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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees

established by the respective organization to deal with particular fields of technical activity.
technical committees collaborate in fields of mutual interest. Other international organizations,
and nam- —irtiar X : . : )

technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ional Standards are drafted in accordance with the rules given in the ISO/IEC Directives

ISO and IEC
governmental
of information

Part 2.

The mjain task of the joint technical committee is to prepare International Standards. Draft International

Standdrds adopted by the joint technical committee are circulated to national bodies for voting.
an Intefnational Standard requires approval by at least 75 % of the national bodies casting a vof

Attention is drawn to the possibility that some of the elements of this document may be the sy
rights. ]SO and IEC shall not be held responsible for identifying any.gr-all such patent rights.

ISO/IELC 16022 was prepared by Joint Technical Committee’ ISO/IEC JTC 1, Informatid
Subcommittee SC 31, Automatic identification and data captare techniques.

This sgcond edition cancels and replaces the first edition (ISO/IEC 16022:2000), which has b
revised. It also incorporates the Technical Corrigendum-ISO/IEC 16022:2000/Cor.1:2004.

Publication as
e.
bject of patent

n technology,

ben technically

© ISO/IEC 2006 — All rights reserved
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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 International Standard 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 require publicly available standard
symbology spegcificationstowhictrthey camrrefer whenmdevetopinmgequipmentand—appticationrstarmdargs. The
publication of gtandardised symbology specifications is designed to achieve this.

viii © ISO/IEC 2006 — All rights reserved
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INTERNATIONAL STANDARD

ISO/IEC 16022:2006(E)

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

1 Sc¢ope

This International Standard defines the requirements for the symbology known as Data Matrix.

Data N
quality

It appli

2 N

The fag
referen
docum

ISO/IE
Carriern

ISO/IE
Harmo

ISO/IE
Harmo

ISO/IE

print quiality test specification — Two-dimensional symbols

ISO/IE

print quality test specification — Linear symbols

ISO/IE

atrix symbology characteristics, data character encodation, symbol formats, dimeng
requirements, error correction rules, decoding algorithm, and user-selectable application

bs to all Data Matrix symbols produced by any printing or marking technology.

brmative references
ces, only the edition cited applies. For undated references, the latest edition of f
ent (including any amendments) applies.

C 15424, Information technology — Automiatic identification and data capture techn
Identifiers (including Symbology Identifiers)

C 19762-1, Information technology ~~Automatic identification and data capture (AIDC)
hized vocabulary — Part 1: General terms relating to AIDC

C 19762-2, Information technology — Automatic identification and data capture (AIDC)
hized vocabulary — Part 2:)Optically readable media (ORM)
C 15415, Informatientechnology — Automatic identification and data capture technique

C 15416, Information technology — Automatic identification and data capture technique

C 646:1991, Information technology — ISO 7-bit coded character set for information inter

It specifies the
ions and print
parameters.

llowing referenced documents are indispensable for‘the application of this document. For dated

he referenced

fques — Data

techniques —

techniques —

s — Bar code

s — Bar code

change

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

alphab

et No. 1

ISO/IEC 8859-5:1999, Information technology — 8-bit single-byte coded graphic character sets — Part 5:
Latin/Cyrillic alphabet

AIM Inc. ITS/04-001 International Technical Standard: Extended Channel Interpretations — Part 1:
Identification Schemes and Protocol

© ISO/IEC 2006 — All rights reserved
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3 Terms, definitions, symbols and mathematical/logical notations

3.1 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762-1, ISO/IEC 19762-2 and

the following a

3.1.1
codeword

pply.

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

the symbol

3.1.2
module
single cell in a

313
convolutiona
error checking

can recover fr|
contents of an

NOTE The

exclusive-or (XQ

314

pattern rando|

procedure to

repeating patte

3.2 Symbo
For the purpo
d

e

number of error correction codewords

number of erasures

the memoyy order 6f'the convolutional code

(for ECC (000 ~140) the number of bits in a complete segment generated by the state machine prg
the convolutional code (for ECC 200) total number of data codewords

matrix symbology used to encode one bit of data, nominally a square shape in Data Mat

coding
and correcting (ECC) algorithm that processes a set of input bits into a set of output G
bm damage by breaking the input bits into blocks, then convolving’ each input block v
hulti-stage shift register to produce protected output blocks

e encoders can be constructed in hardware using input and output switches, shift registg
R) gates.

Mmising
convert an original bit pattern to another bitpattern, intended to reduce the probal
rns occurring in the symbol, by inverting selected bits

S

s of this document, the following'mathematical symbols apply unless defined locally.

iX

its that

ith the

rs, and

bility of

(for ECC 000 - 140) the number of bits in a complete segment input to the state machine to generate the
convolutignal code (for ECC 200) total number of error correction codewords

ducing

the numerical base in an encodation scheme

number of codewords reserved for error detection

symbol character

number of errors

the input bit segment to the state machine, taken k bits at a time

the output bit segment from the state machine, generated n bits at a time

© ISO/IEC 2006 — All rights

reserved
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X horizontal and vertical width of a module

¢ error correction codeword

3.3

Mathematical/logical notations

For the purposes of this document, the following notations and mathematical operations apply.

div

mod

XOR

LSB

MSB

4 Symbol description

4.1

Data Matrix is a two-dimensional matrix symbology.

There

ECC 2
ECC 0pP0O - 140 with several available levels:of convolutional error correction, referred to)
ECC 0p0, ECC 080, ECC 100 and ECC 140 respectively. ECC 000 - 140 should only be \
applicgtions where a single party controls both the production and reading of the symbols and
for overall system performance.

The chigracteristics of Data Matrix are:

a) Entodable character set:

1)[ values 0 — 12%.in accordance with the US national version of ISO/IEC 646

NOTE

modifiedl to FS, GS/RS and US respectively.

2)| . values 128 - 255 in accordance with ISO 8859-1. These are referred to as extended A

integer division operator

integer remainder after division

exclusive-or logic function whose output is one only when its two inputs are not equiva
least significant bit

most significant bit

Basic characteristics

hre two types:

1 This version consists of the GO set of ISO/IEC 646 and the CO set of ISO/IEC 6429 with

ent.

DO which uses Reed-Solomon error correction:, ECC 200 is recommended for new applications.

as ECC 000,
sed in closed
is responsible

values 28 — 31

5CII.

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

NOTE

2  This International Standard specifies Data Matrix symbols in terms of dark modules marked on a light
background. However, subclause 4.2 provides that symbols may also be produced with light and dark modules reversed in
colour (see 4.2), and in such symbols references in this International Standard to dark modules should be taken as
references to light modules, and vice versa.

c) Symbol size in modules (not including quiet zone):

ECC 200 10 x 10 to 144 x 144 even values only

ECC000-140 9x9to49x49, odd values only

© ISO/IEC 2006 — All rights reserved
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d) Data characters per symbol (for maximum symbol size in ECC200):

1) Alpha

numeric data: up to 2 335 characters

2) 8-bit byte data: 1 555 characters

3) Numeric data: 3 116 digits.

e) Selectable

error correction:

ECC 200: Reed-Solomon error correction.
ECC 000 - 140:  Four levels of convolutional error correction, plus the option to apply en
detection

f) Code type

g) Orientation

4.2 Summa
The following 3

a) Reflectan
either dar
based on
taken as
reflectanc

b) Extended
other cha
specific re

c) Rectangu
d) Structured

Matrix syn
symbols a

4.3 Symbo

Each Data Ma
array. In large
of data regiong

Matrix

independence: Yes

ry of additional features

ummarises additional features which are inherent or optional in-Data Matrix:

on light or light on dark (see Figure 1). The specifiedtions in this International Stand
dark images on a light background, therefore refepences to dark or light modules shq
references to light or dark modules respectively in the case of symbols produce
P reversal.

Channel Interpretations: (ECC 200 only,*optional): This mechanism enables characte
racter sets (e.g. Arabic, Cyrillic, Greek;*Hebrew) and other data interpretations or in
quirements to be represented.

ar symbols: (ECC 200 only, optional): Six symbol formats are specified in a rectangular f
append: (ECC 200 only{ optional): This allows files of data to be represented in up to 1

hbols. The original data,can be correctly reconstructed regardless of the order in wh
re scanned.

structure

rix symbol)consists of data regions which contain nominally square modules set out in a
ECC<200 symbols, data regions are separated by alignment patterns. The data region
and-alignment patterns, is surrounded by a finder pattern, and this shall in turn be surr

y error

e reversal: (Inherent): Symbols are intended to be read_when marked so that the image is

ard are
uld be
d with

's from
dustry-

prm.

6 Data
ich the

regular
or set
bunded

on all four sig

es. by a quiet zone border. Figure 1 illustrates an ECC 140 and two representationg

of an

ECC 200 symbol.
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5

5.1

This s
encod

symbol:

Step 1

E¢

ISO/IEC 16022:2006(E)

) ECC200, dark on light

(b) ECC200, light on dark

(c) ECC140, dark

on light

Figure 1 — ECC 200 (a & b) and ECC 140 (c) encoding "A1B2C3D4E5F6G7H819d0

Finder pattern

der pattern is a perimeter to the data region and is one module wide. Twoe-adjacent sid
ides, forming the L boundary, are solid dark lines; these are used primarily to determineg
tion and symbol distortion. The two opposite sides are made up ofsalternating dark and
are used primarily to define the cell structure of the symbol, but alsoCan assist in deterr
d distortion. The extent of the quiet zone is indicated by the corner marks in Figure 1.

g
J

Symbol sizes and capacities

DO symbols have an even number of rows and an even number of columns. Some symhi
res from 10 x 10 to 144 x 144 not including quiet.zones. Some symbols are rectangular
fo 16 x 48 not including quiet zones. All ECC 200rsymbols can be recognised by the upy
being light. The complete attributes of ECC 200 symbols are given in Table 7 in Section|

4
g

DO - 140 symbols have an odd numbertof rows and an odd number of columns. Symb
es from 9 x 9 to 49 x 49 (modules) notiincluding quiet zones. These symbols can be rec
right corner module being dark..The complete attributes of ECC 000 - 140 symbol
G.

y.

CC 200 requirements

Encode procedure overview

€
i

ction provides an overview of the encoding procedure. Following sections will provide m
hg example for ECC 200 is given in Annex O. The following steps convert user data f

K1L2"

bs, the left and
physical size,
light modules.
nining physical

ols are square
ith sizes from
er right corner
5.5.

pls are square
pgnised by the
5 are given in

o]

ore details. An
o an ECC 200

Data encodation

Analyse the data stream to identify the variety of different characters to be enco
includes various encodation schemes which allow a defined set of characters to be
codewords more efficiently than the default scheme. Insert additional codewords to s

ded. ECC 200
converted into
witch between

the encodation schemes and to perform other functions. Add pad characters as needed to fill the
required number of codewords. If the user does not specify the matrix size, then choose the smallest
size that accommodates the data. A complete list of matrix sizes is shown in Section 5.5, Table 7.
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Table 1 — Encodation schemes for ECC 200

Encodation scheme | Characters Bits per data character
double digit numerics 4

ASCII ASCII values 0 - 127 8
Extended ASCII values 128 - 255 16

40 Upper-case alphanumeric 5,33
Lower case and special characters | 10,662

_— Lower-case alphanumeric 5,33
Upper case and special characters | 10,66

x12 ANSI X12 EDI data set 5,33

BDIFACT ASCII values 32 - 94 6

Base 256 All byte values 0 - 255 8

8 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

Step 2: Error checking and correcting codeword generation

For symbols with more than 255 codewords, sub-divide thé ¢odeword stream into interleaved

to ena
correc
numbsg

Step 3: Modulg placement in matrix

Place the codeword modules in the matrix:\lnsert the alignment pattern modules, if any, in the
Add the finder pattern modules around:ithe matrix.

5.2 Data encodation

5.2.1 Overview

The data may
is the basic s
scheme. The
given set of ¢
compaction is

ble the error correction algorithms to be processed.as shown in Annex A. Generate th
ion codewords for each block. The result of this\process expands the codeword stream|
r of error correction codewords. Place the error'correction codewords after the data code

be encoded using’any combination of six encodation schemes (see Table 1). ASCII enc
cheme. Allother encodation schemes are invoked from ASCIl encodation and return

ata may. hot be the one with the fewest bits per data character. If the highest de
required, account has to be taken of switching between encodation schemes and betwes

blocks
e error
by the
words.

matrix.

bdation
to this

ompaction,efficiencies given in Table 1 need to be interpreted carefully. The best scheme for a

jree of
n code

sets within ar
codewords is T

done using pad characters.

5.2.2 Default character interpretation

efcodation scheme (see Annex P). It should also be noted that even if the number of
n—d_m_d_t_ﬁl_cﬂ_ﬁﬁ'rrn_m—rh_rn_nlmlmme . the codeword stream mighnt Need 1o be expanded to Tl a symbotl. This Till process is

The default character interpretation for character values 0 to 127 shall conform to ISO/IEC 646. The default
character interpretation for character values 128 to 255 shall conform to ISO 8859-1: Latin Alphabet No. 1.
The graphical representation of data characters shown throughout this document complies with the default
interpretation. This interpretation can be changed using Extended Channel Interpretation (ECI) escape
sequences, see 5.4. The default interpretation corresponds to ECI 000003.
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5.2.3 ASCIl encodation

ASCII encodation is the default set for the first symbol character in all symbol sizes. It encodes ASCII data,
double density numeric data and symbology control characters. Symbology control characters 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). Extended ASCIl (data values 128 to 255) is encoded using the upper shift
symbology control character (see 5.2.4.2). The digit pairs 00 to 99 are encoded with codewords 130 to 229
(numeric value plus 130). The ASCII code assignments are shown in Table 2.

Table 2 — ASCII encodation values

Codeword | Data or function
1-128 ASCII data (ASCII value + 1)
129 Pad
130 - 229 2-digit data 00 - 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
237 06 Macro
238 Latch to ANSI X12 encodation
239 Latch to Text encodation
240 Latch to EDIFACT encodation
241 ECI Character
242 - 255 Not to be used in ASCII encodation
5.2.4 |Symbuology control characters
ECC 200 8ymhols have several special symhalagy contral characters which have particular Isignificance to

the encodation scheme. These characters shall be used to instruct the decoder to perform certain functions or
to send specific data to the host computer as described in 5.2.4.1 to 5.2.4.9. These symbology control
characters, with the exception of values from 242 through 255, are found in the ASCII encodation set (see
Table 2).

5.24.1 Latch characters

A Latch Character shall be used to switch from ASCII encodation to one of the other encodation schemes. All
codewords which follow a Latch Character shall be compacted according to the new encodation scheme. The
encodation schemes have different methods for returning to the ASCII encodation set.
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5.2.4.2 Upper Shift character

The Upper Shift character is used in combination with an ASCII value (1 - 128) to encode an extended ASCII
character (129-255). An extended ASCII character encoded in the ASCII, C40, or Text encodation scheme
requires a preceding Upper Shift character and the extended ASCII character value decreased by 128 is then
encoded according to the rules of the encodation scheme. In ASCIlI encodation, the Upper Shift character is
represented by codeword 235. The reduced data value (i.e. ASCIl value minus 128) is transformed into its
codeword value by adding 1. For example, to encode ¥ (Yen currency symbol) (ASCII value 165), an Upper
Shift character (Codeword 235) is followed by value 37 (165 - 128), which is encoded as codeword 38. If there
are long data strings of characters from the extended ASCII range, a Latch to Base 256 encodation should be
more efficient.

5.24.3 Pad character

If the encodeq data, irrespective of the encodation scheme in force, does not fill the data capacity of the

symbol, pad characters (value 129 in ASCII encodation) shall be added to fill the remaining data capacity of

the symbol. The pad characters shall only be used for this purpose. Before inserting pad-charactefs, it is

necessary to return to ASCII encodation if in any other encodation mode. The 253-State pattern randamising

algorithm is applied to the pad characters starting at the second pad character and- continuing to the|end of

the symbol (see Annex B.1).

5.2.4.4 Exténded Channel Interpretation character

An Extended Channel Interpretation (ECI) character is used to change ftom the default interpretation Yised to

encode data. The Extended Channel Interpretation protocol is common across a number of symbologies and

its application [to ECC 200 is defined more fully in 5.4. The ECl«character shall be followed by one, fwo, or

three codewornds 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 invoké another interpretation.

5.24.5 Shift characters in C40 and Text encodation

In C40 and Text Encoding, three special characters; called shift characters, are used as a prefix to one of 40

values to encade about three quarters of the AS€II characters. This allows the remaining ASCII charagters to

be encoded infa more condensed way with single values.

5.2.4.6 FN(1 alternate data type identifier

To encode dafa 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). FNCG1- encoded in any other position is used as a field separator and shall be

transmitted as|®s control ¢haracter (ASCII value 29).

5.2.4.7 Magro characters
bides-a-means-of-abbreviating-an-industry-specific-headerand-trailerin-ene-symbel-character.

VIO T o1t OTTIIoTCY Ot

Data Matrix pr
This feature exists to reduce the number of symbol characters needed to encode data in a symbol using
certain structured formats. A Macro character must be in the first character position of a symbol. They shall
not be used in conjunction with Structured Append and their functions are defined in Table 3. The header shall
be transmitted as a prefix to the data stream and the trailer shall be transmitted as a suffix to the data stream.

The symbology identifier, if used, shall precede the header.

oo oty SpoomocTicat

© ISO/IEC 2006 — All rights reserved


https://iecnorm.com/api/?name=77990b64ca938c74185fbbbeb5f58c8e

5.24.8

ISO/IEC 16022:2006(E)

Table 3 — Macro functions

Interpretation
Macro codeword Name
Header Trailer
236 05 Macro N>R s05% ¢ RsFor
237 06 Macro N>R s06° ¢ RsFor

Structured Append character

A Stru
accord

5.24.9

A Readler Programming character indicates that the symbol encodes a message used to prog

system
Progra

5.2.5

The C
charac
the dat

C40 ch
specia
single

one of

As af
complg
two va
accord
codew:

5.2.5.1

It is po
Codew
switch

ctured Append character is used to indicate that the symbol is part of a Structured-App
ng to the rules defined in 5.6.

Reader Programming character

. The Reader Programming character shall appear as the first codeword of the symb
mming shall not be used with Structured Append.

C40 encodation

10 encodation scheme is designed to optimise the ,entoding of upper-case alphabeti
ers but also enables other characters to be encoded\by the use of shift characters in ¢
A character.

aracters are partitioned into 4 subsets. Characters of the first set, called the basic sef
shift characters, the space character, and\the ASCII characters A-Z and 0-9. They are
40 values. Characters of the other sets\are assigned to one of the three shift charact
the 3 remaining subset, followed by on€ of the C40 values (see Annex C, Table C.1).

rst stage, each data character™is converted into a single C40 value or a pair of C4
te string of C40 values is then decomposed into groups of three values (special rules
ues remain at the end, See'5.2.5.2.). Each ftriplet (C1, C2, C3) is then encoded into
ng to the formula: (1600 C1) + (40 * C2) + C3 + 1. Each 16-bit value is then s¢
brds by taking the mestsignificant 8 bits and the least significant 8 bits.

Switching.to-and from C40 encodation

5sible tosswitch to C40 encodation from ASCII encodation using the appropriate latch ¢
ord 254 immediately following a pair of codewords in C40 encodation acts as an Unlatg
back_to ASCIl encodation. Otherwise, the C40 encodation remains in effect to the e

end sequence

fam the reader
ol and Reader

c and numeric
bnjunction with

, are the three
assigned to a
brs, pointing to

0 values. The
apply if one or
a 16-bit value
parated into 2

pdeword (230).
h codeword to
nd of the data

encods

d\fthe symbol.

5.2.5.2

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 produces a value from 1 to 64000. Figure 2 illustrates three C40 values compacted into two codewords.
Characters in the Shift 1, Shift 2 and Shift 3 sets shall be encoded by first encoding the appropriate shift
character, and then the C40 value for the data. C40 encodation may be in effect at the end of the symbol's
codewords which encode data.
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The following rules apply when only one or two symbol characters remain in the symbol before the start of the
error correction codewords:

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

b) If two symbol characters remain and two C40 values remain to be encoded (the first C40 value may be a
shift or data character but the second must represent a data character); encode the two remaining C40
values followed by a pad C40 value of 0 (Shift 1) in the last two symbol characters. A final Unlatch
codeword again is not required.

c) If two symbol characters remain and only one C40 value (dafa character) remains to be encoded, the first
symbol g)laracter is encoded as an Unlatch character and the last symbol character is encoded-With the
data character using the ASCII encodation scheme.

d) If one symbol character remains and one C40 value (data character) remains to be‘ encoded, the last
symbol cHaracter is encoded with the data character using the ASCII encodation seheme. The Unlatch
character |s not encoded, but is assumed, before the last symbol character.

In all othef cases, either an Unlatch character is used to exit the C40 encodation scheme before the end
of the symbol, or a larger symbol size is required to encode the data.

Data characters AIM
C40 values 14, 22, 26
Calculate 16-bit value (1600%14) + (40 * 22) + 26 + 1 = 23307

st codeword: (16-bit value) div 256 23307 div 256 = 91

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

Codewords 91, 11

Figure;2 — Example of C40 encoding

5.2.5.3 Usd of Upper Shift with C40

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

IF [ASCII valuef 128] is in the Basic Set then:

[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 Annex C.1; V has been used to indicate the
appropriate C40 value.

10 © ISO/IEC 2006 — All rights reserved
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5.2.6 Text encodation

Text encodation is designed to encode normal printed text, which is predominantly lowercase characters. It is
similar in structure to the C40 encodation set, except that lowercase alphabetic characters are directly
encoded (i.e. without using a shift). Upper-case alphabetic characters are preceded by a Shift 3. The full Text
encodation character set assignments are shown in Annex C, Table C.2.

5.2.6.1  Switching to and from Text encodation

It is possible to switch to Text encodation from ASCII encodation using the appropriate latch codeword (239).
Codeword 254 immediately following a pair of codewords in text encodation acts as an Unlatch codeword to
switch back to ASCII encodation. Otherwise, the Text encodation remains in effect to the end of the data
encoded in the symbol.

5.2.6.2] Text encodation rules

The rules for C40 encodation apply.

5.2.7 |ANSI X12 encodation

ANSI X12 encodation is used to encode the standard ANSI X12 electronic data interchange characters, which
are conpacted three data characters to two codewords in a mannef) similar to C40 encodatipn. It encodes
upper-¢ase alphabetic characters, numerics, space and the three standard ANSI X12 terminator and
separafor characters. The ANSI X12 code assignments are shown'in Table 4. There are no shift characters in
the ANSI X12 encodation set.

Table 4 — ANSI X12 encodation set

X12 value Encoded characters ASCII values
0 X12,;segment terminator <CR> | 13
1 X12 segment separator * 42
2 X12 sub-element separator > 62
3 space 32
4-13 0-9 48 - 57
14 - 39 A-Z 65 - 90

5.2.7.1| ,Switching to and from ANSI X12 encodation

Itis p sibtetoswitchto ANSHXt 2—encodatiomr frommASCHencodation uaillg the dppluplid'lc fatch 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.

5.2.7.2 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.
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5.2.8 EDIFACT encodation

The EDIFACT encodation scheme includes 63 ASCII values (values from 32 to 94) plus an Unlatch character
(binary 011111) to return to ASCII encodation. EDIFACT encodation encodes four data characters in three
codewords. It includes all the numeric, alphabetic and punctuation characters defined in the EDIFACT Level A
character set without any of the shifts required in C40 encodation.

5.2.8.1  Switching to and from EDIFACT encodation

It is possible to switch to EDIFACT encodation from ASCII encodation using the appropriate latch codeword
(240). The Unlatch character in EDIFACT encodation shall be used as a terminator at the end of EDIFACT
encodation, which reverts to ASCII encodation.

5.2.8.2 EDIFACT encodation Rules
The EDIFACT]| encodation character set is defined in Annex C, Table C.3. There is a simple relatjonship
between the 6tbit EDIFACT value and the ASCII 8-bit byte. The leading two bits of the 8<bit’byte are ignored
to create the BDIFACT 6-bit value, as illustrated in Figure 3. Strings of four EDIFACT characters are epcoded
in three codewords. For a simple encodation process, the leading two bits of the 8-bit byte are removgd. The
remaining 6-bif byte is the EDIFACT value and shall be directly encoded into the’codeword as illustjated in
Figure 4. Whep EDIFACT encodation is terminated with the Unlatch character;any remaining bits leff in the
single symbol| character shall be filled with zeros. ASCII mode starts with-the next symbol chardcter. If
EDIFACT encgdation is in effect at the end of the symbol before the first.error correction character, apd only
one or two coflewords remain after the last EDIFACT codeword ftriplet,(these remaining codewords shall be
encoded in ASCII encodation without requiring an Unlatch character.

Diata character ASCII EDIFACT value

Decimal value

8-bit binary value

65

01000001

000001

57

00111001

111001

NQTE During the decode processyif the leading (6th) bit is 1, the bits 00 are prefixed to
crepte the 8-bit byte. If the leading (6th) bit is 0, the bits 01 are prefixed to create the 8-bit byte.
Th¢ exception to this is the EDIFACT value 011111 which is the symbology control Unlatch
chgracter to return to ASCII encodation.

Figure 3 — The relationship between the EDIFACT value and the 8-bit byte value

Data charactdrs D A T A
Binary values (Table C.3) 00 01 00 | OO 00 01 01 01 00 | 00 00| o1
Divide into 3 8thit.bytes 00 01 00 00 00 01 01 01 00 00 00 01
Codeword values 16 21 1

Figure 4 — Example of EDIFACT encodation

5.2.9 Base 256 encodation

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 5.2.2. The 255-State pattern
randomising algorithm is 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.
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5.2.9.1 Switching to and from Base 256 encodation

It 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 ASCIl encodation. The
appropriate ECI, if other than the default, shall be invoked prior to switching. The ECI sequence need not
occur immediately before switching to Base 256 encodation.

5.2.9.2 Base 256 encodation rules

After switching to Base 256 encodation, the first one (d7) or two (d7, d2) codewords define the data field
length in bytes. Table 5 specifies how the field length is defined. Thereafter, all encodation shall be of the byte
values

Table 5 — Base 256 field length

Field Length Values of d1, d2 Permitted Values off d
Remainder of Symbol d1=0 d130
1to 24P d1 =length d7-=11to0 249
d1 = (length DIV 250) + 249 d1 =250 to 255
250 to [1555
d2 = length MOD 250 d2=01to 249

5.3 UWser considerations

ECC 2P0 offers flexibility in the way data is encoded; Alternate character sets may be invoked using the ECI
protocgl. Data may be encoded in square or reetangular symbols. Where the message length exceeds the
capacily of a single symbol, it is also possible'to encode it in a Structured Append sequenge of up to 16
separate but logically linked ECC 200 symbgls' (see 5.6).

5.3.1 |User selection of Extended.Channel Interpretation

The uge of an alternative Extended Channel Interpretation to identify a particular code page of more specific
data interpretation requires additional codewords to invoke the feature. The use of the Extgnded Channel
Interprégtation protocol (seev5.4) provides the capability to encode data from alphabets other|than the Latin
alphabgt (ISO 8859-1 Latin’ Alphabet No. 1) supported by the default interpretation (ECI 000003)).

5.3.2 |User selection of symbol size and shape

ECC 2P0 has-twenty-four square and six rectangular symbol configurations. The size and shape may be
selectdd 10 suit the requirement of the application. These configurations are technically specifieT in 5.5.

5.4 Extended Channel Interpretation

The Extended Channel Interpretation (ECI) protocol allows the output data stream to have interpretations
different from that of the default character set. The ECI protocol is defined consistently across a number of
symbologies. Four broad types of interpretations are supported in Data Matrix:

a) international character sets (or code pages)

b) general purpose interpretations such as encryption and compaction

c) user defined interpretations for closed systems

d) control information for structured append in unbuffered mode.
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The Extended Channel Interpretation protocol is fully specified in AIM Inc. International Technical
Specification — Extended Channel Interpretations Part 1. The protocol provides a consistent method to specify
particular interpretations on byte values before printing and after decoding. The Extended Channel
Interpretation 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 Extended Channel Interpretation 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.

The Extended Channel Interpretation protocol shall only be applied to ECC 200 symbols. A specified
Extended Channel Interpretation may be invoked anywhere in the encoded message.

5.4.1 Encod|ng ECIs
The various erjcodation schemes of Data Matrix for ECC 200 (defined in Table 1) may be applied undef any of
the Extended [Channel Interpretations. The ECI can only be invoked from ASCII encodation; once this has
occurred, swit¢hing may take place between any of the encodation schemes. The encodation mode psed is
determined stijictly by the 8-bit data values being encoded and does not depend on the Extended Ghannel
Interpretation |n force. For example, a sequence of values in the range 48 to 57 \(decimal) would be most
efficiently encqded in numeric mode even if they were not to be interpreted as_ numbers. The ECI assignment
is invoked using codeword 241 (ECI character) in ASCIl encodation. One, two, or three additional codgwords
are used to enfpode the ECI Assignment number. The encodation rules are defined in Table 6.
The following gxamples illustrate the encodation:
ECI = 015000
Codewords:
[241] [(15000 {127) div 254 + 128] [(15000 - 127) mod.254 + 1]
= [241] [58 + 128][141 + 1]
= [241] [186] [142]
ECI = 090000

Codewords:

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

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

= [241] [193}{36H2+2}
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Table 6 — Encoding ECI assignment numbers in ECC 200

ECI assignment value Codeword Codeword values Ranges
sequence
000000 to 000126 Co 241
o ECI_no +1 C;=(1t0127)
000127 to 016382 Co 241
C; (ECI_no - 127) div 254 + 128 C;= (128 to 191)
C, (ECI_no - 127) mod 254 + 1 C, = (1to 254)
0016383 to 999999 Co 241
o (ECI_no - 16383) div 64516 +192 Cqi=+(192 to 207)
C [(ECI_no - 16383) div 254] mod 254 + 1 C2= (110 254)
C; (ECI_no - 16383) mod 254 + 1 C;z; = (110 254)

5.4.2 |ECIs and Structured Append

ECIs may occur anywhere in the message encoded in a single or’Structured Append (see 5|6) set of Data
Matrix |[symbols. Any ECI invoked shall apply until the end of(the encoded data, or until another ECI is
encourntered. Thus the interpretation of the ECI may straddle two or more symbols.

5.4.3 |Post-decode protocol

The prptocol for transmitting ECI data shall be as(defined in 11.4. When using ECIs, symbojogy identifiers
(see 11.5) shall be fully implemented and the appropriate symbology identifier transmitted as a preamble.

5.5 ECC 200 symbol attributes

5.5.1 |Symbol sizes and capacity.

There pre 24 square symbols and 6 rectangular symbols available in ECC 200. These are gs specified in

Table 7.

© ISO/IEC 2006 — All rights reserved
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Table 7 — ECC 200 symbol attributes

Sy.m bol Da_ta ; Total Ssltca)?r?c-m Maximum data capacity 7o of cor?g?:;(a.ble
size? region Mapping codewords block Inter— codewords codewords
matrix leaved used for

size blocks error Error/
Row | Col | Size No. Data Error | Data | Error Num. AIphanum.d Byte correction erasure®
10 10 | 8x8 1 8x8 3 5 3 5 1 6 3 1 62,5 2/0
12 12 10x10 | 1 10x10 5 7 5 7 1 10 6 3 58,3 3/0
14 14 12x12 | 1 12x12 8 10 8 10 1 16 10 6 55,6 5/7
16 16 14x14 | 1 14 x 14 12 12 12 12 1 24 16 10 50 6/9
18 18 16116 | 1 16 x 16 18 14 18 14 1 36 25 16 43,8 711
20 20 18118 | 1 18 x 18 22 18 22 18 1 44 31 20 45 9/15
22 22 | 20%20 |1 20 x 20 30 20 30 20 1 60 43 28 40 10/17
24 24 | 22422 |1 22x 22 36 24 36 24 1 72 52 34 40 12/21
26 26 | 24%24 |1 24 x 24 44 28 44 28 1 88 64 42 38,9 14/25
32 32 14%14 | 4 28 x 28 62 36 62 36 1 124 91 60 36,7 18/33
36 36 16416 | 4 32x32 86 42 86 42 1 172 127 84 32,8 21/39
40 40 18118 | 4 36 x 36 114 48 114 | 48 1 228 169 112 29,6 24/45
44 44 | 20420 | 4 40 x40 144 56 144 | 56 1 288 214 142 28 28/53
48 48 | 22422 | 4 44 x 44 174 68 174 | 68 1 348 259 172 28,1 34/65
52 52 | 24424 | 4 48 x 48 204 84 102 | 42 2 408 304 202 29,2 42/78
64 64 14%14 | 16 | 56 x 56 280 112 140 | 56 2 560 418 277 28,6 56/106
72 72 16116 | 16 | 64 x64 368 144 | 92 36 4 736 550 365 28,1 72/132
80 80 18118 | 16 | 72x72 456 192 114 |48 4 912 682 453 29,6 96/180
88 88 | 20%20 | 16 | 80x80 576 224 144\"| 56 4 1152 | 862 573 28 112/212
96 96 | 22322 | 16 | 88x88 696 272 174 | 68 4 1392 | 1042 693 28,1 136/260
104 | 104 | 24 %24 | 16 | 96 x 96 816 336 136 | 56 6 1632 | 1222 813 29,2 168/318
120 | 120 | 18 %18 | 36 | 108 x 108 | 1 050. /408 175 | 68 6 2100 | 1573 1047 | 28 204/390
132 | 132 | 20420 | 36 | 120 x 120 | 1\804 | 496 163 | 62 8 2608 | 1954 1301 | 27,6 248/472

156 | 62 8¢
144 | 144 | 22422 | 36 | 132x132 | 1558 | 620 3116 | 2335 1555 | 28,5 310/590
155 | 62 2°

Rectangular SymHols
8 18 | 6x[6 1 6x16 5 7 5 7 1 10 6 3 58,3 3/0
8 32 | 6x[14€4,2 6x28 10 11 10 11 1 20 13 8 52,4 5/0
12 26 10x24 T 1 10 x 24 10 14 16 14 1 32 22 14 46,7 7111
12 36 10x16 | 2 10 x 32 22 18 22 18 1 44 31 20 45,0 9/15
16 36 14x16 | 2 14 x 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

@  symbol size does not include quiet zones

b See5.7.3

¢ Inthe 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

16
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Insertion of Alignment Patterns into larger symbols

As shown in Table 7, 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 are bounded by alignment patterns
(see Annex D). The square symbols are divided into 4, 16, or 36 data regions (as illustrated in Annex D,
Figures D.1, D.2, and D.3). The rectangular symbols are divided into two data regions (as illustrated in
Annex D, 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.

5.6 Structured Append

5.6.1 Basicprinciples

Up to 16 ECC 200 symbols may be appended in a structured format. If a symbol is part g
Append, this is indicated by codeword 233 in the first symbol character position. This_is immegq
by three structured append codewords. The first codeword is the symbol sequence dndicator. T

third cd

5.6.2

This cpdeword indicates the position of the symbol within the set (up‘to 16) of ECC 200 s

Structy

the particular symbol as the binary value of (m - 1). The last 4 bits.identify the total number of

be cor

conform with those defined in Table 8.

dewords are the file identification.

Symbol sequence indicator

red Append format in the form m of n symbols. The first 4 bits”of this codeword identify

catenated in the Structured Append format as the binary value of (17 - n). The 4-bit

Table 8 — Structured Append symbol position bits

f a Structured
iately followed
he second and

ymbols in the
the position of
the symbols to
patterns shall

Symbol | Bits.> Total number | Bits

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

© ISO/IEC 2006 — All rights reserved
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EXAMPLE
3rd position: 001

Total 7 symbols:

To indicate the 3rd symbol of a set of 7, this shall be encoded thus:
0
1010

Bit pattern: 00101010

Codeword value:

42

5.6.3 File identification

The file identification is defined by the value of its two codewords. Each file identification codeword may have

avalue1to 2
the probability

5.6.4 FNC1

If Structured Al
Structured Ap
repeated in the

5.6.5 Buffer¢d and unbuffered operation

The message
transmitted aft
each symbol
AIM ITS 04/00
for each symb

5.7 Errord

5.7.1 Reed-S
ECC 200 sym
codewords, th
ECC 200 sym
data codeword

number of datad and error correction~codewords which are divided into a specific number of blocks, as

in Table 7, and

The polynomia
modulo 10010

field's prime modulus polynomial: x%+x° +x* + x* + 1. Sixteen different generator polynomials are u

generating the

gs it is read. In this unbuffered operation, the EClprotocol for structured append (speg

g purp
hat only logically linked symbols are processed as part of the same message.

nd Structured Append

ppend is used in conjunction with FNC1 (see 5.2.4.6), the first four codewards shall be u
bend and the fifth and sixth codewords are available for FNC1 usage. FNC1 shall
se positions in the second and subsequent symbols, except when used’as a field separa

within a Structured Append sequence can be bufferéd ‘in the reader in its entirg
er all of the symbols have been read. Alternatively, the-réader may transmit the decoded

1, Part 1) defines a control block that shall be préfixed to the beginning of the data tran
D.

ptection and correction

polomon error correction
bols employ Reed-Solomon ,error correction. For ECC 200 symbols with less than 24

pols with more than 255 ‘tetal codewords, the error correction codewords are calculatq
s with the interleaving.procedure described in Annex A. Each ECC 200 symbol has a

to which the interleaving procedure defined in Annex A is applied.

| arithmeticfor ECC 200 shall be calculated using bit-wise modulo 2 arithmetic and by
1101 (decimal 301) arlthmet|c Th|s is a Galois field of 2% with 100101101 represent

appropriate error correction codewords. These are given in E.1.

crease

sed for
not be
tor.

ty and
data in
ified in
smitted

5 total

e error correction codewerds” are calculated from data codewords with no interleaving. For

d from
specific
Hefined

te-wise
ng the
sed for

5.7.2 Generating the error correction codewords

The error correction codewords are the remainder after dividing the data codewords by a polynomial g(x) used
for Reed-Solomon codes (see E.1).

NOTE If this calculation is performed by "long division" the symbol data polynomial must 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 5. The registers by through by _4 are initialised as
zeros. There are two phases to generate the encoding. In the first phase, with the switch in the down position
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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
correction codewords ¢+, ... ,§¢ 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. If
interleaving is used, the codewords will not be placed in consecutive symbol characters. (See Annex A).

Note: n and k are defined in 3.2 as the number of data codewords and the number of error correction codewords

respectively.
A
+— Gy T)‘* g,
O

By b, _'{)%’@_’ Dyq

(1 = GF(256) Addition

iswitch

_/,—» Output
Input—»

[
L

\
_JJ__.

ﬁ

(X) = GF(256) Muttiplication

Figure 5 — Error correction codeword encoding circuit

5.7.3 |Error correction capacity
The efror correction codewords can cotrect two types of erroneous codewords: erasurgs (erroneous
codewords at known locations) and errors® (erroneous codewords at unknown locations). An| erasure is an
unscarjned or undecodable symbol character. An error is a misdecoded symbol character. The number of
erasurgs and errors that can be corrected is given by the following formula:
e+2tf£d-p

where:

e = number of eraslires

t = nunpber of_errors

d= nurlnber of error correction codewords

p = 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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5.8 Symbol construction

Given the codeword sequence obtained in the previous sections, an ECC 200 symbol is constructed using the
following steps:

a) Place codeword modules in a mapping matrix
b) Insert alignment pattern modules, if any

c) Place finder modules along the perimeter

5.8.1 Symbqgl character placement

Each symbol ¢haracter shall be represented by eight modules which are nominally square inshape; each
module represents a binary bit. A dark module is a one and a light module is a zero. The eight modules are in
order from leff to right and top to bottom to form a symbol character as shown in Figure 6." Because the
symbol character shape defined in Figure 6 cannot be perfectly nested at the symbol boufidary, some pymbol
characters aref split into portions. Symbol character placement is defined in the C langdage program|in F.1,
described in F|2 and illustrated in F.3.

1 2

MSB

3 4 5

6 7 8
LSB

LSB = Least significant bit
MSB = Most significant bit

Figure 6'— Representation of a codeword in a symbol character for ECC 200

5.8.2 Alignment’Pattern module placement

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 7, 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 - D.3. For rectangular matrices, only a single
vertical alignment pattern is placed between the data regions as shown in Figure D.4.

5.8.3 Finder Pattern module placement

Modules are placed along the perimeter of the matrix to construct the finder pattern as described in Section
4.3.1.
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6 ECC 000 - 140 requirements

6.1 Use recommendations

For new applications or open systems ECC 200 is recommended (See Clause 5). There is no known
application where ECC 200 will be more likely to succumb to symbol damage than ECC 000 to 140 for a given
symbol size.

6.2 Encode procedure overview

This section provides an overview of the encoding procedure. Following sections will provide more details. An
examp[€ encode for ECCT 050 IS given in Annex Q. The following steps convert user data to an ECC 000 - 140
symbol:

Step 1] Data encodation
The user data is analysed to identify the variety of different characters to-be encoded.| For maximum
compaction efficiency, the lowest level encodation scheme capable_of‘encoding the data should be
selected. If the user does not specify the matrix size, then \choose the smallest size that
accommodates the data. The result of this step is called the Encodéd Data Bit Stream.
Step 2] Data prefix construction

A Data Prefix Bit Stream is constructed from the Format ID, CRC, and Data Length |bit fields. This
Data Prefix Bit Stream is prefixed to the Encoded{Data Bit Stream to produce the Unprotected Bit
Stream.

Step 3] Error checking and correction

The Unprotected Bit Stream is processed by the user specified convolutional coding engode algorithm
to produce the Protected Bit Stream.cThis step is omitted for ECC 000.

Step 4] Header and trailer construction
A header containing only-the’ECC bit field is prefixed to the Protected Bit Stream. A trailer containing
pad bits (zeros) is appended to the Protected Bit Stream. The Protected Bit Stream with the header
and trailer added is ¢alled the Unrandomised Bit Stream.

Step 5] Pattern randonising

The Unrahdomised Bit Stream is processed by the pattern randomising algorithm and produces the
Randomised Bit Stream.

Step 6] Module placement in matrix

Modules are placed in a matrix to construct the finder pattern. The Randomised Bit Stream is placed
into the matrix one module at a time according to the data module placement algorithm given in
Annex H. Figure 7 shows the various bit streams during the encode process.

6.3 Data encodation

The data shall be encoded using one of six encodation schemes (see Table 9). The encodation scheme is
fixed for the entire symbol, and thus the selection of the most appropriate encodation scheme can have a
considerable effect on the number of bits required to encode any given data. The same data may be
represented in ECC 000 - 140 symbols in different ways through the use of the different encodation schemes.
The character sets of all the encodation schemes, except the 8-bit byte scheme, are given in Annex |. The
8-bit byte scheme is user definable. The most efficient scheme to use is the lowest base number scheme
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which is capable of encoding all the characters in the message. Thus if all the characters can be encoded in
Base 27, it is not efficient to use Base 37, Base 41 or ASCII.

Table 9 — Encodation schemes

Encodation scheme Characters Bits per data character
Base 11 Numeric data 3,5
Base 27 Upper-case alphabetic 4,8
Base 37 Upper-case alphanumeric 5,25
Base 41 Upper-case alphanumeric and punctuation 5,5
ASCII Full 128 ASCII set 7
B-bit Byte User defined 8
Ulzer Data
MSE LSB
Encodation
Data Prefix Bit Stream =>=5555 2
Unprotected Format ID CRC Data Length
Bit Strdam: 5 bits 146 btz O\t Encoded Data
MSE LSB LSBE MSE L5B MSE M5B LSE
ECC Algorithm (expands bit stream)
<= Header == <= Trailer ==
ECC Bit Field . Pad Bits
Unrandomized | 7 o5 19 bite Protected Bit Stream (zeros)
Bit Strdam:
L8 &)™ Mse Randomizing Algorithm LB MsB L8
Fandothized Bit Stream to be Placed
Bit Strdam;
MSE LSB
Plaeetrept et
Final Printed Bit Stream to be Printed
Bit Stream:
MSE LSE

Figure 7 — ECC 000-140 encode process bit streams
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To determine the appropriate encodation scheme, the data to be encoded should be analysed. The character
sets of each of the Base N encodation schemes should be compared with the data character set to be
encoded starting with the Base 11 character set. If this is suitable then it should be used, if not, the
comparisons should continue with Base 27, Base 37 and Base 41, until the appropriate lowest level
encodation scheme is found. If data characters beyond the capability of Base 41 need to be encoded, the
ASCII set should be used, unless characters are beyond this; in which case the 8-bit byte set should be used.

For all encodation schemes, each compressed sequence of 4 to 24 bits is placed into the Encoded Bit Stream
in reverse order (LSB first). This means that each individual compressed sequence is composed, then
reversed, and output immediately to the Encoded Bit Stream. This does not mean that a complete
compressed bit stream is formed, then reversed.

The deffails of each encodation scheme are given In the Tollowing clauses.

6.3.1 |Base 11 - Numeric encodation
The Base 11 (Numeric) encodation scheme encodes 6 data characters as 21 bits, lachieving|an encodation
density of 3,5 bits per data character. The Base 11 code set enables the following 11 chpracters to be
encodegd:
0to9
space
The dgta is encoded in two stages. In the first stage, the agtual data characters shall be replaced by their

Base 1[1 code values, as given in Annex |. In the second phase, the Base 11 code values shall{be compacted
using 4 Base 11 to Base 2 conversion according to the procedures defined in |.1.

6.3.2 |Base 27 - Upper-case Alphabetic encodation
The Bgse 27 (Upper-case Alphabetic) encodation scheme encodes 5 data characters as 24 bit$, achieving an
encoddtion density of 4,8 bits per data character. The Base 27 code set enables the following 2| characters to
be encpded:
AtoZz
space
The dgta is encoded in-two stages. In the first stage, the actual data characters shall be replaced by their

Base 27 code values, as’given in Annex |. In the second stage, the Base 27 code values shall|be compacted
using 4 Base 27 to\Base 2 conversion according to the procedures defined in |.2.

6.3.3 |Base“37 - Upper-case Alphanumeric encodation

The Bgse. 87 (Upper-case Alphanumeric) encodation scheme encodes 4 data characters as 21|bits, achieving
an encodation density of 5,25 bits per data character. The Base 37 code set enables the following 37
characters to be encoded:

AtoZ
Oto9
space
The data is encoded in two stages. In the first stage, the actual data characters shall be replaced by their

Base 37 code values, as given in Annex I. In the second stage, the Base 37 code values shall be compacted
using a Base 37 to Base 2 conversion according to the procedures defined in I.3.
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6.3.4 Base 4

1 - Upper-case Alphanumeric plus Punctuation encodation

The Base 41 (Upper-case Alphanumeric plus Punctuation) encodation scheme encodes 4 data characters as
22 bits, achieving an encodation density of 5,5 bits per data character. The Base 41 code set enables the

following 41 ch
AtoZ
0Oto9

space

aracters to be encoded:

. (period)

, (comma)
- (minus or hyyq
/ (forward slas
The data is er

Base 41 code
using a Base 4

6.3.5 ASCII éncodation

The ASCII en
character shal
Table I.1 of An

6.3.6 8-bitb

The 8-bit byte
determined by

6.4 User s¢
6.4.1
ECC 000 - 14

out in Table 1
generation of
the symbol), a

Selection of error correction level

!

hen)
h or solidus)

values, as given in Annex I. In the second stage, the Base 41-code values shall be com
1 to Base 2 conversion according to the procedures defined in-k4.

codation scheme enables all 128 characters frem ISO/IEC 646 to be encoded. Eaq
be encoded as a 7-bit byte equivalent to the.decimal value shown in the ASCII col
nex I.

yte encodation

encodation scheme shall be usedfor closed applications, where the data interpretation s
the user. Each data character shall be encoded as an 8-bit byte.

lection of error correction level

) symbols offer*five levels of error correction using convolutional code error correction,
. In an application, it is important to understand that these error correction levels resul
proportienal increase in the number of bits in the message (and hence increase in the
nd offerdifferent levels of error recovery.

coded in two stages. In the first stage, the actual data charactérsvshall be replaced by their

pacted

h data
umn of

hall be

as set
[ in the
size of

24

Table 10 — Error correction, error recovery and overhead percentages

. . % increase in
Error correction | Maximum % user bits from
code level damage
ECC 000
000 none none
050 2,8 33
080 55 50
100 12,6 100
140 25 300
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6.4.2 Other error correction levels based on convolutional code algorithms

Other levels of error correction, based on convolutional code algorithms, have been used in Data Matrix
applications implemented prior to the publication of this International Standard. Information on these non-
standard Error Correction levels is available from AIM Inc. Such symbols do not conform with this International
Standard.

6.5 Constructing the Unprotected Bit Stream

Figure 7 illustrates that the Unprotected Bit Stream has the Data Prefix Bit Stream as a prefix to the encoded
data bits. The component parts of the Data Prefix Bit Stream are defined below.

6.5.1 |Format ID Bit Field

The fofmat ID defines the data encodation scheme. The format ID has a decimal value/for the purposes of
definitipn and a 5-bit segment value for encoding as defined in Table 11.

Table 11 — Encoding the Format ID

Format ID Encodation scheme Binary segment value
MSB LSB
1 Base 11 00000
2 Base 27 00001
3 Base 41 00010
4 Base 37 00011
5 ASCII 00100
6 8-bit Byte 00101

6.5.2 |CRC Bit Field

The CRC Bit-Field is generated by the CRC algorithm. The CRC Value is generated from the original user
data ag 8-bit bytes before encodation and so produces an independent error check on the userl data. Annex J
descriesthe complete procedure for generating the CRC Value.

6.5.3 Data Length Bit Field

The Data Length Bit Field is 9 bits in length and represents, as a binary value, the number of user data
characters being encoded.

6.5.4 Data prefix construction

The Data Prefix Bit Stream is constructed as 30 bits as illustrated in Figure 8.
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Format ID CRC Value Data Length
5 bits 16 bits 9 bits
MSB LSB LSB MSB LSB MSB

Figure 8 — Structure of Data Prefix Bit Stream

NOTE Some bit fields start with the MSB, others start with the LSB.

6.5.5 Completing the Unprotected Bit Stream

The encoded
Stream.

6.6 Constr

icting the Unrandomised Bit Stream

Hata bits are added as a suffix to the Data Prefix Bit Stream to construct the Unpratexq

Figure 7 illustrates that the Unrandomised Bit Stream has three constituent parts:

a) Header
b) Protected
c) Trailer

The componer

6.6.1 Heade

The header of
code structure
values are sho

Bit Stream

 construction

wn in Table 12.

t parts shall be generated as defined below.

the Unrandomised Bit Stream contains*the ECC Bit Field, which identifies the convo,
used to protect the data encoded in\the symbol. The ECC Bit Field is 7 or 19 bits long and the

Table 12 — ECC Bit Field

ECC Binary Segment Identifier
Level MSB  LSB
000 1111110
050 0001110000000001110
080 1110001110000001110
100 17111111110000001110
140 1111110001110001110

6.6.2 Applying convolutional coding to create the Protected Bit Stream

ted Bit

utional

One of the five error correction levels shall be applied. The selection criteria are defined in Section 6.4. No
error correction is applied for ECC 000, so the Unprotected Bit Stream becomes the Protected Bit Stream. For
the other four error correction levels, convolutional coding is applied. This expands the user data
proportionally throughout its length. The encoded bit stream shall be created by processing the unprotected bit
stream through the appropriate error correction state machine and reading the results. The circuit diagrams of
the four state machines for ECC 050 to 140 are given in Annex K.

26
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6.6.3 Trailer construction
A Trailer containing pad bits (zeros) is appended to the Protected Bit Stream. Pad bits shall be added at the

end of the bit stream to ensure that the square root of the total number of bits in the Unrandomised Bit Stream
shall be an odd integer between 7 and 47. This ensures that the symbol is square.

6.6.4 Completing the Unrandomised Bit Stream

The Protected Bit Stream, with the header and trailer added, is called the Unrandomised Bit Stream and is
shown in Figure 7.

6.7 PRatternrandemising
The Unrandomised Bit Stream is processed by the pattern randomising algorithm(and | produces the
Randomised Bit Stream. The pattern randomising algorithm consists of a bitwise XOR -operatign between the

Unrandomised Bit Stream and the Master Random Bit Stream as given in Annex)Lstarting| with the MSB
position and continuing for the length of the Unrandomised Bit Stream.

6.8 Module placement in matrix
The size of the sides of the data module grid is given by the odd .integer square root (betwgen 7 and 47)
calculated in the procedure defined in 6.6.3. The Randomised Bit Stteam is placed into the matfix one module

at a time according to the data module placement grids given incAnnex H. The finder pattern|(as defined in
4.3.1) shall be placed to produce an external border to the data,module grid.

7 Symbol dimensions

7.1 Dimensions
Data Matrix symbols shall conform to the follewing dimensions:

X d|mension: the width of a module shall be specified by the application, taking into account the scanning
technology to be used, and the:technology to produce the symbol.

finder pattern: the width of the finder pattern shall equal X.
alighment pattern: the width of the alignment pattern shall equal 2X.

Quigt zone: The minimum quiet zone is equal to X on all four sides. For applications with moderate to
excessive reflected noise in close proximity to the symbol, a Quiet Zone of 2X to 4X is reconimended

8 S_ mbol qualify

Data Matrix symbols shall be assessed for quality using the 2D matrix bar code symbol print quality guidelines
defined in ISO/IEC 15415, as augmented and modified below.

Some marking technologies may not be able to produce symbols conforming to this specification without

taking special precautions. Annex T gives additional guidance to help any printing system achieve valid Data
Matrix symbols.
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8.1

8.11

Symbol quality parameters

Fixed pattern damage

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

NOTE

International Standard override those indicated in Annex A of ISO/IEC 15415.

8.1.2 Scan grade and overall symbol grade

The scan gradn shall be the lowest of the grndne for. Q\J/mhnl conirast, mnrhllghnn’ fixed rr_\aﬂnrn d

As provided for in Annex A of ISO/IEC 15415, the measurements and values defined in Annex M of this

mage,

decode, axial
symbol. The o
images of the

8.1.3 Grid n¢

The ideal grid
subdividing it g

8.1.4 Decodg¢

The reference
for Decode. A

non-uniformity, grid non-uniformity and unused error correction in an individual image
verall symbol grade is the arithmetic mean of the individual scan grades for a number of
symbol.

bn-uniformity

is calculated by using the four corner points of the sampling grid for each data regi
qually in both axes.

of the
tested

bn and

decode algorithm specified in this international standard,shall be applied to determine the grade

failure of the reference decode algorithm to successfully decode the symbol shall res

grade of 0 for ¢lecode.

8.2 Procesp control measurements

A variety of toq
process of cre
a print quality

required methgd
of whether the

Is and methods can be used to performiuseful measurements for monitoring and control
hting Data Matrix symbols. These aré.déscribed in Annex R. These techniques do not co
Check of the produced symbols (the method specified earlier in this clause and Annex N
d for assessing symbol print guality) but they individually and collectively yield good indi
symbol print process is creating workable symbols.

9 Referenice decode algorithm for Data Matrix

This reference

decode algorithn finds a Data Matrix symbol in an image and decodes it.

asurementparameters and form a digitised image:

b a distance d,,;, which is 7,5 times the aperture diameter defined by the application. This
inimum length of the "L" pattern's side.

ult in a

ing the
nstitute
1 is the
cations

will be

finder that will be tolerated by the finder algorithm in step b).

module size.

ISO/IEC 15415.

a) Define mg
1) Defin
the m
2)
3)
4)
28
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Define a distance g,.x which is 7,5 times the aperture diameter. This is the largest gap in the "L"

Define a distance m,,,, which is 1,25 times the aperture diameter. This is the nominal minimum

Form a black/white image using a threshold determined according to the method defined in
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b) Search horizontal and vertical scan lines for the two outside edges of the Data Matrix "L":

1)

2)

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:

i)

Follow the edge upward sampling pixel by pixel until either it reaches a point 3,5m,,;, 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.

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

ii)

V)

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

If the upward edge reaches a point 3,5m,,;, from the starting point

1)

V1)

If stepdiii) failed or did not extend downward by 3,5m,,,,, in step iii) IV), test if the d
reaches a point 3,5m,,, from the starting point. If so, repeat the steps in ii
downward edge.

If neither steps iii) or iv) were successful

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

Test whether the intermediate edge points lie within 0,5m,,;, from line A and
is farther from the starting point than the previous edge\point. If so, conti
Otherwise proceed to step 1)iv) to follow the edge in the.opposite direction.

Continue following the edge upward until the edge-departs 0,5m,,;, from line
the closest edge point greater than or equal to m,,, from the last edge point
before the departing point and save this as(the edge end point. This edge ¢
along the "L" candidate outside edge.

Continue following the edge downward until the edge departs 0,5m,,;, from |

the edge point
hue to step iii.

A. Back up to
blong the edge
oint should be

ne A. Back up

to the closest edge point greater than or equal to m,,;, from the last edge point along the

edge before the departing point@nd save this as the edge end point. This edg
be along the "L" candidate outside edge.

Calculate a new adjusted:line A1 that is a "best fit" line to the edge in the two
The "best fit" line uses’the linear regression algorithm (using the end point
proper dependentiaxis, i.e. if closer to horizontal, the dependent axis is x) g
point. The "best\fit" line terminates lines at points p1 and p2 that are the poin
fit" line closestto the endpoints of the edge.

Save the\line A1 segment two end points, p1 and p2. Also save the colour of]
the edge viewed from p1 to p2.

je point should

previous steps.
s to select the
pplied to each
ts on the "best

the left side of

ownward edge
) but with the

test if both the upward and do

vnward edges

Vi)

terminated at least 2m,,,;, from the starting point. If so, form an edge comprised of the appended
2my,, length upward and downward edge segments and repeat the steps in iii) but with the
appended edge.

Proceed to and process the next transitions on the scan line, repeating from step i), until the
edge of the image is reached.

Extend a scan line vertically in both directions from the centre point of the image. Look for line
segments using the same logic in step 1) above but following each edge transition first left and then
right.

© ISO/IEC 2006 — All rights reserved
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c)

30

Search among the saved line A1 segments for pairs of line segments that meet the following four
criteria:

Verify that the closest endpoints of the two line segments are less than g,,,,, from each oth

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

er.

Verify that the two lines have the same colour if their p1 to p2 directions are the same or that the

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

Form two temporary lines by extending each line to reach to 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

parated by less than 0,om,, at any point between the two extended lines.

For epch pair of lines meeting the criteria of step 3) above, replace the pair of line segments
longer A1 line segment that is a "best fit" line to the four end points of the pain of shor
segments. Also save the colour of the left side of the edge of the new longer ling.viewed fron
endpoint to its p2 endpoint.

Repept steps 3) and 4) until no more A1 line pairs can be combined.

Selegt 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:

\ferify that the closest points on each line are separatéd by less than 1,5gay.
\ferify that they are perpendicular within 5 degrees,

\ferify that the same colour is on the inside;¢fthe "L" formed by the two lines. Note that if]
Hoth lines extend past their intersection, then the two or four "L" patterns formed will nee
tested for matching colour and maintaining a minimum length of d,,, for the truncated

sides before they can become "L" candidates.

For each candidate "L" pair found ja‘step 7) form an "L" candidate by extending the segments
intersgection point.

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

a col

normal or inverted image starting from step D below using each of the "L" candidates from ste
the "U" shaped finder: 1f none decode, proceed to step c).

Maintain the line A1 line segments and "L" side candidates from the previous steps. Continue se
for "L" candidates.using horizontal and vertical scan lines offset from previous scan lines:

1)

Usin

with a
er line
N its p1

one or
d to be
side or

to their

" form

bur inverted imageto decode. Attempt to decode the symbol starting with the appropriate

p 8) as

brehing

avnew haorizontal scan line ’%m”"-” abave the centre horizontal scan line repeat the pro

cess in

step b) 1), except starting from the offset from the centre point, and then b)3) through b)9). If there is
no decode, proceed to the next step.

Using a new vertical scan line 3m,,, left of the centre vertical scan line, repeat the process in step
b)2), except starting from the offset from the centre point, and then steps b)3) through b)9). If there is
no decode, proceed to the next step 3).

Repeat step 1) above except using a new horizontal scan line 3m,,,, below the centre horizontal scan
line. If there is no decode, repeat step 2) above except using a new vertical scan line 3m,,, right of
the centre vertical scan line. If there is no decode, proceed to step 4) below.
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4) Continue processing horizontal and vertical scan lines as in steps 1) through 3) that are 3m,,;, above,
then left, then below, then right of the previously processed scan lines until either a symbol is
decoded or the edge of the image is reached.

d) First assume that the candidate area contains a square symbol. If the area fails to decode as a square
symbol, then try to find and decode a rectangular symbol starting from procedure j). For a square symbol,
first plot a normalised graph of transitions for the equal sides of the candidate area in order to find the
alternating module finder pattern:

1) Project a line through the candidate area bisecting the interior angle of the two sides of the "L" found
above as shown in figure 9. 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".

2)| For each side, form a line called a “search line” between a point dmin distance from\thie corner along
the “L” line, parallel to the other “L” side line, and extending to the bisecting line-as)shown in Figure 9.

3)] Move each search line away from the corner of the “L” as shown in Figure! 9; lengthgning 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 an image pixel, plot the sum of number of
black/white and white/black transitions multiplied by the length of-the’ longest “L” side|divided by the
current length of the search line measured between the two boutding lines:

T £ (number of transitions) (“L” max. line length) / (search line length).
THis formula normalises T to keep it from increasing becadse the line lengthens.

Continue to calculate the T values until the search line is longer than the longest axis of the candidate
area plus 50%.

L side Bisecting line

Left
search
line

Dlﬂhf mrrh |lnn L' side

Figure 9 — Expanding search lines

4) Form a plot of the T values for each side, where the Y-axis is the T value and the X-axis is the search
line’s distance from the corner of the “L”. A sample plot is shown in Figure 10.
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Y oaxis - Candidate peak to valley descenders

T walues Peak Peak
G0

a0

10

3

20 g r

10

Valley Walley

X axis - distance from L cormer

Figure 10 — Example plot of T as the search line expands

5) Startipg from the T value with the smallest X in the right side’s plot and then increasing X, find the
first ipstance of a descending line where the Tg value (Ts=maximum of zero and T - 1) at the valley
is lesp than 15% of the peak’s T value. If the peak or,_valley in the plot has a flat plateau gr floor,
selecj the peak or valley point closest to the descending line in the plot. The search line at the peak
may ¢orrespond to an alternating finder pattern side. At the valley, the search line may correspond to
the sqlid dark interior line or a light quiet zone.

6) Find & peak and valley in the left side’s plot/which most nearly matches the right peak and vialley X
valuep. If either of the selected left side~peak or valley X values differ by more than 15% from the
bntinue

the “L”
Hecode
t peak

e) of the

k = 3 as the
longer two sides of the rectangle, and the “L” side and the other side’s valley search line as the
shorter two sides, as shown in Figure 11.
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Within the rectangular region, find pixel edge paits)on the outside boundary of teeth:

i)

] valley line
valley line from
the other side
My
rectangular
TEqgion

peak line \

L boundary

AN

Figure 11 — Rectangular region construction

Traverse test lines starting with and parallel to the minimum line looking for tr3
opposite colour normally orthogonal ta:the test line. Select only transitions that ars
light or light to dark where the first eolour matches the predominate colour of the in
valley line.

If the number of transitions-found is less than 15% of the number of pixels compr
line, and the test line, is-not the peak line, move the test line toward the
approximately one pixelfand repeat step a. If the 15% criterion is met or the peak
continue to the next step.

Calculate a preliminary "best fit line" with linear regression using the points on the
the selected pixel pairs.

Discard\the 25% of the points which are furthest from the preliminary "best fit lin

nsitions to the
e either dark to
nage along the

sing the valley
peak line by
line is reached

edge between

e". Calculate a

final\!best fit line" with linear regression using the remaining 75% of points. This lipe should pass

along the outside of the alternating pattern, shown as the "best fit line" in Figure 12.
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hest fit line

alternating pattern
madule centre-line

™

Figure 12 — Alternating pattern module centre-line

3) For epch side, construct a line parallel to the step e) 2) line)which is offset toward the “L” cofner by
the length of the peak search line divided by twice the number of transitions in the peak search line:

Offset = length of peak line / (number of transitions.” 2)

Each|of the two constructed lines should correspond to the centre-line or midline of the altgrnating
module pattern on that side, see Figure 13.

Tdefi side vanishing point

= Taoright
B side
— vanishing
[~ point
=

||

Figure 13 — Module sampling grid construction

f) For each side, determine the number of data modules in the side of the square symbol or data region:

1) Bound the alternating pattern mid-line constructed in step e€)3) by the adjacent “L” line and the other
alternating pattern mid-line from step €)3). Call the length of this line M, (see Figure 11).

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.
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6)

3)
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Select the median edge-to-edge measurement and set the current edge-to-edge
estimate, EE_Dist, to the median measurement.

Discard all element pairs with edge-to-edge measurements that differ more than 25% fi

measurement

rom EE_Dist.

Calculate the average of the remaining measurements for the side. Call the average E,q.

The calculated number of data modules “dm” is defined by the formula:
dm=(My*2)/E.g)-15

where “dm” is rounded to the nearest integer value.

If “dm” differs for the two sides, discard the right side peak and valley and continué
step d)5) for the next peak and valley. Otherwise, dm is the size of the square datareg

[ each side, find the centre points of the alternating pattern modules:
Using the remaining element pair measurements from f) 4), calculate the average ink g
or horizontal depending on the segment side) by the average of thé element pair’s ink
ink_spread = Average ( (bar - ((bar + space) / 2)) | ((bar + space)/ 2))

Calculate the centre of the bar in the median element pair using the following offset in
the outside edge of the bar in the median pair:

offset = (EE_Dist * (1 + ink_spread)) | 4

Starting from the centre of the bar in the miedian element pair from step f).3), and prd
direction of the space in the element palr, until reaching the end of the bounded mid
each element’s centre, shown by the-§peckled pattern in Figure 14, by the following st

1]

3l

Figure 14 — Edge-to-edge measurements for finding an element centre

(Whilecthree bars and two spaces are shown in Figure 14, if a space is the elemen
centre-isto be calculated, then the diagram would have three spaces instead of the bar
instead of the spaces. For light elements adjacent to the element at the end of the mid

searching from
on.

pread (vertical
spread, where

bar is the dark element width and space is the light element width\inra remaining elemegnt pair:

to the bar from

ceeding in the
-line, calculate

ps:

t for which the
s and two bars
Hine, either D1

or.D4 measurements are omitted as they would fall outside the symbol’s or segmen

's measurable

€lement boundaries.)
i)
element centre in the direction of the new element.

i)

Calculate d; through d,; where:

d;=D1/2
d,=D2
d;=D3
ds=D4/2
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h)

i)

36

iv) @
g
4) Starti
step 3
follow
Plot the dg
1) Exten
two n
2) Exten
perpe
3) Thei
Continue t
1) When
using
i) 4
li
2)
3)

i) 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 the new EE_Dist to be the average of the current EE_Dist and the selected d;
through d, distance.

1) If d; or d, are selected, select the corresponding D7 or D4 edge closest to the elem
centre of which is to be calculated. Offset this edge by (ink_spread/2) * (EE_Dist/2) in the
appropriate direction (i.e., if ink_spread is positive, the offset will move the edge toward the
space included in the distance D1 or D4 and 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 be calculated.

) If d, or d; are selected, select the corresponding D2 or D3 edge closest to the elem

ent the

ent the

data fnodules in the data regionyas shown in Figure 13.

Ill) Set the element’s centre as halfway between p1 and p2.

centre of whnich 1S 10 be calculated. Offset this edge by (Ink_spread/Z) = (EE_DIist/]
appropriate direction (i.e., if ink_spread is positive, the offset will move the edge tow
space included in the distance D2 or D3 and if negative, the offset will move away fr
space). Calculate a point p2 along the mid-line which is 0,25 times the selected g
value from the offset edge and toward the element centre to be calculated.

therwise if none of the values d; through d, is within 25% of EE\Dist, leave EE_Dig
urrent value, use p1 as the new element’s centre, and proceed to the next element.

hg from the bar in the median element pair, and proceeding in the opposite directig
), until reaching the other end of the bounded midéling, calculate each element’s
ing the procedures in step 3).

ta module sampling grid in the data region by extending the alternating pattern module c

d each side’s step €)3) midline and the opposite side’s “L” line to form the vanishing poin
barly parallel or parallel extended lines.

d rays from each vanishing point-passing through the step G module centres of the
ndicular step €)3) line.

htersection of the two sets-ofinearly perpendicular rays should correspond to the centres

b fill in the remaining, data regions.

a data regionnis processed, form a new “L” for the next data section to the “left” or °
one of twaprocesses:

. If the'niew data region is still bounded on one side by the original “L” from procedure B,
om,procedure C to process the new data region using the selected set of points from st

)in the
ard the
bm this
2 Or d3

t at its

n from
centre,

entres:

t of the

nearly

5 of the

above”

repeat
Ep €)2)

nd-.the set of points on the “L” from step b)2) which lie beyond the step e)2) line

i) b. 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

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

Decode the symbol with its one or more data regions starting with procedure k).
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Find the data sections of a rectangular symbol.

1)

For each side of the “L” move a line perpendicular to the side and scanning along the length of the
other side of the “L”. As each side is moved by a pixel, plot the sum of number of black/white and

white/black transitions:

T = (number of transitions) (“L” max line length) / (search line length).

Continue until the parallel line moves further than the perpendicular leg of the “L” plus 10%.

2)

Starting from the origin of the plot, for each direction, find the first instance of a d

escending line

where the T value at the valley is less than 15% of the peak’s value. If the peak or valley in the plot

3)

4)

5)

6)

7)

If t
us

1)
2)

3)
4)

Ot
Cco

1)

has a flat plateau or tloor, select the peak or valley point closest to the descending
The valley line at this point may form a side of a symbol or data region.

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

Plot the module sample grid in the data region or symbol as in procedures’f), g), and
6) which requires that the region is square.

If the data region defined is not a valid rectangular symbol, try toform a new data regid
valid peak to valley plot transitions.

Process any additional regions as in procedure i).

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

and I). If the region(s) were not valid or the decode fails, disregard the candidate area.
ng Reed-Solomon error correction:

Sample the data modules at their prédicted centres. Black at the centre is a one and w

Convert the eight module samples in the defined codeword patterns into 8-bit syr
values.

Apply Reed-Solomon.error correction to the symbol character values.

Decode the symbaol characters into data characters according to the specified encodati

nerwise the saumber of data modules is odd, so decode the symbol using convolut
Frection:

Sample the data modules at their predicted centres. Black at the centre is a one and w|

ine in the plot.

h). Skip step f)

n using further

procedures k)

he number of data modules is even or the symbol forms a valid rectangular symbol, dec¢de the symbol

hite is a zero.

nhbol character

on schemes.

on code error

hite is a zero.

2)
3)
4)
5)

6)

Annh/tha hlack Avhita halancina mask
APphy-the-biackiwhite-dDatahRcig-as«
Use the bit ordering table to convert the data into a bit stream.

Apply the appropriate convolution code error correction.

Convert the bit stream to data characters according to the encodation scheme specified.

Verify that the CRC is correct.
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10 User guidelines

10.1 Human readable interpretation

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

10.2 Autodiscrimination capability

Data Matrix cjm be used in an autodiscrimination environment with a number of other symbologies. (See
Annex S).

10.3 Systen] considerations

Data Matrix applications must be viewed as a total system solution (see Annex T).

11 Transmijtted data

This section describes the standard transmission protocol for compliant readers. These readers rmay be
programmable| to support other transmission options. All encoded-data characters are included in the data
transmission. The symbology control characters and error correction characters are not transmitted. More
complex interpretations are addressed below.

11.1 Protocol for FNC1 (ECC 200 only)

When FNC1 appears in the first symbol character position (or in the fifth symbol character position of {he first
symbol of a Structured Append sequence), it shall signal that the data conforms to the GS1 Application
Identifier stanglard format. FNC1 in any othef later position in such symbols acts as a field separator.
Transmission jof symbology identifiers shall-be enabled. The first FNC1 shall not be represented|in the
transmitted data, although its presence.iscindicated by the use of the appropriate option value (2) in the
symbology idehtifier (see 11.5).

When used ap a field separator;,"FNC1 shall be represented in the transmitted message by the| ASCII
character <®g> (ASCII value 29).

11.2 Protocol for FNC4-in the second position (ECC 200 only)

When FNC1 ig in the'second symbol character position (or in the sixth symbol character position of the first
symbol of a $tructured Append sequence), it shall signal that the data conforms to a particular industry

T H H £ wveabal idantif: ball K ablad Tk firat LCANILCA hall
Standard fOI'I'T LT3 |ransm|33|u|| OT SyIIIUVIUHy fehtHerS—SRam—Pe—eRabrea—rRe—HSt—TINvoT—Shan i"IOt 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 11.5).

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 <®s> (ASCII value 29).

11.3 Protocol for Macro characters in the first position (ECC 200 only)

This protocol is used to encode two specific message headers and trailers in an abbreviated manner in
ECC 200 symbols.
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When a Macro character is in the first position a preamble and postamble shaII be transmitted. If the first
symbol character is 236 (i.e. encoding Macro 05), then the preamble [)>"s05% shall precede the encoded
data that follows it. If the first symbol character is 237 (i.e. encodlng Macro 06), then the preamble [)> Rs06%
shall precede the encoded data that follows it. The postamble sFor shall be transmitted after the data in both
cases.

11.4 Protocol for ECIs (ECC 200 only)

In systems where ECls are supported, the use of a symbology identifier prefix is required with every
transmission. Whenever an ECI codeword is encountered, it shall be transmitted as the escape character
92pec (or 5Crex), which represents the character “\" (backslash or reverse solidus) in the default interpretation.

The next codeword(s) are converted i the rules defined in Table 6. The 6-digit
value s transmitted as the appropriate ASCII values (48 - 57). Application software recogmising \nnnnnn
should| interpret all subsequent characters as being from the ECI defined by the 6-digit Sequence. This
interpre¢tation remains in effect until the end of the encoded data or until another ECI sequence |s encountered.
If the Hackslash (byte 92pec) needs to be used as encoded data, transmission shall be as follqws. Whenever
(ASCII{92pec) occurs as data, two bytes of that value shall be transmitted, thus a single occurrgnce is always
an escape character and a double occurrence indicates true data.

EXAMHALE
Encoded data: A\B\C
Transmission: ANB\C

Use of|the symbology identifier assures that the application cafy correctly interpret the escape character.

11.5 $ymbology identifier

ISO/IELC 15424 provides a standard procedure for reporting the symbology which has been read, together with
optiong set in the decoder and special features<encountered in the symbol. Once the structyre of the data
(including the use of any ECI) has been identified, the appropriate symbology identifier shoulfl be added by
the defpoder as a preamble to the transmitted data. The symbology identifier is required if ECls appear
anywhere in the symbol, or if FNC1 is-used as defined in 11.1 or 11.2. See Annex N for the symbology
identifier and option values which apply‘to Data Matrix.

11.6 Transmitted data example

In this lexample, the two-eharacter message “JPK” is to be encoded in ECC 200, using the ASICII encodation
scheme. “I” is represented’by a byte value of 182 in Data Matrix's default character set (ECI 000003, which is
equivalent to 1SO 8859-1). “)K” is a Cyrillic character not available in ECI 000003, but which can be
repres¢nted in 1S©)8859-5 (ECI 000007) by the same byte value of 182. The complete messagé can therefore
be represented(by inserting a switch to ECI 000007 after the first character, as follows: The symbol encodes
the message=<y[> <Switch to ECI 000007> <)X>, using the following series of Data Matrix cod¢words: [Upper
Shift] [$5]{ECI] [8] [Upper Shift] [55], with decimal values of [235], [55], [241], [8], [235], [55].

NOTE

NOTE 2  ECIs are encoded in Data Matrix as the ECI number plus one.

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: ]Jd4f\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 “XK” 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 “PK”.
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ECC 200 interleaving process

A.1 Schematic illustration

Annex A

(normative)

Using the exafiple of the 7Z X 7Z symbol Siz€, four I1eVEIS of Interleaving are required to encode a toial of 368
data codewords and 144 error correction codewords. These are divided into four blocks of 92 dataccodewords
and 36 error correction codewords, a total block length of 128 codewords.
CODEWORD | |data codewords d error correction codewords-¢
STREAM

1‘2‘3|4‘...|...|365‘366‘367|3681|2|3‘4|...{... |141‘142‘43|144
BLOCK 1 data codewords d error correction\cadewords ¢

115 ...|...]...]1361| 365 115 137 | 141
BLOCK 2 data codewords d error correction codewords ¢

216 362 | 366 2|6 138 | 142
BLOCK 3 data codewords d error correction codewords ¢
3 7 363. 367 3 7 139 43
BLOCK 4 data codewords-d error correction codewords ¢
4 |8 364 | 368 4 |8 40 | 144
Figure’A.1 — lllustration of interleaving for 72 x 72 symbol

A.2 Starting sequence for interleaving in different sized symbols
The sequence|ofithe’interleaved data codewords and error correction codewords is given in Table A.1.

40
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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 x 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
2 2,6,10 ... | 362, 366 2,6,10 . 138, 142
3 3, 7, 11 ... | 3063, 367 3, 7, 11 189, 143
4 4,8,12 ... | 364, 368 4,8,12 . 140, 144
80 x §0 1 1,5,9 ... | 449, 453 1,5,9 " 185, 189
2 2,6,10 ... | 450, 454 2,6,10 . 186, 190
3 3,7, 11 ... | 451,455 3,7, 11 . 187, 191
4 4,8,12 ... | 452, 456 4,8, 12 . 188, 192
88 x 48 1 1,59 ... | 569, 573 1(5y9 2117, 221
2 2,6,10 ... | 570, 574 276,10 218, 222
3 3,7, 11 ... | 571,575 3,7, 11 2119, 223
4 4,8,12 .. | 572,576 4,8,12 2P0, 224
96 x 96 1 1,5,9 ... | 889, 693 1,5,9 25, 269
2 2,6,10 -~ |*690, 694 2,6,10 266, 270
3 3,7, 11 ... | 691, 695 3,7, 11 267, 271
4 4,8,12 ... | 692, 696 4,8,12 268, 272
104 x|104 1 1,4, 13 ... | 805, 811 1,7,13 . 3p5, 331
2 2,8, 14 ... | 806,812 2,8,14 3p6, 332
3 3,9,15 ... | 807,813 3,9,15 3p7, 333
4 4,10, 16 ... | 808, 814 4,10, 16 3p8, 334
5 511,17 ... | 809, 815 511,17 3p9, 335
6 6,12,18 ... | 810, 816 6,12,18 380, 336
120 x|{120 1 1,7,13 .. | 1039,1045 | 1,7,13 397, 403
2 2,8,14 ... | 1040,1046 | 2,8,14 308, 404
3 3,9,15 .. | 1041,1047 | 3,9,15 " 3099, 405
4 4,10, 10 ... | 1042, 1045 4,10, 10 400, 406
5 511,17 ... | 1043,1049 | 5,11,17 . 401, 407
6 6,12,18 ... | 1044,1050 | 6,12,18 . 402, 408
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Symbol size | Reed-Solomon block | Sequence of data codewords | Sequence of error correction codewords
132 x132 1 1,917 1289, 1297 | 1,9,17 481, 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
<] 6, 10, 24 1290, 1504 S, 10, 24 486, 496
144 x 144 1 1,11, 21 1541,1551 | 1,11, 21 601611
2 2,12,22 1542,1552 | 2,12, 22 602; 612
3 3,13,23 1543, 1553 | 3,13, 23 603, 613
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)

ECC 200 pattern randomising

ISO/IEC 16022:2006(E)

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

B.1 2

This al
always

The va

B.1.1
INPUT
pseudd
temp_
IF (ten

o]
ELSE

O
B.1.2
INPUT

pseudd

temp_

53-state algorithm

253-state randomising algorithm

( Pad_codeword_value, Pad_codeword_position )

_random_number = ( ( 149 * Pad_codeword_position-)\nod 253 ) + 1
ariable = Pad_codeword_value + pseudo_random_number
p_variable <= 254 )

UTPUT ( randomised_Pad_codeword_value = temp_variable )

JTPUT ( randomised_Pad_codeword_value = temp_variable - 254 )

253-state un-randomising algorithm
( randomised_Rad-codeword_value, Pad_codeword_position )
_random_qumber = ( ( 149 * Pad_codeword_position ) mod 253 ) + 1

ariable= randomised_Pad_codeword_value - pseudo_random_number

IF (ten

hp\Variable >= 1)

gorithm adds a pseudo-random number to the Pad codeword value. The pseudo‘randgm number will
be in the range 1 to 253 and the randomised Pad codeword value will be in.the fange 1 {o 254.

riable Pad_codeword_position is the number of data codewords from the beginning of encoded data.

OUTPUT ( Pad_codeword_value = temp_variable)

ELSE

OUTPUT ( Pad_codeword_value = temp_variable + 254 )

© ISO/IEC 2006 — All rights reserved
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B.2 255-state algorithm

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

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

data.

B.2.1 255-state randomising algorithm

INPUT ( Base286—codeword—\alue-Base256—codeword—position

pseudo_rando

temp_variable

IF (temp_varigble <= 255)

OUTPUT
ELSE

OUTPUT
B.2.2 255-s
INPUT ( rando

pseudo_rando

temp_variable

IF (temp_varigble >=0)

OUTPUT

ELSE

OUTPUT

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

= Base256_codeword_value + pseudo_random_number

randomised_Base256 codeword_value = temp_variable )

randomised_Base256_codeword_value = temp_variable =256 )

fate un-randomising algorithm
mised_Base256 codeword_value, Base256 .codeword_position )
M_number = ( ( 149 * Base256_codeword position ) mod 255 ) + 1

Frandomised_Base256_codeword_value - pseudo_random_number

Base256_codeword value = temp_variable )

Base256_cedeword_value = temp_variable + 256 )

44
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ECC 200 encodation character sets

Annex C
(normative)

Table C.1 — C40 encodation character set

ISO/IEC 16022:2006(E)

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 ‘ 96
1 Shift 2 SOH 1 “ 34 a 97
2 Shift 3 STX 2 # 35 b 98
3 space 32 ETX 3 $ 36 c 99
4 0 48 EOT 4 % 37 d 104
5 1 49 ENQ 5 & 38 e 101
6 2 50 ACK 6 ‘ 39 f 104
7 3 51 BEL 7 ( 40 g 103
8 4 52 BS 8 ) 41 h 104
9 5 53 HT 9 * 42 i 10§
10 6 54 LF 10 + 43 j 104
11 7 55 VT 11 , 44 k 107
12 8 56 FF 12 - 45 | 108
13 9 57 CR 13 . 46 m 109
14 A 65 SO 14 / 47 n 11(
15 B 66 Sl 15 58 o} 111
16 C 67. DLE 16 ; 59 p 112
17 D 68 DC1 17 < 60 q 113
18 E 69 DC2 18 = 61 r 114
19 E 70 DC3 19 > 62 s 115
20 G 71 DC4 20 ? 63 t 116
21 H 72 NAK 21 @ 64 u 117
22 | 73 SYN 22 [ 91 v 11§
23 J 74 ETB 23 \ 92 w 119
24 K 75 CAN 24 ] 93 X 12(
25 L 76 EM 25 A 94 y 121
26 M 77 SuUB 26 _ 95 z 122
27 N 78 ESC 27 FNCA1 { 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 \Y 86
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C40 Value Basic set Shift 1 set Shift 2 set Shift 3 set
Char | Decimal | Char | Decimal Char Decimal | Char | Decimal
36 w 87
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 Shift 2 set Shift 3 set
Text value - - - -
Char | Decimal | Char | Decimal | Char | Decimal | Char | Decimal
0 Shift 1 NUL 0 ! 33 ‘ 96
1 Shift 2 SOH 1 “ 34 A 65
2 Shift 3 STX 2 # 35 B 66
3 space 32 ETX 3 $ 36 C 67
4 0 48 EOT 4 % 37 D 68
5 1 49 ENQ 5 & 38 E 69
6 2 50 ACK 6 ‘ 39 F 70
7 3 51 BEL 7 ( 40 G 71
8 4 52 BS 8 ) 41 H 72
9 5 53 HT 9 X 42 | 73
10 6 54 LF 10 + 43 J 74
11 7 55 VT 11 , 44 K 75
12 8 56 FF 12 - 45 L 76
13 9 57 CR 13 . 46 M 77
14 a 97 SO 14 / 47 N 78
15 b 98 Sl 15 58 (0] 79
16 c 99 DLE 16 ; 59 P 80
17 d 100 DC1 17 < 60 Q 81
18 e 104 DC2 18 = 61 R 82
19 f 102 DC3 19 > 62 S 83
20 g 103 DC4 20 ? 63 T 84
21 h 104 NAK 21 @ 64 U 85
22 i 105 SYN 22 [ 91 \Y, 86
23 j 106 ETB 23 \ 92 w 87
24 k 107 CAN 24 ] 93 X 88
25 I 108 EM 25 A 94 Y 89
26 m 109 SuUB 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
36 w 119
37 X 120
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Text value Basic sef Shift 1 S(.et Shift 2 se.t Shift 3 s¢.et
Char | Decimal | Char | Decimal | Char | Decimal | Char | Decimal
38 y 121
39 z 122
NOTE The relationship between the ASCII decimal value and the Text value remains constant regardless of which
ECl is in effect.
Table C.3 — EDIFACT encodation character set
Data character EDIFACT Data character EDIFACT
Char Decimar——Binary |2 ——Car Decimat Bimary | | Pinary
value value value value value value
@ 64 01000000 | 000000 space 32 00100000 100000
A 65 01000001 000001 ! 33 00100001 100001
B 66 01000010 | 000010 ¢ 34 00100010 100010
g 67 01000011 000011 # 35 00100011 100011
O 68 01000100 | 000100 $ 36 00100100 100100
B 69 01000101 000101 % 37 00100101 100101
H 70 01000110 | 000110 & 38 00100110 100110
€ 71 01000111 000111 ‘ 39 00100111 100111
H 72 01001000 | 001000 ( 40 00101000 101000
I 73 01001001 001001 ) 41 00101001 101001
J 74 01001010 | 001010 * 42 00101010 101010
K 75 01001011 001011 + 43 00101011 101011
L 76 01001100 | 001100 , 44 00101100 101100
M 77 01001101 001101 - 45 00101101 101101
N 78 01001110 | 001110 . 46 00101110 101110
d 79 01001111 001111 / 47 00101111 101111
A 80 01010000" | 010000 0 48 00110000 110000
@ 81 01010001 010001 1 49 00110001 110001
R 82 04010010 | 010010 2 50 00110010 110010
S 83 01010011 010011 3 51 00110011 110011
Tl 84 01010100 | 010100 4 52 00110100 110100
U 85 01010101 010101 5 53 00110101 110101
\ 86 01010110 | 010110 6 54 00110110 110110
W 87 01010111 010111 7 55 00110111 110111
XA 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
] 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)

ECC 200 alignment patterns

IIIIIII.

Figure D.1 — Alignment pattern configurationfor’32 x 32 square symbol

Figure D.2 — Alignment pattern configuration for 64 x 64 square symbol
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Figure D.3 — Alignment pattern configuration for 120 x 120 square symbol

E N RN EEN IIIIIIII.

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

ECC 200 Reed-Solomon error detection and correction

E.1 Error correction codeword generator polynomials

The error corr

ictlon codewords are the coefficients of the remainder resulling from first muniplying the
data polynomial d(x) by x* and then dividing it by the generator polynomial g(x). Each generator polyng

the product of]
polynomial.

For example th
(x + 2)(x + 4)(X
=xX°+(2+4+
(8*32)+ (16
(4*8*16) + (4
+(2*8*16*

=x° +62x* + 1

Note that this
“exclusive-or”

polynomial termn generated by bit-by-bit multiplication.

The polynomig
g(x) = x° + 62x
The polynomig
g(x) = x" + 254
The polynomia
g(x) = x'% + 61

The polynomia

1 *8*32) + (4% 16*32) +(8* 16 *32))° + (2* 4 * 8 * 16)
B2) + (4 8*16* 32))x + (24 *8* 16 * 32)

the first-degree polynomials: x - 2' x-2% .., x-2" where n is the degree of the ge
e fifth degree generator polynomial is:

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

8+16+32)x +((2*4)+(2*8)+(2*16) +(2*32) + (4 8) +(4)*16) + (4 *32)+ (8 *

6) +(2*8*32)+(2* 16 * 32)
(2*4*8*32)+(2*4*16

32N+ ((2*4*8)+(2*4*16) + (2*4*32) + (2* 8* 16)
+
11x° + 15x% + 48x + 228.

Galois Field arithmetic is not normal integer arithmetic: - is equivalent to +, which
operation in this Field, and multiplication™is” byte-wise modulo 100101101 for each

| divisor for generating 5 check characters is:

'+ 111x° + 15xX° + 48x + 228,

| divisor for generating 7 check characters is:

X® + 92x° + 240x* #984x° + 144x° + 68x + 23.

| divisor for generating 10 check characters is:

* + 1105+ 255x" + 116x° + 248x° + 223x" + 166x° + 185x° + 24x + 28,

| divisor for generating 11 check characters is:

symbol
mial is
herator

6) +

F

* 32)

is an
binary

g(x) = x""+120x" + 97x° + 60x° + 245x" + 39x° + 168x° + 194x" + 12x° + 205x° + 138x + 175.

The polynomia

| divisor for generating 12 check characters is:

g(x) = x"? + 242x" + 100x"° + 178x° + 97x% + 213x" + 142x° + 42x° + 61x* + 91x° + 158x* + 153x + 41.

The polynomia

| divisor for generating 14 check characters is:

g(x) = x" +185x" + 83x"* + 186x"" + 18x"% + 45x° + 138x% + 119x” + 157x° + 9x° + 95x" + 252x° + 192x° + 97

x + 156.
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The polynomial divisor for generating 18 check characters is:

g(x) = x"® + 188x"" + 90x"° + 48x"® + 225x™ + 254x™ + 94x" + 129x"" + 109x™® + 213x° + 241x® + 61x” + 66x°

+75x°

+188x* + 39x> + 100x* + 195x + 83.

The polynomial divisor for generating 20 check characters is:

g(x) = x*° + 172x" + 186x"® + 174x"" + 27x"® + 82x"° + 108x™ + 79x" + 253x'? + 145x"" + 153x"° + 160x° + 18

8x% +2

x' +168x° + 71x° + 233x* + 9x° + 244x° + 195x + 15.

The polynomial divisor for generating 24 check characters is:

e

The po

9(x) =
17x"° ]
+ 43x]

The po

(x) =
7 + 137
+ 84X’

The po

9(x) =
57x% 4
5X1 6 +

137X
The po

g(x) =
9047
+90x°
1 + 23

The po
g(x)
940

>+ 103X + 50X + 00X + 184X + 181X+ 12X 0+ 124X " + 264X + 172X~ + bx = 1
X" +251x"% + 197x° + 155x° + 21x” + 176x° + 39x° + 109x* + 205x° + 88x* + 190x H52:

Ilynomial divisor for generating 28 check characters is:

70+ 2557 + 93 + 168x%° + 233X + 151x% + 120X + 136x7" + 14144 213x"° + 11
H121x"° + 249x™ + 34x™ + 75x" + 53x™" + 170x"° + 151x° + 37x% + 174x"+ 103x° + 96x
+231x + 211,

lynomial divisor for generating 36 check characters is:

B+ 112x%° + 81x* + 98x% + 225x*2 + 25x%" + 59x%0 + 18462 + 175x%8 + 44x°" + 115x% A
x*2 + 101x% + 33x%" + 68x°° + 4x"% + 2x"® + 18x"" + 229%'° ¥ 182x" + 80x™* + 251x™ + 21
+120x7 + 102x® + 181x” + 162x° + 250x° + 130x* +218%> + 242x° + 127x + 245.

lynomial divisor for generating 42 check characters'is:

42 4 55" + 9x* + 5x% + 226X + 177X £450x°° + 50x>° + 69x>* + 202x>° + 248x* + 10
253x°° + X7+ 21%°° + 121x°° + 57 + 4 11x° + 214x°2 + 105x°" + 167x°° + 9x'° + 100x
Bx"° + 242%™ + 133x™ + 245x" + 2x 1 #122x"° + 105x° + 247x® + 153x” + 22x° + 38x° +
- 193x + 77.

Ilynomial divisor for generating48 check characters is:
8 4 10x" + 225x* + 253%%° + 92x™ + 213x® + 69x* + 175x*" + 160x"° + 147x* + 187x
14x°° + 82x> + 240x3%+ 186x°% + 138x°" + 66x°° + 100x*° + 120x% + 88x°" + 131x*° + 20

+ 37x%% + 23X +(T18x°° + 147" + 16x"® + 106x"" + 191x"® + 87x'° + 237x"* + 188x™ +
Bx'% + 133x% + 288x° + 22x7 + 117x° + 32x° + 96x* + 223x% + 172x% + 132x + 245.

lynomial divisor for generating 56 check characters is:

6+ 4Bx> + 143x> + 53x%% + 233x%% + 107x°" + 203x°° + 43x*° + 155x™ + 28x*" + 247x*°
155>+ 137x* + 13x*" + 164x™ + 207x> + 62x® + 117x% + 201x* + 150x%° + 22x** + 23

+ 232x

21x" + 155x"

Dx'® + 138x"" +
+ 71+ 97x°

119x% + 95x°
0x'% + 179%™

13" + 54x%° +
8 +95x"" +17
19x* + 31x° +

8+ 87X +17
5x>° + 170x°*
205x" + 231x

+67x" +127
BX + 144x%2

P™4"20x%0 + 203x%° + 117x%8 + 234x%7 + 218x%° + 146x%° + 228x%* + 54x% + 132x%2 + 200

P+ 38x%° + 22

3x" + 36x™ + 159x"" + 150x"® + 235x™® + 215x™ + 192x™ + 230x™ + 170x™" + 175x"° + 29x° + 100x® + 208X’

+220x°

The po

+17x° + 12x* + 238x°> + 223x° + 9x + 175.

lynomial divisor for generating 62 check characters is:

g(x) = x°% + 204x°" + 11x%° + 47x>° + 86x>° + 124x°" + 224x°® + 166x°° + 94x>* + 7x°° + 232x°% + 107x"" + 4x>°

+170x* + 176x" + 31x* + 163x"° + 17x™ + 188x™ + 130x™ + 40x™ + 10x*" + 87x*° + 63x>° + 51x® + 218x*’
+ 275 + 6x%° + 1475 + 44x% + 16152 + 715> + 114x%° + 64x%° + 175x%2 + 221x% + 185x%° + 106x%° + 250
4+ 1905 + 197x%% + 63x%" + 245x°° + 230x" + 134x"® + 112x"" + 185x"® + 37x"® + 196x™ + 108x™ + 143x"% +
189x"" + 201x™ + 188x° + 202x® + 118x” + 39x° + 210x° + 144x* + 50x> + 169x% + 93x + 242.
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The polynomia

9%

X

| divisor for generating 68 check characters is:

x) = x°® + 186x%" + 82x%° + 103x%° + 96x** + 63x%® + 132x% + 153x°" + 108x%° + 54x>° + 64x°® + 189x°" + 211
6+ 232x%° + 49x°* + 25x%° + 172x% + 52x°" + 59x°° + 241x* + 181x* + 239x*" + 223x*° + 136x™ + 231x* +

210x* + 96x*? + 232x*" + 220x* + 25x% + 179x°® + 167x>" + 202x%° + 185x>° + 153x>* + 139x* + 66x>% + 236
X1+ 227x% + 160x%° + 15x%% + 213x%" + 93x%° + 122x%° + 68x%* + 177x°% + 158x% + 197x*" + 234x*° + 180x"°
+248x"® + 136x" + 213x™® + 127x"° + 73x™ + 36x™ + 154x"2 + 244x"" + 147x"% + 33x° + 89x® + 56x + 159x° +

149x° + 251x*

+89x° + 173x° + 228x + 220.

E.2 Error correction calculation

The Peterson-

The calculatio
correction cod

Erasures shall

All calculations
the binary XOH

Construct the
are the codew
characters.

[Sorenstein-Zierler algorithm may be used to correct errors in decoded ECC 200 symbals

n described below follows this error correcting algorithm, using the Reed-Splomo
pbwords.

be corrected as errors by initially filling any erasure codeword positions withh dummy valu

N error

eS.

shall be done using GF(28) arithmetic operations. Addition and subtraction are equivalent to

R operation. Multiplication and division can be performed using log'and antilog tables.

ymbol character polynomial C(x) = C,7_1x”'1 * C,,_zx”'2 + ot C1x1 + C, where the n coefficients

pbrds read with C,_4 being the first symbol character and where n is the total number of

Calculate i syndrome values S, through S;_4 by evaluating C(x) at x = 2" for k=1 through i, where

number of errg
Form and solv
SoLo + S1l

81 Lo + Sgl

Sialo+ S

where jis i/2.

r correction codewords in the symbol.
e j simultaneous equations with j unknownis L, through L;. 4 using the j syndromes:
I Sj-1Lj_1 = Sj

1+...+8ij_1=81'+1

'L1 + ...+ ng-ng-1=ng_1

Construct the érror{locator polynomial:

symbol

i is the

L(X) = L]‘_»]X'i + Lj.zX’i

)
F .. FIoxF1

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

Whenever L(2k) =0, an error location is given by n - 1 - k. If more than j error locations are found, the symbol
is not correctable.

52
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Save the error locations in m error location variables E, through E,, . where m is the number of error locations
found. Form and solve m simultaneous equations with m unknowns X through X, . (the error magnitudes)
using the error location variables E and the first m syndromes S:

EoXo+ ExXi+ ...+ Ep 1 Xino1=So

Eo

Eo

Xo + Ef°Xy + oo+ E_ X 1= Sy

o+ E°Xy + oo+ E_ X 1= S

Eq

Add th
E, thro

NOTE

This 4
Bibliog

E.3 (

The fo
forag
first ge
moduly
coeffic

"Xo + E{"Xq + ... + E(m—1)me-1=Sm-1

b error magnitudes X, through X,,,_1 to the symbol character values at the coetresponding
ugh E,,_4 to correct the errors.

Eo .... Em-1 — are the roots of the error locator polynomial.

gorithm, written in C, is available from AIM, Inc. on the _Data Matrix Developers
Faphy).

falculation of error correction codewords

ven data codeword string of length "nd", stored as an integer array wd[]. The function R
herates log and antilog tables for the Galeis Field of size "gf" (in the case of ECC 200,
s "pp" (in the case of ECC 200, 301), then uses them in the function prod(), fir

which @re appended to the data in wd]].

error locations

Diskette (see

owing is an example of a generic routine, writtenin C, which calculates the error correcfion codewords

eedSolomon()
2%) with prime
5t to calculate

ents of the generator polynomial of ofder "nc" and then to calculate "nc" additional chg¢ck codewords

/* "plod(x,y,log,alog,gf) ! (returns the product "x" times "y" */
int pfod(int x, int y, iAt*log, int *alog, int gf) {
iff (!x || !y) return 0;
EISE return alogf(log[x] + logly]l) % (gf-1)1;
}
/* "ReedSolomoni{wd,nd,nc,gf.pp)" takes "nd" data codeword values in wd
/* anfd adds ,od ""nc" check codewords, all within GF(gf) where "gf" is a
/* poper of\’2/ and "pp" is the value of its prime modulus polynomial */
void ReedSplomon (int *wd, int nd, int nc, int gf, int pp) {
igtéd, j, k. *log,*alog, *c;
/* allocate, then generate the log & antilog arrays: */
log = malloc (sizeof (int) * gf);
alog = malloc(sizeof (int) * gf);
log[0] = 1-gf; alogl[0] = 1;
for (i = 1; i < gf; i++) {
alog[i] = alog[i-1] * 2;
if (aloglil >= gf) aloglil "= pp;
loglalog[il] = i;
}
/* allocate, then generate the generator polynomial coefficients: */
c = malloc(sizeof (int) * (nc+l));
for (i=1; i<=nc; i++) c[i] = 0; c[0] = 1;
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for (i=1; i<=nc; i++) {

cl[i] = c[i-171;

for (j=i-1; j>=1; j--) {

} cl[j] = clj-11 * prod(cljl,aloglil,log,alog,gf);

c[0] = prod(c[0],alogl[il]l,log,alog,gf);
}

/* clear, then generate "nc" checkwords in the array wd[]
for (i=nd;

*
/
i<=(nd+nc); i++) wdl[i] = 0;
for (i=0; i<nd; i++) {
k = wd[nd] * wdl[i] ;
for (I=0;7 I=0ic; J5F %
Wd[nd+j] = wd[nd+j+1] * prod(k,clnc-j-1]1,log, alog,gf);
}
}
free(c)

free(aleg) ;
free(log) ;
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(normative)

ECC 200 symbol character placement

F.1 Symbol character placement

ISO/IEC 16022:2006(E)

The folfowing T Tanguage program generates symbol character placement diagrams.
#inclpde <stdio.h>
#inclpde <alloc.h>
int nfrow, ncol, *array;
/* "mpdule" places "chr+bit" with appropriate wrapping within array([] ¥/
void module (int row, int col, int chr, int bit)
{ 1f |(xrow < 0) { row += nrow; col += 4 - ((nrow+4) %8, \\
ifl (col < 0) { col += ncol; row += 4 - ((ncol+4)38); }
afray [row*ncol+col] = 10*chr + bit;
}
/* "ufah" places the 8 bits of a utah-shaped symbol character in ECC20( */
void ptah (int row, int col, int chr)
{ modhle (row-2,col-2,chr,1);
mgddule (row-2,col-1,chr,2);
mddule (row-1,col-2,chr,3) ;
mgqdule (row-1,col-1,chr,4);
mddule (row-1,col, chr,5) ;
mddule (row, col-2,chr,6) ;
mgddule (row,col-1,chr,7) ;
} mddule (row, col, chr, 8) ;
/* "cprnerN" places 8 bits df the four special corner cases in ECC200 f/
void fornerl (int chr)
{ modphle (nrow-1,0,chr,1);
mgdule (nrow-1,1,chr’ 2) ;
mddule (nrow-1, 2, ¢hr, 3) ;
mddule (0,ncol-2\, chr,4) ;
mddule (0,ncol~1) chr,5) ;
mddule (1,ncel-1, chr, 6) ;
mddule (2,Ae¢el-1,chr, 7) ;
mddule (3\,ncol-1, chr, 8) ;
}
void fkorner2 (int chr)
{ modhié&Anrow-3,0,chr,1);

module (nrow-2, 0, chr, 2
module
module
module
module
module
module

}

1

1

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

~ e~~~ o~~~

1
7
7
7
I

void corner3 (int chr)
{ module (nrow-3,0,chr,1);
module (nrow-2, 0, chr, 2
module (nrow-1, 0, chr, 3
module (0,ncol-2,chr, 4
module (0,ncol-1,chr,5

) ;
) ;
) ;
) ;
module (1,ncol-1,chr,6) ;

—~ o~ o~ —~
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module (2,ncol-1,chr,7);
module (3,ncol-1, chr, 8) ;

}

void corner4 (int chr)

{ module (nrow-1,0,chr,1);
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) ;
/* ”ECC200‘ le_llD All 111 UW llbul aJ_J_a_Y WJ'_t}J. ab}b}J—ub}J— Jl_atc Valuc-:s f\JJ_ ECC CC -L//
void ECC20d(void)
{ int row, |col, chr;
/* First, flill the arrayl[] with invalid entries */
for (roy=0; row<nrow; row++) {
for |(col=0; col<ncol; col++) {
drray[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 corher cases, then... */
if ([(row == nrow) && (col == 0)) cornerl (chrs+) ;
if ([(row == nrow-2) && (col == 0) && (ncel%4)) corner2 (chr++);
if ([(row == nrow-2) && (col == 0) && (ncel%8 == 4)) corner3 (chr++) ;
if ([(row == nrow+4) && (col == 2) && (!({ncol%8))) corner4 (chr++) ;
/* sweep ugward diagonally, inserting succgessive characters,... */
do {
if ([(row < nrow) && (col >= 0) &&>(l!array[row*ncol+coll]))
ytah (row, col, chr++) ;
row = 2; col += 2;
} while| ((row >= 0) && (col < _ncel));
row += 1; col += 3;
/* & then gweep downward diagorally, inserting successive characters,... */
+
do {
if (J(row >= 0) && ,(col < ncol) && (!arrayl[row*ncol+col]))
dtah (row, col, Chr++) ;
row k= 2; cod) == 2;
} while| ((row @\nrow) && (col >= 0));
row += B; codi¥F= 1;
/* ... untilSfhe entire array is scanned */
} while txew—<—nrow——ecot—necol
/* Lastly, if the lower righthand corner is untouched, fill in fixed pattern */
if (!array[nrow*ncol-1]) {
array [nrow*ncol-1] = array[nrow*ncol-ncol-2] = 1;

}
}

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

void main(int argc, char *argv[])

{ int %, v, z;

if (argc =< 3) {
printf ("Command line: ECC200 # of Data Rows # of Data Columns\n");
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} 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);
ECC200 () ;
for (x=0; x<nrow; x++) {
for (y=0; y<ncol; y++) {
z = array[x*ncol+y];
if (z == 0) printf (" WHI");
ELSE if (z == ) printf ("BLK") ;
RESF—pr it f 320
printf ("\n") ;
free (array) ;
}
}
}
F.2 Symbol character placement rules

F.2.1

Becaus
and at

p'

Non-standard symbol character shapes

some corners, a small set of non-standard symbol characters is required. There are six

e the standard symbol character shape cannot always/fit at the data module boundarieq

{

of the symbol

conditions: two

boundary conditions which affect all symbol formats, and four different corner conditions which apply to certain

symbo

a.
TH
Cco

b.
bo
ar
Ts

c.
no
in
in
In
cal
ill

is applies to two basic symbol character shapes (see Figure F.1). Variants of these
hcern the row-to-row relationship bétween the left and right hand boundary (see Table F|

undary. This applies tostwo basic symbol character shapes (see Figure F.2). Var

S/ for boundary placement, which define the relative vertical position of the sym

formats:

One portion of the symbol character shape is placed on one side and the other on the

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

angements concern the column-to-column relationship between the top and bottom
ble F.1).

Four symbol character shapes are split between two or three corners (see Figures F

Figure'F.2 module c6 and c3 are in the same column as are modules d3 and d1. Th

opposite side.
arrangements

1).
on the bottom

ants of these
boundary (see

.3 to F.6) The

n-standard symbol shapes are placed at opposite boundaries. The number of these paifings increases
general proportion to the size of the perimeter of the mapping matrix. The basic pattern
Figures\k.1 and F.2. In Figure F.1, modules a8 and a7 are in the same row, as are modu

s as illustrated
les b7 and b6.
ere are seven
bol characters

strated in |:ig||rn E 17 the horizaontal pr\ciﬁnn of the eymhnl characters illustrated in l:ign

re F.2, and the

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

Boundary Row relationship of Column relationship of Corpgr Mapping matrices Ref_er to Annex F.
placement condition Figure no. for
module a8 and a7 module c6 and ¢3 R affected
case Figure No. example
Square: 82,2162,2242,
- _ 327, 40° 487, 56°, .
1 a7 Row = a8 Row ¢3 Column = c6 Column None 642 722, 80°, 88°, Figure F.9 & F.16
96%, & 120°
2 a7 Row=a8 Row-2 | ¢3 Column =c6 Column - 2 None Square: 10° & 182 Figure F.10 & F.17
a7 Row = a8 Square: 127,
3 Row + 4 ¢3 Column = ¢6 Column + 4 F.3 20°,28%, 36°, 44°, Figure F.11 & F.18
108, & 1322
4 37R23VW+=238 ¢3 Column = ¢6 Column + 2 F.4 Square: 14? &22° FigureFx12 & F.19
5 37 Row = a8 Row c3 Column = c6 Column + 2 F.5 ge&axng;lar: 6x16 Figure F|13
] - _ Rectangular: .
6 347 Row = a8 Row ¢3 Column = c6 Column - 2 None 10 x 24 & 10 x 32 Figure F|14
7 a7RI§<\)Nw+=4aS ¢3 Column = c6 Column + 2 F.6 ge&taxngxlar: Gk 28 Figure F|15
L R
E |
F ol | a2 -
T H
as ai a4 T
i
ab ab (a7 | B
0
u O
N b2 b1j v
D H
a b4 | b5 bifp
A
R | b7 | bi b6 R
¥
Y
Figure F.1 — Left and right symbol characters
TOP BOUNDARY
ch [ ¢F | cB | d3 | dd4 |db
th——eh kil
cl | c2
cl|ed | eh | dd | d2
BOTTOM BOUNDARY
Figure F.2 — Top and bottom symbol characters
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Figure F.3 — Corner condition 1

¥ | »5 | X6 wF

%

Figure F.4 — Corner condition 2

Figure F.5 — Corner condition 3
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NOTE 1  Alggbraic notation has been used to identify the symbol characters because these\vary depending

symbol format

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

F.2.2 Symbol character arrangement

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

a) A mappin

1) For small symbols with only one data region, this.equates to the mapping matrix.

2) For Igrger symbols with more than one data region, the mapping matrix equates to an area t
of thg abutted data regions. In effect, the \'mapping matrix has no separating alignment patter
example, the 36 x 36 format symbol has four 16 x 16 data regions which abut to create a m

matri
boun

b) Symbol c

x4 | ®5

kb

xi

x1 X
x2
H3

Figure F.6 — Corner condition 4

matrix is created.

32 x 32. The size of the mapping matrix for each symbol format is given in Table
ary placement case is given'in Table F.1.

haracter 2 is placed in the uppermost left position, with its modules conforming to the

on the

he size
ns. For
apping
7. The

bit (or

module) sequence defined in-Figure 11. Using the notation 2.1 to identify module 1 of symbol character 2,

this modu
shown in

60

Figure F.7 is constant for all mapping matrices.

e is in the top row-and leftmost column of every mapping matrix. The module array sequence
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NOTE

TH
of
ch

pr
un

TH
de
on

TH
in

21 | 2236 |37 | 3843 |44 | 45
23 | 24 | 25151 | 5246 | 47 | 48
26 | 27 | 28 | 53 | 54 | 55
1a] 61 | 62] 56 | 57 | 58
+to 63T 64165

66 | 6.7 | 6.8

Figure F.7 — Starting sequence for module placemeént

The values a and b depend on the size of the mapping matrix

e corner shapes are positioned according to Table F.1 and the)appropriate Figures F.3
the standard symbol character shapes continues, nesting:the shapes as illustrated ab
aracters 2, 5, and 6. The non-standard symbol characters are positioned as per T
bcess results in the mapping matrix being completely covered in symbol characters, mo
-numbered.

e sequence of symbol characters is determined as follows. Symbol characters are af
gree parallel diagonal lines between the lower left and upper right, generally linking throd
module 8.

e first diagonal line starts with the line through module 8 of symbol character 1; this is m
the case of the 6 x 28 mapping matrix, where the corner condition, as defined in Figure R

the¢ values of modules in symbol character 1 (i.e. making the module identified in Fig

re

At
to

i.e
on

bresent module 1,2). The diagonal line continues through modules 2.8 and 3.8.

this point, the diagonal line crosses the top row boundary. The next diagonal line is sta
the right in the top-row, or in the case of the 8 x 8 mapping matrix, 3 modules right and 1
the diagonal lipe jis’always displaced by 4 modules. Symbol characters are numbered
the placement path crossing module 8. Thus the next characters are determined by

diggonal line crossing modules 4.8, 5.8, 6.8 and so on.

As
m

shown-in Figure F.8, the placement path continues as diagonal lines four modules to th

pdules/down, or combinations thereof) from the previous diagonal line. The first, and all

to F.6. Plotting
bve for symbol
able F.1. This
st of which are

ranged on 45-
gh the centres

odule 8 except
.6, determines
ure F.7 as 1.b

ited 4 modules
module down;
n order, based
the downward

e right (or four
bdd numbered,

diggonal lines map the symbol character sequence from bottom left to top right. The secon

d, and all even

numbered, diagonal lines map the symbol character sequence from the top right to the bottom left.
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Fo.

-

h) When the
contained
opposite
characters

(see Figute F.8) the other portions of symbal character 3 and 7 are pre-numbered before the pla

path cros
boundary
characters
corner as

Figure F.3

examples).

Figure F.4

examples).

Figure F.8 — Symbol character placement sequence

within the boundaries of the mapping *tmatrix, that symbol character is continued
side of the matrix. This has the effectiof numbering the opposite portions of these
before the placement path crosses that position. For example, in the illustrated mapping
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Typical mapping matrices conforming to this procedure are illustrated in F.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 for ECC 200

e
>
>
>
>

oo
x

¢

-

ox

12.1 2.203.6 3.3~K8 4.3 4.4 4.5]1.1 1.2/
L7 2N |

2.3 2.4 25]5: 5.2 /4.6 4.7 4.8[1.3 1.4

12,6 2.7 28[5.3 5.4 5.500.110.2[1.6 1.7

1€ 4 )

11.546.2 6.25.6 5.7 5.8/10.3 10.4 10.5|7.1

7.4 7.518.1 8.2(9.6 9.7 9.8[11.3 11.4 11.5
7.7 7.8(8.3 8.4 8.5/12.1 12.211.6 11.7 11

3.1 3.218.6 8.7 8.8[12.3 12.4 12.5 | BLK WHT

Figure F.10 — Codeword placement for square mapping matrix of size 10
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Figure F.11 — Codeword placement for square léping matrix of size 12

2.1
23
2.6

3.8 [ 4.3

2388351

15
1.8

5.2

5.3 5.4 s@

533

N

5.8

ed_ 61

-

1.2

=

6.6 6.8 |1

10.2

11.6

1.1 112
1.3 114
11.7

8.4

8.5

8.6 8.7

13.5
13.8

14.1
14.3

15.2
15.4

10.4

<

7.4
9.1
9.3

od

Qﬁ,lao.l
2

9. 10.7

10.5
10.8

17.1
17.3

9.4 18.1

18.2

17.6

15.7

14.6

1. [a_s_
W4 15
TRIRIE

15.5
15.8

1.1 1.2

1.3 14

22.1
22.3

22.6

2.2
2.4
2.1

1.6 1.7

2.5 1.1

2.8

21.5

23.1

23.2

9.6

9.7 9.8 [18.3

8.1
8.2
8.3

19.1 19.2 |18.6

18.4
18.7

18.5
18.8

19.3 19.4 19.5

19.6 19.7 19.8

3.1
3.3

3.2
34

21.8

23.3

3.5

4.1

4.2

24.2
2.4
4.7

23.6

23.4
23.7 23.8

24.5
24.8

BLK  WHT

WHT  BLK

Figure F.12 — Codeword placement for square mapping matrix of size 14
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Figure F.14 — Codewdl@blacement for 10 x 24 rectangular mapping matrix
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Figure F.15 — Codeword placement for 6 x 28 rectangular mapping matrix
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Figure F.16 — Codeword placement for square mappig\ atrix of size 16
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Figure F.17 — Codeword placement for square mapping matrix of size 18
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Figure F.18 — Codeword placement for s@gre mapping matrix of size 20
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Figure F.19 — Codeword placement for square mapping matrix of size 22
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Annex G
(normative)

ECC 000 - 140 symbol attributes

Table G.1 — ECC 000

Symbol size? Data region size % of

Numeric | Alphanum | 8-bit byte | codewords— %

used for
Row Col Row Col capacity | capacity | capacity error correctable
correction

9 9 7 7 3 2 1 0,0 0,0
11 11 9 9 12 8 5 0,0 0,0
13 13 11 11 24 16 10 0,0 0,0
15 15 13 13 37 25 16 0,0 0,0
17 17 15 15 53 35 23 0,0 0,0
19 19 17 17 72 48 31 0,0 0,0
21 21 19 19 92 61 40 0,0 0,0
23 23 21 21 115 76 50 0,0 0,0
25 25 23 23 140 93 61 0,0 0,0
27 27 25 25 168 112 73 0,0 0,0
29 29 27 27 19% 131 86 0,0 0,0
31 31 29 29 229 153 100 0,0 0,0
33 33 31 31 264 176 115 0,0 0,0
35 35 33 33 300 200 131 0,0 0,0
37 37 35 35 339 226 148 0,0 0,0
39 39 37 37 380 253 166 0,0 0,0
41 41 39 39 424 282 185 0,0 0,0
43 43 41 41 469 313 205 0,0 0,0
45 45 43 43 500 345 226 0,0 0,0
47 47 45 45 560 378 248 0,0 0,0
49 49 47 47 508 413 274 0.0 0

@  excluding quiet zones
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Table G.2 — ECC 050

ISO/IEC 16022:2006(E)

Symbol size? Data region size % of
Numeric | Alphanum. | 8-bit byte codewords %
Row Col Row Col capacity capacity capacity use(i:iofror correctable
correction
11 11 9 9 1 1 ob 25,0 2,8
13 13 11 11 10 6 4 25,0 2,8
15 15 13 13 20 13 9 25,0 2,8
17 17 15 15 32 21 14 250 2,8
19 19 17 17 46 30 20 25,0 2,8
21 21 19 19 61 41 27 25,0 2,8
23 23 21 21 78 52 34 25,0 2,8
25 25 23 23 97 65 42 25,0 2,8
27 27 25 25 118 78 51 25,0 2,8
29 29 27 27 140 93 61 25,0 2,8
31 31 29 29 164 109 72 25,0 2,8
33 33 31 31 190 126 83 25,0 2,8
35 35 33 33 217 145 95 25,0 2,8
37 37 35 35 246 164 108 25,0 2,8
39 39 37 37 277 185 121 25,0 2,8
41 41 39 39 310 206 135 25,0 2,8
43 43 41 41 344 229 150 25,0 2,8
45 45 43 43 380 253 166 25,0 2,8
47 47 45 45 418 278 183 25,0 2,8
49 49 47 47 457 305 200 25,0 2,8
2  excluding quiet zone
b this|combination is not possible
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Table G.3 — ECC 080

Symbol size? Data region size % of
Numeric | Alphanum. | 8-bit byte codewords %
Row Col Row Col capacity capacity capacity useti:lofror correctable
correction
13 13 11 11 4 3 2 33,3 55
15 15 13 13 13 9 6 33,3 55
17 17 15 15 24 16 10 33,3 55
19 19 17 17 36 24 16 33,3 55
21 21 19 19 50 33 22 33,3 5,5
23 23 21 21 65 43 28 33,3 5,5
25 25 23 23 82 54 36 333 5,5
27 27 25 25 100 67 44 33;3 5,5
29 29 27 27 120 80 52 33,3 5,5
31 31 29 29 141 94 62 33,3 5,5
33 33 31 31 164 109 72 33,3 5,5
35 35 33 33 188 125 82 33,3 5,5
37 37 35 35 214 143 94 33,3 5,5
39 39 37 37 242 164 106 33,3 5,5
41 41 39 39 270 180 118 33,3 5,5
43 43 41 41 301 201 132 33,3 5,5
45 45 43 43 333 222 146 33,3 5,5
47 47 45 45 366 244 160 33,3 5,5
49 49 47 47 402 268 176 33,3 5,5
a excluding quigt zones
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Table G.4 — ECC 100

ISO/IEC 16022:2006(E)

Symbol size? Data region size % of
Numeric | Alphanum. | 8-bit byte codewords %
Row Col Row Col capacity capacity capacity use(i:iofror correctable
correction
13 13 11 11 1 1 QP 50,0 12,6
15 15 13 13 8 5 3 50,0 12,6
17 17 15 15 16 11 7 50,0 12,6
19 19 17 17 25 17 11 50,0 12,6
21 21 19 19 36 24 15 50,0 12,6
23 23 21 21 47 31 20 50,0 12,6
25 25 23 23 60 40 26 50,0 12,6
27 27 25 25 73 49 32 50,0 12,6
29 29 27 27 88 59 38 50,0 12,6
31 31 29 29 104 69 45 50,0 12,6
33 33 31 31 121 81 53 50,0 12,6
35 35 33 33 140 93 61 50,0 12,6
37 37 35 35 159 106 69 50,0 12,6
39 39 37 37 180 120 78 50,0 12,6
41 41 39 39 201 134 88 50,0 12,6
43 43 41 41 224 149 98 50,0 12,6
45 45 43 43 248 165 108 50,0 12,6
47 47 45 45 273 182 119 50,0 12,6
49 49 47 47 300 200 131 50,0 12,6
@ excluding quiet zones
b this|combination is not possible
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Table G.5— ECC 140

Symbol size? Data region size % of
Numeric | Alphanum. | 8-bit byte codewords %
Row Col Row Col capacity capacity capacity useti:lofror correctable
correction

17 17 15 15 2 1 1 75,0 25,0
19 19 17 17 6 4 3 75,0 25,0
21 21 19 19 12 8 5 75,0 25,0
23 23 21 21 17 11 7 75,0 25,0
25 25 23 23 24 16 10 75,0 25,0
27 27 25 25 30 20 13 75,0 25,0
29 29 27 27 38 25 16 75:0 25,0
31 31 29 29 46 30 20 75,0 25,0
33 33 31 31 54 36 24 75,0 25,0
35 35 33 33 64 42 28 75,0 25,0
37 37 35 35 73 49 32 75,0 25,0
39 39 37 37 84 56 36 75,0 25,0
41 41 39 39 94 63 41 75,0 25,0
43 43 41 41 106 70 46 75,0 25,0
45 45 43 43 118 78 51 75,0 25,0
47 47 45 45 130 87 57 75,0 25,0
49 49 47 47 144 96 63 75,0 25,0

@  excluding quipt zones
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Annex H

(normative)

ISO/IEC 16022:2006(E)

ECC 000 - 140 data module placement grids

Table H.1 — 7 x 7 data
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Table H.2 — 9 x 9 data

2|19 | 55|10 | 46 | 2864 | 73 | 1

62 | 17 | 53 | 35 | 71 8|80 |44 | 26

49 | 31 | 67 | 4 |¢76y] 40 | 22 | 58 | 13

69 | 6|78 | 4224|6015 51|33

74 | 38 | 20\ 56 | 11 | 47 | 29 | 65 | 37

25 | 61046 | 52 |34 |70 | 7|79 | 43

12.](@8 | 30 | 66 | 63 | 75 | 39 | 21 | 57

32~ 68 5177|4123 |59 |14 | 50

0|72|36|18 |54 | 9|45|27| 3

Table H.3 — 11 x 11 data

2| 26114 | 70| 15| 103 | 59| 37| 81 4 1
117 | 73| 18 | 106 | 62| 40| 84 71 95| 51| 29
12100 | 56| 34| 78| 92| 89| 45| 23| 111 | 67
85 43 87 10 a8 R4 32 120 78 21 109
82 5 93 49 27 | 115 71 16 | 104 60 38
96 | 52| 30| 118 | 74| 19107 | 63| 41| 85 8
24 | 112 | 68| 13| 101 | 57| 35| 79| 48| 90| 46
75 20 | 108 64 42 86 9 97 53 31 | 119
102 | 58| 36| 80 | 77| 91| 47| 25| 113 | 69| 14
39 | 83 6| 94| 50| 28| 116 | 72| 17| 105 | 61
0 88 44 22 | 110 66 11 99 55 33 3
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Table H.4 — 13 x 13 data

21189 | 29| 133 81 16 | 120 68 | 42 | 146 94 91 1
37 | 141 89 24 | 128 76 50 | 154 | 102 11 | 115 63 | 167
83 18 | 122 70 | 44 | 148 96 5| 109 57 | 161 31| 135
125 73 | 47 | 151 99 8 | 112 60 | 164 34 | 138 86 | 21
40 | 144 92 | 107 | 105 53 | 167 | 27 | 131 79 14 | 118 66
103 12 | 116 64 | 168 38 | 142 90 25 | 129 77 51 | 155
110 58 | 162 32 | 136 84 19 | 123 71 45 | 149 97 6

165 35 | 139 87 | 22 | 126 74 | 48 | 152 | 100 9 | 113 61
132 80 15 | 119 67 41 | 145 93 55 | 106 54 | 168 | 28
23 | 127 75 | 49 | 153 | 101 10 | 114 62 | 166 36 | 140 88
69 | 43 | 147 95 4 | 108 56 | 160 30 | 134 82 17 | 121
150 98 71111 59 | 163 33 | 137 85 20 | 124 72 46
0| 104 52 | 156 | 26 | 130 78 13 | 117 65 39 | 143 3

Table H.5 — 15 x 15 data

2| 187 37 | 157 97 | 217 22 | 142 82 | 202 524 172 | 112 7 1

41 | 161 | 101 | 221 26 | 146 86 | 206 | 56 | 176\ 116 11 ] 131 71 | 191
93 | 213 18 | 138 | 78 | 198 | 48 | 168 | 108 |05 | 123 | 63 | 183 | 33 | 153
28 | 148 | 88 | 208 58 | 178 | 118 13 | 133\ 73 | 193 | 43 | 163 | 103 | 223

80 | 200 50 | 170 | 110 5| 125 651, 185 35 | 165 95 | 215 | 20 | 140
54 | 174 | 114 9| 129 69 | 189 39 | 159 99 | 219 | 24 | 144 84 | 204
106 | 127 | 121 61 | 181 31 | 154 91 | 211 16 | 136 76 | 196 | 46 | 166

134 74 | 194 | 44 | 164 | 104 [\224 29 | 149 89 | 209 59 | 179 | 119 14
186 36 | 156 96 | 216 {21 | 141 81 | 201 51 | 171 | 111 6 | 126 66
160 | 100 | 220 25 | 145 85 | 205 55 | 175 | 115 10 | 130 70 | 190 40

212 17 | 137 TH4\197 | 47 | 167 | 107 67 | 122 62 | 182 32 | 152 92
147 87 | 207 57| 177 | 117 12 | 132 72 | 192 42 | 162 | 102 | 222 27
199 | 49 | 169,%°109 4| 124 64 | 184 34 | 154 94 | 214 19 | 139 79

173 | 113 8| 128 | 68 | 188 38 | 168 | 98 | 218 | 23 | 143 | 83 | 203 53
0,920 | 60| 180 | 30 | 150 90 | 210 15 | 135 | 75| 195 | 45 | 165 3
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Table H.6 — 17 x 17 data

ISO/IEC 16022:2006(E)

2| 69205 | 35| 171|103 | 239 | 18 | 154 | 86 | 222 | 52 | 188 | 120 | 256 | 273 1

220 | 50 | 186 | 118 | 254 | 33 | 169 | 101 | 237 | 67 | 203 | 135 | 271 16 | 288 | 1562 | 84

178 | 110 | 246 25 | 161 93 | 229 59 | 195 | 127 | 263 8 | 280 | 144 76 | 212 42

250 29 | 165 97 | 233 63 | 199 | 131 | 267 12 | 284 | 148 80 | 216 46 | 182 | 114

157 89 | 225 55 | 191 | 123 | 259 4 | 276 | 140 72 | 208 38 | 174 | 106 | 242 21

235 65 | 201 | 133 | 269 14 | 286 | 150 82 | 218 48 | 184 | 116 | 252 31 | 167 99

193 | 125 | 261 6 | 278 | 142 74 | 210 40 | 176 | 108 | 244 23 | 159 91 | 227 57

265 10 | 282 | 146 78 | 214 44 | 180 | 112 | 248 27 | 163 95 | 231 61 | 197 | 129

274 | 138 70 | 206 36 | 172 | 104 | 240 19 | 1565 87 | 223 53 | 189 | 121 |-28D|| 137

83219 | 49 | 185 | 117 | 253 | 32 | 168 | 100 | 236 | 66 | 202 | 134 | 270 | 15287 || 151

41 | 177 | 109 | 245 24 | 160 92 | 228 58 | 194 | 126 | 262 7 | 2794 143 751 211

113 | 249 28 | 164 96 | 232 62 | 198 | 130 | 266 11 | 283 | 147 79| 215 451 181

20 | 156 88 | 224 54 | 190 | 122 | 258 | 255 | 275 | 139 71 | 207 37 | 173 | 105]| 241

98 | 234 64 | 200 | 132 | 268 13 | 285 | 149 81 | 217 47. 183 | 115 | 251 30| 166

56 | 192 | 124 | 260 5| 277 | 141 73 | 209 39 | 175 | 107) 1 243 22 | 158 90 || 226

128 | 264 9 | 281 | 145 77 | 213 43 | 179 | 111 | 247 26 | 162 94 | 230 60| 196

0| 272 | 136 68 | 204 34 | 170 | 102 | 238 17,| 183 85 | 221 51| 187 | 119 3

Table H.7 <19 x 19 data
82 | 234 44 | 348 | 196 | 120 | 272 25% 329 | 177 | 101 | 253 63 | 215 | 139 | 291 6 1
239 | 49| 353 | 201 | 125 | 277 | 30 | 334~{i182 | 106 | 258 | 68 | 220 | 144 | 296 | 11 | 315|| 163 | 87
34 191 | 115 | 267 20 | 324 | 172 96 | 248 58 | 210 | 134 | 286 | 310 | 305 | 153 771 229 39
13 284 37 | 341 | 189 | 113 | 265 75 | 227 | 151 | 303 18 | 322 | 170 94 | 246 56 || 360 | 208
2 332 | 180 | 104 | 256 66.1.218 | 142 | 294 9| 313 | 161 85 | 237 47 | 351 | 199|| 123 | 275
18 109 | 261 71 | 223 | 147 | 299 14 | 318 | 166 90 | 242 52 | 356 | 204 | 128 | 280 33 | 337
25 61 | 213 | 137 | 289 4 | 308 | 156 80 | 232 42 | 346 | 194 | 118 | 270 23 | 327|| 175 99
22% | 149 | 301 167|320 | 168 | 92 | 244 | 54 | 358 | 206 | 130 | 282 | 35| 339 | 187 | 111|| 263 | 73
29 7 | 311 £.159 83 | 235 45 | 349 | 197 | 121 | 273 26 | 330 | 178 | 102 | 254 64| 216 | 140
31 164 88\| 240 50 | 354 | 202 | 126 | 278 31| 335 | 183 | 107 | 259 69 | 221 | 145|| 297 12
7 230 40 | 344 | 192 | 116 | 268 21| 325 | 173 97 | 249 59 | 211 | 135 | 287 | 158 || 306 | 154
5 359 | 207 | 131 | 283 36 | 340 | 188 | 112 | 264 74 | 226 | 150 | 302 17 | 321 | 169 93 | 245
198 | 122 | 274 27 | 331 | 179 | 103 | 255 65 | 217 | 141 | 293 8 | 312 | 160 84 | 236 46 | 350
279 | 32| 336 | 184 | 108 | 260 | 70 | 222 | 146 | 298 | 13 | 317 | 165 | 89 | 241 51 | 355 | 203 | 127
326 | 174 98 | 250 60 | 212 | 136 | 288 | 285 | 307 | 155 79 | 231 41 | 345 | 193 | 117 | 269 22
110 | 262 72 | 224 | 148 | 300 15 | 319 | 167 91 | 243 53 | 357 | 205 | 129 | 281 34 | 338 | 186
62 | 214 | 138 | 290 5| 309 | 157 81 | 233 43 | 347 | 195 | 119 | 271 24 | 328 | 176 | 100 | 252
143 | 295 10 | 314 | 162 86 | 238 48 | 352 | 200 | 124 | 276 29 | 333 | 181 | 105 | 257 67 | 219
0 | 304 | 152 76 | 228 38 | 342 | 190 | 114 | 266 19 | 323 | 171 95 | 247 57 | 209 | 133 3
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Table H.8 — 21 x 21 data

2 88 | 424 | 256 | 46 | 382 | 214 | 130 | 298 25 | 361 | 193 | 109 | 277 67 | 403 | 235 | 151 | 319 4 1

437 | 269 | 59 | 395 | 227 | 143 | 311 38 | 374 | 206 | 122 | 290 | 80 | 416 | 248 | 164 | 332 17 | 353 | 185 | 101

49 | 385 | 217 | 133 | 301 28 | 364 | 196 | 112 | 280 70 | 406 | 238 | 154 | 322 7| 343 | 175 91 | 427 | 259

222 | 138 | 306 | 33 | 369 | 201 | 117 | 285 | 75 | 411 | 243 | 159 | 327 12 | 348 | 180 | 96 | 432 | 264 | 54 | 390

205 | 22 | 358 | 190 | 106 | 274 | 64 | 400 | 232 | 148 | 316 | 340 | 337 | 169 | 85 | 421 | 253 | 43 | 379 | 211 | 127

377 | 209 | 125 | 293 83 | 419 | 251 | 167 | 335 20 | 356 | 188 | 104 | 440 | 272 62 | 398 | 230 | 146 | 314 | 41

115 | 283 | 73 | 409 | 241 | 157 | 325 10 | 346 | 178 | 94 | 430 | 262 | 52 | 388 | 220 | 136 | 304 | 31 | 367 | 199

78 | 414 | 246 | 162 | 330 15 | 351 | 183 | 99 | 435 | 267 | 57 | 393 | 225 | 141 | 309 | 36 | 372 | 204 | 120 | 288

236 | 152 | 320 51341 | 173 89 | 425 | 257 47 | 383 | 215 | 131 | 299 | 26 | 362 | 194 | 110 | 278 68 | 404

333 18 | 354 || 186 | 102 | 438 | 270 | 60 | 396 | 228 | 144 | 312 | 39 | 375 | 207 | 123 | 291 81 417 | 249 | 165

344 | 176 | 92 ||428 | 260 | 50 | 386 | 218 | 134 | 302 | 29 | 365 | 197 | 113 | 281 71 | 407 | 239, 155 | 823 8

97 | 433 | 265 55 | 391 | 223 | 139 | 307 34 | 370 | 202 | 118 | 286 76 | 412 | 244 | 1601828 13 | 49 | 181

254 44 | 380 |[212 | 128 | 296 | 23 | 359 | 191 | 107 | 275 65 | 401 | 233 | 149 | 3174 172 | 338 | 170 86 | 422

397 | 229 | 145 ||313 | 40 | 376 | 208 | 124 | 292 | 82 | 418 | 250 | 166 | 334 19 | 385, 187 | 103 | 439 | 271 61

135 | 303 30 || 366 | 198 | 114 | 282 72 | 408 | 240 | 156 | 324 9| 345 | 177 93 | 429 | 261 51 87 | 219

35 | 371 | 203 ||119 | 287 | 77 | 413 | 245 | 161 | 329 14 | 350 | 182 98 434 | 266 | 56 | 392 | 224 | 140 | 308

192 | 108 | 276 || 66 | 402 | 234 | 150 | 318 | 315 | 339 | 171 87 | 423 | 255+ 45 | 381 | 213 | 129 | 297 | (24 | 360

289 79 | 415 || 247 | 163 | 331 16 | 352 | 184 | 100 | 436 | 268 58\ B94 | 226 | 142 | 310 37 | 373 | 205 | 121

405 | 237 | 153 || 321 6| 342 | 174 | 90 | 426 | 258 | 48 | 384 |\216 | 132 | 300 | 27 | 363 | 195 | 111 | 279 | 69

158 | 326 11 ||347 | 179 | 95 | 431 | 263 | 53 | 389 | 221 | 137\[ 305 | 32 | 368 | 200 | 116 | 284 | 74 | 410 | 242

0| 336 | 168 84 | 420 | 252 42 | 378 | 210 | 126 | 294\ ~21 | 357 | 189 | 105 | 273 63 | 399 | 231 47 3
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Annex |
(normative)

ECC 000 - 140 character encodation schemes
This Annex provides details of the ASCII character set (ISO/IEC 646) used for one of the ECC 000 - 140

encodation schemes, and the four encodation schemes showing the mapping of the data character to the
encodation scheme code value.

Table 1.1 — Mapping of data character value to encodation scheme value
ASCII SET ENCODATION SCHEME
Character | Decimal value Base 11 Base 27 Base 37 Base'41
code value | code value | code value | code value
NUL 0
SOH 1
STX 2
ETX 3
EOT 4
ENQ 5
ACK 6
BEL 7
BS 8
HT 9
LF 10
VT 11
FF 12
CR 13
SO 14
Si 15
BLE 16
DCH1 17
DC2 18
DC3 19
DC4 20
NAK 21
SYN 22
ETB 23
CAN 24
EM 25
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ASCII SET ENCODATION SCHEME
Character | Decimal value | Base 11 Base 27 Base 37 Base 41
code value | code value | code value | code value
suB 26
ESC 27
FS 28
GS 29
RS 30
us 31
space 32 0 0 0 0
! 33
“ 34
# 35
$ 36
% 37
& 38
‘ 39
( 40
) 41
* 42
+ 43
, 44 38
- 45 39
46 37
/ 47 40
0 48 1 27 27
1 49 2 28 28
2 50 3 29 29
3 51 4 30 30
4 52 5 31 31
5 53 6 32 32
6 54 7 33 33
7 55 8 34 34
8 56 9 35 35
9 57 10 36 36
58
; 59
< 60
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ASCII SET ENCODATION SCHEME
Character | Decimal value | Base 11 Base 27 Base 37 Base 41
code value | code value | code value | code value

= 61

> 62

? 63
@ 64

A 65 1 1 1
B 66 2 2 2
C 67 3 3 3
D 68 4 4 4
E 69 5 5 5
F 70 6 6 6
G 71 7 7 7
H 72 8 8 8
I 73 9 9 9
J 74 10 10 10
K 75 14 11 11
L 76 12 12 12
M 77 13 13 13
N 78 14 14 14
(0] 79 15 15 15
P 80 16 16 16
Q 81 17 17 17
R 82 18 18 18
S 83 19 19 19
T 84 20 20 20
u 85 21 21 21
V 86 22 22 22
W 87 23 23 23
X 88 24 24 24
Y 89 25 25 25
z 90 26 26 26

[ 91

\ 92

1 93

A 94

- 95
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ASCII SET ENCODATION SCHEME
Character | Decimal value | Base 11 Base 27 Base 37 Base 41
code value | code value | code value | code value
‘ 96
a 97
b 98
c 99
d 100
e 101
f 102
g 103
h 104
[ 105
j 106
k 107
I 108
m 109
n 110
o} 111
p 112
q 113
r 114
S 115
t 116
u 117
v 118
W 119
X 120
y 121
z 122
{ 123
| 124
} 125
~ 126
DEL 127

© ISO/IEC 2006 — All rights reserved

93


https://iecnorm.com/api/?name=77990b64ca938c74185fbbbeb5f58c8e

ISO/IEC 16022:2006(E)

.1 Base 11 encodation scheme

.1.1 First stage procedure

The data characters shall be converted to their Base 11 code values using Table I.1 as the conversion table.

1.1.2 Second stage procedure
The following procedure shall be used to compact the Base 11 code values to a binary string.

a) Sub-divide the number of Base 11 characters into a sequence of six characters, from left to right. If less
than six cliaracters go to Step o.

b) Assign thg code values of the six Base 11 characters as C; to Cs, where C; is the first character.
c) Carry out p Base 11 to Base 2 conversion to produce a sequence of 21 bits, using equation 6 of Tgble 1.2.
d) Repeat frgm step a) as necessary.

e) When thefe are less than six characters, carry out a Base 11 to Base 2 conversion using the appropriate
equation gf Table 1.2 which corresponds to the number of remaining Base11 ‘characters.

Table 1.2 — Base 11 (Numeric) encodation equations

Number of data Encodation equation Bit
characters length
1 Cq 4
2 Cs+ Cy* 11 7
3 Cs+ Co* 11+ C3¥11? 11
4 Ci+ Co* 116 C5* 1%+ C, * 11° 14
5 Ci+ Ca®A1+Cs* 1%+ Cu* 1%+ C5* 11* 18
6 CitC3* 11+ Cs* 1%+ Cu* 1%+ Cs* 1% + Co* 11° 21
1.1.3 Example

Using the data charactep ‘string: 123<space>45678 the complete Base 11 encodation process is shown in
Figure 1.1.

Data 112 3 | <space> 4 5 61 7
Base 11 codevalue | 2 | 3 4 0 5 6 718 9
Character position Ci/| Co| Cs Cy Cs Cs C/|C| Cs
Weight 1 (11121 1331 14641 | 161051 | 1 | 11| 121
Product 2 | 33| 484 0 73205 | 966306 | 7 | 88 | 1089
Decimal value 1040030 1184
Binary string 011111101111010011110 10010100000

Figure 1.1 — Base 11 example
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.2 Base 27 encodation scheme

.2.1 First stage procedure

The data characters shall be converted to their Base 27 code values using Table I.1 as the conversion table.

.2.2 Second stage procedure
The following procedure shall be used to compact the Base 27 code values to a binary string.

a) Sub-divide the number of Base 27 characters into a sequence of five characters, from left to right. If less
th@n five characters go 1o Step b.

b) Agsign the code values of the five Base 27 characters as C; to Cs;, where C; is the first .chafacter.
c) Carry out a Base 27 to Base 2 conversion to produce a sequence of 24 bits, using‘equatior] 5 of Table 1.3.
d) Repeat from step a) as necessary.

e) When there are less than five characters, carry out a Base 27 to Base 2 conversion using the appropriate
equation of Table 1.3 which corresponds to the number of remaining Base 27 characters.

Table 1.3 — Base 27 (Upper-case Alphabetic) encodation equations

Number of data . . Bit
Encodation equation
characters length
1 C, 5
2 C,+C,*27 10
3 Ci+ Co 327 + Cy* 27° 15
4 Ci1+Co* 27+ Cy* 27% + C,* 27° 20
5 G+ Co* 27 + C3* 27% + C,* 27° + Cs * 27* 24

.2.3 |Example

Using fhe data character string: DATA<space>MATRIX the complete Base 27 encodation process is shown in
Figure|l.2.

Data D| A T A <space> | M | A T R X
Base|2/code value | 4 | 1 20 1 0 13| 1 20 18 D 24
Character position C,| C, C; C, Cs C,| G, C; Cy Cs C,
Weight 1127 | 729 | 19683 | 531441 | 1 |27 | 729 19683 | 531441 1
Product 4 | 27 | 14580 | 19683 0 13 | 27 | 14580 | 354294 | 4782969 | 24
Decimal Value 34294 5151883 24
Binary String 000000001000010111110110 010011101001110010001011 11000

Figure .2 — Base 27 example
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1.3 Base 37 encodation scheme

.3.1 First stage procedure

The data characters shall be converted to their Base 37 code values using Table I.1 as the conversion table.

1.3.2 Second stage procedure

The following procedure shall be used to compact the Base 37 code values to a binary string.

ble 1.4.

a) Sub-divide the number of Base 37 characters into a sequence of four characters, from left to right. If less
than four ¢haracters go 10 Step b.
b) Assign the code values of the four Base 37 characters as C; to C4, where C; is the first character.
c) Carry out p Base 37 to Base 2 conversion to produce a sequence of 21 bits, using equation 4 of T3
d) Repeat frgm step a) as necessary.
e) When thefe are less than four characters, carry out a Base 37 to Base 2 conversion using the equation (1
to 3) of Tgble 1.4 which corresponds to the number of remaining Base 37_¢haracters.
Table 1.4 — Base 37 (Upper-case Alphanumeric) enéodation equations
Number of data Encodation equation Bit
characters q length
1 Cy 6
2 C,+C,*37 11
3 C;+ C,* 37 + 57377 16
4 Cy+ Cy* 37+ C3*37° + C, * 37° 21
1.3.3 Example
Using the data|character string:
123ABCD89
the complete Base 37-encodation process is shown in Figure 1.3.
Datzr 1 2 3 A B| C D 8 9
Base 37 code value | 28 | 29 30 1 2 3 4 35 36
Character position C, C, C; Cy C,| G, C; Cy C,
Weight 1 37 1369 | 50653 | 1 | 37 | 1369 | 50653 1
Product 28 | 1073 | 41070 | 50653 | 2 | 111 | 5476 | 1772855 36
Decimal value 92824 1778444 36
Binary string 000010110101010011000 | 110110010001100001100 | 100100

96

Figure .3 — Base 37 example
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.4 Base 41 encodation scheme

1.4.1 First stage procedure

ISO/IEC 16022:2006(E)

The data characters shall be converted to their Base 41 code values using Table I.1 as the conversion table.

1.4.2 Second stage procedure

The following procedure shall be used to compact the Base 41 code values to a binary string.

a) Sub-divide the number of Base 41 characters into a sequence of four characters, from left to right. If less

c) Ca

d) R

1.4.3

AB/C123-X

than four characters go 10 Step b.

b) Agsign the code values of the four Base 41 characters as C; to C4, where C; is the first)Character.
rry out a Base 41 to Base 2 conversion to produce a sequence of 22 bits, using‘equatior
peat from step a) as necessary.

e) When there are less than four characters, carry out a Base 41 to Base 2 conversion using {

equation of Table 1.5 which corresponds to the number of remaining Base 41 characters.
Table 1.5 — Base 41 (Upper-case alphanumeric + punctuation) encodation equations
Number of data . . Bit
Encodation equation
characters length
1 Cy 6
2 Ci+Cr*41 11
3 Ci+ Cot41+ Cs* 417 17
4 Ci+Co*41+Cs*41° + C,* 41° 22
Example

Using the data character(string:

the complete Base 41 encodation process is shown in Figure 1.4.

Data A | B / C 1 2 3 - X
Base 41 code value | 1 2 40 3 28 | 29 30 39 24
Character position C,| G C; C, C, C, C; Cy C,
Weight 1 |41 | 1681 68921 1 41 1681 68921 1
Product 1 | 82 | 67240 | 206763 | 28 | 1189 | 50430 | 2687919 24
Decimal value 274086 2739566 24
Binary string 0001000010111010100110 | 1010011100110101101110 | 011000
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Annex J
(normative)

ECC 000 - 140 CRC algorithm

Following are two implementations for representing CRC.

J.1 CRC stateachine

The CRC may
shifted through
(left most regis

J.2 CRC pq
The CRC algo
X'+ X%
With X = 2, thd
10001000

The CRC is th

plynomial

000100001 pase 2

J.3 CRC 2-byte header

The CRC calc
byte values of
calculation of t

he CRC.

ithm shall be the CCITT standard polynomial:
EXC + 1

value of the polynomial shown as a 17 bit value is;

b remainder after dividing the data string by this value.

Table J.1 — CRC calculation header

be represented as a schematic, as illustrated in Figure J.1. After the data bits_hav
the state machine the resulting CRC is read out of the 16 memory registers (m) in"the d
ter is the MSB).

e been
iagram

Ilation headers, as defined.inTable J.1, are used in the CRC operation as a prefix to the 8-bit
the data characters. The)CRC 2-byte header is shifted into the state machine prior

to the

Fdrmat ID Encodation CRC calculation header

scheme MS Byte LS Byte Hex
1 Base 11 00000001 00000000 0100
2 Base 27 00000010 00000000 02 00
3 Base 41 00000011 00000000 0300
4 Base 37 00000100 00000000 04 00
5 ASCII 00000101 00000000 05 00
6 8-bit Byte 00000110 00000000 06 00
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|

Inpur Bits

X+ XP+X+1

Figure J.1 — CRC algorithm schematic
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Annex K
(normative)

ECC 000 - 140 error checking and correcting algorithms

K.1 ECC 000

This provides fio error correction.

K.2 ECC 050

The error corr
through a state

K.3 ECC 08§

The error corr
through a state

K.4 ECC 1(

The error corr
through a state

K.5 ECC 14

The error corr
through a state

pction bit stream 'v' for ECC 050 shall be created by processing the unprotected bit str
machine suitable for a convolutional code of the structure 4-3-3, as illustrated in Figure

0

pction bit stream 'v' for ECC 080 shall be created by processing the unprotected bit str
machine suitable for a convolutional code of the structure 3-2-11, as illustrated in Figure

0

pction bit stream 'v' for ECC 100 shall be created by processing the unprotected bit str
machine suitable for a convolutional code of the structure 2-1-15, as illustrated in Figure

0

pction bit stream 'v' for ECC 140 shall be created by processing the unprotected bit str
machine suitable far.a convolutional code of the structure 4-1-13, as illustrated in Figure

K.6 Proce

In the state mgchinecircuit diagrams, the following notation is used:

represenis‘a‘single bit storage register

ing the.convolutional code

eam

pam U’
K.2.

pam 'u'
K.3.

pam 'u’
K.4.

represents a one bit binary adder which outputs the lowest bit. It is equivalent to an odd parity generator.

1o
+

100

such adjoining lines are connected

such intersecting lines are not connected
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The state machine is operated as follows:
a) The memory storage registers (m) are filled with a zero value before starting the process.

b) An input cycle is performed, consisting of passing a user data bit through the input switch to a memory
storage register (m) for each possible input switch position, i.e. for k bits.

c) Once a complete set of k input bits has been entered, an output cycle is performed. An output cycle
consists of reading out an error corrected bit for each possible output switch position, i.e. for n bits. At
each position, the output bit is computed by performing an XOR operation on the connected memory
storage register values.

d) A;ter one Input and output cycle, a shift operation is performed by shifting all memory. sforage register
vajues to the right by one position.

e) Steps b) through d) are repeated until all raw data bits have been input. At the end;

1)] Some zero bits may need to be added to the end of the last segment of (nput bits to ensure that k bits
are input.

2)| Sufficient additional zero bits shall be input to ensure that the . memory storage registers shall all

return to zero values. The output from steps e) 1) and e) 2),is part of the encoded data. The process
is complete when all true data bits have passed through the last (rightmost) memory stprage register.

K.7 Gonvolutional codes reference decode algorithm
The Fano algorithm can be used for error correction»of data protected by convolutional godes. A basic
descrigtion of the operation of the Fano algorithm is@iven in Lin and Costello (see Bibliography). The following
guidelines should be used in constructing a convelutional coding decoder.
The start-up variable values must be as follows:

Backwgrd Metric = maximum negative number

Current Metric = 0

Forwarnd Metric =0

Threshold = 0

The metric is cemputed by determining the number of bits that are different between the damaged block and
the candidate.match block:

Metric F\(</* correct bits ) - ( penalty * incorrect )

Table K1 presents values for the Single Bit Penalty and Delta which should be used when decoding each of
the ECC levels.

Table K.1 — Fano algorithm coefficients

ECC level | Single bit penalty | Delta
050 31 20
080 16 11
100 8 6
140 4 1
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Figure K.1 — ECC,050; 4-3-3
—
+
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Figure K.2 — ECC 080; 3-2-11
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Figure K.3 — ECC 100; 2-1-15
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Figure K.4 — ECC 140; 4-1-13
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(MSB)

05

b3

1c

ed

S5e

as

1f

bo

e2

7a

19

10

bb

23

ff

8b

e4

9c

13

0b

39

41

30

b3

f2

f4

72

24

104

c7

9e

d2

79

8d

ed

26

6d

12

eb

64

19

fa

2a

Annex L
(normative)

ECC 000 - 140 Master Random Bit Stream (in hexadecimal)

31

88

as

83

9c

64

87

9f

64

b3

el

44

9c

80

29

3a

90

9(

74

£8

45

a4

08

62

42

93

a4

9b

b3

c3

49

62

1f

bf

da

di

06

4c

fc

63

66

ba

e2

£7

b8

36

£5

8a

8b

eb

d7

19

£3

2b

8c

ds

b3

c8

eb

68

08

c6

80

bo

b2

aa

34

ccC

bo

84

ds

b7

4b

fa

22

82

ce

2d

7d

5b

2d

fd

14

86

de

08

a7

64

c9

98

ab

af

b8

el

67

ea

89

£f

cf

c7

0b

41

bd

f2

35

99

c9

ao

eb

95

da

44

dd

33

ds

el

6e

57

es

cO

bc

el

fd

57

bs

00

43

73

ds

al

c2

28

22

£5

2a

daf

f4

d4

30

do

8a

e4

9f

94

71

ec

2e

31

ccC

50

4c

ag

80

30

c3

af

4a

do

4

c9

ab

9c

79

5b

e6

d4

23

1d

do

65

95

de

49

47

ad

08

a0

64

44

24

15

8a

0b

6b

f8

75

7d

ab

ab

95

el

4a

2b

43

07

58

62

08

72

ds

2e

7f

cf

a0

de

44

07

82

29

f1 d4 6c

0

(LSB)

52

8b

6f

b2

aTt

56

b8

3c

fc

27

ac

64
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Data Matrix print quality — symbology-specific aspects

Because of differences in symbology structures and reference decode algorithms, the effect of certain
parameters on a symbol's reading performance may vary from one symbology to another. ISO/IEC 15415
provides for symbology specifications to define the grading of certain symbology-specific attributes. This

annex

therefore—defines—the—method—of—grading—Fixed—Pattern—Damage—to—be—used—in—the

application of

ISO/IE

M.1

M.1.1

The fix
the qu
symbo
12 x 34
left ang
should
interna

alternating dark and light single modules respectively. \Fhe grading of Fixed Pattern Damage

not onl

M.1.2

Damag
compo
zones.

Figure

C 15415 to Data Matrix.

Data Matrix Fixed Pattern Damage

Features to be assessed

ed pattern features to be assessed are contained in the one-module’wide perimeter of t
et zone of a minimum of one module width (or more if spegified by the application) s
. In larger symbols (square symbols 32 x 32 modules ar larger, or rectangular sym
or larger) with internal alignment patterns, the alignment pattern is also part of the fixqg
lower side of the symbol should form a one-module wide solid "L" shape and the right a
consist of alternating dark and light single modules (known as the clock track). The align
clock track of the alignment pattern should similarly be a one-module wide solid bar|

y of the total number of damaged modules but also of concentrations of damage.

Grading of the outside L of the fixed pattern

e to each side of the L shall_be graded based on the modulation of the individua
5e it. These measurements are “applied to the full length of the L sides and to the ag

M.1 below indicates the four segments L1, L2, QZL1 and QZL2. Segment L1 is the ve

the L

nd extends to the_module in the quiet zone adjacent to the L corner. Segment L2 is

he symbol and
urrounding the
bols 8 x 32 or
d pattern. The
nd upper sides
ment bars and
or a series of
takes account

modules that
sociated quiet

tical portion of
the horizontal

portion| of the L and extends to the module in the quiet zone adjacent to the L corner. Segments QZL1 and

QZL2

the endl of L1 and-[:2*respectively, furthest from the corner and are shown shaded in Figure M
modulg at the intefsection of L1 and L2 is included in both segments, as is that at the intersectig

QZL2.

re the portions ‘of the quiet zone adjacent to L1 and L2 respectively and extend one

nodule beyond
.1. The corner
n of QZL1 and
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