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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
establish i izati i i i i v =C
technical fommittees collaborate in fields of mutual interest. Other international organizations, governnental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,Part 2.

The main| task of the joint technical committee is to prepare International Standards.,Draft Internatiopal
Standardd adopted by the joint technical committee are circulated to national bodies fér yoting. Publication fas
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

Attention [s drawn to the possibility that some of the elements of this document'may be the subject of patent
rights. ISQ and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 1|8004 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technology,
Subcommiittee SC 31, Automatic identification and data capture techniques.

This secopd edition cancels and replaces the first edition (ISO/IEC 18004:2000), which has been technic3
revised.

y
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Introduction

It is necessary to distinguish four technically different, but closely related members of the QR Code family,
which represent an evolutionary sequence.

ernational

Qf
in
Qf
ing

Qf

M
re
Cq
St
Cq

R Code 2005 is a matrix symbology. The symbols consist of an array of nominally square modules
an overall square pattern, including a unique finder\pattern located at three corners of the symbg
R Code symbols, at a single corner) and intended to assist in easy location of its position,
lination. A wide range of sizes of symbol is provided for, together with four levels of error correctig
dimensions are user-specified to enable symbeol production by a wide variety of techniques.

R Code Model 2 symboils are fully compatible with QR Code 2005 reading systems.

bdel 1 QR Code symbols are recommended only to be used in closed system applications and
uirement that equipment cemplying with this International Standard should support Model 1.
de 2005 is the recommended model for new, open systems application of QR Code, this Infernational
bndard describes QR Eodé 2005 fully, and lists the features in which Model 1 QR Code differs
de 2005 in Annex N:

QR _CodeModel 14 was tha oriainal-snecificationfor- QR _Codae—and—is daseribad—in AIM In
S TOaE—1vO a8 T—TWaS—HE—ORGHa—SPeGHEa O R0 —tr< Sae—Ha—15—aeSeHoea—H— it

Symbology Specification 97-001.

QR Code Model 2 was an enhanced form of the symbology with additional features (primarily th
of alignment patterns to assist navigation in larger symbols), and was the basis cof’the first
ISO/IEC 18004.

QR Code 2005 (the basis of this second edition of ISO/IEC 18004) is closely similar to QR Cod
and, in its QR Code format, differs only in the addition of the facility fof\symbols to appear i
image orientation, for reflectance reversal (light symbols on dark ackgrounds) and the
specifying alternative character sets to the default.

The Micro QR Code format (also specified in this International, Standard), is a variant of QR (
with a reduced number of overhead modules and a restricted range of sizes, which enable

e addition
edition of

e Model 2
n a mirror
option for

ode 2005
5 small to

moderate amounts of data to be represented in a small §ymbol, particularly suited to direct nparking on

parts and components, and to applications where the space available for the symbol is severely

restricted.

arranged
I (in Micro
size and
n. Module

it is not a
Since QR

from QR
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Information technology — Automatic identification and data

capture techniques — QR Code 2005 bar code symbology
specification

1| Scope

THis International Standard defines the requirements for the symbology known as QR-Code 2005. |
thé QR Code 2005 symbology characteristics, data character encoding methods, symbol formats, di

chiaracteristics, error correction rules, reference decoding algorithm, production’quality requirem

user-selectable application parameters, and lists in an informative annex thé. features of QR Cod
symbols which differ from QR Code 2005.

2| Conformance

QIR Code 2005 symbols (and equipment designed to produce or read QR Code 2005 symbols

considered as conforming with this International Standardf.they provide or support the features defi
International Standard.

Symbols complying with the requirements for QR Code Model 1, as defined in ISO/IEC 18004:200
be readable with equipment complying with this Jaternational Standard.

Symbols complying with the requirements™for QR Code Model 2, as defined in ISO/IEC 18004
repdable with equipment complying with¢this International Standard.

Rgading equipment complying with ISO/IEC 18004:2000 will not be able to read all symbols com
this International Standard. Symbels that make use of the additional features of QR Code 2005
regdable by such equipment.

Printing equipment complying with ISO/IEC 18004:2000 will not be able to print all symbols defir
International Standard-Symbols that make use of the additional features of QR Code 2005 v

printable by such equipment.

It Bhould be_noted, however, that QR Code 2005 is the form of the symbology recommended fo
open systems' applications.

t specifies
mensional
ents, and
e Model 1

) shall be
hed in this

, may not

2000, are

blying with
will not be

ed in this
ill not be

' new and

3 L Normative references

The following referenced documents are indispensable for the application of this document.

For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

ISO/IEC 8859-1:1998, Information technology — 8-bit single-byte coded graphic character sets
Latin alphabet No. 1

— Part 1:

ISO/IEC 15415, Information technology — Automatic identification and data capture techniques — Bar code

print quality test specification — Two-dimensional symbols

© ISO/IEC 2006 — Al rights reserved
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ISO/IEC 15424, Information technology — Automatic identification and data capture techniques — Data
Carrier Identifiers (including Symbology Identifiers)

ISO/IEC 19762-1, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmonized vocabulary — Part 1: General terms relating to AIDC

ISO/IEC 19762-2, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmonized vocabulary — Part 2: Optically readable media (ORM)

JIS X 020

1, 7-bit and 8-bit coded character sets for information interchange

JIS X 020

AlIM Interr]
—  Part
— Part ]

B:1997, 7-bit and 8-bit double byte coded KANJI sets for information interchange

ational Technical Specification, Extended Channel Interpretations:
, Identification Schemes and Protocols
, Registration Procedure for Coded Character Sets and Other Data Formats

— Character Set Register

AlIM Interr]

GS1 Gend

4 Tern
convent

4.1 Ter

For the py

ational Symbology Specification 97-001, QR Code

bral Specifications, GS1

ns and definitions, mathematical and logical symbols, abbreviations and
ions
ms and definitions

rposes of this document, the terms and definitions given in ISO/IEC 19762-1 and 19762-2 and 1

following gpply.

411

alignmen’r pattern

fixed refe
synchroni
the image

41.2

5e the coordinate mapping ofithe image modules in the event of moderate amounts of distortion

character| count indicator

bit sequer

413

data mas
process o
more eve

ce which defines\the data string length in a mode

King

ence pattern in defined positions in a matrix symbology, which enables the decode software to f

of

f XORing the bit pattern in the encoding region with a data mask pattern to provide a symbol W

interfere w

ith-fast processing of the image

ith

nly. balanced numbers of dark and light modules, and reduced occurrence of patterns which onId

414

data mask pattern reference
three-bit identifier of the data masking patterns applied to the symbol

41.5
encoding

region

region of the symbol not occupied by function patterns and available for encoding of data and error correction
codewords, and for Version and format information

© ISO/IEC 2006 — All rights reserved
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4.1.6

exclusive subset

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

41.7
Extension Pattern
function pattern in Model 1 symbols, which does not encode data

4.1.8

fc- Illﬂt ;IIfUI Illﬂt;\lll
encoded pattern containing information on symbol characteristics essential to enable the remaihder of the
encoding region to be decoded

symbols

quired for

prpcess of XORing the bit pattern in an area of the symbol:with a mask pattern to reduce the occlrrence of
patterns which would interfere with fast processing of the image

41.12
Micro
pertaining to QR Code 2005 symbols identified as Versions M1 to M4, as distinct from QR Code symbols

4.1.13
mode
method of representing a defined character set as a bit string

H

.1.14
mode indicator
folir-bit identifier indicating.in-which mode the following data sequence is encoded

4.1.15

Padding Bit
0 bit, not representing data, used to fill empty positions of the final codeword after the Terminator in a data bit
stifing

4.1.16
finder pattern

fo) of three identical r‘nmpnnnnfe of the finder Ir_\:\Hnrn InQR Code cymhnle

4117

Remainder Bit

0 bit, not representing data, used to fill empty positions of the symbol encoding region after the final symbol
character, where the area of the encoding region available for symbol characters does not divide exactly into
8-bit symbol characters

4.1.18

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

© ISO/IEC 2006 — Al rights reserved 3


https://standardsiso.com/api/?name=149ffa2878615a93e388691c1387ceab

ISO/IEC

4.1.19
segment
sequence

4.1.20

18004:2006(E)

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

separator
function pattern of all light modules, one module wide, separating the finder patterns from the rest of the

symbol

41.21

Symbol nl.ullbcl

three-bit fl
Informatio]

4.1.22
Terminat
bit pattern
data

4.1.23

timing pattern

alternating

4.1.24

Version
size of the
symbols fi
21 x21m

NOTE
Version M3

4.1.25

version ipformation

encoded f
€rror corre

4.2 Mat

Mathemat
appear.

For the pu

div i

h in Micro QR Code symbols

Dr
of defined number (depending on symbol) of all zero bits used to end the bit string representi

sequence of dark and light modules enabling module coordinates irkthe symbol to be determined

symbol represented in terms of its position in the sequenge. of permissible sizes for Micro QR Co
om 11 x 11 modules (Version M1) to 17 x 17 modules (\ersion M4) or, for QR Code symbols, frq
pdules (Version 1) to 177 x 177 (Version 40) modules

The error correction level applied to the symbol may:be suffixed to the version designation, e.g. Version 4-L
-Q.

attern in certain QR Code 2005 symbols containing information on the symbol version together w
ction bits for this data

hematical and logical symbols

cal symbols used in-formulae and equations are defined after the formula or equation in which th

rposes of this‘document, the following mathematical operations apply.

5 the integer division operator

mod i

eld indicating the symbol version and error correction level applied, used as part of the Fornl\at

or

—

ith

ey

5 the integer remainder after division

XOR s the exclusive-or logic function whose output is one only when its two inputs are not equivalent. It is
represented by the symbol &.

4.3 Abbreviations

BCH Bose-Chaudhuri-Hocquenghem

ECI Extended Channel Interpretation

RS Reed-Solomon

© ISO/IEC 2006 — All rights reserved
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4.4 Conventions

4.4.1 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. Module (0, 0) is therefore
the upper left corner of the symbol.

44,2 Byte notation

located at

Byte contents are shown as hex values.

4.4.3 Version references

Fgr QR Code symbols, symbol versions are referred to in the form Version V-E where-V identifies t
number (1 to 40) and E indicates the error correction level (L, M, Q, H).

Fgr Micro QR Code symbols, symbol versions are referred to in the formVersion MV-E where th

indicates the Micro QR Code format and V (with a range of 1 to 4) and E~(Wwith values L, M and Q
méeanings defined above.

5| Symbol description

5.1 Basic characteristics

QR Code 2005 is a matrix symbology with the following characteristics:

a)| Formats:

1) QR Code, with full range of capabilities and maximum data capacity;

2) Micro QR Code, with reduced overhead, some restrictions on capabilities and reduced datf
(compared with QR Code*symbols).

b)| Encodable character set:

1) numeric data\(digits 0 - 9);

2) alphanUmeric data (digits 0 - 9; upper case letters A -Z; nine other characters: space, $ % *
3) bytedata (default: ISO/IEC 8859-1; or other sets as otherwise defined (see 6.3.4));

4)™ Kanji characters. Kanji characters in QR Code 2005 can be compacted into 13 bits.

he version

e letter M
have the

A capacity

+-./0);

c) Representation of data:

A dark module is nominally a binary one and a light module is nominally a binary zero. However, see

5.2 for details of reflectance reversal.

d) Symbol size (not including quiet zone):

1) 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);
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2) 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
— 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
-+ Kanji data: 1 817 characters

f) Selecjable error correction:

Four levels of Reed-Solomon error correction (referred to as L, M, Q and H in increasing order|of
capacity) allowing recovery of:

+— L 7%

+ M 15%
+ Q 25%
+ H 30%

gf the symbol codewards:.

For Micro QR Code‘symbols, error correction level H is not available. For Version M1 Micro QR Code
symbpls, the RS capacity is limited to error detection only.

g) Code ftype:

Matri

h) Orientation independence:
Yes (both rotation and reflection)

Figure 1 illustrates a Version 1 QR Code 2005 symbol in normal colour and with reflectance reversal (see 5.2),
in both normal and mirror image orientations.

Figure 2 illustrates a Version M2 Micro QR Code symbol in normal colour and with reflectance reversal (see
5.2), in both normal and mirror image orientations.
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5.2 Summary of additional features
The use of the following additional features is optional in QR Code 2005:
— Structured append
This allows files of data to be represented logically and continuously in up to 16 QR Code 2005 symbols.

These may be scanned in any sequence to enable the original data to be correctly reconstructed.
Structured Append is not available with Micro QR Code symbols.

— Extended Channel Interpretations

This mechanism enables data using character sets other than the default encodable~set (e|g. Arabic,
Cyrillic, Greek) and other data interpretations (e.g. compacted data using defined compression|schemes)
or other industry-specific requirements to be encoded. Extended Channel Interpretations other than the
default interpretation are not available in Micro QR Code symbols.

—1 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 International Standard are based on dark impges 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 darkémodules respectively.

—{ Mirror imaging

The arrangement of modules defined in this International Standard represents the "normal" ori¢ntation 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 yiewed with the finder patterns at the top left, top right and
bottom left corners of the symbol, the effect) of mirror imaging is to interchange the row apd column
positions of the modules.

(b)

(c) ()

Figure 1 — Examples of QR Code 2005 symbol encoding the text "QR Code Symbol" — (a) normal
orientation and normal reflectance arrangement; (b) normal orientation and reversed reflectances; (c)
mirror image orientation and normal reflectance arrangement; (d) mirror image orientation and
reversed reflectances
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Figure 2 — Examples of Version M2 Micro QR Code symbol encoding the text "01234567" — (a) normal
orientatipn and normal reflectance arrangement; (b) normal orientation and reversed reflectances; (g)
mirror image orientation and normal reflectance arrangement; (d) mirror image, orientation and

(d)

reversed reflectances

NOTE The corner marks in Figures 1 and 2 indicate the extent of the quiet zone.

5.3 Symbol structure

Each QR |Code 2005 symbol shall be constructed of nominally square modules set out in a regular squa

=

e

array and|shall consist of an encoding region and function patterns, namely finder, separator, timing patterps,
and alignment patterns. Function patterns do not encode data: The symbol shall be surrounded on all four
sides by g quiet zone border. Figure 3 illustrates the structure of a Version 7 symbol. Figure 4 illustrates the

structure ¢f a Version M3 symbol.

| QUIET ZONE

[ T—SEPARATOR

— FINDER PATTERN

™~ TIMING PATTERNS

—— ALIGNMENT PATTERNS

FORMAT INFORMATION

FUNCTION
PATTERNS

7

DATA AND

— ERROR

ENCODING

VERSION INFORMATION REGION

CORRECTION

CODEWORDS

Figure 3 — Structure of a QR Code 2005 symbol
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FINDER FATTERM TIMING PATTERN

RS e e e e ==

- FORMAT
; ./INFORMATION

ENCODING
REGION

TIMING PATTERM SEFARATOR

Figure 4 — Structure of Version M3 Micro QR Code symbol

5.3.1 Symbol Versions and sizes

5.3.1.1 QR Code symbols

THere are forty sizes of QR Code 2005 symbol referred to as Version 1, Version 2 ... Version 40.|Version 1
measures 21 modules x 21 modules, Version 2 measures 25 modules x 25 modules and so on ingreasing in
ste¢ps of 4 modules per side up to Version 40 which measures 177 modules x 177 modules. Figurgs 5 to 10
illystrate the structure of Versions 1,2,)6, 7, 14, 21 and 40.
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Data and EC Codewords

Format information and its
error correction code

[]

I

- Version information and its
[]

l_

error correction code
Remainder bits

F— 21 modules — 25 mgdules I
5

25
modules 9

Version 1 Version 2

Figure 5 — Version1 and 2 symbols
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modules
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Figuré’é— Version 6 symbol
xS

Version 6
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| 45 modules

29

45 -
modules
T BN
A‘\@$Version 7
Figure 7\1‘;\2rsion 7 symbol
C)‘\\Q
\¥
OQO
%\%
Q_O
QX
D
?\
S
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101 modules

85

—_—

01

modules 85

Version 21
>

14
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| 177modules |
161

modules

161

. Version 40
@)

N\
Q_Q% Figure 10 — Version 40 symbol
5.3.1.2 @ro QR Code symbols

THe four sizes of Micro QR Code symbol, referred to as Versions M1 to M4. Version M1 [measures
11 1 modules, Version M2 13 x 13 modules, Version M3 15 x 15 modules, and Version MW 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.

NOTE Two formats of M3 symbol are shown, which differ only in the codeword placement according to the error
correction level.
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VERSION M2

VERSION M3
Error
Correction
Level:

L (above)

M (below)

Figure 11 — Versions-of Micro QR Code symbol

5.3.2 Finder pattern

5.3.2.1 |QR Code symbols

There are| three identical Finder-Patterns located at the upper left, upper right and lower left corners of the
symbol rgspectively as illustratéd in Figure 3. Each finder pattern may be viewed as three superimposed
concentrid squares and is’constructed of dark 7 x 7 modules, light 5 x 5 modules and dark 3 x 3 modules. The
ratio of module widths in“each finder pattern is 1:1:3:1:1 as illustrated in Figure 12. The symbol|is
preferentially encoded/so that similar patterns have a low probability of being encountered elsewhere in the
symbol, epabling_rapid identification of a possible QR Code 2005 symbol in the field of view. Identification| of
the three {inderipatterns comprising the Finder Pattern then unambiguously defines the location and rotatiopal
orientation of the symbol in the field of view.

5.3.2.2 Micro QR Code symbols

A single finder pattern, as defined in 5.3.2.1, 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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A: 3 modules
C B: 5 modules

C: 7 modules

Figure 12 — Structure of finder pattern

5.3.3 Separator

A pne-module wide separator, constructed of all light modules, is placed between each finder patte
Encoding Region, as illustrated in Figures 3 and 4.

5.3.4 Timing pattern

THe horizontal and vertical timing patterns respectively consist/f '@ one module wide row or
rnating dark and light modules, commencing and ending with*a dark module. They enable t
dégnsity and version to be determined and provide datum positiens for determining module coordinat

In[QR Code symbols, the horizontal timing pattern runs acress row 6 of the symbol between the sep
the upper finder patterns; the vertical timing pattern similarly runs down column 6 of the symbol bg
arators for the left-hand finder patterns. See Figure-3.

In[Micro QR Code symbols, the horizontal timing*pattern runs across row 0 of the symbol on the ri

the separator to the right hand edge of the symbol; the vertical Timing Pattern similarly runs down ¢
thé symbol below the separator to the bottom edge of the symbol. See Figure 4.

5.3.5 Alignment patterns

rn and the

column of
he symbol
S,

arators for

tween the

pht side of
blumn 0 of

Aljgnment patterns are presefntionly in QR Code symbols of version 2 or larger. Each alignment pattern may

beg viewed as three superimposed concentric squares and is constructed of dark 5 x 5 modules,
modules and a single central dark module. The number of alignment patterns depends on the symk
they shall be placedlin all symbols of Version 2 or larger in positions defined in Annex E.

5.3.6 Encoding.region

THis regionsshall contain the symbol characters representing data, those representing error
codewords;, the format information and, where appropriate, the version information. Refer to 6.7.1 fo

light 3 x 3
ol version

correction
- details of
he version

5.3.7 Quiet zone

This is a 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.

© ISO/IEC 2006 — Al rights reserved
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6 Requirements

6.1 Encode procedure overview
This section provides an overview of the steps required to convert input data to a QR Code 2005 symbol.
Step 1 Data analysis

Analyze the input data stream to identify the variety of different characters to be encoded. The QR Code
format (but_not the Micro QR format rts the Exten hannel Interpretation feature, enabling

to allow different sub-sets of characters to be converted into symbol characters in efficient ways...Swifch
between modes as necessary in order to achieve the most efficient conversion of data into a binary-stri
Select thg required Error Detection and Correction Level. If the user has not specified the symbalversion|to
be used, select the smallest version that will accommodate the data. A complete list of symbol\versions ahd
capacities|is shown in Table 1.

Step 2 Data encoding
Convert the data characters into a bit stream in accordance with the rules for the-mode in force, as defined in
6.4.2 to 6/4.6, inserting mode indicators as necessary to change modes at the‘beginning of each new mode
segment, pnd a Terminator 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 reguired for the version.
Step 3 Erfor correction coding

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

Step 4 Structure final message

Interleave| the data and error correction codewords from each block as described in 6.6 (step 3) and add
remaindel bits as necessary.

Step 5 Mddule placement in matrix

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

Step 6 Data masking
Apply the [data masking-patterns in turn to the encoding region of the symbol. Evaluate the results and selgct

the patteqn which\eptimizes the dark/light module balance and minimizes the occurrence of undesirable
patterns.

Step 7 Folmat and version information

Generate the format information and (where applicable) the version information and complete the symbol.
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Table 1 — Codeword capacity of all versions of QR Code 2005

Version No. of Function | Format and Data Data capacity | Remainder
Modules/ pattern __version modules [codewords]? Bits
side (A) | modules (B) r'r';‘cf,%ru"l’:s“?c") except (C) (E)
(D=A*-B-C)

M1 11 70 15 36 5 0
M2 13 74 15 80 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 31 359 44 7

3 29 243 31 567 70 7

4 33 251 31 807 100 7

5 37 259 31 1079 134 7]

6 41 267 31 1383 172 7]

7 45 390 67 1 568 196 0

8 49 398 67 1936 242 0

9 53 406 67 2 336 292 0
10 57 414 67 2768 346 0
11 61 422 67 3232 404 0
12 65 430 67 3728 466 0
13 69 438 67 4 256 532 0
14 73 611 67 4 651 581 3
15 77 619 67 5243 655 3
16 81 627 67 5 867 733 3
17 85 635 14 6 523 815 3
18 89 643 67 7211 901 3
19 93 651 67 7 931 991 3
20 97 659 67 8 683 1085 3
21 101 882 67 9 252 1156 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 15 371 1921 3
29 133 1211 67 16 411 2 051 3
30 137 1219 67 17 483 2185 3
31 141 1227 67 18 587 2323 3
32 =45 1235 67 19723 2465 3
33 149 1243 67 20 891 2611 3
34 153 1251 67 22 091 2761 3
35 157 1574 67 23 008 2 876 0
36 161 1582 67 24 272 3034 0
37 165 1590 67 25 568 3 196 0
38 169 1598 67 26 896 3362 0
39 173 1 606 67 28 256 35632 0
40 177 1614 67 29 648 3706 0

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

a analysis

Analyze the input data string to determine its content and select the default or other appropriate ECI and the
appropriate mode to encode each sequence as described in 6.4. Each mode in sequence from Numeric mode
to Kanji mode progressively requires more bits per character. It is possible to switch from mode to mode within
a symbol in order to minimize the bit stream length for data, parts of which can more efficiently be encoded in
one mode than other parts, e.g. numeric sequences followed by alphanumeric sequences. It is in theory most
efficient to encode data in the mode requiring the fewest bits per data character, but as there is some
overhead in the form of mode indicator and character count indicator associated with each mode change, it
may not always result in the shortest overall bit stream to change modes for a small number of characters.

Also, becguse-the—capacityof-symbots—increases-imdiscrete—steps—fromone—versiomto-thenext—it-maynot

always be
the bit str
available

various cd

6.3 Mo

The mode
When any
assignme
be approp
the compa

necessary to achieve the maximum conversion efficiency in every case. Guidance on minjmis
bam length is given in Annex J. In Micro QR Code symbols, there are restrictions on thé fnod
n the smaller versions. Annex J.2 shows the Micro QR Code symbol versions appropriate

mbinations of two modes.

Hes

s defined below are based on the character values and assignments associated with the default B

other ECI is in force (in QR Code symbols only), the byte values rather\than the specific charac
nts shall be used to select the optimum data compaction mode. For example, Numeric mode wo
riate if there is a sequence of data byte values within the range 30xexto 394ex inclusive. In this c3
ction is carried out using the default numeric or alphabetic equivalents of the byte values.

6.3.1 Extended Channel Interpretation (ECI) mode

The Extel
Specificat
from that
symbolog
values be

The defau

Internatio:ral applications using other character sets should use the ECI protocol. For instance, the
|

interpreta
The effect

by anothe|
or a subse

6.3.2 Nu

Numeric n
characters

nded Channel Interpretation (ECI) protocol defined in the AIM Inc. International Techni
of the default character set. The ECI protocol is defined consistently across a number
es. The ECI protocol provides a consistent.method to specify particular interpretations of b
ore printing and after decoding. The ECI protocol is not supported in Micro QR Code symbols.

It interpretation for QR Code 2005 is.EC1000003 representing the ISO/IEC 8859-1 character set.

ion corresponding to the JIS8.and Shift JIS character sets is ECI 000020.
of ECI mode is to insert an’ECI escape sequence at that point in the data. It is immediately follow

' mode indicator (e.g. for efficient data encoding) and remains in force until the end of the messa
quent ECI mode indicator.

meric mode

node encodes data from the decimal digit set (0 - 9) (byte values 30pex to 39ex). Normally, 3 data
are represented by 10 bits.

ng
es
for

Cl.
ter
ild
se

cal

on Extended Channel Interpretations, allows the output data stream to have interpretations differgnt

of
te

ed
ge

6.3.3 Al

1 : ('
PIAifuIricric moJc

Alphanumeric mode encodes data from a set of 45 characters, i.e. 10 numeric digits (0 - 9) (byte values 30pex

to 39ex),

26 alphabetic characters (A - Z) (byte values 41ex to 5Auex) , and 9 symbols (SP, $, %, *, +,

/, :) (byte values 20HEX1 24HEXa 25HEX1 2AHEX1 ZBHEXa 2D to 2FHEXa 3AHEX respectively). Normally, two input
characters are represented by 11 bits.

Alphanum

eric mode is not available in Version M1 Micro QR Code symbols.

6.3.4 Byte mode

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

20

© ISO/IEC 2006 — All rights reserved


https://standardsiso.com/api/?name=149ffa2878615a93e388691c1387ceab

ISO/IEC 18004:2006(E)

In closed-system national or application-specific implementations of QR Code 2005, an alternative 8-bit
character set, for example as defined in an appropriate part of ISO/IEC 8859, may be specified for Byte mode.
When an alternative character set is specified, however, the parties intending to read the QR Code 2005
symbols require to be notified of the applicable character set in the application specification or by bilateral
agreement.

Byte mode is not available in Version M1 or M2 Micro QR Code symbols.

6.3.5 Kanji mode

THe Kanji mode efficienfly encodes Kanji characters in accordance with the Shift JIS sysiem |based on
JI$ X 0208. The Shift JIS values are shifted from the JIS X 0208 values. JIS X 0208 gives details-of the shift
coded representation. Each two-byte character value is compacted to a 13-bit binary codewaord.

When the character set specified for 8-bit byte mode makes use of byte values in the-ftanges 81pgx to 9Fex
and/or EOpex to EByey, it may not be possible to use Kanji mode unambiguously, asreading systems will be
unable to determine from the transmitted data whether such byte values are the lead byte of a dpuble byte
chiaracter. It may be possible to achieve a shorter bit stream by using the Kanji mode compaction rules when
an appropriate sequence of byte values occurs in the data (i.e. lead bytes in thefanges 81yex to 9F,ex and/or
EQex to EBpex followed by trailer bytes in the range 40pex to FCpex,except 7Fnex, or EBrex followed by 404ex
to|BFex). Figure H.1 shows the byte combinations graphically.

Kgnji mode is not available in version M1 or M2 Micro QR Code symboals.

6.3.6 Mixing modes

THe QR Code 2005 symbol may contain sequences of data in a combination of any of the modes dgscribed in
6.8.1 to 6.3.8. Micro QR Code symbols may contain sequences of data in a combination of any of {he modes
avpilable for the version of the symbol and described,in 6.3.2 to 6.3.6.

Réfer to Annex J for guidance on selecting the most efficient way of representing a given input dafa string in
muiltiple modes in QR Code symbols, and te:Annex J.3 for the available versions of Micro QR Code symbols
for given combinations of data in two modes.

6.3.7 Structured Append mode

Stfuctured 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 7 for
details of encodingin-Structured Append mode.

Stfuctured Append mode is not available for Micro QR Code symbols.

6.83.8 - ENC1 mode

F oo Al H a_f taoial HH Aot £ 4 1 il LU 'S H H LU S~ | H t d t
T TTTUUT 1o UoTU TUT TTTCoodyTo LU ATy opPTUITIL Udia TUTTTTato. 11T me rot PuUoIturi LLY UUOIyIIa eS a a

formatted in accordance with the GS1 General Specifications. In the "2nd position" it designates data
formatted in accordance with a specific industry application previously agreed with AIM Inc. FNC1 mode
applies to the entire symbol and is not affected by subsequent mode indicators.

NOTE nqst position" and 2 position" do not refer to actual locations but are based on the positions of the character in
Code 128 symbols, when used in an equivalent manner.

FNC1 mode is not available for Micro QR Code symbols.
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6.4 Data encoding

6.4.1 Sequence of data

Input data is converted into a bit stream consisting of one or more segments each in a separate mode. In the
default 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:

- ECtrmode ndtcator (4 DILS)

- [ECI Designator (8, 16 or 24 bits)

The ECI Header shall begin with the first (most significant) bit of the ECI mode indicator and end~with the final
(least signjificant) bit of the ECI Designator.

The remajnder of the bit stream is then made up of segments each comprising:

- Mode indicator

- Character count indicator

- Data bit stream

Each mode segment shall begin with the first (most significant) bit of the mode indicator and end with the final

(least significant) bit of the data bit stream. There shall be no explicit separator between segments as th

length is defined unambiguously by the rules for the mode in force and the number of input data characters.

To encodé a sequence of input data in a given mode, the, steps defined in sections 6.4.2 to 6.4.7 shall
followed. Table 2 defines the mode indicators for each mode. Table 3 defines the length of the character coynt
indicator, which varies according to the mode and the symbol version in use.

Table 2 — Mode(indicators for QR Code 2005

eir

be

lflode (:R Code Micro QR Code symbols
ymbols
Vérsion all M1 M2 M3 M4
Mode ing |(?ator length 4 0 1 2 3
bits)
ECI 0111 n/a n/a n/a n/a
Ndimeric 0001 n/a 0 00 000
Alph@numeric 0010 n/a 1 01 001
Byte 0100 n/a n/a 10 010
Kanji 1000 n/a n/a 11 011
StructufedAppend 0011 n/a n/a n/a n/a
0101 (1st
FNC1 1%%31“'(%?])(1 n/a n/a n/a n/a
position)
Terminator (End of 0000 000 00000 0000000 000000000
Message) @

@  The Terminator is not a mode indicator as such

22

© ISO/IEC 2006 — All rights reserved


https://standardsiso.com/api/?name=149ffa2878615a93e388691c1387ceab

ISO/IEC 18004:2006(E)

Table 3 — Number of bits in character count indicator for QR Code 2005

Version Numeric Alphanumeric byte Kaniji
mode mode mode mode
M1 3 n/a n/a n/a
M2 4 3 n/a n/a
M3 5 4 4 3
M4 6 5 5 4
1t09 10 9 8 8
10 to 26 12 11 16 10
27 to 40 14 13 16 12

THe end of the data in the complete symbol is indicated by a Terminater-Consisting of between 3 ¢
bits (see Table 2), which is omitted or abbreviated if the remaining symbol capacity after the data bi
legs than 4 bits. The Terminator is not a mode indicator as such.

6.4.2 Extended Channel Interpretation (ECI) mode

THis mode, used for encoding data subject to alternative interpretations of byte values (e.g.
chiaracter sets) in accordance with the AIM ECI spegification which defines the pre-processing of t
data, is invoked by the use of mode indicator 0111.

THe Extended Channel Interpretation can only be used with readers enabled to transmit the §
Identifier. Readers that cannot transmit the. Symbology Identifier cannot transmit the data from a
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 e
thé byte values of the datal_inrespective of their significance. For example, a sequence of bytes in
30Hex to 394ex could be(encoded in Numeric mode (see 6.4.3) as though it were a sequence of d
even though it might.n6t actually represent numeric data. In order to determine the value of the
count indicator, the rumber of bytes (or, in Kanji mode, of byte pairs) shall be used.

6.4.2.1 ECIDesignator

Egch Extended Channel Interpretation is designated by a six-digit assignment number which is enco
QR Code 2005 symbol as the first one, two or three codewords following the ECI mode indi

nd 9 zero
stream is

Blternative
nis type of

ymbology
Ny symbol

hcoding of
the range
igits 0 — 9
character

ded in the
tator. The

encoding rules are defined in Table 4. The ECI Designator appears in the data to be encoded as

character

5Chex [\ or backslash (reverse solidus) in ISO/IEC 8859-1, ¥ or yen sign in JIS8] followed by th

e six digit

assignment number. Where 5C,ex appears as true data it shall be doubled in the data string before encoding

in symbols to which the ECI protocol applies.

When a single occurrence of 5Cex is encountered in the input to the decoder, an ECI mode indicator is
inserted followed by the ECI Designator. When a doubled 5Cex is encountered, it is encoded as two 5Cex

bytes.
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On decoding, the binary pattern of the first ECI Designator codeword (i.e. the codeword following the mode
indicator in ECI mode), determines the length of the ECI Designator sequence. The number of 1 bits before
the first 0 bit defines the number of additional codewords after the first used to represent the ECI Assignment
number. The bit sequence after the first 0 bit is the binary representation of the ECI Assignment number. The
lower numbered ECI assignments may be encoded in multiple ways, but the shortest way is preferred.

Table 4 — Encoding ECI Assignment Number

ECI Assignment Value No. of Codeword values
Codewords
860666to 0666127 1 Bbbbbbbb
000000 to 016383 2 10bbbbbb bbbbbbbb
000000 to 999999 3 110bbbbb bbbbbbbb bbbbbbbb
where b ... b is the binary value of
the ECI Assignment number

Example

Assume data to be encoded is in Greek, using character set ISO/IEC 8859-7 (ECI 000009) in version 1
symbol.

T
T

Data to bg encoded: \OOOO09ABT'AE (character values Al¢ex, A24ex, A3Hex, AdHEx, ASHEX)
Bit sequence in symbol:
ECI mode]|indicator 0111

ECI Assighment number (000009) 0 0001001

Mode indigator (byte) 0100

Character|count indicator (5) 00000101

Data: 10100001 10100010 10100011 10100100 10100101

Final bit s{ring: 0111 00001001 0100 00000101 10100001 10100010 10100011

10100100 10100101

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

6.4.2.2 |Multiple ECls

Refer to tihe AIMECHI specification for the rules defining the effect of a subsequent ECI Designator in an HCI
data segment: For example, data to which a character set ECI has been applied may also be subject|to
encryptior] or, compaction using a transformation ECI which will co-exist with the initial ECI, or a second
character setEGCHwillhave-the-effect-ofterminatingthe-fi Cland-starting-a-rew-EG S - 3
ECI Designator appears in the data, it shall be encoded in the QR Code 2005 symbol in accordance with
6.4.2.1 and shall commence a new mode segment.

6.4.2.3 ECIs and Structured Append

Any ECI(s) invoked shall apply subject to the rules defined above and in the AIM ECI specification 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 Structured Append mode, it is necessary to provide 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.
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6.4.3 Numeric mode

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

EXAMPLE 1 (for Version 1-H symbol)

Ingut data: 01234567
1. Pivide into groups of three digits: 012 345 67
2. Convert each group to its binary equivalent: 012 - 0000001100
345> 0101011001
67 - 1000011
3. Connect the binary data in sequence: 0000001100 0101011001 1000011

4. Convert character count indicator to binary (10 bits for version 1-H):

No. of input data characters: 8 -> 0000001000

5. Add mode indicator 0001 and character count indicator te_binary data:

0001 0000001000 0000001100 0101011001 1000011

EXAMPLE 2 (for Micro QR Code version M3=M symbol)

Input data: 0123456789012345
1. |Divide into groups of three digits: 012 345 678 901 234 5
2. |Convert each group to its binary’equivalent: 012 = 0000001100

345=0101011001

678 =1010100110

901 =1110000101

234 =0011101010

5 =0101

3. Connect the binary data in sequence:
0000001100 0101011001 1010100110 1110000101 0011101010 0101
4. Convert character count indicator to binary (5 bits for version M3-M):
No. of input data characters: 16 = 10000
5. Add mode indicator (00 for version M3-M) and character count indicator to binary data:

00 10000 0000001100 0101011001 1010100110 1110000101 0011101010 0101
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For any number of data characters the length of the bit stream in Numeric mode is given by the following

formula:

B=M+C+10(DDIV3)+R
where:
B = number of bits in bit stream

M = number of bits in mode indicator (4 for QR Code symbols, or as shown in Table 2 for Micro QR

Cpdesymbots)
= number of bits in character count indicator (from Table 3)

= number of input data characters

c
D
R|= 0 if (DMOD 3) =0
R|= 4 if (D MOD 3) = 1
R

= 7if (DMOD 3) = 2

6.4.4 Alphanumeric mode

Each inpuft data character is assigned a character value V from 0 to 44 ‘according to Table 5.

Table 5 — Encoding/decoding table. for’ Alphanumeric mode

Char. Vgue | Char. Value | Char. Value | Char. Value | Char Value | Char. Value | Char. Value | Char. Valye
0 0p[6 6 [ C 121 180 24 U 30[SP:36| . |42
1 17177 D 13 J 19l P 125]V 31 $ 37/ |4
2 ? 8 . 8 E 14| K.+20| Q :26 | W 32| % : 38 : 44
3 B 9 ! 9 F 15 L~ 21 R :27 | X : 33 * 1 39 !
4 4 A 10| G 164 M 22| S 128 | Y 134 | + 40

5 D B 11 H 1 N 23| T 29| Z : 35 - 41

Input data| characters are dividéd into groups of two characters which are encoded as 11-bit binary codes. T
character value of the first-Character is multiplied by 45 and the character value of the second digit is added
the produ¢t. The sum is)then converted to an 11-bit binary number. If the number of input data characters
not a multjple of two, the'character value of the final character is encoded as a 6-bit binary number. The bin

data is th
indicator i

he
to
is

ry

n concatenated and prefixed with the mode indicator and the character count indicator. The mode
the Alphanumeric mode has either 4 bits for QR Code symbols or the number of bits defined|in

Table 2 fqr Micro QR Code symbols, and the character count indicator has the number of bits defined|in
Table 3. TheZlnumber of input data characters is converted to its binary equivalent and added as the character
count indicator after the mode indicator and before the binary data sequence.

In FNC1 mode symbols the FNC1 character may occur in the data. It is represented in Alphanumeric mode by
the character %. Refer to 6.4.8.1, 6.4.8.2 and 13.4 for details of the encoding and transmission of FNC1

and %.

EXAMPLE (for Version 1-H symbol)

Input data: AC-42

1. Determine character values according to Table 5. AC-42 - (10,12,41,4,2)
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2. Divide the result into groups of two decimal values: (10,12) (41,4) (2)

3. Convert each group to its 11-bit binary equivalent: (10,12) 10*45+12 - 462 -> 00111001110
(41,4) 41*45+4 > 1849 > 11100111001
(2) > 2 > 000010

4. Connect the binary data in sequence: 00111001110 11100111001 000010

5. Convert character count indicator to binary (9 bits for version 1-H):

No. of input data characters: 5-> 000000101
6. |Add mode indicator 0010 and character count indicator to binary data:

Fg

0010 000000101 00111001110 11100111001 0

fotmula:

6.4

B=M+C+ 11(D DIV 2) + 6(D MOD 2)
where:
B = number of bits in bit stream

M = number of bits in mode indicator (4 for QR Code,;symbols, or as shown in Table 2 for Mi
Code symbols)

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

D = number of input data characters

1.5 Byte mode

this mode, one 8-bit codeword directly represents the byte value of the input data character, i.e. a
bits/character.

0010

r any number of data characters the length of the bit stream in Alphanumeric mode'is given by th¢ following

cro QR

density of

©l
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Table 6 — Encoding/decoding table for ISO/IEC 8859-1 character set

Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char.
0 |NUL| 32 |space| 64 @ 96 128 160 [NBSP| 192 | A | 224 a
1 |SOH| 33 ! 65 A 97 a 129 161 i 193 | A | 225 a
2 | STX| 34 " 66 B 98 b 130 162 ¢ 194 | A | 226 a
3 |ETX| 35 # 67 C 99 c 131 163 £ 195 | A | 227 a
4 |EOT| 36 $ 68 D 100 | d 132 164 a 196 | A | 228 a
5 |ENQ| 37 % 69 E 101 e 133 165 ¥ 197 | A | 229 4
6 |ACK| 38 & 70 F 102 f 134 166 : 198 | £ | 230 ==
7 | BE 39 ' 71 G | 103 | g 135 167 § 199 | C (231 ¢
8 BS | 40 ( 72 H 104 h 136 168 ) 200 | ,ED 232 e
9 HT | 41 ) 73 [ 105 I 137 169 © 201 E | 233 é
10 | UF | 42 * 74 J 106 i 138 170 a 202 E | 234 é
11 MT | 43 + 75 K | 107 k 139 171 « 203 | E | 235 é
12 | HF | 44 , 76 L 108 [ 140 172 o 204 i 236 i
13 | R | 45 - 7 M | 109 | m | 141 173)| SHY | 205 i 237 i
14 | §O | 46 78 N 110 n 142 174 ® 206 i 238 i
15 3 47 / 79 o | 11 0 143 175 B 207 I 239 i
16 | DLE | 48 0 80 P 112 p 144 176 ° 208 | B | 240 0
17 | DC1 | 49 1 81 Q | 113 | ¢ 145 177 + 209 | N | 241 f
18 | DL2 | 50 2 82 R | 114 L 146 178 2 210 | O | 242 o
19 | DC3 | 51 3 83 S 115 ] 147 179 3 211 O | 243 0
20 | DC4 | 52 4 84 T 116 t 148 180 212 | O | 244 0
21 | NAK| 53 5 85 u 117 u 149 181 v 213 | O | 245 0
22 | SYN| 54 6 86 V| 118 v 150 182 1 214 | O | 246 0
23 |ETB| 55 7 87 W | 119 | w | 151 183 215 x 247 +
24 |CAN| 56 8 88 X 120 | x 152 184 R 216 | @ | 248 @
25 | BEM | 57 9 89 Y | 121 y 153 185 ! 217 | U | 249 u
26 | SUB| 58 90 z 122 z 154 186 © 218 | U | 250 u
27 |E$C | B9 ; 91 [ | 123 | { | 155 187 | » | 219 | 0 | 251 | @
28 | RASZ) 60 < 92 \ 124 | 156 188 Va 1220 | U | 252 U
29 | GS | 61 = 93 ] 125 } 157 189 2 | 221 Y | 253 y
30 | RS | 62 > 94 A 126 | ~ 158 190 | % | 222 b | 254 b
31 us | 63 ? 95 _ 127 | DEL | 159 191 ¢ 223 R | 255 y

NOTE 1  In the JIS8 character set (see Table H.1), byte values 80,y to 9F -y and EO, -y to FFcy are not assigned

but are reserved values. Some of those values are used as the first byte in the Shift JIS character set (see Table H.2) and
may be used to distinguish between the JIS8 and Shift JIS character sets, or to enable Kanji mode compaction to be
carried out. JIS X 0208 gives details of the shift coded representation.

28
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NOTE 2  Byte values 00,y to 7Fcy in the JIS8 character set correspond to ISO/IEC 8859-1 and ISO/IE
except values 5Ccy and 7E, .

C 646 IRV,

The binary data is then concatenated and prefixed with the mode indicator and the character count indicator.
The mode indicator in the Byte 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 equivalent and added after the mode
indicator and before the binary data sequence.

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

wh

6.4

In

sh
ch
co

Q
in
m

thf Numeric mode has either 4 bits for QR Code symbols or the number of bits defined in Table 2

.| Eor characters with Shift JIS values from 8140ex to 9FFCyex:

B=M+C+8D
ere:
B = number of bits in bit stream
M = number of bits in mode indicator (4 for QR Code symbols, or as shown)in Table 2 for Mi
Code symbols)
C = number of bits in character count indicator (from Table 3)
D = number of input data characters
1.6 Kanji mode

the Shift JIS system, Kaniji characters are represented by a two byte combination. These byte
fted from the JIS X 0208 values. JIS X 0208 gives-details of the shift coded representation.
aracters in Kanji mode are compacted to 13-bit binary codewords as defined below. The binary d
hcatenated and prefixed with the mode indicater' and the character count indicator. The mode i

Code symbols, and the character countihdicator has the number of bits defined in Table 3. The
ut data characters is converted to its bihary equivalent and added as the character count indicatg
pde indicator and before the binary data’ sequence.

Subtract 81404ex from ShiftJIS value;

Multiply most signifieant byte of result by COpex;
Add least significant byte to product from b);
Convertdesult to a 13-bit binary string.

For.characters with Shift JIS values from E040.ex to EBBFex:

cro QR

alues are
nput data
hta is then
hdicator in
for Micro
number of
r after the

d)

Ssubtract C140yex Trom Shiit JIS value;
Multiply most significant byte of result by COpex;
Add least significant byte to product from b);

Convert result to a 13-bit binary string.
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EXAMPLES:
Input character =N wgm
(Shift JIS value): 935F E4AA

1. Subtract 8140 or C140

2. Multiply m.s.b. by CO

3.Add |.s

4. Converfto 13-bit binary

3. Forall

935F - 8140 = 121F E4AA - C140 = 236A

12 x C0 = D80 23 x C0 =1A40

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

ODYF ->0 1101 1001 1111 1AAA >1 1010 1010 1010

characters:

e) Prefix

binary sequence representing input data characters with mode indicator (from*Table 2) and

character count indicator binary equivalent (number of bits defined in Tables );

For any nimber of data characters the length of the bit stream in Kanji mode s given by the following formula:
Bl=M+ C+13D

where:
B|= number of bits in bit stream
M= number of bits in mode indicator (4 for QR Cade symbols, or as shown in Table 2 for Micro QR
Cpde symbols)
C|= number of bits in character count indicator (from Table 3)
D|= number of input data characters

6.4.7 Mixing modes

There is the option for a symbelto contain sequences of data in one mode and then to change modes if the

data content requires it, or jn~order to increase the density of encoding. Refer to Annex J for guidance. Egch

segment
mode ind
the next s

bf data is encoded-in the appropriate mode as indicated in 6.4.2 to 6.4.6, with the basic structure
cator/charactér-count indicator/Data and followed immediately by the mode indicator commenc
pgment. Figure 13 illustrates the structure of data containing n segments.

ng

Sedment 1 Segment2  |..... Segment n
mOde bi ial dbtUl Ddtd b; al abtcl ...... IIIUUIC b; al abtcl Ddid 1Sl alo
Lo mode L
indicator 1 | count R count Data indicator n | count
S indicator 2|.” . -
indicator indicator indicator

6.4.8 FNC1 modes

Figure 13 —Format of mixed mode data

In QR Code symbols, there are two mode indicators which are used cumulatively with those defined in 6.3.1 to
6.3.8 and 6.4.2 to 6.4.7 to identify symbols encoding messages formatted according to specific predefined
industry or application specifications.These (together with any associated parameter data) precede the mode

30
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indicator(s) used to encode the data efficiently. When these mode indicators are used, it is necessary for the
decoder to transmit the Symbology Identifier as defined in 13.2 and Annex F.

6.4.8.1 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 symbols encoding data formatted according to the GS1 Application Identifiers
standard. For this purpose, it shall only be used once in a symbol and shall be placed immediately before the
firg T o i [on [on i rany ECI
or[Structured Append header. Where the GS1 specifications call for the FNC1 character (in other:§ymbologies
which use this special character) to be used as a data field separator (i.e. at the end of a variable-lgngth data
fiegd), QR Code 2005 symbols shall use the % character in Alphanumeric mode or character’GS (pyte value
101ex) in Byte mode to perform this function. If the % character occurs as part of the data\it shall b¢ encoded
as| %%. Decoders encountering % in these symbols shall transmit it as ASCII/JIS8 value 1Dyex, and if %% is
encountered it shall be transmitted as a single % character.

EXAMPLE 1

Ingut data: 0104912345123459 (Application Identifier 01 = GSJlCHarticle no., fixed length; data:
04912345123459)

15970331 (Application Identifier 15 = "Best before" date, YYMMDD, fixed length; data: 31 March 1997)
30128 (Application Identifier 30 = quantity, variable length; data: 128) (requires separator chdracter)
10ABC123 (Application Identifier 10 = batchcnumber, variable length; data: ABC123)
D4ta to be encoded:

01049123451234591597033130128%10ABC123

Bi

ff sequence in symbol:

0101 (mode indicator,,FNC1 implied in 1st position)
0001 (mode indicater, Numeric mode)

00000111071 (character count indicator, 29)
<data-bits for 01049123451234591597033130128>
00710 (mode indicator, Alphanumeric mode)
000001001 (character count indicator, 9)

<data bits for %10ABC123>

Transmitted data (see 13.2 and Annex F)
1Q301049123451234591597033130128<1Duex>10ABC123

EXAMPLE 2 Encoding/transmission of % character in data:

Input data: 123%
Encoded as: 123%%
Transmitted as: 123%
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6.4.8.2 FNC1 in second position

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

This mode indicator identifies symbols formatted in accordance with specific industry or application
specifications previously agreed with AIM International. It is immediately followed by a one-byte codeword the
value of which is that of the Application Indicator assigned to identify the specification concerned by AIM
International. 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 Appnnrl header_An Applir\nfinn lndicator may take the form of any eingln Latin alphah tic
character [from the set {a - z, A - Z} (represented by the ASCII value of the character plus 100) or a twdrdigit
number (represented by its numeric value directly) and shall be transmitted by the decoder as the firstene(or
two chargcters immediately preceding the data. Where the application specifications call for the” FN{C1
character |(in other symbologies which use this special character) to be used as a data field separator, QR
Code 2005 symbols shall use the % character in Alphanumeric mode or character GS (ASCH/JIS8 value
1Dyex) in Byte mode to perform this function. If the % character occurs as part of the data it shall be encoded
as %%. Decoders encountering % in these symbols shall transmit it as ASCII/JIS8 value"1Dyex, and if %% is
encountered it shall be transmitted as a single % character.

EXAMPLE

NOTE Application Indicator 37 has not been assigned at the time of publication to any 6rganisation and the data content of fthe
example is purely arbitrary.

Application|Indicator: 37

Input data: AA1234BBB112text text text text<CR>

Bit sequenge in symbol:

1001 (mode indicator, FNC1 implied in 2nd-position)
00100101 (Application Indicator, 37)

0010 (mode indicator, Alphanumeric mode)
000001100 (character count-indicator, 12)

<data bits for AA1234BBB112>

0100 (mode indicator, Byte mode)

00010100 (character count indicator, 20)

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

TransmitteT data:

1Q537AA1234BBB112text text text text<CR>

6.4.9 Terminator

The end of data in the symbol is signalled by the Terminator sequence of 0 bits, as defined in Table 2,
appended to the data bit stream following the final mode segment. The Terminator shall be omitted if the data
bit stream completely fills the capacity of the symbol, or abbreviated if the remaining capacity of the symbol is
less than 4 bits.
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The bit streams corresponding to each mode segment shall be connected in order. The Terminator shall be
appended to the complete bit stream as defined in 6.4.9. The resulting message bit stream shall then be
divided into codewords. All codewords are 8 bits in length, except for the final data symbol character in Micro
QR Code versions M1 and M3 symbols, which is 4 bits in length. If the bit stream length is such that it does
not end at a codeword boundary, padding bits with binary value 0 shall be added after the final bit (least
significant bit) of the data stream to extend it to the codeword boundary. The message bit stream shall then be
extended to fill the data capacity of the symbol corresponding to the Version and Error Correction Level, as
defined in Table 8, by adding the Pad Codewords 11101100 and 00010001 alternately. For Micro QR Code

vegsiensMi-and-M3-symbels—thefinal-datacodewordHs4-bitstorg—FHhePad-Cedeword-used-nthg final data
symbol character position in Micro QR Code versions M1 and M3 symbols shall be represented-as)[0000. The
resulting series of codewords, the data codeword sequence, is then processed as described in 6.5 to add
erfor correction codewords to the message. In certain versions of symbol, it may be necessaryto add 3, 4 or 7
R¢mainder Bits (all zeros) to the end of the message, after the final error correction codeword, in order exactly
toffill the symbol capacity (see Table 1).
Table 7 — Number of symbol characters and input data capacity for QR Code 2005
Error Number of |Number of
Version|correction data data Data capacity
level codewords bits
Numeric |Alphanumeric| Byte Kanji
Error
M1 Detection 3 20 5 - - -
only
L 5 40 10 6 - -
M2 M 4 32 8 5 : :
M3 L 11 84 23 14 9 6
M 9 68 18 11 7 4
L 16 128 35 21 15 9
M4 M 14 112 30 18 13 8
Q 10 80 21 13 9 5
1 L 19 152 41 25 17 10
M 16 128 34 20 14 8
Q 13 104 27 16 11 7
H 9 72 17 10 7 4
2 L 34 272 77 47 32 2(
M 28 224 63 38 26 16
Q 22 176 48 29 20 12
H 16 128 34 20 14 8
3 L 55 440 127 77 53 32
M 44 352 101 61 42 26
Q 34 272 e 47 32 26
H 26 208 58 35 24 15
4 L 80 640 187 114 78 48
M 64 512 149 90 62 38
Q 48 384 111 67 46 28
H 36 288 82 50 34 21
5 L 108 864 255 154 106 65
M 86 688 202 122 84 52
Q 62 496 144 87 60 37
H 46 368 106 64 44 27
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Error Number of |[Number of
Version|correction data data Data capacity
level codewords bits
Numeric |Alphanumeric Byte Kanji
6 L 136 1088 322 195 134 82
M 108 864 255 154 106 65
Q 76 608 178 108 74 45
H 60 480 139 84 58 36
7 L 156 1248 370 224 154 95
M 124 992 293 178 122 V)
Q 88 704 207 125 86 53
H 66 528 154 93 64 39
B L 194 1552 461 279 192 118
M 154 1232 365 221 152 93
Q 110 880 259 157 108 66
H 86 688 202 122 84 52
D L 232 1 856 552 335 230 141
M 182 1456 432 262 180 111
Q 132 1 056 312 189 130 80
H 100 800 235 143 98 60
1[0 L 274 2192 652 395 271 167
M 216 1728 513 311 213 131
Q 154 1232 364 221 151 93
H 122 976 288 174 119 74
11 L 324 2592 772 468 321 198
M 254 2032 604 366 251 155
Q 180 1440 427 259 177 109
H 140 1120 331 200 137 85
12 L 370 2960 883 535 367 226
M 290 2320 691 419 287 177
Q 206 1°648 489 296 203 125
H 158 1264 374 227 155 96
13 L 428 3424 1022 619 425 262
M 334 2672 796 483 331 204
Q 244 1952 580 352 241 149
H 180 1440 427 259 177 109
14 L 461 3688 1101 667 458 282
M 365 2920 871 528 362 223
Q 261 2088 621 376 258 159
M 197 1576 468 283 194 120
15 L 523 4184 1250 758 520 320
M 415 3320 991 600 412 254
Q 295 2 360 703 426 292 180
H 223 1784 530 321 220 136
16 L 589 4712 1408 854 586 361
M 453 3624 1082 656 450 277
Q 325 2600 775 470 322 198
H 253 2024 602 365 250 154
17 L 647 5176 1548 938 644 397
M 507 4 056 1212 734 504 310
Q 367 2936 876 531 364 224
H 283 2264 674 408 280 173
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Error Number of |Number of
Version|correction data data Data capacity
level codewords bits

Numeric |Alphanumeric| Byte Kanji

18 L 721 5768 1725 1046 718 442
M 563 4 504 1346 816 560 345

Q 397 3176 948 574 394 243

H 313 2504 746 452 310 191

19 L 795 6 360 1903 1153 792 488
M 627 50716 7500 909 624 384

Q 445 3 560 1063 644 442 27p

H 341 2728 813 493 338 208

20 L 861 6 888 2 061 1249 858 528
M 669 5352 1600 970 666 410

Q 485 3880 1159 702 482 29y

H 385 3080 919 557 382 239

21 L 932 7 456 2232 1352 929 57p
M 714 5712 1708 1035 711 438

Q 512 4 096 1224 742 509 314

H 406 3248 969 587 403 248

22 L 1 006 8 048 2409 1460 1003 618
M 782 6 256 1872 1134 779 480

Q 568 4544 1358 823 565 348

H 442 3 536 1.056 640 439 279

23 L 1094 8752 2620 1588 1091 672
M 860 6 880 2 059 1248 857 528

Q 614 4972 1468 890 611 376

H 464 3712 1108 672 461 284

24 L 1174 9392 2812 1704 1171 720
M 914 7312 2188 1326 911 56|

Q 664 5312 1588 963 661 40y

H 514 4112 1228 744 511 31

25 L 1276 10 208 3 057 1853 1273 784
M 1000 8 000 2395 1451 997 614

Q 718 5744 1718 1041 715 440

H 538 4 304 1286 779 535 33D

26 C 1370 10 960 3283 1990 1367 84p
M 1062 8 496 2544 1542 1059 652

Q 754 6 032 1804 1094 751 46p

H 596 4768 1425 864 593 369

27 L 1468 11744 3517 2132 1465 902
M 1128 9 024 2701 1637 1125 69p

Q 808 6 464 1933 1172 805 496

H 628 5024 1501 910 625 385

28 L 1531 12 248 3 669 2223 1528 940
M 1193 9544 2 857 1732 1190 732

Q 871 6 968 2085 1263 868 534

H 661 5288 1581 958 658 405
29 L 1631 13 048 3909 2 369 1628 1002
M 1267 10136 3035 1839 1264 778

Q 911 7 288 2181 1322 908 559

H 701 5608 1677 1016 698 430
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Error Number of |Number of
Version|correction data data Data capacity
level codewords bits

Numeric |Alphanumeric| Byte Kanji
30 L 1735 13 880 4 158 2520 1732 1 066
M 1373 10 984 3289 1994 1370 843

Q 985 7 880 2 358 1429 982 604

H 745 5960 1782 1080 742 457
31 L 1843 14 744 4 417 2677 1840 1132
M 1455 11040 3 480 2113 1452 394

Q 1033 8 264 2473 1499 1030 634

H 793 6 344 1897 1150 790 486

32 L 1955 15 640 4 686 2840 1952 1.201
M 1 541 12 328 3693 2238 1538 947

Q 1115 8 920 2670 1618 1112 684

H 845 6 760 2022 1226 842 518
33 L 2071 16 568 4 965 3009 2.068 1273
M 1631 13 048 3909 2 369 1628 1002

Q 1171 9 368 2 805 1700 1168 719

H 901 7 208 2157 1307 898 553
34 L 2191 17 528 5253 3183 2188 1347
M 1725 13 800 4134 2506 1722 1060

Q 1231 9 848 2949 1787 1228 756

H 961 7 688 2 301 1394 958 590
35 L 2 306 18 448 5529 3 351 2 303 1417
M 1812 14 496 4.343 2632 1809 1113

Q 1286 10 288 3081 1867 1283 790

H 986 7 888 2 361 1431 983 605
36 L 2434 19472 5 836 3 537 2431 1496
M 1914 15312 4 588 2780 1911 1176

Q 1354 10 832 3244 1 966 1 351 832

H 1054 8432 2524 1530 1 051 647
37 L 2 566 20 528 6 153 3729 2 563 1577
M 1992 15 936 4775 2894 1989 1224

Q 1426 11408 3417 2071 1423 876

H 1 096 8 768 2625 1591 1093 673

38 L 2702 21616 6479 3927 2699 1661
M 2102 16 816 5039 3054 2099 1292

Q 1502 12016 3599 2181 1499 923

H 1142 9136 2735 1658 1139 701
39 L 2812 22 496 6 743 4 087 2 809 1729
M 2216 17 728 5313 3220 2213 1362

Q 1582 12 656 3791 2298 1579 972

H 1222 9776 2927 1774 1219 750
40 L 2 956 23 648 7 089 4 296 2953 1817
M 2334 18 672 5 596 3 391 2331 1435
Q 1666 13 328 3993 2420 1663 1024

H 1276 10 208 3 057 1852 1273 784

NOTE 1  All codewords shall be 8 bits in length, except that the final data codeword for Versions M1 and M3 is 4 bits
long.

NOTE 2 The number of Data Bits includes bits for mode indicator and character count indicator.
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6.5 Error correction

6.5.1 Error correction capacity

QR Code 2005 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 withstand damage without loss of data. There are four user-selectable levels of error correction, as
shown in Table 8, offering the capability of recovery from the following amounts of damage:

TFable-8—Error-correctionlevels

Error Correction Level Recovery Capacity %
(approx.)

7

15

25

30

IO

Annex K.2 gives guidance on the appropriate level of error correction to be applied to a symbol.
Error correction level H is not available in Micro QR Code symbols;
THe error correction codewords can correct two types of<erroneous codewords, erasures (erroneous
codewords at known locations) and errors (erroneous codewords at unknown locations). An eragure is an
unscanned or undecodable symbol character. An error_is\a misdecoded symbol character. Since|QR Code
2005 is a matrix symbology, a defect converting a module from dark to light or vice versa will result in the
aflected symbol character misdecoding as an apparently valid but different codeword. Such an error{causing a
supstitution error in the data requires two error correction codewords to correct it.
THe number of erasures and errors correctablé is given by the following formula:
e+2t<d-p

where:

e = number of eras(res

t = number of errors

d = number/of error correction codewords

p =number of misdecode protection codewords

In[the<general case, p = 0. However, if most of the error correction capacity is used to correct erasjures, then
thaE possibility of an undetected error is increased. Whenever the number of erasures is more thgn half the
number of error correction codewords, p = 3. For small symbols with 1ess 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.

In the formula above, 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,
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— p=1inversion 1-Q, 1-H and 3-L symbols,
— p=0in all 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 must
be less than d/2. In a Version 2-L symbol, for example, the total number of codewords is 44; of these, 34 are
data codewords and 10 error correction codewords. From Table 9 it can be seen that the error correction
capacity is 4 errors (where e = 0). Substituting in the formula above,

0 + (A=A =10=2

meaning that the correction of the 4 errors requires only 8 error correction codewords; the remaining2-erfor
correction| codewords can therefore detect (but not correct) any additional errors and the symbol would| if
there werg more than 4 errors, fail to decode.

Depending on the Version and Error Correction Level, the data codeword sequence shall be~subdivided into
one or mqre blocks, to each of which the error correction algorithm shall be applied sepanately. Table 9 lists,
for each fersion and Error Correction Level, the total number of codewords, thetetal number of erfor
correction|codewords, and the structure and number of error correction blocks.

If Remainder Bits are required to fill remaining modules in the symbol capagity for certain symbol versigns
they shall fall be 0 bits.

Table 9 — Error correction characteristics for QR Code 2005

Total Error Number of Val Number of | Error correction
Vérsion number of | correction errog afue error code per block
codewords level correction | of p | correction .
codéwords blocks (c, k, 1)
Error
M1 5 detection 2 2 1 (5,3,0)b
only.

L 5 3 1 (10,5,1)b

M2 10 6 2 1 (10,4,2)°
L 6 1 (17,11,2)

M3 1 M 8 2 1 (17,9,4)
L 8 2 1 (24,16,3)

M4 24 M 10 0 1 (24,14,5)
Q 14 0 1 (24,10,7)
L 7 3 1 (26,19,2)°
1 26 M 10 2 1 (26,16,4)°
Q 13 1 1 (26,13,6)°

H 17 1 1 (26,9,8)°
L 10 2 1 (44,34,4)0

2 44 M 16 0 1 (44,28,8)
Q 22 0 1 (44,22,11)
H 28 0 1 (44,16,14)
L 15 1 1 (70,55,7)°
3 70 M 26 0 1 (70,44,13)
Q 36 0 2 (35,17,9)
H 44 0 2 (35,13,11)
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Total Error Number of Number of | Error correction
Version number of | correction error Vaflue error code per block
codewords level correction | ofp correction .
codewords blocks (c, k, 1)
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)
L 26 1 (134.108,13)
M 48 2 (67,43,12)
Q 72 2 (33,15,9)
5 134 0 2 P
H 88 2 (33,11,11)
2 34.12.11)
L 36 2 (86,68,9)
M 64 4 (43,27,8)
6 172 Q 96 0 4 (43,19,12)
H 112 4 (43.15.14)
L 40 2 (98,78,10)
M 72 4 (49,81,9)
Q 108 2 (32.14.9)
7 196 0 Z 3150
H 130 4 (39,13,13)
1 (40.14.13)
L 48 2 (121,97,12)
M 88 2 (60,38,11)
2 (61,39,11)
8 242 Q 132 0 4 (40,18,11)
2 (41,19,11)
H 156 4 (40,14,13)
2 (41.15.13)
L 60 2 (146,116,15)
M 110 3 (58.36,11)
2 (59,37,11)
9 292 Q 160 0 4 (36,16,10)
4 (37,17,10)
H 192 4 (36,12,12)
4 (37,13,12)
L 72 2 (86,68,9)
2 (87.69.9)
M 130 4 (69,43,13)
1 (70.44.13)
10 346 Q 192 0 6 (43.19.12)
5 (44-50.12)
H 224 6 (43.15.14)
2 (44.16.14)
L 80 4 (101,81,10)
M 150 1 (80,50, 15)
4 (81.51.15)
1M 404 Q 224 0 4 (50,22,14)
4 (51,23,14)
H 264 3 (36,12,12)
8 (37,13,12
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Total Error Number of Val Number of | Error correction
Version number of | correction error alue error code per block
codewords level correction of p correction .
codewords blocks (c, k, 1)

L 96 2 (116,92,12)

2 (117.93.12)
M 176 6 (58,36,11)
2 (59,37,11)
12 466 Q 260 0 4 (46.20.13)
6 4724143)
H 308 7 (42.14.14)
4 (4315014

L 104 4 (133,107,13)
M 198 8 (59,37,11)
1 (60,38,11)
13 532 Q 288 0 8 (44.2012)
4 (45,21,12)
H 352 12 (33,11,11)
4 (34,12,11)

L 120 3 (145,115,15)

1 (146.116.15)
M 216 4 (64.40,12)
5 (65.41,12)
14 581 Q 320 0 11 (36.16.10)
5 (37,17,10)
H 384 11 (36,12,12)
5 (37,13,12)

L 132 5 (109,87,11)

1 (110.88.11)
M 240 5 (65,41,12)
5 (66,42,12)
15 655 aQ 360 0 5 (54.24.15)
7 (55.25.15)
H 432 11 (36,12,12)
7 (37,13,12)

L 144 5 (122,98,12)

1 (123,99,12)
M 280 7 (73,45,14)
3 (74.46,14)
16 733 Q 408 0 15 (43.19.12)
2 (44.20.12)
H 480 3 (45,15,15)
13 (46.16.15)

L 168 1 (135,107,14)

5 (136,108,14)
M 308 10 (74.46,14)
1 (75.47.14)
17 815 Q 448 0 1 (50.22.14)
15 (51,23,14)
H 532 2 (42,14,14)
17 (43.15,14)

40
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Total Error Nug?g: of Value Nug?;e: of | Error correction
Version number of | correction . f ] code per block
codewords level correction of p correction )
codewords blocks (c, k, 1)

L 180 5 (150,120,15)

1 (151.121.15)
M 338 9 (69,43,13)
4 (70,44,13)
18 901 Q 504 0 17 (50.22.14)
4 t51:33,14)
H 588 2 (42.14,14)
19 (43,15,14)

L 196 3 (141,113,14)

4 (142,114,14)
M 364 3 (70.44,13)
1 (71,45,13)
19 991 Q 546 0 17 47.41.13)
4 (48,22,13)
H 650 9 (39.13.13)
16 (40.14.13)

L 224 3 (135,107,14)

5 (136,108,14)
M 416 3 (67,41,13)
13 (68,42,13)
20 1085 Q 600 0 15 (54.24.15)
5 (55.95.15)
H 700 15 (43,15,14)
10 (44,16,14)

L 224 4 (144,116,14)

4 (145,117,14)
M 442 17 (68,42,13)
21 1156 Q 644 0 17 (50,22,14)
6 (51.93,14)
H 750 19 (46,16,15)
6 (47,17,15)

L 252 2 (139,111,14)

7 (140,112,14)
M 476 17 (74.46,14)
22 1258 o are 0 L (Tado1d
16 (55,25,15)
H 816 34 (37.13.12)

L 270 4 (151,121,15)

5 (152.122.15)
M 504 4 (75,47,14)
14 (76,48,14)
23 1364 a 250 0 1 Tode)
14 (55,25.15)
H 900 16 (45.15.15)
14 (46,16,15)
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Total Error Number of Number of | Error correction
Version number of | correction error Vaflue error code per block
codewords level correction | of p correction .
codewords blocks (c, k1)
L 300 6 (147,117,15)
4 (148,118,15)
M 560 6 (73.45,14)
14 (74.46.14)
24 1474 Q 810 0 11 (54.24,15)
+6 (55-55.45)
H 960 30 (46,16,15)
2 (47,17415)
L 312 8 (132,106,13)
4 (*133,107,13)
M 588 8 (75,47,14)
13 (76.48.14)
25 1588 Q 870 0 7 (54.24.15)
22 (55,25,15)
H 1050 22 (45,15,15)
13 (46,16,15)
L 336 10 (142,114,14)
2 (143,115,14)
M 644 19 (74,46,14)
4 (75,47,14)
20 1706 Q 952 0 28 (50,22,14)
6 (51,23,14)
H 1110 33 (46,16,15)
4 (47.17.15)
L 360 8 (152,122,15)
4 (153.123.15)
M 700 22 (73,45,14)
3 (74.46.14)
27 1828 Q 1020 0 8 (53.23.15)
26 (54.24.15)
H 1200 12 (45,15,15)
28 (46.16.15)
L 390 3 (147,117,15)
10 (148,118,15)
M 728 3 (73,45,14)
23 (74.46.14)
28 1921 Q 1050 0 4 (54,24,15)
31 (55,25,15)
H 1260 11 (45,15,15)
31 (46.16,15)
L 420 7 (146,116,15)
7 (147.117.15)
M 784 21 (73.45,14)
7 (74.46.14)
29 2051 Q 1140 0 1 (53.23.15)
37 (54.24.15)
H 1350 19 (45,15,15)
26 (46,16,15)

42
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Total Error Number of Val Number of | Error correction
Version number of | correction error afue error code per block
codewords level correction | ofp correction .
codewords blocks (c,k, 1)

L 450 5 (145,115,15)

10 (146.116,15)
M 812 19 (75.47,14)
10 (76,48,14)
30 2185 Q 1200 0 15 (54.24,15)
55 (5595 15)
H 1440 23 (45.15,15)
25 (46,16,15)

L 480 13 (145,115,15)

3 (146.116,15)
M 868 2 (74.46,14)
29 (75.47.14)
31 2323 Q 1290 42 (54,24,15)
1 (55.95.15)
H 1530 23 (45,15,15)
28 (46,16,15)

L 510 17 (145,115,15)
M 924 10 (74.46,14)
23 (75,47,14)
32 2 465 Q 1 350 0 10 (54,24,15)
35 (55.95.15)
H 1620 19 (45,15,15)
35 (46,16,15)

L 540 17 (145,115,15)

1 (146,116,15)
M 980 14 (74,46,14)
21 (75.47.14)
33 2611 Q 1440 0 29 (54,24,15)
19 (55.95.15)
H 1710 11 (45,15,15)
46 (46,16,15)

L 570 13 (145,115,15)

6 (146,116,15)
M 1036 14 (74.46,14)
23 (75.47.14)
34 2761 Q 1530 0 44 (54.44.15)
7 (55.95.15)
H 1800 59 (46,16,15)
1 (47.17.15)

L 570 12 (151,121,15)

7 (152.122.15)
M 1064 12 (75,47,14)
26 (76.48.14)
35 2876 Q 1590 0 39 (54.24.15)
14 (55,25,15)
H 1890 22 (45,15,15)
41 (46,16,15)

© ISO/IEC 2006 — Al rights reserved

43


https://standardsiso.com/api/?name=149ffa2878615a93e388691c1387ceab

ISO/IEC 18004:2006(E)

Total Error Number of Number of | Error correction
Version number of | correction error Vaflue error code per block
codewords level correction | of p correction .
codewords blocks (c, k, 1)
L 600 6 (151,121,15)
14 (152,122,15)
M 1120 6 (75,47,14)
34 (76,48,14)
36 3034 Q 1680 0 46 (54.24.15)
+6 {55:25-453
H 1980 2 (45,15,15)
64 (46,16(15)
L 630 17 (152,122,15)
4 (#53,123,15)
M 1204 29 (74,46,14)
14 (75,47,14)
37 319 Q 1770 0 49 (54,24.15)
10 (55,25,15)
H 2100 24 (45,15,15)
46 (46,16,15)
L 660 4 (152,122,15)
18 (153,123,15)
M 1260 13 (74,46,14)
32 (75,47,14)
38 3 362 Q 1860 0 48 (54,24.15)
14 (55,25,15)
H 2220 42 (45,15,15)
32 (46,16,15)
L 720 20 (147,117,15)
4 (148,118,15)
M 1316 40 (75,47,14)
7 (76,48,14)
39 3532 Q 1950 0 43 (54.24.15)
22 (55,25,15)
H 2310 10 (45,15,15)
67 (46,16,15)
L 750 19 (148,118,15)
6 (149,119,15)
M 1372 18 (75,47,14)
31 (76,48,14)
40 3708 Q 2040 0 34 (54,24,15)
34 (55,25,15)
H 2430 20 (45,15,15)
61 (46,16,15)
@8 ¢ = total number of codewords, k = number of data codewords, r = error correction capacity
b Error correction capacity is less than half the number of error correction codewords to reduce the probability of misdecodes

6.5.2 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. 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.
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The polynomial arithmetic for QR Code 2005 shall be calculated using bit-wise modulo 2 arithmetic and byte-
wise modulo 100011101 arithmetic. This is a Galois field of 2® with 100011101 representing the field's prime
modulus polynomial XX+ 3+ X+,

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
CcO ”6' COOEeWTC aoe € 21 C DOWE coeffieten S € S E C CC ecHOr COOEeWOTT at
codeword in the block.

O—1POV

NOQTE If this calculation is performed by "long division" the symbol data polynomial must first be multiplied|by x".

TRirty-six different generator polynomials are used for generating the error correction.codewords forf QR Code
2005. These are given in Annex A.

THis can be implemented by using the division circuit as shown in Figure 14. The registers by through by | are
initialized as zeros. There are two phases to generate the encoding. In the first phase, with the swjitch in the
n position the data codewords are passed both to the output and the-circuit. The first phase i complete
er n clock pulses. In the second phase (n+ 1 ... n + k clock pulses); with the switch in the up pgsition, the
erfor correction codewords g ... g are generated by flushing the registers in order while keeping the data
input at 0.

{ I =7
®‘_ 90 @‘_ 91 ®<— k1

FCe
—»| by —>®—> by |- (+)—>| by T+_O

! Switch

() = GF(256)Addition it s Output
Input—> o/

(X) = GF(256) Multiplication
Figure 14 —Error correction codeword encoding circuit

6.p Constructing the final message codeword sequence

THe total ndmber of codewords in the message shall always be equal to the total number of ¢odewords
capable of-b&ing represented in the symbol, as shown in Tables 7 and 9.

THe(ellowing steps shall be followed to construct the final sequence of codewords (data plus error|correction
codewords ptus Renmainder Codewordsif recessary):

1. Divide the data codeword sequence into n blocks as defined in Table 9 according to the version and error
correction level (or a single block for Micro QR Code symbols).

2. For each data block, calculate a corresponding block of error correction codewords as defined in 6.5.2 and
Annex A.

3. Assemble the final sequence by taking data and error correction codewords from each block in turn. For
example, if there are four blocks the sequence would be: data block 1, codeword 1; data block 2, 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,
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codeword 1, ... and similarly to error correction block 4, final codeword. QR Code 2005 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 may 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 respectlvely, wh|Ie the third and fourth pairs of blocks contain 12 data and 22 error
correction W y YA

Figure 15] Each row of the ﬂgure corresponds to one block of data codewords (shown as Dy) followed by the
associated block of error correction codewords (shown as Ep); the sequence of character placemenbin the
symbol is obtained by reading down each column of the figure in turn.

Data codewords Error correction codewords
Block 1 Dy Do || .. D14 E, Ex || NN Ex
Block 2 D12 Di|| ... D, Exs =PV § Ess
Block 3 D3 Dog|| ... D33 Da4 Ess Ew || - Ees
Block4 | Dss¥| D' | ..o Dus’ D46+ Eo V| Ess'| .o EesY

Figure 15 —Constructing the final message codeword sequence

The final message codeword sequence for the Version-5-H symbol is therefore:
D11 D121 D231 D351 D21 D131 D241 D361 D111 D221 D33= D451 D341 D461 E11 E231 E451 E671 E21 E241 E461 E681 E221 E441

Ess, Egs. The symbol module capacity is filled-by adding 7 Remainder (0) bits as needed after the fipal
codeword

6.7 Codeword placement in matrix

6.7.1 Sylmbol character representation

There arg two types of symbol character, regular and irregular, in the QR Code 2005 symbol. Their use
depends gn their position-in the symbol, relative to other symbol characters and function patterns.

Most codg¢words.shall be represented in a regular 2 x 4 module block in the symbol. There are two ways| of
positioning these~blocks, in a vertical arrangement (2 modules wide and 4 modules high) and, if necessa

Irregular dymbao
Patterns. Examples are shown in Figures 16, 17 and 18.

6.7.2 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
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). Annex E defines the positioning of alignment patterns.
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6.7.3 Symbol character placement

In the encoding region of the QR Code 2005 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 in
accordance with the direction of symbol character placement.

le module
ition. Subsequent bits shall be placed in the next module positions. The most significant.\bif therefore
occupies the lower right module of a regular symbol character when the direction of placement i upwards,
the upper right module when the direction of placement is downwards. It may however accupy| the lower
left module of an irregular symbol character if the previous character has ended in the'right-hand module
column (see Figure 18).

Upwards Downwards
01 |a 6|7
2|3 415
415 213
6|7 0 (1

Figure 16 — Bit placement in regular symbol character'in upwards and downwards directions

c)|When a symbol character encounters the horizonial”boundary of an alignment pattern or of the timing
pattern in both module columns, it shall continue above or below the pattern as though the encodjing region
were continuous.

d)| When the upper or lower boundary of the.symbol character region is reached (i.e. the edge of the symbol,
format information, version information, oriseparator) any remaining bits in the codeword shall be plgced in the
neixt column to the left. The direction of\placement reverses.

Upwards to downwards

(i) (ii)

2|3[4]5 [o]1]2]3
0]1]6]7 4|5
6|7

Figure 17 — Example of bit placement in (i) regular and
(i) irregular symbol characters when direction of placement changes

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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An alternd
codeword
module wi

......................................... 51 A
CHAR. [|1]2 Upwards
2 314
5|6
7
0
1
CHAR. |2
1 3
415
.................................. 6]7

Figure 18 — Example of bit placement adjacent to alignment pattern

tive method for placement in the symbol, which yields the same result, is to,regard the interleavied
sequence as a single bit stream, which is placed (starting with the most significant bit) in the two-
de columns alternately upwards and downwards from the right to left of the'symbol. In each column

the bits afe placed alternately in the right and left modules, moving upwards or“downwards according to the

direction
bottom of

When the
characters
symbol ca

by

bf placement and skipping areas occupied by function patterns, changing direction at the top|or
the column. Each bit shall always be placed in the first available module position.

data capacity of the symbol is such that it does not dividé/eXactly into a number of 8-bit symbol
, the appropriate number of Remainder Bits (3, 4 or 7 asishown in Table 1) shall be used to fill the
pacity. These Remainder Bits shall always have the valtie-0 before data masking according to 6.8

L L
|:| Data Codewords
|:| EC Codewords
D11|D5 |D4
D12
D10
D6 (D3
emainder Bits D27 [ | D7 (D2
ES D24
L
L1
D26 D9 (D8 (D1
D25 D14
I_
\
E9

48

Figure 19 — Symbol character arrangement in version 2-M symbol
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Figure 20 — Symbol character arrangement in version 7-H symbol

[ E37 E30 | DI3
E8 [EI
E63 |
E Ese |E4 [D26[D64
[ | H N
E89
E82 [E107[D39|D51 (D9
D47| D57
34 [E85 D54[D41
£101 549 E108|E81 [D52|D38|D22| D6 D44
E77 E71|__lE15 D34
E60 [E59 D3 [D2§
E26| | E124|  |E68 | |E12 [E88 ||
£127E23 Es |Ess [D65[D25[D35| |D19|p3i
E51 Eas | |E18 D21
E86 [E33 D16|D15
Es2|| E21 | |Eo4 | IR38E
E31 [E29 [D66[D12|D48
E25 E19|  ro2| |
[ | [ | H Boop
E78 E47|_lE120_ |E64
Es7E3 [E1 [De3|Dét
E128|E24 E126 E122 E66 |—] D?—
E36 D32|D18[D42|D53
E104 E73 | |E17 |—{E90 | _{E112]E7 I -
L[] E83 [E106|E27 (D50[D10(D59
E102(E50 E100 E96 E40 |— D45[D5
E10 [] D55[D40
E130 E99 E43 E116 E9 [E110
E76 LT E£109[E80 [E53 [D37|D23|D46
E74||p70 |_lE14 || D58[D56
E113 [] D4 D27
E125| _ |E69|__IF13 D
E6 |E54 [E79 [D24|D36
E44 E117] |
H Wi pus
E22 | |E9s| |E39
£32|B28 [E105[D11[D49
E18 ] |E91 E]7
D20|D7 |[D43[D30[D1
|2l IE6s| E61 | Es8 | E2 D62
E48
D1 -D13 Data Block 1
D14 - D26 Data Block 2
D27 - D39 Data Block 3
D40 - D52 Data Block 4
D53 - D66 Data Block 5
E1-E26 EC Block 1
E27 - E52 EC Block 2
ESo -E/S EC BlocK 3
E79 - E104 EC Block 4
E105 - E130 EC Block 5

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 D3 in a Version M1 symbol, D¢, in a Version M3-L symbol and Dg
in a Version M3-M symbol is a 2 x 2 square 4-module block.
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6.8 Data masking

For reliable QR Code 2005 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 described below:

1. Data masking is not applied to function patterns.

2. Convert the given module pattern in the encoding region (excluding the format information and the version

mformmmnmmﬂmmmmmmmmﬁin,
lay the jnodule pattern over each of the data masking matrix patterns in turn and reverse the modules-(from

light to

3. Then e
convers

4. Select {he pattern with the lowest penalty points score.

6.8.1 D3

Table 10
data mask
in the eng
which the
column pg

dark or vice versa) which correspond to dark modules of the data masking pattern.

ta mask patterns

valuate all the resulting converted patterns by charging penalties for undesirable feafures on egch

ion result.

shows the data mask pattern reference (binary reference for use in~the format information) and the

pattern generation condition. The data mask pattern is generated by defining as dark any moddle
oding region (excluding the area reserved for format information and the version information) for
condition is true; in the condition, i refers to the row position of the module in question and j to |its
sition, with (i, j) = (0, 0) for the top left module in the symbo}-

Table 10 — Data mask pattern generation conditions

DJata mask pattern Data r_nask pattern reference Condition
refdrence for QR Code for Micro QR Code symbols
symbols
000 (i+j)mod2=0
001 00 imod2=0
010 jmod3=0
011 (i+j)mod3=0
100 01 ((idiv2)+ (jdiv3))mod2=0
101 (ijymod 2+ (ij)ymod 3=0
110 10 ((ijymod 2+ (ijymod 3) mod 2 =0
™1 11 ((i+))ymod 2 + (ij)mod 3)mod 2 =0

Figure 21

data masking usmg data mask pattern references 000 to 111.

50
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& |
& |
|
]
]
]
000 001
(i+j) mod2=0 imod2=0

-

il
7

011

(i+j) mod3=0

i

110

100
((i div 2) + (j div-3)) mod 2 = 0

010

fmod3=0

101
(ij) mod 2 +(ij) mod 3=0

:2006(E)

il

Function

modules

Masking shall jnot be

applied to these

modules

110

J) mod 2+ (i j) moed:3) mod 2 =0 ((ij) mod 2+ (ij) mod3)mod2=0

Figure 21 — Data mask patterns for version 1 symbol

NQTE 1 The three bits below each pattern represent the data mask pattern reference.
NQTE2  The equation below the data mask pattern reference shows the data mask pattern generatiorr condition;
m du:Ub VV; I;b:l IIIUUt t: 1S CUI |ditiuu alc D; TOWTT UIdI:’\.

Figure 22 below shows the four available data masking patterns applied to a Micro QR Code version M-4

symbol.
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Mask Pattern 01

Mask Pattern 00

Mask Pattern 11

Mask Pattern 10

ion M4 symbol

d to Micro QR Code vers

e

22 — Data mask patterns appl

Figure
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Unmasked symbol

Mask Patte;
000 to 11

Masked sy

T Eliﬁ%

/

™ Selected result with lowest penalty score

Figure 23 — Data masking simulation in QR Code symbols

6.8.2 Evaluation.of data masking results

6.8.2.1 Evaluation of QR Code symbols

Af

evi

er- petforming the data masking operation with each data mask pattern in turn, the results

ns

hbol
on

shall be

[uated by scoring penalty points for each occurrence of the following features. The higher the

humber of

points, the less acceptable the result. In Table 11 below, the variables N4 to N4 represent weighted penalty
scores for the undesirable features (N4=3, N>=3, N3;=40, N4,=10), i is the amount by which the number of
adjacent modules of the same color exceeds 5 and k is the rating of the deviation of the proportion of dark
modules in the symbol from 50% in steps of 5%. Although the data masking operation is only performed on
the encoding region of the symbol excluding the format information, the area to be evaluated is the complete
symbol.
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The data fnask pattern which results in the lowest penalty score shall be selected for the symbol

6.8.2.2

After perf
pattern in
two edges
these syn

Table 11 — Scoring of data masking results

Feature

Evaluation condition

Points

Adjacent modules in row/column in
same color

No. of modules = (5 + i)

Ny +i

Block of modules in same color

Block size = m x n

Nox(m-1)x(n-1)

1:1:3:1:1ratio Existence of the pattern N3
(dark:light:dark:light:dark) pattern in

row/column, preceded or followed

by light area 4 modules wide

Propertiorof-darkmedtdtesin S5 K)o S0(Ex kYT N=k

entife symbol

from an encoding region more effectively.

For each
symbol (e
formula:

If SUM, <|SUM,

Evaluatiorn

score = SUM; x 16 + SUM,

If SUM; >|SUM;,

Evaluation of Micro QR Code symbols

brming the data masking operation on the encoding region of the symbol with each data mdgsk
turn, the results shall be evaluated by scoring points for the number of dark modules in each of the
which are not timing patterns. The lower the number of points, the less acceptable the result.|In
bols, it is desirable to have more dark modules in the edge, insorder to differentiate a quiet zone

data mask pattern in turn, count the number of dark modules in the right and lower edges of the
xcluding the final module of the timing pattern). The, évaluation score is given by the following

Evaluation score = SUM, x 16 + SUM;
where:
SUM; = nimber of dark modules in right side edge
SUM, = ntimber of dark modules in lower side edge

A

SUM; > SUM,
> SUM, =8 Evaluation point = SUM, x 16 + SUM;,
=(6 x16)+ 8
) =104
& )

54

A
SUM, =6

Figure 24 — Evaluation of masking results in Micro QR Code symbol
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The data mask pattern which results in the highest score shall be selected for the symbol.
6.9 Format information

6.9.1 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 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 Binary
Level indicator
L 01
M 00
Q 11
H 10

THe third to fifth data bits of the format information contain the ‘data mask pattern reference from Table 10
above for the pattern selected according to 6.8.2.

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

THe 15-bit error corrected format information shall-then be XORed with the Mask Pattern 101010000010010,
in order to ensure that no combination of Error Cerrection Level and data mask pattern will result in @an all-zero
data string.

THe resulting masked format information“shall be mapped into the areas reserved for it in the $ymbol as
shown in Figure 25. Note that the( format information appears twice in the symbol in order {o provide
reflundancy 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 signifijcant bit in
thé modules numbered 14 in\Eigure 25. The module in position (4V + 9, 8) where V is the versioh number,
shgall always be dark and.does not form part of the format information.

EXAMPLE

Assume Error Cofrection Level M: 00

and data mask/pattern reference: 101

Dgta: 00101

BCH bits: 0011011100
Unmasked bit sequence: 001010011011100
Mask pattern for XOR operation: 101010000010010

Format information module pattern: 100000011001110
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14:13:12:11:10: 9

i

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

cro QR Code symbols

\— Dark Medule

Figure 25 — Format information positioning

The format information is a 15-bit sequence containing'5 data bits, with 10 error correction bits calculated

using the
Annex C.
correction

Table 13 — Symbol numbers for Micro QR Code symbols

(15, 5) BCH code. For details of the errer.correction calculation for the format information, refer|to
The first three data bits contain the symbol number (in binary), which identifies the version and erfor
level, as shown in Table 13:

Symbol Version Error Correction Binary Indicator
number Level

0 M1 Errorgr?lt;ction 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 fourth and fifth data bits of the format information contain the data mask pattern reference shown in Table

10 for the pattern selected according to 6.8.2.

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

56
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The 15-bit error corrected format information shall then be XORed with the bit pattern 100010001000101, in
order to ensure that no combination of symbol number and data mask pattern will result in an all-zero data
string.

The resulting masked format information shall be mapped into the areas reserved for it in the symbol as
shown in Figure 25 or 26, depending on the symbol type. The least significant bit of the format information is
located in the module numbered 0, and the most significant bit in the module numbered 14 in Figures 24 and
25.

EXAMPLE

Symbol number 0: 000
Data mask pattern reference: 1

Data bits (symbol number, data mask pattern reference): 00011

BCH bits: 1101011001

Unmasked bit sequence: 000111101011001
Mask pattern for XOR operation: 1000410001000101
Format information module pattern: 100101100011100

Figure 26 — Micro QR Code symbol format information bit positions

6.10 Version information

Thesfersioninformation is included in QR Code Qymhnlc of version 7 or Inrgnr It _consists—ofl 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 resulting version information shall be mapped into the areas reserved for it in the symbol as shown in
Figure 27. Note that the version information appears twice in the symbol in order to provide redundancy since

© ISO/IEC 2006 — All rights reserved 57


https://standardsiso.com/api/?name=149ffa2878615a93e388691c1387ceab

ISO/IEC 18004:2006(E)

its correct decoding is essential to the decoding of the complete symbol. The least significant bit of the version
information is located in the modules numbered 0, and the most significant bit in the modules numbered 17, in
Figure 28.

Example:
Version number: 7
Data: 000111
BCH bits: 110010010100
Format information module pattern: 000111110010010100
The versig eft

of the tog right finder pattern separator, and the 3 x 6 module block to the left of the timing pattern{and

1 Version Informiation
e o
— Hl
. i
| N d
| HEEN L |
O H
1
— — = 5
zdulit
|| " H .
—1 | LI
1 I | I | I
1 || | | |

Figure 27 — Version information positioning

0 1] 2
0 3| 6] 9112]15 314 5
1] 4] 7110]13[16 6l 71 8
2l 5| 8|11{14{17 9110{11
12[13]14
15[16{17
Version Information in lower left Version Information in upper right

Figure 28 — Module arrangement in version information
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7 Structured Append

7.1 Basic principles
Structured Append is not available with Micro QR Code symbols.

Up to 16 QR Code 2005 symbols may be appended in a structured format. If a symbol is part of a Structured
Append message, it is indicated by a header block in the first two and a half symbol character positions.

The_Structured Append mode indicator 0011 is placed in the four most significant bit positions in the first
bol character.

THis is immediately followed by two Structured Append codewords, spread over the four least-signjficant bits
of the first symbol character, the second symbol character and the four most significant bitsof the thjrd symbol
chiaracter. The first codeword is the symbol sequence indicator (see 7.2). The second cedeword is| the parity
data (see 7.3) and is identical in all symbols in the message, enabling it to be verified that all sympbols read
form part of the same Structured Append message. This header is immediately followed by| the data
codewords for the symbol commencing with the first mode indicator. If one or more’ECls other than the default
ECI is in force, an ECI header for each ECI, consisting of the ECI mode indicator and ECI Desigrjator, shall
follow the Structured Append header.

THe lower part of Figure 29 shows an example of four Structured Append symbols, with the same data as that
in the upper symbol.

[w]<5[m]

U a ho A

"+ ABCDEFGHIJKLMNOPQRSTUVWXYZ012345678

9ABCDE

ories-of-svymbols{belc d|ng
FGHIJKLMNOPQRSTUVWXYZ"

7.2 Symbol Sequence Indicator

This codeword indicates the position of the symbol within the set of (up to 16) QR Code 2005 symbols in the
Structured Append format (in the form m of n symbols). The first 4 bits of this codeword identify the position of
the particular symbol. The last 4 bits identify the total number of symbols to be concatenated in the Structured
Append format. The 4-bit patterns shall be the binary equivalents of (m - 1) and (n - 1) respectively.
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EXAMPLE

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

3rd position: 0010
Total 7 symbols: 0110
Bit pattern: 00100110

7.3 Pal';ty Data
The Parity Data shall be an 8-bit byte following the Symbol Sequence Indicator. The parity data js{a value
obtained by XORing byte by byte the byte values of all the original input data before division ,into”symipol
blocks. Mpde Indicators, Character Count Identifiers, padding bits, Terminator and Pad Characters shall pe
excluded from the calculation. Input data is represented for this calculation by 2-byte Shift JIS, values for Kgnji
(each bytg 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, "0123456789 H #-" is divided into "0123", "4567" and "89 H #." as follows:

1st symbol block ("0123") - hex. values 30, 31, 32, 33

2nd slymbol block ("4567") - hex. values 34, 35, 36, 37

3rd symbol block ("89H ") - hex. values 38, 39, 93FA, 967B
The parity|data is calculated from "0123456789 H # " by XORihg the data successively, byte by byte.

300B1032033034035036037D38D39DPIIOFADI6D 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.

8 Symbol printing and marking

8.1 Dimensions
QR Code R005 symbols_shall’conform to the following dimensions:

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

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

minimum quiet zone: equal to 2X (for Micro QR Code symbols) or 4X (for QR Code symbols) wide on all four
sides.

8.2 Human-readable interpretation
Because QR Code 2005 symbols are capable of encoding thousands of characters, a human readable

interpretation of the data characters may not be practical. As an alternative, descriptive text rather than literal
text may accompany the symbol.
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The character size and font are not specified, and the message may be printed anywhere in the area
surrounding the symbol. The human readable interpretation should not interfere with the symbol itself nor the
quiet zones.

8.3 Marking guidelines

QR Code 2005 symbols can be printed or marked using a number of different techniques. Annex K provides
user guidelines.

9| Symbol quality

Methodology

QR Code 2005 symbols shall be assessed for quality using the 2D matrix bar code’ symbol print quality
gdidelines defined in ISO/IEC 15415, as augmented and modified below.

Sgme marking technologies may not be able to produce symbols conforming<to this International Standard

without taking special precautions. Annex M gives additional guidance to help any printing system achieve
valid QR Code 2005 symbols.

Symbol quality parameters

.1 Fixed pattern damage

Annex G defines the measurement and grading basis foffFixed Pattern Damage.

9.2.2 Scan grade and overall symbol grade

THe scan grade shall be the lowest of the(grades for symbol contrast, modulation, fixed pattern damage,
dgcode, axial non-uniformity, grid non-unifofmity and unused error correction in an individual image of the
bol. The overall symbol grade is the\arithmetic mean of the individual scan grades for a numbef of tested
images of the symbol.

9.2.3 Grid non-uniformity

THe ideal grid is calculatéd, by using the finder patterns and alignment patterns as datum points, as |ocated by
use of the reference-decode algorithm (see Clause 11).

9.3 Process‘control measurements

A yariety of tools and methods can be used to perform useful measurements for monitoring and conrolling the
processi-of creating QR Code 2005 symbols. These are described in Annex M. These techniques do not
constitute a print quality check of the produced symbols (the method specified earlier in this cJause and
Arnnex G is the required method for assessing symbol print quality) but they individually and collectively yield
good indications of whether the symbol print process is creating workable symbols.

10 Decoding procedure overview

The decoding steps from reading a QR Code 2005 symbol to outputting data characters are the reverse of the
encoding procedure. Figure 30 shows an outline of the process flow.

1.  Locate and obtain an image of the symbol. Recognize dark and light modules as an array of “0” and “1”
bits. Identify reflectance polarity from finder pattern module colouring.
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2. Read the format information. Release the masking pattern and perform error correction on the format
information modules as necessary; if successful, symbol is in normal orientation, otherwise attempt mirror
image decoding of format information. Identify Error Correction Level, either directly, in QR Code symbols,
or from Micro QR Code symbol number, and data mask pattern reference.

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

4. 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.

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

6. Detegt errors using the error correction codewords corresponding to the Level Information.clf'any errof is

detedted, correct it.

7. Divide the data codewords into segments according to the mode indicators, @nd character codint
indicators.

8. Finally, decode the Data Characters in accordance with the mode(s) in use.and output the result.

( START >

|
Recognize Black/White:Modules

Decode Formatinformation
]

Determine Version
|

Release Masking

Restore Data and RS Codewords

Error detection
using Error Correction
codewords

Error(s)

No error

Error Correction
> |

Decode Data Codewords
|

Output
|

( END >

Figure 30 — QR Code 2005 decoding steps
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11 Reference decode algorithm for QR Code 2005

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

a) Determine a Global Threshold by taking a reflectance value midway between the maximum reflectance
and minimum reflectance in the image. Convert the image to a set of dark and light pixels using the
Global Threshold.

b) Locate the finder pattern. The finder pattern in QR Code 2005 consists of three identical finder patterns

1)

2)

3)

4)

5)

6)

Jocated at three of the four corners of the symbol. The finder patiern in Micro QR Code 1S a_si
pattern. As described in 5.3.2, module widths in each finder pattern form a dark-light-dark
sequence the relative widths of each element of which are in the ratios 1:1:3:1:1. Faobthe
of this algorithm the tolerance for each of these widths is 0,5 (i.e. a range of 0,5 to* 15 for
module box and 2,5 to 3,5 for the three module square box).

When a candidate area is detected note the position of the first and last points A and B re
at which a line of pixels in the image encounters the outer edges of the finder pattern (see H
Repeat this for adjacent pixel lines in the image until all lines crossing’the central box of
pattern in the x axis of the image have been identified.

Figure 31 — Scanudine in finder pattern

Repeat step 1) for pixel columns crossing the central box of the finder pattern in the y 4
image.

Locate the center of the pattern’ Construct a line through the midpoints between the point
on the outermost pixel lines_crossing the central box of the finder pattern in the x axis. G
similar line through points A and B on the outermost pixel columns crossing the central b
axis. The center of the.pattern is located at the intersection of these two lines.

Repeat steps 1)to0 3) to locate the centers of the two other finder patterns.
If no candidate areas are detected, reverse the colouring of the light and dark f
recommence at the beginning of step b to attempt to decode the symbol as a symbol with

reversal.

If-a'single pattern is identified but two further finder patterns cannot be located, attempt to g
symbol as a Micro QR Code symbol by jumping to the Micro QR Code symbols referen

gle finder
-light-dark
purposes
the single

spectively
Figure 31).
the finder

xis of the

s A and B
onstruct a
DX in the y

ixels and

eflectance

ecode the
e decode

(from step m).

c) Determine the rotational orientation of the symbol by analysing the finder pattern center coordinates to
identify which pattern is the upper left pattern in the symbol and the angle of rotation of the symbol.

d) Determine a) the distance D crossing the full width of the symbol between the centers of the upper left
position detector pattern and of the upper right finder pattern and b) the width of the two patterns, Wy,
and Wyg as shown in Figure 31.
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WuL Wur

Figure 32 — Upper finder patterns

e) Calcdlate the nominal X dimension of the symbol.
XIF (WyL + Wyr) /14

f)  Provigionally determine the version V of the symbol.
VI= [(D/IX)-10]/ 4

g) If the|provisional symbol version is 6 or less, this is specified as the defined version. If the provisiopal
symbpl version is 7 or more, the version information is deceded as follows.

1) Divide the width W of the upper right finder pattern by 7 to calculate the module size CPyg.
CPUR = WUR 17
ind the guide lines AC and AB fromA;’B and C, which pass through the centers of the three finder

atterns, as shown in Figure 32 below. The sampling grid for each module center in the versipn
information 1 area is determined based on lines parallel to the guide lines, the central coordinates|of

N
-
o T

the finder patterns, and the medule size CPyg. Binary values 0 and 1 are determined from the light{or
dark pattern on the samplinggrid.
Version
A Information 1 E
Version E E
Information 2
O O
I
C

Figure 33 — Finder patterns and version information

3) Determine the version by detecting and correcting errors, if any, based on the table in Annex D.2.
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4) If errors exceeding the error correction capacity are detected, then calculate the pattern width Wp_ of
the lower left finder pattern and follow a similar procedure to steps a), b) and c) above to decode
version information 2.

For Version 1 symbols, redefine X as the average spacing of the center points of the dark and light
modules in the Timing Patterns. In a similar manner, calculate the Y dimension as the average spacing of
the center points of the dark and light modules in the left side Timing Pattern. Establish a sampling grid
based on (a) the horizontal line through the upper 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 (b) the vertical line passing through the left side Timing Pattern
S i fzonts i —eomprising—sbth e vertical
reference line and as many lines to the right of it as are required for the version of the symbal Hor version
2 and larger symbols, determine the central coordinate of each alignment pattern from(the’ cpordinates
defined in 5.3.5 and Annex E and construct the sampling grids with lines equidistantly spacedl between
these points.

ot
8 s
BN

P5
Figure.34 — Finder patterns and alignment patterns

1) Divide the pattern width Wy, of the upper left finder pattern Py_by 7 to calculate the mpdule size

CPUL = WUL |7
2) Determine the provisional central coordinates of the alignment patterns P1 and P2 (see Higure 33),

based on the coordinate of the center A of the upper left finder pattern PUL, lines parallel tq the guide
lines AB and AC obtained in 7c), and the module size CPUL.

oy S 2 2 aligamentpatternPl-and-P2-starding-from-thepixel of the
provisional central coordinate to find the actual central coordinates Xi and Yj (see Figure 34).

(X1,Yj)

Figure 35 — Central coordinates of alignment pattern
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4) Estimate the provisional central coordinate of the alignment pattern P3, based on the central
coordinate of the upper left finder pattern Py and the actual central coordinates of the alignment
patterns P1 and P2 obtained in step 3.

5) Find the actual central coordinate of the alignment pattern P3 by following the same procedure in

S

tep 3.

6) Find Lx, which is the center-to-center distance of the alignment patterns P2 and P3, and Ly, which is
the center-to-center distance of the alignment patterns P1 and P3. Divide Lx and Ly by the defined
spacing of the alignment patterns to obtain the module pitches CPx in the lower side and CPy in the

I

In

th
C6
m

i el H 4l lofs £ 4l | LL | oL

UIIL LIUT 1T Uare U}J}JUI it arcea vl uic OyIIIUUI \OCC 1 IUUIU \J\J}.
CPx=Lx/AP
CPy=Ly/AP

where AP is the spacing in modules of the alignment pattern centers (see Tabte E.1).
the same fashion, find Lx’, which is the horizontal distance between the central coordinates of
ntral coordinates of the alignment pattern P2. Divide Lx’ and Ly’ by‘the formula below to obtain
pdule pitches CPx’ in the upper side and CPy’ in the left side in the upper left area of the symbol.
CPx’ = Lx’ / (Column coordinate of the central module‘of the alignment pattern P1

- Column coordinate of the central'module of the upper left Finder
Pattern Py)

CPy’ =Ly’ / (Row coordinate of the central:module of the alignment pattern P2

- Row coordinate of the central module of the upper left Finder
Pattern Py)

Lx’
PuL

P1

Ly ’ Ly

v
Lx \
P2 ¢ > P3

| &
<€

he

upper left finder pattern Py, and the central coordinates of the alignment pattern P1, and Ly’, whicH is
e vertical distance between the central coordinates of the upper left"finder pattern Py and the

e

Figure-36—Upperteftareaofsymbol

7) Determine the sampling grid covering the upper left area of the symbol based on the module pitches
CPx, CPx’, CPy and CPy’ representing each side in the upper left area of the symbol.

8) In the same fashion detemine the sampling grids for the upper right area (covered by the upper right
finder pattern Pyg, alignment patterns P1, P3 and P4) and lower left area (covered by the upper right

fi

66

nder pattern Pyg, alignment patterns P2, P3 and P5) of the symbol.

© ISO/IEC 2006 — All rights reserved


https://standardsiso.com/api/?name=149ffa2878615a93e388691c1387ceab

ISO/IEC 18004:2006(E)

9) For the alignment pattern P6 (see Figure 36), estimate its provisional central coordinate from the
module pitches CPx’ and CPy’, the values of which are obtained from the spacings of alignment
patterns P3, P4 and P5, guide lines passing through the centers of the alignment patterns P3 and P4,
and P3 and P5 respectively, and the central coordinates of these Patterns.

Lx’ P4
P3 —>
Io -
Ty ty
P5 Lx P6

Figure 37 — Lower right area of symbol

10) Repeat steps 5) 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 §ymbol not
already covered.

i) | Sample an area of 3 x 3 image pixels, centred on*gach 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.

j) | Decode the format information adjacent to_the upper left finder pattern as described in Annex (.2 to yield
the Error Correction Level and the datamask pattern applied to the symbol. If errors exceeding the error
correction capacity of the format infarmation are detected, then follow the same procedure to decode the
format information adjacent to the upper right and lower left finder patterns.

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

)| Gotostepy.
m] For Micro QR"Code symbols, determine the possible angles of rotation of the symbol by anglysing the
angles of the lines from step b 3) relative to the imaging sensor axes, as 9, 8 +90°, 9§ H180° and

9+ 270%

n)| Plot/three lines parallel to each axis of the finder pattern and equally spaced across the pattern and
measure the distances from point A to point B on each line.

o) Calculate the provisional module dimension X of the symbol in each axis as one seventh of the mean of
the three distances A to B from step n.

p) Taking each side of the outer box of the finder pattern in turn, extend a line outward from the finder
pattern in both directions, parallel to the edge and 0.5 X in from the edge.

q) Search for the timing patterns:
1) Identify two edges of the finder pattern nominally perpendicular to each other, each of which has both

i) aclear area of at least 1.5X in one direction;
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r)

s)

y)

z)

aa)

bb)

)

in the opposite direction (a candidate timing pattern).

alternating light and dark areas evenly spaced at 1X centres from the edge of the finder pattern

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

n

umber is between two and five.

Determine the provisional version of the symbol from the number of dark elements in the timing pattern:

— If there are two dark elements, the symbol version is M1;

From
adjac
an ar
modu
binar

Reled
decoq
yield

mask

If the
in the

— It there are three dark elements, the symbol version is MZ;

— If there are four dark elements, the symbol version is M3;

— If there are five dark elements, the symbol version is M4.
the centre of the first dark module in each side of the timing patterns extend a.line parallel with {
ent side of the finder pattern to intersect with the corresponding line from the’other side and sam
ba of 3 x 3 image pixels at 1X intervals along the line to determine the light'or dark status of eg
le of the format information. Determine the format information bit string.by)taking the dark pixels

1 and light pixels as binary 0.

se masking of the format information by XORing the bit string{with the pattern given in 6.9.2 a

e the format information (applying the error correction procedure given in Annex B if necessary)
the symbol number (and hence the version and error correction level of the symbol) and the d
pattern applied to the symbol.

format information bit string is not a valid sequence;@etermine whether it is a valid sequence if r
reverse direction and if so attempt to continue decoding as a mirror image symbol with the im

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

subst]

tute this sequence and decode the substituted format information to obtain the symbol number a

the data mask pattern.

Confi

pattefn adjacent to the quiet zone to the-outer edge of the last dark module in the timing pattern by

numb

Estahb
axis,

er of modules corresponding té:the symbol version.

lish a sampling grid, corfesponding to the version of the symbol, of lines spaced 1X apart in ea
barallel to each other and-to the side of the finder pattern, and running from the centres of the tim

pattefn modules and fromtsimilar positions in the finder pattern.

Samy
wheth
modu

XOR

le an area of\8 _x 3 image pixels, centred on each intersection of the grid lines, and determi

les as binany 1 and light modules as binary 0.

the{data mask pattern with the encoding region of the symbol to release the data masking a

'm the module pitch X in each axis\by dividing the overall width from the outer edge of the finder

he

ich
ng

he

er it is darkor light based on the Global Threshold. Construct a bit matrix mapping the dark

nd

restofelthe symbol characters representing data and error correction codewords. This reverses the effi
of theWMW.

Deter

mine the symbol codewords in accordance with the placement rules in 6.7.3.

bct

Rearrange the codeword sequence into blocks as required for the symbol Version and Error Correction

Level

, by reversing the interleaving process defined in 6.6. step 3).

Follow the error detection and correction decoding procedure in Annex B to correct errors and erasures

up to

the maximum correction capacity for the symbol version and Error Correction Level.

cc) Restore the original message bit stream by assembling the data blocks in sequence.

68
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dd) 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.

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

12 Autodiscrimination capability

QR Code 2005 can be used in an autodiscrimination environment with a number of other symbologies. (See
Annex L). Although Model 1 and QR Code 2005 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
symbols.

13 Transmitted data

13.1 General principles

All encoded data characters shall be included in the data transmission. (The function patterns, f

ode 2005

brmat and

version information, error correction characters, Pad and Remainder characters shall not be transmitted. The

default transmission mode for all data shall be as bytes.

THe Structured Append header block shall not be transmitted by decoders operating in buffered m

pbde which

have reconstructed the complete message before transmission. If the decoder is operating in ynbuffered

mode the Structured Append header shall be transmitted as-the first 2 bytes of every symbol. Morg
interpretations including the transmission of data in an Extended Channel Interpretation, are a