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Foreword

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

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

Attention is drawn to the possibility that some of the elements of this document may be the subject 
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent 
rights. Details of any patent rights identified during the development of the document will be in the 
Introduction and/or on the ISO list of patent declarations received (see www​.iso​.org/​patents) or the IEC 
list of patent declarations received (see http://​patents​.iec​.ch).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www​.iso​.org/​
iso/​foreword​.html. 

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

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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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 document, including the module placement algorithm and the reference decode algorithm.

This document is published separately because existing equipment supporting ISO/IEC 16022 will not 
recognize DMRE symbols. Only equipment that is enabled and configured to support DMRE will be 
capable of printing and scanning the new rectangular formats. To avoid user confusion due to this fact, 
a separate and complete document was developed.

Manufacturers of bar code equipment and users of the technology require publicly available standard 
symbology specifications to which they can refer when developing equipment and application 
standards. The publication of standardized symbology specifications is designed to achieve this.
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Information technology — Automatic identification and 
data capture techniques — Extended rectangular data 
matrix (DMRE) bar code symbology specification

1	 Scope

This document defines the requirements for the symbology known as extended rectangular data matrix 
(DMRE). It specifies the DMRE code symbology characteristics, data character encodation, symbol 
formats, dimensions and print quality requirements, error correction rules, decoding algorithm, and 
user-selectable application parameters.

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

Original data matrix code sizes are not covered by this document but defined in ISO/IEC 16022 using 
the same matrix placement, decoding and error correction algorithm.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

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

ISO/IEC 8859-1, Information technology — 8-bit single-byte coded graphic character sets — Part 1: Latin 
alphabet No. 1

ISO/IEC 15415, Information technology — Automatic identification and data capture techniques — Bar 
code symbol print quality test specification — Two-dimensional symbols

ISO/IEC 19762, Information technology — Automatic identification and data capture  (AIDC) techniques — 
Harmonized vocabulary

ISO/IEC 29158:—1), Information technology — Automatic identification and data capture techniques — 
Direct Part Mark (DPM) Quality Guideline

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

3.1	 Terms and definitions

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

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

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

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

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

INTERNATIONAL STANDARD� ISO/IEC 21471:2020(E)
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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 randomising
procedure which converts an original bit pattern to another bit pattern by inverting selected bits

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

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

ε error correction codeword

DMRE extended rectangular data matrix

ECI extended channel interpretation

DPM direct part marking

3.3	 Mathematical/logical notations

div integer division operator

mod integer remainder after division

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

LSB least significant bit

MSB most significant bit

4	 Symbol description

4.1	 Basic characteristics

DMRE is a two-dimensional matrix symbology.
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The characteristics of DMRE are:

a)	 Encodable character set:

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

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

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

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

c)	 Symbol size in modules (not including quiet zone): 8 × 48 to 26 × 64 even values only (see Table 7).

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

d)	 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.

e)	 Code type: rectangular matrix.

f)	 Orientation independence: yes.

g)	 Error detection and correction: ECC 200 Reed Solomon. No support for ECC 000 to ECC 140.

4.2	 Summary of additional features

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

a)	 Reflectance reversal (inherent): symbols are intended to be read when marked so that the image is 
either dark on light or light on dark (see Figure 1). The specifications in this document are based on 
dark images on a light background, therefore references to dark or light modules should be taken as 
references to light or dark modules respectively in the case of symbols produced with reflectance 
reversal.

b)	 Extended channel interpretations (ECI) (optional): this mechanism enables characters from other 
character sets (e.g. Arabic, Cyrillic, Greek, Hebrew) and other data interpretations or industry-
specific requirements to be represented.

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

4.3	 Symbol structure

4.3.1	 General

Each DMRE symbol consists of data regions which contain nominally square modules set out in a 
regular array. In larger symbols, data regions are separated by alignment patterns (as illustrated in 
Figures C.1 and C.2). The data region is surrounded by a finder pattern, and this shall be surrounded 
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on all four sides by a quiet zone border. Figure 1 illustrates two representations of a rectangular data 
matrix symbol.

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

Figure 1 — DMRE "A1B2C3D4E5F6G7H8I9J0K1L2"

4.3.2	 Finder pattern

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

4.3.3	 Symbol sizes and capacities

DMRE code symbols have an even number of rows and an even number of columns. The symbols are 
rectangular with sizes from 8 × 48 to 26 × 64 not including quiet zones. For all rectangular data matrix 
code symbols the upper right corner module is light in the dark on light version (see Figure  1). The 
complete attributes are given in Table 7.

5	 DMRE code requirements

5.1	 Encoding procedure overview

This subclause provides an overview of the encoding procedure. The following subclauses provide 
more details. An encoding example for DMRE code is given in Annex H. The following steps convert user 
data to a DMRE code symbol:

Step 1: Data encodation

As DMRE code includes various encodation schemes that allows a defined set of characters to be 
converted into codewords more efficiently than the default scheme, analyse the data stream to identify 
the variety of different characters to be encoded. Insert additional codewords to switch between the 
encodation schemes and to perform other functions. Add pad characters as needed to fill the required 
number of codewords. If the user does not specify the matrix size, then choose the smallest size that 
accommodates the data. A complete list of matrix sizes is shown in Table 7.

Table 1 — Encodation schemes for rectangular data matrix code

Encodation scheme Characters Bits per data character

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

a	 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.
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Encodation scheme Characters Bits per data character

C40
Upper-case alphanumeric 5,33
Lower case and special characters 10,66a

Text
Lower-case alphanumeric 5,33
Upper case and special characters 10,66b

X12 ANSI X12 EDI data set 5,33
EDIFACT ASCII values 32 to 94 6
Base 256 All byte values 0 to 255 8
a	 Encoded as two C40 values as a result of the use of a shift character.
b	 Encoded as two Text values as a result of the use of a shift character.

Step 2: Error checking and correcting codeword generation

Generate the error correction codewords for the result codeword stream from above step. The result 
of this process expands the codeword stream by the number of error correction codewords. Place the 
error correction codewords after the data codewords.

Step 3: Module placement in matrix

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

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

5.2	 Data encodation

5.2.1	 Overview

The data may be encoded using any combination of six encodation schemes (see Table  1). ASCII 
encodation is the basic scheme. All other encodation schemes are invoked from ASCII encodation and 
return to this scheme. The compaction efficiencies given in Table 1 need to be interpreted carefully. 
The best scheme for a given set of data may not be the one with the fewest bits per data character. If 
the highest degree of compaction is required, account has to be taken of switching between encodation 
schemes and between code sets within an encodation scheme (see Annex I). It should also be noted that 
even if the number of codewords is minimized, the codeword stream sometimes needs to be expanded 
to fill a symbol. This fill process is done using pad characters.

5.2.2	 Default character interpretation

The default character interpretation for character values 0 to 127 shall conform to ISO/IEC 646. The 
default character interpretation for character values 128 to 255 shall conform to ISO 8859-1. The 
graphical representation of data characters shown throughout this document complies with the default 
interpretation. This interpretation can be changed using extended channel interpretation (ECI) escape 
sequences, see 5.4. The default interpretation corresponds to ECI 000003.

5.2.3	 ASCII encodation

ASCII encodation is the default encodation scheme for the first symbol character in all symbol sizes. It 
encodes ASCII data, double density numeric data and symbology control characters. Symbology control 
characters include function characters, the pad character and the switches to other code sets. ASCII 
data is encoded as codewords 1 to 128 (ASCII value plus 1). Extended ASCII (data values 128 to 255) 
is encoded using the upper shift symbology control character (see 5.2.4.3). The digit pairs 00 to 99 are 
encoded with codewords 130 to 229 (numeric value plus 130). The ASCII code assignments are shown 
in Table 2.
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Table 2 — ASCII encodation values

Codeword Data or function
1 to 128 ASCII data (ASCII value + 1)
129 Pad (see 5.2.4.4)
130 to 229 2-digit data 00 to 99 (numeric value + 130)
230 Latch to C40 encodation
231 Latch to Base 256 encodation
232 FNC1
233 Structured append
234 Reader programming
235 Upper shift (shift to Extended ASCII)
236 05 Macro
237 06 Macro
238 Latch to ANSI X12 encodation
239 Latch to Text encodation
240 Latch to EDIFACT encodation
241 ECI character
242 to 255 Not to be used in ASCII encodation

5.2.4	 Symbology control characters

5.2.4.1	 General

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

5.2.4.2	 Latch characters

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

5.2.4.3	 Upper shift character

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

5.2.4.4	 Pad character

If the encoded data, irrespective of the encodation scheme in force, does not fill the data capacity of the 
symbol, pad characters (value 129 in ASCII encodation) shall be added to fill the remaining data capacity 
of the symbol. The pad characters shall only be used for this purpose. Before inserting pad characters, 
it is necessary to return to ASCII encodation if in any other encodation mode. The 253-State pattern 
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randomising algorithm shall be applied to the pad characters starting at the second pad character and 
continuing to the end of the symbol (see A.2).

5.2.4.5	 ECI character

An ECI character[9] is used to change from the default interpretation used to encode data. The ECI 
protocol is common across a number of symbologies and its application to rectangular data matrix code 
is defined in more detail in 5.4. The ECI character shall be followed by one, two, or three codewords 
which identify the ECI being invoked. The new ECI remains in place until the end of the encoded data, or 
until another ECI character is used to invoke another interpretation.

5.2.4.6	 Shift characters in C40 and Text encodation

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

5.2.4.7	 FNC1 alternate data type identifier

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

5.2.4.8	 Macro characters

DMRE provides a means of abbreviating an industry specific header and trailer in one symbol character. 
This feature exists to reduce the number of symbol characters needed to encode data in a symbol using 
certain structured formats. A Macro character shall be in the first character position of a symbol. They 
shall not be used in conjunction with Structured append and their functions are defined in Table  3. 
The header shall be transmitted as a prefix to the data stream and the trailer shall be transmitted as a 
suffix to the data stream. The symbology identifier, if used, shall precede the header.

Table 3 — Macro functions

Macro codeword Name
Interpretation

Header Trailer
236 05 Macro [)>R S05G S R S EoT
237 06 Macro [)>R S06G S R S EoT

5.2.4.9	 Structured append character

A Structured append character is used to indicate that the symbol is part of a Structured append 
sequence according to the rules defined in 5.6.

5.2.4.10	 Reader programming character

A Reader programming character indicates that the symbol encodes a message used to program the 
reader system. The Reader programming character shall appear as the first codeword of the symbol 
and Reader programming shall not be used with Structured append.
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5.2.5	 C40 encodation

5.2.5.1	 General

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

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

As a first stage, each data character is converted into a single C40 value or a pair of C40 values. The 
complete string of C40 values is then decomposed into groups of three values (special rules apply if 
one or two values remain at the end, see 5.2.5.3). Each triplet (C1, C2, C3) is then encoded into a 16-bit 
value according to the formula: (1600*C1) + (40*C2) + C3 + 1. Each 16-bit value is then separated into 2 
codewords by taking the most significant 8 bits and the least significant 8 bits.

5.2.5.2	 Switching to and from C40 encodation

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

5.2.5.3	 C40 encodation rules

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

(1600 * C1) + (40 * C2) + C3 + 1

which produces a value from 1 to 64000. Figure  2 illustrates three C40 values compacted into two 
codewords. Characters in the Shift 1, Shift 2 and Shift 3 sets shall be encoded by first encoding the 
appropriate shift character, and then the C40 value for the data. C40 encodation may be in effect at the 
end of the symbol's codewords which encode data.

The following rules apply when only one or two symbol characters remain in the symbol before the 
start of the error correction codewords:

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

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

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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Figure 2 — Example of C40 encoding

5.2.5.4	 Use of Upper shift with C40

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

IF [ASCII value – 128] is in the Basic Set, then:

[1(Shift 2)] [30(Upper Shift)] [V(ASCII value – 128)]

ELSE

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

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

5.2.6	 Text encodation

5.2.6.1	 General

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

5.2.6.2	 Switching to and from Text encodation

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

5.2.6.3	 Text encodation rules

The rules for C40 encodation apply.

5.2.7	 ANSI X12 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 
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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

4 to 13 0 to 9 48 to 57
14 to 39 A to Z 65 to 90

5.2.7.2	 Switching to and from ANSI X12 encodation

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

5.2.7.3	 ANSI X12 encodation rules

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

5.2.8	 EDIFACT encodation

5.2.8.1	 General

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

5.2.8.2	 Switching to and from EDIFACT encodation

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

5.2.8.3	 EDIFACT encodation rules

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

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 extended channel 
interpretations and binary data. The default interpretation is defined in 5.2.2. The 255-State pattern 
randomising algorithm is applied to each Base 256 sequence within the encoded data (see Table B.2). 
It starts after the latch to Base 256 encodation and ends at the last character specified by the Base 256 
field length.

5.2.9.2	 Switching to and from Base 256 encodation

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

5.2.9.3	 Base 256 encodation rules

After switching to Base 256 encodation, the first one (d1) or two (d1, d2) codewords define the data field 
length in bytes. Table 5 specifies how the field length is defined. Thereafter, all encodation shall be of 
the byte values.

Table 5 — Base 256 field length

Field length Values of d1, d2 Permitted values of d
Remainder of symbol d1 = 0 d1 = 0
1 to 249 d1 = length d1 = 1 to 249

250 to 1555
d1 = (length DIV 250) + 249 d1 = 250 to 255
d2 = length MOD 250 d2 = 0 to 249
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5.3	 User considerations

5.3.1	 General

DMRE offers flexibility in the way data is encoded. Alternate character sets may be invoked using the 
ECI protocol. Where the message length exceeds the capacity of a single symbol, it is also possible to 
encode it in a Structured append sequence of up to 16 separate but logically linked data matrix code 
symbols (see 5.6).

5.3.2	 User selection of extended channel interpretation

The use of an alternative extended channel interpretation to identify a particular code page or more 
specific data interpretation requires additional codewords to invoke the feature. The use of the extended 
channel interpretation protocol (see 5.4) provides the capability to encode data from alphabets other 
than the Latin alphabet (see ISO 8859-1) supported by the default interpretation (ECI 000003).

5.3.3	 User selection of symbol size and shape

DMRE code has 12 rectangular symbol configurations. The size and shape may be selected to suit the 
requirement of the application. These configurations are technically specified in 5.5.

5.4	 Extended channel interpretation

5.4.1	 General

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

a)	 international character sets (or code pages);

b)	 general purpose interpretations such as encryption and compaction;

c)	 user defined interpretations for closed systems;

d)	 control information for Structured append in unbuffered mode.

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

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

5.4.2	 Encoding ECIs

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

The following examples illustrate the encodation:
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ECI = 015000

Codewords:

[241] [(15000 - 127) div 254 + 128] [(15000 - 127) mod 254 + 1]

= [241] [58 + 128] [141 + 1]

= [241] [186] [142]

ECI = 090000

Codewords:

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

Codeword values Ranges

000000 to 000126 C0 241  
  C1 ECI_no + 1 C1 = (1 to 127)
000127 to 016382 C0 241  
  C1 (ECI_no - 127) div 254 + 128 C1 = (128 to 191)
  C2 (ECI_no - 127) mod 254 + 1 C2 = (1 to 254)
0016383 to 999999 C0 241  
  C1 (ECI_no - 16383) div 64516 +192 C1 = (192 to 207)
  C2 [(ECI_no - 16383) div 254] mod 254 + 1 C2 = (1 to 254)
  C3 (ECI_no - 16383) mod 254 + 1 C3 = (1 to 254)

5.4.3	 ECIs and Structured append

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

5.4.4	 Post-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 transmitted 
as a preamble.

5.5	 DMRE code symbol attributes

5.5.1	 Symbol sizes and capacity

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

Symbol 
sizea

Data 
region Mapping 

matrix 
size

Total  
codewords

Reed- 
Solomon  

block Inter–
leaved 
blocks

Maximum data capacity
% of 

code-
words 

used for 
error cor-

rection

Max. cor-
rectable 

code-
words

Error/ 
erasurec

Row Col Size No. Data Error Data Error Num. Alpha-
numb Byte

8 48 6 × 22 2 6 × 44 18 15 18 15 1 36 25 16 45,5 7/12
8 64 6 × 14 4 6 × 56 24 18 24 18 1 48 34 22 42,9 9/15
8 80 6 × 18 4 6 × 72 32 22 32 22 1 64 46 30 40,7 11/19
8 96 6 × 22 4 6 × 88 38 28 38 28 1 76 55 36 42,4 14/25
8 120 6 × 18 6 6 × 108 49 32 49 32 1 98 72 47 39,5 16/29
8 144 6 × 22 6 6 × 132 63 36 63 36 1 126 93 61 36,4 18/33

12 64 10 × 14 4 10 × 56 43 27 43 27 1 86 63 41 38,6 13/24
12 88 10 × 20 4 10 × 80 64 36 64 36 1 128 94 62 36 18/33
16 64 14 × 14 4 14 × 56 62 36 62 36 1 124 91 60 36,7 18/33
20 36 18 × 16 2 18 × 32 44 28 44 28 1 88 64 42 38,9 14/25
20 44 18 × 20 2 18 × 44 56 34 56 34 1 112 82 54 37,8 17/31
20 64 18 × 14 4 18 × 56 84 42 84 42 1 186 124 82 33,3 21/39
22 48 20 × 22 2 20 × 44 72 38 72 38 1 144 106 70 34,5 19/35
24 48 22 × 22 2 22 × 44 80 41 80 41 1 160 118 78 33,9 20/38
24 64 22 × 14 4 22 × 56 108 46 108 46 1 216 160 106 29,9 23/43
26 40 24 × 18 2 24 × 36 70 38 70 38 1 140 103 68 35,2 19/35
26 48 24 × 22 2 24 × 44 90 42 90 42 1 180 133 88 31,8 21/39
26 64 24 × 14 4 24 × 56 118 50 118 50 1 236 175 116 29,8 25/47

a	 Symbol 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 depending 
on the mix and grouping of character sets.
c	 See 5.7.3.

5.5.2	 Insertion of alignment patterns into larger symbols

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

5.6	 Structured append

5.6.1	 Basic principles

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 

﻿

14� © ISO/IEC 2020 – All rights reserved

Full document details: ISO IEC 21471-2020

http://www.avadocuments.com/doc/iso-iec-21471-2020
http://www.avadocuments.com/doc/iso-iec-21471-2020


﻿

ISO/IEC 21471:2020(E)

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 
position

Bits 
1234

Total number 
of symbols

Bits 
5678

1 0000    
2 0001 2 1111
3 0010 3 1110
4 0011 4 1101
5 0100 5 1100
6 0101 6 1011
7 0110 7 1010
8 0111 8 1001
9 1000 9 1000

10 1001 10 0111
11 1010 11 0110
12 1011 12 0101
13 1100 13 0100
14 1101 14 0011
15 1110 15 0010
16 1111 16 0001

To indicate the 3rd symbol of a set of 7, this shall be encoded as follows:

3rd position: 0010

Total 7 symbols: 1010

Bit pattern: 00101010

Codeword value: 42

5.6.3	 File identification

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

5.6.4	 FNC1 and Structured append

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

5.6.5	 Buffered and unbuffered operation

The message within a Structured append sequence can be buffered in the reader in its entirety and 
transmitted after all of the symbols have been read. Alternatively, the reader may transmit the decoded 
data in each symbol as it is read. In this unbuffered operation, the ECI protocol for structured append 
defines a control block that shall be prefixed to the beginning of the data transmitted for each symbol.
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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 + x5 + x3 + x2 + 1. Thirteen different generator 
polynomials are used for generating the appropriate error correction codewords. These shall be 
according to Table D.1.

5.7.2	 Generating the error correction codewords

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

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

The data codewords are the coefficients of the terms of a polynomial with the coefficient of the highest 
term being the first data codeword and the lowest power term being the last data codeword before 
the first error correction codeword. The highest order coefficient of the remainder is the first error 
correction codeword and the zero power coefficient is the last error correction codeword and the last 
codeword. This can be implemented by using the division circuit as shown in Figure 5. The registers b0 
through bk - 1 are initialised as zeros. There are two phases to generate the encoding. In the first phase, 
with the switch in the down position, the data codewords are passed both to the output and the circuit. 
The first phase is complete after n clock pulses. In the second phase (n + 1 ... n + k clock pulses), with 
the switch in the up position, the error correction codewords εk - 1, ... ,ε0 are generated by flushing the 
registers in order while keeping the data input at 0. The codewords output from the shift register are in 
the order that they are to be placed in the symbol.

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

Key
⊕ GF(256) addition
⊗ GF(256) multiplication
a Input.
b Output.
c 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:

e + 2t ≤ d - p

where

  e is the number of erasures;

  t is the number of errors;

  d is the number of error correction codewords;

  p is the number of codewords reserved for error detection.

In the general case, p = 0. However, if most of the error correction capacity is used to correct erasures, 
then the possibility of an undetected error is increased. Whenever the number of erasures is more than 
half the number of error correction codewords, p = 3.

5.8	 Symbol construction

5.8.1	 General

Given the codeword sequence obtained in the previous sections, DMRE code symbol is constructed 
using the following steps:

1)	 place codeword modules in a mapping matrix;

2)	 insert alignment pattern modules, if any;

3)	 place finder modules along the perimeter.

5.8.2	 Symbol character placement

Each symbol character shall be represented by eight modules which are nominally square in shape; 
each module represents a binary bit. A dark module is a one and a light module is a zero. The eight 
modules are in order from left to right and top to bottom to form a symbol character as shown in 
Figure  6. Because the symbol character shape defined in Figure  6 cannot be perfectly nested at the 
symbol boundary, some symbol characters are split into portions. Symbol character placement is 
defined in the C language program in Annex E, described in E.2 and illustrated in E.3.
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Key
LSB least significant bit
MSB most significant bit

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

5.8.3	 Alignment pattern module placement

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

5.8.4	 Finder pattern module placement

Modules are placed along the perimeter of the matrix to construct the finder pattern as described in 4.3.2.

6	 Symbol dimensions

6.1	 Dimensions

DMRE symbols shall conform to the following dimensions:

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

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

―	 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 4X is 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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