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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 documents should be noted. This document was drafted in accordance with the editorial rules of the ISO/
[EC Directive i i i i
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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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Information technology — Automatic identification and
data capture techniques — Data Matrix bar code symbology
specification

1 Scope

This docume

Matrix symh
requirement

It applies to

2 Norma

ology characteristics, data character encodation, symbol formats, dimensions and
s, error correction rules, decoding algorithm, and user-selectable applicationpata

hll Data Matrix symbols produced by any printing or marking technology:

tive references

tfies the Data

rint quality
eters.

The followinjg documents are referred to in the text in such a way that some or all of their contenjt constitutes

requirement
the latest ed

ISO/IEC 197
Harmonized

ISO/IEC 154
symbol print

ISO/IEC 646

[SO/IEC 885
alphabet No.

ISO/IEC 291
Mark (DPM)

3 Terms
For the purp
ISO and IEC

ISO Onli

s of this document. For dated references, only the editioncited applies. For undate
tion of the referenced document (including any amendments) applies.

b2, Information technology — Automatic identification and data capture (AIDC) t
vocabulary

15, Information technology — Automatic identification and data capture techniques
quality test specification — Two-dimensional symbols

Information technology — ISO 7-bit cqded character set for information interchange

9-1, Information technology — 8-bit single-byte coded graphic character sets —
1

b8, Information technology = Automatic identification and data capture techniques
Quality Guideline
and definitions

maintain-terminology databases for use in standardization at the following addres;

nebrowsing platform: available at https://www.iso.org/obp

 references,

pchniques —

— Bar code

Part 1: Latin

— Direct Part

pses of thisydocument, the terms and definitions given in I[SO/IEC 19762 and the following apply.

es:

3.1
codeword

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

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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domising

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 nujnerical base in an encodation scheme

p number of codewords reserved for error detection
S symbol character

t nujnber of errors

X hotizontal and vertical width of a module

€ errr correction codeword

5 Mathematical or logical notations

div integer division operator

mod integer remainder after division

XOR exdlusive-or logic function whose outptt is one only when its two inputs are not equiv

6 Symbd| description

6.1 Basic
Data Matrix
The charactg
a) Encodalj

1) wvalu

characteristics

is a two-dimenSignal matrix symbology.
ristics of Pata Matrix are:

le character set:

es0~ 127 in accordance with ISO/IEC 646 IRV, i.e. all 128 ASCII characters;

alent

2) values 128 - 255 in accordance with ISO/IEC 8859-1 (these are referred to as extended ASCII);

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.

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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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)
f)
g)

6.2 Sum

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

requirernents to be represented.

a)
specificy
dark or
symbold
b) Extende
charactg
c) Rectang
NOTE
d) Structuj
symbold
are scarn
append
6.3 Symb
6.3.1 Gen
Each Data M

regular arra
data regions
on all four s
dark on light

Reflectance reversal: (inherent): Symbols are either dark on light or light on dark-(see Fi

Code type: Matrix
Orientation independence: Yes

Error detection and correction: Reed Solomon.

£ Al ada 1_E, .
dal y Ul auulitivliial Icaturcos

ure 1). The
itions in this document are based on dark images on a light background, therefore 1eferences to

ight modules should be taken as references to light or dark modules.réspectively i
produced with reflectance reversal.

d Channel Interpretations: (ECI), (inherent): This mechanism"enables character
r sets (e.g. Arabic, Cyrillic, Greek, Hebrew) and other data-interpretations or indu

ular symbols: (inherent): Six symbol formats are specified in a rectangular form.

Additional rectangular symbol formats are available by ISO/IEC 21471 (see Reference [4]).

ed append: (optional): This allows files of“data to be represented in up to 16
. The original data can be correctly recofistructed regardless of the order in which|
ned. If the feature is not implemented, reader should not transmit data in case of
symbol.

pl structure

bral

atrix symbol copnsjsts of data regions which contain nominally square modules
y. In larger symbals, data regions are separated by alignment patterns. The data reg
and alignmeht patterns, is surrounded by a finder pattern, and this shall in turn be
des by a quiet zone border. Figure 1 illustrates two representations of a Data M3
and reflectance reversal.

the case of

from other
stry-specific

—

Data Matrix
the symbols
h structured

set out in a
ion, or set of
surrounded
trix symbol,

“'I

rl LI I Ill
P o

a) Data Matrix, dark on light

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 with sizes from 10 x 10 to 144 x 144 not including quiet zones. Some symbols are rectangular with
sizes from 8 x 18 to 16 x 48 not including quiet zones. For all Data Matrix code symbols, the upper right

corner moduy
The complet]

7 Data M
7.1 Encoc

7.1.1 Gen

Subclause 7.
An encoding

7.1.2 Step

As Data Mat
into codewo
different cha
and to perfq

If the user does not specify the matrix size, then choose the smallest size that accommodate

complete lisf

1 1 =l e £l de dnnydn La ) . S 1 1o Ll Ly c- 1 dnde L
1T 1145 LT UPPUSILT TTIITLLAIILT SU4dLT (1.CO ITgHU U UdTR ) UL ULIC Lo THIUTTH PAUlLCHT (5
e attributes are given in Table 10.

atrix code requirements
le procedure overview

bral

| provides an overview of the encoding procedure. Followiing sections will provide 1
example is given in Annex I. The following steps conyefbuser data to a Data Matrix

1: data encodation

ds more efficiently than the default scheie, analyse the data stream to identify t
racters to be encoded. Insert additionalcodewords to switch between the encodat
rm other functions. Add pad chara¢ters as needed to fill the required number o

of matrix sizes is shown in Table 10.

Table 1 —Encodation schemes for Data Matrix code

e Figure 1).

more details.
fode symbol.

rix includes various encodation schemes that-allow a defined set of characters to e converted

he variety of
ion schemes
 codewords.
E the 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
=10 Upper case alphanumeric 5,33
Lower case and special characters 10,662
Lower case alphanumeric 5,33
e 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

4


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

ISO/IEC 16022:2024(en)

codewords for each block. The result of this process expands the codeword stream by the number of error
correction codewords. Place the error correction codewords after the data codewords.

7.1.4 Step 3: module placement in matrix

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 data may I encodation
is the basic scheme. All other encodatlon schemes are 1nvoked from ASCII encodatlon andir¢turn to this
scheme. Theg compaction efficiencies given in Table 1 need to be interpreted carefully.The pest scheme
for a given set of data may not be the one with the fewest bits per data character. If tHe high¢st degree of
compaction fis required, account has to be taken of switching between encodation-schemes gnd between
code sets within an encodation scheme (see Annex ]). It should also be noted that€ven if the number of
codewords i minimised, the codeword stream sometimes needs to be expanded-to fill a synibol. This fill
process is dqne using pad characters.

7.2.2 Defgult character interpretation

The default character interpretation for character values 0 to 127%shall conform to ISO/IEC §46 IRV. The
default charpcter interpretation for character values 128 to 255-shall conform to ISO/IEC|8859-1. The
graphical representation of data characters shown through@ut this document complies with the default
interpretatign. This interpretation can be changed using{ECI escape sequences, see 7.3.[The default
interpretatign corresponds to ECI 000003.

7.2.3 ASC]I encodation

ASCII encodjtion is the default set for the first. 8§ymbol character in all symbol sizes. It encodep ASCII data,
double densiity numeric data and symbology* control characters. Symbology control charadters include
function characters, the pad character and the switches to other code sets. ASCII data is| encoded as
codewords 1 to 128 (ASCII value plus 1)cExtended ASCII (data values 128 to 255) is encoded using the upper
shift symbology control character (sée-7.2.4.3). The digit pairs 00 to 99 are encoded with codeyords 130 to
229 (numerif value plus 130). The ASCII code assignments are shown in Table 2.

NOTE ASCII encodation is the hame of the character set in Data Matrix. It is not to be confused With the ASCII
character set|(ISO/IEC 646 IRV),

Table 2 — ASCII encodation values

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 Symbology control characters

7.2.4.1 Gelneral

Data Matrix
to the enco
functions or
control char

(see Table 2)f

7.24.2 La

A latch char
codewords V
encodation §

7.2.4.3 Up

The Upper S
character (1
requires a p1
encoded acc
represented
codeword v4
shift charact
there are lo
should be m

symbols have several special symbology control characters, which have particular
lation scheme. These characters shall be used to instruct the decoderito per

acters, with the exception of values from 242 through 255, are found’in the ASCI

kch characters

\cter shall be used to switch from ASCII encodation to,dne of the other encodation
hich follow a latch character shall be compacted aetording to the new encodation
chemes have different methods for returning to the)ASCII encodation.

per Shift character

hift character is used in combination with'an ASCII value (1 to 128) to encode an ex
P9 to 255). An extended ASCII charagter encoded in the ASCII, C40, or Text encodd

0
to send specific data to the host computer as described in 7.2.4.2 to 7:2)4.10. Thes‘k

significance
rm certain
symbology
encodation

schemes. All
scheme. The

ended ASCII
tion scheme

eceding Upper Shift character and-thie extended ASCII character value decreased b

g data strings of characters from the extended ASCII range, a latch to Base 25
bre efficient.

7.2.4.4 Pad character

If the encod
symbol, pad
of the symb

bd data/inrespective of the encodation scheme in force, does not fill the data ca
characters (value 129 in ASCII encodation) shall be added to fill the remaining d
1. The'pad characters shall only be used for this purpose. Before inserting pad ch:

128 is then

prding to the rules of the encodation scheme. In ASCII encodation, the Upper Shif character is
by codeword 235. The reduced data value (i.e. ASCII value minus 128) is transfofmed into its
lue by adding 1. For example, to encode ¥ (Yen currency symbol) (ASCII value 1€45), an upper
er (codeword 235) is followed by value 37 (165 to 128), which is encoded as codeword 38. If

encodation

bacity of the
ata capacity
racters, it is

necessary tojretarn to ASCII encodation if in any other encodation mode. The 253-State pattern
algorithm shall be applied to the pad characters starting at the second pad character as specified in Annex B.

7.2.4.5 EC

Fandomising

I 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 inte

rpretation. 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
transmitted as g control character (ASCII value 29).

7.2.4.8 Mdcro characters

Data Matrix
character. T
using certai
shall not be
header shall
the data strd

!

provides a means of abbreviating an industry specific header and trailen‘in
is feature exists to reduce the number of symbol characters needed to encodé€ datg
structured formats. A Macro character shall be in the first character position of a §
used in conjunction with Structured Append and their functions ate defined in
be transmitted as a prefix to the data stream and the trailer shall be:transmitted
am. The symbology identifier, if used, shall precede the header,

one symbol
 in a symbol
ymbol. They
Table 3. The
hs a suffix to

Table 3 — Macro functions

Interpretation
Macro codeword Name -
Headeér Trailer
236 05 Macro [)%R;056 RsEop
237 06 Macro [)>R.066, R Eop

7.2.4.9 Styuctured Append character

A Structured
according to

Append character is used to indicate that the symbol is part of a Structured Appgnd sequence

the rules defined in 7.5.

7.2.4.10 Reader Programming character

m the reader
and Reader

A Reader Pr
system. The
Programmin

pgramming character indicates that the symbol encodes a message used to progra
Reader Programming character shall appear as the first codeword of the symbo
g shall not be used’with Structured Append.

7.2.5 C40lencodation

7.2.5.1 General

s L H | H 2 S 43 H 1 aH £ lob ol ot i
The C40 enLUuaLlUll OCIITIIIT 1O ucolsllcu U UPLIIIAIDC LIIC Cllbuullls Ul MIJPCI CAdotC cul.ulaucl.l\, nd numerlc

characters but also enables other characters to be encoded by the use of shift characters in conjunction 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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7.2.5.2 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 (C40 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*C1)+(40*C2)+C3+1

which produlces a value from 1 to 64 000. Table 4 illustrates three C40 values compacted into twcl) codewords.

Characters i

character, aind then the C40 value for the data. C40 encodation may be in effect at the end of

codewords

The following rules apply when only one or two symbol characters remain in the'symbol befor
the error cofrection codewords:

the Shift 1, Shift 2 and Shift 3 sets shall be encoded by first encoding the“appr

hich encode data.

opriate shift
the symbol's

b the start of

include both
final unlatch

lue may be a
aracter (C40
as with any

bncoded, the
ncoded with

ded, the last
The unlatch

fore the end

a) If two symbol characters remain and three C40 values remain to be encoded (which may
data and shift characters) encode the three C40 values in the lasttWo symbol characters. A
codeword is not required.

b) Iftwo symbol characters remain and two C40 values remain to be encoded (the first C40 v3
shift or dlata character but the second shall represent a data character) append a “Shift 1” ch
value 0)|to the input to increase to three characters €0 that it can be processed normally
three character C40 input. A final unlatch codeword again is not required.

¢) If two symbol characters remain and only one €40 value (data character) remains to be
first symbol character is encoded as an unlatch character and the last symbol character is ¢
the data|character using the ASCII encodation scheme.

d) If one symbol character remains and one C40 value (data character) remains to be enco
symbol rharacter is encoded with.the data character using the ASCII encodation scheme.
charactgr is not encoded, but is assumed, before the last symbol character.

In all other cases, either ardtnlatch character is used to exit the C40 encodation scheme be
of the syymbol, or a larger symbol size is required to encode the data.
Table 4 — Example of C40 encoding
Datacharacters AIM
G40 values 14,22, 26
Catcutatet6=bitvatue (1000 * 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
7.2.5.4 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

7.2.6.1 Ge

Text encoda

encodation

neral

ion is Hpcignnr’] to encode normal prinfnd text, which is prndnminahﬂy lowercas

e characters.

It is similar i
encoded (i.e
encodation d

7.2.6.2 Sw

Itis possible
Codeword 2
to switch ba
encoded int

7.2.6.3 Tekt encodation rules

The rules foi

7.2.7 ANS

n structure to the C40 encodation set, except that lowercase alphabetic characters
without using a shift). Upper-case alphabetic characters are preceded by a Shift/3.
haracter set assignments shall be as shown in Table C.2.

itching to and from Text encodation

to switch to Text encodation from ASCII encodation using the apprtopriate latch cod
b4 immediately following a pair of codewords in text encodation acts as an unlat
ck to ASCII encodation. Otherwise, the Text encodation remains in effect to the en
he symbol.

C40 encodation apply.

[ X12 encodation

7271 G

n
ANSI X12 e1codation is used to encode thie standard ANSI X12 electronic data interchange

which are ¢
encodes upp
separator ch
the ANSI X11

eral

pmpacted three data characters to two codewords in a manner similar to C40 e
er-case alphabetic characters, numerics, space and the three standard ANSI X12 ter
aracters. The ANSI X12'cade assignments are shown in Table 5. There are no shift
P encodation set.

Table 5 — ANSI X12 encodation set

are directly
The full Text

eword (239).
h codeword
d of the data

characters,
hcodation. It
minator and
haracters in

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
4to13 0to9 48to 57
14 to 39 AtoZ 65to0 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.
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7.2.7.3 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 EDIFACT encodation scheme includes 63 ASCII values (values from 32 to 94) plus an unlatch character

(binary 011
codewords.
Level A char|

11) to return to ASCII encodation. EDIFACT encodation encodes tour data charac
[t includes all the numeric, alphabetic and punctuation characters definedin 1
hcter set without any of the shifts required in C40 encodation.

7.2.8.2 Switching to and from EDIFACT encodation

[t is possible
(240). The u
encodation,

7.2.8.3 ED

The EDIFAC
6-bit EDIFA(
the EDIFACT
three codew
remaining 6
Table 7. Whg

to switch to EDIFACT encodation from ASCII encodation using the appropriate lat
nlatch character in EDIFACT encodation shall be used as a tefminator at the end
which reverts to ASCII encodation.

IFACT encodation Rules

[ encodation character set is defined in Table C.3-~Fhere is a simple relationship
T value and the ASCII 8-bit byte. The leading two bits of the 8-bit byte are ignot
' 6-bit value, as illustrated in Table 6. Strihgs of four EDIFACT characters arg
ords. For a simple encodation process, the leading two bits of the 8-bit byte are r

fers in three
he EDIFACT

rh codeword
of EDIFACT

between the
ed to create

encoded in
bmoved. The

bit byte is the EDIFACT value and shall.b&“directly encoded into the codeword as illustrated in

n EDIFACT encodation is terminated_with the unlatch character, any remaining b

single symbgl character shall be filled with zeros, ASCII encodation starts with the next symbol

EDIFACT eng
one or two ¢
encoded in A

odation is in effect at the end of the'symbol before the first error correction charad
pdewords remain after the last EDIFACT codeword triplet, these remaining codew
SCII encodation without regiiiring an unlatch character.

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

ts left in the
character. If

ter, and only
pbrds shall be

ASCII
8-bit binary value

Data character EDIFACT value

Decimal value

A 65 01000001 000001

9 57 00111001 111001

N

TE (During the decode process, if the leading (6th) bit is 1, the bits 00 are prefixed to create t

8-

bit byte. If the leading (6th) bit is 0, the bits 01 are prefixed to create the 8-bit byte. The exception

he
to

thiis is"the EDIFACT value 011111 which is the symbology control unlatch character to return to AS(

encodation.

L11

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 1
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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 Switching to and from Base 256 encodation

[t is possible to switch to Base 256 encodation from ASCII encodation using the appropriate latch codeword
(231). At the end of Base 256 encodation, encodation automatically reverts to ASCII encodation. The
appropriate [ECI, if other than the default, shall be invoked prior to switching. The ECI sequehce need not
occur immedliately before switching to Base 256 encodation.

7.2.9.3 Base 256 encodation rules

After switcHing to Base 256 encodation, the first one (d1) or two (d1, d2) codewords define the data field
length in bytes. Table 8 specifies how the field length is defined. Thereafter,all encodation shall be of the
byte values.

Table 8 — Base 256 field length

Field length Values of d1, d2 Permitted values of d
Remainder of symbol di=0 di=0
1to 249 d1 =length d1=1to 249
d1 = (length DIV 250)~249 d1 =250 to 255
250 to 1555
d2 =length MOD 250 d2 =0to 249
7.3 ECI

7.3.1 General

The ECI protocol allows the output(data stream to have interpretations different from that df the default
character sef. The ECI protocol is defined consistently across a number of symbologies. Four bijoad types of
interpretati¢ns are supported.in-Data Matrix:

a) international character'sets (or code pages);
b) general purpose ifiterpretations such as encryption and compaction;

c) user deflned-intérpretations for closed systems;

d) control information for structured append in unbuffered mode.

The ECI protocol is fully specified in Reference [1]. The protocol provides a consistent method to 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

Codewords:

[241] [(1500p - 127) div 254 + 128] [(15000 - 127) mod 254 + 1]
= [241] |r58 +128] [141 + 1]

= [241] [[186] [142]
ECI = 09000p

Codewords:

[241] [(90000 - 16383) div 64516 + 192] [((90000 - 16383) div,254) mod 254 + 1] [(90000 -[16383) mod
254 + 1]

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

[241] [[193] [36] [212]

Table 9 — Encoding ECI assighment numbers in Data Matrix code

ECI assignment value igﬂﬁ‘g)’zg Codeword values Rapges
000000 to 040126 Cy 241
C; ECl_no+1 C;=(1t0137)
000127 to 016382 (o 241
o (ECILno - 127) div 254 + 128 C; =(128t0|191)
C, (ECILno-127) mod 254 + 1 C,=(1to234)
0016383 to 999999 Cy 241
C; (ECI_no - 16383) div 64516 +192 C;=(192t0]207)
C, [(ECI_no - 16383) div 254] mod 254 + 1 C,=(1to 254)
T3 (ECI_no - 16383) mod 254 + 1 T3 = (L to 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.
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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

Sy_mb:)l Da_ta ) Total Reed-Solo- Maximum data capacity % of Max.
size region Mapping codewords mon block Inter- codewords | correctable
matrix leaved used for | codewords
Row | Col | [Size | No. size Data | Error | Data | Error | PIOCKS | Num. | Alphanum.d| Byte err(& Error/
corr h | erasureb
10 |10 [sks |1 [sxs 3 5 3 5 1 6 3 1 650" | |2/0
12 12 14x10 |1 10x 10 5 7 5 7 1 10 6 3 A(]S}},g 3/0
14 (14 |1d4x12 |1 [12x12 |8 L 10 1 16 |10 6 (\MYs56 5/7
16 16 14x14 |1 14 x 14 12 12 12 12 1 24 16 Q\K) 50 6/9
18 18 14x16 |1 16x16 18 14 18 14 1 36 25 y C) 16 43,8 7/11
20 20 1§x18 |1 18x18 22 18 22 18 1 44 31 A\QO 20 45 9/15
22 22 20x20 |1 20x20 30 20 30 20 1 60 }SAU\ 28 40 10/17
24 24 23x22 |1 22x22 36 24 36 24 1 72 &‘{Zj 34 40 12/21
26 26 24x24 |1 24 x 24 44 28 44 28 1 §8 O\ 64 42 38,9 14/25
32 32 14x14 |4 28x28 62 36 62 36 1 <‘§§4 91 60 36,7 18/33
36 |36 [14x16 [+ [32x32 [se 42 [86 |42 |1 |2 [127 84 (328 21/39
40 40 1§x18 |4 36x36 114 48 114 |48 Q\,\ 228 169 112 29,6 24/45
44 44 |20x20 |4 40x40 144 56 144 |56 Qs 1 288 214 142 28 28/53
48 48 23x22 |4 44 x 44 174 68 174 §B\\\,\ 1 348 259 172 28,1 34/65
52 52 24x24 |4 48x48 204 84 10? {7\@2 2 408 304 202 29,2 42/78
64 64 14x14 |16 |56x56 280 112 14n\v 56 2 560 418 277 28,6 56/106
72 72 14x16 |16 |64x64 368 144 2 36 4 736 550 365 28,1 72/132
80 80 1$4x18 |16 |72x72 456 .} A 114 |48 4 912 682 453 29,6 96/180
88 88 20x20 |16 |80x80 576 C 224 144 |56 4 1152 |862 573 28 112/212
96 96 23x22 |16 |88x88 @6 . 272 174 68 4 1392 (1042 693 28,1 136/260
104 (104 |24x24 [16 |96x96 Aﬁ% 336 136 |56 6 1632 |1222 813 29,2 168/318
120 [120 |1§x18 |36 |108x 0\' 1050 [408 175 68 6 2100 (1573 1047 |28 204/390
132 [132 |2(4x20 |36 }\@IZO 1304 |496 163 62 8 2608 (1954 1301 |27,6 248/472
144 144 |23x22 |3 d& x132 (1558 |620 156 |62 & 3116 |2335 1555 |28,5 310/590
é 155 |62 2¢
Rectangular Symb?};U‘
8 18 6 (kv 1 6x16 5 7 5 7 1 10 6 3 58,3 3/0
8 32 6x14 2 6x28 10 11 10 11 1 20 13 8 52,4 5/0
12 26 10x24 |1 10x 24 16 14 16 14 1 32 22 14 46,7 7/11
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 accordanc

e 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 Basic principles

Up to 16 Dafla Matrix symbols may be appended in a structured format. If a symbol is part eof p Structured

Append, thi

is indicated by codeword 233 in the first symbol character position. Thi$ |iS immediately

followed by three structured append codewords. The first codeword is the symbol sequence indicator. The

second and

7.5.2 Sy

This codewq

ird codewords are the file identification.

ol sequence indicator

rd indicates the position of the symbol within the set (up to 16} ,0f Data Matrix syjmbols in the

Structured Append format in the form m of n symbols. The first 4 bits ofthis codeword identify] the position
of the particfilar symbol as the binary value of (m — 1). The last 4 bits identify the total number of the symbols
to be concatenated in the Structured Append format as the binary value of (17 - n). The 4-bit pptterns shall

conform with those defined in Table 11.

Table 11 — Structured Append symbol position bits

Symbol Bits Total'mumber Bits

position 1234 ofisymbols 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 1101 14 0011
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
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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 Structured Append and the fifth and sixth codewords are available for FNC1 usage. FNC1 shall not be
repeated in these positions in the second and subsequent symbols, except when used as a field separator.

7.5.5 BuﬂLred and unbuffered operation

The messag
transmitted
data in each
(specified in
data transm

7.6 Error

7.6.1 Ree

Data Matrix
total codewq
For Data M4
calculated f1
symbol has
number of b
applied.

b within a Structured Append sequence can be buffered in the readeq jin its
after all of the symbols have been read. Alternatively, the reader may transmit
symbol as it is read. In this unbuffered operation, the ECI protoecol for struct;
AIM ITS/04-001, Part 1) defines a control block that shall be prefixed to the beg
tted for each symbol.

detection and correction

1-Solomon error correction

symbols employ Reed-Solomon error correction. For Data Matrix symbols with 1
rds, the error correction codewords are calculated from data codewords with no
trix symbols with more than 255 total codewords, the error correction codewc
om data codewords with the interleaviig procedure described in Annex A. Each
A specific number of data and errorccorrection codewords which are divided i

locks, as defined in Table 10, and.£0 which the interleaving procedure defined i

The polynomnpial arithmetic for Data Matrix shall be calculated using bit-wise modulo 2 arithme

wise moduld
the field's pr
for generatif

NOTE An

7.6.2 Gen

The error ca
used for Ree

100101101 (decimal 301} arithmetic. This is a Galois field of 28 with 100101101
ime modulus polynomial/x8 + x> + x3 + x2 + 1. Sixteen different generator polynom
g the appropriate error correction codewords. These are given in Clause E.1.

example implementation of the error correction algorithm is available in Reference [2].

brating the error correction codewords

rrection codewords are the remainder after dividing the data codewords by a pol
[d-Solomon codes (see Clause E.1).

entirety and
the decoded
ired append
nning of the

bss than 255
interleaving.
rds shall be
Data Matrix
o0 a specific
Annex A is

tic and byte-
representing
jals are used

ynomial g(x)

If this calculation is performed by "long division", the symbol data polynomial shall first be multiplied by x.

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 ~—J1 Ix-1

S

Key
@ GF(256)addition
®  GF(256)multiplication

a Input.
b Qutput.
¢ Switch.

Figure 2 — Error correction‘codeword encoding circuit

7.6.3 Errqr correction capacity

The error cprrection codewords can correct two types of erroneous codewords: erasure§ (erroneous
codewords gt known locations) and errors (erroneous codewords at unknown locations). An ¢rasure is an
unscanned dr undecodable symbol(character. An error is a misdecoded symbol character. THe number of
erasures and errors that can be corrected is given by Formula (1):

e+2t<d-p (@8]

where

e is tIe number of erasures;

t iS t anumhbhaor of arrarc.
[Fe—rroaroe— ooy

d isthe number of error correction codewords;
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) Insertal

ignment pattern modules, if any.

c) Place finder modules along the perimeter.

7.7.2 Sy

olcharacter nlacement
O+ < P H

Each symbo
module repr
in order fro
the symbol

symbol char
in Clause F.1
defined in Al

character shall be represented by eight modules which are nominally square/in|
esents a binary bit. A dark module is a one and a light module is a zero. The|eight
m left to right and top to bottom to form a symbol character as shown in Figur
tharacter shape defined in Figure 3 cannot be perfectly nested at thesymbol bou
hcters are split into portions. Symbol character placement is definedun’the C langu
described in Clause F.2 and illustrated in Clause F.3 in Annex F. Symbol character

hnex F shall be used.

1 2

MSB
3 4 5
6 7 8
LSB

ignificant bit
ignificant bit

Figure 3 — Representation of a codeword in a symbol character

shape; each
modules are
e 3. Because
ndary, some
hge program
blacement as

ment Pattern module placement

Key

LSB least
MSB  most s
7.7.3 Alig

This step is only needed for larger 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.

technology to be used, and the technology to produce the symbol.

Alignmen

Finder pattern: the width of the finder pattern shall be equal to X.

ntpattern:-the width of the alionmentpattern shall be equal to 2.X

X dimension: the width of a module shall be specified by the application, taking into account the scanning

Quiet zg
excessiy

9

9.1 Genel
Data Matrix
specification
specification

Some marki
special prec

9.2 Symb

9.2.1 Fixe

Annex G defi

9.2.2 Ove

The grading

9.2.3 Dec{

The referen
Decode. A f:

Symbal quality

n n
Pt Pt

ne: the minimum quiet zone is equal to X on all four sides. For applicationswith
e reflectance noise in close proximity to the symbol, a quiet zone of 2X to 4X isTecd

ral

defined in ISO/IEC 15415 or ISO/IEC 29158 in accérdance with an applicablg
, as augmented and modified below.

hutions.
pl quality parameters

d pattern damage

nes the measurement and grading basis for Fixed Pattern Damage.

Fall symbol grade

bde

fe decode algorithm specified in this document shall be applied to determine t
ilure-of the reference decode algorithm to successfully decode the symbol sha

grade of 0 for\Decode. Reference decode constructs the actual sampling grid which is used t

moderate to
mmended.

symbols shall be assessed for quality using the 2D matrix bar code symbol print quality

application

g technologies can be unable to produce symbdls‘conforming to this document without taking

method of ISO/IEE-15415 or ISO/IEC 29158 shall be used in accordance with an application
specification].

he grade for
| result in a
sample the

modules of the symbol for the purpose of decoding. In case of an invalid encodation (e.g. 7.1, 7.2 and 7.3 used
incorrectly) the symbol shall also result in a grade of 0 for Decode.

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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9.3 Proce

A variety of
the process

produced sy
print quality
symbol prin

10 Refere

This referen

Figure 4 — Corner points of the ideal grid

ss control measurements

fools and methods can be used to perform useful measurements-for monitoring an

bf creating Data Matrix symbols. These techniques do not constitute a print quality

nbols. The method specified in 9.2 and in Annex G is the‘required method for asse

. However, other techniques individually and collectively yield good indications of|
process is creating workable symbols.

nce decode algorithm for Data Matrix

Ce decode algorithm finds a Data Matrix:§ymbol in an image and decodes it.

a) Define r]:leasurement parameters and form adigitised image.
1) Define a distance d,;, which is 7,5 times the aperture diameter defined by the applicat
be the minimum length of the "L pattern's side.
2) Define a distance g,,,, whiChyis 7,5 times the aperture diameter. This is the largest g
finder that will be tolerated by the finder algorithm in step b).
3) Define a distance mi,,), which is 1,25 times the aperture diameter. This would be

min|

4)
1SO

Search 1

Forpn a black/white image using a threshold determined according to the metho

imum module size when the aperture size is 80 % of the symbol’s X dimension.

IEC 15415.

1 controlling
check of the
sing symbol
whether the

on. This will

ap in the "L

the nominal

| defined in

b)

orizontal 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
the scan line. For each white/black or black/white transition found along the scan line resolved 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
from the intersection of the scan line and the edge starting point, or the edge turns
the intersection of the scan line and the edge - the starting point.

Follow the edge downward pixel by pixel until either it reaches a point 3,5 m_;,

m,;, distant
back toward

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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If the upward edge reaches a point 3,5 m

1)
1)

min
Plot a line A connecting the end points of the upward edge.

Test whether the intermediate edge points lie within 0,5 m;,
step III. Otherwise proceed to step 1)iv) to follow the edge in the opposite dire

IIT) Continue following the edge upward until the edge departs 0,5 m_;,,
turns back for a distance of at least 0,5 m,,,;, . Back up along the edge to the

point with an Euclidian distance greater than or equal to m;,

from the starting point, perform the following steps.

from line A. If so, continue to

ction.

from line A or the edge

closest edge

from the last edge 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.

[V) Continue following the edge downward until the edge departs 0,5 m,,;, from

line A or the

vi)
Extd
usin

Seai
critg

i)

€dge turns back for a distance of at least 0,5 M.
edge point with a Euclidian distance greater than or equal to m

Back up along the edge t

min from the Ja

b the closest
5t edge 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.

V)
steps. The "best fit" line uses the linear regression algorithm (using the end po
the proper dependent axis, i.e. if closer to horizontal, the dependent axis is

Calculate a new adjusted line Al that is a "best fit" line to thecedge in the tfjwo previous

ints to select
x) applied to

each point. The "best fit" line terminates lines at points p1\and p2 that are the points on the

"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 th

the edge viewed from p1 to p2.

If step iii) failed or did not extend upward by3,5 m,,;, in step iii)IV), test if th
edge reaches a point 3,5 m_;, from the starting point. If so, repeat the steps in iii)
downward edge.

If neither steps iii) or iv) were successful, test if both the upward and dowry
terminated atleast2 m
2 my,;, length upward and downward edge segments and repeat the steps in iii)
appended edge.

Proceed to and process thesnext transitions on the scan line, repeating from stef
boundary of the image is reached.

nd a scan line vertically in both directions from the centre point of the image. Look for
g the same logic-instep 1) above but following each edge transition first left and then

e left side of

b downward
but with the

ward edges

from the starting point. If so, form an edge comprised of the appended

but with the

i), until the

ine segments
right.

ch among the'saved line Al segments for pairs of line segments that meet the fdllowing four

bria.

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

p2Zdistances is less than g, ... If the two lines have opposite p1 to p2 directions, v¢

rify that the

ii)

1 rafila tatonlio g o1 o oo raa) o o) Jdior o o ] o o
CIOSCT O T eI e P tO P OT PZ—tO PZ U S taIC S TS TE S S traiT Yy

Verify that the two lines are co-linear within 5 degrees.

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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7)

8)
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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.
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.

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

min

For [each candidate "L" pair found in step 7) form an "L" candidate by extedding the [segments to
theif intersection point.

If the "L" candidate was formed from line segments with the colour white on the insife of the "L",
form a colour inverted image to decode. Attempt to decode the symbolstarting with thd appropriate
norinal or inverted image starting from step d) below using each of the "L" candidates|from step 8)
as the "L" shaped finder. If none decode, proceed to step c).

Maintaip the line A1 line segments and "L" side candidates from the previous steps. Continpe searching

for "L" candidates using horizontal and vertical scan lines offset from previous scan lines.

1y

2)

3)

4)

Usirjg a new horizontal scan line 3 m,;;, above the.ceqitre horizontal scan line, repeat the process in

stef b)1), except starting from the offset from thejeentre point, and then b)3) through |p)9). If there
is n¢ decode, proceed to the next step.

Using a new vertical scan line 3 m_;,, left of the centre vertical scan line, repeat the prpcess in step
b)2)} except starting from the offset fromthe centre point, and then steps b)3) through(b)9). If there
is n¢ decode, proceed to the next step:

Reppat step 1) above except usihg a new horizontal scan line 3 m_;, below the centye horizontal
scan line. If there is no decode;-repeat step 2) above except using a new vertical scan line 3 m;,
righlt of the centre vertical sean line. If there is no decode, proceed to step 4) below.

Confinue processing/horizontal and vertical scan lines as in steps 1) through 3) thaf are 3 m,,;,
aboye, then left, then bélow, then right of the previously processed scan lines until either a symbol is
decgded or the bgundary of the image is reached.

First asjume thatithe candidate area contains a square symbol. If the area fails to decodd as a square
symbol, |then ¥y to find and decode a rectangular symbol starting from procedure j). For a square
symbol, [firstplot a normalised graph of transitions for the equal sides of the candidate arda in order to
find the plternating module finder pattern.

1)

2)

3)

Project a line through the candidate area bisecting the interior angle of the two sides of the "L"
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.

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 lines, as

indicated in Formula (2):

NXxL
T — max (2)
LS
where

s Tstheromber of tramstHoTs; b‘
L. .« is the “L” maximum line length; Qq’
L,  isthe search line length; Qq()/
T is the normalized transition count. r\%

Continu¢ to calculate the T values until the search line is longer quo@ the longest axis of the candidate

area plupg 50 %. g\\
o)

Left search Iine.

Right search line.
"L" side.
Bisecting line.

4)

Figure 5 — Expanding search lines

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.
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T values
Peak.
Valley.
Candidat

5) St
fin
lo
nu
th
un
pe

to

int

6) Fil
th

from L corner

e peak to valley descenders.

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

irting from the T value with the smallest X in the right side’s plot and then increasing X, find the
st instance of a T value (T stimaximum of zero and T - 1) that is less than 25 % of the preceding
al maximum T value, provided that T value is greater than 1. Increment this X value until the
mber of transitions stops’decreasing. If the number of transitions does not increade, increment
b X value once moretRefer to this X value as the valley. Increment the local maximum’s X value
til the number oftransitions decreases and refer to this X as the peak. Refer to the ayerage of the
ak and valley X(values as the descending line X value. The search line at the peak may correspond
an alternatingfinder pattern side. At the valley, the search line may correspond to the solid dark
erior line‘gr-a light quiet zone.

nd the'peak and valley in the left side’s plot whose descending line X value most cloely matches
e right peak and valley’s descending line X value. If returning to this step from a lager step, con-

S1d
an

e right peak
d valley. However, any left peak and valley under consideration shall be checked to ensure that

the absolute difference between the right and left peak X values is less than 15 % of the average 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 allowed
foreshortening.

7) Therightside’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

an

d 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

a2 Peakling
b Valley linfe.
¢ Rectangylar region.
d  Lbounddry.

¢ Valley line from the other side.

2)

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.

C)qure 7 — Rectangular region construction

Q

Within t @gztangular region, find the best fit to the outer boundary as follows.

ing until the

i) QSPraverse all test lines starting with and parallel to the valley line and continy
V' peak line is reached, looking for transitions to the opposite colour normally grthogonal to

the test line. Select only transitions that are either dark to light or light to dark where the
first colour matches the predominate colour of the image along the valley 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) -

where

0 is the offset

d is the distance to the peak line
n is the number of transitions "1/

qu

Efch of the two constructed lines should correspond to the mid-line oéle alterndting module
pattern on that side, see Figure 8. ,\@

O
\

O
AlternatiEg &/@ n module mid-line.

Best fit lipe.

Figure 8 — Alternating pattern module mid-line

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

1) Bound the alternating pattern mid-line constructed in step €)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).

2) 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.
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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:

1y

2)

3)

Using the 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,

according to Formula (4):

wh

Cal

from the outside edge of the bar in the median pair:

wh

If there is more than one median element pair, choose a single pair using the following

i)

vi)

i =Average ((wy, —((wy, +wy)/2))/ ((wp, +wg)/2))

(4)

bre

i istheink spread

wy, is the dark element (bar) width
w; is the light element (space) width.

Culate the centre of the bar in the median element pair using(the offset in Formula (5

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

bre
o isthe offset

i istheink spread.

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

Call the middle-edge in the list the centre edge.
Calculate the{odd number of) element pair edge-to-edge distances and find their m¢

Select the’one or more element pairs with length EE_Dist.

Among those pairs identify the one or two element edge pairs that has an edge

cantra ndan

) into the bar

(5)

process.

bdge. There is
nsition going

rdian EE_Dist.

rlosest to the

cCIer T g

If there is still a tie, take the element pair that has the outer edge of the bar closest to centre edge.

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

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

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

(While three bars and two spaces are shown in Figure 9, if a space is‘the element for which the
centre is to be calculated, then the diagram would have three spages instead of the bars and two
bars instead of the spaces. For light elements adjacent to the eleméent at the end of the mid-line,
some of the DI through D4 measurements are omitted as they\would fall outside the¢ symbol’s or
segment’s measurable element boundaries.)

i) Calculate a point p1 along the mid-line which is EE" Dist/2 from the previousl]y calculated
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

jii)  If one of the values d; through d, is within 25 % of EE_Dist, select the one which is closest to
EE_Dist, and set thenew EE_Dist to be the average of the current EE_Dist and|the selected
d; through d, distance.

1§ If d; ord, are selected, select the corresponding DI or D4 edge closest tothe element,
thé centre of which is to be calculated. Offset this edge by (i / 2) * (EE_Djist / 2) in the
appropriate direction (i.e. if i is positive, the offset will move the edg¢ toward the
space included in the distance DI or D4; if negative, the offset will move away from
this space). Calculate a point p2 along the mid-line which is 0,75 times|the selected
d; or d, value from the offset edge and toward the element centre to b¢ calculated.

1D Ifd,ord;are selected, selectthe corresponding D2 or D3 edge closest to the element
the centre of which is to be calculated. Offset this edgeby (i / 2)* (EE_Dist / 2) in the
appropriate direction (i.e. if i is positive, the offset will move the edge toward 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

of the nearly
perpendicular

- 3 ) i -

3) Thelintersection of the two sets of nearly perpendicular rays should correspon&o the centres of

-

the flata modules in the data region, as shown in Figure 10. q/q/

step e)3) i

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.

using one of the two following processes.

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

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.

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.

Sy]lIBOI to the largesf Number of regions which correspona {0 a legal symEiol.

bde the symbol with its one or more data regions starting with procedure k).

e current data region exhausts its last peak and valley, revert to the previous dat
inue searching from step d)6) for the next left peak and valley in that-data region.

data sections of a rectangular symbol.

"k the lengths of the two “L” sides in the candidate pair and\identify one as “lon
r as “shorter” within this candidate pair.

each side of the “L” move a line perpendicular to the side and scanning along the

r side of the “L”. Keep each search line parallel to thé.other “L” side line. As each side
Gize of an image pixel, count the number of blacky/white and white/black transitiorn
ending the count with transitions from thexcolour of the “L’ side to the oppos

If a data region does not match the number of modules in previously processed regions, trim the

A region and

per” and the

ength of the
is moved by
s, beginning
ite colour. A

ited transition colour. As each side is meyed by a pixel, plot the number of transitio|

Finue until the parallel line moves fiwther than the perpendicular leg of the “L” plus
ter side, or 25 %, if it is the longer-side.

ting from the origin of the-plot, for each direction, find the first instance o
= maximum of zero and- T~ 1) value that is less than 15 % of the preceding loc
lue, provided that T valte is greater than 1. Increment this X value until the T|
easing. If the T value.does not increase, increment the X value once more. Refer ta
ne valley. Increment the local maximum’s X value until the T value decreases and r
e peak. Refer tathe average of the peak and valley X Values as the descending line
by line at thispoint may form a side of a symbol or data region.

the alternating pattern lines for each side of the region similar to procedure e).

the module sample grid in the data region or symbol as in procedures f), g), and h)

sition from one colour to the other shall be.counted only when the current search line as well
he search lines immediately above and below have the same colour, opposite to the previously

s, T.
50 % for the

[ a T value
h]l maximum
value stops
this X value
pfer to this X
Xvalue. The

further valid peak to valley plot transitions.

1)
i)
ii)
2)
3) Dec
4) Ifth
conf
Find the
1) Che
othd
2) For
othg
the
and
tran
ast
coul
3) Con
shoi
4) Star
(Tg
T v{
decy
ast
as tl
vall
5) Find
6) Plot
7)
8)
9)

and

Process any additional regions as in procedure i).

1). If the region(s) were not valid or the decode fails, disregard the candidate area.

If the data region defined is not a valid rectangular symbol, try to form a new data region using

If a valid data region or two regions are detected, attempt to decode the symbol as in procedures 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.

© ISO/IEC 2024 - All rights reserved
29


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

ISO/IEC 16022:2024(en)

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
interpretati¢n of the data characters can be impractical. As an alternative, descriptive text sagher than the
encoded texf may accompany the symbol. The character size and font are not specified,-and [the message
may be prinfed anywhere in the area surrounding the symbol. The human readable inferpretfation should
not interferq with the symbol itself or the quiet zones.

11.2 Autodiscrimination capability

Data Matrix
Annex K).

can be used in an autodiscrimination environment with a nuniber of other symbologies (see

11.3 System considerations

Data Matrix ppplications shall be viewed as a total system soldtion (see Annex L).

12 Transmitted data

12.1 General

This section

programma
transmissio

complex integ

12.2 Proto

When FNC1
first symbol

Identifier std
separator. T
the transmit

symbology i

describes the standard transmission protocol for compliant readers. These rea
le to support other transmission options. All encoded data characters are include
. The symbology control characters and error correction characters are not trans
rpretations are addressed-below.

icol for FNC1

appears in the first symbol character position (or in the fifth symbol character pq
of a Structured Append sequence), it shall signal that the data conforms to the GS1
ndard format (see Reference [3]). FNC1 in any other later position in such symbols 3
ansmission of symbology identifiers shall be enabled. The first FNC1 shall not be re
ted data, although its presence is indicated by the use of the appropriate option va

ders may be
d in the data
mitted. More

sition of the
Application
icts as a field
presented in
ue (2) in the

jentifier (see 12.6).

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

12.3 Proto

col 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).

© ISO/IEC 2024 - All rights reserved
30


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

ISO/IEC 16022:2024(en)

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 that follows it. If the first symbol character is 237 (i.e. encoding Macro 06), then the preamble [)>R;066;
shall precede the encoded data that follows it. The postamble R¢Eo; shall be transmitted after the data in

both cases.

12.5 Protojcol for ECIs

In systems

transmissionlll. Whenever an ECI codeword is encountered, it shall be transmitted as

character 92
interpretati
Table 6. Thse
recognising
6-digit sequg
sequence is ¢
be as follow
single occur

EXAMPLE
Encoded
Transmis

The use of th

An exceptior

12.6 Symb
ISO/IEC 154

lvhere ECIs are supported, the use of a symbology identifier prefix-is required

pec (or 5Cygyx), which represents the character “\” (backslash or reverse solidus) i
n. The next codeword(s) are converted into a 6-digit value/inverting the rule
6-digit value is transmitted as the appropriate ASCII values\48 - 57). Applicat
\nnnnnn should interpret all subsequent characters as-being from the ECI de
ence. This interpretation remains in effect until the endofthe encoded data or unti

5. Whenever (ASCII 92pc) occurs as data, two bytes of that value shall be transni
ence is always an escape character and a doubleoecurrence indicates true data.

data: A\\B\C
sion: A\\\\B\\C

e symbology identifier assures ghat the application can correctly interpret the esca
| can be made if the ECI(s) can be handled entirely within the reader.

plogy identifier

with every
the escape
h the default
s defined in
on software
fined by the
another ECI

encountered. If the backslash (byte 92) needs to bedised as encoded data, transnission shall

itted, thus a

be character.

P4 provides a standard procedure for reporting the symbology which has been r¢

ad, together

with optiong set in the decoder and special features encountered in the symbol. Once the stryicture of the
data (including the use of any ECI) has been identified, the appropriate symbology identifier should be added
by the decoder as a preamble to the transmitted data. The symbology identifier is required iflECIs appear
anywhere in|the symbol (unless exception condition in 12.5 is valid), or if FNC1 is used as defined in 12.2 or
12.3. The symbolegyidentifier and option values defined in Annex H shall be used.

12.7 Transmitteddata cxaluplt:

In this example, the two-character message “J2K” is to be encoded, using the ASCII 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
(normative)

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 a total of

368 data cogdewords—and—t44-error-correction—eodewerds—heseare-divided—intofourbloeks of 92 data
codewords gnd 36 error correction codewords, a total block length of 128 codewords. This’i$ depicted in
Figure A.1.
Code- data codewords d error correction codewords
word T3 T4 [  [365]366]367]368| 1|23 |4 |...|...Ch141] 142] 143] 144
stream
Block 1 || data codewords d error correction\codewords €
1({5|...]...]...] 361 365 115]...{“2 137 | 141
Block 2 data codewords d érror correction codewords €
216 |...|...|... | 362] 366 216 |...]... 138 142
Block 3 data codewords d error correction codewords €
317 | ... | ... | 363367 307 | ... 139 143
Block 4 data codewords d error correction codewordq €
4 |8 |...(|y. | ... | 364|368 4 18 | ... | ..o | |40 | 144
Figure(A)1 — Illustration of interleaving for 72 x 72 symbol
Symbol size [of 144 x 144is special in the sense that there are two block sizes, 156 for Block 1 o 8 and 155
for Block 9 apd 10. 1558 data bytes and 620 ECC bytes are distributed in 10 blocks as depicted ip Figure A.2.
Due to misupderstanding of a previous version of this document some implementations erroneously start
ECC codewordsfrom group 9 instead of group 1. Those implementations should follow this sectfion.
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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

2 12 22 1542 | 1552 2 12 22 602 | 612
Block 3 Data codewords d Error correction codewords e

3 13 23 1543 | 1553 3 13 23 608 | 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 Efror 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

S 15 20 3545 S 19 29 689——645
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

52 % 52 1 1,3,5 .. 201,203 1,3,5 81,83
2 2,4,6 .. |202,204 2,4,6 82, 84
64 x 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
vi 76,10 1362366 76,10 138|142
3 3,7,11 .. 363,367 3,7,11 .. 18943
H
4 4,8,12 .. |364,368 4,8,12 .. [P0, fuae
80 x 80 1 1,5,9 .. 449,453 1,5,9 Qb |185)189
2 2,6,10 .. |450,454 2,6,10 @A 186,[190
3 3,7,11 .. |451,455 3,7,11 A 187,191
4 4,8,12 452, 456 4,812 &7 188,[192
) O, ’ ) O, \\\v/ )
88 x 88 1 1,5,9 .. |569,573 1,59\ 217, b21
2 2,6,10 .. |570,574 2,610 218,222
3 3,7,11 . |571,575 |37 11 219,p23
4 4,8,12 .. |572,576 |4,8,12 220,|224
96 x 96 1 1,5,9 .. 1689,6930™ |1,59 265,1269
2 2,6,10 69%@ 2,6,10 266,]270
3 3,711 .. |691,695 3,711 267,b71
4 4,8,12 .. X692, 696 4,8,12 . 268272
104 x 104 1 1,713 3 [805,811 1,7,13 325,31
2 2,814 -\Y.. [806,812 2,8, 14 326,]332
3 3,915  |.. [807,813 3,9,15 327,B33
4 :L\,\]@‘% .. |808,814 4,10, 16 328,[334
5 511,17 .. |809,815 511,17 329,B35
6 . |612,18 .. |810,816 6,12, 18 330,336
N\
120x 120 1 ’_O 1,713 .. 11039, 1045 1,713 397,403
2 R 2,8, 14 .. |1040,1046 |2,8, 14 398|404
3 O%‘ 3,9,15 . |1041,1047 3,9,15 399,405
s O 4,10, 16 .. |1042,1048  [4,10,16 400,]406
50N 5,11,17 .. |1043,1049  [5,11,17 401,]407
e
5{, 6,12, 18 .. |1044,1050 [6,12,18 402,]408
132x132 T 19,17 11289, 1297 1.9, 17 I8T, 489
2 2,10, 18 .. |1290,1298  [2,10,18 482, 490
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 randomised

output code

B.2 253-¢

B.2.1 Gen

This algorith
always be in|

The variable

B.2.2 253
INPUT ( Pad
pseudo_rand
temp_variab,
[F (temp_va

OUTPU
ELSE

OUTPU

B.2.3 253

INPUT ( ranlomised_Pad:codeword_value, Pad_codeword_position )

pseudo_rand

temp_variab

=
voTtT

tate algorithm

eral

m adds a pseudo-random number to the Pad codeword value. The pseudo-random
the range of 1 to 253 and the randomised Pad codeword valueWwill be in the range

Pad_codeword_position is the number of data codewordsfrom the beginning of en
rstate randomising algorithm

| codeword_value, Pad_codeword_position )

om_number = ( ( 149 * Pad_codeword_positieh ) mod 253 ) + 1
le = Pad_codeword_value + pseudo_randem_number

Fiable < 254 )

(randomised_Pad_codeword: zalue = temp_variable )

(randomised_Pad_codeword_value = temp_variable - 254 )

rstate un-randomising algorithm

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

le<’randomised_Pad_codeword_value - pseudo_random_number

number will
1 to 254.

coded data.

IF (temp_variable =2 1)

OUTPUT ( Pad_codeword_value = temp_variable)

ELSE

OUTPUT ( Pad_codeword_value = temp_variable + 254 )
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tate 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

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

range 0 to 255.

B.3.2 255-state randomising algorithm

INPUT ( Base256_codeword_value, Base256_codeword_position )

pseudo_rand
temp_variab,
[F (temp_va
OUTPU1T
ELSE
OUTPUT

B.3.3 255

om_number = ( ( 149 * Base256_codeword_position ) mod 255) + 1

le = Base256_codeword_value + pseudo_random_number

Fiable < 255)

(randomised_Base256_codeword_value = temp_variable )

(randomised_Base256_codeword_value = temp_variable &256 )

state un-randomising algorithm

INPUT ( randlomised_Base256_codeword_value, Base256_codeword_position )

pseudo_rand

temp_variab

om_number = ( ( 149 * Base256_codeword ‘position ) mod 255) + 1

e=randomised_Base256_codeword_valie'- pseudo_random_number

IF (temp_variable =2 0)
OUTPUT ( Base256_codeword_value =femp_variable )
ELSE
OUTPUT ( Base256_codeword value = temp_variable + 256 )
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Annex C
(normative)

Data Matrix encodation character sets

Table C.1 — C40 encodation character set

C40 Value Basic set Shift 1 set Shift 2 set Shift 3 set
Char | Decimal | Char | Decimal Char Decimal | Char | Decimal

0 Shift 1 NUL 0 ! 33 ' 961
1 Shift 2 SOH 1 “ 34 a o3V
2 Shift 3 STX 2 # 35 b [ .8
3 space 32 ETX 3 $ 36 7 99
4 0 48 EOT 4 % 37 [p@ | 100
5 1 49 ENQ 5 & 38, e 101
6 2 50 ACK 6 ‘ g 102
7 3 51 BEL 7 ( ~ 40 g 103
8 4 52 BS 8 ) N a h 104
9 5 53 HT 9 O] i 105
10 6 54 LF 10 O 43 i 106
11 7 55 VT TS 44 k 107
12 8 56 FF 12« - 45 1 108
13 9 57 CR 139 46 m 109
14 A 65 SO | 14 / 47 n 110
15 B 66 SL -2 15 58 o 111
16 C 67 | DLE'| 16 ; 59 p 112
17 D 68 | DC1 17 < 60 q 113
18 E 692 DC2 18 = 61 r 114
19 F 707 | pC3 19 > 62 s 115
20 G _R\N71 DC4 20 ? 63 t 116
21 Yy 72 NAK 21 @ 64 u 117
22 N 73 SYN 22 [ 91 v 118
23 ) 74 ETB 23 \ 92 w 119
24k 75 CAN 24 ] 93 X 120

PoN L 76 EM 25 A 94 y 121

N M 77 SUB 26 _ 95 z 122
27 N 78 ESC 27 FNC1 ( 123
28 0 79 FS 28 | 124
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.

Table C.2 — Text encodation character set

Basic set Shift 1 set Shitt Z set Shift 3 set
Text value - . - . %‘
Char | Decimal | Char | Decimal | Char | Decimal | Char Decup\ﬁ]/
0 Shift 1 NUL 0 ! 33 ‘ 96"
1 Shift 2 SOH 1 “ 34 A | les
2 Shift 3 STX 2 # 35 By 66
3 space 32 ETX 3 $ 36 c 67
4 0 48 EOT 4 % 37 {47D 68
5 1 49 ENQ 5 & 38\ | E 69
6 2 50 ACK 6 = F 70
7 3 51 BEL 7 C 40 G 71
8 4 52 BS 8 A 41 H 72
9 5 53 HT 9 QY 42 1 73
10 6 54 LF 10, 3+ 43 ] 74
11 7 55 VT u~ | 44 K 75
12 8 56 FF | «l12 - 45 L 76
13 9 57 RN 13 . 46 M 77
14 a 97 s~ | 14 / 47 N 78
15 b 98 4Usi 15 : 58 0 79
16 c 99¢ | DLE 16 ; 59 P 80
17 d (100 | pc1 17 < 60 Q 81
18 e 4 101 DC2 18 = 61 R 82
19 O] 102 DC3 19 > 62 S 83
20 g 103 DC4 20 ? 63 T 84
21 /N h 104 NAK 21 @ 64 U 85
2 ) i 105 SYN 22 [ 91 % 86
23 j 106 ETB 23 \ 92 w 87
.{\(}"24 k 107 CAN 24 ] 93 X 88
75 T 108 EM 75 4 97 Y 59
26 m 109 SUB 26 ] 95 z 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
EClis in effect.
Table C.3 — EDIFACT encodation character set
N
Data character EDIFACT Data character {.\q/ '| EDIFACT
Char Decimal Binary value binary Char Decimal Binar OGWe binary
value value value o value

@ 64 01000000 000000 space 32 09@5’00 100000
A 65 01000001 000001 ! 33 _ 00‘1{)0001 100001
B 66 01000010 000010 “ 34 (/b 00100010 100010
C 67 01000011 000011 # ;&\\V 00100011 100011
D 68 01000100 000100 $ \O;’G} 00100100 100100
E 69 01000101 000101 % ,_5\\\'37 00100101 100101
F 70 01000110 000110 & ‘<, ~ 3g 00100110 100110
G 71 01000111 000111 'OQ‘ 39 00100111 100111
H 72 01001000 001000 &g‘ 40 00101000 101000
I 73 01001001 001001 AS\\)) 41 00101001 101001
] 74 01001010 001010 s2{\\‘0 * 42 00101010 101010
K 75 01001011 001011 $ ) + 43 00101011 101011
L 76 01001100 001109\\‘0 , 44 00101100 101100
M 77 01001101 0&1@1 - 45 00101101 101101
N 78 01001110 (:qse.ﬁm . 46 00101110 101110
0 79 01001111 ("\\ﬁ01111 / 47 00101111 101111
P 80 01010Q\0(3.V 010000 0 48 00110000 110000
Q 81 01 \1 010001 1 49 00110001 110001
R 82 (@9\‘6010 010010 2 50 00110010 110010
S 83 s %1010011 010011 3 51 00110011 110011
T 84}/\&(“ 01010100 010100 4 52 00110100 110100
U f@v 01010101 010101 5 53 00110101 110101
\% ‘OE-)86 01010110 010110 6 54 00110110 110110
W Q7 01010111 0101141 i [y 00110111 10111
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€onfiguration for 32 x 32 square symbol

IIIIIII.

Figure D.2 — Alignment pattern configuration for 64 x 64 square symbol
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L L L L L L L r L v R L LT
- L - L - -
- E E -
e 5 e -
- -4 E -
E E C .
E E E -
E E E -
- L C -
-------- L LAAAALAase LASLELALL S RALAS LSS s LARAR AR e LAL L Rs LD
- e ~ E -
- L - L -
- E E C C .
- - E - -
- e ~ E -
E L E L .
- - E - -
- E L L -
-------- b Al A il LALLL LSS LALARLLLL " LASSLLELL " LALL LR L L s
- - E - -
e - L E -
- E E E -
E E E E .
- . e - -
e = B = -
- - - - -
- C E = E -
AL L AR LS LA LR LR AL " LARLLEED) L LR A AL RS LARRRRRAL S LA LSS ™
E E E = E -
- L - - - -
T - - - - -
e e L = - -
- E E - E -
e e E E E -
- - - E E -
L C 4 w - -
-------- L hhAAAL AL LASLL LSS LA LARALAL " LALRLLELL " LALL LRSS L
s
| 3 1 | 3 0
- - - - - -
T - L = E -
e e E - e -
- E E C L -
- - - - -
- - L E -
-------- L LAAAALAAL" LALLLLRLL " LALLRRLLL " LARALLRLL " LALLLEL L)
E = E = -
- . E C -
= -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 symbo
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Annex E
(normative)

Data Matrix Reed-Solomon error detection and correction

E.1 Error correction codeword generator polynomials

The error correction codewords are the coefficients of the remainder resulting from first multiplying the

2T Py

symbol dat
polynomial i
generator pq

For example
x+2)(x+4)
=x5+(2+4
8*32)+(1
4 * 8

X2+ ((2 * 4k
= x5+ 62x* +

Note that th
“exclusive-o

polynomial]le

The polyno
g(x) = x5+ 6

a-alima-aratal—dl K gund +b o Jdso: 3 3t oz 1 0" faor ol oa o1 o Do
POTyTIUIITAT U (A Oy A alrc CHOCT OTv IOTTg e Oy o gCIICTatoT PUTYy TIOTHTAT g (A )+ Lid

s the product of the first-degree polynomials: x - 21, x - 22, ..., x - 27; where n is the
lynomial.

the fifth degree generator polynomial is:

(x+8)(x+ 16)(x + 32)
+8+16+32)x*+((2*4)+(2*8)+(2*16)+ (2*32)+ (4 *8y+ {4 *16) + (4 *32
6*32))x3+ ((2*4*8)+(2*4*16) + (2*4*32)+ (2*8X16)+ (2*8*32) + (4
* 16) + (4 * 8 * 32) + (4 * 16 A\J32) + (8 * 1
B*16) +(2%4*8*32)+(2*4*16*32)+(2*8*16*32) w4 *8*16*32))x+(2*4
111x3 + 15x2 + 48x + 228.

is Galois Field arithmetic is not normal integex, arithmetic: - is equivalent to +,
" operation in this Field, and multiplication\is' byte-wise modulo 100101101 for
rm generated by bit-by-bit multiplication.

ial divisor for generating 5 check characters is:

x4+ 111x3 + 15x2 + 48x + 228.

The polynonpial divisor for generating 7.chéck characters is:

g(x) =x7 + 28

4x5 +92x5 + 240x* + 13433 + 144x2 + 68x + 23.

The polynonpial divisor for generating 10 check characters is:

g(x) =x10+4

1x9 + 110x8 + 255x7 + 116x0 + 248x5 + 223x* + 166x3 + 185x2 + 24x + 28.

The polynonpial divisoffor generating 11 check characters is:

gx)=x11+1

20x10:+97x9 + 60x8 + 245x7 + 39x6 + 168x° + 194x* + 12x3 + 205x2 + 138x + 175.

The polynomiakdivisor for generating 12 check characters is:

ch generator
legree of the

+(8*16) +
*16 * 32) +
6 * 32))
*8*16*32)

which is an
each binary

g(x) = x12 + 242x11 + 100x10 + 178x% + 97x8 + 213x7 + 142x5 + 42x° + 61x* + 91x3 + 158x2 + 153x + 41.

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 + 156.

The polynomial divisor for generating 18 check characters is:

g(x) = x18 + 188x17 + 90x16 + 48x15 + 225x14 + 254x13 + 94x12 + 129x11 + 109x10 + 213X + 241x8 + 61x7 + 66X°
+ 75x5 + 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 + 43x2 + 231x + 211.

aal Jdizs £ 3 24 ol 1 L i H
The polynomlal UIiviovul 1UI SCIICI Cll,llls JU CIICUNRA UIIdI dULUTTI O 15,

g0 = 36 +
95x24 + 1374
179x11 + 844

The polynonpial divisor for generating 42 check characters is:

g(x) =x*2 + 5
+57x29 + 25
175x16 + 8x1
+137x2+ 19

The polynonpial divisor for generating 48 check characters is:

gx) =x*8 +

176x36 + 44
170x24 + 904
+231x11 + 2

| 12x35 + 81x34 + 98x33 + 225x32 + 25x31 + 59x30 + 184x29 + 175x28 + 44x27 + A15x
23 4+ 101x22 + 33x21 + 68x20 + 4x19 + 2x18 + 18x17 + 229x16 + 182x15 + 80x14.4 251x
10 + 120x9 + 102x8 + 181x7 + 162x6 + 250x° + 130x* + 218x3 + 242x2 + 12%x|+ 245.

X1 + 9x40 4+ 5x39 + 226x38 + 177x37 + 150x36 + 50x35 + 69x34 + 202x33 + 248x32 + 1(
Bx28 + x27 + 21x26 + 121x25 + 57x24 + 111x23 + 214x22 + 105x2L\¥167x20 + 9x19 + 100
b+ 242x14 + 133x13 + 245x12 + 2x11 + 122x10 + 105x° + 247x8+/153x7 + 22x5 + 38x5 {
Bx + 77.

1OX47 + 225x46 + 253x45 + 92x44 + 213x43 + 69x%2%+ 175x41 + 160x40 + 147x39 + 187]
35 + 82x34 + 240x33 + 186x32 + 138x31 + 66x30°+ 100x29 + 120x28 + 88x27 + 131x4
23 + 37x22 + 23x21 + 118x20 + 147x19 + 16x18 +106x17 + 191x16 + 87x15 + 237x14 + 184
BBx10 + 133x9 + 238x8 + 22x7 + 117x6 + 32x5 + 96x* + 223x3 + 172x% + 132x + 245.

The polyno

g(x) = x56 + #6x55 + 143x5% + 53x53 + 233x52+ 107x51 + 203x50 + 43x49 + 155x48 + 28x47 + 247
127x%4 + 24%x43 + 137x42 + 13x41 + 164x40 + 207x39 + 62x38 + 117x37 + 201x36 + 150x35 + 22x3
144x32 + 233x31 + 29x30 + 203x29 + 19728 + 234x27 + 218x26 + 146x25 + 228x24 + 54x23 + 132
+ 38x20 + 22[3x19 + 36x18 + 159x17 +\150x16 + 235x15 + 215x14 + 192x13 + 230x12 + 170x11 + 17°
100x8 + 208%7 + 220x6 + 17x° + 12x% + 238x3 + 223x2 + 9x + 175.

The polyno

g(x) = x62 +

4x50 + 170x4
218x37 + 27x
+250x24 + 1
143x12 + 189

ial divisor for generating 56 check characters is:

ial divisor for generating 62 check characters is:

P04x61 + 1AX60 + 47x59 + 86x58 + 124x57 + 224x56 + 166x55 + 94x54 + 7x53 + 232x
P+ 176x48% 31x47 + 163x46 + 17x%5 + 188x*4 + 130x43 + 40x42 + 10x41 + 87x40 + 63}
B6 + 6x35F 147x34 + 44x33 + 161x32 + 71x31 + 114x30 + 64x29 + 175x28 + 221x27 + 181
D0x23_+ 197x22 + 63x21 + 245x20 + 230x19 + 134x18 + 112x17 + 185x16 + 37x15 + 196x

6+ 119x25 +
3+ 220x12 +

1x31 + 54x30
k18 + 95x17 +
- 19x4 + 31x3

k38 + 87x37 +
6+ 205x25 +
x13 +205x12

K40 + 67x45 +
4 +238x33 +
x22 + 200x21
x10 + 29x9 +

2+ 107x51 +
k39 + 51x38 +
x26 + 106x2°
14+ 108x13 +

X184 201x10 + 188x9 + 202x8 + 118x7 + 39x6 + 210x° + 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 + ..

+ Cx! + C,

where the n

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

Calculate i syndrome values S, through S; _; by evaluating C(x) at x = 2k for k = 1 through i, where i is the
number of error correction codewords in the symbol.

Form and so
SolL

S1lq

54

where j =i/2.

Construct th
L(x)=L;

from the j v
number of sy

Whenever L

ve j simultaneous equations with j unknowns L, through L; _ ; using the i syndrom

S.

+ 5Lyt + S 4L =5

+ 5L+ +SLi 12544

Lo+ SiLq+ .o+ S5 _oLi 12531
e error locator polynomial:
X+ L o0l Lox+ 1

rmbol characters in the symbol.

[2K) = 0, an error location is given by n - 1 - k. If more than j error locations af

symbol is nott correctable.

Save the ern
locations foy
magnitudes)

EoX,
E,2)

E,3)

or locations in m errotlocation variables E, through E,, _ ; where m is the nun
nd. Form and solveyn simultaneous equations with m unknowns X, through X, |
using the error lpcation variables E and the first m syndromes S:

FEX 4B X 1.5,
(0 + EL2X o+ Epy o) X 21251

’0 # E13X1 + ..+ E(m _ 1)3Xm 1= SZ

bs:

hlues of L obtained above. Evaluate L{x) at x = 2k for k = 0 through n — 1 where g is the total

e found, the

ber of error
1 (the 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

EO s

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].

/* "prod(x,
int prod(in
if (!x |
ELSE ret
}

/* "ReedSol
/* and adds
/* power off
void ReedSog

int i, 3

/* allocatg
log = mal
alog = m
log[0]
for (i

alog
(
[

if

[
al
loglal

/* allocatg

c = mall
for (i=1
for (i=1
cli]
for (
cl
}
c[0]

}

/* clear, 4
for (i=n)
for (i=0

k = w
for
wd|

—

}

free(c);
free (alg

yv,log,alog,gf)" returns the product "x" times "y" */
t x, int y, int *log, int *alog, int gf) {

| !y) return 0;

urn alogl (loglx] + loglyl) % (gf-1)]1;

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

, then generate the log & antilog arrays: */
1loc (sizeof (int) * gf);
alloc (sizeof (int) * gf);
1-gf; alog[0] = 1;
1; 1 < gf; i++) |
alog[i-1] * 2;
] >= gf) alog[i] "= pp;
11 = 1i;

oc (sizeof (int) * (nc+1));

; i<=nc; i++) c[i] = 0; c[0] = 1;

; i<=nc; 1i++) {

= c[i-1];

f=1i-1; 3>=1; j--) |

j] = cl[j-11 ~ prod(cl[jl,alogli](/log,alog,gf);

= prod(c([0],alog[i],log,alogygf) ;

hen generate "nc" chgckwords in the array wd[] : */
d; i<=(nd+nc); i++).wdli] = 0;

; i<nd; i++) |

d[nd] ~ wd[i]

=0; j<nc; Jj+#)

[nd+j] = wdfnd¥j+1] *~ prod(k,c[nc-j-1],1log, alog,gf);

free (loq

, then generate the generator polynomial, cefficients:

lomon (wd, nd, nc,gf.pp)" takes "nd" data codeword values in wd[]
on "nc" check codewords, all within GF(gf) where "gf"
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 following C language program generates symbol character placement diagrams:

#include <g
#include <4
int nrow, n
/* "module"
void modul€
{ if (row
if (col
array[r9
}
/* "utah"
void utah (
{ module (ro
module
module
module
module
module
module
module

IS

(4
(4
(
(
(
(
(

I
I
e
I
I

}
/* "cornerN
void cornen
{ module (nqy
module (|
module
module
module
module
module

(n|
(
(
(
(
module (

0
0
1
2
3

}
void cornern
{ module (n1
module
module
module
module

int row,

tdio.h>
1loc.h>
col, *array;
places "chr+bit" with appropriate wrapping within array[] */
(int row, int col, int chr, int bit)
0) { row += nrow; col += 4 - ((nrow+4)%8); }
0) { col += ncol; row += 4 - ((ncol+4)%8); }

w*ncol+col] = 10*chr + bit;
laces the 8 bits of a utah-shaped symbol character (Y
int col, int chr)
w—-2,col-2,chr,1);
low-2,col-1,chr,2);
low-1,col-2,chr,3);
low-1,col-1,chr,4);
low-1, col, chr,5);

low, col-2,chr, 6);

low, col-1,chr,7);

low, col,chr, 8);

" places 8 bits of
1 (int chr)

low-1,0,chr,1);
njrow-1,1,chr, 2
row-1,2,chr,3
,ncol-2,chr,4
,ncol-1,chr,5
,ncol-1,chr,6
,ncol-1,chr,7
,ncol-1,chr, 8

the four spe@ial corner cases */

);
);
) ;
) ;
);
) ;,
)

’

2 (int chr)
low-3, 0, che;1) ;
row-2,0\.chr, 2
nfrow-4 3,05, chr, 3
, neol”~4,chr, 4

) ;
) ;
)

’

,néd1-3,chr,5);

0f
0f
module (07
module
module

(0|
(0}
(
(
(
(0,
(1,
}
void corner
{ module (nr
module (n
module (n
module
module
module
module
module

(
(
(
(1
(
(

}
void corner
{ module (nr

0,
0,

2,
3,

nnicol-Z,Cchr,0),
ncol-1,chr,7);
ncol-1,chr, 8);

3(int chr)
ow-3,0,chr,1);
row-2,0,chr, 2
row-1,0,chr,3
ncol-2,chr, 4
ncol-1,chr,5
,ncol-1,chr,6
ncol-1,chr,7
ncol-1,chr, 8

);
);
) ;
) ;
);
);
)

’

4 (int chr)
ow-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+) {
for (col=0; col<ncol; col++) {

array[row*ncol+col] = 0;
}
}
/* Starting| in the correct location for character #1, bit 8,... */
chr = 1;] row = 4; col = 0;
do {
/* repeatedly first check for one of the special corner cases, then... ¥4
if ((frow == nrow) && (col == 0)) cornerl (chr++);
if ((jrow == nrow-2) && (col == 0) && (ncol%4)) corner2 (chr++) ;
if ((frow == nrow-2) && (col == 0) && (ncol%8 == 4)) corner3(Chr++);
if ((jrow == nrow+4) && (col == 2) && (! (ncol%8))) cornerd (chst+);
/* sweep upward diagonally, inserting successive characters, . ,.\*/
do {
if ((row < nrow) && (col >= 0) && ('array[row*ncol+col))
utlgh (row, col, chr++) ;
row - 2; col += 2;
} while |((row >= 0) && (col < ncol));
row += 1], col += 3;
/* & then sweep downward diagonally, inserting suceessive characters,... */

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

} while |((row < nrow) && (col >= 0%)
row += 3; col += 1;

/* ... unti]l the entire array is scanned */
} while |((row < nrow) || (c6l < ncol));

/* Lastly, if the lower rilghthand corner is untouched, fill in fixed pattern */

if (larray[nrow*ncol-0]y {
arrayllnrow*ncol-I .= array[nrow*ncol-ncol-2] = 1;

}

/* "main" dhecks for valid command line entries, then computes & displays array */

void main (ih&,argc, char *argv[])
{ int %, y,l. 2y

if (argc =< 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 = array[x*ncol+yl];
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") ;

ee (array);

F.2 Symbol character placement rules

F.2.1 Non

-standard symbol character shapes

Because the standard symbol character shape cannot always fit at the data module boundaries of the symbol
and at some corners, a small set of non-standard symbol characters is required. There are six conditions:

two bounda
to certain sy

a) One por
applies 1
the row?

b) One por

bottom

arrange

Table F.1

'y conditions which affect all symbol formats, and four different corner conditions
mbol formats.

Fion of the symbol character shape is placed on one side and the other on the:oppos
o two basic symbol character shapes (see Figure F.1). Variants of these.arrangem
to-row relationship between the left- and right-hand boundary (see,Table F.1).

tion of the symbol character is placed on the top boundary and the other po
boundary. This applies to two basic symbol character shapes (see Figure F.2). Vari

which apply

ite side. This
bnts concern

tion on the
hnts of these

ments concern the column-to-column relationship betwegn.the top and bottom bgundary (see

).

c) Four symbol character shapes are split between two or thrée corners (see Figures F.3 to F6). The non-

standar
general
in Figur
In Figur
for boun
in Figur
conditio

l symbol shapes are placed at opposite boundaries) The number of these pairings

increases in

proportion to the size of the perimeter of the mapping matrix. The basic pattern is gs illustrated
ps F.1 and F.2. In Figure F.1, modules a8 and-a7 are in the same row, as are modulgs b7 and bé.

b .2, module c6 and c3 are in the same column as are modules d3 and d1. There arg

seven cases

dary placement, which define the relative vertical position of the symbol characterys illustrated
p F.1, the horizontal position of the syinbol characters illustrated in Figure F.2, and the corner

S.

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

Boundary || Row relationship Colimn relationship of Corner Mapping Refer to
placement || of module a8 and p condition matrices Annex F. Figure
module c6 and c3 .
case a7 Figure no. affected no. for example
Square: 82, 162,
- _ 242,322,402 482, . |
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, 184 | Fighire F.10, F.17
a’ Row €3 Column Square: 122
2282 362 442 | Fi
3 — a8 Row + 4 — 6 Column + 4 E3 20 ,282,36 ,244 ,| Figure F.11, F.18
1084, 132
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 10x24,10x32 | —1BHERE
a7 Row c3 Column Rectangular: .
7 =a8 Row + 4 =¢6 Column + 2 E6 6x28,14x 44 Figure F.15
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a

N

a5

e

al

a2

a3

a4

b

™
Left bourjdary. Qq/
Right boIndary. (1:1’
Qv
Figure F.1 — Left and right symbol characters r\©
c6
cl
c3
S
S
Top bourjdary. .
Bottom Houndary. O®
Q
§’Flgure F.2 — Top and bottom symbol characters
C)é x4 | x5
\Q/ X6
x7
x8

x1 | x2 | x3

Figure F.3 — Corner condition 1
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x4 | x5 | x6 | X7
x8
x1
X2
x3
Licura ll 4 Caornaor caonditian 2
x ls“l A>3 S o GUUL IIVI CUIIVIVIVIL &
x3 | x4 | X5
X6 | x7 | x8
x1 X2

Figure F.5 — Cornercondition 3

x4 | x5

X6

X7

1 x8
x2
x3

Figure F.6 — Corner condition 4

NOTE1 Algebraic notation has been used to identify the symbol characters because these vary depending on the
symbol format

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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2) 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 10. The

boundary placement case is given in Table F.1.

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.

21 | 2.2 \

23 | 24 | 25

26 | 2.7 | 2.8

Figure F.7 — Starting sequence for module placement

The cormer shapes are positioned according to Table F.1 and the appropriate Figures F.3 to
of the sfandard symbol character shapes continues, nesting the shapes as illustrated in K
symbol tharacters 2, 5 and 6. The non-staidard symbol characters are positioned as per Tj
process|results in the mapping matrix(being completely covered in symbol characters, m
are un-numbered.

The sequence of symbol characters is determined as follows. Symbol characters are
45-degrge parallel diagonal lines between the lower left and upper right, generally linking
centres pn module 8.

The firsf diagonal line starts with the line through module 8 of symbol character 1; this

E.6. Plotting

igure F.7 for
hble F.1. This

ost of which

hrranged on
through the

is module 8

except ip the caseofithe 6 x 28 mapping matrix, where the corner condition, as defined ipn Figure F.6,

P pp g 8
i.e. the diagonal line is always displaced by 4 modules. Symbol characters are numbered in
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.

in Figure F.7

bd 4 modules
odule down;
order, based

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,
numbered, diagonal lines map the symbol character sequence from bottom left to top right.
and all even numbered, diagonal lines map the symbol character sequence from the top
bottom left.
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|12
13 | 1.4
16 | 1.7
| g
~
1050 A4
\
Bl - | )
1121 7.6 /
/
11.4)115|
11.7
a/ b
b a

BLK.
WHT.

Figure F.8 — Symbol character placement sequence

When tlje placement'path encounters a non-standard symbol character shape, which is ndt completely
containgd within the boundaries of the mapping matrix, that symbol character is continued on the
opposit¢ side“of*the matrix. This has the effect of numbering the opposite portions of these symbol
charactgrs’before the placement path crosses that position. For example, in the illustrated mapping
matrix (see’Figure F.8) the other portions of symbol character 3 and 7 are pre-numbereld before the
placement path crosses them. Thus, the placement path only numbers un-numbered symbol characters.
These boundary and corner conditions are specified in Table F.1. This can be seen in Figure F.8 for
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
respective cases 1 to 7 for boundary placement. Figures F.16 to F.19 are another set of examples for cases 1 to
4.F.1 provides a C language program capable of mapping all encoded bits into the appropriate mapping matrix.

F.3 Symbol character placement examples

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

23 (24 | 2551|5246 |47 |48

26 |27 | 2853 |54 |55 11,12

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

18 63|64 |65])81(82]16 |17

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

74 | 75§ 34\1 32186 |87 |88] 73

77 | 789433 |34 | 35141 |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

18§63 |64 |65]81| 82 J106/|10.7| 108} 7.3

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

74 7581|8286 | 87 | 88 J11.3| 114 | 11.5

77 | 78183 |84 |85)121 122116 | 11.7- 11.8

31 | 3286 |87 |88])123 124|125 a b

33 (3435|411 | 42)126|12.7,4,128 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
1.8 6.3 6.4 6.5 11.1 | 11.2 § 126 | 12.7 12.8 14.3 14.4 14.5
_— e
72 66 | 6.7 | 68 J11.3 |11.4 | 11.5§151 | 15.2 | 14.6 | 14.7 | 148
74 | 75 101 | 102116 |11.7 | 11.8 § 153 | 154 | 15.5 1.1 1.2
77 | 78 §10.3 | 104 | 105 16.1 | 16.2 § 15.6 | 15.7 | 15.8-] 1.3 1.4
91 | 92 §10.6 | 10.7 | 108 16.3 | 164 | 16,5 18.1.( 18.2 1.6 1.7
93 | 94 | 95 171 | 17.2)16.6 | 16.7 | 1684 183 | 184 | 185 ] 7.1
96 | 97 | 98 §17.3 | 174|175} 3.1 {32 | 186 | 187 | 188 | 7.3
81 |82 | 83 (176|177 |17.8 33 | 34 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 Q36|37 | 38()43 | 44 | 45]131 | 132 84 8.5 8.6 8.7
23|24 | 2551 |52 )46 | 47 | 48 | 133 | 134 | 135 141 | 142 | 88
26 | 27 | 28 | 53 | 54 | 55 J12.1| 122} 13.6 | 13.7 | 13.8 | 143 | 144 | 145
15§61 | 62} 56 |57 |58 123|124 | 125 | 151 | 152 | 14.6 | 14.7 | 14.8
18 63 | 64 | 65 111 | 112126 |12.7 | 128 |} 153 | 154 | 155§ 1.1 1.2
et

7.2 |66 | 6.7 | 68 §11.3 | 114 | 11.516.1 | 16.2 | 156 | 157 | 158 | 13 1.4
74 (175 §10.1 | 10.2§11.6 | 11.7 | 11.8§ 163 | 164 | 165 | 22.1 | 222 f 1.6 1.7
7.7 (|78 §10.3 | 104 | 105171 | 172166 | 16.7 | 168 | 223 | 224 | 225 § 7.1
9.1 (9.2 §10.6 | 10.7 | 10.8§17.3 | 17.4 | 175 21.1 | 21.2.Q 22.6 | 22.7 | 228 § 7.3
93 |94 | 95 |§18.1|182})17.6 | 17.7 | 178 213, 21.4 | 21.5 § 23.1 | 232§ 7.6
9.6 (9.7 | 9.8 | 183|184 | 185 20.1 | 20.2 }»21.6 | 21.7 | 21.8 | 23.3 | 23.4 || 235
8.1 J[19.1 | 19.2 § 18.6 | 18.7 | 18.8 | 20.3 |:20:4 | 20.5 | 24.1 | 24.2 | 23.6 | 23.7 || 23.8
8.2 J[19.3 1194|195} 3.1 | 3.2 §-20.6 | 20.7 | 20.8 | 24.3 | 244 | 245 a b
83 J[19.6 | 19.7 | 198 3.3 }. 34 | 3.5 § 41 | 42 | 246 | 24.7 | 248 b a

BLK.

WHT.

Figure 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
1863 |64 | 6531|3286 |87 | 88123 | 124 | 125101 | 102} 1.6 | 1.7
71466 | 67 | 68 Q33 |34 |35)41 | 42 126 | 12.7 | 128 103 | 104 0.5] 7.2
Figure F.13 — Codeword placement for 6 x 16 rectangular mapping matrix
212236 |37 |38} 43 | 44 | 45 §11.1 | 11.2 § 12.6 | 12.7 | 12.8 | 13.3 | 13.4 | 13.5 § 21.1 | 21.2 })22.6 | 22.7 | 22.8 | 23.3|| 23.4 | 23.5
2324 | 245451 | 5246 | 47 | 48 §11.3 | 11.4 | 11.5 | 14.1 | 142 | 13.6 | 13.7 | 13.8 § 2.3,\21.4 | 21.5 | 24.1 | 24.2 | 23.6|| 23.7 | 23.8
26 (27| 24853 |54 |55 )101 102§ 11.6 | 11.7 | 11.8 | 14.3 | 144 | 145 | 20.1 | 20.2\421.6 | 21.7 | 21.8 | 24.3 | 24.4 | 24.5|} 1.1 1.2
1561|256 |57 | 58 103|104 | 105 151 | 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
18163 | 64 | 65191 | 9.2 J10.6 | 10.7 | 10.8§ 153 | 154 | 155 | 19.1 | 19/] 20.6 | 20.7 | 20.8 |} 25.3 | 25.4 | 25.5§ 29.1 | 29.2|} 1.6 | 1.7
72166 | 67 | 68193 | 94 | 95161 |162] 156 | 157 | 158 | 198419.4 | 19.5] 26.1 | 26.2 | 25.6 | 25.7 | 25.8 ] 29.3 | 29.4{| 295] 7.1
747581 |82496 |97 | 98 163|164 | 165 | 18.1 | 182°4 19.6 | 19.7 | 19.8 | 26.3 | 26.4 | 26.5 | 28.1 | 28.2 | 29.6 | 29.7)| 298 7.3
777883 |84 |85)17.1|17.2)16.6 | 16.7 | 16.8 | 18.3(,18.4 | 18.5 | 27.1 | 27.2 | 26.6 | 26.7 | 26.8 | 28.3 | 28.4 | 28.5 | 30.1]| 30.2 | 7.6
31 (32 86|87 |88 )173|174|175§12.1 | 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
33 (34| 3541 | 42 176|177 | 178123 ("12.4 | 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
2112213637 |38)43 |44 /9581|8296 |97 | 98 103|104 |10.5§14.1|14.2§156|157|158)16.3|16.4|16.5)20.1|202) 1.4 | 1.5
23|24 |25Q851 |52 46 N7 |48)83| 84 | 85 111 |11.210.6|10.7|10.8 143|144 |145]19.1|19.216.6 | 16.7 | 16.8 | 20.3 | 204 | 205 1.6
26|27 |28Q53 |54 /N55)71 (7286 | 87 | 88 |11.3|11.4 | 1154131 |13.2|14.6 | 14.7 | 148193 | 19.4 | 195 19.1 | 19.2 | 20.6 | 20§7 | 20.8 § 1.7
11§61 | 6245657 58073 |74 (75121 |122)11.6|11.7 | 11.813.3 |13.4|13.5§18.1 |182]19.6 |19.7 |19.8]19.3 | 19.4 | 195 21]1 | 21.2} 1.8
| ———— § ———
12063 |64 |65031 (3247677 |78Q123 (124|125 9.1 | 92 J13.6 |13.7 | 138|183 |18.4 | 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
72 66 1 67 | 68 8113 1114 11158181 | 182 8 176 | 177 | 17.8 § 273 | 274 | 27 7.1
74 | 7/5 §10.1|10.211.6 | 11.7 | 11.8 4183 | 184 | 185 | 26.1 | 26.2 | 27.6 | 27,7\ \27B | 7.3
7.7 | 718 §10.3 | 10.4 | 10.5§19.1 | 192186 | 18.7 | 188 | 26.3 | 26.4 | 26.5-4 28.1 | 28R | 7.6
9.1 | 92 J10.6 | 10.7 | 10.8 §19.3 | 19.4 | 19.5§ 25.1 | 25.2 | 26.6 | 26.7 ( 26.8 | 28.3 | 284 | 285
93 | 94 | 9.5 §20.1|202Q19.6|19.7|19.8) 253 | 25.4 | 255 §129.1 | 29.2 | 28.6 | 28] | 28.8
9.6 | 97 | 9.8 | 20.3|20.4 | 20.5)24.1|24.2]) 25.6 | 25.7 | 2508 | 29.3 | 29.4 | 29.5 8.1 8.2
85 §21.1|21.2§20.6 |20.7 |208]24.3|244| 245 § 30.1 | 30.2 | 29.6 | 29.7 | 29.8 8.3 8.4
8.6 |213|21.4| 215|231 |23.2)24.6|24.7| 248 | 303 | 304 | 305 | 32.1 | 32.2 | 8.4 8.7
2221216 | 21.7 | 21.8 23.3 | 234 | 235§ 3118 31.2 | 30.6 | 30.7 | 30.8 | 323 | 324 | 32p | 221
224|245 31 | 3.2 §23.6|23.7 2384313 | 314 | 315 | 14.1 | 14.2 | 32.6 | 32.7 | 32B | 223
22.7 1248 33 | 34 | 35 | 41,1 42 316 | 31.7 | 318 | 143 | 144 | 145 | 151 | 15p | 226
Figure F.16 —€odeword 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
72 § 66 | 67 | 68 |11.3 114 |11.5)18.1| 182 | 17.6 | 17.7 | 17.8 | 283 | 284 | 285 | 30.1 | 30.2 | 7.6
7.4 7. T0.T [T0Z2 116 [ 11,7 | 118|183 184 | 185 | 27.1 | 272§ 286 | 287 | 288 30.3 |,39.4 | 30.5
77 | 74 §103 | 104 | 10.519.1 | 19.2}18.6 | 18.7 | 188 | 27.3 | 27.4 | 27.5 | 31.1 | 31.2 | 30 | 30.7 | 30.8
9.1 | 94 §10.6 | 10.7 | 10.8 § 19.3 | 19.4 | 19.5) 26.1 | 26.2 | 27.6 | 27.7 | 27.8 | 31.3 | 3h4|f 315 | 81 8.2
93 | 94 | 95 |20.1|20.2§19.6 |19.7 | 198 263 | 26.4 | 26,5 | 32.1 | 322 | 3k6 | 31.7 | 31.8 | 83 8.4
9.6 | 971 | 9.8 1203|204 |205)251|252] 26.6 | 26.7 | 26.8 | 32.3 | 324 325 | 381 | 382 | 86 8.7
8.5 | 21.1 | 21.2 § 20.6 | 20.7 | 20.8 | 25.3 | 25.4 | 25.5 | 33.1 | 33.2 | 32.6k| 32.7 | 32.8 | 383 | 384 | 385 | 22.1
8.6 |21.3 | 214 | 215241 |242)25.6 | 257 | 25.8 | 33.3 | 33.47\33.5 | 371 | 372 | 38.6 | 387 | 388 | 22.3
22.2121.¢ | 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
224 | 22.5 1231 | 232 24.6 | 24.7 | 248|343 | 344 (7345 | 36.1 | 36.2 | 37.6 | 37.7 | 378 § 393 | 394 | 39.5
22.7 | 22.8 1233|234 | 235351352346 (347 | 348 | 36.3 | 364 | 36.5 | 40.1 | 40.2 | 39.6 | 39.7 | 39.8
31 | 3.3 §23.6|23.7|238]353 354|355 141 | 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 4101 | 102 §11.6 | 11.7 | 11.8 4 183 | 184 | 185 | 29.1 | 29.2 | 30.6 | 30.7 | 30.8 | 343 | 344 | 345 | 1.1 1.2

7.7 | 78 103 | 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 | 348\ [1.3 1.4

9.1 | 92 §10.6|10.7 | 108 §19.3 | 194 | 195§ 28.1 | 28.2 | 29.6 | 29.7 | 298 | 353 | 354 | 355 | 45.1 (452 | [1.6 1.7

93 | 94 9.5 201 |202§19.6 |19.7|19.8] 283 | 284 | 285 | 36.1 | 36.2 | 35.6 | 35.7 | 35.8 ~453 | 454 | 455 7.1

9.6 | 9.7 || 9.8 §20.3|20.4|205)27.1|272] 286 | 287 | 288 | 363 | 364 | 365 | 44.1 |.44.2 | 456 | 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 | 4437 44.4 | 445 | 46.1 | 46.2 | 7.6

8.6 | 21.3|| 21.4 | 21.5§26.1 | 26.2 | 27.6 | 27.7 | 27.8 | 37.3 | 37.4 | 375 | 43.1 | 432/)] 44.6 | 44.7 | 448 | 463 | 46.4 | 46.5

222§ 21.6| 21.7 | 21.8 § 26.3 | 26.4 | 26,5 38.1 | 38.2 | 37.6 | 37.7 | 37.8 | 43,3 1743.4 | 435 | 47.1 | 47.2 | 46.6 | 46.7 | 46.8

224 | 2251 25.1 | 25.2 | 26.6 | 26.7 | 26.8 | 38.3 | 38.4 | 385 | 42.1 | 422/ 43.6 | 43.7 | 438 | 473 | 474 | 475 | B.1 8.2

22.7 | 22.8[§ 25.3 | 25.4 | 25.5§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 | B.3 8.4

24.1 | 242§ 25.6 | 25.7 | 25.8 1 39.3 | 39.4 | 39.5 ] 41.1 | 41.2 |N\42.6 | 42.7 | 42.8 | 48.3 | 484 | 485 | 50.1 | 50.2 | [8.6 8.7

24.3 | 24.4|| 24.5 40.1 | 40.2 | 39.6 | 39.7 | 39.8 ] 41.3 |\\41.4 | 41.5 | 49.1 | 49.2 | 48.6 | 48.7 | 488 | 50.3 | 50.4 0.5 22.1

24.6 | 24.7| 248|403 | 40.4 | 405 3.1 | 3.2 § 416 | 41.7 | 41.8 | 493 | 494 | 495 | 141 | 142 § 50.6 | 50.7 0.8 | 22.3

23.1 | 23.2|| 23.3 | 40.6 | 40.7 | 40.8 ) 3.3 (34 | 3.5 4.1 42 §49.6 | 49.7 | 498 | 143 | 144 | 145 | 15.1 5.2 | 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
7.7 | 78 §103 | 104 | 10.5§19.1 | 19.2J18.6 | 18.7 | 188 | 29.3 | 29.4 | 295 | 36.1 | 36.2 | 356 | 357 | 358 | 493 | 494 | 495] 7.1
| —————— i —————

9.1 | 9.2 I]10.6 10.7 | 10.8119.3 | 19.4 | 19.5] 28.1 | 28.2 | 29.6 | 29.7 | 29.8 | 36.3 | 364 | 365 | 48.1 | 48.2 | 49.6 | 49.74|49.8 | 7.3
93 | 9.4 ||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 | 9.7 ||9.8 203|204 |205]27.1|272] 286 | 287 | 288 | 373 | 374 | 375 ]| 471 | 47.2 | 48.6 | 487|488 | 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 | 475 |'51.1 | 51.2 | 50.6 [|50.7 | 50.8
8.6 |21.3 ||21.4 | 21.5)26.1 | 26.2)27.6 | 27.7 | 278 | 383 | 384 | 385 | 46.1 | 46.2 | 47.6 | 47A 478 | 51.3 | 51.4 | 515 || 8.1 8.2
22.2121.6 ||21.7 | 21.8 263 | 264 | 26.5139.1 | 39.2 | 38.6 | 38.7 | 388 | 463 | 46.4 | 46.5¢].521 | 52.2 | 51.6 | 51.7 | 51.8 || 8.3 8.4
22.4 | 22.5|)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 | 468 | 52.3 | 52.4 | 52.5 | 58.1 | 58.2 || 8.6 8.7
22.7 | 22.8 ||25.3 | 25.4 | 25.5 | 40.1 | 40.2 § 39.6 | 39.7 | 39.8 | 45.3 | 45.4 | 45.5 j¢53y1" | 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 | 244 ||24.5] 41.1 | 41.2 ] 40.6 | 40.7 | 40.8 | 44.3 | 444 | 44.5 | 542,| 54.2 | 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,] 543 | 544 | 545 ] 56.1 | 56.2 | 57.6 | 57.7 | 57.8 | 59.3 ||59.4 | 59.5
231421 |[42.2]41.6 | 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
2321423 |[424 | 425]) 3.1 | 3.2 |43.6|43.7| 43.8 | 553 | 554 | 555 | 14.1 | 142 | 56.6 | 56.7 | 56.8 | 60.3 | 60.4 | 60.5 a b
2331426 ([42.7 | 428]) 33 | 34 | 35 | 41| .2 | 556 | 55.7 | 55.8 | 14.3 | 144 | 145 | 15.1 | 15.2 | 60.6 | 60.7 | 60.8 b a
BLK.

WHT.

FigureF.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 of dlfferences 1n symbology structures and reference decode algorlthms the effect of certain

parameters p

and ISO/IEC
attributes. ]
application d

In case the 5
replaced by
“MOD” shall

G.2 Inter

A significant
wherein gra
level as in f{
measuremel
to the neare
edition of th
the previous

G.3 Data

G.3.1 Features to be assessed

The fixed p4
and the quie
the symbol.
12 x 36 orla
The left and
sides should
bars and int
series of alte
account not

Matrix Fixed Pattern Damage

29158 prov1de for symbology spec1f1cat10ns to deflne the gradlng of certaln symbo
his annex therefore defines the method of grading Fixed Pattern Damage g 'be
fISO/IEC 15415 or ISO/IEC 29158 to Data Matrix.

ymbol quality is tested by using ISO/IEC 29158 then all references-to)ISO/IEC 1

be replaced by “CMOD”.

polation between grade levels

change that is introduced in this edition of this document is the use of “continug
des are reported in tenth of a grade level instead-of an integer representing the
he previous edition. This reduces troubling fluctuations in grades when smal
Its cause a grade to transition between integer grade levels. Grades are to be ro
5t tenth so that the boundary between whele'numbers remains unchanged from
s document. Accordingly, it is possible to.convert the grade from this edition to th
edition by simply dropping the decimal\part of the grade in all cases.

ttern features to be.assessed are contained in the one-module wide perimeter o
t zone of a minimunnrof one module width (or more if specified by the application)
n larger symbgls-{square symbols 32 x 32 modules or larger, or rectangular symh
rger) with internal alignment patterns, the alignment pattern is also part of the f
lower side’ofthe symbol should form a one-module wide solid "L" shape and the rig

0/IEC 15415

ogy-specific
used in the

b415 will be

ISO/IEC 29158. The term “modulation” shall be replaced by “cell'modulation”, dnd the term

us grading”,
entire grade
changes in
unded down
the previous
e grade from

f the symbol
surrounding
ols 8 x 32 or
xed pattern.
ht and upper

consistlof)alternating dark and light single modules (known as the clock track). Tl
ernal-élock track of the alignment pattern should similarly be a one-module wide
rnating dark and light single modules respectlvely The gradmg of leed Pattern Dp

G.3.2 Grading of the outside L of the fixed pattern

e alignment

dolid bar or a

amage takes

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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h] portion of the L

!

QZL2

ntal portion of the L
of the quiet zone adjacent to L1

of the quiet zone adjacent to L2
igure G.1 — Outside L and corresponding quiet zone segments of fixed patter

re described below shall be applied to each'segment in turn.

modulation grade for each module based on the values in ISO/IEC 15415. Since
dark nature of the module is knownj*any module sampled to be the opposite co
pdulation grade O.

h modulation grade level, apply the parameter grade overlay technique d
15415:

bach side of the L (L1 and"L.2 in Figure G.1) and each quiet zone area (QZL1 and QZL
nd L2 respectively.innFigure G.1), assume that all modules not achieving that grad
le are module errons, and derive a notional damage grade based on the grade threg
hble G.1. Take the’lower of the modulation grade level and the notional damage grag

grade for‘each segment shall be the highest resulting grade for all modulation grad

allyforboth square and rectangular symbols with more than one data region, re
bove where L1 and L2 start with the module in the quiet zone and end at the modul

he intended
our shall be

escribed in

P, adjacent to
e or a higher
holds shown
le.

e levels.

peat steps a)
e in the clock

L1  vertic

L2  horizd
QZL1 porti
QZL2 porti

H

The procedul

a) Find the
light or
given m

b) For ead
[SO/IEC

1) For

L1 3

grad

in T

2) The

c) Additioy
and b) a

track ar|

[ to these L1

panof the same data region and Q711 and Q71.2 consist of the gquiet zone ndj;lrpn

and L2 segments as defined like Figure G.1. In other words, treat the lower left data region as if it were
a symbol with a single data region. If this grade is lower than that obtained from L1, L2, QZL1, and QZL2

in steps

d)

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

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

damaged Grade
0% 4
>0%and<9% 3,0to 39
>9%and<13 % 2,0to 2,9
>13%and <17 % 1,0to 19
>17 % and <21 % 0,0t0 0,9
>21% 0

e) The grade for the segment shall be the highest resulting grade for all modulation grade levels.

G.3.3 Gra]iing of the clock track and adjacent solid area segments

This section

of the intern

region, or individual data regions of larger symbols. Each segment consists of a‘clock track p
rtion (which is part either of the quiet zone or of an internal alignmient bar).

solid area pd

A clock track segment commences with a module in the L side or internal alignment pattern. It
the module preceding either the quiet zone or the next internal alignment pattern.
module in the quiet zone, or the alignment pattern, is not included inithe clock track (see Figure

and includes

A solid area
end of the se
the last mod
the adjacent

defines the measurement of damage to the internal alignment patterns (when'pres
external clo¢k tracks and associated quiet zone areas. These tests are applied sepdriately to e
al alignment patterns, the clock tracks, and associated quiet zone areas that bofind the data

segment starts adjacent to the first module of thé associated clock track segment
oment is adjacent to a quiet zone, then this solid\area segment ends with the module adjacent to
Lle of the associated clock track segment (seeEigure G.6). If not, it ends with the fij
solid segment, which has the same colour (se€ Figure G.5).

ent) and also
ach segment

ortion and a
continues to
The adjacent
G.2).

If the other

st module of

© ISO/IEC 2024 - All rights reserved

66


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

Solid are
Solid are
L side.

d  (Clock tra

e

NOTE Fig
segment of th|

Figure G.

For each ext

symbols), damage is measured according to the following procedure.

a) Transiti
quiet zo
in the cl
Formulg

Ts’ = Mal

Ry =T5

Alignmennt bar.

ISO/IEC 16022:2024(en)

h (light).
h (dark).

rk segment.

fure G.2 depicts an internal alignment pattern segment which terminates at another inter
e same colour.

P — Structure of external clock track segment and internal alignment patterr

brnal clock track segment or intérnal alignment pattern segment of a symbol (for m

hn ratio test: on every clock track segment in the binarised image, both external (ad
he) and internal (adjacent to the solid internal alignment bar), count the number g
pck track side, T¢, and the solid line side, Ts, and compute and grade the transitio

(G.1) and Formwa (G.2):
x (0, Ts =

Tc

hal alignment

| segment

plti-segment

jacent to the
f transitions
 ratio using

(G.1)

(G.2)

where R

Grade tr

¢ is the transition ratio.

ansition ratio according to Table G.2.

© ISO/IEC 2024 - All rights reserved
67


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

ISO/IEC 16022:2024(en)

Table G.2 — Grading of transition ratio

Ry (transition ratio) Grade
<0,06 4
> 0,06 and < 0,095 3,0to 39
>0,095and <0,13 2,0to29
>0,13 and < 0,165 1,0to 19
> 0,165 and < 0,2 0,0to 0,9
>0,2 0

The end points between which transitions are counted are the intersections of grid lines plotted by the

reference decode algorithm in the first and last modules of the clock track or solid area.

As an exam

ble, a perfect symbol with 0 transitions in the quiet zone is depicted in Figuné

damaged symbol with 2 transitions in the quiet zone is depicted in Figure G.4.

Key

A-A
B-B'

Key

A-A
B-B'

A 1

N
R R R

B

grid linking module centres from reference decode algorithin
interpections defining beginning and end of solid area
interpections defining beginning and end of clock track

grid 1-inking module centres from reference decode algorithm

1 A'

1
-——— | | L

=i

Figure G.3 — Transitions in a perfect symbol

G.3, while a

3 t v dafiai L. H 3 o | < £ 1ad
Interseccions CrCTIITTITS OCETIIITTIT S Al CITar OT SO arca

intersections 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.

c¢) For each modulation grade level: assume that all modules not achieving that grade or a higher grade are
module errors, and derive a notional damage grade based on the following three assessments:
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d)

f)

g)

h)

j)
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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.

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.

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.

Table (.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

At each prade level take the lowest of the modulation grade/evel, the clock track regularity grade, the
clock trgck percentage damage grade, and the solid fixed-pattern percentage damage grade.

The notjonal damage grade for the segment shall be the highest resulting grade for all modulation
grade lepels.

The fixed pattern damage grade for the segment’shall be the lower of the transition ratio grade and the
notional damage grade.

The overall fixed pattern damage grade(or the clock track and adjacent solid area segmentsf|is the lowest
of the grjades obtained for each of the.individual segments.

The shaded |areas in Figure G.5 and)G.6 show examples of internal alignment pattern segments, which
include the dock track portion and solid area portion to which the transition ratio, regularity and solid fixed

pattern testg are applied for each*type of internal segment boundaries.
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