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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]

The proc
described
the differ]

editorial

Attention|
of patent
Details of
and/or of

Any tradg
constitut

For an e
assessme
to Trade

The comr
identifica

This thir
technical

G 1.

bdures used to develop this document and those intended for its further maintendrce 3

ent types of document should be noted. This document was drafted in accorddn¢e with t
Fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

is drawn to the possibility that some of the elements of this document{may be the subje

any patentrights identified during the development of the document will be in the Introducti
the ISO list of patent declarations received (see www.iso.org/pateérits).

b name used in this document is information given for the convénience of users and does 1]
e an endorsement.

kplanation on the meaning of ISO specific terms and ‘expressions related to conform
nt, as well as information about ISO’s adherence to the WTO principles in the Technical Barrig
TBT) see the following URL: Foreword - Suppleméntary information

hittee responsible for this document is ISO/IE€YTC 1, Information technology, SC 31, Automa
Fion and data capture techniques.

l edition cancels and replaces the s€cond edition (ISO/IEC 18004:2006), which has be
y revised.

re

in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for

he

rights. ISO and IEC shall not be held responsible for identifying any orall such patent righis.

pn

ot

ty
rs

fic

Vi

© ISO/IEC 2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=c71f3d549b3dad559fd07221e3784316

ISO/IEC 18004:

Introduction

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

2015(E)

QR Code

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

International Symbology Specification-QR Code.

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

addition nf;llignmpnf patterns to assist navigation in I;n'gpr cvmhnk) and was the basisq

f the first

edition of ISO/IEC 18004.

—| QR Code (the basis of the second edition of ISO/IEC 18004) is closely similar to QR €ode
its QR Code format differs only in the addition of the facility for symbols to-appear in
image orientation for reflectance reversal (light symbols on dark backgrounds)and the
specifying alternative character sets to the default.

—| The Micro QR Code format (also specified in the second edition of ISO/HEC 18004), is a
QR Code with a reduced number of overhead modules and a restricted\range of sizes, whid
small to moderate amount of data to be represented in a small symbol, particularly suited
marking on parts and components, and to applications where;theé’space available for the
severely restricted.

QR Code is a matrix symbology. The symbols consist of an agrray of nominally square modules
infan overall square pattern, including a unique finder pattern located at three corners of the s
Mjcro QR Code symbols, at a single corner) and intendedto'assist in easy location of its position
inflination. A wide range of sizes of symbol is provided for, together with four levels of error c
Mgpdule dimensions are user-specified to enable symbol production by a wide variety of techn

QR Code Model 2 symbols are fully compatibléavith QR Code reading systems.

M¢pdel 1 QR Code symbols are recommended only to be used in closed system applications and
reguirement that equipment complying:with this International Standard should support Mod
QR Code is the recommended modekfor new, open systems application of QR Code, this Intg

in]Annex N.

Model 2,
a mirror
pption for

Fariant of
h enables

to direct
symbol is

arranged
ymbol (in
size, and
prrection.
iques.

itisnota
bl 1. Since
rnational

Sthndard describes QR Code fully, and lists the features in which Model 1 QR Code differs fromp QR Code
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Information technology — Automatic identification and
data capture techniques — QR Code bar code symbology
specification

1

T}
th
chi
an

2

QR Code symbols (and equipment designed to produce or read QR €ode symbols) shall be ¢
conforming with this International Standard if they provide or support the features definled in this

as
In

is International Standard defines the requirements for the symbology known as QR Code: It
e QR Code symbology characteristics, data character encoding methods, symbol forniats, diy

d user-selectable application parameters.

Conformance

fernational Standard.

specifies
nensional

aracteristics, error correction rules, reference decoding algorithm, production quality requlirements,

nsidered

Syimbols complying with the requirements for QR Code Medel 1, as described in ISO/IEC 18(04:2006,

m

Sylmbols complying with the requirements for QR Code*Model 2, as defined in ISO/IEC 18004

re

Re
w
bd

Pr
in
pr
It

re

Th
in
re

hy not be readable with equipment complying with this\nternational Standard.

hdable with equipment complying with this International Standard.

ading equipment complying with ISO/IEC 18004:2000 will not be able to read all symbols ¢
th this International Standard. Symbols that make use of the additional features of QR Cod
readable by such equipment.

inting equipment complying withJJSO/IEC 18004:2000 will not be able to print all symbo
this International Standard. Symbols that make use of the additional features of QR Code v
intable by such equipment.

should be noted, however,-that QR Code Model 2 and Micro QR Code are the form of the s)
commended for new@and open systems applications.

Normativé references

lispensable for its application. For dated references, only the edition cited applies. For
ferences, the latest edition of the referenced document (including any amendments) applies

2000, are

omplying
e will not

s defined
/i1l not be

Fmbology

e following documents, in whole or in part, are normatively referenced in this document and are

undated

IS

')’/IF‘(’ 8859-1:1998 Infnrmnfinn t‘prhnnlngv — 8-hit cinglp-hvt‘p caded grnphir character sets

— Part 1:

Latin alphabet No. 1

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

co

de 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 symihol
with morje evenly balanced numbers of dark and light modules, and reduced occurrence of patterjns
which wqguld interfere with fast processing of the image

4.3
data magk pattern reference
three-bitjidentifier of the data masking patterns applied to the symbol

4.4
encoding region
region of|the symbol not occupied by function patterns and available for encoding of data and error
correctioh codewords, and for Version and format information

4.5
exclusive subset
subset of|characters within the character set of a mode whichlatre not shared with the more restricted
charactei set of another mode

4.6
extension pattern
function pattern in Model 1 symbols, which does not encode data

4.7
format information
encoded pattern containing information on symbol characteristics essential to enable the remainder|of
the encoding region to be decoded

4.8
QR Code
pertaininfg to QR Code symbols identified as versions 1 to 40, as distinct from Micro QR Code symbol

T

4.9
function|pattern
overhead|component of the symbol (finder, separator, timing patterns, and alignment patterns) requirged
for locatipn of the 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


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

ISO/IEC 18004:2015(E)

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

reprainder-bit
zefo bit, not representing data, used to fill empty positions of the symbol encoding region aftef the final
syjmbol character, where the area of the encoding region available for symbol charactersdoes pot divide
exiactly into 8-bit symbol characters

4.16

remainder codeword
pjgl codeword, placed after the error correction codewords, used to fill empty codeword pdsitions to
complete the symbol if the total number of data and error correction codewords does not exagtly fill its
ndminal capacity

4.17
segment
seguence of data encoded according to the rules of one ECI orencoding mode

4.18

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

4.19

syjmbol number
thiree-bit field indicating the symbol version and error correction level applied, used as part of the format
information in Micro QR Code symbols

4.0

terminator
bit pattern of defined number{depending on symbol) of all zero bits used to end the bit string repiresenting
ddqta

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

. o for Micro
QR Code symbols from 11 x 11 modules (Versmn Ml) 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 purposes of this document, the following mathematical operations apply.

div

is the integer division operator;

mod

XOR

5.2 Ab
BCH B
ECI E
RS R

5.3 Conventions

531 M

is the integer remainder after division;

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

previations
bse-Chaudhuri-Hocquenghem
ttended Channel Interpretation

ped-Solomon

[odule positions

For ease
in the fol
(counting
0) is ther

5.3.2 B

Byte contlents are shown as hex valués:

53.3 V

For QR C
version n

For Micrd
M indicat
the mean

freference, module positions are defined by their row and column coordinates in the symb
m (i, j) where i designates the row (counting from the top downwards) and j the colu
from left to right) in which the module is located, with counting commencing at 0. Module
efore located at the upper left corner, of the symbol.

yte notation

ersion references

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

QR Code-symbols, symbol versions are referred to in the form Version MV-E where the lett
es the Micfo QR Code format and V (with a range of 1 to 4) and E (with values L, M and Q) ha
ings défined above.

—

S

1n
0,

6 Sym

bol 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) byte 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)| Representation of data:

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

d)| Symbol size (not including quiet zone):

1) Micro QR Code symbols: 11 x 11 modules to 17 x 17 modules:(Versions M1 to M4, incfeasing in
steps of two modules per side);

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

e)| Data characters per symbol

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

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

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

— numeric data: 7 089 characters
— alphanumeric data: 4 296 characters
— Bytedata: 2 953 characters
—>Kanji data: 1 817 characters

f)| Selectable error correction:

Four Tevels 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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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.

g) Code

type:

Matrix

h) Orientation independence:

Yes (both rotation and reflection)

Figure 1 i[Tustrates a Version I QR Code symbol in normal colour and with reflectance reversal (see 6]
in both ngrmal and mirror image orientations.

Figure 2 {llustrates a Version M2 Micro QR Code symbol in normal colour and with reflectance rever;

(see 6.2),

6.2 Su
The use
— Strug

This

Thes
Strud

in both normal and mirror image orientations.

mary of additional features
f the following additional features is optional in QR Code:
tured append

hllows files of data to be represented logically and continuously“in up to 16 QR Code symbd
e may be scanned in any sequence to enable the originaldata to be correctly reconstructg
tured Append is not available with Micro QR Code symbols.

— Extemded Channel Interpretations

This

Cyril
scher
other

— Refle
Symbh
(seel
a ligh
to da

— Mirr

The

mechanism enables data using character sets other than the default encodable set (e.g. Arah
ic, Greek) and other data interpretations (e:g. compacted data using defined compressi

than the default interpretation are not@yailable in Micro QR Code symbols.
ctance reversal

olsareintended to be read when marked so that the image is either dark on light orlight on da
Figures 1 and 2). The specifications in this International Standard are based on dark images
t background, therefore-in_the case of symbols produced with reflectance reversal referend
Ik or light modules should be taken as references to light or dark modules respectively.

r imaging

hrrangement)of’ modules defined in this International Standard represents the “norm

orientation of the-symbol. It is, however, possible to achieve a valid decode of a symbol in which t

arrar
at th
inter

gementef/the modules has been laterally transposed. When viewed with the finder patter
e topdeft, top right and bottom left corners of the symbol, the effect of mirror imaging is
Change the row and column positions of the modules.

),

T

al

ic,
bn

hes) or other industry-specific requirementsto be encoded. Extended Channel Interpretations

h1”
he
ns
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Figure 1 — Examples of QR Code symbol encoding thetext “QR Code Symbol” - (a) n¢rmal
orientation and normal reflectance arrangement; (b) normal orientation and reversed
reflectances; (c) mirror image orientation and nermal reflectance arrangement; (d) jnirror

image orientation and réversed reflectances

- (a)

reflectances, (c) mirror 1mage orlentatlon 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
I
—
PATTERNS ,\<O
TIMING PATTERNS b{l/g
Q
[~ ALIGNMENT PATTERNS / Q)Q
O'\
FORMAT INF ORM@Q
ENCODING

VYERSION ]N@MATlON REGION

DATA A
~ ERR

CORRECTION /

WORDS

%

NS
Figure 3 — Structure,@QR Code symbol
xO
oF
N
&°
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TIMING PATTERN SERARATOR

6.8.2 Symbol Versions and sizes

6.8.2.1 QR Code symbals

|

]

1

|

; sfeshed FORMAT
S INFORMATION

| S

! T |

1 ——pm=—p=-

! I

! - I

; Skt ENCODING

: ml el : RESION

T RERRE RN B

! I i

1 sagazpas )" QUIET

| o= X ZONE

i I

] I

] ]

| |

1 I

Figure 4 — Structure of Version M3 Micro QR Code symbol

There are forty sizesZof QR Code symbol referred to as Version 1, Version 2 ... Version 40.

measures 21 modules x 21 modules, Version 2 measures 25 modules x 25 modules and so on i

in[steps of 4 modules per side up to Version 40 which measures 177 modules x 177 modules.

to[10 illustrate'the structure of Versions 1, 2, 6, 7, 14, 21 and 40.

Version 1
hcreasing

Figures 5
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Data and EC Codewords

Format information and its
error correction code

Versioninformation and its
error correction code

Rermainder hits

ARRRNNNNRNRNNNN

Version 1

F— 21 modules —4

25 modules —1 Q’\QJ

10
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| 41 modules |
25

V'I-l_l-ll_-ll-l

modules

Z
$\\S\ Version 6
.\Q)
Figq@6 — Version 6 symbol
N~
.\0
>
o
%\%
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12

45

modules 29

45 modules
29

A’\Q) Version 7

xO
FigurK@Version 7 symbol
O
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[ 73modules
57

--.-----n--------n--ll----
7,
F—

Version 14
>

O Figure 8 — Version 14 symbol
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[ 101modules
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mqdules 82

N
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[ 177modules |
161

177
modules

161

O Version 40

Figure 10 — Version 40 symbol

6.8.2.2 ?@ro QR Code symbols

Th e:é%re four sizes of Micro QR Code symbol, referred to as Versions M1 to M4. Version M1 measures
11 A 11 lllUL‘lulUb, ‘V'Cl biUll Mz 13 A 13 lllUL‘lule, ‘V,Cl biUll rViS 15 A 15 lllUdu}Cb, dllL‘l ‘V’Cl biUll fv'i‘ 17 X 17
modules, i.e. increasing in steps of 2 modules per side. Figure 11 illustrates the structure of Micro QR
Code Versions M1 to M4.

NOTE Two formats of M3 symbol are shown, which differ only in the codeword placement according to the
error correction level.
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3 11

VERSION M1 10§ © [ 8 ¥ 7 |§ 6 [§| 1 17§15§14/§12

VERSION M2 1o
VERSION M4 PEp——

Error
Correction

Level:

L (above)
M (below)

affit i il 3]
23ff22jji1offl18 H15[f10/f 7 }f 2]

24i121/§20}17/f16f O [ 8 [f 1]

Figure 11 — Versions of Micro QR Code symbol

6.3.3 Fjinder pattern

6.3.3.1 |QR Code symbols

There argthree identical Findér Patternslocated at the upper left, upper right and lower left corners of the
symbol r¢spectively as illlustrated in Figure 3. Each finder pattern may be viewed as three superimposgd
concentric squares and is constructed of dark 7 x 7 modules, light 5 x 5 modules and dark 3 x 3 modulgs.
The ratio] of modutewidths in each finder patternis 1 :1:3: 1 : 1 as illustrated in Figure 12. The
symbol if preferentially encoded so that similar patterns have a low probability of being encountergd
elsewherg ind¢he€symbol, enabling rapid identification of a possible QR Code symbol in the field of vigw.

Identification of the three finder patterns comprising the Finder Pattern then unambiguously defines
the locati%wmm#m‘syvrbNMvaw—' ' I i i few.

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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—
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A 3 modules

B: 5 modules

C: 7 modules

Figure 12 — Structure of finder pattern

6.8.4 Separator

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

6.8.5 Timing pattern

The horizontal and vertical timing patterns respectively consist of a one module wide row qr column
of[alternating dark and light modules, commencing and.ending with a dark module. They gnable the
syjmbol density and version to be determined and preowide datum positions for determininig module
coprdinates.

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

In[Micro QR Code symbols, the horizontal timing pattern runs across row 0 of the symbol onl the right
sidle of the separator to the right hand edge of the symbol; the vertical Timing Pattern similarly runs
ddwn column 0 of the symbol below’the separator to the bottom edge of the symbol. See Figure 4.

6.8.6 Alignment patterns

Alignment patterns aré present only in QR Code symbols of version 2 or larger. Each alignment pattern
: modules,
pends on

g > 3 ara 0 ata s 2 < orrection
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
(see 7.3)
ways. Sw
a binary
the symb
list of syn

Step 2 Da

Convert t
defined i
each new,
into 8-bit
for the ve

Step 3 Erij

Divide th
error cor
appendin

Step 4 Stn

Interleav
remainde

Step 5 Mo

Place the
and (if re

Step 6 Da

Apply thg
and selec
undesiralple patterns.

iz the error correction codewords to the end.6fthe data codeword sequence.

pl version to be used, select the smallest version that will accommodate the data.’A complg
hbol versions and capacities is shown in Table 1.

ta encoding

he data characters into a bit stream in accordance with the rules(for the mode in force,
W 7.4.2 to 7.4.6, inserting mode indicators as necessary to change fodes at the beginning
mode segment, and a Terminator at the end of the data sequence:;Split the resulting bit strez
codewords. Add Pad Characters as necessary to fill the number of data codewords requir
rsion.

or correction coding

b codeword sequence into the required number.of'blocks (as defined in Table 9) to enable t
Fection algorithms to be processed. Generate the error correction codewords for each blo

ucture final message

e the data and error correction codewords from each block as described in 7.6 (step 3) and a
r bits as necessary.

dule placement in matrix

codeword modules in the)matrix together with the finder pattern, separators, timing pattel
juired) alignment pdttetns.

ta masking

data masking patterns in turn to the encoding region of the symbol. Evaluate the resu
[ the patteyn which optimizes the dark/light module balance and minimizes the occurrence

flata differing from the default character set to be encoded. QR Code includes several modes
Lo allow different sub-sets of characters to be converted into symbol characters in efficignt
tch between modes as necessary in order to achieve the most efficient conversion ofrdata iffto
btring. Select the required Error Detection and Correction Level. If the user has not specified

te

as
of
m
ed

n,

ts
of

Step 7 Formiat 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

18

© ISO/IEC 2015 - All rights reserved


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

ISO/IEC 18004:2015(E)

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
T 21 202 3T 208 76 ] 0
2 25 235 31 359 N E
3 29 243 31 567 70 b |7
4 33 251 31 807 100~ 7
5 37 259 31 1079 138 7
6 M 267 31 1383 27 7
7 45 390 67 1568  f\°7 196 0
8 49 398 67 1936 o 242 0
9 53 406 67 23360 292 0
10 57 414 67 2768 346 0
11 61 422 67 3232 404 0
12 65 430 67 D" 3728 466 0
13 69 438 67 2| 4256 532 0
14 73 611 67\ 4651 581 3
15 77 619 67 5243 655 3
16 81 627 <O 67 5867 733 3
17 85 635 .. 67 6523 815 3
18 89 643" 67 7211 901 3
19 93 651 67 7931 991 3
20 97 ~Jes9 67 8 683 1085 3
21 101 ()~ 882 67 9 252 1156 4
22 1057 890 67 10 068 1258 4
23 JROH 898 67 10916 1364 4
24 | o113 906 67 11796 1474 4
25 NV 117 914 67 12708 1588 4
26Y | 121 922 67 13 652 1706 4
7 125 930 67 14 628 1828 4
28 129 1203 67 15371 1921 3
29 133 1211 67 16 411 2051 3
30 137 1219 67 17 483 2185 3
31 141 1227 67 18 587 2323 3
32 145 1235 67 19723 2 465 3
33 149 1243 67 20 891 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
40 177 1614 67 29 648 3706 0

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

7.2 Data analysis

Analyze the input data string to determine its content and select the default or other'appropriate ECI ahd
the appragpriate mode to encode each sequence as described in 7.4. Each mode in sequence from Numeric
mode to Kanji mode progressively requires more bits per character. It is possible to switch from mode
to mode Yithin a symbol in order to minimize the bit stream length for data; parts of which can mqgre
efficiently be encoded in one mode than other parts, e.g. numeric sequenges followed by alphanumefic
sequences. It is in theory most efficient to encode data in the mode-f€quiring the fewest bits per dqta
character} but as there is some overhead in the form of mode indicator and character count indica}:lor
associatefd with each mode change, it may not always result in the shortest overall bit stream to chanige
modes fof a small number of characters. Also, because the ¢apacity of symbols increases in discrgte
steps from one version to the next, it may not always be necéssary to achieve the maximum conversipn
efficiencyf in every case. Guidance on minimising the bit stream length is given in Annex J. In Micro QR
Code symibols, there are restrictions on the modes available in the smaller versions. Annex ].2 shows the
Micro QR|Code symbol versions appropriate for various combinations of two modes.

7.3 Modes

7.3.1 (General

The modpgs defined below are baSed on the character values and assignments associated with the
default ECI. When any other ECIis’/in force (in QR Code symbols only), the byte values rather than the
specific character assignmentS.shall be used to select the optimum data compaction mode. For examplle,
Numeric mode would be appropriate if there is a sequence of data byte values within the range 304gx
to 39yEx finclusive. In this-case the compaction is carried out using the default numeric or alphabelic
equivaler]ts of the byte’dlues.

7.3.2 Extended:Channel Interpretation (ECI) mode

The Extepded*Channel Interpretation (ECI) protocol defined in the AIM Inc. International Technigal
SpecificatiohExtended-ChanneHnterpretations—atows-the-eutput-datastreamto-haveinterpretations
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.

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

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

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

Byfte mode is not available in Version M1 or M2 Micro QR.Cede symbols.

7.8.6 Kanji mode

The Kanji mode efficiently encodes Kanji characters in accordance with the Shift JIS system|based on
JI§ X 0208. The Shift JIS values are shifted fron’the JIS X 0208 values. JIS X 0208 gives details of the shift
coded representation. Each two-byte character value is compacted to a 13-bit binary codeword.

When the character set specified for 8-bit byte mode makes use of byte values in the ranges 81ggx
to|9FyEx and/or EOggx to EByEgy, it may not be possible to use Kanji mode unambiguously, as reading
systems will be unable to determine from the transmitted data whether such byte values arg the lead
byjte of a double byte character: It may be possible to achieve a shorter bit stream by using|the Kanji
mpde compaction rules whén)an appropriate sequence of byte values occurs in the data (i.e. lead bytes
in[the ranges 81xgx to 9Eukx and/or EOxgx to EBygx followed by trailer bytes in the rangel 40ygx to
F(ygx,except 7Fygy, ot EBygx followed by 40ygx to BFygx). Figure H.1 shows the byte combinations
grpphically.

Kdnji mode is notavailable in version M1 or M2 Micro QR Code symbols.

7.8.7 Mixing modes

The QR 'Code symbol may contain sequences of data in a combination of any of the modes flescribed
inl7.372 to 7.3.9. Micro QR Code symbols may contain sequences of data in a combination of dny 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.

739 F

NC1 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 appflies to the entire symbol and is not affected by subsequent mode indicators.

NOTE
character

FNC1 mo
7.4 Da

741 S

Input dat
the defau
the defau

n Code 128 symbols, when used in an equivalent manner.

e is not available for Micro QR Code symbols.
ta encoding

pquence of data

h is converted into a bit stream consisting of one or more segments each in a separate mode.
It ECI, the bit stream commences with the first mode indicdtor. If the initial ECI is other th
|t ECI, the bit stream commences with an ECI header, followed by the first segment.

The ECI l}-leader (if present) shall comprise:

— ECI

ode indicator (4 bits)

— ECI Oesignator (8, 16 or 24 bits)

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

the final

least significant) bit of the ECI Designator.

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

— Modd indicator

— Char

— Data

hcter count indicator

bit stream

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

the final

(least significant) bit of the data bit stream. There shall be no explicit separator betwe

segmentd as theirdength is defined unambiguously by the rules for the mode in force and the number

input dat

To encod
followed.
count ind

22

h characters.

“1st position” and 2nd position” do not refer to actual locations but are based on the position$ of ghe

th

th
en
of

e a-sequence of input data in a given mode, the steps defined in sections 7.4.2 to 7.4.7 shall

be

Tabte2defimesthe mode dicators foreachmode—Tabte 3 defimes thetengthof thecharac
icator, which varies according to the mode and the symbol version in use.

er
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Table 2 — Mode indicators for QR Code

Mode QR Code sym- Micro QR Code symbols

bols

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 D01
Byte 0100 n/a n/a 10 D10
Kanji 1000 n/a n/a 11 D11
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)
Terminator (End of 0000 000 00000 0000000 000000000
Message) b
a| See74.8.2and 7.4.8.3.
b | The 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 m¢de
M1 3 n/a n/a n}/a
M2 4 3 n/a n}/a
M3 5 J
M4 6 5 5 3
1to9 10 B
10 to 26 12 11 16 10
27 to 40 14 13 16 12

The end of the{data in the complete symbol is indicated by a Terminator consisting of betwegn 3 and 9
zefro bits (seeTable 2), which is omitted or abbreviated if the remaining symbol capacity aftef the data
bit streaniis’less than the required bit length of Terminator. The Terminator is not a mode inglicator as
such.

7 42— Exterrded-ClranmreHmterpretatiomr fE€EH)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
digits 0 — 9 even though it might not actually represent numeric data. In order to determine the value
the character count indicator, the number of bytes (or, in Kanji mode, of byte pairs) shall be used.

7.4.2.2 ECI Designator

of
of

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

encodingfrules are defined in Table 4. The ECI Designator appears in the data to be encoded as charact
5Cxex [\ pr backslash (reverse solidus) in ISO/IEC 8859-1, ¥ or yen sign in JIS8] followed by the sixdi
assignment number. Where 5Cygx appears as true data it shall be doubled in the data strifg-befq
encodinglin symbols to which the ECI protocol applies.

er
it
re

When a sfingle occurrence of 5CHgyx is encountered in the input to the decoder, an ECltmode indicator

is inserted followed by the ECI Designator. When a doubled 5CyEgx is encountered, /it is‘encoded as ty
5ChEex bytes.

On decodling, the binary pattern of the first ECI Designator codeword (i.e. the_¢odeword following t

mode indficator in ECI mode), determines the length of the ECI Designatorsequence. The number of

bits before the first 0 bit defines the number of additional codewords after the first used to represe
the ECI Apsignment number. The bit sequence after the first 0 bit is the/binary representation of the H
Assignmgnt number. The lower numbered ECI assignments may be.encoded in multiple ways, but t
shortest yay is preferred.

Table 4 — Encoding ECI Assigiiment Number

he

nt
CI
he

ECI Assignment Value No. of Codewords Codeword values

O(i)OOOO to 000127 1 Obbbbbbb

0(1)0000 to 016383 2 10bbbbbb bbbbbbbb

060000 to 999999 3 110bbbbb bbbbbbbb bbbbbbbb

ment number

where b ... b is the binary value of the ECI Assign}

Example

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

Data to b¢ encoded: \0OOO009ABTI'AE (character values Alpgx, A2uEx, A3HEX, AdH
A5HEX)

Bit sequepce ifsymbol:

ECI modelindicator 0111

H

EX)

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

2015(E)

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

A

th
in
pr
in
in

y ECI(s) invoked shall apply subject to the rules defined above and in the AIM ECI specificq
e end of the encoded data or a change of ECI (signalled by mode indicator 0111). If the-enc
the ECI(s) extends through two or more symbols in Structured Append mode,it-is neg
ovide an ECI header consisting of ECI mode indicator and ECI Designator number-for each E(
mediately following the Structured Append header, in subsequent symbols in which the ECI
force.

7.4.3 Numeric mode

Th
bi
di
th
eif
an
ch
m

EX

In

e input data string is divided into groups of three digits, and each group is converted to
hary equivalent. If the number of input digits is not an exact multiple of three, the final o

e mode indicator and the character count indicator. The’ mode indicator in the Numeric
her 4 bits for QR Code symbols or the number of bits:defined in Table 2 for Micro QR Cod¢
d the character count indicator has the number of bits defined in Table 3. The number of i
aracters is converted to its binary equivalent and“added as the character count indicator
bde indicator and before the binary data sequence.

AMPLE1  (for Version 1-H symbol)

put data: 01234567

. Pivide into groups of three digits: 012 345 67
.Convert each group to its binaryequivalent: 012 - 0000001100
345 - 0101011001

67 - 1000011

. Lonnect the binary-data in sequence: 0000001100 0101011001 1000011

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

No. of input data characters: 8 —» 0000001000

tion until
bded data
essary to
Iin force,
Continues

its 10-bit
he or two

bits are converted to 4 or 7 bits respectively. The binary datd.is then concatenated and prefixed with

mode has
symbols,
hput data
after the

.JAdd 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. Conver}| character count indicator to binary (5 bits for version M3-M):

No. of input data characters: 16 =10000

5. Add mqde indicator (00 for version M3-M) and character count indicator to binary data:
0010000 0000001100 0101011001 1010100110 1110000101 0011101010 010

For any nhimber of data characters the length of the bit stream in Numeric mode-is given by the followipg
formula:

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

M number of bits in mode indicator (4 for QR Code symbuals;or as shown in Table 2 for Micro QR Code

ymbols)

wn_ o

C number of bits in character count indicator (frofrTable 3)

number of input data characters

o

if (D MOD 3) =0

Y

D
R
R 4if(pMOD3)=1
R

~

if (D MOD 3) =2

7.4.4 Alphanumeric mode

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

Table 5 — Encoding/decoding table for Alphanumeric mode

Char. | Vallye | ‘€har. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Value | Char. | Valje
0 5 6 6 T 12 T 18 0 2% U 30 SP 36 : 77
1 1 7 7 D 13 ] 19 P 25 \Y 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. Determine character values according to Table 5. AC-42 - (10,12,41,4,2)

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

3. Lonvert each group to its 11-bit binary equiva-  (10,12) 10*45+12 - 462 »'00111001110
lenpt:

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

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

5. Lonvert character count indicator to binary (9 bits ferwersion 1-H):

No. of input data characters: 5-000000101

6. Add mode indicator 0010 and character count indicator to binary data:

0010 000000101 00111001110 11100111001 (00010

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

Bl=M +C +11(DDIV 2)+6(DMOD2)
where:
B numbet/ofbits 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)

€) 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 A 230 ES
7 BEL | 39 ‘ 71 G 103 g 135 167 § 199 C 231, ¢
8 HBS 40 ( 72 H 104 h 136 168 " 200 E 232 e
9 HT 41 ) 73 I 105 [ 137 169 © 201 E 233 é
10 IF 42 * 74 ] 106 j 138 170 a 202 E 234 é
11 VT 43 + 75 K 107 k 139 171 « 203 E 235 é
12 HF 44 , 76 L 108 1 140 172 - 204 I 236 i
13 dr 45 - 77 M 109 m 141 173 | SHY~") 205 i 237 i
14 S0 46 . 78 N 110 n 142 174 ® 206 I 238 i
15 g1 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 D1 | 49 1 81 Q 113 q 145 177 * 209 N 241 i
18 | D2 50 2 82 R 114 r 146 178 z 210 0 242 0
19 D3 51 3 83 S 115 S 14% 179 3 211 0 243 o
20 | D4 | 52 4 84 T 116 t 148 180 ’ 212 0 244 0
21 | NAK | 53 5 85 U 117 o 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 \'\ 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 EpC 59 ; 91 [ 123 { 155 187 » 219 U 251 a
28 HS 60 < 92 \ 124 | 156 188 Ya 220 U 252 u
29 | 4s | 61 | | 93 1 | 125 | 3} | 157 189 | % | 221 | Y | 253 | y
30 RS 62 > 94 A 126 ~ 158 190 % 222 p 254 b
31 Uus 63 ? 95 _ 127 | DEL | 159 191 @ 223 3 255 N4

NOTE 1 HirthejiS8ciaracterset{see Tabie 1) byte vatues 80y to Staryamd Eoarx to FRaExare ot 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. These byte values
arg shifted from the JIS X 0208 values. JIS X 0208 gives details of the shift coded representatjon. Input
dgta characters in Kanji mode are compacted to 13-bit binary codewords as defined below. The binary
ddta is then concatenated and prefixed with the mode indicator atid the character count indi¢ator. The
mode indicator in the Numeric mode has either 4 bits for QR Cade symbols or the number of bits defined
in[Table 2 for Micro QR Code symbols, and the character countindicator has the number of bits defined
in[Table 3. The number of input data characters is convertéd to its binary equivalent and added as the
chiaracter count indicator after the mode indicator and before the binary data sequence.
1. For characters with Shift JIS values from 8140Qypx to 9FFCygx:

a) Subtract 8140ygyx from Shift JIS value;

b) Multiply most significant byte of result by COygx;

c) Add least significant byte to product from b);

d) Convertresultto a 13-bit binary string.
2.| For characters with ShiftJ1S values from E040ygx to EBBFygx:

a) Subtract C140ggx-from Shift JIS value;

b) Multiply mostsignificant byte of result by COggx;

¢) Add le€ast’significant byte to product from b);

d) Cenvertresultto 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
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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 njumber of bits in bit stream

M

=

umber of bits in mode indicator (4 for QR Code symbols, or as shown in Table 2 for Micro QR Code
jymbols)

(%2

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

D  number of input data characters

7.4.7 Mixing modes

There is the option for a symbol to contain sequences of data in onesmode and then to change modes
if the dafa content requires it, or in order to increase the density of encoding. Refer to Annex ] for
guidance| Each segment of data is encoded in the appropriate médeas indicated in 7.4.2 to 7.4.6, with
the basic|structure mode indicator/character count indicator/Data and followed immediately by the
mode indficator commencing the next segment. Figure 13 illustrates the structure of data containing n
segmentg.

Segment 1 Segment2 - (...... Segment n
mode character |Data mode character |y |...--. rnoge character |Data |Terminator
indicator|1 | count indicator 2 count Data indicator n | count
indicator indicatar indicator

Figuré:13 — Format of mixed mode data

7.4.8 FNC1 modes

7.4.8.1 |General

In QR Code symbgls)‘there are two mode indicators which are used cumulatively with those defined|in
7.3.2 to 7|3.9 and-7.4.2 to 7.4.7 to identify symbols encoding messages formatted according to specific
predefingd industry or application specifications. These (together with any associated parameter data)
precede the‘mode indicator(s) used to encode the data efficiently. When these mode indicators are usg¢d,
itis necessary for the decoder to transmit the Symbology Identifier as defined in 14.Z 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) (requires-sepafator
character)

10ABC123 (Application Identifier 10 = batch number, variable length;-data: ABC123)
D4ta to be encoded:
01049123451234591597033130128%10ABC123
Bit sequence 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, Alphanumeéric mode)
000001001 (character count indicator, 9)

<data bits for %10ABC123>

Trhnsmitted data (see 14.2 and Annex F)

1Q301049123451234591597033130128<1DyEx>10ABC123

EXAMPLE 2  Encoding/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 tlhe
data contgnt of the example is purely arbitrary.

Application Indicator: 37

Input data}: AA1234BBB112text text text text<CR>
Bit sequerice in symbol:

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

0010 (mode indicator, Alphanumeric modé)
000001100 (character count indicator12)
<data bits for AA1234BBB112>

0100 (mode indicator, Byte mode)

00010100 (character count indicator, 20)

<data bits for texttext text text<CR> >
Transmittpd data:

1Q537AA1234BBB112text text text text<CR>

7.4.9 Terminator

The end ¢f data in the symbol is signalled by the Terminator sequence of 0 bits, as defined in Table|2,
appended to the data bit stream following the final mode segment. The Terminator shall be omitted if
the data bit stream eompletely fills the capacity of the symbol, or abbreviated if the remaining capacity
of the syrhbol is le§s)than the required bit length of Terminator.

7.4.10 l1it 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 4 32 8 5 : :
M3 L 11 84 23 14 9 6
M 9 68 18 11 7 4
L 16 128 35 21 15 9
M4 M 14 112 30 18 13 8
Q 10 80 21 13 9 5
1 L 19 152 41 25 17 10
M 16 128 34 20 14 8
Q 13 104 27 16 11 7
H 9 72 17 10 7 4
2 L 34 272 77 47 32 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 124 992 293 178 122 75
Q 88 704 207 125 86 53
T (519 528 5% 93 o 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 427 259 177 109
H 140 1120 331 200 137 85
12 L 370 2960 883 535 367 226
M 290 2320 691 419 287 177
Q 206 1648 489 296 203 125
H 158 1264 374 227 155 96
13 L 428 3424 1022 619 425 262
M 334 2672 796 483 331 204
Q 244 1952 580 352 241 149
H 180 1440 427 259 177 109
14 L 461 3688 1101 667 458 282
M 365 2920 871 528 362 223
Q 261 2088 621 376 258 159
H 197 1576 468 283 194 120
15 L 523 4184 1250 758 520 320
M 415 3320 991 600 412 254
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 656 450 277
Q 325 2 600 775 470 322 198
H 253 2\024 602 365 250 154
17 L 647 5176 1548 938 644 397
M 507 4056 1212 734 504 310
Q 367 2936 876 531 364 224
H 283 2 264 674 408 280 173
18 L 721 5768 1725 1046 718 442
M 563 4504 1346 816 560 345
Q 397 3176 948 574 394 243
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 3560 1063 644 442 272
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 9 392 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 10 960 3283 1990 1367 842
M 1062 8496 2544 1542 1059 652
Q 754 6032 1804 1-094 751 462
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 6464 1933 1172 805 496
H 628 5024 1501 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 13048 3909 2 369 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 1873 10 984 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 2670 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 4 343 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 2434 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 20 528 6153 3729 2563 1577
M 1992 15936 4775 2894 1989 1224

Q 1426 11408 3417 2071 1423 876

H 1096 8768 2625 1591 1093 673

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 1139 701
39 L 2812 22496 6743 4087 2 809 1729
M 2216 17 728 5313 3220 2213 1362

Q 1582 12 656 3791 2298 1579 972

H 1222 9776 2927 1774 1219 750

40 L 2956 23 648 7 089 4296 2953 1817
M 2334 18 672 5596 3391 2331 1435
Q 1666 13328 3993 2420 1663 1024

H 1276 10 208 3057 1852 1273 784

NOTE 1 |All codewords shall be 8 bits in length, except that théfinal data codeword for Versions M1 and M{ is
4 bits long.

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

7.5.1 Error correction capacity

QR Code [employs Reed-Solomon error control coding to detect and correct errors. A series of error
correctioh codewords is generatéd; which are added to the data codeword sequence in order to enalple
the symbol to withstand daniage without loss of data. There are four user-selectable levels of error
correctioh, as shown in Table-8) offering the capability of recovery from the following amounts of damage:

Table 8 — Error correction levels

Error Correction Level Recovery Capacity % (approx.)
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 number of erasures and errors correctable is given by the following formula:

e+2t<d-p

where:

e number of erasures

In

then the possibility of an undetected error is increased. Whenever the number of erasures is 1

ha

codewords, erasure correction should not be used (e = 0 and p > 0).

Fq

codewords (leaving 60 data codewords). The 112 error correetion codewords can correct 56 m

(0)y

In

Wi
tr

e ust be less than d/2. Imr aVersion 2-L symbol, for example, the total number of codeword

th
er|

m
er
A\

t number of errors
d number of error correction codewords
p number of misdecode protection codewords

the general case, p = 0. However, if most of the error correction capacity is used to correct

If the number of error correction codewords, p = 3. For small symbolswith less than 8 error ¢

r example, in a version 6-H symbol there is a total of 172 codewords, of which 112 are error g

substitution errors, i.e. 56/172 or 32,6% of the symbol capdcity.
the formula above, the following values should be assigned to p:
p = 3 in version 1-L and M2-L symbols,
p = 2 in version 1-M, 2-L, M1, M2-M, M3-L,@nd M4-L symbols,
p = 1linversion 1-Q, 1-H and 3-L symbols,
p = 0in all other cases.

here p > 0 there are p (i.e. 1,2 or 3) codewords which act as error detection codewords an
insmission of data from symibols where the number of errors exceeds the error correction

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

0+(2x4)=1052

baning that the correction of the 4 errors requires only 8 error correction codewords; the re

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

erasures,
hore than
orrection

orrection
sdecodes

d prevent
capacity,
5 is 44; of
n that the

maining 2

ror correction codewords can therefore detect (but not correct) any additional errors and 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

ve

rsions 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
L 6 1 (17,11,2)b
M3 17 M 8 2 1 (17,94)
L 8 2 1 (24,16;3)b
M4 24 M 10 0 1 (24,14,5)
Q 14 0 1 (24,10,7)
L 7 3 1 (26,19,2)b
1 26 M 10 2 1 (26,16,4)b
Q 13 1 1 (26,13,6)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 1 1 (70,55,7)b
3 70 M 26 0 1 (70,44,13)
Q 36 0 2 (35,17,9)
H 44 0 2 (35,13,11)
L 20 1 (100,80,10)
M 36 2 (50,32,9)
4 100 Q 52 0 2 (50,24,13)
H 64 4 (25,9,8)
1 (134,108,13)
E 26 2 (67,43,12)
M 48 2 (33,15,9)
> 134 Q 72 0 2 (34,16,9)
H 88 2 (33,11,11)
2 (34,12,11)
L 36 2 (86,68,9)
M 64 4 (43,27,8)
6 172 Q 96 0 4 (43,19,12)
H 112 4 (43,15,14)
2 (98,78,10)
L 40 4 (49,31,9)
M 72 2 (32,14,9)
z 196 0 108 0 4 (33159)
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 ¢ =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 | ofp .
words level tion blocks (¢, k,r)a
codewords
2 (146,116,15)
3 (58,36,11)
1\];[ 16100 2 (59.37,11)
9 292 0 4 (36,16,10)
Q 160 4 (27
H 192 T o7 7,10)
4 (36,12,12)
4 (37,13,12)
2 (86,p8,9)
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 (80,90,15)
1\1/‘[ 18500 4 (81,91,15)
11 404 0 4 (50,32,14)
Q 224 i
q 264 4 (51,43,14)
3 (36,12,12)
8 (3713,12
2 (116,92,12)
2 (117,93,12)
L 96 6 (58,36,11)
M 176 2 (59,37,11)
12 466 0 260 0 4 (46,20,13)
H 308 6 (47,21,13)
7 (42,14,14)
4 (43,15,14)
4 (133,107,13)
L 104 8 (59,:- 7,11)
M 198 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)
L 120 4 (64,40,12)
M 216 5 (65,41,12)
14 — V) 320 0 tt t36;16,10)
H 384 5 (37,17,10)
11 (36,12,12)
5 (3713,12)

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
5 (109,87,11)
1 (110,88,11)
L 132 5 (65,41,12)
s s | M | M0 | o | 5 | Gewn
\{ JUU J LJT,L-T,LJJ
H 432 7 (55,25,15)
11 (36,12¢12)
7 (37,13,12)
5 (122,98,12)
1 (123,99,12)
L 144 7 (73,45,14)
M 280 3 (74,46,14)
16 733 Q 408 0 15 (43.19.12)
H 480 2 (44,20,12)
3 (45,15,15)
13 (46,16,15)
1 (135,107,14)
5 (136,108,14)
L 168 10 (74,46,14)
M 308 1 (75,47,14)
17 815 Q 448 0 1 (50,22,14)
H 532 15 (51,23,14)
2 (42,14,14)
17 (43,15,14)
5 (150,120,15)
1 (151,121,15)
L 180 9 (69,43,13)
M 338 4 (70,44,13)
18 901 Q 504 0 17 (50.22,14)
H 588 1 (51,23,14)
2 (42,14,14)
19 (43,15,14)
3 (141,113,14)
4 (142,114,14)
L 196 3 (70,44,13)
M 364 11 (71,45,13)
19 991 Q 546 0 17 (47.21,13)
H 650 4 (48,22,13)
9 (39,13,13)
16 (40,14,13)
3 (135,107,14)
5 {136,108t
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  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
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)
1\%1 ﬁ‘é 17 (68,42,13)
21 1156 0 17 (50,22,14)
Q 644 ‘ (c1 o
H 750 LJ.L,A|3,14)
19 (4616,15)
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 (55,35,15)
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 (54,44.15)
H 900 14 (55,35,15)
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 (55,45,15)
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 (55,35,15)
22 (45,15,15)
13 (46,16,15)
10 (142,114,14)
2 (143,115,14)
L 336 19 (74,46,14)
26 1706 M 644 0 A (7547,14)
v} 952 28 t50;22,14)
H 1110 6 (51,23,14)
33 (46,16,15)
4 (47,17,15)

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)

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
8 (152,122,15)
4 (153,123,15)
L 360 22 (73,45,14)
27 1828 " o 0 ; (72.26.24)
\{ L ULV U LJJ,I‘;J,L;J}
H 1200 26 (54,24,15)
12 (45,15¢15)
28 (46,16,15)
3 (147,117,15)
10 (148,118,15)
L 390 3 (73,45,14)
M 728 23 (74,46,14)
28 1921 Q 1050 0 4 (54,2415)
H 1260 31 (55,25,15)
11 (45,15,15)
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 (45,15,15)
26 (46,16,15)
5 (145,115,15)
10 (146,116,15)
L 450 19 (75,47,14)
M 812 10 (76,48,14)
30 2185 Q 1200 0 15 (54.24.15)
H 1440 25 (55,25,15)
23 (45,15,15)
25 (46,16,15)
13 (145,115,15)
3 (146,116,15)
L 480 2 (74,46,14)
M 868 29 (75,47,14)
31 2323 Q 1290 0 42 (54,24.15)
H 1530 1 (55,25,15)
23 (45,15,15)
28 (46,16,15)
17 (145,115,15)
10 t7446,15
v o 23 (75.47,14)
32 2 465 0 10 (54,24,15)
Q 1350 35 55,2515
H 1620 (55,25,15)
19 (45,15,15)
35 (46,16,15)

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

42
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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
17 (145,115,15)
1 (146,116,15)
L 540 14 (74,46,14)
33 2611 M A 0 % !Zf’fLZ‘M)
\v4 T T T 7 kJT,LT,lS)
H 1710 19 (55;45,15)
11 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 44 (54,34,15)
H 1800 7 (55,45,15)
59 (46,16,15)
1 (47,27,15)
12 (151,121,15)
7 (152,122,15)
L 570 12 (75,47,14)
M 1064 26 (76,48,14)
35 2876 Q 1%590 0 39 (54,44,15)
H 1890 14 (55,35,15)
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 Q 1680 0 46 (54,44,15)
H 1980 10 (55,45,15)
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 (54,44,15)
H 2100 10 (55,45,15)
24 (45,15,15)
46 (46,16,15)
4 (152,122,15)
18 t153;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)

misdecodes

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
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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)
39 3532 M 1316 0 A (762811
\{ L JJU TJ LJT,AT,LJJ
H 2310 22 (55,25,15)
10 (45,15/15)
67 (46,16,15)
19 (148,;118,15)
6 (149,119,15)
L 750 18 (75,47,14)
M 1372 31 (76,48,14)
40 3706 Q 2 040 0 34 (54,2415)
H 2430 34 (55,25,15)
20 (45,15,15)
61 (46,16,15)
a ¢ =tothl number of codewords, k=number of data codewords, r = error correctjoncapacity
b Error forrection capacity is less than half the number of error correctiemcodewords to reduce the probability |of
misdecodels

7.5.2 (enerating the error correction codewords

The data|codewords including Pad codewords as necessary shall be divided into the number of blogks
shown in|Table 9. Error correction codewords shallbé calculated for each block and appended to the
data coddwords.

NOTE Micro QR Code symbols consist of a single block.

The polyjomial arithmetic for QR Code shall be calculated using bit-wise modulo 2 arithmetic and byfe-
wise modulo 100011101 arithmetic. This is a Galois field of 28 with 100011101 representing the fielfl’s
prime mddulus polynomial x8 + x4 #x3 + x2 +1.

The data fodewords are the cgefficients of the terms of a polynomial with the coefficient of the highgst
term being the first data cddeword and that of the lowest power term being the last data codeword
before the first error correction codeword.

The erroy correction codewords are the remainder after dividing the data codewords by a polynomjal
g(x) used|for errorcorrection codes (see Annex A). The highest order coefficient of the remainder is the
first errof correction codeword and the zero power coefficient is the last error correction codeword ahd
the last cpdeward in the block.

NOTE 1eL s 1 1ot H £, 1o (A ] Aarrial 2 el Lal daoi 1 | £ L3 1 1is l,\d
T TS CaTCUTatIUIT IS PCTTOTIIICUO Y - TOTTg UTV ISTOIT ISy TITooUT Uatd pOTy TTOTITAT IO S TTIT ST OTTITUTCIr PT

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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7.
T}

capable of being represented in the symbol, as shown in Tables 7 and 9!

T}

correction codewords plus Remainder Codewords if necessatyy):

1.

Th
bd

b Constructing the final message codeword sequence

® = GF(256) Multiplication

Figure 14 — Error correction codeword encoding circuit

e total number of codewords in the message shall always be equal to the total number of cpdewords
e following steps shall be followed to construct the final sequence of codewords (data plus error

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

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

Assemble the final sequence by taking data and error correction codewords from each block in
turn. For example, if there are fouy blocks the sequence would be: data block 1, codeword 1; data
block 2, codeword 1; ... ; data bleck 4, codeword 1; data block 1, codeword 2; ... and similarly to
data block 3, final codeword; data block 4, final codeword; then error correction block 1, fodeword
1, error correction block 2,codeword 1, ... and similarly to error correction block 4, final dodeword.
QR Code symbols contaifiidata and error correction blocks which always exactly fill tHe symbol
codeword capacity. Incertain QR Code versions, however, where the number of modules|available
for data and error eorrection codewords is not an exact multiple of 8, there may be a need [for 3, 4 or
7 Remainder Bits’to-be appended to the final message bit stream in order to fill exactly the number
of modules in the-encoding region.

e shortest datablock (or blocks) shall be placed first in the sequence and all the data codewprds shall
placed in-thie symbol before the first error correction codeword. For example, the Version 5{H symbol

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

or.correction codewords respectively, while the third and fourth pairs of blocks contain 14 data and
€LroT correctlon codewords respectlvely In this symbol, the character arrangement can b¢ depicted

followed by the assoc1ated block of error correction codewords (shown as En) the sequence of character
placement in the symbol is obtained by reading down each column of the figure in turn.
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Data codewords Error correction codewords
Block 1 D4 D, D11 E; Eo || ... Ez
Block 2 Di2| | Dis D2, Ezs =N Eas
Block 3 Dys Dyy D33 Dy Eus Es || ... Egs
Sloghd—e e - = —

Figure 15 — Constructing the final message codeword sequence

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

D1, D12, D3, D35, D2, D13, D24, D3e, ... D11, D22, D33, D45, D34, D4, E1, E23, E45, E67,E2/E24, E46, Ees, ... E
Es4, Es6, Egg. The symbol module capacity is filled by adding 7 Remainder (0] bits as needed after t
final codgword.

7.7 Cogleword placement in matrix

7.7.1 Symbol character representation

There ardtwo types of symbol character, regular and irregular, in the QR Code symbol. Their use depends

on their gosition in the symbol, relative to other symbol ¢haracters and function patterns.

Most codpwords shall be represented in a regular:2<x 4 module block in the symbol. There are ty

VO

ways of positioning these blocks, in a vertical arrangement (2 modules wide and 4 modules high) and,

if necessdry when placement changes direction;-in a horizontal arrangement (4 modules wide and
modules fhigh). Irregular symbol characters are used when changing direction or in the vicinity
alignmenf or other function Patterns. Examples are shown in Figures 16, 17 and 18.

7.7.2 Function pattern placement

A square|blank matrix shall be, constructed with the number of modules horizontally and vertica
corresponding to the Version-in use. Positions corresponding to the finder pattern, separator, timi

of

ly
hg

pattern, gnd alignment patterns shall be filled with either dark modules or light modules as appropriate.

Module plositions for thie format information and version information shall be left temporarily blaj
These blank positions.are shown in Figures 19 and 20 and are common to all Versions (althou
the versign infornfation is not present in Version 1 to 6 symbols). Annex E defines the positioning
alignmenf patterns:.

k.
bh
of

7.7.3 Symbol character placement

In the encoding region of the QR Code symbol, symbol characters are positioned in two-module wi

de

columns commencing at the lower right corner of the symbol and running alternately upwards and
downwards from the right to the left. The principles governing the placement of characters and of bits
within the characters are given below. Figures 19 and 20 illustrate Version 2 and Version 7 symbols

applying these principles.

a) The sequence of bit placement in the column shall be from right to left and either upwards
downwards in accordance with the direction of symbol character placement.

or

b) The most significant bit (shown as bit 7) of each codeword shall be placed in the first available
module position. Subsequent bits shall be placed in the next module positions. The most significant

bit therefore occupies the lower right module of a regular symbol character when the direction

of
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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
o1 |4 6|7
213 4 |9
415 213
6|7 | 01

T

c)| When a symbol character encounters the horizontal boundary of an alignment pattern|
timing pattern in both module columns, it shall continue above or below the pattern as though the

encoding region were continuous.

igure 16 — Bit placement in regular symbol character in upwards and downwards di

rections

or of the

d)] When the upper or lower boundary of the symbol character region is reached (i.e. the edlige of the

(i)

—

e)| When the right-hand module column of the symbol character column encounters an :
pattern or an area occupied by version information, bits are placed to form an irregulg
character, extending along the single module column adjacent to the alignment pattern g
mformation. If the character ends before two columns are available for the next symbaol

Upwards todownwards

(ii)

symbol, format information, version information, or separatdr) any remaining bits in the
shall be placed in the next column to the left. The directien‘of placement reverses.

W

DN
~

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

rodeword

's when

|lignment
r symbol
r version

haracter,

the most significant bit of the next character shall be placed in the single column.
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An alterr
interleave
bit) in thg
symbol.
downwar
changing
module p

When thg
symbol c
used to fi
according

psition.

to 7.8.

CHAR.

DB IN|O

A

Upwards

DA IWIN|=2O|NJO|W|—

~|O

[

Figure 18 — Example of bit placement adjacent to alignment pattern

ative method for placement in the symbol, which yields.the same result, is to regard the
bd codeword sequence as a single bit stream, which is placéd (starting with the most significgnt
two-module wide columns alternately upwards and.downwards from the right to left of the
n each column the bits are placed alternately in thexight and left modules, moving upwards|or
ds according to the direction of placement and skipping areas occupied by function patterns,
direction at the top or bottom of the column. Ea¢h bit shall always be placed in the firstavailalle

b data capacity of the symbol is such’that it does not divide exactly into a number of 8-pit
haracters, the appropriate number pf-Remainder Bits (3, 4 or 7 as shown in Table 1) shall pe
1 the symbol capacity. These Remmainder Bits shall always have the value 0 before data masking

‘:] Data Codewords

D EC Codewords

D11 D5

D4

10

D6

D3

%

Remainder Bits

48

D7

D2

D9|D8

D1

Figure 19 — Symbol character arrangement in version 2-M symbol
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E26 14| Fes| |E12[Es8 L éﬁ
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51 45| [ELlS D21 q
 [E36[E33 (PY6p15
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1[E29 |D66[D12[D48
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[ | H Qoasp2
E78 7B |Es4
7E3 (B [D63
18 E24 12 n [E66 C B
- i E36 = é;o D32P18 P42 P53
[E 104 E112 "
Ln 83 E10dD7 1 I
12Es0 | EY 6 E40| | 7 RO D455 |
L - E10 - D55 P40
[E 130 El16 E110
E76 LN E105{ESO [E53 [D37(D23 D4
74 o|l__JF14l D58 Dssm -
[E113
E15|  Fé9| |E13 35 [E24 33
[ [E54 |E79 [D24[D36
117
| N Boi1p:
2| Ess|  |E3e 1
f 2[E28 [E105D11D49
18 [o1 37
20D7 P43p30p1
\f | Enl IEss|[ BT | E58 | B2 D62
|
E48
p1-D13 DataBlock 1
D14 - D26 DataBlock 2
D27 - D39 DataBlock 3
D40 - D52 DataBlock 4
D53 - D66 DataBlock &
E1-E26 EC Block 1
E27-Eb2 EC Block 2
E5S3-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. Data

2. Conv

versi
XOR

masking is not applied to function patterns.

brt the given module pattern in the encoding region (excluding the format information and-t
bn information) with multiple matrix patterns successively through the XOR operation:For t
bperation, lay the module pattern over each of the data masking matrix patterns id tarn a

he
he
hd

reverse the modules (from light to dark or vice versa) which correspond to dark modules of the ddta

masHKing pattern.

3. Then|
each

4, Selec

782 D

Table 10
and thed
any mody
informati
in questic

evaluate all the resulting converted patterns by charging penalties for undesirable features
conversion result.

t the pattern with the lowest penalty points score.

ata mask patterns

thows the data mask pattern reference (binary referencé for use in the format informatid
hta mask pattern generation condition. The data mask pattern is generated by defining as d4
le in the encoding region (excluding the area reserved for format information and the versi
on) for which the condition is true; in the condition, 7 refers to the row position of the modv
n and j to its column position, with (i, j) = (0, O)\for the top left module in the symbol.

Table 10 — Data mask pattern generation conditions

pn

n)
rk
bn
1le

Data ma$k pattern reference | Data mask pattern reference for Condition
for QR Code symbols MicroQR-Code symbols
000 (i+j)mod2=0
001 00 imod2=0
010 jmod3=0
011 (i+))mod3=0
100 01 ((idiv2) + (jdiv3))mod2=0
101 (ij)mod 2 + (ij) mod 3=0
110 10 (((j)mod 2 + (ij) mod 3) mod 2=0
111 11 ((i+j) mod 2 + (ij) mod 3) mod 2 =0
Figure 21|shows all data mask patterns, illustrated in a version 1 symbol. Figure 23 simulates the effedts

of data masking using data mask pattern references 000 to 111.
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{i+j) mod3=0 ((i div 2) + (j divg\ mod2=0 () mod2+()mog3=0

b

A

applied to these m

Function nmodules

Masking shall ndt be

odules

110 @ 11
(" )mod 2+ (i) mod&))(aud 2=0 ((+ pmod 2+ (i) mod 3)mod2=10

O.

%\G“l? igure 21 — Data mask patterns for version 1 symbol

e equation below the data mask pattern reference shows the data mask pattern generation

condition;

tr-avatable-datamaskinspatternsapphedtoaiiere ede-version M-4
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attern 10 Mask Pattern 11

Figure 22> Data mask patterns applied to Micro QR Code version M4 symbol
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[x] =] :ﬁE"

Selected result wath lowest penalty score

Figure'23 — Data masking simulation in QR Code symbols

7.8.3 Evaluation of-data masking results

7.8.3.1 Evaluiation of QR Code symbols

Affter performing the data masking operation with each data mask pattern in turn, the reqults shall
bd evaluated by scoring penalty points for each occurrence of the following features. The Higher the
nymbert of points, the less acceptable the result. In Table 11 below, the variables N1 to N4 fepresent
welgtted pematty scores for tire undesitable features {NT =3, Nz =3, N3 =20, Nz =103, Tistheamount 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

(dark:light:dark:light:dark) pattern in
row/column, preceded or followed by

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

light area

4 h . | A |
T IIITUUUITS VWIUT

Proportio
symbol

n of dark modules in entire 50 x (5xKk)%to50 % (5x (k+1))% Ng x k

NOTE1 A

Check the
for the eva
five consed
time the ny
k:dark” mg
the point.
(for a six-n

NOTEZ2 M

The penalt
modules fd
this block {

NOTE3 1

If the light
imposed p
NOTE4 P
Add 10 poi

(or 0 point
if the ratio

Hjacent modules in row/column in the same colour.

blocks consisting of light (white) or dark (black) modules of more than five in a row both laterally and vertica
uation of data masking results. The rule of this calculation is that 3 penalty points shall be added to each block]
utive modules, 4 penalty points for each block of six consecutive modules and so on, with/Scoring by 1 point eal
mber of modules increases. For example, impose 5 penalty points on the block of “dark:dark:dark:dark:dark:d

'he penalty point for a seven-module block, for example, shall be 5, not the sum of 3 (for a five-module block) 4
odule block) + 5 (for a seven-module block) =12.

odule blocks in the same colour.

r an example. Considering that up to four 2 x 2 dark modules can bejincluded in this block, the penalty applied
hall be calculated as 4 (blocks) x 3 (points) = 12 points.

1:3:1:1 ratio pattern in row/column.

area of more than 4 module wide exists after or before a 4¢14:3:1:1 ratio (dark:light:dark:light:dark) pattern, t
bnalty shall be 40 points.

Foportion of dark modules in entire symbol.

hts to a deviation of 5% increment or decrement.in the proportion ratio of dark module from the referential 5
level. For example, assign 0 points as a penaltjnifthe ratio of dark module is between 45% and 55%, or 10 poir
of dark module is between 40% and 60%.

dule pattern, where a series of seven consecutive modules is counted as one block. However, do not double-count

y point shall be equal to the number of blocks with 2 x 2 light or dark modules. Take a block consisting of 3 x 3 dark

ly
of
ch
ar

4

to

%
ts

The data

7.8.3.2

After per

pattern 11 turn, the resultsshall be evaluated by scoring points for the number of dark modules in ed

of the tw
result. In

a quiet zclne from an\ericoding region more effectively.

For each
symbol (e
formula:

mask pattern which results in thelowest penalty score shall be selected for the symbol.
Evaluation of Micro QR Code symbols
forming the data magking operation on the encoding region of the symbol with each data ma

edges which argnot timing patterns. The lower the number of points, the less acceptable 4
these symbals, it is desirable to have more dark modules in the edge, in order to differentig

ata mask pattern in turn, count the number of dark modules in the right and lower edges of
xcliding the final module of the timing pattern). The evaluation score is given by the followi

If SUM; <

SUM3

Evaluation score =SUM, x16 +SUM,

If SUM; >

SUM3

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

SUM7 number of dark modules in lower side edge

N
SUM+ > SUM,
> SUM; =8 Evaluation point = SUM; x116"+ SUM;
= (6 x 16) + 8
) =104
N J

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

The data mask pattern which results in the highest s¢ore shall be selected for the symbol.
7.0 Format information

7.9.1 QR Code symbols

The format information is a 15-bit\sequence containing 5 data bits, with 10 error correftion bits
calculated using the (15, 5) BCH code. For details of the error correction calculation for the format
information, refer to Annex C, The first two data bits contain the Error Correction Level of thie symbol,
inflicated in Table 12.

Table 12 — 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.

14:13:12:11:10: 9 7:6 5:4:3 2¢1:0

\— Dark Module

EXAMPLE

Assume Efror Correction Eevel M 00

and data mask pattern 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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7.9.2 Micro QR Code symbols

2015(E)

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

Th
in
Th
Th
in
ze
Th
as
in
14

E}

Symbol num- Varcian Error Correction BinarvIndicator
ber Level 7
0 M1 Error(:ineltyection 000
1 M2 L 001
2 M2 M 010
3 M3 L 011
4 M3 M 100
5 M4 L 101
6 M4 M 110
7 M4 Q 111

e fourth and fifth data bits of the format information contain the data mask pattern referern
Table 10 for the pattern selected according to 7.8.3.

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

el5-biterrorcorrectedformatinformationshallthenbeXORedwiththebitpattern10001000
order to ensure that no combination of symbol number and data mask pattern will resulf
ro data string.

e resulting masked format informdtion shall be mapped into the areas reserved for it in t}

formation is located in the module numbered 0, and the most significant bit in the module 1
in Figures 24 and 25.

[AMPLE

ce shown
data bits.
1000101,

in an all-

e symbol

shown in Figure 25 or 26, depending on the symbol type. The least significant bit of the format

umbered

e
MMM
ke

14513§12811410 593 8

Symbol number 0: 000
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7.10 Version information

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

Figure 26 — Micro QR Code symbol format information bit positions

The versipon information is included in QR Code symbols of version 7 orlarger. It consists of an 18-pit

sequence|containing 6 data bits, with 12 error correction bits calculdted using the (18, 6) Golay codle.

For details of the error correction calculation for the version information, refer to Annex D. The six ddta

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

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

No versiopn information will result in an all-zero data string since only Versions 7 to 40 symbols contdin

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

The resulting version information shall be mapped into the areas reserved for it in the symbol [as
shown in[Figure 27. Note that the version information appears twice in the symbol in order to provide

redundarjcy since its correct decoding is es$ential to the decoding of the complete symbol. The legst
significajt bit of the version information is located in the modules numbered 0, and the most significgnt

bit in the modules numbered 17, in Figure 28.

Example:

Versipn number: 7

Dataj 000111

BCH bits: 110010010100

Versipn inforimation module pattern: 000111110010010100

The versijor’information areas are the 6 x 3 module block above the timing pattern and immediat¢ly
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.

58
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1] ’ Version Information
e [
] <
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— —
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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]17 91011
12|113|14
15/16]17
Version Information in lower left Version Information in upper rjight
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[fthe upper symbol.

B o B ob

Figure 49 — Single symbol {above) and Structured Append series of symbols (below) encoding
“ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZ”

8.2 Symbol Sequence Indicator

This coddword indicates the position of the symbol within the set of (up to 16) QR Code symbols in the
Structurdd-Append format (in the form m of n symbols). The first 4 bits of this codeword identify the
pOSlthn Cfthb yartu, u}ar Jy lllbU}- I hb laot _Al' b;td ldblltlf)’ thb tUtCl} llulllb\,r UfO_y lllbUlD tU bb bUllLClt'vllClt d
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.

1st symbol block (“0123”) - 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 parity data is calculated from “0123456789 H #” by XORing the data suceessively, byte by byte.
3003132033034 D35036037®38®39093PFAD96P7B=85

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

9( Symbol printing and marking

9.1 Dimensions
QI Code symbols shall conform to the following dimensions:

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

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

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

9.2 Human-readable interpretation

Bgcause QR _Code symbols are capable of encoding thousands of characters, a human|readable
inferpretation of the data characters may not be practical. As an alternative, descriptive t¢xt rather
thpn literabtext may accompany the symbol.

Thecharacter size and font are not specified, and the message may be printed anywhere i1 the area

SUEESHR Ainatha cunalbal Tho haao o o dal o sttt clhald ot farn b +h o oy lbOl ltself
ottt gttt Sy oot ntia reatase- e precaton Sothra ottt rere-witnnie-5y+

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 symbols (DPM) and/or symbols printed with disconnected dots may not pass tlluis
methodology and may not be readable by QR Code scanners. Application requiring such symbels-shoyld
specify gpality measurement using the ISO/IEC 15415 quality extension ISO/IEC/TR 29158 dand mpy
require specialized DPM scanners.

10.2 Symbol quality parameters

10.2.1 Fjixed pattern damage

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

10.2.2 Sgan grade and overall symbol grade

The scan grade shall be the lowest of the grades for symbol contxast, modulation, fixed pattern damage,
decode, akial non-uniformity, grid non-uniformity and unused érror correction in an individual image|of
the symbpl. The overall symbol grade is the arithmetic méan of the individual scan grades for a numHber

of tested jmages of the symbol.

10.2.3 QGrid non-uniformity

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

10.3 Process control measurements

A variety] of tools and methods.€an be used to perform useful measurements for monitoring ahd
controllijg the process of créating QR Code symbols. These are described in Annex M. These techniques
do not copstitute a print@uality check of the produced symbols (the method specified earlier in this
clause anfl Annex G is the required method for assessing symbol print quality) but they individually aphd
ly yield goedindications of whether the symbol print process is creating workable symbols

The decotinestepsfromreadinga QR Code svmbol o outputtina date
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.| Finally, decode the Data Characters in accordance with the mode(s) in use and output'the|result.

( START )

Recognize Black/White Modules

BB

Decode Format Information
T

Determine Version
T

Release Masking
I

Restore Data-and RS Codewords

Error detection
using Error Correction

No error

Error Correction
» |

Decode Data Codewords
1

Output
I
( 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

Repept step 1) for pixel columns crossing the central box of thefinder pattern in the y axis of t
image.

3)

4)
5)

6)

Determine theretational orientation ofthe symbol by analysing the finder pattern center coordinat
to id¢ntify which pattern is the upper left pattern in the symbol and the angle of rotation of t
symbol.

Determine 1) the distance D crossing the full width of the symbol between the centers of the upp
left fimderpattermamdof the upper right fimder pattermand-2jthe widthrof the two patterms;, W

pattern (see Figure 31). Repeat this for adjacent pixel lines in the image until all lines crossi

ng

the central box of the Tinder pattern in the X axis of the Image have been identiiied.

Figure 31 — Scan line in finder pattern

ocate the center of the pattern. Construct a line through the midpoints between the points

onstruct a similar line through points A andB on the outermost pixel columns crossing t
entral box in the y axis. The center of thepattern is located at the intersection of these t¥
nes.

=0 ~ Qo —~

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

et

[ no candidate areas are detected, reverse the colouring of the light and dark pixels a
recommence at the beginning.of step b to attempt to decode the symbol as a symbol w
reflectance reversal.

If a single pattern is(identified but two further finder patterns cannot be located, attem

reference decode“(from step m).

he

A

nd B on the outermost pixel lines crossing the eentral box of the finder pattern in the x axis.

he
VO

hd
th

pt

tp decode the symbgb as a Micro QR Code symbol by jumping to the Micro QR Code symbols

es
he

er

and WygR as shown in Figure 32.

L
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v

Figure 32 — Upper finder patterns

e)| Calculate the nominal X dimension of the symbol.

X=(Wy, + Wy, )/ 14

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

g)| Ifthe provisional symbol versionis 6 or less, this is specified as the defined version. If the p1
symbol version is 7 or more, the version information is decoded as follows.

1) Divide the width WyR of the upperright finder pattern by 7 to calculate the module s

CPy, =Wy /7

2) Find the guide lines-A€ and AB from A, B and C, which pass through the centers of
finder patterns, as shown in Figure 33 below. The sampling grid for each module
the version infermation 1 area is determined based on lines parallel to the guide
central coordinates of the finder patterns, and the module size CPyr. Binary values 0
determined-from the light or dark pattern on the sampling grid.

Version
A Information 1 B

ovisional

ze CPyRr.

the three
center in
lines, the
and 1 are

E %]

Version - E E

Information 2

O O

C

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
line &
line
of X,

it as

centr
const

lJCll a}}C]l tU lt at thC vl tlba} Dyabills Uf ‘1’, bUllllJl ibills DiA }illcb Cl}JUVC t]llC hUl iLUllta]l leCl CI
nd as many lines below it as are required for the version of the symbol and 2) the verti
assing through the left side Timing Pattern with lines parallel to it at the horizontalSpaci
comprising six lines to the left of the vertical reference line and as many lines to the/tight
hre required for the version of the symbol. For version 2 and larger symbols, detérmine t
al coordinate of each alignment pattern from the coordinates defined in 6.3.6 and’Annex E a
ruct the sampling grids with lines equidistantly spaced between these points:

P

AN

P5

g H.
m e EI/E//M
L ELR

P

Figure 34 — Finder patterns and alignment patterns

1) Divide the pattern width Wy, of the upper left finder pattern Py, by 7 to calculate the module si

CPyL
CP

UL

=W /7

ce
al
ng
of
he
hd

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).

66
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Figure 35 — Central coordinates of alignment pattern

2015(E)

Estimate the provisional central coordinate of the alignment pattern P3, based .en-th
coordinate of the upper left finder pattern Py, and the actual central coordinates(©f'the 3
patterns P1 and P2 obtained in step 3.

5) Find the actual central coordinate of the alignment pattern P3 by followifig the same j
in step 3.

6) Find Lx, which is the center-to-center distance of the alignment.patterns P2 and P
which is the center-to-center distance of the alignment patterns/P1 and P3. Divide Lx
the defined spacing of the alignment patterns to obtain the medule pitches CPx in thel
and CPy in the right side in the upper left area of the symbpol (see Figure 36).

CPx=Lx /AP
CPy=Ly /AP

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

In the same fashion, find Lx’, which is the horizontal distance between the central coor
the upper left finder pattern Py, and.the central coordinates of the alignment pattern P
which is the vertical distance between the central coordinates of the upper left finder p4
and the central coordinates ofthe alignment pattern P2. Divide Lx" and Ly’ by the formulg

e central
|lignment

rocedure

B, and Ly,
and Ly by
ower side

linates of
|, and Ly’,
ttern Pyy,
below to

obtain the module pitches CPx"in the upper side and CPy’ in the left side in the upper left drea of the

symbol.
CPx’ = Lx’ / (Column ¢oordinate of the central module of the alignment pattern P1

— Columfirgoordinate of the central module of the upper left Finder Pattern Pyy)
CPy’ =Ly’ L{Row coordinate of the central module of the alignment pattern P2

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

Py Lx
P1
» -
Ly’ Ly
¥y
: Lx \
P2 P3

Figure 36 — Upper left area of symbol
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7)

8)

9)

10)

j)

k)

D)

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 B

Repe

11) 1
1

Samy
whet|
modt

Deco
to yi
exceeg
same
patte

If a v:
read
the iy

2 J D o 1 PR | i 1 pa £ £ Doty
JdIIU1 J1 CDPCLLIVUI)’, dllU LT Tt al CUUTUITIIAdLTS UL LIITOT 1T AdllTl 115,

Lx’ P4
P3
/’/
Ly’ Ly
o S e
P5 Lx \PG

Figure 37 — Lower right area of symbol

ht steps 5) to 8) to determine the sampling grid for the lower right area of the symbol.

he same principles shall be applied to détermine the sampling grids for any areas of the syml
ot already covered.

her it is dark or light based on the Global Threshold. Construct a bit matrix mapping the da
les as binary 1 and light medules as binary 0.

bld the Error Correction Level and the data mask pattern applied to the symbol. If errd
ding the error correction capacity of the format information are detected, then follow t
procedure todecode the format information adjacent to the upper right and lower left find
rns.

1lid formatinformation bit string cannot be derived, determine whether it is a valid sequencg
in thereverse direction and if so attempt to continue decoding as a mirror image symbol w
hage'row and column coordinates transposed.

e the format information adjacent to the upper left finder pattern as described in Annex (.

ol

le an area of 3 x 3 image pixels,.céntred on each intersection of the grid lines and determipe

rk

rs
he
er

if
th

Go to

stepy.

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

Plot three lines parallel to each axis of the finder pattern and equally spaced across the pdttern and
measure the distances from point A to point B on each line. The $pacing is not limited but t
shall be in the finder pattern.

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

Taking each side of the outer box of the finder pattern in turn, extend a line outward from
pattern in both directions, parallel to the edgeand 0,5 X in from the edge.

Search for the timing patterns:

1)

2)

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

i) acleararea of atleast1;5X in one direction;

ii) alternating light«and dark areas evenly spaced at 1X centres from the edge of {
pattern in the @pposite direction (a candidate timing pattern).

hree lines

the mean

Che finder

of which

he finder

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

this numberiSbetween two and five.

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

Ifthere are two dark elements, the symbol version is M1;

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

he timing

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

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

From the centre of the first dark module in each side of the timing patterns extend a line parallel
with 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
dark status of each module of the format information. Determine the format information bit string
by taking the dark pixels as binary 1 and light pixels as binary 0.

Release masking of the format information by XORing the bit string with the pattern given in 7.9.2
and decode the format information (applying the error correction procedure given in Annex B if
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y)

13 Autgdiscrimination capability

QR Code fan be used’in an autodiscrimination environment with a number of other symbologies. (§
Annex L)] Although/Model 1 and QR Code symbols can be autodiscriminated by analysis of the forn
informatijon mask pattern, Model 1 symbols should not be used in the same environment as QR Co
symbols.

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.

If the 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
obtain the symbol number and the data mask pattern.

to

Confirm the module pitch X in each axis by dividing the overall width from the outer edge of the

findeppe : , ~ edge
patte

Estallish a sampling grid, corresponding to the version of the symbol, of lines spaced 1X |apart|i

each pxis, parallel to each other and to the side of the finder pattern, and running from.the centr
of th¢ timing pattern modules and from similar positions in the finder pattern.

Sample an area of 3 x 3 image pixels, centred on each intersection of the grid lines, and determine

whether it is dark or light based on the Global Threshold. Construct a bit matrix mapping the da
modyles as binary 1 and light modules as binary 0.

XOR the data mask pattern with the encoding region of the symbol torelease the data masking a
restore the symbol characters representing data and error correctio)codewords. This reverses t
effect of the data masking process applied during the encoding precedure.

Detefmine the symbol codewords in accordance with the placement rules in 7.7.3.

aa) Hearrange the codeword sequence into blocks as required for the symbol Version and Ery
(orrection Level, by reversing the interleaving précess defined in 7.6. step 3).

bb) Hollow the error detection and correction decoding procedure in Annex B to correct errors a
drasures up to the maximum correction capacity for the symbol version and Error Correcti
Level.

cc) Hestore the original message bit stxeam by assembling the data blocks in sequence.

dd) Jubdivide the data bit stream.into segments each commencing with a mode indicator and t
length of which is determiped by the character count indicator following the mode indicator.

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

rk
hd
he

or

ee
at
de

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.

70
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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|systems where the ECI protocol is supported the transmission of the Symbolegy Identifier is
with every transmission. Whenever the ECI mode indicator is encountered; it shall be trans
the escape character 5Cygx, (which represents the backslash character “\*in1SO/IEC 8859-1

Al
E(
di
fo

Af
th

Y
as

If
ch
al

EX

Tr
b)
Tn

ECI specification and maps to the character “¥” in JIS X 0201). The,codeword(s) represd
[ Designator are converted into a 6 digit number by inverting thé-sules defined in Table 4
bits shall be transmitted as the corresponding 8-bit values in thee range 30ygx to 394y, im
lowing the escape character.

plication software recognizing \nnnnnn should interpfet-all subsequent characters as b
e ECI defined by the 6 digit designator. This interpretation remains in effect until:

the end of the encoded data;

a change to a new ECI signaled by mode indicator 0111, subject to rules defined by thg
specification.

hen reverting to the default interpretatioh the decoder shall output the appropriate escape
prefix to the data.

the character 5Cygx needs to be-tised as encoded data, transmission shall be as follows:

vays an escape character@nd a double occurrence indicates true data.

ample 1

Encoded data (hex):” 4142 43 5C 313233 34

ansmitted data: 414243 5C5C313233 34

Encoded data: ABC followed by <further data> encoded according to rules for ECI 12
anSmitted data: 4142 43 5C 31 32 33 34 35 36 <further data>

required
mitted as
ind in the
nting the
. These 6
mediately

ping from

AIM ECI

sequence

lwvhenever

aracter 5CHEx occurs as datdytwo bytes of the value shall be transmitted, thus a single occiirrence is

3456.

Example 2 (using data in 7.4.2.2)

The message contains ECI mode indicator/ECI Designator/mode indicator/Character count
indicator/Data in the form of

0111 00001001 0100 00000101 10100001 10100010 10100011 10100100 10100101

Symbology Identifier 1Q2 (see Annex F) must be added to the data transmission.
Transmission (hex. values): 5D 5132 5C303030303039A1A2A3 A4 A5
Encoded data in ECI 000009: ABTAE
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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 of the
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 cannot be
transmitted directly as there is no byte value corresponding to it. It is therefore necessary to indicate its

presencefin the first or second position by the transmission of the relevant Symbology Identifier (]Q3, ]
Q4,]Q5 o ]Q6 defined in Annex F shall be used). Elsewhere in these symbols it may occur in accordance

with the |
by the ch
decoder s

If, in sym
it shall be
% charac

elevant application specification as a data field separator, represented in Alphanumerie¢ mode
hracter % and in Byte mode by the character GS (ASCII/JIS8 value 1Dygx). In both.cases the
hall transmit ASCII/JIS8 value 1DHEx.

bols in FNC1 mode, the character % needs to be encoded as data while in Alphanumeric modle,
represented in the symbol by %%. If this is encountered the decoder shall transmit a single
ter.

72
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Error detection and correction generator polynomials

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

the remainder of this division are the error correction codeword values.

eword is the coefficient of the dividend polynomial in descending power order. The coefficients of

le A.1 shows the generator polynomials for the error correction codes which are used.for eagh Version

arld Level, for all QR Code symbols. The number of error correction codewords requived for a particular
version and error correction level can be obtained from Table 9. In the table, o isthe primitive element
2 tinder GF(28). Each generator polynomial is the product of the first degree polynomials: x-40, x-21, ...,

x-Pn-1; where n is the degree of the generator polynomial.

Table A.1 — Generator polynomials for Reed-Solomon error-correction codewor(s

Number of error Generator polynomials
correction code-
words
2 X2+ a25% + o
5 x5 + q113x4 + 164x3 + q166x2 + 119k + (10
6 X6 + 1665 + x4 + q134x3 + aSx2*%al76x + al5
7 x7 + a87x6 + 0229%5 + q146x4+0149x%3 + a238x2 + 102x + 21
8 x8 + a175%7 + 0238x6 + q208x5 + 249x4 + 215%3 + q252x2 + 196x + 28

+a32x + a45

10 x10 + 251x9 + q67x8 + q46x7 + ab1x6 + q118x5 + q70x4 + a64x3 + o 94x2

+ o130x4 +45218x3 + 206x2 + 140x + (78

13 x13 + 74x12 + 15211 + 176x10 + 100%9 + 86x8 + 100%x7 + 106x6 + 104x5

+ 13706 + q216x5 + q87x4 + 207x3 + q59x2 + a22x + 91

14 x14 + o199x13 4+ 249x12 4 155x11 + q48x10 + 190x9 + o124x8 + (2187

Fa58x6 + 0237x5 + q140x4 + q124x3 + o5%x2 + q99x + 105

15 154 Bx14 + 183x13 + 61x12 + 91x11 + 202510 + q37x9 + q51x8 + 58x7

16 x16 + q120x15 4 104514 + q107x13 4+ ¢109x12 4+ 102x11 4 ¢161x10 4+ 769
+03x8 + a91x7 + q191x6 + 147x5 + 169x4182%3 + 194x2 + 225 + 120

+ q163x + 136

17 x17 + o43x16 + 139x15 + 206x14 + (78x13 + 43x12 + 23911 + 12310
+ 0206%9 + 214%8 + 147x7 + 24%x6 + o99%x5 + 150%x4 + 39x3 + 2432

518 + 218017 - 23416 ¢ 158,18 ¢ 9414 . 184,13 97,12 . 118,11
X ¢ X ¢ x ¢ x —o=X L x —o—xX ¢ X

H
¢ o]

+098x2 + q96x + 153

+ a170x10 + q79x9 + 1878 + q152x7 + q148x6 + 252%5 + q179%4 + a5%3

+ q212x3 + 2122 + q188x + 190

20 %20 + q17x19 + 60x18 + 79x17 + o50x16 + o61x15 + 163x14 + 26x13 + 187x12
+ q202x11 + 18010 4+ ¢221x9 + 225%8 + o83x7 + 02396 + 156x5 + q164x4

22 x22 + q210x21 + 17120 4+ ¢247x19 + 242x18 + q93x17 + 230x16 + 14x15
+ q109x14 + 221x13 4 53x12 + 200x11 + ¢74x10 + 8x9 + 1728 + 98x7
+ a80x6 + q219%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 + q125x24 + 158x23 + 2x22 + 103x21 + 182520 4 118x19

+ ol7x18 + 01%5%x17 + 0201x16 + l1ix15 + a28x1% + 165x13 + 053x12
+ o161x11 4+ q21x10 4 245%9 + 142x8 + o13x7 + o102x6 + q48x5 + 227x4
+ a153x3 + a145xz + a218x + a70

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

B0

%30 + q41x29 + 173x28 + 145x27 + q152x26 + 0216x25 + o31x24 + ql?9x23
+ a182x22 + 50x21 + 48x20 + 110x19 + 86x18 + 239x17 + 96x16

+ a222x15 4+ 125514 + q42x13 + 173x12 + q226x11 + 193510 42249

+ a130x8 + q156%7 + q37x6 + q251x5 + 216x4 + 238%3 + q40x2% 192x

+ 180

B2

x32010%31 + 6x30 + 106%29 + 190%x28 + 249%x27 + q167%26 + 4x25 + 67x24
+ 0209%23 + o138x22 + 13821 + 32x20 4+ 242x19 4 o(123x18 + 8917

+ 02716 + 120x15 + 185x14 + 80x13 + 156x12% 38x11 + 69x10

+ al71x%9 + a60x8 + a28x7 + a222x6 + 80x5 + 52%x4 + o254%3 + 185x2

+ 0220x + (241

B4

x34 + q111x33 + 77x32 + q146x31 + q94x30"+ q26x29 + 21x28 + 108x27
+ q19x26 + 105525 + 94x24 + o113x23 % q193x22 + 86x21 + (140x20
+a163x19 + 125518 + q58x17 + q198X16 + 229x15 + 239x14 + 218x13
+ 103512 + q56x11 + o70x10 4+ ((114x9 + o61%8 + 183x7 + 129x6

+ q167x5 + 13x4 + a98x3 +«62X2 + o129x + o51

B6

%36 + 20035 + 183x34-p0x98x33 + q16x32 + q172x31 + 31x30 + (246x29
+ 23428 + q60x27 + o #52x26 + 115x25 + x24 + q167x23 + q152x22

+ q113x21 + 248x20,+ 238x19 + 10718 + o18x17 + 63x16 + 218x15

+ a37x14 + 8718 210x12 4+ 105511 4+ 17710 4+ ¢120x9 + 74x8

+ al121x7 + q196%6 + o117x5 + q251x4 + o113x3 + a233x2 + a30x + 120

L0

x40 1+ 59x89)+ q116x38 + 79x37 + q161x36 + 25235 + 98x34 + 128x33
+ q205%32)4 o128x31 + q161x30 + 247x29 + 57x28 + q163x27 + (56x26

+ 285325 4+ q106x24 + o53x23 + 26x22 + 187x21 + 17420 4 226x19

1+ l04x18 + q170x17 + 7x16 + q175x15 + q35x14 + o181x13 4+ 114x12
aB8x11 + q41x10 + q47x9 + q163x8 + 125x7 + q134x6 + 72x5 + 20x4
+ a232x3 + a53x2 + o35x + 15

2

x42 + 250541 + q103x40 + 221%39 + 230x38 + 25x37 + q18x36 + 137x35
+ 0231x34 + x33 + a3x32 + q58x31 + 242x30 + 221x29 + 191x28 + o110x27
+ 0B84x26 + 23025 + oBx24 + q188x23 + 106x22 4+ 96x21 + 147x20 + 15x19

+ a131x18 + q139x17 + o34x16 + 10115 + 223x1% + 39x13 + q101x12 + 21311
+ q199x10 + o237x9 + 254x8 + q201x7 + q123x6 + 171%5 + 162x4 + q194x3
+ 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
AQAE ' u’)n’)AA. ' u')’)QAQ ' UL1QA’7 825 “1 N

¢ AT

48

x48 + 228x47 + 25x46 + q196x45 + (130544 4 21143 4 146x42 + 60x41 + (244D
+ a251x39 + q90x38 + 39%x37 + (102x36 + 24035 + 61x34 + 178x33 + 63%32

+ a46x31 + q123x30 + 115529 + 18x28 + 221x27 + q111x26 + 13525 +10¢160x24
+ q182x23 4+ 205x22 + q107x21 + 206%20 4+ 95x19 + 150x18 4+ (120x17 184x16
+ 91x15 + q21x14 4 q247x13 4 q156x12 + 140x11 4+ ¢238x10 4 191x) o118

+ 94x7 + q227x6 + a84x5 + a50x4 + q163x3 + a39x2 + o34x + 108

50

x50 + 1232x49 4+ 125x48 4+ 157x47 + 161x46 4 164x45 + qIxthy) 118x43 4+ 46x42
+ a209x41 + a99x40 + a203x39 + a193x38 + (X35X37 + a3x36 T a209x35 + alllxs‘l-

+ 0195%33 + 1242%32 + 203x31 + 225%30 + q46x29 + q18x28 + 32x27 + (160x26

+ a126x25 + q209x24 + 130x23 4+ 160x22 + 242x21 4 G215x20 + 242519 + 75x18
+ a77x17 + a42x16 + q189x15 + 32x14 + o113x13 + 65x12 + 124x11 + 69x10

+ 0228x9 + o114x8 + 235x7 + a175x6 + o124x5 4.070x4 + 0215x3 + q232x2

+ a133x + 205

52

x52 + o116x51 4+ 50x50 + 86x49 + 186x48 % (50x47 + 220x46 + 251x45 + BIx44
+ q192x43 + q46x42 + o86x41 + q127x40 0 124x39 + 19%38 + q184x37 + ¢233x36

+ q151x35 + q215x34 + q22x33 + a14x32+ q59%31 + o145x30 + 37x29 + 242x28

+ q203x27 4 o134x26 + 254x25 +\¢89%24 + 190x23 + o94x22 + 59x21 + 65520

+ q124x19 + q113x18 + q100x17 4 233x16 + 23515 + o121x14 + ¢22x13 + o76x12
+ a86x11 + q97x10 + 39x9.+242x8 + 200%7 + q220x6 + 101x5 + 33x4

+ a239x3 + o254x2 + q116x 51

54

x54 + o183x53 + 26x52 ¢ 201x51 + qB87x50 + 210x49 + 221548 + 113547 4+ 21x44
+ 046x45 + 65x44 A A5x43 + 50x42 + o238x41 + 184x40 + 24939 + 225x38

+ a102x37 + o58%36 + 209%35 + 218x34 + q109%33 + 165%32 + 26x31 + 95%30

+ q184x29 4+ 192528 4+ 52x27 + 245x26 + 35x25 + 254x24 + 238x23 + 175x22
+ al72x21 $79%20 + 123x19 + 25x18 + 122x17 + o43x16 + 120x15 + ¢ 108x14

+ q215x13% q80x12 4 128x11 4+ 201x10 4+ ¢235%9 + 8x8 + q153x7 + 59x6

+ a10Tx5% q31x4 + q198x3 + a76x2 + a3lx + o156

56

%56 3 010655 + 120x54 + 107x53 + q157x52 + 164x51 + 216%50 + 112549
011648 + q2x47 + q91x46 + 248x45 + 163x44 + 36x43 + 201x42 + 20241

+ 0229%40 + 6x39 + 14438 + 254x37 + q155%36 + 135x35 + 208x34 + 17033
+ 20932 + q12x31 + q139%30 + 127x29 + 142x28 + 182x27 + q249x26 + 17725
+ q174x24 + 190%23 4 2822 + 10x21 + 85x20 + 239x19 + (184x18 4+ (10117

+ q124x16 + q152x15 + 206514 + q96x13 + q23x12 + q163x11 + 61x10 + 27x9

+ a196x8 + q247x7 + o151x6 + q154x5 + 020254 + q207x3 + q20x2 + b61x + 10

58

%58 + qB82x57 + q116x56 + 2655 + q247x54 + q66x53 + 2752 + 62x51 + ¢107x50
+ a252x49 + 182x48 4+ q200x47 + 185546 + 235x45 + 55x44 + 251x43 + 242x42

+ q210x41 + 144540 + 154%39 + 237x38 + 176x37 + q141x36 + 192x35 + (248534
+ 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
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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
+ q28x43 + q181x42 4 q127x41 4+ 6x40 + 100x39 + 247x38 + 2x37 + 205x36

+ 198x35 + 57x34 + 115%33 + q219x32 + 101x31 4+ 109x30 + 160x29 + (8228
+ a37x27 + a38x26 + q238x25 + q49x24 + 16023 + 209x22 + ¢121x21 4 ¢86x20
11A1Q + u1 ')A.A1Q ' u’lnA17 ; U\,1Q1A1F‘ ' MQAA1'; ; M'7':.'A1A. ; UL1QA.A1’2 ' ULR7A1'7

+ o65x11 + 102x%10 + 1909 + 1220%8 + 170%x7 + a27x6 + 209%x5 + 16x4 + 89x3
+ a7x2 + o33x + 240

¥ x62 + 65x61 + 202x60 + 113x59 + 9858 + q71x57 + 223x56 + 248x55 + 118x54
+ q214x53 4 q94x52 + x51 + q122x50 + q37x49 + 23x48 + a2x47 + (228x46

+ a58x45 + q121x44 4+ o7x43 + 105x42 + 135x41 4 o78x40 + 24339 + ¢118x38

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

+ a194x29 + o17x28 + 212x27 + 126x26 + q181x25 + 35x24 + 221x23 5 117x22

+ a235x21 4+ o11x204+ 229x19 + q149x18 + 14717 + 123x16 + 213815 4 4014

+ 115513 4 q6x12 + 20011 + 100x10 4+ 26%9 + 246x8 + 182x7h & 218x6

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

4 «64 + q45x63 + o51x62 + q175x61 + q9%x60 + o7x59 + 15858 % 159x57 + q49x56

+ 068x55 + o119x54 + 092x53 + a123x52 + a177x51 + q204x50 + 187549 + 254x48
+ 0200%47 4 78x46 + 141x45 + 149x44 4 119x43 4 {26542 + 127x41 4+ 53x40

+ al60x39 + a93x38 + a199Xs7 + a212X36 + a29x35 + a24x34 + al45x33 + a156x32
+ 208x31 + q150%30 + 1218x29 + 209x28 + qdx 2P+ 216x26 + q91x25 + 47x24

+ 18423 4 146x22 4+ q47x21 + q140x20 + 195%19 4+ q195x18 + 125517 + 24216
+ 0238x15 4+ 63x14 + 99x13 + 108512 4 140511 4 230%10 + 242x9 + ¢31x8

+ 0204x7 + o11x6 + o178x5 + q243x4 + a287%3 + 156x2 + 213x + 231

b6 %66 + 5%65 + 118x64 + 22263 + q180%62 + 136x61 + 136x60 + 162x%59 + 51x58
+ 046x57 + 11756 + 13x55 + 21554 + 81x53 + 1752 + 139x51 + 24750

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

+ al111x41 + 95x40 + 101x39 + 41x38 + 72x37 + 214%36 + 169x35 + 197x34

+ 095%33 + 7x32 + a44x31L W 154%30 + 77%x29 + q111x28 + 236%x27 + 4026

+ al121x25 + 143x24 + @63%23 + a87%x22 + o80x21 + 253%20 4+ 240x19 + 126x18

+ o217x17 + (77x16, 4+ a34x15 + 232x14 + 106x13 + 50x12 + 168x11 + 8210

+ 076x9 + 146x8 % 067x7 + q106x6 + 171x5 + 25x4 + 1323 + 93x2

+ o45x + 105

b3 %68 + (24767 + (159%66 + 223%65 + 33x64 + 224%x63 + o93%62 + o77x61 + (7060
+ a90x594"((160%58 + 32x57 + (254x56 + 43x55 + 150%54 + 84%x53 + 10152

+ o 190x5T + 1205%50 + 13349 + (5248 + 60x47 + 202x46 + 165x45 + 22044
+ (203%43 + q151x42 + 93x41 + 84x40 + 15x39 + 84x38 + 1253x37 + (17336
$0160x35 + 89%x34 + (1227x33 + 52%32 + q199%31 + 197%30 + 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

76 © ISO/IEC 2015 - All rights reserved


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

ISO/IEC 18004:

Annex B
(normative)

Error correction decoding steps

2015(E)

Take the Version 1-M symbol as an example. For the symbol, the (26, 16, 4) Reed-Solomon code under

GH
is:

T}

R=(ry,ry,ly. )

atis,

_ 2 25
R(X)=ry+rx+nx*+ ... +1x

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

(

—

)

A\

(ii

Fi

Calculate n syndromes (where n is equal to the number of codewords available for error ¢
given by (c - k - p) as shown in Table 9).

Find the syndrome S;(i=0-(n - 1)).

So=R(1) =r,+r+n+ ... +1y

S,=R(a) =r,+ra+na’+ ... +na”

_ 7\ _ 7 14, 175
S7—R(a ) =r,+tnoa’ +hLa (H.. +ho

here a is a primitive element of GF(28)
Find the error positiofis:
S$,0,-S8,0,+5,65=5,0,+S5,=
So0,-S,0,4+80,-S,0,+S,=

S,0,-S,05+S,0,-S.0,+S5,=

o O © O

S,0,~8,0,+S.0,-S.,0,+S, =
nd the variable o;(i = 1-4) for each error position using the above formulas. Then, subs

Va1riable for the following polynomial and substitute elements of GF(28) one by one.

(28) is used for error correction. Provided that the code after releasing data masking from tle symbol

rrection,

fitute the

_ 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 (a) = 0.

© ISO/IEC 2015 - All rights reserved

77


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

ISO/IEC 18004:2015(E)

(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,

Yaljl+Y,a%j* + Yo’ P +Y,a’jt =S,

Y&l +Y,a’jf + Y’ + Y0’ =S,

Yo' +Va +Ya T +Y,a ) =S,
Solve thefabove equations to find the size of each error Y;(i = 1-4).

(iv) Corrg¢ct the error.

Correct the error by adding the complement of the error size value to each error position;
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Format information

2015(E)

C.

T}
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2 Error correction bit calculation

1 General

e format information consists of a 15-bit sequence comprising 5 data bits and 10 BCHerror ¢
s. This Annex describes the calculation of the error correction bits and the error corréction
0CessS.

hose coefficient is the data bit string shall be divided by the generator polynomial G(x) =
+ x4 + x2 + x + 1. The coefficient string of the remainder polysamial shall be appended tq
string to form the (15,5) BCH code string. Finally, maskingéhall be applied by XORing the

sure that the format information bit pattern is not all zeroes for any combination of data mas;
d Error Correction Level.

AMPLE

ror Correction level M; data mask pattern 101

hary string: 00101

lynomial: X2+ 1

ise power to the (15 - 5) th: x12 + x10

yide by G(x): = (x10 + x8 + X5 + x4 + X2 + x + 1)x2 + (x7 + x6 + x4 + x3 + x}
d coefficient string of dbpve remainder polynomial to format information data string:
D100+0011011100’ 001010011011100

R with mask 101010000010010

sult: 100000011001110

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

orrection
decoding

e Bose-Chaudhuri-Hocquenghem (15,5) code shall be used for error correction. The pplynomial

k10 + x8 +
the data
bit string

th 101010000010010 (for QR Code symbols) or 100010001000101 (for Micro QR Code syjmbols) to

k pattern

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.

© ISO/IEC 2015 - All rights reserved
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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

Seqpence before masking Sequence after masking (QR Code | Sequence after masking (Micyo
symbols) QR Code symbols)
Data bitls | Error correction bits binary hex binary hex
00000 0000000000 101010000010010 5412 10001000100010t 4445
00001 0100110111 101000100100101 5125 100000101110010 4172
00010 1001101110 101111001111100 5E7C 100111000101011 4E2B
00011 1101011001 101101101001011 5B4B 100101100011100 4B1C
00100 0111101011 100010111111001 45F9 101010110101110 55AE
00101 0011011100 100000011001110 40CE 101000010011001 5099
00110 1110000101 100111110010111 4F97 101111111000000 5FCO
00111 1010110010 100101010100000 4AA0 101101011110111 5AF7
01000 1111010110 111011111000100 77C4 110011110010011 6793
01001 1011100001 111001011110011 72F3 110001010100100 62A4
01010 0110111000 111110110101010 7DAA 110110111111101 6DFD
01011 0010001111 111100010011101 789D 110100011001010 68CA
01100 1000111101 110011000301111 662F 111011001111000 7678
01101 1100001010 110001100011000 6318 111001101001111 734F
01110 0001010011 110410001000001 6C41 111110000010110 7C16
01111 0101100100 1$10100101110110 6976 111100100100001 7921
10000 1010011011 001011010001001 1689 000011011011110 06DE
10001 1110101100 001001110111110 13BE 000001111101001 03E9
10010 0011110401 001110011100111 1CE7 000110010110000 0CBO
10011 0111000010 001100111010000 19D0 000100110000111 0987
10100 1101110000 000011101100010 0762 001011100110101 1735
10101 1001000111 000001001010101 0255 001001000000010 1202
10110 0100011110 000110100001100 0DoC 001110101011011 1D5B
10111 0000101001 000100000111011 083R 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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Annex D
(normative)

Version information

D/1 General

The version information consists of an 18-bit sequence comprising 6 data bits and+12 Gdlay error
cofrection bits. This Annex describes the calculation of the error correction bits and the error dorrection
dgcoding process.

DJ|2 Error correction bit calculation

The (18,6) Golay code shall be used for error correction. The polynomial whose coefficient i$ the data
bit string shall be divided by the generator polynomial G(x) = x12 +x¥D + x10 + x9 + x8 + x5 + xf + 1. The
coefficient string of the remainder polynomial shall be appended té:the data bit string to form fhe (18,6)
Galay code string.

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

Raise power to the (18 - 6) th: x14+X%13 + x12

Divide by G(x): =(x12 + x11 + x10 + x9 + x8 + x5 + x2 + 1)x2 + (x11 + x10 § x7 + x4
+x2)

Add coefficient string.of-above remainder polynomial to version information data string

000111+110010010100—000111110010010100

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

Tapble D.1 below shiews the full version information bit stream for each version.

D{3 Errencorrection decoding steps

The Hardming distance of the error correction code used in the version information is 8, which gnables up
to|3Miterrors to be corrected. There are 34 valid bit sequences for the version information, so|decoding

OSINg 1aple D.1 a5 a IOOR-Up table 15 © ENt. B EUETCES Tead fTONT the Versiom imformation 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 000111 1100 1001 0100 07C94
8 00 1000 0101 1011 1100 085BC
9 00 1001 1010 1001 1001 09A99
10 00 1010 0100 1101 0011 0A4D3
11 001011 1011 1111 0110 O0BBF6
12 00 1100 0111 0110 0010 0C762
13 00 1101 1000 0100 0111 D847 N
14 00 1110 0110 0000 1101 0E60D 4 V'
15 001111 1001 0010 1000 0F928)
16 010000 1011 0111 1000 10878
17 0100010100 0101 1101 2 145D
18 010010 1010 0001 0111 A~ 12417
19 010011 0101 0011 0010 97 1z
20 010100 1001 1010 0110 o 149A6
21 010101 0110 1000 0011 e 15683
22 010110 1000 1100 1001 R 168C9
23 0101110111 1110 1100 %0 177EC
24 011000 1110 1100 0100:~ 18EC4
25 011001 0001 1110 0091 _ 191E1
26 011010 1111 10104011 1AFAB
27 011011 000041900 1110 1BOSE
28 01 1100 1100 0001 1010 1CC1A
29 01110%.0011 0011 1111 1D33F
30 011110 1101 0111 0101 1ED75
31 921111 0010 0101 0000 1F250
32 ()" 100000 1001 1101 0101 209D5
33 ~~~ 1000010110 1111 0000 216F0
34 ReX 10 0010 1000 1011 1010 228BA
35 o 100011 0111 1001 1111 2379F
36 10 0100 1011 0000 1011 24B0B
374 10 0101 0100 0010 1110 2542F
?‘Q 100110101001100100 26A64
39 10 0111 0101 0100 0001 27541
40 10 1000 1100 0110 1001 28C69

82
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The alignment patterns are positioned symmetrically on either side of the diagonal running from the top

leit’ corner of the symbol to the bottom right corner. They are spaced as evenly as possible befween the
tiing pattern and the opposite side of the symbol, any uneven spacing being accommo ated between
the timing pattern and the first alignment pattern in the symbol interior.
Tdble E.1 below shows, for each version, the number of alignment patterns ar@ row dr column
coprdinates of the center module of each alignment pattern.
Table E.1 — Row/column coordinates of center module of ;\){iél‘;nent patterns
— O
Version Number of align Row/Column coordin@s of center module
ment patterns [
N\
1 0 - , O
2 1 6 18 )
3 1 6 22 N
4 1 6 26 |7
5 1 6 30«
6 1 6 | 3%
7 6 6 |2 38
3
8 6 6\{‘\ 24 42
9 6 RS 26 46
10 6 N 6 28 50
W
11 6 O 6 30 54
12 6 O 6 32 58
13 %@ 6 34 62
14 V13 6 26 46 66
15 WEE 6 26 48 70
N
16 ] 13 6 26 50 74
17> 13 6 30 54 78
a8 13 6 30 56 82
< a P ~n ca o
17 15 O oU J0 o0
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 84 110 136 162
39 46 6 26 54 82 110 138 166
40 46 6 30 58 86 114 142 170

For example, in a Version 7 symbol the table indicates values 6,22 and 38. The alignment pattert
are to be centered on (row, column) positions (6,22),(22,6), (22,22), (22,38), (38,22), (38,3
the coordinates (6,6), (6,38), (38,6) are occupied by-finder patterns and are not therefore us

therefore
Note that
for alignn

84

nent patterns.

1S,

B).
ed
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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

In

the decoded data by a suitably programmed decoder is:

IQm

nere:

]  isthe Symbology Identifier flag (ASCII value 93)

Q isthe code character for the QR Code symbology

m is the modifier character with one of the values defined in Table El-

the case of Micro QR Code symbols, the value of m shall alwdys be 1.

Table F.1 — Symbology Identifier options and modifier values

Modifier value Option

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

1 QR Code symbol, ECI protocol nofimplemented

2 QR Code symbol, ECI protocel implemented

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

4 QR Code symbol, EGIprotocol implemented, FNC1 implied in first position

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

6 QR Code symbel, ECI protocol implemented, FNC1 implied in second position
The permissible valuesof m are: 0, 1, 2, 3, 4, 5, 6.
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Annex G
(normative)

QR Code print quality - symbology-specific aspects

G.1 Geperal

Because ¢f differences in symbology structures and reference decode algorithms, the effect pf\certdin
parametdrs on a symbol’s reading performance may vary. ISO/IEC 15415 provides for isymbology
specificafions to define the grading of certain symbology-specific attributes. This Apnex therefdre
defines the method of grading Fixed Pattern Damage and additional parameters (forfidat informatipn
and versipn information) to be used in the application of ISO/IEC 15415 to QR Code;,

G.2 Fixed Pattern damage

G.2.1 Features to be assessed

G.2.1.1 |QR Code symbols
The featulres to be assessed are:
— Threg corner segments, each including:
— the 7 x 7 finder pattern,
— the 1X wide separators surrounding the.two inner sides of the finder pattern,

— gart of the Quiet Zone of a minimum of four modules width (or more if specified by the
dpplication) extending for a length-of 15 modules along the two outer sides of the finder pattern.

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

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

— the three cornefsegments (finder patterns with their associated separators and part of the qujet
zone] (Segments A1, A2 and A3 respectively),

— the tyvotiming patterns (Segments B1 and B2 respectively),

— the single segment containing all the allgnment patterns (Segment CJ.

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.
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G.2.1.2 Micro QR Code sy8®l§
The features to be asse@&)are:

— The corner se%g%t, including:

—{ the finder &rn,

— thel %E separators adjoining the two inner sides of the finder pattern,
p J g p

nding for a length of 11 modules along the two outer sides of the finder pattern.

— Bﬂe the Quiet Zone of a minimum of two modules width (or more if specified by the application)

— 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.

G.2.2 Fjxed Pattern Damiage grading

=

11

Figure G,2(— Micro QR Code fixed pattern segments

Damage fo each segment shall be graded based on the modulation of the individual modules that

compose |t.

The proc¢dure described below shall be applied to each segment in turn

a)

b)

88

From the reference grey scale 1mage ofthe symbol f1nd the modulatlon grade for each module bas ed

: Thy
module 1ntended to be dark but the reflectance of Wthh 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.

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

h) 1
D_y IITOUVUI.

5) Assign a notional damage grade to each segment based on the grade thresholdsshowh in Table
G.1.

c)| The Fixed Pattern Damage grade for the segment shall be the highest re€sidting grafle for all
modulation grade levels.

The Fixed 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
'S 5. | Segments Bl | Segments Bl
and A3 (QR Co_d €); and B2 (QR and B2 (Micro Segment C (QR Grade
Segment A (Micro Code) QR Code) Code)
QR Code)
Percentage of | Percentage of Percentage
Number of module | total modules |.total 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.1 General

QR Code symbols contain a duplicated set of modules representing information that defines the format
of|the symbodl, and symbols of Version 7 to 40 also contain a duplicated set of modules representing
information that defines the symbol size. Micro QR Code symbols contain a single set off modules
representing information that defines the format of the symbol. This data requires to bg reliably
detettedatan—early-stage-ofthe-decoding procedureandifiteant d eremrattder 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.

v OaCtT;

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

Numberof moduteerrors Grade
0 4
1 3
2 2
3 1
24 0

2) Select the lower of the MOD grade and the notional grade at each level @s,the grade for that level,

Q

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

s illustrated in Table G.3.

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

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

c) The fprmat information grade shall be:

1) Hor QR Code symbols; the average of the grades of the two format information blocks, rounded

2) Hor Micro QR‘€ode symbols, the grade determined in step 2 c).

Up if necessary ta’thie next integer.

G.3.3 (;Irading of version information (QR Code symbols)

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

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:

90
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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

2015(E)

2) Selectthe lower of the MOD grade and the notional grade at each level as the grade fon
as illustrated in Table G.5.

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

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

c)| The version information grade shall be the*average of the grades of the two version inf
blocks, rounded up if necessary to the next integer.

G{4 Scan grade

The scan grade shall be the lowest of the grades for the standard parameters evaluated acg
ISP/IEC 15415 together with'the grades for Fixed Pattern Damage, format information an
applicable) version information evaluated in accordance with this Annex.

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

that level,

ormation

ording to
d (where
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Annex H
(informative)

JIS8 and Shift JIS character sets

Fable- H-1—8-bit-charactersetfor HSX-0201-{1S8}
Char. |Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char. Hex | Char.”Hex
NUL |00 | SP 20| @ 40 60 80 A0 | & cCo EO
SOH |01 1 21 A 41] a 61 g1 | - a1 | F «ct E1
STX |02 " 22 B 42| b 62 g2 | T a2 | Y \é E2
ETX |03 | # 23] ¢ 43| ¢ 63 83| 1 a3 | c3 E3
EOT |04 | $ 24| D 44| d 64 sa| - mPpht s E4
ENQ [05] % 25| E 45| e 65 s | + A& T cs E5
ACK |06 | & 26| F 46 f 66 g6 | 7~Cas | = co E6
BEL |07 27l 6 47| g 67 87 ) a7 | * E7
BS |08 ( 28] H 48] h 68 sa ) T a8 | ® 8 E8
HT |09 ) 29 I 49 I 69 go| ¥ a9 | /S o 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 |oC , 20| L 4c 1 6C sc| ¥ ac] 7 cc EC
CR |oOD - 2Dl M 4D | m. (6D sp| - AD| ™ oD ED
SO |OE . 2] N 4E| W 6E se| F A | F cE EE
SI | OF / 2F] O 4E o 6F 8F | ¥ AF| ¥ CF EF
DLE |10 ] o 30)] P ~50 | p 70 9] = BO| % DO FO
DC1 |11 1 31 @y'51) q 71 91| ¥ B1| & D1 F1
pc2 |12 | 2 32 PR 52 r 72 92| 4« B2| A D2 F2
pc3 (13| 3 33 s 53 s 73 93| ¥ B3| ® D3 F3
pDC4 |14 | 4 34| T 54 t 74 94| & B4a| ¥ D4 F4
NAK |15 |.sv 35 ] u 55| u 75 os | ¥ B | & D5 F5
SYN [16¢J"6 36| v se| v 76 9% | ® Be| T D6 F6
ETB 12| 7 37l w 57} w 77 97| &% B7 | 2 b7 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 1F| ? 3F | _ 5F |DEL 7F of | ¥ BF " DF FF
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