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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electro
Commission) form the specialized system for worldwide standardization. National bo
are members of ISO or IEC participate in the development of International Standards

2020(E)

technical
dies that
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
take part in the work.

IEC, also

THe procedures used to develop this document and those intended for its further maintelllance are

dgscribed in the ISO/IEC Directives, Part 1. In particular, the different approval critéria’n
the different types of document should be noted. This document was drafted in accordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this document may be th
of| patent rights. ISO and IEC shall not be held responsible for identifying any or all su
rights. Details of any patent rights identified during the development of\the document will
Infroduction and/or on the ISO list of patent declarations received (seewww.iso.org/patents)

stitute an endorsement.

Fgr an explanation of the voluntary nature of standards, the meaning of ISO specific t
ressions related to conformity assessment, as wellYas information about ISO's adheren
rld Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT) see ww}
is¢p/foreword.html.

This document was prepared by Joint Techifical Committee ISO/IEC JTC 1, Information te
Subcommittee SC 31, Automatic identification and data capture techniques.

peded for
with the

e subject
Ch patent
be in the
br the [EC

does not

brms and
ce to the

v.iso.org/

chnology,

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies cafn be found at www.iso.org/members.html.
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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 this document as a dark symbol on light background, rectangular data matrix symbols can
also be printed 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 docu

This docu

£ L ds 1 dal | £ ol RN el £, | | | i+l
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recogniz¢ DMRE symbols. Only equipment that is enabled and configured to support DMRE will

capable of printing and scanning the new rectangular formats. To avoid user confusion due to this fa

a separat

Manufact

e and complete document was developed.

symbologdy specifications to which they can refer when developing equipmernt and applicati

standard

Vi

5. The publication of standardized symbology specifications is designed to achieve this.

ment is published separately because existing equipment supporting ISO/IEC 16022 will 1

ot
be
ct,

urers of bar code equipment and users of the technology require publicly-available standajrd

pn
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Information technology — Automatic identification and
data capture techniques — Extended rectangular data
matrix (DMRE) bar code symbology specification
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is document defines the requirements for the symbology known as extended rectangutar.dd

'mats, dimensions and print quality requirements, error correction rules, decoding algor
er-selectable application parameters.

hpplies to all DMRE code symbols produced by any printing or marking technb6logy.

iginal data matrix code sizes are not covered by this document but defined in ISO/IEC 16
e same matrix placement, decoding and error correction algorithm:

Normative references

e following documents are referred to in the text in.stch a way that some or all of thei

ta matrix

MRE). It specifies the DMRE code symbology characteristics, data character encodation, symbol

thm, and

D22 using

r content

copnstitutes requirements of this document. For dated, seferences, only the edition cited applies. For

ur
IS
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dated references, the latest edition of the referenced document (including any amendmentg
D/IEC 646, Information technology — ISO 7-bit goded character set for information interchang

D/IEC 8859-1, Information technology — 8-bit single-byte coded graphic character sets — Pa
bhabet No. 1

D/IEC 15415, Information technology — Automatic identification and data capture techniqy
e symbol print quality test specification — Two-dimensional symbols

D/IEC 19762, Information technology — Automatic identification and data capture (AIDC) tec]
rmonized vocabulary

D/IEC 29158:—1), [nformation technology — Automatic identification and data capture tecH
rect Part Mark (DPM) Quality Guideline

ptations

) applies.
e

't 1: Latin

es — Bar

niques —

niques —

Terms,definitions, symbols and abbreviated terms and mathematical /logical

3.

1C~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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3.1.1

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 fandomising
procedurg which converts an original bit pattern to another bit pattern by inverting selected bits

Note 1 to ¢ntry: The resulting bitstream is less likely to have repeating patterns.

3.2 Symbols and abbreviated terms

d number of error correction codewords

e number of erasures

N the numerical base in an encodation scheme
p number of codewords reserved for error detection
S symbol character

t number of errors

X horizontal and vertical width of a module

€ error correction codeword

DMRE extended rectangular data matrix

ECI extended channel intefpretation

DPM direct part marking

3.3 Mathematical/logical notations

div integetdivision operator

mod integer remainder after division

XOR exclusive-erlogic funetion-whese eutputisene enly-whenits tweo-inputsare peteqguivalent
LSB least significant bit

MSB most significant bit

4 Symbol description

4.1 Basic characteristics

DMRE is a two-dimensional matrix symbology.

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

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.

d)

f)
g)

T}

b)

.2 Summary of additional features

e following summarizes additional features which are inherent or optional in DMRE:

I'h1is document specities DMRE symbols in terms of dark modules marked on a light ba
However, 4.2 provides that symbols may also be produced with the module’s colours)te
such symbols, dark modules would be a binary zero, and light modules would be abinary

Symbol size in modules (not including quiet zone): 8 x 48 to 26 x 64 even values\only (see

Symbol 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 1
are not covered by this document. These rectangular data matrix sizes are fully compa
this document.

Data 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.

Code type: rectangular matrix.

Orientation independence: yes.

Error detection and correction: ECC 200 Reed Solomon. No support for ECC 000 to ECC 14

Reflectance reversal (inherent): symbols are intended to be read when marked so that th
either dark on lightorlight on dark (see Figure 1). The specifications in this document arg
dark images on adight background, therefore references to dark or light modules should b
references to light or dark modules respectively in the case of symbols produced with rg
reversal.

Extended{channel interpretations (ECI) (optional): this mechanism enables characters fi
charactér sets (e.g. Arabic, Cyrillic, Greek, Hebrew) and other data interpretations or
specific requirements to be represented.

kground.
rersed. In
1.

Table 7).

6022 and
rible with

0.

P image is
based on
p taken as
flectance

om other
industry-

Structurad anpnand (antiana: thic allawse filac Af A4~ +0 hao ranracantad 1n yn +0 16 o
otHaeetHe P10 HSa WSt e 5—e+—adtad—+t6—e-fFepresSehreati—up—+to—=o-+e

ctangular

o CoppeTTer

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
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on all four sides by a quiet zone border. Figure 1 illustrates two representations of a rectangular data

matrix sy

+

mbol.

+

J’_

a) DMRE, dark on light b) DMRE, light on dark

4.3.2 F

The finde
and lowe
physical

dark and
can assis
corner m

433 S

DMRE co
rectangu
code sym
complete

5 DMRE code requirements

5.1 En

This sub
more det
datatoa

Step 1: D¢
As DMRH

converted into codewadrds more efficiently than the default scheme, analyse the data stream to ident

the varie
encodatid
number ¢

Figure 1 — DMRE "A1B2C3D4E5F6G7H8I9J0K1L2"

inder pattern

I pattern is a perimeter to the data region and is one module wide. Two adjacent sides, the |

5ize, orientation and symbol distortion. The two opposite sides are midde up of alternati
light modules. These are used primarily to define the cell structuye of the symbol, but al
in determining physical size and distortion. The extent of the quietzone is indicated by t

hrks in Figure 1.

ymbol sizes and capacities

He symbols have an even number of rows and an eyerixnumber of columns. The symbols 3
ar with sizes from 8 x 48 to 26 x 64 not including quiet zones. For all rectangular data mati
bols the upper right corner module is light in the"dark on light version (see Figure 1). T
attributes are given in Table 7.

roding procedure overview

lause provides an overview\of the encoding procedure. The following subclauses provi
ils. An encoding examplelfor DMRE code is given in Annex H. The following steps convert ug
PDMRE code symbol:

ta encodation

code includes various encodation schemes that allows a defined set of characters to

'y of different characters to be encoded. Insert additional codewords to switch between t
n schemies and to perform other functions. Add pad characters as needed to fill the requir
f codewords. If the user does not specify the matrix size, then choose the smallest size th

pft

- sides, forming the L boundary, are solid dark lines; these are used primarily to determipe

ng
SO
he

ix
he

er

be
fy
he
ed
at

accommao

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

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.

© ISO/IEC 2020 - All rights reserved
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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
a2 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.

bp 2: Error checking and correcting codeword generation

nerate the error correction codewords for the result codeword streany from above step. 'l
this process expands the codeword stream by the number of error correction codewords.
For correction codewords after the data codewords.

bp 3: Module placement in matrix

hce the codeword modules in the matrix. Insert the alignmrent pattern modules, if any, in th
d the finder pattern modules around the matrix.

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

.2 Data encodation

2.1 Overview

e data may be encoded using any;combination of six encodation schemes (see Table

codation is the basic scheme. All other encodation schemes are invoked from ASCII encod|
furn to this scheme. The compaction efficiencies given in Table 1 need to be interpreted
e best scheme for a given sef of data may not be the one with the fewest bits per data ch
e highest degree of compaction is required, account has to be taken of switching between e}
hemes and between code-$ets within an encodation scheme (see Annex I). It should also be 1
en if the number of-cedewords is minimized, the codeword stream sometimes needs to be

fill a symbol. This{ill process is done using pad characters.

.2 Default character interpretation

e default*Character interpretation for character values 0 to 127 shall conform to ISO/IEC
fault \character interpretation for character values 128 to 255 shall conform to ISO 88
aphical representation of data characters shown throughout this document complies with t

he result
Place the

e matrix.

[1). ASCII
ation and
carefully.
hracter. If
ncodation
oted that
pxpanded

646. The
59-1. The
he default

in

sequences, see 5.4. The default interpretation corresponds to ECI 000003.

5.2.3 ASCII encodation

D Tl - b dnndn 1 1 | > d a | | 1 1. dn PR LI I
CCT PTTTatioN. I I11s HTtTT PTretatiolr call 0T CIIaiget USTITg TX tCITaTT CITalIeT HIter pretatior (LU ) escape

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.
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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 ENC1
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 encodatjex

5.2.4 Symbology control characters

5.2.4.1 |General

DMRE cdde symbols have several special symbelegy control characters, which have particular
significarjce to the encodation scheme. These characters shall be used to instruct the decoder to perfofm
certain fynctions or to send specific data to the host computer as described in 5.2.4.2 to 5.2.4.10. Thdse
symbology control characters, with the exception of values from 242 through 255, are found in the
ASCII endodation set (see Table 2).

5.2.4.2 |Latch characters

A Latch character shall be used-toswitch from ASCII encodation to one of the other encodation schemes.
All codewords which follow~a-Latch character shall be compacted according to the new encodatipn
scheme. The encodation sehemes have different methods for returning to the ASCII encodation set.

5.2.4.3 |Upper shiftcharacter

The Uppdr shiftharacter is used in combination with an ASCII value (1 to 128) to encode an extend
ASCII chajracte¥’ (129 to 255). An extended ASCII character encoded in the ASCII, C40, or Text encodatipn
scheme requires a preceding Upper shift character and the extended ASCII character value decreasgd
by 128 is i i : TOTT, er
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

co

ntinuing 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.

In
of]
ch

To
sh
th
an

5.

DI
TH
ce
sh
TH

sufffix to the data stream. The symbolegy identifier, if used, shall precede the header.

5.2.4.9 Structured append character

A
se

.2.4.7 FNC1 alternate data type identifier

D.4.6 Shift characters in C40 and Text encodation

C40 and Text encodation, three special characters, called shift characters, are used-\as a pre
40 values to encode about three quarters of the ASCII characters. This allows'the remain
aracters to be encoded in a more condensed way with single values.

encode data to conform to specific industry standards as authorized by AIM Inc., a FNC1

all appear in the first or second symbol character position (or in the fifth or sixth data pg
e first symbol of Structured Append). FNC1 encoded in any other position is used as a field
d shall be transmitted as g control character (ASCII value29).

.4.8 Macro characters

IRE provides a means of abbreviating an industry specific header and trailer in one symbol
is feature exists to reduce the number of symbol characters needed to encode data in a syn
rtain structured formats. A Macro charactef’shall be in the first character position of a syn

e header shall be transmitted as a prefix to the data stream and the trailer shall be transm

Table 3 — Macro functions

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

Struétured append character is used to indicate that the symbol is part of a Structure
guence according to the rules defined in 5.6.

fix to one
ing ASCII

character
sitions of
separator

character.
bol using
bol. They

all not be used in conjunction with Structured append and their functions are defined iy Table 3.

itted as a

d append

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.
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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 assig
character

As a first
complete
one or tw
value acc
codewortg

5.2.5.2

s, pointing to one of the 3 remaining subsets, followed by one of the C40 values (use Tablé B.

stage, each data character is converted into a single C40 value or a pair of C40 yalues. T
string of C40 values is then decomposed into groups of three values (special,fules apply
o values remain at the end, see 5.2.5.3). Each triplet (C1, C2, C3) is then encoded'into a 16-
brding to the formula: (1600*C1) + (40*C2) + C3 + 1. Each 16-bit value is then iseparated int
s by taking the most significant 8 bits and the least significant 8 bits.

Switching to and from C40 encodation

hed to a single C40 value. Characters of the other sets are assigned to one of the three shift

1).
he
if
hit
2

It is possible to switch to C40 encodation from ASCII encodation using the'appropriate latch codeword

(230). Co
codeword
end of the

5.2.5.3

Each pair

significar
(160

which pr
codeworg
appropriz
end of the

The follo

start of the error correction.cedewords:

a) Iftw
both
final

b) If tw
may

Heword 254 immediately following a pair of codewords in.C40 encodation acts as an Unlat]
to switch back to ASCII encodation. Otherwise, the C40)encodation remains in effect to t
data encoded in the symbol.

C40 encodation rules

of codewords represents a 16-bit value where the first codeword represents the mc
t 8 bits. Three C40 values (C1, C2, C3) shallbe encoded as:

*C1)+ (40*C2) +C3 + 1

bduces a value from 1 to 64000: Figure 2 illustrates three C40 values compacted into ty
s. Characters in the Shift 1, Shift 2 and Shift 3 sets shall be encoded by first encoding t

ite shift character, and themthe C40 value for the data. C40 encodation may be in effect at t
symbol's codewords which encode data.

ving rules apply when only one or two symbol characters remain in the symbol before t

h symbol chapacters remain and three C40 values remain to be encoded (which may inclu
data and shift characters), encode the three C40 values in the last two symbol characters
Unlatch.codeword is not required.

ch
he

st

VO
he
he

be-a shift or data character but the second shall represent a data character), encode the t

b symbol characters remain and two C40 values remain to be encoded (the first C40 Va;l_;e

(0]

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.

c) 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 character 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

In
th
th

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

[1

In

appropriate C40 value.

5.

5.

Te
It
di
TH

5

It
(2
CO|
en

.2.5.4 Use of Upper shift with C40

.2.6.2 Switching to and from Text encodation

Figure 2 — Example of C40 encoding

C40 encodation, the Upper shift character is not a symbology function ¢haracter but a sh
e encodation set. When a data character from the extended ASCII chafacter range is enc
ree or four values in C40 encodation need to be encoded according t6 the following rule:

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

the rule the number in [ ] equates to the C40.alues from Table B.1; V has been used to in

.6 Text encodation

P.6.1 General

is similar in structure to,the C40 encodation set, except that lower-case alphabetic charg
Fectly encoded (i.e. without using a shift). Upper-case alphabetic characters are preceded by
e full Text encodatieircharacter set assignments are shown in Table B.2.

s possibleto switch to Text encodation from ASCII encodation using the appropriate latch

39). Codeword 254 immediately following a pair of codewords in text encodation acts as a
deword to switch back to ASCII encodation. Otherwise, the Text encodation remains in eff]
d-of the data encoded in the symbol.

ift within
puntered,

licate the

xt encodation is designed te.encode normal printed text, which is predominantly lowercase characters.

cters are
a Shift 3.

rodeword
n Unlatch
et to the

5.2.6.3 Text encodation rules

The rules for C40 encodation apply.
5.2.7 ANSIX12 encodation

5.2.7.1 General

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
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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
4to13 0to9 48 to 57
14 to 39 AtoZ 65t090

5.2.7.2 |Switching to and from ANSI X12 encodation

It is posdible to switch to ANSI X12 encodation from ASCII encodation using the/appropriate latich
codeword (238). Codeword 254 immediately following a pair of codewords_innANSI X12 encodatipn
acts as arLUnlatch codeword to switch back to ASCII encodation. Otherwisg,'the ANSI X12 encodatipn
remains in effect to the end of the data encoded in the symbol.

5.2.7.3 |ANSI X12 encodation rules

The ruleq of C40 encodation apply. The exception is at the end.ef encoding ANSI X12 data. If the dqta
charactelfs do not fully utilize pairs of codewords, then following the last complete pair of codewords
switch to[ASCII using codeword 254 and continue using ASCIl encodation, except when a single symhol
charactei]is left at the end before the first error correction.character. This single symbol character udes
the ASClI|encodation scheme without requiring an Unlatch codeword.

5.2.8 EDIFACT encodation

5.2.8.1 |General

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

5.2.8.2 |Switching to andfrom EDIFACT encodation

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

5.2.8-3 EDIFACT CllLUddtiUll I ulcb

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'valuge

Data characters D A T A

Binary values (B.3) 00 01 00 00 00 01 01 01 00 00 O(r 01
Pivide into 3 8-bit bytes 00 01 00 00 00 01 0t 01 00 00 O(l 01
Codeword values 16 21 1

Figure 4 — Example of EDIFACT encodation

5.2.9 Base 256 encodation

5.2.9.1 General

The Base 256 encodation scheme shall be'used to encode any 8-bit byte data, including extende

d channel

inferpretations and binary data. Thedefault interpretation is defined in 5.2.2. The 255-Statle pattern

raphdomising algorithm is applied toréach Base 256 sequence within the encoded data (see T
It ptarts after the latch to Base 256 encodation and ends at the last character specified by the
figld length.

5.2.9.2 Switching toand from Base 256 encodation

It [is possible to switch to Base 256 encodation from ASCII encodation using the appropr
codeword (231)At the end of Base 256 encodation, encodation automatically reverts
encodation. The-appropriate EC], if other than the default, shall be invoked prior to switching
sefjuence need not occur immediately before switching to Base 256 encodation.

5.2.9.3 { Base 256 encodation rules

able B.2).
Base 256

jate latch
to ASCII
b. The ECI

" 1 —_— oy h +1 £ : L1 + £ 1 1 1 1 £ +1
Al LT SWILLIITE LU DdST 200 CIICOUAUIULI, LIIC TIT ST OIIT Lulj Ul tWU Lul, Uz) COUCWOTIUS UCTIIIT UIC

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

© ISO/IEC 2020 - All rights reserved
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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

retation
Fetratioh

The use ¢f an alternative extended channel interpretation to identify a particular code page ot indre
specific dpta interpretation requires additional codewords to invoke the feature. The use of the'extended
channel ipterpretation 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).

DMRE cofle has 12 rectangular symbol configurations. The size and shape may'‘be selected to suit the

5.4 Extended channel interpretation

5.4.1 General

The extgnded channel interpretation (ECI) protocol allows the output data stream to have
interpretptions different from that of the default charactéc'set. The ECI protocol is defined consistently
across a jumber of symbologies. Four broad types of interpretations are supported in DMRE:

a) interhational character sets (or code pages);

b) general purpose interpretations such as encryption and compaction;
c) user flefined interpretations for closed’systems;

d) contifol information for Structured append in unbuffered mode.

The ECI pirotocol is fully specified.in Reference [5]. The protocol provides a consistent method to spec|fy
particulaf interpretations on-byte values before printing and after decoding. The ECI is identified py
a 6-digit humber which isencoded in the DMRE symbol by the ECI character followed by one to three
codewords. Specific interpretations are listed in AIM Inc. Extended Channel Interpretations Character et
Register. [[he ECI can.only be used with readers enabled to transmit the symbology identifiers. Readdrs
that are jot enabléd to transmit the symbology identifier shall not transmit the data from any symlol
containing an ECI-An exception can be made if the ECI(s) can be handled entirely within the reader.

A specifigdlECI 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

Cddewords:

[2K1] [(90000 - 16383) div 64516 + 192] [((90000 - 16383) div 254) mod 254 + 1] [(900000 - 16383) mod
294 + 1]

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

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

ECI assignment value Codeword Codeword values Rangges
sequence
000000 to 000126 Cy 241
C; ECI no+1 C;=(1to127)
000127 to 016382 Cy 241
C; (ECLno - 127) div 254 + 128 C;=(1281t0 191)
C, (ECL.no;7*127) mod 254 + 1 C,=(1to 254)
0016383 to 999999 Cy 241
C; (ECL_no - 16383) div 64516 +192 C; = (192 to 2(7)
C, [(ECLno - 16383) div 254] mod 254 + 1 C,=(1to 254)
C; (ECLno - 16383) mod 254 + 1 C;=(1to 254)

5.4.3 ECIs and Structured.append

E(QIs may occur anywhere in the message encoded in a single or Structured append (see 5.6) det of data
rectangular data mdtrix symbols. Any ECI invoked shall apply until the end of the encoded datp, or until
arfother ECI is encountered. Thus the interpretation of the ECI may straddle two or more symbpols.

5.4.4 Paost-decode protocol

The protocol for transmitting ECI data shall be as defined in 10.5. When using ECIs, symbology
identifiers (see 10.6) shall be fully implemented and the appropriate symbology identifier trgnsmitted

Ll
aS ad lJl CAalliyiIc,

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:;
matrix block | caved words | 00
. size blocks Alpha- used for_
Row | Col | Size | No. Data |Error|Data |Error Num. b | Byte |€ITOr COT"|  Erpor/
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 6x7/2 32 22 32 22 1 o4 46 30 40,7 11/19
8 96| 6x22 | 4 6 x 88 38 28 38 28 1 76 55 36 42,4 14)25
8 |120/| 6x18 | 6 | 6x108 49 32 49 32 1 98 72 47 39,5 16/29
8 |144{| 6x22 | 6 | 6x132 63 36 63 36 1 126 93 61 36,4 18/33
12 | 64]|10x14| 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||14x14| 4 14 x 56 62 36 62 36 1 124 91 60Q 36,7 18/33
20 | 36||18x16| 2 18 x 32 44 28 | 44 28 1 88 64 42 38,9 14/25
20 441118x20| 2 18 x 44 56 34 56 34 1 112 82 54 37,8 17/31
20 64|(18x14 | 4 18 x 56 84 42 84 42 1 186 124. 82 33,3 21/39
22 | 48[[20x22| 2 | 20x44 72 38 72 38 1 144 106 70 34,5 19/35
24 | 48]|22x22| 2 | 22x44 80 41 80 41 1 160 118 78 339 20/38
24 | 64||22x14| 4 | 22x56 | 108 | 46 | 108 | 46 1 216 160 106 299 23/43
26 | 40]|24x18| 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||24x14| 4 | 24x56 | 118 | 50 | 118 | 50 1 236 175 116 29,8 25/47

a2 Symbdl size does not include quiet zones.

b Based|on text or C40 encoding without switching or shifting; for other encoding schemes, this value may vary dependihg

on the mixjand grouping of character sets.

¢ See5.].3.

5.5.2 Imsertion of alignment patterns into larger symbols

As showh in Table 7, rectangular symbols are divided into two or four data regions (see also
Figures (.1 and C.2). These 'data regions are bound by alignment patterns. The alternating dark
modules pf the alignment-pattern shall be to the top and right of a data region and identify the even
columns fnd rows.

5.6 Structuredappend

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 UU1U S 111U
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

Td indicate the 3rd symbol of a set of 7, this shallibe encoded as follows:
3rd position: 0010

Tdtal 7 symbols: 1010

Bif pattern: 00101010

Cddeword value: 42

5.6.3 File identification

The file identification is defined by the value of its two codewords. Each file identification ¢odeword
may have a value’of 1 to 254, allowing 64516 different file identifications. The purpose ¢f the file
identificationiis to increase the probability that only logically linked symbols are processed ps part of
the same message.

5.64 ™ 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://standardsiso.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 pe
according to Table D.1.

5.7.2 enerating the error correction codewords

The erroyf correction codewords are the remainder after dividing the data codewords,by a polynomjal
g(x) used[for Reed-Solomon codes (see D.1).

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

The data podewords are the coefficients of the terms of a polynomial with'the coefficient of the highgst
term being the first data codeword and the lowest power term being the last data codeword befdre
the first error correction codeword. The highest order coefficient of the remainder is the first error
correctioh codeword and the zero power coefficient is the last error correction codeword and the 13st
codeword. This can be implemented by using the division cireuitas shown in Figure 5. The registersjp,
through by, . ; are initialised as zeros. There are two phases to generate the encoding. In the first phage,
with the $witch in the down position, the data codewords:are passed both to the output and the circyit.
The first phase is complete after n clock pulses. In thetsecond phase (n + 1 ... n + k clock pulses), with
the switch in the up position, the error correction codéwords ¢, _4, ... ,&, are generated by flushing the
registersfin order while keeping the data input at 0, The codewords output from the shift register are|in
the order|that they are to be placed in the symbok

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

codewords, respectively.

Yo 91 i1

bo [ b1 _‘> bk—l

Key

@ GF(256) addition

X GF(256) multiplication
a Input.

b Output.

¢ Switch.

Figure 5 — Error correction codeword encoding circuit
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5.7.3 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:

wiere

e+2t<sd-p

In
th

ha

Gi

u§

1y
2)
3)

5.

m

.B Symbol construction

.8.1 General

E4ch symbol character-shall be represented by eight modules which are nominally square
each module represents a binary bit. A dark module is a one and a light module is a zero.
bdules are in order from left to right and top to bottom to form a symbol character as [shown in
Figure 6. Becduse the symbol character shape defined in Figure 6 cannot be perfectly nesf
syjmbol boundary, some symbol characters are split into portions. Symbol character plagement is
ddfined in-the C language program in Annex E, described in E.2 and illustrated in E.3.

e isthe number of erasures;
t is the number of errors;
d is the number of error correction codewords;

p isthe number of codewords reserved for error detection.

If the number of error correction codewords, p = 3.

ing the following steps:
place codeword modules in a mapping matrix;
insert alignment pattern modulesg, if any;

place finder modules along the perimeter.

B.2  Symbol characterplacement

©
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the general case, p = 0. However, if most of the error correction capacity is used to correct|erasures,
en the possibility of an undetected error is increased. Whenever, thenumber of erasures is thore than

ven the codeword sequence obtained in the previous sections, DMRE code symbol is cohstructed

in shape;

The eight

ed at the
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1 2
LSB
3 4 5
6 7 8
MSB

Key
LSB  leafpt significant bit
MSB  most significant bit

Figure 6 [— Representation of a codeword in a symbol character for rectangular data matrix cofle

5.8.3 lignment pattern module placement

The mapping matrix is sub-divided into dataregions, of the sizes.defined in Table 7, for the chosen symhol
format. The data regions are separated from each other by two-module-wide alignment patterns. This
results i1l some of the symbol characters being split betwéen two adjacent data regions. One or tyo
vertical alignment patterns are placed between the data‘regions as shown in Figures C.1 and C.2.

5.8.4 Fjinder pattern module placement

Modules gre placed along the perimeter of the‘matrix to construct the finder pattern as described in 4.3, 2.

6 Sympbol dimensions

6.1 Dimensions
DMRE symbols shall conforin to the following dimensions:

- X dirIension: the‘width of a module shall be specified by the application, taking into account the
scanning technelogy to be used, and the technology to produce the symbol.

— Findgr pattern: the width of the finder pattern shall equal X.

— 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.
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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.

N(
An

7.

T}
IS

7.
T}

TE The measurements and values defined in Annex F override those indicated in ISO/IEG 1]
nex A.
.2 Scan grade and overall symbol grade

e grading method of ISO/IEC 15415 shall be used. In case of DPM symbols, the ext
D/IEC 15415, which is ISO/IEC 29158.—3), shall be used.

.3 Grid non-uniformity

e ideal grid is calculated by using the four corner points of the sampling grid for each datar

supdividing it equally in both axes.

7.

Th
De

gr

.4 Decode

e reference decode algorithm specified in this document shall be applied to determine the
code. A failure of the reference decode algorithmto successfully decode the symbol shall 1
nde of 0 for decode. Reference decode defines the actual grid to be compared with the ideal

B Process control measurements

415:2011,

ension of

pgion and

grade for
esultin a
orid.

variety of tools and methods can(be used to perform useful measurements for monit

7.
A
c

trolling the process of creatingdDMRE symbols. These are described in Annex . These tech

ring and
niques do

ndt constitute a print quality check of the produced symbols (the method specified earlier in this clause
arld Annex F is the requiredsmethod for assessing symbol print quality), but they individually and

C

lectively yield good indications of whether the symbol print process is creating workable s

Reference decede algorithm for DMRE
is referencedecode algorithm finds a matrix code symbol in an image and decodes it.
Define\mieasurement parameters and form a digitized image:

1)_Define a distance d
will be the minimum length of the "L" pattern's side.

ymbols.

which is 7,5 times the aperture diameter defined by the applicTion. 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,;,
minimum module size when the aperture size is 80 % of the symbol’s X dimension.

2)
3)

©
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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)

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 pdgp starting point, or the pdgp turns

—n
—
L

....
S

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

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

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

II) Test whether the intermediate edge points lie within 0;5m_;, from line A. If $o,
continue to step III. Otherwise proceed to step 1)iv) to follow the edge in the opposjte
direction.

IIT) Continue following the edge upward 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 edge pojnt
along the edge before the departing point and save this as the edge end point. This
edge point should be along the "L" candidate’ outside edge.

IV) Continue following the edge downward until the edge departs 0,5m_;, from line|A.
Back up to the closest edge point greater than or equal to m,,,;,, from the last edge polnt
along the edge before the depafbting point and save this as the edge end point. This
edge point should be along thé."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 points|to
select the proper dependent axis, i.e. if closer to horizontal, the dependent axis is|x)
applied to each point. The "best fit" line terminates lines at points p1 and p2 that qre
the points on/the "best fit" line closest to the end points of the edge.

VI) Save thetwd end points, pl and p2, of the line A1 segment. Also save the colour of the
left side of the edge viewed from p1 to p2.

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

If neither steps iii) or iv) were successful, test if both the upward and downward eddes

vi)

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

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.

iii) Verify that the two lines have the same saved colour if their p1 to p2 directions are the same
arthatthe saved colours are opposite iftheir p1 to p? directions are opposite ta each other.

4)

5)
6)
7)

8)

9)

iv) Form two temporary lines by extending each line to reach the point on the-€xtémsion that
is closest to the furthest end point of the other line segment. Verify that the two(extended
lines are separated by less than 0,5m_;,, at any point between the two extended ljnes.

For each pair of lines meeting the criteria of step 3) above, replace the\pair of line gegments
with a longer A1 line segment that is a "best fit" line to the four end points of the pair pf shorter
line segments. Also save the colour of the left side of the edge of the new longer lije viewed
from its p1 end point to its p2 end point.

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

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

min*
Look for pairs of "L" side candidates that meet thefollowing three criteria:

i) Verify that the closest points on each lineare separated by less than 1,5g,,,.
ii) Verify that they are perpendicular within 5 degrees.

iii) Verify that the same saved colouf<is on the inside of the "L" formed by the two 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 side,or sides before they can become "L" candidates.

For each candidate "L" pair‘found in step 7), form an "L" candidate by extending the gegments
to their intersection point.

If the "L" candidate was formed from line segments with the colour white on the|inside of
the "L", form_a  colour inverted image to decode. Attempt to decode the symbol starfting with
the appropridte normal or inverted image starting from step d) below using each pf the "L"
candidatesfrom step 8) as the "L" shaped finder. If none decode, proceed to step c).

c)| Maintain-the line A1l line segments and "L" side candidates from the previous steps.|Continue

1

searchiing for "L" candidates using horizontal and vertical scan lines offset from previous gcan lines:

Using a new horizontal scan line 3m,;, above the centre horizontal scan line, repeat the process
in step b)1), except starting from the offset from the centre point, and then b)3) through b)9). If

2)

3)

there 1s no decode, proceed To the next step.

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

Repeat step 1) above except using a new horizontal scan line 3m,,;,, below the centre horizontal
scan line. If there is no decode, repeat step 2) above except using a new vertical scan line 3m,;,
right of the centre vertical scan line. If there is no decode, proceed to step 4) below.
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4) Continue processing horizontal and vertical scan lines as in steps 1) through 3) that are 3m

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:

22

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.

Left s¢arch line.
Right[search line.
"L" side.

Figure 7 — Search lines

xO
s each side is moved by the size ogf}.?mage pixel, count the number of black/white and white/

lack transitions, beginning and ing the count with transitions from the colour of the

Lu

ide to the opposite colour. A transition from one colour to the other is to be counted only wh|

olour, opposite to the p usly counted transition colour. As each side is moved by a pi
lot the number of transitions, T (Figure 8). Continue until the parallel line moves further th
he perpendicular I@the “L” plus 10 %.

(o il oo T 0 MK o o 2 M o il

he current search line as wellas the search lines immediately above and below have the sa)Te
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T A 3
50 ¢
40 ¢
30 /
10
0 b b >
X
Kdy
X | distance from L corner
T | Tvalues
a Peak.
b 1 Valley.

(3}

Candidate peak to valley descenders.
Figure 8 — Example plot of T as-the search line expands

3) Starting from the origin of the plot, far* each direction, find the first instance of 4 Tg value
(Ts = maximum of zero and T - 1)_that is less than 15 % of the preceding local mgximum T
value, provided that T value is greater than 1. Increment this X value until the T vd4lue stops
decreasing. If the T value does not increase, increment the X value once more. Refey to this X
value as the valley. Incremenf.the local maximum X value until the T value decreases|and refer
to this X as the peak. Refet to the average of the peak and valley X values as the descending line
Xvalue. The valley line.at-this point may form a side of a symbol or data region.

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

e)| For each of the<two sides of the alternating pattern, find the line passing through the centre of the
alternatinglight and dark modules:

1) Fareach side, form a rectangular region bounded by the side’s peak and valley seardh lines as
the longer two sides of the rectangle, and the “L” side and the other side’s valley searfch line as
the shorter two sides, as shown in Figure 9.
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a Peak line.

b Valley
¢ Recta
d  Lbou

i

—n

line.

hgular region.

hdary.

Figure 9 — Rectangul@@egion construction

xO
2) Within the rectangular region, find\@@l edge pairs on the outside boundary of teeth:

Traverse test lines starting.v\gt‘h and parallel to the valley line looking for transitions to t

opposite colour normal thogonal to the test line. Select only transitions that are either

dark to light or light t§ dark where the first colour matches the predominate colour of
image along the Vall@line.

Q

) Ifthe number Qigansitions found is less than 15 % of the number of pixels comprising t

valley line, Gg he test line is not the peak line, move the test line toward the peak li
by nomi one pixel and repeat step i), now considering new transitions in addition
those already found. If the 15 % criterion is met or the peak line is reached, continue to t
next , otherwise continue searching from step d)6) for the next left peak and valley.

Chetween the selected pixel pairs.

i) /C\aVEulate a preliminary "best fit line" with linear regression using the points on the edlge

iv) 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
line" in Figure 10.

fit

3) For each side, construct a line parallel to the step €)2) line which is offset toward the “L” corner
by the perpendicular distance from the “L” corner to the peak search line divided by twice the
number of transitions in the peak search line plus one:

24
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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 lines should correspond to the mid-line of the alt @(i
pattern on that side; see Figure 10. \Fl/
>

Alternating pattern riodule mid-line.
Best fit line.

?9" Figure 10 — Alternating pattern module mid-line

F ch side, measure the edge-to-edge distances in the alternating pattern:

g module

ﬁ Bound the alternating pattern mid-line constructed in step e€)3) by the adjacent “L” lin

e 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.

© ISO/IEC 2020 - All rights reserved
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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

2)

3)

26

element pair:

r="Average ({(wy, - (W, * WeJ 7 2077 (W, * W 7 27
Wwhere

i istheinkspread

w,, is the dark element (bar) width

w, is the light element (space) width

S

(lalculate the centre of the bar in the median element pair using'the following offset into t|
Har from the outside edge of the bar in the median pair:

o= (EE_Dist*(1+1i)) /4
Where
o isthe offset

i istheink spread

[f there is more than one median'‘element pair, choose a single pair using the following proce

i) Order the edges (excluding the “L” finder edge) by their distance from the “L’ finder ed
There are an odd number of these edges because the edges start and end on a dark to lig
transition going away from the “L” finder.

i]) Call the middleedge in the list the centre edge.

Calculatethe (odd number of) element pair edge-to-edge distances and find their medi
EE_Dist:

[
—-
L

....
=

Select the one or more element pairs with length EE_Dist.

he

bS:

be.
ht

AN

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

closest to the centre edge.

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

to

he

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 twao Spaces—are shown in Ficure 1 1, if 2 space is the element
e

2020(E)

or which

the centre is to be calculated, then the diagram has three spaces instead of the bay
bars instead of the spaces. For light elements adjacent to the element at the end ©of the
either DI or D4 measurements are omitted as they would fall outside the symbal's or

measurable element boundaries.

i) Calculate a point pl along the mid-line which is EE_Dist/2 from the previously ¢
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 which is
EE_Dist, and set the new EE_Dist to'be the average of the current EE_Dist and th
d1 through d, distance.

[) Ifd; ord, is selected, select the corresponding DI or D4 edge closest to the
the centre of which-is fo be calculated. Offset this edge by (ink_spread/2) * (H
in the appropriaté direction (i.e., if ink_spread is positive, the offset will movy¢
toward the space included in the distance DI or D4 and if negative, the offset
away from-this space). Calculate a point p2 along the mid-line which is 0

calculated:

II) Ifdyor d;is selected, select the corresponding D2 or D3 edge closest to the el
Centre of which is to be calculated. Offset this edge by (ink_spread/2) * (EE_
the appropriate direction (i.e., if ink_spread is positive, the offset will move
toward the space included in the distance D2 or D3 and if negative, the offset
away from this space). Calculate a point p2 along the mid-line which is 0

calculated.

and two
mid-line,
segment’s

alculated

closest to
e selected

element,
E_Dist/2)
the edge
will move
75 times

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

bment the
Dist/2) in
the edge
will move
25 times

the selected d, or d; value from the offset edge and toward the element ceptre to be

© ISO/IEC 2020 - All rights reserved

27


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

ISO/IEC

21471:2020(E)

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
centre, following the procedures in step 3).

h) Ifthe number of modules in each side does not correspond to a valid first region, continue searching

from
the d

1) F

2) H

8

3) 1

d

a  To lef

step d)ﬁ) for the next left pqu and vql]py Qtherwise p]nf the data module Qnmpling grid

in

hta region by extending the alternating pattern module centres: (LQ

xtend each side’s step €)3) mid-line and the opposite side’s “L” line to form the Vanislﬁ& po
f the two nearly parallel or parallel extended lines. ,\'\ :
™

xtend rays from each vanishing point passing through the step g) module Ceﬁ/{‘e
erpendicular step €)3) line. C)

he intersection of the two sets of nearly perpendicular rays should co&pond to the centy
f the data modules in the data region, as shown in Figure 12.

&)
a ;\\
(( @)
A M S

P
d ==
]

| |

t Y;anishing point.

s of the near

nt

[

y

b To right side vanishing point.

Figure 12 — Module sampling grid construction

i) Continue 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

28

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.

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

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

If the current data region exhausts its last peak and valley, revert to the previous data region
and continue qurr‘hing from step d)ﬁ) for the next left pqu and vn]]py inthatdata region.

j)

9.

Be
th
te
pr

in

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

1

If the symbol forms a valid rectangular symbol, decode the symbol using Reed-Solemhon error

correction:

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 charactepvalues.

4) Decode the symbol characters into data characters-aceording to the specified encodation
schemes.

User guidelines

1 Human readable interpretation

.2 Autodiscriminatien-capability

System ¢onsiderations

cause DMRE symbols are capable of encoding many characters, a human readable interprgtation of
e data characters is not always practical/As an alternative, descriptive text rather than the¢ encoded
xt may accompany the symbol. The character size and font are not specified, and the message may be
inted anywhere in the area surrounding the symbol. The human readable interpretation should not
ferfere with the symbol itself or the quiet zones.

IRE can be used in‘an autodiscrimination environment with a number of other symbolggies. See
nex K.

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 FNCT is in the second symbol character position (or in the sixth symbol character positipn|of
the first §ymbol of a Structured append sequence), it shall signal that the data conforms to a parficular
industry [standard format. Transmission of symbology identifiers shall be enabled. The first’ FNL1
shall not [be represented in the transmitted data, although its presence is indicated by thé.use of the
approprigte option value (3) in the symbology identifier (see 10.6).

The datalencoded in the first symbol character shall be transmitted as normal at the beginning of the
data. When used as a field separator, FNC1 shall be represented in the transmitted message by the
ASCII character <Gg> (ASCII value 29).

10.4 Prgtocol for Macro characters in the first position

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

When a Macro character is in the first position, a preamblesand postamble shall be transmitted| If
the first §ymbol character is 236 (i.e. encoding Macro 05), then the preamble [)>R;05C shall precede
the encoded data that follows it. If the first symbol character is 237 (i.e. encoding Macro 06), then
the preamble [)>R;066G shall precede the encoded data that follows it. The postamble R¢Eo; shall pe
transmitfed after the data in both cases.

10.5 Protocol for ECIs

In systenjs where ECIs are supported, the_uise of a symbology identifier prefix is required with every
transmisgion. Whenever an ECI codeword is encountered, it shall be transmitted as the escape
characten 92 (or 5Cygx), whichrepresents the character “\” (backslash or reverse solidus) in the
default interpretation. The next godeword(s) is (are) converted into a 6-digit value, inverting the
rules defined in Table 6. The 6*digit value is transmitted as the appropriate ASCII values (48 to 5f).
Applicatipn software recoguiising \nnnnnn should interpret all subsequent characters as being from the
ECI defingd by the 6-digit-sequence. This interpretation remains in effect until the end of the encodgd
data or uptil another E€Vsequence is encountered. If the backslash (byte 92p;.) needs to be used |as
encoded {lata, transmission shall be as follows. Whenever (ASCII 92p) occurs as data, two bytes|of
that valug shall be transmitted, thus a single occurrence is always an escape character and a doulple
occurrenfe 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

30 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 21471:2020(E)

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
syjmbol encodes the message <{> <Switch to ECI 000007> <XX>, using the following series|of DMRE
codewords: [Upper Shift] [55] [ECI] [8] [Upper Shift] [55], with decimal values of [235],{551, [241], [8],
[2B5], [55].

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

The decoder transmits the following bytes (including the symbology identifier prefix with hn option
value of 4, which indicates use of the ECI protocol):

93,100, 52, 182,92, 48, 48, 48, 48, 48, 55, 182
which, if viewed entirely in the default interpretation, would-appear graphically as: |dAT\000PO79

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

Code pattern

Al Ge

The patt
output c

A2 25

A2.1

This algo
is always

The vari
encoded

A22 2
INPUT (
pseudo r
temp var
IF ( tem
OUTPU
ELSE

OUTPU

A23 2
INPUT (

pseudo_r

eral
n randomising algorithms convert an input codeword at a given position to a new randomis

eword.

-state algorithm

neral

rithm adds a pseudo-random number to the Pad codeword value. The pseudo-random numh
in the range 1 to 253 and the randomised Pad codeword value is)in the range 1 to 254.

hble Pad_codeword_position is the number of data codewords from the beginning
Hata.

53-state randomising algorithm

Pad codeword value, Pad codeword position))

pndom number = ( ( 149 * Pad codewordwposition ) mod 253 ) + 1
able = Pad codeword value + pseudo random number

b variable <= 254 )

T ( randomised Pad codewekxd value = temp variable )

T ( randomised P&d codeword value = temp variable - 254 )

53-state un=randomising algorithm
randomiged Pad codeword value, Pad codeword position )

hndém{number = ( ( 149 * Pad codeword position ) mod 253 ) + 1

er

of

temp var

a1 — L4dllUUINLSTU Tdlu CUOUTWOLU a Ll UtT pPocuUll  LAallUUIN TTUINOTS L

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.

AB.2 255-state randomising algorithm

INPUT ( Base256 codeword value, Base256 codeword position )

psfudo random number = ( ( 149 * Base256 codeword position ) mod 255 )AN#'1
temp variable = Base256 codeword value + pseudo random number

IF ( temp variable <= 255 )

OUTPUT (randomised Base256_ codeword value = temp_variable’)

ELSE

OUTPUT (randomised Base256 codeword value = tempivariable - 256 )

AB.3 255-state un-randomising algorithm

INPUT ( randomised Base256 codeword value,«Base256 codeword position )
psudo random number = ( ( 149 * Base256 codeword position ) mod 255 ) + 1
temp variable=randomised Base256 c¢ddeword value - pseudo_random_number

IF| ( temp variable >= 0 )

OUTPUT ( Base256 codew@xd value = temp variable )

ELSE

OUTPUT ( Base256/codeword value = temp variable + 256 )
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Annex B
(normative)

Rectangular data matrix code encodation character sets

Tahlo R 1 CA0 ancodation-charactorcot
\ - = CTU I ot TIomr Cria T atter—o5tT

C40 Value Basic set Shift 1 set Shift 2 set Shift 3 set Q(l/g
Char |Decimal | Char | Decimal Char Decimal | Char | Decima q/
0 Shift 1 NUL| 0 ! 33 ' 96\
1 Shift 2 SOH | 1 - 34 a | 97
2 Shift 3 STX | 2 # 35 b {98
3 space 32 ETX 3 $ 36 A&C' 99
4 0 48 | EOT| 4 % 37 4da | 100
5 1 49 |ENQ| 5 & 38¢ e 101
6 2 50 |ACK | 6 : 3 f 102
7 3 51 |BEL| 7 A 40 g | 103
8 4 52 BS 8 ) ] 4 h 104
9 5 53 | HT 9 A @ i 105
10 6 54 LF 10 | 2OF 43 j 106
11 7 55 | vt | 11 R 44 k | 107
12 8 56 FF 12.N - 45 1 108
13 9 57 CR | «a38 : 46 m 109
14 A 65 0. ¢y 14 / 47 n 110
15 B 66 S| 15 : 58 0 111
16 C 67 .DLE | 16 ; 59 p 112
17 D 68 )| pc1 | 17 < 60 q 113
18 E |, ¢ DC2 | 18 = 61 r 114
19 F ch”70 |Dc3| 19 > 62 s | 115
20 6> 71 |bpca| 20 ? 63 t 116
21 M 72 | NAK| 21 @ 64 u | 117
2~ 1 73 | SYN | 22 [ 91 v | 118
22> | ) 74 ETB 23 \ 92 w 119
24 K 75 |caN| 24 ] 93 X 120
e® 25 1 76 EM 25 AN 94 3 121
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 |Upper Shift ~ | 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.

34 © ISO/IEC 2020 - All rights reserved


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

Table B.1 (continued)

ISO/IEC 21471:2020(E)

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 N
NOTE  The relationship between the ASCII decimal value and the C40 value remains c %Kt
regardless of which ECI is in effect. '\?j/
Table B.2 — Text encodation character set '\/\
Z
Basic set Shift 1 set Shift 2 set ('/(,Shift 3 set
Text value - - - -
Char |Decimal | Char | Decimal | Char Dec1y.\él\ har | Decimal
0 Shift | 1 |[NUL| 0 ! 337 | 96
1 Shift 2 SOH 1 « 1% 34 A 65
2 Shift 3 STX 2 #< 35 B 66
3 space | 32 |ETX| 3 [0% | 36 C 67
4 0 48 |EOT| 4, 3\ % 37 D 68
5 1 49 ENQ %, & 38 E 69
6 2 50 | Ack | <S6 ' 39 F 70
7 3 51 | BELS{Y' 7 ( 40 G 71
8 4 52 | BS'| 8 ) 41 H 72
9 5 53 JSHT 9 * 42 1 73
10 6 540 | LF | 10 + 43 ] 74
11 7 | Ss5 | vr 11 , 44 K 75
12 8 <\ 56 FF 12 - 45 L 76
13 901 57 | cR | 13 . 46 M 77
14 oa 97 | so | 14 / 47 N 78
1597 b 98 SI 15 : 58 0 79
a0 | 99 | DLE| 16 ; 59 P 80
7 d 100 | pc1| 17 < 60 Q 81
< \{ 18 e 101 DC2 18 = 61 R 82
§ 19 f 102 DC3 19 > 62 S 83
é 20 g 103 DC4 20 63 T 84
1l Il 1U4 NARK AN w o4 8) 0o
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 iy 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 salue remains
constant regardless of which ECl is in effect.
Table B.3 — EDIFACT encodation character-set
Data character EDIFACT Datda character EDIFACT
Char Decimal Binary binary Char Decimal |Binary value binary
value value value value value
@ 64 01000000 [000000 space 32 00100000 100000
A 65 01000001 |000001 ! 33 00100001 100001
B 66 01000010 [000010 “ 34 00100010 100010
C 67 01000011 |000011 # 35 00100011 100011
D 68 01000100 |000100 $ 36 00100100 100100
E 69 01000101 |000Q0;L % 37 00100101 100101
F 70 01000110 |000110 & 38 00100110 100110
G 71 01000111(¢ Yy 000111 ‘ 39 00100111 100111
H 72 01001000/ [001000 ( 40 00101000 101000
[ 73 01001601 |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 01001110 |001110 . 46 00101110 101110
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 111]|00
] 93 01011101 |011101 = 61 00111101 111101
A 94 01011110 (011110 > 62 00111110 111110
Unlatch 01011111 (011111 63 00111113 111111
NOTE  Therelationship between the ASCII decimal value and the EDIFACT value remain constant regardless of which ECI

in effect.

—-
wn
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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.

EEEEEEEENEN IIIIIIIIIII.

Figure C.1 — Alignment bar configuration for 12 x 48 rectangular symbol

EEEEERN EEEEER EEEEAEN IIIIIII.

Figure C.2 — Alignment bar configuration for 12 x 64 rectangular symbol
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Annex D
(normative)

Reed-Solomon error detection and correction

D1 Error correction codeword generator polynomials

The error correction codewords are the coefficients of the remainder resulting from first mpltiplying
the symbol data polynomial d(x) by xk and then dividing it by the generator polynemial g(x). Each
gejnerator polynomial is the product of the first-degree polynomials: x - 21, x - 22, ., x- 2", whefe n is the
dggree of the generator polynomial.

Far example, the fifth degree generator polynomial is:

=

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

Po+(2+4+8+16+32)x4+ ((2*4)+(2*8) + (2*16) + (2*32) % (4*8) + (4 * 16) + (4 * 32)|+ (8 * 16)
8%32)+(16*32))x3+ (2*4*8)+ (2*4*16) + (2*4*32)+ (2*8*16) + (2*8*32) + (2[* 16 * 32)
4%8%16)+ (4*8%32) + (4*16%32) + (8% 16*32))x2+ ((2¥4*8*16) + (2*4*8*32) + (2*4* 16
32)+(2*8*16*32) + (4*8*%16*32))x+ (2 * 4 *8* 16 €32)

4+

X5 +62x% + 111x3 + 15x2 + 48x + 228.

NOTE1  Fifth degree polynomial is not used by DMREbut used for illustration.
NOTE 2  This Galois Field arithmetic is not normalinteger arithmetic: - is equivalent to +, which is an {exclusive-
or| operation in this Field, and multiplication is"byte-wise modulo 100101101 for each binary polyndmial term
geherated by bit-by-bit multiplication.

The polynomial divisor for generating15 check characters is:

gk) = x15 + 93x14 + 223x13+ 139x12 + 159x11 + 35x10 + 145x9 + 234x8 + 176x7 + 153x6 + 88x5 |+ 201x* +
148x3 + 33x2 + 88x + 116.

The polynomial divisorforgenerating 18 check characters is:

g(k) = x18 + 188x17 +'90x16 + 48x15 + 225x14 + 254x13 + 94x12 + 129x11 + 109x10 + 213x9 + 241xP + 61x7 +
64x° + 75x5 + 188x%4 39x3 + 100x2 + 195x + 83.

The polynomial'divisor for generating 22 check characters is:

gk) = x22F236x21 + 188x20 + 3x19 + 209x18 + 217x17 + 125x16 + 10x15 + 38x14 + 152x13 + x12 4 132x11 +
27x10% 94x9 + 71x8 + 123x7 + 5x0 + 241x5 + 95x* + 201x3 + 76x2 + 249x + 75.

Thepolynomial divisor for generating 27 check characters 1s:

g(x) = x27 + 232x26 + 180x25 + 161x24 + 246x23 + 233x22 + 134x21 + 72x20 + 108x19 + 210x18 + 246x17 +
244x16 + 65x15 + 55x14 + 123x13 + 29x12 + 229x11 + 47x10 + 205x9 + 143x8 + 74x7 + 97x6 + 147x> + 182x4
+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°
+ 71x* +97x3 + 43x% + 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 po]y omial divisor for generating 36 check charactersis:

g(x) =x30[+ 112x35 + 81x34 + 98x33 + 225x32 + 25x31 + 59x30 + 184x29 + 175x28 + 44x27 + 115x26 + 19425
+ 95x24 {137x23 + 101x22 + 33x21 + 68x20 + 4x19 + 2x18 + 18x17 + 229x16 + 182x15 + 80x1* #251x1} +
220x12 + [179x11 + 84x10 + 120x% + 102x8 + 181x7 + 162x6 + 250x5 + 130x* + 218x3 + 242x2 + 127x + 24J5.

The polyfomial divisor for generating 38 check characters is:

g(x) = x38+ 235x37 + 181x36 + 165x35 + 241x3% + 166x33 + 169x3% + 220x31 + 128x3U+ 80x29 + 134x%¢ +
170x27 + P23x26 + 122x25 + 215x2%4 + 83x23 + 183x22 + 55x21 + 211x20 + 139x19 + 103%18 + 172x17 + 41416
+203x15 | 123x14 + 143x13 + 233x12 + 74x11 + 237x10 + 168x% + 102x8 + 90x7. 4% 166x° + 222x° + 239xt +
141x3 + 1p1x2 + 30x + 1009.

The polyfomial divisor for generating 41 check characters is:

g(x) = x|+ 149x40 + 220x39 + 249x38 + 68x37 + 38x36 + 81x3° + 7134+ 79x33 + 244x32 + 224x31 + 15430
+ 133x29 [+ 132x28 + 208x27 + 211x26 + 90x25 + 165x24 + 84x23%-144x22 + 137x21 + 250x20 + 156x19 +
120x18 + 101x17 + 136x16 + 172x15 + 193x14 + 216x13 + 99x12°"53x11 + 48x10 + 194x9 + 222x8 + 6x] +
142x6 + 25 + 43x* + 106x3 + 123x2% + 21x + 35.

The polyfomial divisor for generating 42 check charaeters is:

g(x) = x4+ 5x41 + 9x40 + 5x39 + 226x38 + 177x37 * 150x36 + 50x35 + 69x34 + 202x33 + 248x3% + 101431
+ 54x30 4 57x29 + 253x28 + x27 + 21x26 + 121x2°>%+ 57x24 + 111x23 + 214x22 + 105x21 + 167x20 + 9x19 +
100x18 + P5x17 + 175x16 + 8x15 + 242x14 +.133x13 + 245x12 + 2x11 + 122x10 + 105x% + 247x8 + 153x] +
22x5 + 385 + 19x* + 31x3 + 137x2 + 193x + 77.

The polyfomial divisor for generating46 check characters is:

g(x) = x*6[+ 78x45 + 62x4* + 74x43+)235x42 + 114x* + 62x10 + 141x39 + 178x38 + 40x37 + 98x36 + 144435
+ 118x34 | 173x33 + 138x32 +.72x31 + 43x30 + 21x29 + 77x28 + 47x27 + 127x2%6 + 130x25 + 206x24 + 33423
+221x22 I+ 83x21 + 171x20.#335x19 + 29x18 + 11x17 + 61x16 + 47x15 + 51x14 + 111x13 + 129x12 + 35x1} +
186x10 + P32x9 + 160x8 4178x7 + 114x6 + 135x° + 113x* + 200x3 + 197x2 + 29x + 195.

The polynomial diviSer for generating 50 check characters is:

g(x) = x50+ 74x¥9F 54x48 + 162x17 + 91x46 + 167x*5 + 218x** + 212x43 + 183x42 + 156x* + 74x40 + 16439
+ 153x38 [+ 79x37 + 231x36 + 112x35 + 28x34 + 25x33 + 185x32 + 8x31 + 241x30 + 243x29 + 76x28 + 80427
+ 14x26 +[205x25 + 156x24 + 65x23 + 114x22 + 251x21 + 241x20 + 14x19 + 142x18 + 9x17 + 16x16 + 112415
+ 230x14 + 36x13 + 223x12 + 222x11 + 74x10 + 245x9 + 123x8 + 150x7 + 102x6 + 167x°> + 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 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 21471:

2020(E)

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.

C3
ny

Cd

f
ny

=

W
SY|
Sa

lo
er

Iculate i syndrome values S, through S; _; by evaluating C(x) at x = 2k for k = 1 through i, wh¢
mber of error correction codewords in the symbol.

Solo+S1Ly+.+5; 4L 1=

Silo+SoLy+ .+ SLi 1 -S4

Sj_lLO+SjL1+...+52j_2Lj_1:52j_1
lere

jooisi/2.

nstruct the error locator polynomial:
Lx)=L; X +Lj 0 1+ + Lox+d

pm the j values of L obtained above. Evaluate L(x) at x = 2k for k = 0 through n - 1 where n if
mber of symbol characters.ifithe symbol.

mbol is not correctable.

ve the error locations in m error location variables E through E,, . ; where m is the numbg
fations found,“Form and solve m simultaneous equations with m unknowns X through )
ror magnitudes) using the error location variables E and the first m syndromes S:

EXgpB1 X + ..+ E,, 41X, 1=S0
E2X, + E;2X) + .. + Egy - 1)2Xm 125

reiisthe

Fgrm and solve j simultaneous equations with j unknowns L, through L; _; using the fsyndromes:

the total

henever L(2K) = 0, an exrarlocation is given by n - 1 - k. If more than j error locations are found, the

r of error
(., .1 (the

E03X0 + E13X1 + ..+ E(m _ 1)3Xm 1= Sz

EgmXo+ Ey" Xy + o+ By - )X 125 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
if (!
else

}

/* "Reed
/* and a
/* power
void Ree

int i

/* alloc
log
alog
log(0
for (

al
if
lo

/*

/* clear
for (

for (

free(
free (
free(

42

(S ot
T

Fys

St X ]

o

ot X ol oo ot ot L
=)

< 11 ty)
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i = 1; 1
bg [1] =
(alog[i
b[alog[i

hte,

i]]

7

T7

return 0;

Feturn alog|[ (log[x]

nc"

(int *wd,

int nd,

*log, *alog, *c;

malloc (sizeof (int)
malloc (sizeof (int)

alog([0]

< gf;
alog[i-1]
] >= gf)
1y

’

then generate the log & antilog arrays:

* gf)

1;

i++) |

*2;
alog[i]

+ logly])

TT T

o
o

(gf-1)1;

Folomon (wd, nd,nc,gf.pp)" takes "nd" data codeword values in wdl[]
check codewords,
of 2 and "pp" is the value of its prime modulus polynomial */

all within GF(gf) where "gf

int nc, int gf, int pp) {

*/

’

* gf);

A

= pp;

then generate the generator polynomialhcoefficients:

blloc (sizeof (int) * (nc+1l));

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

] cli-1];

o i-1; j>=1;
clj-1]

1;

T

j=-) |
prod(c[j]l,alqgli]l, log,alog,gf);

N

(3=
cljl =

D ] prod(c[0],alog[i],log,aldg,gf);

then generate '"nc" @€heCkwords in the array wdl[] */

i=nd; i<=(nd+nc); i++)"wd[i] 0;

i=0; i<nd; i++) {
wd[nd] ~ wd[i]N\;
(3=0; Jj<nc;J%+) {

wd [nd+7] wd nd+j+1]

o

— N

prod(k,c[nc-j-11,1log, alog,gf);

C) ;
b1 IO, 7

1 69) ;

*/

is a */

*/
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Annex E
(informative)

Symbol character placement

E.
T}

1 Symbol character placement

e following C language program generates symbol character placement diagrams:

#ijnclude <stdio.h>
#include <alloc.h>

int nrow, ncol, *array;
/*| "module" places "chr+bit" with appropriate wrapping within axxay[] */
volid module (int row, int col, int chr, int bit)
{ if (row < 0) { row += nrow; col += 4 - ((nrow+4)%8); }
if (col < 0) { col += ncol; row += 4 - ((ncol+4)%8); }
if (row >= nrow) { row —-= nrow; }

array[row*ncol+col] 10*chr + bit;

"utah" places the 8 bits of a utah-shaped symbol“Character in ECC200 */

volid utah (int row, int col,
{ | module (row-2,col-2,chr,1)
module (row-2,col-1,chr, 2)
module (row-1,col-2,chr, 3)
module (row-1,col-1,chr, 4)
module (row-1,col, chr,5);
module (row, col-2,chr, 6);
module (row,col-1,chr,7);
module (row,col,chr, 8);

/%
volid corner3 (int chr)
{ | module (nrow-3,0,chr,1);
module (nrow-2,0,chr, 2)7
module (nrow-1,0, chr/3)v
module (0, ncol-2,chx,4)
module (0, ncol-1,.chy, 5);
module (1, ncol-N,chr,6);
( )
( )

’

’

module (2, ncol*~1), chr, 7
module (3, nedl+1,chr, 8

’

volid cornemd{(int chr)

{ | module(nrow-1,0,chr,1);
modwle (nrow-1,ncol-1, chr,
mnedule (0, ncol-3,chr, 3);
médule (0,ncol-2,chr,4);

"cornerN" places 8 bits of

int chr)

’
’

’

’

fhe' two special corner cases in DMRE */

2);

mModule (U, Ncol-1,cnr, o)
module (1,ncol-3,chr,6);
module (1,ncol-2,chr,7
module (1,ncol-1,chr, 8

);
)7

}

/* "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;
} whifz—ttrow >= 0 &% (COXI TICoOL) ),
row +f 1; col += 3;

/* & theh sweep downward diagonally, inserting successive characters,... */
do {
if] ((row >= 0) && (col < ncol) && (l'arrayl[row*ncol+col]))
utah (row, col, chr++) ;
rojy += 2; col -= 2;
} whille ((row < nrow) && (col >= 0));
row +f 3; col += 1;

/* ... uphtil the entire array is scanned */
} whille ((row < nrow) || (col < ncol));

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

if (afgc =< 3) {

priintf ("Command line: ECC200 # of Data Rows # of “Data Columns\n");
} elsg {

nrpw = ncol = 0;

nrpw = atoi(argv[l]); ncol = atoil (argv[2] )

if|] ((nrow >= 6) && (~nrow&0x01) && (ncolss= 6) && (~ncol&0x01)) {
array = malloc(sizeof (int) * nrow * hcol);

ecc200 () ;

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

z = array[x*ncol+gl\;
if (z == 0) priatf(" WHI");
else if (z(== 1) printf ("BLK");

else printf ("%$3d.%d",z/10,2%10) ;
}
printf ("\n!9
}

free(arrav);

}

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

dT. There are seven cases for boundary placement, which define the relative vertical.p
the symbol characters illustrated in Figure E.1, the horizontal position of the symhol-¢
illustrated in Figure E.2, and the corner conditions.

Table E.1 — Factors which determine the boundary placementcases

psition of
haracters

p

Bloundary
acement

case

Row
relationship
of module
a8 and a7

Column relationship of
module c6 and c3

Corner
condition

Figure No.

Mapping
matrices
affected

Refer to

Annex
no. for

E. Figure
example

1

a7 Row = a8 Row

c3 Column = c6 Column

None

All

Figure §.5

(2}

2

a7 Row = a8 Row

c3 Column = c6 Column
+2

E.3

6x56&14x56

Figure H.

a7 Row = a8 Row

c3 Column = c6 Column
-2

None

10 x 56

a7 Row = a8 Row
+4

c3 Column = c6 Column
+2

E.6

6x44 & 22 %28

Figure H.

Ke

y

Left boundary.

a5
a8
b2
b3
b6

b4
b7

alla2

a3la4d

a6la7

bl
b5
b8

b
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c6|(c7|c8|d3|d4|d5
d6|d7|d8

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

Key
a2 Top bpundary.
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 regions:..In dffect, the
mapping matrix has no separating alignment patterns. For example, the 8 xr64"format symbol
has four 6 x 14 data regions which abut to create a 6 x 56 mapping matrix. The sjze of the
mapping matrix for each symbol format is given in Table 7. The boundary placement case is
given in Table E.1.

2.| Symbol character 2 is placed in the uppermost left position, with itssmedules conforming|to the bit
(or module) sequence defined in Figure 11. Using the notation 2.1 to identify module 1 ¢f symbol
character 2, this module is in the top row and leftmost column of every mapping matrix. The
module array sequence shown in Figure E.5 is constant for allimapping matrices.
21 |1 22 | 36 | 3.7 | 3.8 |43 | 44 | 45
23 | 24 | 25 51 |52 J 46 | 47 | 4.8
26 | 27 | 28453 | 54 | 55
1a | 6.1°-62 | 56 | 5.7 | 5.8
1b’§ 63 | 64 | 65
66 | 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.| Thelcorner shapes are positioned according to Table E.1 and the appropriate Figures E.B 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.

2.1 22 3.6 3.7 /3/ 43 4.4 4.5 8 8.2
23 24 25 /5/ 5.2 4.6 4.7 4 8.3 8.4
2.6 2.7 2 5.3 54 55 /7/ 7.2 8.6 8.7

11 | 61 62 | 56 57 /5/ 73 74 75 /
12 | 63 64 65 /3/ 32 | 76 77 |7 12.3
13 | 66 67 7/ 33 34 35 /4/ 42)M26

2

/ /.

Figure E.6 — Symbol character placement sequence

8. When the placement path encounters a non-standard symbol character shape, which is ot
completely contained within the boundaries of the mapping matrix, that symbol character|is
contipued on the opposite side of the fnatrix. This has the effect of numbering the opposite porti

un-nimbered symbol characters. These boundary and corner conditions are specified in Table
This can be seen in FiguteE.6 for symbol characters 1, 3 and 4. The corner conditions also affg¢ct
the numbering sequeneg. The bottom left corner as illustrated in:

— Higure E.3 isaumbered immediately after the symbol character to its right (see Figure E.7 for
dn example);

— Higuré&k4 is numbered immediately before the symbol character above it (see Figure E.8 for pn
gxample).

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.
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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

64 165 | 201 202 | 216 217 218 | 223 223 225 | 261 262 | 276 277 278 | 283 284 28657 321 322 14 1.5

6.7 16.8 | 20.3 204 205 | 231 232 | 226 227 228 | 263 264 265 | 291 29.2 | 286 287 288 | 323 324 |[325 1.6

9.1 192 | 206 207 208 | 233 234 235 | 251 252 | 266 267 268 | 293 2941295 | 311 312 | 326 327 |328 1.7

93 194 195 | 241 242 | 236 237 238 | 2563 254 255 | 30.1 302 | 296 297 298 | 31.3 314 315 | 331 |332 1.8

96 197 198 | 243 244 245 | 211 212 | 266 257 258 | 30.3 304\ 305 | 271 272 | 316 317 318 | 333 |334 335

55 | 16.1 16.2 | 246 247 248 | 213 214 215 | 221 222 | 306+ )30.7 308 | 273 274 275 | 281 282 | 336 |[33.7 338

Figure E.7 — Codeword placement for 6 x;44 rectangular mapping matrix, first 22 columns
above and\last 22 columns below
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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

71166 6.7 CETSST S5 LE O I Y S Vo [ LV R v Lvto R I i LS/ B A S 1R 2 [ e R Lo S L Rt B R B 562577 tone)

228|233 .4 235|271 272|286 287 288|293 293 295|331 332|346 347 348|353 354 355|391 392|406 407 408 | 74 75 T7H

242|236 437 238|273 274 275|301 302|296 29.7 298|333 334 335|361 362|356 357 358|393 394 395|411 41276 77 7B

244 245|261 262|276 277 278|303 304 305|321 322|336 337 338|363 364 365|381 382|396 39.74398|413 414 415| 11 1p

247 248|263 264 265|311 312|306 30.7 308|323 324 325|371 372|366 36.7 368|383 384 38514271 422|416 417 418 | 13 14

221 222 |%.6 267 268|313 314 315|281 282|326 327 328|373 374 375|341 342|386 38(7 )388|423 424 425401 402| 16 1§

223 224 AR25]1231 232|316 317 318|283 284 285|291 292|376 37.7 378|343 344,345/ 351 352|426 427 428|403 404 405 |7p

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

DMRE print quality - Symbology-specific aspects

cause of differences in symbology structures and reference decode algorithms, theceffect

[SO/IEC 15415 to DMRE.

2 DMRE Fixed pattern damage

.1 Features to be assessed

e fixed pattern features to be assessed are contained~in/the one-module wide perimet
mbol and the quiet zone of a minimum of one module.width (or more if specified by the a

bf certain

rameters on a symbol's reading performance may vary from one symbology to another/ISO/IEC 15415
ovides for symbology specifications to define the grading of certain symbology-specific dttributes.
is annex therefore defines the method of grading Fixed pattern damage to be'used in the application

er of the
lication)

surrounding the symbol. Within internal alignment patterns, the alignment pattern is also part of the

fix
th

clock track). The alignment bars and internal clock track of the alignment pattern should si

a

gr
al

F.]

D3

N O

1

F“’TJ

pa
an
be
Th
in

&rzlpose it. These measurnements are applied to the full length of the L sides and to the associj

50 of concentrations of damage.
p.2 Grading of the outside L of the fixed pattern
mage to each side of the Lishall be graded based on the modulation of the individual mo

es in accordance with Afnex F.

bure F.1 indicates the four segments L1, L2, QZL1 and QZL2. Segment L1 is the vertical port
hnd extends te the module in the quiet zone adjacent to the L corner. Segment L2 is the h
rtion of theds-and extends to the module in the quiet zone adjacent to the L corner. Segme
d QZL2 arecthe portions of the quiet zone adjacent to L1 and L2 respectively and extend orn
yond thejend of L1 and L2 respectively, furthest from the corner and are shown shaded in |

fersection of QZL1 and QZL2.

ed pattern. The left and lower side of the symbol should form a one-module wide solid "L" ghape and
e right and upper sides should consist of alternating dark and light single modules (knoyn as the

ilarly be

bne-module wide solid bar or a series of altérnating dark and light single modules respectjvely. The
ading of Fixed pattern damage takes aceount not only of the total number of damaged mddules but

ules that
ited quiet

ion of the
orizontal
nts QZL1
e module

igure F.1.

e cormer module at the intersection of L1 and L2 is included in both segments, as is that at the
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The procg¢dure described below shall be.applied to each segment in turn.

a)

b)

52

L1

IIIIIIIIIIIIIII. IIIIIIIIIIIIIII.

IIIIIIIIIIIIIII. IIIIIIIIIIIIIII.

Lz

(ZL2x

;

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

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

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

C 15415:

or each-side of the L (L1 and L2 in Figure F.1) and each quiet zone area (QZL1 and QZI
djacent to L1 and L2 respectively in Figure F.1), assume that all modules not achieving th

g¢ach modulatiop grade level, apply the parameter grade overlay technique described |i

of
of

rade or a higher grade are module errors, and derive a notional damage grade based on t

notional 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.

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 21471:2020(E)

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

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

Table F.1 — Grade thresholds for notional damage

F.]

TH
an
se
th

pd

A

pe
al

Percentage of modules damaged Grade
0% 4
<9% 3
<15%% Z
<17 % 1
>17 % 0

The grade for Fixed pattern damage for the segment shall be the highest résulting grade for all

modulation grade levels.

2.3 Grading of the clock track and adjacent solid area segments

is subclause defines the measurement of damage to the internal alignment patterns (wher
d also external clock tracks and associated quiet zone areas. These tests are applied separatg

| present)
ly to each

bment of the internal alignment patterns, the clock tracks, and associated quiet zone areas tLat bound

e data region, or individual data regions of larger symbols,"Each segment consists of a c
rtion and a solid area portion (which is part either of thequiet zone or of an internal alignme

clock track portion commences with a dark mddule in the L side or internal align
rpendicular to it and continues to the light module preceding either the quiet zone or the nex
gnment bar.

A

adjacent to the first module of the associated clock track portion and continues to the modulg

th

segments. The solid segments which Correspond to portions of the external quiet zone are ¢
the same way, as shown in Figure E.2:

A lsolid area portion with thelalignment bar adjacent to a quiet zone commences with th

a
to
Se

N(
fu

colid area portion with the alignment barnét adjacent to a quiet zone commences with th

last module of the associated clock track portion. Figure F.4 illustrates the structure

jacent to the first module.of the associated clock track portion and continues to the modulg
the last module of the associated clock track portion. Figure E4 illustrates the structure
pments.

TE In a dipection without internal alignment patterns, the external clock track segments exte
1 width or heightof the symbol.

ck track
nt bar).

ment bar
tinternal

e module
one past
of these

lefined in

e module
e adjacent
5 of these

nd for the
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V'

a  Solid prea (light).
b Solid frea (dark).
¢ Lside
d  Clock|track.

¢ Alignnent bar.

Figure Ff2 — Structure of external clock track segmeént and internal alignment pattern segmept

NOTE Figure F.2 depicts an internal alignment pattern segment which terminates at another intermpal
alignment{segment of the same colour.

a) Forepch external clock track segment or'internal alignment pattern segment of a symbol (for mullti-
segmlent symbols), damage is measured according to the following procedure.

1) Transition ratio test.

n every clock track segment in the binarized image, both external (adjacent to the quiet zore)
nd internal (adjacent to the solid internal alignment bar), count the number of transitions|in
the clock track side; Tc, and the solid line side, T5, and compute and grade the transition ratio 'R

s follows:
"=Max{(0, Ts- 1)
R =Ts | Tc
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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i
. B .
i ' i
Kdgy
grid linking module centres from reference decode algorithm
A{A" intersections defining beginning and end of solid area
B{B' intersections defining beginning and end of clock track

2)

Perfect symbol: Ts =0, Tc = 11.
Damaged symbol: Ts = 2, Tc = 9.

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

Notional damage grade

Find the modulation grade for each module based on the values in ISO/IEC 15415.
intended light or dark nature of the moduleds known, any module intended to be da
reflectance of which is above the global threshold, and any module intended to be lig
reflectance of which is below the globaltthreshold, shall be given modulation grade 0.

i) For each modulation grade leyel:

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

[) Clock track regularity test

For each gegment of clock track, taking groups of five adjacent modules and pr
along the segment in steps of one module, verify that, in any group of fivg
modules, no more than two are module errors; if this condition is met, the ¢
régilarity grade shall be 4, otherwise it shall be 0.

1)< Clock track damage test

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

Since the

'k but the
ht but the

'rors, and

pgressing
adjacent
ock track

rk for the

segment; the percentage P of incorrect modules over the length of the area shall result

in the percentage damage grades shown in Table 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

—n

b) The R
the n
c) Thed
lowe
The sha
includes

fixed patt

Figure

The shad
quiet zon

i) The notional damage grade for the segment shall be the highest resulting grade.for pll
modulation grade levels.

ixed pattern damage grade for the segment shall be the lower of the transition ratio grade ahd
ptional damage grade.

verall Fixed pattern damage grade for the clock track and adjacent solid aréa segments is the
t of the grades obtained for each of the individual segments.

d areas in Figure F.4 show an example of an internal alignmen® pattern segment, which
he clock track portion and solid area portion to which the transition ratio, regularity and solid
ern tests are applied.

EEEEERN IIIIIII.

F.4 — Internal alighiment pattern segment which terminates at the external quiet zon

W

ed areas in Figure F.5 show an example of a segment of the external clock track and associated
e to which the transition ratio, regularity and solid fixed pattern tests are applied.
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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 modulg symbol
Table F.4 — Example of modulation grading of 36-module segment

Mpodule 0 1 2 3 4 5 6 AR 8 9
Reflectance 84 15 13 13 13 9 11 ~ '8'4- 11 10
(%) e

M]OD 74 80 86 86 86 94 90 (74) 90 92
MOD Grade 4 4 4 4 4 4 4 0 4 4
Module 10 11 12 13 14 15 16 17 18
Rpflectance 9 11 70 13 12 15 11 11 11
(%)

MOD 94 90 (42) 86 88 80 90 90 90
MOD Grade 4 4 0 104 4 4 4 4 4
Module 19 20 21 22 23 24 25 26 27
Rpflectance 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
Rpflectance 13 12 37 13 12 13 11 13 12
(%0)

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

Final Grade for segment - highest of last column 2

F.2.4 Cplculation and grading of average grade
In additign to the assessment of the individual segments, a calculation of AG (average grade) is also
made to fake account of the cumulative effect of damage that is of relatively minor significance|in
individudl segments but that affects several segments. This is based on averagingthe grades for L1, 1.2,
QZL1, QZL2 and the overall clock track and adjacent solid area segment gradey
Once all segments have been graded, calculate the average grade, AG:

AG=§/5
where

S i$ the sum of the segment grades.
Assign a grade to AG in accordance with Table F.6.
The Fixed pattern damage grade for the symbolkshall be the lowest of the five segment grades and the

grade for

Exampleq:

AG.

Table F.6 — Grading of AG

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

1) Assu

methat four of the five segments are graded 4, and one is graded 1. Then

(4x4)+(1x1)=17

S0AG=17/5=34

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

patte

rn 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

(3x4)+(1x3)+(1x1)=16

SoAG=16/5=3,2
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