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Foreword

2022(E)

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.
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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.
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Information technology — Automatic identification and
data capture techniques — Rectangular Micro QR Code
(rMQR) bar code symbology specification

1
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is document defines the requirements for the symbology known as rMQR. It~spe
[QR symbology characteristics, data character encoding methods, symbol formats, diy
aracteristics, error correction rules, reference decoding algorithm, printing quality requ
d user-selectable application parameters.

Normative references

e following documents are referred to in the text in such a way:that some or all of thej

rifies the
nensional
lirements

r content

copnstitutes requirements of this document. For dated references, ‘enly the edition cited applies. For

urj

IS
Hd

IS
alj

IS
co

3

a

IS

3.
ch
bi

dated references, the latest edition of the referenced document {including any amendmentg

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

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

D/IEC 15415, Information technology — Autematic identification and data capture techniqu
de symbol print quality test specification —Jwo-dimensional symbols

Terms and definitions

Fgr the purpose of this document; the terms and definitions given in ISO/IEC 19762 and the

ply.
D and [EC maintain terminology databases for use in standardization at the following addrg

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electrgpedia: available at https://www.electropedia.org/

|
aracter count indicator
sequence which defines the data string length in a mode (3.6)

) applies.

niques —

't 1: Latin

es — Bar

following

SSes:

3.2

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

co

rrection 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

Sy

mbol characteristics
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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
identification of its characteristics to assist in decoding

3.5
masking

or

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 off representing a defined character set as a bit string

3.7
mode indicator
identifier|indicating in which mode (3.6) the following data sequence is encoded

3.8
padding pit

zero bit, not representing data, used to fill empty positions of the final cedeword during the encodi
process

3.9
remaindpr bit

zero bit, hot representing data, used to fill empty positions ‘@f-the symbol encoding region (3.2) aff
the final §ymbol character, where the area of the encoding région (3.2) does not divide exactly into 8-
symbol characters

3.10
remaindpr codeword

codeword, placed after the data codeword stream that was generated in data encoding process, us
to fill empty codeword positions to meet thé. requirements of number of data codeword of the versi
(3.15) angl error correction definitions

3.11
segment
sequence|of data encoded according to the rules of one ECI or encoding mode

3.12

separat
functionEattern (3.4)ofall light modules, one module wide, used to separate the finder pattern frg

the rest off the symbol
3.13
terminator

er
hit

on

bit pattetn-of d
representing data

3.14
timing pattern

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

determined

2 © 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

fi‘ abitidantifior i dictinag cumbhal varcion vuead for o ot At o fopa ot dnfayan atiogn (2 20
e-piiaehtierihatecacth S-Sy BerversionUSearerapatrt o tRe 6FRatH OFREH oA 12=7

3.17
error correction level indicator
orle-bit identifier indicating error correction level used for a part of the format information (3.

8]
—

4| Mathematical and logical symbols, abbreviated terms and-conventions

4. Mathematical and logical symbols

DIV  isthe integer division operator
MOD is the integer remainder after division

X(QR isthe exclusive-or logic function whose output is ene only when its two inputs are not equivalent.
It is represented by the symbol .

4.2 Abbreviated terms

B(H Bose-Chaudhuri-Hocquenghem
E(l  Extended Channel Interpretation

RS Reed-Solomon
4.3 Conventions

4.8.1 Module positions

Fdr ease of refenénce, module positions are defined by their row and column coordinates in the symbol,
in[the form () where i designates the row (counting from the top downwards) and j the column
(counting-from left to right) in which the module is located, with counting commencing at {). Module
(0] 0) isstherefore located at the upper left corner of the symbol.

4.8.2 Byfo 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 d matrix symbology with the following characteristics.

a) Encoflable character set:

b)

d)

f)

g)

1y
2)

3)

4)

Representation of data:

A daj

Symlhol size (not including quiet zone):
See Table 1 for the symbol sizes for 7 x 43 modulesto 17 x 139 modules (Version R7x43 to R17x13
Datacharacters per symbol:

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

Selecftable errop correction:

This pymbology supports two levels of Reed-Solomon error correction, M and H, which allows t
recoyery of rMQR codewords up to the indicated rate below.

rfumeric data (digits 0 - 9);

(=]

able 5.);

Hyte data [default shall be the character set defined in Annex G; or-ether sets as otherwi
defined (see 7.3.5)];

Kanji characters (Characters can be compacted into 13 bits (see(%3.6).

numeric data: 361icharacters
alphanumeric data: . 249 characters
Byte data: 150 characters

Kanji data: 92 characters

dlphanumeric data (digits O - 9; upper case letters A - Z; nine other characters, as shown|i

k module is nominally a binary one and a light module‘i's nominally a binary zero. See 6.2 for
detaills of reflectance reversal.

— 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,

CyTittic, Greek)amnd other data IMterpretations (€.g., Compacted data using defimed cothpression
schemes) or other industry-specific requirements to be encoded. See 7.3.2.

—| Reflectance reversal

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

— Mirror imaging

The arrangement of modules defined in this document represents the “normal” orientatjon of the
symbol. It is, however, possible to achieve a valid decodédof a symbol in which the arrpngement
of the modules has been laterally transposed. When yiewed with the rMQR finder patt¢rn at the
top left, and the finder sub pattern at the bottom right'corners of the symbol, the effect|of mirror
imaging is to interchange the row and column positions of the modules. (See Figure 1.)

r 1 r u

. ] I.I LI-I ‘I 1

A

|
we bt
Lr.’. ...-.:
- L

d) Normal orientation and normal+'eflectance ar- b) Normal orientation and reversedd reflec-
rangement tances

r a r B

S r——
151 ey

c)|Mirror image orientation and normal reflectance d) Mirror image orientation and reversed
arrangement reflectances

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 5
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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.

Finder pattern

Timi . Corner finder pattern
Iming pattern Encoding p

region

Separator Quiet zone

Fi

—_

I

der pattern Timing pattern Encoding

Cotf

ner finder pattern

Format information Alignment pattern Finder sub pattern

Figure 2 — Structure of Version R7x43 fMQR symbol

Corner finder pattern

region )
Separator Quiet zone

Format information Alignment pattern Finder sub pattern

Figure 3 — Structure of Version R9x43 rMQR symbol
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Finder pattern Timing pattern Encoding

region .
Separator Quiet zone

/

Corner finder pattern

Format Timing pattern
Corner finder pattern  information

Figure 4 — Structure of Version R11x43 rMQR symbol

Finder pattern Timing pattern Encoding
region

Separator Quiet zone

Format information Timing pattern
Corner finder pattern

Figure 5 — Structure of Version R13x43 rMQR symbol

Alignment pattern Finder sub pattern

Corner finder pa|

Alignment pattern Finder sub pattern

ttern
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Finder pattern Timing pattern Encoding Corner finder pattern

region .
Separator 1' g Quiet zone

ﬂ...'vl_#:lﬂ------ll

| =

leIIIIIII-El‘IIIll‘I

Cormer finder pattern Timing pattern
Format Alignment pattern Finder sub pattern
information
Figure 6 — Structure of Version R15x43¢*MQR symbol
Finder pattern Timing pattern Encoding Corner finder pattern

region

Separator 1
[ ] )
L/

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 :

e)
=
[N
>
ul
O
mm
[ I |
n

x
=3
[N
e
~
~
L] n
| | | |

o)
=3
[N
o
O
O
mm
-
[}

o)

11x139 = . "

..

Figure 8 — rMQR symbols with 11 vertical modules and 27 to 139 horizontal modules

R9x43
=
R1Ix43 D
5 = |
=
R13x43 D
: = |
O .
R15X45
: = |
] :
R17x43

Figure 9 — rMQR symbols with 43 horizontal modules and 7 to 17 vertical modules
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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 of.finder pattern

6.3.4 Separator

A one-mddule wide separator, constructed of all light modules, is placed between each finder pattern
and the epcoding region, as illustrated in Figures 2 to 7.

6.3.5 Tliming pattern

The horiZontal and vertical timing-patterns respectively consist of a one-module wide row or column|of
alternating dark and light medules. They enable the symbol density and version to be determined ahd
provide datum positions ferdétermining module coordinates.

The horifontal timing)pattern runs across row 0 of the symbol between a separator at the right|of
the finder pattern.and a corner finder pattern at the right end of the symbol. It also runs across the
lowermogt row of'the symbol between a corner finder pattern at the left end of the symbol and the
finder sup pattern, excluding the position of the alignment pattern. The vertical timing pattern runs

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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6.8.6 Alignment patterns

Aljgnment patterns are present in symbols with 43 or njore horizontal modules. Each 3
pdttern may be viewed as two superimposed concentric squares, constructed of 3 x 3 dark

a

nymber of alignment patterns depends on the number-of horizontal modules. The alignment
shpll be placed at the position defined in Annex D, except for symbols with 27 horizontal mod

Kdy
A| 1module
B | 3 modules

6.8.7 Findersub pattern

The finder{sub pattern is placed at the right-hand bottom of the symbol, as illustrated in |
thiough Z"The finder sub pattern may be viewed as three superimposed concentric squar

C
(0]

ISO/IEC 23941:

2022(E)

Figure 11 — Timing pattern area of Version R17x43

nd a single central light module. The structure of an alignment pattern is shown in Figur

IAB

Figure 12 — Structure of alignment pattern

irider sub pattern is shown in Figure 13.

llignment
modules,
e 12. The
patterns
11es.

Figures 2
ps, and is
Structure

olnstructed of 5 x 5 dark modules, 3 x 3 light modules, and a single central dark module. The
flf

© ISO/IEC 2022 - All rights reserved
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Key
A 1 module
B 3 modules

C 5 modules

Figure 13 — Structure of finder sub pattern

6.3.8 Cprner finder pattern

The corngr finder pattern is located at the upper right and the lower left of rMQR.Symbol, as illustrated
in Figurek 2 through 7. The corner finder pattern is constructed of 3 dark modules in the horizontal
direction| and 3 dark modules in the vertical direction that intersect at thie/upper right or lower left
of the symbol, and 1 light module which is located so as to contact an angle made by the dark modules
described above. See Figure 14. Symbols with 7 vertical modules do et have a lower left corner finder
pattern. §ymbols with 9 vertical modules have a lower left corner-finder pattern of 3 dark modules|in
the horizpntal direction, as shown in Figure 15.

B
242
P
N
[ A—

Figure 14 — Structure of corner finder pattern

>

>
[os]

Key
A 1 module
B 3 modules

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 © ISO/IEC 2022 - All rights reserved
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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 ol the steps required to convert input data to a IMQR sy
mples of encoding, see Annex 1.)

Step 1 Data analysis

Analyze the input data stream to identify the variety of different characters to/be)encoded. ]
bol format supports the extended channel interpretation feature, enabling data diffes

Step 2 Data encoding

Cdnvert the data characters into a bit stream in accordance with the rules for the mode in
ddfined in 7.4.2 to 7.4.7, inserting mode indicators as*iiecessary to change modes at the beg
each new mode segment, and a terminator at the endof the data sequence. Split the resulting t
info 8-bit codewords. Add remainder codewords,as'necessary to fill the number of data code
ddfined in Table 6) required for the version anderror correction level.

Step 3 Error correction coding

erfor correction algorithms to be(processed. Generate the error correction codewords for e

Divide the codeword sequence into the,;required number of blocks (as defined in Table 8) to ¢
r

a[E)ending the error correction codewords to the end of the data codeword sequence.

Step 4 Structure final message

Interleave the data and error correction codewords from each block as described in 7.6 (st¢
add remainder bits asTiecessary.

Step 5 Module placement in matrix

Place the codéword modules in the matrix together with the finder pattern, separators, timin
allgnment-patterns (if required), finder sub pattern and corner finder pattern. Refer to 7.7 for
codeword placement in matrix.

hbol. (For

'he rMQR
ing from
rent sub-
bn modes
belect the
shown in

force, as
inning of
it stream
vords (as

nable the
ch block,

p 3), and

b pattern,
details of

St—.“ - Daota wacclzia o
CP O TDUtaTItasnIityg

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
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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 zontal mo(%t;les mo((]i)liles ((Ex:ng El():)_ a bits
(A) (B) D) (E)

R7x43 7 43 161 36 104 13 0
R7x59 7 59 206 36 171 21 3
R7x7Y 7 77 242 36 261 32 5
R7x99P 7 99 299 36 358 44 6
R7x139 7 139 392 36 545 68 1
RI9x4B 9 43 181 36 170 21 2
RI9x5P 9 59 228 36 267 33 3
RI9x7Y 9 77 264 36 393 49 1
R9x9p 9 99 323 36 532 66 4
R9x139 9 139 418 36 797 99 5
R11x37 11 27 139 36 122 15 2
R11x43 11 43 188 36 249 31 1
R11x39 11 59 237 36 376 47 0
R11x77 11 77 273 36 538 67 2
R11x99 11 99 334 36 719 89 7
R11x1B89 11 139 431 36 1062 132 6
R13x37 13 27 143 36 172 21 4
R13x43 13 43 194 36 329 41 1
R13x39 13 59 245 36 486 60 6
R13x77 13 77 281 36 684 85 4
R13x99 13 99 344 36 907 113 3
R13x1B9 13 139 %43 36 1328 166 0
R15x43 15 43 200 36 409 51 1
R15x39 15 59 253 36 596 74 4
R15x77 15 77 289 36 830 103 6
R15x99 15 99 354 36 1095 136 7
R15x1B9 15 139 455 36 1594 199 2
R17x43 17 43 206 36 489 61 1
R17x59 17 59 261 36 706 88 2
R17x7%7 17 77 297 36 976 122 0
R17x99 17 99 364 36 +283 +66 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
E(QI. When any other ECI is in force, the byte values rather than the specific character assignmlents shall
bgused to select the optimum data compaction mode. For example, numeric mode wouldbe apjpropriate
if there is a sequence of data byte values within the range 30y to 39y inclusiye: In thig case the
compaction is carried out using the default numeric or alphabetic equivalents ofthe byte valuls.

NQTE ...px data is figured in hexadecimal.

7.8.2 Extended channel interpretation (ECI) mode

The extended channel interpretation (ECI) protocol defined in Reférences [21] to [23], allows the output
dqta stream to have interpretations different from that of the default character set. The ECI grotocol is
ddfined consistently across a number of symbologies. The E€I protocol provides a consistentiethod to
specify particular interpretations of byte values before printing and after decoding.

The default interpretation for rMQR symbol shall béevECI 000003 representing the ISO/IHC 8859-1
character set.

Infernational applications using other character sets should use the ECI protocol. For insfance, the
inferpretation corresponding to the JIS8 and\Shift JIS character sets is ECI 000020.

The effect of ECI mode is to insert an ECFescape sequence at that point in the data. It is immediately
followed by another mode indicator.(€.g., for efficient data encoding) and remains in force unffil the end
of|the message or a subsequent ECI mode indicator.

7.8.3 Numeric mode

Nymeric mode encodes-data from the decimal digit set (0 - 9) (byte values 30y to 39ygx). Normally, 3
dgta characters are réprésented by 10 bits.

7.8.4 Alphanumeric mode

Alphanumeéric mode encodes data from a set of 45 characters, i.e. 10 numeric digits (0 - 9) (byte values
30yex t089Ex), 26 alphabetic characters (A - Z) (byte values 41,y to 5Aygx) , and 9 symbpls (SP, $,
%], */%,%, ., /, ) (byte values 20ygx, 244Ex 251Ex 2A4Ex 2Bupx 2Dyex to 2Fypx, 3Aygx respectively).
Ng¢rmally, two input characters are represented by 11 bits.

7.3.5 Byte mode
In this mode, data is encoded at 8 bits per character.

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
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 815y

to

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 -

mode corppaction rules when an appropriate sequence of byte values occurs in the data [i.e. lead-by
in the rapges 81ypyx to 9F gy and/or EOypy to EAypy) followed by trailer bytes in the range 40y 5y
FCypx.exdept 7Fygx, or EBypy followed by 40,5y to BFypyx except 7Fygx)]. Figure H.1 shows the by
combinatjons graphically.

7.3.7 Mixing modes

The rMQR symbols may contain sequences of data in a combination of any of the\modes available for t
version of the symbol as described in 7.3.2 to 7.3.6.

7.3.8 FNC1 mode

FNC1 mofle is used for messages containing specific data formats)In the "first position" it designat
data fornjatted in accordance with the GS1 General Specifications. In the "second position" it designat
data fornjatted in accordance with a specific industry application previously agreed with AIM Inc. FN
mode appllies to the entire symbol and is not affected by subSequent mode Indicators.

NOTE "First position" and "second position" do not refer:to actual locations but are based on the positiong
FNC1 charfacter in Code 128 symbols, when used in an equivalent manner.

7.4 Dataencoding

7.4.1 Sequence of data

Input dath is converted into a bit stream consisting of one or more segments each in a separate mode.
the defaullt ECI, the bit stream cadminences with the first mode indicator. If the initial ECI is other th
the defau|t ECI, the bit streamcommences with an ECI header, followed by the first segment.

The ECI header (if present)-shall comprise:
— ECI npode indicator(3 bits)
— ECI designator(8, 16 or 24 bits)

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

es
C1

of

the final (least significant) bit of the ECI designator.

The remainder of the bit stream is then made up of segments each comprising: (see Figure 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
o ) indicator count Data | ... indicator count Data
indicator | designator . -
1 indicator n indicator
Segment 1 Segment2 | ... Segment n
Mode | Character Mode | Character Mode | Character Tekminator
indicator count Data | indicator count Data | ...... indicator count Data
1 indicator 2 indicator n indicator

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

Edch mode segment shall begin with the first (most significant) bit of thé\xmmode indicator and|end with
the final (least significant) bit of the data bit stream. There shall be_no explicit separator] between
segments as their length is defined unambiguously by the rules for the’'mode in force and the qfumber of

input data characters.

Td encode a sequence of input data in a given mode, the steps defined in 7.4.2 to 7.4.7 shall be|followed.

Table 2 — Mode and Mode indicators for rMQR

Mode Mode indicators (3 bits)
Numeric 001
Alphanumerit 010
Byte 011
Kanji 100
¥NC1a 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.

Table 3 — Number of bits of character count indicator

Table 2 defines the mode indicators (3 bits) for each mode<Table 3 defines the length of the character
caﬁnt indicator, which varies according to the applied mode and symbol version.

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
R11x$59 11 59 7 6 5 5
R11xy7 11 77 7 6 6 5
R11x99 11 99 8 7 6 6
R11x139 11 139 8 7 7 6
R13xR7 13 27 5 5 4 3
R13x43 13 43 6 6 5 5
R13x$9 13 59 7 6 6 5
R13x}Y7 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 6 5
R15x59 15 59 7 7 6 5
R15xY7 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
R17x%9 17 59 8 7 6 6
R17xY7 17 77 8 7 7 6
R17x99 17 99 8 8 7 6
R17x139 17 139 9 8 8 7

The end ¢f the data in the complete symbol is indicated by a terminator consisting of 3 zero bits (See

Table 2), which is truncated,ifithe remaining number of data bits after the data bit stream is less thpn

the requited bit length of téexminator. The terminator is not a mode indicator as such.

7.4.2 Extended channel interpretation (ECI) mode

7.4.2.1 |General

Ve

This modgfused for encoding data subject to alternative interpretations of byte values (e.g., alternati
Lr]ﬂ—m—rrﬁnvmm—'r—t—rm—r—m—rﬂe Specification which defines the pre-processing o

character SetsJ in accordance wi

type of data, is invoked by the use of mode indicator 111.

1is

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

18
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0 - 9 even though it does not actually represent numeric data. In order to determine the value of the

ch

aracter 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 5C,zy appears as true data it shall be doubled in the data string before

erjcoding in symbols to which the ECI protocol applies.

is[inserted followed by the ECI designator. When a doubled 5Cyy is encountered, itNs-€ncod
5(yEx bytes.

en a single occurrence of 5Cygy is encountered in the input to the decoder, an EChmode

indicator
bd as two

On decoding, the binary pattern of the first ECI designator codeword (i.e. the codeword follpwing the

m
11
th
as
sh

Exfample

AS

bde indicator in ECI mode), determines the length of the ECI designator.sequence. The 1
bits before the first 0 bit defines the number of additional codewords aftef the first used to

e ECI assignment number. The bit sequence after the first 0 bit is the\binary representation

signment number. The lower numbered ECI assignments may bé.encoded in multiple way
ortest way is preferred.

Table 4 — Encoding ECI assighment number

ECI assignment value | No. of codewords Codeword values
000000 to 000127 1 O0bbbbbbb
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

sume data to be encoded is in Greék, using character set ISO/IEC 8859-7 (ECI 000009) in version |

umber of
Fepresent
pf the ECI
s, but the

R17x139-H

symbol.

Input data: \00OOO09ABTAE, (character values Alygx, AZypx, A3pex Adpex ASyex)

Bif sequence in symbalk

EQI mode indiéator 111

E(I Assigniment number (000009) 00001001

Mopdé 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

© ISO/IEC 2022 - All rights reserved
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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;0P1

(3 bits long as defined in Table 2), and the character count indicator has the number of bits defined

The number of input data characters is converted to its binary equivalent and added-as the
16

Table 3.

charactel| count indicator after the mode indicator and before the binary data sequence (see Figures

and 17).

EXAMPLE|1  (For Version R7x59 symbol)

Input datd: 0123456789012345
1. Divide into groups of three digits: 012 345678901 234 5
2. Convprteach group toits binary equivalent: 012 - 0000001100

3. Connfect the binary data in sequence: 0000001100 0101011001 1010100110 1110000101

4. Convprt character count indicator to binary (5 bits for version R7x59):
No. oflinput data characters: 16— 10000
5.  Add mode indicator (001 for version R7x59*M) and character count indicator to binary data:

For any nhimber of data characters;the length of the bit stream in numeric mode is given by Formula (

B=M|+ C+10(D DIV 3)%R

where

B
M
C
D
R
R
R

20

345 - 0101011001
678 - 1010100110
901 - 1110000101
234 - 0011101010
5-0101

0011101010 0101

001 10000 0000001100 0101011001 1010100110
1110000101 0011101010 0101

b the aumber of bits in bit stream;

—e

—

in

=

1):
1y

5 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);

is the number of input data characters;
=0 if (D MOD 3) = 0;
=4if (DMOD 3) =1,
=7if (DMOD 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)
ast erou two digits,
ast eroup Binary(7bit)
one digit, 0101
Binary(4bit)
Binary 001 10000 0000001100 |0101011001 |1010100110 |1110000101 0011101410 | o101
Figure 17 — Example of numeric mode format
7.4.4 Alphanumeric mode
CHaracter values from 0 to 44 are assigned to each input data character according to Table 5.
Table 5 — Encoding/decoding table for alphanumeric mode
Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Chpr. | 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 |1 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 data characters are divided into groups of two characters which are encoded as 11-bit binary
codes. The character valueof*the first character is multiplied by 45 and the character va
sefond character is added to the product. The sum is then converted to an 11-bit binary num|
nymber of input data_¢haracters is not a multiple of two, the character value of the final chpracter is
erlcoded as a 6-bit bidary number. The binary data is then concatenated and prefixed with the mode

ue of the
er. If the

inflicator and the-character count indicator. The mode indicator in the alphanumeric mode is (10 (3 bits

lohg as defined’in-Table 2), and the character count indicator has the number of bits defined in Table 3.

The number ofsinput data 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).

of FNC1 and %.

EXAMPLE

Input data:

(For Version R7x59 symbol)

1. Determine character values according to Table 5
2. Divide the result into groups of two decimal values: (10,12) (41,4) (2)
(10,12) 10*45+12 —» 462 —» 00111001110

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

(41,4) 41*45+4 - 1849 - 11100111001
(2) > 2 - 000010
00111001110 11100111001 000010

In|FNE€I' mode symbols, the FNC1 character can occur in the data. It is represented in alphianumeric
mpdeby the character %. Refer to 7.4.8.2, 7.4.8.3 and 13.4 for details of the encoding and trapsmission
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5. Convert character count indicator to binary (5 bits for version R7x59):
No. of input data characters: 5-00101
6. Add mode indicator 010 and character count indicator to binary data:

010 00101 00111001110 11100111001 000010

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 i$ the number of bits in bit stream;
M i$ the number of bits in mode indicator (bit length defined in Table 2);
C i$ the number of bits in character count indicator (bit length defined in Tdble 3);
D i$ the number of input data characters.
7.4.5 Byte mode
In this mq@de, one 8-bit codeword directly represents the byte valugofthe input data character specified

in Table H

The bina
Indicator.
character
is convert
and befor

For any n

B=M

where

S o T W

i$ the number.of bits in mode indicator (bit length defined in Table 2);

.1 (i.e. a density of 8 bits/character).

'y data is then concatenated and prefixed with the mode indicator and the character coy
The mode indicator in the Byte mode is 011x(3 bits long as defined in Table 2), and t
count indicator has the number of bits definedin Table 3. The number of input data charactsg

e the binary data sequence (see Figure 16).
Lmber of data characters, the length of the bit stream in Byte mode is given by Formula (3):
+C+8D

t the number of bit§in bit stream;

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

5 the number of input data characters.

nt
he
rs

ed to its binary equivalent and added as the.¢haracter count indicator after the mode indicator

3)

7.4.6

anji 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)[ For characters with Shift JIS 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.

EXAMPLES

I]put character “a “g

(shift JIS value): 935F E4AA

1| Subtract8140 or C140 935F - 8140 = 121F E4AA -C140 = 236A

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

3| Addls.b. D80 + 1E=D9F 1A40 + 6A=1AAA

4] Convertto 13-bit binary OD9F -0 1101 1001 1111 1AAA-11010 1010 1010

Fdr all 8140y to 9FFCygy Shift JIS characters and E040ypy to EBBFypy Shift JIS charactgrs, prefix

bihary sequence representing input\data characters with mode indicator (from Table 2) and character

C(]unt indicator binary equivalent (bit length defined in Table 3).
r

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

B=M+C+13D 4)

where

is themumber of bits in bit stream;

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):

o |3z 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 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

NOTE
symbol ch

This mod
Identifien
immediat
byte or K
other syr
end of a v
character
in Alphar
transmit

EXAMPLE

Input datj:

Data to bd

Bit sequeice in symbol:

FNC1 in first position

"First position” is not used in a literal sense, but is a historical reference to the position of the FN|
hracter in Code 128 symbols.

e indicator identifies symbols encoding data formatted according to the GS1 Applicati
s standard. For this purpose, it shall only be used once in a symbol and“shall be plac
ely before the first mode indicator used for efficient data encoding (ndmieric, alphanumer
anji), and after any ECI header. Where the GS1 specifications call for,thé FNC1 character

hbologies which use this special character) to be used as a data-field separator (i.e. at t
ariable-length data field), rMQR symbols shall use the % charactet’in alphanumeric mode
Gg (1Dygy) in byte mode to perform this function. If the % character occurs as part of the dg
umeric mode, it shall be encoded as %%. Decoders encoubitering % in these symbols sh
tas 1Dygy, and if %% is encountered it shall be transmitted as a single % character.

1  (For Version R15x139 symbol)

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

15180331 (Applicationidentifier 15 = "Best before" date YYMMDD, fixed
length; data: 31 Mareh 2018)

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

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

encoded:
01949123451234521518033130128%10ABC123

101 (Mode indicator, FNC1 implied in 1st position)
001 (Mode indicator, numeric mode)

000011101 (Character count indicator, 29)

<data bits for 01949123451234521518033130128>
010 (Mode indicator, alphanumeric mode)

bn
ed
ic,
in
he
or
ta
nll

20001001 (Cl

s PRI i o
U0 UUTOUT (CIarattcrCoOuTTT IIraTCatuT,~ 77

<data bits for %10ABC123>

Transmitted data (see 13.2 and Annex E)

EXAMPLE

7.4.8.3

24

1Q301949123451234521518033130128<1Dyx>10ABC123

2 Encoding/transmission of % character in data:
Input data: 123 %
Encoded as: 123 %%
Transmitted as: 123 %

FNC1 in second position
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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-
digt ' ' ' i der as the
first one or two characters immediately preceding the data. Where the application specificdtions call
for the FNC1 character (in other symbologies which use this special character) to be used as a|data field
separator, rMQR symbols shall use the % character in Alphanumeric mode or charactef ¢ ([LDygy) in
byjte mode to perform this function. If the % character occurs as part of the data it\shall be eficoded as
%. Decoders encountering % in these symbols shall transmit it as 1Dy, and if%% is encoyntered, it
1l be transmitted as a single % character.

EXAMPLE (For Version R17x139 symbol)

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

Application indicator: 37

Input data: AA1234BBB112text text text text<CR>

Br]t sequence in symbol:

110 (Mode Indicator, FN€1 implied in 2nd position)
00100101 (Application indicator, 37)

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

011 (Mode indicator, byte mode)

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

] Q537AA1234BBB112text text text text<CR>

74.9 Terminator

The end of data in the symbol is signalled by the terminator sequence of 0 bits, as defined ih Table 2,
appended-te‘the data bit stream following the final mode segment. The terminator shall be pmitted if
the databit stream completely fills the capacity of the symbol, or abbreviated if the remaining 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
R7x7Y 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 codnt 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
R999 M 472 336 Q7 59 440 25
H 22 176 49 30 20 12
R9x139 M 63 504 147 89 61 38
H 33 264 75 46 31 19
R11x27 M 7 56 14 8 6 3
H 5 40 9 6 4 2
R11x43 M 19 152 42 26 18 11
H 11 88 23 14 10 6
R11x59 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
R13x27 M 12 96 26 16 11 6
H 7 56 14 8 6 3
R13x43 M 27 216 62 37 26 16
H 13 104 28 17 12 7
R13x59 M 38 304 88 53 36 22
H 20 160 45 27 18 11
R13x77 M 53 424 124 75 51 31
H 29 232 66 40 27 17
R13x99 M 73 584 171 104 71 44
H 35 280 80 49 33 20
R13x139 M 106 848 251 152 104 64
5t 54 432 126 76 52 32
R15x43 M 33 264 76 46 31 19
H 15 120 33 20 13 8
R15x59 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 af data hitcinclindac hite for mado indicator and charactor conntindicatar

7.5 Error correction

751 E

rMQR en
correctio
the symb
correctio
damage:

rror correction capacity

h, as shown in Table 7, offering the capability of recovery fromrthe following amounts

ploys Reed-Solomon error control coding to detect and correct errors: A”series of error

ol to withstand damage without loss of data. There are two user-selectable levels of ert

Table 7 — Error correction levels

h codewords is generated, which are added to the data codeword sequefice’in order to enalple

or
of

Error correction level Recovery.capacity %
(approx.)

M 15

H 30
].2 gives guidance on the appropriate level of error-eorrection to be applied to a symbol.
The errof correction codewords can correcttwo types of erroneous codewords, erasures (erroneous
codewords at known locations) and errors.(erroneous codewords at unknown locations). An erasyre
is an unsfanned or undecodable symbol ‘character. An error is a misdecoded symbol character. Sirjce

rMQR is a
affected s
causing a

The numlbper of erasures andCesrors correctable is given by Formula (5):

matrix symbology, a defect éenverting a module from dark to light or vice versa results in the

ymbol character misdecgding as an apparently valid but different codeword. Such an ery
substitution error in thee data requires two error correction codewords to correct it.

or

e+2tl<d-p 5)
where
e isthenumber of erasures;
t let’ a boraof oo
s-the-ptHnber-oferrers:
d isthe number of error correction codewords;

p i

s the 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
cofrrection capacity is 3 errors (where e = 0). Substituting in the formula above,

0+(2x3)<8-2

meaning that the correction of the 3 errors requires only 6 error correction cédewords; the flemaining
2 error correction codewords can therefore detect (but not correct) any additional errory and the
symbol would, if there were more than 3 errors, fail to decode.

Dgpending on the version and error correction level, the data codeword sequence shall be syibdivided
info one or more blocks, to each of which the error correction algorithm shall be applied sgparately.
T4ble 8 lists, for each version and error correction level, the tetal number of codewords,|the total
nymber of error correction codewords, and the structure andmumber of error correction blogks.

If remainder bits are required to fill remaining modules in the symbol capacity for certain symbol
versions, they shall all be 0 bits as defined in 3.9.

Table 8 — Error correction characteristics for rMQR

Number Number Error cérrection
. Total number Error correction | oferror | Value | oferror or correctio
Version . . code ppr block
of codewords Tevel correction | ofp |correction k)2
codewords blocks "1
M 7 1 1 (13,p,3) b
R7x43 13
H 10 0 1 (13,3,5)
M 9 1 1 (21,12,4)b
R7x59 21
H 14 0 1 24,7,7)
M 12 0 1 (32)20,6)
R7x77 32
H 22 0 1 (32,10,11)
M 16 0 1 (44,28,8)
R7x99 44
H 30 0 1 (44,14,15)
M 24 0 1 (68,44,12)
R7x139 68
H 44 0 2 (34,12,11)
™ S T T (2112,4) 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)
R9x139 feYe! M 36 0 1 (50,32,9)
H 66 0 3 (33,11,14)
M 8 2 1 (15,7308
R11xp7 15 :
H 10 0 1 (15,55)
M 12 0 1 ~O(31,19,6)
R11x#3 31 J
H 20 0 1 [ (3111,10)
M 16 0 1M @318
R11xp9 47 N
x H 2 0 Q\ (23,7,8)
X (24,8,8)
\v
M 24 0 C)\ 1 (67,43,12)
R11x[/7 67
X H 44 1 (33,11,11)
1 (34,12,11)
M 2N 1 (45.29.8)
R11xP9 89 —
H ‘Q@ 0 1 (44,14,15)
OO 1 (45,15,15)
M Y 48 0 2 (66,42,12)
R11x139 132 \ g
H N 90 0 3 (44,14,15)
M 9 1 1 (21,12,4)b
R13xR7 21 NG
_HO 14 0 1 (21,7,7)
i 14 0 1 (41,27,7)
R13xf3 41 s
<\ H 28 0 1 (41,13,14)
M 22 0 1 60,38,11
R13x59 60 (b C )
O H 40 0 2 (30,10,10)
<) 1 (42,26,8)
N M 32 0 1 (43,27,8)
R13xy7 Q& 1 (42,14,14)
N i 56 0 1 (43,15,14)
N4
TAN 1 (56,36,10)
~ M 40 0 1 (57,37,10)
R13xP9 113 1 111
% H 78 0 - (37’4 o 43)
2 196, 127137
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 32.10.12)
H 72 0 1 (3511.12)
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 T
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)
al ¢ = total number of/~cedewords, 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 prdbability of
mfsdecodes.
7.5.2 Generatingthe error correction codewords
The data codewords including remainder codewords as necessary shall be divided into the qumber of
blpcks shown in Table 8. Error correction codewords shall be calculated for each block and appended to
the datarcodewords for each block.
The-paolynomial arithmetic for YMQR shall he calculated nsing hit-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

bk—l

are initialized as zeros. There are two phases to generate the encoding. In the first phase, with the

switch infthe down position the data codewords are passed both to the output and the circuit. The first
phase is qomplete after n clock pulses. In the second phase (n + 1 ... n + k clock pulses), with the-switich
in the up|position, the error correction codewords g ; ... €y are generated by flushing the regjsters|in

order while keeping the data input at 0.

Key

D
X

7.6

] S
8o ®‘— g1 — 81

b - b 5 B b - P

= GF (256) addition

= GF (256) multiplication

Figure 18 — Error eorrection codeword encoding circuit

Conpstructing the final méssage codeword sequence

The totaljnumber of codewords jn the message shall always be equal to the total number of codeworids

capable of being representedin the symbol, as shown in Tables 6 and 8.

The folloving steps shall be followed to construct the final sequence of codewords (data plus error

correctioh codewords.plus remainder codewords if necessary):

1y

2)

3)

32

Divide the data’codeword sequence into n blocks as defined in Table 8 according to the version ahd
erroi| correction level.

F B doso L1 1 1 1ot . L1l 1 £ 3 A | a | dafs i
Or dlll Udld UIULL, LdiItuldtit ad LUIICD}JUIIUIIIS UIUCLKN U TITUI CUTINTUTULIVUIT CUUTVWUIUS d5 UTITIIICTU ln

7.5.2 and Annex A.

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, || .. o6
Block 2 D, || Dis|| Dy| | Das | Exr || Ezg || ~On. -,
Block 3 Dy || Dos|| o Dsa| | Dss|| Ess|| Esafl) .. g
4 v v v v v v

Figure 19 — Constructing the final message codeword sequence

The final message codeword sequence for the Version R13x99<H symbol is therefore:

The symbol module capacity is filled by adding 5 remainder (0) bits as needed after the final qodeword.
7.7 Codeword placement in matrix

7.7.1 Symbol character representation

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

M¢st codewords shall be represented in a regular 2 x 4 module block in the symbol. Ther¢ are two
ways of positioning these blocks, in a vertical arrangement (2 modules wide and 4 modules high) and,
if pecessary when placendent changes direction, in a horizontal arrangement (4 modules wjde and 2
modules high). Irregulary symbol characters are used when changing direction or in the yicinity of
allgnment or other function patterns.

7.7.2 Functionpattern placement

A [rectangtilar blank matrix shall be constructed with the number of horizontally and [ertically
pdsitioned modules corresponding to the version in use. Positions corresponding to the findef pattern,
separator, timing pattern, finder sub pattern, corner finder pattern and alignment pattdrns shall
bd 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.

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) 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).

b) 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
lS dO viivvdl db. }t ula_y }lUVVCVCl Ubbuyy t}lC LllJlJCl }Cft lllUdu}C ufa Dy lll}JU} Lhcll a\,‘(cx if t}lC Pl CV; S

chargcter has ended in the right-hand module column (see Figure 22).

1 2
01 6|7
2|3 45
AE 23
6|7 0]1

Key
1 upwards
2 downpvards

Figure 20 — Bit placement in regular symbol character in apwards and downwards directions

c¢) Wher the upper or lower boundary of the symbol character region is reached (i.e. the edge of the
timing pattern, corner finder pattern, format inforination, or separator), any remaining bits in the
codeyord shall be placed in the next column to the left. The direction of placement reverses (see
Figuie 21).

(i) a (ii)
2 [3]4]5 lo[1]2]3
oftl6]7 45

6|7

Key
a  Upwafds to downwards.

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

d) When ‘the right-hand module column of the symbol character column encounters an alignmgnt
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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CHAR.1

==

An alternative method for placement in the symbol, which yields the same result, is to regarg
module wide, right and left interleaved codeword sequenée)as a single bit stream, which

(st
dd

right and left modules, moving upwards or downwards according to the direction of place

sk
E4

W]
sy
to
ac|

W s O P N AN

Figure 22 — Example of bit placement adjacent to alighment pattern

arting with the most significant bit) in the two-module wide columns alternately upw
wnwards from the right to left of the symbol. In each'column the bits are placed alternat]

ipping areas occupied by function patterns, chahging direction at the top or bottom of th
ch bit shall always be placed in the first available module position.

hen the data capacity of the symbol is such that it does not divide exactly into a numbé
mbol characters, the appropriate number of remainder bits (1 to 7 as shown in Table 1) sha
fill the symbol capacity. These remainder bits shall always have the value 0 before datg
cording to 7.8.

the two-
is placed
ards and
ely in the
ment and
b column.

r of 8-bit

Il be used

masking

©

ISO/IEC 2022 - All rights reserved

35


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

ISO/IEC 23941:2022(E)

Key

1
D1-D12
E1-E9

Key
1
D1-D10
D11-D20
E1-E20
E21-E40

36

rejmainder bit Q
: data codeword QQ
: HC codeword \\

Figure 23 — Symbol character arrangem{ﬁ\elgn Version R7x59-M symbol

E39 E18 R\4 D20

9?*

emain@ it

daﬁ\gackl
block?2

: EC block1

: EC block2

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) Conver N€ given module pattern 1 the encoding regio eXCIuding the Torma rmation)
with multiple data masking matrix patterns successively through the XOR operation. For the
XOR operation, lay the module pattern over each of the data masking matrix pat‘ﬁgiﬁ}i turn and

reverse the modules (from light to dark or vice versa) which correspond to da(k. odufles of the
data masking pattern.

>
J
V>

The data mask pattern generation condition is illustrated as belmb\}gﬂ‘lodule filling the formula
corresponds to the dark module. %

QY
(@)
%

The data mask pattern is generated by defining as dark a@%odule in the encoding region
the area reserved for format information) for which the\condition is true; in the condition, i

7.8.2 Data mask patterns

((DIV2)+(jDIV3))MOD 2 =0

excluding
refers to

the row position of the module in question and j to its
module in the symbol. Figure 25 illustrates the m

HE BB EEERN
B| 5| B KVKUNY &

umn position, with (i, j) = (0, 0) for the top left
attern for Version R17x43 symbol.
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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 01001
R11x27 01010
R11x43 01011
R11x59 01100
R11x77 01101
R11x99 01110
R11x139 01111
R13x27 10000
R13x43 10001
R13x59 10010
R13x77 10011
R13x99 10100
R13x139 10101
R15x43 10110
R15x59 10111
R15x77 11000
R15x99 11001
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
Unmasked bit sequence: 100001011011110000
Mpsk pattern for XOR operation (finder pattern side): 011111101010110010
F@rmat information module pattern (finder pattern side): 111111001101400111

| |
bit 17 bit 0

Figure 26 — rMQR symbol format information bit positions

8| Symbol printing and marking

8.1 Dimensions

rMQR symbols shall conform to the following dimensions:

X dlimension: the width of a module shall be specified by the application, taking intp account
the scanning technology to be used, and the technology to produce thg symbol;

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

minimunriquiet zone: ~ equal to 2X 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.
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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 syrhbols shall be assessed for quality using the 2D matrix bar code symbol print quality guidelifes
defined i ISO/IEC 15415, as augmented and modified below.

Some mafking technologies can be unable to produce symbols conforming to this document‘'withqut
taking special precautions. Annex ] gives additional guidance to help any printing system achieve valid
rMQR syrhbols.

It is poss]ble that direct part marked (DPM) symbols and/or symbols printed with disconnected ddts
do not pags the requirements of ISO/IEC 15415 and can be unreadable by rMQR's€anners. Applications
requiring such symbols should specify quality measurement criteria using ISO/IEC 29158, which is the
quality extension of ISO/IEC 15415. The use of which may require specialized’DPM scanners.

9.2 Symbol quality parameters

9.2.1 Fjxed pattern damage

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

9.2.2 Stan grade and overall symbol grade

The scan grade shall be the lowest of the grades f6p symbol contrast, modulation, fixed pattern damage,
decode, axial non-uniformity, grid non-uniformity and unused error correction in an individual imalge
of the symbol. The overall symbol grade-is\the arithmetic mean of the individual scan grades fof a
number df tested images of the symbol.

9.2.3 @rid non-uniformity

The idealfgrid is calculated by ising the finder pattern, timing pattern and alignment patterns as datym
points, adlocated by the use 6f the reference decode algorithm (see Clause 11).

9.3 Process control-measurements

A variety of toglsnand methods can be used to perform useful measurements for monitoring apd
controlling thé process of creating rMQR symbols. These are described in Annex L. These techniques
do not constitute a print quality check of the produced symbols (the method specified earlier in thi
Clause 9 sndthe required method for assessing symbol print quality of Anne shall app but thle
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) 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.

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

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

5) Detect errors using the error correction codewords corresponding to the level information. If any
erraris detected correctit

6)| Divide the data codewords into segments according to the mode indicators and chatdadter count
indicators.

7)| Finally, decode the data characters in accordance with the mode(s) in use and-output the fesult.

< START )

|
Recognize black/white modules

Decode format information
1

Determine versiond
1

Release masking
|

Restore datasand RS codewords
1

Error correction
1

Decode data codewords
1

Output
|

< END )

Figure 27 — rMQR decoding steps

11 Reference decode algorithm

ThiSseference decode algorithm finds the symbol in an image and decodes it. The decode flgorithm
refersto darkand Hghtstates i the (mage.

a) 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.

b) 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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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.

A B

Figure 28 — Scan line in finder pattern

o wl

lepeat 1) for pixel columns crossing the central box of the finder pattern in the y axis\of the
mage.

2)

e

ocate the centre of the pattern. Construct a line through the midpoints betweénythe pointg A
nd B on the outermost pixel lines crossing the central box of the finder pattern in the x axis.
onstruct a similar line through points A and B on the outermost pixel c6lumns crossing the
entral box in the y axis. The centre of the pattern is located at the intérsection of these tyvo
nes.

3)

= a O =

[ no candidate areas are detected, reverse the colouring of the“‘light and dark pixels ahd
recommence at the beginning of b) to attempt to decode the symbol as a symbol with
reeflectance reversal.

et

4)

c) Determine the possible angles of rotation of the symbol byranalysing the angles of the lines frgm
b) 3) [relative to the imaging sensor axes, as I (see Figure 29), 9 + 90°, 9 + 180° and 9 + 270°.

Figure 29 — angle J relative to the imaging sensor axes

d) Plot threée lines parallel to each axis of the finder pattern and equally spaced across the pattern
and rpeasure the distances from point A to point B on each line (see Figure 28). The spacing is 1jot
limited but three lines shall be in the finder pattern. Divide the average of these three distances A
to B by 7 and obtain the provisional horizontal module dimension X of the symbol.

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

f) 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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Figure 30 — Central coordinate of 4-corner module of findér pattern

To obtain the format information, create a sampling grid using the-fihder pattern and the module
dimension X and Y, and expand it up to the format information area. Determine the format

information bit string by taking the dark pixels as binary 1 and light pixels as binary 0.

b)3)
1X| 1X
B AT
el et bet I T
T T T T RS S 1 i T !
-——o——o——o-4}--0——0——0——+-—o——o——o-0 -t
SR S B B R B AR A
——o——o——o-—4}--@-0——0—4——0——0——0-0 -—t-
1Y¢ I i I Sl B T I I i i
T T T = T T T T T T
o——o——o——+x—o——o——o +—-O0—-O—1-O0—1-0
T T N T T T T T T ]
1Y$ T T XM T T T 1 T T !
g R ot Ee R e
-0 —o——o-{>--o—-o——o——+——o——o——o- — 1t
T i T T T P | | | I
-—@r-o——c')-{y«'}--c'y-('}-l— EEEEEE
Y I e S B R B

Figure 31 — Finder pattern and format information

Release magking of the format information by XORing the bit string with the pattern giyen in 7.9

and decodé the format information (applying the error correction procedure given in|

Annex C

if necessary) to yield the symbol number (and hence the version and error correctioh level of
the symbol). If a valid format information bit string is obtained, change the module dimension

accordingly so that the horizontal module dimension is X and the vertical module dime
Ifythe format information bit string is not a valid sequence, repeat the procedure from
another direction. IT a valld format Information bit String cannot be derived, determine

sion is Y.

tep g) in
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
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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j)

44

2)

3)

4)

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.

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
fprthe timing pattern.

hen the horizontal timing pattern is not found, repeat the procedure from Step g) in@nother
irection. Based on the found horizontal timing pattern, it is considered as thenormal
rientation in Figure 1 a) and the subsequent processing is performed.

hen the horizontal timing pattern is found, update the horizontal module)dimension X py
ividing the distance between the left edge of the finder pattern on the lin€ drawn in f) and the
et edge of the found timing pattern by the number of contained modules.

Edge - Edge

_—_—Q.

StartPoint

' —>
' 11X,13X,15X,17X,19X . {4 EndPoint

- ) R

Figure 32 — Search for.the horizontal timing pattern

Threg consecutive dark modules obtained in i) are components of the corner finder pattern when
the number of horizontal modules ‘obtained from the format information is 27, and components
of the alignment pattern whensthe number of horizontal modules is other than 27. Set centyal
coordinates of each module €ontained in the corner finder pattern or the alignment pattern jas

descyfibed below and check-the'light and dark alternation.

1y

2)

Ifentify the centralecoordinate of the dark module in the centre of the three consecutive dark
modules overlapping the horizontal timing pattern.

i) Obtain left and right edges (A, B) of the alignment pattern on the line as shown in 3) ahd
Figure 34.

84o]
=

il) “Obtain upper and lower edges (C, D) of the centre dark module by drawing a line throu
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.

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.
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Figure 33 — Search for the corner finder pattern

3)

k)| Setting of the central coordinates'of the timing pattern

iy

2)

3)

When the number of horizontal modules is other than 27, check the alignment pattefn and set
the central coordinates as specified below:

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

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

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

Figure 34 — Search for alignment pattern

Set 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 pattefn as the
starting point and/the central coordinate of the upper left corner module of the glignment
pattern or corner finder pattern as the ending point.

On the ling_tonnecting the starting and ending points, put points P4, P,, .., P, in tyrn where
modulésalternate light to dark, and vice versa between starting and ending points.

When a distance is established between P; and P; and the deviation of its distanc¢ from 2X
IS.25 % or less, take the central coordinate between P; and the next point P, as the central
coordinate of the module.

%)

5)

6)

When a distance between P; and P 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)

ii)

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.

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)

et

9) (

—e

Sear(

Base
sepat
with
Procé

1y

o = QO O »n O =

2)

mplement the procedures in Step 7) for all distances between central coordinates when)t]
eviation of them from X is 50 % or more.

h Step 1) through 8) is consistent with the number of the known timing patterns that can
btained from the format information.

StartPoint /P1 PyP3 Poy Py bl ipoint

N{ ( /
QEdERERSan)

1
ava

Figure 35 — The coordinates of the timing pattern

h for the vertical timing pattern and corner finder pattern

1 on the number of vertical modules obtained from the format information, check the verti
ator, timing pattern and corner finder patterntadjacent to the finder pattern. As for a syml
7 vertical modules, the lower side of the syimbol is equal to the lower side of the finder pattel
bed to Step m).

he point to start searching the tiniing pattern is the central coordinate [the intersecti
oordinate of lines drawn in f)] of the lower left corner module of the finder pattern. The po
paced Y from this point and on-the line drawn in f) (a point outside of the finder pattern) is t|
entre point of one module contained in a separator that separates the finder pattern and d3
rea. Although it is not a-light module of the timing pattern, it is considered as a provisior
ght module of the timing pattern when searching so that the centre of the module of t
ming pattern is adjusted to display dark and light modules alternately.

s for a symbolwith 9 vertical modules, set the provisional central coordinate of a mody
paced with 1¥-from the start point for searching the timing pattern, and check that one d4

symbohwith 11 or more vertical modules, check that 3 consecutive dark modules and 1 lig
hodule-are found subsequent to the light module spaced with 1Y, 3Y, 5Y or 7Y corresponding
he-number of vertical modules. The end point for search is the found dark module for a symbh

< ot = QO = o N

he

heck that the number of central coordinates and the provisional central modulés. obtained

be

al
ol
n.

bn
nt
he
ta
al
he

1le
rk

hodule and\one light module are found subsequent to the light module spaced with 1Y. As for

ht
to
ol

it 9 vertical mndn]nc’ and the first module of the 3 consecutive dark modules for a cym]'

ol

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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3)

4)

ISO/IEC 23941:

2022(E)

Draw a line 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.

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.

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

consistent with that for the corner finder pattern.

0)| Setting of the central coordinate of the vertical timing pattern

p)| Check of horizontal timing pattern of theléWwer side

1y

2)

Take the centre point of the lower left corner module of the finder pattern as the starf
and the central coordinate of the upper left dark rmodule of the corner finder pattern as t
point. Set the central coordinate of the vertical ©iming pattern in accordance with Step

case, Y is used as the module dimension.

B D | A

B L aQx
N b ]

R

: 1Y
c/w{?*'{" I 1Y%

o R
PR - C—~Jimiy/ N o e

&
— <1—X> ! A oo
! 1X 1X
2X

Figure 36 — corner finder pattern

Draw a line from the central coordinate of the lower left module of the symbol (
module of the finder pattern for 7 vertical modules) parallel to the timing pattern of
side of the symbol obtain€d-in i). Search the lower horizontal timing pattern subs
the corner finder pattern (finder pattern and separator for 7 vertical modules) acg
i) 2) up to the next alignment pattern (finder sub pattern for 27 horizontal module
time, the starting-point of timing pattern is a point 2X apart from the central coo

ing point
he ending
k). In this

ower left
the upper
pquent to
ording to
5). At this
dinate of

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

lower right module of the finder pattern for 7 vertical modules). The distance from th
point to thelight module immediately before the 3 consecutive dark modules (5 co
dark medules for 27 horizontal modules) is the same as that of the upper timing p
7 vertical modules. For 27 horizontal modules, this distance is the one with 2X add
upper timing pattern. In other cases, the distance is the one with 4X added to the upp

pattern (see Figure 37).

When a horizontal timing pattern is found, update the horizontal module dimen

P starting
nsecutive
httern for
ed to the
er timing

sion X by

r]nnr]lng 2 distance between the left nﬂn‘n of the corner finder naffnvn rﬁnr]nr n

ttern for

7 vertical modules) on the line drawn in 1) and the left edge of the found tlmlng pattern by the

number of contained modules.
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Figure 37 — Search for the horizontaltiming pattern

If an|alignment pattern subsequent to the lower herizontal timing pattern (finder sub patte
for hprizontal 27 modules) is found, set each centkal coordinate of each module contained in t
alignment pattern or the finder sub pattern threugh the procedures specified below to check t
darkjand light alternation.

iii)

Hor a symbol with other than 27 horizontal modules, set the central coordinate of the alignme
fdattern according to Step j) 1) and j} 3) to check the dark and light alternation.
H
a

or a symbol with 27 horizental modules, set the central coordinate of the finder sub patte
ccording to the proceduré specified below to check the dark and light alternation.

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

i) Draw a line passing through the centre point of AB and perpendicular to Line AB a
obtain the,upper 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 E of t
nder sub pattern (see Figure 38).

o)

s

)~ Draw a line passing through the centre point E and parallel to Line AB. Identify the seco

I'n
he
he

nt

hd

Altarnating noatnt fooy dovly +0 ght vabhan vonyving wightvagard o0 tho i fraon tha ~and
o6 t 121t et HE1Et Fe-ohH—~enereFoeti—trt

TTICCT IO CItT S PUTITIT © OIS COTITS VvV ITC TOV =) S vvor © T=CTIT

tre

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.

v) 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
these points by 4.

of

vi) Create a grid by drawing lines parallel to Line AB and 1Y 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.

. 2Xg
E 1Xsf
I
------- R
_E E A% L] Jf N
SN = nanana s
SEA 4 OToTOT TN
C [l 4‘st : : 6
~ 2Y N RaRaRa s ang:
-y, - ol
D/" B RN
Figure 38 — Subfinder pattern
r)[ To set the central coordinate of the lower horizontal timing pattérn, carry out Step k) 4) to k) 9)
taking the starting point described in p) 1) and the central)coordinate of the lower l¢ft corner

the ending point.
s)| Check of the vertical timing pattern between alignment patterns (see Figure 39)

For a symbol with other than 27 horizontal imodules, check the dark and light alternat
timing pattern and set the central coordinaté as described below.

1) Take the central coordinate of the centre module of the 3 consecutive dark modules ov]
the horizontal timing pattern of'the upper alignment pattern as the starting point

horizontal timing pattern-ofithe lower alignment pattern as the ending point. Draw
connecting these points.

2) Update the vertical'moedule dimension Y by dividing a distance between the upper e
upper alignment pattern and the lower edge of the lower alignment pattern on this 1
number of modules.

3) Set the provisional central coordinate of the module spaced with 1Y from the start
and judge the dark and light alternation. Check that more than 75 % of the central co
havethe dark and light assignment consistent with that for the alignment pattern.

4) Garry out Step k) 2) to k) 9) and set the central coordinate of each module of the timin

module of the alignment pattern established in r) (finder-sub pattern for 27 horizontal m¢dules) as

on of the

erlapping
and take

the central coordinate of the centre module of the 3 consecutive dark modules overlapping the

a line by

ge of the
ne by the

ing point
prdinates

b pattern.
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Figure 39 — Search for the vertical timing pattern

btained in a) to s) is named as small area. Four corners of the small-area (see Figure 40) ar
f the upper right module of the corner finder pattern obtained’in j) 2) for a symbol with

h f), a coordinate of the lower left module of the cornéy’finder pattern obtained in n) 3)

Uith 27 horizontal modules). For a symbol with\27 horizontal modules, proceed to Step w) a
br a symbol with 43 horizontal modules, proeeed to Step v).

;g o Q9 0o =0 0 0 N

n area enclosed with finder pattern, corner finder pattern andfor alignment patterns

P ad

oordinate of the centre dark module of the alignment pattern ébtained in j) 3) (a coordindte

P7

orizontal modules), a coordinate of the upper left module: of the finder pattern obtained

(a

oordinate of the lower left module of the finder patterh.for a symbol with 7 vertical modulgs),
nd a coordinate of the centre dark module of the alighinent pattern obtained in q) 1) (a central
oordinate of the lower right module of the findersub pattern obtained in q) 2) for a symhol

hd

Figure 40 — small area

u) 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.

50

1y

2)

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.

Update the standard module size X by dividing the distance between the central coordinates
upper left and upper right modules of the adjacent left small area by the number of modules.

of
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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.

)

6)

7)

8)

9)

T Jo—41 L. 2 ol i 3 44 41 1 LA | £ 1 11 i d l'

10U SCTAIUITD UIIT TIUTTZUIItdl Lllllllls lJClLLCl I UIT UIIT 1UVVET SIUT Ul UIIU SIIldll d1td, TAU n a lne
connecting the coordinates of the lower left and lower right modules of the adjacent{left small
area that has already been obtained.

Update the standard module size X by dividing the distance between the central coordinate of
the lower left and lower right modules of the adjacent left small area by the)number off modules.

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 anéd/on the line drawn |n u) 5) as
the starting point, based on the number of the horizontal module information obtajned from
the format information in the procedures specified in i) 2) along the line drawn in u) §). Set the
provisional central coordinate of the alignment pattern irkaccordance with j) 1) and j) 3).

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

Check the timing pattern between upper and lower alignment patterns and set thle central
coordinate in accordance with Step s). Update the module dimension Y by dividing 4 distance
between the upper edge of the uppertalignment pattern and the lower edge of the lower
alignment pattern by the number of miedules.

v)| The small area at the rightmost code’symbol contains the corner finder pattern and f
pattern but does not contain alignment pattern. Check the right side of the symbol as
below.

1) Check the upper righticorner finder pattern and set the central coordinate as deg
j) 2) i) and j) 2) ii).

2) Check the findér)sub pattern and set the central coordinate as descried in q) 2) i) - q)
w] Check the vertieal timing pattern and set the central coordinate as described below.

1) Take the centre point of the lower right module of the corner finder pattern as the
pointt

nder sub
lescribed

cribed in

2) vii).

p starting

2) VFake the centre point of the upper right module of the finder sub pattern as the endin|

nere 1 MINg D cIrn petwech ne

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

x) Setthe sample grids in each small area as described below.

o point.

e central

1) Create grids by connecting central coordinates of each module in the timing patterns that

correspond to upper and lower, right and left respectively.

2) Ifany grid cannotbe created in 1), create grids by connecting central coordinates of the module

of corresponding fixed pattern.

y) 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.

© ISO/IEC 2022 - All rights reserved

51


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

ISO/IEC 23941:2022(E)

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 D t H 4] 1 1 | da s | U PR ) 1 i 1 H 770
e e IIIIIIC LIIT D‘y IMTUUT CUOUCTVWUIL US TIT AdLLUTUdIICT VVILIT LIIT lJlClLClllCllL TUICS 11T 7.7.9.

1) Rearrange the codeword sequence into blocks as required for the symbol version and error
dorrection level, by reversing the interleaving process defined in 7.6. Step 3).

2)

[¥s)

hall follow the error detection and correction decoding procedure in Annef»B to corrgct
rrors and erasures up to the maximum correction capacity for the symbol yersion and errjor
dorrection level.

aD

3) Hestore the original message bit stream by assembling the data blocks.in+Sequence.

(@)

4) Subdivide the data bit stream into segments each commencing with“a mode indicator and the

ength of which is determined by the character count indicator following the mode indicator

—

5) Decode each segment according to the rules for the mode in force.

cc) Calcylate the module size of the upper side of the symbol from the distance of the central
coordinates between left and right upper modules. Calculate the lower, right, and left side modyle
sizes|of a symbol in the same procedure and take theraverage value of upper, lower, right and left
sides|as the representative module size.

12 Autg-discrimination capability

rMQR can be used in an auto-discriminatioh’environment with a number of other symbologies (see

Annex K)

13 Tranpsmitted data

13.1 General principles

All encoded data charactérs shall be included in the data transmission. The function patterns, fornjat
information, error cerrection characters, remainder codewords shall not be transmitted. The defapilt
transmisgion mode for all data shall be as bytes (8-bit coded value or 16-bit shift coded value). Mdre
complex Interpretations including the transmission of data in an extended channel interpretation, dre
addressedl bélow.

—~ =

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;

— 2 r‘hnngp to a new ECI Qignqlpd hy maode indicator 111 cnh}'pr‘f to rules defined hy the AIM ECI
specification.

When reverting to the default interpretation the decoder shall output the appropriate €scape|sequence
as|prefix to the data.

If the character 5Cypy needs to be used as encoded data, transmission shall He-xas follows: whenever
chiaracter 5Cygy occurs as data, two bytes of the value shall be transmitted,thus a single occiirrence is
always an escape character and a double occurrence indicates true data.

EXAMPLE 1

a)| Encoded data (hex): 4142 435C31323334
Transmitted data: 4142 435C31323334
b)| Encoded data: ABC followed by <further data> encoded according to rules for ECI| 123456.
Transmitted data: 4142 43 5C 31 32 33 343536 <further data>

EXAMPLE 2  (using datain 7.4.2.2)

THe message contains ECI mode indicator/EClDesignator/mode indicator/character count indicator/¢lata in the
form of

11f1 00001001 011 00000101 10100001:1:0100010 10100011 10100100 10100101

Syimbology Identifier 1Q2 (see Annex E) shall be added to the data transmission.
Transmission (hex. values).) 5D 5132 5C 303030303039 A1 A2 A3 A4 A5
Erlcoded data in ECI000009: ABTAE

NQTE Cyx s equivalent to the backslash character “\” in ISO/IEC 8859-1 and to “¥” in JIS X 0201.

13.4 FNC1

In[thé.modes with implied FNC1 in either first or second position, this implied character ¢annot 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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Error detection and correction generator polynomials

The check character generation polynomial is used to divide the data codeword polynomial, where each
codewor( is the coefficient of the dividend polynomial in descending power order. The coefficients|of
the remajnder of this division are the error correction codeword values.

Table A.1 shows the generator polynomials for the error correction codes which are used for each'Versipn
and Level, for all rMQR symbols. The number of error correction codewords required fpria particular
version ajnd error correction level can be obtained from Table 8. In the Table A.1, afisythe primitive
element 4 under GF(28). Each generator polynomial is the product of the first-degree polynomials: x-,
x-al, ..., x{a™1; where n is the degree of the generator polynomial.

TTble A.1 — Generator polynomials for Reed-Solomon error corfection codewords

Number of error

Generator polynemials
correctjon codewords poly

7 <7 + aB7x6 + a229%5 + ql46x4 + 149x3 + 238xD P4 102x + 21
8 %8 + a175x7 + 2386 + 208x5 + 249x4 + 2153 + 252x2 + 196 + (28
9 x9 + 095x8 + 246x7 + q137x6 + q231x5 A 235x4 + a149%3 + allx2 + o123x + 36
10 x10 4 q251%9 + o67x8 + a46x7 + a61x6% q118x5 + q70x% + o64x3 + q9%x2
+a32x + o5
12 x12 4 10211 4 43510 4 o983 I 121x8 + (187x7
+ ql13x6 + q198x5 + q143xfy o131x3 + o87x2 + 157 + (66
14 x14 + q199x13 4 q249x 12y 155x11 4 48x10 4 190x9 4 o124%8 4 21857
+ al37x6 + q216x5 3 997x4 + q207x3 + o592 + o22x + o1
16 x16 + 120515 4 o104y 14 4 107413 4 109312 4 102411 4 (161410 4 (76x9
+a3x8 + a9l 8% + o 1916 + o 147x5 + q169x% + 1823 + 194x2 + 225% + 120
18 x18 + q2L9x 17 4 q234x16 4 15815 4+ o9%4x14 + 18413 4+ 9712 4 118x11

+ 7031004 79%9 + 187x8 + q152x7 + 148x6 + q252x5 + q179%% + 5%3
+ q9892 4+ 96x + 153

20 207 o 17x19 + 60x18 4 q79x17 4+ ¢50x16 4+ 61x15 4 163x14 4 o 26x13 4 (187x12
£ 202511 4 18010 4 o221x9 4 ¢225%8 + 83x7 + 2396 + (1565 + (164x4

+ 2123 4+ 212x2 4 o188y + 190

22 x22 4 210521 4 (171420 4 (247519 4 242518 4 93x17 4 230x16 4 o 14x15

+ ql09x14 4 221513 4 53512 4 200511 4 74510 4 8x9 + 172x8 + 98x7

+ 0806 + 2195 + 13454 + 160x3 + 10552 4 165y + 231

24 x24 4+ 229%23 4 121322 4 135x21 4 48520 4 (211519 4 (117518 4 251517

+ alLUXlD + (xleXlD + aJ.OUXJ.“l‘ + aLO‘]XlD + aLDLXLL + al7LXll + aLLUXJ.U

+ q228%9 + 218x8 4 q111x7 4+ x6 + q117x5 + 232x% + 87x3 + a96x2 + a227x
+q2l

26 x26 4+ o173x25 4+ 125524 4+ 158x23 4 2x22 + 103x21 4 182520 4 (118419

+ ql7x18 4+ 14517 4 20116 4 111515 4 28x14 4 (165413 4 ¢(53x12

+ 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
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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
R=(r,

That is,
R(x)=

ri(i=(
a) Calcy
Find
N

0

[

wher
b) Find
S
Sy
S,
53
S4

, 1,79, s 1)

- 2 12
0 F X+ X% + .+ T X

-12) is an element of GF(28)
late n syndromes.

fhe syndrome S,(i=0-9).

b= R(1) =ro+ri+ry+..+r

1 = R(Q) = ro+ryo+rya? + ..+ rypal2

b= R(@%) =ry+ria® + ryal8 + .. £x356108
e o is a primitive element of GF(28)

the error positions:

O5 - 5104 + 5,03 - 5365+ 54,0, -S55=0

05 - S50, + 5305540, + 5501 -55=0

05 - S304 +35403 - S50, + 501 -5, =0

05 - S4a3F S503 - S0, + 5,01 -Sg=0

0-5 ‘550'4 + 5603 - 570'2 + 580'1 - Sg =0

28) is used for error correction. Provided that the code after releasing data masking from, the
symbol ig:

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

56

() =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 001 + Y,a5)2 + Y003 + Va0t + Yea®° = S,
Solve the above equations to find the size of each error Y;(i = 1-5).
d)| Correct the error.

Correct the error by adding the complement of the error size value to each efror position.
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Annex C
(normative)

Format information

C.1 Geperal

t information consists of an 18-bit sequence comprising 6 data bits and 12 Extended BCH
error corfection bits. This annex describes the calculation of the error correction bits and the error
correctioh decoding process.

C.2 Errtor correction bit calculation

The Extednded Bose-Chaudhuri-Hocquenghem (18,6) code shall be used for)error correction. The
polynomifal whose coefficient is the data bit string shall be divided by the generator polynomial G(x) =
x12 + x11 4£x10 + x9 +x8 + x5 + x2 + 1. The coefficient string of the remainder-polynomial shall be appended
to the dafa bit string to form the (18,6) Extended BCH code string.<€inally, masking shall be applied
by XORing the bit string with 011111101010110010 (for formaf.information at the finder pattern
side) or 1/00000101001111011 (for format information at the firidder sub pattern side) to ensure that
the formgt information bit pattern is not all zeroes for any cembination of version indicator and erijor
correctioh level.

EXAMPLE (Format information at the finder pattern side)

Error correction level M; Version R9x77

Binary string: 000111

Polynomihl: x2+x+1

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

Divide by|G(x): = (x12 £ x11 +x10 4+ x9 + x8 + x5 + X2 + 1) x2 + (x11 + x10 + X7 + x* + x2)

Add coeff]cient string of above remainder polynomial to format information data string:
000111+{110010010100~ 000111110010010100
XOR with|mask 011111101010110010
Result: 011000011000100110

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

C.3 Erroricorrection decoding steps

Release themasKing of the format information modules by XORINg the bit SEqUENce 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 maskin Sequence after masking Sequence after maskiing
q g (Finder pattern side) (Finder sub pattern'sjde)

ta bits Error cboilt':ectlon Binary Hex Binary Hex
0¢0000 000000000000 011111101010110010 1FAB2 100000101001911011 2PA7B
0¢0001 111100100101 011110010110010111 1E597 100001010101011110 2[L55E
0¢0010 000101101111 011101101111011101 1DBDD 100010120%100010100 2PB14
0¢0011 111001001010 011100010011111000 1C4F8 100011010000110001 2B431
0¢0100 001011011110 011011100001101100 1B86C 190100100010100101 2A8A5
0¢0101 110111111011 011010011101001001 1A749 100101011110000000 2p780
0¢0110 001110110001 011001100100000011 19903 100110100111001010 2p9CA
0¢0111 110010010100 011000011000100110 18626 100111011011101111 2/6EF
0¢1000 010110111100 010111111100001110 17FOE 101000111111000111 2BFC7
0¢1001 101010011001 010110000000101011 1602B 101001000011100010 2POE2
0¢1010 010011010011 010101111001100002 15E61 101010111010101000 2AEA8
0¢1011 101111110110 010100000101000100 14144 101011000110001101 2B18D
0¢1100 011101100010 010011110111010000 13DDO0 101100110100011001 2[D19
0¢1101 100001000111 010010001011110101 122F5 101101001000111100 2p23C
0¢1110 011000001101 01000+110010111111 11CBF 101110110001110110 2EC76
001111 |100100101000 010600001110011010 1039A 101111001101010011 2F353
010000 {101101111000 001111000111001010 0F1CA 110000000100000011 3p103
010001 |010001011101 001110111011101111 OEEEF 110001111000100110 3[LE26
010010 |101000010111 001101000010100101 0DOAS 110010000001101100 3p06C
010011 |010100116010 001100111110000000 0CF80 110011111101001001 3BF49
010100 |{100110100110 001011001100010100 0B314 110100001111011101 343DD
010101 |0%1010000011 001010110000110001 0AC31 110101110011111000 3pCF8
010110 100011001001 001001001001111011 0927B 110110001010110010 3p2B2
0101115>~1011111101100 001000110101011110 08D5E 110111110110010111 37D97
011060 [111011000100 000111010001110110 07476 111000010010111111 3B4BF
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 U601k
100111 |[|010101000001 111000111111110011 38FF3 000111111100111010 07E3A
101000 110001101001 110111011011011011 376DB 001000011000010010 08612
101001 001101001100 110110100111111110 369FE 001001100100110111 09937
101010 110100000110 110101011110110100 357B4 001010011101111101 0A77D
101011 ||001000100011 110100100010010001 34891 00101110000101¥1000 0B858
101100 ||111010110111 110011010000000101 33405 0011000100116801100 0c4cc
101101 000110010010 110010101100100000 32B20 0011011017111101001 ODBE9
101110 111111011000 110001010101101010 3156A 001110010110100011 0E5A3
101111 000011111101 110000101001001111 30A4F 001111101010000110 0FA86
110000 001010101101 101111100000011111 2F81F 010000100011010110 108D6
110001 ||110110001000 101110011100111010 2E73A 010001011111110011 117F3
110010 001111000010 101101100101110000 2D974Q 010010100110111001 129B9
110011 110011100111 101100011001010101 2€655 010011011010011100 1369C
110100 000001110011 101011101011000001 2BAC1 010100101000001000 14A08
110101 111101010110 101010010111100100 2A5E4 010101010100101101 1552D
110110 [|000100011100 101001101110101120 29BAE 010110101101100111 16B67
110111 111000111001 101000010010001011 2848B 010111010001000010 17442
111000 011100010001 1001111107110100011 27DA3 011000110101101010 18D6A
111001 |[|100000110100 100110001010000110 26286 011001001001001111 1924F
111010 [|011001111110 100101110011001100 25CCC 011010110000000101 1ACO05
111011 100101011011 100100001111101001 243E9 011011001100100000 1B320
111100 010111001111 100011111101111101 23F7D 011100111110110100 1CFB4
111101 101011101010 100010000001011000 22058 011101000010010001 1D091
111110 010010100000 100001111000010010 21E12 011110111011011011 1EEDB
111111 101110000101 100000000100110111 20137 011111000111111110 1F1FE
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Position of alignment patterns

Annex D
(normative)

ISO/IEC 23941:2022(E)

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 paf
mon to each number of horizontal modules.

le D.1 below shows, for each horizontal module, the number of alignment patterns.dnd th

coprdinates, starting at zero, of the centre module of each alignment pattern.

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

terns are

e column

Number of horizontal | Number of alignment .
modules patterns Column coordinates of centre module
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

g8 © —

iIs the symbology identifier flag (ASCII value 93);
ils the code character for the rMQR symbology;
ils the modifier character with one of the values defined in Table E.1.

Table E.1 — Symbology identifier options and modifier values

Modifier
valye

Option

rMQR symbol, ECI protocol not implemented

rMQR symbol, ECI protocol implemented

rMQR symbol, ECI protocol not implemented, FNC1 implied in first position

rMQR symbol, ECI protocol implemented, FNC1 implied in first position

rMQR symbol, ECI protocol not impléemented, FNC1 implied in second position

N |G| D W N |-

rMQR symbol, ECI protocol implémented, FNC1 implied in second position

The pernlissible 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.[  General
Bdcause of differences in symbology structures and reference decode algorithms, theceffect pf certain
pqrameters on a symbol’s reading performance may vary. ISO/IEC 15415 provides ‘for symbology
splecifications to define the grading of certain symbology-specific attributes. Fhis annex [therefore
ddfines the method of grading fixed pattern damage and additional parameters.(format inforrhation) to
bg used in the application of ISO/IEC 15415 to rMQR.
F.2 Fixed pattern damage
F.2.1 Features to be assessed
The features to be assessed are:
a)| upper left corner segment, including:
1) finder pattern;
2) the 1X wide separators surrounding the'one or two inner sides of the finder pattern;
3) part of the quiet zone of a miniimum of two modules width (or more if specifigd by the
application);
b)[ lower right corner segment, inclpding:
1) finder sub pattern;
2) part of the quief zone of a minimum of two modules width (or more if specifi¢gd by the
application);
c)| upper right and{ower left corner segments, each including:
1) cornerdinder pattern;
2) partofthe quietzone of a minimum of two module width (or more if specified by the apjplication)
adjacent to the corner finder pattern;
3) vertical timing pattern of alternating dark and light modules adjacent to the corner finder
pattern;
d) alignment pattern and part of the quiet zone of a minimum of two module width (or more if
specified 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
between 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

(Segr
adjac
in the
verti

Figui

c) Unit
the h

d) Unit

d

L d )

ent vertical timing pattern) (Segment B). When the vertical modules are 7, B3 is not situatg

tal modules are 7, 9, and 11, a vertical timing pattern is not contained in Segment!B3 (Se
e F.3toE5);

segment containing all alignment patterns and their adjacent quiet zones (Ségment C), wh
brizontal modules are 27, C is not applicable;

segment containing individual horizontal timing patterns (Segment D1) located on the

periphery of code and between the finder pattern/ the finder sub pattern and the corner finder

patte
locat

For exam
B1 of bot
23 modul

Version R
corner fir

The rang
the align

Figure F.6.

NOTE
checked at

rm and separated by the alignment patterns (if they exist), and timing patterns (Segment [j2)
bd inside the code and between the upper and lower alignment‘patterns. (Segment D).

ple, Version R7x43 and R9x43 contain 114 modules and 104 modules in A segment respectivdly.
h versions contains 49 modules, and B2 of Version R7x43"and R9x43 contain 22 modules ahd
es respectively. (See Figure F.3 and F.4.)

7x43 has no lower left corner finder pattern. Version R9x43 does not have L shaped lower lgft

der pattern, and the Segment B3 area is as shawn in Figure F.4.

4

e of the vertical timing pattern (Segment D2) is from the upper end and to the lower end|of
mnent patterns and has the same number of modules as those for the vertical modules. (See

)

For rMQR symbol, its width of Quiet Zone shall be 2X. Figure F.1 to F.6 show segments that shall |be
fixed pattern print quality assessment.
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Figure F.1 — rMQR fixed pattern (Segment A, B, C) inspection area
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