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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 a

re 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.

technical committees collaborate in fields of mutual interest. Other international organizations,

and ngn= ; ; :
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ional Standards are drafted in accordance with the rules given in the ISO/IEC Directives

ISO and IEC
governmental
of information

Part 2.

The mjain task of the joint technical committee is to prepare International Standards. Draft International

Standdrds adopted by the joint technical committee are circulated to national bodies for voting.
an Intefnational Standard requires approval by at least 75 % of the national bodies casting a vg

Attention is drawn to the possibility that some of the elements of this document may be the sy
rights. ]SO and IEC shall not be held responsible for identifying any.gr-all such patent rights.

ISO/IELC 24778 was prepared by Joint Technical Committee’ ISO/IEC JTC 1, Informatid
Subcommittee SC 31, Automatic identification and data captare techniques.

Publication as
te.

bject of patent

n technology,
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Introducti

Aztec Code is

on

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 center. Aztec Code symbols can encode from

small to large a

Manufacturers
symbology sp¢
publication of g

mounts of data with user-selected percentages of error correction.

of bar code equipment and users of the technology require publicly available standard
cifications to which they can refer when developing equipment and application standards. The

tandardised symbology specifications is designed to achieve this.

Vi
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fernational Standard defines the requirements for the symbology known as Aztec Code.
Code symbology characteristics including data character encodation, rules for\error contrg
al symbol structure, symbol dimensions and print quality requirements, a reference decoding
lectable application parameters.

brmative references
ces, only the edition cited applies. For undated-references, the latest edition of f
ent (including any amendments) applies.

C 646:1991, Information technology — ISO 7-bit coded character set for information inter

rint quality test specification — Two-diméensional symbols

C 15424, Information technology—~— Automatic identification and data capture techn
Identifiers (including Symbology Identifiers)

C 19762 (all parts), Information technology — Automatic identification and data ¢
ues — Harmonized vocabulary

L. International Technical Specification: Extended Channel Interpretations

1, Identification' Schemes and Protocols

P, Registration Procedure for Coded Character Sets and Other Data Formats

bcter Set Register

It specifies the
| encoding, the
algorithm, and

llowing referenced documents are indispensable forthe application of this document. For dated

he referenced

change

C 15415:2004, Information technology < Automatic identification and data capture techniques — Bar

fques — Data

apture (AIDC)

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.

3141

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

© ISO/IEC 2008 — All rights reserved
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3.1.2

checkword
codeword which is included in a symbol for error correction and/or error detection

3.1.3

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

314

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

3.1.5

Mode Messade
short fixed-len
the symbol’s s

3.2 Symbo

3.21

For the purpos

B

Co

X

X

(xy)

3.2.2 Mathematical functions and operations

hth, error-corrected subsidiary message within an Aztec Code symbol which direCtly e
ze and data message length

s and functions

Mathematical symbols

the n

the s

the s

then

then

then

the s

the X

a gern

Carts

es of this document, the following mathematical symbols apply.
Limber of bits in each codeword

ymbol capacity in number of bits

ymbol capacity in number of codewords

Limber of data (message) codewords in the 'symbol

Limber of error correction codewords)in the symbol, equal to C,, - D
Limber of data layers (1 to 32).in’the symbol, defining its size
ymbology identifier modlifier value

-dimension or nominal square grid spacing

eral variable used to express error correction polynomials

sian coordinates within the module grid

hcodes

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

abs()

div

is the absolute value function

is the integer division operator

max(a,b) is the greater of a and b

mod

is the

remainder after integer division

© ISO/IEC 2008 — All rights
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4 Symbology characteristics

4.1 Basic characteristics
Aztec Code is a two dimensional matrix symbology with the following basic characteristics:

a. Encodable character set:

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

4127 1 o dan. witbh-tha L1 O ot Luaraioa-oflSOAEC AR
L=y | T aCCOTraaricC It T tiC- oo riaauoriar versSiorT O TooNTeEo O 5

(NOTE: This version consists of the GO set of ISO/IEC 646 and the CO set of ISO/IEC-64P9 with values 28
to 31 modified to FS, GS, RS and US respectively.)

b. for values 128 - 255, in accordance with ISO/IEC 8859-1.
This interpretation corresponds to ECI 000003.

2. Two non-data characters can be encoded, FNC1 for compatibility with some existing gpplications and
ECI escape sequences for the standardized encoding of message interpretation information.

b. Representation of data: A dark module is a binary one and afight module is a binary zero.

c. Symbol size:
1. The smallest Aztec Code symbol is 15x3¥8 modules square, and the largest is 151 x 1$1.

2. No quiet zone is required outside the*bounds of the symbol.

d. Dala capacity (at recommended error.correction level):

1. The smallest Aztec Code symbol encodes up to 13 numeric or 12 alphabetic characters or 6 bytes of
data.

2. The largest symbol encodes up to 3832 numeric or 3067 alphabetic characters or 1914|bytes of data.

e. Selectable error.correction:

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

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

f. Code type: Matrix

g. Orientation independent: Yes

© ISO/IEC 2008 — All rights reserved 3
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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 shown and described in this specification
always with the finder’'s center dark and with dark modules encoding binary 1s throughout, symbols exhibiting
the opposite reflectance characteristics are easily autodiscriminated and decoded with the standard reader.

b. 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,

o ==t tad and A dadarath th 4 Adard dar
oo TTSTrTrT i iatc U ar i ac CoOTT Ot T arioc-Starigara roacacr

are easily &

c. Extended
sets (e.g. A
represente

d. Structured
continually
original dat

e. Reader Inif
menus for
application

f. Aztec “Rur
available fd

5 Symbol

Aztec Code syl
pattern at their
which encodes
characters with

Channel Interpretation (Optional): The ECI mechanism enables characters from various ch
rabic, Cyrillic, Greek, Hebrew) and other data interpretations or industry-specific requiremen
.

Append (Optional): Structured Append allows files of data to be (represented logica
in up to 26 Aztec Code symbols. The symbols may be scanned in‘dny sequence to eng
A to be correctly reconstructed.

jalization Symbols (Optional): A distinct format of Aztec Code-symbol is available for use in &
reader initialization. The encoded message in these special symbols is never passed o

es” (Optional): a series of 256 small, machine-readable marks compatible with Aztec Cqg
r special applications. See Annex A.

description

mbols are nominally square, made up of square modules on a square grid, with a square |
center. Figure 1 shows two\representative Aztec Code symbols, a small 1-layer symbol on
12 digits with 47 % error. correction and a larger 6-layer symbol on the right which encodes 1
30 % error correction.

aracter
Is to be

lly and
ble the

arcode
h to an

de are

ullseye
the left
68 text

Figure 1 — Representative Aztec Code symbols

These symbols illustrate 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, while 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 autodiscriminate between the two
formats, a seamless transition is achieved to cover the full spectrum of applications.

© ISO/IEC 2008 — All rights
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5.1 Symbol structure

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 center a Core Symbol which is then

surrounded by data fields on all four sides.

Layer4 ---- B
Layer 3 ---- ~
Fixed Structures Layer2---- B Variable Structures
Layer1----
[MODE BITS - -- | | B
Finder Pattern — | | +1 t+— — Mode Messlge
Orientation Patterns ;/ L —7 VData Layers

Figure 2 — Structure of a “compact” Aztec/Code symbol

Laf*lyer 6 - - - - ~
Layer5----
J Layer4 ---- ~
Fixed Structures / Layer3 -=3: - Variable Structures
, Layer 2 - - - - ~
)/ |- Layer 1 - - B
Reference Grid <~~~ T
1 |-1-| m-{H--- Mode Message
Finder Pattern---- {1 W[ [ | Ll
/ i . || @ | {----- Data Layers
/ s _ - - | T _ /////:/
OrjentationPatterns <[ | | - ,

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

5.1.1 Core Symbol

The Core Symbol, always square and at the exact center of an Aztec Code symbol, consists of a finder
pattern, orientation patterns, and a Mode Message. This core covers an 11x11 module area in compact
symbols and a 15x15 module area in full-range symboils. It is called the Core “Symbol” because it must be
successfully found and decoded before decoding can proceed into the surrounding data fields.

© ISO/IEC 2008 — All rights reserved
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5.1.1.1 Finder pattern

The finder pattern in Aztec Code is a set of concentric square rings. Centered on a single dark module, th
ring of light modules surrounded by a larger ring of dark modules, and so forth outward to a second 9x9
dark ring in compact symbols and to a third 13x13 module dark ring in full-range symbols.

5.1.1.2 Orientation patterns

ereis a
module

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

2 modules dark and the lower right pattern has just 1 module dark. as shown in Figures 2 and 3.

51.1.3 Mode Message

The single layer of bits adjoining the finder pattern, excluding the orientation patterns and in full-range symb
excluding the denter bit along each side (which is part of the reference grid), comprises an|error-correcte
Message wrapped in a clockwise direction starting from the upper left corner. This messagelexplicitly encod
the number of glata layers in the overall symbol (and thus its size) and the number of datawords in those lay
rest being error| correction checkwords for that message. Encoding details for the Mode“Message are given i

5.1.2 Data fields

The data field§ symmetrically surround the Core Symbol with one or_ more data layers. In full-range syni
reference grid glso threads throughout the data fields.

5.1.21 Reference grid

The reference |grid, clearly evident in Figure 3, is a ladder-like extension of the dark/light periodicity in th
along every 16th row and column of the symbol, extending to the limit of the data fields. Its regular s
provides outlyimg reference points often needed toyaccurately map the data field in the larger full-range s
Compact Azted Code symbols, which are of limitedsize, have no reference grid structure.

5.1.2.2 Data layers

The message |data themselves-plus their error correction words are laid into 2-module thick layers, s
clockwise from|the upper left . corer of the Core Symbol outward, and in full-range symbols necessarily s
over module pgsitions occupied by the reference grid. Compact Aztec Code symbols can have from one
data layers, while full-range, Aztec Code symbols can have from one up to 32 data layers. Details of the m
encoding, codgword formation, error correction encoding, and the final laying of codewords into the data lay
givenin 7.3.

Dls also
i Mode
es both
ers, the
nv7.2.

bols, a

e finder
ructure
ymbols.

biralling
kipping
to four
essage
ers are

5.2 Symbol character structure and sequence

In order to enhance Reed-Solomon error correction performance, the codewords, and thus the symbol cha
vary in size from 6-bits up to 12-bits depending on the overall symbol size, as illustrated in Figure 4.

6 © ISO/IEC 2008 — All rights

racters,

reserved


https://iecnorm.com/api/?name=652218f5eacab71e80ed847b8df94e13

ISO/IEC 24778:2008(E)

Typical
Domino

11197153
12(10|/8 |6 | 4

|
in 1 and 2 Layer Symbols
L ]
in 3 to 8 Layer Symbols
]

in 9 to 22 Layer Symbols
L ]
in 23 to 32 Layer Symbols

While 9
charac
tall by 1
is high

o
Figture-4—Symbol-character-structure

piralling around the core, turning corners and occasionally skipping across the reference g
ers’ actual shapes vary widely. However, if they are regarded as sequences of “domihos”, 6

y systematic throughout the data fields, and thus easy to place during encading and easy

decoding. Figure 5 shows how the sequence of dominos is positioned as it turns corners and tran

datala

ers.

rid, the symbol
ach 2 modules

module wide, then the sequence of symbol characters becomes a sequence of dominos whose placement

to map during
sitions between

//

ojejejojo
N
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[ ]
®
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®
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Typical
Domino

.......)).....
44

T

The se
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checkw
codewq
error c

Figure 5 — “Domino” layout and sequencing

uence of codewords that spirals outward from the Core Symbol is in fact reversed from it
codewordhin the spiral is the last Reed-Solomon checkword, followed then by the immedia
ord, and:"so forth through the check words and then through the message codewords
rd in the outermost data layer is the first codeword of the encoded message. This arrangel

5 natural order:
tely preceeding

until the final
ment enhances
ewords with all

prrection by locating the data codewords (which have erasure detection because data cod

Zeros o

rairones are itegat mear the Syrmbot S permeter where erasures are more tikety tooccar——

5.3 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. They represent
approximate limits because the message encoding efficiency depends in a detailed way on message content
and because the error correction level is user adjustable.

© ISO/IEC 2008 — All rights reserved
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Table 1 — The size and capacities of Aztec Code symbols

# of Data Symbol Codeword Symbol Bit Symbol Data Capacities
Layers Size (in x) Count x Size Capacity Digits Text Bytes
1* 15 x15 17 x6 102 13 12 6
1 19 x19 21x6 126 18 15 8
2 19 x19 40x6 240 40 33 19
2 23 x 23 48 x 6 288 49 40 24
3* 23 x 23 51x8 408 70 57 33
3 27 x 27 60 x 8 480 84 68 40
4* 27 x 27 76 x 8 608 110 89 53
4 31 x 31 88 x8 704 128 104 62
5 37 x37 120x 8 960 178 144 87
6 41 x 41 156 x 8 1248 232 187 114
7 45 x 45 196 x 8 1568 294 236 145
8 49 x 49 240x8 1920 362 291 179
9 53 x 53 230x 10 2300 433 348 214
10 57 x 57 272 x10 2720 516 414 256
11 61 x 61 316 x 10 3160 601 482 298
12 67 x 67 364 x 10 3640 691 554 343
13 71 x 71 416 x 10 4160 793 636 394
14 75 x75 470x 10 4700 896 718 446
15 79x79 528 x 10 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 x40 10200 1956 1566 976
23 113x 113 920 x\12 11040 2116 1694 1056
24 117 x 117 992 x 12 11904 2281 1826 1138
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 431 1224 x 12 14688 2818 2256 1407
28 135(x 135 1306 x 12 15672 3007 2407 1501
29 139x 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
32 151 x 151 1664 x 12 19968 3832 3067 1914
* An asterisk indicates 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.

6 General encodation procedures

The following steps are required to convert data into the encoded form represented in an Aztec Code symbol. The
following clauses of this specification specify all the rules and procedures. An encoding example is shown in
Annex G.

1. Data from a 256 character set may be encoded in Aztec Code. The input message is presented in a stream of
byte values reading from left to right. Special FNC1 or ECI flag characters may be inserted at any points in the
stream.

8 © ISO/IEC 2008 — All rights reserved


https://iecnorm.com/api/?name=652218f5eacab71e80ed847b8df94e13

ISO/IEC 24778:2008(E)

2. Each message character is translated into 4, 5, or 8 bits, preceded by additional 4 or 5-bit shift and latch codes

as

needed, forming a long continuous data bit stream.

3. The minimum number of bits to be encoded is computed by taking the length of the data bit stream and adding
as many bits as needed to reach either the default or user-specified error correction percentage. From this
calculation, the format and minimum size (number of data layers L) of the symbol is selected using Table 1.
This in turn establishes both the codeword size B and overall symbol capacity in codewords C,,.

4. The data bit stream is laid into codewords, systematically avoiding the formation of any codewords containing
all 0’s or all 1’s, thus creating D message codewords.

5. The number K of checkwords becomes C,, minus D. Systematic Reed-Solomon encoding, based on a Galois

Fidld of size 2° and Using a generator polynomial of order K, is employed to generate K.4
coglewords which are appended to the sequence of message codewords.

6. The binary values of L and D are formed into a Mode Message, and systematic /Reed-Sol
based on GF(16) is employed to generate additional check bits.

7. Graphically, the L-layer symbol is constructed by placing modules first for_the fixed structure
origntation patterns, and (if full-range) reference grid, then for the Mode Message wrapping ar

andl finally for the spiralling layers of dominos which constitute the sequence of datawords a
takien in reverse order.

7 Symbol structure

7.1 Fixed pattern structures

An Az
referen
symbo
y-axis

711
The fin
(F.-F)

“0” rep
defined

(1

7.1.2

¢ Code symbol contains three types of fixed pattern - the finder, orientation bits, and
ce grid. These are all shown in Figures*2 and 3. Their specification is facilitated by
grid as a Cartesian plane with (0,0) at-the symbol’s center and with the x-axis pointing to th
bointing upward.

The finder
Her pattern is a square bullseye target filling the central square region whose corner modules

resents a light module and “1” represents a dark module, all the modules within the finde
as encoding:

hax(abs(x)@bs(y))) + 1) mod 2

The-orientation bits

dditional check

bmon encoding

s of the finder,
bund the finder,
nd checkwords

if full-range a
regarding the
e right and the

are centered at

(-F,F), (F,F), and (F,%E)where F is 4 in compact symbols and 6 in full-range symbols. Where the value

I region can be

The or

h F as defined

entation bits are four groups of three maodules attached to the corners of the finder \A/d

above, six dark modules are located at (-F-1,F), (-F-1,F+1), (-F,F+1), (F+1,F+1), (F+1,F) and (F+1,-F) and six
light modules are located at (F,F+1), (F+1,-F-1), (F,-F-1), (-F,-F-1), (-F-1,-F-1) and (-F-1,-F).

713

The reference grid

The reference grid extends throughout full-range Aztec Code symbols occupying every location where x is a
multiple of 16 or y is a multiple of 16, i.e. ((x mod 16) = 0) or ((y mod 16) = 0). Again where the value “0” represents a
light module and “1” represents a dark module, all the modules within the reference grid can be defined as
encoding:

Where

(x+y+1)mod 2.

the reference grid and finder overlap, they have the same values.
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7.2 Mode Message encoding and structure

The Mode Message is a sequence of bits which encircles the finder pattern. It includes bits designating the symbol
size, followed by bits designating the message length, and finally bits which provide the Mode Message with error
redundancy.

7.21 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 fuII -range format there are 5 such b|ts whose binary value from 0 to 31 S|gn|f es symbols
with from one y and data

actually
. In the
compact formal there are 6 such bits, whose binary value from 0 to 63 signifies symbol§ whose message fills from
one up to 64 cpdewords. In the full-range format there are 11 such bits, whose binary/yalue from 0 to 2047 would
signify symbolqd whose message fills from one up to 2048 codewords. However, thessymbol capacity C,, prgsents a
logical upper limit for message length, and the recommended upper limit allowing-for adequate error protgction is
(0.77 C,) - 3.

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

7.2.3 Error dncodation for the Mode Message

The symbol size plus message length bits are packed into several 4-bit codewords which become the “datawords”
of the Mode Nlessage. To these are then added seyeral more “checkwords” computed by systematid Reed-
Solomon encoding over the Galois Field GF(16) based on a prime modulus polynomial of X+ X + 1 (19 decimal).

In compact Azjec Code symbols, the Mode Message data of “ssmmmmmm” (where “ss” designates s|ze and
“‘mm...” designptes message Iength) forms.two 4-bit datawords, to which 5 checkwords are added yising a
generator polyrjomial of (x-2 )...(x-2°) equialto:

X+ 11K+ 4 + 65 + 2x ]
Together the 2|datawords plus.the 5 checkwords, obtained as coefficients of the remainder when a polyngmial of

the datawords |s scaled upwards by x° and then long divided by the generator polynomial within GF(16), form the
28-bit Mode Mgssage for a compact symbol.

In full-range symbols;-the Mode Message data of “sssssmmmmmmmmmmm” forms four 4-bit datawords, tp which
6 checkwords elln readded using (x-2')...(x-2%) equal to:

X+ 7 +9x* + 3¢ + 124 + 10x + 12

Together the 4 datawords plus the 6 checkwords form the 40-bit Mode Message for a full-range Aztec Code
symbol.

7.2.4 Module placement for the Mode Message

The bits of the Mode Message are graphically encoded using dark modules to represent a “1” and light modules to
represent a “0”.
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The string of Mode Message bits, from the most significant size designation bit through to the least significant bit of
the final checkword, is laid in a single layer of modules starting near the upper left corner of the finder and wrapping
clockwise around it, skipping over positions occupied by the orientation 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 the finder, and so forth.

7.3 Data message encoding and structure

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

codew(

7.31

The sd
proces
and lat
of B-bit

7.31.1

Table 2
for jum
charac
commd
than “F

latch of

Message encoding starts in the Upper code sef,“and can be latched (semi-permanently, via U/L, L
DI/L) or
and Py

code s
strung

Byte S

5-bit binary value: if non-zero;.it encodes the number of bytes (1 to 31) that follow, but if zero then
encodg

charac
returns

rds as are needed to fill out the symbol, all taken in reverse order (see 7.3.3).

Source message encoding

urce sequence of data characters is translated into a sequence of message codewords
5. First the data characters in succession are converted to equivalent binaryyvalues, using in
Ch values as needed, producing a long binary stream of input data. Second,this string is laid i
codewords using an exclusionary rule that avoids any occurrence of a‘codeword with all O’s

Translation into a binary stream

presents values assigned to several code sets of ASCll character values, and to shift and |
ping between code sets. The Upper and Lower cade"sets contain upper and lowerd
ers respectively; Mixed contains a mixture of ASCII control and punctuation characters; Punc
| G(n)” (see below), all those entries in Table 2 that-are shown with no corresponding ASCII v
erations for accessing the different code sets;

shifted (for one character only, via U/S or P/S) into the other modes as needed. In Upper
nctuation code sets each character,latch or shift adds a 5-bit value to the data bitstream, w
ogether with their most significant bits leading.
nift (B/S) is a special case; shifting into a runlength-controlled string of literal 8-bit bytes. Follg
the number ofsbytes less 31. Byte Shift can thus encode either isolated extended A

ers or long strings of byte data, possibly filling the whole symbol. At the end of the byte g
to the mode)from which B/S was invoked.

s many check

5 in a two-step
termediary shift
nto a sequence
br with all 1’s.

atch operations
ase alphabetic
uation contains

n punctuation characters and combinations; and Digit contains the numerals plus some punctuation. Other

alue are shift or

L, ML, PIL, or
Lower, Mixed,
hile in the Digit

bt each character, latch, or shift. adds just a 4-bit value to the stream. In all cases, the bipary values are

wing a B/S is a
he next 11 bits
SCIl or control
tring, encoding
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Table 2 — Aztec Code high-level (message) encoding

Upper Lower Mixed Punct. Digit

Value | Char | ASCIl | Char | ASCIlI | Char | ASCIl | Char | ASCII | Char | 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 CR LF | 13,10 0 48

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

4 C 67 c 99 ETX 3 , SP | 44,32 2 50

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

6 E 69 e 101 ENQ 5 ! 33 4 52

7 - 70 f 102 | ACK 6 " 34 5 53

8 G 71 g 103 BEL 7 # 35 6 54

9 iH 72 h 104 BS 8 $ 36 7 55

10 73 [ 105 HT 9 % 37 8 56

11 J 74 j 106 LF 10 & 38 9 57

12 K 75 k 107 VT 11 ' 39 , 44

13 n 76 I 108 FF 12 ( 40 . 46

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

15 N 78 n 110 | ESC 27 * 42 u/S

16 (] 79 0 111 FS 28 + 43

17 P 80 p 112 GS 29 , 44

18 Q 81 q 113 RS 30 - 45

19 R 82 r 114 usS 31 46

20 b 83 S 115 @ 64 / 47

21 T 84 t 116 \ 92 58

22 U 85 u 117 A 94 ; 59

23 \ 86 v 118 _ 95 < 60

24 W 87 w 119 96 = 61

25 X 88 X 120 | 124 > 62

26 Y 89 y 121 ~ 126 ? 63

27 )4 90 z 122 DEL 127 [ 91

28 LI u/s L/L ] 93

29 M/L M/L uU/L { 123

30 D/L D/L P/L } 125

31 B/S B/S B/S U/L

The character designated “FLG(n)” in the Punctuation column of Table 2 is a special in-place flag used to represent
a variety of non-data characters supported by many standard symbologies. In the bit stream, the FLG(n) value is
followed by 3 extra bits encoding its argument “n” in binary; thus n is valued between 0 and 6 (7 is invalid).

FLG(0) represents “FNC1”, a non-data flag deriving from Code 128. When FNC1 precedes the first message

character, it signals the use of GS1 data formatting rules using Application Identifiers and affects the symbology
identifier modifier value. When FNC1 immediately follows a single upper or lower case letter or two digits at the
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beginning of the message, then it signals the use of some other industry-standard format, identified by the
preceeding data, and also affects the modifier value. When FNC1 occurs at any other location in the data, it serves
as a field separator and causes an ASCII 29 (<GS>) to be inserted in its place in the output data string.

FLG(1) through FLG(6) represent the Extended Channel Interpretation (ECI) flag, which in an ECI-compliant reader
causes “\nnnnnn”, a backslash followed by a 6-digit number, to be inserted into the output data string. (An
ECl-compliant reader also doubles all encoded data backslashes in the output string and sets an appropriate
symbology identifier modifier value.) The argument n in this case indicates how many of the 6 digits are explicitly
encoded in the symbol, using Digit mode, with leading zeros being assumed for the rest. ECI 000123, for example,
is encoded FLG(3)123, after which encoding reverts to the mode from which FLG(n) was invoked.

Annex H presents an algorithm for finding that sequence of code sets, latchs and shifts that will minimize the

numbe
its errol

7.31.2

In the 9
thus dg

FOf bIts needed to encode any INput SEqUENCE Of bytes, ulimately minimizing symbol Size
redundancy.

Formation of data codewords

econd step of source encoding, once the overall symbol size has been selected and the c
termined, then the stream of message bits is laid into the sequence of B-bit(B = 6, 8, 10,

hnd maximizing

bdeword size B
br 12) message

codewgrds in a generally direct fashion, starting at the most significant bit’of-the first codeword, with two key

excepti

bns: whenever the first B-1 bits placed in a codeword are all “0”s,\then a dummy “1” is in

codewgrd’s LSB and the following message bit starts off the next codeword. Similarly a message

starts W
are illeg

In the

codewq
padded
pad p3
messa

ith B-1 “1”s has a dummy “0” inserted into its LSB. In this mannermessage codewords of a
al and can be deemed erasures during the decoding process:

end, the character and byte boundaries in the original'message have no well-defined relati
rd boundaries. Up to B-1 bits may remain unfilled in the final message codeword, and

ttern can appear to be the start of a Binary ‘Shift sequence, readers must take carn
je interpretation with the final data codeword:)

serted into that
codeword that
1 “0”s or all “1”s

pnship with the
they are to be

out with “1”s (and possibly a final dummy “0” if pecessary) to eliminate any ambiguity. (Not¢: because this

e to terminate

7.3.2 |Error encodation for the data message
Source| encoding produces D codewords>To these are appended K = C,, - D checkwords which are computed by
systemptic Reed-Solomon encoding oyer GF(2B) based on the corresponding prime modulus polynomial listed in
Table 3. The checkword values (@re ‘the coefficients of the remainder when the polynomial form¢d by message
codewdrds is first scaled upwards by x* and then long-divided by the generator polynomial of (x-2)...(x-2"). See
Annex B.1.
Table 3 — Data codeword sizes and prime modulus polynomials
# Llayers Codeword Galois Field | Prime Modulus Polynomial Binary Equiv. D;::ir"lal
12 6-bits GF(64) X+ x+ 1 1000011 67
3-8 8-bits GF(256) XX AR K+ 100101101 301
922 10-bits GF(1024) X+ 10000001001 1033
2332 12-bits GF(4096) XA X AR+ 1000001101001 4201

7.3.3 Module placement for the data message

The bits of the data message are graphically encoded using dark modules to represent a “1” and light modules to
represent a “0”.
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For placement within an Aztec Code symbol, the sequence of D + K codewords is taken in reverse order and
wrapped into L layers each 2-modules thick, starting adjacent to the upper left corner of the Core Symbol and
spiralling outward in a clockwise direction. The exact placement of individual modules is best realized by first regarding
each codeword as a 2-module high “brick” as pictured in Figure 4, and then breaking that brick into B/2 dominos which
are each 1 module wide with a more significant bit sitting atop a less significant bit. These dominos are then placed
within data layers starting at the “L” of “Layer 1 ...” in Figure 2 or 3 and wrapping clockwise, skipping over positions
occupied by the reference grid, with the less significant bit of each domino always nearer the symbol's center.
Dominos along the bottom will thus seem to be upside down.

Figure 5 illustrates the sequence and orientation of the dominos when turning the corners in any layer and when
transitioning between layers. The symbol characters are often irregular in shape at the four corners or non-
contiguous when skipping across the reference grid, but they nonetheless represent integral binary codeword
values. Within [[@yers T2 an of Tull-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” its less significant counterpart (that
is, directly outwprd 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 mpdules light (“0”).

8 Structured Append
In order to fit @ non-square area or to handle larger messages than are practical in a single symbol,|a data
message can pe distributed across several Aztec Code symbols. Although this can be achieved by a user-

defined headef structure, the following is a standard method that shallbe supported by Aztec Code reaglers.

All symbols which are part of a Structured Append sequence shall.start message encoding with the sequende:

M/L U/L [space I...D space] M N ...

which consists|of the Structured Append flag sequence' “M/L U/L” where M/L and U/L are latch characlers, an
optional spaceidelimited 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,t6'be encoded.

An Aztec Cod¢ reader, upon detecting an:Upper Latch ahead of any stored data, shall either (1) interiret the
header and store the message segment for later transmission as part of the complete assembled messagg, or (2)
signal that this| is an ordered append, symbol and transmit it with appropriate sequencing information. The ECI
protocol provides a symbology independent way to convey this information within ECI-compliant appli¢ations.
Alternately, thel Aztec Code reader’shall signal that this is an ordered append symbol by setting an appfopriate
symbology identifier modifier value, then transmit the header and message segment intact.

The optional message IDfield is any number of data characters starting and ending with a space characfer, and
shall be the saine for-alksymbols which comprise the same message. Though the “I...D” string may be made up of
any characters |[(except additional spaces), the most efficient encoding will result if it is a string of uppercase Iel1ers.

The sequencing field is two uppercase letters, the first encoding which symbol this is in a sequence and the second
encoding the total number of symbols in the sequence, where “A” = 1, “B” = 2, and so forth. For example, a four
symbol sequence would have sequencing fields of “AD”, “BD”, “CD”, and “DD”. Up to 26 symbols can be linked
together using this Structured Append protocol.

9 Reader initialization symbols

It is often useful to have a class of symbols which function solely to deliver initialization or configuration information
into a reader. A 1-layer compact mode Aztec Code symbol or a 1 to 22-layer full-range symbol can be encoded for
reader initialization purposes by artificially setting the most significant bit of the message length designator, with its
lesser bits encoding the real message length. Because such a symbol’s total capacity is less than the designated
message length, this otherwise illegal setting signals that the encoded message shall not be transmitted but may
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be used instead to configure the reader. The format and meaning of the encoded data shall be determined by the

reader

manufacturer.

10 Extended Channel Interpretation

The Extended Channel Interpretation (ECI) protocol allows the output data stream to have interpretations different
from that of the default character set. The ECI protocol is defined consistently across a number of symbologies.
Four broad types of interpretations are supported:

a.

international character sets (or code pages)

b.
C.
d.
The H
Specifi

particu

The E
symbo

general purpose interpretations such as encryption and compaction

user defined interpretations for closed systems

control information for Structured Append in unbuffered mode.
xtended Channel Interpretation protocol is fully specified in AMM "Inc. Internatig
Cation - Extended Channel Interpretations Part 1. The protocol provides a consistent me

ar interpretations on byte values before printing and after decoding.

tended Channel Interpretation is identified by a 6-digit number which is encoded in th
by the ECI character followed by one to six 4-bit values répresenting digits. Specific inte

listed im AIM Inc. Extended Channel Interpretations Character.Set Register.

The E
identifi
any sy
reader

tended Channel Interpretation can only be used ‘with readers enabled to transmit
prs. Readers that are not enabled to transmit the' symbology identifier shall not transmi
mbol containing an ECI. An exception can be made if the ECI(s) can be handled ent

10.1 Encoding EClIs in Aztec Code

The EC
3 bits g
using t
reinsert

| assignment is invoked by encading the FLG(n) character in the Punctuation code set, whig
hcoding “n” valued between one’and six in binary. FLG(1-6) is then followed by one to six 4-b
ne Digit code set, represent the ECI number. Leading zeros which were dropped during

ed in the output message-in the decode to expand the ECI number to six digits.

10.2 (

The co
Extend
be mog

Code sets and ECls

de set used-is determined strictly by the 8-bit data values being encoded and does not
ed Channel Interpretation in force. For example, a sequence of values in the range 48 to 57
t efficiently encoded in the Digit code set even if the sequence is not to be interpreted as nun

nal Technical
thod to specify

e Aztec Code
rpretations are

he symbology
the data from
rely within the

h is followed by
it values which,
he encode are

depend on the
decimal) would
bers.

10.3 E€tsand-StructuredAppend

ECls may be encoded anywhere in the message encoded in a single symbol or Structured Append set of Aztec
Code symbols. Any ECI invoked shall apply until the end of the encoded data, or until another ECI is encountered.
Thus the interpretation of the ECI may straddle two or more symbols.

10.4 Post-decode protocol

The protocol for transmitting ECI data shall be as defined in 16.3. When using ECls, symbology identifiers (see
16.4) shall be fully implemented and the appropriate symbology identifier transmitted as a preamble.

© ISO/IEC 2008 — All rights reserved
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11 User considerations
Potential users of Aztec Code have several decisions regarding the data to be encoded, the amount of error

correction needed, and the possible distribution of the message over several symbols that they may want to
consider.

11.1 User selection of encoded message

Though for many barcode applications the encoded data messages will be strictly defined, those in the planning
stages may 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 Iong strings of characters from a single code set (see

Table 2). Upperca

encode most e

11.2 User sé

The design of
correction codg

23 % of symbgl capacity plus 3 codewords more. Thus a 5-layer symbol which holds 120 codewords

normally includ
programs shou

Users, judging
error correctior
checkwords. T
typically have t

Some applicati
Code symbols
error correction
error correction

11.3 User se

Structured App
when they hav
also available f

11.4 User se

Referring to Table 1, printing programs will generally print the smallest symbol for a given data set arn

correction perc
printing progra

|C|ently|n Aztec Code symbols

lection of minimum error correction level

Aztec Code technically allows a symbol to include as little as none or as much as 99 %
words, though both limits are unsound. The recommended level of error correction for norm

e at least 28 + 3 checkwords, leaving up to 89 codewords for encoding the data messag
d enforce this level as the default.

their applications to be especially benign or critical, may chdose to specify an alternate m

percentage, ranging from below 10 % to above 50 % plus-always, for data security, 3 ag
nis is called a “minimum” percentage because, depending on message length, the symbol
b add extra checkwords above this minimum to fill out‘the’symbol.

bns will be best served by specifying a fixed size.(number of data layers) to be used for a
regardless of their data content. In this case,.theé’user should specify a size which includes ag
for the longest message anticipated; then, typically shorter messages will be encoded with
creating more robust symbols for this application.

lection of Structured Append
end allows data messages- tobe spread across multiple Aztec Code symbols, then recons

b all been read, in any order. This option allows data to be encoded into a non-square regi
br encoding data messages which exceed the practical capacity of a single Aztec Code symb

lection of optional symbol formats

bntage.n.the data layer sequence 1*, 2*, 3%, 4%, 4, 5, 6, ..., 32. For Reader Initialization symb
m will generally print the smallest symbol in the data layer sequence 1*, 1, 2, 3, 4, 5,

> which

n error
| use is
should
e. Print

inimum
ditional
bgy will

| Aztec
equate
excess

tructed
on. It is
ol.

d error
ols, the
, 22.

Alternately, the

us€rmay specify the size and format of the desired symbol, overriding the default settings.

Users will need

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

12 Dimensions

The basic Aztec Code symbol dimension is X, the center-to-center spacing of its nominally square grid, also

nominally equa

| to the height and width of the square modules within that grid.

This symbology specification places no limits on the size of X. However, the horizontal and vertical grid spacings
shall be constant throughout a symbol and within 10 % of each other. Furthermore, each dark module’s width shall
equal the horizontal grid spacing within £20 %, and its height shall equal the vertical grid spacing within 20 %.
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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.

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

13.3 Wser-defined application parameters
Applicdtion standards shall define parameters of Aztec Code symbols specified herein as variable, ap follows:
a. The data to be encoded.

b. The X-dimension used in printing the symbol.

c. The placement of the symbol on a label, object, or document:

d. The level of symbol print quality required.

They npay also choose to override the default errorceorrection level, specifying either an alternate| minimum error
correctfon percentage or a fixed symbol format and size.

14 Reference decode algorithm

This reference decode algorithm finds the symbols in an image and decodes them. This is the dgcode algorithm
used inf the determination of symbol print quality. It may also be used by practical reader implementdtions.

Decodipg Aztec Code from a)stored image involves the steps of:
1. locpting the symbal*within the image,

2. prqcessing.the bullseye to pinpoint its center and determine the symbol’s major axes and npminal module
sp@cings,

N o o o bal £ + oot H H A | Y bal ki Leiaskaid, At H'S H
3. de\;uull IU ure Ource UyIIIUUI, Mot UCLCIIIIIIIIIIH mure OyIIIUUI 10 VIAUNWIIIC TCTVUTOUU, UTCTT Tlo Ormat, then Its

orientation, and then mapping, decoding, and checking the Mode Message,
4. mapping, decoding and checking the data message, and finally
5. ftranslating the datawords 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 “1” for light. (This is not to be confused with the convention of module value assignments.) If the stored image is
in grayscale, then some thresholding technique must first be used to obtain an equivalent binary image. For
evaluating symbol print quality, a global threshold shall be selected midway between the maximum and minimum
reflectance values in the image, then each pixel assigned a value of “1” if it exceeds that threshold, “0” otherwise.
Practical readers may well use a nonglobal threshold to handle uneven illumination and viewing conditions, and
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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 preprocessing step.

14.1 Finding candidate symbols

The “bullseye” finder pattern in Aztec Code has two distinct characteristics which may make it stand out from other
objects in an image. First, topologically, its center 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. 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 3 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 secti

n shall

be a candidats
method for veri

Equivalently, a
another, which

to find the centgrs of candidate symbols, even in badly distorted images, so long as their finders are undamg

A second char
aligned rightan
detects clustery
find the bullsey
sets of corners

14.2 Procesping the bullseye image

The image of the finder shall be processed to locate as many ofits’corners as possible and matching them

other corners i
position of all g
between adjac

between adjacgnt corners.

It will be appre
major axes, an
the square bu
damaged.

14.3 Decodi

Decoding the

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

or reversed) ar
toward the top

for being within the bullseye (pixel value 4 in row 9 of Figure C.7). This shall be thecre
ication.

scan that traces borders in the image would find the bullseye as one border wholelysenclose
in turn is wholely enclosed within another, and so forth. Either of these approachs will work
Acteristic of the square bullseye which could be used by a practical/reader is its assemb

of such corners, and especially those attached to longer arms or-other corners, should be

e even if partially damaged. In this manner, a bullseye that is,25% obliterated but with at le
intact can be reliably found.

n the same ring of the bullseye. The center.module position shall be pinpointed as the 3
bnt pairs of corners. The module spacingalong those axes shall be determined by the di

Ciated that the five critical starting ‘parameters - the symbol’'s exact center, the directions of
] the nominal module spacings_along those axes - are each indicated in multiple ways by fea

hg the Core Symbol
Core Symbol-begins by mapping all the module centers within a square region centered

d fopmat*(compact or full-range) of the symbol, and then its orientation (that is, which dirg
of/the’symbol) and possible mirror image reversal, and then to assemble, check, and pg

Mode Messags.

ference

d within
reliably
ged.

lage of

ple corners all pointing directly outward from the center module. A.scan through the image which

able to
ast two

up with
verage

pposing pairs of corners. The two major axes of the symbol shall be determined as the difections

stances

its two
tures of

Iseye finder, and can thus jbe determined for practical readers even if the finder is soqmewhat

on the
normal
ction is
rse the

14.3.1 Mapping and sampling module centers

The reference method for mapping the module centers over an Aztec Code symbol may be generally described as
“two-dimensional crystal growing”. Starting with the center module’s position, a first layer of 8 module centers 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 centers is projected and fine adjusted to fall evenly within the next
(normally dark) ring, and so forth. This process of projecting and adjusting module center 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 centers is sampled and stored in a bit map
of the symbol.
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1432 Determining video sign and symbol format

If the 8 modules surrounding the finder’s center 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 (11x11 square) ring of modules surrounding the finder’s center 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.

14.3.3 Determining symbol orientation and mirror image reversal
In the puter layer of the Core Symbol, the 12 orientation bits at the corners are bitwise compafed against the
specifigd pattern in each of four possible orientations and their four mirror inverse orientations’as ell. If in any of

the 8 g
otherw

14.3.4

Knowin
values,
chance
error ¢
datawo
D exce
most si

14.4 Decoding the data message

Like the
outtot

14.4.1

For Az
dimens

In largs
The cg

ases checked as many as 9 of the 12 bits correctly match, that is deemed to,be,the cor
se decoding fails.

Decoding the Mode Message

g the symbol format and orientation, the bits of the Mode Message, are extracted, parsed
and error decoded using GF(16). All of the syndrome values caf-be used for error correctig
of an undetected error in the Mode Message will result in an_eventual non-read, not a syn
prrection fails, decoding fails; otherwise, the values for the number of data layers L and for
rds D are extracted from the Mode Message. In the special'Case where the most significant bi
eds the capacity of the L data layers, then this symbo) is’identified as a reader initialization
pnificant bit in D is cleared.

Core Symbol, the data message is deceded first by mapping and sampling all the remaining
he limits of the symbol, then assembling and checking the spiralling sequence of codewords.

Mapping the data layers

fec Code symbols with.4“or fewer layers of data, including all compact Aztec Code sy
ional crystal growing shall'be extended outward to map all L layers of the data regions.

r full-range symbols, a method which maps first the reference grid’s center positions is subst
hters of the reference grid modules shall be plotted using the linear crystal growing algorith

fect orientation,

nto 4-bit binary
n since the tiny
hbol misread. If
the number of
of D is set and
symbol and the

module centers

hbols, the two-

hntially stronger.
m described in

Annex
positior

D. Once_fnapped, these grids provide sets of localized reference coordinates from which the center
s of all data modules are calculated and sampled.

Either method, two-dimensional crystal growing or reference grid mapping, ends up filling in a bit
covers the entire area of the Qymhnl

vlnap which now

14.4.2 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 - that
is, 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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14.4.3 Checki

ng 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(ZB) as indicated in Table 3 (See Annex 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,

14.5 Transla

In reverse of th
stream and the

14.5.1 Creating the data bit stream

Starting with thhe most significant bit of the first dataword, a stream of bits is assembled through to th

significant bit of
bits are all “0” 0

14.5.2 Interpn

Interpretation ir]

The bit stream
latches and shi

shall be ignored. The output sequence of data characters ends-when the bit stream ends.

If at the start oill

as having a St
signalled in the

15 Symbol

Aztec Code s
guidelines defi

15.1 Symbo

then decoding fails.

ting the datawords

h interpreting successive segments in that stream into output data characters.

the last dataword, taking care to omit the least significant bit of any word.-where the more sig
rall “1”.

eting the bit stream
to data characters is accomplished using Table 2 and starting in the Upper code set.
is parsed into successive 5-bit, 4-bit, and occasienal 11 and 8-bit values (under Byte Sh

fts between different code sets. When the remaining databits in the final codeword are all on

interpretation an Upper Latch is encoded*before any data characters, then this symbol is id
uctured Append header, which can be either processed within the reader or transmitted int
symbology identifier.

quality

bmbols shall be dssessed for quality using the two-dimensional matrix symbol print
hed in ISO/IEC 15415, as augmented and modified below.

quality parameters

15.1.1 Fixed Tattern Damage

e message encoding procedure, translation of the datawords involves first converting them into a bit

e least
nificant

ft) as it
es they

entified
act and

quality

Annex E defines the measurement and grading basis for Fixed Pattern Damage.

15.1.2 Axial nonuniformity

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 evaluate Axial Nonuniformity,

AN. The formul

a for AN becomes simply:

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

and this parameter shall be graded exactly as described in Clause 7.8.6 of ISO/IEC 15415:2004.

20
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Unused error correction

The Reed-Solomon fields for the Mode Message and for the data message shall be graded independently as
specified in Clause 7.8.8 of ISO/IEC 15415:2004, using p = 0 for the Mode Message and p = 2 for the data
message. The Unused Error Correction grade shall be the lower achieved by those two fields.

15.1.4

“Print” Growth

“Print” Growth shall be assessed by checking that the “duty cycle” of lines extending through the finder and along
the reference grid patterns (where available), nominally about 50 %, is between 30 % to 70 % inclusively.

which s

The co

The Pri

, producing N." and Np’. The resulting measure of Print Growth in each direction jis;

D=Np’ /(N +Np)
hall be graded against Dy, = 0.50 with Dp,i, = 0.30 and D,,.x = 0.70 asdfollows:
D" =(D-Dnom) / (Dmax=Dnom) if D > Dnom,
= (D - Dnom) / (Dnom - Dmin) Otherwise.

responding Print Quality grade is then:

A(4.0) if -050< D’'< 0.50

B(3.0) if-0.70< D<= 0.70

C(20) if-0.85=<D<0.85

D(1.0) if -1.00< D'< 1.00

F(0.0) ifD <-1.00or@D’>1.00

nt Growth grade shalkbe the lower of those achieved horizontally and vertically.

15.2 $ymbol print.quality grading

15.2.1

The pri

Image-grade

ht-Quality grade for each image captured is the lowest of the parameter grades achieved per

and for

Print Growth per 15.1.4 above_This is referred to as the Imagn Grade.

eed along lines

t (N.) and dark
mpact symbols,
by should have

ISO/IEC 15415

15.2.2

Symbol grade

Five or more Image Grades shall be collected for each symbol. These images should be of the symbol rotated
through a full 360 degrees about the center point of the finder pattern. The increment of rotation for each image

should

be approximately equal.

The Symbol Grade is the average of the Image Grades from 15.2.1.
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15.3 Process control measurements

Several tools and methods are available which can perform useful measurements for monitoring and controlling the

process of crea

ting Aztec Code symbols. These include:

1. Symbol Contrast readings from a linear bar code verifier.

2. Special reference symbols which facilitate visual inspection for grid irregularities and the measurement of Print
Growth with a linear verifier.

3. Determination of Axial Nonuniformity by physical measurement.

4. \Visual inspection of the finder pattern for critical defects.

These tools an

16 Transm

16.1 Basic i

No data shall b

] methods are described in Annex |.

tted data

hterpretation

e transmitted from special reader initialization symbols. The data’from symbols within a Str|

Append seque

with the appropgriate symbology identifier modifier and sequencing header:

For all other

More complex interpretations are addressed below.

16.2 Protocol for FNC1

When FNC1 precedes the first message character, it signals that the encoded message conforms to ti

Applications Id
not be represe
option value in

When FNC1 im
signals that the
identifiers shou
shall be indica
character(s) sh

When FNC1 a

ce may be buffered for later transmission within the full assembled message or may be tran

ec Code symbols, the full data message string resulting from a proper decode shall be trans

ntifier standard format. Transmission of symbology identifiers shall be enabled, and this FN(
hted in the transmitted data.although its presence shall be indicated by the use of an app
he symbology identifier (see;Annex F).

mediately follows a single upper or lower case letter or two digits at the beginning of the mes
encoded message ¢onforms to a particular industry standard format. Transmission of sy
d be enabled, andthis FNC1 shall not be represented in the transmitted data although its p
ed by the use\of an appropriate option value in the symbology identifier. The leading m
bll be transmitted with the encoded message.

bpears in any later position, it acts as a field separator and shall be represented in the tran

message by thT ASCII character <GS> (value 29).

uctured
smitted

mitted.

e GS1
L1 shall
ropriate

sage, it
bology
esence
essage

smitted

16.3 Protocol for ECIs

In systems where ECls are supported, the use of a symbology identifier prefix is required with every transmission.
Whenever an ECI (FLG(n)) character is encountered, it shall be transmitted as the escape character 92 (or 5Cpex),
which represents the character “\” (backslash or reverse solidus) in the default interpretation. The following “n”
encoded digits are expanded with leading zeros to a 6-digit string which is transmitted as the appropriate ASCII

values (48-57).

Application software recognizing “\nnnnnn” should interpret all subsequent characters as being from the ECI
defined by that 6-digit sequence. This interpretation remains in effect until the end of the encoded data or until
another ECI sequence is encountered.
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If the byte value 92 occurs within encoded data (whether representing “\” or not), then two bytes of that value shall
be transmitted. Thus a single occurrence always signals the ECI escape sequence and a double occurrence
indicates true data.

Example:

Encoded data: A\B\C

Transmission: ANB\C

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

16.4 $ymbology identifier

Once

e structure of the data (including the use of any ECI) has been identified, the ‘appropr

identifigr shall be added by the decoder as a preamble to the transmitted data. The symbology identi

ECls a
require

16.5 T

In this

value @
Cyrillic
same b
after th

The sy
charac

whose

The de
indicate

which,

pear within the transmitted data, if FNC1 is used as defined in 16.2, or if unbUffered Struct]
. See Annex F.

'ransmitted data example

pxample, the two-character message “ ] XK ” is to be encoded in-Aztec Code. “ [ ” is repres
f 182 in Aztec Code’s default character set (ECI 000003, which is equivalent to ISO/IEC 88
character not available in ECI 000003, but which can be represented in ISO/IEC 8859-5 (EC
yte value of 182. The complete message can therefore e represented by inserting a switch
b first character, as follows:

mbol encodes the message <[> <Switch to ECKN000007> <)X> using the following series
ers:

[B/S(1)1,[182],[P/S]LIFLG(1)1,["7"],[B/S(1)}[182]
binary stream becomes (mimickingthe notation above):
[11111(00001)], [10110110], [0000G}, [00000(001)], [1001],[11111(00001)],[10110110]

coder transmits the following bytes (including the symbology identifier prefix with an option v
s use of the ECI protocol):

93, 122, 51, 182,92, 48, 48, 48, 48, 48, 55, 182
f viewed entirely in the default interpretation, would appear graphically as:

1231000007

ate symbology
fier is required if
ured Append is

ented by a byte
h9-1). “XK " is a
000007) by the
to ECI 000007

of Aztec Code

hlue of 3, which

Note that the decoder is responsible for signalling the switch to ECI 000007, but not for interpreting the result.

ECl-aware software in the receiving application would delete the ECI escape sequence \000007, and the Cyrillic
character “ XX ” would be represented in a system-dependent manner (e.g. by changing the font in a desktop-

publish

ing file). The final result would match the original message of “ ] 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 11x11 module square
marks which arg-conveniently-found-and-read-by-an-Aziec-Code-reader-

A.1 Symbo|l description

CL R

125

Figure A.1 — Representative Aztec. Runes

Figure A.1 shgws several representative runes, and the underlying“structure of a Rune is shown in Figuyre A.2.
Each Rune corsists of a bullseye finder pattern, orientation patterns; and a Reed-Solomon encoded data m¢ssage.

Data Message

/
DATABITS -~ |

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
5.1.1. The data méssage fills out the single layer of bits adjoining the finder exactly like the Mode Message described

H i A =2+ Cad ’=H ot = A
in 5.1.1.3. Like 'Aztee-Coedeno-surrounding-quiet zone-isreguired-

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 5
checkwords using the procedures for a compact Mode Message, and then an exclusive OR operation is performed
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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 message decoding

The reference decode algorithm for Aztec Code, presented in Clause 14, is adequate for finding also Aztec Runes.
The finder-based methods for detecting video reversal as well as the compact vs. wide-range format, and the use of
the orientation patterns to determine image orientation as well as possible mirror-image reversal, shall all be applied.
Rune decoding starts when error correction for the Mode Message of a compact symbol fails, and is very simple:

(1) Exclusive-OR each of the seven 4-bit “Mode Message” words with “1010”

(2) Try Reed-Solomon decoding again.

If the R
with alt

A.4 Transmitted data

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

as nee

The syj

jed.

Rune ipstead of a normal Aztec Code symbol.

eed-Solomon decoding succeeds, then the leading eight bits of the data message'inits currgnt form (that is,
brnate bits inverted from what was represented graphically) convey the Rune’s-€ncoded valu

aY
.

veroes inserted

mbology identifier, if used, shall be “|zC” where the madifier character of “C” signifies decpding an Aztec
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Annex B
(normative)

Error detection and correction

The error correction codewords in Aztec Code symbols shall be computed using Reed-Solomon error control
encoding. All codewords are B bits in size, and the polynomial arithmetic within GF(ZB) is calculated using bit-wise
modulo 2 arithmetic and word-wise modulo P arithmetic (where P is the equivalent value of the prime modulus
polynomial). T Hied— 3-for-the-Mode-Message-and-in—Z-3-2-forthe data
message.

B.1 Generdting the error correction codewords

The error correg¢tion codewords are the remainder after the polynomial formed by the “nd” data codewords i scaled
upward by x™ @and then long divided by a generator polynomial of order “nc”. It is impractical to list all the gossible
generator polynomials used with the data messages in Aztec Code; rather, they are génerated directly within the
appropriate soffware.

The C-language functions presented in Figure B.1 perform the needed ertor encoding. Operating on “nd” data
codeword valugs stored in the integer array wd[], the function ReedSolomon() first generates log and antilog tables
for the Galois Field of size “gf’ with prime modulus “pp”, then uses them in the function prod() to first cglculate
coefficients of the generator polynominal of order “nc”, then to calculate “nc” additional check codewords which end
up following the data in wd(). ReedSolomon() works equally well:\for the Mode Message as it does for the data
message.

B.2 Error correction capacity

The error correction codewords can correct two types of erroneous codewords, erasures (erroneous codewords at
known locatiorys) and errors (erroneous codewords at unknown locations). An erasure is an unscarjned or
undecodable symbol character. An erroris a misdecoded symbol character. The number of erasures and errors
correctable is gjven by the following formula’

e+2tgd-p
where:
e 4 Number of‘erasures
t 3 Number of errors
d 3 Number of error correction codewords
p = 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 nhormally 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 O;
else return alog[ (log[x] + loglyl) % (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” */
/* 1s 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;
/*|lallocate, then generate the log & antilog arrays: */
log = malloc(sizeof (int) * gf);
blog = malloc(sizeof (int) * gf);
log[0] = 1-gf; alogl[0] = 1;
For (1 = 1; 1 < gf; 1i++) {
alogl[i] = alogl[i-1] * 2;
if (alogli] >= gf) alogli] "= pp;
loglalogl[il] = i;
/*|allocate, then generate the generator polynémial coefficients: *
r = malloc(sizeof (int) * (nc)+1);
For (i=1; i<=nc; i++) c[i] = 0; c[0] = &3
For (i=1; i<=nc; 1i++) {
cl[i] = c[i-1];
for (j=i-1; 3>=1; j--) {
cl[j] = clj-1]1 »~ prod(cljlya¥oglil,log,alog,gf);
}
c[0] = prod(c[0],alogli],Fog,alog,gf);
/*|clear, then generate Ync” checkwords in the array wd[]l: */
for (i=nd; i<=(nd+ncyyi++) wd[i] = 0;
For (1=0; i<nd; i++)J){
k = wd[nd] ~ wd{il;
for (j=0; j<ume; j++) {
wd[nd+3}= wd[nd+j+1] ~ prod(k,c[nc-j-11,1log,alog,gf);
}
Free (eh;
Frea(alog) ;
Free (log) ;
}

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

B.3 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 g’'th unknown codeword is j, , forq = 1,2,....e.

Construct the symbol character polynomial
symbol character values read with C,,; bein
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g the first symbol character and where n is the total number of symbol
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characters. Calculate i syndrome values S, through S.; by evaluating C(x) at x = 2“for k = 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.

2i

Since the loca
positions can b

N(x) =
=1+/
where
The error locati
Berlekamp-Ma
Practice of H

number of eras

Solving A(x) =
compute the ¢

polynomial is ngeded, the Q-polynomial,-defined by:

Q(x) =

wheren=e +t

The error valug

lions of erasures are known, j; for g = 1, 2,...,e, the error location“polynomial for these

47
v
Input //\\
> >
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Figure B.2 — Symbol syndrome divider

b computed:

1-xXq) (1 - xX2)...(1 - xXe)
A X+ N X

X, = 29

on polynomial, /A(x), can be updated to include the position of errors. This can be done by us
ksey Algorithm, an error and erasure decoder for BCH codes, as discussed in Theo
rror Control Codes, by Richard E.-Blahut (Addison Wesley, 1983). At this point verify

ures and errors satisfy the appropriate error correction capacity equation in Annex B.2.

0 yields the position of the t efrors, where t > 0; if t = 0 there is no error. Now, we only
rror value, Yj, for locatign j,, where q = 1,....e+t. To compute the error values, one

r

q

1 +(S1 + /\1)X + (Sz + /\181 + /\2)X2 + ...+ (Sﬂ + /\13"]‘1 + A23r]-2 + ...+ /\n_1S1 + /\n)Xn

at lacation jq is thus given by:

known

5ing the
ry and
hat the

need to
uxiliary

n

qu

QXq- 1)/ (X T (1=Xi/Xg))
i=1,i# 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, that is, a count of how many black/white and
white/black edges must be crossed along any path to each border. Clearly, a bullseye’s center is a region of high

isolatiop-

"

The co
establig
quite i
bullsey,

For illu
The b3
value 3
justa g
Noneth
dimens

mpletely rigorous determination of pixel isolation for any arbitrary geometry (and the worst
hing that the center of a long spiral connects to the border) requires multidirectional'scannin
me consuming. Described here is an abbreviated single-pass method which/isCadequat
e geometry stand out.

case would be
g which can be
e for making a

btration we will examine the steps in scanning the 24x21 pixel binary image section show

eless, the isolation values will be shown in the following figures overlying the pixel loc
ional array.

in Figure C.1.

sic approach is to create a secondary image with the same dimensions as the binary image but whose
t each pixel location indicates its isolation from the border. This cap-in.fact be done one row jat a time, using
ne dimensional integer array of the same width as the image, and,sweeping downward thrqugh the image.

tions in a two

Figure C.1 — The 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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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 color changes. This is shown in the second row of Figure C.3, where

several “0’s h
“0” or “17, then
by 2s until this

the rightmost v

than 1 above

ve become “1”s and several “1”’s have become “2’s. Next the leftmost value in the array is

reset to

s not so; as shown in the middle isolated row, the “2” in column 14 has been reduced-to {0

ts righthand neighbor is reduced by multiples of 2 so that its value is equal toor less t

previous pixel Jalue plus one; in the lower isolated row, the “2” in column 3 has also been lowefed to “0”.

Figures C.4 thr
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Figure C.3 — The steps and results of scanning row 2

pugh C.6 show row-by-row, progress of the scan.

+1+1 +1+1 +1 +1 +1+1 +1 +1+1 +1

jofolo AR 212 A o EH 2o AR 2 [ o 0 X O

oflofof N 2] 2 Aol ofo Bl 2 R 0 0 M O]

Figure C.4 — The steps and results of scanning row 3
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Figure C.5 — The steps and results of scanning row.4
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Figure C.6 — The steps and results of scanning row 5

e of processing.row 3 a value of “3” briefly appears in column 8 but it is “swept away” i
Also note the:leading 2 is changed to a zero in row 3.

ourse of processing row 5 a “3” briefly appears in column 6 but is swept away after the “2”
hlso swept away. The “3” in column 18, on the other hand, persists.

Z - chaewa-tha Tha-bll

h the rightward

guarding its left

Figure

mtaaar PP ftonta oftor oiv, aoea it $ion Heave-taopnalaawhaa
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merged in the

middle as a region of relatively high isolation values. Although high values do identify its center, the most reliable
indication of the “height” of the bullseye is the number of steps monotonically leading up to the peak value and then
leading down from it. A state machine that monitors successive integer values during the final right-to-left sweep on
each row can detect such bullseye centers and measure their height.
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Figure C.7 — The steps and results through row 11

ws the integer array’s contents after six more iterations. The peak (i.e. center) of this bullsgye has
d in columns 11 to 13 of rows 11 to 13, though other lesser local ‘elevations” (such as|around
bw 7) may be found in the rest of the image. The scan of a full image-is likely to locate the center
eral candidate bullseyes, and further two-dimensional graphical analysis is needed qualify them as
finder pattern.
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Figure C.8 also

Figure C.8 — The steps and results through row 17

illustrates 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,
determine an initial estimate of both the vertical and horizontal axis directions.

For eagh of the four reference grids originating at the center of the bullseye, plot the center_poir
modulgs using the “crystal growing” technique starting with the center of the bullseye and proceedin

the sy

First p
Plot fo

Conditi

Along

a.

After ¢
using t

Startin

Repeat

For ref
interse

First, r¢vise the direction of the axis and X dimension along the axis to match the center pointg
already

repeat

If n|
da

If dnly one line crosses an appropriate color edge, adjustihe’center 5 % of the distance from its
po!

Ot
po

bol.

I
1

bt the estimated center of the next module one X from the center of the bullseye along the a
r 1X long sample lines projecting to the “compass points” from the estimated module center
pnally adjust the center both vertically and horizontally using the followingmethod for each ax

the two lines parallel to the axis:

pither line crosses a color edge appropriate for the module’s nominal color (e.g. a dark to light {
k module), do not adjust the center along that axis.

ition to a point one-half X from the edge.

erwise, both lines cross an appropriate color €dge, adjust the center 5 % of the distance fron
ition to the mid-point of the two edges.

]
!

g

lculating all 16 modules in a reference. pattern subsection, recalculate the axis direction an
ose module centers, before proceeding into the next subsection using the previously calcula

from the adjusted point, plot.a_.new point one X further along the axis and adjust it using the
this step to plot the center point for each module.

brence grid segments:hot passing through the bullseye plot their centers starting from the

tts the appropriate one of the four originally plotted reference grids.

plotted reference pattern’s subsection. Then, starting with the estimated center of the inters
he crystal'growing in both directions along the new reference pattern to the ends of the symH

ts of the grid's
j to the edge of

ppropriate axis.
along the axes.
S.

ransition for a

original

h its original

d X dimension,

ed positions.

method above.

module which

of the closest
secting module,
ol.
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Annex E
(normative)

Fixed Pattern Damage grading

E.1 Features to be assessed

For Fixed Pat%rns, “Compact” Aztec Code symbols have a 2-ring 9-module square Bullseye with@3-module
t

Orientation Pa
Code symbols
plus a Referen

Figure

In both cases,
light and dark
orientation pat

In Full-Range
individual verti
crossing points

erns in each corner, totaling 93 modules at the symbol’s center. Similarly, “Full-Range
have a 3-ring 13-module square Bullseye and the Orientation Patterns, totaling 181 m
ce Grid that runs throughout the data regions on 16-module centers.

the Bullseye & Orientation Patterns are taken together as Segment A. In addition, each
ings of the Bullseye)and also its center module, are regarded as individual sub-segment
erns are not paft of any sub-segment.)

F.1 — The Fixed Patterns within (A) compact and (B) full-range Aztec Code symbols

" Aztec
bdules,

of the
s. (The

symbols/the Reference Grid (including those of its modules within the Bullseye) is broken into

cal and-horizontal “ladders”, each of which is regarded as a Segment B. The modules

at the

are\counted in both ladders. The example in Figure E.1(B) has six such ladders or segrlnents.

E.2 Gradin

g criteria and assignments

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

Segment A (Bullseye & Orientation patterns) is graded as:

A (4) if 0 (zero) modules are in error

B (3) if 1 module is in error
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C(2) if 2 modules are in error, at most within a single sub-segment
D (1) if 3 modules are in error, at most within a single sub-segment

F (0) if 4 or more modules are in error -OR- errors occur in more than one sub-segment

Each Segment B (within the Reference grid) is graded as:
A (4) if 0 (zero) modules are in error, else

B (3) if 7 % or fewer modules are in error, else

Cl2) if 11 % or fewer modules are in error, else
D (1) if 14 % or fewer modules are in error, else

F {0).

The overall Fixed Pattern Damage grade is the lowest of the Segment grades-achieved.
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