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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

committees

established by the respective organization to deal with particular fields of technical activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedu

res used to develop this document and those intended for its further maintenance are described

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

of document

should be noted. This document was drafted in accordance with the editorial rules of the ISO/

IEC Directive
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Introduction

Aztec Code is a two-dimensional matrix symbology whose symbols are nominally square, made up of square
modules on a square grid, with a square bullseye pattern at their centre. Aztec Code symbols can encode
from small to large amounts of data with user-selected percentages of error correction.

Manufacturers of bar code equipment and users of the technology require publicly available standard
symbology specifications to which they can refer when developing equipment and application standards.
The publication of standardised symbology specifications is designed to achieve this.

© ISO/IEC 2024 - All rights reserved
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Information technology — Automatic identification and
data capture techniques — Aztec Code bar code symbology

specification

1 Scope

This docum

symbology dharacteristics, including:
— data chgracter encodation;

— rules foy error control encoding;
— the graphical symbol structure;

symbol

user-sel

2 Norma

limensions and print quality requirements;

areference decoding algorithm;

pctable application parameters.

tive references

Aztec Code

The followinjg documents are referred to in the text in.s§tich a way that some or all of their contenjt constitutes

requirement
the latest ed

ISO/IEC 646

ISO/IEC 885
alphabet No.

ISO/IEC 154
print quality

ISO/IEC 154
Carrier Ident

ISO/IEC 197
Harmonized

s of this document. For dated references, only the edition cited applies. For undate
tion of the referenced document (inclitdding any amendments) applies.

Information technology — ISO 7-bit coded character set for information interchange

0-1, Information technology,— 8-bit single-byte coded graphic character sets —
1

15, Information technology — Automatic identification and data capture techniques
test specification(— Two-dimensional symbols

24, Information technology — Automatic identification and data capture techniq
ifiers (including Symbology Identifiers)

b2, Information technology — Automatic identification and data capture (AIDC) ¢
vacabulary

 references,

Part 1: Latin

— Bar code

ues — Data

pchniques —

AIM Extended Channel Interpretations (ECI), Part 1: Identification Schemes and Protocols

AIM Extended Channel Interpretations (ECI), Part 2: Registration Procedure

AIM Extended Channel Interpretations (ECI), Part 3: Register

3 Terms, definitions, symbols and functions

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 and the following apply.

© ISO/IEC 2024 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1
bullseye
set of concentric square rings used as the finder pattern in Aztec Code

3.1.2
checkword
codeword which is included in a symbol for either error correction or error detection, or both

3.1.3
dataword
codeword which is part of the data message encoded in a symbol

3.1.4

domino
2-module sup-structure of the symbol character in Aztec Code which is the elemefital entity used in graphical
encoding of the symbol

3.1.5
mode message
short, fixed-length, error-corrected subsidiary message within an Aztec Code symbol which dirgctly encodes
the symbol’s|size and data message length

3.2 Symbpls and functions

3.2.1 Mathematical symbols

For the purploses of this document, the following mathematical symbols apply.

B the number of bits in each codeword

Cy the symbol capacity in number. of;bits

Cy the symbol capacity in number of codewords

D the number of data (message) codewords in the symbol

K the number of error correction codewords in the symbol, equal to C,, - D
L the number-of data layers (1 to 32) in the symbol, defining its size

m the synibology identifier modifier value

X a general variable used to express error correction polynomials

(xy) Cartesian coordinates within the module grid

3.2.2 Mathematical functions and operations

For the purposes of this document, the following mathematical functions and operations apply.

© ISO/IEC 2024 - All rights reserved
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div
max(a,b)

mod

ISO/IEC 24778:2024(en)

is the absolute value function
is the integer division operator
is the greater of aand b

is the remainder after integer division

4 Symbology characteristics

4.1 Basic

Aztec Code i

a) Encodahle character set:

1) All 8-bit values can be encoded. The default interpretation shall be:

i)

ii)

Thig interpretation corresponds to Extended Channel Interpxretation (ECI) ECI 000003

Add|

2) Twq non-data characters can be encoded: FNC1 for_compatibility with some existing

and

b) Represe
¢) Symbol
1) The

2) Nod
d) Data cap
1) The
of d

2) The
e) Selectab

1) Use

characteristics

4+ - H ] ool Lol abla 1o o €11 H L. H L. 4 et
d LVWUTUILIIITIISIUIIAL TTIAdUI TA Dy lllUUlUsy VVILIL LIIC TUIIUVV llls UdolIl LlIdlI dUCLUTT ISUILS.

values 0 to 127 in accordance with ISO/IEC 646 International Referénce Version
128 ASCII characters;

values 128 to 255 in accordance with ISO/IEC 8859-1. These arereferred to as extg

litional characters may be encoded using the ECI capabilities.

largest synibol encodes up to 3832 numeric or 3067 alphabetic characters or 1914

le erroreorrection:

-selectable, from 5 % to 95 % of the data region, with a minimum of 3 codewords.

ECI escape sequences for the standardized enceding of message interpretation infq
ntation of data: A dark module is a binary @ne and a light module is a binary zero.
bize:

smallest Aztec Code symbol is 15 15 modules square, and the largestis 151 x 151.
juiet zone is required outsidé-the bounds of the symbol.

acity (at recommended\error correction level):

smallest Aztec Codle:symbol encodes up to 13 numeric or 12 alphabetic characte
hta.

(IRV), i.e. all

nded ASCII.

applications
rmation.

s or 6 bytes

ytes of data.

2) Recommended level is 23 % of symbol capacity plus 3 codewords.

f) Code type: Matrix.

g) Orientation independent: Yes.

4.2 Summary of additional features

The following summarizes additional features that are inherent or optional in Aztec Code:

a) Reflectance Reversal (Inherent): Though Aztec Code symbols are always shown and described in this
document with the finder’s centre dark and with dark modules encoding binary 1 s throughout, symbols

© ISO/IEC 2024 - All rights reserved
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b)

d)

f)

5

5.1 Basic|Aztec Code properties

ISO/IEC 24778:2024(en)

exhibiting the opposite reflectance characteristics are easily autodiscriminated and decoded with the
standard reader.

Mirror Image (Inherent): Images which contain an Aztec Code symbol in mirror reversal, either because
they are obtained using a reflected optical path, a reversed scan direction, or from behind through a
clear substrate, are easily autodiscriminated and decoded with the standard reader.

Extended Channel Interpretation (Optional): The ECI mechanism enables characters from various
character sets (e.g. Arabic, Cyrillic, Greek, Hebrew) and other data interpretations or industry-specific
requirements to be represented.

Structured Append (Optional): Structured Append allows files of data to be represented logically and
continually in up to 26 Aztec Code symbols. The symbols may be scanned in any sequence to enable the
original data to be correctly reconstructed.

Reader Initialization Symbols (Optional): A distinct format of Aztec Code symbol is availaile for use in
bar cod¢ menus for reader initialization. The encoded message in these special symbols is never passed
on to anjapplication.

Aztec “Runes” (Optional): a series of 256 small, machine-readable marks compatible with Aztec Code
are available for special applications. Normative Annex A defines Aztec “Runes”.

Symboaol description

Aztec Code pymbols are nominally square, made up of square modules on a square grid, wjith a square
bullseye patftern at their centre. Figure 1 shows two repreSentative Aztec Code symbols, a §mall 1-layer
symbol on the left which encodes 12 digits with 47 % error correction, and a larger 6-layer symbol on the

right which ¢ncodes 168 text characters with 30 % eryor correction.

Ao R T o

Figure 1 — Representative Aztec Code symbols

These symb¢lsillustrate the two basic formats of Aztec Code symbols: on the left is a “compact]’ Aztec Code
symbol, visually’characterized by a 2-ring bullseye, useful for encoding shorter messages efficiently. On the
right is a “full-range” Aztec Code symbol, visually characterized by a 3-ring bullseye, which supports much
larger symbols for longer data messages. Since encoders can autoselect and decoders auto discriminate
between the two formats, a seamless transition is achieved to cover the full spectrum of applications.

5.2 Symbol structure

5.2.1 Aztec code layout

The underlying structure of a compact Aztec Code symbol is shown in Figure 2, and that of a full-range Aztec
Code symbol is shown in Figure 3. In both cases, the Aztec Code symbol has at its centre a Core Symbol
which is then surrounded by data fields on all four sides.

© ISO/IEC 2024 - All rights reserved
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ﬂl

.\

Key

1 layer1l

2 layer2

3 layer3

4  layer 4

5 mode bitp

Fixed structures:

6  finder pafttern

7  orientatipn patterns
Variable struictures

8 mode mgssage

9  datalayefs

Figure 2 — Structure of a “compact” Aztec Code symbol
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Figure 3 — Structure of a “full-range” Aztec Code symbol

5.2.2 Core Symbol

5.2.2.1 Core Symbol position and content

The Core Symbol, always square and at the exact centre of an Aztec Code symbol, consists of a finder pattern,
orientation patterns, and a mode message. This core coversan 11 x 11 module area in compact symbols and

© ISO/IEC 2024 - All rights reserved
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a 15 x 15 module area in full-range symbols. It is called the Core “Symbol” because it must be successfully
found and decoded before decoding can proceed into the surrounding data fields.

5.2.2.2 Finder pattern

The finder pattern in Aztec Code is a set of concentric square rings. Centred on a single dark module, there
is a ring of light modules surrounded by a larger ring of dark modules, and so forth outward to a second
9 x 9 module dark ring in compact symbols and to a third 13 x 13 module dark ring in full-range symbols.

5.2.2.3 Orientation patterns

Four 3-module chevron-shaped orientation patterns are located at the corners of the finder pattern. The
upper left-hand pattern is all dark and the lower left-hand pattern is all light, while the upper righthand

pattern has
Figures 2 an

two modules dark and the lower right pattern has just one module dark, 4
d 3.

5.2.2.4 Mo¢de message

The single 1
symbols als
error-corred
message exf
number of d
details for th

5.2.3 Dat{

The data fiel
areference g

wyer of bits adjoining the finder pattern, excluding the orientation-patterns and

excluding the centre bit along each side (which is part of the refefence grid), g
ted mode message wrapped in a clockwise direction starting{rom the upper left
licitly encodes both the number of data layers in the overall-symbol (and thus its

e mode message are given in 7.2.

 fields

s symmetrically surround the Core Symbol with one or more data layers. In full-ra
rid also threads throughout the data fields.

5.2.3.1 Reference grid

The refereng
finder along
structure pr

e grid, clearly evident in Figure 3\is a ladder-like extension of the dark/light perid
every 16th row and column of(the symbol, extending to the limit of the data field
pvides outlying reference points often needed to accurately map the data field in th

range symb¢ls. Compact Aztec Code-symbols, which are of limited size, have no reference gr

Other matri;

5.2.3.2 D4

The messagsg
clockwise fn
skipping ovse
one to four d

¢ symbology specifications name reference grid as clock track.

ta layers

data themselves plus their error correction words are laid into 2-module thick laye
om the upper left corner of the Core Symbol outward, and in full-range symbols
r module-positions occupied by the reference grid. Compact Aztec Code symbols c3

of the mess

ata layers, while full-range Aztec Code symbols can have from one up to 32 data Ig
ééncoding, codeword formation, error correction encoding, and the final laying

s shown in

in full-range
omprises an
corner. This
5ize) and the

itawords in those layers, the rest being error correction checkwords for that message. Encoding

hge symbols,

dicity in the
5. [ts regular
e larger full-
d structure.

s, spiralling

necessarily
in have from
yers. Details
f codewords

into the datatayersaregiverim7-3:

5.3 Symbol character structure and sequence

In order to enhance Reed-Solomon error correction performance, the codewords, and thus the symbol
characters, vary in size from 6-bits up to 12-bits depending on the overall symbol size, as illustrated in

Figure 4.

© ISO/IEC 2024 - All rights reserved
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11
12

1
|
2
|
3
|
4

Key
1 in 2 to 3-Jayer symbols
2 in 3 to 8- ayer symbols
3 in9 to 24-layer symbols
4  in 23 to 33-layer symbols
5  MSB (mgdst significant bit)
6  typical dpmino

While spiral
symbol chaf
( each 2-mo
dominos wh
encoding an
turns corner

Key
1
2

MSB

Figure 4 — Symbol character structure

ling around the core, turning cornersand occasionally skipping across the refere
acters’ actual shapes vary wideljzHowever, if they are regarded as sequences (
ules tall by 1-module wide), then the sequence of symbol characters becomes a
ose placement is highly systematic throughout the data fields, and thus easy to

l easy to map during decoding. Figure 5 shows how the sequence of dominos is po
s and transitions betwéen‘data layers.

hce grid, the
f “dominos”
sequence of
place during
sitioned as it

: o[efe]e]e <ooooooo i

E E oooo> oooo: E A EI
= = o

: ooooo({oooo : :

ooooooo>>ooooo : 2

typical domino

Figure 5 — “Domino” layout and sequencing
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The sequence of codewords that spirals outward from the Core Symbol is in fact reversed from its natural
order: the first codeword in the spiral is the last Reed-Solomon checkword, followed then by the immediately
preceding checkword, and so forth through the check words and then through the message codewords,
until the final codeword in the outermost data layer is the first codeword of the encoded message. This
arrangement enhances error correction by locating the data codewords (which have erasure detection
because data codewords with all zeros or all ones are illegal) near the symbol’s perimeter where erasures
are more likely to occur.

5.4 Symbol size and capacity

Table 1 lists the overall size and capacities of the different sized Aztec Code symbols.

The data capacities shown are based on the recommended error correction levels (see 4.1.e). They represent

approximatgtimritsbecause the message encoding efficrency depemds imadetaited-way omrmessage content
and because|the error correction level is user adjustable.
Table 1 — The size and capacities of Aztec Code symbols (23 % error correction l¢vel)
# of Data Symbol Codeword | Symbol Bit | Symbol Data Capacities
Layers Size (inx) | Countx Size Capacity Digits | /Text | Bytes

12 15 x 15 17 x 6 102 13 12 6
1 19 x 19 21x6 126 18 15 8
22 19 x 19 40x6 240 40 33 19
2 23 x 23 48 x 6 288 49 40 24
32 23 x23 51x8 408 70 57 33
3 27 x 27 60 x 8 480 84 68 40
42 27 x 27 76 x 8 608 110 89 53
4 31x31 88x8 704 128 104 62
5 37 x 37 120 x 8 960 178 144 87
6 41 x 41 156.%8 1248 232 187 114
7 45 x 45 196 x 8 1568 294 236 145
8 49 x 49 240 x 8 1920 362 291 179
9 53 x 53 230 x 10 2300 433 348 214
10 57 x 57 272 x 10 2720 516 414 256
11 61 %61 316 x 10 3160 601 482 298
12 67 x 67 364 x 10 3640 691 554 343
13 71x71 416 x 10 4160 793 636 394
14 75 %75 470 x 10 4700 896 718 446
15 79 x 79 528 x10 5280 1008 808 502
16 83 x 83 588 x 10 5880 1123 900 559
17 87 x 87 652 x 10 6520 1246 998 621
18 91 x 91 720 x 10 7200 1378 1104 687
19 95 x 95 790 x 10 7900 1511 1210 753
20 101 x 101 864 x 10 8640 1653 1324 824
21 105 x 105 940 x 10 9400 1801 1442 898
22 109 x 109 1020 x 10 10200 1956 1566 976
23 113 x 113 920 x 12 11040 2116 1694 1056
24 117 x 117 992 x 12 11904 2281 1826 1138

a2 “compact” symbol; the rest are “full-range” symbols.

NOTE: Full range symbols with 1, 2, or 3 layers are useful only for reader initialization.
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Table 1 (continued)

6 General encodation procedures

The followi
The followi
in Annex G.

a)

Data frd

stream ¢f byte values reading from left to right. Special FN€A or ECI flag characters may b

any poir

Each me
codes as

b)

The mir
and add
percentd
is select
in codev

d) The dat

containing all 0’s or all 1's, thus‘creating D message codewords.

The nun
Galois F
check cg

The binz:

# of Data Symbol Codeword | Symbol Bit | Symbol Data Capacities
Layers Size (inx) | Countx Size Capacity Digits | Text | Bytes
25 121 x 121 1066 x 12 12792 2452 1963 1224
26 125 x 125 1144 x 12 13728 2632 2107 1314
27 131 x 131 1224 x 12 14688 2818 2256 1407
28 135 x 135 1306 x 12 15672 3007 2407 1501
29 139 x 139 1392 x 12 16704 3205 2565 1600
30 143 x 143 1480 x 12 17760 3409 2728 1702
31 147 x 147 1570 x 12 18840 3616 2894 1806
32 5151 166412 19968 3832 3067 o1
a  “compact” symbol; the rest are “full-range” symbols.
NOTE: Full range symbols with 1, 2, or 3 layers are useful only for reader initialization.

steps are required to convert data into the encoded form represénted in an Aztec

Lode symbol.

g clauses of this document specify all the rules and procedures:An encoding example is shown

m a 256-character set may be encoded in Aztec Code» The input message is pr

tin the stream.

needed, forming a long continuous data bit stream.

imum number of bits to be encoded, is computed by taking the length of the daf]
ing as many bits as needed to reach either the default or user-specified erro
ige. From this calculation, the format and minimum size (number of data layers L) g
bd using Table 1. This in turn establishes both the codeword size B and overall syny
jords C,,,.

h bit stream is laid into-¢odewords, systematically avoiding the formation of an]

hber K of checkwords becomes C,, minus D. Systematic Reed-Solomon encoding
eld of size 2Btand using a generator polynomial of order K, is employed to generate
dewords which are appended to the sequence of message codewords.

f)

based o

g)

iry vatues of L and D are formed into a mode message, and systematic Reed-Solom

psented in a
e inserted at

ssage character is translated into 4, 5, or 8 hits,'preceded by additional 4- or 5-bit shift and latch

a bit stream
I correction
fthe symbol
ibol capacity

y codewords

based on a
K additional

on encoding

GF(16) is employed to generate additional check bits.
Graphically, tThe L-layer symbol 15 constructed by placing modules [irst for the 1ixed structures of the

finder, orientation patterns, and (if full-range) reference grid, then for the mode message wrapping
around the finder, and finally for the spiralling layers of dominos which constitute the sequence of
datawords and checkwords taken in reverse order.
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7 Symbol structure
7.1 Fixed pattern structures

7.1.1 Fixed pattern types

An Aztec Code symbol contains three types of fixed pattern: the finder, orientation bits, and, if full-range,
a reference grid. These are all shown in Figures 2 and 3. Their specification is facilitated by regarding the
symbol grid as a Cartesian plane with (0,0) at the symbol’s centre and with the x-axis pointing to the right
and the y-axis pointing upward.

7.1.2 Finder

The finder p
centred at (-
the value “0’
region can b

((max(ah

attern is a square bullseye target filling the central square region whose cornermodules are
F-F), (-EF), (FF), and (F,-F) where F is 4 in compact symbols and 6 in full-range\synibols. Where

represents a light module and “1” represents a dark module, all the modules/withfin the finder
e defined as encoding:

s(x),abs(y))) + 1) mod 2

7.1.3 Orie

The orientat
above, six d
light module

7.1.4 Refd

The refereng
a multiple of
represents aj

ntation bits

hirk modules are located at (-F-1,F), (-F-1,F+1), (-F,F#1),)(F+1,F+1), (F+1,F) and (F+
s are located at (F,F+1), (F+1,-F-1), (F-F-1), (-F-F-1),-(F-1,-F-1) and (-F-1,-F).

rence grid

16 or y is a multiple of 16, i.e. ((x mod 16) = 0) or ((y mod 16) = 0). Again, where
light module and “1” represents a dark module, all the modules within the referenc

ion bits are four groups of three modules attached to the corners of the finder. With

e grid extends throughout full-range Azté¢ Code symbols occupying every locatig

F as defined
|,-F) and six

n where x is
he value “0”
e grid can be

defined as efcoding:

(x+y+ 1) mod 2.

Where the r¢ference grid and finder overlap, they have the same values.

7.2 Modelmessage encoding and structure

7.2.1 Mode message

The mode npessage. is a sequence of bits which encircles the finder pattern. It includes bits| designating
the symbolr{ize, followed by bits designating the message length, and finally bits which provilde the mode
message with-error rnr‘]nndanr‘y

7.2.2 Symbol size designator

The symbol size designator bits directly encode in binary the number L of data layers in the overall symbol,
minus one. In the compact format there are 2 such bits, whose binary value from 0 to 3 signifies symbols with
from one up to 4 layers of data. In the full-range format there are 5 such bits, whose binary value from 0 to
31 signifies symbols with from one up to 32 layers of data. These bits in turn designate the symbol’s overall
size dimension and data capacity C,,, and they also establish the number of bits B in each data codeword, as
given in Table 1.
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7.2.3 Message length designator

The message length designator bits directly encode in binary the number D of the data codewords which
actually encode the message, minus 1, with the rest of the codewords in the symbol being used for error
correction. In the compact format there are 6 such bits, whose binary value from 0 to 63 signifies symbols
whose message fills from one up to 64 codewords. In the full-range format there are 11 such bits, whose
binary value from 0 to 2047 would signify symbols whose message fills from one up to 2048 codewords.
However, the symbol capacity C,, presents a logical upper limit for message length, and the recommended
upper limit allowing for adequate error protection is (0.77 C,,) - 3.

For special reader initialization symbols (see Clause 9), the most significant bit of the message length
designator is artificially set to a one, thus indicating a message length which exceeds C,,,.

7.2.4 Errqrencodationforthemodemessage

become the

The symbol
“datawords’
systematic K
+x+1(19d

In compact 4
“mm...” desi
generator pq

x5 + 11x1
Together th

polynomial
within GF(16

In full-range
which 6 cheg

X6 + 7x5

Together th
Code symbo

7.2.5 Mod

The bits of
modules to 1

|.

size plus message length bits are packed into several 4-bit codewords, which
of the mode message. To these are then added several more “checkwords” d
eed-Solomon encoding over the Galois Field GF(16) based on a prime modulus poly
ecimal).

\ztec Code symbols, the mode message data of “ssmmmmmm” (Where “ss” design
rnates message length) forms two 4-bit datawords, to which.5«heckwords are a
lynomial of (x-21)...(x-2°) equal to:

+4x3 + 6x2+2x+1
b 2 datawords plus the 5 checkwords, obtainéd)as coefficients of the remair

pf the datawords is scaled upwards by x5 and then long divided by the generato}
), form the 28-bit mode message for a compactsymbol.

symbols, the mode message data of “sssssmmmmmmmmmmm” forms four 4-bit d
kwords are added using (x-21)...(x-26).equal to:

FOx% + 3x3 + 12x2 + 10x + 12

e 4 datawords plus the 6, checkwords form the 40-bit mode message for a full]

ule placement for.the mode message

The mode message are graphically encoded using dark modules to represent a
epresent 20"

The string
significant

]

of the finderjand‘wrapping clockwise around it, skipping over positions occupied by the orientaf

pf mode.message bits, from the most significant size designation bit through
t ofithe final checkword, is laid in a single layer of modules starting near the uppé

omputed by
rmomial of x4

htes size and
lded using a

der when a
" polynomial

atawords, to

range Aztec

1” and light

to the least
r left corner

ion patterns

and reference grid. In a compact symbol, the 28 bits are essentially parsed into four 7-bit strings, with the
first running left-to-right across the top of the finder, the next running down its right side, the third running
right-to-left along its bottom, and the fourth running up its left side. In a full-range symbol, the 40-bit mode
message is parsed into eight 5-bit strings, with the first two running left-to-right across the top of the finder,
and so forth.

7.3 Data message encoding and structure

7.3.1 Data message

The data message is a sequence of C,, B-bit codewords which spirals outward from the Core Symbol. These
consist of D codewords, exactly the number needed to encode the source data message, plus as many check
codewords as are needed to fill out the symbol, all taken in reverse order (see 7.3.3).
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7.3.2 Source message encoding

7.3.2.1 Sequence of data characters

The source sequence of data characters is translated into a sequence of message codewords in a two-
step process. First the data characters in succession are converted to equivalent binary values, using
intermediary shift and latch values as needed, producing a long binary stream of input data. Second, this

string is laid

into a sequence of B-bit codewords using an exclusionary rule that avoids any occurrence of a

codeword with all 0’s or with all 1’s.

7.3.2.2 Translation into a binary stream

Table 2 presents values assigned to several code sets of ASCII character values, and to shift and latch

operations f
alphabetic c
punctuation

br jumping between code sets. The upper and lower code sets contain upper anjd lowercase
haracters respectively; mixed contains a mixture of ASCII control and punctuation characters;

contains common punctuation characters and combinations; and digit contains the numerals

plus some pyinctuation. Other than “FLG(n)” (see Table 2), all the entries in Table 2 that dre shpwn with no

correspondi

Message enc

hg ASCII value, are shift or latch operations for accessing the different epde sets.

pding starts in the upper code set, and can be latched (semi-permanently, via U/L, LyL, M/L, P/L,

or D/L) or shifted (for one character only, via U/S or P/S) into the other moedes as needed. In fipper, lower,

mixed, and
while in the

bunctuation code sets, each character, latch or shift adds a_5=bit value to the datja bitstream,
Higit code set, each character, latch, or shift adds just a 4-bit'value to the stream. In pll cases, the

binary values are strung together with their most significant bits leading.
Byte shift (H/S) is a special case, shifting into a runlength-contrplled string of literal 8-bit byté¢s. Following
a B/S is a 5-jit binary value: if non-zero, it encodes the numbet of bytes (1 to 31) that follow, buf if zero then
the next 11 pits encode the number of bytes less 31. Byte shift can thus encode either isolatled extended
ASCII or confrol characters or long strings of byte dataypessibly filling the whole symbol. At the end of the
byte string, encoding returns to the mode from which B/S was invoked.
Table 2 — Aztec Code high-level (message) encoding
Upper Lower Mixed Punct. Digit
Value Char ASCII Char ASCII Char ASCII Char ASCII Chary ASCII

0 P/S P/S P/S FLG(n) P/S

1 SP 32 SP 32 SP 32 CR 13 SP 32

2 A 65 a 97 SOH 1 CRLF 13,10 0 48

3 B 66 b 98 STX 2 .SP 46, 32 1 49

4 C 6 c 99 ETX 3 , SP 44,32 2 50

5 D 68 d 100 EOT 4 : SP 58, 32 3 51

6 E 69 e 101 ENQ 5 ! 33 4 52

7 F 70 f 102 ACK 6 " 34 5 53

8 G 7t 24 163 BEE 7 # 35 6 54

9 H 72 h 104 BS 8 $ 36 7 55

10 I 73 i 105 HT 9 % 37 8 56

11 | 74 j 106 LF 10 & 38 9 57

12 K 75 k 107 VT 11 ' 39 , 44

13 L 76 1 108 FF 12 ( 40 46

14 M 77 m 109 CR 13 ) 41 U/L

15 N 78 n 110 ESC 27 * 42 U/S
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Table 2 (continued)

Upper Lower Mixed Punct. Digit
Value Char ASCII Char ASCII Char ASCII Char ASCII Char ASCII
16 0 79 o] 111 FS 28 + 43
17 p 80 p 112 GS 29 , 44
18 Q 81 q 113 RS 30 45
19 R 82 r 114 uS 31 . 46
20 S 83 S 115 @ 64 / 47
21 T 84 t 116 \ 92 : 58
22 U 85 u 117 A 94 ; 59
23 V 86 \ T8 ~ 95 < 50
24 w 87 w 119 96 = 61 Q(l/b‘
25 X 88 X 120 | 124 > 62
26 Y 89 y 121 ~ 126 ? 63 ‘
27 Z 90 Z 122 DEL 127 [ 91
28 L/L u/S L/L ] 93
29 M/L M/L U/L { 123
30 D/L D/L P/L } 125
31 B/S B/S B/S U/L
NOTE The values in the column ASCII are decimal values.
Punct = Hunctuation

The charact
represent a \
FLG(n) value
6 (7 is invali

FLG(0) reprg
character, it
symbology i
two digits af
identified by

When FNC1
(<GS>) to be

FLG(1) thro
backslash fo
also doubles
modifier val

br designated “FLG(n)” in the Punctuation column of Table 2 is a special in-place
Fariety of non-data characters supported by\many standard symbologies. In the bi
is followed by 3 extra bits encoding its.argument “n” in binary; thus n is valued be
).

bsents “FNC1”, a non-data flag deriving from Code 128. When FNC1 precedes the f]
signals the use of GS1 data, formatting rules using Application Identifiers ang
Hentifier modifier value. When FNC1 immediately follows a single upper- or lower-
the beginning of the message, then it signals the use of some other industry-stan
the preceding data, and.also affects the modifier value.

occurs at any othérlocation in the data, it serves as a field separator and causes
inserted in its plaee in the output data string.

igh FLG(6) represent the ECI flag, which in an ECI-compliant reader causes
lowed bya 6-digit number, to be inserted into the output data string. (An ECI-com
all encoded data backslashes in the output string and sets an appropriate symbold
1e,) The argument n in this case indicates how many of the 6 digits are explicitly en

symbol, usinjg'digit mode, with leading zeros being assumed for the rest. ECI 000123, for exampl|

FLG(3)123, after which encoding reverts to the mode from which FLG(n) was invoked.

flag used to
[ stream, the
tween 0 and

jrst message
| affects the
ase letter or
dard format,

an ASCII 29

‘\nnnnnn”, a

bliant reader
gy identifier
coded in the
e, is encoded

Annex H presents an algorithm for finding that sequence of code sets, latches and shifts that will minimize
the number of bits needed to encode any input sequence of bytes, ultimately minimizing symbol size and
maximizing its error redundancy.

Details for handling ECI are described in 16.3. Details for handling of the FNC1 character are described in 16.2.

7.3.2.3 Formation of data codewords

In the second step of source encoding, once the overall symbol size has been selected and the codeword
size B thus determined, then the stream of message bits is laid into the sequence of B-bit (B = 6, 8, 10, or 12)
message codewords in a generally direct fashion, starting at the most significant bit of the first codeword,
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with two key exceptions: whenever the first B-1 bits placed in a codeword are all “0”s, then a dummy “1” is
inserted into that codeword’s LSB and the following message bit starts off the next codeword. Similarly a
message codeword that starts with B-1 “1”s has a dummy “0” inserted into its LSB. In this manner, message
codewords of all “0”s or all “1”s are illegal and can be deemed erasures during the decoding process.

In the end, the character and byte boundaries in the original message have no well-defined relationship with
the codeword boundaries. Up to B-1 bits may remain unfilled in the final message codeword, and they are
to be padded out with “1”s (and possibly a final dummy “0” if necessary) to eliminate any ambiguity. This
pad pattern can appear to be the start of a binary shift sequence. Care shall be taken to terminate message
interpretation with the final data code word in this case.

7.3.3 Error encodation for the data message

w, Wotrea v

=€ aire computed
the corresponding prime modulus$ polynomial
listed in Tablle 3. The checkword values are the coefficients of the remainder when the polynhdmial formed
by message fodewords is first scaled upwards by xX and then long-divided by the generator pplynomial of

(x-21)...(x-21). Details are specified in normative Annex B, in particular in B.1.

Table 3 — Data codeword sizes and prime modulus polynemials

# Layers Codeword Galois field | Prime modulus polynomial |Binary equivalent De :“:li:: lnetquw-
1to?2 6-bits GF(64) X6 +x+1 1000011 67
3to8 8-bits GF(256) x8+x5+x3+x2+1 100101101 301
9to 22 10-bits GF(1024) x10+x3 +1 10000001001 1033
23 to 32 12-bits GF(4096) x12+x6+x5+%3+1 1000001101001 4201
7.3.4 Module placement for the data message
The bits of the data message are graphically encoded using dark modules to represent a “1” and l{ght modules

to representfa “0”.

For placeme
and wrappe
Symbol and
realized by
breaking th3
a less signifij

Figure 2 or 3

significant bjit of each domino always nearer the symbol’s centre. Dominos along the bottom w

to be upside

Figure 5 illu
when transi

ht within an Aztec Code symbuol, the sequence of D + K codewords is taken in r
d into L layers each 2-modules thick, starting adjacent to the upper left corner
spiralling outward in alockwise direction. The exact placement of individual moj
first regarding each codeword as a 2-module high “brick” as pictured in Figure
t brick into B/2 dominos which are each 1 module wide with a more significant bi
cant bit. These deminos are then placed within data layers starting at the “L” of “I
b and wrapping elockwise, skipping over positions occupied by the reference grid,

down.

ctrates the sequence and orientation of the dominos when turning the corners in g

bverse order
of the Core
dules is best
| 4, and then
[ sitting atop
Layer 1 ..."” in
with the less
11 thus seem

ny layer and
four corners

ioring between layers. The symbol characters are often irregular in shape at the

or non-conti

ToUS Witen SKIppIng across the reference grid, but they nonethetess Tepresent im

egral binary

codeword values. Within Layers 12 and 27 of full-range symbols, even the dominos themselves are bisected
by a reference grid cell, but still each domino’s more significant bit is positioned directly “above” it's less
significant counterpart (i.e. directly outward in line from the Core Symbol) following the orientations shown

in Figure 5.

In the outermost layer of each symbol, at the end of the spiral, there may be several dominos left over and
they are left with both modules light (“0”).
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8 Structured Append

In order to fit a non-square area or to handle larger messages than are practical in a single symbol, a data
message can be distributed across several Aztec Code symbols. Although this can be achieved by a user-
defined header structure, the following is a standard method that shall be supported by Aztec Code readers.

All symbols which are part of a Structured Append sequence shall start message encoding with the sequence:
M/L U/L [space L...D space] M N ...

which consists of the Structured Append flag sequence “M/L U/L” where M/L and U/L are latch characters,
an optional space-delimited message ID field “I...D”, and a 2-character M-of-N sequencing field. This header

is then followed directly by the actual message segment to be encoded.

An Aztec Co

a) interpre
assembl

b) signal th

le reader, upon detecting an Upper Latch ahead of any stored data, shall either

rd message, or

at this is an ordered append symbol and transmit it with appropriate\sequencing i

The ECI pr
symbology
symbol by s
segment intz

The optiona

|

tocol provides a way to convey this information within ECl-cempliant applica
ndependent. Alternately, the Aztec Code reader shall signal that this is an ord
tting an appropriate symbology identifier modifier value, ther transmit the header
ct.

message ID field is any number of data charactersétarting and ending with a spa

and shall be
made up of
uppercase |

The sequending field is two uppercase letters, the fir§t encoding which symbol this is in a sequ
second encofling the total number of symbols in the sequence, where “A”

symbol seq
together usi

9 Readel

It is often us
information
can be encq
message len
total capacit
encoded mes
meaning of

the same for all symbols which comprise the samge message. Though the “I...D” sf
ny characters (except additional spaces), the most efficient encoding will result if it]
ters.

1,“B” = 2, etc. For ex
nce would have sequencing fields.6f “AD”, “BD”, “CD”, and “DD”. Up to 26 symbols d
ng this Structured Append protocol.

r initialization symbals

eful to have a class‘ef symbols which function solely to deliver initialization or ¢
into a reader. A I-layer compact mode Aztec Code symbol or a 1 to 22-layer full-r
ded for reader_initialization purposes by artificially setting the most significa
bth designatory with its lesser bits encoding the real message length. Because sud

sage shall not be transmitted but may be used instead to configure the reader. Th
he encoded data shall be determined by the reader manufacturer.

t the header and store the message segment for later transmission as part of the complete

nformation.

kions that is

ered append
hnd message

ce character,
ring may be
is a string of

nce and the
mple, a four-
an be linked

pnfiguration
hnge symbol
ht bit of the
h a symbol’s

y is less_thah the designated message length, this otherwise illegal setting sigmals that the

b format and

10 Extended Channel Interpretation (ECI)

10.1 ECI basic information and references

The ECI protocol allows the output data stream to have interpretations different from that of the default
character set. Characters not included in the default character set shall be encoded using AIM ECI Parts
1, 2 and 3. The ECI protocol is defined consistently across a number of symbologies. Four broad types of
interpretations are supported:

a)

b) general purpose interpretations such as encryption and compaction;

international character sets (or code pages);
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¢) user defined interpretations for closed systems;
d) control information for Structured Append in unbuffered mode.

The ECI protocol is fully specified in AIM ECI Part 1. The protocol provides a consistent method to specify
particular interpretations on byte values before printing and after decoding.

The list of all currently assigned ECIs are fully specified in AIM ECI Parts 1, 2 and 3.

The ECI is identified by a 6-digit number which is encoded in the Aztec Code symbol by the ECI character
followed by one to six 4-bit values representing digits. Specific interpretations are listed in AIM ECI Part 3.

The ECI can only be used with readers enabled to transmit the symbology identifiers. Readers that are not
enabled to transmit the symbology identifier shall not transmit the data from any symbol containing an ECI.

3 L, | Ll o DO Lal dlad 3 1 aklas £l A |
An eXCepthl Cdll UCT 1I11IduUtUT 11 UIIT LA\_AILD) Cdll UCT 11dITUICuU TIIUIT Cl)’ VVILIIIIT CIIC T CAUCTT.

10.2 Encoding ECls in Aztec Code

The ECI assignment is invoked by encoding the FLG(n) character in the punctudtion code $et, which is

“«_n

followed by B bits encoding “n” valued between one and six in binary. FLG(1-6) is then followed [by one to six
4-bit values which, using the digit code set, represent the ECI number. Leading Zeros, which were dropped
during the encode, are reinserted in the output message in the decode to expand’'the ECI number to six digits.

10.3 Code kets and ECIs

The code setlused is determined strictly by the 8-bit data values,béing encoded and does not d¢pend on the
ECI in force|For example, a sequence of values in the range 48{to 57 (decimal) would be mopt efficiently
encoded in the digit code set even if the sequence is not to bejnterpreted as numbers.

10.4 ECIs gnd Structured Append

ECIs may bq encoded anywhere in the message encoded in a single symbol or Structured Append set of
Aztec Code §ymbols. Any ECI invoked shall applyuntil the end of the encoded data, or until afiother ECI is
encountered. Thus, the interpretation of the EGI'may straddle two or more symbols.

10.5 Post-decode protocol
The protocol for transmitting ECI .data shall be as defined in 16.3. When using ECIs, symbology identifiers
(see 16.4) shpll be fully implemented and the appropriate symbology identifier transmitted as 4 preamble.

11 User considerations

11.1 Choick of data’and error correction level

Potential us¢rsof Aztec Code have several decisions regarding the data to be encoded, the am¢unt of error
correction needed, and the possibie distribution of the message over several Symbols that they can consider.

11.2 User selection of encoded message

Although for many bar code applications the encoded data messages will be strictly defined, those in the
planning stages can offer some leeway to adopt data formats optimized for efficient encoding. In general, the
most efficient encoding is achieved when the message is made up of long strings of characters from a single
code set (see Table 2). Uppercase text, all numeric data, or efficiently packed byte data are three types of
message which encode most efficiently in Aztec Code symbols.
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11.3 User selection of minimum error correction level

The design of Aztec Code technically allows a symbol to include as little as none or as much as 99 % in
error correction codewords, though both limits are unsound. The recommended level of error correction
for normal use is 23 % of symbol capacity plus 3 codewords more. Thus a 5-layer symbol which holds
120 codewords should normally include at least 28 + 3 checkwords, leaving up to 89 codewords for encoding
the data message. Print programs should enforce this level as the default.

Users, judging their applications to be especially benign or critical, may choose to specify an alternate
minimum error correction percentage, ranging from below 10 % to above 50 % plus always, for data security,
three additional checkwords. This is called a “minimum” percentage because, depending on message length,
the symbology will typically have to add extra checkwords above this minimum to fill out the symbol.

Some applications will be best served by specifying a fixed size (number of data layers) to be used for all

Aztec Code pymbols regardless of their data content. In this case, the user should specify
includes adgquate error correction for the longest message anticipated; then, typically shor

will be encogled with excess error correction, creating more robust symbols for this application]

11.4 User selection of Structured Append

Structured PAppend allows data messages to be spread across multiplé Aztec Code sy
reconstruct¢d when they have all been read, in any order. This option allows,data to be encode
square regiagn. It is also available for encoding data messages which exceed the practical capaci
Aztec Code dymbol.

11.5 User selection of optional symbol formats

Referring to| Table 1, printing programs will generally print.the smallest symbol for a given
error correction percentage in the data layer sequence 4¥,2* 3* 4* 4, 5, 6, ..., 32. For Reader
symbols, the printing program will generally print the-smallest symbol in the data layer sequer
4,5, ..., 22. Alternately, the user may specify the sizednid format of the desired symbol, overridin
settings.

Users will nged to explicitly specify the printing of Runes for small data set applications.

The basic A7tec Code symbol dimension is X, the centre-to-centre spacing of its nominally squz
nominally equal to the heightand width of the square modules within that grid.

This symbolpgy specification places no limits on the size of X.

Dimensional distortions (e.g. the horizontal and vertical grid spacings throughout a symb
exceed the limits feraxial non-uniformity and grid non-uniformity based on the minimum grac
an applicati¢n specification. Further application specifications should define an appropriate

range (see Cldus€ 15). Based on a defined X-dimension range scanner, properties can be defined.

size which
er messages

mbols, then
d into a non-
Ly of a single

data set and
nitialization
cel1% 1, 2,3,
g the default

ire grid, also

pl) shall not
e defined by
X-dimension

13 User guidelines

13.1 Human readable interpretation

A human readable interpretation of the encoded data message may accompany an Aztec Code symbol
in any region beyond the outermost data layer (see Figure G.2). The font and size are not specified but
recommendations for readability by humans should be observed. In some cases, regulations by law can apply.
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13.2 Autodiscrimination capability

Aztec Code may be read by suitably programmed bar code decoders which have been designed to
autodiscriminate it from other symbologies.

To maximise reading security, a decoder's valid set of symbologies should be limited to those needed by a
given application.

13.3 User-defined application parameters
Application standards shall define parameters of Aztec Code symbols specified herein as variable, as follows:

a. The datato be encoded.

b) The X-dimension range used in printing the symbol.
c) The plagement of the symbol on a label, object, or document.
d) The levdl of symbol print quality required.

They may also choose to override the default error correction level, specifying eitlier an alterndte minimum
error correcfion percentage or a fixed symbol format and size.

14 Reference decode algorithm

14.1 General

This referenice decode algorithm finds the symbols in an“image and decodes them. This if the decode
algorithm ufped in the determination of symbol print quality. It may also be used by pragtical reader
implementations.

Decoding A7ztec Code from a stored image involvesithe following steps:
a) locating|the symbol within the image;

b) processing the bullseye to pinpoint its centre and determine the symbol’s major axes find nominal
module ppacings;

c) decoding the Core Symbol, first determining if the symbol is black/white reversed, then its|format, then
its orienftation, and then mapping, decoding, and checking the mode message;

d) mapping, decoding and\checking the data message;
e) translat|ng the data-words into an output stream of characters.

This decode|algorithm presumes to be working on a binarized image, where every pixel value|is either “0”
for dark or “Il”4erlight (this is not to be confused with the convention of module value assignments). If the
stored imageis‘in grayscale  then some thresholding technique must first he used to obtain ain equivalent
binary image. For evaluating symbol print quality, the threshold as defined by ISO/IEC 15415 shall be used.
Each pixel gets a value of “1” if it exceeds that threshold, “0” otherwise.

Practical readers may well use a non-global threshold to handle uneven illumination and viewing conditions,
and may even employ inter-pixel interpolation to create a binary image with higher spatial resolution than
that of the grayscale image, all to minimize the information content lost in this pre-processing step. The
ISO/IEC 15415 threshold method shall be used to verify conformance to ISO/IEC 15426-2.

NOTE ISO/IEC 15415 applies a global threshold which is the midpoint value between the maximum and minimum
reflectance values (R,,,, and R,,;,)- The latest ISO/IEC 15415 version applies a modified algorithm to determine the
global threshold (derived from OTSU threshold).
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14.2 Finding candidate symbols

The “bullseye” finder pattern in Aztec Code has two distinct characteristics which can make it stand out
from other objects in an image. First, topologically, its centre module is highly “isolated” from the rest of the
symbol, like an island within a lake that is within an island within a lake, and so forth, and thus can be made
to stand out in a scan of the image which identifies connected regions.

The reference method for verification to find candidate symbols shall be as follows (Annex C describes a
scanning method for such a topology). Each horizontal line of the topological search algorithm which
contains a section where there are at least three steps of monotonically increasing pattern followed by
at least three steps of monotonically decreasing pattern (see row 9 of Figure C.7) shall be deemed to be
a candidate for locating the bullseye. The highest value within this section shall be a candidate for being
within the bullseye (pixel value 4 in row 9 of Figure C.7).

Equivalentl

a scan that traces borders in the image would find the bullseye as one border wh

within another, which in turn is wholly enclosed within another, and so forth. Either of thesg

will work re
finders are u

In case findi

A second ch
directly outy
and especial

iably to find the centres of candidate symbols, even in badly distorted imaggs; so
ndamaged.

hg the symbol fails, the following method shall be applied:

hracteristic of the square bullseye is its assemblage of aligned,right angle corners
vard from the centre module. A scan through the image which détects clusters of s
ly those attached to longer arms or other corners, should 'be able to find the bul

partially dagnaged. In this manner, a bullseye that is 25 % obliterated,-but with at least two se

intact, can b

14.3 Proce

The image o
with other ¢

e reliably found. Such damage shall be graded as defined'in 15.2.1.

ssing the bullseye image

blly enclosed
approaches
long as their

all pointing
uch corners,
[seye even if
Ls of corners

the finder shall be processed to locate as midny of its corners as possible and matc
prners in the same ring of the bullseye, The centre module position shall be pinp

average pos

tion of all opposing pairs of corners. The two major axes of the symbol shall be dg

the directions between adjacent pairs of corners;-The module spacing along those axes shall bg
by the distamces between adjacent corners.

14.4 Decoding the Core Symbol

14.4.1 Bullseye mapping of module centres

!

Decoding th¢ Core Symbol begins by mapping all the module centres within a square region cg

ing them up
inted as the
termined as
determined

ntred on the

bullseye and determining,if\they are light or dark. This information is used first to determine the video sign

(normal or reversed) and-format (compact or full-range) of the symbol, and then its orientatig
direction is foward the‘top of the symbol) and possible mirror image reversal, and then to asse

n (i.e. which
mble, check,

and parse the mode1essage.

14.4.2 Mapping and sampling module centres

The reference method for mapping the module centres over an Aztec Code symbol can be generally
described as “two-dimensional crystal growing”. Starting with the centre module’s position, a first layer of
eight module centres is projected surrounding it, and these positions are fine adjusted to fall evenly within
the innermost (normally light) ring of the bullseye, then a next layer of 16 module centres is projected and
fine adjusted to fall evenly within the next (normally dark) ring, and so forth. This process of projecting
and adjusting module centre positions relative to adjacent boundaries may conveniently be done in a spiral
fashion outward one module layer at a time until the entire Core Symbol is mapped. The binary state at each
of the module centres is sampled and stored in a bit map of the symbol.

© ISO/IEC 2024 - All rights reserved
20


https://iecnorm.com/api/?name=696b9138c128238f29b07ac0f43b8f36

ISO/IEC 24778:2024(en)

14.4.3 Determining video sign and symbol format

If the eight modules surrounding the finder’s centre are predominantly light, then decoding proceeds
normally with dark regions equated to a binary “1”; otherwise decoding shall proceed presuming video
reversal with light regions equated to a “1”.

The fifth (11 x 11 square) ring of modules surrounding the finder’s centre is used to determine the symbol
format: if it contains four or more binary “1” (normally dark) modules, then this is a compact Aztec Code
symbol and mapping of the Core Symbol is done. Otherwise this is a full-range Aztec Code symbol and

mapping of the Core Symbol must be extended outward for two more layers of modules.

14.4.4 Determining symbol orientation and mirror image reversal

In the outer

ayer ofthe Core Qymhnl’ the 12 orientation bits atthe corners are bitwise. compare

against the

specified pat
any of the ei
orientation,

14.4.5 Dec(

Knowing the
binary valus

tern in each of four possible orientations and their four mirror inverse orientations
bht cases checked as many as 9 of the 12 bits correctly match, that is deemedto’b
btherwise decoding fails.

pding the mode message

symbol format and orientation, the bits of the mode message atejextracted, pars
s, and error decoded using GF(16). All of the syndrome values\¢ah be used for errg

since the tin|

symbol misread. If error correction fails, decoding fails; otherwise, theZvalues for the number @
L and for th¢ number of datawords D are extracted from the modeimessage. In the special ca
most signifi¢ant bit of D is set and D exceeds the capacity of theds data layers, then this symbol
as areader initialization symbol and the most significant bit in.D is cleared.

14.5 Decoding the data message

14.5.1 Gen

Like the Cor
centres out t

14.5.2 Mapping the data layers

For Aztec Cq
two-dimens

In larger full
stronger. Th
algorithm dg
from which {

chance of an undetected error in the mode message will fesult in an eventual no

bral

o the limits of the symbol, then@ssembling and checking the spiralling sequence of]

de symbols with four or fewer layers of data, including all compact Aztec Code

L-range symbdls; a method which first maps the reference grid’s centre positions is §
e centres(of the reference grid modules shall be plotted using the linear crys
scribed(in Annex D. Once mapped, these grids provide sets of localized reference|
he centre positions of all data modules are calculated and sampled.

Either meth

bd, two-dimensional crystal growing or reference grid mapping, ends up filling

as well. Ifin
b the correct

ed into 4-bit
r correction
h-read, not a
f data layers
e where the
is identified

e Symbol, the data message is decaded first by mapping and sampling all the remaining module

codewords.

symbols, the

onal crystal growing shall be extended outward to map all L layers of the data regions.

ubstantially
tal growing
coordinates

in a bit map

which now ¢

overs the entire area of the symbol.

14.5.3 Assembling the codewords

As given in Table 1, the size and number of codewords in the symbol are determined by L, the number of data
layers, which is encoded in the mode message. Those codewords can be directly assembled in reverse order,
i.e. starting with the final checkword and moving forward eventually to the first dataword, by sampling
the symbol’s bit map in an outward moving clockwise spiral which starts at the upper left corner of the
Core Symbol. A simple systematic routine which samples two module layers in parallel, and for full-range
symbols jumps past all modules where either the x or y coordinate is a multiple of 16, can assemble the
entire codeword sequence for any size Aztec Code symbol.
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14.5.4 Checking the codewords

The sequence of C,, codewords, of which D are data and K = C,, - D are checks, is conveniently checked and
corrected using Massey-Berlekamp/Chien/Forney procedures, augmented to handle erasures efficiently,
within the appropriate Galois Field GF(2B) as indicated in Table 3. Details are specified in normative Annex B,
in particular B.3. Any datawords of all “0”s or all “1”s, as well as any codewords including modules which
fall outside the image, shall be deemed erasures. The Massey-Berlekamp procedure starts by evaluating K
syndrome values, and thus adapts easily to whatever number of checkwords a symbol happens to have. Two
(or more, when errors predominate, see B.2) checkwords shall be reserved for error detection, so that at most
K-2 (or fewer) checkwords are utilized for error correction. If this error correction fails, then decoding fails.

14.6 Translating the datawords

14.6.1 Bit dtream conversion and interpretation

the message encoding procedure, translation of the datawords involves first-conyerting them
bam and then interpreting successive segments in that stream into outputidata chajracters.

In reverse o
into a bit str

14.6.2 Cregting the data bit stream

h to the least
bre the more

L the most significant bit of the first dataword, a stream of bits.is’aSsembled throug
it of the last dataword, taking care to omit the least significant bit of any word wh
ts are all “0” or all “1”.

Starting wit
significant b
significant b

14.6.3 Intefpreting the bit stream

Interpretati

The bit stred
it latches an
ones (1), the

If at the stau
identified af
transmitted

15 Symbal quality

15.1 Quali

Aztec Code
guidelines d

NOTE TH

n into data characters is accomplished using Table”2 and starting in the upper cod

m is parsed into successive 5-bit, 4-bit, and*gecasional 11- and 8-bit values (under |
1 shifts between different code sets. Whefi'the remaining databits in the final codg
7 shall be ignored. The output sequence'of data characters ends when the bit strear

t of interpretation an upper latch\is encoded before any data characters, then th

intact and signalled in the symbology identifier.

ly assessment method

bymbols shall be assessed for quality using the two-dimensional matrix symbol
efined i [SO/IEC 15415, as augmented and modified below.

e latest version of ISO/IEC 15415 applies the more granular grading in steps of 1/10. To ac

p set.

pyte shift) as
word are all
h ends.

is symbol is

having a Structured Append-header, which can be either processed within the reader or

brint quality

hieve the best
d rather than

compatibility]|

between the original method of grading in integers, digit places below 1/10 are truncatg

rounded matt

1ematically.

The calculated grade is 2,56. The grade is then 2,5 (cutting off digits below 1/10) while it would be
mathematically 2,6. Also 2,59 or 2,51 shall result in 2,5.

15.2 Symbol quality parameters

15.2.1 Fixe

d pattern damage (FPD)

Annex E defines the measurement and grading basis for FPD.
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15.2.2 Axial non-uniformity (AN)

Aztec Code symbols are always nominally square, therefore the overall height H and width W of a symbol

(instead of average grid spacing) as determined during the reference decode shall be used to
The formula for AN becomes simply:

AN = abs(H - W)/((H + W)/2)

and this parameter shall be graded exactly as described in the appropriate clause of ISO/IEC 15
AN shall be graded in steps of 1/10 from 0,0 up to 4,0.

15.2.3 Unused error correction

evaluate AN.

415.

The Reed-Schomon fields for the mode message and for the data message shall be graded inde

specified by ISO/IEC 15415, using p = 0 for the mode message and p = 2 for the data messdge.T
shall be the lower achieved by those two fields. UEC shall be graded from 0,0 to 4,0 indncreme
of a point.

15.2.4 “Pript” growth

shall be measured and graded as described in ISO/IEC 15415,

The ideal gri

subdivided
15.3 Symb

15.3.1 Sy
The print qu|

ISO/IEC 154
parameters.

15.4 Addit]

Appropriate

d is based on the four outer-most points determined by the reference decode al
qually on each of the four sides.

1 print quality grading

ol grade

plity grade for each imadge captured is the lowest of the parameter grades achieved
| 5. This is referredto as the symbol grade. Application specifications may add addit

jonal print process control measurements

tools and methods are described in Annex I.

bendently as
e UEC grade
ts of 1/10th

ilue of print
vas achieved
re a grade of

gorithm and

according to
ional graded

16 Transmitted data

16.1 Basic

interpretation

No data shall be transmitted from special reader initialization symbols. The data from symbols within a
Structured Append sequence may be buffered for later transmission within the full assembled message or
may be transmitted with the appropriate symbology identifier modifier and sequencing header.

For all other Aztec Code symbols, the full data message string resulting from a proper decode shall be

transmitted.

More complex interpretations are addressed 16.2 to 16.5.
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16.2 Protocol for FNC1

When FNC1 precedes the first message character, it signals that the encoded message conforms to the GS1
applications identifier standard format. Transmission of symbology identifiers should be enabled, and this
FNC1 shall not be represented in the transmitted data although its presence shall be indicated by the use of
an appropriate option value in the symbology identifier according to Annex F.

When FNC1 immediately follows a single upper- or lower-case letter or two digits at the beginning of
the message, it signals that the encoded message conforms to a particular industry standard format.
Transmission of symbology identifiers should be enabled, and this FNC1 shall not be represented in the
transmitted data although its presence shall be indicated by the use of an appropriate option value in the
symbology identifier. The leading message character(s) shall be transmitted with the encoded message.

When FNC1 _appears in any later position, it acts as a field separator and shall be represented in the
transmitted|message by the ASCII character <GS> (value 29). The FNC1 protocol for FNC1 istalso described
in 7.3.2.2.

16.3 Protojcol for ECIs

In systems where ECIs are supported, the use of a symbology identifier préfix is required with every
transmissiof. Whenever an ECI (FLG(n)) character is encountered, it shall (be transmitted ap the escape
character 9% (or 5Cygy) which represents the character “\" (backslash ordreverse solidus) in the default
interpretatign. The following “n” encoded digits are expanded with leading zeros to a 6-digit stfing which is

transmitted|as the appropriate ASCII values (48-57).

Application $oftware recognizing “\nnnnnn” should interpret all subsequent characters as bejng from the
ECI defined by that 6-digit sequence. This interpretation remains in effect until the end of the gncoded data
or until another ECI sequence is encountered.

If the byte vlalue 92 occurs within encoded data (whether representing “\” or not), then two pytes of that
value shall He transmitted. Thus, a single occurrence @lways signals the ECI escape sequence and a double
occurrence indicates true data.

EXAMPLE
Encoded|data: A\\B\C
Transmigsion: A\\\\B\\C

Use of the appropriate symbology identifier assures that the application can correctly interpret the escape character.

16.4 Symbplogy identifier

Once the strjicture of the'data (including the use of any ECI) has been identified, the appropriate symbology
identifier shpll be added by the decoder as a preamble to the transmitted data. The symboldgy identifier
is required if ECIsSappear within the transmitted data, if FNC1 is used as defined in 16.2, or if unbuffered
Structured Append is required according to Annex F.

16.5 Transmitted data example

In this example, the two-character message “ § 2K ” shall be encoded in Aztec Code. “ | ” is represented by a
byte value of 182 in Aztec Code’s default character set (ECI 000003, which is equivalent to ISO/IEC 8859-1). “
2K ” is a Cyrillic character not available in ECI 000003, but which can be represented in ISO/IEC 8859-5 (ECI
000007) by the same byte value of 182. The complete message can therefore be represented by inserting a
switch to ECI 000007 after the first character, as follows:
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The symbol encodes the message <> <Switch to ECI 000007> <2K> using the following series of Aztec Code
characters:

[B/S(1)],[182].[P/S],[FLG(1)],["7"],[B/S(1)].[182]

whose binary stream becomes (mimicking the notation above):

[11111(00001)], [10110110], [00000], [00000(001)], [1001],[11111(00001)],[10110110]
The decoder transmits the following bytes (including the symbology identifier prefix with an option value of
3, which indicates use of the ECI protocol):

93,122,51,182,92,48, 48, 48,48, 48, 55,182

which, if vieyed entirely in the default interpretation, would appear graphically as:

1237\0000079

The decoder]is responsible for signalling the switch to ECI 000007, but not forinterpreting the yesult.

ECl-aware spftware in the receiving application would delete the ECI escape sequence \000P07, and the
Cyrillic charpcter “ 2K ” would be represented in a system-dependent manner (e.g. by changing[the font in a
desktop-publishing file). The final result would match the original méssage of “ J 2K ”.
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Annex A
(normative)

Aztec Runes

Aztec Runes are a series of small but distinct machine-readable marks designed to be graphically
compatible with Aztec Code. They are in fact just the Core Symbol of a compact Aztec Code symbol with a
numerically distinct mode message, which in this case conveys 8 bits of actual data. Thus they comprise 256
11 x 11 module square marks which are conveniently found and read by an Aztec Code reader.

A.1 Symbhol description
0 25 125 255

Figure A.1 — Representative Aztec Runes

Figure A.1 $hows several representative Runes, and the underlying structure of a Rune [is shown in

Figure A.2. [Each Rune consists of a bullseye finder patterf, orientation patterns, and a Reed-Solomon
encoded dath message.

2 1
3
<
4
Key
1  data message
2 databits
3 finder pattern
4  orientation patterns

Figure A.2 — Structure of an Aztec Rune

The finder and orientation patterns in an Aztec Rune are exactly as defined for compact Aztec Code symbols
in 5.1. The data message fills out the single layer of bits adjoining the finder exactly like the mode message
described in 5.2.2.4. As for Aztec Code, no surrounding quiet zone is required.
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A.2 Data message encoding

The 28 bits comprising a Rune’s data message are subdivided into seven 4-bit words, of which two convey
data and the other five are Reed-Solomon checkwords computed using GF(16), again exactly as defined for
compact Aztec Code mode messages in 7.2.3. However, they are then distinguished from a normal mode
message by inverting every other bit at the graphical level, equivalent to performing an Exclusive-OR of each

word’s value

with the binary pattern “1010”.

Thus when encoding, the 8-bit value to be encoded is parsed into two 4-bit words, which are then augmented
by five checkwords using the procedures for a compact mode message, and then an exclusive OR operation
is performed on each of the seven word values with the value “1010” before being laid clockwise in a single
layer wrapping around the finder with dark modules representing binary “1”s and light modules representing

binary “0”s.

A.3 Data

The refereng
Runes. The

format, and
image rever

message decoding

e decode algorithm for Aztec Code, presented in Clause 14, is also adegtiate for f]
inder-based methods for detecting video reversal as well as the compact versus
the use of the orientation patterns to determine image orientation-as‘well as pos
bal, shall all be applied. Rune decoding starts when error correction for the mode

compact symbol fails, and is very simple:

a) Exclusivy

e-OR each of the seven 4-bit “mode message” words with 71010”.

b) Try Reedl-Solomon decoding again.

If the Reed-§
(i.e. with alte

A.4 Tran:

olomon decoding succeeds, then the leading eight bits of the data message in its
brnate bits inverted from what was represented'graphically) convey the Rune’s enc

smitted data

The value eficoded in an Aztec Rune shall be transmitted as a 3-digit decimal value, with le

inserted as 1

eeded.

The symbol
Aztec Runei

gy identifier, if used, shall be “|zC” where the modifier character of “C” signifies
stead of a normal Aztec.Cade symbol.

nding Aztec
wide-range
sible mirror-
message of a

urrent form
bded value.

hding zeroes

decoding an
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Annex B
(normative)

Error detection and correction

B.1 General

The error correction codewords i in Aztec Code symbols shall be computed usmg Reed Solomon error control
encoding. Al}eedeweords-areB-bits v s-eadqulated using
bit-wise modlulo 2 arlthmetlc and word-wise modulo P arlthmetlc (where Pis the equivaleit|value of the
prime modujlus polynomial). The values for B and P are as specified in 7.2.4 for the mode,mefssage and in
7.3.3 for the data message. The error correction range in per cent of the symbol capacity is’defiped in 4.1 e).

B.2 Genefating the error correction codewords

The error correction codewords are the remainder after the polynomial forimed by the “nd” dath codewords
is scaled upward by x"¢ and then long divided by a generator polynomialof'order “nc”. It is imprhctical to list
all the possille generator polynomials used with the data messages in Aztéc Code; rather, they afre generated
directly within the appropriate software.

The C-langupge functions presented in Figure B.1 perform theeeded error encoding. Operdting on “nd”
data codewdrd values stored in the integer array wd[], the function ReedSolomon() first generates log and
antilog tables for the Galois Field of size “gf” with prime medulus “pp”, then uses them in the furjction prod()
to first calculate coefficients of the generator polynominal of order “nc”, then to calculate “ng” additional
check codewords which end up following the data ina¥d(). ReedSolomon() works equally well for the mode
message as if does for the data message.

B.3 Error correction capacity

The error cprrection codewords can Correct two types of erroneous codewords, erasure§ (erroneous
codewords gt known locations) and errors (erroneous codewords at unknown locations). An ¢rasure is an
unscanned qr undecodable symbol.character. An error is a misdecoded symbol character. THe number of
erasures and errors correctabléis'given by the following formula:

e+2tsd-p

where:

e is tllle number of erasures;

t is the number of errors;
d isthe number of error correction codewords;
p is the number of ec codewords reserved for error detection.
For Aztec Code’s mode message, p = 0 (to maximize the possibility of continuing with the decode).

For the data message, p is normally equal to 2. However, if most of the error correction capacity is used to correct
erasures, the possibility of undetected errors is increased. Whenever there are fewer than ten errors and the
number of erasures is more than half the number of error correction codewords, then p is increased to 4.

Otherwise, the symbol cannot be decoded without risking a misdecode.
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/* "prod(x,y,log.alog,gf)" returns the product "x" times "y" */
int prod(int x, int y, int *log, int *alog, int gf) {
if (!'x || !y) return 0;
else return alog[(log[x] + logly]) % (gf-1)]1;

/* "ReedSolomon (wd,nd,nc,gf,pp)" takes "nd" data codeword values in */
/* wd[ ] and adds on "nc" check codewords, all within GF(gf) where "gf" */
/* is a power of 2 and "pp" is the value of its prime modulus polynomial */
void ReedSolomon (int *wd, int nd, int nc, int gf, int pp) {

int i, j, k, *log,*alog, *c;

/* allocate, then generate the log & antilog arrays: */
log = malloc(sizeof(int) * gf):

alog = malloc(sizeof (int) * gf);

log[0] = 1-gf; alog[0] = 1;

for (i = 1; 1 < gf; i++) {
alogl[i] = alog[i-1] * 2;
if (alog[i] >= gf) alog[i] "= pp;
loglalog[i]]l = i;

/[ allocate, then generate the generator polynomial cegefificients: */
c = malloc(sizeof (int) * (nc)+1);

for (i=1l; i<=nc; i++) c[i] = 0; c[0] = 1;
for (i=1; i<=nc; i++) {
cl[i] = c[i-1];
for (j=i-1; 3>=1; j--) {
c[j] = cl[j-1] » prod(&N§l,alogl[i],log,aloqg,qgf);
}
c[0] = prod(c[0],aloglilsdbg,alog,gf);
t
/f clear, then generate "nc" checkwords in the array wd[]: */
for (i=nd; i<=(nd+nc); 1i4%) wd[i] = O;

for (i=0; i<nd; 1i++)
k = wd[nd] "~wd[i];
for (3=0; dg<nt; j++) |
wdfind+j] = wd[nd+j+1] » prod(k,c[nc-j-1],1log,alog,gf);

Hh

ree (c);
ree (alog))
ree (loQ)y

Hh h

Figure B.1 — C function which generates Reed-Solomon checkwords

B.4 Error correction method

When the total number of erasures, e, is less than or equal to the error correction capacity, the recovery
scheme is invoked. The erasures are substituted by zeros and the position of the q'th unknown codeword is

forq=1,2,..e.

Construct the symbol character polynomial C(x) = C,_;x™1 + C, ,x"2 + ... + (;x! + C; where the n coefficients
are the symbol character values read with C,_; being the first symbol character and where n is the total
number of symbol characters. Calculate i syndrome values S, through S, ; by evaluating C(x) at x = 2k for k =
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1 through i and where i is the number of error correction characters in the symbol. A circuit to generate the
syndromes is shown in Figure B.2.

A

p
AN

y

N
%

Key

1 input

Since the log

positions cap be computed:

ARX) = (1

=1+A X%

where X| !

The error 1d
by using the
Reference [4
correction ¢

Solving A(x)|=
necessary tg
auxiliary po

QAx)=1

wheren=e+t

The error vallue at lo€ation j is thus given by:

Figure B.2 — Symbol syndrome divider

ations of erasures are known, j, for q = 1, 2,...,e, the error locatiofi polynomial for

-xX7) (1-xX5)...(1 -xX.)
+o.t A x©

= 2id

cation polynomial, A(x), can be updated@o include the position of errors. This
Berlekamp-Massey Algorithm, an erréor and erasure decoder for BCH codes, as
]. At this point verify that the number of erasures and errors satisfy the apprd
hpacity formula in B.2.

= 0 yields the position of the\t errors, where t > 0; if t = 0 there is no error. N
compute the error value, Yo for location j,, where g = 1,...,e+t. To compute the erro
ynomial is needed, the Q- po(iynomlal deflned by:

F(S1 + ADX + (S + MgSq+ A)X2 + o+ (5 + AgSy g + oSy o + o+ Ay 157 + A,)XD

t.

n

hese known

can be done
discussed in
priate error

pw, it is only

r values, one

X —1)/( L (-x/x,)

x K

1—11¢q

|
]

After solving successfully for the error values, the complements of the error values are added to the
corresponding locations of erroneous codewords.
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Annex C
(normative)

Topological bullseye search algorithm

The topology of a bullseye can be made to stand out in a binary image using the following scanning method.
It measures the “isolation” of each pixel from the image’s white border, i.e. a count of how many black/white
and white/black edges must be crossed along any path to each border. Clearly, a bullseye’s centre is a region
of high isolation.

The completlely rigorous determination of pixel isolation for any arbitrary geometry (and,thf worst case
would be egtablishing that the centre of a long spiral connects to the border) requir Itidirectional
scanning which can be quite time consuming. The method described here is an ab r(ériate(l single-pass
method whi¢h is adequate for making a bullseye geometry stand out. /\/\

For illustratfon, the steps in scanning the 24 x 21 pixel binary image sectioﬁlBhown in Figure C.1. are
examined. The basic approach is to create a secondary image with the same ensions as the iinary image
but whose vplue at each pixel location indicates its isolation from the boégp'l‘his can in fact|be done one
row at a tinje, using just a one-dimensional integer array of the same th as the image, ahd sweeping
downward through the image. Nonetheless, the isolation values ‘MK e shown in the folloying figures
overlying th¢ pixel locations in a two-dimensional array.

1 5 10 155 © 20 24
1
5
10
15
O
Q%
\% 20

Figure C.1 — Binary image to be searched

The key topological rule is that the isolation values must always be even on light pixels and odd on dark
pixels. The initial step then is to fill the integer array with the values “0” for a light pixel and “1” for a dark
pixel for the pixels along the top row of the image, as shown in Figure C.2.
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24

1 5 10 15 20
o [T [ (N [ N [ N[N
< -

(o FEN 0T oo FAEREREREN oo FREN oo FRFN oJoF o] 0]

Figure C.2 — Initial integer array contents

Each successive row is then scanned using a three-step process. First the integer array’s contents are
updated to the new row by incrementing any entry whose colour changes. This is shown in the second row
of Figure C.3, where several “0”s have become “1”s and several “1”s have become “2”s. Next the leftmost value
in the array is reset to “0” or “1”, then the array is swept from left to right and any value more than 1 above

its left-hand
isolated rowj

lower isolate

is reduced by multiples of 2 so that its value is equal to or less than the previous pixelcvalte plu
d row, the “2” in column 3 has also been lowered to “0”. /\
1 5 10 15

Figures C.4 t

neighbour 1s reduced by Zs until this 1s not more than I anymore; as snowng;
the “2” in column 14 has been reduced to “0”. Lastly the rightmost value in th
“0” or “1”, then the array is swept from right to left and any value more than 1 above its ri

hrough C.6 show row-by-y@bprogress of the scan.
N

Qs 2 [2] o FUEEESIEREN 2 (2 [FRS o FR 2o [FRN 2 [FR o[ 2 [FH o |

1WOOOHO

@

+1 +1  +1+1
11 A0 1 1 AR 008 DR 00 0
z|o|oz|zmu@|oo|o
(AN
R

[ESER o To To RN 2 > NN 6P [o N oo JENEN o]0 FNEN o]

Figure C.3 — Ste&s@nd results of scanning row 2
xO

1 | o FERho | o[ o ERERFRERET
11ﬂﬂmlllli1

<§

Q7-1+1 +1+1 +1 +1 +1+1 +1 +1+1 +1

the middle-
hy is reset to

and neighbour

s one; in the
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Figure C.4 — Steps and results of scanning row 3
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Figure C.5 — Steps and results of scanning row 4
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Figure C.6 — S\@ps and results of scanning row 5

o

In course of processingrow 3 a valuf(}‘\S" briefly appears in column 8 but itis “sweptaway” in the rightward

sweep. Also hote the leading 2 1s§hanged to a zero in row 3.

In the coursg¢ of processing a, “3” briefly appears in column 6 but is swept away after the
its left side i$ also swept away. The “3”in column 18, on the other hand, persists.

‘2” guarding

has emerged

Figure C.7 shows th ger array’s contents after six more iterations. The bullseye topology
in the middlg as a n of relatively high isolation values. Although high values do identify it
most reliabl¢ indication of the “height” of the bullseye is the number of steps monotonically lead
peak value n&@hen leading down from it. A state machine that monitors successive 1nteger
the final rig
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Figure C.7 — Steps and results through row 11 (19"1?‘
Figure C.8 shows the integer array’s contents after six more iterations. The peak (i, .’k(gtre) of this bullseye
has clearly qccurred in columns 11 to 13 of rows 11 to 13, though other lesse @al “elevatigns” (such as
around coluin 20 in row 7) can be found in the rest of the image. The scan o Ff\m image is likely to locate
the centre J(l)sitions of several candidate bullseyes, and further two-di&ional graphicall analysis is
needed to qyalify them as an Aztec Code finder pattern. \\

1 o [f8E8 o] oo [FHERET
0 ol o] oFEN 2] 2]

10

15

SIS o oo BN

o3 |
C)é Figure C.8 — Steps and results through row 17

NS
Figure C.8 also 1llustrates one of the inspirations for the name Aztec Code . The square central bullseye of
an Aztec Code symbol jumps numerically out of this image much as the ancient Aztec pyramids seem to rise
vertically out of the undergrowth. The bullseye structures in some other matrix codes will also be detected
in this manner, although this is not the reference finding method for those symbols.
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Annex D
(normative)

Linear crystal growing algorithm

Use the measured vertical and horizontal pitch derived from the bullseye to set an initial estimate of both
the vertical and horizontal X dimensions. Using the direction of the vertical and horizontal edges in the

bullseye, det

For each of the

grid's modul
to the edge g

First plot thg

axis. Plot four 1X long sample lines projecting to the “compass points” from the éstimated m

along the ax

for each axis.

Along the tw

a) If neithg
transitiq
b) If only d
the edgg
at the m
the orig

centre p

After calcul

ermine an initial estimate of both the vertical and horizontal axis directions.

es using the “Crysta growin" techique starting with the centre of the bullseye.an
f the symbol.

estimated centre of the next module one X from the centre of the bullseye along the

bs. Conditionally adjust the centre both vertically and horizontally @ising the folloy

o lines parallel to the axis:

r line crosses a colour edge appropriate for the modulé’s'hominal colour (e.g. a
n for a dark module), do not adjust the centre along thataxis.

ne line crosses an appropriate colour edge, conipute a nominal centre point one
. Otherwise, if both lines cross an appropriate‘colour edge, compute a nominal
idpoint between these two edge crossings.\[f'the nominal centre point is within
nal position, adjust the centre to the midppint between the original position and
oint.

hiting all 16 modules in a referencé’pattern subsection, recalculate the axis dirg

points of the
| proceeding

appropriate
pdule centre
ving method

Hark to light

-half X from
centre point
0,25 X from
the nominal

bction and X

dimension, ysing those module centres, before proceeding into the next subsection using thie previously

calculated p

Starting froy
above. Repej

For referenc
which inters

First, revise

subsection df the cldsest already plotted reference pattern. Then, starting with the estimated

intersecting
ends of the s

hsitions.

h the adjusted point, plotaitew point one X further along the axis and adjust it usin
it this step to plot the centre point for each module.

e grid segments not passing through the bullseye plot their centres starting fron
ects the appropriate one of the four originally plotted reference grids.

module; repeat the crystal growing in both directions along the new reference p
yibel.

r the method

the module

the direction of the axis and X dimension along the axis to match the centre points of the

rentre of the
httern to the
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Annex E
(normative)

Fixed pattern damage (FPD) grading

E.1 Features to be assessed

For fixed patterns, “compact” Aztec Code symbols have a 2-ring 9-module square bullseye with 3-module
orientation patterpsineachecorpertotating-93-moditesatthecenterofthe-symbeleentre—Shpilarly, “full-
range” Azte¢ Code symbols have a 3-ring 13-module square bullseye and the orientation patterns, totalling
181 moduleq, plus a reference grid that runs throughout the data regions on 16-module centres

a) Compact Aztec Code b) Full-range Aztec Code
Higure E.1 — Fixed patterns within compact and full-range Aztec Code symbols

In both case$, the bullseye and erientation patterns are taken together as Segment A. In addition, each of the
light and dark rings of the bullseye, and also its centre module, are regarded as individual sub-s¢gments (the
orientation patterns are notpart of any sub-segment).

In full-range symbols;.the reference grid (including those of its modules within the bullseye) i broken into
individual vértical ahd horizontal “ladders”, each of which is regarded as a Segment B. The m¢dules at the
crossing points,dre‘counted in both ladders. The example in Figure E.1 b) has six such ladders of segments.

E.2 Grading criteria and assignments

Grading is performed based on a count of the number of erroneous (wrong colour) modules in each segment
or sub-segment as follows:

Segment A (bullseye and orientation patterns) is graded as:
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0 (zero) modules are in error

1 module is in error

2 modules are in error, at most within a single sub-segment
3 modules are in error, at most within a single sub-segment

4 or more modules are in error -OR- errors occur in more than one sub-segment

Segment B (within the reference grid) is graded as:

0 (zero) modules are in error

4,0 if
3,0 if
2,0 if
1,0 if
(0,0) if
The grade fqg

grade is the

7 % or fewer modules are in error

11 % or fewer modules are in error
14 % or fewer modules are in error
17 % or more modules are in error

r each segment is interpolated in steps of 1/10 in the range frem’0,0 up to 4,0. Thd
owest of the segment grades achieved.
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Annex F
(normative)

Symbology identifiers

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. Symbology identifiers
as defined in this Annex and by ISO/IEC 15424 shall be used.

The symbolgey-identifierforAztecCodeis:

]zm

where:

]  isthe symbology identifier flag character (ASCII 93);
z  isthe symbology identifier character for Aztec Code (ASCII 122);

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

Table F.1 — Defined modifier characteérs for Aztec Code

Value Option

o

No Options

FNC1 preceding 15t message character

FNC1 following an initial letter or pait of digits

ECI protocol implemented

FNC1 preceding 15t message character, ECI protocol implemented

FNC1 following an initial Jetter or pair of digits, ECI protocol implemented

Structured Append header included

Structured Append header included, FNC1 preceding 15t message character

Structured Append header included, FNC1 following an initial letter or pair of digits

Structured Append header included, ECI protocol implemented

> [Nl ool IEN Hl o N &2 W ANV (N OV I (O R I

Structured*Append header included, FNC1 preceding 15t message character, ECI protodol imple-
mented

Struetured Append header included, FNC1 following an initial letter or pair of digits, ELI protocol
implemented

C Aztec “Rune” decoded

(permissible values of Value “m™ 0, 1, 2, 3,4, 5,6,7,8,9,A, B, C)

An Aztec Code reader may have a selectable alternate mode in which symbols with a leading FNC1 and no
Structured Append or ECI protocol will cause it to fully emulate a GS1-128 data message by outputting the
symbology identifier “|C1".

© ISO/IEC 2024 - All rights reserved
38


https://iecnorm.com/api/?name=696b9138c128238f29b07ac0f43b8f36

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms, definitions, symbols and functions 
	3.1 Terms and definitions 
	3.2 Symbols and functions 
	3.2.1 Mathematical symbols 
	3.2.2 Mathematical functions and operations 


	4 Symbology characteristics 
	4.1 Basic characteristics 
	4.2 Summary of additional features 

	5 Symbol description 
	5.1 Basic Aztec Code properties 
	5.2 Symbol structure 
	5.2.1 Aztec code layout 
	5.2.2 Core Symbol 
	5.2.3 Data fields 

	5.3 Symbol character structure and sequence 
	5.4 Symbol size and capacity 

	6 General encodation procedures 
	7 Symbol structure 
	7.1 Fixed pattern structures 
	7.1.1 Fixed pattern types 
	7.1.2 Finder 
	7.1.3 Orientation bits 
	7.1.4 Reference grid 

	7.2 Mode message encoding and structure 
	7.2.1 Mode message 
	7.2.2 Symbol size designator 
	7.2.3 Message length designator 
	7.2.4 Error encodation for the mode message 
	7.2.5 Module placement for the mode message 

	7.3 Data message encoding and structure 
	7.3.1 Data message 
	7.3.2 Source message encoding 
	7.3.3 Error encodation for the data message 
	7.3.4 Module placement for the data message 


	8 Structured Append 
	9 Reader initialization symbols 
	10 Extended Channel Interpretation (ECI) 
	10.1 ECI basic information and references 
	10.2 Encoding ECIs in Aztec Code 
	10.3 Code sets and ECIs 
	10.4 ECIs and Structured Append 
	10.5 Post-decode protocol 

	11 User considerations 
	11.1 Choice of data and error correction level 
	11.2 User selection of encoded message 
	11.3 User selection of minimum error correction level 
	11.4 User selection of Structured Append 
	11.5 User selection of optional symbol formats 

	12 Dimensions 
	13 User guidelines 
	13.1 Human readable interpretation 
	13.2 Autodiscrimination capability 
	13.3 User-defined application parameters 

	14 Reference decode algorithm 
	14.1 General 
	14.2 Finding candidate symbols 
	14.3 Processing the bullseye image 
	14.4 Decoding the Core Symbol 
	14.4.1 Bullseye mapping of module centres 
	14.4.2 Mapping and sampling module centres 
	14.4.3 Determining video sign and symbol format 
	14.4.4 Determining symbol orientation and mirror image reversal 
	14.4.5 Decoding the mode message 

	14.5 Decoding the data message 
	14.5.1 General 
	14.5.2 Mapping the data layers 
	14.5.3 Assembling the codewords 
	14.5.4 Checking the codewords 

	14.6 Translating the datawords 
	14.6.1 Bit stream conversion and interpretation 
	14.6.2 Creating the data bit stream 
	14.6.3 Interpreting the bit stream 


	15 Symbol quality 
	15.1 Quality assessment method 
	15.2 Symbol quality parameters 
	15.2.1 Fixed pattern damage (FPD) 
	15.2.2 Axial non-uniformity (AN) 
	15.2.3 Unused error correction 
	15.2.4 “Print” growth 
	15.2.5 Grid non-uniformity 

	15.3 Symbol print quality grading 
	15.3.1 Symbol grade 

	15.4 Additional print process control measurements 

	16 Transmitted data 
	16.1 Basic interpretation 
	16.2 Protocol for FNC1 
	16.3 Protocol for ECIs 
	16.4 Symbology identifier 
	16.5 Transmitted data example 

	Annex A (normative)  Aztec Runes 
	Annex B (normative)  Error detection and correction 
	Annex C (normative)  Topological bullseye search algorithm 
	Annex D (normative)  Linear crystal growing algorithm 
	Annex E (normative)  Fixed pattern damage (FPD) grading 
	Annex F (normative)  Symbology identifiers 
	Annex G (informative)  Aztec Code symbol encoding example 
	Annex H (informative)  Achieving minimum symbol size 
	Annex I (informative)  Useful process control techniques 
	Bibliography 

