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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC]TC 1.

The procedur
described in

es used to develop this document and those intended for its further maintenar
Lhe ISO/IEC Directives, Part 1. In particular the different approval criteria_neeq

ce are
ed for
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editorial rule
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constitute an

For an expla
assessment, a
to Trade (TBT

The committe
identification

This third ed
technically re

fypes of document should be noted. This document was drafted in accordance w|
b of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

patentrights identified during the development of the documentwill be in the Introd
ISO list of patent declarations received (see www.iso.org/patents).

endorsement.

hation on the meaning of ISO specific terms afd* expressions related to conf
5 well as information about ISO’s adherence to theWTO principles in the Technical B
) see the following URL: Foreword - Supplementary information

e responsible for this document is ISO/IECJTC 1, Information technology, SC 31, Aut
nnd data capture techniques.

ition cancels and replaces the second edition (ISO/IEC 18004:2006), which ha
vised.

rawn to the possibility that some of the elements of this documentimay be the §
of patent righfts. ISO and IEC shall not be held responsible for identifying any or all such patent
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Introduction

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

International Symbology Specification-QR Code.

QR Code Model 1 was the original specification for QR Code and is described in AIM ITS 97-001

QR Code Model 2 was an enhanced form of the symbology with additional features (primarily the

addition of alignment patterns to assist navigation in larger symbols), and was the basis of the first
edition of ISO/IEC 18004.

itg
inj
Sp

ly

se

T
o}
m

QIl{ Code (the basis of the second edition of ISO/IEC 18004) is closely similar to QR

QR Code format differs only in the addition of the facility for symbols to appes:
age orientation for reflectance reversal (light symbols on dark backgrounds)and
ecifying alternative character sets to the default.

e Micro QR Code format (also specified in the second edition of ISQ/AEC 18004),
Code with a reduced number of overhead modules and a restrictéd range of sizes,

hrking on parts and components, and to applications wheresthe'space available for
verely restricted.

QR Codle is a matrix symbology. The symbols consist of an arfay of nominally square mod

inano
Micro

incling
Modul

verall square pattern, including a unique finder pattérn located at three corners of {
DR Code symbols, at a single corner) and intendedto‘assist in easy location of its pos
tion. A wide range of sizes of symbol is provided for, together with four levels of err
e dimensions are user-specified to enable symbol production by a wide variety of t

QR Cogle Model 2 symbols are fully compatiblé.with QR Code reading systems.

Model
requir
QR Co
Standa
in Annl

1 QR Code symbols are recommendéd only to be used in closed system applicationg
pment that equipment complying with this International Standard should support

e is the recommended modelfor new, open systems application of QR Code, this
rd describes QR Code fullyfand lists the features in which Model 1 QR Code differs
ex N.

Code Model 2,
r in a mirror
the option for

s a variant of
Wwhich enables

all to moderate amount of data to be represented in a small syfabol, particularly sjiited to direct

the symbol is

ules arranged
he symbol (in
tion, size, and
or correction.
echniques.

anditisnota
Model 1. Since
International
from QR Code
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Information technology — Automatic identification and
data capture techniques — QR Code bar code symbology

specification

1 Scope

This Ir
the QR
charad
and us

termatiomat-Standard-definesther equirenTents forthe SY ulluulug_y knmowmrasQR€o
Code symbology characteristics, data character encoding methods, symbol formaty
teristics, error correction rules, reference decoding algorithm, production quality

er-selectable application parameters.

2 Conformance

QR Co
as con
Intern

le symbols (and equipment designed to produce or read QR Cede symbols) shall
forming with this International Standard if they provide ogsupport the features g
htional Standard.

Is complying with the requirements for QR Code Model 1, as described in ISO/IE(
bt be readable with equipment complying with this-Ifiternational Standard.

Symba
may n

Symba
readal

Is complying with the requirements for QR Cede*Model 2, as defined in ISO/IEC 18
le with equipment complying with this Intérnational Standard.

Readir
with t
be rea

g equipment complying with ISO/IEC 18004:2000 will not be able to read all symb
his International Standard. Symbols that make use of the additional features of QR
Hable by such equipment.

le. It specifies
, dimensional
requirements,

be considered
efined in this

18004:2006,

004:2000, are

pls complying
Code will not

Printing equipment complying with*ISO/IEC 18004:2000 will not be able to print all syibols defined

in this
printa

International Standard. Symbols that make use of the additional features of QR Co
ble by such equipment.

It shot
recom

1d be noted, howeyér, that QR Code Model 2 and Micro QR Code are the form of t
mended for new and open systems applications.

3 Normativereferences

de will not be

he symbology

The followifig"documents, in whole or in part, are normatively referenced in this document and are

indisp
refere}

S
dDII

bnsable for its application. For dated references, only the edition cited applie
es, the I3 iti he refe e in ing any amendmen

For undated
plies.

ISO/IEC 8859-1:1998, Information technology — 8-bit single-byte coded graphic character sets — Part 1:

Latin alphabet No. 1

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

code symbol print quality test specification — Two-dimensional symbols

ISO/IEC 19762-1, Information technology — Automatic identification and data capture (AIDC) techniques —

Harmonized vocabulary — Part 1: General terms relating to AIDC

ISO/IEC 19762-2, Information technology — Automatic identification and data capture (AIDC) techniques —

Harmonized vocabulary — Part 2: Optically readable media (ORM)

JIS X 0201, 7-bit and 8-bit coded character sets for information interchange

© ISO/IEC 2015 - All rights reserved
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4 Terms and definitions

For the purposes of this document, the terms and definitions givenin ISO/IEC 19762-1 and ISO/IEC 19762-
2 and the following apply.

4.1
character count indicator
bit sequence which defines the data string length in a mode

4.2

data masking
process of XORing the bit pattern in the encoding region with a data mask pattern to provide a symbol
with more evienly balanced numbers of dark and light modules, and reduced occurrence of_ pgtterns
which would Interfere with fast processing of the image

4.3
data mask pjttern reference
three-bit identtifier of the data masking patterns applied to the symbol

4.4
encoding region
region of the [symbol not occupied by function patterns and available férjencoding of data and error
correction coflewords, and for Version and format information

4.5
exclusive suhset
subset of characters within the character set of a mode whichsare not shared with the more resgricted
character set pf another mode

4.6
extension patttern
function patt¢rn in Model 1 symbols, which does ot encode data

4.7
format information
encoded pattgrn containing information'on symbol characteristics essential to enable the remainder of
the encoding tregion to be decoded

4.8
QR Code
pertaining to [QR Code symbols identified as versions 1 to 40, as distinct from Micro QR Code symbols

4.9
function patfern
overhead component of the symbol (finder, separator, timing patterns, and alignment patterns) required
for location of thie’symbol or identification of its characteristics to assist in decoding

4.10

masking

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

411
micro
pertaining to Micro QR Code symbols identified as versions M1 to M4, as distinct from QR Code symbols

412
mode
method of representing a defined character set as a bit string

2 © ISO/IEC 2015 - All rights reserved
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4.13
mode indicator
four-bit identifier indicating in which mode the following data sequence is encoded

4.14

padding bit

zero bit, not representing data, used to fill empty positions of the final codeword after the terminator in
a data bit string

4.15

remainder bit
zero bit, not representing data, used to fill empty positions of the symbol encoding region after the final
symbd]I character, where the area of the encoding region available for symbol characters dpes not divide
exactly into 8-bit symbol characters

4.16
remaipder codeword
pad cddeword, placed after the error correction codewords, used to fill empty codeworfd positions to
complé¢te the symbol if the total number of data and error correction codewerds does notlexactly fill its
nominpl capacity

4.17
segmgnt
sequence of data encoded according to the rules of one ECI or-éncoding mode

4.18
separItor
functign pattern of all light modules, one module wide, separating the finder patterns frpm the rest of
the symbol

4.19
symbg¢l number
three-pit field indicating the symbol version and error correction level applied, used as par} of the format
informjation in Micro QR Code symbels

4.20
termipator
bit patfern of defined number (depending on symbol) of all zero bits used to end the bit string representing
data

4.21
timing pattern
alterngiting sequence of dark and light modules enabling module coordinates in the gymbol to be
determined

4.22
version
size of the symbol represented in terms of its position in the sequence of permissible sizes for Micro
QR Code symbols from 11 x 11 modules (version M1) to 17 x 17 modules (version M4) or, for QR Code
symbols, from 21 x 21 modules (version 1) to 177 x 177 (version 40) modules

Note 1 to entry: The error correction level applied to the symbol may be suffixed to the version designation, e.g.
version 4-L or version M3-Q.

4.23

version information

encoded pattern in certain QR Code symbols containing information on the symbol version together
with error correction bits for this data

© ISO/IEC 2015 - All rights reserved 3
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5 Mathematical and logical symbols, abbreviations and conventions

5.1 Mathematical and logical symbols

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

For the purpo
div isth
mod isth
XOR isth

repn

5.2 Abbrey

BCH Bose-

ECI Exten

RS Reed-

5.3 Conventions

5.3.1 Mody

For ease of re
in the form (|

(counting fromm left to right) in which the module islocated, with counting commencing at 0. Moc

0) is therefors

5.3.2 Byte

Byte contentq

5.3.3 Versi

For QR Code
version numbj

For Micro QR
M indicates tH

ses of this document, the following mathematical operations apply.
e integer division operator;

e integer remainder after division;

e exclusive-or logic function whose output is one only when its two inputs are not equivale
esented by the symbol .

yiations
Chaudhuri-Hocquenghem
Hed Channel Interpretation

Solomon

le positions

ference, module positions are defined by their row and column coordinates in the s
, j) where i designates the row (counting from the top downwards) and j the ¢

located at the upper left corner of the symbol.

notation

are shown as hex values.

pn references

Eymbols, symbol versions are referred to in the form Version V-E where V identif|
er (1 to 40)and E indicates the error correction level (L, M, Q, H).

Code-symbols, symbol versions are referred to in the form Version MV-E where thg
eMicro QR Code format and V (with a range of 1 to 4) and E (with values L, M and (

the meanings

nt. Itis

ymbol,
olumn
ule (0,

es the

letter
) have

defined ahove

6 Symbol

description

6.1 Basic characteristics

QR Code is a matrix symbology with the following characteristics:

a) Formats:

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

© ISO/IEC 2015 - All rights reserved
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2) Micro QR Code, with reduced overhead, some restrictions on capabilities and reduced data
capacity (compared with QR Code symbols).

b) Encodable character set:
1) numeric data (digits 0 - 9);

2) alphanumeric data (digits 0 - 9; upper case letters A - Z; nine other characters: space, $ % * + - .

/)
3) Dbyte data [default: ISO/IEC 8859-1; or other sets as otherwise defined (see 7.3.5)];

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

c) Rdpresentation of data:

A dark module is nominally a binary one and a light module is nominally a bindry zerof However, see
6.2 for details of reflectance reversal.

d) Sylmbol size (not including quiet zone):

1)| Micro QR Code symbols: 11 x 11 modules to 17 x 17 modules{Versions M1 to M4| increasing in
steps of two modules per side);

2)| QR Code symbols: 21 x 21 modules to 177 x 177 modules (Versions 1 to 40, incregasing in steps
of four modules per side).

e) Ddta characters per symbol

1) maximum Micro QR Code symbol size, Version M4-L):

— numeric data: 35-.characters
— alphanumeric data: 21 characters
— Byte data: 15 characters
— Kanji data: 9 characters

2)| maximum QR Code symbol size, Version 40-L:

— numeric data: 7 089 characters
— alphanumeric data: 4 296 characters
— Byte'data: 2 953 characters
~_Kanji data: 1 817 characters

f) Selectable error correction:

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

— L 7%

— M 15%
— Q 25%
— H 30%

of the symbol codewords.

© ISO/IEC 2015 - All rights reserved 5
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g)

h)

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

Code type:

Matrix

Orientation independence:

Yes (both

rotation and reflection)

Figure 1 illustrates a Version 1 QR Code symbol in normal colour and with reflectance reversal (see 6.2),
in both norm

l and mirror image orientations.

Figure 2 illusf
(see 6.2),inb

6.2 Summ;

The use of the

Structure

This alloy
These m3
Structure

Extended

This mec
Cyrillic, (
schemes)
other tha

Reflectan

Symbols:
(see Figu}
alight ba
to dark o}

Mirror in

The arra
orientatic
arrangen;
at the toy

rates a Version M2 Micro QR Code symbol in normal colour and with reflectanc¢e r§
bth normal and mirror image orientations.

ary of additional features
following additional features is optional in QR Code:
d append

vs files of data to be represented logically and continuously’in up to 16 QR Code sy
y be scanned in any sequence to enable the original data to be correctly reconsti
d Append is not available with Micro QR Code symbals.

Channel Interpretations

hanism enables data using character sets other than the default encodable set (e.g. 4
ireek) and other data interpretations {e:g. compacted data using defined compr
or other industry-specific requirementsto be encoded. Extended Channel Interpref
h the default interpretation are not@yailable in Micro QR Code symbols.

ce reversal

reintended to be read whefimarked so that the image is either dark on light orlight @
es 1 and 2). The specifications in this International Standard are based on dark im3
Ckground, thereforedn the case of symbols produced with reflectance reversal refe
light modules sheuld be taken as references to light or dark modules respectively.

aging

hgement~0f modules defined in this International Standard represents the “n
n of thessymbol. It is, however, possible to achieve a valid decode of a symbol in wh|
entlofithe modules has been laterally transposed. When viewed with the finder p3

lef, top right and bottom left corners of the symbol, the effect of mirror imagin

versal

mbols.
ucted.

\rabic,
ession
ations

ndark
ges on
rences

prmal”
ich the
tterns
gis to

interchange the row and column positions oI the modules.
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orientation and normal reflectance arrangement; (b) normal orientation and feversed
reflectances; (c) mirror image orientation and nermal reflectance arrangement;|(d) mirror
image orientation and reversed reflectances

Figure 1 — Examples of QR Code symbol encoding the-text “QR Code Symbol” - (']n) normal

Figure 2 — Examples of Version M2 Micro QR Code symbol encoding the text “01234567” - (a)
normal orientation and normal reflectance arrangement; (b) normal orientation and reversed
reflectances; (c) mirror image orientation and normal reflectance arrangement; (d) mirror
image orientation and reversed reflectances

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

6.3.1 General

Each QR Code symbol shall be constructed of nominally square modules set outin a regular square array
and shall consist of an encoding region and function patterns, namely finder, separator, timing patterns,

© ISO/IEC 2015 - All rights reserved 7
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and alignment patterns. Function patterns do not encode data. The symbol shall be surrounded on all
four sides by a quiet zone border. Figure 3 illustrates the structure of a Version 7 symbol. Figure 4
illustrates the structure of a Version M3 symbol.

— QUIET ZONE

™ FINDER PATTERN
,-' \
n SEPARATOR FUNCTION
- PATTERNS
=
:: TIMING PATTERNS Q'\<O
II.: —— ALIGNMENT PATI'ERNS) b{ll
] Q
Q
{ N2
£ FORMAT INF ORMA TION
2 ENCODING
VYERSION ]I\@GA'”ON REGION
DATA A
— ERR
CORRECTION y
N WORDS
N
Figure 3 — Structure @Q‘QR Code symbol
o
4\
\O
OF
N
O@
D
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FINDER PATTERN TIMING PATTERN

|
|
|
|
|
I
1
|

6.3.2

6.3.2.1

There

measures 21 modules'x 21 modules, Version 2 measures 25 modules x 25 modules and so

in step
to101i

TIMING PATTERN SERARATOR

Figure 4 — Structure of Version M3 Micro QR Code symbol

Symbol Versions and sizes
QR Code symbols
are forty sizes(of QR Code symbol referred to as Version 1, Version 2 ... Version

s of 4 modules per side up to Version 40 which measures 177 modules x 177 mody
lustrate.the structure of Versions 1, 2, 6, 7, 14, 21 and 40.

© ISO/IEC 2015 - All rights reserved
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10

21
modules 4

- Data and EC Codewords

error correction code

Versioninformation and its
error correction code

D Remainder hits

Format information and its
N
N

25 modules e

ARRRNNNNRNRNNNN

Version 1

‘ersion 2

Figure 5 — Ve&@on 1 and 2 symbols
xO
O
o
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41 modules |
25

[

]

n

-

[

41 il
modules 27 -

[

.

1]

N D
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6.3.2.2 \é:fcro QR Code symbols

There are four sizes of Micro QR Code symbol, referred to as Versions M1 to M4. Version M1 measures
11 x 11 modules, Version M2 13 x 13 modules, Version M3 15 x 15 modules, and Version M4 17 x 17
modules, i.e. increasing in steps of 2 modules per side. Figure 11 illustrates the structure of Micro QR
Code Versions M1 to M4.

Figure 10 — Version 40 symbol

NOTE Two formats of M3 symbol are shown, which differ only in the codeword placement according to the
error correction level.
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Figure 11 — Versions of Micro QR Code symbol

6.3.3 Finder pattern

6.3.3.1 QR [Code symbols

There are thrg¢e identical Eifnder Patternslocated at the upper left, upper right and lower left cornerp of the
symbol respegtively as illustrated in Figure 3. Each finder pattern may be viewed as three superiniposed
concentric sq

Identification of the three flnder patterns comprlsmg the Flnder Pattern then unamblguously defmes
the location and rotational orientation of the symbol in the field of view.

6.3.3.2 Micro QR Code symbols

Assingle finder pattern, as defined in 6.3.3.1, is located at the upper left corner of the symbol as illustrated
in Figure 4. Identification of the finder pattern together with the timing patterns unambiguously defines
the size, location and rotational orientation of the symbol in the field of view.
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Figure 12 — Structure of finder pattern

6.3.4 | Separator

A oneqmodule wide separator, constructed of all light modules, is placed between each finder pattern
and the Encoding Region, as illustrated in Figures 3 and 4.

6.3.5 | Timing pattern

The hdrizontal and vertical timing patterns respectively consist of a one module wide rpw or column
of altefnating dark and light modules, commencing and-ending with a dark module. They enable the
symbdl density and version to be determined and prowvide datum positions for deternjining module
coordinates.

In QR|Code symbols, the horizontal timing pattern runs across row 6 of the symbol| between the
separgtors for the upper finder patterns; thewertical timing pattern similarly runs dowh column 6 of
the symbol between the separators for the left-hand finder patterns. See Figure 3.

In Micfo QR Code symbols, the horizontal timing pattern runs across row 0 of the symbgl on the right
side of the separator to the right hand edge of the symbol; the vertical Timing Pattern gimilarly runs
down ¢olumn 0 of the symbol belpwthe separator to the bottom edge of the symbol. See Ffigure 4.

6.3.6 | Alignment patterns

Alignment patterns are\present only in QR Code symbols of version 2 or larger. Each aliggment pattern
may bg viewed as three superimposed concentric squares and is constructed of dark 5| x 5 modules,
light 3] x 3 modulesand a single central dark module. The number of alignment patterns depends on
the symbol version and they shall be placed in all symbols of Version 2 or larger in positipns defined in
Annex|E.

6.3.7 |_Encoding region

This region shall contain the symbol characters representing data, those representing error correction
codewords, the format information and, where appropriate, the version information. Refer to 7.7.1 for
details of the symbol characters. Refer to 7.9 for details of the format information. Refer to 7.10 for
details of the version information.

6.3.8 Quiet zone

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

For QR Code symbols its width shall be 4X.
For Micro QR Code symbols its width shall be 2X.
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7 Requirements

7.1 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. The QR
Code format (but not the Micro QR Code format) supports the Extended Channel Interpretation feature,
enabling data differing from the default character set to be encoded. QR Code includes several modes

(see 7.3) to al
ways. Switch

a binary string. Select the required Error Detection and Correction Level. If the user has net'sp

the symbol v¢
list of symbol

rsion to be used, select the smallest version that will accommodate the data. A co
versions and capacities is shown in Table 1.

Step 2 Data erjcoding

Convert the data characters into a bit stream in accordance with the rules’for'the mode in fo
defined in 7.4.2 to 7.4.6, inserting mode indicators as necessary to change nrodes at the begini

each new mod

e segment, and a Terminator at the end of the data sequenee:Split the resulting bit s

into 8-bit codewords. Add Pad Characters as necessary to fill the number of data codewords re

for the versio

Step 3 Errorc

1.

brrection coding

Divide the cofleword sequence into the required number ofiblocks (as defined in Table 9) to ena

error correct

on algorithms to be processed. Generate the error correction codewords for each

appending th¢ error correction codewords to the end gfthe data codeword sequence.

Step 4 Structure final message

Interleave thd

data and error correction codewords from each block as described in 7.6 (step 3) a

remainder bitls as necessary.

Step 5 Module

placement in matrix

Place the cod¢word modules in the' matrix together with the finder pattern, separators, timing p

and (if requir

Step 6 Data m

pd) alignment patterns.

psking

Apply the data masking patterns in turn to the encoding region of the symbol. Evaluate the

and select the
undesirable p

pattern which optimizes the dark/light module balance and minimizes the occurr
atterns.

mmwmﬂmmﬂm_efcient
between modes as necessary in order to achieve the most efficient conversion ofd@ddta into

bcified
mplete

rce, as
ning of
tream
quired

ble the
block,

hd add

httern,

results
bnce of

Step 7 Format and version information

Generate the format information and (where applicable) the version information and complete the

symbol.
Table 1 — Codeword capacity of all versions of QR Code
Version | No.ofMod- | Function pat- | Formatand | Data modules | Data capacity Remainder
ules/ tern modules version except (C) [codewords] Bits
side (A) (B) information |(D=A2-B-C) a(E)
modules (C)
M1 11 70 15 36 5 0
a  All codewords are 8 bits in length, except in versions M1 and M3 where the final data codeword is 4 bits in length
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Table 1 (continued)
Version | No.of Mod- | Function pat- | Formatand | Data modules | Data capacity Remainder
ules/ tern modules version except (C) [codewords] Bits
side (A) (B) information |(D=A2-B-C) a(E)
modules (C)
M2 13 74 15 80 10 0
M3 15 78 15 132 17 0
M4 17 82 15 192 24 0
1 21 202 31 208 26 0
2 25 235 3 356 44 — 7
3 29 243 31 567 70 N 7
4 33 251 31 807 1007 7
5 37 259 31 1079 3% 7
6 41 267 31 1383 D172 7
7 45 390 67 1568 |, 196 0
8 49 398 67 1936 ,-\\\Y/ 242 0
9 53 406 67 233 292 0
1 57 414 67 2768 346 0
11 61 422 67 3232 404 0
17 65 430 67 P 3728 466 0
13 69 438 67 4256 532 0
14 73 611 670 4651 581 3
15 77 619 .67 5243 655 3
1¢ 81 627 @ 67 5 867 733 3
17 85 635 .0 67 6523 815 3
1§ 89 6437 67 7211 901 3
19 93 651 67 7931 991 3
2 97 A 659 67 8683 1085 3
21 101 ()" ss2 67 9 252 1156 4
2 1054~ 890 67 10 068 1258 4
2 409 898 67 10916 1364 4
24 | 13 906 67 11796 1474 4
2 M 117 914 67 12708 1588 4
26— 454 922 67 13652 +766 4
27 125 930 67 14 628 1828 4
28 129 1203 67 15371 1921 3
29 133 1211 67 16 411 2 051 3
30 137 1219 67 17 483 2185 3
31 141 1227 67 18587 2323 3
32 145 1235 67 19 723 2 465 3
33 149 1243 67 20891 2611 3
34 153 1251 67 22091 2761 3
35 157 1574 67 23008 2876 0

a

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

© ISO/IEC 2015 - All rights reserved
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Table 1 (continued)

Version | No.ofMod- | Function pat- | Formatand | Data modules | Data capacity Remainder
ules/ tern modules version except (C) [codewords] Bits
side (A) (B) information |(D=A2-B-C) a(E)
modules (C)

36 161 1582 67 24 272 3034 0

37 165 1590 67 25568 3196 0

38 169 1598 67 26 896 3362 0

39 173 1606 67 28 256 3532 0

40 77 +614 67 29648 3766 v
a  All codewords are 8 bits in length, except in versions M1 and M3 where the final data codeword is 4 bits in length
7.2 Data ahalysis
Analyze the ifjput data string to determine its content and select the default or otherappropriate §CI and
the appropriafe mode to encode each sequence as described in 7.4. Each mode in'sequence from Nfimeric
mode to Kanj] mode progressively requires more bits per character. It is possible to switch from} mode

to mode with
efficiently be
sequences. It
character, buf
associated wi
modes for a {

steps from onfe version to the next, it may not always be nec¢essary to achieve the maximum cony

efficiency in €
Code symbols
Micro QR Cod|

7.3 Modes

7.3.1 Gene

The modes d
default ECI. W

kh each mode change, it may not always result in the'shortest overall bit stream to

e symbol versions appropriate for various combinations of two modes.

n a symbol in order to minimize the bit stream length for data, parts of which ca

mall number of characters. Also, because the €apacity of symbols increases in d

very case. Guidance on minimising the bit stream length is given in Annex J. In Mi
there are restrictions on the modes availdble in the smaller versions. Annex ].2 sho

ral

pfined below are baséd on the character values and assignments associated w

specific char

Numeric mo%

to 39yEx incl
equivalents o

7.3.2 Extern

fhen any other ECLis in force (in QR Code symbols only), the byte values rather th
ter assignments:shall be used to select the optimum data compaction mode. For ex]
would be appropriate if there is a sequence of data byte values within the range
sive. In this\case the compaction is carried out using the default numeric or alp}
[ the byte values.

déd Channel Interpretation (ECI) mode

more

encoded in one mode than other parts, e.g. numeric sequénces followed by alphanyimeric
is in theory most efficient to encode data in the mode kequiring the fewest bits p¢r data
as there is some overhead in the form of mode indicator and character count ingdlicator

thange
screte
ersion
cro QR
ws the

th the
an the
ample,
304EX
abetic

The Extended Channel Interpretation (ECI) protocol defined in the AIM Inc. International Technical
Specification Extended Channel Interpretations, allows the output data stream to have interpretations
different from that of the default character set. The ECI protocol is defined consistently across a number
of symbologies. The ECI protocol provides a consistent method to specify particular interpretations
of byte values before printing and after decoding. The ECI protocol is not supported in Micro QR Code
symbols.

The default interpretation for QR Code is ECI 000003 representing the ISO/IEC 8859-1 character set.

International applications using other character sets should use the ECI protocol. For instance, the
interpretation corresponding to the JIS8 and Shift JIS character sets is ECI 000020.

The effect of ECI mode is to insert an ECI escape sequence at that point in the data. It is immediately
followed by another mode indicator (e.g. for efficient data encoding) and remains in force until the end
of the message or a subsequent ECI mode indicator.
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7.3.3 Numeric mode

Numeric mode encodes data from the decimal digit set (0 - 9) (byte values 30g4gx to 394gx). Normally, 3
data characters are represented by 10 bits.

7.3.4 Alphanumeric mode

Alphanumeric mode encodes data from a set of 45 characters, i.e. 10 numeric digits (0 - 9) (byte values
30yEx to 39yEX), 26 alphabetic characters (A - Z) (byte values 41ggx to 5Aggx) , and 9 symbols (SP, $, %,
* +, -, /1) (byte values 204EX, 24HEX, 25HEX, 2AHEX, 2BHEX, 2D to 2FuEX, 3AHEX respectively). Normally,

two input characters are represented by 11 bits.

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

7.3.5
In this|

In clos
charad
mode.
Code s
bilater

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

ed-system national or application-specific implementations of -QR*Code, an alt
ter set, for example as defined in an appropriate part of ISO/IEC. 8859, may be spe

ymbols require to be notified of the applicable character setin the application spec
al agreement.

Byte nmpode is not available in Version M1 or M2 Micro QR €ede symbols.

7.3.6

The K
JISXO0
coded

When
to 9F
syste
byte o

Kanji mode

inji mode efficiently encodes Kanji characters in accordance with the Shift JIS sys
P08. The Shift JIS values are shifted fromthe JIS X 0208 values. JIS X 0208 gives det4
representation. Each two-byte character value is compacted to a 13-bit binary codjg

the character set specified for-8-bit byte mode makes use of byte values in the
x and/or EOygx to EBHEY, it mdy not be possible to use Kanji mode unambiguous
s will be unable to determine from the transmitted data whether such byte value
f a double byte charactér; It may be possible to achieve a shorter bit stream by u

brnative 8-bit
ified for Byte

When an alternative character set is specified, however, the parties intending t¢ read the QR

fication or by

tem based on
ils of the shift
eword.

ranges 81Hgx
ly, as reading
s are the lead
5ing the Kanji

mode ¢ompaction rules when.an appropriate sequence of byte values occurs in the data (|i.e. lead bytes
in the [ranges 81xgx to 9FuEx and/or EOxgx to EBygx followed by trailer bytes in the range 40ygx to
FChEgxjexcept 7Fygy, orEBygx followed by 40ygx to BFygx). Figure H.1 shows the byte |combinations
graphilcally.

Kanji tnode is nefavailable in version M1 or M2 Micro QR Code symbols.

7.3.7 | Mixing modes

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

in 7.3.2 to 7.3.9. Micro QR Code symbols may contain sequences of data in a combination of any of the
modes available for the version of the symbol and described in 7.3.3 to 7.3.7.

Refer to Annex | for guidance on selecting the most efficient way of representing a given input data
string in multiple modes in QR Code symbols, and to Annex .3 for the available versions of Micro QR
Code symbols for given combinations of data in two modes.

7.3.8 Structured Append mode

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

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

7.3.9 FNC1

mode

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

NOTE “1st
character in Cd

FNC1 mode is
7.4 Datae

7.4.1 Sequ

Input data is g
the default E(
the default EQ

The ECI heads
ECI mode

ECI Desig

The ECI head
the final (leas

The remaindd

Mode ind

Charactel

Data bit s

Each mode se|
the final (lea
segments as t
input data ch{

position” and 2nd position” do not refer to actual locations but are based on the positien
de 128 symbols, when used in an equivalent manner.

not available for Micro QR Code symbols.
ncoding

bnce of data

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

r (if present) shall comprise:
indicator (4 bits)
nator (8, 16 or 24 bits)

b1 shall begin with the first (most.sighificant) bit of the ECI mode indicator and en
t significant) bit of the ECI Designator.

r of the bit stream is then made up of segments each comprising:
cator

" count indicator

tream

ocment shallbegin with the first (most significant) bit of the mode indicator and en|
Gt significant) bit of the data bit stream. There shall be no explicit separator beg
heirdength is defined unambiguously by the rules for the mode in force and the nun
| LACTETS.

5 of the

pde. In
r than

d with

d with
tween
nber of

To encode a sequence of input data in a given mode, the steps defined in sections 7.4.2 to 7.4.7 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.

22
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Table 2 — Mode indicators for QR Code

Mode QR nge sym- Micro QR Code symbols
ols
Version all M1 M2 M3 M4
Mode indicator length
(bits) 4 0 1 2 3
ECI 0111 n/a n/a n/a n/a
Numeric 0001 n/a 0 00 000
Alphanumeric 0010 n/a 1 01 001
Byte 0100 n/a n/a 10 010
Kanji 1000 n/a n/a 11 011
Structured Append 0011 n/a n/a n/a n/a
0101 (1st posi-
tion)
FNC1a n/a n/a n/a n/a
1001 (2nd posi-
tion)
Terrinator (End of 0000 000 00000 0000000 | 000000000
Message) b

a  Se¢74.8.2and 7.4.8.3.

b Thp Terminator is not a mode indicator as such.

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

Version Numeric Alphanumeric Byte Kanji
mode mode mode mode
M1 3 n/a n/a n/a
M2 4 3 n/a n/a
M3 5 4 4 3
M4 6 5 5
1to9 10 9 8 8
10 to 26 12 11 16 10
27 to 40 14 13 16 12

The er]d of the(data in the complete symbol is indicated by a Terminator consisting of befween 3 and 9
zero bits (see-Fable 2), which is omitted or abbreviated if the remaining symbol capacity|after the data
bit stream'is’less than the required bit length of Terminator. The Terminator is not a mode indicator as
such.

7.4.2 Extended Channel Interpretation (ECI) mode

7.4.2.1 General

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

The Extended Channel Interpretation can only be used with readers enabled to transmit the Symbology
Identifier. Readers that cannot transmit the Symbology Identifier cannot transmit the data from any
symbol containing an ECI.

Input ECI data shall be handled by the encoding system as a series of byte values.
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Data in an ECI sequence may be encoded in whatever mode or modes permit the most efficient encoding
of the byte values of the data, irrespective of their significance. For example, a sequence of bytes in the
range 30Hgx to 394Ex could be encoded in Numeric mode (see 7.4.3) as though it were a sequence of
digits 0 — 9 even though it might not actually represent numeric data. In order to determine the value of
the character count indicator, the number of bytes (or, in Kanji mode, of byte pairs) shall be used.

7.4.2.2 ECI Designator

Each Extended Channel Interpretation is designated by a six-digit assignment number which is encoded
in the QR Code symbol as the first one, two or three codewords following the ECI mode indicator. The
encoding rules are defmed in Table 4. The ECI De51gnator appears in the data to be encoded as character
5CHEx [\ or bz h e 2 x digit
assignment n mber Where SCHEX appears as true data it shall be doubled in the data strifig|before
encoding in symbols to which the ECI protocol applies.

When a singl¢ occurrence of 5CHgyx is encountered in the input to the decoder, an EClL mmode inglicator
is inserted followed by the ECI Designator. When a doubled 5CHEgx is encountered, it is"encoded ps two
5ChEex bytes.

On decoding, [the binary pattern of the first ECI Designator codeword (i.e. the codeword following the
mode indicat¢r in ECI mode), determines the length of the ECI Designator sequence. The numbgr of 1
bits before thg first 0 bit defines the number of additional codewords after the first used to regresent
the ECI Assighment number. The bit sequence after the first 0 bit is the binary representation of the ECI
Assignment number. The lower numbered ECI assignments may beleéncoded in multiple ways, hut the
shortest way |s preferred.

Table 4 — Encoding ECI Assighment Number

ECI Assignment Value No. of Codewords Codeword values
00000pP to 000127 1 Obbbbbbb
00000pP to 016383 2 10bbbbbb bbbbbbbb
00000p to 999999 3 110bbbbb bbbbbbbb bbbbbbbb
where b ... b is the binary value of the ECI Agsign-
ment number

Example

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

Data to be eng¢oded: \0OOOO09ABTI'AE (character values Alpgx, A2xEx, A3HEX, B4HEX
A5HEX)

Bit sequence in‘'symbol:

ECI mode indicator 0111
ECI Assignment number (000009) 00001001

Mode indicator (byte) 0100

Character count indicator (5) 00000101

Data: 10100001 10100010 10100011 10100100 10100101

Final bit string: 0111 00001001 0100 00000101 10100001 10100010 10100011

10100100 10100101

See 14.3 for example of transmission of this data following decoding.
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7.4.2.3 Multiple ECIs

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

7.4.2.2

and shall commence a new mode segment.

7.4.2.4 ECIs and Structured Append

Any E

I(s) invoked shall apply subject to the rules defined above and in the AIM ECI specification until

the en
in the

provide an ECI header consisting of ECI mode indicator and ECI Designator number for eag

immed
in forc

7.4.3

The injput data string is divided into groups of three digits, and €ach group is converte

binary
digits

the m¢de indicator and the character count indicator. The mode indicator in the Numg¢

either
and th|
charag
mode

EXAMH

Input dlata: 01234567

1. Divid

2. Cony

3. Conrj

4., Con

1 of the encoded data or a change of ECI (signalled by mode indicator 0111). If the
ECI(s) extends through two or more symbols in Structured Append mode;it is

iately following the Structured Append header, in subsequent symbols in-which the
.

Numeric mode

equivalent. If the number of input digits is not an exact‘multiple of three, the fin
hre converted to 4 or 7 bits respectively. The binary data is then concatenated and

4 bits for QR Code symbols or the number of bits{defined in Table 2 for Micro QR
e character count indicator has the number of bits defined in Table 3. The number
ters is converted to its binary equivalent and~added as the character count indid
ndicator and before the binary data sequence.

LE1 (for Version 1-H symbol)

e into groups of three digits: 012 345 67
ert each group to its binary equivalent: 012 - 0000001100
345 - 0101011001
67 - 1000011
ect the binary-data in sequence: 0000001100 0101011001 1000011
ert character count indicator to binary (10 bits for version 1-H):

No. of input data characters: 8 —» 0000001000

encoded data
necessary to
h ECI in force,
ECI continues

d to its 10-bit
al one or two
prefixed with
ric mode has
Lode symbols,
of input data
ator after the

5.Add

mode indicator 0001 and character count indicator to binary data:

0001 0000001000 0000001100 0101011001 1000011

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

Input data: 0123456789012345
1. Divide into groups of three digits: 012 345678901 234 5
2. Convert each group to its binary equivalent: 012 =0000001100

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

5=0101

3. Connect the binary data in sequence:

0000001100 0101011001 1010100110 1110000101 0011101010 0101

4. Convert character count indicator to hinary (5 bits for version M3-M):

No. of input data characters: 16 =10000
5. Add mode ipdicator (00 for version M3-M) and character count indicator to binary data:
0010000 0000001100 0101011001 1010100110 1110000101 0011101010 0101
For any numbr of data characters the length of the bit stream in Numeric mode(is)given by the following
formula:
B=M+C+10(DDIV3)+R
where:
B numbr of bits in bit stream
M numbr of bits in mode indicator (4 for QR Code symhpls,'or as shown in Table 2 for Micro QR Cofle
symbpls)
C numbgr of bits in character count indicator (from Table 3)
D numbir of input data characters
R 0if(JMOD3)=0
R 4if(MoD3)=1
R 7if(fMOD3)=2
7.4.4 Alphanumeric mode
Each input dafa characteér 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 | Char. | Value | Char. | Value
0 0 6 6 C 12 I 18 (0] 24 U 30 SP 36 . 42
1 1 7 7 D 13 ] 19 p 25 Vv 31 $ 37 / 43
2 2 8 8 E 14 K 20 Q 26 w 32 % 38 44
3 3 9 9 F 15 L 21 R 27 X 33 * 39
4 4 A 10 G 16 M 22 S 28 Y 34 + 40
5 5 B 11 H 17 N 23 T 29 Z 35 - 41

Input data characters are divided into groups of two characters which are encoded as 11-bit binary
codes. The character value of the first character is multiplied by 45 and the character value of the second
digit is added to the product. The sum is then converted to an 11-bit binary number. If the number of
input data characters is not a multiple of two, the character value of the final character is encoded as a
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6-bit binary number. The binary data is then concatenated and prefixed with the mode indicator and the
character count indicator. The mode indicator in the Alphanumeric mode has either 4 bits for QR Code
symbols or the number of bits defined in Table 2 for Micro QR Code symbols, and the character count
indicator has the number of bits defined in Table 3. The number of input data characters is converted to
its binary equivalent and added as the character count indicator after the mode indicator and before the
binary data sequence.

In FNC1 mode symbols the FNC1 character may occur in the data. It is represented in Alphanumeric
mode by the character %. Refer to 7.4.8.2, 7.4.8.3 and 14.4 for details of the encoding and transmission
of FNC1 and %.

EXAMPLE (for Version 1-H symbol)

Input data: AC-42

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

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

3. Conylert each group to its 11-bit binary equiva-  (10,12) 10*45+12 - 462.~00111001110
lent:

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

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

5. Conylert 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 counit indicator to binary data:

0010 000000101 00111001110 11100111001 000010

For anly number of data charactérs the length of the bit stream in Alphanumeric mode i§ given by the
follow|ng formula:

B=M|+C+11(DDIV2)+6(DMOD2)
where

B | number of bits in bit stream

M| number of bits in mode indicator (4 for QR Code symbols, or as shown in Table 2 for Micrp QR Code
syymbols)

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

D  number of input data characters

7.4.5 Byte mode

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

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

Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char.

0 NUL | 32 |space| 64 @ 96 ) 128 160 | NBSP | 192 A 224 a
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Table 6 (continued)

Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char. | Byte | Char.
1 SOH | 33 ! 65 A 97 a 129 161 i 193 A 225 a
2 STX | 34 “ 66 B 98 b 130 162 ¢ 194 A 226 a
3 ETX | 35 # 67 C 99 c 131 163 £ 195 A 227 a
4 EOT | 36 $ 68 D 100 d 132 164 o 196 A 228 a
5 |ENQ| 37 | % | 69 E | 101 | e | 133 165 | ¥ | 197 | A | 229 | a4
6 ACK | 38 & 70 F 102 f 134 166 ! 198 £ 230 @
7 BEL |39 : 7t s 163 =4 135 67 § 199 € 23t ¢
8 BS 40 ( 72 H 104 h 136 168 " 200 E 232 e
9 HT 41 ) 73 I 105 [ 137 169 © 201 E 233 é
10 LF 42 * 74 ] 106 j 138 170 a 202 B 234 é
11 VT 43 + 75 K 107 k 139 171 « 203 E 235 é
12 FF 44 , 76 L 108 1 140 172 - 204 I 236 1
13 CR 45 - 77 M 109 m 141 173 | SHY\[V205 I 237 i
14 SO 46 . 78 N 110 n 142 174 ® 206 I 238 i
15 SI 47 / 79 0 111 o} 143 175 - 207 I 239 i
16 | DLE || 48 0 80 P 112 p 144 176 ° 208 b 240 0
17 DC1 || 49 1 81 Q 113 q 145 177 * 209 N 241 i
18 | DC2 50 2 82 R 114 r 146 178 z 210 0 242 0
19 DC3 51 3 83 S 115 S 147 179 3 211 0 243 0
20 | DC4 || 52 4 84 T 116 t 148 180 ’ 212 0 244 0
21 | NAK || 53 5 85 U 117 ¢t 149 181 vl 213 0 245 0
22 | SYN || 54 6 86 \Y 118 \% 150 182 Al 214 0 246 0
23 | ETB || 55 7 87 w 119 w 151 183 . 215 x 247 +
24 | CAN || 56 8 88 X 120 X 152 184 , 216 ? 248 @
25 EM 57 9 89 Y 121 y 153 185 1 217 U 249 u
26 | SUB || 58 : 90 Z 122 Z 154 186 2 218 U 250 u
27 ESC 59 ; 91 [ 123 { 155 187 » 219 U 251 a
28 FS 60 < 92 \ 124 | 156 188 Ya 220 U 252 u
29 | GS || 61 |= | 93 1 | 125 | 3} | 157 189 | % | 221 | Y |253] y
30 RS 62 > 94 A 126 ~ 158 190 % 222 p 254 b
31 UsS 63 2 95 — 12F—BEE—359 +04- + 223 {5 255 N4

NOTE1 Inthe]IS8 characterset (see Table H.1), byte values 80ygx to 9Fygx and EOygx to FFygx are not assigned
but are reserved values. Some of those values are used as the first byte in the Shift JIS character set (see Table H.2)
and may be used to distinguish between the JIS8 and Shift JIS character sets, or to enable Kanji mode compaction
to be carried out. JIS X 0208 gives details of the shift coded representation.

NOTE 2  Byte values 00ygx to 7Fggx in the JIS8 character set correspond to ISO/IEC 8859-1 and ISO/IEC 646
IRV, except values 5Cygx and 7E{gx.

The binary data is then concatenated and prefixed with the mode indicator and the character count
indicator. The mode indicator in the Byte mode has either 4 bits for QR Code symbols or the number of
bits defined in Table 2 for Micro QR Code symbols, and the character count indicator has the number of
bits defined in Table 3. The number of input data characters is converted to its binary equivalent and
added after the mode indicator and before the binary data sequence.
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For any number of data characters the length of the bit stream in Byte mode is given by the following

formula:
B=M+C+8D
where:
B number of bits in bit stream
M number of bits in mode indicator (4 for QR Code symbols, or as shown in Table 2 for Micro QR Code
symbols)
C | number of bits in character count indicator (from Table 3)
D | number of input data characters
7.4.6 | Kanji mode
In the Shift JIS system, Kanji characters are represented by a two byte combination. The

are sh
data cl
data ig
mode j
in Tabl
in Tabl
charad

fted from the JIS X 0208 values. JIS X 0208 gives details of theshift coded represe
haracters in Kanji mode are compacted to 13-bit binary codewords as defined belog
then concatenated and prefixed with the mode indicator,and the character count
ndicator in the Numeric mode has either 4 bits for QR Codesymbols or the number

e 3. The number of input data characters is convertéd to its binary equivalent ang
ter count indicator after the mode indicator and‘before the binary data sequence.

1. Fdr characters with Shift JIS values from 8140y4gx to 9FFCygx:

a)
b)
‘)
d)

Subtract 8140ygx from Shift JIS value;
Multiply most significant byte of result by COygx;
Add least significant byte to product from b);

Convert result to a 13-bitbinary string.

2. Far characters with Shift JIS values from E040ygx to EBBFyEx:

be byte values
ntation. Input
w. The binary
indicator. The
pf bits defined

e 2 for Micro QR Code symbols, and the character counttindicator has the number ¢f bits defined

added as the

a)| Subtract C1405gy from Shift JIS value;

b)| Multiply mast significant byte of result by COggx;

c)| Add l€ast significant byte to product from b);

d)[ Convertresult to a 13-bit binary string.
EXAMPLES:
Input character “ e g
(Shift JIS value): 935F E4AA
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 l.s.b. D80 + 1F = D9F 1A40 + 6A=1AAA
4. Convert to 13-bit binary 0D9F —»0 1101 1001 1111 1AAA —11010 1010 1010

© ISO/IEC 2015 - All rights reserved
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3. Forall characters:

e) Prefix binary sequence representing input data characters with mode indicator (from Table 2)
and character count indicator binary equivalent (number of bits defined in Tables);

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

B=M+C+13D
where:

B number of bits in bit stream

M numbr of bits in mode indicator (4 for QR Code symbols, or as shown in Table 2 for Micro QR\Cofle
symbpls)

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

D  numbr of input data characters

7.4.7 Mixing modes

There is the gqption for a symbol to contain sequences of data in one njode and then to change modes
if the data cdntent requires it, or in order to increase the density-of encoding. Refer to Anngx ] for
guidance. Eadh segment of data is encoded in the appropriate mode as indicated in 7.4.2 to 7.4.¢, with
the basic strycture mode indicator/character count indicator/Data and followed immediately |by the
mode indicat¢r commencing the next segment. Figure 13 illustrates the structure of data contajning n
segments.

Segment 1 Segment2 XM ...... Segment n
mode clharacter |Data mode character . |, |...... rnoge character |Data |Terminbtor
indicator 1 | cunt indicator 2 count Data indicator n | count
indicator indicater indicator

Figure'l3 — Format of mixed mode data

7.4.8 FNC1{modes

7.4.8.1 General

In QR Code syjmbaols,there are two mode indicators which are used cumulatively with those defjned in
7.3.2 to 7.3.9 and’ 74.2 to 7.4.7 to identify symbols encoding messages formatted according to specific
predefined in uuotl _)’ Ul CllJlJl;bClt;Ull oy\,\,;f;\,atiuuo. Thpo\. (tusuth\,l \A4 ;th Gll)’ aoou»;at\,d lJCll qlllbt\, data)
precede the mode indicator(s) used to encode the data efficiently. When these mode indicators are used,
it is necessary for the decoder to transmit the Symbology Identifier as defined in 14.2 and Annex F.

7.4.8.2 FNC1 in first position

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

This mode indicator identifies symbols encoding data formatted according to the GS1 Application
Identifiers standard. For this purpose, it shall only be used once in a symbol and shall be placed
immediately before the first mode indicator used for efficient data encoding (Numeric, Alphanumeric,
Byte or Kanji), and after any ECI or Structured Append header. Where the GS1 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
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Alphanumeric mode or character GS (byte value 1Dygx) in Byte mode to perform this function. If the
% character occurs as part of the data it shall be encoded as %%. Decoders encountering % in these
symbols shall transmit it as ASCII/JIS8 value 1Dygx, and if %% is encountered it shall be transmitted
as a single % character.

EXAMPLE 1

Input data: 0104912345123459  (Application Identifier 01 = GS1 article no., fixed length; data:
04912345123459)
15970331 (Application Identifier 15 = “Best before” date YYMMDD, fixed length; data: 31

March 1997)

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

10ABC123 (Application Identifier 10 = batch number, variable length; data: A[BC123)
Data tg be encoded:
01049123451234591597033130128%10ABC123
Bit seqpience in symbol:

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

0000011101 (character count indicator, 29)

<data bits for 01049123451234591597033130128>
0010 (mode indicator, Alphanuméric mode)
000001001 (character countiindicator, 9)

<data bits for %10ABC123>

Transnpitted data (see 14.2 and Annex F)

1Q301049128451234591597033130128<1DyEx>10ABC123

EXAMRLE 2 Encéding/transmission of % character in data:

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

7.4.8.3 FNC1 in second position

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

This mode indicator identifies symbols formatted in accordance with specific industry or application
specifications previously agreed with AIM International. It is immediately followed by a one-byte
codeword the value of which is that of the Application Indicator assigned to identify the specification
concerned by AIM International. For this purpose, it shall only be used once in a symbol and shall
be placed immediately before the first mode indicator used for efficient data encoding (Numeric,
Alphanumeric, Byte or Kanji), and after any ECI or structured Append header. An Application Indicator
may take the form of any single Latin alphabetic character from the set {a - z, A - Z} (represented by the
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ASCII value of the character plus 100) or a two-digit number (represented by its numeric value directly)
and shall be transmitted by the decoder as the first one or two characters immediately preceding the
data. Where the application specifications call for the FNC1 character (in other symbologies which use
this special character) to be used as a data field separator, QR Code symbols shall use the % character in
Alphanumeric mode or character GS (ASCII/JIS8 value 1Dygx) in Byte mode to perform this function. If
the % character occurs as part of the data it shall be encoded as %%. Decoders encountering % in these
symbols shall transmit it as ASCII/JIS8 value 1Dygx, and if %% is encountered it shall be transmitted
as a single % character.

EXAMPLE:

NOTE Application Indicator 37 has not been assigned at the time of publication to any organisation and the
data content offthe example 1s purely arbitrary.

Application Indicator: 37

Input data: AA1234BBB112text text text text<CR>
Bit sequence in symbol:

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

0010 (mode indicator, Alphanumeric mode)
000001100 (character count indicater,)12)
<data bits for AA1234BBB112>

0100 (mode indicator, Byte mode)

00010100 (character count indicator, 20)

<data bits for text.text text text<CR> >
Transmitted data:

1Q537AA1234BBB112text text text text<CR>

7.4.9 Termijinator

The end of ddta in the symbodl is signalled by the Terminator sequence of 0 bits, as defined in Table 2,
appended to fhe data bit'stream following the final mode segment. The Terminator shall be omjtted if
the data bit stiream_completely fills the capacity of the symbol, or abbreviated if the remaining cdpacity
of the symbol|is leSs'than the required bit length of Terminator.

7.4.10 Bit stream to codeword conversion

The bit streams corresponding to each mode segment shall be connected in order. The Terminator shall
be appended to the complete bit stream as defined in 7.4.9. The resulting message bit stream shall then
be divided into codewords. All codewords are 8 bits in length, except for the final data symbol character
in Micro QR Code versions M1 and M3 symbols, which is 4 bits in length. If the bit stream length is such
that it does not end at a codeword boundary, padding bits with binary value 0 shall be added after the
final bit (least significant bit) of the data stream to extend it to the codeword boundary. The message bit
stream shall then be extended to fill the data capacity of the symbol corresponding to the Version and
Error Correction Level, as defined in Table 8, by adding the Pad Codewords 11101100 and 00010001
alternately. For Micro QR Code versions M1 and M3 symbols, the final data codeword is 4 bits long. The
Pad Codeword used in the final data symbol character position in Micro QR Code versions M1 and M3
symbols shall be represented as 0000. The resulting series of codewords, the data codeword sequence, is
then processed as described in 7.5 to add error correction codewords to the message. In certain versions
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of symbol, it may be necessary to add 3, 4 or 7 Remainder Bits (all zeros) to the end of the message, after

the final error correction codeword, in order exactly to fill the symbol capacity (see Table 1).

Table 7 — Number of symbol characters and input data capacity for QR Code

© ISO/IEC 2015 - All rights reserved

Version cofrr:cotli‘on Number of data| Number of Data capacity
level codewords data bits | Numeric | Alphanumeric Byte Kanji
M1 Erl_‘or Detec- 3 20 5 ) i )
tion only
L 5 40 10 6 - -
M2 M Z 32 B 5 - -
M3 L 11 84 23 14 9 6
M 9 68 18 11 7 4
L 16 128 35 21 15 9
M4 M 14 112 30 18 13 8
Q 10 80 21 13 9 5
1 L 19 152 41 25 17 10
M 16 128 34 20 14 8
Q 13 104 27 16 11 7
H 9 72 17 10 7 4
2 L 34 272 77 47 32 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 1088 322 195 134 82
M 108 864 255 154 106 65
Q 76 608 178 108 74 45
H 60 480 139 84 58 36
7 L 156 1248 370 224 154 95
M 124 552 293 +78 122 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
9 L 232 1856 552 335 230 141
M 182 1456 432 262 180 111
Q 132 1056 312 189 130 80
H 100 800 235 143 98 60
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Table 7 (continued)
Version cof::cotli‘on Number of data| Number of Data capacity
level codewords data bits | Numeric | Alphanumeric Byte Kanji
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
11 L 324 2592 772 468 321 198
M 254 2032 604 366 251 155
Q 180 1440 427 259 177 09
H 140 1120 331 200 137 B5
12 L 370 2960 883 535 367 426
M 290 2320 691 419 287 177
Q 206 1648 489 296 203 125
H 158 1264 374 227 155 D6
13 L 428 3424 1022 619 425 362
M 334 2672 796 483 331 404
Q 244 1952 580 352 241 149
H 180 1440 427 259 177 109
14 L 461 3688 1101 667 458 482
M 365 2920 871 528 362 423
Q 261 2088 621 376 258 159
H 197 1576 468 283 194 120
15 L 523 4184 1250 758 520 320
M 415 3320 991 600 412 454
Q 295 2360 703 426 292 180
H 223 1784 530 321 220 136
16 L 589 4712 1408 854 586 361
M 453 3624 1082 656 450 477
Q 325 2600 775 470 322 198
H 253 2024 602 365 250 154
17 L 647 5176 1548 938 644 397
M 507 4056 1212 734 504 310
Q 367 2936 876 531 364 424
H 283 2264 674 408 280 173
18 L 721 5768 1725 1046 718 442
M 563 4504 1346 816 560 345
Q 397 3176 948 574 394 343
H 313 2504 746 452 310 191
19 L 795 6 360 1903 1153 792 488
M 627 5016 1500 909 624 384
Q 445 3-560 1063 644 442 472
H 341 2728 813 493 338 208
20 L 861 6888 2061 1249 858 528
M 669 5352 1600 970 666 410
Q 485 3880 1159 702 482 297
H 385 3080 919 557 382 235
21 L 932 7 456 2232 1352 929 572
M 714 5712 1708 1035 711 438
Q 512 4096 1224 742 509 314
H 406 3248 969 587 403 248
22 L 1006 8048 2409 1460 1003 618
M 782 6 256 1872 1134 779 480
Q 568 4544 1358 823 565 348
H 442 3536 1056 640 439 270
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Table 7 (continued)
Version cofrr(:(?tli'on Number of data| Number of Data capacity
level codewords data bits | Numeric | Alphanumeric Byte Kanji
23 L 1094 8752 2620 1588 1091 672
M 860 6 880 2059 1248 857 528
Q 614 4912 1468 890 611 376
H 464 3712 1108 672 461 284
24 L 1174 9392 2812 1704 1171 721
M 914 7 312 2188 1326 911 561
Q 664 5312 1588 963 661 407
H 514 4112 1228 744 51% 315
25 L 1276 10 208 3057 1853 1273 784
M 1000 8000 2395 1451 997 614
Q 718 5744 1718 1041 715 440
H 538 4304 1286 779 535 330
26 L 1370 10960 3283 1990 1367 842
M 1062 8496 2544 1,542 1059 652
Q 754 6032 1804 1094 751 462
H 596 4768 1425 864 593 365
27 L 1468 11 744 3517 2132 1465 902
M 1128 9024 2701 1637 1125 692
Q 808 6 464 1933 1172 805 496
H 628 5024 14501 910 625 385
28 L 1531 12 248 3669 2223 1528 940
M 1193 9544 2 857 1732 1190 732
Q 871 6968 2085 1263 868 534
H 661 5288 1581 958 658 405
29 L 1631 131048 3909 2369 1628 1002
M 1267 10 136 3035 1839 1264 778
Q 911 7 288 2181 1322 908 559
H 701 5608 1677 1016 698 430
30 L 1735 13880 4158 2520 1732 1066
M 1373 10984 3289 1994 1370 843
Q 985 7 880 2358 1429 982 604
H 745 5960 1782 1080 742 457
31 L 1843 14 744 4417 2677 1840 1132
M 1455 11 640 3486 2113 1452 894
Q 1033 8264 2473 1499 1030 634
H 793 6 344 1897 1150 790 486
32 L 1955 15 640 4 686 2840 1952 1201
M 1541 12 328 3693 2238 1538 947
Q 1115 8920 2-670 1618 1112 684
H 845 6 760 2022 1226 842 518
33 L 2071 16 568 4965 3009 2068 1273
M 1631 13 048 3909 2369 1628 1002
Q 1171 9368 2805 1700 1168 719
H 901 7 208 2157 1307 898 553
34 L 2191 17 528 5253 3183 2188 1347
M 1725 13 800 4134 2506 1722 1060
Q 1231 9848 2949 1787 1228 756
H 961 7 688 2301 1394 958 590
35 L 2306 18 448 5529 3351 2303 1417
M 1812 14 496 4343 2632 1809 1113
Q 1286 10 288 3081 1867 1283 790
H 986 7 888 2361 1431 983 605
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Table 7 (continued)
Version cof::(?tli‘on Number of data| Number of Data capacity
level codewords data bits | Numeric | Alphanumeric Byte Kanji
36 L 2 434 19 472 5836 3537 2431 1496
M 1914 15312 4588 2780 1911 1176
Q 1354 10 832 3244 1966 1351 832
H 1054 8432 2524 1530 1051 647
37 L 2566 20528 6153 3729 2563 1577
M 1992 15936 4775 2 894 1989 1224
Q 1426 11 408 3417 2071 1423 76
H 1096 8768 2 625 1591 1093 473
38 L 2702 21616 6479 3927 2699 1661
M 2102 16 816 5039 3054 2099 1292
Q 1502 12 016 3599 2181 1499 923
H 1142 9136 2735 1658 1€139 101
39 L 2812 22 496 6743 4087 2809 1{729
M 2216 17 728 5313 3220 2213 1[362
Q 1582 12 656 3791 2298 1579 972
H 1222 9776 2927 1774 1219 150
40 L 2956 23 648 7 089 4296 2953 1[817
M 2 334 18 672 5596 3391 2331 1[435
Q 1666 13 328 3993 2420 1663 1024
H 1276 10 208 3057 1852 1273 184
NOTE1 All ¢odewords shall be 8 bits in length, except that the\final data codeword for Versions M1 and M3 is
4 bits long.
NOTE 2 Thegnumber of Data Bits includes bits for mode‘indicator and character count indicator.

7.5 Error ¢orrection

7.5.1 Erro
QR Code emJ

correction capacity

loys Reed-Solomon error control coding to detect and correct errors. A series of error

correction coflewords is generated; which are added to the data codeword sequence in order to jenable
withstand damage without loss of data. There are four user-selectable levels of error

the symbol tq
correction, as

Table 8 — Error correction levels

Error Correction Level

Recovery Capacity % (approx.)

shown in Table' 8/offering the capability of recovery from the following amounts of dgmage:

L 7
M 15
Q 25
H 30

Annex K.2 gives guidance on the appropriate level of error correction to be applied to a symbol.

Error correction level H is not available in Micro QR Code symbols.

The error correction codewords can correct two types of erroneous codewords, erasures (erroneous
codewords at known locations) and errors (erroneous codewords at unknown locations). An erasure is
an unscanned or undecodable symbol character. An error is a misdecoded symbol character. Since QR
Code is a matrix symbology, a defect converting a module from dark to light or vice versa will result in
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the affected symbol character misdecoding as an apparently valid but different codeword. Such an error
causing a substitution error in the data requires two error correction codewords to correct it.

The nu

e+

where:
e

t

mber of erasures and errors correctable is given by the following formula:

2t<d-p

number of erasures

number of errors

d

p

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

For example, in a version 6-H symbol there is a total of 172 codewords, of which 112 are er
codewprds (leaving 60 data codewords). The 112 error correction codewords can correct 5
or subtitution errors, i.e. 56/172 or 32,6% of the symbol ¢apacity.

In the formula above, the following values should be assigned to p:
— p ¥ 3inversion 1-L and M2-L symbols,

— p ¥ 2inversion 1-M, 2-L, M1, M2-M, M3-Land M4-L symbols,
— p ¥ linversion 1-Q, 1-H and 3-L symbols,

— pF 0inall other cases.

Wherqg

transmission of data from symbols where the number of errors exceeds the error correc
be less than d/2. Iiva Version 2-L symbol, for example, the total number of codewords is 44; of

e must
these,
error

0+

meani

number of error correction codewords

number of misdecode protection codewords

34 are data codewords and 10 error correction codewords. From Table 9 it can be
orrection capacity is 4 errors (where e = 0). Substituting in the formula above,

(2x4)=10-2

hg that the correction of the 4 errors requires only 8 error correction codewords; t

error (

would, if there were more than 4 errors, fail to decode.

Fect erasures,
5 is more than
For correction

For correction

6 misdecodes

p > 0 there are p (i.e. 1,-2:0r 3) codewords which act as error detection codewordjs and prevent

tion capacity,

seen that the

e remaining 2

orréection codewords can therefore detect (but not correct) any additional errors apd the symbol

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.
Table 9 lists, 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 9 — Error correction characteristics for QR Code

Total num- Error Number Number of | Error correction
. - of error Value
Version ber of code- | correction . error correc- | code per block
correction | ofp .
words level tion blocks (c, k,r)a
codewords
M1 5 Error detec- 2 2 1 (5,3,0)b
tion only
L 5 3 1 (10,5,1)b
M2 10 M 6 2 1 (10,4,2)b
M3 17 L 6 9 1 (17,11,2)b
11 8 T (1794
L 8 2 1 (24,16,3)b
M4 24 M 10 0 1 2414,%)
Q 14 0 1 (24,10,7)
L 7 3 1 (26,19,2)P
1 26 M 10 2 1 (26,16,4)b
Q 13 1 1 (26,13,4)b
H 17 1 1 (26,9,8]b
L 10 2 1 (44,34,4)b
2 44 M 16 0 1 (44,28,8)
Q 22 0 1 (44,22,11)
H 28 0 1 (44,16,14)
L 15 i) 1 (70,55,7)b
3 70 M 26 0 1 (70,44,13)
Q 36 0 2 (35179
H 44 0 2 (35,13,1f1)
L 20 1 (100,80,10)
M 36 2 (50,32,9)
4 100 Q 52 0 2 (50,24,13)
H 64 4 (25,9,8
1 (134,108/413)
L 26 2 (67,43,1pR)
M 48 2 (33,159)
> 134 Q 72 0 2 (34,16,9)
H 88 2 (33,11,1}1)
2 (34,12,11)
L 36 2 (86,68,9)
M 64 4 (43,27,8)
6 172 Q 96 0 4 (43,19,1p)
H 112 4 (43,15,14)
2 (98,78,10)
L 40 4 (49,31,9)
M 72 2 (32,14,9)
7 196 Q 108 0 4 (33.15.9)
H 130 4 (39,13,13)
1 (40,14,13)
2 (121,97,12)
2 (60,38,11)
I\I;I gg 2 (61,39,11)
8 242 Q 132 0 4 (40,18,11)
q 156 2 (41,19,11)
4 (40,14,13)
2 (41,15,13)

a

b

c = total number of codewords, k=number of data codewords, r = error correction capacity

Error correction capacity is less than half the number of error correction codewords to reduce the probability of
misdecodes

38

© ISO/IEC 2015 - All rights reserved



https://iecnorm.com/api/?name=c71f3d549b3dad559fd07221e3784316

ISO/IEC 18004:2015(E)

Table 9 (continued)
Total num- Error Number Number of | Error correction
. . of error Value
Version ber of code- | correction . error correc- | code per block
correction | ofp .
words level tion blocks (¢, k,r)a
codewords
2 (146,116,15)
3 (58,36,11)
" X 2 (59,37,11)
9 292 Q 160 0 4 (36,16,10)
q 192 4 (37,17,10)
4 (36,12,12)
% 37,13,12)
2 (86,68,9)
2 (87,69,9)
L 72 4 (69,43,13)
M 130 1 (70,44,13)
10 346 Q 192 0 6 (43,19,12)
H 224 2 (44,20,12)
6 (43,15,14)
2 (44,16,14)
4 101,81,10)
1 80,50,15)
" o 4 81,51,15)
11 404 0 4 [50,22,14)
Q 224
q 264 4 (51,23,14)
3 (36,12,12)
8 (37,13,12
2 116,92,12)
2 11793,12)
L 96 6 58,36,11)
M 176 2 (59,37,11)
12 466 Q 260 0 4 46,20.13)
H 308 6 (47,21,13)
7 (42,14,14)
4 43,15,14)
4 (133,107,13)
8 (59,37,11)
1\5[ igg 1 60,38,11)
13 532 Q 288 0 8 (44,20,12)
q 357 4 (45,21,12)
12 (33,11,11)
4 (34,12,11)
3 (145,115,15)
1 (146,116,15)
= 126 4 (64,40,12)
M 216 5 (65,41,12)
14 >81 Q 320 0 11 (36,16,10)
H 384 5 (37,17,10)
11 (36,12,12)
5 (37,13,12)

misdecodes

a  c=total number of codewords, k=number of data codewords, r = error correction capacity

b Error correction capacity is less than half the number of error correction codewords to reduce the probability of
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Table 9 (continued)

Number

Total num- Error Number of | Error correction
. . of error Value
Version ber of code- | correction . error correc- | code per block
correction | ofp .
words level tion blocks (c, k,r)a
codewords
5 (109,87,11)
1 (110,88,11)
L 132 5 (65,41,12)
M 240 5 (66,42,12)
15 655 Q 360 0 5 (54,24.15)
H 432 7 (55,25,15)
Tt 36,12;112)
7 (3743.1R)
5 (@22)98,12)
1 (123,99,12)
L 144 7 (73,45,14)
M 280 3 (74,46,14)
16 733 Q 408 0 15 (43.19.1p)
H 480 2 (44,20,1)2)
3 (45,15,1F)
13 (46,16,15)
1 (135,107,14)
5 (136,108)14)
L 168 10 (74,46,14)
M 308 1 (75,47,1)
17 815 Q 448 0 1 (50,22,14)
H 532 15 (51,23,14)
2 (42,14,1%)
17 (43,15,14)
5 (150,120415)
1 (151,12115)
L 180 9 (69,43,1B)
M 338 4 (70,44,13)
18 901 0 504 0 17 (50.22,14)
H 588 1 (51,23,14)
2 (42,14,1)
19 (43,15,14)
3 (141,11314)
4 (142,114,14)
L 196 3 (70,44,13)
M 364 11 (71,45,13)
19 991 Q 546 0 17 (47.21,1B)
H 650 4 (48,22,13)
9 (39,13,1B3)
16 (40,14,13)
3 (135,107,14)
5 (136,108,14)
L 224 3 (67,41,13)
M 416 13 (68,42,13)
20 1085 Q 600 0 15 (54,24.15)
H 700 5 (55,25,15)
15 (43,15,14)
10 (44,16,14)

a

b

¢ = total number of codewords, k =number of data codewords, r = error correction capacity

Error correction capacity is less than half the number of error correction codewords to reduce the probability of

misdecodes
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Table 9 (continued)
Total num- Error Number Number of | Error correction
. . of error Value
Version ber of code- | correction . error correc- | code per block
correction | ofp .
words level tion blocks (¢, k,r)a
codewords
4 (144,116,14)
4 (145,117,14)
" o 17 (68,42,13)
21 1156 0 17 (50,22,14)
Q 644 6 5
q 750 (51,23,14)
19 (46,16,15)
6 (47,17,15)
2 (139,111,14)
L 252 7 (140,112,14)
M 476 17 (74,46,14)
22 1258 Q 690 0 7 [54,24,15)
H 816 16 [55,25,15)
34 (37,13,12)
4 (151,121,15)
5 (152,122,15)
L 270 4 (75,47,14)
M 504 14 (76,48,14)
23 1364 Q 750 0 1 54,24,15)
H 900 14 [55,25,15)
16 [45,15,15)
14 (46,16,15)
6 (147,117,15)
4 (148,118,15)
L 300 6 (73,45,14)
M 560 14 (74,46,14)
24 1474 Q 810 0 11 '54,24.15)
H 960 16 55,25,15)
30 (46,16,15)
2 (47,17,15)
8 (132,106,13)
4 (133,107,13)
L 312 8 (75,47,14)
M 588 13 (76,48,14)
25 1588 Q 870 0 7 '54,24.15)
H 1050 22 [55,25,15)
22 (45,15,15)
13 (46,16,15)
10 (142,114,14)
2 (143,115,14)
= 336 19 74,46,14)
M 644 4 (75,47,14)
26 1706 Q 952 0 28 (50,22,14)
H 1110 6 (51,23,14)
33 (46,16,15)
4 (47,17,15)

misdecodes

a  c=total number of codewords, k=number of data codewords, r = error correction capacity

b Error correction capacity is less than half the number of error correction codewords to reduce the probability of

© ISO/IEC 2015 - All rights reserved

41


https://iecnorm.com/api/?name=c71f3d549b3dad559fd07221e3784316

ISO/IEC 18004:2015(E)

Table 9 (continued)

Total num- Error Number Number of | Error correction
. . of error Value
Version ber of code- | correction . error correc- | code per block
correction | ofp .
words level tion blocks (c, k,r)a
codewords
8 (152,122,15)
4 (153,123,15)
L 360 22 (73,45,14)
M 700 3 (74,46,14)
27 1828 Q 1020 0 8 (53,23.15)
H 1200 26 (54,24,15)
12 #5;15;15)
28 (46,16,1f5)
3 (147117,15)
10 (148,118/15)
L 390 3 (73,45,14)
M 728 23 (74,46,14)
28 1921 Q 1050 0 4 (54,24.15)
H 1260 31 (55,25,15)
14 (45,15,1B)
31 (46,16,15)
7 (146,116 15)
7 (147,117,15)
L 420 21 (73,45,14)
M 784 7 (74,46,14)
29 2051 Q 1140 0 1 (53.23.15)
H 1350 37 (54,24,15)
19 (45,15,1B)
26 (46,16,15)
5 (145,11515)
10 (146,116/J15)
L 450 19 (75,47,1%)
M 812 10 (76,48,14)
30 2185 0 1200 0 15 (54.24.15)
H 1440 25 (55,25,15)
23 (45,15,1b)
25 (46,16,15)
13 (145,115/15)
3 (146,116J15)
L 480 2 (74,46,14)
M 868 29 (75,47,1¢)
31 2323 Q 1290 0 42 (54,24.1)5)
H 1530 1 (55,25,15)
23 (45,15,1B)
28 (46,16,1I5)
17 (145,115,15)
10 (74,46,14)
v o 23 (75,47.14)
32 2 465 0 10 (54,24,15)
Q 1350 35 55,25,15
H 1620 (55,25,15)
19 (45,15,15)
35 (46,16,15)

a ¢ =total number of codewords, k=number of data codewords, r = error correction capacity

b Error correction capacity is less than half the number of error correction codewords to reduce the probability of
misdecodes
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Table 9 (continued)
Total num- Error Number Number of | Error correction
. . of error Value
Version ber of code- | correction . error correc- | code per block
correction of p .
words level tion blocks (¢, k,r)a
codewords
17 (145,115,15)
1 (146,116,15)
L 540 14 (74,46,14)
M 980 21 (75,47,14)
33 2611 0 1440 0 29 (54,24,15)
H 1710 19 (55,25,15)
Tt 45,15,15)
46 46,16,15)
13 (145,115,15)
6 (146,116,15)
L 570 14 (74,46,14)
M 1036 23 (75,47,14)
34 2761 Q 1530 0 x4 54,24,15)
H 1800 7 [55,25,15)
59 (46,16,15)
1 (47,17,15)
12 (151,121,15)
7 (152,122,15)
L 570 12 (75,47,14)
M 1064 26 76,48,14)
35 2876 9 1690 0 39 (54,24,15)
H 1890 14 [55,25,15)
22 (45,15,15)
41 (46,16,15)
6 (151,121,15)
14 (152,122,15)
L 600 6 (75,47,14)
M 1120 34 (76,48,14)
36 3034 0 1680 0 46 (54,24,15)
H 1980 10 55,25,15)
2 (45,15,15)
64 (46,16,15)
17 (152,122,15)
4 (153,123,15)
L 630 29 (74,46,14)
M 1204 14 (75,47,14)
37 3196 Q 1770 0 49 (54,24,15)
H 2100 10 55,25,15)
24 (45,15,15)
46 46,16,15)
4 (152,122,15)
18 (153,123,15)
L 660 13 (74,46,14)
M 1260 32 (75,47,14)
38 3362 q 1860 0 48 (54,24,15)
H 2220 14 (55,25,15)
42 (45,15,15)
32 (46,16,15)

a

b

¢ = total number of codewords, k =number of data codewords, r = error correction capacity

Error correction capacity is less than half the number of error correction codewords to reduce the probability of

misdecodes
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Table 9 (continued)

Total num- Error Number Number of | Error correction
. . of error Value
Version ber of code- | correction . error correc- | code per block
correction | ofp .
words level tion blocks (c, k,r)a
codewords
20 (147,117,15)
4 (148,118,15)
L 720 40 (75,47,14)
M 1316 7 (76,48,14)
39 3532 Q 1950 0 43 (54,24.15)
H 2310 22 (55,25,15)
10 #5,15;15)
67 (46,16.15)
19 (148,118/15)
6 (149,119,15)
L 750 18 (75,47,144)
M 1372 31 (76,48,14)
40 3706 Q 2 040 0 34 (54,24.15)
H 2 430 34 (55,25,1f5)
24 (45,15,15)
61 (46,16,15)
a ¢ =total number of codewords, k=number of data codewords, r = error correction‘capacity
b Error corrdction capacity is less than half the number of error correction{codewords to reduce the probaljility of
misdecodes
7.5.2 Generating the error correction codewords
The data cod¢words including Pad codewords as necessary shall be divided into the number of|blocks
shown in Table 9. Error correction codewords shall'be calculated for each block and appended|to the
data codewor(s.
NOTE Micfo QR Code symbols consist of a single block.
The polynomial arithmetic for QR Code shall be calculated using bit-wise modulo 2 arithmetic angl byte-
wise modulo 100011101 arithmetic. This is a Galois field of 28 with 100011101 representing thq field’s
prime modulys polynomial x8 + x4 +x37+ x2 +1.
The data codgwords are the coefficients of the terms of a polynomial with the coefficient of the }ighest
term being the first data codeword and that of the lowest power term being the last data codeword
before the firgt error correction codeword.
The error corfection codewords are the remainder after dividing the data codewords by a polyhomial
g(x) used for ¢rrorcorrection codes (see Annex A). The highest order coefficient of the remainder is the
first error correction codeword and the zero power coefficient is the last error correction codewc1rd and
the last codewerd-in-the-block-
NOTE If this calculation is performed by “long division” the symbol data polynomial must first be multiplied

by xk.

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

This can be implemented by using the division circuit as shown in Figure 14. The registers bg through
bk-1 are initialized as zeros. There are two phases to generate the encoding. In the first phase, with the
switch in the down position the data codewords are passed both to the output and the circuit. The first
phase is complete after n clock pulses. In the second phase (n + 1 ... n + k clock pulses), with the switch in
the up position, the error correction codewords k.1 ... €9 are generated by flushing the registers in order
while keeping the data input at 0.
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: Switch
@ = GF(256) Addition "B output
@ R Input_’—“/_’
= GF(256) Multiplication

7.6

The total number of codewords in the message shall always be equal £o'the total number
capable of being represented in the symbol, as shown in Tables 7 and 9.

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

1. Di

er

7.

Far each data block, calculate a corresponding block of error correction codewords

Figure 14 — Error correction codeword encoding circuit

onstructing the final message codeword sequence

ide the data codeword sequence into n blocks as‘défined in Table 9 according to th
ror correction level (or a single block for Micro QR Code symbols).

.2 and Annex A.

As
tu
bl

semble the final sequence by takingidata and error correction codewords from
rn. For example, if there are four.blocks the sequence would be: data block 1, cod
bck 2, codeword 1; ... ; data black 4, codeword 1; data block 1, codeword 2; ... an

d
1

co
fo
7

of

;
;

deword capacity. In‘eertain QR Code versions, however, where the number of modules available

a block 3, final codeword; data block 4, final codeword; then error correction bloc
rror correction block 2,.cedeword 1, ... and similarly to error correction block 4, fi
Code symbols contain.data and error correction blocks which always exactly f

F data and error gonrection codewords is not an exact multiple of 8, there may be an
Remainder Bits(to be appended to the final message bit stream in order to fill exact
modules in the encoding region.

The s
be pla

of codewords

ita plus error

e version and

as defined in

each block in
bword 1; data
d similarly to
k 1, codeword
hal codeword.
11 the symbol

eed for 3,4 or
y the number

rtest data'block (or blocks) shall be placed first in the sequence and all the data co
ed inthe symbol before the first error correction codeword. For example, the Versi

Hewords shall
n 5-H symbol

comprijises four data and four error correction blocks, the first two of each of which contain 11 dataand 22

error

n 12 data and

22 error correction codewords respectively. In this symbol, the character arrangement can be depicted
as shown in Figure 15. Each row of the figure corresponds to one block of data codewords (shown as Dy)
followed by the associated block of error correction codewords (shown as Ey); the sequence of character
placement in the symbol is obtained by reading down each column of the figure in turn.
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Data codewords Error correction codewords
Block 1 D4 D, D11 E; Eo || ... Ez
Block 2 Di2| | Di3 D2, Ex || Ex =
Block 3 Das|| Do D33| | Das|| Ess || Ess || .- Ess
Block4 | Ds¥| Ds'| ... Das’ 045* EerV| Ees'| ... Egs ¥

The final mes

D1, D12, D23, L

E44, E6e, Egs.
final codewon

7.7 Codew|

7.7.1 Symb

There are twdg
on their posit

Most codewo
ways of posit
if necessary ¥
modules high
alignment or

7.7.2 Funcl

A square blafk matrix shall be~constructed with the number of modules horizontally and ver

correspondin

Figure 15 — Constructing the final message codeword sequence

kage codeword sequence for the Version 5-H symbol is therefore:
35, D2, D13, D24, D36, ... D11, D22, D33, D45, D34, D4e, E1, E23, E45, E67. E25 E24, E46, Eeg

The symbol module capacity is filled by adding 7 Remainder (0)\bits as needed aff
d.

ord placement in matrix

ol character representation

types of symbol character, regular and irregulay, in the QR Code symbol. Their use dg
on in the symbol, relative to other symbol characters and function patterns.

ds shall be represented in a regular 2.x 4 module block in the symbol. There a
oning these blocks, in a vertical arrangement (2 modules wide and 4 modules hig
vhen placement changes direction;'in a horizontal arrangement (4 modules wide
). Irregular symbol characters are used when changing direction or in the vici
bther function Patterns. Examples are shown in Figures 16, 17 and 18.

ion pattern placement

b to the Versiof in use. Positions corresponding to the finder pattern, separator,

pattern, and

Module positjons for the*format information and version information shall be left temporarily
These blank positions_are shown in Figures 19 and 20 and are common to all Versions (alf

lignment patterns shall be filled with either dark modules or light modules as appro

.. E22,
Ler the

e pends

e two
n) and,
and 2
hity of

tically
timing
priate.
blank.
hough

the version ifformation is not present in Version 1 to 6 symbols). Annex E defines the positioping of

alignment paftetns:

7.7.3 Symbol character placement

In the encoding region of the QR Code symbol, symbol characters are positioned in two-module wide
columns commencing at the lower right corner of the symbol and running alternately upwards and
downwards from the right to the left. The principles governing the placement of characters and of bits
within the characters are given below. Figures 19 and 20 illustrate Version 2 and Version 7 symbols
applying these principles.

a)

downwards in accordance with the direction of symbol character placement.

b)

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

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

46
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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 if the previous character
has ended in the right-hand module column (see Figure 18).

Upwards Downwards
01 [+ 6|7
213 419
415 2|3
617 011

When a symbol character encounters the horizontal boundary of an alighment pat
tithing pattern in both module columns, it shall continue above or below the pattern
ercoding region were continuous.

When the upper or lower boundary of the symbol character region is reached (i.e. t
symbol, format information, version information, or separaten) any remaining bits in
shpll be placed in the next column to the left. The direction of placement reverses.

Y

e 16 — Bit placement in regular symbol character in upwards and downward

pdtteérn or an area occupied by version information, bits are placed to form an irrg

Upwards tosdownwards

(i) (ii)

—
|w

DN
~

e 17 — Example of bit placement in (i) regular and (ii) irregular symbol char
direction of placement changes

hen'the right-hand module column of the symbol character column encounters

s directions

tern or of the
as though the

e edge of the
the codeword

hcters when

an alignment

gular symbol

character, extending along the single module column adjacent to the alignment pattern or version
information. If the character ends before two columns are available for the next symbol character,
the most significant bit of the next character shall be placed in the single column.
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0] A
CHAR. [1]2] |Upwards
2 [3]4
56
L
0
1
CHAR. |2
1 |3
4
IG

~|O

Figure 18 — Example of bit placement adjacent to alignment pattern

An alternative method for placement in the symbol, which yieldsCthe same result, is to regdrd the
interleaved cqdeword sequence as a single bit stream, which is placed (starting with the most signfificant
bit) in the tw¢-module wide columns alternately upwards and)downwards from the right to left of the
symbol. In ea¢h column the bits are placed alternately in thexxight and left modules, moving upwards or
downwards according to the direction of placement and skipping areas occupied by function pafterns,
changingdirefction at the top or bottom of the column. Each bit shall always be placed in the first avpilable
module position.

When the data capacity of the symbol is such\that it does not divide exactly into a number df 8-bit
symbol charafters, the appropriate number of Remainder Bits (3, 4 or 7 as shown in Table 1) shall be
used to fill thg symbol capacity. These Remainder Bits shall always have the value 0 before data miasking
according to 7.8.

[

‘:] Data Codewords

D EC Codewords

D11 D5|D4
10
D6|D3
Remainder Bits D7|D2
D9|D8|D1

Figure 19 — Symbol character arrangement in version 2-M symbol
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S6[E4 |D26{D64
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]
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2[E107|{DB9[D51(D9
E1G 75 7l__E4 p47| D57
E34 B85 54 P41
[E 125 [E98 42 E115[E1 14 L
E101 9 108[FR] |D52 |D38[D22 D6 D44
7 1 15 34
B0|550 3
E26 14|  Fes| [F12[Ess L 1
£127E23 35 D83 [D25[D3s [ P19pal |t
51 Fas|  [Enls D21 N\
86(E33 ._-DI6p15
E52 | 21| Ese| [E38 cel” ¥
1[E29 |D66[D12[D48
5 19 JFo2| |
| Hl Qosp2
E78 7B |Es4 L
73 |B [Dea|Dsi
18E24 LED nl__IFesl |
E36 D32p18p42Pp3s3
E104 E73 171 [Foo| _lenaler
] LT R 3 [E104ERT 10ps |
102Es0 [ EY 6l IEs0l | D45D5
E10 D55 P40
E130 E99 431 le1s| —ES [Eno
E%6 LN E108E30 (E53 [D37[D23 P4
74 ol__JF14] | D58 Dssm -
[E113
E15|  Fé9| |E13 35 [FB4 33
[E54 |E79 [D24[D36
[E117
] N §ip:
2|  Ess|  |E3e 1
f 2[E28 [E105D11D49
18 [o1 37
20D7 P43p30p1
| B \IEss[ BT | E58 | 2 D62
|
E48
D1-D13 DataBlock 1
D14 - D26 DataBlock 2
D27 - D39 DataBlock 3
D40 - D52 DataBlock 4
D53 - D66 DataBlock 5
E1-E26 EC Block 1
E27-E52 EC Block 2
ES3-E78 EC Block 3
E79-E104 EC Block 4
E105 - E130 EC Block 5

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

Exactly the same principles apply to a Micro QR Code symbol. There are no irregular symbol characters
in these symbols and the sole exception is that D3 in a Version M1 symbol, D11 in a Version M3-L symbol
and Dg in a Version M3-M symbol is a 2 x 2 square 4-module block.
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7.8 Data masking

7.8.1 General

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

1.
2.

4,

7.8.2 Data mask patterns

Data masking is not applied to function patterns.

Convert the given module pattern in the encoding region (excluding the format information and the
version i{;ormation) with multiple matrix patterns successively through the XOR operation..[or the

XOR operption, lay the module pattern over each of the data masking matrix patterns in\tufn and
reverse tlhe modules (from light to dark or vice versa) which correspond to dark modules-of the data
masking pattern.

Then evaluate all the resulting converted patterns by charging penalties for undesirable featyres on
each conyersion result.

Select thg pattern with the lowest penalty points score.

Table 10 shows the data mask pattern reference (binary referenee for use in the format infornpation)
and the data rhask pattern generation condition. The data maskpattern is generated by defining 4s dark
any module i1} the encoding region (excluding the area reserved for format information and the version
information) for which the condition is true; in the condition, i refers to the row position of the rhodule

in question and j to its column position, with (i, j) = (0, OFfor the top left module in the symbol.

Table 10 — Data mask pattern generation conditions

Data mask pgttern reference | Data mask pattern reference for Condition
for QR Cqde symbols Micro.QRCode symbols

D00 (i+j)mod2=0
D01 00 imod2=0
D10 jmod3=0
D11 (i+j)mod3=0
100 01 ((idiv2) + (jdiv3))mod2=0
101 (ij)mod 2+ (ij)mod3=0
110 10 (((j)mod 2 + (ij) mod 3) mod 2=0
| 1N 11 ((i+j) mod 2 + (i j) mod 3) mod 2 = ()

Figure 21 shows all data mask patterns, illustrated in a version 1 symbol. Figure 23 simulates the effects
of data masking using data mask pattern references 000 to 111.

50
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ooo oot
(f+j) mod2=10 imod2=0

on 100 (S)\ 101
{i+j) mod3=0 (i div 2) + { di mod2=0 (i mod2+(ijimod3=0
Functjon modules
Masking shall not he
applied to thege modules
N
10 ) 11
("'} )mod 2+ (i) mod Y mod 2=0 ({+ Pmod 2+ (¥j) mod ) mod 2 =0
Q. igure 21 — Data mask patterns for version 1 symbol
NOTE 1 Tl@ee bits below each pattern represent the data mask pattern reference.
NOTE 2 e equation below the data mask patternreference shows the data mask pattern genergtion condition;
modulé 3§"Aich meetthe-condition-are-shown-dark

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

symbol.
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Mask Pattern 10

Figuire 22=—Data mask patterns applied to Micro QR Code version M4 symbol

Mask Pattern 11

52
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Uranasked syrabol

MaskPafterns
00B.te’)11

n IVlasked Fyrabol
" for evaljation
[w] :ﬁ%

/

Selected result wath lowest penalty scope

Figure 23 — Data masking simulation in QR Code symbols

7.8.3 | Evaluation‘ofdata masking results

7.8.3.1 Evaluation of QR Code symbols

After performing the data masking operation with each data mask pattern in turn, th¢ results shall
be evaluated hy crnring pnn:l]fy pninfc for each occurrence of the Fn]]nmring features. The hlgher the
number of points, the less acceptable the result. In Table 11 below, the variables N1 to N4 represent
weighted penalty scores for the undesirable features (N1 = 3, N2 = 3, N3 = 40, N4 = 10), i is the amount by
which the number of adjacent modules of the same color exceeds 5 and k is the rating of the deviation
of the proportion of dark modules in the symbol from 50 % in steps of 5 %. Although the data masking
operation is only performed on the encoding region of the symbol excluding the format information, the
area to be evaluated is the complete symbol.
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Table 11 — Scoring of data masking results

for the evaluati
five consecutive
time the numbe|
k:dark” module
the point. The p
(for a six-modul

NOTE 2 Modul

The penalty poi
modules for an
this block shall

NOTE 3 1:1:3:1

If the light area
imposed penalt

NOTE 4 Propot

Add 10 points td
(or 0 point) leve|
if the ratio of da|

rk module is between 40% and 60%.

Feature Evaluation condition Points
Adjacent modules in row/column in same |No. of modules = (5 + i) Ny +i
color
Block of modules in same color Block size = 2 x 2 N»
1:1:3:1:1ratio Existence of the pattern N3
(dark:light:dark:light:dark) pattern in
row/column, preceded or followed by
light area 4 modules wide
Proportion of dark modules in entire 50 x (5 xK)% to 50 x (5 x (K + 1))% Nax Kk
symbol
NOTE 1 Adjaceht modules in row/column in the same colour.
Check the blockp consisting of light (white) or dark (black) modules of more than five in a row both laterally’and vertically

n of data masking results. The rule of this calculation is that 3 penalty points shall be add€d to each

modules, 4 penalty points for each block of six consecutive modules and so on, with-seoring by 1 po
I of modules increases. For example, impose 5 penalty points on the block of “darkrdark:dark:dark:d
pattern, where a series of seven consecutive modules is counted as one block. However, do not doubl
enalty point for a seven-module block, for example, shall be 5, not the sum of 3'(for a five-module bl
e block) + 5 (for a seven-module block) =12.

b blocks in the same colour.

it shall be equal to the number of blocks with 2 x 2 light or dark modules. Take a block consisting of 3§
xample. Considering that up to four 2 x 2 dark modules can be,included in this block, the penalty ap
be calculated as 4 (blocks) x 3 (points) = 12 points.

1 ratio pattern in row/column.

of more than 4 module wide exists after or before acl:1:3:1:1 ratio (dark:light:dark:light:dark) patt
 shall be 40 points.

tion of dark modules in entire symbol.

a deviation of 5% increment or decrementinithe proportion ratio of dark module from the referent
. For example, assign 0 points as a penaltynifthe ratio of dark module is between 45% and 55%, or 1

block of
nt each
hrk:dar
P-count
ck) + 4

k 3 dark
blied to

brn, the

al 50%
points

The data mas

k pattern which results in thelowest penalty score shall be selected for the symbol

symbol (exclu
formula:

uation of Micro QR Code symbols

h mask
n each
ble the
bntiate

b of the

If SUM; < SUM;

Evaluation score =SUM, x16 +SUM

2

If SUMq > SUM;

Evaluation score =SUM, x16 +SUM,
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lowing
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where:
SUM1 number of dark modules in right side edge

SUM7 number of dark modules in lower side edge

N
SUM4 > SUM,
> SUM; =8 Evaluation point = SUM, =164 SUM;
= (6 x16) + 8
) =104
J

g
SUM; =6
Figure 24 — Evaluation of masking resuits in Micro QR Code symbol

The dqta mask pattern which results in the highest $§core shall be selected for the symbol
7.9 Format information

7.9.1 | QR Code symbols

The fgrmat information is a 15-bit'sequence containing 5 data bits, with 10 error crrection bits
calculdted using the (15, 5) BCH(code. For details of the error correction calculation fpr the format
informjation, refer to Annex C(The first two data bits contain the Error Correction Level pf the symbol,
indicated in Table 12.

Table12 — Error correction level indicators for QR Code symbols

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

The third to fifth data bits of the format information contain the data mask pattern reference from Table
10 above for the pattern selected according to 7.8.3.

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

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

The resulting masked format information shall be mapped into the areas reserved for it in the symbol
as shown in Figure 25. Note that the format information appears twice in the symbol in order to provide
redundancy since its correct decoding is essential to the decoding of the complete symbol. The least
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significant bit of the format information is located in the modules numbered 0, and the most significant
bit in the modules numbered 14 in Figure 25. The module in position (4V + 9, 8) where V is the version
number, shall always be dark and does not form part of the format information.

1:13:12:11:10: 9 7:6 5:4:3 2,100

Pt

\— Dark Module

EXAMPLE

Assume Error (orrectidn Level M 00

and data maskpattern reference: 101

Data: 00101

BCH bits: 0011011100

Unmasked bit sequence: 001010011011100

Mask pattern for XOR operation: 101010000010010

Format information module pattern: 100000011001110

| |
bit 14 bit0

Figure 25 — Format information positioning
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Micro QR Code symbols

The format information is a 15-bit sequence containing 5 data bits, with 10 error correction bits
calculated using the (15, 5) BCH code. For details of the error correction calculation for the format
information, refer to Annex C. The first three data bits contain the symbol number (in binary), which
identifies the version and error correction level, as shown in Table 13:

Table 13 — Symbol numbers for Micro QR Code symbols

The fo
in Tab]

The 10

Thel5
in ord
zero d

The r¢
as sho
infornj
14 in H

EXAM

Symbol num- Version Error Correction Binary Indicator
ber Level
I dat 3

0 Ml LITUI UULUULIUIT 000
only

1 M2 L 001

2 M2 M 010

3 M3 L 011

4 M3 M 100

5 M4 L 101

6 M4 M 110

7 M4 Q 111

irth and fifth data bits of the format information contain the data mask pattern reference shown

e 10 for the pattern selected according to 7.8.3.
error correction bits shall be calculated as déscribed in Annex C and appended to t

LbiterrorcorrectedformatinformationshallthenbeXORedwiththebitpattern10001
b1 to ensure that no combination of symbol number and data mask pattern will rg
hta string.

sulting masked format informdtion shall be mapped into the areas reserved for it
wn in Figure 25 or 26, depénding on the symbol type. The least significant bit
ation is located in the modirle numbered 0, and the most significant bit in the mod
igures 24 and 25.

PLE

he 5 data bits.

0001000101,
sult in an all-

in the symbol
of the format
lile numbered

LR EIMEEE
2%

[
[
14f13§12511f105 93 8

Symbol number 0: 000
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Data mask pattern reference: 11

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

BCH bits: 1101011001

Unmasked bit sequence: 000111101011001

Mask pattern for XOR operation: 100010001000101

Format information module pattern: 100101100011100
| |
bit14 bit 0

7.10 Versio

The version i
sequence con
For details of

Figure 26 — Micro QR Code symbol format information bit positiens

h information

hformation is included in QR Code symbols of version 7 or larger. It consists of an
Faining 6 data bits, with 12 error correction bits calculated using the (18, 6) Gola]
the error correction calculation for the version informatjon, refer to Annex D. The s

bits contain the Version of the symbol, most significant bit first.

The 12 error ¢

No version inf

orrection bits shall be calculated as described.in‘Annex D and appended to the 6 da

ormation will result in an all-zero data string since only Versions 7 to 40 symbols g

the version i

The resultin
shown in Fi
redundancy

significant bi
bit in the mo

Example:

Version n|
Data:
BCH bits:

Version ix

ormation. Masking is not therefore applied to the version information.

version information shall be mapped into the areas reserved for it in the synj
re 27. Note that the version information appears twice in the symbol in order to
ince its correct decoding is esséntial to the decoding of the complete symbol. T
of the version information islocated in the modules numbered 0, and the most sign
ules numbered 17, in Fignire28.

pimber: 7
000111
110010010100

18-bit
y code.
x data

fa bits.

ontain

bol as
rovide

least
ificant

1 formation 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 finder pattern separator, and the 3 x 6 module block to the left of the timing
pattern and immediately above the lower left finder pattern separator.
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1] ’ Version Information
e [
] <
- /4 (|
— —
1 — ’//
- 74/ sgsd
— A
._—_1 b—od —
1 [ 2]
— | —
=M= |
Figure 27 — Version information positioning
0 1 2
0] 3] 6] 9/12/15 31 4 5
1] 4] 7]10]13]16 6| 7 8
2] 5] 8]11)14[1& 91011
12|113|14
15/16]17
Version Information in lower left Version Information in upper right
Figure 28 — Module arrangement in version information

8 Structured Append

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

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

The Structured Append mode indicator 0011 is placed in the four most significant bit positions in the
first symbol character.
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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 (see 7.2). The
second codeword is the parity data (see 7.3) 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.

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

bding

L2l
)4

ate e se in the
Structured Append format (m the form m of n symbols) The first 4 blts of this codeword 1dent1fy 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

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

3rd position: 0010
Total 7 symbols: 0110
Bit pattern: 00100110
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8.3 Parity 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 byte 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, most significant first) and
8-bit values as shown in Table 6 for other characters. In ECI mode the byte values obtained after any
encryption or compression of the data shall be used for the calculation.

For example, “0123456789 H#.” is divided into “0123”, “4567” and “89 H#.” as follows:

TSt symbol block (U123 J- hex. values 30, 31, 32, 33

2nd symbol block (“4567”) - hex. values 34, 35, 36, 37

3rd symbol block (“89 H#") - hex. values 38, 39, 93FA, 967B

The pdrity data is calculated from “0123456789 H #” by XORing the data successively, byfe by byte.
30©31©32033034D35®036037®38®39093OFADI6D7B=85

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

9 Symbol printing and marking

9.1 Dimensions
QR Cogle symbols shall conform to the following dimensions:

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

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

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

9.2 Human-readable interpretation

Becauge QR Code symbols are capable of encoding thousands of characters, a human readable
interpfetation of the data characters may not be practical. As an alternative, descriptiye text rather
than lireral text may accompany the symbol.

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

9.3 Marking guidelines

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

10.1 Methodology

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

Some marking technologies may not be able to produce symbols conforming to this International
Standard without taking special precautions. Annex M gives additional guidance to help any printing
system achieve valid QR Code symbols.

Directly marked : 2 ass this
methodology pnd may not be readable by QR Code scanners. Appllcatlon requlrmg such symbals should
specify qualiffy measurement using the ISO/IEC 15415 quality extension ISO/IEC/TR 29158%arld may
require speci@lized DPM scanners.

10.2 Symbol quality parameters

10.2.1 Fixed pattern damage

Annex G defirjes the measurement and grading basis for Fixed Pattern Damage.

10.2.2 Scan grade and overall symbol grade

The scan grade shall be the lowest of the grades for symbol contrast, modulation, fixed pattern dgmage,
decode, axial pon-uniformity, grid non-uniformity and unused error correction in an individual image of
the symbol. The overall symbol grade is the arithmetic mean of the individual scan grades for a number
of tested images of the symbol.

10.2.3 Grid hon-uniformity

The ideal grid is calculated by using the finder patterns and alignment patterns as datum points, as
located by thd use of the reference decode algorithm (see Clause 12).

10.3 Process control measurements

A variety of fools and methods*can be used to perform useful measurements for monitoring and
controlling thle process of créating QR Code symbols. These are described in Annex M. These techniques
do not constifute a printequality check of the produced symbols (the method specified earlier [in this
clause and Anjnex G is the‘required method for assessing symbol print quality) but they individua]ly and
collectively yield good-indications of whether the symbol print process is creating workable sympols.

11 Decoding-procedure averview

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

1. Locate and obtain an image of the symbol. Recognize dark and light modules as an array of “0” and
“1” bits. Identify reflectance polarity from finder pattern module colouring.

2. Read the format information. Release the masking pattern and perform error correction on the
format information modules as necessary; if successful, symbol is in normal orientation, otherwise
attempt mirror image decoding of format information. Identify Error Correction Level, either
directly, in QR Code symbols, or from Micro QR Code symbol number, and data mask pattern
reference.

3. Read the version information (where applicable), then determine the version of the symbol (from
symbol number, in the case of Micro QR Code symbols).
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4. Release the data masking by XORing the encoding region bit pattern with the data mask pattern the
reference of which has been extracted from the format information.

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

6. Detect errors using the error correction codewords corresponding to the Level Information. If any
error is detected, correct it.

7. Divide the data codewords into segments according to the mode indicators and character count
indicators.

8. Fipallydecodethe DataCharac

( START )

Recognize Black/White Modules

BB

Decode Format Information
T

Determine Version
T

Release Masking
I

Restore Dataand RS Codewords

Error detection
using Error Correction

No error

Error Correction
» |

Decode Data Codewords
1

Output
I

AT
N—"

END

Figure 30 — QR Code decoding steps

12 Reference decode algorithm for QR Code

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

a) Determine a Global Threshold by taking a reflectance value midway between the maximum
reflectance and minimum reflectance in the image. Convert the image to a set of dark and light
pixels using the Global Threshold.
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b) Locate the finder pattern. The finder pattern in QR Code consists of three identical finder patterns
located at three of the four corners of the symbol. The finder pattern in Micro QR Code is a single
finder pattern. As described in 6.3.3, module widths in each finder pattern form a dark-light-dark-
light-dark sequence the relative widths of each element of which are in the ratios 1:1:3:1:1. For
the purposes of this algorithm the tolerance for each of these widths is 0,5 (i.e. a range of 0,5 to 1,5
for the single module box and 2,5 to 3,5 for the three module square box).

2)

d)

64

1) When a candidate area is detected note the position of the first and last points A and B
respectively at which a line of pixels in the image encounters the outer edges of the finder
pattern (see Figure 31). Repeat this for adjacent pixel lines in the image until all lines crossing
the central box of the finder pattern in the x axis of the image have been identified.

Figure 31 — Scan line in finder pattern

ep 1) for pixel columns crossing the central box of the-finder pattern in the y axig

e the center of the pattern. Construct a line through the midpoints between the p
on the outermost pixel lines crossing the central box of the finder pattern in the
ruct a similar line through points A and.B’on the outermost pixel columns cross
al box in the y axis. The center of the pattern is located at the intersection of the

ht steps 1) to 3) to locate the centers of the two other finder patterns.

candidate areas are detected, reverse the colouring of the light and dark pixe
hmence at the beginning,of step b to attempt to decode the symbol as a symbd
'tance reversal.

ingle pattern is (identified but two further finder patterns cannot be located, a
code the symbel/as a Micro QR Code symbol by jumping to the Micro QR Code sy
ence decodes(from step m).

e therotational orientation ofthe symbol by analysing the finder pattern center coorg
y which pattern is the upper left pattern in the symbol and the angle of rotation|

Repeat st

image.

3) Locat
and H
Cons
centr
lines

4) Repe

5) If no
recor
refle

6) Ifasg
to de
refer

Determin

to identifi

symbol.

of the

pints A
X axis.
ng the
e two

Is and

1 with

[ tempt
rmbols

inates
of the

Determine 1) the distance D crossing the full width of the symbol between the centers of the upper
left finder pattern and of the upper right finder pattern and 2) the width of the two patterns, Wy,

and Wyr

as shown in Figure 32.
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v

e) Ca

f) Provisionally determine the version V of the symbol.

VE[(D/X)-10]/4

g) Iff

syjmbol version is 7 or more, the version information is decoded as follows.

X+ (W, + Wy, )/ 14

Figure 32 — Upper finder patterns

lculate the nominal X dimension of the symbol.

he provisional symbol version is 6 or less, this is specified as the defined version. If the provisional

1)| Divide the width WyR of the uppefright finder pattern by 7 to calculate the modile size CPyRr.
CRx =Wy /7
2)| Find the guide lines ACand AB from A, B and C, which pass through the centerns of the three

the version information 1 area is determined based on lines parallel to the guide lines, the
central coordinates of the finder patterns, and the module size CPyr. Binary valuges 0 and 1 are
determinedifrom the light or dark pattern on the sampling grid.

finder patterns, as.shown in Figure 33 below. The sampling grid for each mcEEule center in

Version

©150/1

A Information | B

Version
Information 2

Figure 33 — Finder patterns and version information
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3) Determine the version by detecting and correcting errors, if any, based on the table in Annex D.2.

4) Iferrorsexceedingthe error correction capacity are detected, then calculate the pattern width Wpy,
of the lower left finder pattern and follow a similar procedure to steps a), b) and c) above to decode
version information 2.

h) For Version 1 symbols, redefine X as the average spacing of the center points of the dark and light
modules in the upper side Timing Patterns. In a similar manner, calculate the Y dimension as the
average spacing of the center points of the dark and light modules in the left side Timing Pattern.
Establish a sampling grid based on 1) the horizontal line through the upper side Timing Pattern with
lines parallel to it at the vertical spacing of Y, comprising six lines above the horizontal reference
line and as many lines below it as are required for the version of the symbol and 2) the vertical
line passing through the ITeft side Timing Pattern with Iines parallel to it at the horizontal spacing
of X, comprising six lines to the left of the vertical reference line and as many lines to_the-fight of
it as are Tequired for the version of the symbol. For version 2 and larger symbols, determine the
central cqordinate of each alignment pattern from the coordinates defined in 6.3.6 and Annex E and
construcf the sampling grids with lines equidistantly spaced between these points.

P

AN

P5

B g E,
~Na afal
LR

P

Figure 34 — Finder patterns and alignment patterns

1) Divide thg pattern width Wy, of the upper left finder pattern Py, by 7 to calculate the modyle size
CPyL.

CP,, =W, /7

2) Determine the provisional central coordinates of the alignment patterns P1 and P2 (see
Figure 33), based on the coordinate of the center A of the upper left finder pattern Py, lines
parallel to the guide lines AB and AC obtained in 7c), and the module size CPyL.

3) Scanthe outline of the white square in alignment pattern P1 and P2 starting from the pixel of the
provisional central coordinate to find the actual central coordinates Xi and Yj (see Figure 35).
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(X1,Y7)

Figure 35 — Central coordinates of alignment pattern

Find the actual central coordinate of the alignment pattern P3 by followingthe sa
in step 3.

n the central
the alignment

Ine procedure

Find Lx, which is the center-to-center distance of the alignment patterns P2 apd P3, and Ly,

which is the center-to-center distance of the alignment pattexnsP1 and P3. Divid
the defined spacing of the alignment patterns to obtain thesmodule pitches CPx in
and CPy in the right side in the upper left area of the symbol (see Figure 36).

x=Lx /AP
y =Ly / AP

nere AP is the spacing in modules of the alignment pattern centers (see Table E.1).

the same fashion, find Lx’, which is.the horizontal distance between the central d
e upper left finder pattern Pyj, and.the central coordinates of the alignment pattel
hich is the vertical distance between the central coordinates of the upper left findg
d the central coordinates of the-alignment pattern P2. Divide Lx’ and Ly’ by the for

e Lx and Ly by
the lower side

oordinates of
n P1, and Ly’,
r pattern Py,
mula below to

tain the module pitches CRX’in the upper side and CPy’ in the left side in the upper left area of the

mbol.

x’=Lx’ / (Column €oordinate of the central module of the alignment pattern P1

— Column.coordinate of the central module of the upper left Finder Pattern Pyj)

y’ =Ly’ /{Rew coordinate of the central module of the alignment pattern P2

— Row coordinate of the central module of the upper left Finder Pattern Py

pUL = I_‘X’ 'Y
|
» -
Ly’ Ly
¥y
: Lx \
P2 P3

Figure 36 — Upper left area of symbol
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7)

8)

9)

10)

j)

k)

68

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.

In the same fashion detemine the sampling grids for the upper right area (covered by the upper right
finder pattern Pyp, alignment patterns P1, P3 and P4) and lower left area (covered by the lower left
finder pattern Ppp, alignment patterns P2, P3 and P5) of the symbol.

For the alignment pattern P6 (see Figure 37), estimate its provisional central coordinate from the
module pitches CPx’ and CPy’, the values of which are obtained from the spacings of alignment
patterns P3, P4 and P5, guide lines passing through the centers of the alignment patterns P3 and P4,
and P3 and P5 respectively, and the central coordinates of these Patterns.

Lx’ P4
P3
/’/
Ly’ Ly
o S e
P5 Lx \PG

Figure 37 — Lower right area of symbol

Repeat stpps 5) to 8) to determine the sampling grid for the lower right area of the symbol.

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

Sample ah area of 3 x 3 image pixels,¢entred on each intersection of the grid lines and det¢rmine
whether it is dark or light based ph.the Global Threshold. Construct a bit matrix mapping the dark
modules @s binary 1 and light modules as binary 0.

Decode the format information adjacent to the upper left finder pattern as described in Angex C.3
to yield the Error Corréction Level and the data mask pattern applied to the symbol. If|errors
exceeding the error correction capacity of the format information are detected, then follpw the
same progedure todecode the format information adjacent to the upper right and lower left finder
patterns.

If a valid
read in the and A
the image row and column coordinates transposed.

format information bit string cannot be derived, determine whether itis a valid seqyence if
s e direction and if so empt to continue decoding as a mirror image svymbol with

Go tostepy.

For Micro QR Code symbols, determine the possible angles of rotation of the symbol by analysing
the angles of the lines from step b) 3) relative to the imaging sensor axes, as 9 (see Figure 38),
9 +90° 9 +180°and 9 + 270°.
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Figure 38 — angle 9 relative to the imaging sensoraxes

n) Plptthree lines parallel to each axis of the finder pattern and equallyspaced across the pattern and
measure the distances from point A to point B on each line. The-spacing is not limited but three lines

shll be in the finder pattern.

o) C4

of|the three distances A to B from step n.

lculate the provisional module dimension X of the symbel in each axis as one seventh of the mean

p) Tjking each side of the outer box of the finder patteérn in turn, extend a line outward from the finder

p

q) Sefarch for the timing patterns:

1y

2)

r) Dd
pa

ttern in both directions, parallel to the edge-and 0,5 X in from the edge.

Identify two edges of the finder. pattern nominally perpendicular to each other, pach of which
has both

i) acleararea ofatleast1,5X in one direction;

ii) alternating light @nd dark areas evenly spaced at 1X centres from the edgg of the finder
pattern in the,opposite direction (a candidate timing pattern).

Check that there is the same number of dark modules in each candidate timing paftern and that
this number is-between two and five.

termine-the provisional version of the symbol from the number of dark elements|in the timing
ttern;

[fthere are two dark elements, the symbol version is M1;

If there are three dark elements, the symbol version is M2;
If there are four dark elements, the symbol version is M3;

If there are five dark elements, the symbol version is M4.

s) From the centre of the first dark module in each side of the timing patterns extend a line parallel

wi

th the adjacent side of the finder pattern to intersect with the corresponding line from the other

side and sample an area of 3 x 3 image pixels at 1X intervals along the line to determine the light or

da
by

rk status of each module of the format information. Determine the format information bit string
taking the dark pixels as binary 1 and light pixels as binary 0.

t) Release masking of the format information by XORing the bit string with the pattern given in 7.9.2

an

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

u) Ifthe format information bit string is not a valid sequence, determine whether it is a valid sequence
if read in the reverse direction and if so attempt to continue decoding as a mirror image symbol
with the image row and column coordinates transposed. If no more than two bits differ from a valid
sequence in Annex C substitute this sequence and decode the substituted format information to
obtain the symbol number and the data mask pattern.

v) Confirm the module pitch X in each axis by dividing the overall width from the outer edge of the
finder pattern adjacent to the quiet zone to the outer edge of the last dark module in the timing
pattern by the number of modules corresponding to the symbol version.

w) Establish|a sampling grid, corresponding to the version of the symbol, of lines spaced 1X‘apart in
each axis| parallel to each other and to the side of the finder pattern, and running fromt.the dentres
of the tinling pattern modules and from similar positions in the finder pattern.

x) Sample ap area of 3 x 3 image pixels, centred on each intersection of the grid lines, and det¢rmine
whether it is dark or light based on the Global Threshold. Construct a bit matrix mapping the dark
modules §s binary 1 and light modules as binary 0.

y) XOR the data mask pattern with the encoding region of the symbol torelease the data maskipg and
restore the symbol characters representing data and error correctiémcodewords. This reverfes the
effect of he data masking process applied during the encoding procedure.

z) Determinfe the symbol codewords in accordance with the plac¢ement rules in 7.7.3.

aa) Rearrange the codeword sequence into blocks astequired for the symbol Version and Error
Corrgction Level, by reversing the interleaving ptocess defined in 7.6. step 3).

bb) Follow the error detection and correction deceding procedure in Annex B to correct errdrs and
erasyres up to the maximum correction capacity for the symbol version and Error Corgection
Level

cc) Restqre the original message bit sti‘eam by assembling the data blocks in sequence.

dd) Subdjvide the data bit stream'into segments each commencing with a mode indicator and the
length of which is determined-by the character count indicator following the mode indicptor.

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

13 Autodiscrimination capability

QR Code can be used-in an autodiscrimination environment with a number of other symbologigs. (See
Annex L). Although/Model 1 and QR Code symbols can be autodiscriminated by analysis of the format
information rhask pattern, Model 1 symbols should not be used in the same environment as QR Code
symbols.

14 Transmitted data

14.1 General principles

All encoded data characters shall be included in the data transmission. The function patterns, format
and version information, error correction characters, Pad and Remainder characters shall not be
transmitted. The default transmission mode for all data shall be as bytes.

The Structured Append header block shall not be transmitted by decoders operating in buffered mode
which have reconstructed the complete message before transmission. If the decoder is operating in
unbuffered mode the Structured Append header shall be transmitted as the first 2 bytes of every symbol.
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More complex interpretations including the transmission of data in an Extended Channel Interpretation,
are addressed below.

14.2 Symbology Identifier

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

14.3 Extended Channel Interpretations

In sys
with €
the es
AIM E
ECI D4g
digits
follow
Applic
the EC

th

a
Sp

When
as pre

If the
charad
alwayy

Examy
a) Enc
Transi

b) Enc

ems where the ECI protocol is supported the transmission of the Symbology'Identif
very transmission. Whenever the ECI mode indicator is encountered; ‘it shall be t
ape character 5Cygy, (which represents the backslash character “\”in1SO/IEC 885
[l specification and maps to the character “¥” in JIS X 0201). The codeword(s) rep
signator are converted into a 6 digit number by inverting the.fules defined in Ta|
bhall be transmitted as the corresponding 8-bit values in the vange 30ygx to 39HEX
ng the escape character.

htion software recognizing \nnnnnn should interpret-all subsequent characters
[ defined by the 6 digit designator. This interpretatipn remains in effect until:

e end of the encoded data;

hange to a new ECI signaled by mode in@icator 0111, subject to rules defined by
ecification.

reverting to the default interpretation the decoder shall output the appropriate esg
ix to the data.

tharacter 5Cygx needs to, bétused as encoded data, transmission shall be as follo
ter 5CHEx occurs as data, two bytes of the value shall be transmitted, thus a single

an escape character and’a double occurrence indicates true data.
e 1
pded data (hex): 4142 435C31323334
hitted data: 414243 5C5C313233 34
bded-data: ABC followed by <further data> encoded according to rules for E

erisrequired
Fansmitted as
9-1 and in the
resenting the
ble 4. These 6
, immediately

hs being from

 the AIM ECI

ape sequence

vs: whenever
occurrence is

L1 123456.

Transmitted data:

4142 43 5C 31 32 33 34 35 36 <further data>

Example 2 (using data in 7.4.2.2)

The message contains ECI

mode indicator/ECI Designator/mode indicator/Cha

indicator/Data in the form of

0111 00001001 0100 00000101 10100001 10100010 10100011 10100100 10100101

Symbology Identifier
Transmission (hex. values):

Encoded datain ECI 000009:

5D 51325C303030303039A1A2A3A4A5
ABTAE

© ISO/IEC 2015 - All rights reserved
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In Structured Append mode, when the ECI mode indicator is encountered at the beginning of the symbol,

subsequent data characters shall be interpreted as being from the ECI(s) in force at the end
preceding symbol.

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

14.4 FNC1

In the modes with implied FNC1 in either first or second position, this implied character can

of the

not be

transmitted directly as there is no byte value corresponding to it. It is therefore necessary to indicate its

presence in the first or second position by the transmission of the relevant Symbology Identifier
Q4,]1Q50r]Q ined | I ' i

with the releyant application specification as a data field separator, represented in Alphanumepri
by the characfer % and in Byte mode by the character GS (ASCII/JIS8 value 1Dygx). In both ca
decoder shallftransmit ASCII/]JIS8 value 1DyHEx.

If, in symbols|in FNC1 mode, the character % needs to be encoded as data while in Alphanumerig
it shall be represented in the symbol by %%. If this is encountered the decoder shall transmit 4
% character.

(1Q3,1
rdance
' mode
es the

mode,
single
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Annex A
(normative)

Error detection and correction generator polynomials

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

the remainder of this division are the error correction codeword values

Table A.1 shows the generator polynomials for the error correction codes which are used.fo
and Lgvel, for all QR Code symbols. The number of error correction codewords reqiited fq

Ir each Version

r a particular

versioh and error correction level can be obtained from Table 9. In the table, c.isithe primitive element

2 undgr GF(28). Each generator polynomial is the product of the first degree(polynomialg: x-29, x-21, ...,
x-20-1;fwhere n is the degree of the generator polynomial.
Table A.1 — Generator polynomials for Reed-Solomon errotr-correction codewords
Numiber of error Generator polynomials
corrpction code-
words
2 X2 + a25X + «
5 x5 + o113x4 + 164x3 + 166x2 + q119x + 10
6 X6 + q166x5 + x4 + q134x3 + a5x2 W ul76x + al5
7 x7 + a87x6 + a229%5 + 146xG q149%3 + 238x2 + q102x + 21
8 x8 + al75x7 + a238x6 + q208x5 + 01249x4 + 2153 + 252x2 + q196x + 28
10 x10 + 251%9 + 67x8\046x7 + 61x6 + 118x5 + 70x4 + 64x3 + 0 94x2
+a32x + a45
13 x13 + 74x12 +152x11 + 176x10 + 100x9 + 86x8 + 100%7 + 106x6 + 104x
+ a130x4 218x3 + 2062 + 140x + 78
14 x14 + q199x13 + q249x12 + 155x11 + q48x10 + 190x9 + 124x8 + 218x7
+ ql87%6 + 216x5 + o87x4 + 207x3 + 59%2 + o22x + 91
15 £15F a8x14 + a183x13 + o61x12 + q91x11 + 20210 + 37x9 + o(51x8 + a58x7
+ 058%6 + 2375 + 140x4 + q124x3 + o5x%2 + 099 + 105
16 x16 + 120x15 4 104514 + q107x13 4+ 109x12 4 102x11 4 q161x10 4 ¢76x9
+ a3x8 + a91x7 + q191x6 + 147x5 + q169x4182x3 + 194x2 + 225 + 120
17 x17 + o43x16 + 139x15 + 206x14 + (78x13 + 43x12 + 23911 + 12310
+ 0206%9 + 2148 + ql47x7 + q24x6 + 99%5 + 150x4 + o393 + a243x2
+ olo3x + 156
18 x18 + q215%17 + 234x16 + q158x15 + 94x14 + q184x13 + 97x12 + q118x11
+ a170%10 4+ q79%9 + 1878 + 152x7 + 1486 + 12525 + o179x4 + o(5x3
+098x2 + q96x + 153
20 x20 + o17x19 + 60x18 + 79x17 + 5016 + 61x15 + 163x14 + 26x13 + 187x12
+ 202511 4 180x10 + o221%9 + 225x8 + 83x7 + a239x6 + o(156x5 + (164x4
+ a212x3 + 212x2 + 188x + 190
22 %22 + 0210x21 4+ q171x20 + q247x19 + 242x18 + q93x17 + 230x16 + (14x15
+ o109x14 4+ ¢221x13 4 o53x12 + 200x11 + @74x10 + o8x9 + 172x8 + 98%7
+ a80x6 + 219%5 + 134x4 + 160x3 + 105x2 + 165x + 231
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Table A.1 (continued)

Number of error
correction code-
words

Generator polynomials

24

x24 + q229x23 + q121x22 + 135x21 + q48x20 + 211x19 + 117518 + ¢251x17
+ q126x16 + o159x15 + 180x14 + q169x13 + q152x12 + o192x11 + 226x10
+a228x9 + a218x8 + ql11x7 + x6 + al17x5 + 0232x4 + a87x3 + 096x2 + a227x
+ 21

26

%26 + q173x25 + 125x24 + 15823 + 2x22 + 103x21 + 182520 4 11819
+ al7x18 + o145x17 4+ 20116 4+ 111x15 4+ 28x14 + 165513 + 5312
+ q161x11 + q21x10 + 245%9 + q142x8 + q13x7 + 1026 + 48x5 + 2274

+ a153x3 + a145xz + a218x + a70

28

x28 + 168x27 + q223x26 + q200x25 + 104524 + 224%x23 + 234x22 + ¢108x21
+ 0180x20 4+ ¢110x19 + 19018 + q195x17 + o147x16 + 205x15 4+ 27x14

+ 0232513 4+ q201x12 4+ q21x11 4+ 43x10 + 245x9 + o87x8 + q42x7

+ a195%6 + q212%5 + 119x4 + q242x3 + a37x2 + o9x + o123

30

x30 + o41x29 + q173x28 + 145x27 + 152x26 + 216x25 + ¢31x24 + 179x23
+ a182x22 + ¢50x21 4+ 48x20 + 110x19 4 8618 + 1239x17 + 96£16

+ a222x15 4+ 125x14 4 q42x13 + q173x12 + q226x11 + q193x10 4. 5224%9

+ a130x8 + 156%7 + q37x6 + a251%5 + 216x4 + 2383 + q40%2 + o192

+ 180

32

x320010%31 + 6x30 + 106x29 + 19028 + 249%x27 + A67x26 + q4x25 + 67x24
+ 0209%23 + o138x22 + 138x21 + 32x20 + 242x19 + (123x18 + 8917

+ 02716 + 120x15 + 185x14 + 80x13 + 15612 4 38x11 + 69x10

+ al71x%9 + a60x8 + a28x7 + o222x6 + 80x5 + wd2x4 + o254%3 + 185%2

+ 0220x + (241

34

x34 + q111x33 + 77x32 + q146x31 + q94x30"+ q26x29 + 21x28 + 108x27
+ q19x26 + q105x25 + 94x24 + 113923+ q193x22 + 86x21 + (140x20

+ a163x19 + 125518 + q58x17 + q158x16 + 229x15 + q239x14 + 218x13
+ 103512 + o56x11 + o70x10 4 ((#1%x9 + o61x8 + 183x7 + 129x6

+ 167x5 + 13x4 + a98x3 + or62x2 + o129x + o51

36

%36 + 20035 + 183x34 +99198x33 + q16x32 + q172x31 + q31x30 + (246x29
+ 23428 + q60x27 + q152x26 + q115x25 + x24 + q167x23 + q152x22

+ q113x21 + 248520 238519 + 10718 + o18x17 + 63x16 + 218x15

+ a37x14 + q87x13 ¥ 210x12 + 105511 4+ 17710 4+ ¢120x9 + 74x8

+ al121x7 + ql96x6 + o117x5 + q251x4 + o113x3 + a233x2 + a30x + 120

40

x40 4+ 59394 116x38 + 79x37 + q161x36 + 25235 + 98x34 + 128x33
+ q205x324 128431 + q161x30 + 247x29 + 57x28 + q163x27 + (56x26

+ Q235%25 + 106x24 + 53x23 + 26x22 + 187x21 + 17420 4 226x19
+qd0%518 4 170517 + 7x16 + q175x15 + q35x14 + 181x13 4+ 114x12
+-a88x11 + q41x10 + q47x9 + q163x8 + 125x7 + q134x6 + 72x5 + 20x4
+ a232x3 + o53x2 + o35x + 15

42

42 + q250x41 + 10340 + 221x39 + 230%x38 + 25%37 + q18x36 + 137x35

T o337 1 X33 + o332 7 o083 + a282x30 1 221X 29 ¥ o901k 28 + o110x27
+ 0B84x26 + 23025 + oBx24 + q188x23 + 106x22 4+ 96x21 + 147x20 + 15x19

+ a131x18 + q139x17 + 34x16 + q101x15 4+ q223x14 + 39x13 + 101x12 4 213x11
+ a199x10 + 2379 + 254%8 + 201x7 + o123x6 + q171x5 + q162x4 + 194x3

+ o117x2 + a50x + 96

44

<44 + q190x43 + q7x42 + qb61x41 + q121x40 + o71x39 + 24638 + 69x37 + 55x36
+ 16835 + 188x34 + 8933 + 243x32 + q191x31 + 25x30 + 72x29 + 123x28
+ 09%x27 + q145x26 + q14x25 + 247x24 + qx23 + a238x22 + qd4x21 + o78x20

+ a143x19 + 62x18 + 224x17 + 126516 + 11815 + q114x14 + 68x13 + 16312
+ a52x11 + q194x10 4+ q217x9 + 147x8 + 204x7 + 169%6 + 37x5 + 130x4

+ al13x3 + q102x2 + q73x + 181

74
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Table A.1 (continued)

Number of error
correction code-
words

Generator polynomials

46

x46 + 112x45 4 q94x44 + 188x43 + 112x42 + 253x41 + 224x40 + 1202x39 + 115%38
+ a187x37 + (X99X36 + a89x35 + a5X34 + a54x33 + a113xg2 + alzgx31 + a44x30

+ 058x29 + 16x28 + 135x27 + q216x26 + q169x25 + 211x24 + 36x23 + x22

+ odx21 + q96x20 + 60x19 + 241x18 + o73x17 + 104x16 + 234x15 + oBx14

+ 0249¢13 + 245x12 + 119x11 + q174x10 + o52x9 + 25%x8 + q157x7 + a224x6

+ 0d43x5 + 0202x4 + q223x3 + q19%2 + 82x + 15

48

<48 + 1228547 + q25x46 + q196x45 4+ 130x44 + q211x43 + 146542 + q60x41 + 24x40

+ 0251x39 + 90x38 + 39x37 + q102x36 + 240%35 + q61x34 + 178x33 + a63xI2
+ a46x31 + q123x30 + 115529 + 18x28 + 221x27 + q111x26 + 135x25 + §l60k24
+ a182x23 + 205x22 + q107x21 + 206x20 + 95519 + ¢ 150x18 + 120x 17 W) 18%x16
+ a91x15 + q21x14 + q247x13 + q156x12 + 140511 4+ ¢238x10 + 191%9 +'411x8
+ a9%4x7 + a227x6 + qB4x5 + a50x4 + q163x3 + q39x2 + a34x + 108

50

x50 + 232x49 4+ 125x48 4+ 157x47 + 161x46 4 16445 + qIx4 K 118x43 + o46x42
+ a209x41 + a99x40 + a203x39 + a193x38 + (X35X37 + a3x36 %+ a209x35 + alllxs‘l-
+ 195%33 + 024232 + 0203x31 + 225x30 + 46x29 + q13x28 + ¢32x27 + 160xi26

+ a126x25 + q209x24 + 130x23 + 160x22 + 242521 215%20 + 242x19 + o7px18
+ o77x17 + o42x16 + 189x15 + o32x14 + q113x13 +-§465%12 + q124x11 4+ 69%10
+0228%9 + 1148 + 235x7 + q175x6 + q124x5 +\qd70x4 + 215x3 + 232x2

+ a133x + 205

52

x52 + o116x51 4+ 50x50 + 86x49 + 1865484 (50x47 + 220x46 + 251x45 + BPx44
+ q192x43 + q46x42 + o86x41 + q127x40%a(124x39 + 1938 + q184x37 + ¢233x}6
+ a151x35 + o215x34 + q22x33 + q14%32 + q59%31 + o145x30 + 37x29 + 2422
+ q203x27 4 134526 + 254x25 4aB9%x24 + 190x23 + q94x22 + ¢(59x21 + 65x2
+ q124x19 + q113x18 + q100x17 4 q233x16 + 23515 + o121x14 + ¢22x13 + 76512
+ a86x11 + q97x10 + 39x9 £ 242x8 + 200%7 + q220x6 + 101x5 + 33x4
+ a239%3 + o254x2 + q116x\+ 51

o W

54

x54 + o183x53 + 26x52Fq201x51 + qB87x50 + 210x49 + 221x48 + o113x47 + P 1x46
+ Q46x45 + 65544 A d5x43 + 50x42 + 238x41 + 184x40 + 24939 + 2253
+ a102x37 + 58536+ 209%35 + 218x34 + q109%33 + 165%32 + 26x31 + 95x30
+ q184x29 4+ o192%28 4+ 52x27 + 245x26 + 35x25 + 254x24 + 238x23 + 17522
+ al72x217F 079%20 + 12319 + o25x18 + 122x17 + o43x16 + 120x15 + ¢ 108x]4
+ q215x13 F80x12 4+ 128x11 + q201x10 + 235x9 + 8x8 + (1537 + (596
+ ol01%5 + q31x4 + a198x3 + a76x2 + a31x + o156

56

%56 10655 + 120x54 + 107x53 + q157x52 + 16451 + 216x50 + 112549
$116x48 + q2x47 + q91x46 + 248x45 + 163544 + 36x43 + q201x42 4+ 202x4
+ 0229%40 + 6x39 + 14438 + 254x37 + q155%36 + 135x35 + 208x34 + 170)33

+ 20932 + q12x31 + q139%30 + 127x29 + 142x28 + 182x27 + 24926 + 17Fx25
+ q174x24 + q190%23 4 28x22 + 10x21 + 85x20 + 239x19 + (184x18 4+ ¢101x|7
+ q124x16 + q152x15 + 206514 + q96x13 + q23x12 + q163x11 + 61x10 + 27x9
+ a196x8 + q247x7 + o151x6 + q154x5 + 020254 + q207x3 + q20x2 + b61x + 10

58

X58 + aB2x57 + al16%56 + 026x55 + a247x5% + a66x53 + 0 27x52 + 062x51 + 107x50
+ q252x49 + 182x48 4+ 200x47 + 185546 + 235x45 + (55x44 + 251x43 + 242x42
+ q210x41 4+ (144540 4 q154%39 + 237x38 + 176x37 + 141x36 + 192x35 + 248x34
+ q152x33 + 249x32 + 20631 + 85x30 + 253x29 + 142x28 + 65x27 + 165x26
+ q125x25 + 023x24 + q24x23 + q30x22 + 122x21 + 240x20 + 214x19 + o618

+ q129x17 + q218x16 + 29x15 + 145514 + 127x13 + 13412 + q206x11 + 24510
+ a117%9 + q29x8 + q41x7 + a63x6 + a159x5 + o142x4 + q233x3 + o125x2 + 148x
+ql23

© ISO/IEC 2015 - All rights reserved

75


https://iecnorm.com/api/?name=c71f3d549b3dad559fd07221e3784316

ISO/IEC 18004:2015(E)

Table A.1 (continued)

Number of error Generator polynomials
correction code-
words

60 x60 + q107x59 + q140x58 + 26x57 + o12x56 + q9x55 + q141x54 + 24353 + 19752
+ q226x51 + q197x50 + 219x49 + 45x48 + 211x47 + 101x46 4 21945 4 120x44
+ 028x43 + q181x42 + q127x41 + o6x40 + 100%39 + 247x38 + 2x37 + 205x36

+ 019835 + 57x34 + o115x33 + 219x32 + 101x31 + ¢109%30 + 160x29 + ¢82x28

+ a37x27 + a38x26 + 238x25 + 49x24 + 160x23 4+ q209x22 + 121x21 4 ¢B86x20

+ allx19 4+ 124518 4+ 30x17 + o181x16 + 84x15 + 25x14 + 194x13 + B87x12

+ 65x11 + q102x10 4+ 190x9 + q220%x8 + 70x7 + q27x6 + q209%5 + o 16x4 + 893

[ Y 29 240
T O X% FO°o°X F OztY

62 x62 + 65x61 + 202560 + 113x59 + 9858 + q71x57 + 223x56 + (248x55 + 11854
+ q214x53 4 q94x52 + x51 + q122x50 + q37x49 + 23x48 + a2x47 + (228x46

+ a58x45 + q121x44 4+ o7x43 + 105x42 + 135x41 4 o78x40 + 243x39 + ¢118x38

+ a70x37 + a76x36 + 223x35 + 89x34 + a72x33 + a50x32 + q70x31 + 111%30

+ q194x29 + q17x28 + 212x27 + q126x26 + 181x25 + 35x24 + 221x23 3w g117x22

+ a235x21 4+ o11x204+ 229x19 + 149x18 + 14717 + 123x16 + 213515, ¥ 40x14

+ 115513 4 q6x12 + 20011 + 100x10 4+ 26x9 + 246x8 + 182x7 +)0218x6

+ a127x5 + q215x4 + q36x3 + q186x2 + 110 + (106

64 «64 + q45x63 + o51x62 + q175x61 + q9%x60 + o7x59 + o158x58 & 4 159x57 + q49x56

+ 068x55 + o119x54 + 092x53 + a123x52 + a177x51 + q204%50 + o187x49 + 254x48
+ 0200%47 4 78x46 + 141x45 + 149x44 4 119x43 + 26542 + 127x41 4+ 5340

+ al60x39 + a93x38 + a199Xs7 + a212X36 + a29x35 + a24x34 + al45x33 + a156x32
+ 0208%31 4+ q150%30 + 1218x29 + 209%28 + qdx27 W 0216x26 + q91x25 + 47x24

+ 18423 4 146x22 4+ q47x21 + q140x20 + 195419 4+ q195x18 + 125517 + 24216
+ 023815 4+ 63x14 + q99x13 + q108x12 4+ 140x11 + ¢230x10 + 242x9 + 31x8

+ 0204x7 + o11x6 + o178x5 + q243x4 + 21953 + 156x2 + 213x + 231

66 %66 + 5%65 + 118x64 + 22263 + p180%x62 + 136x61 + 136x60 + 162x%59 + 51x58
+ 046x57 + 11756 + 13x55 + 215x54 + 81x53 + 1752 + 139x51 + 24750

+ 019749 + 171x48 + 95x%47 + (@173x46 + 65x45 + (137x44 + 178x43 + 68x42

+ al111x41 + 95x40 + 101393 41x38 + 72x37 + 214%36 + 169x35 + 197x34

+ 095%33 + 7x32 + q44x31 W 154%30 + 77%x29 + q111x28 + 236%x27 + 40x26

+ al121x25 + 143x24 + p63%x23 + 87%x22 + 80%x21 + 253%20 4+ 240x19 + 126x18

+ o217x17 + (77x16 $:q34x15 + 232x14 + 106x13 + 50x12 + 168x11 + 8210

+ 076x9 + 1468 + 67x7 + q106x6 + 171x5 + 25x4 + 1323 + 93x2

+ o45x + 105

68 %68 + 247467+ 159%66 + 1223%65 + 33x64 + 224%x63 + o93%62 + o77x61 + (7060
+ 09059 +)160%58 + 32x57 + 25456 + q43x55 + o150%54 + 84x53 + 101x52

+ o 190%51 + 205%50 + 13349 + (5248 + 60x47 + 202x46 + (165x45 + 220x44
+ 203%43 + q151x42 + 93x41 + 84x40 + 15x39 + 84x38 + 1253x37 + (17336

b q160x35 + 89%x34 + 1227x33 + 52%32 + 199%31 + 19730 + 95x29 + 231x28

+ a52x27 + 177x26 + 41x25 + 12524 + 13723 + 24122 + 166x21 + 22520
+ al118x19 + 2x18 + 54x17 + 3216 + 82x15 + 215x14 + 175x13 + 198x12

+ o43x11 + o238x10 4+ 235%9 + 278 + 1017 + (184x6 + 1275 + 3x4

+ o5x3 + a8x2 + o163x + 238
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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 data masking from the symbol

is:

R

That i

ri(i=0-

(i) C3
g

Fi

—n

S7
where

(ii) Fi

S.p

1

S
SZ
S

= (1)1 Tyl )
X)=T +NX 40X+ L+ X
D5) is an element of GF(28)

lculate n syndromes (where n is equal to the number of.codewords available for ery
en by (c - k - p) as shown in Table 9).

hd the syndrome S;(i=0-(n - 1)).
=R(1) =ry+r+r,+ ... +y

=R(a) =r+na+na’+ ... +na”

=R(a7) =r,+rno +na'te .+t
a is a primitive elementof GF(28)
nd the error positions:
4 —S,0,+5,6,-8,0,+S,=
5, —S,0,405.0,-5,0,+5. =
5, —S;0,4S5,0,-S.0,+5, =

o O © O

P80, +80,-50,+S, =

Find t

or correction,

hevvariable o;(7 = 1-4) for each error position using the above formulas. Then, d

ubstitute the

variable for the followmg polynomlal and substitute elements of GF(28) one by one.

_ 2 3, .4
o(x) = 0,+ ox+ 0,x* + 0,x° +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 (o) =0.
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(iii) Find the error size.

Supposing that an error is on the j1, j2, j4 digits in (ii) above, then find the size of the error.

Yaj' +Y,aj? +Yoj’ +Y,aj* =S,

Yol j' +Y,a’j? + Y0’ P +Y,a?jt =S,

Y&l +Y,a’jf + Y’ + Y0’ =S,

Ya'j' +Y,atj? +Y,a* P +Y,atjt =S,

Solve the abo T T T ==

(iv) Correct the error.

Correct the effror by adding the complement of the error size value to each error positiop:

78
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Annex C
(normative)

Format information

C.1 General

The fo
bits. T
proces

C2 |

The B
whose
x5 + x4
bit str
with 1

ensur¢ that the format information bit pattern is not all zetf'des for any combination of data|
and Erfror Correction Level.

EXAMPLE

Error Correction level M; data mask pattern 101

Binary|string: 00101

Polynomial: X2+ 1

Raise gower to the (15 - 5) th: x12 + x10

Divide py G(x): = (x10 + x8 + x5 + x4 + X2 + x + 1)x2 + (X7 + x6 + x4 + x1
Add coegfficient string of dbove remainder polynomial to format information data string:
0010p+0011011100’" 001010011011100

XOR with mask 101010000010010

Result: 100000011001110

'mat information consists of a 15-bit sequence comprising 5 data bits and 10 BCHex
his Annex describes the calculation of the error correction bits and the error cerred
S.

Error correction bit calculation

bse-Chaudhuri-Hocquenghem (15,5) code shall be used for errer correction. TH
coefficient is the data bit string shall be divided by the genérator polynomial G(3
+ x2 + x + 1. The coefficient string of the remainder polyntomial shall be appends
ng to form the (15,5) BCH code string. Finally, masking shall be applied by XORing
01010000010010 (for QR Code symbols) or 100010001000101 (for Micro QR Coq

For correction
tion decoding

e polynomial
) = x10 + x8 +
ed to the data
the bit string
e symbols) to
mask pattern

+x2)

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

C.3 Error correction decoding steps

Release the masking of the format information modules by XORing the bit sequence with the mask
pattern 101010000010010 (for QR Code symbols) or 100010001000101 (for Micro QR Code symbols).

The Hamming distance of the error correction code used in the format information is 7, which enables up
to 3 bit errors to be corrected. There are 32 valid bit sequences for the format information, so decoding
by using Table C.1 as a look-up table is efficient. Bit sequences read from the format information area
of the symbol are compared with the 32 valid format information bit strings in Table C.1 on a bit by bit
basis. The bit string from Table C.1 closest to the bit string read from the symbol is taken, provided the
strings differ by 3 bits or less.

©150/1
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Example (for QR Code symbol)

Bit string read from format information area:

Closest bit string from table:

000111101011001

000011101001001

Since only 2 bits differ between the two bit strings, the comparison is successful, so the symbol format
is confirmed as utilising error correction level M with masking pattern 011.

Table C.1 — Valid format information bit sequences

Sequence before masking

Sequence after masking (QR Code

Sequence after masking (Micro

[ SYTbols) QR Codesymbois)
Data bits | [Error correction bits binary hex binary *ex
00000 0000000000 101010000010010 5412 10001000100010.1 4445
00001 0100110111 101000100100101 5125 100000101110010 4172
00010 1001101110 101111001111100 5E7C 100111000101011 4E2B
00011 1101011001 101101101001011 5B4B 100101100011100 481C
00100 0111101011 100010111111001 45F9 101010110101110 5PAE
00101 0011011100 100000011001110 40CE 101000010011001 5099
00110 1110000101 100111110010111 4F97 101111111000000 5FCO
00111 1010110010 100101010100000 4AAQ 101101011110111 S5AF7
01000 1111010110 111011111000100 77C4 110011110010011 G793
01001 1011100001 111001011110011 72F3 110001010100100 6RA4
01010 0110111000 111110110101010 7DAA 110110111111101 6pFD
01011 0010001111 111100010011101 789D 110100011001010 6BCA
01100 1000111101 110011000301111 662F 111011001111000 71678
01101 1100001010 110001200011000 6318 111001101001111 734F
01110 0001010011 110110001000001 6C41 111110000010110 7C16
01111 0101100100 110100101110110 6976 111100100100001 7921
10000 1010011011 001011010001001 1689 000011011011110 OpDE
10001 1110101100 001001110111110 13BE 000001111101001 0BE9
10010 0011110101 001110011100111 1CE7 000110010110000 0[CBO
10011 0111000010 001100111010000 19D0 000100110000111 0987
10100 1401110000 000011101100010 0762 001011100110101 1735
10101 +001000111 000001001010101 0255 001001000000010 1202
10110 0166611116 666110166661166 b6t 0611101010116t tD5B
10111 0000101001 000100000111011 083B 001100001101100 186C
11000 0101001101 011010101011111 355F 010010100001000 2508
11001 0001111010 011000001101000 3068 010000000111111 203F
11010 1100100011 011111100110001 3F31 010111101100110 2F66
11011 1000010100 011101000000110 3A06 010101001010001 2A51
11100 0010100110 010010010110100 24B4 011010011100011 34E3
11101 0110010001 010000110000011 2183 011000111010100 31D4
11110 1011001000 010111011011010 2EDA 011111010001101 3E8D
11111 1111111111 010101111101101 2BED 011101110111010 3BBA
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(normative)

Version information

D.1 General

The vérsion information consists of an 18-bit sequence comprising 6 data bits and(1P Golay error
correcftion bits. This Annex describes the calculation of the error correction bits and the'erfor correction
decoding process.

D.2 Error correction bit calculation

The (18,6) Golay code shall be used for error correction. The polynomial whose coefficignt is the data
bit string shall be divided by the generator polynomial G(x) = x12 + 3% x10 + x9 + x8 + xp + x2 + 1. The
coeffidient string of the remainder polynomial shall be appendedto-the data bit string to fprm the (18,6)
Golay ¢ode string.

EXAMBLE  Version: 7
Binary string: 000111
Polynomial: x2+x+1

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

Divide by G(x): (%12 + x11 + x10 + x9 + x8 + x5 + x2 + 1)x2 + (x11 +|x10 + x7 + x4
+x2)

Add coefficient string of;above remainder polynomial to version information data s{ring:

000111+110010010100—000111110010010100

Place these bits in-the version information areas as described in 7.10.

Table ID.1 below shiows the full version information bit stream for each version.

D.3 Error, correction decoding steps

The He . : euse
to 3 bit errors to be corrected There are 34 Vahd b1t sequences for the version 1nformat10n so decoding
by using Table D.1 as a look-up table is efficient. Bit sequences read from the version information area
of the symbol are compared with the 34 valid version information bit strings in Table D.1 on a bit by bit
basis. The bit string from Table D.1 closest to the bit string read from the symbol is taken, provided the
strings differ by 3 bits or less after the comparison.

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

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

Version Version information bit stream Hex equivalent
7 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 OBBF6
12 00 1100 0111 0110 0010 0C762
13 00+1011000-0166-011 ODBT——
14 00 1110 0110 0000 1101 0E60D N~
15 001111 1001 0010 1000 0F926 |~
16 010000 1011 0111 1000 10B78
17 010001 0100 0101 1101 145D
18 010010 1010 0001 0111 L) 12417
19 010011 0101 0011 0010 WY 13532
20 010100 1001 1010 0110 &7 149A6
21 010101 0110 1000 0011 K 15683
22 010110100011001001 ¢ 168C9
23 010111011111101100 <~ 177EC
24 011000 1110 1100 0100, 18EC4
25 011001 0001 1110 0001 191E1
26 011010 1111 1010, 1011 1AFAB
27 011011 0000:1600 1110 1BOSE
28 01 1100 1100 0001 1010 1CC1A
29 0111010011 0011 1111 1D33F
30 011110 1101 0111 0101 1ED75
31 101 1111 0010 0101 0000 1F250
32 ()" 100000 1001 1101 0101 209D5
33 w7 1000010110 1111 0000 216F0
34 Re 10 0010 1000 1011 1010 228BA
35 | o 100011 0111 1001 1111 2379F
36 | 10 0100 1011 0000 1011 24B0B
37 +0-6+0+0+00-0016-+110 25426
38 10 0110 1010 0110 0100 26A64
39 10 0111 0101 0100 0001 27541
40 10 1000 1100 0110 1001 28C69
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Position of alignment patterns

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

timingpa
the ti

ning pattern and the f1rst alignment pattern in the symbol interior. '\(o

ated between

Table E.1 below shows, for each version, the number of alignment patterns and'@e r¢w or column

coordinates of the center module of each alignment pattern.

-
P

Table E.1 — Row/column coordinates of center module of altg(bment patte|

I'ns

Version Number of align-

Row/Column coordin«

\
of center module

ment patterns
1 0 : J\%v
2 1 6 18 o
3 1 6 22 A<§<
4 1 6 26 L
5 1 6 30 S
6 1 6 34
7 6 6 |\ 22 38
8 6 6 N 24 42
9 6 S 26 46
10 6 176 28 50
11 6 | s 30 54
12 6 <\ 6 32 58
13 6’ 6 34 62
14 13 6 26 46 66
5 S 13 6 26 48 70
16 Q%» 13 6 26 50 74
i 13 6 30 54 78
8 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
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Table E.1 (continued)

Version N;I::te;:tftz:.ir‘;’r:- Row/Column coordinates of center module
1 0 -
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 84 140 136 162
39 46 6 26 54 82 110 138 166
40 46 6 30 58 86 114 142 170

For example,
therefore, are|
Note that the
for alignment

84

in a Version 7 symbol the table indicates values 6522 and 38. The alignment pa
to be centered on (row, column) positions (6,22),(22,6), (22,22), (22,38), (38,22), (

kterns,
38,38).

coordinates (6,6), (6,38), (38,6) are occupied by.finder patterns and are not therefoie used

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 decoded data by a suitably programmed decoder is:

IQm

where
] | isthe Symbology Identifier flag (ASCII value 93)
Q[ isthe code character for the QR Code symbology
m| isthe modifier character with one of the values defined in Table-E"

In the fase of Micro QR Code symbols, the value of m shall always-be 1.

Table F.1 — Symbology Identifier options and modifier values

Modiffer value Option

0 QR Code Model 1 symbol (in accordanee with AIM ITS 97-001)

QR Code symbol, ECI protocol netimplemented

QR Code symbol, ECI protocelimplemented

QR Code symbol, ECI protocol not implemented, FNC1 implied in first position

QR Code symbol, ECI,protocol implemented, FNC1 implied in first position

QR Code symbol,"ECT protocol not implemented, FNC1 implied in second position

U D W IN =

QR Code symbol; ECI protocol implemented, FNC1 implied in second position

The pdrmissible values©fym are: 0, 1, 2, 3, 4, 5, 6.

© ISO/IEC 2015 - All rights reserved

85


https://iecnorm.com/api/?name=c71f3d549b3dad559fd07221e3784316

ISO/IEC 18004:2015(E)
Annex G
(normative)

QR Code print quality - symbology-specific aspects

G.1 General

Because of differences in symbology structures and reference decode algorithms, the effect af¢ertain
parameters dn a symbol’s reading performance may vary. ISO/IEC 15415 provides for-sympology
specificationd to define the grading of certain symbology-specific attributes. This Anhex thgrefore
defines the mlethod of grading Fixed Pattern Damage and additional parameters (format inforjnation
and version ifformation) to be used in the application of ISO/IEC 15415 to QR Code.

G.2 Fixed Pattern damage

G.2.1 Featyres to be assessed

G.2.1.1 QR Code symbols
The features fo be assessed are:
— Three cofner segments, each including:
— the 7|x 7 finder pattern,
— the 1X wide separators surrounding the.two inner sides of the finder pattern,

— part |of the Quiet Zone of a minithum of four modules width (or more if specified py the
applifation) extending for a length®of 15 modules along the two outer sides of the finder phttern.

— The two timing patterns of alternating dark and light modules linking the inner corners of the finder
patterns.

— The 5 x 5falignment pattérns (where present, in Model 2 symbols of Version 2 or larger).
The features listed above shall be assessed as six segments, viz.:

— the three|corner:segments (finder patterns with their associated separators and part of the quiet
zone) (Segments Al, A2 and A3 respectively),

— the two titmng patterns{Segments B1amd B2 Tespectively);

— the single segment containing all the alignment patterns (Segment C).

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

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

These segments, in the case of a Version 7 symbol, are illustrated in Figure G.1 below. A1, A2 and A3
indicate the three corner segments; B1 and B2 indicate the two timing pattern segments, and C indicates
the single Segment C (comprising the 6 alignment patterns).

NOTE For QR Code symbol its width of Quiet Zone shall be 4X. Figure G.1 shows segments that shall be
checked at fixed pattern print quality assessment. Remaining regions of quiet zones are not checked.

86 © ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=c71f3d549b3dad559fd07221e3784316

ISO/IEC 18004:2015(E)

1 ]
(A A anns

- - -

-
-
-
-
-
™
L]
-
B
=
&
=

$’\.
.\Q)
Figure G@— QR Code fixed pattern segments
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G.2.1.2 Micro QR Code symhols

The feptures to be asse@are:

— The corner se@&{ including:

— thp finder@tern,

— thp 1)(@% separators adjoining the two inner sides of the finder pattern,

— partofthe Quiet Zone of a minimum of two modules width (or more if specified by the application)
extending for a length of 11 modules along the two outer sides of the finder pattern.

— The two timing patterns of alternating dark and light modules running along the top and left side of
the symbol from the finder pattern.

The features listed above shall be assessed as three segments, viz.:

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

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

In a version M4 symbol (17 x 17 modules) for example, each Segment B is 9 modules long.
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These segments, in the case of a Version M4 symbol, are illustrated in Figure G.2 below. A indicates the
corner segment; and B1 and B2 indicate the two timing pattern segments.

NOTE For Micro QR Code symbol its width of Quiet Zone shall be 2X. Figure G.2 shows segment that
shall be checked at fixed pattern print quality assessment. Remaining regions of quiet zones are not
checked.

o

11

Figure G.2 — Micro QR Code fixed pattern segments

G.2.2 Fixed Pattern Damage grading

Damage to ech segment shall be graded based on the modulation of the individual modul¢s that
compose it.

The procedurg.déscribed below shall be applied to each segment in turn

a) Fromthereference grey-scale image of the symbol, find the modulation grade for each module based
on the values in ISO/IEC 15415. Since the intended light or dark nature of the module is known, any
module intended to be dark but the reflectance of which is above the global threshold, and any
module intended to be light but the reflectance of which is below the global threshold shall be given
modulation grade 0.

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

1) For each of Segments A1, A2, and A3, or Segment A in Micro QR Code symbols, count the number
of module errors.
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2) ForsegmentsB1and B2, countthe number of module errors. Express this numberasapercentage
of the total number of modules in the segment.

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

4) For Segment C (in QR Code symbols only), count the number of alignment patterns containing a
module error. Express this number as a percentage of the number of alignment patterns in the
symbol.

S5)Assigmanotionmatdanage grade toeacirsegnent based o the grade threshotds shown in Table

G.1.

c) THhe Fixed Pattern Damage grade for the segment shall be the highest resulting|grade for all
m¢pdulation grade levels.

The Fiked Pattern Damage grade for the symbol shall be the lowest of the segment grades.

Table G.1 — Grade thresholds for QR Code Fixed Pattern Damage

Segments A1, A2
'S5, | Segments Bl | Segments BT
and A3 (QR Co_d €); and B2 (QR and B2 (Micro Segment C (QR Grade
Segment A (Micro Code) QR Céde) Code)
QR Code)
Percentage of | Percentage of Percentage
Number of module | total modules |, tetal modules of alignment
errors with module with module patterns with
errors errors module errors
0 0% 0% 0% 4
1 <7% <10% 3
2 <11% <30% <20% 2
3 <14% <30% 1
24 > 14% >30% >30% 0

G.3 Grading of additional parameters

G.3.1| General

QR Cogle syatibols contain a duplicated set of modules representing information that defies the format
of the |[symbol, and symbols of Version 7 to 40 also contain a duplicated set of moduled representing
information that defines the symbol size. Micro QR Code symbols contain a single sét of modules
representing information that defines the format of the symbol. This data requires to be reliably
detected at an early stage of the decoding procedure, and if it cannot be decoded, the remainder of the
symbol cannot be decoded. For this reason the format information and version information module
blocks are graded separately (in a similar way to Fixed Pattern Damage), and their grades are included
in the overall symbol grade determination.

G.3.2 Grading of format information
For each block of format information, determine a grade for the block according to the following method.

a) From the reference grey-scale image of the symbol, find the modulation grade for each module based
on the values in ISO/IEC 15415. Since the intended light or dark nature of the module is known after
decode, any module intended to be dark but the reflectance of which is above the global threshold,
and any module intended to be light but the reflectance of which is below the global threshold shall
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be given modulation grade 0. If the format information in the block cannot be decoded, the grade for
the block shall be 0.

b) For each modulation grade level:

1) Assume that all modules not achieving that modulation grade or a higher grade are module
errors, and derive a notional grade based on Table G.2:

Table G.2 — Format information notional grading

Number of module errors Grade
0 4
1 3
2 2
3 1
>4 0

2) Selecf the lower of the MOD grade and the notional grade at each levelas the grade for thdt level,
as illyistrated in Table G.3.

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

Table G.3 — Example of grading of format ibformation block

Modulation Notional grade Lower of grades
grade

4 2 2
3 2 2
2 3 2
1 3 1
0 4 0

Sélected (highest) Grade-> 2

¢) The formpt information grade shall be:

1) For QR Code symbols, the average of the grades of the two format information blocks, rqunded
up if hecessary te.the next integer.

2) For Micro QR(Code symbols, the grade determined in step 2 c).

G.3.3 Gradjngof version information (QR Code symbols)

For each block of version information, determine a grade for the block according to the following method.

a) Find the modulation grade for each module based on the values in ISO/IEC 15415. Since the intended
light or dark nature of the module is known after decode, any module intended to be dark but the
reflectance of which is above the global threshold, and any module intended to be light but the
reflectance of which is below the global threshold shall be given modulation grade 0. If the version
information in the block cannot be decoded, the grade for the block shall be 0.

b) For each modulation grade level:

1) Assume that all modules not achieving that modulation grade or a higher grade are module
errors, and derive a notional grade based on Table G.4:
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Table G.4 — Version information notional grading

Number of module errors Grade
0 4
1 3
2 2
3 1
>4 0

2) Selectthe lower of the MOD grade and the notional grade at each level as the grade for that level,

3)

c) T}
bl

G4 |

The sa
ISO/IE

applic

das 1llustrated 1n l1able G.o.

The grade for the block shall be the highest resulting grade, as illustrated iri Tabl

Table G.5 — Example of grading of version information-block

a1
X
1

Modulation Notional grade Lower of grades
grade

4 2 2
3 2 2
2 3 2
1 3 1
0 4 0

Selected (highest))Grade-> 2

bcan grade

e version information grade shall be the*average of the grades of the two versio
bcks, rounded up if necessary to the next integer.

h information

an grade shall be the lowest of the grades for the standard parameters evaluated according to
C 15415 together with“the grades for Fixed Pattern Damage, format informatio
hble) version information evaluated in accordance with this Annex.

h and (where
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Annex H
(informative)

JIS8 and Shift JIS character sets

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

Char. Hex|] Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex
NUL 00|l sP 20| @ 40 60 80 A0 | & cCo EO
SOH 01 1 21 A 41] a 61 g1 | - a1 | F ¢t E1
STX 02 " 22 B 42| b 62 g2 T a2 | ¥, E2
ETX 03]l # 23] ¢ 43| ¢ 63 83| 1 a3 L& 3 E3
EOT 04|] ¢ 24| D 44| d 64 ga | - APt s E4
ENQ 05| v 25| E 45| e 65 s | + a5l +  cs E5
ACK o6 & 26| F 46 f 66 g6 | 75 a6 | = 6 E6
BEL 07 27l 6 47| g 67 87 )& a7 | * E7
BS 08 ( 28] H 48] h 68 sV T a8 | ® 8 E8
HT 09 ) 29 I 49 I 69 so | ¥ a9 | /S 0o E9
LF  0A * 201 ] 4A i 6A BAl = AA | 7' cA EA
vi oB|] + 2B|] K 4B ] k 6B ss| ¥ aB| v B EB
FF  0C , 20| L 4c 1 66 sc| ¥ ac] 7 cc EC
CR 0D - 2Dl M 4D | m.,0)6D sp| - AD| ™ oD ED
SO OE . 2| N 4E | - 6E se| F A | F cE EE
SI  OF / 2F] O 4R o 6F 8F | ¥ AF| ¥ CF EF
DLE 10f] o 30] P «50] p 70 9] = BO| % DO FO
DC1 11 1 31 Q)51 q 71 91| ¥ B1| & D1 F1
pcz 12| 2 32 fR 52 r 72 92| 4« B2| A D2 F2
pc3 13| 3 33| s 53 s 73 93| ¥ B3| ® D3 F3
pc4 14| 43| T 54 t 74 94| & B4a| ¥ D4 F4
NAK 15||s52 35 ] u 55| u 75 os | ¥ B | & D5 F5
SYN 164~6—361 v el 3¢ 96— pe I pe F6
ETB 17| 7 37| w 57| w 77 97| & B7| 7 D7 F7
cAN 18| 8 38| x 58| x 78 ¢ | ¥ B | VU b8 F8
EM 19| 9 39| vy 59| vy 79 99| 7 B | M po F9
SUB 1A . 3A| z s5A) z 7A oaAl @ BA| V¥ DA FA
ESC 1B| ; 3B [ 5B { 7B os| ¥ BB| ® DB FB
FS 1C < 3C ¥ 5C | 7C oac|l ¥ B | ¥ bDC FC
s 1| = 3p ] 5D } 7D oo| % BD| *~ DD FD
RS 1E | > 3E ~ s | - 7E ot | £ BE *  DE FE
Us 1IF ? 3F | _ 5F |DEL 7F of | ¥ BF " DF FF
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