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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 d¢scribed in the ISO/IEC Directives, Part 1. In particular, the different app
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Introduction

Rectangular Micro QR Code (rMQR) is a matrix symbology. The symbol consists of an array of nominally
square modules, arranged in a rectangular pattern. Included is a unique finder pattern located at a
single corner which is intended to assist in easy location of the symbols position, size, and inclination.
A wide range of sizes of symbol is provided for, together with two levels of error correction. Module
dimensions are user-specified to enable symbol production by a wide variety of techniques.

vi © ISO/IEC 2022 - All rights reserved
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Information technology — Automatic identification

and

data capture techniques — Rectangular Micro QR Code

(rMQR) bar code symbology specification

1 Scope

This goren S S e V g R 2 T
rMQR |symbology characteristics, data character encoding methods, symbol formats
charadteristics, error correction rules, reference decoding algorithm, printing guality
and uder-selectable application parameters.

oW Iy

2 Normative references

The following documents are referred to in the text in such a way‘that some or all of
constifutes requirements of this document. For dated references; only the edition cite
undated references, the latest edition of the referenced document{including any amendmnj

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

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

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

3 Terms and definitions

For th¢ purpose of this document, the terms and definitions given in ISO/IEC 19762 and
apply.

[SO and IEC maintain terminology databases for use in standardization at the following a

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

— IE[C Electropedia: available at https://www.electropedia.org/

3.1
chara¢ter count indicator

specifies the
dimensional
requirements

their content
d applies. For
ents) applies.
techniques —

- Part 1: Latin

niques — Bar

the following

Hdresses:

bit sequence wiich defines the data string lengin in a mode (3.6)

3.2
encoding region

region of the symbol not occupied by function patterns (3.4) and available for encoding of data and error

correction codewords, and for format information (3.3)

3.3
format information

encoded pattern containing information on the error correction level and version (3.15) applied to

symbol characteristics

© ISO/IEC 2022 - All rights reserved
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3.4

function pattern
overhead component of the symbol [finder pattern, separator (3.12), timing patterns (3.14), alignment
patterns, finder sub patterns and corner finder pattern] required for location of the symbol or

identification

3.5
masking

of its characteristics to assist in decoding

process of XORing the bit pattern in an area of the symbol with a mask pattern to equalize the number
of light and dark modules

3.6

mode
method of ref

3.7
mode indicaf

resenting a defined character set as a bit string

or

identifier indicating in which mode (3.6) the following data sequence is encoded

3.8

padding bit
zero bit, not 1
process

3.9
remainder b
zero bit, not 1

epresenting data, used to fill empty positions of the final codeword during the en

t
epresenting data, used to fill empty positions ‘ef the symbol encoding region (3.2

coding

) after

the final symlol character, where the area of the encoding region (3.2) does not divide exactly into 8-bit

symbol chara

3.10

Cters

remainder cpdeword

codeword, plz
to fill empty
(3.15) and ery

3.11
segment
sequence of d

3.12

separator
function pattg
the rest of the

3.13

jced after the data codeword stream that was generated in data encoding proces
odeword positions to meet thé requirements of number of data codeword of the
or correction definitions

hta encoded according to the rules of one ECI or encoding mode

rn (3.4)(of all light modules, one module wide, used to separate the finder patter
symbol

, used
bersion

h from

terminator

bit pattern of defined number (depending on symbol) of all zero bits used to end the bit string
representing data

3.14

timing pattern
alternating sequence of dark and light modules enabling module coordinates in the symbol to be

determined

© ISO/IEC 2022 - All rights reserved
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3.15

version

size of the symbol represented in terms of the number of modules in the vertical and horizontal axes,
indicated, for example, as R7x59

Note 1 to entry: The error correction level applied to the symbol can be suffixed to the Version Indicator, e.g.,
Version R11x27-M.

3.16
version Indicator
five-bit identifier indicating symbol version used for a part of the format information (3.3)

3.17
error porrection level indicator
one-bif identifier indicating error correction level used for a part of the format inforfiatiop (3.3)

4 Mpathematical and logical symbols, abbreviated terms and‘¢onventigns

4.1 Mathematical and logical symbols

DIV |[is the integer division operator
MOD |is the integer remainder after division

XOR |isthe exclusive-or logic function whose output issone only when its two inputs are ot equivalent.
It is represented by the symbol .

4.2 Abbreviated terms

BCH |Bose-Chaudhuri-Hocquenghem
ECI [Extended Channel Interpretation

RS Reed-Solomon
4.3 Conventions

4.3.1 | Module positions

For eage of referénce, module positions are defined by their row and column coordinates |n the symbol,
in the|form<(i.j) where i designates the row (counting from the top downwards) and|; the column
(countiing from left to right) in which the module is located, with counting commencing at 0. Module
(0, 0) iptherefore located at the upper left corner of the symbol.

4.3.2 Byte notation

Byte contents are shown as hexadecimal (hex) values.

4.3.3 Version references

Symbol versions are referred to in the form Version RCyxCy-E where Cy, identifies the vertical number
of modules (7,9, 11, 13, 15, 17), C; identifies the horizontal number of modules (27, 43, 59, 77, 99, 139),
and E indicates the error correction level (M and H). For example, R13x27-M indicates a rectangular
symbol that has 13 vertical modules, 27 horizontal modules, and an error correction level M. Versions
may be referred to without error correction level. For example, R13x27.

NOTE For M and H, see 6.1 e).

© ISO/IEC 2022 - All rights reserved 3
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5

Conformance

rMQR symbols (and equipment designed to produce or read rMQR symbols) shall be considered as
conforming with this document if they provide or support the features defined in this document.

6

rMQR specifications

6.1 Basic characteristics

rMQR is a matrix symbology with the following characteristics.

a)

b)

d)

f)

g)

Encodablp character set:
1) numgric data (digits 0 - 9);

2) alphgnumeric data (digits O - 9; upper case letters A - Z; nine other characters, as shgwn in
Tablg 5.);

3) byte [data [default shall be the character set defined in Annex G; or (other sets as othgrwise
defingd (see 7.3.5)];

4) Kanjilcharacters (Characters can be compacted into 13 bits (se€4.3.6).

Representation of data:

R
g
=)

A dark mpdule is nominally a binary one and a light module.is nominally a binary zero. See
details offreflectance reversal.

Symbol size (not including quiet zone):
See Tablel1 for the symbol sizes for 7 x 43 modules'to 17 x 139 modules (Version R7x43 to R17x139).
Data chartjacters per symbol:

The maximum symbol size of Version R17x139-M is as specified below.

—  nurheric data: 361 eharacters
— alphanumeric data: ~219 characters
— Byt data: 150 characters
—  Kanji data: 92 characters

Selectabl¢ erroy correction:

Th' aloacwucrnmnartce o lavale af DA d Col oo aon Ao oo otioss N o d IT aabhaol 11l okar th
1S Sym OT0E y SappPoOTrtsTtvw Oty e O I e 0r0THO Tt T O COTT CCTIo T, v ottt 11, v i Cr oo VS e

recovery of rMQR codewords up to the indicated rate below.

— M 15 %
— H 30%
Code type:
Matrix

Orientation independence:

Yes (both rotation and reflection)

© ISO/IEC 2022 - All rights reserved
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Figure 1 illustrates a Version R13x27 rMQR symbol in normal colour and with reflectance reversal (see

6.2), in both normal and mirror image orientations.

6.2 Summary of additional features
The use of the following additional features is optional in rMQR.

— Extended channel interpretations (ECI)

This mechanism enables data using character sets other than the default encodable set (e.g., Arabic,
Cyrillic, Greek) and other data interpretations (e.g., compacted data using defined compression

schemes) or other industry-specific requirements to be encoded. See 7.3.2.

— Rdflectance reversal

Symbols are intended to be read when marked so that the image is either, dark on
or] dark (see Figure 1). The specifications in this document are based orndark ima|
background. In the case of symbols produced with reflectance reversalyreferences t
mepdules should be taken as references to light or dark modules respectively.

— Mjrror imaging

The arrangement of modules defined in this document represents the “normal” orie
syjmbol. It is, however, possible to achieve a valid decode of a symbol in which the]
of{the modules has been laterally transposed. When viewed with the rMQR finder

top left, and the finder sub pattern at the bottom right corners of the symbol, the ef
infaging is to interchange the row and column positions of the modules. (See Figure 1

light or light
es on a light
dark or light

ntation of the
arrangement
pattern at the
fect of mirror

)

] I.I LI-I ‘I 1

|
we bt
Lr.’. ...-.:
- L

A

a) Normal orientation and normal‘reflectance ar- b) Normal orientation and re
rangement tances

r a r

0 g

c) Mirforimage orientation and normal reflectance d) Mirror image orientation
arrangement reflectances

5

ersed reflec-

9

15 e

qnd reversed

NOTE The corner marks in Figures 1 indicate the extent of the quiet zone.

Figure 1 — Examples of rMQR symbol encoding the text "12345678901234567890123456"

6.3 Symbol structure

6.3.1 General

Each rMQR symbol shall be constructed of nominally square modules set out in a rectangular array and
shall consist of an encoding region and function pattern. The function pattern shall contain a finder
pattern, separator, timing patterns, alignment patterns, finder sub patterns and corner finder pattern.

See Figure 2.

© ISO/IEC 2022 - All rights reserved
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Function patterns do not encode data. The symbol shall be surrounded on all four sides by a quiet zone
border.

Figures 2 to 7 illustrate the structure of a Version R7x43, R9x43, R11x43, R13x43, R15x43 and R17x43
symbols, respectively.

Timing pattern Corner finder pattern

Finder pattern Encoding

‘ region .
Separator . Quiet zone
— B A = m

Format information Alignment pattern Finder sub pattern

Figure 2 — Structure of Version R7x43£MQR symbol

Finder pattern Timing pattern Encoding Corner finder pattern

region

Separator Quiet zone

D

Corner finder pattetn

Format information Alignment pattern Finder sub pattern

6 © ISO/IEC 2022 - All rights reserved
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Separator
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Encoding

region .
Quiet zone

/

Format

Timing pattern

Lorner finder pattern

information

Alignment pattern

Finder sub pattg

((

¥

Figure 4 — Structure of Version R11x43 rMQR symbol

Corner find

inder pattern Timing pattern Encoding

region .
Quiet zone

/

HLl..lll..l

Separator

Corner finder pattern

eI pattern

/

Finder sub pa

IIIII“I.IIi»i-.I-

SR

Format information
orner finder pattern

\
Timing pattern

Alignment pattern

tern

I-Tignrn 5 — Structure of Version R13x4.3 rMQD cymhn]
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Finder pattern Timing pattern Encoding Corner finder pattern

region .
Separator Quiet zone

au

Timing pattetn

Format Alignment pattern Finder sub pattern
information

Figure 6 — Structure of Version R15x43rMQR symbol

Finder pgttern Timing pattern Encoding Corner finder pattern

region

Separator Quiet zone

Format information Timing pattern

Corner finder pattern Alignment pattern Finder sub pattern

Figure 7 — Structure of Version R17x43 rMQR symbol

6.3.2 Symbol Versions and sizes

There are 32 sizes of rMQR symbol, referred to as Version R7x43 to R17x139. The vertical module
has 6 sizes depending on the number of modules, e.g., 7, 9, 11, 13, 15, 17, and the horizontal module
has 6 sizes depending on the number of modules, e.g., 27, 43, 59, 77, 99, 139. Table 1 shows code sizes
for all versions. Figure 8 illustrates the structure of symbols with 11 vertical modules and 27 to 139

8 © ISO/IEC 2022 - All rights reserved
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horizontal modules. Figure 9 illustrates the structure of symbols with 43 horizontal modules and 7 to
17 vertical modules.

o m

R11x43 D :

. =]

R11x59 LM . . L
R11x77 D

[ ] n n
R11x99 = = .

1
R11x139 . - 4 . u
Figure 8 — rMQR symbols with 11 vertical modides and 27 to 139 horizontal modules

[ }
R7x43
o - o

R9x43

R11x43

R13x43

R15x43

R17x43

Figure 9 — rMQR symbols with 43 horizontal modules and 7 to 17 vertical modules

© ISO/IEC 2022 - All rights reserved 9
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6.3.3 Finder pattern

A single finder pattern is located at the upper left corner of the symbol as illustrated in Figures 2 to 7.

For a symbol with 7 vertical modules, it is located at the leftmost of the symbol. Each finder pattern

may be viewed as three superimposed concentric squares and is constructed of 7 x 7 dark modules,

5 x 5light modules and 3 x 3 dark modules. The ratio of module widths in each finder patternis1:1:3

:1:1 asillustrated in Figure 10. Identification of the finder pattern together with the timing patterns

unambiguously defines the size, location and rotational orientation of the symbol in the field of view.
1:1: 3 :1:1

Key

A 3 modules
B 5 modules
C 7 modules

Figure 10 — Structure offinder pattern

6.3.4 Separator

A one-modulq wide separator, constructed of\all light modules, is placed between each finder gdattern
and the encoding region, as illustrated in Eigures 2 to 7.

6.3.5 Timing pattern

The horizontdl and vertical timingpatterns respectively consist of a one-module wide row or colfmn of
alternating dgrk and light modules. They enable the symbol density and version to be determinpd and
provide daturh positions for determining module coordinates.

The horizontal timing pattern runs across row 0 of the symbol between a separator at the rjight of
the finder pattern and a corner finder pattern at the right end of the symbol. It also runs acr¢ss the
lowermost row of.the symbol between a corner finder pattern at the left end of the symbol ;Ed the
finder sub paftern, excluding the position of the alignment pattern. The vertical timing patterjp runs
down column 0 of the symbol between a separator below the finder pattern and a corner finder pattern
at the lowermost end of the symbol. It also runs down the rightmost column between a corner finder
pattern at the upper end of the symbol and a finder sub pattern. The timing pattern also runs down a
column of symmetrically located upper and lower alignment patterns, from the top to the bottom of
the alignment patterns. Figure 11 illustrates the timing pattern area of Version R17x43 symbol. Timing
patterns are areas enclosed by dotted lines in this figure. Symbols with 7 to 11 vertical modules do
not have timing patterns at the column 0, nor do symbols with 7 and 9 vertical modules have timing
patterns at the right end of the symbol. See Figures 2 to 7.

10 © ISO/IEC 2022 - All rights reserved
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6.3.6

Alignn
patter
and a

numbé
shall b

Figure 11 — Timing pattern area of Version R17x43

Alignment patterns

lent patterns are present in symbols with 43 or mere horizontal modules. E4

h may be viewed as two superimposed concentricsquares, constructed of 3 x 3
single central light module. The structure of apjalignment pattern is shown in

e placed at the position defined in Annex D,except for symbols with 27 horizontal

ch alignment
ark modules,
igure 12. The
r of alignment patterns depends on the number‘of horizontal modules. The aligninent patterns

in Figures 2
uares, and is

Key
A 1ipodule
B 3 :Eodules
Figure 12 — Structure of alignment pattern
6.3.7 | Findersab pattern
The finder sib pattern is placed at the right-hand bottom of the symbol, as illustrateg
through’Z,/The finder sub pattern may be viewed as three superimposed concentric s
constr ; ' ; ' —The structure
of finder sub pattern is shown in Figure 13.

© ISO/IEC 2022 - All rights reserved
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Key

A 1 module
B 3 modules
C 5 modules

6.3.8 Cornd

Figure 13 — Structure of finder sub pattern

br finder pattern

The corner fi

in Figures 2 fhrough 7. The corner finder pattern is constructed of 3 darkanodules in the hor
direction, and 3 dark modules in the vertical direction that intersect at.the upper right or lower left
of the symbolf and 1 light module which is located so as to contact an angle made by the dark mjodules
described abdve. See Figure 14. Symbols with 7 vertical modules do nothave a lower left corner{finder

pattern. Sym
the horizonta

Key
A 1 module
B 3 modules

ols with 9 vertical modules have a lower left corner finder pattern of 3 dark mod|
direction, as shown in Figure 15.

B
242
P
N
[ A—

Eigure 14 — Structure of corner finder pattern

>

>
[os]

der pattern is located at the upper right and the lower left of rMQR symbol, as illugtrated

zontal

ules in

Key
A 1 module
B 3 modules

Figure 15 — Structure of lower left corner finder pattern of symbols with 9 vertical modules

6.3.9 Encoding region

This region shall contain the symbol characters representing data, those representing error correction
codewords, and the format information. Refer to 7.7.1 for details of the symbol characters. Refer to 7.9
for details of the format information.

12
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6.3.10 Quiet zone
The width of the quiet zone shall be 2X, surround the symbol on all four sides, and shall be free of all

other markings. Its nominal reflectance value shall be equal to that of the light modules.

7 Requirements

7.1 Encode procedure overview

This clause provides an overview of the steps required to convert input data to a rMQR symbol. (For
examples of encoding, see Annex 1.)

Step 1|Data analysis

Analyze the input data stream to identify the variety of different characters to be.€ncoded. The rMQR
symbdl format supports the extended channel interpretation feature, enabling data differing from
the default character set to be encoded. rMQR includes several modes (see%3) to allow different sub-
sets of characters to be converted into symbol characters in efficient.-ways. Switch bgtween modes
as necgssary in order to achieve the most efficient conversion of data‘into a binary string. Select the
requirgd error correction level. A list of rMQR symbol versions and\théir data capacities are shown in
Table 1.

Step 2 |Data encoding

Convert the data characters into a bit stream in accordance with the rules for the mode in force, as
definefl in 7.4.2 to 7.4.7, inserting mode indicators as‘necessary to change modes at thq beginning of
each npw mode segment, and a terminator at the end of the data sequence. Split the resultjng bit stream
into 84bit codewords. Add remainder codewords.as necessary to fill the number of data ¢godewords (as
definefl in Table 6) required for the version and error correction level.

Step 3Error correction coding

Divide|the codeword sequence into theyrequired number of blocks (as defined in Table 8) to enable the
error ¢orrection algorithms to be\processed. Generate the error correction codewords fpr each block,
appengling the error correction¢codewords to the end of the data codeword sequence.

Step 4 |Structure final message

Interldave the data and.error correction codewords from each block as described in 7.4 (step 3), and
add remainder bits as‘necessary.

Step 5 Module placement in matrix

Place the codeword modules in the matrix together with the finder pattern, separators, timing pattern,
alignmenit patterns (if required), finder sub pattern and corner finder pattern. Refer to 7.T for details of

Step 6 Data masking

Apply the data masking patterns to the encoding region of the symbol. Refer to 7.8 for details of data
masking.

Step 7 Format information

Generate the format information and complete the symbol. Refer to 7.9 for details of format information.

© ISO/IEC 2022 - All rights reserved 13
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Table 1 — Codeword capacity of all versions of rMQR symbols

No. of rpodules/ ) SymI_Jol Data

side Function ) Formaf capacity - capacity )

Version _ Hori- pattern information | Data modules [codewords] Remz}mder

Vertical tal modules modules ex_cept (D) a bits
@ | "5 © (D) (E= 1?)1; -C- (E)
R7x43 7 43 161 36 104 13 0
R7x59 7 59 206 36 171 21 3
R7x77 7 77 242 36 261 32 5
R7x99 7 99 299 36 358 47 ¢
R7x139 7 139 392 36 545 68 ]
R9x43 9 43 181 36 170 21 .
R9x59 9 59 228 36 267 33 3
R9x77 9 77 264 36 393 49 ]
R9x99 9 99 323 36 532 66 4
R9x139 9 139 418 36 797 99 f
R11x27 11 27 139 36 122 15 3
R11x43 11 43 188 36 249 31 ]
R11x59 11 59 237 36 3%6 47 (
R11x77 11 77 273 36 538 67 y
R11x99 11 99 334 36 719 89 7
R11x139 11 139 431 36 1062 132 [i
R13x27 13 27 143 36 172 21 4
R13x43 13 43 194 36 329 41 ]
R13x59 13 59 245 36 486 60 q
R13x77 13 77 281 36 684 85 4
R13x99 13 99 344 36 907 113 3
R13x139 13 139 443 36 1328 166 (
R15x43 15 43 200 36 409 51 ]
R15x59 15 59 253 36 596 74 4
R15x77 15 77 289 36 830 103 q
R15x99 15 99 354 36 1095 136 7
R15x139 15 139 455 36 1594 199 2
R17x43 17 43 206 36 489 61 ]
R17x59 17 59 261 36 706 88 ]
R17x77 17 77 297 36 976 122 0
R17x99 17 99 364 36 1283 160 3
R17x139 17 139 467 36 1860 232 4
a  All codewords are 8 bits in length.

7.2 Data analysis

Analyse the input data string to determine its content and select the default or other appropriate ECI
and the appropriate mode to encode each sequence as described in 7.4. Each mode in sequence from
Numeric mode to Kanji mode progressively requires more bits per character. When modes are mixed,
it is possible to switch from mode to mode within a symbol in order to minimize the bit stream length
for data, parts of which can more efficiently be encoded in one mode than other parts, e.g., numeric
sequences followed by alphanumeric sequences. It is in theory most efficient to encode data in the
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mode requiring the fewest bits per data character, but as there is some overhead in the form of mode
indicator and character count indicator associated with each mode change, it does not always result
in the shortest overall bit stream to change modes for a small number of characters. Also, because the
capacity of symbols increases in discrete steps from one version to the next, it is not always necessary
to achieve the maximum conversion efficiency in every case.

7.3 Modes

7.3.1 General

The modes defined below are based on the character values and assignments associated with the default
ECI. When any other ECI 1S In force, the byte values rather than the speciiic character assignments shall
be usef to select the optimum data compaction mode. For example, numeric mode would'je appropriate
if therp is a sequence of data byte values within the range 30y to 39y inclugsive. In| this case the
compaction is carried out using the default numeric or alphabetic equivalents ofithe’byte values.

NOTE ...px data is figured in hexadecimal.

7.3.2 | Extended channel interpretation (ECI) mode

The ex

data sf
define
specify

The d
charad

Intern
interp

The ef]
follow
of the

7.3.3

Numey

tended channel interpretation (ECI) protocol defined in References [21] to [23], alld
ream to have interpretations different from that of the, default character set. The §
 consistently across a number of symbologies. The ECHprotocol provides a consist
 particular interpretations of byte values before printing and after decoding.

bfault interpretation for rMQR symbol shall beCECI 000003 representing the IS
ter set.

htional applications using other charagter’ sets should use the ECI protocol. For
retation corresponding to the JIS8 and\Shift JIS character sets is ECI 000020.

fect of ECI mode is to insert an E€lescape sequence at that point in the data. It i
bd by another mode indicator {(€.g., for efficient data encoding) and remains in forcq
message or a subsequent EClimode indicator.

Numeric mode

ic mode encodes(data from the decimal digit set (0 - 9) (byte values 304y to 39y

data characters are répresented by 10 bits.

Alphapumeric mode

umeric mode encodes data from a set of 45 characters, i.e. 10 numeric digits 0-9

ws the output
CI protocol is
ent method to

D/IEC 8859-1

instance, the

immediately
until the end

)- Normally, 3

(byte values
ymbols (SP, $,

HEX’ HEX’ HEX» HEX’

Normally, two 1nput characters are represented by 11 bits.

7.3.5

In this

Byte mode

mode, data is encoded at 8 bits per character.

respectively).

In closed-system national or application-specific implementations of rMQR, an alternative 8-bit
character set, for example as defined in an appropriate part of ISO/IEC 8859, may be specified for Byte
mode. When an alternative character set is specified, however, the parties intending to read the rMQR
symbols require to be notified of the applicable character set in the application specification or by
bilateral agreement.
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7.3.6 Kanji mode

The Kanji mode efficiently encodes Kanji characters in accordance with the Shift JIS system based on
JIS X 0208. The Shift JIS Kanji coding values are shifted from the JIS X 0208 values. ]IS X 0208:1997,
Annex 1 gives details of the shift coded representation. Each two-byte character value is compacted to
a 13-bit binary codeword. See Annex H for JIS8 and Shift JIS character sets.

When the character set specified for 8-bit byte mode makes use of byte values in the ranges 81y to
9Fygx and/or EOypy to EBygy, it is not always possible to use Kanji mode unambiguously, as reading
systems are unable to determine from the transmitted data whether such byte values are the lead
byte of a double byte character. It may be possible to achieve a shorter bit stream by using the Kanji
mode compaction rules when an appropriate sequence of byte values occurs in the data [i.e. lead bytes

in the ranges
FCygx.except
combinations

7.3.7 Mixin

The rMQR syT
version of the

7.3.8 FNC1

FNC1 mode is
data formattg
data formatte
mode applies

NOTE "Fin
FNC1 characte

7.4 Datae

7.4.1 Sequ

Input data is ¢
the default E(
the default EQ

The ECI heads
ECI mode

ECI desig

81ygx to 9Fypy and/or EOypy to EAypy) followed by trailer bytes in the range4(
7FyEx, or EBypx followed by 40y to BFygx except 7Fygy)]. Figure H.1 shows th
graphically.

g modes

hbols may contain sequences of data in a combination of any of the'mddes available
symbol as described in 7.3.2 to 7.3.6.

mode

d in accordance with the GS1 General Specificatiomns,In the "second position" it desi
d in accordance with a specific industry application previously agreed with AIM Ing
to the entire symbol and is not affected by subsequent mode Indicators.

st position” and "second position” do not referto actual locations but are based on the posi
"in Code 128 symbols, when used in an equivalent manner.

ncoding

bnce of data

onverted into a bit stream consisting of one or more segments each in a separate m
I, the bit stream cemimences with the first mode indicator. If the initial ECI is othg
I, the bit stream commences with an ECI header, followed by the first segment.

r (if present)'shall comprise:
indicatér)(3 bits)

hator(8, 16 or 24 bits)

used for messages containing specific data formats. I the "first position" it desiE

HEX tO
e byte

for the

nates
nates
.FNC1

[ions of

pde. In
r than

The ECI header shall begin with the first (most significant) bit of the ECI mode indicator and end with

the final (leas

t significant) bit of the ECI designator.

The remainder of the bit stream is then made up of segments each comprising: (see Figure 16):

16

mode indicator;
character count indicator;

data bit stream.
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ECI header Segmentl1 | ... Segment n
Mode Character Mode Character ;
ECI mode ECI o . Terminator
. ] indicator count Data | ... indicator count Data
indicator | designator . -
1 indicator n indicator
Segment 1 Segment2 | ... Segment n
Mode | Character Mode | Character Mode | Character Terminator
indi( O\tUl \'Uullt Data ;ud;\.atun \-Uullt Data ------ ;ud;\.atun qullt Dﬂt
1 indicator 2 indicator n indicator

Figure 16 — Format of data stream with and without ECI header

Each mode segment shall begin with the first (most significant) bit of the mode indicator
the finjal (least significant) bit of the data bit stream. There shall e no explicit separ
segmepts as their length is defined unambiguously by the rules for-the mode in force and
input data characters.

To encpde a sequence of input data in a given mode, the steps-defined in 7.4.2 to 7.4.7 sha
Table ? defines the mode indicators (3 bits) for each mode; Table 3 defines the length of
count Indicator, which varies according to the applied mode and symbol version.

Table 2 — Mode and Mode indicators for rMQR

Mode Mode indicators (3 bits)
Numeric 001
Alphanumeric 010
Byte 011
Kanji 100

FNCIa 101 (First position)
110 (Second position)
ECI 111
Terminator

000

(End of message)b
a  See74.8.2 and 7.4.8.3.

b The terminator is not a mode indicator as such and may be truncated.

and end with
ator between
'he number of

| be followed.
the character

Table 3 — Number of bits of character count indicator

Version No. of modules/side Numeric Alphanumeric Byte Kanji

Vertical Horizontal mode mode mode mode
R7x43 7 43 4 3 3 2
R7x59 7 59 5 5 4 3
R7x77 7 77 6 5 5 4
R7x99 7 99 7 6 5 5
R7x139 7 139 7 6 6 5
R9x43 9 43 5 5 4 3
R9x59 9 59 6 5 5 4

© ISO/IEC 2022 - All rights reserved
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Table 3 (continued)

Version No. of modules/side Numeric Alphanumeric Byte Kanji
Vertical Horizontal mode mode mode mode
R9x77 9 77 7 6 5 5
R9x99 9 99 7 6 6 5

R9x139 9 139 8 7 6 6
R11x27 11 27 4 4 3 2
R11x43 11 43 6 5 5 4
R11x59 11 59 7 6 5 5
R11x77 11 77 7 6 6 5
R11x99 11 99 8 7 6 4
R11x139 11 139 8 7 7 6
R13x27 13 27 5 5 4 3
R13x43 13 43 6 6 5 5
R13x59 13 59 7 6 6 5
R13x77 13 77 7 7 6 6
R13x99 13 99 8 7 7 6
R13x139 13 139 8 8 7 7
R15x43 15 43 7 (@ 6 5
R15x59 15 59 7 y/ 6 5
R15x77 15 77 8 7 7 6
R15x99 15 99 8 7 7 6
R15x139 15 139 9 8 7 7
R17x43 17 43 7 6 6 5
R17x59 17 59 8 7 6 q
R17x77 17 77 8 7 7 6
R17x99 17 99 8 8 7 6
R17x139 17 139 9 8 8 7

The end of the data in the complete symbol is indicated by a terminator consisting of 3 zero bifts (see

Table 2), whigh is truncated if ‘the remaining number of data bits after the data bit stream is legs than

the required bit length of termminator. The terminator is not a mode indicator as such.

7.4.2 Extended channel interpretation (ECI) mode

7.4.2.1 Generdl

This mode, used for encoding data subject to alternative interpretations of byte values (e.g., alternative
character sets) in accordance with the AIM ECI specification which defines the pre-processing of this
type of data, is invoked by the use of mode indicator 111.

The extended channel interpretation can only be used with readers enabled to transmit the symbology
identifier. Readers that cannot transmit the symbology identifier cannot transmit the data from any
symbol containing an ECI.

Input ECI data shall be handled by the encoding system as a series of byte values.

Data in an ECI sequence may be encoded in whatever mode or modes permit the most efficient encoding
of the byte values of the data, irrespective of their significance. For example, a sequence of bytes in the
range 30y to 39,k can be encoded in numeric mode (see 7.4.3) as though it were a sequence of digits
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0 - 9 even though it does not actually represent numeric data. In order to determine the value of the
character count indicator, the number of bytes (or, in Kanji mode, of byte pairs) shall be used.

7.4.2.2 ECI Designator

Each Extended Channel Interpretation is designated by a six-digit assignment number which is encoded
in the rMQR symbol as the first one, two or three codewords following the ECI mode indicator. The
encoding rules are defined in Table 4. The ECI designator appears in the data to be encoded as character
5Chgx [\ or backslash (reverse solidus) in ISO/IEC 8859-1, ¥ or yen sign in JIS8] followed by the six-digit
assignment number. Where 5Cyx appears as true data it shall be doubled in the data string before
encoding in symbols to which the ECI protocol applies.

When Ja single occurrence of 5Cygy is encountered in the input to the decoder, an ECInjode indicator
is insefted followed by the ECI designator. When a doubled 5Cyy is encountered, itis€fpcoded as two
5Cygx bytes.

On deg¢oding, the binary pattern of the first ECI designator codeword (i.e. the.codeword|following the
mode |ndicator in ECI mode), determines the length of the ECI designater_sequence. The number of
1 bits before the first 0 bit defines the number of additional codewords aftef the first usefl to represent
the EC[ assignment number. The bit sequence after the first 0 bit is thé€ binary representation of the ECI
assignment number. The lower numbered ECI assignments may be,encoded in multiple [ways, but the
shortest way is preferred.

Table 4 — Encoding ECI assignment number

ECI assignment value | No. of codewords Codeword values
000000 to 000127 1 Obbbbbbb
000000 to 016383 2 10bbbbbb bbbbbbbb
000000 to 999999 3 110bbbbb bbbbbbbb bbbbbbbb
where b ... b is the binary value of
the ECI Assignment number

Example

Assumg data to be encoded is in/Greek, using character set ISO/IEC 8859-7 (ECI 000009) in vergion R17x139-H
symbol.

Input data: \000009ABT'AE(character values Alygx, AZypx A3nex Aduex ASyex)

Bit seqpience in symbol:

ECI mgde indi¢ator 111
ECI Asgignment number (000009) 00001001

Mode indicator (byte) 011

Character count indicator (5) 00000101

Data: 10100001 10100010 10100011 10100100 10100101

Final bit string: 111 00001001 011 00000101 10100001 10100010 10100011

10100100 10100101

See 13.3 for example of transmission of this data following decoding.

7.4.2.3 Multiple ECIs

Refer to the AIM ECI specification for the rules defining the effect of a subsequent ECI designator in an
ECI data segment. For example, data to which a character set ECI has been applied can also be subject
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to encryption or compaction using a transformation ECI which co-exist with the initial ECI, or a second
character set ECI has the effect of terminating the first ECI and starting a new ECI segment. Where any
ECI designator appears in the data, it shall be encoded in the rMQR symbol in accordance with 7.4.2.2
and shall commence a new mode segment.

7.4.3

Numeric mode

The input data string is divided into groups of three digits, and each group is converted to its 10-bit
binary equivalent. If the number of input digits is not an exact multiple of three, the final one or two
digits are converted to 4 or 7 bits respectively. The binary data is then concatenated and prefixed with
the mode indicator and the character count indicator. The mode indicator in the numeric mode is 001
(3 bits long a

character count indicator after the mode indicator and before the binary data sequence (see Fig

Table 3. The
and 17).
EXAMPLE 1
Input data:
1. Divide int
2. Converte
3. Connectt
4, Convertc
No. of inpy
5. Add modse

For any numb

ned in

B=M+C

where

20

humber of input data characters is converted to its binary equivalent and added

(For Version R7x59 symbol)

0123456789012345
o groups of three digits: 012 345 678901 234 5
hch group to its binary equivalent: 012 - 0000001100
345 - 0101011001

678 - 1010100110
901 - 1110000101

234 - 0011101010
5-0101

he binary data in sequence: 00000011060 0101011001 1010100110 1110000101
0011101010 0101

haracter count indicator to binary (5 hits for version R7x59):

t data characters: 16 - 10000

indicator (001 for version R7x59-M) and character count indicator to binary data:

001 10000 0000001100 0101011001 1010100110
1110000101 0011101010 0101

er of data characters, the length of the bit stream in numeric mode is given by Form

- 10(D DIV 3)+ R

is the

nifmber of bits in bit stream;

as the
res 16

hla (1):
1)

is the number of bits in mode indicator (bit length defined in Table 2);

is the number of bits in character count indicator (bit length defined in Table 3);

= 0 if (D MOD 3) = 0;

=4if(DMOD 3) = 1;

B
M
C
D isthe number of input data characters;
R
R
R

=7 if (D MOD 3) = 2.
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Segment 1
character
mode
. count Data
indicator 1 .
indicator
Mode indicator Numeric
No. of input data characters 16
Input data ol1]2]3]4]5]6]7][8]9]o][1]2][3]4] 5
Divide into groups of three digits 012 345 678 901 234 5
Binary(10bit) 0000001100 | 0101011001 | 1010100110 | 1110000101 | 0011101010
three digits,
Binary(10bit)
two digits,
Last group Rinnrv{ihiﬂ
one digit, 0101
Binary(4bit)
Binary 001 10000 0000001100 |0101011001 |1010100110 |1110000101 0011101010 | 0101
Figure 17 — Example of numeric mode format
7.4.4 | Alphanumeric mode
Charagter values from 0 to 44 are assigned to each input data chavacter according to Table 5.
Table 5 — Encoding/decoding tablefor alphanumeric mode
Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Valuqd | Char. | Value
0 0 6 6 C 12 [ 18 0 24 4) 30 SP 36 42
1 1 7 7 D 13 ] 19 p 25 Vv 31 $ 37 / 43
2 2 8 8 E 14 K 20 Q 26 w 32 % 38 44
3 3 9 9 F 15 L 21 R 27 X 33 * 39
4 4 A 10 G 16 M 22 S 28 Y 34 + 40
5 5 B 11 H 17 N 23 T 29 VA 35 41

Input ¢lata characters are divided into groups of two characters which are encoded as
codes.[The character value of the first character is multiplied by 45 and the characte
second character is added-to the product. The sum is then converted to an 11-bit binary
numbedr of input data.characters is not a multiple of two, the character value of the fing
encod¢d as a 6-bit binary number. The binary data is then concatenated and prefixed W
indicator and the-Character count indicator. The mode indicator in the alphanumeric modsg

11-bit binary
- value of the
humber. If the
| character is
/ith the mode
 is 010 (3 bits

long a§ definedin Table 2), and the character count indicator has the number of bits defined in Table 3.

The nymberof input data characters is converted to its binary equivalent and added as

count |ndicator after the mode indicator and before the binary data sequence (see Figure[16).

AL

the character

alphanumeric

mode by the character %. Refer to 7.4.8.2, 7.4.8.3 and 13.4 for details of the encoding and transmission

of FNC1 and %.
EXAMPLE

Input data:

1. Determine character values according to Table 5

(For Version R7x59 symbol)

AC-42

2. Divide the result into groups of two decimal values: (10,12) (41,4) (2)

3. Convert each group to its 11-bit binary equivalent:

4. Connect the binary data in sequence:

© ISO/IEC 2022 - All rights reserved

AC-42 - (10,12,41,4,2)

(10,12) 10*45+12 - 462 - 00111001110

(41,4) 41*45+4 - 1849 - 11100111001
(2) > 2 - 000010
00111001110 11100111001 000010
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No. of input data characters:

6.

41:2022(E)

Convert character count indicator to binary (5 bits for version R7x59):

5-00101

Add mode indicator 010 and character count indicator to binary data:

010 00101 00111001110 11100111001 0000

10

For any number of data characters, the length of the bit stream in alphanumeric mode is given by

Formula (2):

B=M+C+11(D DIV 2) + 6(D MOD 2)

(2)

where
B isthsg
M s thsg
C isthsg
D isths
7.4.5 Byte

In this mode,
in Table H.1 (i

The binary d
Indicator. Thd

character coupt indicator has the number of bits defineddn Table 3. The number of input data chat
b its binary equivalent and added as the character count indicator after the mode indlicator

is converted t
and before th

For any numb

B=M+C

where

is the
is the

is the

number of bits in bit stream;

number of bits in mode indicator (bit length defined in Table 2);
number of bits in character count indicator (bit length defined in Table 3);

number of input data characters.

mode

bne 8-bit codeword directly represents the byte value ofthe input data character sp
.e. a density of 8 bits/character).

hta is then concatenated and prefixed with the mode indicator and the character
b mode indicator in the Byte mode is 011%(3 bits long as defined in Table 2), a

e binary data sequence (see Figure 16).
er of data characters, the length-of the bit stream in Byte mode is given by Formula

+ 8D

number of bits.in bit stream;

number 0fbits in mode indicator (bit length defined in Table 2);

number of bits in character count indicator (bit length defined in Table 3);

bcified

count
hd the
acters

| (3):
(3)

S o T W

isth

number of input data characters

7.4.6 Kanji

mode

In the Shift JIS system in JIS X 0208, Kanji characters are represented by a two-byte combination.
These byte values are shifted from the JIS X 0208 values. JIS X 0208 Annex 1 gives details of the shift
coded representation. Input data characters in Kanji mode are compacted to 13-bit binary codewords
as defined below. The binary data is then concatenated and prefixed with the mode indicator and the
character count indicator. The Mode Indicator in the Kanji mode is 100 (3 bits long as defined in Table 2),
and the character count indicator has the number of bits defined in Table 3. The number of input data

22
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characters is converted to its binary equivalent and added as the character count indicator after the
mode indicator and before the binary data sequence (see Figure 16).

a) For characters with Shift JIS values from 81404y to 9FFCypy:
1) subtract 81404y from Shift JIS value;
2) multiply most significant byte of result by COygy;
3) add least significant byte to product from 2);

4) convertresult to a 13-bit binary string.

b) Fdr characters with Shift ]IS values from E040ygy to EBBFgy:
1)| subtract C140ygy from Shift JIS value;
2)| multiply most significant byte of result by COygy;
3)| add least significant byte to product from?2);

4)[ convertresult to a 13-bit binary string.

EXAMRBLES

Input ¢haracter =T g

(Shift [IS value): 935F E4AA

1. Sybtract 8140 or C140 935F - 8140 = 121F E4AA - C140 = 2364

2. Mpltiply m.s.b. by CO 12 x C0 = D80 23 x C0 =1A40

3. Addls.b. D80 + 1F&D9F 1A40 + 6A=1AAA

4. Convert to 13-bit binary 0D9F.»0 1101 1001 1111 1AAA-11010101p0 1010

For al] 8140y to 9FFCygy Shift JIS characters and E040ypy to EBBFypy Shift JIS characters, prefix
binary| sequence representing input ‘data characters with mode indicator (from Table 2) pnd character
count Indicator binary equivalent{(bit length defined in Table 3).

For any number of data characters, the length of the bit stream in Kanji mode is given by Formula (4):

BsM+C+13D 4)

where

is the-number of bits in bit stream;

15the number of bits in mode indicator (bit length defined in Table 2);

is the number of bits in character count indicator (bit length defined in Table 3);

T O T W

is the number of input data characters.

7.4.7 Mixing modes

There is the option for a symbol to contain sequences of data in one mode and then to change modes
if the data content requires it, or in order to increase the density of encoding. Each segment of data is
encoded in the appropriate mode as indicated in 7.4.2 to 7.4.6, with the basic structure mode indicator/
character count indicator/data and followed immediately by the mode indicator commencing the next
segment. Figure 16 illustrates the structure of data containing n segments.
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7.4.8 FNC1

41:2022(E)

modes

7.4.8.1 General

In rMQR symbols, there are two mode indicators which are used cumulatively with those defined in
7.3.2 to 7.3.8 and 7.4.2 to 7.4.8 to identify symbols encoding messages formatted according to specific

predefined industry or application specifications. These (together with any associated parameter data)
precede the mode indicator(s) used to encode the data efficiently. When these mode indicators are used,
it is necessary for the decoder to transmit the symbology identifier as defined in 13.2 and Annex E.

7.4.8.2 FNC1 in first position

NOTE "Fir
symbol charac

This mode in
Identifiers st
immediately

byte or Kanji]
other symb
end of a vari
character Gg (
in Alphanumg(
transmit it as

EXAMPLE 1

Input data:

Data to be enc

Bit sequence i symbol:

o;Egies which use this special character) to be used as a datafield separator (i.e.

st position” is not used in a literal sense, but is a historical reference to the position pf th
er in Code 128 symbols.

dicator identifies symbols encoding data formatted according to the,GS1 Appl
hndard. For this purpose, it shall only be used once in a symbol and shall be
before the first mode indicator used for efficient data encoding (numeric, alphany
, and after any ECI header. Where the GS1 specifications call for the FNC1 charag

le-length data field), rMQR symbols shall use the % character'in alphanumeric m

ric mode, it shall be encoded as %%. Decoders encountering % in these symbol
1Dygx, and if %% is encountered it shall be transmitted as a single % character.

(For Version R15x139 symbol)

0194912345123452 (Application identifier 01 = global trade item num
(GTIN), fixed length; data; 94912345123452)

15180331 (Application identifier 15 = "Best before" date YYMMDD, fixe
length; data: 31 Mareh2018)

30128 (Application identifier 30 = quantity, variable length; data: 128)
(requires separator character)

10ABC123((Application Identifier 10 = batch number, variable length; d
ABC123)

bded:
01949123451234521518033130128%10ABC123

101 (Mode indicator, FNC1 implied in 1st position)
001 (Mode indicator, numeric mode)
000011101 (Character count indicator, 29)

e FNC1

cation
placed
meric,
ter (in
at the
ode or

[ Dy;ex) in byte mode to perform this function. If the % chaFacter occurs as part of the data

s shall

per

hta:

<data bits for 01949123451234521518033130128>

Transmitted d

EXAMPLE 2

010 (Mode indicator, alphanumeric mode)
00001001 (Character count indicator, 9)
<data bits for %10ABC123>
ata (see 13.2 and Annex E)
1Q301949123451234521518033130128<1Dygx>10ABC123

Encoding/transmission of % character in data:

Input data: 123 %
Encoded as: 123 %%
Transmitted as: 123 %

7.4.8.3 FNC1 in second position

24
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NOTE "Second position” is not used in a literal sense, but is a historical reference to the position of the FNC1
symbol character in Code 128 symbols.

This mode indicator identifies symbols formatted in accordance with specific industry or application
specifications previously agreed with References [21] to [23]. It is immediately followed by a one-byte
codeword the value of which is that of the Application Indicator assigned to identify the specification
concerned by References [21] to [23].. For this purpose, it shall only be used once in a symbol and
shall be placed immediately before the first mode indicator used for efficient data encoding (numeric,
alphanumeric, byte or Kanji). An application indicator may take the form of any single Latin alphabetic
character from the set {a - z, A - Z} (represented by the ASCII value of the character plus 100) or a two-
digit number (represented by its numeric value directly) and shall be transmitted by the decoder as the
first one or two characters immediately preceding the data. Where the application specifications call
for thg FNC1 character (in other symbologies which use this special character) to be used|as a data field
separdtor, rMQR symbols shall use the % character in Alphanumeric mode or charactef] b5 (1Dygy) in
byte mpode to perform this function. If the % character occurs as part of the data it)shall pe encoded as
%%. Decoders encountering % in these symbols shall transmit it as 1Dyy, and,if%% is epcountered, it
shall ble transmitted as a single % character.

EXAMRBLE (For Version R17x139 symbol)

NOTE Application indicator 37 has not been assigned at the time of publication to any organjization and the
data content of the example is purely arbitrary.

Applicption indicator: 37

Input dlata: AA1234BBB112text text text text<CR>

Bit sequence in symbol:

110 (Mode Indicator, FNC1 implied in 2nd position)
00100101 (Application indicator, 37)

010 (Mode indicator, alphanumeric mode)
000001100 (Character count indicator, 12)
<data bitsfor AA1234BBB112>

011 (Meode indicator, byte mode)

00010100 (Character count indicator, 20)
<data bits for text text text text<CR> >
Transpitted data:

] Q537AA1234BBB112text text text text<CR>

7.4.9 | Terminator

The ernd of data in the symbol is signalled by the terminator sequence of 0 bits, as defined in Table 2,
appengled to’the data bit stream following the final mode segment. The terminator shall be omitted if
the daga'bit stream completely fills the capacity of the symbol, or abbreviated if the remalning capacity
of the symbol is less than the required bit length of terminator.

7.4.10 Bit stream to codeword conversion

The bit streams corresponding to each mode segment shall be connected in order. The terminator shall
be appended to the complete bit stream as defined in 7.4.9. The resulting message bit stream shall then
be divided into codewords. All codewords are 8 bits in length. If the bit stream length is such that it does
not end at a codeword boundary, padding bits with binary value 0 shall be added after the final bit (least
significant bit) of the data stream to extend it to the codeword boundary. The data bit stream shall then
be extended to fill the data capacity of the symbol corresponding to the version and error correction
level, as defined in Table 6, by adding the remainder codewords 11101100 and 00010001 alternately.
The resulting series of codewords, the data codeword sequence, is then processed as described in 7.5
to add error correction codewords to the message. In certain versions of symbol, it may be necessary
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to add remainder bits (all zeros) to the end of the message, after the final error correction codeword, in
order exactly to fill the symbol capacity (see Table 1).

Table 6 — Number of data codewords and input data capacity for rMQR

Error Number Number Data capacity
Version correction of data of data Numeric Alphanu- Byte Kanji
level codewords bits meric
R7x43 M 6 48 12 7 5 3
H 3 24 5 3 2 1
R7x59 M 12 96 26 16 11 6
H 7 56 14 8 6 3
R7x77 M 20 160 45 27 19 11
H 10 80 21 13 9 5
R7x99 M 28 224 64 39 27 16
H 14 112 30 18 13 8
R7x139 M 44 352 102 62 42 26
H 24 192 54 33 22 14
R9x43 M 12 96 26 16 11 6
H 7 56 14 8 6 3
NOTE The number of data bits includes bits for mode indicator and character count indicator.
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Table 6 (continued)
Error Number Number Data capacity
Version correction of data of data Numeric Alphanu- Byte Kanji
level codewords bits meric
R9x59 M 21 168 47 29 20 12
H 11 88 23 14 10 6
R9x77 M 31 248 71 43 30 18
H 17 136 37 23 16 9
R9x99 M 42 336 97 59 40 25
H 22 176 49 30 20 12
R9k139 M 63 504 147 89 61 38
H 33 264 75 46 81 19
R1|x27 M 7 56 14 8 6 3
H 5 40 9 6 4 2
R1[x43 M 19 152 42 26 18 11
H 11 88 23 14 10 6
R1[x59 M 31 248 71 43 30 18
H 15 120 33 20 14 8
R11x77 M 43 344 100 60 41 25
H 23 184 52 31 21 13
R11x99 M 57 456 133 81 55 34
H 29 232 66 40 27 17
R11x139 M 84 672 198 120 82 51
H 42 336 97 59 40 25
R1Bx27 M 12 96 26 16 11 6
H 7 56 14 8 6 3
R1Bx43 M 27 216 62 37 26 16
H 13 104 28 17 12 7
R1Bx59 M 38 304 88 53 36 22
H 20 160 45 27 18 11
R1Bx77 M 53 424 124 75 51 31
H 29 232 66 40 27 17
R1Bx99 M 73 584 171 104 71 44
H 35 280 80 49 33 20
R13x139 M 106 848 251 152 104 64
H 54 432 126 76 52 32
R1px43 M 33 264 76 46 31 19
H 15 120 33 20 13 8
R1px59 M 48 384 112 68 46 28
H 26 208 59 36 24 15
R15x77 M 67 536 157 95 65 40
H 31 248 71 43 29 18
R15x99 M 88 704 207 126 86 53
H 48 384 111 68 46 28
R15x139 M 127 1016 301 182 125 77
H 69 552 162 98 67 41
R17x43 M 39 312 90 55 37 23
H 21 168 47 28 19 12
R17x59 M 56 448 131 79 54 33
H 28 224 63 38 26 16
R17x77 M 78 624 183 111 76 47
H 38 304 87 53 36 22
NOTE The number of data bits includes bits for mode indicator and character count indicator.
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Table 6 (continued)
Error Number Number Data capacity
Version correction of data of data Numeric Alphanu- Byte Kanii
level codewords bits meric
R17x99 M 100 800 236 143 98 60
H 56 448 131 79 54 33
R17x139 M 152 1216 361 219 150 92
H 76 608 178 108 74 46
NOTE The number of data bits includes bits for mode indicator and character count indicator.

7.5 Error ¢orrection

7.5.1 Erroy correction capacity

rMQR employs Reed-Solomon error control coding to detect and correct errors A series of error
correction coflewords is generated, which are added to the data codeword sequefice’in order to jenable
the symbol t¢ withstand damage without loss of data. There are two user-selectable levels of error
correction, ag shown in Table 7, offering the capability of recovery from'the following amounts of
damage:

Table 7 — Error correction levels

Error correction level Recovery,capacity %
(approx.)
M 15
H 30

].2 gives guidance on the appropriate level of error€orrection to be applied to a symbol.

The error conrection codewords can correct two types of erroneous codewords, erasures (err¢neous
codewords atl known locations) and errors*(erroneous codewords at unknown locations). An efasure
is an unscanned or undecodable symbol-character. An error is a misdecoded symbol charactei. Since
rMQR is a mafrix symbology, a defect,converting a module from dark to light or vice versa resultg in the
affected symlpol character misdecodiiig as an apparently valid but different codeword. Such an error
causing a subjtitution error in the\data requires two error correction codewords to correct it.

The number df erasures and ‘errors correctable is given by Formula (5):
e+2t<dip (5)

where

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

p  isthe number of misdecode protection codewords.

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 = 1 or p = 2. For small symbols with less than 5 error
correction codewords, erasure correction should not be used (e = 0 and p > 0).

For example, in a version R9x77-H symbol there is a total of 49 codewords, of which 32 are error
correction codewords (leaving 17 data codewords). The 32 error correction codewords can correct 16
misdecodes or substitution errors, i.e. 16/49 or 32,6 % of the symbol capacity.
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In Formula (5), the following values should be assigned to p:

— p=2insymbols of Version R11x27-M;

— p=1insymbols of Version R7x43-M, R7x59-M, R9x43-M, R13x27-M;
— p=0inall other cases.

Where p > 0, there are p (i.e. 1, or 2) codewords which act as error detection codewords and prevent
transmission of data from symbols where the number of errors exceeds the error correction capacity,
and e shall be less than d/2. In a Version R11x27-M symbol, for example, the total number of codewords
is 15; of these, 7 are data codewords and 8 error correction codewords. From Table 8, the error

correction-capacityris 2 orraors vhore o — 0) Subctitutinain the formula ahaug
1HoH-CapPaEtyis Hoerswhere-e ) £-H—ereH a8 Ve;

04(2x3)<8-2

meanipg that the correction of the 3 errors requires only 6 error correction codewords; the remaining
2 error correction codewords can therefore detect (but not correct) any’additional efrors and the
symbdl would, if there were more than 3 errors, fail to decode.

Depenfing on the version and error correction level, the data codeword sequence shall be subdivided
into ome or more blocks, to each of which the error correction algorithm shall be applipd separately.
Table B lists, for each version and error correction level, the total number of codewqrds, the total
numbdr of error correction codewords, and the structure and-number of error correction|blocks.

If rempinder bits are required to fill remaining modules in the symbol capacity for cg¢rtain symbol
versiofs, they shall all be 0 bits as defined in 3.9.

Table 8 — Error correction characteristics for rMQR

Number Number Errbr correction
. Total number Error correction | oferror | Value | oferror pr correctio
Vdrsion . . code per block
of codewords level correction | ofp |correction (k1) 2
codewords blocks T
M 7 1 1 (13,6,3) b
R[7x43 13
H 10 0 1 (13,3,5)
M 9 1 1 (21,12,4)b
R[7x59 24
H 14 0 1 (21,7,7)
M 12 0 1 (32,20,6)
RI7x77 32
H 22 0 1 (32,10,11)
M 16 0 1 (44,28,8)
R[7x99 44
H 30 0 1 (44,14,15)
M 24 0 1 (68,44,12)
RBE39 65
H 44 0 2 (34,12,11)
M 9 1 1 (21,12,4)b
R9x43 21
H 14 0 1 (21,7,7)
M 12 0 1 (33,21,6)
R9x59 33
H 22 0 1 (33,11,11)
M 18 0 1 (49,31,9)
R9x77 49 1 (24,8,8)
H 32 0 1 (25.9,8)
a ¢ = total number of codewords, k = number of data codewords, r = error correction capacity

b Error correction capacity is less than half the number of error correction codewords to reduce the probability of
misdecodes.
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Table 8 (continued)
Number Number Error correction
. Total number | Error correction | oferror | Value | oferror
Version . . code per block
of codewords level correction | ofp |correction (k1) 2
codewords blocks T
M 24 1 (66,42,12)
R9x99 66
H 44 2 (33,11,11)
1 (49,31,9)
M 36 0
R9x139 99 1 (50,32,9)
H 66 0 3 (33,11,11)
M 8 2 1 15,73) ©
R11x27 15 ( { 7‘3
H 10 0 1 @559
A
M 12 0 1 © (81,19,p
R11x43 31 N (81195)
H 20 0 1 > (31,11,10)
M 16 0 102 @3Lp
R11x59 47 v
X H 32 0 Qg) (23,7.9)
N (24,8,8)
M 24 o {01 (67,43,12)
R11x77 67 S ! (33,11,11)
H 44 Oﬁ\ 1 (341211
o 1 (44,28,8)
M 32 QC 0 1 (45,29,B)
R11x99 89 S
H 6\1\ 0 1 (44,14,15)
K 1 (45,15,15)
\Y}
M 48 0 2 66,42,12
R11x139 132 AN ( )
H 90 0 3 (44,14,15)
M 9 1 1 21,12,4) b
R13x27 21 ~\ ( )
HO 14 0 1 (21,779)
oM 14 0 1 (41,27,7)
R13x43 41 AN
(Y H 28 0 1 (41,13,14)
K M 22 0 1 (60,38,11)
R13x59 60 N
Ke) H 40 0 2 (30,10,10)
1 (42,26,8)
M 32 0 1 (43,27,B)
R13x77 ®) 1 (42,14,14)
H 56 0 e
C_)é 1 (43,15,14)
4 1 (56,36,10)
N\ M 40 0 1 (57.37.10)
R13x99 113 1 (3711.13)
H 78 0 2 (38,12,13)
2 (55,35,10)
M 60 0 1 (56,36,10)
R13x139 166 > (4113,14)
12 0 2 (42.14,14)
M 18 0 1 (51,33,9)
R15x43 51 1 (25,7,9)
36 0 1 (26,89)
a ¢ = total number of codewords, k = number of data codewords, r = error correction capacity
b Error correction capacity is less than half the number of error correction codewords to reduce the probability of
misdecodes.
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Table 8 (continued)
Number Number Error correction
. Total number | Error correction | oferror | Value | oferror
Version . . code per block
of codewords level correction | ofp |correction (k)2
codewords blocks T
M 26 0 1 (74,48,13)
R15x59 74
H 48 0 2 (37,13,12)
1 (51,33,9)
M 36 0 1 (52.34.9)
R15x77 103 5 (3410,12)
H 72 0 + (35.11,12)
M 48 2 (68,44,12)
R15x99 136
H 88 4 (34,12,11)
2 (66,42,12)
M 72 0 1 (67.4312)
R15x139 199 1 (39,13.13)
H 130 0 4 (40,14,13)
M 22 0 1 (61,39,11)
R17x43 61 1 (30,10,10)
H 40 0 1 (31,11,10)
M 32 0 2 (44,28,8)
R17x59 88
H 60 0 2 (44,14,15)
M 44 0 2 (61,39,11)
R17x77 122 1 (40,12,14)
H 84 0 2 (41,13,14)
2 (53,33,10)
M 60 0 "o
R17x99 160 1 (54,34,10)
H 104 0 4 (40,14,13)
M 80 0 4 (58,38,10)
R17x139 232 2 (38,12,13)
H 156 0 4 (39.13.13)
a ¢ |= total number of tcodewords, k = number of data codewords, r = error corrgction capacity
b Erronf correction capacity~is.less than half the number of error correction codewords to reduce thf probability of
misdecpdes.
7.5.2 | Generating the error correction codewords
The d3ta codewords including remainder codewords as necessary shall be divided into the number of
blocks|shown in Table 8. Error correction codewords shall be calculated for each block anfl appended to
the data’codewords for each block.

The polynomial arithmetic for rMQR shall be calculated using bit-wise modulo 2 arithmetic and
bytewise modulo 100011101 arithmetic. This is a Galois field of 28 with 100011101 representing the

field's prime modulus polynomial x8 + x* + x3 + x2 +1.

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 that of the zero-power term being the last data codeword before

the first error correction codeword.

The error correction codewords are the remainder after dividing the data codewords by a polynomial
g(x) used for error correction codes (see Annex A). The highest order coefficient of the remainder is the
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first error correction codeword and the zero-power coefficient is the last error correction codeword
and the last codeword in the block.

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

Fourteen different generator polynomials of Annex A shall be used for generating the error correction
codewords for rMQR symbols.

This can be implemented by using the division circuit as shown in Figure 18. The registers b, through
by, are initialized 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 comy tete-after#cloek yu}oco. rthe-seeond yhaoc {u +——n—++krcloek yuloca), with-theswitch

in the up position, the error correction codewords g ; ... €y are generated by flushing the regisfters in
order while keeping the data input at 0.

] S
8o ®‘— g1 — 81

b - b s B b - P

@ = GF (256) addition
X

= GF (256) multiplication
Figure 18 — Error correction codeword encoding circuit

7.6 Constructing the final message codeword sequence

The total nunjber of codewords_ in the message shall always be equal to the total number of codgwords
capable of being represented'in the symbol, as shown in Tables 6 and 8.

The following steps shall"be followed to construct the final sequence of codewords (data plug error
correction coflewordsplus remainder codewords if necessary):

1) Divide the data’ codeword sequence into n blocks as defined in Table 8 according to the versipn and
error correetiontevel

2) For each data block, calculate a corresponding block of error correction codewords as defined in
7.5.2 and Annex A.

3) Assemble the final sequence by taking data and error correction codewords from each block in
turn. For example, if there are three blocks, the sequence would be: data block 1 to 3, first codeword
(D1); data block 1 to 3, second codeword (D12); ... data block 1 to 3, final codeword (D35); ...; then
error correction block 1 to 3, first codeword (E1), error correction block 1 to 3, second codeword
(E27), ... and similarly to error correction block 1 to 3, final codeword (E78), which consist of
rMQR symbol. rMQR symbols contain data and error correction blocks which always exactly fill
the symbol codeword capacity. In certain rMQR versions, however, where the number of modules
available for data and error correction codewords is not an exact multiple of 8, there may be a need
for 1 to 7 remainder bits to be appended to the final message bit stream in order to fill exactly the
number of modules in the encoding region.
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The shortest data block (or blocks) shall be placed first in the sequence and all the data codewords shall
be placed in the symbol before the first error correction codeword. For example, the Version R13x99-H
symbol comprises three data blocks and error correction blocks, and the first one contains 11 data
and 26 error correction codewords respectively, while the second and third pairs of blocks contain 12
data and 26 error correction codewords respectively. In this symbol, the character arrangement can
be depicted as shown in Figure 19. Each row of the figure corresponds to one block of data codewords
(shown as Dn) followed by the associated block of error correction codewords (shown as En); the
sequence of character placement in the symbol is obtained by reading down each column of the figure
in turn.

Data codewords Error correction codewords
Block 1 D, D (| .. Dy, E, E, || .. Eys
Block 2 D, || Dis|| Dy | | Das | Exr || Exg || » Es,
Block 3 Dy || Dos|| o D3| | Dss|| Ess|| Esa{h= ... Esg
4 v v v v v v

Figure 19 — Constructing the final message codeword sequence

The fipal message codeword sequence for the Version R13x99/H symbol is therefore:

The syjmbol module capacity is filled by adding 5 remaindeér (0) bits as needed after the fihal codeword.

7.7 ¢

Codeword placement in matrix

7.7.1 | Symbol character representation

There
symbd

hre two types of symbol characterin the rMQR symbol. Their use depends on their position in the
|, relative to other symbol chatacters and function patterns.

Most
ways (
if necq
modul

odewords shall be represented in a regular 2 x 4 module block in the symbol. 1
f positioning these blocks, in a vertical arrangement (2 modules wide and 4 modu
ssary when placement changes direction, in a horizontal arrangement (4 modulg
bs high). Irregular)symbol characters are used when changing direction or in

here are two
les high) and,
s wide and 2
he vicinity of

alignment or other function patterns.

7.7.2 | Functioil-pattern placement

A rectlangilar blank matrix shall be constructed with the number of horizontally 3
positigned/modules corresponding to the version in use. Positions corresponding to the finder pattern,
separator, Uming pattern, finder sSub pattern, Cormer (inder pattern and aiignment patterns shall
be filled with either dark modules or light modules as appropriate. Module positions for the format
information shall be left temporarily blank. These blank positions are shown in Figures 23 and 24 and

are common to all versions. Annex D defines the positioning of alignment patterns.

nd vertically

7.7.3 Symbol character placement

In the encoding region of the rMQR symbol, symbol characters are positioned in two-module wide
columns commencing at the lower right corner of the symbol and running alternately upwards and
downwards from the right to the left. The principles governing the placement of characters and of bits
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within the characters are given below. Figures 23 and 24 illustrate Version R7x59 and Version R13x59
symbols applying these principles.

a)

b)

Key
1
2

The sequence of bit placement in the column shall be from right to left and either upwards or
downwards in accordance with the direction of symbol character placement (see Figure 20).

The most significant bit (shown as bit 7) of each codeword shall be placed in the first available
module position. Subsequent bits shall be placed in the next module positions (see Figure 20). The
most significant bit therefore occupies the lower right module of a symbol character when the
direction of placement is upwards, and the upper right module when the direction of placement
is downwards. It may however occupy the upper left module of a symbol character if the previous
character has ended in the right-hand module column (see Figure 22).

1 2
01 6|7
213 415
45 213
6|7 0|1
upwards
downwards

Figure 20 — Bit placement in regular symbol character inupwards and downwards diredtions

c)

Key

a

d)

34

When thg upper or lower boundary of the symbol character region is reached (i.e. the edgqg of the
timing p4ttern, corner finder pattern, format inforifvation, or separator), any remaining bitq in the
codeword shall be placed in the next column te the left. The direction of placement reversgs (see

Figure 21)).

(i) a (ii)
2 31415 lo[1]2]3
0.[+]6]7 45

6|7

Upwards tp downwards:

Figure 21 — Example of bit placement in symbol characters when direction of placemégnt
changes

When the right-hand module column of the symbol character column encounters an alignment
pattern, or an area occupied by format information, bits are placed to form an irregular symbol
character, extending along the single module column adjacent to the alignment pattern or format
information. If the character ends before two columns are available for the next symbol character,
the most significant bit of the next character shall be placed in the single column (see Figure 22).
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An alt¢rnative method for placement in the symbol, which yieldsthe same result, is to re

H
1 1
CHAR.3:45 3
112 3 7| ;
o 16205 6] ! chara
7 3 4| |
0 12| Vv
1 710
NARBEAF
: 41
1 I
m Extn

CHAR.2

Figure 22 — Example of bit placement adjacent to dlignment pattern

gard the two-

module wide, right and left interleaved codeword sequencéjas a single bit stream, which is placed

(starti
downy
right 3
skippi
Each b

When
symbd
to fill
accord

hg with the most significant bit) in the two-module wide columns alternately
vards from the right to left of the symbol. In eachvColumn the bits are placed alte
nd left modules, moving upwards or downwards according to the direction of g
g areas occupied by function patterns, chahging direction at the top or bottom ¢
it shall always be placed in the first avajlable module position.

the data capacity of the symbol is such that it does not divide exactly into a nu
| characters, the appropriate numbgr of remainder bits (1 to 7 as shown in Table 1)
the symbol capacity. These remainder bits shall always have the value 0 before
ing to 7.8.

upwards and
rnately in the
lacement and
f the column.

mber of 8-bit
shall be used
data masking
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Key 60
1 remair|der bit s\\
D1-D12 : data dodeword Q )
E1-E9 :EC cofleword QQ
NI
Figure 23 — Symbol character arrangemb{a}ln Version R7x59-M symbol
‘(\Q)
p39 E18 $\ D20

Key é

1 rema it
D1-D10
D11-D20 : data block2
E1-E20 :EC blockl
E21-E40 : EC block2

: datd btockt

Figure 24 — Symbol character arrangement in Version R13x59-H symbol
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7.8 Data masking

7.8.1 General

For reliable rMQR reading, it is preferable for dark and light modules to be arranged in a well-balanced
manner in the symbol. To meet the above conditions, data masking should be applied according to the
following steps.

1) Data masking is not applied to function patterns.

2) Convert the given module pattern in the encoding region (excluding the format information)

with multiple data masking matrix patterns successively through the XOR operation. For the

X(R operation, lay the module pattern over each of the data masking matrix pattpws in turn and

reperse the modules (from light to dark or vice versa) which correspond to dék, odules of the
4%

dqta masking pattern.

.

7.8.2 | Data mask patterns %Q)b‘
The dpta mask pattern generation condition is illustrated as below@qﬁ‘lodule filling the formula
corresponds to the dark module. \\
(@ADIV2)+(jDIV3))MOD2=0 O
N

N

The dqta mask pattern is generated by defining as dark %odule in the encoding reglon (excluding
the arg¢a reserved for format information) for which t @ondition is true; in the Condit'ﬂon, i refers to
the roy position of the module in question and j to i% lumn position, with (i, j) = (0, 0) for the top left

modulg in the symbol. Figure 25 illustrates the m attern for Version R17x43 symbol.

E BB ENEDRN ||
- wEEBEE v w wEIRE v v wEIRE v W

3w wwBEERE v v wBEIEE v
wBEHEIE v

\4 B| B| B W

3] W W|W s 3] W W W8
3] W W3] 3 W \\Y4 B| B

W
B
B
Wi ] W W Wgs] B
\uY
B
B
\%

Y B % 5| B| B KN
B R BBB
B K W B
I
wiEIEIE w|w
i w w| wiEIE
w wiEIEIE] w| w
[ |

Wigs

4 B

sl =Rkl < (<

émewmé

= s ElEl = = EIED =

= i

Figure 25 — Mask pattern for Version R17x43 rMQR symbol

7.9 Format information

The format information shall be an 18-bit sequence containing 6 data bits, with 12 error correction bits
calculated using the (18, 6) Extended BCH code. For the detail of the error correction calculation for the
format information, refer to Annex C. The first one data bit contains the error correction level of the
symbol, indicated in Table 9.
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Table 9 — Error correction level indicators

Error correction Binary
level indicator
M 0
H 1

The second to sixth data bits of the format information represent versions defined in Table 10.

Table 10 — Version indicator

Version Version indicator
R7x43 00000
R7x59 00001
R7x77 00010
R7x99 00011
R7x139 00100
R9x43 00101
R9x59 00110
R9x77 00111
R9x99 01000
R9x139 01601
R11x27 01010
R11x43 01011
R11x59 01100
R11x77 01101
R11x99 01110
R11x139 01111
R13x27 10000
R13x43 10001
R13%59 10010
R13x77 10011
R13x99 10100
R13x139 10101
R15x43 10110
R15x59 10111
R15x77 11000
R15x99 1661
R15x139 11010
R17x43 11011
R17x59 11100
R17x77 11101
R17x99 11110
R17x139 11111

The 12 error correction bits shall be calculated as described in Annex C and appended to the 6
data bits. The 18-bit error corrected format information shall then be XORed with the bit pattern
011111101010110010 (for the finder pattern side) or 100000101001111011 (for the finder sub
pattern side), in order to ensure that no combination of error correction level and version indicator
results in an all-zero data string.
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The resulting masked format information shall be mapped into the areas reserved for it in the symbol
as shown in Figure 26. Note that the format information appears twice in the symbol in order to provide
redundancy since its correct decoding is essential to the decoding of the complete symbol. The least
significant bit of the format information is located in the module numbered 0, and the most significant
bit in the module numbered 17 in Figure 26.

EXAMPLE

error correction level H: 1

Version indicator: 00000

Data bit (Error correction level indicator, mask pattern reference): 100000

Extended BCH bits: 1011011110000
Unmagked bit sequence: 100001011011110000
Mask pattern for XOR operation (finder pattern side): 011111101010110010
Formaf information module pattern (finder pattern side): 111111001101100111

| |
bit 17 bit 0

Figure 26 — rMQR symbol format information bit positions

8 Symbol printing and marking

8.1 Dimensions

rMQR fymbols shall conform to the following dimensions:

X dimepsion: the width of a module shall be specified by the application, taking into account
the scanning technology to be used, and the technology to produde the symbol;

Y dimepsiopn: the height of a module shall be equal to the X dimension;

minimiuz f‘”lipf' zone: pqn:\] to2X wide on all four sides

8.2 Human-readable interpretation

Because rMQR symbols are capable of encoding thousands of characters, a human readable
interpretation of the data characters can be impractical. As an alternative, descriptive text rather than
literal text may accompany the symbol.

The character size and font are not specified, and the message may be printed anywhere in the area
surrounding the symbol. The human readable interpretation shall not interfere with neither the symbol
itself nor the quiet zones.

© ISO/IEC 2022 - All rights reserved 39


https://iecnorm.com/api/?name=dc46cb43d5b1b2b1064695dceb9460af

ISO/IEC 23941:2022(E)

8.3 Marking guidelines

rMQR symbols can be printed or marked using a number of different techniques. Annex | provides user

guidelines.

9 Symbol

quality

9.1 Methodology

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

defined in IS

/IEC 15415, as augmented and modified below.

Some markin
taking specia
rMQR symbol

It is possible

do not pass tH
requiring suc
quality exten

b technologies can be unable to produce symbols conforming to this document, W
precautions. Annex ] gives additional guidance to help any printing systemrachiev

1%2]

that direct part marked (DPM) symbols and/or symbols printed with-disconnectsg
e requirements of ISO/IEC 15415 and can be unreadable by rMQR scanners. Applid

rithout
e valid

d dots
ations

n symbols should specify quality measurement criteria using ISO/AEC 29158, which is the

ion of ISO/IEC 15415. The use of which may require specialized'DPM scanners.

9.2 Symbad|l quality parameters

9.2.1 Fixed

pattern damage

The measurement and grading basis for fixed pattern damage of Annex F shall apply.

9.2.2 Scan prade and overall symbol grade

The scan grade shall be the lowest of the grades-f6b symbol contrast, modulation, fixed pattern damage,
decode, axial pon-uniformity, grid non-uniformity and unused error correction in an individuallimage
of the symbo|. The overall symbol grade is.the arithmetic mean of the individual scan gradep for a
number of tegted images of the symbol.

9.2.3 Grid hon-uniformity

The ideal grid)is calculated by-using the finder pattern, timing pattern and alignment patterns asjdatum

points, as locqted by the use of'the reference decode algorithm (see Clause 11).

9.3 Proces

s control measurements
A variety of

Lopls-and methods can be used to perform useful measurements for monitoring and
controlling the'process of creating rMQR symbols. These are described in Annex L. These techﬁuiques
do not constitute a print quality check of the produced symbols (the method specified earlier in this
Clause 9 and the required method for assessing symbol print quality of Annex F shall apply) but they
individually and collectively yield good indications of whether the symbol print process is creating

workable symbols.

10 Decoding procedure overview

The decoding steps from reading a rMQR symbol to outputting data characters are the reverse of the
encoding procedure. Figure 27, and the following information, outline the process flow.

1) Locate and obtain an image of the symbol. Recognize dark and light modules as an array of “0”
and “1” bits. Identify reflectance polarity (reflectance reversal or not) from finder pattern module
colouring.
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2)

3)

4)

5)

6)

7)

11 Reference decode algorithm

ISO/IEC 23941:2022(E)

Read the format information. Release the masking pattern and perform error correction on the
format information modules as necessary; If successful, symbol is in normal orientation, otherwise
attempt mirror image decoding of format information. Identify version and error correction level.

Release the data masking by XORing the encoding region bit pattern with the data masking pattern.

Read the symbol characters according to the placement rules for the model and restore the data
and error correction codewords of the message.

Detect errors using the error correction codewords corresponding to the level information. If any
error is detected, correct it.

Dipddethe data—codewordsinto-scgmentsaccording tothe modeindicatorsand character count

inflicators.

Finally, decode the data characters in accordance with the mode(s) in use and ‘output|the result.

< START )

Recognize black/white modules

Decode format information
1

Determine version
1

Release masking
1

Restore data@nd RS codewords
1

Error correction
1

Decode data codewords
1

Output
|

< END )

Figure 27 — rMQR decoding steps

This reference decode algorithm finds the symbol in an image and decodes it. The decode algorithm
refers to dark and light states in the image.

a)

b)

Determine a global threshold according to the method defined in ISO/IEC 15415. Convert the image
to a set of dark and light pixels using the global threshold.

Locate the finder pattern. The finder pattern in rMQR is a single finder pattern. As described in
6.3.3, module widths in each finder pattern form a dark-light-dark-light-dark sequence, the relative
widths of each element of which are in the ratios 1: 1: 3 : 1 : 1. For the purposes of this algorithm,
the tolerance for each of these widths is 0,5 (i.e. a range of 0,5 to 1,5 for the single module box and
2,5 to 3,5 for the three module square box).

1) When a candidate area is detected, note the position of the first and last points A and B
respectively at which a line of pixels in the image encounters the outer edges of the finder
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d)

f)

42

pattern (see Figure 28). Repeat this for adjacent pixel lines in the image until all lines crossing
the central box of the finder pattern in the x axis of the image have been identified.

2) Repe
imag

3) Locate the centre of the pattern. Construct a line through the midpoints between the p
and B on the outermost pixel lines crossing the central box of the finder pattern in the

Cons

centrjal box in the y axis. The centre of the pattern is located at the intersection of the

lines

4) If no

reconmence at the beginning of b) to attempt to decodethe symbol as a symbqg

refle

Determinle the possible angles of rotation of the symbol by analysing the angles of the ling]

b) 3) rela

Plot thre

A B

Figure 28 — Scan line in finder pattern

it 1) Tor pixel columns crossing the central box of the Iinder pattern 1n the y axis

h

ruct a similar line through points A and B on the outermost pixel coliimns crossf

candidate areas are detected, reverse the colouring of the'‘light and dark pixe

rtance reversal.

ive to the imaging sensor axes, as 9 (see Figure29), 9 + 90°, 9 + 180° and 9 + 270°.

Figure 29 — angle I relative to the imaging sensor axes

of the

ints A
X axis.
ng the
ke two

Is and
| with

s from

ctinmes parattet toeachaxis of the fimder pattermandequatty spaced across the p

attern

and measure the distances from point A to point B on each line (see Figure 28). The spacing is not
limited but three lines shall be in the finder pattern. Divide the average of these three distances A

toBby7

and obtain the provisional horizontal module dimension X of the symbol.

In the same procedure as d), calculate the value in the vertical direction and obtain the provisional
vertical module dimension Y of the symbol.

Taking each side of the outer box of the finder pattern in turn, extend a line outward from the finder
pattern in both directions, parallel to the edge and 0,5X and 0,5Y in from the edge. The intersection
of these lines becomes the central coordinate of 4-corner module of finder pattern (see Figure 30).
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g) Td
di
in

Figure 30 — Central coordinate of 4-corner module of finderpattern

obtain the format information, create a sampling grid using the finder pattern ar

Figure 31 — Finder pattern and format information

lease magking of the format information by XORing the bit string with the patter
d decode’/the format information (applying the error correction procedure give
necessary) to yield the symbol number (and hence the version and error corrg

d the module

mension X and Y, and expand it up to the format information area. Determirle the format
formation bit string by taking the dark pixels as binary 1 and light pixels as binary .
b)3)
1X] 1X
o e
R R A R s i RS
] | ] | I‘I ] | | | |
-——o——o——o-4}--0—-0——0——+-—o——o——o-0 -—t-
T RN EE PPN
-FO4-0 14010 fO O-F O+ 40040+ F--t-
1Y¢:::4}’&.:::::::

v B e e
N R R R R
-——o——o——o-4}--0—-0——0——+——o——o——o- - 1-=1-

e
ottt [ L

n given in 7.9
n in Annex C
ction level of

e Symbol). If a valid format information bit string is obtained, change the mod

ile dimension
mension is Y.

If the format information bit string is not a valid sequence, repeat the procedure from Step g) in

another direction. If a valid format information bit string cannot be derived, determine whether
it is a valid sequence if read in the reverse direction and if so attempt to continue decoding as a
mirror image symbol with the image row and column coordinates transposed.

Search for the horizontal timing pattern of the upper side

Based on the information of the number of horizontal modules obtained from the format
information, check the horizontal separator adjacent to the finder pattern and the timing pattern.

1) The point to start searching the timing pattern is the central coordinate [the intersection

©150/1

coordinate on the line drawn in f)] of the upper right corner module of the finder pattern. The
point spaced X from this point and on the line drawn in f) (a point outside the finder pattern)
is the centre point of one module contained in a separator that separates the finder pattern
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and data area. Although it is not a light module of the timing pattern, it is considered as a
provisional light module of the timing pattern when searching so that the centre of the module
of the timing pattern is adjusted to display dark and light modules alternately.

2) Set the provisional central coordinates of the module spaced with 1X from the starting point
of the timing pattern. Check that 3 consecutive dark modules and 1 light module are found
subsequent to the light module at a distance of 11X, 13X, 15X, 17X, or 19X corresponding to the
number of horizontal modules. The first dark module of the 3 consecutive ones is the point to
end searching. Also check that more than 75 % of the provisional central coordinates between
the start and end points for searching have the dark and light assignment consistent with that
for the timing pattern.

3) Whet the horizontal timing pattern is not found, repeat the procedure from Step g) in a]tlother
direcftion. Based on the found horizontal timing pattern, it is considered as thg'fiormal
orienftation in Figure 1 a) and the subsequent processing is performed.

4) When the horizontal timing pattern is found, update the horizontal module)dimension X by
dividjng the distance between the left edge of the finder pattern on the linédrawn in f) gnd the
left eflge of the found timing pattern by the number of contained modules.

Edge - Edge
K
StartPoint | —_— | =
' 11X,13X,15X,17X,19X | :/EndPoint
' \ faM
- ) B

Figure 32 — Search for the horizontal timing pattern

j) Three comsecutive dark modules obtainéd in i) are components of the corner finder patterg when
the numMer of horizontal modules-obtained from the format information is 27, and comppnents
of the alignment pattern when ‘the number of horizontal modules is other than 27. Set ¢entral
coordinafes of each module ¢ontained in the corner finder pattern or the alignment pattlern as
described below and checkthe light and dark alternation.

1) Identjify the central coordinate of the dark module in the centre of the three consecutive dark
modyles overlapping the horizontal timing pattern.

i) (btaindeft'and right edges (A, B) of the alignment pattern on the line as shown in|3) and
Higure 54.

ii) Obtaimupperanmdioweredges{t, Dy of thetentre dark modute by drawimgatimethirough
the intermediate point of AB and perpendicular to Line AB.

iii) Take the intermediate point of CD as the central coordinate of the centre dark module.

2) When the number of horizontal modules is 27, check the upper right corner finder pattern and
set the central coordinates as specified below:

i) Make a grid with lines spaced with 1X rightward and leftward from the central coordinate
of 1) and parallel to CD and lines spaced with 1Y or 2Y downward and parallel to AB. Take
the intersections of these lines as the central coordinates of each module of the corner
finder pattern.

ii) Check that more than 75 % of the central coordinates have the dark and light assignment
consistent with that for the corner finder pattern.

44 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=dc46cb43d5b1b2b1064695dceb9460af

3)

ISO/IEC 23941:2022(E)

C
A Ny B 1X,1X
3, b 1
_+---.;¢>----4»‘{ —-|0—-dl>——(l>-——1—Y— L
p’H q>——i IZY
| L.

Figure 33 — Search for the corner finder pattern

When the number of horizontal modules is other than 27, check the alignment pattern and set
the central coordinates as cppr‘ifipd helow:

k) Se
Se
1)

2)

3)

tting of the central coordinates'of the timing pattern

i) Make a grid with lines spaced with 1X rightward and leftward from the-¢entral coordinate
of 1) and parallel to CD and lines spaced with 1Y or 2Y downward andparallel to AB. Take
the intersections of these lines as the central coordinates of each module of the alignment
pattern.

ii) Check that more than 75 % of the central coordinates have-the’dark and light assignment
consistent with that for the alignment pattern.

A o C B 1X,1X
~ i'd / i
e S R e
CenterPoint/ : \\ ——¢—+—4>— 2Y
i P e e e
| I

Figure 34 — Search for alignment pattern

t central coordinates of each’module contained in the timing pattern as described in Step 1) to 9).

Take the central coordinate of the upper right corner module of the finder gattern as the
starting point afid the central coordinate of the upper left corner module of the alignment
pattern or corner finder pattern as the ending point.

On the line‘connecting the starting and ending points, put points P4, P,, .., P,, In turn where
modules‘alternate light to dark, and vice versa between starting and ending poinits.

Whenh a distance is established between P; and P; and the deviation of its distance from 2X
15,25 % or less, take the central coordinate between P; and the next point P, s the central

4)

5)

6)

coordinate of thie modauie.

When a distance between P; and P5 and a distance between P, and P, are established and the
deviations of these distances from 2X are 25 % or less, take the central coordinate between P,
and the next point P; as the central coordinate of the module.

Repeat Step 4) up to the last point, i.e. take the central coordinate between P, _, and the next
point P, ; as the central coordinate of the module.

When a distance between P,_, and P, is established the deviation of its distances from 2X
is 25 % or less, take the central coordinate between the last point P,; and P,, as the central
coordinate of the module.
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D)

46

7) For central coordinates obtained in Step 3) through 6) between the start point and end point,
if the deviation of a distance between the central coordinates from X is 50 % or more, calculate
the provisional central coordinate in the procedure specified below:

i) Divide a distance between central coordinates by X and round the obtained value to the
nearest whole number. Take this value as the provisional number of modules.

ii) Divide a distance between central coordinates equally by the provisional number of
modules between central coordinates. Take the obtained value as the provisional central
coordinate.

8) Implement the procedures in Step 7) for all distances between central coordinates when the

devi

096 ormore:

9) Check that the number of central coordinates and the provisional central modules‘ohtained

in St
obtai

Search fo

Based on

separatoi, timing pattern and corner finder patteriadjacent to the finder pattern. As for a g

with 7 ve

Proceed ffo Step m).

1) The point to start searching the timing pattern is the central coordinate [the inter§
coordinate of lines drawn in f)] of/the lower left corner module of the finder pattern. Th
spacgd Y from this point and on.the line drawn in f) (a point outside of the finder pattern|
centrje point of one module contained in a separator that separates the finder pattern arg

area.
light

timing pattern is adjusted to display dark and light modules alternately.

2) As for a symbolwith 9 vertical modules, set the provisional central coordinate of a 1
spacgd with 1Y\from the start point for searching the timing pattern, and check that on
modyle and-éne light module are found subsequent to the light module spaced with 1Y,

asy

modyle.are found subsequent to the light module spaced with 1Y, 3Y, 5Y or 7Y correspon

p 1) through 8) is consistent with the number of the known timing patterns-that
ed from the format information.

StartPoint /P1 PyP3 Poy Py bl ipoint

N{ ( /
QEdERERSan)

1
ava

Figure 35 — The coordinates of the timing'pattern

I the vertical timing pattern and corner finder pattérn

the number of vertical modules obtained from the format information, check the v

tical modules, the lower side of the symbol is equal to the lower side of the finder p

Although it is not alight module of the timing pattern, it is considered as a prov
module of the timing pattern when searching so that the centre of the module

bol'with 11 or more vertical modules, check that 3 consecutive dark modules and

can be

ertical
ymbol
httern.

ection
P point

is the
d data
isional
of the

hodule
e dark
As for
1 light

ling to

the number of vertical modules. The end point for search is the found dark module for a symbol
with 9 vertical modules, and the first module of the 3 consecutive dark modules for a symbol
with 11 or more vertical modules. Check that more than 75 % modules repeat dark and light
alternation from the start to the end search points.

Update the vertical module dimension Y from the distance between the upper edge of the finder
pattern and lower edge of the corner finder pattern (lower edge of the finder pattern for 7 vertical

modules)

. As for 7 vertical modules, proceed to Step p).

Setting of the central coordinate of corner finder pattern (see Figure 36)

Set central coordinates of each module contained in the corner finder pattern in Step 1) to 4) to
check the light and dark alternation.

1) Take the upper and lower end edges of the corner finder pattern on the line created in f) as AB.
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2) Draw aline through the intermediate point of AB and perpendicular to Line AB and obtain CD,

right and left edge of one dark module or 3 consecutive dark modules.

3) Create a grid taking the intermediate point of CD as the standard with lines spaced with 1X or
2X rightward and parallel to AB and lines spaced with 1Y upward and downward and parallel
to CD. Take this intersection as the central coordinate of each module of the corner finder
pattern.

4) Check that more than 75 % of the central coordinates have the dark and light assignment
consistent with that for the corner finder pattern.

B D . . .

e (iR B |t AU

A o 4T EIERS N P aiiE

C , 1Y C—* "

i " -FO= OO - V91O -8 YEO-r-FO-t -

A/’:' .<1_X> A/’T ‘ol

: : 1X|1X
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Figure 36 — corner finder pattern
0) Seftting of the central coordinate of the vertical timing pattern

Tdke the centre point of the lower left corner moddle of the finder pattern as the

an

pd
Caj

p) Ch
1)

d the central coordinate of the upper left dark module of the corner finder pattern
int. Set the central coordinate of the verticaktiming pattern in accordance with S
se, Y is used as the module dimension.

eck of horizontal timing pattern of the lewer side

Draw a line from the central coordinate of the lower left module of the symb
module of the finder pattern for 7 vertical modules) parallel to the timing patter
side of the symbol obtained"in i). Search the lower horizontal timing pattern ¢
the corner finder patterf(finder pattern and separator for 7 vertical modules]
i) 2) up to the next alignment pattern (finder sub pattern for 27 horizontal mo
time, the startingypoint of timing pattern is a point 2X apart from the central

btarting point
as the ending
tep k). In this

ol (lower left
h of the upper
ubsequent to
according to
Hules). At this
coordinate of
centre of the

the lower left module of the lower left corner finder pattern obtained in n) (the

point to thelight module immediately before the 3 consecutive dark modules (]
dark medules for 27 horizontal modules) is the same as that of the upper timi
7 vertical modules. For 27 horizontal modules, this distance is the one with 2X
upper timing pattern. In other cases, the distance is the one with 4X added to thg

pattern (see Figure 37).

consecutive
pattern for
added to the
upper timing

lower right module of the finder pattern for 7 vertical modules). The distance froE the starting
g

2)

©150/1

When a horizontal timing pattern is found, update the horizontal module dimension X by
dividing a distance between the left edge of the corner finder pattern (finder pattern for
7 vertical modules) on the line drawn in 1) and the left edge of the found timing pattern by the

number of contained modules.
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q)

48
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Figure 37 — Search for the horizontal.timing pattern

If an alignment pattern subsequent to the lower horizontal timing pattern (finder sub pattern
for horiztntal 27 modules) is found, set each central coordinate of each module contained|in the

alignmen
dark and [ight alternation.

1y

2)

iii)

pattern or the finder sub pattern throdgh the procedures specified below to chgck the

For ajsymbol with other than 27 horizental modules, set the central coordinate of the alignment

pattejrn according to Step j) 1) and j)3) to check the dark and light alternation.

For alsymbol with 27 horizontal modules, set the central coordinate of the finder sub gattern

acconding to the procedure'specified below to check the dark and light alternation.

i)
ii)

Take the left and right edges of the finder sub pattern on the line drawn in p) 1) as AB.

Draw a linepassing through the centre point of AB and perpendicular to Line AB and
dbtain thelupper and lower edge on the dark module, CD.

Take|a point apart from 2Y from the centre point of CD upward as the centre point Ef of the

findef subpattern (see Figure 38).

iv)

vi)

Draw a line passing through the centre point E and parallel to Line AB. Identify the second
alternating point from dark to light when moving rightward on the line from the centre
point E, and the first alternating point from light to dark when moving leftward on the
line from the centre point E. Obtain the horizontal module dimension X of the finder sub
pattern by dividing the distance of these points by 4.

Draw a line passing through the centre point E and perpendicular to Line AB. Identify the
second alternating point from dark to light when moving downward from the centre point
E, and the first alternating point from light to dark when moving upward on the line from
the centre point E. Obtain the vertical module dimension Y by dividing the distance of
these points by 4.

Create a grid by drawing lines parallel to Line AB and 1Yy and 2Y; apart from the centre
point E and lines perpendicular to Line AB and 1X ;and 2X apart from the centre point E.
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Take the intersections as the central coordinates of the modules composing of the finder

sub pattern.

vii) Check that more than 75 % of the central coordinates have the dark and light assignment

consistent with that for the finder sub pattern.

2%y
b 1Xg
I
------- SRS
— & B ‘W4w@¢¢#¢o
T i — 1Y : _Q__Q__é__Q__Q__
~ \LZY I RRRaRar Sag:
—+——|——¥r—-—— -I___"_"'i_ -- ——\ﬁb-q}-{:p-- ‘&--Qu‘f
D/" B o s

Figure 38 — Subfinder pattern

r) Tq set the central coordinate of the lower horizontal timing pattern, carry out Step
taking the starting point described in p) 1) and the centralcoordinate of the low
m¢dule of the alignment pattern established in r) (finder $ub pattern for 27 horizont:
the ending point.

s) CHeck of the vertical timing pattern between aligninent patterns (see Figure 39)

Fﬂz a symbol with other than 27 horizontal modules, check the dark and light alte
tining pattern and set the central coordinate;as described below.

—

1)| Take the central coordinate of the centre module of the 3 consecutive dark modulg
the horizontal timing pattern of'the upper alignment pattern as the starting p
the central coordinate of the centre module of the 3 consecutive dark modules oy
horizontal timing pattern of\the lower alignment pattern as the ending point. [
connecting these points,

2)| Update the vertical module dimension Y by dividing a distance between the upp
upper alignmentspattern and the lower edge of the lower alignment pattern on t
number of modules.

3)[ Set the provisional central coordinate of the module spaced with 1Y from the
and judge-the dark and light alternation. Check that more than 75 % of the centr
havethe dark and light assignment consistent with that for the alignment patter:

k) 2) to k) 9)
er left corner
il modules) as

‘nation of the

s overlapping
oint and take
rerlapping the
raw a line by

er edge of the
his line by the

btarting point
il coordinates
.

4)| €Carry out Step k) 2) to k) 9) and set the central coordinate of each module of the tllming pattern.
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u)

50
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Figure 39 — Search for the vertical timing pattern

t) An area enclosed with finder pattern, corner finder pattern and/or alignment p3dtterns
obtair:led in a) to s) is named as small area. Four corners of the small‘area (see Figure 4() are a
coordinate of the centre dark module of the alignment pattern dbtained in j) 3) (a coordinate
of th¢ upper right module of the corner finder pattern obtaine@in j) 2) for a symbol with 27
horizontal modules), a coordinate of the upper left module. of the finder pattern obtained
in f),|a coordinate of the lower left module of the cornér finder pattern obtained in n) 3) (a
coordinate of the lower left module of the finder pattern for a symbol with 7 vertical mojdules),
and a coordinate of the centre dark module of the alignment pattern obtained in q) 1) (a ¢entral
coordinate of the lower right module of the finder'sub pattern obtained in q) 2) for a yymbol
with 27 horizontal modules). For a symbol with-27 horizontal modules, proceed to Step i) and
for a pymbol with 43 horizontal modules, preceed to Step v).

NN

s

Figure 40 — small area

For a symbol with 59, 77, 99, or 139 horizontal modules, small areas with 4 alignment patterns at
each corner are situated in the centre of the code. Search these small areas as described below.

1) To search the upper horizontal timing pattern of the small area, extend a line connecting the
central coordinates of the upper left and the upper right modules of the adjacent left small area
that has already been obtained.

2) Update the standard module size X by dividing the distance between the central coordinates of
upper left and upper right modules of the adjacent left small area by the number of modules.
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5)
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Search the horizontal timing pattern of the upper side by taking a point 1X apart from the
centre of the upper right module of the adjacent left small area and on the line drawn in u) 1)
as the starting point, based on the number of the horizontal module information obtained from
the format information in the procedures specified in i) 2) along the line drawn in u) 1). Set the
provisional central coordinate of the alignment pattern in accordance with j) 1) and j) 3).

Set the coordinate of the horizontal timing pattern in accordance with Step k) and check that
more than 75 % of the central coordinates between the start and end points for searching have
the dark and light assignment consistent with that for the timing pattern.

To search the horizontal timing pattern on the lower side of the small area, extend a line
connecting the coordinates of the lower left and lower right modules of the adjacent left small

6)

7)

8)

9)

T}

bd
1)

2)
Ch
)

area that has already been obtained.

coordinate of
br of modules.

Update the standard module size X by dividing the distance between the céntral
the lower left and lower right modules of the adjacent left small area by the Humb

Search the horizontal timing pattern of the lower side by taking-a-point 1X apart from the
centre of the lower right module of the adjacent left small area and pn the line drgwn in u) 5) as
the starting point, based on the number of the horizontal module information gbtained from
the format information in the procedures specified in i) 2) alofig the line drawn i u) 5). Set the

provisional central coordinate of the alignment pattern in{ accordance with j) 1) 4nd j) 3).

Set the coordinate of the horizontal timing pattern ifi.accordance with Step k) and check that

more than 75 % of the central coordinates between the start and end points for s
the dark and light assignment consistent with that'for the timing pattern.

Check the timing pattern between upper ahd lower alignment patterns and s
coordinate in accordance with Step s). Update the module dimension Y by divid
between the upper edge of the upper<lignment pattern and the lower edge
alignment pattern by the number of medules.

parching have

bt the central
ng a distance
of the lower

e small area at the rightmost codée’symbol contains the corner finder pattern apd finder sub
pdttern but does not contain alignment pattern. Check the right side of the symbo

low.

Check the upper right corner finder pattern and set the central coordinate as

j) 2) i) and j) 2) ii).
Check the finder sub pattern and set the central coordinate as descried in q) 2) i)
eck the vertical timing pattern and set the central coordinate as described below.

Take.the centre point of the lower right module of the corner finder pattern a
point.

Tdke the centre point of the upper right module of the finder sub pattern as the e

as described

described in

-q) 2) vii).

5 the starting

2)
3)

iy

2)

y)

hding point.

If there is any timing pattern between the starting point and the ending point, set the central

coordinate in accordance with Step s) 2) to s) 4).

Set the sample grids in each small area as described below.

Create grids by connecting central coordinates of each module in the timing
correspond to upper and lower, right and left respectively.

If any grid cannot be created in 1), create grids by connecting central coordinates
of corresponding fixed pattern.

patterns that

of the module

Sample an area of 3 x 3 image pixels and calculate average, centred on each intersection of the

grid lines, and determine whether it is dark or light based on the Global Threshold. Construct a bit
matrix mapping the dark modules as binary 1 and light modules as binary 0.
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z) Release masking of the format information by XORing the bit strings given in 7.9 and decode the
format information (applying the error correction procedure given in Annex C if necessary) with
the format information area on the left side of finder sub pattern. Then, check that the symbol
number (and hence the version and error correction level of the symbol) is the same as the already
known one.

aa) XOR the data mask pattern with the encoding area of the symbol to release the data masking and
restore the symbol characters representing data and error correction codewords. This reverses
the effect of the data masking process applied during the encoding procedure.

bb) Determine the symbol codewords in accordance with the placement rules in 7.7.3.

1) Rearrange the todeword sequence imto btocksas Tequired forthe symbot versiomarg error
corrgction level, by reversing the interleaving process defined in 7.6. Step 3).

2) Shall|follow the error detection and correction decoding procedure in Annex B to dorrect
errorfs and erasures up to the maximum correction capacity for the symbol version andl error
corrgction level.

3) Restqre the original message bit stream by assembling the data blocksin sequence.

4) Subdjvide the data bit stream into segments each commencing withra mode indicator gnd the
length of which is determined by the character count indicatorfoltowing the mode indicptor.

5) Decofle each segment according to the rules for the mode incforce.

cc) Calculate| the module size of the upper side of the syihbol from the distance of the ¢entral
coordinates between left and right upper modules. Caleulate the lower, right, and left side rthodule
sizes of a|symbol in the same procedure and take the.average value of upper, lower, right and left
sides as the representative module size.

12 Auto-discrimination capability

rMQR can befused in an auto-discriminatieh’environment with a number of other symbologig¢s (see
Annex K).

13 Transmlitted data

13.1 Gener4dl principles

All encoded data characters shall be included in the data transmission. The function patterns, format
information, ¢rror correction characters, remainder codewords shall not be transmitted. The ¢flefault
transmission |mode for all data shall be as bytes (8-bit coded value or 16-bit shift coded value). More
complex interpf€tations including the transmission of data in an extended channel interpretatipn, are
addressed below:

13.2 Symbology identifier

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; if ECIs are
used the symbology identifier is required. The symbology identifier and option values of Annex E shall
apply to rMQR.

13.3 Extended channel interpretations

In systems where the ECI protocol is supported the transmission of the symbology identifier is required
with every transmission. Whenever the ECI mode indicator is encountered, it shall be transmitted as
the escape character 5Cyy, (Which represents the backslash character “\” in ISO/IEC 8859-1 and in the
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AIM ECI specification and maps to the character “¥” in JIS X 0201). The codeword(s) representing the
ECI Designator are converted into a 6-digit number by inverting the rules defined in Table 4. These 6
digits shall be transmitted as the corresponding 8-bit values in the range 304y to 39y, immediately
following the escape character.

Application software recognizing \nnnnnn should interpret all subsequent characters as being from
the ECI defined by the 6-digit designator. This interpretation remains in effect until:

— the end of the encoded data;

— a change to a new ECI signaled by mode indicator 111, subject to rules defined by the AIM ECI
specification.

When [reverting to the default interpretation the decoder shall output the appropriate.es¢ape sequence
as prefix to the data.

If the fharacter 5Cypy needs to be used as encoded data, transmission shall be as follows: whenever
charaqter 5Cy;px occurs as data, two bytes of the value shall be transmitted, fhs a single[occurrence is
alwayg an escape character and a double occurrence indicates true data.

EXAMHRLE 1

a) Ercoded data (hex): 4142435C31323334
Trpnsmitted data: 4142 435C31323334
b) Encoded data: ABC followed by <further data> encoded according to rules foif ECI 123456.

Transmitted data: 41 42 43 5C 31 32 33 34-35 36 <further data>
EXAMRLE 2 (using datain 7.4.2.2)

The mgssage contains ECI mode indicator/ECEDésignator/mode indicator/character count indicqtor/data in the
form of

111 00p01001 011 00000101 10100001 10100010 10100011 10100100 10100101
Symbqlogy Identifier 1Q2 (see Annex E) shall be added to the data transmission
Transmission (hex. values)»* 5D 5132 5C 303030303039 A1A2A3A4A5

Encodg¢d data in ECL.000009: ABTAE

NOTE CygxAs.€quivalent to the backslash character “\” in ISO/IEC 8859-1 and to “¥” in JIS X ORO1.

13.4 FNC1

In the modes with implied FNCI In either first or second position, this implied character cannot be
transmitted directly as there is no byte value corresponding to it. It is therefore necessary to indicate its
presence in the first or second position by the transmission of the relevant symbology identifier (]Q3, ]
Q4,]1Q5 or ]Q6 defined in Annex E shall be used). Elsewhere in these symbols it may occur in accordance
with the relevant application specification as a data field separator, represented in alphanumeric mode
by the character % and in byte mode by the character Gg (ASCII/JIS8 value 1Dygy). In both cases the
decoder shall transmit 1Dygy.

If, in symbols in FNC1 mode, the character % needs to be encoded as data while in alphanumeric mode,
it shall be represented in the symbol by %%. If this is encountered, the decoder shall transmit a single
% character.
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Annex A
(normative)

Error detection and correction generator polynomials

The check character generation polynomial is used to divide the data codeword polynomial, where each
codeword is the coefficient of the dividend polynomial in descending power order. The coefficients of

the remainderofthis division are the error correction codeword values
Table A.1 shows the generator polynomials for the error correction codes which are used for each"'fersion
and Level, for{ all rMQR symbols. The number of error correction codewords required for)a-parficular
version and drror correction level can be obtained from Table 8. In the Table A.1, a 1s.the primitive
element 2 under GF(28). Each generator polynomial is the product of the first-degree_polynomialp: x-af,
x-al, ..., x-a™1] where n is the degree of the generator polynomial.
Table[A.1 — Generator polynomials for Reed-Solomon error corréction codewords
Number ¢f error <
. Generator polynomials
correction djodewords
7 <7 + a87x6 + 0229%5 + q146x4 + o149x3 + (238x2 +4102x + 21
3 %8 + a175x7 + q238x6 + 208x5 + 249x4 +.f215%3 + 252x2 + 196 + (28
9 %9 + 958 + 2467 + o137x6 + o231x5k 0 235%4 + q149x3 + o llx2 + o123x + 36
1 x10 4 q251%9 + o67x8 + a46x7 + ablxbF a118x5 + q70x% + o64x3 + q9%x2
+ o32x + 45
17 x12 4 10211 4 43510 4 98x9 ¥ o 121x8 4 o187x7
+ ql13x6 + q198x5 + 1433 P o 131x3 + o87x2 + 157 + (66
14 x14 + q199x13 4 q249x12 P 155x11 4 q48x10 4 19059 4 o124%8 4 21857
+ al37x6 + q216x5 $%487x4 + q207x3 + o59x2 + o22x + 91
14 x16 + 120515 4 (104314 4 107413 4 109312 4 102411 4 (161410 4 (76x9
+a3x8 + 90K al91x6 + o147x5 + q169x% + 1823 + 194x2 + 225% + 120
19 x18 + q215¢17 4 q234x16 4 15815 4+ o9%4x14 4 18413 4+ 9712 4 118x11
+ 170830 % 79%9 + 187x8 + q152x7 + 148x6 + q252x5 + 1794 + 5%3
+ a98x2 + 96x + 153
24 $20.F 01719 + q60x18 4 q79x17 4 o50x16 4+ 61x15 4 o 163x14 4 26x13 4 o(187x12
+ 0202511 4 180510 4 22149 + 225%8 + o83x7 + 2396 + 156x5 + 164x4
+ 021253 + 021252 4 188y + (190
27 «22 4 210521 4 17120 4 247519 4 242518 + 93x17 + 23016 4 1415
+ o109x14 4 22113 4 5312 4+ 200511 4 74%10 4+ 8x9 + 172x8 + 98x7
+ 80x6 + 21955 4 ¢ 134w4 + 160%3 4 310552 4 165y 4 231
24 «24 + q229%23 + 121522 4 o135%21 4 48x20 + 211519 4 117518 4 251417
+ 126516 4 15915 4 180y 14 4 169%13 4 15212 4 192x11 4 226510
+a228x9 + 218x8 + qlllx7 + x6 + q117x5 + q232x4 + 87x3 + a96x2 + a227x
+q2l
26 %26 + o173x25 4+ 125524 4+ 158x23 + q2x22 + 103x21 4 (18220 4 (118419
+ al7x18 4 14517 4 201416 4 111315 4 (28x14 4 (165413 4 53512
+ ql6lx1l 4 21510 4 24559 4 142x8 4+ 13x7 + 102x6 + o48x5 + 227x4
+ q153x3 + q145x2 + 218y + 70
28 %28 4 168x27 4 223326 4 200525 4 104524 4 224323 4 (234522 4 10821

+ 18020 4 110419 4 190518 4 195517 4 (147416 4 205415 4 (2714
+232x13 4 201312 4 21511 4 (43510 4 245¢9 4+ o87x8 + 42x7
+ q195x6 + q212x5 + q119%% + 0242x3 + a37x2 + a9x + 123

54
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Table A.1 (continued)

Number of error
correction codewords

Generator polynomials

30

%30 4+ o#1x29 + 173x28 4+ 145x27 4 152x26 4+ (216425 4 31324 4 ¢179x23
+ 182522 4 50521 4 48520 4 (110519 4 8618 4 239x17 4 96x16

+ 0222515 4 12514 4 q42x13 4 173512 4 22611 4 193510 4 (2249

+ o130x8 4 1567 4+ 376 + q251%5 + 216x4 + 238x3 + 40x2 + 192

+ 180
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Annex B
(normative)

Error correction decoding steps

Take the Version R7x43-H symbol as an example. For the symbol, the (13, 3, 5) Reed-Solomon code
under GF(28) is used for error correction. Provided that the code after releasing data masking from the
symbol is:

R=(rq,ri|ry, ..., T13)

That is,

- . 2 12
R(X)=rg + [1X + X% + ... + X

r;(i=0-12) is an element of GF(28)
a) Calculate|n syndromes.
Find the §yndrome S;(i=0-9).
So=R(A) =rg+ri+ry+..+ry

S1 = B() = ro+rya+r,a + ...+ rypal2

Sg=R(@®) =ry+ria® +ryal8 + . + 56108
where a is a primitive element of GF(28)
b) Find the ¢rror positions:
Sy0c 15104 + 5,03 - S30,+ 5,6, -S:=0
§105-[5,04 + S305°540, + 5501 - S =0

520-5 - 5304 + 5403 - 550-2 + 560-1 - 57 = O

530-5 - 54_0-4_ + 550-3 - 560-2 + 570-1 - S8 = 0

540-5 - 550'4 + 5603 - 570'2 + 580'1 - Sg =0
Find the variable o,(i = 1-5) for each error position using the above formulas.

Then, substitute the variable for the following polynomial and substitute elements of GF(28) one by
one.

0(x) = 05 + 04X + 03X2 + 0,x3 + oy x* + X5

Now, it is found that an error is on the jth digit (counting from the 0-th digit) for the element aj
which makes

o (o) =0.
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c) Find the error size.
Supposing that an error is on the j1, j2, j3, j4, j° digits in (ii) above, then find the size of the error.
Y o + Y052 + Yaay3 + Yyt + Yooy = S,
Vyo3 + Ypal3f? + Va2 + Yyodt + Ysalf5 = 5,
Vyo31 + Vo072 + Va3 + Yyoft + Va3 = S,
Y a4t + YyadiZ + Yoad3 + Yyad* + Yeadis = S5

Y 051 + Y,a5)2 + Y003 + Vo0t + Yea®° = S,

Sdlve the above equations to find the size of each error Y;(i = 1-5).
d) Cdrrectthe error.

Cdrrect the error by adding the complement of the error size value to each'érror position.
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(normative)

Format information

C.1 General

The format ifjformation consists of an 18-bit sequence comprising 6 data bits and 12 Extenddd BCH
error correctjon bits. This annex describes the calculation of the error correction bits and th¢ error
correction defoding process.

C.2 Error correction bit calculation

The Extende@l Bose-Chaudhuri-Hocquenghem (18,6) code shall be used for—error correctiopn. The
polynomial whose coefficient is the data bit string shall be divided by the generator polynomial G(x) =
x12 4 x11 4+x10 } x9 +x8 + x5 + x2 + 1. The coefficient string of the remainder poelynomial shall be apgended
to the data bit string to form the (18,6) Extended BCH code string. Finally, masking shall be dpplied
by XORing thle bit string with 011111101010110010 (for format{nformation at the finder gattern
side) or 100000101001111011 (for format information at the firider sub pattern side) to ensufe that
the format information bit pattern is not all zeroes for any conibination of version indicator and error
correction level.

EXAMPLE (Format information at the finder pattern side)

Error correctipn level M; Version R9x77

Binary string: 000111

Polynomial: x2+x+1

Raise power t¢ the (18 - 6) th:  x14 + x13 4 x12

Divide by G(x) = (x12 £ xM +x10 + x9 + x8 + x5 + X2 + 1) x2 + (x11 + x10 + X7 + x* + x2)

Add coefficienf string of above remainder polynomial to format information data string:
000111+ 110£10010100—> 000111110010010100
XOR with mask 011111101010110010
Result: 011000011000100110

Place these bits in the.format information areas as described in 7.9.

C.3 Error eorrection dcuudius otcpa

Release the masking of the formatinformation modules by XORing the bitsequence with the mask pattern
011111101010110010 (for format information at the finder pattern side) or 100000101001111011
(for format information at the finder sub pattern side).

The Hamming distance of the error correction code used in the format information is 8, which enables up
to 3 bit errors to be corrected. There are 64 valid bit sequences for the format information, so decoding
by using Table C.1 as a look-up table is efficient. Bit sequences read from the format information area
of the symbol are compared with the 64 valid format information bit strings in Table C.1 on a bit by bit
basis. The bit string from Table C.1 closest to the bit string read from the symbol is taken, provided the
strings differ by 3 bits or less.

EXAMPLE
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Bit string read from format information

area:

Closest bit string from table:

ISO/IEC 23941:2022(E)

101000011001110101

101100011001010101

Since only 2 bits differ between the two bit strings, the comparison is successful, so the symbol format
is confirmed as utilising error correction level H with Version R13x77.

Table C.1 — Valid format information bit sequences

Sequence before masking

Sequence after masking

(Finder pattern side)

Sequence after masking

(Finder sub patte

rn side)

Data Ilbits Error cboilt':ection Binary Hex Binary Hex
00000 [000000000000 011111101010110010 1FAB2 100000101001117011 20A7B
00000 |111100100101 011110010110010111 1E597 1000010104101011110 2155E
00001p |000101101111 011101101111011101 1DBDD 100010102100010100 22B14
00001ft 111001001010 011100010011111000 1C4F8 100011010000110001 23431
00010p |001011011110 011011100001101100 1B86C 1001700100010100101 248A5
00010t |110111111011 011010011101001001 1A749 100101011110000000 25780
00011p [001110110001 011001100100000011 19903 100110100111001010 269CA
00011fL 110010010100 011000011000100110 18626 100111011011101111 276EF
00100p |010110111100 010111111100001110 17F0E 101000111111000111 28FC7
oo1o0f 101010011001 010110000000101011 1602B 101001000011100010 290E2
001019 010011010011 010101111001100001 15E61 101010111010101000 2AEA8
00101 101111110110 010100000101000100 14144 101011000110001101 2B18D
00110p |011101100010 010011110143010000 13DDO 101100110100011001 2CD19
oo110f 100001000111 010010001011110101 122F5 101101001000111100 2D23C
001119 011000001101 010003110010111111 11CBF 101110110001110110 2EC76
00111 100100101000 010000001110011010 1039A 101111001101010011 2F353
01000p |101101111000 001111000111001010 0F1CA 110000000100000011 30103
01000t |010001011101 001110111011101111 OEEEF 110001111000100110 31E26
010019 101000010111 001101000010100101 0DO0AS 110010000001101100 3206C
01001 010100110010 001100111110000000 0CF80 110011111101001001 33F49
010109 100110100110 001011001100010100 0B314 110100001111011101 343DD
010101 011010000011 001010110000110001 0AC31 110101110011111000 35CF8
01011 100011001001 001001001001111011 0927B 110110001010110010 362B2
010111 011111101100 001000110101011110 08D5E 110111110110010111 37D97
011000 [111011000100 000111010001110110 07476 111000010010111111 384BF
011001 000111100001 000110101101010011 06B53 111001101110011010 39B9A
011010 111110101011 000101010100011001 05519 111010010111010000 3A5D0
011011 000010001110 000100101000111100 04A3C 111011101011110101 3BAF5
011100 110000011010 000011011010101000 036A8 111100011001100001 3C661
011101 001100111111 000010100110001101 0298D 111101100101000100 3D944
011110 110101110101 000001011111000111 017C7 111110011100001110 3E70E
011111 001001010000 000000100011100010 008E2 111111100000101011 3F82B
100000 (100111010101 111111001101100111 3F367 000000001110101110 003AE
100001 {011011110000 111110110001000010 3EC42 000001110010001011 01C8B
100010 100010111010 111101001000001000 3D208 000010001011000001 022C1
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Table C.1 (continued)

Sequence before masking

Sequence after masking

Sequence after masking

(Finder pattern side) (Finder sub pattern side)
Data bits Error cboilt';‘ection Binary Hex Binary Hex
100011 |011110011111 111100110100101101 3CD2D 000011110111100100 03DE4
100100 101100001011 111011000110111001 3B1B9 000100000101110000 04170
100101 010000101110 111010111010011100 3AE9C 000101111001010101 05E55
100110 101001100100 111001000011010110 390D6 000110000000011111 0601F
100111  |010401000001 111000111111110011 38FE3 000111111100111010 Q7ZE3A
101000 110001101001 110111011011011011 376DB 001000011000010010 086142
101001 001101001100 110110100111111110 369FE 001001100100110111 09937
101010 110100000110 110101011110110100 357B4 001010011101111101 0A77D
101011 |001000100011 110100100010010001 34891 001011100001011600 0B8%8
101100 |111010110111 110011010000000101 33405 001100010011001100 0c4qc
101101 000110010010 110010101100100000 32B20 001101104211101001 ODBE9
101110 111111011000 110001010101101010 3156A 001110010110100011 0E5A3
101111 009011111101 110000101001001111 30A4F 001:111101010000110 0FA86
110000 001010101101 101111100000011111 2F81F 010000100011010110 108Ip6
110001 110110001000 101110011100111010 2E73A 010001011111110011 117H3
110010 001111000010 101101100101110000 2D97Q 010010100110111001 12989
110011 110011100111 101100011001010101 2C655 010011011010011100 1369C
110100 000001110011 101011101011000001 2BAC1 010100101000001000 14A(8
110101 111101010110 101010010111100100, 2A5E4 010101010100101101 1554D
110110 |009100011100 101001101110101110 29BAE 010110101101100111 16B647
110111 111000111001 101000010010001011 2848B 010111010001000010 17442
111000 011100010001 100111116110100011 27DA3 011000110101101010 18D¢A
111001 |100000110100 100110001010000110 26286 011001001001001111 1924F
111010 011001111110 100101110011001100 25CCC 011010110000000101 1AC(5
111011 100101011011 100100001111101001 243E9 011011001100100000 1B320
111100 010111001111 100011111101111101 23F7D 011100111110110100 1CFB4
111101 101011101010 100010000001011000 22058 011101000010010001 1D091
111110 010010100060 100001111000010010 21E12 011110111011011011 1EEDB
111111 101110000101 100000000100110111 20137 011111000111111110 1F1HE
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Annex D
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Position of alignment patterns

The alignment patterns are positioned symmetrically on the same column of the top and the bottom

rows so that it is overlapped with a timing pattern. The number and position of alignment patterns are
commaentoeach number of horizontal modules

Table D.1 below shows, for each horizontal module, the number of alignment patterns alld the column
coordinates, starting at zero, of the centre module of each alignment pattern.

Table D.1 — Column coordinates of centre module of alignment patterns

Number of horizontal | Number of alignment y

modules patterns Column coordinates of centre mqdule
27 0 — — — —
43 2 21 — — —
59 4 19 39 — —
77 4 25 51 — —
99 6 23 49 75 —
139 8 27 55 83 111
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Annex E
(normative)

Symbology identifier

The symbology identifier assigned to rMQR, which should be added as a preamble to the decoded data
by a suitably programmed decoder, is as shown below:

1Qm
where
]  isthdsymbology identifier flag (ASCII value 93);
Q isthgcode character for the rMQR symbology;
m is thg modifier character with one of the values defined in Table E.1.
Table E.1 — Symbology identifier options and medifier values
Modifier Option
value
1 rMQR symbol, ECI protocol not implemented
2 rMQR symbol, ECI protocol implemented
3 rMQR symbol, ECI protocol not implemented, FNC1 implied in first position
4 rMQR symbol, ECI protocol implemented, FNC1 implied in first position
5 rMQR symbol, ECI protocol not implemented, FNC1 implied in second position
6 rMQR symbol, ECI protocol implemented, FNC1 implied in second position

The permissilple values of m are: 1, 2, 3,4, 5, 6.

62
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Annex F
(normative)

rMQR print quality - symbology - specific aspects

F.1 General

Because of differences in symbology structures and reference decode algorithms, thecef!
paramleters on a symbol’s reading performance may vary. ISO/IEC 15415 provides 't
specifications to define the grading of certain symbology-specific attributes. This an
definep the method of grading fixed pattern damage and additional parameters,(fermat ir
be used in the application of ISO/IEC 15415 to rMQR.

F.2 Fixed pattern damage

F2.1

The fehtures to be assessed are:

a) upy
1)
2)
3)

b) lower right corner segment, ingluding:

1)
2)

c) up
1)
2)

Features to be assessed

per left corner segment, including:

finder pattern;

ect of certain

br symbology
hex therefore

formation) to

the 1X wide separators surrounding the'one or two inner sides of the finder patt¢rn;

part of the quiet zone of a minimum of two modules width (or more if spg
application);

finder sub pattern;

part of the quiet.zone of a minimum of two modules width (or more if spg
application);

per right and\lower left corner segments, each including:
cornek finder pattern;

partof the quiet zone of a minimum of two module width (or more if specified by th

adjacent to the corner finder pattern;

3)

vertical timing pattern of alternating dark and light modules adjacent to the
pattern;

cified by the

cified by the

e application)

corner finder

d) alignment pattern and part of the quiet zone of a minimum of two module width (or more if

Sp

ecified by the application) adjacent to the alignment pattern;

e) the horizontal timing patterns of alternating dark and light modules passing through the sides
from the finder pattern or the finder sub pattern rightward/leftward. The vertical timing pattern

be

tween alignment patterns;
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The features listed above shall be assessed as four (A, B1, B2, B3, C, D1, D2) segments (see Figure F.1

and F.2), viz.:
a)

For upper left corner (finder pattern with their associated separators and a part of surrounding

quiet zone), 104 modules are applicable (However, when vertical modules are 7, 114 modules are
applicable). (Segment A);

b)

Unit segment containing 49 modules (Segment B1) of the lower right corner (associated quiet zone

and finder sub pattern), at least 22 modules (Segment B2) of upper right corner (upper right corner
finder pattern, associated quiet zone and adjacent vertical timing pattern), and at least 15 modules
(Segment B3) of lower left corner (lower left corner finder pattern, associated quiet zone and
adjacent vertical timing pattern) (Segment B). When the vertical modules are 7, B3 is not situated

in the cod
vertical 1

Figure E.]

the horiz

d)
periphery
pattern a
located inj

For example,
B1 of both ve
23 modules rg

Version R7x4]
corner finder

The range of
the alignmen

Figure F.6.)

NOTE For
checked at fixe|

Unit segment containing all alignment patterns and their adjacent quiet zones (Segment C)

Unit segment containing individual horizontal timing patterns (Segment D1) located

e symbol (see Figure F.3.) and a vertical timing pattern 1s not contained 1n B2. WH
hodules are 7, 9, and 11, a vertical timing pattern is not contained in Segment, B
b to F.5.);

bntal modules are 27, C is not applicable;

r of code and between the finder pattern/ the finder sub pattérh and the corner
hd separated by the alignment patterns (if they exist), and fiming patterns (Segms
side the code and between the upper and lower alignmentpatterns. (Segment D).

Version R7x43 and R9x43 contain 114 modules and 104 modules in A segment respe
"sions contains 49 modules, and B2 of Version R7%43 and R9x43 contain 22 modul
spectively. (See Figure F.3 and F.4.)

has no lower left corner finder pattern. Version R9x43 does not have L shaped loy
pattern, and the Segment B3 area is as shown in Figure F.4.

the vertical timing pattern (SegmentiD2) is from the upper end and to the lower
[ patterns and has the same number of modules as those for the vertical module

rMQR symbol, its width of Quiet Zone shall be 2X. Figure F.1 to F.6 show segments that s
d pattern print quality assessiment.
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