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Foreword

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

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

[SO and|IEC draw attention to the possibility that the implementation of this document.may involve the
use of (3) patent(s). ISO and IEC take no position concerning the evidence, validity or-applicabilitly of any
claimed|patent rights in respect thereof. As of the date of publication of this document;ISO and IE( had not
received notice of (a) patent(s) which may be required to implement this document. However, implegmenters
are cautlioned that this may not represent the latest information, which may be'‘obtained from thee patent
databasg available at www.iso.org/patents and https://patents.iec.ch. ISOvard IEC shall not [be held
respons|ble for identifying any or all such patent rights.

Any trafle name used in this document is information given for the Convenience of users and ¢loes not
constitute an endorsement.

For an efkplanation of the voluntary nature of standards, the meaning of ISO specific terms and expjressions
related [to conformity assessment, as well as information about ISO’s adherence to the World Trade
Organizption (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/forewdrd.html.
In the IHC, see www.iec.ch/understanding-standards.

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

This foulrth edition cancels and replaces the third edition (ISO/IEC 18004:2015), which has been ted¢hnically
revised.

The maip changes are as follows:
— continuous grading according to ISO/IEC 15415 has been adopted for grade fixed pattern damapge;
— the feference decoding algotithm has been clarified.

Any feddback or questionis on this document should be directed to the user’s national standards
body. A complete ~listing of these bodies can be found at www.iso.org/members.htinl and
www.ie¢.ch/natiomal>committees.
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Introduction

There are four technically different, but closely related members of the QR code family, which represent an
evolutionary sequence.

— QR code model 1 is the original specification for QR code and is described in AIM ITS 97-001[211,

— QR code model 2 is an enhanced form of the symbology with additional features (primarily, the addition
of alignment patterns to assist navigation in larger symbols) and is the basis of the first edition of this
document (i.e. ISO/IEC 18004:2000).

QR
am
for s

— The
isa
ena
dire
Seveg

QR code
in an ov
micro Q|

inclination. A wide range of sizes of symbol is provided for, together with four levels of error co

Module
QR code

QR code
complyi
recomm|
This dod

rror image orientation for reflectance reversal (light symbols on dark backgrounds) andt
pecifying alternative character is set to the default.

micro QR code format[also specifiedin the second edition of this document (i.e. ISO/TEC 18004
Variant of QR code with a reduced number of overhead modules and a restricted-range of sizg
bles small to moderate amount of data to be represented in a small symbaol, particularly 5
ct marking on parts and components, and to applications where the spag€,available for the s
rely restricted.

is a matrix symbology. The symbols consist of an array of nominally square modules 4
erall square pattern, including a unique finder pattern locatedat three corners of the sy
R code symbols, at a single corner) and intended to assist-ih easy location of its position,

Himensions are user-specific to enable symbol production by a wide variety of techniques.

model 2 symbols are fully compatible with QR codéreading systems.

hg with this document are not required to-support QR code model 1 symbols. Since QR co
ended model for new, open system application of QR code, this document describes QR cd
ument also lists the features in which QR code model 1 differs from QR code in Annex N.
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de fully.

© ISO/IEC 2024 - All rights reserved
vii


https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf



https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf

International Standard ISO/IEC 18004:2024(en)

Information technology — Automatic identification and
data capture techniques — QR code bar code symbology
specification

1 Scope

This dogument specifies requirements for the symbology known as “QR code”. It specifies~the QR code
symboldgy characteristics, data character encoding methods, symbol formats, dimensional characteristics,
error correction rules, reference decoding algorithm, production quality requirements and user-s¢lectable
applicatjon parameters.

2 Normative references

The follgwing documents are referred to in the text in such a way that some-or-all of their content COﬂlStituteS
requirements of this document. For dated references, only the edition citedapplies. For undated references,
the latedt edition of the referenced document (including any amendmerits) applies.

ISO/IEC|15415, Information technology — Automatic identification~and data capture techniques — Bar code
symbol grint quality test specification — Two-dimensional symbaols

ISO/IEC|15424:—1), Information technology — Automatic identification and data capture techniquesl— Data
Carrier Identifiers (including Symbology Identifiers)

ISO/IEC|19762, Information technology — Automatig identification and data capture (AIDC) techrliques —
Harmon]zed vocabulary

3 Tenms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 and the following apply.
[SO and [[EC maintain terminology-databases for use in standardization at the following addresses:

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

— IECElectropedia: available at https://www.electropedia.org/

31
character countindicator
bit sequence which defines the data string length in a mode (3.10)

3.2

data masKing
process of XORing the bit pattern in the encoding region (3.4) with a data mask pattern to provide a symbol
with more evenly balanced numbers of dark and light modules, and reduced occurrence of patterns which
would interfere with fast processing of the image

3.3
data mask pattern reference
3-bit identifier of the data masking (3.2) patterns applied to the symbol

1) Under preparation. Stage at the time of publication: ISO/IEC DIS 15424:2024.

© ISO/IEC 2024 - All rights reserved
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3.4

encoding region

region of the symbol not occupied by function patterns (3.8) and available for encoding data and error
correction codewords, and for version (3.20) and format information (3.7)

3.5

exclusive subset

subset of characters within the character set of a mode (3.10) which are not shared with the more restricted
character set of another mode

3.6
extension pattern
function|pattern (3.8) in model 1 symbols, which does not encode data

3.7
format nformation
encoded pattern containing information on symbol characteristics essential to enable theyremaindgr of the
encoding region (3.4) to be decoded

3.8
function pattern
overheafl component of the symbol (finder, separator (3.16), timing patterns((3:19) and alignment gatterns)
required for location of the symbol or identification of its characteristics to@ssist in decoding

3.9
masking
process jof XORing the bit pattern in an area of the symbol with amask pattern to reduce the occuirence of

patterng which would interfere with fast processing of the image

3.10
mode
method jof representing a defined character set as a bit'string

3.11
mode indicator
1-bit to [4-bit identifier (depending on syinbol size) indicating in which mode (3.10) the follow|ng data
sequenck is encoded

3.12
padding bit
zero bit|not representing data, used to fill empty positions of the final codeword after the terminatpr (3.18)
in a datq bit string

3.13
remaingler bit
zero bit,|not represgnting data, used to fill empty positions of the symbol encoding region (3.4) after the final
symbol rharacter”where the area of the encoding region available for symbol characters does ngt divide
exactly into8sbit symbol characters

3.14
remainder codeword

pad codeword, placed after the error correction codewords, used to fill empty codeword positions to
complete the symbol if the total number of data and error correction codewords does not exactly fill its
nominal capacity

3.15
segment
sequence of data encoded according to the rules of one extended channel interpretation or encoding mode

© ISO/IEC 2024 - All rights reserved
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separator
function pattern (3.8) of all light modules, one module wide, separating the finder patterns from the rest of
the symbol

3.17
symbol

number

3-bit field indicating the symbol version (3.20) and error correction level applied, used as part of the format
information (3.7) in micro QR code symbols

3.18

terminator

bit pattern of defined number (depending on the symbol) of all zero bits used to end the.b
represemting data

3.19

timing pattern

alternat

3.20
version

ng sequence of dark and light modules enabling module coordinates in the symibel to be det

size of the symbol represented in terms of its position in the sequence of permissible sizes for micro

symbold
21 x21

Note 1 to
4-L orve

3.21

version
encoded
error co

4 Ma

41 M
div
mod

XOR

modules (version 1) to 177 x 177 (version 40) modules

entry: The error correction level applied to the symbol can be sidffixed to the version designation, e.
Fsion M3-Q.

information
pattern in certain QR code symbols containing iniformation on symbol version (3.20) toget
[rection bits for this data

thematical and logical symbols,abbreviated terms and conventions

athematical and logical symbols

integer division operator
integer remainder after'division

exclusive-or logicfunction whose output is one only when its two inputs are not equivalent
NOTE XORds-réepresented by the symbol .

4.2 Abbreviated terms

BCH

Bese-Chaudhuri-Hocquenghem

t string

brmined

QR code

from 11 x 11 modules (version M1) to 17 x 17 modules (version M%) or, for QR code symbgls, from

. version

her with

DPM
ECI
FNC1
RS

direct part mark
extended channel interpretation
function 1 symbol character

Reed-Solomon

© ISO/IEC 2024 - All rights reserved
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4.3 Conventions

4.3.1 Module positions

For ease of reference, module positions are defined by their row and column coordinates in the symbol, in the
form (i, j) 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 0. The module (0, 0) is therefore
located at the upper left corner of the symbol.

4.3.2 Byte notation

" P 1 1 1
Byte COIfTETICTS SITOWIT a5 d 1TeX vdluce.

4.3.3 Nersion references

For QR dode symbols, symbol versions are referred to in the form version V-E where V identifies the version
number|(1 to 40) and E indicates the error correction level (L, M, Q, H).

For micfo QR code symbols, symbol versions are referred to in the form version MV-E where the [letter M
indicatep the micro QR code format, V identifies the version number (with a range of 1 to 4) and E indicates
the errof correction level (with values L, M and Q).

5 Symbol description

5.1 Basic characteristics
QR codelis a matrix symbology with the following characteristics:
a) Formmats:
1) |QR code, with full range of capabilities andimaximum data capacity;

2) |micro QR code, with reduced overhead, some restrictions on capabilities and reduced data papacity
(compared with QR code symbols):

b) Encpdable character set:
1) [numeric data (digits O -,9);
2) [alphanumeric data (digits O - 9; upper case letters A - Z; nine other characters: space, $ % * | -. /: );
3) |byte data [defaulty ISO/IEC 8859-1; or other sets as otherwise defined (see 7.3.5)];
4) [Kanji charactets (Kanji characters in QR code can be compacted into 13 bits).

c¢) Repfesentation of data: a dark module is nominally a binary one and a light module is nominallyfa binary
zerd. However, see 5.2 for details of reflectance reversal.

d) Sym holsize (nnf inr‘lnding guiet 7nnp)-

1) for micro QR code symbols: 11 x 11 modules to 17 x 17 modules (versions M1 to M4, increasing in
steps of two modules per side);

2) for QR code symbols: 21 x 21 modules to 177 x 177 modules (versions 1 to 40, increasing in steps of
four modules per side).

e) Data characters per symbol:
1) maximum micro QR code symbol size, version M4-L:

— numeric data: 35 characters;

© ISO/IEC 2024 - All rights reserved
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— alphanumeric data: 21 characters;

— byte data: 15 characters;

— Kanji data: 9 characters;

2) maximum QR code symbol size, version 40-L:

— numeric data: 7 089 characters;

— alphanumeric data: 4 296 characters;

— byte data: 2 953 characters;

f) Selgctable error correction: four levels of Reed-Solomon error correction (referred to as:-LyM, Q
incrleasing order of capacity) allowing the symbol codeword recovery of

— |L: 7 %;

— [M: 15 %;
— |Q: 25 %;
— [H: 30 %.

For [micro QR code symbols, error correction level H is not available. For version M1 micro
synibols, the RS capacity is limited to error detection only.

g) Codp type: matrix.

h) Orig

Figure 1
both not

Figure 2
5.2),ink

5.2 Symmary of additional features

The useof the following additional features is optional in QR code.

—  Stry

QR fode symbols«These can be scanned in any sequence to enable the original data to be ¢

recq

— Ext¢nded channel interpretations: This mechanism enables data using character sets other

defd
usir

tham the default interpretation are not available in micro QR code symbols |

— Kanji data: 1 817 characters.

ntation independence: yes (both rotation and reflection).

and H in

QR code

illustrates a version 1 QR code symbol innérmal colour and with reflectance reversal (se¢ 5.2), in

mal and mirror image orientations.

illustrates a version M2 micro QR code symbol in normal colour and with reflectance revefsal (see

oth normal and mirror image orientations.

ctured append: This allows files of data to be represented logically and continuously in pip to 16

nstructed. Structured append is not available with micro QR code symbols.

orrectly

han the

ult eneodable set (e.g. Arabic, Cyrillic, Greek) and other data interpretations (e.g. compacfed data

g-defined compression schemes) or other industry-specific requirements to be encoded. E

Is other

— Reflectance reversal: Symbols are intended to be read when marked so that the image is either dark on
light or light on dark (see Figures 1 and 2). The specifications in this document are based on dark images
on a light background, therefore in the case of symbols produced with reflectance reversal references to
dark 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”
orientation of the symbol. It is, however, possible to achieve a valid decode of a symbol in which the
arrangement of the modules has been laterally transposed. When viewed with the finder patterns in
the top left, top right and bottom left corners of the symbol, mirror imaging interchanges the row and
column positions of the modules.

© ISO/IEC 2024 - All rights reserved
5


https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf

ISO/IEC 18004:2024(en)

a) Normal orientation b) Normal orientation c) Mirror image orientation d) Mirror image orie
and nprmal reflectance and reversed and normal reflectance and reversedl
grrangement reflectances arrangement reflectances
NOTE The corner marks indicate the extent of the quiet zone.

-

L

ot

Figure 1 — Examples of a QR code symbol encoding the text "QR codé:Symbol”

L

ntation

a) Normal orientation b) Normal orientation c) Mirror image orientation d) Mirror image origntation
and nprmal reflectance and reversed and normal reflectance and reversed
grrangement reflectances arrangement reflectances
NOTE The corner marks indicate the extent of the quiet zone.

Figure 2 — Examples of a version M2/micro QR code symbol encoding the text "0123454

5.3 Sy

5.3.1 [General

Each QR
and sha

and alighment patterns<Function patterns do not encode data. The symbol shall be surrounded or

sides by
structuy

mbol structure

7"

code symbol shallbe constructed of nominally square modules set out in a regular squajre array
| consist of an~encoding region and function patterns, namely finder, separator, timing patterns

a quiet zone-border. Figure 3 illustrates the structure of a version 7 symbol. Figure 4 illusti
e of a version M3 symbol.

© ISO/IEC 2024 - All rights reserved
6

all four
ates the


https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf

m g O W >

o O w >

ISO/IEC 18004:2024(en)

quidt zone F  format information Q/

finder pattern G  version informatioro

sepdrator H dataand error ction codewords
timipg patterns | function patteth

aligmment patterns ]  encodin ion

<

Figure 3 — Structure of a Q@\ode symbol

finder pattern quiet zone E quietzone
timing patterns F  separator
format information G timing pattern
encoding region

Figure 4 — Structure of a version M3 micro QR code symbol

© ISO/IEC 2024 - All rights reserved
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5.3.2 Symbol versions and sizes

5.3.2.1 QR code symbols

There are 40 sizes of QR code symbol referred to as version 1, version 2 ... version 40. Version 1 measures
21 x 21 modules, version 2 measures 25 x 25 modules and so on, increasing in steps of 4 modules per side up
to version 40 which measures 177 x 177 modules. Figures 5 to 10 illustrate the structure of versions 1, 2, 6,
7,14, 21 and 40.

a) Version 1 A b) Version 2
O
Key @s\
- ddta and error correction codewords s@ 21 modules
fomat information and its error correction code ’\Q) 2 5 modules
I:‘ remainder bits \O 3 25 modules
O
C)\\ 4 9 modules

-

@re 5 — Versions 1 and 2 symbols

© ISO/IEC 2024 - All rights reserved
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d3

fo

re

ta and error correction codewords 1 $\ odules
'mat information and its error correction code ,&\Q 25 modules
mainder bits . ®$
4\
xO

Figu%ké — Version 6 symbol

o

.
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Key
- D4
fo
@ ve

[

<ta and error correction codewords 1 @modules
'mat information and its error correction code ,{\@ 29 modules
R\
rsion information and its error correction code’ ®$
4\
xO
Figurcﬂ;g — Version 7 symbol

C)\\
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N

ddta and error correction codewords
format information and its error correction code {\Q 57 modules
version information and its error correction code ®$

N

remainder bits

© ISO/IEC 2024 - All rights reserved
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Figure 9 — Version 21 symbol
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Key C)\\O
. ddta and error correction codewords *

fofmat information and its eépcorrection code 2 161 modules

@ version information a@error correction code
?99 Figure 10 — Version 40 symbol
5.3.2.2 I\@R code symbols

There are U cizoc nfmicra ﬂD r'r\r]n cnmhn] vnfnrvnr‘ toas "nrcu'\nc M1 to MA ‘h:n'cu'\n M measures 11 x 11

modules, version M2 measures 13 x 13 modules version M3 measures 15 x 15 modules and version M4
measures 17 x 17 modules, i.e. increasing in steps of 2 modules per side. Figure 11 illustrates the structure
of micro QR code versions M1 to M4.

1 177 modules
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el: L

d] Version M3 error correction level: M e) Version M4

NOTE Two formats of M3 symbol are shown, which differ only in the codeword placement according to [the error
correctidn level.

Figure 11 —£ Versions of a micro QR code symbol

5.3.3 Finder pattern

5.3.3.1 | QR code symbols

There are three identical finder patterns located at the upper left, upper right and lower left cornefs of the
symbol fespectively.as illustrated in Figure 3. Each finder pattern may be viewed as three superjmposed
concentric squares and is constructed of 7 x 7 dark modules, 5 x 5 light modules and 3 x 3 dark fodules.
The ratio of medule widths in each finder pattern is 1:1:3:1:1 as illustrated in Figure 12. The symbol is
preferenjtially‘encoded so that similar patterns have a low probability of being encountered elsewhejre in the
symbol, |enabling rapid identification of a possible QR code symbol in the field of view. The identifi¢ation of
the three finder patterns unambiguously defines the location and rotational orientation of the symbol in the
field of view.

5.3.3.2 Micro QR code symbols

A single finder pattern, as defined in 5.3.3.1, is located at the upper left corner of the symbol as illustrated in
Figure 4. 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.
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Key
A 3 modules C 7 modules
B 5 mg¢dules

Figure 12 — Structure of a finder pattern

5.3.4 PBeparator

A one-nfodule wide separator, constructed of all light modules, is placed between each finder patfern and
the encdding region, as illustrated in Figures 3 and 4.

5.3.5 [liming pattern

The horjzontal and vertical timing patterns respectively consistof a one module wide row or cglumn of
alternatjng dark and light modules, commencing and ending with a dark module. They enable thd symbol
density and version to be determined and provide datum positions for determining module coordinjates.

In QR cdde symbols, the horizontal timing pattern runs.across row 6 of the symbol between the separators
for the ppper finder patterns; the vertical timing pattern similarly runs down column 6 of the symbol
betweer] the separators for the left-hand finder pattébns. See Figure 3.

In micrd QR code symbols, the horizontal timing.pattern runs across row 0 of the symbol on the right side of
the separator to the right-hand edge of the symbol; the vertical timing pattern similarly runs down dolumn 0
of the syymbol below the separator to the-bettom edge of the symbol. See Figure 4.

5.3.6 Alignment patterns

Alignmgdnt patterns are presentionly in QR code symbols of version 2 or larger. Each alignment pattern may
be viewed as three superimposed concentric squares and is constructed of 5 x 5 dark modules, 3 x 3 light
moduled and a single central-dark module. The number of alignment patterns depends on the symbo| version
and they shall be placed~in’all symbols of version 2 or larger in positions defined in Annex E.

5.3.7 Encodingregion

The endodingrregion shall contain the symbol characters representing data, those representipg error
correctipm.codewords, the format information and, where appropriate, the version information. [Refer to
7.7.1 for ldetails-en-symbeleh o 9 Hs-01 e et e details
on version information.

5.3.8 Quiet zone

The quiet region which shall be free of all other markings, surrounding the symbol on all four sides. Its
nominal reflectance value shall be equal to that of the light modules.

For QR code symbols, its width shall be 4X.

For micro QR code symbols, its width shall be 2X.
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6 Conformance

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

Symbols complying with the requirements for QR code model 1, as described in the first edition of this
document (i.e. ISO/IEC 18004:2000), can be unreadable with equipment complying with this document.

Symbols complying with the requirements for QR code model 2, as defined in the first edition of this
document (i.e. ISO/IEC 18004:2000), are readable with equipment complying with this document.

Reading equipment complying with the first edition of this document (i.e. ISO/IEC 18004:2000) are not able
to read att b_ymbulb Lumplyiug withthisdocumment: Symbulb thrat mrakeuseof threadditiomat-featumes of QR
code arg not readable by such equipment.

Printing equipment complying with the first edition of this document (i.e. ISO/IEC 18004:2000) are|not able
to printjall symbols defined in this document. Symbols that make use of the additional features of |QR code
are not printable by such equipment.

It should be noted, however, that QR code model 2 and micro QR code are th€ form of the symbology
recommlended for new and open systems applications.

7 Requirements
7.1 Encode procedure overview

7.1.1 [General

Subclause 7.1 provides an overview of the steps requiredo convert input data to a QR code symbol|

7.1.2 Btep 1: Data analysis

Analyse|the input data stream to identify the variety of different characters to be encoded. The QR code
format (jput not the micro QR code format) stipports the ECI feature, enabling data differing from the¢ default
charactgr set to be encoded. QR code inclides several modes (see 7.3) to allow different sub-sets of characters
to be copverted into symbol characters in efficient ways. Switch between modes as necessary in jorder to
achieve [the most efficient conversion of data into a binary string. Select the required error detecfion and
correctipn level. If the user has not-specified the symbol version to be used, select the smallest vergion that
will accommodate the data. A-<complete list of symbol versions and capacities is shown in Table 1.

7.1.3 Btep 2: Data enc¢oding

Convert|the data characters into a bit stream in accordance with the rules for the mode in force, ad defined
in 7.4.3 fo 7.4.7, iuserting mode indicators as necessary to change modes at the beginning of each n¢gw mode
segment, and aterminator at the end of the data sequence. Split the resulting bit stream into 8-bit codewords.
Add pad|characters as necessary to fill the number of data codewords required for the version.

7.1.4 Step 3: Error correction coding

Divide the codeword sequence into the required number of blocks (as defined in Table 9) to enable the error
correction algorithms to be processed. Generate the error correction codewords for each block, appending
the error correction codewords to the end of the data codeword sequence.

7.1.5 Step 4: Structure final message

Interleave the data and error correction codewords from each block as described in 7.6 ¢) and add remainder
bits as necessary.
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7.1.6 Step 5: Module placement in matrix

Place the codeword modules in the matrix together with the finder pattern, separators, timing pattern and,
if required, alignment patterns.

7.1.7 Step 6: Data masking

Apply the data masking patterns in turn to the encoding region of the symbol. Evaluate the results and select
the pattern which optimizes the dark/light module balance and minimizes the occurrence of undesirable

patterns.
7.1.8 Step7Formatandversioninformation
Generatg the format information and, where applicable, the version information. Complete the@(}ml ol.
Table 1 — Codeword capacity of all versions of QR code QQb‘
Y
Version| Number of Function pattern Format and version Data modules Dathéglacity Rempainder
modules per side modules information modules except odewords]? bits
A B c pb /, E
M1 11 70 15 36 ,.\\V 5 0
\J
M2 13 74 15 80 5 10 0
M3 15 78 15 132 17 0
M4 17 82 15 £, 192 24 0
1 21 202 31 <) 208 26 0
2 25 235 31 R 44 7
N
3 29 243 31 QO 567 70 7
4 33 251 ) 807 100 7
b\
5 37 259 31, 1079 134 7
6 M 267 = 1383 172 7
7 45 390 _Ve7 1568 196 0
8 49 398 N e 1936 242 0
9 53 206 o0 67 2336 292 0
10 57 as (O 67 2768 346 0
11 61 42k2§ . 67 3232 404 0
12 65 (@30 67 3728 466 0
13 69 Uz 67 4256 532 0
14 73 - 611 67 4651 581 3
15 77 cf 619 67 5243 655 3
-~
16 81 L) 627 67 5867 733 3
17 8§>$ 635 67 6523 815 3
18 Sy’ 643 67 7211 901 3
19 93 651 67 7931 991 3
— A
20 [N 97 659 67 8683 1085 3
21 — 1U1 004 07 T L4 1 130 4’
22 105 890 67 10 068 1258 4
23 109 898 67 10916 1364 4
24 113 906 67 11796 1474 4
25 117 914 67 12708 1588 4
26 121 922 67 13 652 1706 4
27 125 930 67 14 628 1828 4
28 129 1203 67 15371 1921 3
a All codewords are 8 bits in length, except in versions M1 and M3 where the final data codeword is 4 bits in length.
b D=A2-B-C
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Table 1 (continued)

Version Number of Function pattern Format and version Data modules Data capacity Remainder
modules per side modules information modules except [codewords]? bits
A B c Db E

29 133 1211 67 16 411 2051 3
30 137 1219 67 17 483 2185 3
31 141 1227 67 18 587 2323 3
32 145 1235 67 19723 2465 3
33 149 1243 67 20891 2611 3
34 153 1251 67 22091 2761 3
35 157 1574 67 23008 2376 0
36 161 1582 67 24272 3034 0
37 165 1590 67 25568 3196 0
38 169 1598 67 26 896 3362 0
39 173 1606 67 28256 3532 0
40 177 1614 67 29 648 3 706 0

a All codewords are 8 bits in length, except in versions M1 and M3 where the final data codeword is 4 bits in length.

b D=A%-B-C

7.2 Data analysis

Analyse[the input data string to determine its content and select the default or other appropriate EC
approprjate mode to encode each sequence as described in 7.4. Eaeh) mode in sequence from numel
to Kanjilmode progressively requires more bits per character.It\is possible to switch from mode
within g symbol in order to minimize the bit stream lengthor'data, parts of which can more effic
encoded in one mode than other parts, for example, numericsequences followed by alphanumeric se
In theorfy, it is most efficient to encode data in the moderequiring the fewest bits per data characte
there is[some overhead in the form of mode indicatertand character count indicator associated w
mode chiange, it does not always result in the shortest/overall bit stream to change modes for a small
of charafters. Also, as the capacity of symbols increases in discrete steps from one version to the 1
not alwdys necessary to achieve the maximum eonversion efficiency in every case. Guidance on mi
the bit dtream length is given in Annex ]Iy micro QR code symbols, there are restrictions on th
availabl¢ for smaller versions. Clause J(2)shows appropriate micro QR code symbol versions for
combingtions of two modes.

7.3 Mpdes

7.3.1 [General

The modles described)ity7.3 are based on the character values and assignments associated with th
ECI. Whien any other ECI is in force (in QR code symbols only), the byte values rather than the
charactgr assignments shall be used to select the optimum data compaction mode. For example, the
mode wpuld e appropriate if there is a sequence of data byte values within the range 30y 1
inclusiv¢. In‘this case, the compaction is carried out using the default numeric or alphabetic equiv

and the
ic mode
to mode
ently be
juences.
r, but as
ith each
number
ext, it is
limising
e modes
various

b default
specific
numeric
0 39gx
hlents of

the bytelvalues

7.3.2 Extended channel interpretation mode

The ECI protocol defined in Reference [21] allows the output data stream to have interpretations different
from that of the default character set. The ECI protocol is defined consistently across many symbologies.
The ECI protocol provides a consistent method to specify particular interpretations of byte values before

printing and after decoding.

The ECI protocol is not supported in micro QR code symbols.
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The default interpretation for QR code is ECI 000003 representing the ISO/IEC 8859-1 character set.
International applications using other character sets should use the ECI protocol. For instance, the
interpretation corresponding to the JIS8 (JIS X 0201, 7-bit and 8-bit coded character sets for information
interchange) and shift JIS (JIS X 0208:1997, 7-bit and 8-bit double byte coded Kanji sets for information
interchange) character sets is ECI 000020. The ECI mode causes the insertion of an ECI escape sequence at
that point in the data. It is immediately followed by another mode indicator (e.g. for efficient data encoding)
and remains in force until the end of the message or a subsequent ECI mode indicator.

7.3.3 Numeric mode

The numeric mode encodes data from the decimal digit set (0 - 9) (byte values 30y to 39x). Normally,

three data-charactersarerenresentedbi-10bits
ta-eRaracterSarerepresenteaByo-bHss

7.3.4 Alphanumeric mode

The alphanumeric mode encodes data from a set of 45 characters, i.e. 10 numeric digits (0,-9) (by{e values
304ex td 394Ex), 26 alphabetic characters (A - Z) (byte values 41,y to 5Aygx) , and 9 symbols (SP, $, %, *, +,
- . /1) (Byte values 20ypx, 244Ex 254Ex 2A4Ex: 2Buex 2D to 2Fypy, 3AyEx respectively). Normally, tyvo input
charactgrs are represented by 11 bits.

The alpjanumeric mode is not available in version M1 micro QR code symbols:

7.3.5 Byte mode

In byte ode, data is encoded at 8 bits per character.

In closedl-system national or application-specific implementations of QR code, an alternative 8-bit character
set, for pxample as defined in an appropriate part of the ISO/IEC 8859 series, may be specified [for byte
mode. When an alternative character set is specified, howeéver, the parties intending to read the QR code
symbolg require to be notified of the applicable character set in the application specification or by pilateral
agreement.

Byte made is not available in version M1 or M2, mijicro QR code symbols.

The Karnjji mode efficiently encodes_Kanji characters according to the shift JIS system based on JI§ X 0208.
The shift JIS values are shifted ffom the JIS X 0208 values. JIS X 0208 gives details of the shift coded
represemtation. Each two-byte ¢haracter value is compacted to a 13-bit binary codeword.

When tHe character set spéeified for 8-bit byte mode makes use of byte values in the ranges of eithpr 815y
to 9F gy or EOypy to EBfigy; or both, it is not always possible to use Kanji mode unambiguously, as|reading
systems|will be unablé\tg determine from the transmitted data whether such byte values are the leafl byte of
a doublgbyte charagter. It can be possible to achieve a shorter bit stream by using the Kanji mode compaction
rules when an appyopriate sequence of byte values occurs in the data (i.e. lead bytes in the ranges pf either
81ygx t9 9Fyxor EOypx to EBygy, or both, followed by trailer bytes in the range 40y to FCygy, except

7Fyex of EBy iy followed by 40y to BFy;gy). Figure H.1 shows the byte combinations graphically.
The KaanmmmmW

7.3.7 Mixing modes

The QR code symbol can contain sequences of data in a combination of any of the modes described in 7.3.2 to
7.3.8. Micro QR code symbols may contain sequences of data in a combination of any of the modes available
for the version of the symbol and described in 7.3.3 to 7.3.7.

Refer to Annex ] for guidance to select the most efficient way of representing a given input data string in
multiple modes in QR code symbols and Clause ].3 for the available versions of micro QR code symbols for
given combinations of data in two modes.
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7.3.8 Structured append mode

The structured append mode is used to split the encoding of the data from a message over a number of
QR code symbols. All of the symbols require to be read and the data message can be reconstructed in the
correct sequence. The structured append header is encoded in each symbol to identify the length of the
sequence and the symbol’s position in it, and verify that all the symbols read belong to the same message.
Refer to Clause 8 for details of encoding in structured append mode.

The structured append mode is not available for micro QR code symbols.

7.4 Data encoding

7.4.1 FNC1 mode

FNC1 mpde is used for messages containing specific data formats. In the "first position" it designdtes data
formatt¢d according to GS1 General Specifications. In the "second position", data shall'be formfatted in
accordance with a specific industry application listed in ISO/IEC 15424:—, Annex E. ENC1 mode applies to
the entite 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 positigns of the
charactet in Code 128 symbols, when used in an equivalent manner.

The FN(1 mode is not available for micro QR code symbols.

7.4.2 PBequence of data

Input ddta is converted into a bit stream consisting of one orxmore segments each in a separate mode. In
the defajult ECI, the bit stream commences with the first mode indicator. If the initial ECI is other than the
default ECI, the bit stream commences with an ECI header, followed by the first segment.

The ECI header (if present) shall comprise:
— an HCI mode indicator (4 bits);
— an HCI designator (8 bits, 16 bits or 24 bits).

The ECI|header shall begin with the first{(most significant) bit of the ECI mode indicator and end jvith the
final (leqst significant) bit of the ECI designator.

The remlainder of the bit stream(isthen made up of segments each comprising:
— améde indicator;

— achpracter count indicator;

— adata bit stredim:

Each mqde segment shall begin with the first (most significant) bit of the mode indicator and end with the
final (lepst'significant) bit of the data bit stream. There shall be no explicit separator between spgments
as their[length is defined unambiguously by the rules for the mode in force and the number of input data
characters.

To encode a sequence of input data in a given mode, the steps described in 7.4.3 to 7.4.8 shall be followed.
Table 2 defines the mode indicators for each mode. Table 3 defines the length of the character count indicator,
which varies according to the mode and the symbol version in use.
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Table 2 — Mode indicators for QR code

Mode QR code symbols Micro QR code symbols
for all versions Version M1 | Version M2 | Version M3 | Version M4
Mode indicator length (bits) 4 0 1 2 3
ECI 0111 NA NA NA NA
Numeric 0001 NA 00 000
Alphanumeric 0010 NA 01 001
Byte 0100 NA NA 10 010
Kanji 1000 NA NA 11 011
Structured append 0011 NA NA NA NA
FNC12 0101 (1% position) NA NA NA NA
1001 (2nd position)
Terminator (end of message)b 0000 000 00000 0000000 000900000
Key
NA not applicable
a  See74.9.2 and 7.4.9.3.
b The ferminator is not a mode indicator as such.
Table 3 — Number of bits in the character count indicator for QR code
Vérsion Numeric mode Alphanumeric mode Byte mode Kanji njode
M1 3 NA NA NA
M2 4 3 NA NA
M3 5 4 4 3
M4 6 5 5 4
1to9 10 9 8 8
10 to 26 12 11 16 10
27 to 40 14 13 16 12
Key
NA not applicable
The end|of the data in the complete symbol is indicated by a terminator consisting of between 3 arld 9 zero
bits (seg Table 2), which is omitted or abbreviated if the remaining symbol capacity after the data bif stream
is less than the required bit1éngth of terminator. The terminator is not a mode indicator as such.
7.4.3 Extended channel interpretation mode
7.4.3.1 | General
The ECI|miode, used for encoding data subject to alternative interpretations of byte values (e.g. alternative
character-setsjaccordingtotheE€tprotocotdefired-inReference 2t whichdefimesthepre=processing of

this type of data, is invoked by the use of mode indicator 0111.

The ECI 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
304gyx to 39y can be encoded in numeric mode (see 7.4.4) as though it were a sequence of digits from 0 to 9,
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even though it does not necessarily represent numeric data. In order to determine the value of the character
count indicator, the number of bytes (or, in Kanji mode, of byte pairs) shall be used.

7.4.3.2 ECI designator

Each extended channel interpretation is designated by a 6-digit assignment number which is encoded in the
QR code 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 5Cygy [\
or backslash (reverse solidus) in ISO/IEC 8859-1, ¥ or yen sign in JIS8] followed by the 6-digit assignment
number. Where 5Cy;py appears as true data, it shall be doubled in the data string before encoding in symbols
to which the ECI protocol applies.

When a §ingle occurrence of 5Cygy is encountered in the input to the decoder, an ECI mode indicatoriis jnserted
followed by the ECI designator. When a doubled 5Cyy is encountered, it is encoded as two 5Cpgbytes.

On decofing, the binary pattern of the first ECI Designator codeword (i.e. the codeword following the mode
indicatof in ECI mode), determines the length of the ECI Designator sequence. The numberof 1 bits bgfore the
first O bjt defines the number of additional codewords after the first used to represend the ECI assignment
number]The bit sequence after the first 0 bit is the binary representation of the EGlFassignment nuniber. The
lower numbered ECI assignments may be encoded in multiple ways, but the shortest way is preferrgd.

Table 4 — Encoding the ECI assignment number

ECI|assignment value Number of codewords Codeword values?
0[00000 to 000127 1 Obbbbbbb
0[00000 to 016383 2 10bbbbbb bbbbbbbb
0p0000 to 999999 3 110bbbbb bbbbbbbb bbbbbbbh

a2 whereb ... bis the binary value of the ECI assignment number.

EXAMPLE When encoding data in Greek using a character set ISO/IEC 8859-7 (ECI 000009) ain version 1-H symbol:

Data to b encoded: \000009ABTAE (character values Alygy, A2ygx, A3ypx, Adypx, ASHEx)

Bit sequepce in symbol:

ECI moddindicator: 0111

ECI assighment number (000009): 00001001

Mode indjcator (byte): 0100

Charactef count indicator (5): 00000101

Data: 10100001 10100010 10100011 10100100 10100101

Final bit §tring: 0111 00001001 0100 00000101 10100001 10100010 10100011 10100100 10100141

See 14.3|for an example.of transmission of this data following decoding.

7.4.3.3 | Multiple’extended channel interpretations

Refer to[thé\ECI protocol defined in Reference [21] defining the effect of a subsequent ECI designator in an
ECI datd_segment. For example, data to which a character set ECI has been applied can also be suyibject to
encryption or compaction using a transformation ECI which will co-exist with the initial ECI, or a second
character set ECI will have 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 QR code symbol in accordance with 7.4.3.2 and
shall commence a new mode segment.

7.4.3.4 ECIs and structured append

Any ECI(s) invoked shall apply subject to the rules defined in 7.4.3.3 and in the ECI protocol defined Reference
[21] until the end of the encoded data or a change of ECI (signalled by mode indicator 0111). If the encoded data
in the ECI(s) extends through two or more symbols in the structured append mode, it is necessary to provide
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an ECI header consisting of ECI mode indicator and ECI designator number for each ECI in force, immediately
following the structured append header, in subsequent symbols in which the ECI continues in force.

7.4.4 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 bits 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 has either 4 bits for QR
code symbols or the number of bits defined in Table 2 for micro QR code symbols, and the character count
indicator has the number of bits defined in Table 3. The number of input data characters is converted to its
binary i and-added-as-the-charactercountindicatorafterthemode-indicatorandbeforethe binary

EXAMPLE1 Foraversion 1-H symbol:

Input datp: 01234567
a) The input data is divided into groups of three digits: 012 34567
b) Each gloup is converted to its binary equivalent: 012 - 0000001100
345 - 0101011001
67 - 1000011
c) The bijary data is connected in sequence: 0000001100 0101011001 1600011
d) The character count indicator is converted to binary (10 bits for version 1-H):

Number of input data characters: 8 —-0000001000
e) The mgde indicator 0001 and character count indicator are added to binary data:
0001 0000001000 0000001100 0101011001 1000011

EXAMPLE 2  For a micro QR code version M3-M symbol:

Input datp: 0123456789012345
a) The input data is divided into groups of three digits: 012 345 678901 234 5
b) Each gfoup is converted to its binary equivalent: 012=0000001100

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

c) The bigary data is connectedsequentially: 0000001100 0101011001 1010100110 1110000101 0011101P10 0101
d) The chiaracter count indicator is converted to binary (5 bits for version M3-M):

Numberof input data characters: 16 =10000

e) The mqde indicator)(00 for version M3-M) and character count indicator are added to binary data:
00100000000001100 0101011001 1010100110 1110000101 0011101010 0101

For any ptumber of data characters, the length of the bit stream in the numeric mode is given by Forinula (1):

B=M+C+10(Ddiv3)+R (1)
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B is the number of bits in bit stream;

M is the number of bits in mode indicator (4 for QR code symbols or as shown in Table 2 for micro QR
code symbols);

C isthe number of bits in character count indicator (from Table 3);
D isthe number of input data characters;

R is0if (Dmod 3) =0, oris4if (Dmod 3) =1, oris 7 if (D mod 3) = 2.

7.4.5 Alphanumeric mode

Each ingut data character is assigned a character value V from 0 to 44 according to Table 5!

Table 5 — Encoding and decoding table for the alphanumeric méode

Char. | Value

Char. |

Value

Char.

i Value | Char.

i Value | Char. |

Value

Char. |

Value

Char. |

Value

Char] |

Value

0

6

6

C

12

I

18

0

24

8}

30,

SP

36

42

7

13

19

25

31

$

37

43

8

14

20

26

32

%

38

44

9

15

21

27

33

*

39

10

16

22

28

34

+

40

| HhlwWiN|R|O

1
2
3
4
5

7
8
9
A
B

11

| o|m|m| g

17

ZIZ2 || R|—

23

H|lwn || O |

29

N | <[> S| <

35

41

Input dgta characters are divided into groups of two characters which are encoded as 11-bit bina

y codes.

The chafacter value of the first character is multiplied ‘by*45 and the character value of the second digit is

added t¢ the product. The sum is then converted to.an 11-bit binary number. If the number of in

put data

charactgrs is not a multiple of two, the character walue of the final character is encoded as a 6-th binary

number|The binary data is then concatenated and prefixed with the mode indicator and the charac
indicatof. The mode indicator in the alphanumeric mode has either 4 bits for QR code symbols or the]
fined in Table 2 for micro QR codé symbols, and the character count indicator has the nu
bits defipned in Table 3. The number of input data characters is converted to its binary equivalent ar
as the character count indicator after the mode indicator and before the binary data sequence.

of bits

In FNC1|mode, separator characters can be required as data fields are concatenated. Refer to 7.4.9.

and 14.4 for details on encoding'and transmission.

EXAMPLE

Input datp:

a) Charadter values aredetermined according to Table 5:

For a versiomI=H symbol:

b) The refult is divided into groups of two decimal values:

c) Each groupds'Converted to its 11-bit binary equivalent:

AC-42

AC-42 - (10,12,41,4,2)
(10,12) (41,4) (2)
(10,12) 10*45+12 — 462 — 00111001110
(41,4) 41%45+4 - 1849 - 11100111001

er count
number
mber of
d added

P, 7.4.9.3

d) The binary data is connected in sequence:

(2) > 2 - 000010
00111001110 11100111001 000010

e) The character count indicator is converted to binary (9 bits for version 1-H):
5-000000101

f) The mode indicator 0010 and character count indicator are added to binary data:
0010 000000101 00111001110 11100111001 000010

Number of input data characters:

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

B=M +C +11(D div 2) + 6(D mod 2)
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where

B is the number of bits in bit stream;

M is the number of bits in mode indicator (4 for QR code symbols or as shown in Table 2 for micro QR
code symbols);

C isthe number of bits in character count indicator (from Table 3);

D isthe number of input data characters.

7.4.6 e
In byte fode, one 8-bit codeword directly represents the byte value of the input data characte%bb.‘z density
of 8 bitsfcharacter. Table 6 shall apply for encoding and decoding byte mode characters. (]/
Table 6 — Encoding and decoding table for the byte mode charac@get
N
Byte Byte Byte Byte Byte Byte yt\e Byt
Dec |Hex Char. Dec |Hex Char. Dec |Hex Char. Dec |Hex Char. Dec |Hex Char. Dec |Hex Ch\a&’ct?c Hex Char. Dec | Hex Char.
0 | 00 | NUL| 32|20 |space| 64 |40 | @ |96 |60 | ° |128] 80 160 | A0 [WBsP| 192 | co | A [224]0 | a
1 |01|SOH |33 |21 ! |65|41| A |97 |61| a |129]81 61| AP ¢ 193] c1| A [225]f1]| 4
2 |o02|stx|34|22| " |66|42| B [98|62| b [130] 82 162002 | ¢ |194|C2 | A |226|[2| a
3 |03|ETX |35 |23 | # |67[43| Cc [99|63| ¢ [131]83 ,&3 A3| £ |195|¢c3| A |227|[3| &
4 |04 |EOT |36 |24 | $ |68|44| D |100| 64| d [132] 84 Mea| as | = [196] ca| A |228[[a| a
5 |os [ENQ |37 [25| % [69|45| B [101] 65| e [133]85 [\ |165[as| ¥ [197]cs| A [229]fs | a
6 |06|ACK |38 26| & |70 |46 | F [102| 66| f [134 rg’é\“’ 166 A6 | ! [198|cC6 | & [230|[6 | =
7 |o7|BEL[39[27| © |71]|47] 6 [103] 67| g |135)°87 167| A7 | § [199|c7| ¢ |231|F7| ¢
8 |08| BS |40 28| ( |72|48| H [104] 68 hA\Sl%v 88 168| A8 | " [200|c8| E |[232|[8| @
9 |09 | HT |41 29| ) [73]49| 1 |105| 69 \’\1\‘0 137 | 89 169| A9 | © [201|Co| E |233|[F9 | ¢
10 [0A| LF |42 [2A| * |74 [4A| ] [106] 6ACh j |138]8A 170 AA | 2 |202|cA| B [234|FA| @
11 [oB| vr |43 |2B| + |75 |4B| K 107;@" k [139] 8B 171| AB| « |[203|CB| E |[235|EB| &
12 {oc| FF [44|2c| , |76[4c| L LeBfec| 1 |140] 8C 172| Aac| -~ |204|cc| 1 |236|fc| i
13|{op| crR [45|2p] - [77]4D| M. [109|6D | m [141]8D 173| AD | SHY [205|cD | [ |[237|ED| i
14 |0E| so |46 [2E| . |78 413,_@ 110| 6E | n |142] 8E 174| AE| ® |206|CE| 1 |238|[EE| 1
15 [oF | st |47 |2F| / |79 (412\.) 0 [111|6F | o [143] 8F 175| AF | - [207|CF| T |239|[EF| i
16 |10 [ pLE [48 |30 o [8e{50 | P |112[ 70 | p [144] 90 176 | Bo | ° |208|D0| D |[240|[F0 | &
17 11| pct |49 [ 31| 1 . f8i| 51| Q [113[ 71| q |145] 91 177|B1| = [209|D1| N [241|fF1| @
18 |12 |pcz2 |50 |32] 20 82|52| R [114| 72| r [146] 92 178 B2 | 2 [210|D2| O |242|[F2| o
19 | 13 | pe3 | 51 33@)4 83 53| s |115] 73| s |147] 93 179 B3| 3 [211|D3| O [243|[F3| ¢
20 | 14 | DC4 52(@”' 4 |84 |54 | T |116] 74| t |148] 94 180 B4 | * [212|D4| O |[244|fF4| o
21 |15 [Nak [ 623035 | 5 |85 |55 | u [117)75 [ u [149] 95 181|B5 | p [213|D5| O |245|[F5 | &
22 | 16 [ s al36| 6 |86]56| v [118] 76| v [150] 96 182| B6 | T |[214|D6| O |[246|fF6 | o
23 |17 [BrB |55 (37| 7 [87 |57 w [119] 77| w [151] 97 183 B7 | - |215|D7| x |247|fF7 | =
24 |18 [CAN |56 38| 8 |8 |58 | X [120|78| x [152] 98 184 B8 | , |216|D8| @ |[248|F8 | ¢
25 |19 | EM |57 [ 39| 9 | 89|59 | Yy [121|79| y [153|99 185 B9 | 1 [217|D9| U [249|F9 | u
26 | 1A | SUB |58 [3A | : |90 |5A| Z [122|7A| z |154|9A 186 BA| ©° [218|DA| U [250| FA | 1
27 |1B| ESC |59 [3B| ; |91|5B| [ [123|7B| { |155|9B 187| BB | » [219|DB| O |251|FB| a
28 |1C| FS |60 |3C| < [92|5Cc| \ |124|7¢| | |156] 9C 188 BC | % [220|DC| U |[252|FC|
29 |1D| GS |61 |3D| = [93|5D| ] |125|/7D| } |[157|9D 189|BD | % |221|DD| Y |[253|FD| y
30 |1IE| RS |62 |3E| > |94 |5E| ~ |126|7E| ~ |158| 9E 190 | BE | % |[222|DE| b |254|FE| b
31 |1F| US | 63 |3F | ? |95|5F| _ [127| 7F | DEL [159| 9F 191| BF | ; |[223|DF| R |[255|FF | ¥
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NOTE1 Inthe IS8 character set (see Table H.1), byte values 80y to 9F gy and EOypy to FFypy are not assigned but
are reserved values. Some of those values are used as the first byte in the shift JIS character set (see Figure H.1) and
can be used to distinguish between JIS8 and shift JIS character sets, or to enable Kanji mode compaction. JIS X 0208
gives details on shift coded representation.

NOTE2  Byte values 00y to 7F,gx in the JIS8 character set correspond to ISO/IEC 8859-1 and ISO/IEC 646 IRV,
except values 5Cypy and 7Eygy.

NOTE 3 The set of characters shown in Table G.1 does not fully comply with ISO/IEC 8859-1. ISO/IEC 8859-1
contains only graphic characters with hexadecimal values 20-7E and AO-FF.

NOTE4  The control functions given in Table G.1 in positions with decimal values 00-31 (hexadecimal values 00-1F)
correspond to the CO set of ISO/IEC 6429 where the characters with decimal values 28-31 (hexadecimal values 1C-1F)
1S4,1S3, 1S2, IS1 are replaced, respectively, by characters FS, GS, RS, US. The character DEL at the position with decimal
value 127 (hexadecimal 7F) corresponds to the GO set of ISO/IEC 646.

The bingry data is then concatenated and prefixed with the mode indicator and the character-ceunt ipdicator.
The mode indicator in the byte mode has either 4 bits for QR code symbols or the numbéryof bits dé¢fined in
Table 2 ffor micro QR code symbols, and the character count indicator has the number of bits dgfined in
Table 3.[The number of input data characters is converted to its binary equivalent and-added after the mode
indicatof and before the binary data sequence.

For any humber of data characters, the length of the bit stream in byte mode(is)given by Formula (2]:
B=M+C+8D (2)

where

B |is the number of bits in bit stream;

M |is the number of bits in mode indicator (4 for QR \code symbols or as shown in Table 2 for micro QR
code symbols);

C |is the number of bits in character countindicator (from Table 3);

D |is the number of input data characters.

7.4.7 Kanji mode

In the shift JIS system, Kanji characters are represented by a two-byte combination. These byte vdlues are
shifted from the JIS X 0208 values. JIS X 0208 gives details of the shift coded representation. Input data
charactgrs in Kanji mode are'eempacted to 13-bit binary codewords as defined in this subclause. Th'F binary

data is then concatenated and prefixed with the mode indicator and the character count indicator. The mode
indicatof in the numericymnode has either 4 bits for QR code symbols or the number of bits defined i Table 2
for micro QR code_symbols, and the character count indicator has the number of bits defined in|Table 3.
The nunpber of input data characters is converted to its binary equivalent and added as the character count
indicatof after¢hée’mode indicator and before the binary data sequence.

a) Forharacters with shift JIS values from 81404y to 9FFCypy

1) subtract 8140y from shift JIS value,
2) multiply most significant byte of result by COygy,
3) add least significant byte to product from b), and
4) convert result to a 13-bit binary string.
b) For characters with shift JIS values from E040yy to EBBF gy

1) subtract C140ygy from shift ]IS value,
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2) multiply most significant byte of result by COygy,
3) add least significant byte to product from b), and
4) convertresult to a 13-bit binary string.
EXAMPLE
Input character ‘R “E
(Shift JIS value): 935F E4AA
i) 8140 or C140 is subtracted: 935F - 8140 = 121F E4AA - C140 = 236A
ii) The most significant byte is multiplied by CO: 12 x C0=D80 23 x C0=1A40
iii) The least significant byte is added: D80 + 1F = D9F 1A40 + 6A=1AAA
iv) Itis converted to 13-bit binary: 0D9F —0 1101 1001 1111 1AAA -11010.1010'1q410
c) Forpll characters, prefix binary sequence representing input data characters with mede‘indicatpr (from
Table 2) and character count indicator binary equivalent (number of bits defined in‘\Table 3).
For any humber of data characters, the length of the bit stream in Kanji mode is given by the formulh:
B=M+C+13D
where
B |is the number of bits in bit stream,;
M |is the number of bits in mode indicator (4 for QR code\symbols or as shown in Table 2 for micro QR
code symbols);
C |is the number of bits in character count indicator (from Table 3);
D |is the number of input data characters.
7.4.8 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 corjtent requires it, or in orderto.increase the density of encoding. Refer to Annex ] for guidar]ce. Each
segmentf of data is encoded in thé appropriate mode as indicated in 7.4.3 to 7.4.7, with the basic sfructure
mode inflicator/character countiindicator/data and followed immediately by the mode indicator commencing
the nextlsegment. Figure 13 illustrates the structure of data containing n segments.
Segment 1 Segment 2 . Segment n
charadter character character Termipator
mdde mode mode
oo count Data |. .. count Data . - count Data
indicgtor 1| <. indicator 2| . .. indicatorn | . ..
indicator indicator indicator
Fisul < 13 = FUl lllat Uf llliACd lllUc.lC data

7.4.9 FNC1 modes

7.4.9.1

General

In QR code symbols, there are two mode indicators which are used cumulatively with those defined in 7.3.2
to 7.3.8 and 7.4.3 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 14.2 and Annex F.
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7.4.9.2 FNC1 in first position

NOTE "First 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 GS1 QR code symbols encoding data with GS1 application identifiers
formatted according to the GS1 General Specifications. GS1 QR code symbology is a subset of QR code
symbology. 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), and after
any ECI or structured append header. The FNC1 mode require the use of a separator character to distinguish
concatenated data fields from each other. See 14.4 for the detail of transmission of the data field separator
characters.

EXAMPLE 1

0104912345123459 (application identifier 01 = GS1 article number, fixed length; data:
04912345123459)

15970331 (application identifier 15 = "Best before" date YYMMDD, fixed lengthydata: 31 Marchl 1997)
30128 (application identifier 30 = quantity, variable length; data: 128) (requirés separator charyacter)
10ABC123 (application identifier 10 = batch number, variable length; ddta;ABC123)
Data to bg encoded: 01049123451234591597033130128%10ABC123

Bit sequepce in sym- 0101 (mode indicator, FNC1 implied in 15t position)
bol:

Input dat]

=

0001 (mode indicator, numeric mode)

0000011101 (character count indicator, 29)

<data bits for 01049123451234591597033130128>
0010 (mode indicator, alphanumeric mode)
000001001 (character count indicator, 9)

<data bits for %10ABC123>

Transmitfed data 1Q301049123451234591597033130128<1Dyzx>10ABC123
(see 14.2jand Annex F):

EXAMPLE 2  Encoding and transmission of pet¢entage character in data:

Input datp: 123 %
Encoded ps: 123 %%
Transmitlted as: 123 %

7.4.9.3 | FNC1 in second pesition

NOTE 1 | "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 mofle indicator identifies symbols formatted according to a specific industry or application spedification
listed in|ISO/IEC 15424:—, Annex E. 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.

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), and after any ECI
or structured append header. An application indicator can take the form of any single Latin alphabetic
character from the set {a - z, A - Z} (represented by the ISO/IEC 646 IRV value of the character plus 100) or
a two-digit number (represented by its numeric value directly) and shall be transmitted by the decoder as
the first one or two characters immediately preceding the data. The FNC1 mode and some other application
specifications can require the use of a separator character to distinguish concatenated data fields from each
other. See 14.4 for details on the transmission of data field separator characters.

NOTE 2 At the time of the publication of this document, application indicator 37 has not been assigned to any
organisation and the data content of the example is purely arbitrary.
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Application indicator: 37

Input data: AA1234BBB112text text text text<CR>

Bit sequence in symbol: 1001 (mode indicator, FNC1 implied in 2nd position)

00100101 (application indicator 37)
0010 (mode indicator, alphanumeric mode)

000001100 (character count indicator 12)

Transmitted data: ]Q537AA1234BBB112text text text text<CR>

7.4.10

The end
appendsd
data bit
symbol

7.4.11

The bit
appendd
divided
micro Q
it does 11
(least si
then be
level, as
code ver

<data bits tor AA1Z54bBb112>
0100 (mode indicator, byte mode)
00010100 (character count indicator 20)

<data bits for text text text text<CR> >

Terminator

of data in the symbol is signalled by the terminator sequence of 0 bits, as defined in
d to the data bit stream following the final mode segment:yThe terminator shall be omitt
stream completely fills the capacity of the symbol or abbreviated if the remaining capaci
s less than the required bit length of terminator.

Bit stream to codeword conversion

treams corresponding to each mode segmeént shall be connected in order. The terminator]
d to the complete bit stream as defined in 7.4.10. The resulting message bit stream shall
into codewords. All codewords are 8'bits in length, except for the final data symbol chat
R code versions M1 and M3 symbols;-which is 4 bits in length. If the bit stream length is s
ot end at a codeword boundary; padding bits with binary value 0 shall be added after the
bnificant bit) of the data stream to extend it to the codeword boundary. The message bit stre

defined in Table 7, by adding the pad codewords 11101100 and 00010001 alternately. For n
sions M1 and M3 symbols, the final data codeword is 4 bits long. The pad codeword used in

data sy

The res(:thing series of codewords, the data codeword sequence, is then processed as described in 7|

error c
or 7 ren
exactly {

hbol character position’'in micro QR code versions M1 and M3 symbols shall be represented

rection codewords to the message. In certain versions of symbol, it can be necessary to
ainder bits {all zeros) to the end of the message, after the final error correction codeword,
o fill the.symbol capacity (see Table 7).

Table 2,
pd if the
'y of the

shall be
then be
acter in
uch that
final bit
am shall

extended to fill the data capacity of the symbol corresponding to the version and error correction

hicro QR
the final
as 0000.
5 to add
add 3, 4
in order
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Table 7 — Number of symbol characters and input data capacity for QR code

Version | Error correction | Number of data Number of Data capacity
level codewords data bits Numeric Alphanumeric Byte Kanji
M1 Error detection 3 20 5 . . .
only
L 5 40 10 6 — —
M2 M 4 32 8 5 — —
s L U a4 23 1 : ¢
VI 7 jeJe) 10 Py 7/ 4
L 16 128 35 21 15 9
M4 M 14 112 30 18 13 8
Q 10 80 21 13 9 5
L 19 152 41 25 17 10
1 M 16 128 34 20 14 8
Q 13 104 27 16 11 7
H 9 72 17 10 7 4
L 34 272 77 47 32 20
2 M 28 224 63 38 26 16
Q 22 176 48 29 20 12
H 16 128 34 20 14 8
L 55 440 127 77 53 32
3 M 44 352 101 61 42 26
Q 34 272 77 47 32 20
H 26 208 58 35 24 15
L 80 640 187 114 78 48
4 M 64 512 149 90 62 38
Q 48 384 111 67 46 28
H 36 288 82 50 34 21
L 108 864 255 154 106 65
5 M 86 688 202 122 84 52
Q 62 496 144 87 60 37
H 46 368 106 64 44 27
L 136 1088 322 195 134 82
6 M 108 864 255 154 106 65
Q 76 608 178 108 74 45
H 60 480 139 84 58 36
L 156 1248 370 224 154 95
7 M 124 992 293 178 122 75
Q 88 704 207 125 86 53
H 66 528 154 93 64 39
L 194 1552 461 279 192 118
8 M 154 1232 365 221 152 93
Q 110 880 259 157 108 66
H 86 688 202 122 84 52
L 232 1856 552 335 230 141
9 M 182 1456 432 262 180 111
Q 132 1056 312 189 130 80
H 100 800 235 43 58 60
L 274 2192 652 395 271 167
10 M 216 1728 513 311 213 131
Q 154 1232 364 221 151 93
H 122 976 288 174 119 74
L 324 2592 772 468 321 198
11 M 254 2032 604 366 251 155
Q 180 1440 427 259 177 109
H 140 1120 331 200 137 85
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Table 7 (continued)
Version | Error correction | Number of data Number of Data capacity

level codewords data bits Numeric Alphanumeric Byte Kanji

L 370 2960 883 535 367 226

12 M 290 2320 691 419 287 177
Q 206 1648 489 296 203 125

H 158 1264 374 227 155 96

L 428 3424 1022 619 425 262

13 M 334 2672 796 483 331 204
Q 244 1952 580 352 241 149

H 180 1440 427 259 177 109

L 401 3 6o 1101 66/ 450 282

14 M 365 2920 871 528 362 223
Q 261 2088 621 376 258 159

H 197 1576 468 283 194 120

L 523 4184 1250 758 520 320

15 M 415 3320 991 600 412 254
Q 295 2360 703 426 292 180

H 223 1784 530 321 220 136

L 589 4712 1408 854 586 361

16 M 453 3624 1082 656 450 277
Q 325 2600 775 470 322 198

H 253 2024 602 365 250 154

L 647 5176 1548 938 644 397

17 M 507 4056 1212 734 504 310
Q 367 2936 876 531 364 224

H 283 2264 674 408 280 173

L 721 5768 1725 1046 718 442

18 M 563 4504 1346 816 560 345
Q 397 3176 948 574 394 243

H 313 2504 746 452 310 191

L 795 6 360 1903 1153 792 488

19 M 627 5016 1500 909 624 384
Q 445 3 560 1063 644 442 272

H 341 2728 813 493 338 208

L 861 6888 2061 1249 858 528

20 M 669 5352 1600 970 666 410
Q 485 3880 1159 702 482 297

H 385 3080 919 557 382 235

L 932 7 456 2232 1352 929 572

21 M 714 5712 1708 1035 711 438
Q 512 4096 1224 742 509 314

H 406 3248 969 587 403 248

L 1006 8048 2409 1460 1003 618

22 M 782 6 256 1872 1134 779 480
Q 568 4544 1358 823 565 348

H 442 3536 1056 640 439 270

L 1094 8752 2620 1588 1091 672

23 M 860 6 880 2059 1248 857 528
Q 614 4912 1468 890 611 376

H 464 3712 1108 672 461 284

L 1174 9392 2812 1704 1171 721

24 M 914 7 312 2188 1326 911 561
Q 664 5312 1588 963 661 407

H 514 4112 1228 744 511 315

L 1276 10 208 3057 1853 1273 784

25 M 1000 8000 2395 1451 997 614
Q 718 5744 1718 1041 715 440

H 538 4304 1286 779 535 330

L 1370 10960 3283 1990 1367 842

26 M 1062 8496 2544 1542 1059 652
Q 754 6032 1804 1094 751 462

H 596 4768 1425 864 593 365
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Table 7 (continued)
Version | Error correction | Number of data Number of Data capacity
level codewords data bits Numeric Alphanumeric Byte Kanji
L 1468 11 744 3517 2132 1465 902
27 M 1128 9024 2701 1637 1125 692
Q 808 6464 1933 1172 805 496
H 628 5024 1501 910 625 385
L 1531 12 248 3669 2223 1528 940
28 M 1193 9544 2857 1732 1190 732
Q 871 6968 2085 1263 868 534
H 661 5288 1581 958 658 405
L 1631 15040 590Y 4 3069 I'elo 1002
29 M 1267 10136 3035 1839 1264 778
Q 911 7 288 2181 1322 908 559
H 701 5608 1677 1016 698 430
L 1735 13880 4158 2520 1732 1066
30 M 1373 10 984 3289 1994 1370 843
Q 985 7 880 2358 1429 982 604
H 745 5960 1782 1080 742 457
L 1843 14 744 4417 2 677 1840 1132
31 M 1455 11 640 3486 2-113 1452 894
Q 1033 8264 2473 1.499 1030 634
H 793 6344 1897 1150 790 486
L 1955 15 640 4686 2840 1952 1201
32 M 1541 12 328 3693 2238 1538 947
Q 1115 8920 2670 1618 1112 684
H 845 6760 2022 1226 842 518
L 2071 16 568 4965 3009 2068 1273
33 M 1631 13 048 3909 2369 1628 1002
Q 1171 9368 2805 1700 1168 719
H 901 7 208 2157 1307 898 553
L 2191 17.528 5253 3183 2188 1347
34 M 1725 13\800 4134 2506 1722 1060
Q 1231 9848 2949 1787 1228 756
H 961 7 688 2301 1394 958 590
L 2306 18 448 5529 3351 2303 1417
35 M 1812 14 496 4343 2632 1809 1113
Q 1286 10 288 3081 1867 1283 790
H 986 7 888 2361 1431 983 605
L 2434 19 472 5836 3537 2431 1496
36 M 1914 15312 4588 2780 1911 1176
Q 1354 10 832 3244 1966 1351 832
H 1054 8432 2524 1530 1051 647
L 2566 20528 6153 3729 2563 1577
37 M 1992 15936 4775 2894 1989 1224
Q 1426 11408 3417 2071 1423 876
H 1096 8768 2625 1591 1093 673
L 2702 21616 6479 3927 2699 1661
38 M 2102 16 816 5039 3054 2099 1292
Q 1502 12 016 3599 2181 1499 923
H 1142 9136 2 735 1658 1139 701
L 2812 22496 6 743 4087 2809 1729
39 M 2216 17 728 5313 3220 2213 1362
Q 1582 12 656 3791 2298 1579 972
H 1222 9776 2927 1774 1219 750
L 2956 23648 7 089 4296 2953 1817
40 M 2334 18 672 5596 3391 2331 1435
Q 1666 13328 3993 2420 1663 1024
H 1276 10 208 3057 1852 1273 784
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All codewords shall be 8 bits in length, except for the final data codeword for versions M1 and M3 which is 4
bits long.

NOTE The number of data bits includes bits for the mode indicator and the character count indicator.
7.5 Error correction

7.5.1 Error correction capacity

QR code employs Reed-Solomon error control coding to detect and correct errors. A series of error correction
codewords is generated, which are added to the data codeword sequence in order to enable the symbol to
withstapd daulasc withotttossofdata—Therearefourtuser-setectabletevelsoferrorcort CLtiUll, asgshown in

Table 8, pffering the capability of recovery from the following amounts of damage.

Table 8 — Error correction levels

Error correction level Approximate recovery capacity
%
L 7
M 15
Q 25
H 30

Clause H.2 gives guidance on the appropriate level of error correction'to be applied to a symbol.
The errqr correction level H is not available in micro QR code symbols.

The errpr correction codewords can correct two types<of erroneous codewords, erasures (erfroneous
codewords at known locations) and errors (erroneous, codewords at unknown locations). An erasyire is an
unscanred or undecodable symbol character. An error'is a misdecoded symbol character. Since QE code is
a matriy symbology, a defect converting a module. from dark to light or vice versa will result in the[affected
symbol [character misdecoding as an apparently valid but different codeword. Such an error cpusing a
substit:[ion error in the data requires two exror correction codewords to correct it.

The nunpber of erasures and errors corréctable is given by Formula (3):
e+dt<d-p (3)
where

e |is the number.oferasures;
t |is the number of errors;

d |is the Aumber of error correction codewords;

p |iSthe number of misdecoded protection codewords.

In the general case, p = 0. However, if most of the error correction capacity is used to correct erasures, the
possibility of an undetected error is increased. Whenever the number of erasures is more than half the
number of error correction codewords, p = 3. For small symbols with less than 8 error correction codewords,
erasure correction should not be used (e = 0 and p > 0).

For example, in a version 6-H symbol there is a total of 172 codewords, of which 112 are error correction
codewords (leaving 60 data codewords). The 112 error correction codewords can correct 56 misdecodes or
substitution errors, i.e. 56/172 or 32,6 % of the symbol capacity.
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In Formula (3), the following values should be assigned to p:

— p=3inversion 1-L and M2-L symbols,

— p=2inversion 1-M, 2-L, M1, M2-M, M3-L, and M4-L symbols,

— p=1linversion 1-Q, 1-H and 3-L symbols,

— p=0inall other cases.

Where p > 0, there are p (i.e. 1, 2 or 3) codewords which act as error detection codewords and prevent
transmission of data from symbols where the number of errors exceeds the error correction capacity, e is

less tha

n d/2. For example, in a version 2-L svmbol, the total number of codewords is 44: of these, 34 are

data cod
to be fou

0+(
meaning

2 error
would, i

DX 4)=10-2

ewords and 10 error correction codewords. From Table 9, the error correction capacity car be seen
r errors (where e = 0). Substituting it in Formula (3)

I that the correction of the four errors requires only 8 error correction codewords; the remaining
correction codewords can therefore detect (but not correct) any additiehal errors and thg symbol
Fthere were more than four errors, fail to decode.

Depending on the version and error correction level, the data codeword sequence shall be subdivided into

one or 1
lists, fon
correcti

If remai

they shall all be 0 bits.

Table 9 — Error correction ¢haracteristics for QR code

hore blocks, to each of which the error correction algorithm shall be applied separately] Table 9
each version and error correction level, the total number of codewords, the total number|of error
bn codewords, and the structure and number of error corréction blocks.

hder bits are required to fill remaining modules in the;symbol capacity for certain symbol yersions,

Version || Total number Error Number of error. Number of misdecoded Number of error Error cofrection
of codewords | correction level | correction codewords | protection codewords | correction blocks code pdr block
p (c.h 1)
M1 5 Error detection 5 2 1 5,30y
only
L 5 3 1 (10,p,12
M2 10
M 6 2 1 (10,4,2)2
L 6 2 1 (17,1,2)2
M3 17
M 8 0 1 (17,p,4)
L 8 2 1 (24,1p,3)2
M4 24 M 10 0 1 (24,34,5)
Q 14 0 1 (24,10,7)
L 7 3 1 (26,1Pp,2)2
1 2 M 10 2 1 (26,1,4)2
Q 13 1 1 (26,1B,6)2
H 17 1 1 (26,9,8)2
L 10 2 1 (44,34,4)
M. 16 ) 1 (a3
2 44 €44-18,8)
Q 22 0 1 (44,22,11)
H 28 0 1 (44,16,14)
Key
c total number of codewords
k number of data codewords
r error correction capacity
a The error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.
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Table 9 (continued)
Version | Total number Error Number of error Number of misdecoded Number of error Error correction
of codewords | correction level | correction codewords | protection codewords correction blocks code per block
p (¢, k1
L 15 1 1 (70,55,7)2
3 70 M 26 0 1 (70,44,13)
Q 36 0 2 (35,17,9)
H 44 0 2 (35,13,11)
L 20 1 (100,80,10)
M 36 2 (50,32,9)
4 100 Q 52 0 2 (50,24,13)
H 64 4 (25,9,8)
1 (13%,1p8,13)
L 26
M 48 2 (67,48,12)
2 (33,15,9)
5 134 72 0
Q 2 (34,16,9)
2 (33,1j1,11)
H 88
2 (34,1p,11)
L 36 2 (86,48,9)
M 64 4 (43,37,8)
6 172 Q 96 0 4 (43,1p,12)
H 112 4 (43,1p,14)
L 40 2 (98,7’3,10)
M 72 4 (49,31,9)
2 (32,34.9)
1 1
7 96 Q 08 0 4 (33,159
4 (39,1B,13)
H 1
30 1 (40,14,13)
2 (121,97,12)
L 48
M 88 2 (60,3B,11)
2 (61,3p,11)
8 242 0 4 (40,1B,11)
132
Q 2 (41,1p,11)
4 (40,14,13)
H 156
2 (41,1p,13)
2 (146,11L6,15)
L 60
M 110 3 (58,3p,11)
2 (59,37,11)
9 292 0 4 (36,1p,10)
Q 160 4 (37,1,10)
4 (36,1R,12)
i 192 4 (37,1B,12)
2 (86,848,9)
L 2
7 2 (87,49,9)
4 (69,4B,13)
M 1
10 346 30 0 1 (70,44,13)
Q 192 6 (43,1p,12)
2 (44,2p,12)
6 (43,1p,14)
H 224
2 (44,1p,14)
Key
c total number of codewords
k number of data codewords
r error correction capacity
a The error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.
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Table 9 (continued)
Version | Total number Error Number of error Number of misdecoded Number of error Error correction
of codewords | correction level | correction codewords | protection codewords correction blocks code per block
p (¢, k1)
4 (101,81,10)
L 80
M 150 1 (80,50,15)
4 (81,51,15)
11 404 0 4 (50,22,14)
Q 224 4 (51,23,14)
3 (36,12,12)
i 264 8 (37,13,12
p N 2 (116,92,12)
B i 2 (117.93,12)
6 (58,3p,11)
12 466 M 176 0 2 (59,3]7,11)
Q 260 4 (46,2p,13)
6 (47,2],13)
7 (42,14,14)
i 308 4 (43,1p,14)
4 (133,1p7,13)
L 104
M 198 8 (59,37,11)
1 (60,3B,11)
13 532 0 8 (44,2p,12)
288
Q 4 (45,2]1,12)
12 (33,11,11)
H 352
4 (34,1p,11)
3 (145,115,15)
L 120 1 (146,11L6,15)
4 (64,4p,12)
M 216
14 581 0 5 (65,4[1,12)
Q 320 11 (36,1p,10)
5 (37,17,10)
11 (36,1p,12)
H 384
5 (37,1B,12)
5 (109,47,11)
L 1
piy 1 (110,48,11)
5 (65,4]1,12)
M 4
15 655 240 0 5 (66,4R,12)
Q 360 5 (54,2p,15)
7 (55,2p,15)
11 (36,1p,12)
H 432
3 7 (37,1B,12)
5 (122,98,12)
144
¢ 1 (123,99,12)
7 (73,4p,14)
M 280
16 733 0 3 (74,4p,14)
Q 408 15 (43,1p,12)
2 (44,2p,12)
3 (45,1p,15)
H 480
13 (46,1p,15)
Key

c total number of codewords

k number of data codewords

r error correction capacity

a The error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.
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Table 9 (continued)
Version | Total number Error Number of error Number of misdecoded Number of error Error correction
of codewords | correction level | correction codewords | protection codewords correction blocks code per block
p (¢, k1
1 (135,107,14)
L 168
5 (136,108,14)
10 (74,46,14)
M 308
17 815 0 1 (75,47,14)
Q 448 1 (50,22,14)
15 (51,23,14)
2 (42,14,14)
i 532 17 (43,15,14)
5 (150,1p0,15)
L 180 1 (@511p1,15)
9 [69,4B,13)
18 901 ! 33 0 4 (70,4¢,13)
Q 504 17 (50,2p,14)
1 (51,2B,14)
2 (42,14,14)
i 588 19 (43,1p,14)
3 (141,1]13,14)
L 196
4 (142,1]14,14)
3 (70,44,13)
M 364
19 991 0 11 (71,4p,13)
Q 546 17 (47,2]1,13)
4 (48,2p,13)
9 (39,1B,13)
H 650
16 (40,1§,13)
3 (135,1p7,14)
L 224
5 (136,1p8,14)
3 (67,41,13)
M 416
20 1085 0 13 (68,4p,13)
Q 600 15 (54,24,15)
5 (55,2p,15)
15 (43,1p,14)
i 70Q 10 (44,1p,14)
L 54 4 (144,1]L6,14)
4 (145,1)17,14)
17 (68,4p,13)
M 442
21 1156 Q 644 0 17 (50,2p,14)
6 (51,2B,14)
19 (46,1p,15)
& 750 6 (47,1y,15)
L 252 2 (139,111,14)
7 (140,1112,14)
M 476 17 (74,4p,14)
22 1258 0
Q 690 7 (54,2p,15)
16 (55,2p,15)
H 816 34 (37,1B,12)
4 (151,1p1,15)
L 270 5 H#52-422,15)
4 (75,47,14)
23 1364 M 504 0 14 (76,48,14)
Q 750 11 (54,24,15)
14 (55,25,15)
16 (45,15,15)
f 900 14 (46,16,15)
Key
c total number of codewords
k number of data codewords
r error correction capacity
a The error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.
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Table 9 (continued)
Version | Total number Error Number of error Number of misdecoded Number of error Error correction
of codewords | correction level | correction codewords | protection codewords correction blocks code per block
p (¢, k1)
6 (147,117,15)
" 500 4 (148,118,15)
6 (73,45,14)
24 1474 ! >0 0 14 (74,46,14)
Q 810 1 (54,24,15)
16 (55,25,15)
30 (46,16,15)
H 960
2 (47,17,15)
8 (132,1p6,13)
: o 4 (@33,1p7,13)
8 (75,47,14)
25 1588 ! 298 0 13 (76,4B,14)
Q 870 7 (54,24,15)
22 (55,2p,15)
22 (45,1p,15)
! 1050 3 (46,1p,15)
10 (142,114,14)
L 336
2 (143,1]15,14)
19 (74,4p,14)
M 644
26 1706 0 4 (75,47,14)
Q 952 28 (50,2p,14)
6 (51,2B,14)
33 (46,1p,15)
H 1110
4 (47,17,15)
8 (152,1p2,15)
L 360
4 (153,1p3,15)
M 700 22 (73,4p,14)
3 (74,4p,14)
27 1828 0
Q 1020 8 (53,2B,15)
26 (54,2,15)
12 (45,1p,15)
H 1200
28 (46,1p,15)
3 (147,1.7,15)
L
890 10 (148,1[18,15)
M 728 3 (73,4p,14)
28 1921 0 23 (74,4p,14)
Q 1050 4 (54,24,15)
31 (55,2p,15)
11 (45,1p,15)
12
X °0 31 (46,1p,15)
7 (146,1]16,15)
L 420
7 (147,11L7,15)
21 (73,4p,14)
M 784
7 (74,4p,14)
29 2,051 0 ! A
1140 apy
Q 37 (54,24,15)
3! T350 19 (45.15,15)
26 (46,16,15)
Key

c total number of codewords

k number of data codewords

r error correction capacity

a The error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.
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Table 9 (continued)
Version | Total number Error Number of error Number of misdecoded Number of error Error correction
of codewords | correction level | correction codewords | protection codewords correction blocks code per block
p (¢, k1
5 (145,115,15)
b 450 10 (146,116,15)
19 (75,47,14)
M 812
30 2185 0 10 (76,48,14)
Q 1200 15 (54,24,15)
25 (55,25,15)
23 (45,15,15)
H 1440
25 (46,16,15)
13 (145,1]L5,15)
L 480 3 (146,1]16,15)
2 (74,4p,14)
31 2323 ! 008 0 29 (75,407,14)
Q 1290 42 (54,2p,15)
1 (55,2p,15)
23 (45,1p,15)
i 1530 28 (46,1p,15)
L 510 17 (145,1]15,15)
M 924 10 (74,4p,14)
23 (75,47,14)
32 2465 0 10 (54,24,15)
1350
Q 35 (55,2p,15)
19 (45,1p,15)
H 1620
35 (46,1p,15)
17 (145,115,15)
L 540 1 (146,11L6,15)
14 (74,4p,14)
33 2611 M 980 0 21 (75,47,14)
Q 1440 29 (54,2p,15)
19 (55,2p,15)
11 (45,1p,15)
H 1710
46 (46,1p,15)
13 (145,1]15,15)
6 (146,1]16,15)
L 570 14 (74,4p,14)
M 1036 23 (75,47,14)
4 2761
3 76 Q 1530 0 44 (54,2p,15)
H 1800 7 (55,2p,15)
59 (46,1p,15)
1 (47,17,15)
12 (151,1p1,15)
L 570
7 (152,1p2,15)
12 (75,47,14)
M 1064
26 (76,4B,14)
35 2876 0
Q 1590 39 (54,24,15)
14 (55,2p,15)
22 (45,1p,15)
H 1890
41 (46,1b,15)
Key

total number of codewords
number of data codewords

error correction capacity

The error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.
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a Thee

ror-corpection capacity is less than half the number of error correction codewords to reduce the probability of misdecodes.

Table 9 (continued)
Version | Total number Error Number of error Number of misdecoded Number of error Error correction
of codewords | correction level | correction codewords | protection codewords correction blocks code per block
p (¢, k1)
6 (151,121,15)
L 600 14 (152,122,15)
6 (75,47,14)
M 1120
36 3034 0 34 (76,48,14)
Q 1680 46 (54,24,15)
10 (55,25,15)
2 (45,15,15)
H 1980
64 (46,16,15)
17 (152,1p2,15)
L 630 4 (15371p3,15)
29 (74,4p,14)
37 3196 ! Heos 0 14 (75,407,14)
Q 1770 49 (54,24,15)
10 (55,2p,15)
24 (45,1p,15)
i 2100 46 (46,1p,15)
4 (152,1p2,15)
L 660
18 (153,1p3,15)
13 (74,4p,14)
M 1260
32 (75,47,14)
38 3362 0
Q 1860 48 (54,2p,15)
14 (55,2p,15)
42 (45,1p,15)
H 2220
32 (46,1p,15)
20 (147,117,15)
L 720 4 (148,1|18,15)
M 1316 40 (75,47,14)
39 3532 0 7 (76,4B,14)
Q 1950 43 (54,2p,15)
22 (55,2p,15)
10 (45,1p,15)
H 2310
67 (46,1p,15)
19 (148,1]18,15)
L
750 6 (149,1]19,15)
M 1372 18 (75,47,14)
40 3706 0 31 (76,4B,14)
Q 2040 34 (54,24,15)
34 (55,2p,15)
20 (45,1p,15)
24
{ 30 61 (46,1p,15)
Key
c total umber of codewords
k numbér of data codewords
r error ¢orrection capacity

7.5.2 Generating the error correction codewords

The data codewords including pad codewords as necessary shall be divided into the number of blocks
shown in Table 9. The error correction codewords shall be calculated for each block and appended to the
data codewords.

NOTE

Micro QR code symbols consist of a single block.

The polynomial arithmetic for QR code shall be calculated using bit-wise modulo 2 arithmetic and byte-wise
modulo 100011101 arithmetic. This is a Galois field of 28 with 100011101 representing the field's prime
modulus polynomial x8 + x* + x3 + x2 +1.
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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 lowest 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 first
error correction codeword and the zero power coefficient is the last error correction codeword and the last
codeword in the block.

If this calculation is performed by "long division" the symbol data polynomial shall first be multiplied by x *{c-k}.

Thirty-six different generator polynomials in Annex A shall apply for generating the error correction

codewordsforQRTode:

This carf be implemented by using the division circuit as shown in Figure 14. The registers bgthrqugh by 4
are initiplized as zeros. There are two phases to generate the encoding. In the first phase, with thg switch
in the dpwn position the data codewords are passed both to the output and the circuit:"The first phase is
completp after n clock pulses. In the second phase (n + 1 ... n + k clock pulses), witlythe switch ih the up
position} the error correction codewords ¢, ; ... &, are generated by flushing the registers in ordpr while
keeping|the data input at 0.

«
)
Q()k Jo ~—J1 Ix-1

bo by J> by1 &
§>—b

o

Key

@ GF(256) addition ® GF(256) multiplication
a Inpyt.

b Qutput.

¢ Swiﬂ)ch.

Figure 14 — Error correction codeword encoding circuit

7.6 Constructing the final message codeword sequence

The tot3dl number of codewords in the message shall always be equal to the total number of coflewords
capable pfbeing represented in the symbol, as shown in Tables 7 and 9.

The following steps shall be followed to construct the final sequence of codewords (data plus error correction
codewords plus remainder codewords if necessary).

a) Divide the data codeword sequence into n blocks as defined in Table 9 in accordance with the version
and error correction level (or a single block for micro QR code symbols).

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

c) Assemble the final sequence by taking data and error correction codewords from each block in turn.
For example, if there are four blocks the sequence would be: data block 1, codeword 1; data block 2,
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codeword 1; ...; data block 4, codeword 1; data block 1, codeword 2; ... and similarly to data block 3, final
codeword; data block 4, final codeword; then, error correction block 1, codeword 1, error correction
block 2, codeword 1, ... and similarly to error correction block 4, final codeword. QR code symbols
contain data and error correction blocks which always exactly fill the symbol codeword capacity. In
certain QR code versions, however, where the number of modules available for data and error correction
codewords is not an exact multiple of 8, there can be a need for 3, 4 or 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.

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 5-H symbol
comprises four data and four error correction blocks, the first two of each of which contain 11 data and
22 error _correction codewords respectively, while the third and fourth pairs of blocks contain 12 data and
22 errof correction codewords respectively. In this symbol, the character arrangement can beg, flepicted
as showp in Figure 15. Each row of Figure 15 corresponds to one block of data codewords (shown as D,)
followed by the associated block of error correction codewords (shown as E,). The sequericeof character
placement in the symbol is obtained by reading down each column of Figure 15.

Data codewords Error correction codewords
Block 1 D1 Dz ..... Dll E1 Ez ..... E22
Block 2 D12 D13 ..... Dzz E23 E24 ..... E44
Block 3 D23 D24 ..... D33 D34, E45 E46 ..... E66
v v v v v v v
Block 4 D35 D36 ..... D45 D46 E67 E68 ..... Egg

Figure 15 — Construction of the final message codeword sequence

The finall message codeword sequence forthe version 5-H symbol is therefore:
Dy, D13, B33, D35, Dy, D13, Dy, D3y o D113 Doy D33, Dys, D34y Dy, Evy Bz Eys, Eep Epy Epgy Eger Eegy - Epos Egaf Eo) Egg-

The synbol module capacity is filled by adding 7 remainder (0) bits as needed after the final codewprd.
7.7 Cg¢deword placeméntin matrix

7.7.1 Bymbol character representation

There atfe two types of symbol character, regular and irregular, in the QR code symbol. Their use depends on
their position.in.the symbol, relative to other symbol characters and function patterns.

Most cofléwords shall be represented in a regular 2 x 4 module block in the symbol. There are two ways of
positioning these bIocKs, In a vertical arrangement (2 modules wide and 4 modules highJ and, 1f necessary
when placement changes direction, in a horizontal arrangement (4 modules wide and 2 modules high).
Irregular symbol characters are used when changing direction or in the vicinity of alignment or other
function patterns. Examples are shown in Figures 16, 17 and 18.

7.7.2 Function pattern placement

A square blank matrix shall be constructed with the number of modules horizontally and vertically
corresponding to the version in use. Positions corresponding to the finder pattern, separator, timing pattern
and alignment patterns shall be filled with either dark modules or light modules as appropriate. Module
positions for the format information and version information shall be left temporarily blank. These blank
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positions are shown in Figures 19 and 20 and are common to all versions (although the version information
is not present in version 1 to 6 symbols). The positioning of alignment patterns in Annex E shall apply.

7.7.3

Symbol character placement

In the encoding region of the QR code 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 within the characters
are given below. Figures 19 and 20 illustrate version 2 and version 7 symbols applying these principles.

a) The sequence of bit placement in the column shall be from right to left and either upwards or downwards

ina

b) The
pos

most significant bit (shown as bit 7) of each codeword shall be placed in the first availabl
tion. Subsequent bits shall be placed in the next module positions. The most significantbit t

module
erefore

occyipies the lower right module of a regular symbol character when the directionyof plac¢ment is

upwards, and the upper right module when the direction of placement is downwards! It may,

occ
rig

Figurle 16 — Bit placement in a regular symbol character in upwards and downwards dire(

c) Wh

d) Wh

format information, version inferimation, or separator) any remaining bits in the codeword
pladed in the next column to thé&left. The direction of placement reverses.

py the lower left module of an irregular symbol character if the previous character has end
-hand module column (see Figure 18).

01 6\{ 7
213 415
415 213
6|7 0]1
a) Upwards direction b) Downwards direction

bn the upper or lower boundary ¢f the symbol character region is reached (i.e. the edge of the

ARDE [o[1]2]3
0Fbl6|7 415
6|7
a) Regular symbol characters b) Irregular symbol characters when {

placement direction changes

owever,
bd in the

tions

kN a symbol character encounters the horizental boundary of an alignment pattern or of thie timing
patflern in both module columns, it shall centinue above or below the pattern as though the ¢
region were continuous.

ncoding

symbol,
shall be

he

s 47 I 1 £ laid 1 - i <l < d3 v
3 lsul C 417 l.aAallllJlC Ul d Uilt PlaLClllCllL 1 ulJVVCll US LU UUWIIVWAI US UII TULLIVUIIS

e) When the right-hand module column of the symbol character column encounters an alignment pattern
or an area occupied by version information, bits are placed to form an irregular symbol character,
extending along the single module column adjacent to the alignment pattern or version 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.
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A

NNNE

N lwIN|IR|OIN||w|F-

Key
A  chai

Figuy

An alter
codewol
two-mo

acter 1 B  character 2

e 18 — Example of a bit placement adjacent to the alignment pattern in upwards direction

hative method for placement in the symbol, which yields the same resultyis-to regard the int
d sequence as a single bit stream, which is placed (starting with the\most significant bi
lule wide columns alternately upwards and downwards from the\right to left of the sy

brieaved
I) in the
mbol. In

each column, the bits are placed alternately in the right and left modules; moving upwards or doWynwards
g to the direction of placement and skipping areas occupied by function patterns, changing direction
at the top or bottom of the column. Each bit shall always be placed ifithe first available module posi

accordir

fion.

symbol

with 7.8.

When the data capacity of the symbol is such that it does not.divide exactly into a number of 8-bi
charactdrs, the appropriate number of remainder bits (3, 4 or.7'as shown in Table 1) shall be used tp fill the
symbol ¢apacity. These remainder bits shall always have the yalue 0 before data masking in accordance
L L
D11[D5 |D4
D12
D10
D6 |D3
D13
A Il W7 D2
1 _[p15
D26 D9 (D8 |D1
D25 D14
| [
|
E9
Key
|:| data codewords |:| error correction codewords
A remainder bits

Figure 19 — Symbol character arrangement in a version 2-M symbol
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D60

E20— E93|— E37 E30 D13
E8 |E1
E46 E119__ [E63 1
E1l E56[E4 |D26|D64
E123 E67|—|
[ | H N
E72 E16|___|E89
E82(E107D39|D51(D9
E103 E75 E97|—|E41 D47| D57
E34|E85 D54|D41
E12 EO8 E42 E115 F114
E101E49 E108E81|D52|D38[D22 D6 |D44
L__lE77 E71—IE15 D34
E60[ESY9 D3 |DZ&6
E26| | E124 568 —{E12|pg0 —
E1278ME23 E5 [E55[D65|D25|D35|  |D19|D31
L IE51 E45 E11 D21
E86[E33 D16|D
E52 E21 E94|  |E38|E62
E31|E29|D66|D12|D48 >Q
L lg25 E19|— E92| |
[ | [ | [ | D2
E78 E47 E12 E64
E57[E3 |E1 |D63[D61
E128E24 [ JE12 E122) 66— D8 R
E36 [ {bs2{p18|p42[p53
E104 E73 E17|—{E90 E112|E7 -
L[] E83[E104E27 [D50 D1(§’
E102E50 [_JE10 E96 [ 1E40 |~ —{D45|D5
E10 < 1 [ D55(D40
E13 E99 E43 E116) _{E9 [E110 L
E76 L[] E109E80 |E53{D37[D23D46
E74 E70— lE14] | b D58|D56
E13__ |gga [] D4 |D27
E125 |69 B3 E35 D33
E6, [E54|E79|D24|D36
E44 E117, |
B Woi7pis
E22 E95| E39
E32|E28[E105D11{D49
E18|__JE91 | |E87
D20|D7 |D43|D30|D1
" | IE1211  |Ee5| Eet E58 E2 D62
E48
D1-D13 DataBlock 1
D14-\D26 Data Block 2
D27 - D39 Data Block 3
P40 - D52 Data Block 4
D53 -D66 Data Block 5
E1-E26 EC Block 1
E27 - E52 EC Block 2
E53-E78 EC Block 3
E79 - E104 EC Block 4
E105-E130 EC Block 5
Fi e 20 Cumhaol charactor arrancoamaoant in s varcion ZH cumhanl

o
S5 Dy IO I T o C e T o T a5 It o vV CToOTOT 7T Oy I Or

Exactly the same principles apply to a micro QR code symbol. There are no irregular symbol characters in
these symbols and the sole exception is that D5 in a version M1 symbol, D, in a version M3-L symbol and Dq
in a version M3-M symbol is a 2 x 2 square 4-module block.
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7.8.1

General

ISO/IEC 18004:2024(en)

For reliable QR code reading, it is preferable for dark and light modules to be arranged in a well-balanced
manner in the symbol. The module pattern 1011101 particularly found in the finder pattern should be
avoided in other areas of the symbol as much as possible. To meet the above conditions, data masking should
be applied following the steps.

a) Do notapply data masking to function patterns.

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

verdion information) with multiple matrix patterns successively through the XOR operation. For

the XOR

operation, lay the module pattern over each of the data masking matrix patterns in turn!dand| reverse
the modules (from light to dark or vice versa) which correspond to dark modules of the)data masking
pattern.
c¢) Evaluate all the resulting converted patterns by charging penalties for undesirable featuresfon each
conyersion result.
d) Selegct the pattern with the lowest penalty points score.
7.8.2 Pata mask patterns
Table 10jshows the data mask pattern reference (binary reference forwuse in the format information} and the
data mapk pattern generation condition. The data mask pattern is)generated by defining as dark any module
in the erjcoding region (excluding the area reserved for formatinformation and the version information) for
which the condition is true; in the condition, i refers to the row position of the module in question arjd j to its
column position, with (i, j) = (0, 0) for the top left module irthe symbol.
Table 10 — Data mask pattern generation conditions
Datd mask pattern reference Data maskpattern reference Condition
for QR code symbols for micro QR code symbols
000 (i+j)mod2=0
001 00 imod2=0
010 jmod3=0
011 (i+))mod3=0
100 01 ((idiv2) + (jdiv3)) mod 2 0
101 ({j)mod 2 + (ij) mod 3=
110 10 ((ij) mod 2 + (ij) mod 3) mod|2 =0
111 11 (({(+j) mod 2 + (ij) mod 3) mod 2 =0
Figure 21 shows-all data mask patterns, illustrated in a version 1 symbol. Figure 23 simulates the dffects of
data mapking\using data mask pattern references 000 to 111.
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a) Mask pattern 000
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b) Mask pattern 001

c) Mask pattern 010

-

:-".f-"":"___._:"_.-"-&..__;..:

) Mask pattern 011

b

) Mask pattern 110

o

ao

function modules

i

e) Mask pattern 100

i

h) Mask pattérn 111

Figure 21 — Data-mask patterns for a version 1 symbol

i

fy Mask pattern 10

Masking is not applied to funetion modules.

Figure 22 shows the four available data masking patterns applied to a micro QR code version M-4 symbol.

© ISO/IEC 2024 - All rights reserved
47


https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf

ISO/IEC 18004:2024(en)

a) Mask pattern 00

c) Mask pattern 10 d) Mask pattern 11

Figure 22 — Data mask'patterns applied to a micro QR code version M4 symbol
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7.8.3

7.8.3.1

After pd
evaluate
points, t
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modules
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wl ]
H|n [ | [ |
L} : n L] n C
i 1.k .
H| = H| -
AR L
I-I.I - | I. | u . D
L =
asked symbol C .~Iasked symbol for evaluation
k patterns 000 to 111 D. " selected result with lowest penalty score

Figure 23 — Data masking simulation in QR code symbols

Evaluation of data masking results

Evaluation of QR code symbols

rforming the data masking operation with each data mask pattern in turn, the results
d by scoring penalty)points for each occurrence of the following features. The higher the n
he less acceptablejthe result. In Table 11, the variables N; to N, represent weighted penal

shall be
mber of
scores

ndesirable features (N; = 3, N, = 3, N3 =40, N, = 10), i is the amount by which the number ofjadjacent
of the same,colour exceeds 5 and k is the rating of the deviation of the proportion of dark m¢dules in
bol from$0 % in steps of 5 %. Although the data masking operation is only performed on the ¢ncoding

region of the symbol excluding the format information, the area to be evaluated is the complete symbol.
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Table 11 — Scoring of data masking results

Feature Evaluation condition Points
Adjacent modules in a row or column in the same colour Number of modules is: (5 + i) Ny+1i
Block of modules in the same colour Block size is: 2 x 2 N,

1:1:3:1:1 ratio (dark:light:dark:light:dark) pattern in a row or column,

four pena ~

For example, five penalty points are imposed on the block of “dark:dark:dark:dark:dark:dark:dark” module pattern, where a se¥xig
consecutiye modules is counted as one block. However, do not double-count the point. The penalty point for a seven-module block, for
five, not tHe sum of the three (for a five-module block), four (for a six-module block) and five (for a seven-module block), equalling to 1

NOTE 2 odule blocks are in the same colour.

and considering that up to four 2 x 2 dark modules can be included in this block, the penalty applied to this block is'calculated as 4 (
(points) =[12 points.

NOTE 3 :1:3:1:1 ratio pattern are in a row or column.

is 40 points.
NOTE 4 ['he proportion of dark modules is in the entire symbol.

Ten pointq are added to a deviation of a 5 % increment or decrement in the proportion ratio‘ef dark module from the referential
point) levdl. For example, 0 points are assigned as a penalty if the ratio of dark module is between 45 % and 55 %, or 10 points if the rg
module is petween 40 % and 60 %.

preceded or followed by light area 4 modules wide Existence of the pattern N
Proportion of dark modules in entire symbol 50 x (5xk) % to 50 x [5x (k+1)] % N, xk
NOTE1 Adjacent modules in arow or column are in the same colour.
The blocks consisting of light (white) or dark (black) modules of more than five in a row both laterally and vertically are checked for the

evaluation of data masking results. The rule of this calculation is that three penalty points is added to each block of five consecutive modules,

The penalfy point is equal to the number of blocks with 2 x 2 light or dark modules. For example, with a block consi§thig of 3 x 3 daik modules

If the lighflarea of more than four module width exists after or before a 1:1:3:1:1 ratio (dark:light:dark:light:dark) pattern, the imposgd penalty

increases.
s of seven
xample, is
2.

blocks) x 3

b0 % (or O
tio of dark

The datq mask pattern which results in the lowest penalty score'shall be selected for the symbol.

7.8.3.2 | Evaluation of micro QR code symbols

After pdrforming the data masking operation on the encoding region of the symbol with each d4
pattern fin turn, the results shall be evaluated by scoring points for the number of dark modules if
the two edges which are not timing patterns. The lower the number of points, the less acceptable th
In these[symbols, it is desirable to have more dark modules in the edge, in order to differentiate a qu
from anlencoding region more effectively.

For eacl data mask pattern in turn,.¢ount the number of dark modules in the right and lower edg
symbol [excluding the final module of the timing pattern). The evaluation score is given by the fi
formulag:

ta mask
) each of
e result.
iet zone

s of the
bllowing

— IfS; < S,
E.=5;x16+3S,
— If S; > Sy
E =F,%6 + 5
where
E is the evaluation score;
Y is the number of dark modules in the right side edge;
S, is the number of dark modules in the lower side edge.

Figure 24 shows an example of §; and S, in a micro QR code symbol.
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1 nu:Iber of dark modules in right side edge: S; =8

2 nu

The eva

The data mask pattern which results in the highest\sScore shall be selected for the symbol.

7.9 Fgrmat information

7.9.1

The forrpat information is a 15-pit-sequence containing 5 data bits, with 10 error correction bits c3
using the (15, 5) BCH code. Fhe-error correction calculation for the format information in Anne;

apply. T

The third to fifth data bits of the format information contain the data mask pattern reference from Table 10

ISO/IEC 18004:2024(en)

ber of dark modules in lower side edge : S, = 6
Figure 24 — Example of S; and S, in a micro QR code syanbol

uation score in this case is:

5.>5,

E, =5,x16+S;
=(6x16) +8
=104

QR code symbols

ne first two data bits-contain the error correction level of the symbol, indicated in Table 12.

Table 12 — Error correction level indicators for QR code symbols

Error correction level Binary indicator
L 01
M 00
Q ++
H 10

for the pattern selected according to 7.8.3.

The 10 error correction bits shall be calculated as described in Annex C and appended to the 5 data bits.

The 15-biterror corrected format information shall then be XORed with the mask pattern 101010000010010,
to ensure that no combination of error correction level and data mask pattern will result in an all-

in order
zero dat

a 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 25. 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 modules numbered 0, and the most significant bit

in the modules numbered 14 in Figure 25. The module in position (4 V + 9, 8) where V is the version number,
shall always be dark and does not form part of the format information.

EXAMPL

The error correction level M is assumed:

and data mask pattern reference:

Data:
BCH bits:
Unmaske|
Mask pat

Format ijf

Key

E

ISO/IEC 18004:2024(en)

d bit sequence:

fern for XOR operation:

formation module pattern:

00

101

00101

0011011100
001010011011100
101010000010010
100000011001110

I |
bit14 bit0

N

14:13:12:11:10: 9

7:6:5:4:3:2:1:0

A dark jodule

7.9.2 Micro QR code symbols

The format information is a 15-bit sequence containing 5 data bits, with 10 error correction bits calculated
using the (15, 5) BCH code. For details of the error correction calculation for the format information, refer
to Annex C. The first three data bits contain the symbol number (in binary), which identifies the version and

error correction level, as shown in Table 13.

Figure 25 — Format information positioning
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Table 13 — Symbol numbers for micro QR code symbols

ISO/IEC 18004:2024(en)

Symbol number Version Error correction level Binary indicator
0 M1 Error detection only 000
1 M2 L 001
2 M2 M 010
3 M3 L 011
4 M3 M 100
5 M4 L 101
6 M4 M 110
7 M4 Q 111

The foufth and fifth data bits of the format information contain the data mask pattern refefence ghown in
Table 10 for the pattern selected according to 7.8.3.

The 10 drror correction bits shall be calculated as described in Annex C and appended-to-the 5 data ppits.

The 15-bit error corrected format information shall then be XORed with the bit pattern 100010003000101,
in order|to ensure that no combination of symbol number and data mask pattern will result in an|all-zero

data string.

The resylting masked format information shall be mapped into the areas réserved for it in the symbol 4s shown
in Figur¢ 25 or 26, depending on the symbol type. The least significant bit' of the format information i$ located
in the mpdule numbered 0, and the most significant bit in the module numbered 14 in Figures 24 and £5.

EXAMPLE
Symbol number 0: 000
Data mask pattern reference: 11
Data bits (symbol number, data mask pattern reference): 00011
BCH bits: 1101011001
Unmasked bit sequence: 000111101011001
Mask pattern for XOR operation: 100010001000101
Format information module pattern: 100101100011100
I I
bit14 bit0

Figure 26 — Micro QR code symbol format information bit positions
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7.10 Version information

The version information is included in QR code symbols of version 7 or larger. It consists of an 18-bit
sequence containing 6 data bits, with 12 error correction bits calculated using the (18, 6) Golay code. For
details of the error correction calculation for the version information, refer to Annex D. The six data bits
contain the version of the symbol, most significant bit first.

The 12 error correction bits shall be calculated as described in Annex D and appended to the 6 data bits.

No version information will result in an all-zero data string since only versions 7 to 40 symbols contain the
version information. Masking is not therefore applied to the version information.

The resuy

Figure 2
since its
the vers
number

EXAMP]

Version n
Data:
BCH bits:

Version i

The vers
left of th
immediz:

7. Note that the version information appears twice in the symbol in order to provide sed
correct decoding is essential to the decoding of the complete symbol. The least significa
ion information is located in the modules numbered 0, and the most significant bjt i’ the

ed 17, in Figure 28.
LE
umber: 7
000111
110010010100
(formation module pattern: 000111110010010100
ion information areas are the 6 x 3 module block abovethe'timing pattern and immediate]

e top right finder pattern separator, and the 3 x 6 module block to the left of the timing pat

shown in

indancy
nt bit of
modules

ly to the
fern and

Key

itely above the lower left finder pattern separator.
| A
[
I - ]
— - -
| el

| | L

1 I | [ | N

A version information

Figure 27 — Version information positioning
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0] 3] 6] 9112|115 o] 1] 2
1] 4] 7]10[13]16 3] 4/ 5
2| 5] 8J11]14{17 6] 71 8
9|10{11
12|13[14
15]16]17
a) Version information in lower left b) Version information in upper right

Figure 28 — Module arrangement in version information

8 Structured append

8.1 Basic principles

Structuied append is not available with micro QR code symbols.

Up to 16/QR code symbols can be appended in a structured format. If a symbol is\part of a structured append

messagd, it is indicated by a header block in the first two and a half symbol.character positions.

The stryctured append mode indicator 0011 is placed in the four mostsignificant bit positions in
symbol ¢haracter.

the first

This is immediately followed by two structured append codewords, spread over the four least significant
bits of the first symbol character, the second symbol characterand the four most significant bits of the third
symbol ¢haracter. The first codeword is the symbol sequence‘indicator (see 7.2). The second codewdrd is the

parity dpta (see 7.3) and is identical in all symbols in theqmessage, enabling it to be verified that all
read forim part of the same structured append message:. This header is immediately followed by
codewords for the symbol commencing with the fifst mode indicator. If one or more ECIs other
default ECI is in force, an ECI header for each ECI;~consisting of the ECI mode indicator and ECI de
shall follow the structured append header.

The lower part of Figure 29 shows an example of four structured append symbols with the same dat]
in the upper symbol.

symbols
the data
rhan the
bignator,

b as that
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Figure
text

8.2 Sy

This coq
structur
position
in the st

29 — Single symbol (above) and structured append Series of symbols (below) encodi
"ABCDEFGHIJKLMNOPQRSTUVWXYZ 0123456789 ABCDEFGHIJKLMNOPQRSTUVWX

mbol sequence indicator

leword indicates the position of the symbol within the set of (up to 16) QR code symbo

of the particular symbol. The last 4, bits identify the total number of symbols to be conc
ructured append format. The 4¢bit patterns shall be the binary equivalents of (m - 1) an

respectively.

EXAMPL

E To indicate the third symibol of a set of 7, it is encoded as follows:

— thirg position: 0010

— tota

— Dbitp

8.3 Pg

The par

seven symbols: 0110

attern: 00100710

irity data

ty. data shall be an 8-bit byte following the symbol sequence indicator. The parity data is

ng the
YZ"

s in the

ed append format (in the form m of*n’symbols). The first 4 bits of this codeword identify the

htenated
1 (n-1)

a value

obtalncJ Lz YORina k o by buta tha l“ te (7'\] Hes nF q]] 1—1-\,\ oriainal HpuE data l"\r\Fr\vr\ A vision—atd

S AL E A Y=Y tTCoy oy teeIre oTrTgTa rIrpae oo o' T

symbol

blocks. Mode 1nd1cators character count identifiers, padding bits, terminator and pad characters shall be
excluded from the calculation. Input data is represented for this calculation by 2-byte Shift JIS values for
Kanji (each byte being treated separately in the XOR calculation, most significant first) and 8-bit values
as shown in Table 6 for other characters. In ECI mode, the byte values obtained after any encryption or
compression of the data shall be used for the calculation.

For example, "0123456789H 4" is divided into "0123", "4567" and "89H A" as follows:

— first symbol block ("0123"): hex values 30, 31, 32, 33

— second symbol block ("4567"): hex values 34, 35, 36, 37
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— third symbol block ("89H4<"): hex values 38, 39, 93FA, 967B

The parity data is calculated from "0123456789H 7" by XORing the data successively, byte by byte.

3003132033234 ®35036@37D38@39D93OFAD96®7B=85

Note that the calculation of the parity data may be performed either before the data is sent to the printer or
in the printer, based on the capabilities of the printer.

9 Symbol printing and marking

9.1 Di
QR code

— Xdi
tecH

— Ydi

— minfimum quiet zone: equal to 2X (for micro QR code symbols) or 4X (for-QR code symbols) wi

four

9.2 H

As QR c
the data
accompd

The character size and font are not specified, and-the message may be printed anywhere in
ding the symbol. The human readable interpretation should not interfere with the symbol itself nor

surroun
the quie

93 M
QR code

guidelin|

10 Syn

10.1 M

QR code
defined

Some m

mensions
symbols shall conform to the following dimensions:

mension: the width of a module shall be specified by the application, taking into.account the s
nology to be used and the technology to produce the symbol;

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

sides.

iman-readable interpretation

bde symbols are capable of encoding thousands of characters, a human readable interpre
characters is not always practical. As an alternative;’descriptive text rather than literal {
iny the symbol.

[ Zones.

arking guidelines
symbols can be printed or marked using a number of different techniques. Annex K provi

£S.

nbol quality

ethodology

symbols.shall be assessed for quality using the 2D matrix bar code symbol print quality g
n ISQ/TEC 15415, as augmented and modified in 10.2.

hrking technologies can be unable to produce symbols conforming to this document withot

canning

e on all

fation of
ext may

he area

des user

idelines

t taking

special precautions. Annex M gives additional guidance to nelp any printing system achieve valid
symbols.

R code

Either directly marked symbols (DPM) or symbols printed with disconnected dots, or both, can be unable
to pass this methodology and can be unreadable by QR code scanners. Application requiring such symbols
should specify quality measurement methods, using ISO/IEC 29158, a quality extension of ISO/IEC 15415

and can

require specialized DPM scanners.
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10.2 Symbol quality parameters

10.2.1 Fixed pattern damage

The measurement and grading basis for fixed pattern damage in Annex G shall applied.

10.2.2 Scan grade and overall symbol grade

The symbol grade is determined using the method of ISO/IEC 15415 alone or with the DPM extension
ISO/IEC 29158 depending on application demands.

10.2.3

The ided
UL finde
and row

These p

ideal grid is not prone to distortion from slight perspective and other optical effects.

10.2.4

The print growth shall be graded using the method of ISO/IEC 15415. A linear bar code verifier cz
outputting direct measurements of bar and space patterns may be usedfor the assessment of prin

lossinb
a finder

apparent bar/space/bar/space/bar pattern; the print gain (orloss) can be assessed by comparing
measurg¢d element widths with the ideal 1:1:3:1:1 ratio of théwidths.

10.3 Process control measurements

A variet

the process of creating QR code symbols. These,are described in Annex M. These techniques do not ca
a print quality check of the produced symbels (the method specified earlier in this clause and An
the required method for assessing symbokprint quality) but they individually and collectively yi

indicati

11 Dec¢oding procedure overview

format information modules as necessary; if successful, symbol is in normal orientation, ot
attempf mirrorimage dp(‘nding ofthe format information. Identify error correction level either

rid non-uniformity

1 grid is calculated by using the centre of the four outermost corner points of the symbol'(t
1, etc.) and subdividing horizontally and vertically and connecting opposite points to form
lines which are or are not be parallel depending upon the actual location of these corne
bints are previously determined by the reference decode algorithm (see Clause.¥2). In this

Print growth

pth horizontal and vertical axes, by measuring along two scan paths at right angles passing
pattern and crossing the centre 3 x 3 block of modulesy*Analysis of the output should r

y of tools and methods can be used to perform useful measurements for monitoring and co}

pns of whether the symbol print process is creating workable symbols.

pding steps from reading a QR code symbol to outputting data characters are the rever;
b procedure. Figure 30 shows an outline of the process flow.

hte and obtain-an image of the symbol. Recognize dark and light modules as an array of “0
Identifyreflectance polarity from finder pattern module colouring.

l thetformat information. Release the masking pattern and perform the error correctio

bp left of
column
I points.
way, the

pable of
[ gain or
through
bveal an
the five

itrolling
nstitute
nex G is
bld good

e of the

and “1"

n on the
herwise

irectly,

in QR code symbols, or from micro QR code symbol number, and data mask pattern reference.

Read the version information (where applicable), then determine the version of the symbol (from the
symbol number, in the case of micro QR code symbols).

Release the data masking by XORing the encoding region bit pattern with the data mask pattern the
reference of which has been extracted from the format information.

The dec

encodin

a) Loc
bits

b) Rea

9]

d)

€)

Read the symbol characters in accordance with the placement rules for the model and restore the data

and

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

g) Divide the data codewords into segments in accordance with the mode indicators and character count
indicators.

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

(o )

Recognize black/white modules
|

Decode format information
|

Determine version
|

Release masking
]

Restore data and RS codewords
|

Error correction
I

Decode data codewords
|

Output
|

S

Figure 30 — QR code decoding steps

12 Reflerence decode algarithm for QR code

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

a) Det¢rmine a global threshold by taking a reflectance value midway between the maximum reflectance
and|minimum ¥eflectance in the image. Convert the image to a set of dark and light pixels using the
gloHal threshold.

b) Locate the flnder pattern The fmder pattern in QR code consists of three 1dent1ca1 flnder batterns
located-atth : he-fin 2 : : :
pattern. As descrlbed in 5.3.3, module w1dths in each f1nder pattern form a dark hght dark hght 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, this finder pattern search find elements with edge-to-similar edge pairs of dark-light, light-
dark, dark-light, light-dark sequence which are in the ratios 2:4:4:2 within 0,5 modules (i.e. a range of
1,5 to 2,5 for the 1:1 module pairs and 3,5 to 4,5 for 1:3 module pairs ).

1) When a candidate area is detected in the x axis 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 pattern
(see Figure 31). 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.
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A

Figure 31 — Scan line in finder pattern

e image.

ts A and

symbol.

ft finder

2) Repeatb) 1) for pixel columns crossing the central box of the finder pattern in the y axis of th
3) —Lacate the centre of the pattern. Construct a line through the midpoints between the poin
B on the outermost pixel lines crossing the central box of the finder pattern in the x axis|Cpnstruct
a similar line through points A and B on the outermost pixel columns crossing the centrpl box in
the y axis. The centre of the pattern is located at the intersection of these two lines.
4)[ Repeatb) 1) to 3) to locate the centres of the two other finder patterns.
5)| If no candidate areas are detected, reverse the colouring of the light and dark pixels and recom-
mence at the beginning of b) to attempt to decode the symbol as a symbiol with reflectance reversal.
6)| Ifasingle patternisidentified but two further finder patterns cannetbe located, attempt tp decode
the symbol as a micro QR code symbol by jumping to the micre QR code symbols referenc¢ decode
[from m)].
) Dgtermine the rotational orientation of the symbol by analysing the finder pattern centre coofdinates
tolidentify which pattern is the upper left pattern in the symbol and the angle of rotation of the
d) Dgtermine
1)| the distance D crossing the full width of the\symbol between the centres of the upper le
pattern and the upper right finder patteriiand
2)| the width of the two patterns, Wy, y'and Wy yas shown in Figure 32.
WULX WURX
[—>
D >
||
Figure 32 — Upper finder patterns
e)  Calculate the nominal X dimension of the symbol.

X=Wypx + Wyryx)/12

f) Pr

ovisionally determine the version V of the symbol.
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v=[(D/X)-10]/4

If the provisional symbol version is 6 or less, this information is specified as the defined version. If the
provisional symbol version is 7 or more, the version information is decoded as follows.

1y

2)

Versi
Versi

3)
4)

Divide the width Wy of the upper right finder pattern in the X direction by 6 to calculate the
module size My . In a similar manner, divide the width Wy of the upper right finder pattern in

the Y direction by six to calculate the module size Mgy

Mypx= Wyrx /6
Mypy= Wm)v/6

Find the guide lines AC and AB from A, B and C, which pass through the centres of thethr¢e finder
patterns, as shown in Figure 33. The sampling grid for each module centre in the versiow’infgrmation

1 areais determined based on lines parallel to the guide lines, the central coordifates of t
patterns, and the module size My yand My Binary values 0 and 1 are detenmined from
or dark pattern on the sampling grid.

—

n information 1.
n information 2.

Figure 33 — Finder patterns and version information

Determine the version by detecting and correcting errors, if any, based on Table D.1.

Iferrors exceeding the error correction capacity are detected, calculate the pattern width |

e finder
the light

/b1y and

"oy of the fower teftfimder pattermand folfow a simitar procedure to aj; by amd ¢ to decod
information 2.

version

For version 1 symbols, redefine X and Y calculated them from the position of the centres of the finder
patterns and the number of modules between those centres for a symbol of that size. Establish a
sampling grid based on h) 1) the horizontal line through the upper side timing pattern with lines parallel
to it at the vertical spacing of Y, comprising six lines above the horizontal reference line and as many
lines below it as are required for the version of the symbol and h) 2) the vertical line passing through
the left side timing pattern with lines parallel to it at the horizontal spacing of X, comprising six lines to
the left of the vertical reference line and as many lines to the right of it as are required for the version
of the symbol. For version 2 and larger symbols, determine the central coordinate of each alignment
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pattern from the coordinates defined in 5.3.6 and Annex E and construct the sampling grids with lines
equidistantly spaced between these points.

1y

2)

3)

R

PUL
P1 Py
g .

P2

P4

A O o

moas

P5

P6

Figure 34 — Finder patterns and alignmentpatterns

Divide the pattern width Wy, y of the upper left finder:pattern Py;; in the X direction by six
late the module size My x. In a similar manner, dividethe pattern width Wy, , of the upper le
pattern Py in the Y direction by six to calculate g€ module size My, .

Mypx=WyLx /6
Myy=WyLy /6

Determine the provisional central oordinates of the alignment patterns P1 and P2 (see Fig
based on the coordinate of the céntre A of the upper left finder pattern Py, lines parallel to
lines AB and AC obtained in g) 2), and the module size My; y and My y.

Lo calcu-
ft finder

ure 34),
he guide

Scan the outline of the white square in alignment pattern P1 and P2 starting from the pixel of the

provisional central coordinate to find the actual central coordinates Xi and Yj (see Figure
cifically, draw parallellines to the lines AB and AC obtained in g) 2) from the pixel of the prg
central coordinate, find the edge where changes from light to dark and set the midpoint of
building as th€actual central coordinates.

(Xi,Yj)

B5). Spe-
visional
the edge

Figure 35 — Central coordinates of alignment pattern
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4)

5)

6)

M, 3

where

3Ly / (Cpy — Cpyp)

| is the columircoordinate of the central module of the upper left finder pattern Py .

ISO/IEC 18004:2024(en)

Estimate the provisional central coordinate of the alignment pattern P3, based on parallel line of the
lines AC obtained in g) 2) from the actual central coordinates of the alignment patterns P1 obtained
in h) 3) and parallel line to the lines AB obtained in g) 2) from the actual central coordinates of the
alignment patterns P2 obtained in h) 3).

Find the actual central coordinate of the alignment pattern P3 by following the same procedure inp
h) 3).

Find L,, which is the centre-to-centre distance of the alignment patterns P2 and P3, and L,, which is
the centre to-centre distance of the alignment patterns P1 and P3. Divide L, and L, by tﬁ/e defined
spacing of the alignment patterns to obtain the module pitches M, in the lower sui/e and M, in the

+ight side in the upperleftarea ofthe symbol {see Faure 361
Mx = LX/NAP

My = Ly/NAP
where N, is the spacing in modules of the alignment pattern centers (see Table E.1).

In the same fashion, find L, which is the centre-to-centre distance of theapper left finder paftern Py;;,
and the module P1’ whose row coordinate is equivalent to Py; on thelin€’passing through Hland P3
(specifically, the module where three modules (3*M,) up from P1 gn'the line passing through P1and
P3),and L, which is the centre-to-centre distance ofvthe upper leftfinder pattern Py; and th¢ module
P2’ whose column coordinate is equivalent to Py, on the line passing through P2 and P3. Qivide L,
and L, by the formula below to obtain the module pitches My<in the upper side and M, in the left side
in the upper left area of the symbol.

For the symbol version 2, 3, 4, 5 and 6 with a single.;alignment pattern, the module pitcheg M, and
M,, at the top and left sides of the symbol area are,obtained from the centre-to-centre digtance of
each finder pattern.

The module pitch M, at the bottom side 6f¢he symbol area is obtained from L, which is|the cen-
tre-to-centre distance of the alignment pattern and the module whose row coordinate is equivalent
to the alignment pattern (3* M, up from Py, ) on line AC, and the module pitch M, at the rlgclilt side of
the symbol area is obtained in the Same way.

is the column coerdinate of the central module of the alignment pattern P1;

L, / (Rgg 5'Rpyr)

RPZ

is the row coordinate of the central module of the alignment pattern P2;

Rpy, is the row coordinate of the central module of the upper left finder pattern Py .
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PyL, Le P1’
P1
ry
Ly L,
y
R T

P2 P3

Figure 36 — Upper left area of symbol

7) |Determine the sampling grid covering the upper left area of the symbol based on'the modul¢ pitches
M, M,, M, and M, representing each side. (Specifically, the grid is formed in th&entire upper(left area
of the symbol based on the module centres of M, intervals on a line passing through the alignment
patterns P2 and P3, the module centres of M, intervals on a line passingthrough the upper left find-
er pattern Py; and P1’, the module centres of M, intervals on a line passing through the alignment
patterns P1 and P3, and the module centres of M,, intervals on a line-passing through Py; apd P2’)

8) [Inthe same fashion determine the sampling grids for the upper right area (covered by the upper right
finder pattern Pyy, alignment patterns P1, P3 and P4) and lower left area (covered by the lgwer left
finder pattern Py, alignment patterns P2, P3 and P5) ofthe’ symbol.

9) |[For the alignment pattern P6 (see Figure 37), estimate its provisional central coordinate from the
module pitches M, and M, the values of which areobtained from the spacings of alignment patterns
P3, P4 and PS5, guide lines passing through the ¢entres of the alignment patterns P3 and P4, and P3
and P5 respectively, and the central coordinates of these patterns.

Ly P4
P3 |
Ly Ly
P5 L, P6

Figure 37 — Lower right area of symbol

10) Repeat5) to 8) to determine the sampling grid for the lower right area of the symbol.

11) The same principles shall be applied to determine the sampling grids for any areas of the symbol
not already covered.

Sample an area of each intersection of the grid lines and determine whether it is dark or light based on
the global threshold. Construct a bit matrix mapping the dark modules as binary 1 and light modules
as binary 0.
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Decode the format information adjacent to the upper left finder pattern as described in Clause C.3 to
yield the error correction level and the data mask pattern applied to the symbol. If errors exceeding the
error correction capacity of the format information are detected, follow the same procedure to decode
the format information adjacent to the upper right and lower left finder patterns.

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

Go toy).

a
a

oles of the lines from b) 3) relative to the 1mag1ng sensor axes, as J (see Flgure 38),9+ 90°
d 9+ 270°.

Figure 38 — Angle Jrelative to the imaging sensor axes

Pl

measure the distances from pqint A to point B on each line. The spacing is not limited but th
shpll be in the finder pattern.

C
th

Ta|
p

Se
1)

t three lines parallel to each axis,of the finder pattern and equally spaced across the pat

culate the provisional medule dimension X of the symbol in each axis as one seventh of the
b three distances A+t0.B from n).

ing each side-of-the outer box of the finder pattern in turn, extend a line outward from t}
tern in both directions, parallel to the edge and 0,5X in from the edge.

hrch forthe timing patterns:

Identify two edges of the finder pattern nominally perpendicular to each other, each of which

ern and
ee lines

mean of

e finder

has both

2)

1) aclear area of atleast 1,5X in one direction;

ii) alternatinglightand dark areas evenly spaced at 1X centres from the edge of the finder pattern
and that is terminated by a clear area of at least 1,5X in the opposite direction (a candidate

timing pattern);

Check that there is the same number of dark modules in each candidate timing pattern and that

this number is between two and five.

Determine the provisional version of the symbol from the number of dark elements in the timing pattern.
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— Ifthere are two dark elements, the symbol version is M1.
— Ifthere are three dark elements, the symbol version is M2.
— Ifthere are four dark elements, the symbol version is M3.
— Ifthere are five dark elements, the symbol version is M4.

From the centre of the first dark module in each side of the timing patterns extend a line para
the adjacent side of the finder pattern to intersect with the corresponding line from the other

llel with
side and

sample an area at 1X intervals along the line to determine the light or dark status of each module of the
format information. Determine the format information bit string by taking the dark pixels as binary 1

light pixels as binary 0.

Redlease masking of the format information by XORing the bit string with the pattern given in |
dercode the format information (applying the error correction procedure given in Annex-B if ne
tolyield the symbol number (and hence the version and error correction level of the' symbol)
dafta mask pattern applied to the symbol.

If the format information bit string is not a valid sequence, determine whethér'itis a valid sequer
repd in the reverse direction, and if so, attempt to continue decoding as aiitror image symbol

Arnex C substitute this sequence and decode the substituted formatinformation to obtain the
number and the data mask pattern.

ple an area on each intersection of thé.grid lines, and determine whether it is dark or light
the global threshold. Construct a bit. matrix mapping the dark modules as binary 1 and light
as[binary 0.

X(R the data mask pattern with the encoding region of the symbol to release the data mas}
restore the symbol characters representing data and error correction codewords. This reve
effect of the data masking'process applied during the encoding procedure.

Ddtermine the symbol.éodewords in accordance with the placement rules in 7.7.3.

1) Rearrange the codeword sequence into blocks as required for the symbol version and e
rectionilevel, by reversing the interleaving process defined in 7.6 c).

9.2 and
cessary)
and the

ce when
with the

age row and column coordinates transposed. If no more than two bits-differ from a valid sequence in

symbol

firm the module pitch X in each axis by dividing the overallwidth from the outer edge of the finder

n by the

[ in each
bs of the

based on
modules

xing and

rses the

‘ror cor-

rors and

2) Follow the error detection and correction decoding procedure in Annex B to correct er

level.

erasures up to the maximum correction capacity for the symbol version and the error c0|rrection

3) Restore 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

length of which is determined by the character count indicator following the mode indicator.

5)  Decode each segment in accordance with the rules for the mode in force.
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13 Autodiscrimination capability

QR code can be used in an autodiscrimination environment with a number of other symbologies (see
Annex L). Although model 1 and QR code symbols can be autodiscriminated by analysis of the format
information mask pattern, model 1 symbols should not be used in the same environment as QR code symbols.

14 Transmitted data

14.1 General principles

All enco
version

information, error correction characters, pad and remainder characters shall not be transmitted.
The defgult transmission mode for all data shall be as bytes.

The stryctured append header block shall not be transmitted by decoders operating in buffered moge which

have re

onstructed the complete message before transmission. If the decoder is opefating in unpuffered

mode, the structured append header shall be transmitted as the first 2 bytes of every.symbol. More [complex
interpretations including the transmission of data in an extended channel interpretation, are addressefl in 14.3.

14.2 Symbology identifier

ISO/IEC

with options set in the decoder and any special features encountered inthe symbol.

15424 provides a standard procedure for reporting the symbology which has been read, fogether

Once th¢ structure of the data (including the use of any ECI) hasdeen identified, the appropriate symbology
identifigr should be added by the decoder as a preamble tda~the transmitted data; if ECIs are yised the
symboldgy identifier is required. See Annex F for the symbolegy identifier and option values whichfapply to

QR code

14.3 Extended channel interpretations

In systeins where the ECI protocol is supported;the transmission of the symbology identifier is requifed with

every tr

hnsmission. Whenever the ECI modesindicator is encountered, it shall be transmitted as the escape

charactgr 5Cygy, (which represents the backslash character “\” in ISO/IEC 8859-1 and in the ECI protocol

defined
ECI desi
shall be

the escape character.

in Reference [21], and maps to the character “¥” in JIS X 0201). The codeword(s) represerjting the
bnator are converted into a«6:digit number by inverting the rules defined in Table 4. These Jix digits
transmitted as the corresponding 8-bit values in the range 30ygx to 39y, immediately fpllowing

Applicatfion software recogrizing \nnnnnn should interpret all subsequent characters as being fronp the ECI

defined

— the

by the 6-digit designator. This interpretation remains in effect until:

bnd of the encoded data;

— a change te~d new ECI signalled by mode indicator 0111, subject to rules defined in the AIM ECI

spe

When r vartinag ta tha dafanld st ettt thn doasadas chall aaabad dlhn St Ao cngy
CVCT O TU CIIC OaCTOOTC I1ITCCT A>3 oot LT

Fification.

e e

prefix to the data.

If the character 5Cygy needs to be used as encoded data, transmission shall be as follows: whenever the
character 5Cygy occurs as data, two bytes of the value shall be transmitted. Thus, a single occurrence is
always an escape character and a double occurrence indicates true data.
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EXAMPLE 1

a) Encoded data (hex): 4142435C31323334
Transmitted data: 4142435C5C31323334

b) Encoded data: ABC followed by <further data> encoded according to rules for ECI 123456.
Transmitted data: 4142 43 5C 3132 33 34 35 36 <further data>

EXAMPLE 2 Using data in 7.4.3.2, the message contains an ECI mode indicator/ECI designator/mode indicator/

character count indicator/data in the form of

0111 00001001 0100 00000101 10100001 10100010 10100011 10100100 10100101

Symbologyidemntifier TQ2 {see ATmEex Ty TS added to the data transmiSSion:
Transmigsion (hex values): 5D51325C303030303039A1A2A3A4A5
Encoded flatain ECI 000009:  ABTAE

In strucfured append mode, when the ECI mode indicator is encountered at the beginning of the

symbol,

subsequent data characters shall be interpreted as being from the ECI(s) in for¢eat the enfl of the

preceding symbol.

NOTE 5Cygy is equivalent to the backslash character “\” in ISO/IEC 8859-1 and to\“¥”in JIS X 0201.

14.4 FNC1 mode

The FN(1 mode tells an application that a specific data structureis used in the code. In the mogles with

implied [FNC1 in either first or second position, this implied chatracter cannot be transmitted dit
there is|no byte value corresponding to it. It is therefore necessary to indicate its presence in thg
second position by the transmission of the relevant symbology identifier (]Q3, ]Q4, ]Q5 or ]Q6 dg¢
Annex F[shall be used).

ectly as
first or
fined in

The FN(C1 mode data structure can concatenate data fields. To distinguish data fields from ea¢h other

they negd to be separated by using separator characters. If a data field separator character is red

uired in

alphanumeric mode the % character shall be encoded. In byte mode the character GS (ISO/IEC 646 IRV value

29) shal| be encoded. The decoder shall transmit in both cases always GS (ISO/IEC 646 IRV value 2
symbolgin FNC1 mode, the character % needs to be encoded as data while in alphanumeric mode, it
represented in the symbol by %%. If thi§ is'encountered, the decoder shall transmit a single % chat

NOTE When a FNC1 mode is not used; the % character is transmitted as it is.

9). If, in
shall be
acter.
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Annex A
(normative)

Error detection and correction generator polynomials

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

erofthisdivision arethe error correction codeword values

remain
Table A.L shows the generator polynomials for the error correction codes which are used for-eacl] version
and levgl, for all QR code symbols. The number of error correction codewords required for-a pgrticular
version pnd error correction level can be obtained from Table 9. In Table A.1, « is the primitive element 2
under GF(28). Each generator polynomial is the product of first degree polynomials: x <2%/x - 21, ..[x - 271,
where nlis the degree of the generator polynomial.
Table A.1 — Generator polynomials for Reed-Solomon error correction codewords
Numbé¢r of error )
. Generator polynomials
correctiop codewords
2 X2+ ax+a
5 X5+ ql13x% + q164x3 + 16632 4 o119x 4 10
6 X6+ 166x5 + x* + a134x3 + %2 + al76x + 15
7 X7 + ab7x6 + a?29x5 + ql46x4 + q149x3 + q238x2 + q102x + 21
8 X8 + al75x7 + 2386 + q208x5 + q249x% + 215%3 + 25252 1%y + 28
10 x10 + q251x9 + q67x8 + q*6x7 + ab1x6 + 1185 + a70x+% wb4x3 + a9%x2 + a32x + a*®
13 X13 + a74x12 4 152511 4 176510 4 1009 4+ 8658 4 l00x7 + q106x6 4 q104x5 4 130x4 4 2183 4 q206x2 4 q140x 4+ o78
14 x14 + q199%13 4 q249x12 4 155511 4 48x10 1 190X9 4 q124x8 4 2187 4 o137x6 4 2165 1+ oB7x% + @207x3 + @59%2 + a?dx + a1
15 XI5 + aBx14 + q183x13 4+ ob61x12 4 O1x11 % 5202510 1 o37x9 + o51x8 + a58x7 + a58x6 + a237x5 + ql40x4 + o124%3 + a5x2 +|a%9x + 105
16 x16 4 q120x15 4 q104x14 4 107513 4 G09%12 4 10211 4 161310 4 o76x9 (3x8 + q91x7 + q191x6 4+ @147x5 + @169x-
40182x3 4 19452 4 q225% + 120
X17 + q#3x16 4+ 139x15 4 20651 7813 1 43312 4 23911 4 123510 4 q206x9 4 o214x8 + o147x7 + q24x6 + @995 + aF0x? + 39
17 3 24352 163 136
X2+ actoxe + X+ a
18 x18 4 q215x17 4 2346\ 158x15 4 q94x14 4 184313 4 q97x12 4 q118y11 4 170510 4 q79x9 4 187x8 4+ q152x7 + 1486 + 2525 + ¢
179%4 4 of5x3 + 9852 $49x + 153
20 %20 + q17x19 4 @60x18 4 q79x17 4 o50x16 4 61x15 4 q163x14 4 2613 4 18712 4 202311 4 G180X10 4 22139 1 22558 4 kB3x7 4 23
IX6 + 15635 merd64x* + q212x3 + q212x2 + 188 + (190
X22 + 210x21 4 171320 4 247519 4 242518 4 93x17 4 230516 4 qldx15 4 10914 4 221513 1 o53x12 4 q200x11 4 74510 4 o8x9 +
22 Q17288 G98x7 + qB0x6 + q219x5 + o134x% + q160x3 + 10552 4 q165x 4 o231
x2€ 0229%23 1 121322 4 135421 4 48320 4 q211x19 4 117318 4 251317 4 126316 1 159515 4 180x14 4 169%13 1 o150x12 4 o192
24 WIT 4 226310 4 228x9 4 r218x8 + q111x7 4 x6 + 117x5 + 232x% + aB7x3 + a96x2 + a?27x + 21
26 x26 + 173325 4 q125x24 4 o158x23 4 q2x22 4 q103x21 4 182520 4 (118x19 4 (17518 4 145517 4 201316 4 111315 4 28y 4 o165x1
34 o53x12 4 ql61x11 4 21x10 4 q245%9 + 142x8 + 13x7 + ql02x6 + ¥8x5 + r227x% + ql53x3 + 145%2 + q218x + 70
x28 + q168x27 4 223326 4 q2005x25 4 q104x24 4 224523 4 234x22 4 ol08x214 (180x20 4 o110x19 4 q190x18 4 o195x17 4 aijw ra?
7Q 05315 & q27x14 & 5232513 4 201312 4 p2111 4 o43310 & 424549 4 08738 & p427 & 195v6 & 321245 4 o119v4 4 24233 4 o 47%2 + o9
+ ql23
x30 + q#1x29 4 o173x28 4 145527 4 152326 4 q216x25 4 o31x24 4 q179x23 4 182522 4+ 5021 4 o#8x20 4 110519 4 oB6x18 4+ 239x17
30 + q96x16 4 222415 4 12514 4 42x13 4 173312 4 226511 4 193510 4 q224%9 4 130x8 4+ 15657 + 37x6 + q251%5 + q216x% + @238y
3 4 q40x2 + 192 + 180
x32q10x31 4+ 6x30 + 10629 4 190528 4 249x27 4 q167x26 4 o4x25 + q67x24 + 20923 4 o138x22 4 138321 4 32520 4 242x19 4+
32 123318 4 o89x17 4 q27x16 4 120515 4 o 185514 4 oB0x13 4 q156x12 4 o38x11 4 6910 4 17139 4 o60x8 4 28x7 4 2226 + 805 + 52
4+ a254%3 + q185x2 + o220x 4 o241
X34 + ql11x33 4 q77x32 4 146x31 4 94x30 4+ 26x29 4+ 21x28 4 o108x27 4 q19x26 4 q105x25 + 9%x24 + 113523 4+ 193322 4 B6x21 4
34 Q140x20 4 163519 4 o125518 4 o58x17 4 158x16 4 22915 4 q239%14 4 218313 4 103312 4 56511 4 q70x10 4 11439 4 o61x8 4 o183y

7 4 q129%6 + q167x5 + o13xt + @98x3 + ab2x2 + @129 + 51
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Table A.1 (continued)

Number of error
correction codewords

Generator polynomials

36

x36 + 200535 4 q183x34 4 q98x33 4 q16x32 4 q172x31 4 31330 4 246529 4 234x28 4 60x27 4 152x26 4 115525 4 x24 4 o167x23 4
al52y22 4 q113x21 4 248320 4 238x19 1 q107318 4 o18x17 4 63316 4 q218x15 4 o37y14 4 87x13 4 21012 4 105y11 4 177510 4 o12
0x9 + a74x8 + q121x7 4 196x6 + 1175 + 251x4 4 113x3 + @233x2 + q30x + 120

40

x40 4 59%39 4 116x38 4 q79x37 4 q161x36 4 25235 4 o98x34 4 12833 4 205%32 4 o128x31 4 q161x30 4 247529 4 5728 4 16352
7+ @56x26 + q235x25 4 ql06x24 1 o53y23 4 26322 4+ o187x21 4 174x20 4 226319 4 104318 4 Q170517 4 q7x16 4+ 175515 4 35514 4 o
181313 4 q114x12 4 88x11 4 qA1x10 4 #7x9 4 163x8 + @125x7 + q134x6 + q72x5 + 20x4 + 232x3 + @53x2 + a35x + alS

42

X2 + 250541 4 103540 4 221339 4 23038 4 25x37 4 18x36 + 137x35 + q231x34 4 x33 4 a3x32 + @58x31 + 24230 4 (221x2
9 4 q191x28 4 110527 4 o84y26 1 g230x25 4 oBx24 4+ o188x23 1 10622 4 9621 4 147320 4 (15519 4 131318 4 g139x17 4 o34y
16 4 L0115 4 223314 4 o39%13 4 @101y12 4 213511 4 199510 4 23739 4 2548 4 2017 4 123x6 4 @171x5 4 16254 4 194x3
+ 11752 4 o50x + 96

44

x4 4 q190x43 1 q7x42 4 o61x41 4 121340 4 o71x39 4 q246x38 4 6937 4 o55x36 4 q168x35 4 q188y34 4 oB89x33 4 24332} 1913
14 @25%30 4 q72x29 + 123x28 4 q9x27 + ql45x26 4 ql4x25 + 247324 4 rx23 + 238x22 4 gAdx2] 4 o78x20 4 o143x19 ) 62)18 4 2
24417 4 q126x16 4 G118x15 4 o114y14 4 68y13 4 163x12 4 g52x11 4 194x10 4 q217x9 4 14758 4 q204x7 4 1696 aB7x5 4 13054
+ al13x3 4 q102x2 4 o73x + 181

46

XA6 4 112345 4 9y 44 4 088543 4 112342 4 (253541 4 224340 4 202339 4 115x38 4 187337 4 99x36 F W89x35 + a5x34+ o54x33

+ l13x32 4 129531 4 q44x30 4 o58x29 + q16x28 4 o135x27 4 q216%26 4 169325 4 q211x24 4 36323 1gx22 + atx2] + q96320 + 60x1
9 4 241318 4 o73x17 4 104516 1 o234x15 4 8xl4 4 q249x13 4 245¢12 4 o119%11 4 q174%10 & o52x%s @25x8 + al57x7 + ad24x6 + at3x
54 q202x4 4 q223%3 4 192 + o82x + 15

48

X48 + 228547 4+ 25546 4 196,45 4 130544 4 211343 4 qI46x42 1 o60x4 4 q24x40 4 251,84 G90x38 + o39%37 + 102x3p 4+ q240x35
+ ablx34 4 q178x33 4+ o63x32 4 q#6x31 4 123x30 4 115529 4 18x28 4 221327 4 111326 285525 4 16024 1 182323 4] 205522 4

al07x21 4 q206320 4 o95x19 4 150518 4 12017 4 (184x16 4 qO1y15 4 21yl4 4 247316 £ WI56x12 4 q140x11 4 23810 4 J191x9 4 g1
X8 + a9%x7 + a227x6 + aB4xS + aS0x* + q163x3 + @392 + a3x + 108

50

x50 4 232549 4 125,48 4 157347 4 qI61x46 4 164545 4 o934 4 11843 4 A6H2 & 20941 4 q99x40 4 q203x39 1 q193x§8 4 35x37
+ a3x36 + q209x35 4 q111y34 4 195x33 4 q242x32 4 q203x31 1 q225x30 4 qA6x29% q13x28 4+ 32527 4 @l60x26 4 126425 4 |209524

al30x23 4 16022 4 q242x21 4 215520 4 242519 1 o75x18 4 77x17 4 A2x16 + 189x15 4 3214 4 11313 4 o65x12 4 14yl 4 69
x10 + @228x9 4 11438 4 q235x7 + ql75x6 + q124x5 1 q170x4 4 215x3 3+ 232x2 + 133y + @205

52

X52 4 q116x51 4 50550 4 86x49 4 186548 4 50547 4 220546 4 Q2SINAS 4 89Xt 4 192543 4 46542 4 oB6x4] 4 127,40y (124339

+ 1938 + 18437 4+ q233x36 4+ q151x35 4 215x34 4 q22x33 4,al8x82 + 59x31 + 145x30 4 q37x29 4+ 242x28 1 q203x27 4 P134326 4 o
254525 4 qB89x24 4 q190x23 4 9322 4 q59x21 4 o65x20 4 124319 (113318 4 10017 4 233316 4 23515 4 q121x14 4 q23x13 4 761
2 4 q86x11 4 q97x10 4 o399 + q242x8 + q200x7 4 q220x6 4 fd01x5 4 o33x% + @239%3 + @254x2 + o116y + 51

54

x54 + 183x53 + q26x52 4 q201x51 4 gB87x50 4 q210x49 4 W221x48 4 113547 4 21346 4 46545 4 o65x44 + #5x43 + 50542 } 238541 4
84540 4 q249x39 4 q225x38 1 102537 4 (58336 + pR09X35 1 q218x34 4 10933 4 165x32 4 q26x31 4 q95x30 + o184x29 1 |y192x28 4 o
52527 4 245526 4 @35x25 4 q254x24 4 238323 P AT5X22 1 q172x21 4 79%20 4 12319 4 25x18 4 122x17 4 gA3x16 4 12Qx15 4 o108
x4 4+ q215x13 4 B80X12 4 q128x11 4 20110 4+ 323559 4 oBx8 + q153x7 + 5% + ql01x5 + a3yt + q198x3 + q76x2 + a3lx 4 o156

56

X56 + 106355 1 120554 4 q107x53 4 q157%52% q164x51 4 q216x50 4 112549 4 116548 4 247 4 91346 4 24845 4 16344 4 o364
3 4 201342 4 202341 1 229540 1 6330y (144338 4 (r254x37 4 155536 4 135%35 4 208x34 4 170%33 4 q209x32 4 2%l 4 139x3
04 q127x29 4 (142528 4 182527 1 p249%26 4 177325 4 174324 1 q190x23 1 28322 4 G10x21 4 85520 4 239x19 4 184x1§ 4 (101517
+ 12416 4 152315 4 0206514 { q9%13 4+ 23312 4 o163x11 1 61x10 4 279 4 o196x8 4 24757 4 1516 4 1545 + 20244 4 q207x3
+ a20x2 + ablx + al0

58

X58 + (B2x57 4 q116x56 FpB0x55 + q247x54 4 66x53 4 q27x52 4 62x51 4 l07x50 4 252549 4 182x48 4 q200x47 4 185x4b 4 q235x45
+ a55xA 4 251343 1 (QZA2542 4 21041 4 144540 4 154339 1 237338 4 q176x37 4 14136 4 192335 4 q248x34 1 q152x3p 4 24932
+ q206x31 4 oB85x30 + (7253329 4 142x28 4 o65x27 4 165526 4 125x25 4 q23x24 4 24x23 4 30x22 4+ 122321 4 240520 4 }o214x19 4 o
6x18 4 12917421816 1 q29x15 4 145514 4 127513 4 o134x12 4 206,11 4 245x10 4 11739 4 q29x8 + X7 + @63x6 +|al59x5 +
1424 4 23333t 12552 + o148y + o123

60

X60 + IO7RE 4 140x58 4+ q26x57 4 q12%56 + q9x55 + qlH1x5% 1 243x53 4 qI97x52 4 q226x51 4 197x50 4 q219x49 4 A5x4 + @211x47
+ L0 T64 219545 4 120344 4 q28x43 4 181,42 4 (127341 4 6x40 4 o100x39 4 q247%38 4 237 + q205x36 4+ o198x35 1 W57x34 4 gl
15083/ q219x32 4 101331 4 q109x30 4 160529 4 82328 4 q37x27 4 o38x26 + 238325 4 qA9x24 4 16023 4 209%22 4 o1k1x21 1 86
X204 l1x19 4 124318 4 30517 4 181316 4 oB84y15 4 25x14 4 194313 4 87312 4 65x11 4 @102y 10 4 190x9 4 2208 4 k7057 4 27
6 + q209%5 + q16x% + q89%3 + a7x2 + a33x + @240

62

X62 4 65x61 4 202560 4 113359 4 q98x58 4 q71x57 4 223x56 4 24855 4 118x54 1 q214%53 4 q94%52 4 x51 4 q122x50 4 |37x49 4 o2
3x48 4 q2xA7 4 228546 4 @58xAS 4 q121x44 4 o7xA3 4 105342 4 135341 4 78340 4 243%39 4 118x38 4 o70x37 1 q76x36 4 223x35 +
a89x3% + q72x33 + @50x32 4 70x31 4 q111x30 4 19429 4 q17x28 4 q212x27 4 126526 4 181325 4 o35x24 4+ 221323 4 q1W/x22 4 23
5x21 4 ql1y204 22919 4 qI49x18 4 q147x17 4 123x16 4 q213y15 4 #0y14 4 115513 4 o6x12 4 200311 4 10010 4 2694 246x8 +

Q07X F QP TOX0 + AI27X0 F Q2 TOXT + QO0X0 + a100x% + Q10X + atvo

64

X6% + #5x63 + @r51x62 4 q175x61 4 @9%60 + q7x59 + 158x58 + 159x57 + qAIx56 + 6855 + q119%54 4 92553 4 q123x52 4 q177x51 4+
204350 4 187349 4 254348 4 200347 4 78546 4 IA1yd5 4 149344 4 Q11943 1 26542 4 127541 4 53540 4 o160x39 1 o93x38 4 o199
x37 + 21236 4 q29%35 4 q24x34 4 q145x33 4 q156x32 4 q208x31 1 150530 4 218529 4 209528 4 qAx27 + 216326 4 91x25 4 gA7x24
+ 184x23 4 146322 4 qA7x21 4 140520 4 195519 4 195518 4 q125x17 4 242x16 4 q238x15 4 63x14 4 q99x13 4 10812 4 140511 4
@230x10 4 242x9 4 @31x8 1 q204x7 4 ql1x6 4 1785 4 243yt 4 q217x3 + 1562 + 213y + 231

66

X66 + @r5x65 + 11864 4 22263 4 180362 4 13661 4 136560 4 162559 4 51558 4 qA6x57 4 117x56 4 13x55 4 @215x54 4 oBlx53
+ 752 4 q139%51 4 247550 4 q197x49 4 171348 4 q95x47 4 173546 4 65545 4 137344 4 17843 1 68542 4+ o1 11x41 4 o95x40 4 o
10139 4 qH1x38 4 q72x37 + 214x36 + @169%35 4 q197x34 1 o95x33 + @7x32 + atx31 + q154x30 4 q77x29 4 o111y28 4 236327 4 A0x26
+ 121325 4 143524 4 63323 4 q87x22 4 8021 4 253x20 4 240x19 1 q126x18 4 217317 4 o77x16 4 34x15 4 232514 4 q106x13 4 o
50512 4 168x11 4 oB82x10 4 76x9 + q146x8 4 677 + ql06x6 + q171x5 4+ q25x% + q132x3 + @93x2 + a¥5x + 105
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Table A.1 (continued)

Number of error )
. Generator polynomials
correction codewords

X68 + q247x67 4 15966 4 q223x65 1 q33x64 + q224x63 4 q93x62 4 q77x61 4 q70x60 4+ 90x59 + q160x58 4 q32x57 4 q254x56 + A3x55 +
a150x54 4 q84x53 4 ql01x52 4 q190x51 4 q205x50 4 133349 4 52348 4 q60XA7 4 202346 4 (16545 4 220544 4 203343 4 151342 4 o
68 93y 4 o84x40 4+ q15x39 4+ oB4x38 4 r253%37 4 173x36 4 16035 4 8Ix34 1+ q227%33 4 52x32 4 19931 + q97x30 4 q95x29 + 23128
+ 52x27 4 ql77x26 1 qA1x25 4 125524 4 137323 4 241322 4 16621 4 225520 4 11819 & g2x18 4 54517 4+ o32x16 4 oB2x15 4 21
Sxl4 4 175513 4 q198x12 4 o43x11 4 238510 4 235%9 + 27x8 + ql01x7 + 1846 1+ q127x5 4 3xt + a5x3 + aBx2 + al63x + @238

© ISO/IEC 2024 - All rights reserved
71



https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf

ISO/IEC 18004:2024(en)

Annex B
(normative)

Error correction decoding steps

Take the version 1-M symbol as an example. For the symbol, the (26, 16, 4) Reed-Solomon code under GF(28)
is used for error correction. Provided that the code after releasing data masking from the symbol is

R=

thatis,

R(X =r0 +r1X+r2X2+ e +r25X

where r](i = 0 - 25) is an element of GF(28):

a) Cald

Find the syndrome S;(i = 0 - (n - 1)) as shown in Formula (B.1):

SO ::R(l) :ro +r1 +r2+ . +r25
S __R _ 2 25
1¥F (OC) —r0+r106+r‘205 + ... +r25(x
(
57 :=R(a7) =1 +r1067+r20(14+ +r‘2506175
whdre a is the primitive element of GE{28).
b) Find the error positions:
5004—5103 +520'2—53(71 +S4: 0
5104—520-3 +5302—S40-1 +55: 0 (]

Find thq variable.o}{i-= 1 - 4) for each error position using Formula (B.2). Then, substitute the var
the following polymomial and substitute elements of GF(28) one by one in Formula (B.3).

o(x

ro,rl,rz,...,rZS)

25

=04+ 03X+ O'ZXZ + 61X3 +x* (1

ulate n syndromes where n is equal to the number of codewords available for error correctign, given
by (f - k - p) as shown in Table 9.

3.1)

3.2)

iable for

3.3)

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

(a) =0.

c) Supposing that an error is on the j1, j2, j* digits in b), then find the size of the error.
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vyt + V0% + Y053 +v,a5t =5,
vt jt +v,0” 2 + Vot B v,at jt =S, 5.4
vt +v,03 2 + V503 3 +v,03 * =5,

vt it 10t 2 et B ry,et it =5,
Solve Formula (B.4) to find the size of each error Y;(i = 1 - 4).

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

Format information

C.1 General

The forthat information consists of a 15-bit sequence comprising 5 data bits and 10 BCH error carrection

bits. Th
process,

C.2 Ejx

The Bos
coefficie
+ 1. The
(15,5)B
QR code
bit pattg

EXAMPL

Binary st
Polynom
The powd
And then

s Annex describes the calculation of the error correction bits and the error correction d

'ror correction bit calculation

e-Chaudhuri-Hocquenghem (15,5) code shall be used for error correction: The polynomis
nt is the data bit string shall be divided by the generator polynomial G(x)'= x10 + x8 + x5 + x|
coefficient string of the remainder polynomial shall be appendedto-the data bit string to
CH code string. Finally, masking shall be applied by XORing the bit string with 10101000001(
symbols) or 100010001000101 (for micro QR code symbols) t¢ ensure that the format infg
rn is not all zeroes for any combination of data mask patterii@nd error correction level.

D For the error correction level M; data mask pattern 101:

ring: 00101

al: x2+1

ris raised to the (15 - 5)th:  x12 4+ x10

divided by G(x): = (x10 + x8 + X5 + x* +x2+ x + 1)x2 + (x7 + x6 + x* + X3 + x2)

The coeffficient string of the above remainder polynomialis added to the format information data string:

00100 +
XOR with
Result:

Place th

C.3 Ej

Release
101010d

The Han
to 3 bit

011011100 - 001010011011100
mask 101010000010010
100000011001110

bse bits in the format information areas as described in 7.9.

'ror correctiondecoding steps

the masking(éfthe format information modules by XORing the bit sequence with the mask
00010010, (for QR code symbols) or 100010001000101 (for micro QR code symbols).

hming,distance of the error correction code used in the format information is 7, which en
errors to be corrected. There are 32 valid bit sequences for the format information, so dec

using T4

ecoding

1 whose
+Xx2+x
orm the
010 (for
rmation

pattern

pbles up
bding by

ble’C.1 as a look-up table is efficient. Bit sequences read from the format information ar

a of the

symbol are compared with the 32 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 For a QR code symbol:

Bit string read from format information area: 000011101001001
Closest bit string from table: 000111101011001

Since only 2 bits differ between the two bit strings, the comparison is successful and thus the symbol format

is confir

med as utilising error correction level M with masking pattern 011.
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Table C.1 — Valid format information bit sequences

Sequence before masking

Sequence after masking

Sequence after masking

(QR code symbols) (micro QR code symbols)
Data bits Error correction bits binary hex binary hex
00000 0000000000 101010000010010 5412 100010001000101 4445
00001 0100110111 101000100100101 5125 100000101110010 4172
00010 1001101110 101111001111100 5E7C 100111000101011 4E2B
00011 1101011001 101101101001011 5B4B 100101100011100 4B1C
00100 0111101011 100010111111001 45F9 101010110101110 55AE
0010 0011011100 100000011001110 40CE 101000010011001 5099
0011p 1110000101 100111110010111 4F97 101111111000000 5FCO
0011 1010110010 100101010100000 4AA0 101101011110111 S5AF7
0100p 1111010110 111011111000100 77C4 110011110010011 6793
0100 1011100001 111001011110011 72F3 110001010100100 62A4
0101p 0110111000 111110110101010 7DAA 110170111111101 6DFD
0101ft 0010001111 111100010011101 789D 110100011001010 68CA
0110p 1000111101 110011000101111 662F 111011001111000 7678
0110 1100001010 110001100011000 6318 111001101001111 734F
0111p 0001010011 110110001000001 6C41 111110000010110 7C16
0111f 0101100100 110100101110110 6976 111100100100001 7921
1000p 1010011011 001011010001001 1689 000011011011110 06DE
1000t 1110101100 001001110111110 13BE 000001111101001 03E9
1001p 0011110101 0011100111001 1CE7 000110010110000 0CBO
1001]L 0111000010 001100111010000 19D0 000100110000111 0987
1010p 1101110000 000011101160010 0762 001011100110101 1735
10101 1001000111 000001001010101 0255 001001000000010 1202
1011p 0100011110 000110100001100 obocC 001110101011011 1D5B
1011Q 0000101001 000100000111011 083B 001100001101100 186C
1100p 0101001101 011010101011111 355F 010010100001000 2508
1100( 0001111010 011000001101000 3068 010000000111111 203F
1101p 1100100011 011111100110001 3F31 010111101100110 2F66
1101p 1000010100 011101000000110 3A06 010101001010001 2A51
1110p 0010160110 010010010110100 24B4 011010011100011 34E3
11101 0116010001 010000110000011 2183 011000111010100 31D4
1111p 1011001000 010111011011010 2EDA 011111010001101 3E8D
1111p 1111111111 010101111101101 2BED 011101110111010 3BBA
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Annex D
(normative)

Version information

D.1 General

The vers
bits. Th
process,

D.2 Ej

The (18,
shall be
of the re

EXAMPL

o

These bitj

Table D.

D.3 Ej

The Han
to 3 bits

s Annex describes the calculation of the error correction bits and the error correction d

'ror correction bit calculation

b) Golay code shall be used for error correction. The polynomial whose coéfficient is the data |

0111 +110010010100 - 000111110010010100

5 are placed in the version information areasfas described in 7.10.

| shows the full version information bit stream for each version.
'Tor correction decoding steps

of errors to be corrected. There are 34 valid bit sequences for the version information, so g

ion information consists of an 18-bit sequence comprising 6 data bits and 12 Golay error carrection

ecoding

it string

divided by the generator polynomial G(x) = x12 + x11 + x10 + x9 + x8 + x5 %'%Z + 1. The coefficiept string

mainder polynomial shall be appended to the data bit string to form-the (18,6) Golay code stifing.
E

rsion: 7

nary string: 000111

lynomial: xX2+x+1

e power is raised to the (18 - 6)th:  x14 + x13 + x12

hd divided by G(x): = (x12 + x11 4+ x10 + 39 +'x8 + x5 + x2 + 1)x2 + (x11 + x10 + x7 + x* + x2)

he coefficient string of above remainder polynomialisiddded to version information data string:

hming distance of the érror correction code used in the version information is 8, which enpbles up

ecoding

by using Table D.1 as adeek-up table is efficient. Bit sequences read from the version information arga of the

symbol

bit stri
strings

EXAMPL

ffer by~3-bits or less after the comparison.

E

Bit string read from version information area: 000111110110010100
Closest bit string from table: 000111110010010100

hre comparedwith the 34 valid version information bit strings in Table D.1 on a bit by bit basis. The
rf from Tablée"D.1 is the closest to the bit string read from which the symbol is taken, provfided the
i

Since only 1 bit differs between the two bit strings, the comparison is successful, and thus the symbol
version is confirmed as 7.
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Table D.1 — Version information bit stream for each version

Version Version information bit stream Hex equivalent
7 0001111100 1001 0100 07C94
8 0010000101 1011 1100 085BC
9 001001 1010 1001 1001 09A99
10 001010 0100 1101 0011 0A4D3
11 001011 1011 1111 0110 0BBF6
12 0011000111 0110 0010 0C762
13 001101 1000 0100 0111 0D847
14 0011100110 0000 1101 0E60D
15 001111 1001 0010 1000 0F928
16 0100001011 0111 1000 10B78
17 0100010100 0101 1101 1145D
18 0100101010 0001 0111 12A17
19 010011 0101 0011 0010 13532
20 0101001001 1010 0110 149A6
21 0101010110 1000 0011 15683
22 010110 1000 1100 1001 168C9
23 0101110111 11101100 177EC
24 01 1000 1110 1100 0100 18EC4
25 011001 0001 1110 0001 191E1
26 0110101111 1010 1011 1AFAB
27 01 1011 0000 1000<1110 1BO8E
28 01 1100 1100 0001 1010 1CC1A
29 011101 00110011 1111 1D33F
30 011110 X101 0111 0101 1ED75
31 01 11110010 0101 0000 1F250
32 10.0000 1001 1101 0101 209D5
33 100001 0110 1111 0000 216F0
34 10 0010 1000 1011 1010 228BA
35 100011 0111 1001 1111 2379F
36 10 0100 1011 0000 1011 24BOB
37 10 0101 0100 0010 1110 2542E
38 10 0110 1010 0110 0100 26A64
39 100111 0101 0100 0001 27541
40 10 1000 1100 0110 1001 28C69
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Annex E
(normative)

Position of alignment patterns

The alignment patterns are positioned symmetrically on either side of the diagonal running from the top
left corner of the symbol to the bottom right corner. They are spaced as evenly as possible between the

timing pattern and the opposite side of the cymhnl’ any uneven spacing hning accommodated between the
timing gattern and the first alignment pattern in the symbol interior. ™
Table E.I shows, for each version, the number of alignment patterns and the row or columr)"@ord nates of
the centfe module of each alignment pattern. Qb& :
Q
Table E.1 — Row or column coordinates of the centre module of aligpn}e%?t patterns
Versign Number of alignment patterns Row or column coordinatg@\éntre module

1 0 — O

2 1 6 18 N2

3 1 6 22 o

4 1 6 26 ~X

5 1 6 30 | L7

6 1 6 34 N

7 6 6 22, 38

8 6 6 28 42

9 6 6 .26 46

10 6 6 \| 28 50

11 6 e 30 54

12 6 RG 32 58

13 6 Ol s 34 62

i 5 e % | % [ n

7~

16 13\ 6 26 50 74

17 a3 6 30 54 78

18 O3 6 30 56 82

19 oY 13 6 30 58 86

20 PRaEE 6 34 62 90

21 QY 22 6 28 50 72 94

22 Y~ 22 6 26 50 74 98

23| 9 22 6 30 54 78 102

24 22 6 28 54 80 106

25 22 6 32 58 84 110

26 22 6 30 58 86 114

27 22 6 34 62 90 118

28 33 6 26 50 74 98 122

29 33 6 30 54 78 102 126

30 33 6 26 52 78 104 130

31 33 6 30 56 82 108 134

32 33 6 34 60 86 112 138
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Table E.1 (continued)

Version Number of alignment patterns Row or column coordinates of centre module
33 33 6 30 58 86 114 142
34 33 6 34 62 90 118 146
35 46 6 30 54 78 102 126 150
36 46 6 24 50 76 102 128 154
37 46 6 28 54 80 106 132 158
38 46 6 32 58 84 110 136 162
39 46 6 26 54 82 110 138 166
40 %46 6 36 58 86 T %2 170

are to bp centred on (row,column) positions (6,22), (22,6), (22,22), (22,38), (38,22), (38,38).Note[that the
coordinates (6,6), (6,38), (38,6) are occupied by finder patterns and are not therefore used for alignment
patternsg.

For example, in a version 7 symbol, Table E.1 indicates values 6, 22 and 38. The alignment patterns; t:[erefore,

© ISO/IEC 2024 - All rights reserved
79


https://standardsiso.com/api/?name=e13fd76c2aaf019551433d393f253cdf

ISO/IEC 18004:2024(en)

Annex F
(normative

)

Symbology identifier

The symbology identifier assigned to QR code in ISO/IEC 15424, which should be added as a preamble to the
decoded data by a suitably programmed decoder is:

1Qm
where
] |is the symbology identifier flag (ASCII value 93);
Q |is the code character for the QR code symbology;
m |is the modifier character with one of the values defined in Table F.1!
The valye of m shall always be 1 for micro QR code symbols.
NOTE The sign ] is the character assigned to ASCII value 93 in the United States ASCII character set accprding to
ISO/IEC $46.
Table F.1 — Symbology identifier options and modifier values
Modfifier value Option
0 QR code model 1 symbol (accordinng'to AIM ITS 97-001)
1 QR code symbol, ECI protocol.not implemented
2 QR code symbol, ECI protecol implemented
3 QR code symbol, ECI pretocol not implemented, FNC1 implied in first position
4 QR code symbol, ECI'protocol implemented, FNC1 implied in first position
5 QR code symbg}-ECI protocol not implemented, FNC1 implied in second position
6 QR code syimbol, ECI protocol implemented, FNC1 implied in second position
The permissible values of ntare: 0, 1, 2, 3,4, 5, 6.
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Annex G
(normative)

QR code print quality — Symbology-specific aspects

G.1 General
Due to the differences in symbology structures and reference decode algorithms, the effecttof certain
paramefers on a symbol's reading performance can vary. ISO/IEC 15415 provides for |[symbology
specifications to define the grading of certain symbology-specific attributes. This Annex thiereforg defines
the method of grading fixed pattern damage and additional parameters (format information and version
informafion) to be used in the application of ISO/IEC 15415 to QR code.
G.2 Fixed pattern damage
G.2.1 Features to be assessed
G.2.1.1 | QR code symbols
The featjures to be assessed are:
— Thrge corner segments, each including:
— [the 7 x 7 finder pattern,
— |the 1X wide separators surrounding the twao“inner sides of the finder pattern,
— |part of the quiet zone of a minimum of\feur modules width (or more if specified by the app|lication)
extending for a length of 15 modules;along the two outer sides of the finder pattern.
— The|two timing patterns of alternating dark and light modules linking the inner corners of the finder
patterns.
— The|5 x 5 alignment patterns (wWhere present, in model 2 symbols of version 2 or larger).
The featjures listed above shall’be assessed as six segments, namely:
— the three corner ségments (finder patterns with their associated separators and part of the qujet zone)
(segments A1, A%and A3 respectively),
— the fwo timing patterns (segments B1 and B2 respectively),
— the pingle'segment containing all the alignment patterns (segment C).

Where a timing pattern crosses an alignment pattern the five modules that coincide with the alignment
pattern are assessed both as part of the timing pattern and of the alignment pattern.

For example, in a version 7 symbol (45 x 45 modules), each segment A occupies 168 modules, each segment B
is 29 modules long and segment C occupies a total of 150 modules (i.e. 6 x 25).

These segments, in the case of a version 7 symbol, are illustrated in Figure G.1. A1, A2 and A3 indicate the
three corner segments; B1 and B2 indicate the two timing pattern segments, and C indicates the single
segment C (comprising the six alignment patterns).

For QR code symbols, its width of quiet zone shall be 4X. Figure G.1 shows segments that shall be checked
with a fixed pattern print quality assessment. The remaining regions of quiet zones are not checked.
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Figure G.1 — QR code@ .@xed pattern segments

4\
G.2.1.2 | Micro QR code symbols \{:\O
O
The featjures to be assessed are: C)\\

-

— the forner segment, including: @ '
— |the finder pattern, C)O
— |the 1X wide sepan@os adjoining the two inner sides of the finder pattern,

— |part of the one of a minimum of two modules width (or more if specified by the appllication)
Of d

extending ength of 11 modules along the two outer sides of the finder pattern.
— The|two ti patterns of alternating dark and light modules running along the top and left sifle of the
synibol the finder pattern.

The featu.l?e)ﬁ listed above shall be assessed as three segments, namely:

— the corner segment (finder pattern with its associated separators and part of the quiet zone) (segment
A), which occupies 104 modules,

— the two timing patterns (segments B1 and B2 respectively).

For example, in a version M4 symbol (17 x 17 modules), each segment B is 9 modules long. These segments
are illustrated in Figure G.2. A indicates the corner segment, and B1 and B2 indicate the two timing pattern
segments.
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For micro QR code symbols, its width of quiet zone shall be 2X. Figure G.2 shows the segment that shall
be checked during a fixed pattern print quality assessment. The remaining regions of quiet zones are not
checked.

11

P ke - -

Figure G.2 — Micro QR cede fixed pattern segments

G.2.2 Fixed pattern damage grading
Damage|to each segment shall be graded based on the modulation of the individual modules that cojpose it.
The progedure described below shall.be applied to each segment in turn.

a) Froim the reference grey-scale image of the symbol, find the modulation grade for each module lhased on
the yalues in ISO/IEC 15415: Since the intended light or dark nature of the module is known, any module
intepded to be dark but‘the reflectance of which is above the global threshold, and any module intended
to b light but the refléctance of which is below the global threshold shall be given modulation grade 0.

b) For pach modulation grade level, assume that all modules not achieving that grade or a higher girade are
module errors) and derive a notional damage grade based on the grade thresholds shown in Tpble G.1.
Take the lower of the modulation grade level and the notional damage grade. The notional damapge grade
is d¢termined as follows:

1) For each of segments AT, AZ, and A3, or segment A in micro QR code symbols, count the number of
module errors.

2) For segments B1 and B2, count the number of module errors. Express this number as a percentage
of the total number of modules in the segment.

3) Forsegments B1 and B2, taking groups of five adjacent modules and progressing along the segment in
steps of one module, verify that in any group of five adjacent modules no more than two are damaged;
if this test fails, the grade for the segment shall be 0. This test does not apply to micro QR code.

4) For segment C (for QR code symbols only), count the number of alignment patterns containing a
module error. Express this number as a percentage of the number of alignment patterns in the symbol.
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5) Assign a notional damage grade to each segment based on the grade thresholds shown in Table G.1.

c¢) The fixed pattern damage grade for the segment shall be the highest resulting grade for all modulation
grade levels.

The fixed pattern damage grade for the symbol shall be the lowest of the segment grades. The grade shall be
computed as an interpolated value in steps of 1 to 10. Decimal points behind the first number are removed
(no mathematical rounding applies).

Table G.1 — Grade thresholds for QR code fixed pattern damage

Segments A1,A2 and A3 (QR code), | Segments B1 and B2 Segments B1 and B2 Segment C Grade
segIfTENT A (MIcro QR code) {QRcode) {micro QR code) (QRcode)
Percentage of total Percentage of total Percentage of
Nujmber of module errors modules with module modules with module alignment patterns
errors errors with module errors
0 0% 0% 0% 4,0
1 <7,0 % and >0 % <15,0 % and >0 % <10,0 %and >0 % 3,0to 3,9
2 <10,5 % and >7,0 % <30,0 % and >15,0 % <20,0% and >10,0 % 240to29
3 <14,0 % and >10,5 % NA 30,0 % and >20,0 % 40to 1,9
NA <17,5 % and >14,0 % NA NA 00 to 0,9
24 >17,5% >30,0 % >30,0 % 0,0
Key
NA not applicable
G.3 Grading of additional parameters
G.3.1 General
QR code{symbols contain a duplicated set of modulés representing information that defines the forniat of the
symbol,|and symbols of version 7 to 40 also cofitain a duplicated set of modules representing infdrmation

that defines the symbol size. Micro QR code symbols contain a single set of modules representing infg
nes the format of the symbol. This\data must be reliably detected at an early stage of the ¢
procedulre, and if it cannot be decoded, the remainder of the symbol cannot be decoded. For this rez
hformation and version information module blocks are graded separately (in a similar way
damage), and their grades-are included in the overall symbol grade determination.

that def

format i
pattern

G.3.2

For each

rading of formatdinformation

block of formatiformation, determine a grade for the block in accordance with the following

rmation
ecoding
son, the
to fixed

method.

a) From the reference grey-scale image of the symbol, find the modulation grade for each modufe based

on t

he valuesiin ISO/IEC 15415. Since the intended light or dark nature of the module is known after

dec¢ding, any'module intended to be dark but the reflectance of which is above the global threslijold, and

any
moq

modude intended to be light but the reflectance of which is below the global threshold shall pe given
ulation grade 0. If the format information in the block cannot be decoded, the grade for the block

sha

I'be U.

b) For each modulation grade level:

1) Assume that all modules not achieving that modulation grade or a higher grade are module errors,

and derive a notional grade based on Table G.2.
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Table G.2 — Format information notional grading

Number of module errors Grade
0 4,0
1 3,0
2 2,0
3 1,0
24 0,0

2) Select the lower of the modulation grade and the notional grade at each level as the grade for that

level, as illustrated in Table G.3

3)

c¢) The
1)

2)
G.3.3
For each
a) Find

ord

of W

isb

can

b) For
1)

The grade for the block shall be the highest resulting grade, as illustrated in Table G.3,

Table G.3 — Example of format information block grading

Modulation grade Notional grade Lower of grades
4,0 2 2
3,0 2 2
2,0 3 2
1,0 3 1
0,0 4 0
Selected (highest) grade —» 2

format information grade shall be:

the average of the grades of the two format infornidtion blocks, rounded up if necessary to
integer for QR code symbols;

the grade determined in step 2 c) for micrg QR code symbols.

frading of version information {QR code symbols)
block of version information, determine a grade for the block in accordance with the following

the modulation grade for,each module based on the values in ISO/IEC 15415. Since the inten
ark nature of the module is’known after decode, any module intended to be dark but the ref]
hich is above the glopal threshold, and any module intended to be light but the reflectance

plow the global threshold shall be given modulation grade 0. If the version information in
hot be decoded, the'grade for the block shall be 0.

pach modulatien grade level:

Assume.that all modules not achieving that modulation grade or a higher grade are modul
and. derive a notional grade based on Table G.4.

the next

method.

Hed light
lectance
bf which
he block

E eI'Tors,

. . . "
———Fable 64— Versionrinformationnotional grading

Number of module errors Grade
0 4,0
1 3,0
2 2,0
3 1,0
24 0,0

2) Select the lower of the modulation grade and the notional grade at each level as the grade for that

level, as illustrated in Table G.5.
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3) The grade for the block shall be the highest resulting grade, as illustrated in Table G.5.

Table G.5 — Example of version information block grading

Modulation grade Notional grade Lower of grades
4,0 2 2
3,0 2 2
2,0 3 2
1,0 3 1
0,0 4 0
Selected (highest) grade — 2

c) The|version information grade shall be the average of the grades of the two version information blocks,
roufpded up if necessary to the next integer.
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Annex H
(informative)

JIS8 and shift JIS character sets

Table H.1 — 8-bit character set for JIS X 0201 (JIS8)

Char. Hex |Char. Hex JChar. Hex |Char. Hex |Char. Hex JChar. Hex JChar. Hex JChar. Hex
NUL 00 SP 20 @ 40 : 60 80 A0 A co FO
SOH 01 ! 21 A 41 a 61 81 o A1 F C1 E1
STX 02 " 22 B 42 b 62 82 [ A2 ‘7 C2 E2
ETX 03 # 23 C 43 c 63 83 J A3 T cg E3
EOT 04 $ 24 D 44 d 64 84 . A4 b CA E4
ENQ 05 % 25 E 45 e 65 85 A5 |, ﬂ: C5 ES
ACK 06 | & 26| F 46| f 66 86| 7 Ag = cs E6
BEL 07 27 G 47 g 67 87 7 AL hod c7 E7
BS 08 ( 28 H 48 h 68 88 A\ A8 b3 c8 E8
HT 09 ) 29 I 49 | 69 89 & A9 / C9 E9
LF 0A * 2A J 4A ] 6A BA x AA 2y CA EA
vi 0B + 2B K 4B k 6B 8B * AB E CB EB
FF 0C 2C L 4C I 6C 8C ¥ AC 7 cC EC
CR 0D - 2D M 4D m 60 8D =~ AD| -~ CD ED
SO OE 2E N 4E n B6E 8E - | AE R CE EE
Sl OF / 2F 0 4F ) 6F 8F ¥ AF < CF EF
DLE 10 0 30 P 54 p 70 90 ~ BO 3 DO FO
DC1 11 1 31 Q 51 q 71 91 7 B1 ¥y D1 F1
DC2 12 2 32 R 52 r 72 92 ot B2 A D2 F2
DC3 13 3 33 S 53 s 73 93 7 B3 £ D3 F3
DC4 14 4 34 T 54 t 74 94 T B4 ¥ D4 F4
NAK 15 5 35 U 55 u 75 95 % B5 hr A D5 F5
SYN 16 2] 36 \' 56 v 76 96 7 B6 = | D6 F6
ETB <F 7 37 w 57 w 77 97 X B7 = D7 F7
CAMN\N 18 8 38 X 58 X 78 98 i B8 1) D8 F8
EM 19 9 39 Y 59 y 79 99 7 B9 p1e D9 F9
SUB 1A 3A z 5A z TA 9A a BA %% DA FA
ESC 1B 38 [ oB { B 98 s BB |wd DB EB
FS 1C < 3C ¥ 5C | 7C 9C ¥ BC ~ DC FC
GS 1D = 3D | 5D } 7D 9D A BD v DD FD
RS 1E > 3E A 5E B 7E 9E + BE DE FE
us 1F ? 3F _ 5F | DEL T7F 9F J  BF ’ DF FF
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Figure H.1 shows the areas of the 256 x 256 code plane occupied by shift JIS double byte characters.
T

00 40 7E 80 BF FC FF

9F

EO
EA

EB

FF

Key
T trailef bite
L leading bite

Figure H.1 — Shift JIS character values

According to JIS X 0208:1997, Annex 1, leading and trailing bytes within the ranges shown shaded are
assigned to shift JIS Kanji‘eharacters. Any pairs of bytes within these ranges may be encoded using the Kanji
mode compaction schiente.
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