of the modulation grade level and the notional damage grade.

The grade for'each segment shall be the highest resulting grade for all modulation grade ley

b) aboveswwhere L1 and L2 start with the module in the quiet zone and end at the module in t

shall be

ibed in

acent to
a higher
s shown

rels.

steps a)
he clock
these L1

[2-segments as defined like Figure G.1. In other words, treat the lower left data region as i

it were
d QZL2

Additionally, for segments L1 and L2, verify that all gaps are separated by at least four correct modules
and that no gaps are wider than three modules; if this test fails, the grade obtained from the above steps
shall be reduced to 0 at that modulation grade level. Take the lower of the modulation grade level and
the notional damage grade.
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Table G.1 — Grade thresholds for notional damage

Percentage of modules Grade
damaged
0% 4
>0%and <9 % 3,0t0 3,9
>9%and<13 % 2,0to 2,9
>13%and <17 % 1,0to 19
>17 % and <21 % 0,0t0 0,9
>21% 0

e) The

G.3.3

This sec
externa
of the ir

region, ¢r individual data regions of larger symbols. Each segment consists of‘aclock track porti

solid are

A clock {
and incl
module

A solid 4
end of th
the last
the adja

grade for the segment shall be the highest resulting grade for all modulation grade levels|

rading of the clock track and adjacent solid area segments

a portion (which is part either of the quiet zone or of an internal alignment bar).

rack segment commences with a module in the L side or internal alignment pattern. It conf

e segment is adjacent to a quiet zone, then this solid‘area segment ends with the module ad
module of the associated clock track segment (see Figure G.6). If not, it ends with the first nj
cent solid segment, which has the same colour (see Figure G.5).
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tion defines the measurement of damage to the internal alignment patterns (when’present) pnd also
clock tracks and associated quiet zone areas. These tests are applied separately to each fegment
ternal alignment patterns, the clock tracks, and associated quiet zone, dareas that bound the data
bn and a

inues to

1des the module preceding either the quiet zone or the next interhal alignment pattern. The pdjacent
n the quiet zone, or the alignment pattern, is not includeddnthe clock track (see Figure G.2].

rea segment starts adjacent to the first module of therassociated clock track segment. If the other

acent to
odule of
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a  Solidl area (light).

b SoliE area (dark).

¢ L side.

d  Clodgk track segment.
e Alighment bar.

NOTE Figure G.2 depicts an internal alignment pattern se€gment which terminates at another internal alignment
segment pf the same colour.

Figurie G.2 — Structure of external clock track segment and internal alignment pattern segment

For each external clock track segment orinternal alignment pattern segment of a symbol (for multi-segment
symbolg), damage is measured accordingto the following procedure.

a) Tramsition ratio test: on everyclock track segment in the binarised image, both external (adjacent to the

quigt zone) and internal (adjacent to the solid internal alignment bar), count the number of trgnsitions
in tIe clock track side, Tc,'and the solid line side, Ts, and compute and grade the transition ratio using
For

ula (G.1) and Foruntila (G.2):
F Max (0, Ts -~ (6.1)

Ts

Ry 375"/ Tc (G.2)

whdreR is the transition ratio.

Grade transition ratio according to Table G.2.
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Table G.2 — Grading of transition ratio

d by the

while a

Ry (transition ratio) Grade
<0,06 4
> 0,06 and < 0,095 3,0to 39
>0,095and <0,13 2,0t029
> 0,13 and £ 0,165 1,0to 1,9
>0,165and < 0,2 0,0to 0,9
>0,2 0
The endrpeirtsbetween—which—transidonsare—cotnted-are—thethtersectonsefsrid-Hresplotte
referende decode algorithm in the first and last modules of the clock track or solid area.
As an example, a perfect symbol with 0 transitions in the quiet zone is depicted in Figure G.3,
damagefl symbol with 2 transitions in the quiet zone is depicted in Figure G.4.
A |A
\I 1
= ] ———— | L
1 1
-H-E-E-EE-E
B B
l
. H
1 1
Key
--- brid linking module centres from reference decode algorithimn
A-A ntersections defining beginning and end of solid area
B-B' ntersections defining beginning and end of clock track
Figure G.3 — Tramnsitions in a perfect symbol
A ! A
: L/
B N @
- - i |
\B'
B
1
1
. u
1 1
Key
--- brid linking'module centres from reference decode algorithm
A-A ntersections defining beginning and end of solid area
B-B' ntersections defining beginning and end of clock track
Figure G.4 — Transitions in a damaged symbol
b) Notional damage grade: find the modulation grade for each module based on the values in ISO/IEC 15415.

Since the intended light or dark nature of the module is known, any module intended to be dark but
the reflectance of which is above the global threshold, and any module intended to be light but the
reflectance of which is below the global threshold shall be given modulation grade 0.

module errors, and derive a notional damage grade based on the following three assessments:
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d) Clock track regularity test: for each segment of clock track, taking groups of five adjacent modules and
progressing along the segment in steps of one module, verify that in any group of five adjacent modules
no more than two are module errors; if this condition is met, the clock track regularity grade shall be 4,
otherwise it shall be 0.

e) Clock track damage test: for each segment, count the number of incorrect modules in the clock track
for the segment; the percentage P of incorrect modules over the length of the area shall result in the
percentage damage grades shown in Table G.3.

f) Solid fixed pattern test: for each segment, count the number of incorrect modules in the solid area
(internal alignment bar or external quiet zone area) adjacent to the clock track; the percentage P of
incorrect modules over the length of the area shall result in the percentage damage grades shown in
Table G.3.

Tahle G.3 — Grading of percentage damage to clock track segments and solid area’segments

P Grade
<10% 4
>10% and <15 % 3,0to0 3,9
>15%and <20 % 2,0to0 2,9
>20 % and <25 % 1,0to 1,9
>25%and <30 % 0,0t0 0,9
>30% 0

g) At each grade level take the lowest of the modulation gradedevel, the clock track regularity grade, the
clock track percentage damage grade, and the solid fixed pattern percentage damage grade.

h) The|notional damage grade for the segment shall.be“the highest resulting grade for all modulation
gradle levels.

i) Thelfixed pattern damage grade for the segmentshall be the lower of the transition ratio gradd and the
notional damage grade.

i) Theloverall fixed pattern damage gradeor the clock track and adjacent solid area segments is the lowest
of the grades obtained for each of the individual segments.

The shaded areas in Figure G.5 and'G.6 show examples of internal alignment pattern segmentf, which
include the clock track portion and.solid area portion to which the transition ratio, regularity and sdlid fixed
pattern fests are applied for each-type of internal segment boundaries.
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