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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respectj izati i i ' i ivi i pmmittees

collabofate in fields of mutual interest. Other international organizations, governmental and non-goverfimental, in

liaison With ISO and IEC, also take part in the work.

Internafional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,/Part 3.

In the fleld of information technology, ISO and IEC have established a joint technical cemmittee, ISO/IEC JTC 1.

ernational Standards adopted by the joint technical committee are circulated o, national bodies [for voting.
ion as an International Standard requires approval by at least 75 % of the national bodies casting|a vote.

Attentidn is drawn to the possibility that some of the elements of this International Standard may be the|subject of

patent fights. ISO and IEC shall not be held responsible for identifying any or all'such patent rights.

Internafional Standard ISO/IEC 18004 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information

technolpgy, Subcommittee SC 31, Automatic identification and dat&)capture techniques, in collaboratio
Inc.,

with AIM

Annexds A to F form a normative part of this International Standard. Annexes G to M are for information gnly.

1) AIMInc., 634 Alpha Drive, Pittsburgh, PA 15238-2802, U.S.A.

© ISO/IEC 2000 — All rights reserved
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Introduction

QR Code is a matrix symbology consisting of an array of nominally square modules arranged in an overall square
pattern, including a unique finder pattern located at three corners of the symbol and intended to assist in easy
location of its position, size and inclination. A wide range of sizes of symbol is provided for together with four levels
of error correction. Module dimensions are ||Qnr-clnnrifinrl to_enahle Q\J/mhnl :’\rndlmfinn h\l/ a\wide \I:riety of
techniquef. QR Code Model 1 is the original specification for QR Code; QR Code Model 2 is an enhanced|form of
the symbplogy with additional features and can be auto-discriminated from Model 1. Since Medel 2 is the
recommended model for new, open systems application of QR Code, this International Standard describes Model 2
fully, and $pecifies the features in which Model 1 QR Code differs from Model 2 in an annex.

Vi © ISO/IEC 2000 — All rights reserved
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Infor

mation technology — Automatic identification and data

capture technigues — Bar code symbology — QR Code

1 Sd

This Infernational Standard specifies the requirements for the symbology known as QR Code.\It 'specifi
odel 2 symbology characteristics, data character encodation, symbol formats, dimensional chargcteristics,
selectable

Code M

error dorrection rules, reference decoding algorithm, production quality requirements, and user-

applical

2 Ca

QR Code symbols (and equipment designed to produce or read QR Code symbols) shall be considered &

this spe
howevg

3  Nd
The foll

this Int
publical

ope

ion parameters, and defines in an annex the features of Model 1 symbols which-differ from Model

nformance

cification if they meet the requirements defined for either QR Code Model 2 or Model 1. It should

rmative references

brnational Standard. For dated references;~subsequent amendments to, or revisions of, any
ions do not apply. However, parties to agteements based on this International Standard are encq

r, that Model 2 is the form of the symbology recommended fer new and open systems applications.

bs the QR

2.

S meeting
be noted,

pwing normative documents contain provisionsvhich, through reference in this text, constitute provisions of

of these
uraged to

investigate the possibility of applying the most-recent editions of the normative documents indicated lhelow. For
undated references, the latest edition of the-normative document referred to applies. Members of 1ISQ and IEC
maintain registers of currently valid Interpational Standards.

ISO/IEQ 15424, Information technology — Automatic identification and data capture techniques| — Data
carrier/symbology identifiers.

ISO/IEC 15416, Information-technology — Automatic identification and data capture techniques — Bar |code print
quality fest specifications-<Linear symbols.

EN 15

JIS X 0R01, JIS:8-bit Character Set for Information Interchange.

JIS X 0p08:1997, Japanese Graphic Character Set for Information Interchange.

, Bar Coding— Terminology.

ANSI X3.4, Coded Character Sets — 7-bit American National Standard Code for Information Interchange (7-bit

ASCI).

AIM International Technical Specification, Extended Channel Interpretations: Part 1. Identification scheme and

protoco

© ISO/IE

| (referred to as "AIM ECI specification”).
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4 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in EN 1556 and the following apply.

4.1
Alignmen

t Pattern

fixed reference pattern in defined positions in a matrix symbology, which enables the decode software to re-
synchronise the coordinate mapping of the image modules in the event of moderate amounts of distortion of the

image

4.2
Characte
bit sequer

4.3
ECI desi
six-digit n

4.4

encoding
region of
codeword

4.5

Extended
protocol u
the defaul

4.6

Extension Pattern

in Model 1

4.7

Format Information

function p
pattern us

4.8
function
overhead
in decodin

4.9
Mask Pat

three-bit igentifier-of the masking patterns applied to the symbol

4.10

Count Indicator
ce which defines the data string length in a mode

nator
mber identifying a specific ECI assignment

region
he symbol not occupied by function patterns and available for encodation of data and error co

o7

Channel Interpretation (ECI)

character set

symbols, a function pattern which does not encode data

attern containing information on the error correction level applied to the symbol and on the n
ed, essential to enable the remainder of the encoding region to be decoded

battern
component of the symbol required for location of the symbol or identification of its characteristics t
g

ern Reference

rrection

5ed in some symbologies that allows the output data stream to have interpretations different from that of

nasking

0 assist

masking

process of XORing the bit pattern in the encoding region with a masking pattern to provide a symbol with more
evenly balanced numbers of dark and light modules and reduced occurrence of patterns which would interfere with
fast processing of the image

4.11
mode
method of

representing a defined character set as a bit string

© ISO/IEC 2000 — All rights

reserved
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4.12
Mode Indicator
four-bit identifier indicating in which mode the next data sequence is encoded

4.13
Padding Bit
0 bit, not representing data, used to fill empty positions of the final codeword after the Terminator in a data bit string

4.14
Position Detection Pattern

one of threetdenticatcomponentsof-theHnderPatterti——mMm

4.15
Remainder Bit
0 bit, ot representing data, used to fill empty positions of the symbol encoding region after the final symbol
character, where the encoding region does not divide exactly into eight-bit symbol characters

4.16
Remainder Codeword
Pad Cgdeword used to fill empty codeword positions to complete the symbol ifthe total number of datg and error
correctipn codewords does not exactly fill its nominal capacity

NOTE The Remainder codewords come after the error correction codewords.

4.17
segmeft
sequenge of data encoded according to the rules of one ECI or’‘entodation mode

4.18
Separajtor
function pattern of all light modules, one module wide,"separating the Position Detection Patterns from the rest of
the synjbol

4.19
Terminjator
bit pattg¢rn 0000 used to end the bit string.representing data

4.20
Timing|Pattern
alternating sequence of dark-and light modules enabling module coordinates in the symbol to be determirjed

4.21
Versiof
size of the symbel represented in terms of its position in the sequence of permissible sizes from 21 x 21l modules
(Version 1) to 477+ 177 (Version 40) modules

NOTE May also indicate the error correction level applied to the symbol.

4.22

Version Information

in Model 2 symbols, a function pattern containing information on the symbol version together with error correction
bits for this data

5 Symbols (and abbreviated terms)

Mathematical symbols used in formulae and equations are defined after the formula or equation in which they
appear.

© ISO/IEC 2000 — All rights reserved 3
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For the purposes of this specification, the mathematical operations which follow shall apply:

div

mod

XOR

6 Con

6.1 Mo

For ease

is

is

the integer division operator

the integer remainder after division

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

ventions

jule positions

bf reference, module positions are defined by their row and column coordinates in the symbol, in t

(i, ) wherg i designates the row (counting from the top downwards) and j the column (counting from left to

which the

module is located, with counting commencing at 0. Module (0, 0) is therefor€ located at the ug

corner of fhe symbol.

6.2 Byt

Byte contg

6.3 Ver

Symbol v

e notation

bnts are shown as hexadecimal values.

sion references

prsions are referred to in the form Version V-E where V identifies the version number (1 - 40

indicates the error correction level (L, M, Q, H).

7 Sym
The claus
symbols.
7.1 Bas
QR Code
a) Enco
1)
2)
3)
4)

-

~
g

bol description

bs and subclauses of this International.Standard define the specifications applicable to Model 2 Q
Unless indicated otherwise in Annex)M they also apply to Model 1 symbols.

ic characteristics

s a matrix symbologywith the following characteristics:
lable character set:

umeric data(digits 0 - 9);

Iphanureric data (digits O - 9; upper case letters A -Z; nine other characters: space, $% * +-./:

he form
right) in
per left

and E

R Code

8

-bitbyte data (JIS 8-bit character set (Latin and Kana) in accordance with JIS X 0201);

Kanji characters (Shift JIS character set in accordance with JIS X 0208 Annex 1 Shift Coded
Representation. Note that Kanji characters in QR Code can have values 8140yeyx -9FFCpex and E040yey -
EBBF4ex , Which can be compacted into 13 bits.)

b) Representation of data:

A dark module is a binary one and a light module is a binary zero.

c) Symbol size (not including quiet zone):

21 x 21 modules to 177 x 177 modules (Versions 1 to 40, increasing in steps of 4 modules per side)

© ISO/IEC 2000 — All rights reserved
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d) Data characters per symbol (for maximum symbol size — Version 40-L):
1) numeric data: 7 089 characters
2) alphanumeric data: 4 296 characters
3) 8-bit byte data: 2 953 characters

4) Kanji data: 1 817 characters

e) Selectabyteerror Correction.

Four levels of error correction allowing recovery of:

L 7%
M  15%
Q 25%
H 30%

of the symbol codewords.
f)  Coge type:

Matrix

g) Orientation independence:
Yes

Figure 1 illustrates a Version 1 QR Code sympa}:

10

[=]
=]

Figure 1 — Example of QR Code symbol

7.2 Summary of additional features
The following additional features are either inherent or optional in QR Code:
a) Structured append (optional)

This allows files of data to be represented logically and continuously in up to 16 QR Code symbols. These
may be scanned in any sequence to enable the original data to be correctly reconstructed.

© ISO/IEC 2000 — All rights reserved 5
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b) Masking (inherent)

This enables the ratio of dark to light modules in the symbol to be approximated to 1:1 whilst minimizing the
occurrence of arrangements of adjoining modules which would impede efficient decoding.

c) Extended Channel Interpretations (optional)
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.

7.3 Symbol structure QQQ

Each QR |Code symbol shall be constructed of nominally square modules set out in a regular ﬁa{re arfay and
shall condist of a encoding region and function patterns, namely finder, separator, timing pa , and alignment
patterns. |Function patterns shall not be used for the encodation of data. The symbol shall’be surroundegd on all
four sides|by a quiet zone border. Figure 2 illustrates the structure of a Version 7 QR Co&g?s\/mbol.

N
| — Quiet Zones\\%

— Position Detection ™

N\
?&eparators for Position | Function

1’y Detection Patterns Patterns

=~ Timi ng Patterns Symbol

—— Alignment Patterns

Format Information

Version Information Encoding
Region

(b —— Dataand Error
Correction Codewords

Figure 2 — Structure or a YR Code Sympol

7.3.1 Symbol Versions and sizes

There are forty sizes of QR Code 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 increasing in steps of 4 modules
per side up to Version 40 which measures 177 modules x 177 modules. Figures 3 to 8 illustrate the structure of
Versions 1, 2, 6, 7, 14, 21 and 40.

6 © ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=734fc9cc66b22c19b8ed34ea7172518d

ISO/IEC 18004:2000(E)

Data and EC Codewords
Format Information and its

Error Correction codes

Version Information and its
Error Correction codes

Remainder Bits

[1E B E

F— 21 modules — l = m%dUI$

5
T
21
modules 5

25
modules 9

Version 1 Version 2

Figure 3 — Version 1 and 2 symbols

© ISO/IEC 2000 — All rights reserved 7
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| 41 modules |

25

A R EEEEEEEEEER

8 © ISO/IEC 2000 — All rights reserved
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| 45 modules 1
29

modules

© ISO/IEC 2000 — All rights reserved 9
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% 73 modules I
57

- Version 14
>

10 © ISO/IEC 2000 — All rights reserved
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O® ’ Version 21

\% Figure 7 — Version 21 symbol

© ISO/IEC 2000 — All rights reserved
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12
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7.3.2 Finder pattern

The finder pattern shall consist of three identical Position Detection Patterns located at the upper left, upper right
and lower left corners of the symbol respectively as illustrated in Figure 2. Each Position Detection Pattern may be
viewed as three superimposed concentric 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 Position Detection Pattern is 1:1:3:1:1 as illustrated in
Figure 9. The symbol is preferentially encoded so that similar patterns have a low probability of being encountered
elsewhere in the symbol, enabling rapid identification of a possible QR Code symbol in the field of view.
Identification of the three Position Detection Patterns comprising the finder pattern then unambiguously defines the
location and orientation of the symbol in the field of view.

1:1:3:1:1
- &
3 A: 3 modules
A B C B: 5 modules
L C: 7 modules
- v

Figure 9 — Structure of Position De€tection Pattern

7.3.3 [Separators

A one-module wide Separator is placed between each “Position Detection Pattern and Encoding Region, as
illustrated in Figure 2, and is constructed of all light modules.

7.3.4 [Timing Pattern

The hofizontal and vertical Timing Patterns\tespectively consist of a one module wide row or column of glternating
dark and light modules, commencing and-ending with a dark module. The horizontal Timing Pattern ryns across
row 6 gf the symbol between the separators for the upper Position Detection Patterns; the vertical Timipng Pattern
similarly runs down column 6 of thexsymbol between the separators for the left-hand Position Detectior) Patterns.
They emnable the symbol density @nd version to be determined and provide datum positions for determinipng module
coordinptes.

7.3.5 JAlignment Patterns

Each Alignment Pattern may be viewed as three superimposed concentric squares and is constructed of [dark 5 x 5
moduleg, light 3.3 modules and a single central dark module. The number of Alignment Patterns depends on the
symbol|versionand they shall be placed in all Model 2 symbols of Version 2 or larger in positions defined in Annex
E.

7.3.6 Encoding region
This region shall contain the symbol characters representing data, those representing error correction codewords,

the Version Information and Format Information. Refer to 8.7.1 for details of the symbol characters. Refer to 8.9
for details of the Format Information. Refer to 8.10 for details of the Version Information

7.3.7 Quiet zone

This is a region 4X wide 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.
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8 Requirements

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

Analyze the input data stream to identify the variety of different characters to be encoded. QR Code supp
Extended Channel Interpretation feature, enabling data differing from the default character set to be encod
Code inclpdes several modes (see 8.3) to allow different sub-sets of characters to be converted inte
in efficient ways. Switch between modes as necessary in order to achieve the most efficient.cor
a binary string. Select the required Error Detection and Correction Level. If the user has not s
the symba@l version to be used, select the smallest version that will accommodate the data. _Aycomplet
symbol velrsions and capacities is shown in Table 1.

Step 2 Data encodation

Convert the data characters into a bit stream in accordance with the rules for the maode in force, as defined
to 8.4.5, ipserting Mode Indicators as necessary to change modes at the beginning of each new mode s
inator at the end of the data sequence. Split the resulting bit stream’into 8-bit codewords. A
Characterf as necessary to fill the number of data codewords required for theyersion.

Step 3 Erjor correction coding

orts the
ed. QR

version
pecified
P list of

in 8.4.1
bgment,
dd Pad

Divide thg codeword sequence into the required number of blocks)(as defined in Tables 13 to 22) to enable the

error corrgction algorithms to be processed. Generate the error, correction codewords for each block, ap
the error dorrection codewords to the end of the data codeword, sequence.

Step 4 Structure final message

bending

Interleave|the data and error correction codewords ftom each block as described in 8.6 (step 3) and add remainder

bits as negessary.
Step 5 Mddule placement in matrix

Place the| codeword modules in the_matrix together with the Finder Pattern, Separators, Timing Patte
Alignment Patterns.

Step 6 Mdsking

Apply the[ masking patterns in turn to the encoding region of the symbol. Evaluate the results and se

pattern which optimizes-the dark/light module balance and minimizes the occurrence of undesirable patterng.

Step 7 Fofmat and Version Information

rn, and

ect the

Generate the-Format and (where applicable) Version Information and complete the symbol.
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Table 1 — Data capacity of all versions of QR Code

Version No. of Function Format and Data Data capacity | Remainder
Modules/ mo%atﬁggn(B) InX)errrﬁlaotE) 0 module(si [codewords]? Bits
side (A) modules (C) (%Xff\i’_tB(_g) (E)

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 1568 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 5867 733 3
17 85 635 67 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 10 916 1 364 4
24 113 906 67 11 796 1474 4
25 117 914 67 12 708 1588 4
26 121 922 67 13 652 1706 4
27 125 930 67 14 628 1828 4
28 129 1203 67 15371 1921 3
29 133 1211 67 16 411 2051 3
30 137 1219 67 17 483 2185 3
31 141 1227 67 18 587 2 323 3
32 145 1235 67 19723 2 465 3
33 149 1243 67 20891 2611 3
34 153 1251 67 22 091 2761 3
35 157 1574 67 23 008 2 876 0
36 T6T T 587 67 7A 272 3037 0
37 165 1590 67 25568 3196 0
38 169 1598 67 26 896 3362 0
39 173 1 606 67 28 256 3532 0
40 177 1614 67 29 648 3706 0

& All codewords shall be 8 bits in length.

8.2 Data 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 8.4. Each mode in sequence from Numeric mode to

© ISO/IEC 2000 — All rights reserved
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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. Guidance on this is given in Annex
H. Also, because the capacity of symbols increases in discrete steps from one version to the next, it may not
always be necessary to achieve the maximum conversion efficiency in every case.

8.3 Modes

The modgs defined below are based on the character values and assignments associated with the default ECI.
When any other ECI is in force, the byte values rather than the specific character assignments shalbbe used to
select thg optimum data compaction mode. For example, Numeric Mode would be appropriate”if thgre is a
sequence|of data byte values within the range 304ex t0 394ex inclusive. In this case the compaction is carried out
using the gefault numeric or alphabetic equivalents of the byte values.

8.3.1 Extended Channel Interpretation (ECI) Mode
The Exterjded Channel Interpretation (ECI) protocol allows the output data stream\te have interpretations different
from that pf the default character set. The ECI protocol is defined consistently~across a humber of symbplogies.
Four broafl types of interpretation are supported in QR Code:

a) international character sets (or code pages)

b) genefal purpose interpretations such as encryption or compaction
c) user-glefined interpretations for closed systems.

d) contrgl information for structured append in unbuffered mode

The ECI grotocol is fully defined in the AIM ECI specification. The protocol provides a consistent method to| specify
particular |nterpretations of byte values before printing and after decoding.

The defadlt interpretation for QR Code is ECI'000020 representing the JIS8 and Shift JIS character sets.

8.3.2 Nymeric Mode

Numeric mode encodes data from’'the decimal digit set (0 - 9) (ASCII values 30pex t0 394ex) at a normal dgnsity of
3 data characters per 10 bits,

8.3.3 Alphanumerie.Mode

Alphanumleric Made ‘encodes data from a set of 45 characters, i.e. 10 numeric digits (0 - 9) (ASCII values B0uex to
39ex), 2§ alphabetic characters (A - Z) (ASCII values 41ex to 5Ahex) , and 9 symbols (SP, $, %, *, +, 1, ., /, :)
(ASCII valués) 20hex, 24Hex, 25HEX, 2AHEX, 2BHEX, 2D to 2F4ex, 3Anex respectively). Normally, two input ch:Fracters
are represemnted by titits:

8.3.4 8-bit Byte Mode

The 8-bit byte mode handles the 8-bit Latin/Kana character set in accordance with JIS X 0201 (character values
00ex to FFLex). In this mode data is encoded at a density of 8 bits/character.

8.3.5 Kanji Mode
The Kanji mode handles Kanji characters in accordance with the Shift JIS system based on JIS X 0208. The Shift

JIS values are shifted from the JIS X 0208 values. Refer to JIS X 0208 Annex 1 Shift Coded Representation for
detail. Each two-byte character value is compacted to a 13 bit binary codeword.
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Mixing modes

The QR Code symbol may contain sequences of data in a combination of any of the modes described in 8.3.1 to

8.3.5

Refer to Annex H for guidance on selecting the most efficient way of representing a given input data string in Mixing

Mode.

8.3.7 Structured Append Mode

Structufed Append mode IS used to split the encodation of the data from a message over a number Qf|
symbols. All of the symbols require to be read and the data message can be reconstructed (n-t
sequenge. The Structured Append header is encoded in each symbol to identify the length of the sequen
symbol}s position in it, and verify that all the symbols read belong to the same message. Refer to 9 fol

encod

8.3.8

FNC1 1
Identifig

84 L

ion in Structured Append mode.

FNC1 Mode

node is used for messages containing data formatted either in accordance ‘with the UCC/EAN A

ata encodation

Input data is converted into a bit stream consisting of an ECI headé€y if'the initial ECI is other than the d

followe
the first

The EG

— EQ

— EQ

The ren

— Mg

— Ch

— Da

Mode Indicator.

I header (if present) shall comprise:

| Mode Indicator (4 bits)

| Designator (8, 16 or 24 bits)

nainder of the bit stream is then made up of segments each comprising:
de Indicator (4 bits)

practer Count Indicatof

ta bit stream.

The EC
signific

| header shalltbegin with the first (most significant) bit of the ECI Mode Indicator and end with the
nt) bit of the ECI Designator. Each Mode segment shall begin with the first (most significant

Mode Ipdicator-and end with the final (least significant) bit of the data bit stream. There shall be
separator betiveen segments as their length is defined unambiguously by the rules for the mode in forg
numbel ofinput data characters.

QR Code
he correct
ce and the
details of

Application

rs standard or in accordance with a specific industry standard previouslyagreed with AIM International.

bfault ECI,

| by one or more segments each in a separate mode. Inthe default ECI, the bit stream commegnces with

final (least
bit of the
no explicit
e and the

To encode a sequence of input data in a given mode, the steps defined in sections 8.4.1 to 8.4.6 shall be followed.
Table 2 defines the Mode Indicators for each mode. Table 3 defines the length of the Character Count Indicator,
which varies according to the mode and the symbol version in use.

© ISO/IEC 2000 — All rights reserved
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Table 2 — Mode indicators

Mode Indicator
ECI 0111
Numeric 0001
Alphanumeric 0010
8-bit Byte 0100
Kanji 1000
Structured Append 0011
FNC1 0101 (First position)
1001 (Second position)
Terminator (End of Message) 0000
Table 3— Number of bits in Character Count Indicator
Version Numeric Alphanumeric 8-bit Byte Kanji
Mode Mode Mode Mode
1to9 10 9 8 8
10 to 26 12 11 16 10
27 to 40 14 13 16 12
The end df the data in the complete symbol is indicated by a 4 bit terminator 0000, which is omitted or abbgeviated
if the remaining symbol capacity after the data bit stream is less than 4 lits: The terminator is not a Mode Indicator
as such.
8.4.1 Extended Channel Interpretation (ECI) Mode
This modé¢, used for encoding data subject to alternative_interpretations of byte values (e.g. alternative claracter
sets) in agcordance with the AIM ECI specification whichtdefines the pre-processing of this type of data, is jnvoked
by the usg of Mode Indicator 0111. There is no need terinvoke the default Extended Channel Interpretation for QR
Code (EC| 000020, corresponding to the JIS8/Shift*dIS character sets) specifically at the beginning of any symbol.
The Exterjded Channel Interpretation can oply~be used with readers enabled to transmit the Symbology Identifier.
Readers that cannot transmit the Symbology tdentifier cannot transmit the data from any symbol containing pn ECI.
Input ECI data shall be handled by thé encoding system as a series of 8-bit byte values.
Data in aff ECI sequence may be)encoded in whatever mode or modes permit the most efficient encoding of the
byte valugs of the data, irrespective of their significance. For example, a sequence of bytes in the range B0ex to
394ex could be encoded in‘Numeric Mode (see 8.4.2) as though it were a sequence of digits 0 — 9 even tlhhough it
might not |actually represent numeric data. In order to determine the value of the Character Count Indicgtor, the
number of bytes (or, in;Kanji Mode, of byte pairs) shall be used.
84.1.1 ECI Besignator
Each Extdnded Channel Interpretation is designated by a six-digit assignment number which is encoded infthe QR

Code symbol as the first one, two or three codewords following the ECI Mode Indicator. The encodation rules are
defined in Table 4. The ECI Designator appears in the data to be encoded as ASCII/JIS8 character 5Cpex (\ oOr
backslash in 1ISO 646 IRV, ¥ or yen sign in JIS8) followed by the six digit assignment number. Where ASCII/JIS8
character 5Cpex appears as true data it shall have been doubled in the data string before encoding in symbols to
which the ECI protocol applies.

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 O bit defines the number of additional codewords after the first used to represent the ECI Assignment number.
The bit sequence after the first O 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.

18 © ISO/IEC 2000 — All rights reserved
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Table 4 — Encoding ECI Assignment Number

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

Example
Assume data to be encoded is in Greek, using character set ISO 8859-7 (ECI 000009) in version 1{H syn
Data to|be encoded: ABT'AE (character values Alyex, A2uex, A3Hex, - AdhEX, ABHExX)

Bit seqlience in symbol:

ECI Mode Indicator 0111

ECI Asgignment number (000009) 00001001

Mode indicator (8-bit byte) 0100

Character count indicator (5) 00000101

Data: 10100001 10100010<0100011 10100100 10100101

Final bif string: 0111 000010010100 00000101 10100001 10100010 10100011

10100100 10100101
See 15]2 for example of transmission of this data following decoding.

8.4.1.2] Multiple ECIs

Refer t¢ the AIM ECI specification fortthe rules defining the effect of a subsequent ECI Designator in arn
segment. For example, data to which a character set ECI has been applied may also be subject to en
compagtion using a non-charactér set ECI which may co-exist with the initial ECI, or the second ECI ma
effect of cancelling the first EChand starting a new ECI segment. Where any ECI Designator appears in
shall bg encoded in the QR@ode symbol in accordance with 8.4.1.1 and shall commence a new Mode se

8.4.1.3] ECIs and Structured Append

Any EdI(s) invoked 'shall apply subject to the rules defined above and in the AIM ECI specification until
the encpded data or a change of ECI (signaled by Mode Indicator 0111). If the encoded data in the ECI(
through two.or more symbols in Structured Append Mode, it is necessary to provide an ECI header co

bol.

ECI data
Cryption or
y have the
he data, it
gment.

the end of
5) extends
hsisting of

ECI Mode’Indicator and ECI Designator number for each ECI in force, immediately following the Structure

ed Append

header, in subsequent symbols in which the ECI continues In force.

8.4.2 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 Character Count Indicator in the Numeric Mode has 10, 12 or 14 bits as
Table 3. The number of input data characters is converted to its 10, 12 or 14 bit binary equivalent and a
the Mode Indicator and before the binary data sequence.

Example 1 (for Version 1-H symbol)

© ISO/IEC 2000 — All rights reserved
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Input data: 01234567

1. Divide into groups of three digits: 012 345 67

2. Convert each group to its binary equivalent: 012 - 0000001100
345 - 0101011001

67 - 1000011

3. Conneqtthebimary data T SequeTTTE: 0000001100 0101011001 100001t
4. Converf Character Count Indicator to binary (10 bits for version 1-H):

No. of input data characters: 8 - 0000001000

5. Add Mdde Indicator 0001 and Character Count Indicator to binary data:

0001 0000001000 0000001100 0101011001 1000011

Example 2 (for Version 1-H symbol)

Input data| 0123456789012345

1. Divide into groups of three digits: 012 345 678 901 234 5

2. Converf each group to its binary equivalent: 012 - 0000001100

345 - 0101011001

678 =1010100110

901 - 1110000101

234 - 0011101010

5 =>0101

3. Connedt the binary data in sequence:

(Jo00001100 01016011001 1010100110 1110000101 0011101010 0101
4. Converf Character €aunt Indicator to binary (10 bits for version 1-H):

No. of input data characters: 16 - 0000010000

5. Add Mdde“Indicator 0001 and Character Count Indicator to binary data:

0001 0000010000 0000001100 0101011001 1010100110 1110000101 0011101010 0101
For any number of data characters the length of the bit stream in Numeric Mode is given by the following formula:
B=4+C+10(D DIV 3) +R
where:
B = number of bits in bit stream

C = number of bits in Character Count Indicator ( from Table 3)
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D = number of input data characters
R=0if (DMOD 3)=0
R=4if(DMOD3)=1
R=7if (DMOD 3) =2

8.4.3 Alphanumeric Mode

Each input 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. } Value | Char. Value | Char. Value | Char. Value | Char. Value | Char. Value | Chart Value | Char. Value
0}(o0o|6 6 | Ci12[ 1 (18| O i 24| U {30 |SP 36| .| 42
1 1 7 7 D 13 J 19 P 25 vV | 31 $ | 37 /| i 43
2 2 8 8 E 14 K 20 Q 26 | W : 324 % : 38 |44
3 3 9 9 F 15 L 21 R 27 X 233 * 1 39 !

41 4 A 110G 16 M 22| S 28| YV34 ]| + :40

5 5 B 11 H 17 N 23 T 29 Z 35 - 41

Input data characters are divided into groups of two characters which are encoded to 11-bit binary cqdes. The
r value of the first character is multiplied by 45 and the character value of the second digit is added to the
. The sum is then converted to an 11 bit binary number. If the number of input data charactefs is not a
of two, the character value of the final character jscencoded to a 6-bit binary number. The binary data is
catenated and prefixed with the Mode Indicator_and the Character Count Indicator. The Chara¢ter Count
Indicatqr in the Alphanumeric Mode has 9, 11 or 13 bits’as defined in Table 3. The number of input data gharacters
is converted to its 9, 11 or 13 bit binary equivalent and added after the Mode Indicator and before the hinary data

Input data: AC-42

1. Detefmine character values according to Table 5. AC-42 - (10,12,41,4,2)

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

3. Conyert 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 dafa Iin Ssequence: 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:
0010 000000101 00111001110 11100111001 000010

For any number of data characters the length of the bit stream in Alphanumeric Mode is given by the following
formula:
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B=4+C +11(D DIV 2) + 6(D MOD 2)

where:

B = number of bits in bit stream

C = number of bits in Character Count Indicator ( from Table 3)

D = number of input data characters

8.4.4 8-bit Byte Mode

In this mofde, one 8 bit codeword directly represents the JIS8 character value of the input data character ag shown
in Table 4, i.e. a density of 8 bits/character. In ECIs other than the default ECI, it represents an.8-bit byle value
directly.
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Table 6 — Encoding/decoding table for JIS8 character set

Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex
NUL 00 SP 20 @ 40 ) 60 80 A0 & Co EO
SOH 01 ! 21 A 41 a 61 81 @ Al F C1 El
STX 02 " 22 B 42 b 62 82 r A2 W Cc2 E2
ETX 03 # 23 C 43 c 63 83 1 A3 T C3 E3
EOT 04| $ 24| D 4| d 64 84| - A4| M 4 E4
ENGQ 05 | % 5 E 45 e 65 85 | A5 7 T5 E5
AGK 06| & 26| F 46| t 66 g6 | 7 A6| = s E6
BEL 07 ' 27 G 47 g 67 87 7 A7 = C7 E7
BS 08 ( 28 H 48 h 68 88 u A8 b C8 E8
HT 09 | ) 20| 1 49| 1 69 g | ¥ A9| ADC9 E9
LF OA | * 2A J  4A j B6A sBA | =  AA DY cA EA
vt 0B + 2B K 4B k 6B 8B ¥ AB E CB EB
F oc| , 2| L 4| 1 6C sc| ¥ CAC| ¥ cc EC
CR 0D - 2D M 4D m 6D 8D . AD| ™ ¢D ED
Sp OE . 2E N 4E n 6E 8E ! AE | * CE EE
9 OF /| 2F| O 4F | o 6F 8Fl ¥ AF| ¥ CF EF
DULE 10 0 30 P 50 p 70 90 h BO 3 DO FO
DC1 11 1 31 Q 51 q 71 91 7 B1 Ls D1 F1
D2 12| 2 R| R B2 r 72 2| 14 B2| # D2 F2
DE3 13| 3 33| s 5| s 73 | ¥ B| ® b3 F3
DC4 14 4 34 T 4 t 74 94 - B4 ¥ D4 F4
NAK 15 5 35 U 55 u 75 o5 | = B5 L D5 F5
SYN 16| 6 3| Vv s v 76 % | # B| T D6 F6
E1B 17 7 37 W 57 w 7 97 & B7 i D7 F7
CAN 18 8 38 X 58 X 78 98 7 B8 1 D8 F8
EM 19| 9 34Y s9| y 79 9| ¥ B| " Do F9
SUB 1A : 3A A 5A z TA 9A — BA L DA FA
E$C 1B ; 3B [ 5B { 7B | ¥ BB =4 DB FB
s 1c|.& 3| ¥ 55| | 7C ac|l ¥ BC| ¥ bDC FC
g Y= 33| ] 55| } D oo|* BD| ¥ DD FD
RS ,1E > 3E N 5E N 7E E | E BE ! DE FE
ustH 1F ? 3F| _ 5F |DEL 7F ofF | VY BF ’ DF FF
NOTE 1 In the JIS8 character set byte values 80nex to 9Frex and EOwex to FFHex are not assigned but are reserved
values. Some of those values are used as the first byte in the Shift JIS character set and may be used to distinguish
between the JIS8 and Shift JIS character sets. Refer to JIS X 0208 Annex 1 Shift Coded Representation for detail.
NOTE 2 Byte values 00nxex to 7FHex in the JIS8 character set correspond to 1ISO 646 IRV, except values 5Cnex and
7EHex.

The binary data is then concatenated and prefixed with the Mode Indicator and the Character Count Indicator. The
Character Count Indicator in the 8-bit Byte Mode has 8 or 16 bits as defined in Table 3. The number of input data
characters is converted to its 8 or 16 bit binary equivalent and added after the Mode Indicator and before the binary
data sequence.
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For any number of data characters the length of the bit stream in 8-bit Byte Mode is given by the following formula:
B=4+C+8D where:
B = number of bits in bit stream
C = number of bits in Character Count Indicator ( from Table 3)

D = number of input data characters

8.4.5 K4gnji Mode

In the Shift JIS system, Kanji characters are represented by a two byte combination. These byte values arg shifted
from the PIS X 0208 values. Refer to JIS X 0208 Annex 1 Shift Coded Representation for defail. Ingut data
characterg in Kanji Mode are compacted to 13 bit binary codewords as defined below. The-hinary data|is then
concatengted and prefixed with the Mode Indicator and the Character Count Indicator. (Fhe Characte[ Count
Indicator in the Kanji Mode has 8, 10 or 12 bits as defined in Table 3. The number of input data chargcters is
converted|to its 8, 10 or 12 bit binary equivalent and added after the Mode Indicatorand before the bingry data
sequence

1. For characters with Shift JIS values from 8140ex t0 SFFCpiex:

a) Subtragt 8140, from Shift JIS value;

b) Multiply most significant byte of result by COpgy;
¢) Add legst significant byte to product from b);

d) Converf result to a 13 bit binary string.

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

a) Subtragt C140,ex from Shift JIS value;
b) Multiply most significant byte of result by COuex;
¢) Add least significant byte to product from b);

d) Converf result to a 13 bit binary string;

Examples
Input charpcter “,lf—:_'\” Wi
(Shift JIS Vafoe): 935F EAAA
1. Subtract 8140 or C140 935F - 8140 = 121F E4AA - C140 = 236A
2. Multiply m.s.b. by CO 12 x CO = D80 23 x CO = 1A40
3. Add I.s.b. D80 + 1F = D9F 1A40 + 6A = 1AAA
4. Convert to 13 bit binary OD9F - 01101 1001 1111 1AAA -1 1010 1010 1010
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3. For all characters:

e) Prefix binary sequence representing input data characters with Mode Indicator (1000) and Character Count
Indicator binary equivalent ( 8, 10 or 12 bits);

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

B=4+C+13D

where:

B = number of bits in bit stream
C = number of bits in Character Count Indicator ( from Table 3)

D = number of input data characters

8.4.6 Mixing modes
There i§ the option for a symbol to contain sequences of data in one mode and.then to change modes ff the data
content| requires it, or in order to increase the density of encodation. Refer'to Annex H for guidange. Each
segment of data is encoded in the appropriate mode as indicated in 8.4.1te 8.4.5, with the basic structure Mode
Indicat(]r/Character Count Indicator/Data and followed immediately by the Mode Indicator commencing the next
segment. Figure 10 illustrates the structure of data containing n segments.
Segment 1 Segment2 XM | ... Segment n
JIMode Character Mode Character, Mode Character
Imdicator Count Data | Indicator Count Data | ...... Indicator Count Data
1 Indicator 2 Indicator n Indicator
Figure 10.+= Format of mixed mode data
8.4.7 [FNC1 Modes
There gre two Mode Indicators whickrare used cumulatively with those defined in 8.3.1 to 8.3.8 and 8.4{1 to 8.4.6
to identify symbols encoding meSsages formatted according to specific predefined industry or application

specifigations. These (togetherwith any associated parameter data) precede the Mode Indicator(s) used
the data efficiently. When-these Mode Indicators are used, it is necessary for the decoder to trg
Symbo

8.4.7.1

standa
Mode IpdiCator used for efficient data encoding (Numeric, Alphanumeric, 8-bit byte or Kanji), and after 4

This M%de Indicator identifies symbols encoding data formatted according to the UCC/EAN Application

ogy ldentifier as defined in 15.1 and Annex F.

FNC1 intfirst position

. For this purpose, it is only used once in a symbol and shall always be placed immediately befg

to encode
iInsmit the

Identifiers
re the first

iny ECI or

Structured Append header. Where the UCC/EAN specifications call for the FNC1 character (in other symbologies
which use this special character) to be used as a data field separator (i.e. at the end of a variable-length data field),
QR Code symbols shall use the % character in Alphanumeric Mode or character GS (ASCII/JIS8 value 29) in 8-bit

Byte Mode to perform this function.

If the % character occurs as part of the data it shall be encode

d as %%.

Decoders encountering % in these symbols shall transmit it as ASCII/JIS8 value 29, and if %% is encountered it
shall be transmitted as a single % character.

Examples

Input data:

0104912345123459

© ISO/IEC 2000 — All rights reserved
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15970331  (Application Identifier 15 = "Best before" date YYMMDD, fixed length; data: 31 March 199

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

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

Data to be encoded:

01049123451234591597033130128%10ABC123

7

Bit sequenceTTSYITHOOTT

0101
0001
0000
<datg
0010
0000
<datg

Transmittg

1Q30

(Mode indicator, FNC1 implied in 1st position)
(Mode Indicator, Numeric Mode)

11101 (Character Count Indicator, 29)

bits for 01049123451234591597033130128>
(Mode Indicator, Alphanumeric Mode)

D1001 (Character Count Indicator, 9)

bits for %10ABC123>

bd data (see 15.1 and Annex F)

| 049123451234591597033130128<ASCII 29>10ABC123

Example ¢f encoding/transmission of % character in data:

Input
Enco

Trang

8.4.7.2

This Modg
previously
that of th
purpose,
used for
Append h

data: 123%
led as: 123%%
mitted as: 123%

FNCL1 in second position

agreed withAIM International. It is immediately followed by a one-byte codeword the value of
b Applicatiof~Indicator assigned to identify the specification concerned by AIM International.
t is onlysused once in a symbol and shall always be placed immediately before the first Mode |

b Indicator identifies symbols formatted in accordance with specific industry or application specifications

which is
For this
hdicator

-z,A-Z

(fepresented by the ASCII value of the character plus 100) or a two-digit number (represente)

pfficient \data encoding (Numeric, Alphanumeric, 8-bit byte or Kanji), and after any ECI or sgLJctured

pader.’ An Application Indicator may take the form of any single Latin alphabetic character from the set {a

by its

numeric value directly) and shall be transmitted by the decoder as the first one or two characters immediately

preceding

Example:

the data.

(Application Indicator 37 has not been assigned at the time of publication to any organisation and the data content
of the example is purely arbitrary. )

Application Indicator: 37

Input data

26
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Bit sequence in symbol:

1001 (Mode Indicator, FNC1 implied in 2nd position)

00100101 (Application Indicator, 37)

0010 (Mode Indicator, Alphanumeric Mode)

000001100 (Character Count Indicator, 12)

<d;
01
00
<d
Transm

1Q
8.4.8

The en
followin
symbol

8.4.9

The bit
append
resultin
stream
addition
the dat
corresp
Codew
is then
symbol
to fill th

nta bits for AAT2348B8B 112>

DO (Mode Indicator, 8-bit Byte Mode)
D10100 (Character Count Indicator, 20)
hta bits for text text text text<CR> >
itted data:

b37AA1234BBB112text text text text<CR>

Terminator

H of data in the symbol is signalled by the Terminator seqtience 0000, appended to the data
g the final mode segment. This may be omitted if the data bit stream completely fills the capa
or abbreviated if the remaining capacity of the symbakis‘less than 4 bits.

Bit stream to codeword conversion

streams corresponding to each mode segment shall be connected in order. The Terminato
ed to the complete bit stream, unless. the-data bit stream completely fills the capacity of the syn
) message bit stream shall then be-divided into codewords. All codewords are 8 bhits in length
length is such that the final codewerd is not exactly 8 bits in length, it shall be made 8 bits Ig
of padding bits with binary value 0. Padding bits shall be added after the final bit (least signifig
a stream. The message bit\stream shall then be extended to fill the data capacity of t
onding to the Version and. Error Correction Level, as defined in Tables 7 to 11, by the addition
prds 11101100 and 00010001 alternately. The resulting series of codewords, the data codeword
processed as described in 8.5 to add error correction codewords to the message. In certain V
it may be necessary-to add 3, 4 or 7 Remainder Bits (all zeros) to the end of the message in org
b symbol capacity (see Table 1).

bit stream
city of the

r shall be
hbol. The

If the bit
ng by the
ant bit) of
e symbol
pf the Pad
sequence,
ersions of
er exactly
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Table 7— Number of symbol characters and input data capacity for versions 1to 8

Version Error Number of | Number of Data capacity
correction data data
level codewords2 bitsP
Numeric |Alphanumeric| 8-bit Byte Kanji
1 L 19 152 41 25 17 10
M 16 128 34 20 14 8
Q 13 104 27 16 11 7
H 9 12 17 10 + 4
2 L 34 272 77 47 32 20
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 77 47 32 20
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
6 L 136 1:088 322 195 134 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 75
Q 88 704 207 125 86 53
H 66 528 154 93 64 39
8 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
8 All codewords shall be 8 bits in length.
b The number of Data Bits includes bits for Mode Indicator and Character Count Indicator.
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Table 8 — Number of symbol characters and input data capacity for versions 9to 16

Version Error Number of | Number of Data capacity
correction data data
level codewords? bitsP
Numeric |Alphanumeric| 8-bit Byte | Kanii
9 L 232 1 856 552 335 230 141
M 182 1 456 432 262 180 111
Q 132 1 056 312 189 130 80
H 100 800 235 143 98 60
10 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
L 324 2592 772 468 321 198
11 M 254 2 032 604 366 251 155
Q 180 1440 427 259 177 109
H 140 1120 331 200 137 85
L 370 2960 883 535 367 226
12 M 290 2 320 691 419 287 177
Q 206 1648 489 296 203 125
H 158 1264 374 227 155 96
L 428 3424 1022 619 425 262
13 M 334 2672 796 483 331 204
Q 244 1952 580 352 241 149
H 180 1440 427 259 177 109
L 461 3 688 1101 667 458 282
14 M 365 2920 871 528 362 223
Q 261 2 088 621 376 258 159
H 197 1576 468 283 194 120
L 523 4184 1250 758 520 320
15 M 415 3 320 991 600 412 254
Q 295 2 360 703 426 292 180
H 223 1784 530 321 220 136
L 589 4712 1408 854 586 361
16 M 453 3624 1082 656 450 277
Q 325 2 600 775 470 322 198
H 253 2024 602 365 250 154
&  All codewords shall be 8 bits in length.
b The number of Data Bits includes bits for Mode Indicator and Character Count Indicator.

© ISO/IEC 2000 — All rights reserved
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30

Table 9 — Number of symbol characters and input data capacity for versions 17 to 24

Version Error Number of | Number of Data capacity
correction data data
level codewords2 bitsP

Numeric | Alphanumeric | 8-bit Byte Kaniji

L 647 5176 1548 938 644 397

17 M 507 4 056 1212 734 504 310
Q 367 2 936 876 531 364 224

H 283 2264 644 408 280 173

L 721 5768 1725 1 046 718 442

18 M 563 4 504 1 346 816 560 345
Q 397 3176 948 574 394 243

H 313 2504 746 452 310 191

L 795 6 360 1903 1153 792 488

19 M 627 5016 1 500 909 624 384
Q 445 3 560 1063 644 442 272

H 341 2728 813 493 338 208

L 861 6 888 2061 1,249 858 528

20 M 669 5352 1 600 970 666 410
Q 485 3880 1159 702 482 297

H 385 3 080 919 557 382 235

L 932 7 456 2.232 1352 929 572

21 M 714 5712 1708 1035 711 438
Q 512 4 096 1224 742 509 314

H 406 3 248 969 587 403 248

L 1 006 8048 2 409 1460 1003 618

29 M 782 6 256 1872 1134 779 480
Q 568 4 544 1 358 823 565 348

H 442 3536 1 056 640 439 270

L 1.094 8 752 2620 1588 1091 672

23 M 860 6 880 2 059 1248 857 528
Q 614 4912 1468 890 611 376

H 464 3712 1108 672 461 284

L 1174 9 392 2812 1704 1171 721

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

H 514 4112 1228 744 511 315

&  All codewords shall be 8 bits in length.

b The number of Data Bits includes bits for Mode Indicator and Character Count Indicator.
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Table 10 — Number of symbol characters and input data capacity for versions 25 to 32

Version Error Number of | Number of Data capacity
correction data data
level codewords? bitsP
Numeric | Alphanumeric | 8-bit Byte Kanji
L 1276 10 208 | 3057 1853 1273 | 784
o5 M 1 000 8 000 2 395 1451 997 614
Q 718 5744 | 1718 1041 715 440
H 538 4304 1286 49 535 330
L 1370 10960 | 3283 1990 1 367 842
26 M 1062 8 496 2544 1542 1 059 652
Q 754 6 032 1804 1094 751 462
H 596 4768 1425 864 593 365
L 1468 11744 | 3517 2132 1 465 902
27 M 1128 9024 2701 1637 1125 692
Q 808 6 464 1933 1172 805 496
H 628 5024 1501 910 625 385
L 1531 12 248 | 3669 21223 1528 940
28 M 1193 9544 2 857 1732 1190 732
Q 871 6 968 2 085 1263 868 534
H 661 5288 1581 958 658 405
L 1631 13 048 |.3909 2 369 1628 1002
29 M 1267 10136 .4 3035 1839 1264 778
Q 911 7 288 2181 1322 908 559
H 701 5,608 1677 1016 698 430
L 1735 13880 | 4 158 2520 1732 1 066
30 M 1373 10984 | 3289 1994 1370 843
Q 985 7 880 2 358 1429 982 604
H 745 5960 1782 1080 742 457
L 1843 14744 | 4 417 2677 1840 1132
31 M 1455 11640 | 3486 2113 1452 894
Q 1033 8 264 2473 1499 1 030 634
H 793 6 344 1897 1150 790 486
L 1955 15640 | 4686 2 840 1952 1201
32 M 1541 12 328 | 3693 2238 1538 947
Q 1115 8 920 2670 1618 1112 684
H 845 6 760 2022 1226 842 518
&  All codewords shall be 8 bits in length.
b The number of Data Bits includes bits for Mode Indicator and Character Count Indicator.
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Table 11 — Number of symbol characters and input data capacity for versions 33 to 40

Version Error Number of | Number of Data capacity
correction data data
level codewords2 bitsP
Numeric | Alphanumeric | 8-bit Byte Kaniji
L 2071 16 568 | 4 965 3 009 2 068 1273
33 M 1631 13048 | 3909 2 369 1628 1 002
Q 1171 9 368 2 805 1700 1168 719
H 901 4208 2157 1304 898 553
L 2191 17528 | 5253 3183 2188 1 347
34 M 1725 13800 | 4134 2 506 1722 1060
Q 1231 9 848 2949 1787 1228 756
H 961 7 688 2 301 1394 958 590
L 2 306 18 448 | 5529 3351 2:303 1417
35 M 1812 14 496 | 4 343 2632 1.809 1113
Q 1286 10288 | 3081 1 867 1283 790
H 986 7 888 2 361 1431 983 605
L 2434 19472 | 5836 3537 2431 1496
36 M 1914 15312 | 4588 2,780 1911 1176
Q 1354 10832 | 3244 1 966 1351 832
H 1054 8 432 2524 1530 1051 647
L 2 566 20528 | 6253 3729 2 563 1577
37 M 1992 15936 [ 4775 2 894 1989 1224
Q 1426 11 408.4p 3417 2071 1423 876
H 1 096 8 768 2625 1591 1093 673
L 2702 21616 | 6479 3927 2 699 1661
38 M 2102 16 816 | 5039 3 054 2 099 1292
Q 1 502 12016 | 3599 2181 1499 923
H 1142 9136 2735 1658 1139 701
L 2.812 22496 | 6743 4 087 2 809 1729
39 M 2216 17728 | 5313 3220 2213 1 362
Q 1582 12656 | 3791 2298 1579 972
H 1222 9776 2927 1774 1219 750
L 2 956 23648 | 7089 4 296 2 953 1817
40 M 2334 18672 | 5596 3391 2 331 1435
Q 1 666 13328 | 3993 2420 1663 1024
H 1276 10208 | 3057 1852 1273 784

&  All codewords shall be 8 bits in length.

b The number of Data Bits includes bits for Mode Indicator and Character Count Indicator.
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8.5 Error correction

8.5.1 Error correction capacity

QR Code employs error correction to generate a series of error correction codewords 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 12, offering the capability of recovery from the following
amounts of damage:

Error Correction Level Recovery Capacity %
(approx.)

7

15

25

30

TIOIZ|r

Clause|l.3 gives guidance on the appropriate level of error correction to be applied to a symbol.
The errpr correction codewords can correct two types of erroneous codewords, erasures (erroneous codewords at
known |locations) and errors (erroneous codewords at unknown locations). An erasure is an uns¢anned or
undecodable symbol character. An error is a misdecoded symbol character. Since QR Code i a matrix
symbolpgy, a defect converting a module from dark to light or vice\wversa will result in the affected symbol character
misdecpding as an apparently valid but different codeword. Such an error causing a substitution error in the data
require$ two error correction codewords to correct it.

The number of erasures and errors correctable is givepsby the following formula:

ef2t<d-p

e = number of erasures

t = number of errors

d = number of error-correction codewords

p = number of misdecode protection codewords
For example, ind a‘version 6-H symbol there is a total of 172 codewords, of which 112 are error |correction

codewdrds (leaving 60 data codewords). The 112 error correction codewords can correct 56 misdecodes or
substitytion‘errors, i.e. 56/172 or 32.6% of the symbol capacity

In the formulaabove, p = 3 In version 1I-L symbols, p = 2 in version 1I-M and Z-L symbolIs, p = I in version 1-Q, 1-H
and 3-L symbols, p = 0 in 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 13 it can be seen that the
error correction capacity is 4 errors (where e = 0). Substituting in the formula above,

0+(2x4)=10-2
meaning that the correction of the 4 errors requires only 8 error correction codewords; the remaining 2 error

correction codewords can therefore detect (but not correct) any additional errors and the symbol would, if there
were more than 4 errors, fail to decode.
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Depending on the Version and Error Correction Level, the data codeword sequence shall be subdivided into one or
more blocks, to each of which the error correction algorithm shall be applied separately. Tables 13 to 22 list, for
each version and Error Correction Level, the total number of codewords, the total number of error correction
codewords, and the structure and number of error correction blocks.

If Remainder Bits are required to fill remaining modules in the symbol capacity for certain symbol versions they
shall all be 0 bits.
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Table 13 — Error correction characteristics for versions 1to 6

Version Total Error Number of Number of Error correction
number of correction error error correction code per block 2
codewords level correction blocks

codewords
1 26 L 7 1 (26,19,2) b
M 10 1 (26,16,4) P
Q 13 1 (26,13,6) b
H 17 1 (26,9,8) P
2 44 L 10 1 (44,34,4)p
M 16 1 (44,28,8)
Q 22 1 (44,22,11)
H 28 1 (44,16,14)
3 70 L 15 1 (70,55,7) b
M 26 1 (70,44,13)
Q 36 2 (35,17,9)
H 44 2 (35,13,11)
4 100 L 20 1 (100,80,10)
M 36 2 (50,32,9)
Q 52 2 (50,24,13)
H 64 4 (25,9,8)
5 134 L 26 1 (134,108,13)
M 48 2 (67,43,12)
Q 72 2 (33,15,9)
2 (34,16,9)
H 88 2 (33,11,11)
2 (34,12,11)
6 172 L 36 2 (86,68,9)
M 64 4 (43,27,8)
Q 96 4 (43,19,12)
H 112 4 (43,15,14)
a  (ck)yn: c = total number of codewords
k = number of data codewords
r = number of error correction capacity
B " Error correction capacity is less than half the number of error correction codewords to reduce the
probability of misdecodes.

© ISO/IEC 2000 — All rights reserved
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Table 14 — Error correction characteristics for versions 7 to 10

Version Total Error Number of Number of Error correction
number of correction error error correction | code per block 2
codewords level correction blocks

codewords
7 196 L 40 2 (98,78,10)
M 72 4 (49,31,9)
Q 108 2 (32,14,9)
4 (33,15,9)
H 130 4 (39,13,13)
1 (40,14,13)
8 242 L 48 2 (121,9%,12)
M 88 2 (60,38,11)
2 (61,39,11)
Q 132 4 (40,18,11)
2 (41,19,11)
H 156 4 (40,14,13)
2 (41,15,13)
9 292 L 60 2 (146,116,15)
M 110 3 (58,36,11)
2 (59,37,11)
Q 160 4 (36,16,10)
4 (37,17,10)
H 192 4 (36,12,12)
4 (37,13,12)
10 346 L 72 2 (86,68,9)
2 (87,69,9)
M 130 4 (69,43,13)
1 (70,44,13)
Q 192 6 (43,19,12)
2 (44,20,12)
H 224 6 (43,15,14)
2 (44,16,14)
a (¢, k, r):\se.= total number of codewords
k = number of data codewords
r = number of error correction capacity
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Table 15 — Error correction characteristics for Model 2, versions 11 to 14

Version Total Error Number of Number of Error correction
number of correction error error correction code per block 2
codewords level correction blocks

codewords

11 404 L 80 4 (101,81,10)

M 150 1 (80,50,15)

4 (81,51,15)

Q 2274 7 (50,22, 17)

4 (51,23,14)

H 264 3 (36,12,12)

8 (37,43:12)

12 466 L 96 2 (226)92,12)
2 (117,93,12)

M 176 6 (58,36,11)

2 (59,37,11)

Q 260 4 (46,20,13)

6 (47,21,13)

H 308 7 (42,14,14)

4 (43,15,14)
13 532 L 104 4 (133,107,13)

M 198 8 (59,37,11)

1 (60,38,11)

Q 288 8 (44,20,12)

4 (45,21,12)

H 352 12 (33,11,11)

4 (34,12,11)
14 581 1) 120 3 (145,115,15)
1 (146,116,15)

M 216 4 (64,40,12)

5 (65,41,12)

Q 320 11 (36,16,10)

5 (37,17,10)

H 384 11 (36,12,12)

5 (37,13,12)

2 ek, r): c = total number of codewords
k = number of data codewords
r = number of error correction capacity
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Table 16 — Error correction characteristics for versions 15to 18

Version Total Error Number of Number of Error correction
number of correction error error correction | code per block @
codewords level correction blocks

codewords

15 655 L 132 5 (109,87,11)
1 (110,88,11)

M 240 5 (65,41,12)

5 (66.42.12)

Q 360 5 (54,24,15)

7 (55,25,15)

H 432 11 (36,12,12)

7 (37,13;12)

16 733 L 144 5 (122;98,12)
1 (223,99,12)

M 280 7 (73,45,14)

3 (74,46,14)

Q 408 15 (43,19,12)

2 (44,20,12)

H 480 3 (45,15,15)

13 (46,16,15)
17 815 L 168 1 (135,107,14)
5 (136,108,14)

M 308 10 (74,46,14)

1 (75,47,14)

Q 448 1 (50,22,14)

15 (51,23,14)

H 532 2 (42,14,14)

17 (43,15,14)
18 901 L 180 5 (150,120,15)
1 (151,121,15)

M 338 9 (69,43,13)

4 (70,44,13)

Q 504 17 (50,22,14)

1 (51,23,14)

H 588 2 (42,14,14)

19 (43,15,14)

a

(e, k, r): ¢ = total number of codewords
k = number of data codewords

r = number of error correction capacity
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Table 17 — Error correction characteristics for versions 19 to 22

Version Total Error Number of Number of Error correction
number of correction error error correction code per block 2
codewords level correction blocks

codewords

19 991 L 196 3 (141,113,14)
4 (142,114,14)

M 364 3 (70,44,13)

11 (71.45.13)

Q 546 17 (47,21,13)

4 (48,22,13)

H 650 9 (39,13,13)

16 (40,34,13)
20 1085 L 224 3 (435,107,14)
5 (136,108,14)

M 416 3 (67,41,13)

13 (68,42,13)

Q 600 15 (54,24,15)

5 (55,25,15)

H 700 15 (43,15,14)

10 (44,16,14)
21 1156 L 224 4 (144,116,14)
4 (145,117,14)

M 442 17 (68,42,13)

Q 644 17 (50,22,14)

6 (51,23,14)

H 750 19 (46,16,15)

6 (47,17,15)
22 1258 L 252 2 (139,111,14)
7 (140,112,14)

M 476 17 (74,46,14)

Q 690 7 (54,24,15)

16 (55,25,15)

H 816 34 (37,13,12)

a  (ck)yn: c = total number of codewords
k = number of data codewords
r = number of error correction capacity
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Table 18 — Error correction characteristics for versions 23 to 26

Version Total Error Number of Number of Error correction
number of correction error error correction | code per block @
codewords level correction blocks

codewords

23 1364 L 270 4 (151,121,15)
5 (152,122,15)

M 504 4 (75,47,14)

14 (76.48.14)

Q 750 11 (54,24,15)

14 (55,25,15)

H 900 16 (45,15,15)

14 (46,16;15)
24 1474 L 300 6 (14%,117,15)
4 (148,118,15)

M 560 6 (73,45,14)

14 (74,46,14)

Q 810 11 (54,24,15)

16 (55,25,15)

H 960 30 (46,16,15)

2 (47,17,15)
25 1588 L 312 8 (132,106,13)
4 (133,107,13)

M 588 8 (75,47,14)

13 (76,48,14)

Q 870 7 (54,24,15)

22 (55,25,15)

H 1050 22 (45,15,15)

13 (46,16,15)
26 1706 L 336 10 (142,114,14)
2 (143,115,14)

M 644 19 (74,46,14)

4 (75,47,14)

Q 952 28 (50,22,14)

6 (51,23,14)

H 1110 33 (46,16,15)

4 (47,17,15)

a

(e, k, r): ¢ = total number of codewords
k = number of data codewords

r = number of error correction capacity
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Table 19 — Error correction characteristics for versions 27 to 30

Version Total Error Number of Number of Error correction
number of correction error error correction code per block 2
codewords level correction blocks

codewords

27 1828 L 360 8 (152,122,15)
4 (153,123,15)

M 700 22 (73,45,14)

3 (74.46.14)

Q 1020 8 (53,23,15)

26 (54,24,15)

H 1200 12 (45,15,15)

28 (46,16,15)
28 1921 L 390 3 (447,117,15)
10 (148,118,15)

M 728 3 (73,45,14)

23 (74,46,14)

Q 1050 4 (54,24,15)

37 (55,25,15)

H 1260 11 (45,15,15)

31 (46,16,15)
29 2 051 L 420 7 (146,116,15)
7 (147,117,15)

M 784 21 (73,45,14)

7 (74,46,14)

Q 1140 1 (53,23,15)

37 (54,24,15)

H 1350 19 (45,15,15)

26 (46,16,15)
30 2185 L 450 5 (145,115,15)
10 (146,116,15)

M 812 19 (75,47,14)

10 (76,48,14)

Q 1200 15 (54,24,15)

25 (55,25,15)

H 1 440 23 (45,15,15)

25 (46,16,15)

aN (¢, k, r): ¢ = total number of codewords
k = number of data codewords
r = number of error correction capacity
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Table 20 — Error correction characteristics for versions 31 to 34

Version Total Error Number of Number of Error correction
number of correction error error correction | code per block @
codewords level correction blocks

codewords

31 2323 L 480 13 (145,115,15)
3 (146,116,15)

M 868 2 (74,46,14)

29 (75.47.14)

Q 1290 42 (54,24,15)

1 (55,25,15)

H 1530 23 (45,15,15)

28 (46,16;15)
32 2 465 L 510 17 (145,115,15)

M 924 10 (74,46,14)

23 (75,47,14)

Q 1350 10 (54,24,15)

35 (55,25,15)

H 1620 19 (45,15,15)

35 (46,16,15)
33 2611 L 540 17 (145,115,15)
1 (146,116,15)

M 980 14 (74,46,14)

21 (75,47,14)

Q 1440 29 (54,24,15)

19 (55,25,15)

H 1710 11 (45,15,15)

46 (46,16,15)
34 2761 L 570 13 (145,115,15)
6 (146,116,15)

M 1036 14 (74,46,14)

23 (75,47,14)

Q 1530 44 (54,24,15)

(55,25,15)

H 1800 59 (46,16,15)

1 (47,17,15)

a

(c/7k, r): ¢ = total number of codewords
k = number of data codewords

r = number of error correction capacity
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Table 21 — Error correction characteristics for versions 35 to 38

Version Total Error Number of Number of Error correction
number of correction error error correction code per block 2
codewords level correction blocks

codewords

35 2 876 L 570 12 (151,121,15)
7 (152,122,15)

M 1064 12 (75,47,14)

26 (76.48.14)

Q 1590 39 (54,24,15)

14 (55,25,15)

H 1890 22 (45,15,15)

41 (46,16,15)
36 3034 L 600 6 (451,121,15)
14 (152,122,15)

M 1120 6 (75,47,14)

34 (76,48,14)

Q 1680 46 (54,24,15)

10 (55,25,15)

H 1980 2 (45,15,15)

64 (46,16,15)
37 3196 L 630 17 (152,122,15)
4 (153,123,15)

M 1,204 29 (74,46,14)

14 (75,47,14)

Q 1770 49 (54,24,15)

10 (55,25,15)

H 2100 24 (45,15,15)

46 (46,16,15)
38 3362 L 660 4 (152,122,15)
18 (153,123,15)

M 1260 13 (74,46,14)

32 (75,47,14)

Q 1860 48 (54,24,15)

14 (55,25,15)

H 2220 42 (45,15,15)

32 (46,16,15)

aN (¢, k, r): ¢ = total number of codewords
k = number of data codewords
r = number of error correction capacity
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Table 22 — Error correction characteristics for versions 39 to 40

Version Total Error Number of Number of Error correction
number of correction error error correction | code per block @
codewords level correction blocks

codewords

39 3532 L 720 20 (147,117,15)
4 (148,118,15)

M 1316 40 (75,47,14)

7 (76.48.14)

Q 1950 43 (54,24,15)

22 (55,25,15)

H 2 310 10 (45,15,15)

67 (46,16;15)
40 3706 L 750 19 (148,118,15)
6 (149,119,15)

M 1372 18 (75,47,14)

31 (76,48,14)

Q 2 040 34 (54,24,15)

34 (55,25,15)

H 2430 20 (45,15,15)

61 (46,16,15)

a

(c, k, r): ¢ = total number of codewords
k = number of data codewords

r = number of error correction capacity
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8.5.2 Generating the error correction codewords

The data codewords including Pad codewords as necessary shall be divided into the number of blocks shown in
Tables 13 to 22. Error correction codewords shall be calculated for each block and appended to the data
codewords.

The polynomial arithmetic for QR Code shall be calculated using bit-wise modulo 2 arithmetic and byte-wise
modulo 100011101 arithmetic. This is a Galois field of 2° with 100011101 representing the field's prime modulus
polynomial x® + x* + x% + x* +1.

The datacodewords—arethecoeffictentsof the-terms—of apotynomtat-withthe—coefficrentof thehighest-term being
the firsf data codeword and that of the lowest power term being the last data codeword before the|first error
correctipn codeword.

The errpr correction codewords are the remainder after dividing the data codewords by a polynomial g(¥) used for
error c@rrection codes (see Annex A). The highest order coefficient of the remainder ishe first error [correction
codewdrd and the zero power coefficient is the last error correction codeword and the last'\codeword in the block.

Thirty-gdne different generator polynomials are used for generating the error correction,codewords. Thesq are given
in Anngx A.1.

This cgn be implemented by using the division circuit as shown in Figure<11. The registers b, through by, are
initialized as zeros. There are two phases to generate the encoding. In/thefirst phase, with the switch ir) the down
positior] the data codewords are passed both to the output and the circuit. The first phase is complete affer n clock
pulses.| In the second phase (n+1 ... n+k clock pulses), with the{switch in the up position, the error |correction
codewdrds g ... €9 are generated by flushing the registers in orderwhile keeping the data input at 0.

{ I =7
@'_ 90 ®‘_ 91 @‘_ Ok1

—»| by —»@—» by, —S;y» —»b).1 T@—o

! Switch

(@ = GR256) Addition

/—> Output

(X)_%.GF(256) Muttiplication
Figure 11 — Error correction codeword encoding circuit

8.6 (onstrueting the final message codeword sequence

The totallhumber of codewords in the message shall always be equal to the total number of codewords gapable of
being represented in the symbol, as shown in Tables 7 10 12 and 13 10 22

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

1. Divide the data codeword sequence into n blocks as defined in Tables 13 to 22 according to the version and
error correction level.

2. For each data block, calculate a corresponding block of error correction codewords as defined in 8.5.2 and
Annex A.
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3. Assemble the final sequence by taking data and error correction codewords from each block in turn: data block
1, codeword 1; data block 2, codeword 1; data block 3, codeword 1; and similarly to data block n - 1, final
codeword; data block n, final codeword; then error correction block 1, codeword 1, error correction block 2,
codeword 1, ... and similarly to error correction block n - 1, final codeword; error correction block n, final codeword.
QR Code symbols contain data and error correction blocks which always exactly fill the symbol codeword capacity.
In certain versions, however, there may be a need for 3, 4 or 7 Remainder Bits to be appended to the final
message bit stream in order exactly to fill 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 grrer-correctionbloeks—the—first-two-ofeach-of-which—contatrH—data—eand-22-error-eorrectioreedewords
respectivdly, while the third and fourth pairs of blocks contain 12 data and 22 error correction. codewords
respectivdly. In this symbol, the character arrangement can be depicted as follows. Each row(ef’the table
correspongds to one block of data codewords (shown as Dn) followed by the associated block of .error cdrrection
codewords (shown as En); the sequence of character placement in the symbol is obtained by reading down each

column of|the table in turn.

Data codewords Error correction codewords
Block 1 D1 D2 | ... D11 El B2 ... E22
Block 2 D12 | D13 | .. D22 E23 [E24 | ... E44
Block 3 D23 | D24 | .. D33 | D34 | E45°| E46 | ... E66
Block 4 D35 | D36 | ... D45 | D46~} E67 | EG8 | ... E88

The final message codeword sequence for the Version 5-H\symbol is therefore:

D1, D12, b23, D35, D2, D13, D24, D36, ... D11, D22, D33, D45, D34, D46, E1, E23, E45, E67, E2, E24, E46, E6G8,
... E22, E44, E66, E88. The symbol module capacity-is filled by adding Remainder (0) bits as needed after the final
codeword

8.7 Codleword placement in matrix

8.7.1 Sylmbol character representation

There are|two types of symbolcharacter, regular and irregular, in the QR Code symbol. Their use depends jon their
position in the symbol, relative\to other symbol characters and function patterns.

Most codewords shall\be represented in a regular 2 x 4 module block in the symbol. There are two yays of
positioning these blocks, in a vertical arrangement (2 modules wide and 4 modules high) and, if necessafy when
placement changes.direction, in a horizontal arrangement (4 modules wide and 2 modules high). Irregular{symbol
characterg are used when changing direction or in the vicinity of Alignment or other function Patterns.

8.7.2 Function pattern pfacement

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 positions are shown in Figures 15 and
16 and are common to all Versions. Annex E defines the positioning of Alignment Patterns.

8.7.3 Symbol character placement

In the encoding region of the QR Code symbol, symbol characters are positioned in two-module wide columns
commencing at the lower right corner of the symbol and running alternately upwards and downwards from the right
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to the left. The principles governing the placement of characters and of bits within the characters are given below.
Figures 15 and 16 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.

b) The most significant bit (shown as bit 7) of each codeword shall be placed in the first available module position.
Subsequent bits shall be placed in the next module positions. The most significant bit therefore occupies the lower
right module of a regular symbol character when the direction of placement is upwards, and the upper right module
when the direction of placement is downwards. It may however occupy the lower left module of an irregular symbol

character#the-previouscharacterhas-ended ght-hand-mord - plow).
Upwards Downwards
0|1 |a 6|7
2|3 45
415 2|3
6 (7 011 |v

Figure 12 — Bit placement in regular symbol character in upwardsiand downwards directions

c) When a symbol character encounters the horizontal boundary of an/Alighment Pattern or of the Timihg Pattern
in both] module columns, it shall continue above or below the pattern as though the encoding region were
continupus.

d) Whgn the upper or lower boundary of the symbol character region is reached (i.e. the edge of the symbol,
Format|Information, Version Information, or Separator) any~temaining bits in the codeword shall be placed in the
next column to the left. The direction of placement reverses:

Upwards to Downwards (i) Upwards to Downwards (i)
l ZERE ‘ ld 123
q 1 -7 4 5
6 7

Figure 13 — Example of bit placement in symbol characters when direction of placement chahges

e) When the right-hand madule column of the symbol character column encounters an Alignment Pattern or an
area odcupied by Version-nformation, bits are placed to form an irregular symbol character, extending| along the
single module columnfadjacent to the Alignment Pattern or Version Information. If the character ends Ipefore two
columng are availablg for the next symbol character, the most significant bit of the next character shall be placed in
the single columa.
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Upwards
""""""""""" _O A
1 2
2nd character 3 4
56 [
_________________ 1A
gqA (A represents modul es occupied
1A by the Alignment Pattern)
1st character A
IA————
4 5
_________________ 8 7

Figure 14 — Example of bit placement adjacent to Alignment Pattern

An alternative method for placement in the symbol, which yields the same result, is(to regard the intgrleaved
codeword|sequence as a single bit stream, which is placed (starting with the most significant bit) in the two{module
wide coluns alternately upwards and downwards from the right to left of the symbel, *In each column the |bits are
placed alternately in the right and left modules, moving upwards or downwards”according to the direction of
placement and skipping areas occupied by function patterns, changing directian at'the top or bottom of the golumn.
Each bit shall always be placed in the first available module position.

When the| data capacity of the symbol is such that it does not divide exactly into a number of eight-bit(symbol

characterg, the appropriate number of Remainder Bits (3, 4 or 7 4s shown in Table 1) shall be used tq fill the
symbol capacity. These Remainder Bits shall always have the valuer0 before masking according to 8.8.

L [
I:' Data Codewords
|:| EC Codewords

D11|D5 |D4
D12
D10
D6 D3
Remainder Bits b27 B go7 o2
E8 D24
L]
| Lip1s
D26 D9 [ps [p1
D25| D14
=

Figure 15 — Symbol character arrangement in version 2-M symbol
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D60
E20] o3[ E37 E30 | D13
E8 [1
E46 E11¢ EG3 1
E ES6 [E4 [D26|D64
E123] EG7
[ |
Er2|_lE16[— [Eso
Es2 |E107|D39|D51[D9
| E103 Ers|_leo7| a1 D47| D57
E34 [E85 D54|D41
Eo1llE49 E108[E81 [D52|D38D22|  |D6 [D44
E77 E71l|F15 D34
E60 [E59 D3 D28
E26 || E124 EG6S E12 |ES88 I
E127ME23 ES |E55 D6s|D2s|D3s|  |D19fp31
E51 E45 E118] D21
E86 [E33 D16[D15
E52 E21 E94 E38 |E
E31 [E29 [D66|D12[D48
E25 E19 E92 | |
[ | [ | N o202
E78 Ea7l___E120l _ |e6a
Es7|[E3 [EL |D63[D6L
E128|E24 [ |E12§ E122 E66 D?_
E36 D32|D18|D42|D53
E104 E73 E17 E90 El12|E7
E83 [E106|£27 |D50[D10|D59
E102lEs0 | |E100l_ |Fos | lFa0| | D45|D5
E10 [] D55|D40
E130) E99 E43 E116 E9 |E110
E76 L] E109[E80{ES3 [D37|D23|D46
E74 E70 El14 D58[D56
E113 [] D4 D27
E125| E69 E13 D
€6 |E54 [E79 [D24|D36
E44 E117] |
H Mo:7pus
22| |Fos|  |E39
E32 |E28 [E105|D11[D49
E18[  JE91 ES7
D20|D7 [D43|D30|D1
|l Ee5| E61 | E58 | E2 D62
E48
D1- D13 DataBlock 1
D14 - D26 Data Block 2
D27 - D39 Data Block 3
D40 - D52 Data Block 4
D53 - D66 DataBlock 5
El - E26 EC Block 1
E27 - E52 EC Block 2
Eos - E/6 EC Block 5
E79 - E104 EC Block 4
E105 - E130 EC Block 5

Figure 16 — Symbol character arrangement in version 7-H symbol
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8.8 Masking

For reliable QR Code reading, it is preferable for dark and light modules to be arranged in a well-balanced manner
in the symbol. The bit pattern 1011101 particularly found in the Position Detection Pattern should be avoided in
other areas of the symbol as much as possible. To meet the above conditions, masking should be
following the steps described below:

1. Masking is not applied to function patterns.

applied

2. Convert the given module pattern in the encoding region (excluding the Format Information and the Version

Informa
the mo
or vice

3. Then €
convers

4. Select fhe pattern with the lowest penalty points score.

8.8.1 Ma

Table 23
pattern ge
region (ex
true; in th
(0, 0) for t

Figure 17
using Mas

jule pattern over each of the masking matrix patterns in turn and reverse the modules (from fight
versa) which correspond to dark modules of the masking pattern.

valuate all the resulting converted patterns by charging penalties for undesirablefé€atures ¢
ion result.

sk Patterns

shows the Mask Pattern Reference (binary reference for use in the\Format Information) and th
neration condition. The mask pattern is generated by defining as dark any module in the e
cluding the area reserved for Format Information and the Vefsion Information) for which the con
b condition, i refers to the row position of the module in question and j to its column position, wit
ne top left module in the symbol.

Table 23 — Mask pattern generation conditions

Mask Pattern Condition
Reference

000 ((#)) mod2=0
001 imod2=0
010 jmod3=0
011 (i+)mod3=0
100 ((idiv2)+(jdiv3) mod2=0
10% (i)mod2+(ij)mod3=0
110 (iPmod2+ (ij)mod3)mod2=0
111 ((i)) mod 3 + (i+)) mod 2) mod 2 =0

shows all Mask-Patterns, illustrated in a Version 1 symbol; Figure 18 simulates the effects of n
k Pattern References 000 to 111.

ion, lay
to dark

n each

e mask
ncoding
dition is

h (i, J) =

nasking

50
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000
(i+j) mod2=0

=

(i+j)mod3=0
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110

i
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o

01
imod2=0

!
T

((i div 2) + (j div<3)) mod 2=0

101
(ij) mod2+ (i j) mo

Function n

Masking shall no
applied to these mo

nodules

t be
dules

110

mod 2 + (i j) mod3)mod2=0 ((ij) mod2 + (i j) mod3)mod2=0

The three bits\below each pattern represent the Mask Pattern Reference.

The equation below the Mask Pattern Reference shows the mask pattern generation condition; modules

ition are shown dark.

Figure 17 — Mask patterns for version 1 symbol

which meet
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Unmasked symbol

Mask Patterns
000fo 111

Masked symbol

| ] u | ]
Ia I& for eJaluation
[=];

/

8.8.2 Evaluation of masking results

[=] 3 [m]

[=]

Figure 18 — Masking simulation in Model 2

Selected result with lowest penalty store

After performing the_mrasking operation with each Mask Pattern in turn, the results shall be evaluated by|scoring
penalty pgints for each occurrence of the following features. The higher the number of points, the less acdeptable
the result.| In Table 24 below, the variables N; to N, represent weighted penalty scores for the undesirable features
(N1=3, No¥3,"Ng=40, N4=10), i is the amount by which the number of adjacent modules of the same color exgeeds 5
and k is theCrating of the deviation of the proportion of dark modules in the symbol from 50% in steps| of 5%.

Although the 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.

Table 24 — Scoring of masking results

Feature Evaluation condition Points

Adjacent modules in row/column in same color No. of modules = (5 +1i) Ny +i

Block of modules in same color Block size =m x n Npx(m-1)x(n-1)
1:1:3:1:1 ratio (dark:light:dark:light:dark) pattern N3

in row/column

Proportion of dark modules in entire symbol 50+ (5 xK)Y%to50+ (5x(k+1)% [ Ngxk

52
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The Mask Pattern which results in the lowest score shall be selected for the symbol.

8.9 Format Information

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 as follows:

The thi

Table 25 — Error correction level indicators

Error Correction Binary
Level indicator
L 01
M 00
Q 11
H 10

the pattern selected according to 8.8.2.

The 10

The 15
order td

The req

Figure
correct

Inform3

Figure

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

d to fifth data bits of the Format Information contain the Mask Pattern Reference from Table 23|above for

bit error corrected Format Information shall then be XORed<with the Mask Pattern 101010000010010, in
ensure that no combination of Error Correction Level and Mask Pattern will result in an all-zero data string.

ulting masked Format Information shall be mapped into the areas reserved for it in the symbol ag shown in
19. Note that the Format Information appears twice-i'the symbol in order to provide redundancy since its
decoding is essential to the decoding of the caniplete symbol.
tion is located in the modules numbered 0, .and the most significant bit in the modules numbg¢red 14 in

The least significant bit of the Format

19. The module in position (4V+ 9, 8) wherelV is the version number, shall always be dark and does not
form p4drt of the Format Information.

Example:

Assume Error Correction Level M: 00

and Mask Pattern Referenge: 101

Data: 00101

BCH bits: 0011011100

Unmasked bit sequence: 001010011011100

Mask pattern for(XOR operation: 101010000010010

Format Information module pattern: 100000011001110
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8.10 Version Information

The Versi
the (18, 6

The six ddta bits contain the Version of the symbel,.most significant bit first.

The 12 er

No Versio

Information. Masking is not therefofre,applied to the Version Information.

18004:2000(E)

i

14i13:12:11:10: 9 7:6:5:4:3:12:1:0

\— DarkdModule

Figure 19 — Format Informatien’/positioning

BCH code. For details of the error corrgction calculation for the Version Information, refer to A

or correction bits shall be calculated’as described in Annex D and appended to the 6 data bits.

h Information will result in amall-zero data string since only Versions 7 to 40 symbols contain the

bn Information is an 18 bit sequence containing 6 data bits, with 12 error correction bits calculatgd using

nnex D.

\Version

The resulfing Version Informatien shall be mapped into the areas reserved for it in the symbol as shown in Figure

20. Note that the Version Iafermation appears twice in the symbol in order to provide redundancy since its| correct
decoding [s essential to, the)decoding of the complete symbol. The least significant bit of the Version Information is
located injthe modules_ numbered 0, and the most significant bit in the modules numbered 17, in Figure 21.

Example:

Versign\number: 7

Data: 000111

BCHhits: 116616616166

Format Information module pattern: 000111110010010100

The Version Information areas are the 6 x 3 module block above the Timing Pattern and immediately to the left of
the top right Position Detection Pattern Separator, and the 3 x 6 module block to the left of the Timing Pattern and
immediately above the lower left Position Detection Pattern separator.
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Version Information

Y

Figure 20 — Version Information positioning

0 1 2
0 3 6 91215 345
1 4 7]10{13(16] 6l 71 8
2 5 8111417 910111
12/13)14
1516|117
Version Information in lower |eft Version Information in upper right

Figure 21 — Module arrangement in Version Information

9 Structured Append

9.1 Basic principles

Up to 1§6/QR Code symbols may be appended in a structured format. If a symbol is part of a Structurgd Append

message itic mdicatad hv 9 haadar hlaek intha firct thraa cvumhal chargctar nacitiane
geSHereate by Heaae Btk eSS e e-Sy R o-eHarGte P OSTHORS:

The Structured Append Mode Indicator 0011 is placed in the four most significant bit positions in the first symbol
character.

This is immediately followed by two Structured Append codewords, spread over the four least significant bits of the
first symbol character, the second symbol character and the four most significant bits of the third symbol character.
The first codeword is the symbol sequence indicator. The second codeword is the parity data and is identical in all
symbols in the message, enabling it to be verified that all symbols 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 ECIs other than the default ECI is in force, an ECI header for each ECI, consisting
of the ECI Mode Indicator and ECI Designator, shall follow the Structured Append header.
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The lower part of Figure 22 shows an example of four Structured Append symbols, with the same data as that in
the upper symbol.

%
OE .

[w]<ilm]

Figure 22 — Structured append

9.2 Symbol Sequence Indicator

This codepord indicates the position of the symbol within the set of (up to 16) QR Code symbols in the Stjuctured

Append fdgrmat (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.
Example:

T¢ indicate the 3rd symbol ‘ef’a set of 7, this shall be encoded thus:

3nd position: 0010
Total 7 symbols; 0110
Bit pattern: 00100110

9.3 Parfty-Data

The Parity Data shall be an 8 bit byte following the Symbol Sequence Indicator. The parity data is a value obtained
by XORing byte by byte the ASCII/JIS values of all the original input data before division into symbol blocks. Mode
Indicators, Character Count Identifiers, padding bits, Terminator and Pad Characters shall be excluded from the
calculation. Input data is represented for this calculation by 2-byte Shift JIS values for Kanji (each byte being
treated separately in the XOR calculation) and 8-bit JIS values as shown in Table 6 for other characters. In ECI
Mode the 8-bit 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
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2nd symbol block("4567") - hex. values 34, 35, 36, 37

3rd

symbol block (89 H #.") - hex. values 38, 39, 93FA, 967B

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

30

D31D32033034D35036D37TD3BDOIVDIBOFADI6GD 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.

10 Sy

10.1 O

QR Codgle symbols shall conform to the following dimensions:

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

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

minimum quiet zone: equal to 4X on all four sides.

10.2 Human-readable interpretation

Because QR Code symbols are capable of encoding thousands of characters, a human readable interp

the datq characters may not be practical. As an alternative, descriptive text rather than literal text may al

the synjbol.

mbol printing and marking

imensions

scanning

retation of
ccompany

The character size and font are not specified,~and the message may be printed anywhere in the area s@irrounding

the sym

10.3 M
QR Co
guidelin
11 Sy

QR Co

presented in Annex K, as augmented and modified below.

bol. The human readable interpretation should not interfere with the symbol itself nor the quiet zo

larking guidelines

e symbols can be printed or marked using a number of different techniques. Annex | pro
es.

mbol quality

He symbolS shall be assessed for quality using the 2D matrix bar code symbol print quality

nes.

ides user

guidelines

111

btaining the test Image

A grey-scale image of the symbol being tested shall be obtained with a precision video camera-based setup as
described in Annex K.1, but with an illumination color and direction specified by the application.

11.2 Symbol quality parameters

11.21

Decode

The reference decode algorithm set out in 13 shall be applied to the test image. If it results in a successful decode
of the entire data message, then Decode passes with a grade of 4 ("A"), otherwise it fails with a grade of 0 ("F").
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11.2.2 Sy

mbol Contrast

Symbol Contrast shall be graded using all of the grey-scale pixel values in the test image which fall within the
symbol's boundary, including the 4X wide quiet zones, as determined by the reference decode. The procedure is

defined in

Annex K.2.2.

11.2.3 "Print" growth

The reference decode begins by creating a high resolution binary digitized image of the test symbol, and at a later
point establishes the position of the "alternating module centerlines" which bisect the Timing Patterns of the

symbol. [Print" Growth shall be assessed by checking that the "duty cycle™ of the Tines through the altérnating
patterns ig around 50%.
Taking thp two Timing Patterns independently (since horizontal and vertical growth can differ.'Substantially),
proceed flom the inner side of the outer square of the Position Detection Pattern adjacent to each Timing|Pattern
along each Timing Pattern to the outer edge of the Separator adjacent to the other Position@®etection Pattern and
sum the number of light (N.) and dark (Np) pixels encountered. The resulting measure 'of print growth |in each
direction is D = Np / (N_ + Np), which shall be graded against Dyoym = 0.50 with Dyy=.0.35 and Dyax = .65 as
prescribed in Annex K.2.3. The Print Growth grade shall be the lower of those achieved along the vertical and
horizontal| Timing Patterns.
11.2.4 Axial Nonuniformity
The refergnce decode algorithm ultimately creates a grid of data module'sampling points throughout the entire area
of the testlimage. The precise horizontal and vertical spacings of those.sampling points are the basis for assessing
axial nonyniformity.
Working ipdependently with the horizontal and vertical spacings between adjacent data modules, compute their
average vplues Xayc and Yayg over the whole symbol. ThewAxial Nonuniformity grade is then based on how closely
these twoaverage spacings match each other, as computed by the procedure defined in Annex K.2.4.
11.2.5 Unused Error Correction
QR Code|employs Reed-Solomon error control encoding. The smaller symbols contain a single error cgrrection
field whilg the larger symbols are subdivided into two or more error correction fields. In all cases, ea¢h error
correction|field shall be graded independently as specified in Annex K.2.5, then the Unused Error Correction grade
shall be the lowest achieved by any/of the fields. This calculation shall not apply, however, to the [Format
Informatiopn nor to the Version Information.
11.3 Ovgrall symbol grade
The overdll print quality{grade for a QR Code symbol is the lowest of the five grades achieved above. Tlable 26
summarizgs the testefiteria.
Table 26 — Symbol grading criteria
Grade | Reference | Symbol Printgrowtn AXial Unused
decode Contrast Nonuniformity | Error
Correction

4,0 (A) | Passes SC>0,70 -0,50 <D’ < 0,50 AN < 0,06 UEC > 0,62

3,0 (B) SC >0,55 -0,70<D’'<0,70 AN < 0,08 UEC > 0,50

2,0 (C) SC >0,40 -0,85<D’'<0,85 AN <0,10 UEC > 0,37

1,0 (D) SC > 0,20 -1,00<D’'<1,00 AN < 0,12 UEC > 0,25

0,0 (F) | Fails SC <0,20 D' <-1,000r D’ > 1,00 AN > 0,12 UEC < 0,25
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11.4 Process control measurements

A variety of tools and methods is available which can perform useful measurements for monitoring and controlling
the process of creating QR Code symbols. These include:

Each of

12 De

The de
proceddire. Figure 23 shows an outline of the process flow.

1.

2.

1. Symbol contrast readings using a linear bar code verifier.

2. Horizontal (and vertical) print growth by measurement of the Position Detection Patterns in
using a linear bar code verifier.

both axes

Lo

Re|
Inf

Re

Re
ha

Re

9. petermination or axial nonuniormity Dy pnysiCal measurerment.
4. Visual inspection of the position detection and timing patterns for grid nonuniformities-and de

these tools and methods is described in Annex L.

coding procedure overview

coding steps from reading a QR Code symbol to outputting data charageters are the reverse of theg

cate and obtain an image of the Symbol. Recognize Dark and Light Modules as an array of “0” an

prmation modules as necessary; identify Error Correction-Level and Mask Pattern Reference).
ad the Version Information (where applicable), then<determine the Version of the symbol.

ease the Masking by XORing the encoding region bit pattern with the Mask Pattern the referenc
5 been extracted from the Format Information.

co

Detect errors using the error cerrection codewords corresponding to the Level Information.

de

Di

\

Fi

35

ad the symbol characters according to,the placement rules for the model and restore the data
rection codewords of the message:

ected, correct it.

ide the data codewards into segments according to the Mode Indicators and Character Count Ind

ally, decode the-Data Characters in accordance with the Mode(s) in use and output the result.

fects.

encoding

d “1” bits.

ad the Format Information. (Release the masking pattern“and perform error correction on the Format

e of which

and error

If amy error is

cators.
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( START

)

Recognize Black/White Modules

Decode Format Information

Determine Version

Release Masking

Restore Data and RS Codewords

rror detection
using Error Correction
codewords

No error

Error(s)

Error Correction

> |

Decode Data Codewords

Output

( END

Figure 23 — QR Code decoding steps

13 Refgrence decode algorithm for QR Code

This refergnce decode algorithm finds the symbol in an image and decodes them. The decode algorithm refers to
dark and ljght states in the image.

1. Determmine a Glopal Threshold by taking a reflectance value midway between the maximum reflectanpce and

minimum reflectance in th
Threghold.

2. Locate 1nhe

e image.

e 1Tinder p ode consists o

ree iaentica

Convert the image to a set of dark and light pixels using the

osition

Global

etection

Patterns located at three of the four corners of the symbol. As described in 7.3.2, module width in each
Position Detection Pattern is constructed of a dark-light-dark-light-dark sequence the relative widths of each
element of which are in the ratios 1:1:3:1:1. For the purposes of this algorithm the tolerance for each of these
widths is 0,5 (i.e. a range of 0,5 to 1,5 for the single module box and 2,5 to 3,5 for the three module square

box).

a) When a candidate area is detected note the position of the first and last points A and B respectively at
which a line of pixels in the image encounters the outer edges of the position detection pattern (see Figure
29). Repeat this for adjacent pixel lines in the image until all lines crossing the central box of the position
detection pattern in the x axis of the image have been identified.
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Figure 24 — Scan line in Position Detection Pattern

X 3

(W '+ WyR) / 14

and B on
Construct
the y axis.

dinates to

ft position
, Wy, and

b) Repeat step a) for pixel columns crossing the central box of the position detection pattern in the y axis of
the imngn
c) | Locate the center of the pattern. Construct a line through the midpoints between the points A
the outermost pixel lines crossing the central box of the position detection pattern in thex axis.
a similar line through points A and B on the outermost pixel columns crossing the central box in
The center of the pattern is located at the intersection of these two lines.
d) [ Repeat steps a) to c) to locate the centers of the two other position detection patterns.
3. Determine the orientation of the symbol by analysing the position detection*pattern center coor
idgntify which pattern is the upper left pattern in the symbol and the angle ©f;rotation of the symbol.
4. Determine a) the distance D crossing the full width of the symbol between the centers of the upper ¢
defector pattern and of the upper right position detection pattern and b) the width of the two patterng
Wy Wur
P
— D
|
Figure 25 — Upper Position Detection Patterns
5. Cdlculate the.nominal X dimension of the symbol.

6. Provisionally determine the version V of the symbol.

V = [(DIX) - 10] / 4

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

a)

Divide the width W g of the upper right Position Detection Pattern by 7 to calculate the module si

CPUR = WUR |17
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b) Find the guide lines AC and AB from A, B and C, which pass through the centers of the three Position
Detection Patterns, as shown in Figure 26 below. The sampling grid for each module center in the
Version Information 1 area is determined based on lines parallel to the guide lines, the central coordinates
of the Position Detection Patterns, and the module size CPy. Binary values 0 and 1 are determined from
the light or dark pattern on the sampling grid.

Version

A Information 1 E

Version
Information 2

Figure 26 — Position Detection Patterns and Version Information

c) Determine the version by detecting and correcting errors, i any, based on the BCH error cdrrection
pplied to the Version Information modules, defined in Annex D.

Q)

d) If errors exceeding the error correction capacity are-detected, then calculate the pattern width W, of the
Ipwer left Position Detection Pattern and follow a similar procedure to steps a), b) and c¢) above to|decode

\fersion Information 2.

8. Decogling of a Version 1 symbol with no Alignmient Pattern continues in accordance with steps 7 and B of the
algorithm in Annex M.14, reverting to this ‘algorithm at step 9. Decoding of version 2 and larger $ymbols
requites the central coordinate of each _Alighment Pattern to be determined from the coordinates defined in

7.3.5fand Annex E to determine the sampling grids.

i
B

Cm g .
e o &
Ve

P5

Figure 27 — Position Detection Patterns and Alignment Patterns
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a) Divide the pattern width Wy,_ of the upper left Position Detection Pattern Py, by 7 to calculate the module
size CPy..

CPUL = WUL / 7
b) Determine the provisional central coordinates of the Alignment Patterns P1 and P2, based on the
coordinate of the center A of the upper left Position Detection Pattern Py, lines parallel to the guide lines

AB and AC obtained in 7c¢), and the module size CPy,.

c) Scan the outline of the white square in Alignment pattern P1 and P2 starting from the pixel of the

H 1 e | 'H PP () - ! e | 'H - AV (Vi = 200
PrUvISIUTIAl LTTIU alr LUUTUTINTAIT U TINTU Ui attudal LTI Al COUTUITIAlCS Alhalfu T (S€T Tyuirc £0).

(Xi,Yj)

Figure 28 — Central coordinates of AlignmentPattern

d) | Estimate the provisional central coordinate of the Alignment Pattern P3, based on the central ¢oordinate
of the upper left Position Detection Pattern Py_ and thesactual central coordinates of the [Alignment
Patterns P1 and P2 obtained in c).

e) | Find the actual central coordinate of the Alignment Rattern P3 by following the same procedure in c).
f) | Find Lx, which is the center-to-center distance ¢f 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 defingd spacing
of the Alignment Patterns to obtain the module pitches CPx in the lower side and CPy in the right side in
the upper left area of the symbol (see Figure 29).

CPx =Lx /AP

CPy=Ly/AP

where AP is the spacing in modules of the Alignment Pattern centers (see Table E.1).
In the same fashien,find Lx’, which is the horizontal distance between the central coordinates off the upper
left Position Detection Pattern Py and the central coordinates of the Alignment Pattern P1, and|Ly’, which
is the vertical distance between the central coordinates of the upper left Position Detection Pattern Py
and the central coordinates of the Alignment Pattern P2. Divide Lx" and Ly’ by the formula below to obtain
the module 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 Position Detection
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 Position Detection Pattern
Pul)
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10.

11.

64

Lx
P1

Ly Ly

LXx

ry
v

P2 P3

Figure 29 — Upper left area of symbol

g) 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.

h) Ip the same fashion detemine the sampling grids for the upper right area™(covered by the upger right
Rosition Detection Pattern Pyr, Alignment Patterns P1, P3 and P4) and\lower left area (covered by the
pper right Position Detection Pattern Pyr, Alignment Patterns P2, P3 and P5) of the symbol.

—

or the Alignment Pattern P6 (see Figure 30), estimate its provisional central coordinate from the [module
itches CPx’ and CPy’, the values of which are obtained fromithe spacings of Alignment Patterns| P3, P4
nd P5, guide lines passing through the centers of the Alighment Patterns P3 and P4, and P3|and P5
bspectively, and the central coordinates of these Patterns.

b S Wl o T e |

- LX’ P4

Ly’ Ly

vﬁ E\ v

PS Lx Po

Figure 30 — Lower right area of symbol
i)  Repeat stepsie) to h) to determine the sampling grid for the lower right area of the symbol.

k) The,same principles shall be applied to determine the sampling grids for any areas of the synjbol not
diready covered.

Sample the image pixel on each intersection of the grid lines and determine whether it is dark or light based on
the Global Threshold. Construct a bit matrix mapping the dark pixels as binary 1 and light pixels as binary O.

Decode the Format Information adjacent to the upper left Position Detection Pattern to yield the Error
Correction Level and the Mask Pattern applied to the symbol. If errors exceeding the error correction capacity
of the Format Information are detected, then follow the same procedure to decode the Format Information
adjacent to the upper right and lower left Position Detection Patterns.

XOR the Mask Pattern with the encoding region of the symbol to release the masking and restore the symbol
characters representing data and error correction codewords. This reverses the effect of the masking process
applied during the encoding procedure.
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12. Determine the symbol codewords in accordance with the placement rules in 8.7.3.

13. Rearrange the codeword sequence into blocks as required for the symbol Version and Error Correction Level,
by reversing the interleaving process defined in 8.6. step 3).

14. 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.

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

16. Supdividethedatabitstreanmtosegments eachcommencimy withr e Modetndicatoramd-thetength of which
is determined by the Character Count Indicator following the Mode Indicator.

17. Defode each segment according to the rules for the Mode in force.

14 Adtodiscrimination capability

QR Cogle can be used in an autodiscrimination environment with a number of other’symbologies. (See|Annex J).
In addifion, Model 1 and Model 2 symbols can be autodiscriminated by analysis/of the Format Informgtion mask
pattern| Equipment suppliers may offer the option of decoding of only Model 1.er only Model 2 or of both [Models.

15 Transmitted data

All encgded data characters shall be included in the data transtnission. The function patterns, format ahd version
information, error correction characters, Pad and Remainder characters shall not transmitted. The default
transmission mode for all data shall be as their 8-bit JIS8 values or 16-bit Shift JIS values. Becalse of the
character value assignments this gives unambiguous transmission of any sequence of numeric, Latin, [Kana and
Kanji dgta. The Structured Append header block shall-not be transmitted by decoders operating in buffegred mode
which reconstructed the complete message before transmission. If the decoder is operating in unbuff¢gred mode
the Structured Append header shall be transmitted as the first 2 bytes of every symbol. Morg complex
interprgtations including the transmission of data in an Extended Channel Interpretation, are addressed below.

15.1 Symbology ldentifier

ISO/IEC 15424 provides a standard procedure for reporting the symbology which has been read, together with
options|set in the decoder and-any special features encountered in the symbol.

Once the structure of the-data (including the use of any ECI) has been identified, the appropriate $ymbology

Identifigr should be added by the decoder as a preamble to the transmitted data; if ECls are used the $ymbology
Identifigr is required.~See Annex F for the Symbology Identifier and option values which apply to QR Code.

15.2 Bxtended Channel Interpretations

In systgms)where the ECI protocol is supported the transmission of the Symbology Identifier is required with every
transmission. Whenever the ECI Mode Indicator I1s encountered, it shall be transmitted as the escape character
5Chex, Which represents the character “¥” in the default encodation for QR code in accordance with JIS X 0201 (in
the AIM ECI specification and the ASCII character set this “¥” character value maps to the backslash character “\").
The codeword(s) representing the ECI Designator are converted into a 6 digit number by inverting the rules defined
in Table 4. These 6 digits shall be transmitted as the corresponding 8-bit values in the range 304ex t0 39ex,
immediately following the escape character.

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

a) the end of the encoded data
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b) achange to a new ECI signaled by Mode Indicator 0111, subject to rules defined by the AIM ECI specification.

When reverting to the default interpretation the decoder shall output the appropriate escape sequence as prefix to

the data.

If the character “¥” needs to be used as encoded data, transmission shall be as follows: whenever character 5Cyex
occurs as data, two bytes of the value shall be transmitted, thus a single occurrence is always an escape character

and a dou

ble occurrence indicates true data.

Example 1

Encoded tliata: ABC¥1234

Transmitt¢d data: ABC¥¥1234

Encoded ¢lata:  ABC followed by <further data> encoded according to rules for ECI 123456:

Transmitt¢d data: ABC¥123456<further data>

Example 2 (using data in 8.4.1.1)
The mesdage contains ECI Mode Indicator/ECI Designator/Mode Indicator/Character count indicator/Dat
form of
0111|00001001 0100 00000101 10100001 10100010 10100011 1@100100 10100101
Symbologly Identifier ]1Q2 (see Annex F) must be added t0 the data transmission.
Transmisgion (hex. values): 5D 51 32 5C 3030303030 39 A1 A2 A3 A4 A5
Encoded ¢lata in ECI 000009: ABTAE
In Structyred Append Mode, when the ECI Maode Indicator is encountered at the beginning of the

subseque
symbol.

Notes: Th

15.3 FN

In the mg
directly as
the first d
Elsewherd
separator
(ASCII/JIS

Nt data characters shall be interpreted as being from the ECI(s) in force at the end of the pr

e backslash character “\", ASCII value 5Cey, is equivalent to “¥” in JIS X 0201.
C1
des with implied\ENCL1 in either first or second position, this implied character cannot be tran

there is no ASCII or JIS8 value corresponding to it. It is therefore necessary to indicate its pres
r second_position by the transmission of the relevant Symbology Identifier (]JQ3, ]Q4, 1Q5 ¢

represented in Alphanumeric Mode by the character % and in 8-bit Byte Mode by the chara
8 value 1Dyeyx). In both cases the decoder shall transmit ASCII/JIS8 value 1Dyex.

h in the

symbol,
bceding

smitted
ence in

r 1Q6).

in thesexsymbols it may occur in accordance with the relevant application specification as a data field

cter GS

If the character % is used as part of the encoded data while in Alphanumeric Mode, it is represented in the symbol
by %%. If this is encountered the decoder shall transmit a single % character.
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Annex A
(normative)

ISO/IEC 18004:2000(E)

Error detection and correction generator polynomials

The check character generation polynomial is used to divide the data codeword polynomial, where each codeword

is the coefficient of the dividend polynomial in descending power order. The coefficients of the remainder of this
divisionl are the error correction codeword values.
Tables |A.1 to A.7 show the generator polynomials for the error correction codes which are used for ea¢h Version
and Level. In the table, a is the primitive element 2 under GF(28). Each generator polynomial.is<the prodluct of the
first degree polynomials: x-2°, -2, ..., x-2"*: where n is the degree of the generator polynomial
Table A.1 — Generator polynomials for 7 - 22 error correction,codewords
Number of Generator polynomials
error correction
codewords
7 X+ 087 X8+ 2205+ 0 1405 A 0 149534+ 2883 24 102y 4 21
10 X204 02500 8 5B 02O+ S B 1855+ o O 4 4%
0%+ 63X+ 2
13 X3 o A 124 o 152y 1 178y 10 [ 100y,9 86,8 100,7, 1066
4o 104x54 o 130y A, 21853, (206,2, 140, 78
15 x5 o B4 183y 18 61y 12, 91,11, 202,10 37,9, 51,8
o2+ a2 0 B 5+ 0 40% At 12253 0. 5% 0 2%+ 105
16 %164, 120164 104,14, 107,13, 109,12, 102,11, 161,10
o O X+ o O+ OB+ o 4T X+ 1890 1823
o952 225y 4 120
17 o o 35164 139154 206,14, 78,13 43,12, 239,11
+ 128y 104 206,09, 214.8, 147,7, 24,6, 99,5, 150,4
0303+ 232+ B3y 4o 136
18 X184 215y 174 234316, 158,15, 94,14, 184,13, 07,12
o 118yl 170510, (79,0, 187y 8, 1527, 148,6
0222554+ 0 0%+ 0. 05+ 0. 285+ o 2O+ 153
20 20, 17,19, 60,18, 79,17, 50,16, 61,15, 163,14, 26,13
+o 187124420211, 180,10, 221,9, 2258, 83,7
+0239% 04 156y 54 16434, (212,3, 212,22, 188, 190
22 %224 210421, 171420, 247,19, 242,18, 93,17, 230,16
o x84 10914y 221y 18, 53,12, 200,11, 74,10, 8.9
o 2584 0. 28+ 0 B% B+ 02195+ 13 A 180 B 1052
+o 15x 4231
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Table A.2 — Generator polynomials for 24 - 36 error correction codewords

Number of
error correction
codewords

Generator polynomials

24

229X23 +a

126X16+Oc

121X22+OL

159X15 +a

135X21+0L48X20+(x211X19+0L117X18

180X14+0(169X13+06152X12

+Oclg2X11+OL226X10+OL228X9+0L218X8+Oc111X7+X6+Oc117X5

1, 232,4, 873, 962, 027 21

X24+oc
0c251X17+0c

26

158X23+OL2X22+06103X21+06182X20

145X17+Oc201X16+0L111X15+(x28X14
lGlel+0621X10+06245X9+06142X8

227X4+oc153X3+0c145X2+0c218X

26+Ocl73X25+06125X24+06

+06118X19+0617X18+(x

+06165X13+0653X12+0L

+oc13X7+oc102X6+oc48X5+oc

+0€7O

X

28

X28+OL168X27+OL223X26+OLZOOX25+OL

+0(108X21+06180X20+06110X19+0L
+oc205X15+oc27X14+(x232X13+oc
+0€245X9+0(87X8+0(42X7+06195X6+Oc

+oc37X2+oc9X+oc123

104X24+OL224X23+OL234X22

190X18+06195X17+Ocl47X16
201X12+(x21xll+0643xlo
212X5+0L119X4+0L242X3

30

X30+oc41X29+ocl73X28+oc145X27+oc
+Ocl79X23+06182X22+0(50X21+Oc
+oc239X17+oc96X16+u222X15+a
+0€226 11 +a

X 193X10+06224X9+0L
+ 251
[0

152X26+(x216X25+(x31X24
48X20+0c110X19+0c86X18
125X14+u42X13+a173X12
130X8+06156X7+0c37X6
216.,4, 238,33 40,2 192 180
X+o

X5+a X' +o T XFHo X +a

32

X32a10X31+a6X30+ OLlOGX29+OleOX28+O(

+oc4X25+oc67X24+(x209X23+oc138X22+oc
+0(242X19+06123X18+0689X17+06
+ 0(80)(134_ 0(156)(12_'_ Oc38X11+ o

+ 0(222X6+0€80X5+0652X4+0(254X3+0(

249X27+0L167X26

138X21+(x32X20
120X15+0L185X14

171X9+ OL6OX8+ (x28X7

27X16+ o

69X10 +o

185X2+Oc

34

220X +0€24l
34+Ocl11X33+Oc77X32+(xl46X31+Oc94X30+0626X29+0(21X28

+0(108X27+0€19X26+OL105X25+0694X24+06113X23+06193X22
+Oc86X21+(x140X20+(x163X19+OL125 18, 58,17 158X16
+06229X15+0(239X14+06218X13+0(
+ocl14X9+u61X8+0c183X7+0c129X6+u

+O€62X2+06129X+0651

X

X +ao
103,12

X +ao
X +0€56 11 7OX10

X +a
167X5+0L13X4+(x98X3

36

X36+Oc200X35+Oc183X34+ch8X33+Oc

+0(246X29+06234X28+0660X27+06

16X32+oc172X31+oc31X30

152,26, 115 25+X24

X""+o X
228,20 238, 19, 107, 18
37Xl4+0687X13+0(,210X12

X +OL177X10+06120X9+0L74X8+0L121X7+0L196X6

5+OL251X4+0(113X3+06233X2+OL3OX+0L120

167,23, 152,22, 113,21
+o X TTHaTT X THoaT X T o
18,17

+a 8 +OL63X16+06218X15+0(
+ 105,11
o

+Ocll7X

68
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Table A.3 — Generator polynomials for 40 - 46 error correction codewords

Number of
error correction
codewords

Generator polynomials

40

X

252X35 +a

247X29+0(57X28

98,,34

40 X

+0c59X39+ocll6X38+oc79X37+oc

+0(128X33+0t205 32, 128,31

X to X Tt
+0L163X27+0L56X26+06235X25+0L1O6X24+0653X23+(x26X22

4o 187,21, 174,20, 226,19, 10418, 170017, 7 16

161X36+0L

161X30 +a

15+(x35Xl4+06181X13+(x114X12+OL88X11+0L41X10

163X8+0c125X7+0c134X6+0c72X5+0c2OX4+a232X3
35

X+oc15

175
+o X

N

+(x53X2 +a

42

X

25X37+oc

242X30 +a
188X23

139X17

213X11

171X5

18,,36

250,,41, 103,40 X

X 7+o X Tta
137X35+a231X34+X33+a
191,28 110,27 84X26+OL

15,19 131,.,1

X"+o T X ta

106,22 96,,21 147 20+O( Nt
+ 39,13 1011
o

123

221,,39

X"+ X38+oc
3,32

X +OL58X31 +a

230X25+OL8X24+OL

42 +a 230

X 8+oc
X 2+oc
X6+oc

X+o" XT+a X
34,16 101,,15 223X14 ¥ +q
254

X "+o X T+
X

199,10 237.,9 7
X2+020%+

X +a
96
o

X +o T X ta 8+0c201

162.,4, 1943, 117

+a
+a
+a
+a
+a
+o X o X ta

221X29

44

X

44+O(190X43+0(7X42+0(61X41+0(

69X37+OL55X36+(xl68X35+06188X34+(x Y334+ 243x

191X31+O(25X3O+0(72X29+06123X28+0L9X27+O(145X26

14X25+oc247X24+ocX23+0c238X22+oc44X21+oc78X20

143X19+OL62X18+06224X17+0(126X16+06118X15+06114X14

68X13+06163X12+0652X11+OL194X10+0L217Xg+(x147X8
1304, 1133

204,,7, 1696 ~ 37,5 A+ 18y +0€102 2

121X40+0(71X39+0L246X38

89,,33 243,32

+a
+a
+a
+a
+a
+a

73X +O(l8l

46

X

X +o  TXutoT X T+a X"+a
112,42 253,41

46+0(112X45+0L94X44+0688X43+06 X2 40253x +OL224 40
202X39+0L115X38+(x187X37+0699X36+0689X35+OLSX34
58,,29, 16,,28

54X33 +oc113X32 +oc129X31 +oc44X30 +028%%%+ o 18
36,,23 22
+oX

135X27+(x216X26+0L169X25+06211X24+(x X
4X21+(xg6X20+OL6OX19+06241X18+0673X17+06104X16
234X15+O(8X14+0L249X13+06245X12+0Ll19X11+0L174X10
52Xg+0(25X8+0(157X7+oc224X6+0c43X5+0c202X4+0c223X3

19X2+0L82X+0615

X

+a
+a
+a&
+a
+a
+a
+a
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Table A.4 — Generator polynomials for 48 - 54 error correction codewords

Number Of Generator polynomials
error correction

codewords

48 X48+Oc228X47+0625X46+(x196X45+OL130X44+0L211X43+(x146x42

60,41, 24,40, 251,39, 00,38, 39 37, 102,36
240,35, 61,34, 178,33, 63,32, 46,31, 123,30
115,29, 18,28, 221,27, 111,26, 135,25, 160,24

+o

+o

.
+2182X23+oc205X22+oc107X21+oc206X20+oc95X19+0c150X18
+o
+o
+o

120Xl7+0(184X16+069les+O€21X14+06247X13+06156X12

140X11+Oc238X10+OL191X9+0L11X8+(xg4x7+0c227x6

84X5+0€50X4+Ocl63X3+Oc39X2+0(34X+

50+0(232X49+0(125X48+Oc157X47+0L161X46+06164X45+069X44

118X43+OL46X42+(x209X4l+OL99X40+06203X39+06193X38

35X37+0(3X36+0(209X35+06111X34+06195X33+0(242X32

203X31 225X30+OL46X29+OL13X28+OL32X27+01160X26

126,,2 209X24+0613OX23+0L160X22+0€242X21+06215X20

+a

+o

+a +a

+o 5+o(,

+06242 19+a75 18 77,17, 42,16 189,15 ,.32.,14
+o 3+o(,

+a

+o

108
(04

50 X

X
X X "+o X +o X to X Fa X

1131 65X12+OL124X11+0669X10+0L228X9+06114X8

7+(x175X6+oc124X5+oc170X4+0c215X3+oc232X2

205

X
235X

133X +a

52 X52+Ocl16X51+OLSOXSO+(x86X4g+OL186X48+OLSOX47+0L220X46

251X45+0689X44+OL192X43+0646X42+O€86X41+0L127X40

124X39+oc19X38+(x184X37+oc233X36+0c151X35+0c215X34

22X33+0L14X32+0659X31+0(145X30+0637X29+06242X28

203X27+oc134X26+oc254X25+0c89X24+0c190X23+0c94X22

+o
+a
+o
+a
+O€59 21 654,20 124,19 113,18 100,17, 233,16
+a
+o
+of

X TFto /X o X T X o X FaTTX

235X15+Oc121X14+Oc22X13+Oc76X12+Oc86X11+(xg7XlO

39X9+0(242X8+0L200X7+0(22OX6+a101X5+a33X4+a239X3

254X2+0c116X+oc

54 X54+0(183X53+0(26X52+OLZOlXS1+0687X50+06210X49+06221X48

113,47, 21,46, 46,45, 65,44, 45,43, 50,42

51

+o X o X e X e X o X o X

+0(238X41+0c184X4O+0c249X39+0L225X38+0(102X37+0658X36
+06209X35+OL218X34+OLlogX33+OL165X32+0626X31+0195X30
+0c184X29+0c192X28+0c52X27+0c245X26+a35X25+0c254X24
+06238X23+OL175X22+OL:L72X21+u7gX20+u123X19+u25X18
+06122Xl7+Oc43Xl6+OL120X15+06108X14+0(215X13+0(80X12

128,11, 201,10 235 .9 8.8 1537, 59 .6, 1015
T X Tt X T X Tt X rta X Tta X X

T
+0(31X4+0(198X3+0(76X2+Oc3lx+0(156
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Table A.5 — Generator polynomials for 56 - 60 error correction codewords

Number of
error correction
codewords

Generator polynomials

56

X

56

+o
+o

_1_\,:254)(37_,_\,1155)(36_,_\,:135)(354_\;208)(34_1_\,:170)(33_1_\':209)(32

+

oc106X55+0c120X54+0c
112X49+0(116X48+O(2X47+Oc
36X43+OL201X42+06202X41+0L

107X53 +a

91,46

157,52
X"+

X +OL248X45 +a

229X4O+OLGX39+OL

164,51
X"+o

163X4

144X3

216,,50

X
4

8

+a
+a
+a
+a
+a

12X31+oc

177X25 +a
239 19+(x184X18+0L101X17+OLl24X16+0L

X
96,,13 23X12+0(163X11+0661X10+0(27X9+O(

X "+a
247, 7 15146, 154.5, 202.4, 207,3,

139X30 +a

17424
X" +a

127X29 +a

190X23 +a

142X28 +a

28X22+Oc

182X27 +a

10X21 +0(85X2
152X15 +a
196,,8

X
20,,2

X +a

249X26

206,,14

0

X

61X +0L10

58

X

58

+a
+a
+a
+a
+a
+a
+a
+a
+a

+

X +o
82,57 116X56 +oc26X55 +oc247X54 +cx66X53 +o

a X +a
62.,51 107,50 252X49+0L182X48+06200X47

XTHo T X +a
235,45, 55,44, 251,43, 242 42, 210,41

X 7+o X ta
154,39 237,38 176X37+0c141X36+0(192X35+0(

X7 +a T X +a
152,33 249,32 206,,31, 85,30, 253,29

X7+ X o X o X o X o

65X27+Oc165X26+Oc125X25+0L23X24+0(24X23+O€30X22

122X21+(x240X20+(x214X19+OL6X18+0(129X17+0L218X

29X15+06145Xl4+06127X13+0L134X12+O€206Xll+(x

117Xg+0629X8+Oc4lX7+(x63X6+06159X5+0L142X4+(x

1252 148X+06123

X

+
+

23

27,,52
Oc185)(46

144,40
o X

248,34

142X28

245X10

X

16

3X3

60

X

60+

+a
+a
+a
+a
+a
Fo
+a
+a
+a

X"+a
59, 140, 58426, 57 12,56,

107

o X

243,53 197X52+a226X51+a197X50+
120,44

X" +a
101, ,46 219,45

211y 47 4 o 101y 36, 219545, 120y

127X4l+(16X40+0L100X39+06247X38+0L X37+OL
198

X35 57,34, 115,33, 219,32, 101,31
X
23

9X55 +a

219X49 +a

(0
0128)(43 +a

X

2 X

X o X o X T X o
160,29

82X28+Oc37X27+Oc38X26+0L238X25+Oc
160
X
30,,17

209,22 121,21, 86,20 11,19
X +a

+o
+o X
+o

181,16 84,15 25.,14 194,13 87,12
X7+ X THoTT X H+oTT X o X ot X o

X"+ "X Tto X THo X T ta

X T+ X THo X o X T Ha X
65,11 102,,10 190,,9 220,,8 70,7 27.,6
l6X4+0L89X3+0L7X2+0633X+06240

141,,54
454
5X 8

181X42

205,36
109,30
49,24

124X18

209X5
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Table A.6 — Generator polynomials for 62 - 66 error correction codewords

Number of
error correction
codewords

Generator polynomials

62

62

X 65,,61

248X55 +o

37X49+0c

+o X Tta

23,,48

202,,60

118X54 +a

X+

113,59
214,53

X "+o

98,,58
94,52

X+

71,,57

X +o
122,50

X +oc2X47+oc

+X° +a

58X45+0c

X"+ X

228,,46

26+, 12

223X56

X

1,44
X

T343,,105.42, 13541, 78,40, 243 39 118 38

70,,37, 76,36, 223,35, 89,34, 72,33, 50,32

X +ao

7OX31+0(

181X25 +0.

229X19 +a

115,13

111,,30
35,24

6,,12

X+
1

2

X"+
X"+

149,18

X "+a
20

X "+o X "to

X T+a
94X29 +a
21X23 +a
147,17,

OX11+(X10

1
1

X +ao

7X28+Oc

17X22 +a

123X16+Oc

0,,10, 26

21
2

X+

X

2X27+0c

35X21 +a

213X15 +a
9

12
1

246,,8

6X26

1X20

40,14

X +o

+o
+a
-Lvu
+a
+o
+a
+o
+a
+o

182X7+0L2

18,6

X '*'oc1

27X5+062

15X4 +0€36

X +a

X3+0(186

X

2+0c110X+0c

X 106

64

64

X 45,,63

159,57
X +ao
177

141
160

+a
+o 1
+0 5
+o °
+al45
+o

+a

+o

X5
X4
X3
X33

4X27+0c

47X21+oc
238X15+Oc
X9+oc

X2+oc

+06242
+06156

+o X o

216,26
140,,20
63,,14
31,8
213

51,,62

49X56 +a

204,,50

X +a

149,44

+o

+ao X ta
+0€93 38
+a

X"+a

156,,32

X"+
91

1
X +a9
204
231

X"+a
X"+

X +o
X+a

X "+a

175,61
68,,55
X"+
187,49
11943

199,,37

X "+
X"+

9,,60
119X54+OL
254,48
26,42

212,,36

X "+o X +oc7X59+oc

X +a
X "+ao

92X53 +a

200X47

127,41
29y,35

158,,58

X o

X

123X52

+Oc78X46

53X40

24,34

X" +a
208X31+0L
X25+0c
95,19, 1
9X13+0L10

X7+oc

47X24+OL

11X6+Oc

X" te

150X30 o

95X18 +(x1

8X12+Ocl4

178,,5

184X23 +a

X +a

X"+a

218X29 +a

25X17 +(x2

0X11+0623

243X4 +

146,22
6%

X

209X28

42X16

OXlO

2173

o X

66

5X65 +0.

162X59 +o

81X53+0c

95X47 Yo

111 )41
X "+o

169X35 +a

77X29+0c

+0€63X23 +a
+oc217X17 +a
+0€168 +o

11
+o

X66+OL 1

+o
+a
+o
+of
Fo
+a

X
+Ocl71X5

513,58
17,52

173,,46
95,,40

111,28
87,,22
77,16
82,,10
25,4

18X64 +a

X +oc4
13

6
1

X "+o
X "+
X "+

197,34

X" +a

X +oc2
80

3

X +oc7
132

X"+
X " +a

X '+o

222,,63

X"+

6X57 +O(11
24

9514y,

5X45 +a13
01X39 +OL4
95X33 +0c7
36X27 +OL4
X21 +O€253
4515, 23
694,146
X3+oc

180,,62

93X2+oc

X"+

7X56 +0613
19

7X50+OL
7X44+Ocl7
72

1X38 +a

X32+0c

0X26 +OL12

X20+0624O
10

2X14 +a

X8+oc

45

136,,61

44,31,

67X7+0(

X+o

X "+o

X55 +OL215
7X49 +a17
8X43 +0€68
X37 +(x214

1,25, 14
X"+

X19+OL126
50

6X13 +a
106X6

105

136,,60

154X30

X

X54

1X48

X42

X36

3X24

X18

X12

72
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Table A.7 — Generator polynomial for 68 error correction codewords

Number of
error correction
codewords

Generator polynomial

68

X

68

+0L247X67+(x

77X61+OL7OX60+0L

43X55+06150X54+0684X53+06101X52+0L190X51+0L205X50

133,49, 52,48, 60,47, 202,46, 165,45, 220, 44

159X66 +a

90X59 +a

223X65 +a

160X58 +a

33,64, 224,63

X '+ X THa X

32X57+0L254X56

93,,62

203X43+oc151X42+oc93X41+oc84X40+0c15X39+oc84X38
253X37+Ocl73 36 160X35+0(89X34+0c227X33+0c52X32

X" +a
199X31+0L97 30 95,29 231X28+(x52X27+OL177X26

X+ X T +ao
41X25+06125 24 137,23 241X22+06166X21+Oc X

X" Ha T X Tt
118,19, 2,18, 54,17, 32,16, 82,15, 215,14
238,10, 235.,9, 27,8

175,13, 198,12, 4311 1040235 %+ 2 "x

+a
+a
-Lv.,
+a
+a
+a
+a
+a
+oo Xt X Tt X o

101.,7 1846 127 5+OL3X4+OL5X3+068X2+06163

+o X to X ta X

225,,20

X +06238
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Annex B
(normative)

Error correction decoding steps

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

R¥(ro, r1,r2, ...y I25)

That is,

R[X)=ro+ X + X2+ ... + [psx™

ri(i=0-25) is an element of GF(28)

(i) Calculate the syndrome.

Find the syndrome S;(i=0-7).
Sp=R(@)=ro+tri+r+ ... +ry

2 25
S|= R(a) = rptriotroo + ... + rsal

7 7 14 175
S :R(O():r0+rla + o+ ...+ o

where o ig a primitive element of GF(28)
(i) Find the error position.
S§04 - S103 + Sy05- S;0r+H S, =0
S{o4 - S,03 + S30, 45361 +S5=0
S464-S303 + S§465 - Ss01+Sg=0

S Oy - S4Gg+ 8562' 8561+S7:0

Find the vpriable ci(i=1-4) for each error position using the above formulas.
Then, substitute the variable for the following polynomial and substitute elements of GF(2°) one by one.

o(X) =04 + o3X + 62X2 + 61X3 +x*
Now, it is found that an error is on the jth digit (counting from the 0-th digit) for the element oj which makes ¢ (o))=0.
(iii) Find the error size.
Supposing that an error is on the |1, j2, j4 digits in (ii) above, then find the size of the error.

Yl()(,jl + YzO(,j2 + Y30€j3 + Y4O(j4 = So
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YioZjt + Y00 + Yaai® + Yaoijt = Sy
Yot + Y03 + Yao )P + Yaadt = S,
Yot + Yool i + Yaal® + Yaait = S
Solve the above equations to find the size of each error Y(i=1-4).

(iv) Correct the error.

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

Format Information

The Format Information consists of a 15 bit sequence comprising 5 data bits and 10 BCH error correction bits. This
Annex describes the calculation of the error correction bits and the error correction decoding process.

C.1 Error correction bit calculation

The Bosg-Chaudhuri-Hocquenghem (15,5) code shall be used for error correction. The yolynomial whose
coefficien{ is the data bit string shall be divided by the generator polynomial G(x) = x™ + x:+X%> + x* + x*  x + 1.
The coefficient string of the remainder polynomial shall be appended to the data bit strihg to form the (15)5) BCH
code string. Finally, masking shall be applied by XORing the bit string with 101010000010010 to ensure that the
format information bit pattern is not all zeroes for any combination of Mask Pattern-and Error Correction Lgvel and
to enable Model 2 symbols to be autodiscriminated from Model 1 symbols.

Example:
Efror Correction level M; Mask Pattern 101
Binary string: 00101

Polynomial: x>+ 1

Rhise power to the (15 - 5) th:  x* + x™2

Djvide by G(x): = (x1°+x8+x5+x4+x2+x + 1)x2+ (x7+x6+x4+x3+x2)
Agld coefficient string of above-temainder polynomial to Format Information data string:
00101 + 0011011100 =>» 001010011011100

XOR with mask 101010000010010

Result: 100000011001110

Place thege bits inthe Format Information areas as described in 8.9.

C.2 Error correction decoding steps

Release the masking of the Format Information modules by XORing the bit sequence with the mask pattern
101010000010010.

This will yield the following code:
R =(ro, Iy, 2, ..., I14)
That is,

R(X) = o + X + X% + ...+ g
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where r; (i=0-14) is 0 or 1.
Calculate the syndrome.
Find the syndrome S; (1 =1, 3, 5).
S; = R(@) = 1o + ryot 0% + ... ryg0t?

3 3 6 42
ngR((X):r0+r1(X +ro + ... g

SsER(O) =T * 110 T 00 0 F ... a0l
where ¢ is a primitive element of GF(24).
Find the error position.

Si|[+0,=0

S;|+ S,01 + S0, +63=0

Ss |+ S401 + S305 + S,03=0

where: S, = S; squared, S, = S, squared

Find the variable o;(i = 1-3) for each error position using the above formulas. Then substitute the variaple for the
following polynomial and substitute elements of GF(2*) one by éne.

o(f) = X° + 61X° + opX + 03

Now, it]is found that an error is on the jth digit (counting from the O-th digit) for the element aj which makes
o(oy) = P.

Correctlthe error by reversing the bit value afleach error position.
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Annex D
(normative)

Version Information

The Version Information consists of an 18 bit sequence comprising 6 data bits and 12 BCH error correction bits.

This Anne

describes the calculation of the error correction bits and the error correction decoding process.

D.1 Err
The Boqg
coefficient

+ 1. The
BCH coddg

Example:

Vi

B

R

A

Place theq

Table D.1

Dr correction bit calculation

e-Chaudhuri-Hocquenghem (18,6) code shall be used for error correction. The polynomial
is the data bit string shall be divided by the generator polynomial G(x) = x** + x" %" + x° + x® 4
coefficient string of the remainder polynomial shall be appended to the data bitstring to form th

string.

brsion: 7

nary string: 000111
plynomial: X +1
hise power to the (18 - 6) th:  x™ + x™ + x*?

vide by G(x): = (XA AT P )X+ (XX X+ X X
id coefficient string of above remainder. polynomial to Version Information data string:

000111 + 110010010100 = 000111110010010100
e bits in the Version Information areas as described in 8.10.

below shows the full VVersion Information bit stream for each version.

whose
x> + X°
P (18,6)

)
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Table D.1 — Version information bit stream for each version

Version Version Information bit stream Hexadecimal equivalent
7 00 0111 1100 1001 0100 07C94
8 00 1000 0101 1011 1100 085BC
9 00 1001 1010 1001 1001 09A99
10 001010 0100 1101 0011 0A4D3
11 001011 1011 1111 0110 0BBF6
12 00 1100 0111 0110 0010 0C /702
13 001101 1000 0100 0111 0D847
14 001110 0110 0000 1101 0E60D
15 001111 1001 0010 1000 0F928
16 01 0000 1011 0111 1000 10B78
17 01 0001 0100 0101 1101 1145D
18 01 0010 1010 0001 0111 12A17
19 01 0011 0101 0011 0010 13532
20 01 0100 1001 1010 0110 149A6
21 01 0101 0110 1000 0011 15683
22 01 0110 1000 1100 1001 168C9
23 0101110111 1110 1100 177EC
24 011000 1110 1100-8200 18EC4
25 01 1001 0001 1410 0001 191E1
26 011010 1113477010 1011 1AFAB
27 01 10120000 1000 1110 1BO8E
28 01 1100 1100 0001 1010 1CC1A
29 011101 0011 00111111 1D33F
30 0111101101 01110101 1ED75
31 011111 0010 0101 0000 1F250
32 10 0000 1001 1101 0101 209D5
33 10 0001 0110 1111 0000 216F0
31 10 0010 1000 1011 1010 228BA
35 100011 0111 1001 1111 2379F
36 10 0100 1011 0000 1011 24B0B
37 10 0101 0100 0010 1110 2542E
38 1001101010 0110 0100 26A64
39 10 0111 0101 0100 0001 27541
40 10 1000 1100 0110 1001 28C69
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D.2 Error correction decoding steps

Provided that the following code has been read from the Version Information area of the symbol:
R =(ro, r1, 2, ..., 17)

That is,

R(X) =g + X + [2X° + ...+ [17X

where r; ([=0-I7)1s0or 1.
Calculate the syndrome.
Find the syndrome S; (1 =1, 3, 5).
S; =R(a) =rg + ryo+ rzoc2 + .. r17ocl7
S; = R(oca) =ry+ rloc?’ + r20c6 + ... r17a51
Sg = R(ocS) =ry+ rloc5 + rgoclo + ... r14a85
where o ig a primitive element of GF(25).
Find the efror position.
S; +p1=0
S; +B,01+ S0, +03=0
Sg + B401 + Sz05 + Sy03=0

wherg: S, = (81)2 and S, = (82)2

Find the Mariable oi(i = 1-3) for each errer position using the above formulas. Then substitute the variablg

following polynomial and substitute elefents of GF(2°) one by one.

o(X) 3 X + 61X + opX + 03

Now, it is| found that an etror is on the jth digit (counting from the O-th digit) for the element oj which

o(oy) = 0.

Correct the error by reversing the bit value of each error position.

for the

makes
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Annex E
(normative)

Position of Alignment Patterns

The Alignment Patterns are positioned symmetrically on either side of the diagonal running from the top
of the symbol to the bottom right corner. They are spaced as evenly as possible between the Timing P

left corner
attern and

the opgosite side of the symbol, any uneven spacing being accommodated between the Timing Patte
first Alignment Pattern in the symbol interior.

Table H.1 below shows, for each version, the number of Alignment Patterns and the row or column coo
the center module of each Alignment Pattern.

n and the

dinates of
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Table E.1 — Row/column coordinates of center module of Alignment Patterns

Version Number of Row/Column coordinates of center module
Alignment
Patterns
1 0 -
2 1 6 18
3 1 6 22
4 1 6 26
5 1 6 30
6 + 6 34
7 6 6 22 38
8 6 6 24 42
9 6 6 26 46
10 6 6 28 50
11 6 6 30 54
12 6 6 32 58
13 6 6 34 62
14 13 6 26 46 66
15 13 6 26 48 70
16 13 6 26 50 74
17 13 6 30 54 78
18 13 6 30 56 82
19 13 6 30 58 86
20 13 6 34 62 90
21 22 6 28 50 72 94
22 22 6 26 50 74 98
23 22 6 30 54 78 102
24 22 6 28 54 80 106
25 22 6 32 58 84 110
26 22 6 30 58 86 114
27 22 6 34 62 90 118
28 33 6 26 50 74 98 122
29 33 6 30 54 78 102 126
30 33 6 26 52 78 104 130
31 33 6 30 56 82 108 134
32 33 6 34 60 86 112 138
33 33 6 30 58 86 114 142
34 33 6 34 62 90 118 146
35 46 6 30 54 78 102 126 150
36 46 6 24 50 76 102 128 154
37 46 6 28 54 80 106 132 158
38 46 6 32 58 84 110 136 162
39 46 6 26 54 82 110 138 166
40 46 6 30 58 86 114 142 170

For example, in a Version 7 symbol the table indicates values 6, 22 and 38. The Alignment Patterns, therefore, are

to be centered on (row, column) positions (6,22), (22,6), (22,22), (22,38), (38,22), (38,38).

Note that the

coordinates (6,6), (6,38), (38,6) are occupied by Position Detection Patterns and are not therefore used for

Alignment Patterns.
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Annex F
(normative)

Symbology Identifier

The Symbology Identifier assigned to QR Code in ISO/IEC 15424, which should be added as a preamble to the

decode

d data by a suitably programmed decoder is:

1Qm

where:

The pe

] is the Symbology Identifier flag (ASCII value 93)
Q is the code character for the QR Code symbology

m is the modifier character with one of the values defined in Table F.1

Table F.1 — Symbology Identifier options and modjifier values

Modifier Option
value
0 Model 1 symbol
1 Model 2 symbol, ECI protocol not implemented
2 Model 2 symbol, ECI protocol implemented
3 Model 2 symbol, ECI protocokiot implemented, FNC1 implied in first
position
4 Model 2 symbol, ECI protocol implemented, FNC1 implied in first position
5 Model 2 symbol, ECI protocol not implemented, FNC1 implied in second
position
6 Model 2 symbolNECI protocol implemented, FNC1 implied in second
position

missible values of m are: 0{ 1,2, 3,4, 5, 6
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Annex G
(informative)

Symbol encoding example

This Annex describes the encoding of the data string 01234567 into a version 1-M symbol, using the Numeric
Mode in accordance with 8.4.2.

Step 1: D
- Divide in

012 A

345 4

67 >
- Convert
Character|
- Connect
0001 000
- Divide in
00010000

- Add Pag

Pad cod¢words required (shown underlined for illustration)), giving the result:

00010000
00010001

ta Encodation
to groups of three digits and convert each group to its 10 or 7 bit binary equivalent:
> 0000001100
p 0101011001
1000011
Character Count Indicator to binary (10 bits for version 1-M)
count indicator (8) = 0000001000
Mode Indicator for Numeric Mode (0001), Character Count Indicator, binary data, and Terminator
0001000 0000001100 0101011001 1000011 000Q
to 8-bit codewords, adding padding bits (shown‘underlined for illustration) as needed
00100000 00001100 01010110 01100001 10000000
codewords to fill data codeword (capacity of symbol (for version 1-M, 16 data codewords, therg

00100000 00001100 01010110 01100001 10000000 11101100 00010001 11101100
11101100 00010001 31101100 00010001 11101100 00010001

Step 2: Er

Using the
M symbol

00010000
00010001

ror Correction Codeword generation

Reed-Solomeén-algorithm to generate the required number of error correction codewords (for a Ve

00106000 00001100 01010110 01100001 10000000 11101100 00010001 11101100
11101100 00010001 11101100 00010001 11101100 00010001 10100101 00100100

(0000)

fore 10

rsion 1-

10 are needed), these (shown underlined for illustration) should be added to the bit stream, resulfing in:

1101010

000001 11101101 00110110 11000111 10000111 00101100 01010101

Step 3: M

odule placement in matrix.

As there is only a single error correction block in a version 1-M symbol, no interleaving is required in this instance.
The Position Detection Patterns and Timing Patterns are placed in a blank 21 x 21 matrix and the module
positions for the Format Information are left temporarily blank. The codewords from Step 2 are placed in the matrix
in accordance with 8.7.3.
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[=]

=]
XA

[=]

Step 4:

Apply the masking patterns defined in 8.8.1 in turn and evaluate the results in accordance with 8.8.2. Th

Pattern
Step 5:

The err
are 00

The BG
000111
XOR th
000111
101010
101101
Step 6:

Apply t
Inform3

Figure G.1 — Data modules placed in symbol prior to masking

Masking Pattern selection

selected is referenced 011.

Format Information

pr correction level is M and the masking pattern is 011. Therefore;-the data bits of the Format |
D11.
H error correction calculation gives 1101011001 as the bit:sequence to be added to the data, givir

101011001 as the unmasked Format Information.

s bit stream with the mask 101010000010010:
101011001 (raw bit stream)

000010010 (mask)

101001011 (Format Informatioh,to be placed in symbol)
Final symbol construction

ne selected masking-pattern to the encoding region of the symbol as described in 8.8, and a
tion modules in posijtions reserved in step 3.

e Masking

hformation

g:

id Format

Figure G.2 — Final version 1-M symbol encoding 01234567
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Annex H
(informative)

Optimisation of bit stream length

As descrlbed in this standard, QR Code offers varlous modes of encodation each of which differs in the number of

bits it requi

- for example, numeric data may be encoded in Numeric, Alphanumeric and 8-bit Byte modes, @

alphanum
need to ¢
mode.

This choid
A number
only to co

the overhd

The comp

of data may not be the one with the fewest bits per data character. If the highest degree of compaction is r¢

account hps to be taken of the additional bits required to change modes.(additional Mode Indicator and Character

Count Ind
may need

The follow
given inpu
26, and 2
the chara
exclusive
values 20
*+-./%

1. Select i
a) |
b) |
c) |
i

dy |

g

eric data may be encoded in Alphanumeric and 8-bit Byte modes - the symbol generation softw
noose the most appropriate mode in which to encode data characters which appear in more th

e must be made initially and may also be possible part way through a data stream,

of alternative approaches may be adapted to minimize the bit stream length/ The algorithm will n
nsider the immediate sequence of characters but also look ahead to the next-Sequence of data in
bad required for switching modes.

action efficiencies given in 8.4.2 to 8.4.5 need to be interpreted carefully. The best scheme fora g
cator). It should also be noted that even if the number of. codewords is minimized, the codeword
to be expanded to fill a symbol. This fill process is done,using pad characters.

ing guidelines may form the basis of one possiblesalgorithm to determine the shortest bit stream

t data. Numbers of characters shown in square brackets e.g. [5,7,9] are applicable to versions 1
{ - 40 respectively. In the guidelines, the term “exclusive subset of” refers to the set of character

ter set of a mode which are not shared with"the more restricted character set of another mode,
subset of the 8-bit byte character set comprises JIS8 values 004ex - FFhex, but excludes hexal
24, 25, 2A, 2B, 2D - 3A, and 41 - 5A; that of the Alphanumeric character set is the set {A - Z, spa
nitial mode:

initial input data is in Kanji'character set but in no other, select Kanji mode;

initial input data issin_the exclusive subset of the 8-bit byte character, select 8-bit byte mode;
initial input dataris in the exclusive subset of the Alphanumeric character set AND if there are Ig

b,7,8] chardcters followed by data from the remainder of the 8-bit byte character set, THEN seleq
it byte mode ELSE select Alphanumeric mode;

initial*data is numeric, AND if there are less than [4,4,5] characters followed by data from the e

d Latin
re may
an one

eed not
view of

ven set
pquired,

stream

for any
9,10 -
s within
e.g. the
decimal
ce, $ %

ss than
t the 8-

clusive

ubSet of the 8-bit byte character set, THEN select 8-bit byte mode ELSE IF there are less tha

[6,7,8]

characters followed by data from the exclusive subset of the Alphanumeric character set THEN select
Alphanumeric mode ELSE select Numeric mode;

2. While in 8-bit byte mode:

a) If one or more Kaniji character occurs, switch to Kanji mode;

b) If a sequence of at least [6,8,9] Numeric characters occurs before more data from the exclusive subset of
the 8-bit byte character set, switch to Numeric mode;
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If a sequence of at least [11,15,16] character from the exclusive subset of the Alphanumeric character set
occurs before more data from the exclusive subset of the 8-bit byte character set, switch to Alphanumeric

mode;

3. While in Alphanumeric mode:

a)

b)

c)

If one or more Kanji character occurs, switch to Kanji mode;

If one or more characters from the exclusive subset of the 8-bit byte character set occurs, switch to 8-bit

byte mode;

If a sequence of at least [13,15,17] Numeric characters occurs before more data from the exelus
of the Alphanumeric character set, switch to Numeric mode;

4. Whil¢ in Numeric mode:

a)

b)

c)

If one or more Kanji character occurs, switch to Kanji mode;

If one or more characters from the exclusive subset of the 8-bit byte charaCter set occurs, swit
byte mode;

If one or more characters from the exclusive subset of the Alphanumeric character set occurs
Alphanumeric mode;

ive subset

ch to 8-bit

switch to
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Annex |
(informative)

User guidelines for printing and scanning of QR Code symbols

.1 Generat

Any QR Code application must be viewed as a total system solution. All the symbology encoding/dgecoding
components (surface markers or printers, labels, readers) making up an installation need to operate/together as a
system. A failure in any link of the chain, or a mismatch between them, could compromise the performance of the
overall system.

While conppliance with the specifications is one key to assuring overall system success, ©Other consideratiorjs come
into play which may influence performance as well. The following guidelines suggest.some factors to keep|in mind
when spegifying or implementing bar or matrix code systems:

1. Select g print density which will yield tolerance values that can be achieved hythe marking or printing technology
being used. Ensure that the module dimension is an integer multiple ,of ‘the print head pixel dimensidn (both
parallellto and perpendicular to the print direction). Ensure also that-any adjustment for print gain (or loss) is
performed by changing an equal integer number of pixels from dark’to’light (or light to dark) on all dark-to-light
boundafies of individual or groups of adjoining dark modules in ofder to ensure that the module center gpacing
remaing constant, although the apparent bit-map representation of the individual dark (or light) modules is
adjusted in size to suit the direction of compensation.

2. Choosd a reader with a resolution suitable for the symboldensity and quality produced by the marking orprinting
technolpgy.

3. Ensure|that the optical properties of the printed symbol are compatible with the wavelength of the scanper light
source r sensor.

4. Verify $ymbol compliance in the final label or package configuration. Overlays, show-through and cyrved or
irregulaf surfaces can all affect symbot-readability.

The effects of specular reflection-from glossy symbol surfaces must be considered. Scanning systems must take
into account the variations incdiffuse reflection between dark and light features. At some scanning angfes, the
specular Jomponent of the refleCted light can greatly exceed the desired diffuse component, changing the stanning
performarce. In cases where the surface of the material or part can be altered, matt, non-glossy surfades may
help minimize specular’effects. Where this option is not available, particular must be taken to ensure the
illumination of the symbol to be read optimizes the desired contrast components.

.2 User|selection of Model

Model 2 symbols are recommended for all new and open systems applications, because the incorporation of
Alignment Patterns greatly assists the reading process in determining the module grid and maintaining its accuracy,
and because the availability of symbols up to version 40 provides large data capacities. Model 2 symbols should
always be specified because their design is less susceptible to the effects of distortion. Model 1 symbols are
limited to use in existing applications.

|.3 User selection of error correction level

The users should define the appropriate level of error correction to suit the application requirements. As shown in
Table 12, the four levels from L to H offer increasing capabilities of detecting and correcting errors, at the cost of
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some increase in symbol size for a given message length. For example, a Version 20-Q symbol can contain a total
of 485 data codewords, but if a lower level of error correction was acceptable, the same data could also be

represented in a Version 15-L symbol (exact capacity 523 data codewords).

The error correction level should be determined in relation to:

- the expected level of symbol quality: the lower the expected quality grade, the higher the level to be applied,;

- the importance of a high first read rate;

- the opportumity forre=scanmmyrtheevent of aread-faiture;
- the splace constraints which might reduce the opportunity to use a higher error correction level.

Error correction level L is appropriate for high symbol quality and/or the need for the smallest\possible

symbol for

given data. Level M is described as “Standard” level and offers a good compromise detween smal| size and
increasged reliability. Level Q is a “High reliability” level and suitable for more critical or poor pnint quality

applicafions while level H offers the maximum achievable reliability.
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Annex J
(informative)

Autodiscrimination

QR Code may be read by suitably programmed decoders which have been designed to autodiscriminate it from
other symbologies. A properly programmed QR Code reader will not decode a symbol in another symbology as a
valid QR [Code symbol; however, representations of short linear symbols may be found in any matrix |symbol

including QR Code.

D

QR Code Model 1 and Model 2 symbols can also be autodiscriminated from each other by a suitable ‘decodér.

=

The decofer’s valid set of symbologies should be limited to those needed by a given,application in ¢rder to
maximize reading security.

90 © ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=734fc9cc66b22c19b8ed34ea7172518d

ISO/IEC 18004:2000(E)

Annex K
(informative)

Matrix code print quality guideline

This Annex presents a framework for assessing the print quality of a 2D matrix bar code symbol, which can be
adapted to any matrix symbology. Section 11 describes its application to QR Code. The method described here
parallels in many ways that of ISO/IEC15416 for assessing print quality of linear bar code symbols: starts by
obtainirjg a high resolution grey-scale image of the symbol under controlled illumination and viewing ¢onditions.
The stpred image is then analyzed for the parameters of Decode, Symbol Contrast, “Print”~Growth, Axial
Nonuniformity, and Unused Error Correction. The final symbol assessment is the lowest grade’achieved for these
five parpmeters and any others specified for a given symbology or application.

The procedures presented here must necessarily be augmented by the reference ;decode algorithm |and other
measurement details within any companion symbology specification, and they may also-be altered or ovegrridden as
appropfiate by governing symbology or application specifications.

K.1 Jbtaining the test image

A test image of the symbol shall be obtained in a configuration that’ mimics the typical scanning situatipn for that
symbol] but with substantially higher resolution, uniform illuminatien, and at best focus. Specialized applications
clearly must dictate the color and angle of symbol illumination<as well as the required imaging resolutign, but the
following general test setup should work suitably for many opén applications.

A standard monochrome video camera shall image the;test symbol directly on axis with its center and ngrmal to its
plane. [The lens used shall be appropriate to frame_the entire symbol (including any required quiet zones) in good
focus,%nd with a sufficiently small field of view to, minimize optical distortions. Light illumination shall uniformly

flood the symbol area from at least two sides.with a 45 degree angle of incidence. Test images can bg captured
with 8-bit grey-scale digitization using standard frame capture equipment, and the grey-scale shall be|calibrated
using tgrgets of known diffuse reflectance(

Regard|ess of the exact optical setup;two principles should govern its selection. First, the test image’s grey-scale
shall b¢ nominally linear and net\be adjusted in any way to either enhance contrast or improve agpearance.

Second, the image resolution-shall be adequate to produce consistent readings, which generally requirgs that the
module|widths and heights span at least five image pixels.

K.2 Assessing.symbol parameters

K.2.1 Pecode

A symHbology’s reference decoding algorithm shall be applied to the test image. If it achieves a valid d¢code, the
Decode grade is “4”, otherwise it is “0”.

The Decode parameter tests on a Pass/Fail basis whether the symbol, when optimally imaged, has all its features
sufficiently correct to be readable. Beyond this; the initial reference decode performs three additional tasks needed
for subsequent measurement of the other symbol quality parameters. First, it locates and defines the area covered
by the test symbol in the image. Second, it adaptively creates a grid mapping of the data module centers so as to
sample them. Third, it performs error correction, detecting if symbol damage has consumed any of the error
budget. These images, image coordinates, and error decoding each facilitate one or more of the following
measurements.
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