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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
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Introduction

Extended rectangular data matrix (DMRE) 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 t
also be printe

his document as a dark symbol on light background, rectangular data matrix symbols can
d to appear as light on dark.

This document is an extension of ISO/IEC 16022, to which it adds rectangular formats. Maximum

compatibility

is a design goal. In consequence, most clauses of ISO/IEC 16022 are identical to those of

this document, including the module placement algorithm and the reference decode algorithm.

This docume
recognize DM
capable of pri
a separate an

Manufacturet
symbology s
standards. Th

RE symbols. Only equipment that is enabled and configured to support DMRE
hting and scanning the new rectangular formats. To avoid user confusion dué.to’thiis fact,
1 complete document was developed.

s of bar code equipment and users of the technology require publicly available stagndard
pecifications to which they can refer when developing equipment and appljcation
e publication of standardized symbology specifications is designed to achieve this.

Vi
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Information technology — Automatic identification

and

data capture techniques — Extended rectangular data

matrix (DMRE) bar code symbology specification

1 Scope

This dget
(DMR
formats, dimensions and print quality requirements, error correction rules, decoding
user-selectable application parameters.

It appljes to all DMRE code symbols produced by any printing or marking technology.

Originp

the same matrix placement, decoding and error correction algorithm;

2 Normative references

The following documents are referred to in the text in-$uch a way that some or all of
constifutes requirements of this document. For dated)references, only the edition cite
undatgd references, the latest edition of the referenced document (including any amendmn

| data matrix code sizes are not covered by this document but defined in ISO/IE(

e gular data matrix
)- It spec1f1es the DMRE code symbology characterlstlcs data character encod
algorithm, and

tion, symbol

16022 using

their content
d applies. For
ents) applies.

ISO/IHC 646, Information technology — 1SO 7-bit coded character set for information interchange

ISO/IHC 8859-1, Information technology — 82bit single-byte coded graphic character sets -
alphabet No. 1

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

ISO/IHC 19762, Information techhology — Automatic identification and data capture (AIDC}
Harmdnized vocabulary

ISO/IHC 29158:—1, Information technology — Automatic identification and data capture
Direct|Part Mark (DRM) Quality Guideline

3 Terms,definitions, symbols and abbreviated terms and mathematic

- Part 1: Latin
niques — Bar
techniques —

techniques —

al /logical

3.1 Terms and definitions

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

following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

1) Under preparation. Stage at the time of publication: ISO/IEC/DIS 29158:2020.
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3.11

codeword

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

3.1.2

module
single cell in a matrix symbology used to encode one bit of data

Note 1 to entry: In DMRE, the module is nominally a square shape.

3.1.3

pattern randomising

procedure wh

Note 1 to entry

3.2 Symbd[ls and abbreviated terms

d

“\ T

€
DMRE
ECI
DPM

npimber of error correction codewords

npmber of erasures

the numerical base in an encodation scheme
npmber of codewords reserved for error detection.

ymbol character

7]

number of errors

=

prizontal and vertical width of a module

'ror correction codeword

D

ektended rectangular data:matrix

D

ktended channel interpretation

o

jrect part marking

3.3 Mathematical/logical notations

div
mod
XOR
LSB
MSB

—

teger division operator

integer remainder after division

ich converts an original bit pattern to another bit pattern by inverting selected-bit$

: The resulting bitstream is less likely to have repeating patterns.

exclusive or logic function whose output is one only when its two inputs are not equivalent

least significant bit

most significant bit

4 Symbol description

4.1 Basic characteristics

DMRE is a two-dimensional matrix symbology.

© ISO/IEC 2020 - All rights reserved
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The characteristics of DMRE are:

a)

b)

d)

e)
f)
g)

4.2

The fo]lowing summarizes additional features which are inherent or optional in DMRE:

a)

b)

Encodable character set:

1) wvalues 0 to 127 in accordance with ISO/IEC 646, i.e. all 128 ASCII characters (equivalent to the
U.S. national version of SO 646);

2) values 128 to 255 in accordance with ISO 8859-1. These are referred to as extended ASCII.
Representation of data: a dark module is a binary one and a light module is a zero.

This document specifies DMRE symbols in terms of dark modules marked on a light background.
However, 4.2 provides that symbols may also be produced with the module’s colours reversed. In
such symbols, dark modules would be a binary zero, and light modules would be a bigary 1.

Syjmbol size in modules (not including quiet zone): 8 x 48 to 26 x 64 even values'only [see Table 7).

Sylmbol sizes 8 x 18, 8 x 32, 12 x 26, 12 x 36, 16 x 36 and 16 x 48 are defined by ISO/IEC 16022 and
are not covered by this document. These rectangular data matrix sizes.dre fully compatible with
thjs document.

D4dta characters per symbol (for maximum symbol size):
1)| alphanumeric data: up to 175 characters;

2)| 8-bit byte data: 116 characters;

3)| numeric data: 236 digits.

Cdde type: rectangular matrix.

Otfientation independence: yes.

Error detection and correction: ECC.200 Reed Solomon. No support for ECC 000 to E(C 140.

$ummary of additional features

Rdflectance reversal (fnhéerent): symbols are intended to be read when marked so th3t the image is
either dark on light/orlight on dark (see Figure 1). The specifications in this document are based on
dqrk images on alight background, therefore references to dark or light modules should be taken as
references to light or dark modules respectively in the case of symbols produced with reflectance
repersal.

Extended channel interpretations (ECI) (optional): this mechanism enables charactgrs from other
chlaracter sets (e.g. Arabic, Cyrillic, Greek, Hebrew) and other data interpretationg or industry-
smrifir requirementsto be r‘pprncpnfpd

Structured append (optional): this allows files of data to be represented in up to 16 rectangular
data matrix symbols. The original data can be correctly reconstructed regardless of the order in
which the symbols are scanned.

4.3 Symbol structure

4.3.1 General

Each DMRE symbol consists of data regions which contain nominally square modules set out in a
regular array. In larger symbols, data regions are separated by alignment patterns (as illustrated in
Figures C.1 and C.2). The data region is surrounded by a finder pattern, and this shall be surrounded

© ISO/IEC 2020 - All rights reserved 3
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on all four sides by a quiet zone border. Figure 1 illustrates two representations of a rectangular data

matrix symbo

+

a) DMRE, dark on light

1.

+

J’_

b) DMRE, light on dark

Figure 1 — DMRE "A1B2C3D4E5F6G7H8I9J0K1L2"

4.3.2 Finde

The finder pa
and lower sid
physical size,
dark and ligh
can assist in

corner marks

4.3.3 Symb

DMRE code s
rectangular W
code symbols
complete attr

5 DMREq

5.1 Encodi

This subclaus
more details.
data to a DMR

Step 1: Datae

As DMRE coq
converted int
the variety of
encodation sg

es, forming the L boundary, are solid dark lines; these are used primarily to detg

bmbols have an even number of rows and an even humber of columns. The symb
rith sizes from 8 x 48 to 26 x 64 not including.quiet zones. For all rectangular data

r pattern

tern is a perimeter to the data region and is one module wide. Two adjacent sides, {

orientation and symbol distortion. The two opposite sides are made up of alter
modules. These are used primarily to define the cell structuré.of the symbol, b
etermining physical size and distortion. The extent of the qui€t’zone is indicated

in Figure 1.

ol sizes and capacities

the upper right corner module is light in ¢he' dark on light version (see Figure
butes are given in Table 7.

ode requirements

ng procedure overview

e provides an overview jof the encoding procedure. The following subclauses p
An encoding example for DMRE code is given in Annex H. The following steps conve
E code symbol:

ncodation

le includes. various encodation schemes that allows a defined set of characterd

he left
brmine
nating
it also
by the

pls are
matrix
). The

rovide
Ft user

b codewords more efficiently than the default scheme, analyse the data stream to i

number of co

accommodates the data. A complete list of matrix sizes is shown in Table 7.

Table 1 — Encodation schemes for rectangular data matrix code

Encodation scheme

Characters Bits per data character

ASCII

Double digit numerics 4
ASCII values 0 to 127 8
Extended ASCII values 128 to 255 16

a

b

Encoded as two C40 values as a result of the use of a shift character.

Encoded as two Text values as a result of the use of a shift character.

© ISO/IEC 2020 - All rights reserved
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Step 2

Gener4
of this
error

Step 3

Place t
Add th

NOTE
52 1

5.2.1

The d
encod4
return
The b4
the hig
schem
even if
to fill 4

5.2.2
The dg

default

Table 1 (continued)
Encodation scheme Characters Bits per data character
C40 Upper-case alphanumeric 5,33
Lower case and special characters 10,662
Text Lower-case alphanumeric 5,33
Upper case and special characters 10,66P
X12 ANSI X12 EDI data set 5,33
EDIFACT ASCII values 32 to 94 6
Base 256 All byte values 0 to 255 8
a  Encoded as two C40 values as a result of the use of a shift character.
b Encoded as two Text values as a result of the use of a shift character.

Error checking and correcting codeword generation

ite the error correction codewords for the result codeword stream-from above st
process expands the codeword stream by the number of error cerrection codewq
orrection codewords after the data codewords.

Module placement in matrix

he codeword modules in the matrix. Insert the alignment pattern modules, if any,
e finder pattern modules around the matrix.

Table 1 of this document is identical to ISO/IEC 16022, Table 1.
Data encodation

Overview

hta may be encoded using any, combination of six encodation schemes (see T4

to this scheme. The compaction efficiencies given in Table 1 need to be interprg
st scheme for a given setiof data may not be the one with the fewest bits per dat
hest degree of compaction is required, account has to be taken of switching betwe
es and between cede'sets within an encodation scheme (see Annex I). It should also)
the number of/codewords is minimized, the codeword stream sometimes needs tq
symbol. Thisfill process is done using pad characters.

Default character interpretation

fatlt-Character interpretation for character values 0 to 127 shall conform to ISO

ep. The result
rds. Place the

in the matrix.

ible 1). ASCII

ition is the basic scheme. All other encodation schemes are invoked from ASCII ejcodation and

ted carefully.
h character. If
bn encodation
be noted that
be expanded

IEC 646. The
8859-1. The

character interpretation for character values 128 to 255 shall conform to IS(

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.

5.2.3

ASCII encodation

ASCII encodation is the default encodation scheme 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 ASCII (data values 128 to 255)
is encoded using the upper shift symbology control character (see 5.2.4.3). 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.

© ISO/IEC 2020 - All rights reserved
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Table 2 — ASCII encodation values

Codeword Data or function
1to128 ASCII data (ASCII value + 1)
129 Pad (see 5.2.4.4)
130 to 229 2-digit data 00 to 99 (numeric value + 130)
230 Latch to C40 encodation
231 Latch to Base 256 encodation
232 FNC1
233 Structured append
234 Reader programming
235 Upper shift (shift to Extended ASCII)
236 05 Macro
237 06 Macro
238 Latch to ANSI X12 encodation
239 Latch to Text encodation
240 Latch to EDIFACT encodation
241 ECI character
242 to 255 Not to be used in ASCII encodation

5.2.4 Symbology control characters

5.2.4.1 General

DMRE code pymbols have several special symbology control characters, which have particular
significance tp the encodation scheme. These charagters shall be used to instruct the decoder to pgrform
certain functions or to send specific data to the host computer as described in 5.2.4.2 to 5.2.4.10] These
symbology cdntrol characters, with the exception of values from 242 through 255, are found|in the
ASCII encodation set (see Table 2).

5.2.4.2 Lat¢h characters

A Latch charagter shall be usedtgswitch from ASCII encodation to one of the other encodation schemes.
All codewords which followga ;Eatch character shall be compacted according to the new encddation
scheme. The gncodation schemes have different methods for returning to the ASCII encodation set.

5.2.4.3 Upper shift.character

The Upper shift«character is used in combination with an ASCII value (1 to 128) to encode an extended
ASCII charactker (1 29 to 7';';) An extended ASCII characterencoded in the ASCIT_C40 _or Text encddation
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 ASCII encodation, the Upper
shift character is represented by codeword 235. The reduced data value (i.e. ASCII 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.

5.2.4.4 Pad character

If the encoded 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 characters,
it is necessary to return to ASCII encodation if in any other encodation mode. The 253-State pattern

6 © ISO/IEC 2020 - All rights reserved
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randomising algorithm shall be applied to the pad characters starting at the second pad character and
continuing to the end of the symbol (see A.2).

5.2.4.5 ECI character

An ECI character® is used to change from the default interpretation used to encode data. The ECI
protocol is common across a number of symbologies and its application to rectangular data matrix code
is defined in more detail in 5.4. The ECI character shall be followed by one, two, or three codewords
which identify the ECI being invoked. The new ECI remains in place until the end of the encoded data, or
until another ECI character is used to invoke another interpretation.

5.2.4.¢—Shiftcharactersim€40—amd-Textencodation

In C40[and Text encodation, three special characters, called shift characters, are used\as 4

| prefix to one

of 40 vyalues to encode about three quarters of the ASCII characters. This allows the refaining ASCII
charadters to be encoded in a more condensed way with single values.

5.2.4.7 FNC1 alternate data type identifier

To encdode data to conform to specific industry standards as authorized by AIM Inc., a F]
shall gppear in the first or second symbol character position (or. in)the fifth or sixth dat
the firft symbol of Structured Append). FNC1 encoded in any othietr position is used as a f|

and shill be transmitted as G control character (ASCII value 29).

5.2.4. Macro characters

DMRE|provides a means of abbreviating an industry.specific header and trailer in one sym
This fdature exists to reduce the number of symbwol characters needed to encode data in a
certainm structured formats. A Macro character shall be in the first character position of a
shall rot be used in conjunction with Structured append and their functions are defin
The hdader shall be transmitted as a prefix'to the data stream and the trailer shall be trg
suffix to the data stream. The symbolegy identifier, if used, shall precede the header.

Table 3 — Macro functions

Interpretation
Macre.codeword Name -
Header Trailer
236 05 Macro >R 056 ¢ RgE
237 06 Macro >R 066G ¢ RsE

5.2.4.‘] Structured append character

A Structured append character is used to indicate that the symbol is part of a Struc

NC1 character
a positions of
eld separator

bol character.
symbol using
symbol. They
ed in Table 3.
nsmitted as a

fured append

sequence according to the rules defined in 5.6.

5.2.4.10 Reader programming character

A Reader programming character indicates that the symbol encodes a message used to program the
reader system. The Reader programming character shall appear as the first codeword of the symbol
and Reader programming shall not be used with Structured append.

© ISO/IEC 2020 - All rights reserved
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5.2.5 (€40 encodation

5.2.5.1 General

The C40 encodation scheme is designed to optimize the encoding of upper-case alphabetic and numeric
characters but also enables other characters to be encoded by the use of shift characters in conjunction

with the data

character.

C40 characters are partitioned into 4 subsets. Characters of the first set, called the basic set, are
the three special shift characters, the space character, and the ASCII characters A-Z and 0-9. They
are assigned to a single C40 value. Characters of the other sets are a551gned to one of the three shift

characters, pqin

one or two va
value accordi
codewords by

5.2.5.2 Swi

[t is possible {
(230). Codew
codeword to

end of the dat]

5.2.53 (C4(¢

Each pair of
significant 8 |

(1600 * C

which produd
codewords. C
appropriate s
end of the syn]

The following
start of the eq

a) Iftwo sy
both datg
final Unl3g

b) If two sy

lues remain at the end, see 5.2.5.3). Each triplet (C1, C2, C3) is then encoded into a

taking the most significant 8 bits and the least significant 8 bits.

kching to and from C40 encodation

o switch to C40 encodation from ASCII encodation using the appropriate latch cod
brd 254 immediately following a pair of codewords in €40 encodation acts as an |
bwitch back to ASCII encodation. Otherwise, the C40 éncodation remains in effect
A encoded in the symbol.

encodation rules

codewords represents a 16-bit value where the first codeword represents thg
its. Three C40 values (C1, C2, C3) shall be encoded as:

1) + (40 *C2)+C3+1
es a value from 1 to 64000, Figure 2 illustrates three C40 values compacted in

hift character, and then'the C40 value for the data. C40 encodation may be in effect
hbol's codewords which encode data.

rules apply when/only one or two symbol characters remain in the symbol bef¢
ror correction codewords:

and shift characters), encode the three C40 values in the last two symbol charad
tch codeword is not required.

(1 Ny, Wa

hg to the formula: (1600*C1) + (40*C2) + C3 + 1. Each 16-bit value is then separated i

eword
nlatch
to the

P most

fo two

haracters in the Shift 1,.Shift 2 and Shift 3 sets shall be encoded by first encoding the

at the

re the

mbol chardcters remain and three C40 values remain to be encoded (which may include

ters. A

value

1 1 1 i - L Fal,Wal 1 o i i) A | £3
INUUT UIIdl dCLT1T S TUTIIIAIIl dIIU tvwU UTU vdadluts 1lIlIadlll tU DT TIHIILUUTU LLIIC ITIot LTV

may be a shift or data character but the second shall 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 is not required.

If two symbol characters remain and only one C40 value (data character) remains to be encoded,

the first symbol character 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 scheme. The

Unlatch ¢

haracter is not encoded, but is assumed, before the last symbol character.

In all other 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.
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Data characters

AIM

C40 values

14,22, 26

Calculate 16-bit value

(1600 * 14) + (40 * 22) + 26 + 1 = 23307

1st codeword: (16-bit value) div 256

23307 div 256 =91

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

23307 mod 256 =11

Codewords 91, 11

5.2.5.4
In C40

the entfodation set. When a data character from the extended ASCII character range is
r four values in C40 encodation need to be encoded according t0 the following rulg:

three

IF [ASCII value - 128] is in the Basic Set, then:
[1(Shift 2)] [30(Upper Shift)] [V(ASCII value - 128)]
ELSE

[1(Shif

In the

appropriate C40 value.

5.2.6

5.2.6.1

Figure 2 — Example of C40 encoding

| Use of Upper shift with C40

encodation, the Upper shift character is not a symbology function-character but

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

rule the number in [ ] equates to the C40walues from Table B.1; V has been used ¢

Text encodation

General

Texte
It is si

directly encoded (i.e. without using a shift). Upper-case alphabetic characters are precede
The full Text encodation character set assignments are shown in Table B.2.

5.2.6.7

[t is pd
(239).

codation is designed to encode normal printed text, which is predominantly lowerca
ilar in structure to.the C40 encodation set, except that lower-case alphabetic ¢

Switehing to and from Text encodation

Godeword 254 immediately following a pair of codewords in text encodation acts

A-COLL

a shift within
encountered,

o indicate the

se characters.
haracters are
d by a Shift 3.

ssibleto switch to Text encodation from ASCII encodation using the appropriate latch codeword

as an Unlatch

codew

end of the data encoded in the symbol.

5.2.6.3 Text encodation rules

The rules for C40 encodation apply.
5.2.7 ANSIX12 encodation

5.2.7.1 General

1 effect to the

ANSI X12 encodation is used to encode the standard ANSI X12 electronic data interchange characters,
which are compacted three data characters to two codewords in a manner similar to C40 encodation. It
encodes upper-case alphabetic characters, numerics, space and the three standard ANSI X12 terminator

© ISO/IEC 2020 - All rights reserved

9


https://iecnorm.com/api/?name=35b81dfabd6669431a64f584bca64e12

ISO/IEC 21471:2020(E)

and separator 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
4to 13 0to 9 48t 57
14 to 39 AtoZ 65t090

5.2.7.2 Swikching to and from ANSI X12 encodation

It is possible
codeword (27
acts as an Un

to switch to ANSI X12 encodation from ASCII encodation using the. appropriat
8). Codeword 254 immediately following a pair of codewords in, ANSI X12 encq
atch codeword to switch back to ASCII encodation. Otherwisej the ANSI X12 enco

remains in effect to the end of the data encoded in the symbol.

5.2.7.3 ANS

The rules of

characters dg
switch to ASC
character is 14
the ASCII enc

5.2.8 EDIF/

5.2.8.1 Gen

The EDIFACT]
character (bi
characters in

I X12 encodation rules

40 encodation apply. The exception is at the end-of\encoding ANSI X12 data. If th
not fully utilize pairs of codewords, then following the last complete pair of codsg
1 using codeword 254 and continue using ASCGH encodation, except when a single §
ft at the end before the first error correctionicharacter. This single symbol charact
dation scheme without requiring an Unlat¢h codeword.

A\CT encodation

eral

encodation scheme inCludes 63 ASCII values (values from 32 to 94) plus an U

b latch
dation
dation

e data
words
ymbol
br uses

nlatch

nary 011111) to return to ASCII encodation. EDIFACT encodation encodes four data

three codewordsslt includes all the numeric, alphabetic and punctuation chai

acters

defined in thg EDIFACT Level-A.character set without any of the shifts required in C40 encodatioh.

5.2.8.2 Swikching to and from EDIFACT encodation

b latch
he end

It is possible[to switeh to EDIFACT encodation from ASCII encodation using the appropriat
codeword (240)¢ The Unlatch character in EDIFACT encodation shall be used as a terminator at t
of EDIFACT enjcedation, which reverts to ASCII encodation.

5.2.8.3 EDIFACT encodation rules

The EDIFACT encodation character set is defined in Table B.3. There is a simple relationship between
the 6-bit EDIFACT value and the ASCII 8-bit byte. The leading two bits of the 8-bit byte are ignored
to create the EDIFACT 6-bit value, as illustrated in Figure 3. Strings of four EDIFACT characters are
encoded in three codewords. For a simple encodation process, the leading two bits of the 8-bit byte are
removed. The remaining 6-bit byte is the EDIFACT value and shall be directly encoded into the codeword
as illustrated in Figure 4. When EDIFACT encodation is terminated with the Unlatch character, any
remaining bits left in the single symbol character shall be filled with zeros. ASCII mode starts with
the next symbol character. If EDIFACT encodation is in effect at the end of the symbol before the first
error correction character, and only one or two codewords remain after the last EDIFACT codeword
triplet, these remaining codewords shall be encoded in ASCII encodation without requiring an Unlatch
character.
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Data character ASCII EDIFACT value
Decimal value 8-bit binary value
A 65 01000001 000001
9 57 00111001 111001

NOTE

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

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

Data|characters D A T A

Binaty values (B.3) 00 01 00 00 00 01 01 01 00 00 00 01
Divide into 3 8-bit bytes 00 01 00 00 00 01 (N 01 00 00 00 01
Codepvord values 16 21 1

5.2.9 | Base 256 encodation
5.2.9.1 General

The B3

interp

[t star
field lIgngth.

5.2.9.7

Figure 4 — Example of EDIFACT encodation

se 256 encodation scheme shall beuSed to encode any 8-bit byte data, including exte
Fetations and binary data. The default interpretation is defined in 5.2.2. The 255
randoinising algorithm is applied.to each Base 256 sequence within the encoded data (3
s after the latch to Base 256'encodation and ends at the last character specified by

Switching to and from Base 256 encodation

nded channel
State pattern
ee Table B.2).
the Base 256

Itisp
codew
encodi

sequerce neednot occur immediately before switching to Base 256 encodation.

pssible to switch to Base 256 encodation from ASCII encodation using the app
ord (231)2At the end of Base 256 encodation, encodation automatically rev
ition. THe appropriate ECI, if other than the default, shall be invoked prior to switg

ropriate latch
erts to ASCII
hing. The ECI

necodationruloc

5.2.9.3

P

TTCUOTTOCIUIT T UICY

After switching to Base 256 encodation, the first one (d,) or two (d;, d;) 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 d;, d, Permitted values of d
Remainder of symbol d;=0 d;=0
1to 249 d; =length d;=1to 249
d; = (length DIV 250) + 249 d; =250to 255
250 to 1555
d, = length MOD 250 d,=0to 249
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5.3 User considerations

5.3.1 General

DMRE offers flexibility in the way data is encoded. Alternate character sets may be invoked using the
ECI protocol. Where the message length exceeds the capacity of a single symbol, it is also possible to
encode it in a Structured append sequence of up to 16 separate but logically linked data matrix code

symbols (see 5.6).

5.3.2 User selection of extended channel interpretation

The use of anrattermativeextended—chanmetinterpretatiomrtotdentify aparticutarcodepageor more
specific dataipterpretation requires additional codewords to invoke the feature. The use of the,extended
channel interpretation protocol (see 5.4) provides the capability to encode data from alphabets other
than the Latin alphabet (see ISO 8859-1) supported by the default interpretation (ECI 000003).

5.3.3 User pelection of symbol size and shape

DMRE code hps 12 rectangular symbol configurations. The size and shape maybe selected to spit the
requirement ¢f the application. These configurations are technically specifiedin 5.5.

5.4 Extended channel interpretation

5.4.1 General

The extendefl channel interpretation (ECI) protocol allows the output data stream td 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 DMRE:

a) internati¢nal character sets (or code pages);

b) general purpose interpretations such as encryption and compaction;

c) user defifed interpretations for closed systems;

d) control irfformation for Structured’append in unbuffered mode.

The ECI protofcol is fully specified'in Reference [5]. The protocol provides a consistent method to §pecify
particular intprpretations on_byte values before printing and after decoding. The ECI is identified by
a 6-digit numper which is.encoded in the DMRE symbol by the ECI character followed by one t¢ three
codewords. Specific intexpretations are listed in AIM Inc. Extended Channel Interpretations Charadter Set
Register. The [ECI can.enly 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 gymbol
containing an|E€L, An exception can be made if the ECI(s) can be handled entirely within the reader.

A specified ECI may be invoked anywhere in the encoded message.

5.4.2 Encoding ECIs

The various encodation schemes of DMRE (defined in Table 1) may be applied under any of the ECIs.
The ECI can only be invoked from ASCII encodation; once this has occurred, switching may take place
between any of the encodation schemes. The encodation mode used is determined strictly by the 8-bit
data values being encoded and does not depend on the ECI in force. For example, a sequence of values
in the range 48 to 57 (decimal) would be most efficiently encoded in numeric mode even if they were
not to be interpreted as numbers. The ECI assignment is invoked using codeword 241 (ECI character)
in ASCII encodation. One, two, or three additional codewords are used to encode the ECI assignment
number. The encodation rules are defined in Table 6.

The following examples illustrate the encodation:
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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 + ]

= [241] [1 + 192] [289 mod 254 + 1] [211 + 1]
= [241] [193] [36] [212]

Table 6 — Encoding ECI assignment numbers in rectangualar data matrix code

ECI apsignment value Codeword Codeword vdlues Rlanges
sequence
000000 to 000126 Cy 241
C; ECI no+1 C;=(1tof127)
00012f to 016382 Cy 241
C; (ECLLno - 127) div 254 + 128 C;=(128o 191)
C, (ECL.n6.~127) mod 254 + 1 C,=(1to[254)
00163B3 to 999999 Cy 241
C; (ECI_no - 16383) div 64516 +192 C; = (192 fo 207)
C, [(ECLno - 16383) div 254] mod 254 + 1 C,=(1tof254)
Cy (ECLno - 16383) mod 254 + 1 C;=(1tof254)

5.4.3 | ECIs and Structured append

ECIs njay occur anywhere in the message encoded in a single or Structured append (see 5.6) set of data
rectanjgular data matrix symbols. Any ECI invoked shall apply until the end of the encoded data, or until
anothgr ECI is encountered. Thus the interpretation of the ECI may straddle two or more fymbols.

5.4.4 | Post-decode protocol

The ptotocol for transmitting ECI data shall be as defined in 10.5. When using ECls, symbology
identifiers (see 10.6) shall be fully implemented and the appropriate symbology identifier transmitted
as a preamble.

5.5 DMRE code symbol attributes

5.5.1 Symbol sizes and capacity

There are 12 rectangular symbols available in DMRE code. These are as specified in Table 7.
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Table 7 — DMRE code symbol attributes

S)S';rzll):)l r]e)git:n M . co(;l;;t?)lr ds s(l}lf::]ion Maximum data capacity zﬁ)d(;f_ T:gacbol:;
apping block |Inter- words code-
matrix leaved used for words
Row | Col | Size | No. stze Data |Error|Data |Error blocks Num. Alph?; Byte | €TTOr COT"|  Error/
num rection | orasurec
8 48 | 6x22 | 2 6 x 44 18 15 18 15 1 36 25 16 45,5 7/12
8 64 | 6x14 | 4 6 x56 24 18 24 18 1 48 34 22 42,9 9/15
8 80 | 6x18 | 4 6x72 32 22 32 22 1 64 46 30 40,7 11/19
8 96 | 6 x22 4 6 x 88 38 28 38 28 1 76 55 36 42 4 1I4/25
8 |120| 6418 | 6 | 6x108 49 32 49 32 1 98 72 47 39,5 1|6/29
8 |144| 6422 | 6 | 6x132 63 36 63 36 1 126 93 61 36,4 1|8/33
12 | 64 |10k 14| 4 | 10x56 43 27 43 27 1 86 63 41 38,6 13/24
12 | 88 |10x20| 4 | 10x80 64 36 64 36 1 128 94 62 36 18/33
16 | 64 |14 14| 4 14 x 56 62 36 62 36 1 124 91 60 36,7 118/33
20 | 36 |18k 16| 2 18 x 32 44 28 | 44 28 1 88 64 42 38,9 /25
20 44 (18x 20| 2 18 x 44 56 34 56 34 1 112 82 54 37,8 17/31
20 | 64 [18k14| 4 | 18x56 84 42 84 | 42 1 186 124 82 33,3 21/39
22 | 48 [20§22| 2 | 20x44 72 38 72 38 1 144 106 70 34,5 19/35
24 | 48 |22%22| 2 | 22x44 80 41 80 41 1 160 118 78 339 20/38
24 | 64 |22k14| 4 | 22x56 | 108 | 46 | 108 | 46 1 216 160 106 299 23/43
26 | 40 |24 18| 2 | 24x36 70 38 70 38 1 140 103 68 35,2 19/35
26 | 48 |24x22| 2 | 24x44 90 42 90 42 % 180 133 88 31,8 21/39
26 | 64 |24k14| 4 | 24x56 | 118 | 50 | 118 | 50 1 236 175 116 29,8 25/47
a2 Symbol sizg does not include quiet zones.
b Based on tekt or C40 encoding without switching or shifting; for other encoding schemes, this value may vary depending
on the mix and grouping of character sets.
¢ Seeb5.73.

5.5.2 Insertion of alignment patterhns into larger symbols

As shown in| Table 7, rectangular symbols are divided into two or four data regions (sde also
Figures C.1 gdnd C.2). These~data regions are bound by alignment patterns. The alternating dark
modules of tHe alignment pattern shall be to the top and right of a data region and identify thie even
columns and rows.

5.6 Structured-append

5.6.1 Basicprinciples

Up to 16 data matrix code symbols may be appended in a structured format. If a symbol is part of a
Structured append, this is indicated by codeword 233 in the first symbol character position. This is
immediately followed by three Structured append codewords. The first codeword is the symbol
sequence indicator. The second and third codewords are the file identification.

The symbols within a Structured append may be data matrix symbols following ISO/IEC 16022 and/or
DMRE codes.

5.6.2 Symbol sequence indicator

This codeword indicates the position of the symbol within the set (up to 16) of rectangular data matrix
code symbols in the Structured append format in the form m of n symbols. The first 4 bits of this
codeword identify the position of the particular symbol as the binary value of (m - 1). The last 4 bits
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identify the total number of the symbols to be concatenated in the Structured append format as the
binary value of (17 - n). The 4-bit patterns shall conform to those defined in Table 8.

Table 8 — Structured append symbol position bits

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

To ind]cate the 3rd symbol of a set of 7, this shall’be encoded as follows:
3rd position: 0010

Total 7 symbols: 1010

Bit paftern: 00101010

Codeword value: 42

5.6.3 | File identification

The file identification is defined by the value of its two codewords. Each file identificatjion codeword
may hpve a valde of 1 to 254, allowing 64516 different file identifications. The purpgse of the file
identiflication-isto increase the probability that only logically linked symbols are processed as part of
the same message.

5.6.4 FNC1 and Structured append

If Structured append is used in conjunction with FNC1 (see 5.2.4.7), the first four codewords shall be
used for Structured append and the fifth and sixth codewords are available for FNC1 usage. FNC1 shall
not be repeated in these positions in the second and subsequent symbols, except when used as a field
separator.

5.6.5 Buffered and unbuffered operation

The message within a Structured append sequence can be buffered in the reader in its entirety and
transmitted after all of the symbols have been read. Alternatively, the reader may transmit the decoded
data in each symbol as it is read. In this unbuffered operation, the ECI protocol for structured append
defines a control block that shall be prefixed to the beginning of the data transmitted for each symbol.

© ISO/IEC 2020 - All rights reserved 15


https://iecnorm.com/api/?name=35b81dfabd6669431a64f584bca64e12

ISO/IEC 21471:2020(E)

5.7 Error detection and correction

5.7.1 Reed-

Solomon error correction

DMRE code symbols employ Reed-Solomon error correction. Each DMRE code symbol has a specific
number of data and error correction codewords.

The polynomial arithmetic for DMRE code shall be calculated using bit-wise modulo 2 arithmetic and
byte-wise modulo 100101101 (decimal 301) arithmetic. This is a Galois field of 28 with 100101101
representing the field's prime modulus polynomial: x8 + x> + x3 + x2 + 1. Thirteen different generator
polynomials are used for generating the appropriate error correction codewords. These shall be

according to Tahle D 1

5.7.2 Generating the error correction codewords

The error corfrection codewords are the remainder after dividing the data codewords\by a poly
g(x) used for Reed-Solomon codes (see D.1).

If this calcu
multiplied by

The data codsd
term being tH
the first erro
correction co

codeword. Thiis can be implemented by using the division cireuitas shown in Figure 5. The regis

through b, .4
with the swit
The first phajs
the switch in
registers in ol
the order that

NOTE
codewords, req

n apd k are defined in 3.2 as the mumber of data codewords and the number of error cor

xk.

words are the coefficients of the terms of a polynomial with-the coefficient of the }
e first data codeword and the lowest power term being\the last data codeword
- correction codeword. The highest order coefficient ©f the remainder is the firs
Heword and the zero power coefficient is the lasterfor correction codeword and t

are initialised as zeros. There are two phases:te generate the encoding. In the first
Ch in the down position, the data codewords<are passed both to the output and the

e is complete after n clock pulses. In thesecond phase (n + 1 ... n + k clock pulses
the up position, the error correction codewords &, _4, ... ,£, are generated by flush
der while keeping the data input at0:*The codewords output from the shift registe
they are to be placed in the symbagk

pectively.

a
5

9o Gkt

homial

ation is performed by "long division", the symbol data polynomial shall fifrst be

ighest
before
[ error
he last
Lers b,
phase,
fircuit.
, with
ng the
arein

rection

Key

TR

16

GF(256) addition
GF(256) multiplication
Input.

Output.

Switch.

Figure 5 — Error correction codeword encoding circuit
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Error correction capacity

The error correction codewords can correct two types of erroneous codewords: erasures (erroneous
codewords at known locations) and errors (erroneous codewords at unknown locations). An erasure
is an unscanned or undecodable symbol character. An error is a misdecoded symbol character. The
number of erasures and errors that can be corrected is given by the following formula:

e+2t<sd-p
where
e tsthemumberoferasur TS,
t | is the number of errors;
d | isthe number of error correction codewords;
p | isthe number of codewords reserved for error detection.
In the general case, p = 0. However, if most of the error correction capacity is used to cor

then the possibility of an undetected error is increased. Whenever,the:-number of erasure

half th
5.8

5.8.1

Given
using {

1) pl
2) in
3) pl
5.8.2

Each s

e number of error correction codewords, p = 3.
bymbol construction

General

the codeword sequence obtained in the previous sections, DMRE code symbol i
he following steps:

hce codeword modules in a mappingamatrix;
bert alignment pattern modules;if any;

hce finder modules along the/perimeter.

Symbol characteriplacement

ymbol character,shall be represented by eight modules which are nominally sqy

each module represents a binary bit. A dark module is a one and a light module is a z

modul
Figure
symba
define

bs are in Order from left to right and top to bottom to form a symbol charactel
| 6. Becduse the symbol character shape defined in Figure 6 cannot be perfectly
| boundary, some symbol characters are split into portions. Symbol character
1 invthe C language program in Annex E, described in E.2 and illustrated in E.3.

Fect erasures,
5 is more than

5 constructed

are in shape;
ero. The eight
as shown in
nested at the
placement is
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1 2
LSB
3 4 5
§ 7 8
MSB
Key
LSB least significant bit

MSB  most sig

Figure 6 — R

5.8.3 Alignment pattern module placement

The mapping

format. The d
results in son

vertical align

5.8.4 Findd

Modules are p

6 Symbol

6.1 Dimenisions

DMRE symbo

X dimens
scanning

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

Fnificant bit

epresentation of a codeword in a symbol character for rectangular data matri

natrix is sub-divided into data regions, of the siz€s defined in Table 7, for the chosen §
ata regions are separated from each other by:two-module-wide alignment pattern|
he of the symbol characters being split between two adjacent data regions. One
nent patterns are placed between the dataregions as shown in Figures C.1 and C.2|

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

Kk code

ymbol
s. This
br two

r pattern module placement

laced along the perimeter of thematrix to construct the finder pattern as described i 4.3.2
dimensions

s shall conferim to the following dimensions:

jon: thewidth of a module shall be specified by the application, taking into account the

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

Quiet 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 4Xis recommended.

7 Symbol

quality

7.1 General

DMRE 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.

18
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Some marking technologies may not be able to produce symbols conforming to this document without
taking special precautions. Annex L gives additional guidance to help any printing system achieve valid
DMRE symbols according the DPM quality definition in ISO/IEC 29158.—2),

7.2 Symbol quality parameters

7.2.1 Fixed pattern damage

Annex F defines the measurement and grading basis for Fixed pattern damage.

NOTE The measurements and values defined in Annex F override those indicated in ISO/IEC 15415:2011,
Annex A-

7.2.2 | Scan grade and overall symbol grade

The grading method of ISO/IEC 15415 shall be used. In case of DPM symbols, the| extension of
ISO/IHC 15415, which is ISO/IEC 29158.—3), shall be used.

7.2.3 | Grid non-uniformity

The idgal grid is calculated by using the four corner points of the sanipling grid for each data region and
subdiyjiding it equally in both axes.

7.2.4 | Decode

The refference decode algorithm specified in this document shall be applied to determing the grade for
Decodg. A failure of the reference decode algorithim to successfully decode the symbol shall result in a
grade pf 0 for decode. Reference decode defines the actual grid to be compared with the i¢gleal grid.

7.3 Process control measurements

A var(ifty of tools and methods cancbe used to perform useful measurements for mpnitoring and
contrdlling the process of creating DMRE symbols. These are described in Annex ]. These fechniques do
not copstitute a print quality chéck of the produced symbols (the method specified earliet in this clause
and Apnex F is the required‘method for assessing symbol print quality), but they individually and
collectively yield good indications of whether the symbol print process is creating workalple symbols.

8 Reference decode algorithm for DMRE
This r¢ferencedecode algorithm finds a matrix code symbol in an image and decodes it.

a) Dgfine measurement parameters and form a digitized image:

1 afina o dictonon ahickh ic 7 fixaoanctha oot Al ot o dafio o
LUITIIC d UloltdIlicve Mmln VVIIIUCIT IO 7,J LIIIIC O LIIv uy\.l Ul v uUIdiIilriicieil vulIrIiiic

will be the minimum length of the "L" pattern's side.

y-the-application. This
2) Define a distance g,,,, which is 7,5 times the aperture diameter. This is the largest gap in the

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

3) Define a distance m;, which is 1,25 times the aperture diameter. This would be the nominal
minimum module size when the aperture size is 80 % of the symbol’s X dimension.

2) Under preparation. Stage at the time of publication: ISO/IEC/DIS 29158:2020.
3) Under preparation. Stage at the time of publication: ISO/IEC/DIS 29158:2020.
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4) Form a black/white image using a threshold determined according to the method defined in
ISO/IEC 15415.

b) Search horizontal and vertical scan lines for the two outside edges of the matrix code "L"

20

1y

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)

ii)

iii)

vi)

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.

Hollow the edge downward pixel by pixel until either it reaches a point 3,5m{, (Iiistant
from the intersection of the scan line and the edge starting point, or the edgetutns back
tpward the intersection of the scan line and the edge - the starting point.

If the upward edge reaches a point 3,5m_,;, from the starting point:
[) Plotaline A connecting the end points of the upward edge.

I]) Test whether the intermediate edge points lie within 0,5/ ;, from line A| If so,
continue to step III. Otherwise proceed to step 1)iv) tofollow the edge in the ogposite
direction.

[IT) Continue following the edge upward until the edge departs 0,5m,,;, from line 4. Back
up to the closest edge point greater than orequal to m,;, from the last edg¢ point
along the edge before the departing point.ahd save this as the edge end poinlt. This
edge point should be along the "L" candidate outside edge.

IV) Continue following the edge downward until the edge departs 0,5m_;, from [line A.
Back up to the closest edge point greater than or equal to m,,,;,, from the last edgp point
along the edge before the depafting point and save this as the edge end poinft. This
edge point should be along the*L" candidate outside edge.

V) Calculate a new adjusted\line A1 thatis a "best fit" line to the edge in the two previous
steps. The "best fit" line-uses the linear regression algorithm (using the end pdints to
select the proper dependent axis, i.e. if closer to horizontal, the dependent ax|s is x)
applied to each.point. The "best fit" line terminates lines at points p1 and p2 that are
the points on the "best fit" line closest to the end points of the edge.

VI) Save thetwo end points, p1 and pZ2, of the line A1 segment. Also save the colouf of the
left side’ef the edge viewed from p1 to p2.

et

[ stepit) failed or did not extend upward by 3,5m,;,, in step iii)IV), test if the dowjnward
gdge reaches a point 3,5m, .. from the starting point. If so, repeat the steps in iii) byt with
the.-downward edge. T

min

If neither steps iii) or iv) were successful, test if both the upward and downward edges
terminated at least 2m,;, from the starting point. If so, form an edge comprised of the
appended 2m,,;, 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 boundary 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.
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6)
7)

8)

9)

M
se

1)

2)

3)

ISO/IEC 21471:2020(E)

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

the following

i) If the two lines have the same p1 to p2 directions, verify that the closer of the interline p1
to p2 distances is less than g, .. If the two lines have opposite p1 to p2 directions, verify
that the closer of the interline p1 to p1 or p2 to p2 distances is less than g, , ..

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

or that the saved colours are opposite if their p1 to p2 directions are opposite

i "ﬂ

pr\rm furn fomnnrqry ]lnnc hw aevtending aqn]'\ llnn fr\ rnaﬁh fha noint antho

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

to each other.

xtension that

is closest to the furthest end point of the other line segment. Verify that the
lines are separated by less than 0,5m_;,, at any point between the two eXtend

For each pair of lines meeting the criteria of step 3) above, replace the‘pair of

two extended
ed lines.

ine segments

with a longer Al line segment that is a "best fit" line to the four end points of the pair of shorter

line segments. Also save the colour of the left side of the edge ofythe new longe
from its p1 end point to its p2 end point.

Repeat steps 3) and 4) until no more A1 line pairs can be cembined.
Select line segments that are at least as long as d ;.
Look for pairs of "L" side candidates that meet thefollowing three criteria:

Verify that the closest points on each ling'are separated by less than 1,5g,,...

Verify that they are perpendicular within 5 degrees.

r line viewed

Elagthem as "L" side candidtes.

Verify that the same saved colout.is on the inside of the "L" formed by the tyo lines. Note

that if one or both lines extend past their intersection, then the two or four "L" patterns
formed will need to be tested for matching colour and maintaining a minimum length of

d i, for the truncated sidejor sides before they can become "L" candidates.
For each candidate "L" pdir found in step 7), form an "L" candidate by extending
to their intersection point.

If the "L" candidate was formed from line segments with the colour white on
the "L", form ,a'colour inverted image to decode. Attempt to decode the symbol
the appropriate normal or inverted image starting from step d) below using e
candidates:from step 8) as the "L" shaped finder. If none decode, proceed to step

hintainnthe line Al line segments and "L" side candidates from the previous st
arching for "L" candidates using horizontal and vertical scan lines offset from previgus scan lines:

the segments

the inside of
starting with
hch of the "L

.) .

eps. Continue

at the process

in step b) 1) except startmg from the offset from the Centre pomt and then b)3) through b)9). If

there is no decode, proceed to the next step.

Using a new vertical scan line 3m_;,
step b)2), except starting from the offset from the centre point, and then steps
b)9). If there is no decode, proceed to the next step.

Repeat step 1) above except using a new horizontal scan line 3m__ .. below the cen

min

left of the centre vertical scan line, repeat the process in

b)3) through

tre 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.

© ISO/IEC 2020 - All rights reserved
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4) Continue processing horizontal and vertical scan lines as in steps 1) through 3) that are 3m

min

above, then left, then below, then right of the previously processed scan lines until either a
symbol is decoded or the boundary of the image is reached.

d) Firstlocate the code regions as follows:

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 shown in Figure 7. Keep each search line parallel to the other “L” side line.

a  Left search
b Right sear
¢ "L" side.

black
side t
the c

plot
the p

line.
th line.

O
3

NS

transitions, beginning an
o the opposite colour. A tgﬁs'tion from one colour to the other is to be counted only
irrent search line as wéll a
colour, opposite to

Q-

Q@
Figure 7 —é’e\arch lines

)
\
2) As each side is moved by the size of ’@image pixel, count the number of black/white and

nding the count with transitions from the colour of

s the search lines immediately above and below have th

the previously counted transition colour. As each side is moved by 3
he number of tra
erpendicular |

eé;ﬁ&ms, T (Figure 8). Continue until the parallel line moves furthsg

he “L” plus 10 %.

white/
the “L”
y when
b same
| pixel,
r than
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3)

4)

e) Fdr each of thestwo sides of the alternating pattern, find the line passing through the
alfernating light and dark modules:

1)

©150/1

ley.
Ldidate peak to valley descenders.

Figure 8 — Example plot of T-as the search line expands

Starting from the origin of the plot,.fef’each direction, find the first instance

value, provided that T value is greater than 1. Increment this X value until the
decreasing. If the T value does-not increase, increment the X value once more.
value as the valley. Incremenf.the local maximum X value until the T value decre
to this X as the peak. Referlto the average of the peak and valley X values as the d¢
Xvalue. The valley line'at this point may form a side of a symbol or data region.

The right side’s valley search line, the left side’s valley search line, and the twj]
“L” outline a possible symbol’s data region. Process the data region according to
decode fails, find the next left peak and valley from step d)2).

Eor each side, form a rectangular region bounded by the side’s peak and valley g

of a Tg value

T value stops
efer to this X
hses and refer
pscending line

(T = maximum of zero and T - 1) that is less than 15 % of the preceding loc11 maximum T

o sides of the
step e). If the

centre of the

earch lines as

the longer two sides of the rectangle, and the “L” side and the other side’s valley

search line as

the shorter two sides, as shown in Figure 9.

EC 2020 - All rights reserved

23


https://iecnorm.com/api/?name=35b81dfabd6669431a64f584bca64e12

ISO/IEC 21471:2020(E)

24

Peak line.

Valley line <<
QQ

Rectanguldr region.

N\
L boundar}. 5\0'\
2
. X .
Figure 9 — Rectangu@r egion construction
2
N\

2) With|n the rectangular region, fin(k\@(%l edge pairs on the outside boundary of teeth:

3)

i)

Traverse test lines startiniwq\)‘t‘h and parallel to the valley line looking for transitions
dpposite colour normall@\thogonal to the test line. Select only transitions that are
dark to light or light to'dark where the first colour matches the predominate colouf
image along the V@ine.

&?ansitions found is less than 15 % of the number of pixels compris

the test line is not the peak line, move the test line toward the pe

f the number
alley line,

dy found. If the 15 % criterion is met or the peak line is reached, continug
, otherwise continue searching from step d)6) for the next left peak and va

o oo o —
<
=
o
2

to the
either
of the

ng the
hk line

one pixel and repeat step i), now considering new transitions in addifion to

to the
ley.

C ] 4 1: 3 LA N £ f£ia 12 il s 3 H £l o rs
ditulidic d lJl Cllllllllal)’ UCOU TIU TITIT vviIiLlIl 1I1ICdal 1 Csl COoOoIUIl uDllls CIIC lJUlllLD UIl U1

between the selected pixel pairs.

e edge

Discard the 25 % of the points which are furthest from the preliminary "best fit line".
Calculate a final "best fit line" with linear regression using the remaining 75 % of points.
This line should pass along the outside of the alternating pattern, shown as the "best fit

line" in Figure 10.

For each side, construct a line parallel to the step €)2) line which is offset toward the “L” corner
by the perpendicular distance from the “L” corner to the peak search line divided by twice the
number of transitions in the peak search line plus one:
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0=d/((n+1) *2)
where
O isthe offset
d isthe distance to the peak line

n isthe number of transitions

[ Each of the two constructed 1iNes should correspond to the mid-1ine of the alteri % ating module
pattern on that side; see Figure 10. Qq’

a2 Alfernating pattern@ule mid-line.

b Bekst fit line. @
OQ‘

é Figure 10 — Alternating pattern module mid-line

f) Fdreach side, measure the edge-to-edge distances in the alternating pattern:

1) Bound the alternating pattern mid-line constructed in step €)3) by the adjacent “L” line and the
other alternating pattern mid-line from step e)3). Call the length of this line M, (see Figure 9).

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

3) Select the median edge-to-edge measurement and set the current edge-to-edge measurement
estimate, EE_Dist, to the median measurement.
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4) Discard all element pairs with edge-to-edge measurements that differ more than 25 % from
EE_Dist.

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

1) Using the remaining element pair measurements from f)4), calculate the average ink spread
(vertical or horizontal depending on the segment side) by the average of the element pair’s ink
spread, where wy is the dark element width and w; is the light element width in a remaining
element pair:

2)

3)

26

wherf

Calcu

i = Average ((wy, - (wy +wg) / 2)) / (wy, +wg) / 2))

i| istheinkspread
W, isthe dark element (bar) width

W, isthe light element (space) width

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

wherg

(@)

= (EE_Dist* (1 +1)) / 4

d is the offset

i| istheinkspread

If thejre is more than one median-element pair, choose a single pair using the following p

i)

vi)

o

rder the edges (excluding the “L” finder edge) by their distance from the “L” finde
here are an odd nurhber of these edges because the edges start and end on a dark {
Fansition going away from the “L” finder.

o

(all the middle.edge in the list the centre edge.

(Jalculatethe (odd number of) element pair edge-to-edge distances and find their 1
HE_Dist:

Select the one or more element pairs with length EE_Dist.

late the centre of the bar in the median element pair using-the following offset into the

[OCess:

I edge.
o light

hedian

Among those pairs, identify the one or two element edge pair(s) that has (have) an edge

closest to the centre edge.

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

centre edge.

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

Starting from the centre of the bar in the median element pair from step f)3), proceed in the
direction of the space in the element pair until reaching the end of the bounded mid-line, calculate
each element’s centre, shown by the speckled pattern in Figure 11, by the following steps:
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Figure 11 — Edge-to-edge measurements for finding an element centre

While three bars and two spaces are shown in Figure 11, if a space is the element for which

the centre is to be calculated, then the diagram has three spaces instead of the

bars and two

barsinstead of the Spaces. For Nt elements adjacent to the element at the endg.o
either DI or D4 measurements are omitted as they would fall outside the symbol’
measurable element boundaries.

i) Calculate a point pl along the mid-line which is EE_Dist/2 from the previou
element centre in the direction of the new element.

ii) Calculate d; through d, where:

d;=D1/2
d,=D2
dy=D3
d,=D4/2

iii) If one of the values d; through d, is within 25 % of EE_Dist, select the one whi
EE_Dist, and set the new EE_Dist to.be the average of the current EE_Dist an
d1 through d, distance.

[) Ifd; ord,is selected, select the corresponding DI or D4 edge closest t
the centre of which.is'to be calculated. Offset this edge by (ink_spread/2)

toward the space-included in the distance DI or D4 and if negative, the of
away from this space). Calculate a point p2 along the mid-line which

calculated.

II) Ifdyord;is selected, select the corresponding D2 or D3 edge closest to tk
centre of which is to be calculated. Offset this edge by (ink_spread/2) *
the appropriate direction (i.e., if ink_spread is positive, the offset will n
toward the space included in the distance D2 or D3 and if negative, the of
away from this space). Calculate a point p2 along the mid-line which

the mid-line,
5 or segment’s

sly calculated

'h is closest to
1 the selected

the element,
* (EE_Dist/2)

in the appropriate(direction (i.e., if ink_spread is positive, the offset will fnove the edge

fset will move
is 0,75 times

the selected d; or d, value from the offset edge and toward the elemenft centre to be

e element the
(EE_Dist/2) in
hove the edge
fset will move
is 0,25 times

calculated.
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h)

28

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

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

4) Starting from the bar in the median element pair, and proceeding in the opposite direction
from step 3), until reaching the other end of the bounded mid-line, calculate each element’s

centr

e, following the procedures in step 3).

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

1) Extelld each side’s step €)3) mid-line and the opposite side’s “L” line to form the Vani@

of the

two nearly parallel or parallel extended lines.

Q

2) Extend rays from each vanishing point passing through the step g) module ceu&f‘e;s’ of the

perp¢

3) Thei
of the

endicular step e)3) line.
data modules in the data region, as shown in Figure 12.
a O\\@
A A &F
O
q
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N
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/ZNEEE
Pl ||

NS

™

N
htersection of the two sets of nearly perpendicular rays should c®g§pond to the ¢

b point

nearly

entres

To left si

e vanishing point.

To right side vanishing point.

Continue

Figure 12 — Module sampling grid construction

to fill in the remaining data regions:

1) When a data region is processed, form a new “L” for the next data section to the “left” using one
of two processes:

i) If the new data region is still bounded on one side by the original “L” from procedure b),
repeat from procedure c) to process the new data region using the selected set of points from
step €)2) and the set of points on the “L” from step b)2) which lie beyond the step €)2) line.
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ii) If the new data region is bounded on two sides by data regions, repeat from procedure c)
to process the new data region using the selected set of points from step €)2) for each data
region which are adjacent and bound the new region on two sides.

2) 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.

3) Decode the symbol with its one to four data regions starting with procedure j).

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

i If olomon error

corection:

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

2)| Convert the eight module samples in the defined codeword patterns into |8-bit symbol
character values.

3)| Apply Reed-Solomon error correction to the symbol character'values.

4)[ Decode the symbol characters into data charactersacéording to the specifigd encodation
schemes.

9 User guidelines

9.1 Human readable interpretation

Becaugse DMRE symbols are capable of encoding many characters, a human readable intgrpretation of
the data characters is not always practical’As an alternative, descriptive text rather thah the encoded
text mpy accompany the symbol. The character size and font are not specified, and the m¢ssage may be
printefl anywhere in the area surrounding the symbol. The human readable interpretation should not
interfgre with the symbol itself ar’the quiet zones.

9.2 Autodiscrimination capability

DMRE(can be used iman autodiscrimination environment with a number of other synibologies. See
Annex|K.

9.3 S$ystem'considerations

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

10 Transmitted data

10.1 General

This clause describes the standard transmission protocol for compliant readers. These readers may
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.

10.2 Protocol for FNC1

When FNC1 appears in the first symbol character position (or in the fifth symbol character position
of the first symbol of a Structured append sequence), it shall signal that the data conforms to the GS1
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Application Identifier standard format(8l. FNC1 in any other later position in such symbols acts as a
field separator. Transmission of symbology identifiers shall be enabled. The first FNC1 shall not be
represented in the transmitted data, although its presence is indicated by the use of the appropriate
option value (2) in the symbology identifier (see 10.6).

When used as a field separator, FNC1 shall be represented in the transmitted message by the ASCII
character "G6¢" (ASCII value 29).

10.3 Protocol for FNC1 in the second position

When FNC1 is in the second symbol character p051t10n (or in the sixth symbol character position of
the first symhol of 3 s 3 3 ticular
industry stardard format. Transmlssmn of symbology 1dent1f1ers shall be enabled. The f1rst FNC1
shall not be represented in the transmitted data, although its presence is indicated by the use] of the
appropriate option value (3) in the symbology identifier (see 10.6).

The data encqded 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 charactpr <Gg> (ASCII value 29).

10.4 Protocpl for Macro characters in the first position

This protocol|is used to encode two specific message headers and trailers in an abbreviated mamner in
rectangular data matrix code symbols.

When a Macrjo character is in the first position, a preamblé€’arid postamble shall be transmitted. If
the first symol character is 236 (i.e. encoding Macro 05),xthen the preamble [)>R;05C shall precede
the encoded (lata that follows it. If the first symbol character is 237 (i.e. encoding Macro 06|, then
the preamble|[)>R;066C shall precede the encoded data that follows it. The postamble R¢Eo; shall be
transmitted dfter the data in both cases.

10.5 Protocpl for ECIs

In systems where ECIs are supported, thetuse of a symbology identifier prefix is required with every
transmission| Whenever an ECI codeword is encountered, it shall be transmitted as the pscape
character 92 (or 5Cygy), which represents the character “\” (backslash or reverse solidus)|(in the
default interpretation. The next ‘codeword(s) is (are) converted into a 6-digit value, invertihg the
rules defined|in Table 6. The 6-digit value is transmitted as the appropriate ASCII values (48 fo 57).
Application sq¢ftware recognisihg \nnnnnn should interpret all subsequent characters as being frpm the
ECI defined by the 6-digitisequence. This interpretation remains in effect until the end of the efcoded
data or until pnother E€I'sequence is encountered. If the backslash (byte 92p.) needs to be ysed as
encoded dataf transiission shall be as follows. Whenever (ASCII 92p;) occurs as data, two bytes of
that value shall be transmitted, thus a single occurrence is always an escape character and a ouble
occurrence indicates true data.

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

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

10.6 Symbology identifier

ISO/IEC 15424 provides a standard procedure for reporting the symbology which has been read,
together with options set in the decoder and special features encountered in the symbol. Once the
structure of the data (including the use of any ECI) has been identified, the appropriate symbology
identifier should be added by the decoder as a preamble to the transmitted data. The symbology
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identifier is required if ECIs appear anywhere in the symbol, or if FNC1 is used as defined in sections
10.2 or 10.3. Annex G applies for the symbology identifier and option values which apply to DMRE.

10.7 Transmitted data example

In this example, the two-character message “J2K” is to be encoded in DMRE using the ASCII encodation
scheme. “q” is represented by a byte value of 182 in DMRE's default character set (ECI 000003, which
is equivalent to ISO 8859-1). “2K” is a Cyrillic character not available in ECI 000003, but which can be
represented in ISO 8859-5 (ECI 000007) by the same byte value of 182. The complete message can
therefore be represented by inserting a switch to ECI 000007 after the first character, as follows: the
symbol encodes the message <{> <Switch to ECI 000007> <XX>, using the following series of DMRE

codewprdsHpperSha{55HHECH S Hpper ShiftHH55 - with-deetmatvwatues 2355105, [241], [8],
[235], [55]-

NOTE1 An Upper shift character, followed by a codeword of value 55, encodes a byte value of 182.
NOTE 2 ECIs are encoded in DMRE as the ECI number plus one.

The dgcoder transmits the following bytes (including the symbology identifier prefix with an option
value ¢f 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: |dA\0000079

The dgcoder is responsible for signalling the switch to EEF000007, but not for interpret|ng the result.
ECI-aware software in the receiving application would‘delete the ECI escape sequence \040007, and the
Cyrillif character “K” would be represented in a system-dependent manner (e.g. by changfing the fontin
a deskfop-publishing file). The final result would match the original message of “J2K”.
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Annex A
(informative)

Code pattern

A.1 General

The pattern rindomising algorithms convert an input codeword at a given position to a new randgmised

output codewjord.

A.2 253-state algorithm

A.2.1 Genefral

This algorithin adds a pseudo-random number to the Pad codeword value-The pseudo-random number

is always in the range 1 to 253 and the randomised Pad codeword valuesis-in the range 1 to 254.

The variable| Pad_codeword_position is the number of data cedewords from the beginning of

encoded datal

A.2.2 253-state randomising algorithm

INPUT ( Pad |codeword value, Pad codeword position?))

pseudo randon number = ( ( 149 * Pad codewordyposition ) mod 253 ) + 1

temp variable = Pad codeword value + pseudo random number

IF ( temp valriable <= 254 )

OUTPUT (|randomised Pad_codeword value = temp variable )

ELSE

OUTPUT (|randomised ,pad/ codeword value = temp variable - 254 )

A.2.3 253-state un-rfandomising algorithm

INPUT ( randpmised' Pad codeword value, Pad codeword position )

L. — L L 140 = <l <l <l 2 2
pseudo randokm—frammees ——4 Rt e Bi=rro—oor e

) —
¥ —

temp variable = randomised Pad codeword value - pseudo random number

IF ( temp variable >= 1 )
OUTPUT ( Pad codeword value = temp variable)

ELSE

OUTPUT ( Pad codeword value = temp variable + 254 )

32
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A.3 255-state algorithm

A.3.1 General

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

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

A.3.2 255-state rnndnmiqing nlgnrithm

INPUT | ( Base256 codeword value, Base256 codeword position )
pseudd random number = ( ( 149 * Base256 codeword position ) mod 255 )N -1
temp Variable = Base256 codeword value + pseudo random number
IF ( f§lemp variable <= 255 )
OUIPUT (randomised Base256 codeword value = temp variable )
ELSE

OU[TPUT (randomised Base256 codeword value = temp variable - 256 )

A.3.3| 255-state un-randomising algorithm
INPUT | ( randomised Base256 codeword value,(Base256 codeword position )
pseuddq random number = ( ( 149 * Base286 codeword position ) mod 255 ) + 1
temp Variable=randomised Base256 cddeword value - pseudo random number
IF ( §emp variable >= 0 )

OUPUT ( Base256 codeword value = temp variable )
ELSE

OUTPUT ( Basel56-codeword value = temp variable + 256 )
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Annex B
(normative)

Rectangular data matrix code encodation character sets

Table B.1 — C40 encodation character set

C4f-Vahre—PBasicset Shift-t-set Shift-2-set Shift-3-set
Char |Decimal | Char | Decimal Char Decimal | Char DecimalqlQ
0 Shift 1 NUL| 0 ! 33 ' 96
1 Shift 2 SOH | 1 - 34 a | 297
2 Shift 3 STX | 2 # 35 b "9
3 space | 32 | ETX | 3 $ 36 | . U 99
4 0 48 | EOT | 4 % 37 Jed | 100
5 1 49 |ENQ| 5 & 38()] e 101
6 2 50 |ACK| 6 ' .89 | f | 102
7 3 51 |BEL| 7 ( _|O4o g | 103
8 4 52 | BS 8 ) O 4 h | 104
9 5 53 | HT | 9 R i | 105
10 6 54 LF 10 | «o% 43 j 106
11 7 55 VT 11 49 44 k 107
12 8 56 | FF | 120 - 45 1 108
13 9 57 | cr | @8 . 46 m | 109
14 A 65 | sody 14 / 47 n | 110
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 |8 [Dc2| 18 = 61 ro| 114
19 F (U770 [pc3| 19 > 62 s 115
20 6] 71 | pca| 20 ? 63 t 116
21 N 72 | NAK| 21 @ 64 u | 117
22 -5 1 73 | SYN | 22 [ 91 v | 118
22,7 ) 74 ETB 23 \ 92 w 119
Zzl- K /B CAN 24 | 95 X 120
25 L 76 | EM | 25 A 94 y | 121
26 M 77 | SUB| 26 _ 95 z 122
27 N 78 | ESC | 27 FNC1 { 123
28 0 79 | Fs | 28 | 124
29 P 80 | GS | 29 ) 125
30 Q 81 | RS | 30 |UpperShift ~ | 126
31 R 82 | us | 31 DEL | 127
32 s 83
33 T 84
NOTE  The relationship between the ASCII decimal value and the C40 value remains constant
regardless of which ECl is in effect.
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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
34 U 85
35 \ 86
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 consfant
regardless of which ECI is in effect. Q)
Q>
Table B.2 — Text encodation character set r\/\'\ :
Basic set Shift 1 set shift2set | "\Shift3 set
Text value - - - -
Char |Decimal | Char | Decimal | Char |Decimal ‘Char | Decimal
0 Shift | 1 |[NUL| 0 ! K 96
1 shift [ 2 |SOoH| 1 « } O34 A 65
2 Shift | 3 STX | 2 # N7 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 | W6 ' 39 F 70
7 3 51 | BELGY 7 ( 40 G 71
8 4 52 | BS | 8 ) 41 H 72
9 5 53 AT 9 * 42 I 73
10 6 5&0 LF 10 + 43 ] 74
11 7 o5 | vr | 11 , 44 K 75
12 8 (])" 56 FF 12 - 45 L 76
13 9 57 CR 13 : 46 M 77
14 (Ya 97 | so | 14 / 47 N 78
15, b 98 I 15 : 58 0 79
N
716 c 99 DLE 16 ; 59 P 80
O17 d 100 | pc1| 17 < 60 Q 81
C N 18 e 101 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 Vv 86
23 j 106 ETB 23 \ 92 W 87
24 k 107 CAN 24 ] 93 X 88
25 1 108 EM 25 A 94 Y 89
26 m 109 SUB 26 _ 95 Z 90
27 n 110 ESC 27 FNC1 { 123
28 0 111 FS 28 | 124
NOTE The relationship between the ASCII decimal value and the Text value remains
constant regardless of which ECl is in effect.
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Table B.2 (continued)

Basic set Shift 1 set Shift 2 set Shift 3 set
Text value - 5 ; .
Char |Decimal | Char | Decimal | Char |Decimal | Char | Decimal
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 \4 118
36 w 119
37 X 120
38 y 121
39 z 122
NOTE The relationship between the ASCII decimal value and the Text,value remains
donstant regardless of which ECl is in effect.
Table B.3 — EDIFACT encodation characterset
D4ta character EDIFACT Data character EDIFACT
Char Decimal Binary binary Char Decimal |Binary value bingry
value value value value valpe
@ 64 01000000 [000000 space 32 00100000 100000
A 65 01000001 |000001 ! 33 00100001 100001
B 66 01000010 [000010 “ 34 00100010 100010
C 67 01000011 |000011 # 35 00100011 100011
D 68 01000100 [000100. $ 36 00100100 100100
E 69 01000101 |000101 % 37 00100101 100101
F 70 01000110 (000110 & 38 00100110 100110
G 71 01000111 - |000111 ‘ 39 00100111 100111
H 72 010010600* [001000 ( 40 00101000 101000
[ 73 01001001 |001001 ) 41 00101001 101001
| 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 UOT00ITI0 |OUIII0 . Z6 U0I0ITI0 TOTTI0
0 79 01001111 (001111 / 47 00101111 101111
P 80 01010000 |010000 0 48 00110000 110000
Q 81 01010001 |010001 1 49 00110001 110001
R 82 01010010 {010010 2 50 00110010 110010
S 83 01010011 {010011 3 51 00110011 110011
T 84 01010100 {010100 4 52 00110100 110100
4] 85 01010101 |010101 5 53 00110101 110101
\Y 86 01010110 |010110 6 54 00110110 110110
w 87 01010111 |010111 7 55 00110111 110111

NOTE  Therelationship between the ASCII decimal value and the EDIFACT value remain constant regardless of which ECI
is in effect.
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Data character EDIFACT Data character EDIFACT
Char Decimal Binary binary Char Decimal |Binary value binary
value value value value value
X 88 01011000 [011000 8 56 00111000 111000
Y 89 01011001 |011001 9 57 00111001 111001
Z 90 01011010 |011010 58 00111010 111010
[ 91 01011011 |011011 ; 59 00111011 111011
\ 92 01011100 |011100 < 60 00111100 111100
93 UT0TTI0T OITI0T = 61 00TTTI0T 111101
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 ECI
is in efflect.
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Annex C
(informative)

Rectangular data matrix code alignment patterns

The alignment bar configurations are shown for 12 x 48 symbol size in Figure C.1 and for 12 x 64
symbol size in Figure C.2.

Fi

gure C.1 — Alignment bar configuration for 12 x 48 réetangular symbol

gure C.2 — Alignment bar configuration for 12 x 64 rectangular symbol

IIIIIIIIIII.

EEEEBEN IIIIIII.
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Annex D
(normative)

Reed-Solomon error detection and correction

D.1 Error correction codeword generator polynomials

The er
the sy
generg
degred

For ex
(x+2)

:X5+
+(8*]

ror correction codewords are the coefficients of the remainder resulting from fix

mbol data polynomial d(x) by x¥ and then dividing it by the generator polynon
tor polynomial is the product of the first-degree polynomials: x - 21, x - 22, .. (X ="2n;
of the generator polynomial.

hmple, the fifth degree generator polynomial is:
[x +4)(x + 8)(x + 16)(x + 32)

2+4+8+16+32)x*+((2*4)+(2*8)+(2*16)+(2*32)4 4 *8)+ (4*16) + (4 1
2)+(16*32))x3+ ((2*4*8)+(2*4*16)+(2*4*32)«(2*8*16) + (2*8*32)

+(4*8%16)+(4*8%32)+ (4*16%32) + (8* 16 *32))x2 + (2% 4*8*16) + (2* 4 * 8 * 3]

*32) 4
= XS +

NOTE ]
NOTE ?
or” ope
genera

The pd

gx) =
148x3

The pd

gx) =]
66x° +

The pd

g(x) =

(2*8*16*32)+(4*8*16*32))x+ (2*4*8*16¢32)
h2x* + 111x3 + 15x% + 48x + 228.
Fifth degree polynomial is not used by DMREbut used for illustration.
This Galois Field arithmetic is not normalinteger arithmetic: - is equivalent to +, which i
ration in this Field, and multiplication isibyte-wise modulo 100101101 for each binary p
ed by bit-by-bit multiplication.

lynomial divisor for generating15 check characters is:

k15 + 93x14 + 223x13+ 139x%2 + 159x11 + 35x10 + 145x9 + 234x8 + 176x7 + 153x6 + §
+ 33x2 + 88x + 116.

lynomial divisorforgenerating 18 check characters is:

L18 1+ 188x17 #90x16 + 48x15 + 225x14 + 254x13 + 94x12 + 129x11 + 109x10 + 213x9 +
75x5 + 188x%+ 39x3 + 100x2 + 195x + 83.

lynomial'divisor for generating 22 check characters is:

%224-236x21 + 188x20 + 3x19 + 209x18 + 217x17 + 125x16 + 10x15 + 38x14 + 152x13 +

5t multiplying
ial g(x). Each
Wwhere n is the

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

5 an “exclusive-
lynomial term

8x5 + 201x* +

41x8 + 61x7 +

k12 +132x11 +

27x10

FOAX T RS 123X F SO F 24T F 95X F 201X F 76X F 249X F 75°

The polynomial divisor for generating 27 check characters is:

g(x) = x27 + 232x26 + 180x25 + 161x24 + 246x23 + 233x22 + 134x21 + 72x20 + 108x19 + 210x18 + 246x17 +
244x16 + 65x15 + 55x14 + 123x13 + 29x12 + 220x11 + 47x10 + 205x° + 143x8 + 74x7 + 97x6 + 147x5 + 182x*

+96x3

+ 130x2 + 183x + 215.

The polynomial divisor for generating 28 check characters is:

g(x) = x28 + 255x27 + 93x26 + 168x2° + 233x24 + 151x23 + 120x2% + 136x21 + 141x20 + 213x19 + 110x18 +
138x17 + 17x16 + 121x15 + 249x14 + 34x13 + 75x12 + 53x11 + 170x10 + 151x9 + 37x8 + 174x7 + 103x6 + 96x°

+71x4

+97x3 + 43x2 + 231x + 211.

The polynomial divisor for generating 32 check characters is:
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g(x) = x32 + 104x31 + 129x30 + 163x29 + 234x28 + 55x27 + 95x26 + 144x25 + 174x2% + 249x23 + 2x%22 +
145x21 + 104x20 + 19x19 + 103x18 + 202x17 + 211x16 + 38x15 + 2x14 + 120x13 + 209x12 + 58x11 + 61x10 +
21x9 + 236x8 + 95x7 + 107x° + 199x5 + 228x* + 130x3 + 159x2 + 184x + 227.

The polynomial divisor for generating 34 check characters is:

gx) = x3% + 139x33 + 4x32 + 179x31 + 189x30 + 67x29 + 14x28 + 89x27 + 138x26 + 237x25 + 152x24 + 62x23
+154x22 + 62x21 + 107x20 + 114x19 + 189x18 + 6x17 + 143x16 + 95x15 + 90x14 + 116x13 + 237x12 + 103x11 +
42x10 + 95x9 + 203x8 + 234x7 + 71x6 + 172x5 + 210x* + 218x3 + 231x2 + 197x + 190.

The polynomial divisor for generating 36 check characters is:

gx) =x36+11
+ 95x24 + 137
220x12 + 1794

The polynomi

g(x) = x38 + 2]
170x27 + 223X
+203x15 + 12
141x3 + 101x2

The polynomi

g(x) =x4+ 14
+ 133x29 + 13
120x18 + 101>
142x6 + 2x5 +

The polynomi

g(x) = x*2 + 5]
+ 54x30 + 57x
100x18 + 95x1
22x6 + 38x5 +

The polynomj

g(x) = x*6 + 7§
+118x34 + 17
+221x%2 + 83
186x10 + 232X

The polynomj
g(x) = x50 + 74

2x35 4 81434 ., 09y33 4 295432 . 25431 . 50430 4 184,29 o 176428 o 4427 o 1] 5v26 4
x23 + 101x22 + 33x21 + 68x20 + 4x19 + 2x18 + 18x17 + 229x16 + 182x15 + 80x14 +(2§
114 84x10 + 120x° + 102x8 + 181x7 + 162x5 + 250x° + 130x* + 218x3 + 242x2 +(127x

al divisor for generating 38 check characters is:

85x37 + 181x36 + 165x35 + 241x3% + 166x33 + 169x32 + 220x31 + 128x30+ 80x29 + 13
26 + 122x25 + 215x24 + 83x23 + 183x22 + 55x21 + 211x20 + 139x19 +103x18 + 172x17 {
Bx14 + 143x13 + 233x12 + 74x11 + 237x10 + 168x% + 102x8 + 90x7& 166x° + 222x° + 2
+ 30x + 109.

al divisor for generating 41 check characters is:

9x40 + 220x39 + 249x38 + 68x37 + 38x36 + 81x35 + 7134+ 79x33 + 244x32 + 224x31 4
2x28 + 208x27 + 211x26 + 90x25 + 165x2%4 + 84x23+)144x22 + 137x21 + 250x20 + 1§
k17 + 136x16 + 172x15 + 193x14 + 216x13 + 99x12¢ 53x11 4+ 48x10 + 194x9 + 222x8
43x4 + 106x3 + 123x2 + 21x + 35.

al divisor for generating 42 check characters is:

(41 + 9x40 4+ 5x39 4+ 226x38 + 177x37 #150x36 + 50x35 + 69x34 + 202x33 + 248x32 +
29 4+ 253x28 + x27 + 21x26 + 121x2% 57x2%4 + 111x23 + 214x?%2 + 105x21 + 167x20 +
7 + 175x16 + 8x15 + 242x14 + 133x13 + 245x12 + 2x11 + 122x10 + 105x9 + 247x8 + 1
19x% + 31x3 + 137x2 + 193x +I177.

al divisor for generating.46 check characters is:

X4 + 62x44 + 74x43+235x42 + 114x41 + 62x40 + 141x39 + 178x38 + 40x37 + 98x36 +
Bx33 + 138x32 +72x31 + 43x30 + 21x29 + 77x28 + 47x27 + 127x26 + 130x25 + 206x24 4
x21 + 171x20 4 135x19 + 29x18 + 11x17 + 61x16 + 47x15 + 51x14 + 111x13 + 129x12 + J
9+ 160x8 H178x7 + 114x6 + 135x° + 113x* + 200x3 + 197x2 + 29x + 195.

al diviserfor generating 50 check characters is:

X4+ 54x48 + 162x47 + 91x46 + 167x45 + 218x44 + 212x43 + 183x42 + 156x41 + 74x40 4

+ 153x38 + 79

119x25
1x13 +
+ 245.

4x28 +
L 41 x16
39x4 +

15x30
6x19 +
- 6x7 +

101x31
9x19 +
53x7 +

144x35
33x23
5x11 +

16x39

T 23t T 12T 28 T 25 T 185 F 8 T 2413 T 243 T T6 x2S

80x27

+ 14x26 + 205x25 + 156x24 + 65x23 + 114x22 + 251x21 + 241x20 + 14x19 + 142x18 + 9x17 + 16x16 + 112x15
+ 230x14 + 36x13 + 223x12 + 222x11 4+ 74x10 + 245x9 + 123x8 + 150x7 + 102x% + 167x5 + 43x* + 165x3 +

254x2 + 166x

+ 1.

D.2 Error correction calculation

The Peterson-Gorenstein-Zierler algorithm may be used to correct errors in decoded rectangular data
matrix code symbols.

The calculation described below follows this error correcting algorithm, using the Reed-Solomon error
correction codewords.

40
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Erasures shall be corrected as errors by initially filling any erasure codeword positions with
dummy values.

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

Construct the symbol character polynomial C(x) = C,, .

Xl o oxn 24+ Cpxlo+ Cy where the n

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

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

numbq
Form 4
So
Sy

where

Constr
L(;

from t
numbe

Wheng
symbd

Save t]
locatig

error magnitudes) using the error location variables E and the first m syndromes S:

Ey

P 1L0+SjL1+...+52j_2Lj_1:52j_1

rof error correction codewords i the symbot:

Lo+ S1Ly+..+5; 1L 1=

Lo+ SoLy+ .+ 5L 125541

isi/2.

uct the error locator polynomial:
) = L; X + L o0 1+ + Lox +d

he j values of L obtained ahoye. Evaluate L(x) at x = 2k for k = 0 through n - 1 wher¢
r of symbol characters inthe symbol.

ver L(2K) = 0, an exror location is given by n - 1 - k. If more than j error locations
| is not correctable)

ns found.\Ferm and solve m simultaneous equations with m unknowns X, throy

X+ E1 X1+ +E, X, 1=

nd solve j simultaneous equations with junknowns L, through L; _; using the#\synidromes:

b 1 is the total

hre found, the

ne error locatiens in m error location variables E, through E,, . ; where m is the nymber of error

gh X, ., (the

E,
Ey

Ey

2Xy+ Ej2X + .+ Egy - 1)2Xm 1=5
3X0 + E13X1 + ..+ E(m _ 1)3Xm 1= Sz

MXo + EyMXy + e+ By )" X o 12Sm -1

Add the error magnitudes X, through X,, _ 1 to the symbol character values at the corresponding error
locations Ej, through E,, _; to correct the errors.

NOTE

E; ... E, are the roots of the error locator polynomial.

This algorithm, written in C, is available from Reference [6].
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D.3 Calculation of error correction codewords

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

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

}
/%

/* and adds pn "nc" check codewords, all within GF(gf) where "gf" is a */
P and "pp" is the value of its prime modulus polynomial */
void ReedSolpmon (int *wd, int nd, int nc, int gf, int pp)

/* power of

if
els

"Re

int

(!'x || !'y) return 0O;
e retupn—alogiiloglixl— loglyl) o (gf-141;
edSolomon (wd, nd,nc,gf.pp) " takes "nd" data codeword values in wd[] */

i, 3,1 k. *log, *alog, *c;

/* allocate,| then generate the log & antilog arrays: */

/*

/*

42

log
alo
log
for

allocate,| then generate the generator polynomial\*Ccoefficients:
c = malloc (sizeof (int) * (nc+1l));
for (i=1;| i<=nc; i++) c[i] = 0; c[0] = 1;
for (i=1;| i<=nc; 1i++) {
c[i]l o cli-11;
for (JFi-1; 3>=1; J--) |
cljfl = cl3-1] » prod(cljl,alog(i], log,alog,gf);
}
c[0] o prod(c[0],alog[i],log;dlog,gf)
clear, thlen generate "nc"_checkwords in the array wdl[] */
for (i=nd|; i<=(nd+nc); ifF%» wd[i] 0;
for (i=0;| i<nd; 1i++) {
k = wd[nd] ~ wd[id ;
for (JEO; j<nc; %) |
wd[jpnd+j] =adThd+j+1] ~ prod(k,c[nc-j-1],1log, alog,gf);

}

free(c);

= malfloc(sizeof (int) * gf);
g = majlloc (sizeof (int) * gf);
[0] = 1l-gf; alog[0] = 1;

(i =f; 1 < gf; i++) {
alogl[il] = alog[i-1] * 2;
if (aljpg[i] >= gf) alog[i] "= pp;
loglalpg[il] = i;

}

*/

free(alogqg);
free(log);
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Annex E
(informative)

Symbol character placement

E.1 Symbol character placement

The fo

#incly
#incly

int nf

/*

"md

void nf

{

}
/*

if
if
if
ary

ut

void U

{

}
/%

mod
mod
mod
mod
mod
mod
mod
mod

" g

lowing C language program generates symbol character placement diagrams:

de <stdio.h>
de <alloc.h>
ow, ncol, *array;

dule" places "chr+bit
odule (int row,
(row < 0)
(col < 0)
(row >= nrow) { row -
ay[row*ncol+col]

ah" places the 8 bits
tah (int row, int col,
ule (row-2,col-2,chr, 1
ule (row-2,col-1,chr, 2
ule (row-1,col-2,chr, 3
ule (row-1,col-1,chr,4
ule (row-1,col,chr,5);
ule (row,col-2,chr, 6);
ule(row,col-1,chr,7);
ule (row,col, chr,8);

int col,
{ row += nrow;
{ col += ncol;

10*chr + bit;

" with appropriate wrapping within axrdg[] */
int chr, int bit)

col += 4 ((nrow+4)%8); }

row += 4 ((ncol+4)%8); }

nrow; }

of a utah-shaped symboX/character in ECC200 */
int chr)

) 7
)
) i
) .

’

rnerN" places 8 bits of

the” two special corner cases in DMRE */

void (
{ mod
mod
mod
mod
modg
mod
mod
mod

orner3 (int chr)
ule (nrow-3,0,chr,1
ule (nrow-2,0,chr, 2
ule (nrow-1,0,chr, 3
ule (0, ncol-2, chryd
ule (0,ncol-1,chs; 5

(

(

(

’

v

)
)
)
) ;
) .
)
)
)

’

’

ule (1,ncol-4d,chr,6
ule (2, ncolsd, chr, 7

ule (3,ncod=1,chr, 8

’

’

}
void dqorner4d (int chr)
{ modquletnrow-1,0,chr,1);

modquleAnrow-1,ncol-1,chr,2);

modUle (U, ncol-3,cnr, 37,
module (0, ncol-2,chr,4);

}

module
module
module
module

’

(0,ncol-1,chr,5
(1,ncol-3,chr, 6
(1,ncol-2,chr,7
(1,ncol-1,chr,8

)
) 14
)
)

’

/* "ecc200" fills an nrow x ncol array with appropriate values for ECC200 */
void ecc200 (void)

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

© ISO/IEC 2020 - All rights reserved
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/* Starting in the correct location for character #1, bit 8,... */
chr = 1; row = 4; col = 0;
do {

/* repeatedly first check for one of the special corner cases, then... */
if ((row == nrow-2) && (col == 0) && (ncol%8 == 4)) corner3(chr++);
if ((row == nrow+4) && (col == 2) && (! (ncol%8))) cornerd (chr++);

/* sweep upward diagonally, inserting successive characters,... */

do {

if ((row < nrow) && (col >= 0) && ('array[row*ncol+col]))
utah (row, col, chr++) ;
row -= 2; col += 2;
} while ((row >= 0) && (col < ncol));
row += 1; col += 3;

/* & then sweep downward diagonally, inserting successive characters,... */
do {
if ((rfgow >= 0) && (col < ncol) && ('arrayl[row*ncol+col]))
utah (row, col, chr++) ;
row +H 2; col -= 2;
} while (|(row < nrow) && (col >= 0));
row += 3;| col += 1;

/* ... until] the entire array is scanned */
} while ([(row < nrow) || (col < ncol));

/* "main" chlecks for valid command line entries, then computes &/ displays array */
void main (inft argc, char *argvl[])
{ int %, vy,| z;

if (argc E< 3) {
printf]("Command line: ECC200 # of Data Rows # ,f “Data Columns\n");
} else {
nrow = ncol = 0;
nrow = atoi(argv[l]); ncol = atoil (argv[2]})
if ((nrow >= 6) && (~nrow&0x01) && (ncol = 6) && (~ncol&0x01)) {
arrlay = malloc (sizeof (int) * nrow *Jincol);

ecd200 () ;

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

z = arrayl[x*ncol+y];
if (z == 0) printf (" WHI");
else if (ze== 1) printf ("BLK");

else grintf ("$3d.%d",z/10,2%10) ;
}
printf ("\n" v

frele (array)s

}

E.2 Symbol character placement rules

E.2.1 Non-standard symbol character shapes

Because the standard symbol character shape cannot always fit at the data module boundaries of the
symbol and at some corners, a small set of non-standard symbol characters is required. There are
six conditions: two boundary conditions which affect all symbol formats, and four different corner
conditions which apply to certain symbol formats:

a. One portion of the symbol character shape is placed on one side and the other on the opposite side.
This applies to two basic symbol character shapes (see Figure E.1). Variants of these arrangements
concern the row-to-row relationship between the left and right hand boundary (see Table E.1).
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One portion of the symbol character is placed on the top boundary and the other portion on the
bottom boundary. This applies to two basic symbol character shapes (see Figure E.2). Variants
of these arrangements concern the column-to-column relationship between the top and bottom
boundary (see Table E.1).

Two symbol character shapes are split between two or three corners (see Figures E.3 and E.4).
The non-standard symbol shapes are placed at opposite boundaries. The number of these pairings
increases in general proportion to the size of the perimeter of the mapping matrix. The basic pattern
is as illustrated in Figures E.1 and E.2. In Figure E.1, modules a8 and a7 are in the same row, as are
modules b7 and b6. In Figure E.2, module c6 and c3 are in the same column as are modules d3 and
d1. There are seven cases for boundary placement, which define the relative vertical position of
the symbol characters illustrated in Figure E.1, the horizontal position of the symbol characters
illhistrated in Figure E.2, and the corner conditions.

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

pla

Boundary

Row

relationship | Column relationship of
of module module c6 and c3

a8 and a7

Corner Mapping Refer to
condition matrices Annex E. Figure
Figure No. affected no for example

cement
casge

1 a7 Row = a8 Row | c3 Column = c6 Column None All Figure E.5

2 a7 Row = a8 Row C3Cdum?f;6Cdum“ E.3 6 x 56 & 14 x 56 |Figlre E.7, E.8

3 a7 Row = a8 Row C3Cd“““[ZC6C°h”“n None 10 x 56 —

4 a7 Row+=438 Row | c3 Column+=2c6 Column .6 6 x 44 & 22 x 28 |Fighre E7.E.8

Key

a

b

©IS

alja2
a5 a3|a4
a8 a6la7
b2 b1l
b3|b4 b5
b6|b7 b8

Left boundary.
Right boundary.

Figure E.1 — Left and right symbol characters
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c6|(c7|c8|d3|d4|d5
d6|d7|d8

cl|c2
c3|c4|{c5|dl]|d2

Key
a2 Top boundary.
b Bottom boundary.

Figure E.2 — Top and bottom symbol characters

Figure E.3 — Corner condition 3

x4 | x5

X6

x7

x1 <8
X2
x3

Figure E.4 — Corner condition 4
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NOTE1 Algebraic notation has been used to identify the symbol characters because these vary depending on
the symbol format.

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

E.2.2 Symbol character arrangement
The symbol characters are placed in a matrix in the following manner:
1. A mapping matrix is created.

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

b.| The mapping matrix equates to an area the size of the abutted data regioms.|In effect, the
mapping matrix has no separating alignment patterns. For example, the 8 .64 fprmat symbol
has four 6 x 14 data regions which abut to create a 6 x 56 mapping matrix. The size of the
mapping matrix for each symbol format is given in Table 7. The boundary pladement case is
given in Table E.1.

2. Sylmbol character 2 is placed in the uppermost left position, with itssmodules conforrhing to the bit
(or module) sequence defined in Figure 11. Using the notation 2¢l to identify modulle 1 of symbol
chlaracter 2, this module is in the top row and leftmost colamn of every mapping matrix. The
m¢dule array sequence shown in Figure E.5 is constant for allymapping matrices.

21122 Q36 |37 | 38 K43 | 44 | 45

23 |1 24 | 2551 (52 )46 | 47 | 48

26 | 27 | 28 p63 | 54 | 55

1a | 61 62 | 56 | 57 | 58

1.b§’6.3 | 64 | 6.5

6.6 | 6.7 | 6.8

Figure E.5 — Starting sequence for module placement

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

3. Thetormershapesare positionedaccordingto-fabte t-tamd-theappropriate Figures E.3 and E.4.
Plotting of the standard symbol character shapes continues, nesting the shapes as illustrated
above for symbol characters 2, 5, and 6. The non-standard symbol characters are positioned as
per Table E.1. This process results in the mapping matrix being completely covered in symbol
characters, most of which are un-numbered.

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

5. The first diagonal line starts with the line through module 8 of symbol character 1; this is module
8 except in the case of the 6 x 28 and 6 x 44 mapping matrix, where the corner condition, as defined
in Figure E.4, determines the values of modules in symbol character 1 (i.e. making the module
identified in Figure E.5 as 1.b represent module 1,2). The diagonal line continues through modules
2.8 and 3.8.
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6. At this point, the diagonal line crosses the top row boundary. The next diagonal line is started 4
modules to the right in the top row; i.e. the diagonal line is always displaced by 4 modules. Symbol
characters are numbered in order, based on the placement path crossing module 8. Thus the next
characters are determined by the downward diagonal line crossing modules 4.8, 5.8, 6.8 and so on.

7. Asshown in Figure E.6, the placement path continues as diagonal lines four modules to the right (or
four modules down, or combinations thereof) from the previous diagonal line. The first, and all odd
numbered, diagonal lines map the symbol character sequence from bottom left to top right. The
second, and all even numbered, diagonal lines map the symbol character sequence from the top
right to the bottom left.

/ /

/ /

21 22 3.6 3.7 /3/ 4.3 4.4 4.5 8 8.2
23 24 25 /5/ 52 4.6 4.7 4 8.3 8.4
26 27 2 5.3 54 5.5 /7/ 7.2 8.6 8.7
11 6.1 6.2 5.6 5.7 / 7.3 7.4 75 /
1.2 6.3 6.4 6.5 /3/ 3.2 7.6 7.7 7 123,
1.3 6.6 6.7 7/ 3.3 34 3.5 /4/ 42 12.6

2

/ /

Figure E.6 — Symbol character placement sequence

8. When thg placement path encounters a.fion-standard symbol character shape, which |is not
completely contained within the boundaries of the mapping matrix, that symbol charafter is
continued on the opposite side of the matrix. This has the effect of numbering the opposite pgrtions
of these §ymbol characters beforethe placement path crosses that position. For example,|in the
illustrated mapping matrix (see ‘Eigure E.6), the other portions of symbol character 3 and 4 are
pre-numbered before the placement path crosses them. Thus, the placement path only nymbers
un-numbered symbol characters. These boundary and corner conditions are specified in Table E.1.
This can pe seen in Figure E.6 for symbol characters 1, 3 and 4. The corner conditions alsq affect
the numbering sequence: The bottom left corner as illustrated in:

— Figune E.3 is humbered immediately after the symbol character to its right (see Figure |E.7 for
an example);

— Figune'E4 is numbered immediately before the symbol character above it (see Figure E.{ for an
example).

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

9. The placement procedure continues until all symbol characters are placed, and it ends in the lower
right of the mapping matrix.

Typical mapping matrices conforming to this procedure are illustrated in E.3. Figures E.7 to E.8
cover respective cases for boundary placement. E.1 provides a C language program capable of
mapping all encoded bits into the appropriate mapping matrix. This differs to the algorithm in
ISO/IEC 16022 by the deletion of unneeded corner conditions 1 and 2.

48 © ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=35b81dfabd6669431a64f584bca64e12

ISO/IEC 21471:2020(E)

E.3 Symbol character placement examples for rectangular data matrix code

21 22 3.6 3.7 3.8 4.3 4.4 4.5 8.1 8.2 9.6 9.7 9.8 10.3 104 105 | 141 14.2 15.6 157 158 16.3

23 24 25 5.1 5.2 4.6 4.7 4.8 8.3 8.4 8.5 1.1 11.2 | 10.6 10.7 108 | 143 144 145 171 17.2 16.6

26 27 238 53 5.4 55 71 72 8.6 8.7 8.8 113 114 115 | 131 132 | 146 147 148 | 173 174 175

164 165 | 201 202 | 216 217 218 | 223 223 225 | 261 262 | 276 27.7 278 | 283 284 ,L 285+ 321 [32.2 14 1.5

16.7 16.8 | 20.3 204 205 | 231 232 | 226 227 228 | 263 264 265 | 291 292 | 286 287 288 | 323 [324 325 1.6

19.1 192 | 206 207 208 | 233 234 235 | 251 252 | 266 267 26.8 | 293 294 295 | 311 312 | 326 327 328 1.7

193 |194 195 | 241 242 | 236 237 238 | 2563 254 255 | 301 30.2 | 29.67..207 298 | 313 314 315 | 3831 332 1.8

196 |19.7 198 | 243 244 245 | 211 212 | 2566 257 258 | 30.3 304 (305 | 271 272 | 316 317 318 |[33.3 334 335

15.5 | |16.1 16.2 | 246 247 248 | 213 214 215 | 221 222 | 306, 80.7 308 | 273 274 275 | 281 282 |[33.6 337 338

Fighire E.7 — Codeword placement for 6 x44 rectangular mapping matrix, first 22 columns
above and last 22 columns below

© ISO/IEC 2020 - All rights reserved 49


https://iecnorm.com/api/?name=35b81dfabd6669431a64f584bca64e12

ISO/IEC 21471:2020(E)

21 22|36 37 38|43 44 45|91 92 |106 107 108|113 114 115|151 152|16.6 16.7 168|173 174 175|211 212|226 227

23 24 25|51 52|46 47 48|93 94 95 121 122|116 117 118|153 154 155|181 182|176 177 178|213 214 215|241

26 27 28|53 54 55|81 82|96 97 98 |123 124 125|141 142|156 157 158|183 184 185|201 202|216 217 218|243

71|66 67 68|33 34 35|41 42136 137 13.8|103 104 105|111 112|196 197 198|163 164 165|171 172|256 257 258

228|233 234 2345|271 272|286 287 288|293 293 295|331 332|346 347 348|353 354 355|391 392|406 407 408,74 [5 75

242|236 237 2948|273 274 275|301 302|296 29.7 298|333 334 335|361 362|356 357 358|393 394 395|411 412 |76 [7 78

244 245|261 2942|276 277 27.8|30.3 304 305|321 322|336 337 338|363 364 365|381 382|396 39.7 "398 |413 414 415 112

247 248|263 244 265|311 312|306 30.7 308|323 324 325|371 372|366 36.7 368|383 384 385Y421 422|416 417 418 3 14

221 222|266 247 268|313 314 315|281 282|326 327 328|373 374 375|341 342|386 387 388|423 424 425|401 40.2 6 17

223 224 225|241 232|316 317 318|283 284 285|291 292|376 37.7 378|343 344, 345/|351 352|426 427 428|403 404 405|72

Figure E.8 — Codeword placement for 6 x 45 rectangular mapping matrix, first 28 columns
above and last 28 colunins below
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Annex F
(normative)

DMRE print quality - Symbology-specific aspects

F.1 General

Becau
para
prov
This a
of ISO

F2 |

F2.1

The fi
symbd
surroy
fixed {f
the rig

clock grack). The alignment bars and internal.cleck track of the alignment pattern shoul

a one-

grading of Fixed pattern damage takes ac¢ount not only of the total number of damageg

also of]

F.2.2

Damag
compd
zones

Figure
L and

portio
and Q7
beyon

ide

be of differences in symbology structures and reference decode algorithms, thee

hnex therefore defines the method of grading Fixed pattern damage to be used in t
IEC 15415 to DMRE.

DMRE Fixed pattern damage

Features to be assessed

ked pattern features to be assessed are contained ifthe one-module wide per
| and the quiet zone of a minimum of one modulewidth (or more if specified by th
nding the symbol. Within internal alignment pdtterns, the alignment pattern is al
attern. The left and lower side of the symbol should form a one-module wide solid
ht and upper sides should consist of alternating dark and light single modules (

module wide solid bar or a series of alternating dark and light single modules res
concentrations of damage.

Grading of the outside 1.-of the fixed pattern

e to each side of the L ‘shall be graded based on the modulation of the individual
se it. These measurements are applied to the full length of the L sides and to the as
n accordance withhvAhnex F.

| F.1 indicatestthe four segments L1, L2, QZL1 and QZL2. Segment L1 is the vertical
extends tethe module in the quiet zone adjacent to the L corner. Segment L2 is {
h of the(L' )and extends to the module in the quiet zone adjacent to the L corner. S¢
[1.2 arethe portions of the quiet zone adjacent to L1 and L2 respectively and exten
1 the-end of L1 and L2 respectively, furthest from the corner and are shown shaded

The ¢

ffect of certain

;

ters on a symbol's reading performance may vary from one symbology to anogher. SO/IEC 15415
es for symbology specifications to define the grading of certain symbology:specific attributes.

he application

imeter of the
e application)
so part of the
"L" shape and
known as the
d similarly be
pectively. The
| modules but

modules that
sociated quiet

portion of the
he horizontal
gments QZL1
d one module

in Figure F.1.

rnér module at the intersection of I.1 and L2 is included in both segments, as

is that at the

intersection of QZL1 and QZL2.
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The procedur

a)

b)

52

L1

IIIIIIIIIIIIIII.

IIIIIIIIIIIIIII.

IIIIIIIIIIIII.

Lz

Figure F.1 — Outside L and corresponding quiet zone segments of fixed pattern

Find the 1
light or d
which is

which is helow the global.threshold, shall be given modulation grade 0.

For each
ISO/IEC 1

1) For ¢

(ZL2x

:

IIIIIIIIIIIIIII.

e described below shall be applied to each segment in turn.

hodulation grade for eachhimodule based on the values in ISO/IEC 15415. Since the in
hrk nature of the module is known, any module intended to be dark but the reflect
hbove the global(threshold, and any module intended to be light but the reflectg

modulation-'grade level, apply the parameter grade overlay technique descri
5415:

ach side of the L (L1 and L2 in Figure F.1) and each quiet zone area (QZL1 and

ended
hince of
nce of

bed in

QZL2,

adjac

g that

grade or a higher grade are module errors, and derive a notional damage grade based on the
grade thresholds shown in Table F.1. Take the lower of the modulation grade level and the

notio

nal damage grade.

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

Additionally, for symbols with more than one data region, repeat steps a) and b) above where L1
and L2 start with the module in the quiet zone and end at the module in the clock track area of
the same data region, and where ZL1 and QZL2 consist of the quiet zone adjacent to these L1 and
L2 segments as shown in Figure F.1. In other words, treat the lower left data region as if it were a
symbol with a single data region. If this grade is lower than that obtained from L1, L2, QZL1 and
QZL2 in steps a) and b) then replace the grade obtained in steps a) and b) with this grade.
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d) Additionally, for segments L1 and L2, verify that all gaps are separated by at least four correct
modules and that no gaps are wider than three modules; if this test fails, the grade obtained from

th

Percentage of modules damaged Grade
0% 4
<9% 3
<13 % 2
<17 94 1
>17 % 0
e) THhe grade for Fixed pattern damage for the segment shall be the highest resulting
m¢pdulation grade levels.
F.2.3 | Grading of the clock track and adjacent solid area segments
This stibclause defines the measurement of damage to the internal alignment patterns (3

and alj
segme
the da
portio

A clod

perpendicular to it and continues to the light module;preceding either the quiet zone or thg

alignni

A solid
adjace
the las
segme
the sa

A soli
adjace
to the
segme

NOTE

full width or hejght of the symbol.

©150/1

|

e above steps shall be reduced to 0 at that modulation grade level.

Table F.1 — Grade thresholds for notional damage

o external clock tracks and associated quiet zone areas. Thes§e)tests are applied sepz
ht of the internal alignment patterns, the clock tracks, and'a@ssociated quiet zone arg
ka region, or individual data regions of larger symbolsi Each segment consists of
h and a solid area portion (which is part either of the/quiet zone or of an internal alig

k track portion commences with a dark module in the L side or internal a

ent bar.

area portion with the alignment bar,net adjacent to a quiet zone commences wif
ht to the first module of the associated clock track portion and continues to the mg
t module of the associated clockitrack portion. Figure F.4 illustrates the struct
hts. The solid segments which €orrespond to portions of the external quiet zone

e way, as shown in Figure E(2.

area portion with the_alignment bar adjacent to a quiet zone commences wit
ht to the first module of the associated clock track portion and continues to the mg
last module of the associated clock track portion. Figure F.4 illustrates the struc
hts.

In a dipection without internal alignment patterns, the external clock track segmentg

grade for all

vhen present)
rately to each
as that bound
a clock track
nment bar).

lignment bar
next internal

h the module
dule one past
ures of these
ire defined in

h the module
dule adjacent
fures of these

extend for the
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V'

a  Solid area [light).
b Solid area [dark).
¢ Lside.
d  Clock track.
¢ Alignment|bar.

Figure F.2 — Structure of external clock track segment and internal alignment pattern segment

NOTE Figyre F.2 depicts an internal alignment’pattern segment which terminates at another ipternal
alignment segrhent of the same colour.

a) For each ¢xternal clock track segment.or internal alignment pattern segment of a symbol (forymulti-
segment $ymbols), damage is measured according to the following procedure.

1) Trangition ratio test.

On eyery clock track-segment in the binarized image, both external (adjacent to the quief zone)
and ipternal (adjacent to the solid internal alignment bar), count the number of transitjons in
the cﬂlock track side; Tc, and the solid line side, Ts, and compute and grade the transition ratio TR
as follows:

Ts’ = Max((0, Ts - 1)

TR = To' // *e
Table F.2 — Grading of Transition ratio
TR Grade
TR < 0,06 4
0,06 <TR<0,08 3
0,08<TR<0,10 2
0,10<TR<0,12 1
TR=0,12 0
NOTE The end points between which transitions are counted are the intersections of grid lines plotted by

the reference decode algorithm in the first and last modules of the clock track or solid area. See Figure F.3.
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sricHnking-module-centresfromreference-decode-algorithm
intersections defining beginning and end of solid area
intersections defining beginning and end of clock track
Perfect symbol: Ts =0, Tc = 11.

Damaged symbol: Ts = 2, Tc = 9.

Figure F.3 — Transitions in perfect symbol (left) and damaged symbol (rig

Notional damage grade

Find the modulation grade for each module baséd on the values in ISO/IEC 15
intended light or dark nature of the module\is known, any module intended to b
reflectance of which is above the global threshold, and any module intended to b

rht)

115. Since the
b dark but the
e light but the

reflectance of which is below the global'threshold, shall be given modulation gragle 0.

i) For each modulation grade leyel:

Assume that all modules not'achieving that grade or a higher grade are modu
derive a notional damage grade based on the following three assessments:

[) Clock track regularity test

For each.segment of clock track, taking groups of five adjacent modules an
along the'segment in steps of one module, verify that, in any group of
modules, no more than two are module errors; if this condition is met, t
regitlarity grade shall be 4, otherwise it shall be 0.

[)_J)Clock track damage test

For each segment, count the number of incorrect modules in the clock

le errors, and

d progressing
five adjacent
he clock track

track for the

segment; the percentage P of incorrect modules over the length of the ar

pa shall result

in the percentage damage grades shown in Table F.3.

I1I) Solid fixed pattern test

For each segment, count the number of incorrect modules in the solid area (internal
alignment bar or external quiet zone area) adjacent to the clock track; the percentage P
of incorrect modules over the length of the area shall result in the percentage damage

grades shown in Table F.3.

Table F.3 — Grading of percentage damage to clock track segments and solid area segments

P Grade
P<10% 4
10% < P<15% 3
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Table F.3 (continued)

P Grade
15% < P<20% 2
20% < P<25% 1
P>=25% 0

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

percentage damage grade.

111) The notional damage orade for the seoment shall he the hichest resulting orade
55O s} s} 55

for all

=

hodulation grade levels.

b) The Fixed pattern damage grade for the segment shall be the lower of the transition ratio’grade and

the notiopal damage grade.

c¢) The overdll Fixed pattern damage grade for the clock track and adjacent solid.area segment
lowest ofthe grades obtained for each of the individual segments.

The shaded greas in Figure F.4 show an example of an internal alignment“pattern segment,

is the

which

includes the clock track portion and solid area portion to which the transition ratio, regularity and solid

fixed pattern ftests are applied.

EEEEERN IIIIIII.

Figure F.4 4 Internal alignment pattern segment which terminates at the external quiet

The shaded afeas in Figure F.5 show an example of a segment of the external clock track and assd
quiet zone to whichsthe transition ratio, regularity and solid fixed pattern tests are applied.

zone

ciated

Figure F.5 — External clock track segment
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Figure F.6 shows an example based on grading the L1 segment of a 12 x 36 symbol, with SC = 89%
and GT = 51%. The reflectance and modulation values, and modulation grade, are shown in Table F.4
for module 0 to 36 in the segment. The extended module on the quiet zone adjacent to the L corner is
indicated as module 0.

1 7 10 12 20 24 30 36

Figure F.6 — Example showing the 37 modules graded for an L side of a 12 x 36 module symbol

Table F.4 — Example of modulation grading of 36-module segment

Modulp 0 1 2 3 4 5 6 [ an| B 9
Refleckance 84 15 13 13 13 9 11 | x84 11 10

0 \

(%) ,

MOD 74 80 86 86 86 94 90 (74) 90 92
MOD (rade 4 4 4 4 4 4 4 0 a 4
Module 10 11 12 13 14 15 16 17 18
Refleqtance 9 11 70 13 12 15 11 11 11
(%)

MOD 94 90 (42) 86 88 80 90 9( 90
MOD Grade 4 4 0 4 4 4 4 4 4
Module 19 20 21 22 23 24 25 26 27
Refleqtance 27 11 14 10 13 50 12 11 14
(%)

MOD 54 90 83 92 88 2 88 90 83
MOD Grade 4 4 4 4 4 0 4 4 4
Module 28 29 30 31 32 33 34 35 36
Refleqtance 13 12 37 13 12 13 11 13 12
(%)

MOD 86 88 31 86 88 86 90 86 88
MOD Grade 4 4 2 4 4 4 4 4 4
NOTE Modules 0, 7 and 12 are clearly light; module 24, and to a lesser extent module 30, suffer from low
modulation.

Based upon these values, the segment grading would be as shown in Table F.5.
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Table F.5 — Example of grading segment

MOD grade No. of Cum. No. Of | Remainder Damaged Notional Lower of
level modules modules "damaged" modules % |damage grade grade
modules

4 33 33 4 10,8 2 2
3 0 33 4 10,8 2 2
2 1 34 3 8,1 3 2
1 0 34 3 8,1 3 1
0 3 37 0 0 4 0

il Croda for cagroant bhighact ofloct ol o 2

Einal-Gradeforsegment—highestofHastcolomn 2

F.2.4 Calcdlation and grading of average grade

In addition td the assessment of the individual segments, a calculation of AG (average‘grade) [is also
made to take| account of the cumulative effect of damage that is of relatively minér significgnce in
individual segments but that affects several segments. This is based on averaging the grades for|L1, L2,
QZL1, QZL2 and the overall clock track and adjacent solid area segment grade.

Once all segmlents have been graded, calculate the average grade, AG:

AG=S/5
where
S isthgsum of the segment grades.

Assign a gradp to AG in accordance with Table F.6.

The Fixed pafftern damage grade for the symbol.§hall be the lowest of the five segment grades and the
grade for AG.

Table F.6 — Grading of AG

Mean of five segment grades Grade
4 4
23,5 3
23,0 2
22,5 1
<2,5 0

Examples:

1) Assume that four of the five segments are graded 4, and one is graded 1. Then
@x4)+1x1)=17
SoAG=17 /5=3,4

From Table F.6, a mean of 3,4 will be graded 2. The lowest of the 6 grades is 1, and the symbol Fixed
pattern damage grade is therefore 1.

2) Assume that three of the five segments are graded 4, one is graded 3 and one is graded 1. Then
Bx4)+(1x3)+(1x1)=16
SoAG=16/5=3,2
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