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Foreword

ISO (the

ISO or IEC participate in the development of International Standards through technical committees

establish
technical

International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

=C

ommittees collaborate in fields of mutual interest. Other international organizations, governmental

and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation

technolog
Internatio

The main
Standards

, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives) Part 2.

task of the joint technical committee is to prepare International Standards.,Draft International
adopted by the joint technical committee are circulated to national bodies fér yoting. Publication [as
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

Attention [s drawn to the possibility that some of the elements of this document'may be the subject of patent

rights. 1SC

and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 24728 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technology,

Subcomm

This Interpational Standard contains many provisions which are identical with those of ISO/IEC 15438.

ittee SC 31, Automatic Identification and data capture techniques.

Vi
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Introduction

MicroPDF417 is a multi-row symbology, derived from and closely based on PDF417. MicroPDF417 is
designed for applications with a need for improved area efficiency but without the requirement for PDF417’s
maximum data capacity. A limited set of symbol sizes is available, together with a fixed level of error
correction for each cymhnl size.Module dimensions are user-specified {o_enable eymhnl praduction and

repding by a wide variety of techniques.

Siphce MicroPDF417’s data character encodation, its error correction method, and many of jifS other symbol
characteristics are, and are intended to remain, identical to those of PDF417, descriptions| of these
chiaracteristics are quoted verbatim from the PDF417 symbology specification (ISO/EC 15438)| wherever
appropriate, or with the appropriate modifications. For ease of cross-reference, this*International Standard
follows a similar document structure, with minor differences in clause/subclause numbering, to ISO/[EC 15438.

© ISO/IEC 2006 — Al rights reserved Vii
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Scope

is International Standard specifies the requirements for the bar code symbology known as Microf
ecifies the MicroPDF417 symbology characteristics, data character encodation, symbal formats, d
or correction rules, decoding algorithm, and a number of application parameters.

Normative references
e following referenced documents are indispensable for the application of this document.

cument (including any amendments) applies.
D/IEC 646:1991, Information technology — ISO 7-bit coded-character set for information interchar

D/IEC 8859-1, Information technology — 8-bit single“byte coded graphic character sets — Pa

D/IEC 15415, Information technology — Automatic identification and data capture techniques —
nt quality test specification — Two-dimensional symbols

D/IEC 15417, Information technology < Automatic identification and data capture techniques —
mbology specification — Code 128

D/IEC 15418, Information teehhology — EAN/UCC Application Identifiers and Fact Data Iden
hintenance

D/IEC 15424, Information technology — Automatic identification and data capture technique
rrier Identifiers (including Symbology Identifiers)

D/IEC 24723, Information technology — Automatic identification and data capture techniques —
mposite bar.Code symbology specification

D/IEC 19¥62-1, Information technology — Automatic identification and data capture (AIDC) tech
rmanized vocabulary — Part 1: General terms relating to AIDC

PDF417. It
imensions,

For dated

erences, only the edition cited applies. For undated referenges, the latest edition of the neferenced

ge
rt 1: Latin

Bar code

Bar code

tifiers and

s — Data

EAN.UCC

niques —

IS

Harmonized

ulary — Part 2: Optically readable media (ORM)

vocab

ehniques —

AIM Inc. International Technical Standard: 1TS/04-001, Extended Channel Interpretations — Part 1:
Identification Schemes and Protocols 1

GS1 General Specification 2

1

2

©l

Published by AIM Global, 125 Warrendale-Bayne Road, Suite 100, Warrendale, PA 15086, USA.
Published by GS1, Blue Tower, Avenue Louise 326, bte 10, B-1050 Brussels, Belgium.
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3 Terms and definitions

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

3.1

application identifier

sequence of 2 to 4 digits, used to define the nature or use of the subsequent data characters, in accordance
with ISO/IEC 15418 and the GS1 General Specification

3.2 l
bar-space¢ sequence
sequence|which represents the module widths of the elements of a symbol character

3.3
basic chgnnel mode
standard $ystem for encoding and transmitting bar code data where data message bytes are output from the
decoder but no control information about the message is transmitted

34

cluster
any of thrge mutually exclusive subsets of PDF417 symbol characters, also used in MicroPDF417; the symbol
characterg in a given cluster conform with particular structural rules which are‘used in decoding the symbology

3.5
compactipn mode
any of three data compaction algorithms in PDF417 (Text, Numeric’and Byte Compaction modes), also used
in MicroPIDF417, which are used to map 8-bit data bytes efficiently to PDF417 codewords

3.6

e-distanc
measurenment from the leading edge of one element to the leading edge of the next element, or from the
trailing edge of an element to the trailing edge ‘of_.the next element, in a symbol character or Row Addrgss
Pattern

3.7
error corection codeword
codeword|which encodes a value(derived from the error correction codeword algorithm to enable decode
errors to He detected and, depending on the number of error correction codewords, to be corrected

3.8
Extended Channel Interpretation
ECI
procedurel within somé symbologies, including MicroPDF417, to replace the default interpretation with another
interpretafion in a-reliable manner

NOTE The interpretation intended prior to producing the symbol can be retrieved after decoding the scanned sympol
to recreate tha'data mnceaga nits nriginal Fnrmaf_

3.9

extended channel model

system for encoding and transmitting both data message bytes and control information about the message,
the control information being communicated using Extended Channel Interpretation (ECI) escape sequences

3.10

family
set of MicroPDF417 symbol versions sharing the same number of columns and the same RAP rotation

2 © ISO/IEC 2006 — All rights reserved
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3.11
function codeword

codeword which initiates a particular operation within a symbology, for example to switch between data
encoding sets, to invoke a compaction scheme, to program the reader, or to invoke Extended Channel

Interpretations

3.12

Global Label Identifier

GLI

procedure in the PDF417 symbology which behaves in a similar manner to Extended Channel Interp

retation

erence between the number designating, a Center or Right Row Address Pattern and th
dgsignating the nearest Row Address Pattern to the left, in the same row of a symbol

3.7

Row Address Patterns

special patterns made up of thfee'bars and three spaces occupying ten modules that serve both
(with the stop bar) stop patterns’and as row indicators in MicroPDF417 symbols

3.18
stpp bar
single-module bar; adjoining the rightmost Row Address Pattern, which forms the right boundary of t

3.19

Structured. Append

prpcedure-within the MicroPDF417 symbology to distribute data logically from a computer file
number. of related symbols

TE The GLI system was the symbology-dependent precursor to the symbology-independent ECI syste]n.

e header)
structured

er latch or

ng returns

e number

As start or

he symbol

across a

NOTE 1 This procedure is identical to the Macro PDF417 feature of PDF417.
NOTE 2  The procedure considerably extends the data capacity beyond that of a single symbol.

3.20
UCC/EAN-128

subset of Code 128 symbols as defined in ISO/IEC 15417, reserved for use in accordance with GS1 General

Specification

© ISO/IEC 2006 — All rights reserved
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4 Symbols, operations and abbreviated terms

4.1

Symbols

For the purposes of this document, the following mathematical symbols apply. There are some cases where the
symbols below have been used in a different manner in an equation. This has been done for consistency with a
more general use of the notation and is always clearly defined in the text.

b

c

X T m =

>

=

< X =

the element width in a symbol character

number of columns in the symbol in the data region (excluding Row Address Patterns)
data codeword including ECI Descriptor and all function codewords

ror correction codeword

edge to similar edge dimension in a symbol character

number of substitution errors
row number
height of symbol including quiet zone
cJuster number
number of error correction codewords
number of erasures

number of source data codewords (including,the codeword in the ECI Descriptor position but prior|
the addition of any pad codewords)

total number of data codewords (in¢luding ECI Descriptor and pad codewords)
pitch or width of a symbol character

horizontal quiet zone

<

ertical quiet zone

number of rows/in"the symbol

=

idth of symbol including quiet zone

X-dimension or module width

module height (also called row height)

—

(0]
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4.2 Mathematical operations

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

div

INT

mod

is the integer division operator, rounding down

is the integer value i.e. where a number is rounded down to its whole number component, ignoring its
decimal fractions

is the positive integer remainder after division. If the remainder is negative, then add the value of the

rdor to-aal thao r it PST N Eoroxample
TS

4.3 Abbreviated terms

Fgr the purposes of this document, the following abbreviated terms apply.

Al
EC
ECI
Gl
RAP

5.1 Symbology characteristics

5.11

5| Requirements

Basic characteristics

theremainderof—29-460-divided by 929 is

divicar in o a ac Do 7=
VTS O T O G Tt oot CT e ouTrT PO STtV e O CXTrtt

-361, which when added to 929 yields 568

Application Identifier

Error Correction

Extended Channel Interpretation
Global Label Identifier

Row Address Pattern

MicroPDF417 is a multi-row symbology which may be utilized by applications needing to encode a|moderate

ount of data in a two-dimensional symbol (up to 150 bytes, 250 alphanumeric characters, or 366 numeric

digits), and when minimizing symbol size is a primary concern. MicroPDF417 is identical to PDF417 in terms

its encodation modes, ‘error correction method, and symbol character sets. However, MicfoPDF417

replaces PDF417’s 17-module-wide start/stop patterns and left/right row indicators with a unique [set of 10-
module-wide Row Address Patterns, which were designed both to reduce overall symbol width and fo facilitate
linear scanning at rew heights as low as 2X. MicroPDF417, unlike PDF417, may only be printed|in certain

ined combinations of r (number of rows), ¢ (number of columns), and k (number of error [correction

1)

2)

Text Compaction mode (see 5.4.2) permits all printable ASCII characters to be encoded, i.e.
values 32 to 126 inclusive in accordance with ISO/IEC 646, as well as selected control characters.

Byte Compaction mode (see 5.4.3) permits all 256 possible 8-bit byte values to be encoded. This
includes all ASCII characters value 0 to 127 inclusive and provides for international character set
support.

Numeric Compaction mode (see 5.4.4) permits efficient encoding of numeric data strings.
Up to 811 800 different character sets or data interpretations.

Various function codewords for control purposes.

© ISO/IEC 2006 — All rights reserved 5
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b)

c)

d)

e)

f)

9)
h)

i)

5.1.2 Symmary of additional features

The followjng are additional features.in MicroPDF417:

a)

d)

e)

Symbol character structure: (n, k, m) characters of 17 modules (n), 4 bar and 4 space elements (k), with
the largest element 6 modules wide (m).

Maximum possible number of data characters per symbol (for a maximum size MicroPDF417 symbol):
125 data codewords which can encode

1) Text Compaction Mode: 250 characters (2 data characters per codeword).

2) Byte Compaction mode: 150 characters (1,2 data characters per codeword).

3) Numeric Compaction mode: 366 characters (2,93 data characters per codeword).
Symbol Size:

1) Number of rows: 4 to 44 (available in defined combinations with number of columns).
2) Number of data columns: either one, two, three, or four

3) Width in modules: 40X, 57X, 84X, or 101X including quiet zones
4) Maximum codeword capacity: 176 codewords.

5) Maximum data codeword capacity: 125 codewords.

Number of error correction codewords: fixed for each available row/column combination, ranging from 7
to 50 codewords per symbol and reserving from 28% to 67% af“codewords for error detection and
corregtion, depending on symbol size.

Non-dlata overhead: per row: 23 modules for the one- and two=eolumn versions; 33 modules for the thrge-
or fodr-column version, including quiet zones.

Code|type: continuous, multi-row bar code symbology.
Character self-checking: Yes.

Bi-directionally decodable: Yes.

Data [compaction: Three schemes are defined to compact a number of data characters into codewords.
Genefally data is not directly represented on a one character for one codeword basis (see 5.4.2 to 5.4.4).

Extended Channel, Interpretations: These mechanisms allow up to 811 800 different data characfer
sets ¢r interpretations to be encoded (see 5.5).

Strugtured ‘Append: MicroPDF417 uses the Macro PDF417 mechanism for Structured Append. This
mech@nismy allows files of data to be represented logically and consecutively in a number |of

Edge to edge decodable: MicroPDF417 can be decoded by measuring elements from edge to similar
edge (see 5.3.1).

Cross-row scanning: The combination of three characteristics in MicroPDF417 facilitates cross-row
scanning:

e being synchronised horizontally, or self clocking
e row identification

e being vertically synchronised, by using the cluster values to achieve local row discrimination.
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This combination allows a single linear scan to cross a number of rows and achieve a partial decode of
the data so long as at least one complete symbol character per row is decoded into its codeword. The
decoding algorithm can then place the individual codewords into a meaningful matrix.

f) Code 128 emulation codewords: special codewords may be used at the start of a MicroPDF417 symbol
as a signal to the decoder to transmit the symbol’s data as if it were encoded in a Code 128 symbol. The
Symbology Identifier of the resulting transmission can thus signal the presence of an implied FNC1 flag,
for special applications (see 5.4.1.5).

5.2 Symbol structure

.1 MicroPDF417 symbol parameters

Egch MicroPDF417 symbol consists of a stack of vertically-aligned rows (with a minimunt/of 4 and|maximum
of|44 rows); the allowable numbers of rows are specified separately for each of the ong-two-, threle- or four-
column versions. Each row shall include a minimum of 1 symbol character and~a’maximum of{ 4 symbol
chiaracters, excluding the Row Address Pattern columns. The symbol shall include”a quiet zone pn all four
sides.

Figure 1 shows sample one-, two-, three-, and four-column MicroPDF417,symbols, each with twenty| rows.
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[ Data Codeword Column |

1 Column by 20 Rows,
Encoding:
'ABCDEFGHIJKLMNOPQRSTUV'

[ Row Address Patterns |

I I

Y Y
2 Columns by 20 Rows,
Encoding:
'ABCDEFGHIJKLMNOPQRSTUVWXYZABCDEFGH
IJKLMNOPQRSTUVWXYZABCD'

[ Data Codeword Columns |

1
T 3 Columns by 20 Rows,
Encoding:
'ABCDEFGHIJKLMNOPQRSTUVYWXYZABCDEFGH
I:I' IJKLMNOPQRSTUVWXYZABEDEFGHIJKLMN'

[ Row Address Patterns |

v v v
y 4 Columns’by 20 Rows,
Encoding:
'ABCDEFGHIJKLMNOPQRSTUVWXYZABCDEFGH
IJKLMNOPQRSTUVWXYZABCDEFGHIJKLMNOPQ
RSTUVWXYZABCDEFGHIJKLMNOPQRSTUVWXY
e ZAB'

[ Data Codeword Columns |

Figure 1 — Four MicroPDF417 symbols
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5.2.2 Row and column combinations

MicroPDF417 symbols shall conform with certain predefined combinations of numbers of rows, columns, and
number of error-correction codewords. These versions are defined in Table 1.

Table 1 — MicroPDF417 version characteristics

Number of Number Tota_l Number | % of Number | Number Max Data Max ng Symbol Symbol
Data of Rows CWsin of EC |cws for of of CWs Bytes Alpha | Digits Wldth, Hglght,
Columns ‘A Data | ~we (i) Ec non-EC | for Data | ,”. -, | chars (Note in X in X
©) N Region N CWs [ (Note 1) [ © 7| (Note 3) 3) (Note 4)) | (Note 5)
1 11 11 7 64 4 3 3 6 8 40 24
1 14 14 7 50 7 6 7 12 17 40 30
1 17 17 7 41 10 9 10 18 26 40 36
1 20 20 8 40 12 11 13 22 32 40 42
1 24 24 8 33 16 15 18 30 44 40 50
1 28 28 8 29 20 19 22 38 55 40 58
2 8 16 8 50 8 7 8 14 20 57 18
2 11 22 9 41 13 12 14 24 35 57 24
2 14 28 9 32 19 18 21 36 52 57 30
2 17 34 10 29 24 23 27 46 67 57 36
2 20 40 11 28 29 28 33 56 82 57 42
2 23 46 13 28 33 32 38 64 93 57 48
2 26 52 15 29 37 36 43 72 105 57 54
3 6 18 12 67 6 5 6 10 14 84 14
3 8 24 14 58 10 9 10 18 26 84 18
3 10 30 16 53 14 13 15 26 38 84 22
3 12 36 18 50 18 17 20 34 49 84 26
3 15 45 21 47 24 23 27 46 67 84 32
3 20 60 26 43 34 33 39 66 96 84 42
3 26 78 32 41 46 45 54 90 132 84 54
3 32 96 38 40 58 57 68 114 167 84 66
3 38 114 44 39 70 69 82 138 202 84 78
3 44 132 50 38 82 81 97 162 237 84 90
4 4 16 8 50 8 7 8 14 20 101 10
4 6 24 12 50 12 11 13 22 32 101 14
4 8 32 14 44 18 17 20 34 49 101 18
4 10 40 16 40 24 23 27 46 67 101 22
4 12 48 18 38 30 29 34 58 85 101 26
4 15 60 21 35 39 38 45 76 111 101 32
4 20 80 26 33 54 53 63 106 155 101 42
4 26 104 32 31 72 71 85 142 208 101 54
4 32 128 38 30 90 89 106 178 261 101 66
4 38 152 44 29 108 107 128 214 313 101 78
4 44 176 50 28 126 125 150 250 366 101 90

CW = Codeword; EC = Error correction

NOTE 1 Excludes EC codewords and codeword in the ECI Descriptor position

NOTE 2  Assumes remaining in default Byte Compaction Mode (see 5.4)

NOTE 3  Assumes that a Latch to Text or Numeric Compaction mode replaces the ECI Descriptor
NOTE 4 Including 1X quiet zones on either side

NOTES5  Assumes Y = 2X; includes 1X quiet zones at top and bottom
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5.2.3 Row parameters

Each row within a MicroPDF417 symbol has the following structure (examples are shown in Figure 1):

All MicroHDF417 symbols contain at least two Row Address Pattern columns (separated from each other
one or two data columns), and every codeword column is:adjacent to at least one Row Address Pattg

column.

5.2.4 Cqdeword sequence

5241

A MicroP

a.

d.

e.

1. a leading Quiet Zone (see 5.8.3);
2. a Left MicroPDF417 Row Address Pattern (see 5.2.5);
3. one of the following:

—d) ____for the one-cotumm versiomn, one PDF4t7todeword, or

b) for the two-column version, two PDF417 codewords, or

c) for the three-column version, one PDF417 codeword followed by & |Cénter R
Address Pattern (see 5.2.5) and two more PDF417 codewords, or

d) for the four-column version, two PDF417 codewords followed by a Center R

Address Pattern and two more PDF417 codewords;

4, a Right MicroPDF417 Row Address Pattern;
5. a one-module stop bar; (see 5.2.5);
6. a trailing Quiet Zone (see 5.8.3).

Overall sequence

The first codeword in a MicroPDF417 symbol may have a special meaning as an ECI Descriptor (s
5p.4.2).

The data codewerds shall follow, from the most significant encodable character. Codewords wii

values aboye'899 may be inserted to change the compaction mode, to perform other special functig
ofl to indicate/ECls.

by
rn

DF417 symbol may contain up to 176 symbol characters or codewords. Symbol character is the
more appfopriate term to refer to the printed bar/space pattern; codeword is more appropriate for the nume
value of te symbol character. The codewords shall follow this sequence:

rc

Pad-codewords as needed to enable the codeword sequence to be represented in the number of ro

and -columns specified for the selected MicroPDF417 version (usually the smallest of sufficient

capacity).
An optional Structured Append Control Block.

Error correction codewords for error detection and correction.

The codewords are arranged with the most significant codeword at the upper left corner of the matrix, and are
encoded from left to right, top row to bottom. In the three- and four-column versions, the center Row Address
Pattern does not change the codeword sequence (that is, the first three or four codewords of the sequence
are placed left to right in the first row, the Center Row Address Pattern being inserted before the last two
codewords in the row; the next three or four codewords are placed in the same manner in the second row,
and so on). Figure 2 illustrates in layout format the sequence for a 14-row, two-column MicroPDF417 symbol.

10
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Left RAP;, dqg dq7 Right RAP,
Left RAP, die dis Right RAP,
Left RAP; dqg dq3 Right RAP;
Left RAP, dq» dyq Right RAP,
Left RAP; d1o dg Right RAPs
Left RAPg ds d; Right RAPg
Left RAP; ds ds Right RAP;
Left RAPg ds d; Right,RAPg
Left RAPg d, dq Right RAPg
Left RAP4q do es Right RAP4
Left RAP4; ey €s Right RAP,
Left RAP4» es € Right RAP,
Left RAPq3 e; e Right RAP3
Left RAP44 ey €9 Right RAP4

where:
RAP; is the appropriate Left or Right Row Address Pattern for row j of this symbol version

dis = first codeword (ECI Descriptor or function codeword)

o
3
1
oy
o
I

encoded data, together with pad codewords if required

Error Correction codewords

D
©
1
[¢}
o
11

Figure 2 — MicroPDF417 example of symbol layout schematic

THe rules and)advice for structuring the matrix are included in 5.9.

5.2.42.." ECI Descriptor codeword

Because MicroPDF417 is intended for applications where symbol size is critical, it is expected that
MicroPDF417 will frequently be used in conjunction with a Transformation ECI appropriate for the data
requirements of the application. MicroPDF417 supports efficient encoding of a single Transformation ECI
sequence at the start of each data stream by defining an optional ECI Descriptor codeword that can be
encoded at the start of the first symbol of each MicroPDF417-encoded data stream. This Transformation ECI
co-exists with the Interpretative ECI (whether default or explicitly encoded) currently in effect, since
Interpretative ECls and Transformation ECIs have independent scopes.

If the input to the MicroPDF417 encoder calls for a Transformation ECI in the range 000900 to 001799 to be
encoded at the start of the symbol (or at the start of the first symbol of a Structured Append series), then the
MicroPDF417 encoder may encode that ECI in shortened form as a single data codeword (range 0 to 899), as
the first codeword in the data region. This codeword is calculated as (ECI_number MOD 900). Otherwise the
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MicroPDF417 encoder shall encode a codeword of 900 or greater as the first codeword, operating as a
standard MicroPDF417 function codeword (see 5.4.1).

EXAMPLE

A Transformation ECI 001002 needs to precede the data to be encoded. It can be efficiently encoded

at

the start of a MicroPDF417 symbol using the single codeword 102 (because 102 is the third codeword of the standard
PDF417 representation [926] [0] [102] of that ECI. (See 5.5.1)).

Where no ECI needs to be encoded at the start of the symbol and the data is most efficiently represented in
Text Compaction mode, the encoder should place a codeword 900 (Latch to Text Compaction) at the start of
the symbol. Since the codeword is above 899, it will not be interpreted as an ECI Descriptor.

If the firs
performed
codeword
926, 0).

special int

5.2.5 MicroPDF417 Row Address Patterns

MicroPDF|
Indicators

appears dfter the first codeword (reading left to right) of each row of a three-éolumn MicroPDF417 symbol

the secon
number. U
rows (r),

MicroPDF|

The Row
character
characters

codeword has a value less than 900, then once the MicroPDF417 decoder has successfy
error correction, it shall, for the purposes of high-level decoding and transmission, interpret t
as if it were the third codeword of a Transformation ECI sequence (whose first two codewords 2
However, if the symbol is the second or later symbol within a Structured Append series, then
erpretation shall not apply (see 5.13).

117 Row Address Patterns replace the PDF417 Start and Stop patternsyand Left and Right R
These patterns are placed at the left and right ends of each row. A(Center Row Address Pattg

1 codeword of a four-column MicroPDF417 symbol. The Row Address Patterns indicate each r
nlike the PDF417 Row Indicators, the Row Address Patterns do not explicitly encode the number
he number of columns (c), nor the number of error correction codewords (k). For this reasd
117 only supports fixed combinations of r, ¢, and k as spegified in 5.2.2.

Address Patterns in a MicroPDF417 symbol are (10:3) symbol characters, where 10 shows ea
consists of ten modules, and 3 shows that it comprises three bars and three spaces. These (10
create two distinct pattern sets (one set is usegd:ifor the left and right patterns, and the other set

lly
his
re
his

ch
3)
is

used for the center patterns); each pattern encodes a pattern number from 1 to 52. The Row Address Patterns

always be
the Right

The sets
patterns o
has two d
and anoth

gin with a bar and end with a space. There is a one-module stop bar after the rightmost space
Row Address Pattern.

nly differ by a single one-module edge shift. Each of the 52 Pattern Numbers, as shown in Table
stinct patterns associated withiit: one pattern when used as a Left or Right Row Address Patte
er pattern when used as a-Center Row Address Pattern.

of

of MicroPDF417 Row Address Ratterns are arranged in an order such that vertically adjacgnt

2,
n,

12
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Table 2 — MicroPDF417 Row Address Patterns

Pattern LorR C Pattern LorR C

Number | B| S| B| S| B| S B| S| B| S| B[ S Number | B| S| B| S| B| S B/ S| Bl S| B| S
1 21201311 11112231 27 21211113 11 1) 3| 2| 2| 1
2 311311 11211231 28 21211 1] 2|2 1113212
3 3112211 112(2[1]3]1 29 2| 2| 1] 1] 3[1 1113122
4 21212211 1131131 30 2|1 2| 1] 2| 21 11 212D 2| 2
5 2113211 113]1]2]2]1 31 2|1 2| 2| 1] 21 1371 1] 2| 2
6 2(1(4(1[1(1 113]2]1]2]1 32 312121,\('131 113
7 21213111 11411]1]2]1 33 3l 2| 1] 1| 2hF | 1] 2] 2| B 1] 3
8 313111 11411]2]1]1 34 2| 3| 1|AN2| 1 113113
9 3212111 11412 1]1]1 35 2| 31| 1| 2 111122113
10 411(2{1]1]1 113]3]1]1]1 36 2N2{ 2| 1] 1| 2 111 2| 2| 2|2
11 412(1]1]1]1 113]2{2]1]1 37 2|1 3| 1] 1| 2 111 2| 8| 1] 2
12 3[3]11[1[1]1 11311311 38 2[1(2[2]1]2 11 1] 2| B| 2| 1
13 2(411(1[1]1 112121311 39 2[1( 2| 2| 2|1 1 1] 1] 4| 2| 1
14 2(3|12(1[1]1 112 3[2]1 1_\Q40 2[ 12 1] 3] 1 11 1] 1] 8| 3| 1
15 2(31112[1]1 1121 4(1]1 1>~ 41 2[1(2[1] 2|2 11 1] 1] B| 2| 2
16 3[(2]1112[1]1 1115 1\ 1 42 2[1{2[1]1]3 11 1] 1] 2| 3| 2
17 41111(2]1]1 11143211 43 2[1(1[ 2] 1] 3 111 1| 2| 2|3
18 41111(1]2]1 14440121 44 2[1(1[1] 2|3 11,111 3]3
19 411111 12\'123121 45 2[1{ 1 1] 3] 2 111|112 4
20 32111 2$\1 2(311(1]2 46 2[ 1 1| 1| 4] 1 11101/ 2| 1] 4
21 (1] 2|12 112|12(2]1]2 47 2[ 11| 2| 3| 1 111 2| 1] 1] 4
22 3114211 2 1122221 48 2[1( 1] 2] 2|2 112|111 1] 4
23 3|y 2] 2] 1 112)1113] 2|1 49 2[1{ 1 3] 1] 2 1121|1123
24 P11 131 1121411 50 2111 1] 3| 2[ 1 11 2(1|1] 3|2
25 311122 11112411 51 2111 1] 4] 1| 1 1102|1132
26 311113 111]3]3]1]1 52 2111 2| 3| 1|1 11 21| 4] 1

The specific arrangement of the Row Address Patterns minimizes the signal interference from adjacent rows,
and thus maximizes the readability of the Row Address Patterns. The Reference Decode algorithm (see
Annex J of this document) describes how any residual signal interference is detected and corrected, using the
cluster number of the PDF417 codeword adjacent to the decoded Row Address Pattern.

Table 2 shows that the sequence of the 52 vertically adjacent row patterns is cyclical in nature and the
minimum-difference property therefore also applies when comparing pattern 52 with pattern 1. Thus, the
minimum-difference property also holds true if the patterns are “rotated” any arbitrary amount. After RAP
rotation, it remains true that any two vertically adjacent patterns differ by only one module.
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In order to facilitate discrimination between the versions of MicroPDF417, groups of versions utilize different
predefined “RAP rotations” of the set of 52 patterns for the center (if present) and right Row Address Pattern
columns relative to the nearest neighboring RAP column to the left. These “RAP rotations,” and the mapping
of these pattern combinations to row numbers, are described in 5.11, Low Level Encodation. In addition to
providing row location information, MicroPDF417 Row Address Patterns also provide for the detection of scan
direction across the symbol (i.e., whether a scan is a forward scan, in which case the Left Row Address
Pattern will have been scanned first, or a reverse scan, in which case the stop bar and Right Row Address
Pattern will have been scanned first). Table 2 shows that all of the Left and Right Row Address Patterns
begin with a two-, three- or four-module bar. Since there is always a one-module stop bar following the
MicroPDF417 Right Row Address Pattern, it is possible to detect a reverse scan of these patterns.

5.3 Baiic encodation

5.3.1 Symbol character structure

MicroPDF417 utilizes the PDF417 symbol characters, with the exception of the PDF417\>Start and Sfop
Character.

Each sympol character shall consist of four bar elements and four space elements, each.6f which can be one|to
six modules wide. The four bar and four space elements shall measure 17 modules in total. MicroPDF417
symbol characters can be decoded by measuring the e-distances within the character.

Each symbol character is defined by an 8-digit sequence which represénts the module widths of the eight
elements |of that symbol character. Figure 3 illustrates a symbol character with the bar-space sequence

51111125
1 2 3 4 5|6 7|8 9|10 11 12|13|14|15|16|17 1 |
(next
character)
|1]1]|]afr| 2 5 |

Figure 3'— A PDF417 symbol character

There are [929 defined symbol character values (codewords), numbered from 0 to 928.

The set of|codewords is represented in three mutually exclusive symbol character sets, or clusters. Each cluster
encodes the 929 available,eodewords into different bar-space patterns so that one cluster is distinct from
another. The cluster ndmbers are 0, 3, 6. The cluster definition applies to all symbol characters, but not to the
MicroPDF#17 Row Address Patterns.

The clustdr number K is defined by the following formula:

K= (by—bat bs-b,+ 9)mod 9

where b, b,, bz and b, represent the width in modules of the four bar elements respectively
The cluster number K for the symbol character in Figure 3 is:

K=(5-1+1-24+9)mod9=3

The codewords and the bar-space sequences for each cluster of symbol characters are given in Annex A.
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5.3.2 Start and Stop Patterns

The start character function is performed by the Left Row Address Pattern, and the stop character function by
the Right Row Address Pattern together with the stop bar.

5.4 High level (data) encodation
High level encoding converts the data characters into their corresponding codewords.
Data compaction schemes shall be used to achieve high level encoding. Three modes are defined below, each

of| which defines a particular efficient mapping between user defined data and codeword- sequences.
MicroPDF417 utilises the three data compaction modes of PDF417:

e Text Compaction mode (see 5.4.2).
o Byte Compaction mode (see 5.4.3).
¢  Numeric Compaction mode (see 5.4.4).

A [given string of data bytes may be represented by different codeword-sequences, depending oh how the
encoder switches between compaction modes and sub-modes. There is no“single specified way to encode data
in p MicroPDF417 symbol.

900 codewords are available in each mode for data encodationvand other functions within the mpde. The
remaining 29 codewords are assigned to specific functions (see 5.4.1) independent of the current compaction
mode. If data codewords appear before any ECI is invokedrin the symbol then the first codeword must be a
fupction codeword. This may require the use of a cadeword 901 (latch to Byte Compaction mpde) even
theugh this is the default compaction mode (see 5.4.3).

MicroPDF417 also supports the Extended Channgl Interpretation system, which allows different intefpretations
of [data to be accurately encoded in the symbal.(See 5.5).

5.4.1 Function codewords

Cadewords 900 to 928 are assigned as function codewords as follows:

e for switching between modes (see 5.4.1.1)

o for enhanced applications using Extended Channel Interpretations (ECls) (see 5.4.1.2)
e for other.énhanced applications (see 5.4.1.3 through 5.4.1.7)

At|present codewords 919 is reserved. Table 3 defines the complete list of assigned and reservgd function
codewords==Their functions are defined in 5.4.1.1t0 5.4.1.7. See 5.4.6 for the treatment of reserved cpdewords.
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Table 3 — Assignments of function codewords

Codeword Function See clause
900 Mode Latch to Text Compaction mode 5411
901 Mode Latch to Byte Compaction mode 5411
902 Mode Latch to Numeric Compaction mode 5411
903 UCC/EAN-128 emulation: transmit JC1 or ]L3; implied Mode Latch 900 54.1.5
904 UCC/EAN-128 emulation: transmit JC1 or ]L3; implied Mode Latch 902 54.1.5
905 UCC/EAN-128 emulation: transmit ]JC1 or ]L3; implied Mode Latch 902, | 5.4.1.5
followed by implied “01” Al and 14-digit expansion of first 13 digits

906 “Linked” UCC/EAN-128: transmit ]C1 or ]L3; implied Mode Latch 900 5415

907 “Linked” UCC/EAN-128: transmit ]C1 or ]L3; implied Mode Latch 902 5415

908 Code 128 emulation: transmit JC2 or ]L4; implied Mode Latch 900 54.1.5

909 Code 128 emulation: transmit JC2 or ]L4; implied Mode Latch 902 54.1.5

910 Code 128 emulation: transmit ]JCO or ]L5; implied Mode Latch 900 54.1.5

911 Code 128 emulation: transmit ]JCO or ]L5; implied Mode Latch 902 54.1.5

912 "Linked" UCC/EAN-128, with leading date field: transmit ]C# orL3; implied | 5.4.1.5
Mode Latch 902; specially encoded date field.

913 mode shift to Byte Compaction mode 54.11

914 "Linked" UCC/EAN-128, with lot number: transmit*JC1 or ]L3; implied Mode | 5.4.1.5
Latch 902, followed by implied "10" Al.

915 "Linked" UCC/EAN-128, with serial number: transmit ]C1 or ]L3; implied Mode | 5.4.1.5
Latch 902; followed by implied "21" Al

916 05 Macro strings added to transmitted.data; implied mode latch 902 5417

917 06 Macro strings added to transmitted data; implied mode latch 900 5417

918 linkage flag to associated |inear component, in a composite symbol (other | 5.4.1.6
than an EAN.UCC Composite“symbol)

919 reserved

920 linkage flag to ass@ciated linear component, in an EAN.UCC Composite | 5.4.1.6
symbol

921 reader initialisation 5414

922 terminator codeword for Structured Append control block 5.13

923 sequence tag to identify the beginning of optional fields in the Structured | 5.13
Append control block

924 mode latch to Byte Compaction mode (used differently from 901) 54.11

925 to|927 identifier for an Extended Channel Interpretation (ECI) 5.5

928 Structured Append marker codeword to indicate the beginning of a Structured | 5.13

Append Control Block
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5411 Function codewords for mode switching

In one MicroPDF417 symbol it is possible to switch back and forth between modes as often as required. Advice
about selecting the appropriate modes is given in 5.4.5.

A mode latch codeword may be used to switch from the current mode to the indicated destination mode which
stays in effect until another mode switch is explicitly brought into use. Codewords 900 to 902 and 924 are
assigned to this function. Table 3 defines their function.

The mode shift codeword 913 shall cause a temporary switch from Text Compaction mode to Byte Compaction
m )UIC. Til;b bVV;tb;l b;ld“ IUU ;II cﬁcut fUI Ulliy t: 1T IIU)\t bUdGVVUIU‘, aftcl VV:Iib:I t: 1< IIIUUIU D;Id“ c ert tO the
prévailing sub-mode of the Text Compaction mode. Codeword 913 is only available in Text Compagtion mode;
its|use is described in 5.4.2.4.

Table 4 — Mode definition and mode switching codewords

Destination mode Mode latch Mode shift
Text Compaction 900
Byte Compaction 901/924 913
Numeric Compaction 902
NOTE The table identifies the codeword which shall be used to switch to the defined mode.

THe switching rules between the three modes are defingd'in Table 5 and shown schematically in Figure 4.

Table 5 — Mode transition table, showing codewords and their function

Original mode Destination mode
Text Byte Numeric
Text 900 mode latch 913 mode shift 902 mode latch

901 mode latch

924 mode latch

Byte 900 mode latch 901 mode latch 902 mode latch

924 mode latch

Numeric 900 mode latch 901 mode latch 902 mode latch

924 mode latch
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800

Murneric
Compaction

007 Qo2

Mode Latch
________ Mode Shift

Figure 4 — Available mode‘switching

The switching rules into Byte Compaction mode are miore fully defined in 5.4.3.1.

5.4.1.2 |Function codewords for switching.to Extended Channel Interpretations

An ECI cgdeword can be used to switchito a particular interpretation, which stays in effect until another HCI
codeword|is explicitly brought into us€ or until the end of the data. Codewords 925 to 927 are assigned to this
function (gee 5.5).

5.4.1.3 |Function codewords for Structured Append

Structured Append symbols (see 5.13) shall use codeword 928 at the start of the Structured Append Control
Block. Codewords 9227and 923 are used for special functions in Structured Append.

541.4 Function codeword for reader initialization

Codewor Q94 _chall bha caod $a incteiot tha raodar ta intarneat tha dAots ~Aontainad aaathin tha oyveabhAal as

Tz T o T O ot U tOT T ot Ot T e T Cat T tO— T e TP ot iUt CoTmtam IOy it it i — oy 1 riooT

programming for reader initialisation. If used, codeword 921 shall appear as the first codeword. In the case of a
Structured Append initialisation sequence, Codeword 921 shall appear in every symbol.

The data contained in an initialisation symbol, or sequence of symbols, shall not be transmitted by the reader.

5.41.5 Function codewords for Code 128 emulation

Codewords 903 through 915 (excluding 913), if they appear in the first codeword position (that is, in place of
the ECI Descriptor codeword), indicate that the MicroPDF417 symbol's data output shall conform with the
Code 128 specification as defined in ISO/IEC 15417. Each of these codewords implies a mode latch to either
Text Compaction Mode (with an implied ml latch to Mixed sub-mode character) (see 5.4.2) or Numeric
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Compaction Mode (see 5.4.4); see Table 3 for the specific codeword assignments. If Symbology Identifiers
are enabled, then each such symbol’s transmission shall be prefixed by either “lCm” or “|Lm”, where the
modifier “m” is as shown in Table 3. MicroPDF417 readers shall be configurable to transmit either symbology
identifier prefix, as required by the application.

Whether or not a codeword in the range 903 to 905 appears in the first codeword position, codewords in that
range may appear in subsequent codeword positions as a field delimiter, similar to the use of FNC1 in Code
128 symbols. The reader shall transmit any such delimiter codeword as ASCII character 29 ( s). When
appearing in other than the first codeword position, codeword 903 implies a latch to the Alpha sub-mode of
Text Compactlon mode codeword 904 |mpl|es a Iatch to the Mixed sub- mode of Text Compactlon mode, and
cogeword-305-mpties—a-ateh—to-Numerie-Compactontrode : g series of
codewords in Numeric Compactlon mode, serves to termmate the current grouping and then restarts Numeric
Campaction mode. The appearance of an adjacent pair of repeated 903, 904 or 905 codewords, will|cause the
ddcoder to divide the transmission at that point (but without transmitting the two implied- ASQIl 29 (%)
chiaracters themselves); both substrings shall begin with the appropriate Symbology Identifier prefix.

In faddition to the features just described, these Code 128 emulation codewords provide additional functionality
as| follows:

¢ | Codewords 903 through 907, 912, 914 and 915 emulate UCC/EAN-128"symbols. In order to copform fully
with that application standard:

e It is the encoder’s responsibility to ensure that strings/longer than 48 characters are d|vided into
two or more shorter strings by placing a single or double delimiter codeword (903, 904 or 905)
before an Al; and

e |t is the reader’s responsibility to break up long-transmissions at doubled delimiter (twg 903, 904
or 905 codewords) boundaries, or at single<delimiter boundaries if necessary, to create multiple
transmissions no more than 48 characters in length.

e | Codeword 905 provides additional compaction when the message to be encoded beging with an
Application Identifier “01” representing.an SSC-14 number. In this case, then the leading 101" is not
encoded (but will be transmitted by the.reader), nor is the fourteenth digit of the SSC-14 number encoded
(a mod 10 check digit is calculatedand transmitted by the reader).

¢ | Codewords 906 and 907 indicate UCC/EAN-128 emulation, but also indicate that a linear symbol printed
below the MicroPDF sympolis “linked” to the data of the MicroPDF symbol. When the reader glecodes a
MicroPDF417 symbol beginning with 906 or 907, the reader shall not transmit the MicroPDF417 data
unless a linear sympol is also found and decoded within the scanner’s field of view. If successful, the
decoder shall transmit the data from the linear symbol first (using the appropriate symbology identifier for
the linear symbol), followed by the MicroPDF417 data in UCC/EAN-128 format as a second trapsmission.
If the linear symbol is a UCC/EAN-128 symbol, then the MicroPDF417 data may be concatenated to the
linear symbal’s data, and sent as a single transmission (if the 48-character limit is not exceeded).

e | Codeweords 908 and 909 cause the decoder’s symbology identifier prefix to be set to JC2 or ]L4 [indicating
that'the first two digits or single alpha character of the data represents an Application Indicator| assigned
by, AIM International, followed by an implied FNC1 character. No special action is requirgd on the
decoder’s part—to conformwith—this—rute ('ucyurld acﬁillg the prcfi)\ to ]CZ Of ]L4), as—the—7 ppIication
Indicator is transmitted exactly as encoded.

e Codewords 910 and 911 cause the decoder’'s symbology identifier to be set to JCO or ]L5. No other
special action is required on the decoder’s part to conform with this rule as the data is transmitted exactly
as encoded.

e Codeword 912 is similar to Codeword 907, indicating a "linked" UCC/EAN 128 emulation with an implied
start in Numeric Compaction Mode. However, Codeword 912 also indicates that the data begins with a 6-
digit date field (Al's 11, 13, 15, or 17), and this date field may be followed by an implied Al 10 or 21 as well.
The first 6 digits of encoded data are defined as follows:
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The first 2 digits YY represent a year (range 00..99)
The next two digits xx represent the month, and the date type, as follows:

e (xx mod 13) represents the month MM (range 01..12).

xx values of 00, 13, 26, and 39 are unused.

e (xxdiv 13) represents D, the type of date, as follows:

o 1fDis O: Implied Al'is "1/ (Expiration date)
e if Dis 1: Implied Al is "15" (Sell-by date)
e if Dis 2: Implied Al is "13" (Packaging date)
e if Dis 3: Implied Al is "11" (Production date)
The last two digits zz represent the day, and the following Al, as:
e (zz mod 32) represents the day DD (range 00..31, where Q0 'mieans "day not specified")

e (zz div 32) represents A, the presence or absence of-anext implied Al:

or an explicit Al follows the date)
e if Ais 1:an Implied Al of "10" (Lot.number) follows the date
e if Ais 2: an Implied Al of "29"(Serial number) follows the date
vords 914 and 915 are similar to Codeword 907, indicating a "linked" UCC/EAN 128 emulation W

5 with an implied Al 10 (Lot number)j similarly, Codeword 915 indicates that the data begins with
d Al 21 (Serial number).

e GS1 specifications for further information about the data content of UCC/EAN 128 symbols.

Function codewords for linkage flags in composite symbols

920 shall be~used as a linkage flag to signal the presence of an associated linear component
e with ISOMAEC 24723.

918 shall be used as a linkage flag to signal the presence of an associated linear component in 3
posite'symbology.

e if Ais 0: no Implied Al follows the date (either the data string ends after the date,

ith

plied start in Numeric Compaction~Mode. However, Codeword 914 also indicates that the data

an

n

ny

When used, the 918 or 920 codeword may appear in any position in the symbol. The applicable composite
symbology specification may define a specific position of the linkage flag.

Readers supporting the indicated composite application should decode and transmit the data from all
components as specified in the relevant composite symbology specification. Readers not supporting the
indicated composite application may treat the 918 or 920 codeword as a reserved codeword (see 5.4.6). In
addition, readers not supporting the indicated 918 composite application may have an option to ignore the 2D
component and transmit only the data from the associated linear component.

20

© ISO/IEC 2006 — All rights reserved


https://standardsiso.com/api/?name=4b021abedcc3652396c0be41df64537f

ISO/IEC 24728:2006(E)

5.41.7 Macro Characters

MicroPDF417 provides a means of abbreviating an industry-specific header and trailer in one symbol
character. This feature exists to reduce the number of symbol characters needed to encode data in a symbol
using certain structured formats.

The two Macro characters apply only when in the first symbol character position. Their functions are defined

as follows:
e if the first symbol character is 916 (i.e. encoding Macro character 05), then the preamble [)>R305GS shall
precedetheencodeddatathat fottows it —Thedata begins withramimpliedtatchtoNumeric €pmpaction

TH

thé data stream. Within the encoded data, codewords 903 through 905 may be used as field

trg

TH

5.4.2 Text Compaction mode

TH
A

mode.
if the first symbol character is 917 (i.e. encoding Macro character 06), then the preamble [)>RS
precede the encoded data that follows it. The data begins with an implied latch to the mixed su
Text Compaction mode.
the postamble "sFor shall be transmitted after the data in both cases.

e header shall be transmitted as a prefix to the data stream and the trailér shall be transmitted as

nsmitted as ASCII ®s. The symbology identifier, if used, shall precedé.the header.

e Macro characters shall not be used in conjunction with a series of Structured Append symbols.

e Text Compaction mode includes all the printablecASCII characters (i.e. values from 32 to 126)
CII control characters: HT or tab (ASCII value 9),:LLF or line feed (ASCII value 10), and CR or carr

065 shall
b-mode of

a suffix to
separators

and three
age return

(ABCII value 13). The Text Compaction mode also includes various latch and shift characters which are used

exclusively within the mode.

Th
d4q

5.4

TH

e Text Compaction mode encodes up-to 2 characters per codeword. The compaction rules for
ta into PDF417 codewords are defined in 5.4.2.2. The sub-mode switches are defined in 5.4.2.3.

.21 Text Compaction sub-modes

e Text Compaction mode ‘has four sub-modes:
e Alpha (uppercase alphabetic)
o Lower (lowercase alphabetic)
e Mixed (numeric and some punctuation)

e~ "Punctuation

converting

Each sub-mode contains 30 characters, including sub-mode latch and shift characters.

A latch codeword from another mode to the Text Compaction mode shall always switch to the Text Compaction
Alpha sub-mode.

All

©l

the characters and their values are defined in Table 6.

SO/IEC 2006 — Al rights reserved
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Table 6 — Text Compaction sub-mode definition

NOTE

22

Text Compaction sub-modes
Base 30 Alpha Lower Mixed Punctuation
value
Char ASCII Char ASCII Char ASCII Char ASCII
0 A 65 a 97 0 48 ; 59
1 B 66 b 98 1 49 < 60
4 |9 o7/ C IJI Z oU - 0Z
3 D 68 d 100 3 51 @ 64
A E 69 e 101 4 52 [ 91
5 F 70 f 102 5 53 \ 92
9 G 71 g 103 6 54 ] 93
7 H 72 104 7 55 - 95
8 | 73 i 105 8 56 ‘ 96
0 J 74 i 106 9 57 ~ 126
0 K 75 k 107 & 38 ! 33
1 L 76 I 108 CR 13 CR 13
2 M 77 m 109 HT 9 HT 9
3 N 78 n 110 X 44 , 44
4 0] 79 o 111 58 58
5 P 80 p 112 # 35 LF 10
6 Q 81 q 113 - 45 - 45
7 R 82 r 114 46 46
8 S 83 § 115 $ 36 $ 36
9 T 84 t 116 / 47 / 47
20 u 85 u 117 + 43 " 34
21 \ 86 v 118 % 37 | 124
22 w 87 w 119 * 42 * 42
23 X 88 X 120 = 61 ( 40
24 Y 89 y 121 A 94 ) 41
25 z 90 z 122 pl ? 63
26 space 32 space 32 space 32 { 123
27 it as it ¥ 125
28 ml ml al ' 39
29 ps ps ps al
al = latch to alpha ml = latch to mixed
as = shiftto alpha pl = latch to punctuation
Il = latch to lower ps =  shift to punctuation

The ‘Char' columns above show the default interpretation in ECI 000003 of the byte values shown in the
adjacent ‘ASCII' columns. Each table entry represents half a codeword, i.e. the value range from 0 to 29 (see 5.4.2.2)
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In Text Compaction mode, pairs of data characters are represented in a single codeword. The values assigned
to the data characters are in the range 0 to 29 (i.e. base 30) and are defined in Table 6. Annex G defines the

algorithm and illustrates a worked example.

5.42.3 Text Compaction sub-mode switching : latch and shift function

Switching from one sub-mode to another within Text Compaction mode shall be through the latch and shift

values defined for the sub-mode in effect prior to the switch.

A Lub-mode shift shall be used to switch from one Text Compaction sub-mode to another for{oniy

chpracter. Subsequent codewords revert to the sub-mode being used immediately prior tothe srif? rzsxg::)at
when ps is used as a pad, see 5.4.2.4). The shift functions are as follows:
ps = shift to punctuation sub-mode
as = shift to uppercase alphabetic sub-mode
A sub-mode latch shall be used to switch from one Text Compaction sub-mode to another, which stays in effect
until another latch or shift is explicitly brought into use. The latch functions.are as follows:
al = latch to uppercase alphabetic sub-mode
I = latch to lowercase alphabetic sub-mode
ml = latch to mixed (numeric and other punctuation) sub-mode
pl = latch to punctuation sub-mode
A |imited set of latch and shift functions is available within each Text Compaction sub-mode. Those|which are
avpilable are listed in Table 6. Table 7 shows-the transition table between Text Compaction sub-modes; Figure
5 ghows this schematically.
NOTE: A sub-mode latch may be followed by another sub-mode latch or sub-mode shift; but a sub-mode shift may not
be followed by either a sub-mode shift or sub-mode latch.
Table 7 — Text Compaction sub-mode transition table
Original sub-
mode Destination sub-mode
Alpha Lower Mixed Punctuation
Alpha Il mi ps
Lower as ml ps
Mixed al Il ps
pl
Punctuation al
© ISO/IEC 2006 — Al rights reserved 23
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900 Latch from any mode

5.4.24

If the Text|
added to t
functions

mechanisins defined for the following cases.

The caseg

a) If the

sequegnce is followed by latching te-another compaction mode, then the pad can be any of the sub-mg

shifts

b) If the
singl€
Comyi

1) 1
y

Alpha
il
I
!
i I
as,” al ! al
- i 1
= [
il
Lower . Mixed
e |
\__/”\ |I
|
\\L | RS |3| Jf
N £
~ ps ps s
E Punctu- P
S ation e Il = Latch to Lower Case sub-prodé
" - ps = Shift to Punctuation sub-rnode
ml = Latch to Mixed subdprode
Sub-mode Latch gz = Shift to Alpha sub-mode
________ Sub-rnode Shift al = Latch to Alphésib-mode

Latch to Pénctuation sub-mode

pl

Figure 5 — Text Compaction sub-mode switching

Mechanisms for using a pad in Text Compaction mode

Compaction character sequence does not result in an even number of base 30 values, a pad shall
he end of the character sequence. An example isillustrated in Table G.1. As there are no specific n

be
ull

n Text Compaction mode, the sub-mode shift and latch shall be used in accordance with the

are as follows:

character sequence continues 10 the end of the data, or the Text Compaction mode charac

or sub-mode latches.

Text Compaction mede /character sequence is followed by a byte shift (codeword 913) to encods
Byte Compaction.-mode character, two mechanisms can be used depending on the T¢

action sub-mode being used prior to the Byte Compaction shift:

the Text.Compaction sub-mode is other than punctuation, then base 30 value 29 (ps) should

ter
de

b a
bxt

be
all

iﬂ;nore a-ps immediately preceding codeword 913. If encodation is intended to change to a differ;Fnt

sed if encodation is intended to revert to the same Text Compaction sub-mode. The decoder sh

ub‘mode after the Byte Compaction mode character, the appropriate sub-mode latch may be u
s the last base 30 value before the codeword 913.

d

2) If the Text Compaction sub-mode is punctuation, then base 30 value 29 (al) shall be used. The
decoder shall not ignore the al and shall therefore return to the alpha sub-mode.

5.4.2.5

Switching from Text Compaction mode

Text Compaction mode may be terminated by the end of the symbol, or by any of the following codewords:

e 900 (Text Compaction mode latch)

e 901 (Byte Compaction mode latch)

24
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e 902 (Numeric Compaction mode latch)

o 924 (Byte Compaction mode latch)

e 928 (Beginning of Structured Append Control Block)
e 923 (Beginning of Structured Append Optional Field)

o 922 (Structured Append Terminator)

THe last three codewords only occur within the Structured Append Control Block of a Structured Append symbol
(s¢e 5.13.1). Text Compaction mode is also affected by the presence of a reserved codeword (se€'54.6).

If {he decoder is in the Text Compaction mode and encounters codeword 913 (Byte Compaction mofle shift), it
decodes the codeword following codeword 913 as a single binary byte and then returns to the Text Cpompaction
m¢de. The sub-mode to which the decoder returns is the most-recently-latched sub‘mode that wgs in effect
prior to codeword 913; a ps sub-mode shift immediately prior to codeword 913 is ignored.

If the decoder is in the Text Compaction mode and encounters codeword 900 (Text Compaction mode|latch), the
decoder reinitialises to the Alpha sub-mode.

5.4.3 Byte Compaction mode

THe Byte Compaction mode enables a sequence of 8-bit bytes to ' be encoded into a sequence of codgwords. It
is pccomplished by a Base 256 to Base 900 conversion, which achieves a compaction ratio of six bytes to five
codewords (1,2 : 1).

All the characters and their values (0 to 255) are defined in Annex B. This shall be treated as the default
graphical and control character interpretation. When-EClIs are invoked (see 5.5) this interpretation is defined as
ECI1 000003 (see 5.5.2).

NQTE In AIM ITS/98-001, superseded by, this International Standard, the default character set corresporjded to ECI
00p002 (a code page of the MS-DOS operating system). The interpretation of byte character values bglow 128 is
unghanged, and the operation of MicroPBF417 printing and scanning equipment is unaffected. New applicatigns that use
byle character values above 127 should-assume the ECI 000003 default interpretation for broadest compatibility with
cufrent systems. Existing applications utilizing values above 127 may continue to encode and process datg as before.
Applications that rely upon the priordefault interpretation of values above 127, may encode ECI 000002 expljcitly if they
wigh to signal this interpretatiorr:

THe default compactienh-mode for MicroPDF417 in effect at the start of each symbol shall alwayls be Byte
Caompaction mode, introduced by an implied mode latch codeword 901 (see 5.4.3.3) or an explicit|{codeword
901 or 924 if datalcodewords appear before any ECI is invoked in the symbol.

If Fext or Numeric Compaction mode would result in a smaller symbol, then explicit latches to thgse modes
may be used. In such situations the appropriate Mode Latch may be encoded in the first or sybsequent
codeword-position (if the ECI Descriptor codeword is not used), or in the second or subsequent|codeword
pasition: (if the ECI Descriptor codeword is used).

5.4.3.1 Switching to Byte Compaction mode

When in either Text or Numeric Compaction mode, to switch to Byte Compaction mode, it is necessary to use
one of the following codewords:

e mode latch 924 shall be used when the total number of bytes to be encoded is an integer multiple of 6
o mode latch 901 shall be used when the total number of bytes to be encoded is not a multiple of 6

¢ mode shift 913 can be used instead of codeword 901 when in Text Compaction mode and a single
Byte Compaction character has to be encoded
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5.4.3.2

Compaction rules for encoding a single Byte Compaction character (using mode shift 913)

To encode a single Byte Compaction character, the codeword shall be the decimal value (0 to 255) of the
character as defined in Annex B.

54.3.3

Compaction rules for encoding longer Byte Compaction character strings (using mode latch

924 or 901)

The following procedure shall be used to encode Byte Compaction character data:

a) Estab
b) If not
of 6,
c) Sub-g
signif
d) Assig
b5 is

e) Carry
an alg

f)  Repe

g) Forth

code

to the

N

ef
arn
ol
93

m

Pd
ng

If addition

characters

5434

Byte Com

if in tIIr(]e default mode and an ECI is invoked before any data codewords, or explicitly); if a perfectmulti

lish the Total number of bytes.
a perfect multiple of 6, mode latch 901 shall be used (either implicitly at the beginning of the.sym
ode latch 924 shall be used.

ivide the number of bytes into a sequence of 6 characters, from left to right‘(the most to le
cant characters). If less than 6 characters go to Step 7.

h the decimal values of the 6 data bytes to be encoded in Byte Compaction'mode as bs to by (whe
he first data byte).

out a base 256 to base 900 conversion to produce a sequence of-5 codewords. Annex C defin
orithm and illustrates a worked example.

at from Step 3 as necessary.

e remaining bytes when mode latch 901 is used, (i.e(when the last group is less than 6 bytes) f
vord(s) shall be the decimal value(s) (0 to 255) of the character(s) as defined in Annex B, the m
least significant.

DTE: Byte Compaction mode following mode™latch 901 assumes that the total number of bytes to
coded is not a multiple of six. If the number 6fbytes to be encoded in Byte Compaction mode happens to
integer multiple of six, then either a 901-0r a 924 Byte Compaction Latch shall be encoded, placed at 4
int in the symbol that would create a correct encodation according to these encodation rules. For examplg
4 codeword as either the first or second codeword would identify the following stream of Byte Compact
bde codewords as encoding a multiple-of-six number of bytes. Alternatively, a 901 could be placed at 4
sition within the Byte Compdction mode codeword stream that would split that stream into two segmen
ither of which encodes a multiple-of-six number of bytes.

bl encodation is required in Text Compaction or Numeric Compaction modes, the appropriate Iaf
shall be used (see’5.4.1.1).

Switching from Byte Compaction mode

paction-mode may be terminated by the end of the symbol, or by any of the following codewords:

e 9

bol
ble

hst

=

e

0 (Text Compaction mode latch)

e 901 (Byte Compaction mode latch)

¢ 902 (Numeric Compaction mode latch)

e 924 (Byte Compaction mode latch)

e 928 (Beginning of Structured Append Control Block)

e 923 (Beginning of Structured Append Optional Field)

e 922 (Structured Append Terminator)

26
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The last three codewords only occur within the Structured Append Control Block of a Structured Append symbol
(see 5.13.1). Byte Compaction mode is also affected by the presence of a reserved codeword (see 5.4.6).

Re-invoking Byte Compaction mode (by using codeword 901 or 924 while in Byte Compaction mode) serves to
terminate the previous Byte Compaction mode grouping of 6 Byte Compaction characters as described in
5.4.3.3, and then to start a new grouping. This procedure may be necessary when an ECI assignment number
needs to be encoded (see 5.5.3.2).

During the decode process for Byte Compaction mode, the treatment of the final group of codewords differs
depending on whether Byte Compaction mode is invoked with codeword 901 or 924.

If
m
de
If

on
int
5.4
TH
en
dig
5.4

N
laf

5.4

TH

EX

N(

Byte Compaction mode is invoked with codeword 924, the total number of codewords within the(c
pde shall be a multiple of five. If this is not the case, the symbol is invalid. All the 5-codeword ¢
coded into 6-byte groups.

Byte Compaction mode is invoked with codeword 901, the final group of codewordsyis\interpreted

e byte per codeword, without compaction. Therefore, if the last group consists of five’codewords, th
erpreted as 5 bytes, rather than 6.

L.4 Numeric Compaction mode
e Numeric Compaction mode is a method for base 10 to base 900-data compaction and should |

icode long strings of consecutive numeric digits. The Numeric Campaction mode encodes up to 2,9
its per codeword.

1.4.1 Latch to Numeric Compaction mode

meric Compaction mode may be invoked when in Text Compaction or Byte Compaction modes u
ch 902.

1.4.2  Compaction rules for encoding long strings of consecutive numeric digits

e following procedure shall be used to, compact numeric data:

For each group add the digit’1 to the most significant position to prevent the loss of leading zeros.
IAMPLE

original data 00246812345678

after'step 2 1 00246812345678

TE The leading digit 1 is removed in the decode algorithm.

Divide the string of digits into groups of 44 digits, except for the last group, which may contain fewe

pmpaction
Jroups are

directly as
e group is

be used to
3 numeric

5ing mode

-

a worked

4.

Perform a base 10 to hase 900 conversion Annex D defines an algaorithm for this and illustrates
example.

Repeat from Step 2 as necessary.

The following rules can be used to determine the precise number of codewords in Numeric Compaction mode:

©l

e  Groups of 44 numeric digits compact to 15 codewords.

e For groups of shorter sequences of digits, the number of codewords can be calculated as follows:

Codewords = INT (number of digits / 3) + 1

SO/IEC 2006 — Al rights reserved
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EXAMPLE:

For a 28 digit sequence
INT (28/3) +1
=9+1

= 10 codewords

5443

Numeric G
o O
o O
o 9
o 9
o O
o 9
o 9

The last th
(see 5.13.

Re-invokir]
terminate
grouping.
5.5.3.4).

During thd
shall resu
result in 4
produce th

5.4.5 Ac

All basic ilnplementations for printing and scanning MicroPDF417 symbols shall support the three modes: T

Compactiq
be as defi

Switching from Numeric Compaction mode

ompaction mode may be terminated by the end of the symbol, or by any of the following codewords
0 (Text Compaction mode latch)

1 (Byte Compaction mode latch)

2 (Numeric Compaction mode latch)

4 (Byte Compaction mode latch)

8 (Beginning of Structured Append Control Block)

3 (Beginning of Structured Append Optional Field)

2 (Structured Append Terminator)

ree codewords only occur within the Structured Append Control Block of a Structured Append sym
1). Numeric Compaction mode is also affected by the presence of a reserved codeword (see 5.4.6).

g Numeric Compaction mode (by using codeword 902 while in Numeric Compaction mode) serves
the current Numeric Compaction mode grouping as described in 5.4.4.2, and then to start a n
This procedure may be necessary)when an ECI assignment number needs to be encoded (s

decode process for Numerie Compaction mode, the result of the base 900 to base 10 convers

number beginning mith’ ‘1', the symbol shall be treated as invalid. The leading ‘1' is removed
e original number;

vice to select the appropriate compaction mode

n, Byte"Compaction and Numeric Compaction. The default character set for Text Compaction sHh

on

t in a number whose most’significant digit is a ‘“1'. If the base 900 to base 10 conversion does not

to

bxt
all

nedhin Table 6; and that for Byte Compaction shall be as defined in Annex B. Text Compaction mo

is usually
compactio

more—efficient tham Byte-Compactiommodeforencoding standardASCtext fites becauseof its bet
n of ASCII character values 9, 10, 13 and 32 to 126.

The Numeric Compaction mode should be used for long numeric strings.

de
ter

Advice about switching between modes to minimise the number of codewords is provided as an algorithm in

Annex N.
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5.4.6 Treatment of MicroPDF417 reserved codewords

5.4.6.1 Overview

MicroPDF417 symbols intended for use in open systems should not employ any of the codewords that are listed
as reserved (see 5.4.1) in the current edition of this standard. However, decoding equipment should support the
transmission of reserved codewords using escape sequences as defined in 5.17.4. Decoding equipment may
also support an option of treating such symbols as invalid, as would be the case when operating in Basic
Channel Mode.

Rédceiving systems should discard data containing any escape sequences using reserved codewords, Junless the
syptem is aware of a new definition for a previously reserved codeword.

5.4.6.2 Making future use of reserved codewords

Currently, function codeword 919 is reserved. Any new function codewords, to be defined in future rgvisions of
this standard, shall have their encoding rules specified to provide backwards cempatibility with pre-existing
equipment. If a new function codeword introduces a new compaction mode; then the interpretation of the
supsequent codewords has a new meaning unknown to pre-existing equipmént, and thus the subsequent
codewords all must be transmitted as escape sequences, until a known/compaction mode codeword is
regched. Alternatively, if a new function codeword defines a “signalling” function (such as td alter the
trgnsmitted Symbology Identifier option value) with no effect on the interpretation of subsequent cpdewords,
thén only the new codeword itself would need be transmitted as antescape sequence. Specifically:

e When a new signalling codeword is encoded, it shall immediately be followed by an gppropriate
compaction mode latch so that the subsequent data- codewords are interpreted and transnpitted as a
byte stream, rather than as a series of escapedcuninterpreted codewords. This approach will achieve
the desired results with decoding equipment conforming with any revision of this MicroPDF41f standard,
regardless of whether that equipment employs the original or the new transmission protocol.

o At the receiving system, the ECI decoder will process the control EClIs (i.e. Structured Append Control
Blocks and escaped uninterpreted codewords) before the encodable ECIs (such as encryption schemes
and character sets). Thus, the encoder should take into account the order of operations as follpws:

1. The Structured Append Control Block EClIs, if present, will be used to assemble thg complete
byte stream in the proper order.

2. The escaped.data codewords will be translated by the ECI decoder according to the rules of the
new compaction mode or signal codeword, and the resulting data bytes will be inserted into their
proper place within the byte stream.

3. (Einally, the character set and other encodable ECls will be applied to the resulting byt¢ stream.

5.p Extended Channel Interpretation

THe Extended Channel Interpretatlon (ECI) protocol allows the output data stream to have intefpretations
i ; number of

symbologles mcludlng MlcroPDF417 ECIs are aSS|gned by AIM Global, Inc.

NOTE Originally a symbology specific scheme called Global Label Identifiers (GLIs) was defined for PDF417.
Encoding and decoding of ECls is identical to early specifications for PDF417 GLIs. However, the transmission protocol
for decoded messages according to early PDF417 specifications for GLlIs is different from the transmission protocol for
ECls. There are also differences with respect to the use of interpretative ECls with Structured Append. This standard
permits the use of the earlier and current protocols in such a way that old and new equipment can continue to co-exist.

Five broad types of interpretations are supported in MicroPDF417:

a) character sets (or code pages)
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b)

c)
d)

e)

general-purpose interpretations such as data encryption and data compression (as distinct from the
compaction modes of the symbology)

user defined interpretations for closed systems
transmission of control information for Structured Append

transmission of uninterpreted PDF417 codewords

Transmission of the Extended Channel Interpretation protocol is fully specified in AIM ITS/04-001, Part 1. The
protocol providesaconsistent methodto-specify particutar nmterpretations of byte vatues beforeprimtingamd-affer

decoding.

The Extepded Channel Interpretation (ECI) is identified by a 6-digit number which is encoded in the
MicroPDF#17 symbol by one of three specific codewords followed by one or two codewords (See’5.5.1). | A
specific ECl may be invoked anywhere in the encoded message subject to the rules of the compaction modes

(see 5.5.3).

The ECI protocol can only be used with decoders enabled to transmit the symbology<identifier (see 5.17.p).
Decoders that are not enabled to transmit the symbology identifier cannot reliably convey the escape sequendes

from any dymbol containing an ECI.

5.5.1 Encoding the ECI assignment number

An ECI cgdn be invoked anywhere in the data stream, subject to the conditions defined in 5.5.3. Once an HCI
has been |invoked, switching may take place between any of the.compaction modes. The compaction mode
used is determined strictly by the 8-bit data values being encoded.and does not depend on the ECI in force. For

example, g sequence of values in the range 48 to 57 (decimal)\would be most efficiently encoded in Numri
Compaction mode even if the sequence is not to be interpreted as numbers.

c

The ECI pssignment number is encoded in one of three ECI codeword sequences, which begin with the
codeword$ 927, 926 or 925. One or two additional eddewords are used to encode the ECI assignment number.

The encodation rules are defined in Table 8. In addition, MicroPDF417 supports the application of the rule
5.2.4.2 (ELCI Descriptor codeword).

in

Table 8 -~ Encoding ECI assignment numbers

ECI assignment number g:deword Codewords Ranges
quence
000000 to 060899 Co 927
C, ECI.no C+=(0 to 899)
000900 to 810899 Co 926
C4 ECl_no div 900 - 1 C4=(0 to 899)
C, ECI_no mod 900 C,=(0 to 899)
810900 to 811799 Co 925
C4 ECl_no - 810900 C4=(0 to 899)

There are 811 800 possible ECI assignment numbers available in MicroPDF417.

NOTE The encodation method is identical to the GLI scheme supported in the PDF417 sponsor's original
specification and incorporated in the AIM USA (1994) and AIM Europe (1994) specifications.
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EXAMPLE The following example illustrates the encodation:

ECI = 013579

Codewords: [926] [(13 579 div 900) - 1] [13 579 mod 900]

[926] [15 - 1] [79]

[926] [14] [79]

TH
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be
for
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Sy
alf]
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5.
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ing

Al

9.2 Pre-assigned and default Extended Channel Interpretations

e following ECIs, ECI 000000 to ECI 000003, have been pre-assigned to be backwards,'comp
sting symbology specifications, including PDF417.

ECI 000000 (equates to original GLI 0) and represents the default encodation ‘scheme of
compliant with the original AIM USA (1994) and AIM Europe (1994) PDF417 specifications.

ISO 8859-1.

TE ECI 000000 (equivalent to GLI 0) and ECI 000001 (equivalent to GLI 1) require a reset-to-GLI 0

other Extended Channel Interpretations.
ECI 000002 has an equivalent code table to ECRO00000, without the reset-to-GLI 0 logic.

ECI 000003 has an equivalent code table ta”?ECI 000001, without the return-to-GLI O logic. E
is the default encodation scheme for encoders fully compliant with this edition of this standard.

[l 000000 and ECI 000001 shall not be-encoded in the same MicroPDF417 symbol or Structurs
Mmbol set as other ECIs, except for.user defined ECIs. ECI 000002 and ECI 000003 provide the
ernatives to ECI 000000 and ECI 000001 respectively. ECI 000000 and ECI 000001 should not
w applications.

5.3 Encoding ECI sequences within compaction modes

e general encodation/principle is that ECls are applied to the source data byte stream (to sign
erpretations) predicing a modified byte stream that is encoded into MicroPDF417 symbols
mbology's compaction modes for efficiency. The ECI encoding, and symbology specific compactior
ependent Iggical layers of the process.

atible with

encoders

ECI 000001 (equates to original GLI 1) represents the GLI encodation scheme of a number of
symbologies with characters 0 to 127 being identical to those of ISO/IEC 646:1991, Infernational
Reference Version (equivalent to ANSI X3.4) and characters 128 {0255 being identical to thosg values of

ogic at the

ginning of each encoded symbol of a Structured Append set of symbiols (see Annex H.5.1). This protocol is mot adopted

1 000003

d Append
compatible
be used in

al various
using the
, form two

pra

bduce illogical or ambiguous behaviour. The following sections define how ECls may be incorpora

ambiguity by specifying the valid placements of ECI escape sequences.

d without

hough. ECI assignments and compaction modes may generally be intermixed, some combinFions can

5.5.3.1 ECls and Text Compaction mode

An ECI escape sequence may be placed anywhere within Text Compaction mode. The sub-mode invoked
immediately prior to the ECI escape sequence is preserved for the encodation immediately after it. Thus, sub-
mode latches and shifts are preserved across an ECI escape sequence; and thus a sub-mode shift immediately

be

fore an ECI escape sequence is not ignored.
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5.5.3.2

ECIs and Byte Compaction mode using mode latch 924 and 901

If encoding in Byte Compaction mode using mode latch 924, an ECI escape sequence may be positioned by an
encoder immediately following codeword 924, or at any 5-codeword boundary thereafter. This is necessary to
provide an unambiguous position in the decoded byte stream for the decoder to place the escape sequence.

If the decoder is in the 924 version of Byte Compaction mode and finds an ECI escape sequence following a 5-
codeword group, it shall output the six data bytes associated with the codewords before the escape sequence,
output the escape sequence, and then continue collecting codewords for decoding in Byte Compaction mode. If
the decoder encounters an ECI escape sequence at other than these prescribed locations, it shall treat the

symbol as

If encodin

+ Lol
mrvaiida.

j in Byte Compaction mode using mode latch 901, an ECI escape sequence may be positioned:

e Inmpmediately following codeword 901 (but see also 5.2.4.1)

o Immediately after any set of five codewords encoding six bytes

o Immediately after any of the trailing single-byte codewords at the end of the sequence

NOTE The decoder cannot assume that, just because the ECI escape sequence follows a set of five codewords, {he
five codew@rds encode six bytes, since an input stream of length 6N + 5 (where N is antinteger) will have a final set of fjve
codewords|that encode only five bytes, one byte per codeword. The decoder must, therefore, look ahead in the sympol
past the ECI escape sequence(s) to determine whether the 901 mode terminates; as defined in 5.4.3.4. Based on this
information|, it can then determine how the group of five codewords has been encoded.
Figure 6 iljustrates valid locations for ECI escape sequences whef ehcoding in Byte Compaction mode. If the
decoder epcounters an ECI escape sequence within the 5-codew@rd group, it shall treat the symbol as invalid.
o140 0000000006066 OeOeTe
24«0 000000000«
§ codeword group 5 codeword group
where 0 = Byte Compaction\mode codeword
¢ = Valid location.for ECI escape sequence
Figure 6 — Valid locations for ECI escape sequences in Byte Compaction mode
5.5.3.3 |ECIs and Byte Compaction using mode shift 913
If encoding in-Byte Compaction mode using mode shift 913, an ECI escape sequence may be placed:

e Immediately preceding codeword 913

e Immediately following codeword 913

e Immediately following the codeword after codeword 913

In the first two cases, the ECI escape sequence is output before the encoded byte, while in the last case, the

escape se

32

quence is output following the encoded byte.
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5.5.3.4 ECIs and Numeric Compaction mode

An ECI escape sequence shall not be placed within a group of codewords being processed through the base 10
to base 900 conversion as defined in 5.4.4.2. It may only be placed within a Numeric Compaction mode region
at a boundary between (the typically) 15-codeword groups. This is necessary to provide an unambiguous
position in the decoded digit stream for the decoder to place the escape sequence.

Thus, an ECI escape sequence may only be placed:

e Immediately after codeword 902

After the 15th codeword

After the 30th codeword

e efc.

If the encoder needs to place an ECI escape sequence at a location that does,'not result in a multiple of 15
codewords, it shall treat the numeric block before the ECI as a complete entity;as defined in 5.4.4.2[step 2. It
shgll re-invoke the Numeric Compaction mode by placing another codeword_902 in the stream followed by the
ECI escape sequence.

If fhe decoder finds an ECI escape sequence on one of the boundary points defined above, it shall emit the data
bytes associated with the codewords before the escape sequencg (if'any), then emit the escape seqyence, and
then continue collecting codewords for decoding in Numeric_ Compaction mode. If the decoder encpunters an
ECI escape sequence at other than the prescribed locations, it'shall treat the symbol as invalid.

5.5.3.5 Combining ECIs
Two or more ECI escape sequences (e.g. assignment numbers) may be placed at any point where one ECI can

be validly located; provided that no codewords, other than those used to encode the ECI escape seqlence, are
placed between them.

5.5.4 Post-decode protocol
THe protocol for transmitting ECh 'data shall be as defined in 5.17.2. When transmitting ECIs, $ymbology

idegntifiers (see 5.17.5) shallbe-fully implemented and the appropriate symbology identifier shall be transmitted
as|{a preamble.

5.6 Determining-the codeword sequence

THe encodingprocess generates a sequence of codewords defined as:

dn-1,dn-Za dO
where: d = data codeword, including ECI Descriptor (if used) and all function codewords
n = total number of data codewords, excluding the error correction codewords

During the encoding process, sequences of codewords are established. Like the original data itself, the most
significant codewords shall appear first, for example textual and numeric data reads from the left to the right.
The sequence of codewords shall be such that the most significant data codeword as defined above is the
one designated d,,_4 (the ECI Descriptor codeword position). The final data codeword is the one designated d,.

The process used to determine the symbol matrix of rows and columns can require the addition of trailing pad
codewords to the end of the data codeword sequence.
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5.7 Error detection and correction

Each MicroPDF417 symbol contains at least seven error correction codewords. The Error Correction codewords
provide capability for both error detection and correction.

5.7.1 Number of error correction codewords

The number of error correction codewords for a MicroPDF417 symbol is fixed for each symbol version. Table 1
shows the number of error correction codewords for each symbol version.

5.7.2 Er

Error corr
A particul

error corrgction codeword algorithm used allows two types of error to be recovered:

e an erasure, which is a missing or undecodable codeword at a known position;

e a
The error

substitutio
errors and

L + 2f

w
erasures,

errors coriected, the error correction capacity should be reduced as follows:

L + 2f

w

EXAMPLE
can be us
combinatio
combinatio

For correction capacity

ction can be used to compensate for defects in the label and misreads during the decode procedu
r number of error correction codewords is incorporated into any given MicroPDF417 symbol. T

sBubstitution error, which is an erroneously decoded codeword at an unknown'position.

h error. Thus a given number of error correction codewords can rectify any combination of substitut
erasures which satisfy the following equations:

<k-2

here: L, fand k are as defined in 4.1However, if most of‘the error correction capacity is used to corr
the possibility of undetected errors is increased. [Fer this reason, whenever there are fewer thar
<k-3

nere: L, fand k are as defined in 4.1

A 3 x 10 MicroPDF417 symbol has 16 error detection and correction codewords, up to 14 of wh
bd to correct errors and erasures. They can correct up to 13 erasures or 7 substitution errors, or g
h of L erasures and f substitution/errors subject to the practical equations above. Table 9 specifies the possi
nS.

Table 9 — Possible error correction combinations for 16 error correction codewords

correction scheme requires one error correction codeword to rectify an‘erasure and two to recovef

re.
he

bct
4

ch

ny
ble
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Recovered R red
Substitution ;g;‘:ﬁ_ei Determining Equation
Errors
0 13 or less [ +9f< k-3
11 or less
2 9 or less (number of errors fis <4)
3 7 or less
4 6 or less [ +2f< k-2
5 4 or less
6 2 orless (number of errors f>4)
7 0

© ISO/IEC 2006 — All rights reserved


https://standardsiso.com/api/?name=4b021abedcc3652396c0be41df64537f

ISO/IEC 24728:2006(E)

5.7.3 Defining the error correction codewords
A two-stage process must be performed to define the error correction codewords:

1. Determining the number of error correction codewords. This depends on the symbol version and is
indicated in Table 1.

2. Generating the error correction codewords. This is to a prescribed set of rules defined in 5.10. The
procedures cannot be used until all the data codewords, including pad codewords (see 5.9.2) have been
defined.

NQTE The procedures defined in 5.3 to 5.9, 5.13 and 5.14 are of prime interest to users. The monle technical
pr¢cedures defined in 5.10, 5.11 and 5.15 are likely to be achieved electronically and require no user decisions

5.8 Dimensions

MicroPDF417 symbols should conform with the following dimensions:

5.8.1 Minimum width of a module (X)

THis should be defined by the application specification, having due regard’to the availability of equipment for
the production and reading of symbols and complying with the generalsequirements of the applicatign.

THe X dimension shall be constant throughout a given symbol.

NQTE Current bar code symbol quality measurement standards (e.g. ISO/IEC 15415) do not requife absolute
dimensional measurements to be taken into account for assessing symbol quality. Non-compliance with any minimum
dimension should not therefore, by itself, be a reason for rejection of a symbol under these standards.

5.8.2 Row height (Y)
THe row height (Y) shall conform to:

Y2>2X

5.8.3 Quiet zones
Minimum width of horizoptal quiet zone (to the left and right of the symbol): 1X

Minimum width of vertical quiet zone (above and below the symbol): 1X

5.9 Defining‘the symbol format
THe MicroPDF417 symbol matrix and the overall size and shape of the symbol are determined by:

1. The module width and aspect ratio.

2. The number of rows and columns in the symbol matrix (in accordance with the set of available
MicroPDF417 versions).

To create a MicroPDF417 symbol, these parameters are selected through a combination of user inputs,

application constraints and default settings. The selection process can be iterative until the user is satisfied with
the resultant format.
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5.9.1 Defining the aspect ratio of the module

The aspect ratio of the printed module shall be defined by two dimensions:
X the nominal dimension of the narrowest bar and narrowest space
Y the nominal dimension of the height of each row

These parameters are defined by the user or application. The major factors that determine the values of these
parameters are the resolutions of the printing and scanning systems used in the application.

These poipts are discussed in 5.14.

5.9.2 Ddfining the symbol matrix of rows and columns

There are[several factors which need to be considered in order to determine the symbol matrixy«i.e. the number
of rows r gnd columns c:

e the amount and type of data to be encoded

e the basic rules of the symbology which, for example, determine the “available combinations of the
ndmbers of rows and columns (see 5.2.1 and 5.2.2).

e the physical space available to print the symbol

o the fact that longer rows result in the use of less symbol overhead (Row Address Patterns and space for
guiet zones)

e the fact that the length of the row (including the quiet zones) must be less than the length of the sgan
line prescribed or implied by the application

o the type of scanner, which may determine the-overall aspect ratio of the symbol

o the fact that a larger symbol than the minimum for the amount of data may allow a higher number| of
error detection and correction codewords for increased security.

Annex O provides more precise guidelines which should be used to define the symbol matrix.

codewords m (including the ‘codeword in the ECI Descriptor position but prior to the addition of any
codewords) is known. Once“the numbers of rows and columns have been selected, the total number of d
codewords n is calculated-as:

After the dource data has been-encoded using the appropriate compaction mode(s), the number of source d%ta

—
Q

nNnEcxr=k

where: c, k, n and r are as defined in 4.

The matrix can result in a situation where the number of rows and columns requires the use of pad codewords
(by using any valid series of mode latch codewords and/or Text compaction mode sub-latches). This occurs
when:
n>m
where: m and n are as defined in 4

The number of pad codewords is:

n-m
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The pad codewords shall be placed in the least significant positions of the data codeword sequence, i.e. to the
right of the least significant source data codeword (but before the Structured Append Control Block, if present).
An example of this process is given below. Apart from the insertion of any pad codewords, the codeword
sequence shall remain identical to the one originally generated when encoding the source data.

EXAMPLE (assuming a data codeword sequence of 117 codewords in the default compaction mode, with no ECI
invoked, and not containing a Structured Append Control Block, commencing with codeword 901 in the ECI Descriptor
position, followed by 116 codewords representing source data 247 ... 423):

letc = 4
letr = 44
letm = 117

Thien (from Table 1):

n = 126
k = 50
NOTE The notation is as defined above

The number of pad codewords = n - m =126 - 117 = 9. In this~example, these all have the value 9D0 and are
pogitioned ds ... do. The addition of the ECI Descriptor and the pad cadewords is shown below:

Original data codeword sequence dm 5dm-2 ... do

Codewords 901 247 ... 423

Transformed data codeword sequence dp.1 dn-2 ... do dg .. do
Codewords 901 247 ... 423 900 .. 900

5.10 Generating the errorcorrection codewords
THe error correction codewords shall be generated using the procedure defined below. They are calulated on
the basis of the values-of all the data codewords including the ECI Descriptor and any pad codewprds. The
codeword sequencelis)defined as:

dn-1: dn-2 dD

where:—d,. is the codeword in the ECI Descriptor position

THetsymbol data polynomial is:

d(x) =(’n-1xn-1 +dn.2xn-2+ - +d1x+do

The following describes mathematically how the error correction codewords shall be computed for a given
stream of data and a selected symbol version. All the arithmetic shall be done in modulo 929.

The error correction codewords are the complement of coefficients of the remainder resulting from dividing the
symbol data polynomial d(x) multiplied by X~ by the generator polynomial g(x). Negative values are mapped in to
the Galois Field GF (929) by adding 929 until the value > 0.

The following generator polynomial shall be used to calculate coefficients for k error correction codewords
required for the symbol version:
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gx) = (x-3)(x-3)(x-3%)..(x-3"
= wFraou X+t ..o XX~
where: g«(x) = the generator polynomial and x is the unknown variable
k = total number of error correction codewords
a = coefficient of powers of x produced by the generator polynomial gx(x)

An exampje Tor calculating the coefricients IS given In Annex .

All the cogfficients necessary to encode a MicroPDF417 symbol of any version are shown in Annex\E.) As a
convenience, the diskette accompanying this specification contains all the coefficient values.

The error forrection codewords shall be calculated according to the algorithm defined below using the following
notation:

d; = datacodeword d,. ... dy
E; = error correction codeword E;_ ... Ey
a = coefficient of powers of x taken from the generator polynomial (see above for an explanation)

4, b, & temporary variables
The algorithm is:
1. Identify the data codeword sequence.
dy.1,dy.2 ... dy
2. Injtialise error correction codewords Ey, ..., Ex-1 to value =0
3. Fo¢r each codeword di=d, . ... dy
BEGIN
t1 = (d; + Ex.1) mod 929
For each error correction codeword E; = E;_ 1 ... Ej,
BEGIN
t, = (t'x ) mod 929

t3 =929 - )

E=(E-1 ¥ 3y mod 929
END
t, = (t; x &) mod 929
t=929-1t,
E, =t; mod 929

END
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4. For each error correction codeword E; = Ej ... E. 4, calculate the complement

BEGIN
if E; not equal to 0

E =929 -

END

Ar example of calculating the error correction codewords is given in Annex Q.

AT

Arnex R.

5.11 Low level encodation

sequences) given that the symbol version has been selected.

Figure 7 illustrates schematically for a four-column MicroPDF417.symbol the position of each data

and error correction codeword, along with the Row Address Patterns.

alternative procedure for generating the error correction codewords, using a divisionCircuit, is given in

Law level encoding converts the codewords into their corresponding”symbol characters (bar-space

codeword

LRA;, dn- dno CRA4 dns dna RRA;
LRA, dns CRA, RRA;,
©
s
S
AN
d. . O d, d do
e €2 €3
LRA4 CRA..1 RRA1
LRA: e CRA, €1 € RRA;
where:

LRA; is the appropriate Left Row Address Pattern for row j of this symbol version

CRA; is the appropriate Center Row Address Pattern for row j of this symbol version
RRA,; is the appropriate Right Row Address Pattern for row j of this symbol version
Shaded area = data codeword area

Unshaded area under the codeword area is for error correction codewords

Figure 7 — A MicroPDF417 symbol schematic showing the positioning of codewords
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5.11.1 Clusters

MicroPDF417 uses the cluster-based system of local row discrimination used in PDF417 in order to detect
row-to-row transitions. In MicroPDF417, row numbers are mapped to Row Address Pattern numbers
(depending on symbol format), and then Row Address Pattern numbers are mapped to cluster numbers.

NOTE: In PDF417, there is a direct relationship between cluster numbers and row numbers.
The set of codewords is represented in each of three clusters. Cluster numbers 0, 3 and 6 are used. The

associated bar-space sequences of the symbol characters representing each codeword in each cluster are
given in AprmrexA:

To encodge the codewords used for data and error correction characters, each row shall contain symbol
characterg (bar-space patterns) from only one cluster. In a MicroPDF417 symbol, a row that begins with Rpw
Address Rattern 1 shall use symbol characters from cluster 0, a row that begins with Row Address Pattern 2
shall use pymbol characters from cluster 3, a row that begins with Row Address Pattern 3 shall use symbol
characterg from cluster 6, a row that begins with Row Address Pattern 4 shall use symbol /characters from
cluster O, jand so on. The cluster sequence 0, 3, 6 repeats continually within any MicréPDF417 symbol, but
unlike PDF417, this sequence may begin with either cluster 0, 3, or 6 in the first row of '@ MicroPDF417 symbol,
depending upon which version is selected. The cluster number K for any row,(@iven that row’s Left Rpw
Address Hattern number, can be calculated as:

K = ((left Row Address Pattern number - 1) mod 3) x 3
where the[Left Row Address Patterns are numbered from 1 to 52 (as defined in 5.2.5).
Tables 1(Ja to 10c show the correspondence between Row Address Pattern numbers, row numbers, and
cluster numbers for all versions of MicroPDF417, and may.b&”used to determine the cluster number of a

symbol chiaracter adjacent to any Row Address Pattern.

As is the [case with PDF417, because any two adjacent rows use different clusters, the decoder can utilize
scans thaf{ cross rows while decoding a MicroPDF417)symbol.

5.11.2 Ddtermining the symbol matrix

The symbol matrix of rows and columnsyshall be finally determined by the procedures set out in 5.9, taking
into accoynt the limited selection of MicroPDF417 versions. These procedures provide the values of r and| c,
which conppletely specify which version of MicroPDF417 will be printed.

5.11.3 Ddtermining the values’/of the Row Address Patterns

The specific Row Address+Patterns for each row of a given MicroPDF417 version are determined from Table
10 for the| one-columtversions, Table 11 for the two-column versions, or Table 12 for the three- and fopr-
column vdrsions. These tables group the MicroPDF417 versions into families with the same RAP rotation| of
their Row[Address. Patterns. The RAP rotation is always calculated between a pair of nearest-neighbour Rpw
Address Fatterns, and is defined as the right-hand pattern number of the pair minus the left-hand pattern
number, drif the result is negative, then it is defined as the result plus 52. These RAP rotations are used|to
identify the different MicroPDF417 families shown in Tables 10, 11 and 12.

In order to determine the Row Address Pattern numbers to be used for a given version of MicroPDF417, find
the version format (¢ x r) column in the appropriate table 10, 11 or 12. The populated entries in that column
represent the row numbers for that version. For each row, the leftmost column of the table defines the Left
Row Address Pattern to be used, and the second column indicates the cluster number applicable to that row.
The Center (if applicable) and Right Row Address Patterns are shown in the shaded leftmost column(s) within
that version’s family.

Two examples are given to demonstrate the use of the tables.
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EXAMPLE 1 For the second smallest MicroPDF417 version (1 column by 14 rows), 10 shows that:

row 1 utilizes pattern number 8 for its Left Row Address Pattern, and utilizes pattern number 8 for its Right Row Address
Pattern

row 14 of this version uses patterns 21 and 21 on the left and right, respectively;
Cluster 3 is used on the first row of this symbol, Cluster 6 on the second row, and so on.

Table 13 (an extract from Table 10) illustrates this with relevant values shown in bold type.

h Lactar b and tha |l DA _ond DDA _£

T la44 c wie-tha- ol PoVRT=2 v' or-aach-rowa
eSO ot C-CrostC oo ot e o e <o Catr—Tovws

EXAMPLE 2 Based on Table 12, Table 15 shows the row structure of the MicroPDF417 version with-4 golumns by
38|rows.
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Table 10 — One Data Column MicroPDF417 Row Number Assignments

ALL Versions Rotation-0 Family Rotation-8 Family
Left | IRight| Row Numbers [IRight| Row Numbers
Rap | Cluster I pap for: RAP for:
VER.|VER.|VER. VER.|VER.|VER.
1x14 | 1x17 [ 1x20 1x11 [ 1x24 | 1x28
1 0 1 9 1
2 3 2 10 2
3 6 3 11 3
4 0 4 12 | 4
5 3 5 13 5
6 6 6 14 6
7 0 7 15 7
8 3 8 1 16 8
9 6 9 2 17 9 1
10 0 10 3 18 10 2
1 3 1 4 19 11 3
12 6 12 5 20 4
13 0 13 6 21 5
14 3 14 7 22 6
15 6 15 8 23 7
16 0 16 9 24 8
17 3 17 10 25 9
18 6 18 1 26 10
19 0 19 12 1 27 11
20 3 20 13 2 28 12
21 6 21 14 3 29 13
22 0 22 4 30 14
23 3 23 5 31 15
24 6 24 6 32 16
25 0 25 7 33 17 1
26 3 26 8 34 18 2
27 6 27 9 35 19 3
28 0 28 10 | 36 20 4
29 3 29 11 37 21 5
30 6 30 12 ] 38 22 6
31 0 31 13 ] 39 23 7
32 3 32 14 | 40 24 8
33 6. 33 15 1 41 9
34 0 34 16 | 42 10
35 3 35 17 | 43 11
36 6 36 1 18 | 44 12
37 0 37 2 19 | 45 13
38 3 38 3 20 | 46 14
39 6 39 4 47 15
40 0 40 5 48 16
41 3 41 6 49 17
42 6 42 7 50 18
43 0 43 8 51 19
44 3 44 9 52 20
45 6 45 10 1 21
46 0 46 1M 2 22
47 3 47 12 3 23
48 6 48 13 4 24
49 0 49 14 5 25
50 3 50 15 6 26
51 6 51 16 7 27
52 0 52 17 8 28
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Table 11 — Two Data Column MicroPDF417 Row Number Assignments

ALL Versions

Rotation-0 Family

Rotation-8 Family

Left Cluster [ Right Row numbers Right Row numbers
RAP H RAP for RAP for
VER.|VER.|VER.|VER. VER.|VER.|VER.
2x8 [2x14|2x17|2x20 2x11|2x23 | 2x26

1 0 1 1 9 1

2 3 2 2 10 2

3 6 3 3 11 3

4 0 4 4 12 4

5 3 5 5 13 5

6 6 6 6 14 6

7 0 7 7 15 7

8 3 8 8 1 16 8

9 6 9 2 17 9 1

10 0 10 3 18 | 10 2

11 3 11 4 19 | 11 3

12 6 12 5 20 4

13 0 13 6 21 5

14 3 14 7 22 6

15 6 15 8 23 7

16 0 16 9 24 8

17 3 17 10 25 9

18 6 18 11 26 10

19 0 19 12 1 27 11

20 3 20 13 2 28 12

21 6 21 14 3 29 13

22 0 22 4 30 14

23 3 23 5 31 15

24 6 24 6 32 16

25 0 25 7 33 17

26 3 26 8 34 18

27 6 27 9 35 19 1
28 0 28 10 | 36 20 2
29 3 129 11 ] 37 21 3
30 6 W’ 30 12 | 38 22 4
31 0 31 13 ] 39 23 5
32 3 32 14 | 40 6
33 6 33 15 | 41 7
34 0 34 16 | 42 8
35 3 35 17 | 43 9
36 6 36 1 18 | 44 10
37 0 37 2 19 | 45 11
38 3 38 3 20 | 46 12
39 6 39 4 47 13
40 0 40 5 48 14
41 3 41 6 49 15
42 6 42 7 50 16
43 0 43 8 51 17
44 3 44 9 52 18
45 6 45 10 1 19
46 0 46 11 2 20
47 3 47 12 3 21
48 6 48 13 4 22
49 0 49 14 5 23
50 3 50 15 6 24
51 6 51 16 7 25
52 0 52 17 8 26
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Table 12 — Three / Four Data Column MicroPDF417 Row Number Assignments

ALL Versions Rotation-0 Family Rotation-8 Family Rotation-16 Family Rotation-24 Family
Left Cluster []Center|Right Row Numbers Center |Right|Row Numbers|Center |Right| Row Numbers JCenter |Right| Row Numbers
RAP ||l RAP | RAP for: RAP | RAP for: RAP | RAP for: RAP | RAP for:
Ver|Ver| Ver | Ver | Ver Ver Ver Ver Ver Ver Ver
cx6 [cx8|cx10|cx12|cx15 cx26 | cx32 cx20 | cx38 cx44 | 4x4

1 0 1 1 1 9 17 1 17 33 1 25 49 1 (note)

2 3 2 2 2 10 18 2 18 34 2 26 50 2

3 6 3 3 3 11 19 3 19 35 3 27 51 3

4 0 4 4 4 12 20 4 20 36 4 28 52 4

5 3 5 5 5 13 21 5 21 37 5 29 1 5

6 6 6 6 6 14 22 6 22 38 6 30 2 6

7 0 7 7 1 15 23 7 23 39 7 31 3 7

8 3 8 8 2 16 24 8 24 40 8 32 4 8

9 6 9 9 3 17 25 9 25 41 9 33 5 9

0 0 10 10 4 18 26 10 26 42 10 34 6 10

1 3 11 11 5 19 27 11 27 43 11 35 7 11

2 6 12 12 6 20 28 12 28 44 12 36 8 12

3 0 13 13 7 21 29 13 29 45 13 37 9 13

4 3 14 14 8 22 30 14 30 46 14 38 10 14

5 6 15 15 1 23 31 15 31 47 15 1 39 11 15

6 0 16 16 2 24 32 16 32 48 16 2 40 12 16

7 3 17 17 3 25 33 17 33 49 17 3 41 13 17

8 6 18 18 4 26 34 18 34 50 18 4 42 14 18

9 0 19 19 5 27 35 19 35 51 19 5 43 15 19

PO 3 20 20 6 28 36 20 36 52 20 6 44 16 20

P1 6 21 21 7 29 37 21 1 37. 1 7 45 17 21

P2 0 22 22 8 30 38 22 2 38 2 8 46 18 22

P3 3 23 23 9 31 39 23 3 39 3 9 47 19 23

P4 6 24 24 10 32 40 24 4 40 4 10 48 20 24

P5 0 25 25 1 33 41 25 5 41 5 11 49 21 25

P6 3 26 26 2 34 42 26 6 42 6 12 50 22 26

P7 6 27 27 3 35 43 7 43 7 13 51 23 27

P8 0 28 28 4 36 44 8 44 8 14 52 24 28

P9 3 29 29 5 37 45 9 45 9 15 1 25 29

BO 6 30 30 6 38 46 10 46 10 16 2 26 30

B1 0 31 31 7 39 47 11 47 11 17 3 27 31

2 3 32 32 8 40 48 12 48 12 18 4 28 32

B3 6 33 33 9 41 49 13 49 13 19 5 29 33

B4 0 34 34 10 42 50 14 50 14 20 6 30 34

5 3 35 35 1 43 51 15 51 15 21 7 31 35

B6 6 36 36 12 44 52 16 52 16 22 8 32 36

B7 0 37 37 1 45 1 17 1 17 23 9 33 37

8 3 38 38 2 46 2 18 2 18 24 10 34 38

B9 6 39 39 3 47 3 19 3 19 25 11 35 39

1o 0 40 40 4 48 4 20 4 20 26 12 36 40

11 3 M 41 5 49 5 21 5 21 27 13 37 41

2 6 1 42 42 6 50 6 22 6 22 28 14 38 42

13 0 43 43 7 51 7 23 7 23 29 15 39 43

14 3 44 44 8 52 8 24 8 24 30 16 40 44

5 I 45, 45 Q 1 Q 25 Q 25 34 17 44

46 0 46 46 10 2 10 26 10 26 32 18 42

47 3 47 47 11 3 11 27 11 27 33 19 43 1
48 6 48 48 12 4 12 28 12 28 34 20 44 2
49 0 49 49 13 5 13 29 13 29 35 21 45 3
50 3 50 50 14 6 14 30 14 30 36 22 46 4
51 6 51 51 15 7 15 31 15 31 37 23 47

52 0 52 52 8 16 32 16 32 38 24 48

NOTE A 4 column x 4 row version is defined, but not a 3 column x 4 row version.
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Table 13 — Example of using Table 10 to define a 1x14 symbol

ALL Versions

Rotation-0 Family

Rotation-8 Family

Left Right| Row Numbers |Right| Row Numbers
Cluster
RAP RAP for: RAP for:
VER.|VER.|VER. VER.|VER.|VER.
1x14 [ 1x17 | 1x20 1x11 | 1x24 | 1x28
1 0 1 9 1
2 3 2 10 2
3 6 3 11 3
4 0 4 12 4
5 3 5 13 5
6 6 6 14 6
7 0 7 15 7
8 3 8 1 16 8
9 6 9 2 17 9 1
10 0 10 3 18 | 10 2
11 3 11 4 19 [ 11 3
12 6 12 5 20 4
13 0 13 6 21 5
14 3 14 7 6
15 6 15 8 7
16 0 16 9 8
17 3 17 | 10 9
18 6 18~y 11 10
19 0 19 | 12 1 11
20 3 20 | 13 2 12
21 6 21 | 14 3 13
22 0 22 4 14
23 3 23 5 15
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Table 14 — Row structure of 1x14 MicroPDF417 symbol

Row Cluster Left RAP Right
Number| | Number Number RAR
Number

1 3 8 8
2 6 9 9
3 0 10 10
4 3 11 11
5 6 12 12
7 3 14 14
8 6 15 15
9 0 16 16
10 3 17 17
11 6 18 18
12 0 19 19
13 3 20 20
14 6 21 21

Table 15 — Row structure of 4x38 MicroPDF4147 symbol

Row Cluster Left RAP Center Right
RAP. RAP
number| | number number
number | number
1 6 15 31 47
2 0 16 32 48
3 3 17 33 49
4 6 18 34 50
5 0 19 35 51
6 3 20 36 52
7 6 . 21 37 1
8 0 22 38 2
L
»
37 6 51 15 31
38 0 52 16 32

5.11.4 Rqgw encoding

In each roi a h
representing data and/or error correction codewords within each row shall conform with the cluster number
that is also determined from Tables 10 to 12.

The symbol shall be encoded row by row, taking ¢ (the number of data columns) codewords into each row,
commencing with the most significant data codeword and ending with the final error correction codewords.

5.12 Printing Row Address Patterns

MicroPDF417 does not have a truncated form. Unlike PDF417, which has an option to omit row indicators,
MicroPDF417 must be printed with all specified Row Address Patterns.
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5.13 Structured Append

Structured Append provides a mechanism for the data in a file to be split into blocks and be represented in more
than one MicroPDF417 symbol. This mechanism is identical to the Macro PDF417 method defined in the
PDF417 specification (ISO/IEC 15438) and is similar to the Structured Append feature of other symbologies.

Each Structured Append symbol shall contain additional control information to enable the original data file to be
properly reconstructed, irrespective of the sequence in which the individual MicroPDF417 symbols are scanned
and decoded.

U 99996

THe first codeword of the first symbol in a Structured Append series follows the rules for thé ECI Descriptor
codeword defined in 5.2.4.1; the first codeword of the second and subsequent symbols does not [follow this
pecial interpretation but rather is the first codeword representing source data in these symbols. Full details of
the procedures for Structured Append are given in Annex H.

5.13.1 Compaction modes and Structured Append

THe Structured Append Control Block has a predefined encoding methed, so codeword 928 causes the
tefmination of any compaction mode sequence in the body of the symbol/ The Segment Index field shall be
encoded in Numeric Compaction mode. Each defined Structured Append optional field has a specific, implied
inifial compaction mode, and the beginning of a new optional field sefves to terminate the compaction mmode from
e previous field (see Annex H.2.3) and initiate its default modef\ Specifically, even if two consecutiye optional
fieds both use the Text Compaction mode, the Alpha sub-mode'is reset when codeword 923 is encountered.

5.13.2 ECIs and Structured Append

Subject to the constraints defined in 5.5.3, ECls may occur in the message encoded in a single [symbol or
Stfuctured Append set of 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.

THe ECI interpretation(s) in the body of the data codeword stream do not extend into the Structurgd Append
Cantrol Block although they resume attomatically at the beginning of the following symbol. The Control Block's
data is interpreted using the default ECI (000003), unless ECI escape sequences are explicitly encoded in an
optional field in the Control Block;.the effect of any such ECI is automatically terminated at the end of the field in
which it appears.

NQTE When implemented as GLIs according to early PDF417 specifications (e.g. those published by AlM USA and
AIM Europe), encodatiog-implies a reset to GLI 0 (equivalent to ECI 000000) at the start of each symbol. If it|is intended
forl GLI 1 to persist_jnto the next symbol, then GLI 1 shall be explicitly encoded at the start of this next symbol. As
encoders compliant\with these earlier standards will be in use for some time, advice is given in Annex M|on how to
achieve compatibility with this specification.

5.14 Userguidelines

5.14.4 Human readable interpretation

MicroPDF417 symbols are capable of encoding large amounts of data, which means that a human readable
interpretation of the data characters may not be practical. As an alternative, descriptive text, rather than literal
text, may accompany the symbol. The message may be printed anywhere in the area surrounding the symbol,
but should not interfere with the symbol itself nor the quiet zones. Font and character size are not specified by
this standard, but may be by application standards.

5.14.2 Autodiscrimination capability

MicroPDF417 can be used in an autodiscrimination environment with a number of other symbologies (see
Annex S).
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5.14.3 User-defined application parameters

Application standards shall define parameters of MicroPDF417 symbols specified in this standard as variable, as
follows:

5.14.3.1 Symbology and dimensional characteristics
Application standards shall specify the following data, symbology and dimensional parameters:

— The selection and use of Extended Channel Interpretations, if required, to extend data encodation beyond
the d¢fault interpretations of the basic modes.

— The volume of data in the symbol, which may be fixed, variable or variable up to a defined maximum.
— Rangg of X-dimension.
— Rangg of Y-dimension.

— SymMHol parameters: the range of permissible aspect ratios and/or whether symbol width or height hag a
maxirhum size.

— Optiopally, the selection of the symbol version.

NOTE Additional factors which should be taken into consideration when) specifying MicroPDF417 applications are
given in Anhexes O and S.

5.14.3.2 |Test specification

The pararpeters for the evaluation of symbols (see 5.14.4) shall be defined by specifying a quality grade|in
accordande with ISO/IEC 15415 in the application standard:
This grade is expressed in the form:
grade / aperture / peak response wavelength
The followmjng example illustrates the types:of value which need to be expressed:
1,5/10/660
where|: 1,5 is the 'overall symbol quality grade
10 is-the measuring aperture reference number (approximately in thousandths of an ingh;

in this example 0,25mm diameter)

660 is the peak response wavelength in nanometers

NOTE: ISOAEC—46446—¢ o o graetng
appropriate for the application shall be defined in the application standard.

5.14.4 MicroPDF417 symbol quality

The symbol quality of MicroPDF417 symbols shall be assessed in accordance with ISO/IEC 15415 for multi-
row symbols with cross-row scanning capability. Annex | gives specific guidance for the application of
ISO/IEC 15415 to MicroPDF417.
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14.5 Separation of multiple symbols

Multiple MicroPDF417 symbols should have sufficient separation to ensure that they do not appear
simultaneously in the scanner’s field of view.

5.

15 Reference decode algorithm

The reference decode algorithm for MicroPDF417 is defined in Annex J of this document. This
decode algorithm is the basis for print quality assessment according to ISO/IEC 15415.

5.

reference

6 Error detection and error correction procedure

Aq part of the decode procedure, it is possible to reconstruct the symbol for erasures and 'substitu

Wi

Al

hin the error correction capacity of the symbol. This can be done by using the procedure\séet out in

17 Transmitted data

.17.1 Transmitted data in the basic (default) interpretation

data codewords shall be translated into user data and transmitted“as’ 8-bit bytes, whether th

encoded in Text Compaction, Byte Compaction or Numeric Compaction- mode. Row Address Patte
switching codewords, pad codewords and error correction codewords shall not be transmitted.

In

of

.17.2 Transmission protocol for Extended Channel Interpretation (ECI)

systems where ECIs are supported, a symbology identifier prefix shall be used with every transmi

.17.5 and Annex L). Structured Append Control Bloeks (if transmitted) shall be treated as part of a

escape sequences which operate in conjunction with the ECI transmission protocol (see 5.17.3 and

THree codewords (925, 926 and 927) signal the encodation of an ECI value and are decoded as byte
follows:

1. If the ECI sequence begins with'‘codeword 927:

a. Codeword 927 is\transmitted as the escape character 92, which represents reverse
or backslash, ‘inthe default encodation.

b. The next_codeword is converted into a 6-digit value, by placing leading zeros
codeword. The 6-digit value is transmitted as the six corresponding byte values in thq
to-57-

EXAMPLE:

Symbol encodes: [927] [123]

tion errors
Annex K.

s data be
rns, mode

ssion (see
control set
Annex H).

values as

solidus (V),

before the
e range 48

Data transmission (byte): 92, 48 48 48 49 50, 51

ASCII interpretation: \000123
2. If the ECI sequence begins with codeword 926:
a. Codeword 926 is transmitted as escape character 92.

b. The next two codewords are converted into a 6-digit value, with leading zeros if requ
the following formula:

([1st codeword] + 1) x 900 + [2nd codeword]

© ISO/IEC 2006 — All rights reserved
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The 6-digit value is transmitted as the six corresponding byte values in the range 48 to 57.

EXAMPLE:

The proce

If the first
shall be i
001799 in
In this cag
on which
seven byt
transmit t\

\9
where nnrf
NOTE: thi

interpretati
symbols.

Application software€ recognising the 7-byte escape sequence of 92 followed by six bytes (each in the range

to 57) sho

Symbol encodes: [926] [136] [156]
Data transmission (byte): 92, 49, 50, 51, 52, 53, 54

ASCI! interpretation: \123456

the ECtsequernce begins withrcodeword925:
a. Codeword 925 is transmitted as escape character 92.

b. The next codeword is converted into a 6-digit value by adding the value 810 900)to’'it. The
digit value is transmitted as the six corresponding byte values in the range 48 t0.57.

KAMPLE:

Symbol encodes: [925] [456]

Data transmission (byte): 92, 56, 49, 49, 51, 53, 54

ASCI! interpretation: \811356
Hure is repeated for each occurrence of an Extended Channel Interpretation (ECI) sequence.
codeword d, . of a MicroPDF417 codeword stream:has a value between 0 and 899 inclusive, the
hterpreted by the MicroPDF417 decoder as a_Transformation ECI value between 000900 a
clusive by adding 900 to the value of the codeword and prefixing it with three or two leading zer
e, the decoder shall transmit either an ECI escape sequence or a GLI escape sequence, dependi
protocol the decoder is programmed to use. If using the ECI protocol, the decoder shall trans
bs consisting of a “\” (ASCII 92), followed by the 6-digit ECI value. If using the GLI protocol it sh
velve bytes in the format of
P6\000\nnn

is the 3-digit representationof the first codeword.

5 special interpretation”applies only at the start of a MicroPDF417 codeword stream; thus, no spe
bn is applied to d,-G-of 'the second or subsequent symbols of a Structured Append sequence of MicroPDF4

Lld interpret all subsequent characters until the end of the encoded data, or until another single byte

is encountered, as being from the ECI defined by the 6-digit sequence.
If the re

transmission shall be as follows. Whenever byte 92 occurs as data, two bytes of that value shall be transmitt

6-

it
nd
DS.
ng
mit
all

ial
17

48
92

thus a single occurrence is always an escape character and a double occurrence indicates true data.

EXAMPLE:

Encoded data:  A\B\C

Tr.

50

ansmission: AWBW\C

ta,

ed;
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5.17.3 Transmitted data for Structured Append

The protocol for transmitted data for Structured Append is included in Annex H.6.

5.17.4 Transmission of reserved codewords using the ECI protocol

When operating under the ECI transmission protocol, MicroPDF417 decoders should transmit a reserved
codeword escape sequence of six bytes (interpreted as \CnnnC'), representing an escape character (92)
followed by ‘C' (67), three digits which represent the decimal value of the reserved codeword, followed by
another ‘C', which terminates the escape sequence in a symbology-independent manner. The data codewords

whHich Tollow the reserved codeword are not interprefed by the decoder according To any compaction

ingtead are transmitted as a series of escape sequences representing the codewords using the\sa
esgape sequence defined earlier in this paragraph. All remaining data codewords are transmittedin th

until one of the following is reached:
» the end of the encoded data in the symbol
* alatch to a recognised compaction mode

» a Structured Append Control Block function codeword (928, 923, or.922)

mode, but
me 6-byte
is manner,

Cadeword 913 (byte shift) is only permitted from Text Compaction mode, and thus shall not be part of the

codeword stream while in this process of sending escaped uninterpréted codewords.

provide either a signalling function or to represent a new compaction mode.

5.17.5 Symbology identifier

Once the structure of the data (in terms of StruetGred Append, ECI, etc.) has been identified, the g
symbology identifier should be added as a preamble to the transmitted data by the decoder. See A

thrI symbology identifiers which apply to MicroPDF417. See also 5.4.1.5 for options in the case of
emulation.

5.17.6 Transmission using older'protocols

THe introduction of the Extended Channel Interpretation system, common to a number of symbologie
anl impact on pre-existing. symbologies including PDF417. The basic encoding and decoding rul
idgntical in this standard \with those in the 1994 versions of PDF417 published by AIM Europe and
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Annex A
(normative)

Encoding/decoding table of PDF417 symbol character bar-space

sequences

The table pr-the-stbsequentpages-efthis-Arrexgivesthe-value-ofeach-codeword-and-the-bar-space-sequence
for symbo| characters in clusters 0, 3 and 6. The table is also included on the companion diskette which-forms
part of thig International Standard, as an aid to implementation.
The valugs e used in the decoding phase can be derived from the bar-space sequence by the following
equation:
€ =X+ Xj+q
wherq x; is the width in modules of the i-th element in the sequence
Bar-space sequence Bar-space sequence
Codewor Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 4
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSB[S
0 31111136 | 51111125 | 21111155 19 21112334 | 31112315 | 2111236
1 41111144 | 61111133 | 31111163 20 11112425 | 41112323 | 6111241
2 51111152 | 41111216 | 11111246 21 11113136 | 51112331 | 1111245p
3 31111235 | 51111224 | 21111252 22 21113144 | 31112414 | 5111311j
4 41111243 | 61111232 | 311181262 23 31113152 | 41112422 | 6111312p
5 51111251 | 41111315 831111345 24 11113235 | 31112513 | 111131683
6 21111326 | 51111323)| 21111353 25 21113243 | 41112521 | 5111321
7 31111334 | 61034331 | 31111361 26 31113251 | 31112612 | 61113221
8 211114254™4¥111414 | 11111444 27 11113334 | 31113125 | 1111326
9 1111156 | 51111422 | 21111452 28 21113342 | 41113133 | 5111331p
10 210524 | 41111513 | 11111543 29 11114144 | 51113141 | 11113361
11 11111615 | 51111521 | 61112114 30 21114152 | 21113216 | 5111341}
12 21112136 | 41111612 | 11112155 31 11114243 | 31113224 | 41114114
13 31112144 | 41112125 | 21112163 32 21114251 | 41113232 | 51114122
14 41112152 | 51112133 | 61112213 33 11115152 | 21113315 | 41114213
15 21112235 | 61112141 | 11112254 34 51116111 | 31113323 | 51114221
16 31112243 | 31112216 | 21112262 35 31121135 | 41113331 | 41114312
17 41112251 | 41112224 | 61112312 36 41121143 | 21113414 | 41114411
18 11112326 | 51112232 | 11112353 37 51121151 | 31113422 | 31115114
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Bar-space sequence

Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

38 21121226 21113513 41115122 70 11124341 51121223 11123162
39 31121234 31113521 31115213 71 21131126 61121231 51123212
40 41121242 21113612 41115221 12 31131134 41121314 11123261
41 21121325 21114125 31115312 73 41131142 51121322 31123311
42 31121333 31114133 31115411 74 21131225 41121473 41124113
43 11121416 41114141 21116114 75 31131233 51121421 91124121
44 21121424 11114216 31116122 76 41131241 41121512 41124212
45 31121432 21114224 21116213 77 11131316 41121611 41124311
46 11121515 | 31114232 | 31116221 78 20731324 | 31122116 | 41125113
47 21121523 | 11114315 | 21116312 79 31131332 | 41122124 | 41125121
48 11121614 | 21114323 | 11121146 80 11131415 | 51122132 | 41125212
49 21122135 | 31114331 | 21121154 81 21131423 | 31122215 | 41125311
50 31122143 | 11114414 | 31121162 82 11131514 | 41122223 | 41126113
51 41122151 | 21114422 | 11121245 83 11131613 | 51122231 | 31126121
52 11122226 | 11114513 | 21121253 84 11132126 | 31122314 | 41126212
53 21122234 | 21114521 | 31181261 85 21132134 | 41122322 | 41126311
54 31122242 | 11115125 f81121344 86 31132142 | 31122413 | 11131145
55 11122325 | 21115133 | 21121352 87 11132225 | 41122421 | 41131153
56 21122333 | 311D5141 | 11121443 88 21132233 | 31122512 | 41131161
57 31122341 \11115224 | 21121451 89 31132241 | 31122611 | 11131244
58 11122424 21115232 11121542 90 11132324 21123116 41131252
59 20122432 11115323 61122113 91 21132332 31123124 11131343
60 11123135 21115331 11122154 92 11132423 41123132 41131351
ol 21123143 11115422 21122162 93 11132522 21123215 11131442
62 31123151 11116133 61122212 94 11133134 31123223 11131541
63 11123234 21116141 11122253 95 21133142 41123231 61132112
64 21123242 11116232 21122261 96 11133233 21123314 11132153
65 11123333 11116331 61122311 97 21133241 31123322 21132161
66 21123341 41121116 11122352 98 11133332 21123413 61132211
67 11124143 51121124 11122451 99 11134142 31123421 11132252
68 21124151 61121132 51123113 100 21141125 21123512 11132351
69 11124242 41121215 61123121 101 31141133 21123611 51133112
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BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

102 41141141 11124116 11133161 134 11151512 41132222 32111261
103 11141216 21124124 51133211 135 11152124 31132313 12111344
104 21141224 311241372 41134112 136 111852223 41132327 22111389
105 31141232 11124215 41134211 137 11152322 31132412 12131423
106 11141315 21124223 31135112 138 11161115 31132511 22411451
107 21141323 31124231 31135211 139 31161131 21133113 1211154p
108 31141331 11124314 21136112 140 21161222 31433723 62112113
109 11141414 21124322 21136211 141 21161321 41133131 12112154
110 21141422 | 11124413 | 11141144 142 11161574~ 21133214 | 2211216p
111 11141513 | 21124421 | 21141152 143 32135 | 31133222 | 6211221p
112 21141521 | 11124512 | 11141243 144 42111143 | 21133313 | 1211225B
113 11142125 | 11125124 | 21141251 145 52111151 | 31133321 | 2211226}
114 21142133 | 21125132 | 11141342 146 22111226 | 21133412 | 6211231
115 31142141 | 11125223 | 11141441 147 32111234 | 21133511 | 1211235p
116 11142224 | 21125231 | 61142111 148 42111242 | 11134115 | 1211245
117 21142232 | 11125322 | 11142152 149 22111325 | 21134123 | 5211311
118 11142323 | 11125421 | 11142257 150 32111333 | 31134131 | 6211312
119 21142331 | 11126132 | 51143111 151 42111341 | 11134214 | 1211316p
120 11142422 | 11126231(|)41144111 152 12111416 | 21134222 | 5211321p
121 11142521 | 41134115 | 31145111 153 22111424 | 11134313 | 1211326}
122 21143141 51131123 11151143 154 12111515 21134321 5211331t
123 111433341 61131131 21151151 155 22112135 11134412 4211411B
124 11151116 41131214 11151242 156 32112143 11134511 52114121
125 20151124 51131222 11151341 157 42112151 11135123 4211421p
126 31151132 41131313 11152151 158 12112226 21135131 42114311
127 11151215 51131321 11161142 159 22112234 11135222 32115113
128 21151223 41131412 11161241 160 32112242 11135321 42115121
129 31151231 41131511 12111146 161 12112325 11136131 32115212
130 11151314 31132115 22111154 162 22112333 41141114 32115311
131 21151322 41132123 32111162 163 12112424 51141122 22116113
132 11151413 51132131 12111245 164 12112523 41141213 32116121
133 21151421 31132214 22111253 165 12113135 51141221 22116212
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BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

166 22113143 | 41141312 | 22116311 198 31212233 | 21153212 | 61213112
167 32113151 | 41141411 | 21211145 199 41212241 | 21153311 | 62122211
168 12113234 31142114 312111863 200 11212316 11154113 11213153
169 22113242 | 41142122 | 41211161 201 12121415 | 21154128 Y2122252
170 12113333 | 31142213 | 11211236 202 22121423 | 1115422 1213211
171 12113432 | 41142221 | 21211244 203 32121431 | 41164311 | §1213252
172 12114143 | 31142312 | 31211252 204 11212445 (41161112 | 2122351
173 22114151 | 31142411 | 11211335 205 21232423 | 41161211 | 11213351
174 12114242 | 21143114 | 21211343 206 11712514 | 31162112 | 42123112
175 12115151 | 31143122 | 31211351 207 12122126 | 31162211 | 2123161
176 31211126 | 21143213 | 11211434 708 22122134 | 21163112 | 41214112
177 41211134 | 31143221 | 21211442 209 32122142 | 21163211 | 42123211
178 51211142 | 21143312 | 11211533 210 11213126 | 42111116 | 1214161
179 31211225 | 21143411 | 21211541 211 12122225 | 52111124 | 41214211
180 41211233 | 11144114 | 11211632 212 22122233 | 62111132 | 42124112
181 51211241 | 21144122 | 12183145 213 32122241 | 42111215 | 41215112
182 21211316 | 11144213.4022121153 214 11213225 | 52111223 | 42124211
183 31211324 | 21144221 | 32121161 215 21213233 | 62111231 | 41215211
184 41211332 | 11044312 | 11212145 216 31213241 | 42111314 | 32125112
185 21211415/ 1\11144411 | 12121244 217 11213324 | 52111322 | 41216112
186 31213423 | 11145122 | 22121252 218 12122423 | 42111413 | 42125211
187 41291431 | 11145221 | 11212244 219 11213423 | 52111421 | 41216211
188 21211514 | 41151113 | 21212252 220 12123134 | 42111512 | 42126112
189 31211522 | 51151121 | 22121351 221 22123142 | 42111611 | 42126211
150 22121126 | 41151212 | 11212343 222 11214134 | 32112116 | 1221136
191 32121134 | 41151311 | 12121442 223 12123233 | 42112124 | 21221144
192 42121142 | 31152113 | 11212442 224 22123241 | 52112132 | 31221152
193 21212126 | 41152121 | 12121541 225 11214233 | 32112215 | 11221235
194 22121225 | 31152212 | 11212541 226 21214241 | 42112223 | 21221243
195 32121233 | 31152311 | 62122112 227 11214332 | 52112231 | 31221251
196 42121241 | 21153113 | 12122153 228 12124142 | 32112314 | 11221334
197 21212225 | 31153121 | 22122161 229 11215142 | 42112322 | 21221342
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BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

230 12124241 32112413 11221433 262 12132125 12115421 11231333
231 11215241 42112421 21221441 263 22132133 12116132 21231341
232 31227128 3211285172 1122185372 264 32132141 121162317 11231439
233 41221133 32112611 11221631 265 11223125 51211115 11231631
234 51221141 22113116 12131144 266 12132224 61211123 1244114
235 21221216 32113124 22131152 267 22132232 11211164 22141151
236 31221224 42113132 11222144 268 11223224 51211214 1123214B
237 41221232 22113215 12131243 269 21223232 61211222 1214124p
238 21221315 | 32113223 | 22131251 270 22132334 11211263 | 1123224p
239 31221323 | 42113231 | 11222243 271 11223323 | 51211313 | 1214134f
240 41221331 | 22113314 | 21222251 272 12132422 | 61211321 | 1123234f
241 21221414 | 32113322 | 11222342 273 12132521 | 11211362 | 1214215}
242 31221422 | 22113413 | 12131441 274 12133133 | 51211412 | 1123315}
243 21221513 | 32113421 | 11222441 275 22133141 | 51211511 | 1124113§
244 21221612 | 22113512 | 62132111 276 11224133 | 42121115 | 2124114p
245 22131125 | 22113611 | 12132152 277 12133232 | 52121123 | 1124123]3
246 32131133 | 12114116 | 61223107 278 11224232 | 62121131 | 2124124
247 42131141 | 22114124 | 11223152 279 12133331 | 41212115 | 1124133p
248 21222125 | 32114132(()12132251 280 11224331 | 42121214 | 1124143}
249 22131224 | 12114215 | 11223251 281 11225141 | 61212131 | 1215114p
250 32131232 22914223 52133111 282 21231116 41212214 1124214p
251 11222216 32114231 51224111 283 31231124 51212222 12151241
252 12131315 12114314 42134111 284 41231132 52121321 11242241
253 31222232 22114322 41225111 285 21231215 41212313 1125113B
254 32131331 12114413 32135111 286 31231223 42121412 21251141
255 11222315 22114421 31226111 287 41231231 41212412 11251232
256 12131414 12114512 22136111 288 21231314 42121511 11251331
257 22131422 12115124 11231135 289 31231322 41212511 12161141
258 11222414 22115132 21231143 290 21231413 32122115 11252141
259 21222422 12115223 31231151 291 31231421 42122123 11261132
260 22131521 22115231 11231234 292 21231512 52122131 11261231
261 12131612 12115322 21231242 293 21231611 31213115 13111145
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BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

294 12141116 | 32122214 | 23111153 326 31241222 | 22124321 | 22211441
295 22141124 | 42122222 | 33111161 327 21241313 | 11215313 | 12211532
20¢ 321411372 31213214 13111244 328 31241321 12124412 12211631
297 11232116 | 41213222 | 23111252 329 21241412 | 11215412 13121144
298 12141215 | 42122321 | 13111343 330 21241511 | 12124571 | 43121152
299 22141223 | 31213313 | 23111351 331 12151115 |, 12125123 | 12212144
300 32141231 | 32122412 | 13111442 332 22151123 V22125131 | 13121243
301 11232215 | 31213412 | 13111541 333 3215X131 | 11216123 | 43121251
302 21232223 | 32122511 | 63112112 334 W242115 | 12125222 | 12212243
303 31232231 | 31213511 | 13112153 335 12151214 | 11216222 | 42212251
304 11232314 | 22123115 | 23112161 33% 22151222 | 12125321 | 12212342
305 12141413 | 32123123 | 63112211 337 11242214 | 11216321 | 13121441
306 22141421 | 42123131 | 13112252 338 21242222 | 12126131 | 12212441
307 11232413 | 21214115 | 13112351 339 22151321 | 51221114 3122111
308 21232421 | 22123214 | 53113112 340 11242313 | 61221122 | 13122152
309 11232512 | 32123222 | 13143161 341 12151412 | 11221163 2213111
310 12142124 | 21214214.4053113211 342 11242412 | 51221213 | 12213152
311 22142132 | 31214222 | 43114112 343 12151511 | 61221221 | 13122251
312 11233124 | 32023321 | 43114211 344 12152123 | 11221262 | 42213251
313 12142223¢\21214313 | 33115112 345 11243123 | 51221312 | 43123111
314 2214228Y | 22123412 | 33115211 346 11243222 | 11221361 | 42214111
315 VD293223 | 21214412 | 23116112 347 11243321 | 51221411 | 43124111
316 21233231 | 22123511 | 23116211 348 31251122 | 42131114 | 42215111
317 11233322 | 21214511 | 12211136 349 31251221 | 52131122 | 43125111
318 12142421 | 12124115 | 22211144 350 21251411 | 41222114 | 42216111
319 11233421 | 22124123 | 32211152 351 22161122 | 42131213 | 23126111
320 11234132 | 32124131 | 12211235 352 12161213 | 52131221 | 21311135
321 11234231 | 11215115 | 22211243 353 11252213 | 41222213 | 31311143
322 21241115 | 12124214 | 32211251 354 11252312 | 51222221 | 41311151
323 31241123 | 22124222 | 12211334 355 11252411 | 41222312 | 11311226
324 41241131 | 11215214 | 22211342 356 23111126 | 42131411 | 21311234
325 21241214 | 21215222 | 12211433 357 33111134 | 41222411 | 31311242
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BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

358 43111142 32132114 11311325 390 42211232 12135221 13132151
359 23111225 42132122 21311333 391 22211315 11226221 12223151
360 33111233 31223714 31311341 3072 322711323 512371113 1131418
361 13111316 32132213 11311424 393 42211331 61231121 11321726
362 23111324 42132221 21311432 394 22211414 11231162 211821134
363 33111332 31223213 11311523 395 32211422 51231212 3132114p
364 13111415 41223221 21311531 396 22211513 11231261 1132122p
365 23111423 31223312 11311622 397 32211521 51231311 2132123
366 13111514 | 32132411 | 12221135 398 23121125~ 42141113 | 3132124
367 13111613 | 31223411 | 22221143 399 33120133 | 52141121 | 11321324
368 13112126 | 22133114 | 32221151 400 43121141 | 41232113 | 2132133p
369 23112134 | 32133122 | 11312135 401 22212125 | 51232121 | 1132142B
370 33112142 | 21224114 | 12221234 4072 23121224 | 41232212 | 2132143
371 13112225 | 22133213 | 22221242 403 33121232 | 42141311 | 1132152p
372 23112233 | 32133221 | 11312234 404 12212216 | 41232311 | 11321620
373 33112241 | 21224213 | 21312242 405 13121315 | 32142113 | 12231134
374 13112324 | 31224221 | 222213847 406 32212232 | 42142121 | 2223114p
375 23112332 | 21224312 | 11312333 407 33121331 | 31233113 | 11322134
376 13112423 | 22133411(()12221432 408 12212315 | 32142212 | 12231233
377 13112522 | 212244311 | 11312432 409 22212323 | 31233212 | 2223124
378 13113134 2934114 12221531 410 23121422 32142311 1132223
379 23113142 22134122 11312531 411 12212414 31233311 21322241
380 1311¥32833 11225114 13131143 412 13121513 22143113 1132233p
381 23+13241 12134213 23131151 413 12212513 32143121 12231431
382 13113332 22134221 12222143 414 13122125 21234113 113224311
383 13114142 11225213 13131242 415 23122133 31234121 13141142
384 13114241 21225221 11313143 416 33122141 21234212 12232142
385 32211125 11225312 12222242 417 12213125 22143311 13141241
386 42211133 12134411 13131341 418 13122224 21234311 11323142
387 52211141 11225411 11313242 419 32213141 12144113 12232241
388 22211216 12135122 12222341 420 12213224 22144121 11323241
389 32211224 11226122 11313341 421 22213232 11235113 11331125
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422 23122331 12144212 21331133 454 41312231 43111115 12261131
423 12213323 11235212 31331141 455 21312314 53111123 11352131
424 131224272 12144311 11331224 456 22221413 63111131 11361122
425 12213422 11235311 21331232 457 32221421 43111214 11361221
426 13123133 12145121 11331323 458 21312413 53141222 14111144
427 23123141 11236121 21331331 459 31312421 43111313 44111152
428 12214133 51241112 11331422 460 222216%1 53111321 14111243
429 13123232 11241161 11331521 461 13131816 43111412 44111251
430 12214232 | 51241211 | 12241133 462 23731124 | 43111511 | 4111342
431 13123331 | 42151112 | 22241141 463 33131132 | 33112115 | 14111441
432 13124141 | 41242112 | 11332133 464 12222116 | 43112123 | 14112152
433 12215141 | 42151211 | 12241232 465 13131215 | 53112131 | J4112251
434 31311116 | 41242211 | 11332232 466 23131223 | 33112214 | 44113111
435 41311124 | 32152112 | 12241331 467 33131231 | 43112222 | 44114111
436 51311132 | 31243112 | 1133233% 468 11313116 | 33112313 | 34115111
437 31311215 | 32152211 | 13181141 469 12222215 | 43112321 | 44116111
438 41311223 | 31243211.f02242141 470 22222223 | 33112412 | 13211135
439 51311231 | 22153112 | 11333141 471 32222231 | 33112511 | 43211143
440 31311314 | 21244112 | 11341124 472 11313215 | 23113115 | 33211151
441 41311322 \22153211 | 21341132 473 21313223 | 33113123 | 13211234
442 31312413 21244211 11341223 474 31313231 43113131 43211242
443 413¥1421 12154112 21341231 475 23131421 23113214 13211333
444 31311512 11245112 11341322 476 11313314 33113222 43211341
445 22221116 12154211 11341421 477 12222413 23113313 13211432
446 32221124 11245211 12251132 478 22222421 33113321 13211531
447 42221132 51251111 11342132 479 11313413 23113412 14121143
448 21312116 42161111 12251231 480 13131611 23113511 24121151
449 22221215 41252111 11342231 481 13132124 13114115 13212143
450 41312132 32162111 11351123 482 23132132 23114123 14121242
451 42221231 31253111 21351131 483 12223124 33114131 13212242
452 21312215 22163111 11351222 484 13132223 13114214 14121341
453 31312223 21254111 11351321 485 23132231 23114222 13212341
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486 11314124 | 13114313 | 14122151 518 21322412 | 43122221 | 41411141
487 12223223 | 23114321 | 13213151 519 22231511 | 32213213 | 11411216
488 222232237 13114412 123111°2¢ 520 21322571 42213227 2141122/
489 11314223 | 13114511 | 22311134 521 13141115 | 32213312 | 3141123p
490 21314231 | 13115123 | 32311142 522 23141123 | 33122411 |51141131p
491 13132421 | 23115131 | 12311225 523 33141131 | 32213471 (21411323
492 12223421 | 13115222 | 22311233 524 12232115 | 23223%14 | 3141133
493 13133132 | 13115321 | 32311241 525 13141214 {\33123122 | 1141141}
494 12224132 | 13116131 | 12311324 526 23141222~ 22214114 | 2141142p
495 13133231 | 52211114 | 22311332 527 11323115 | 23123213 | 1141151
496 11315132 | 62211122 | 12311423 528 12232214 | 33123221 | 2141152}
497 12224231 | 12211163 | 22311431 529 22232222 | 22214213 | 1141161p
498 31321115 | 52211213 | 12311522 530 23141321 | 32214221 | 1232112p
499 41321123 | 62211221 | 12311621 531 11323214 | 22214312 | 22321133
500 51321131 | 12211262 | 13221134 532 21323222 | 23123411 | 3232114
501 31321214 | 52211312 | 23221142 533 13141412 | 22214411 | 1141212
502 41321222 | 12211361 | 12312134 534 11323313 | 13124114 | 12321224
503 31321313 | 52211411 | 13221233 535 12232412 | 23124122 | 2232123p
504 41321321 | 43121114(|)23221241 536 13141511 | 12215114 | 1141222/
505 31321412 | 53124122 | 12312233 537 12232511 | 13124213 | 2141223p
506 31321511 | 42212114 | 13221332 538 13142123 | 23124221 | 22321331
507 22231115) V43121213 | 12312332 539 23142131 | 12215213 | 1141232B
508 32231123 | 53121221 | 13221431 540 12233123 | 22215221 | 1232142p
509 42231131 | 42212213 | 12312431 541 13142222 | 12215312 | 1141242p
510 21322115 | 52212221 | 14131142 542 11324123 | 13124411 | 1232152)
511 22231214 | 42212312 | 13222142 543 12233222 | 12215411 | 11412521
512 41322131 | 43121411 | 14131241 544 13142321 | 13125122 | 13231133
513 21322214 | 42212411 | 12313142 545 11324222 | 12216122 | 23231141
514 31322222 | 33122114 | 13222241 546 12233321 | 13125221 | 12322133
515 32231321 | 43122122 | 12313241 547 13143131 | 12216221 | 13231232
516 21322313 | 32213114 | 21411125 548 11325131 | 61311113 | 11413133
517 22231412 | 33122213 | 31411133 549 31331114 | 11311154 | 12322232
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Bar-space sequence Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

550 41331122 21311162 13231331 582 41341121 31314113 13241231
551 31331213 61311212 11413232 583 31341311 32223212 11423132
NN 41331221 1137112813 12322331 534 322511217 33132311 12332231
553 31331312 21311261 11413331 585 22251212 31314212 11423231
554 31331411 61311311 14141141 586 22251311 322233711 11431115
555 22241114 11311352 13232141 587 13161113 31314311 41431123
556 32241122 11311451 12323141 588 12252143 23133113 31431131
557 21332114 52221113 11414141 589 11343¥13 33133121 11431214
558 22241213 | 62221121 | 11421116 590 13761311 | 22224113 | 41431222
559 32241221 | 12221162 | 21421124 591 12252311 | 23133212 | 11431313
560 21332213 | 51312113 | 31421132 599 24111125 | 21315113 | 41431321
561 31332221 | 61312121 | 11421215 593 14111216 | 22224212 | 11431412
562 21332312 | 11312162 | 21421223 594 24111224 | 23133311 | 11431511
563 22241411 | 12221261 | 31421231 595 14111315 | 21315212 | 12341123
564 21332411 | 51312212 | 11421314 596 24111323 | 22224311 | 42341131
565 13151114 | 52221311 | 21421322 597 34111331 | 21315311 | 11432123
566 23151122 | 11312261 f011421413 598 14111414 | 13134113 | 12341222
567 12242114 | 51312311 | 21421421 599 24111422 | 23134121 | 11432222
568 13151213 | 43131113 | 11421512 600 14111513 | 12225113 | 42341321
569 23151221 \53131121 | 11421611 601 24111521 | 13134212 | 11432321
570 11333114 42222113 12331124 602 14112125 11316113 13251131
571 V2242213 43131212 22331132 603 24112133 12225212 12342131
572 22242221 41313113 11422124 604 34112141 13134311 11433131
573 11333213 51313121 12331223 605 14112224 11316212 11441114
5774 21333221 43131311 22331231 606 24112232 12225311 41441122
575 13151411 41313212 11422223 607 14112323 11316311 11441213
576 11333312 42222311 21422231 608 24112331 13135121 21441221
577 12242411 41313311 11422322 609 14112422 12226121 11441312
578 11333411 33132113 12331421 610 14112521 61321112 11441411
579 12243122 43132121 11422421 611 14113133 11321153 12351122
580 11334122 32223113 13241132 612 24113141 21321161 11442122
581 11334221 33132212 12332132 613 14113232 61321211 12351221
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Bar-space sequence

Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

614 14113331 | 11321252 | 11442221 646 24122231 | 61331111 | 24221141
615 14114141 | 11321351 | 11451113 647 13213223 | 11331152 | 13312133
616 23211116 522371112 21451121 &848 232713231 11331251 14221239
617 33211124 | 12231161 | 11451212 649 13213322 | 52241111 | 1331223p
618 43211132 | 51322112 | 11451311 650 14122421 | 51332111 [414221331
619 23211215 | 52231211 | 12361121 651 14123132 | 43151171 {'13312331
620 33211223 | 11322161 | 11452121 652 13214132 | 42242011 | 1513114
621 23211314 | 51322211 | 15111143 653 14123231 {\Z¥333111 | 1422214
622 33211322 | 43141112 | 25111151 654 13214234 33152111 | 1331314
623 23211413 | 42232112 | 15111242 655 323115 | 32243111 | 1241111
624 33211421 | 43141211 | 15111341 656 42311123 | 31334111 | 22411124
625 23211512 | 41323112 | 15112151 657 52311131 | 23153111 | 3241113p
626 14121116 | 42232211 | 14211134 658 32311214 | 22244111 | 1241121
627 24121124 | 41323211 | 24211142 659 42311222 | 21335111 | 2241122
628 34121132 | 33142112 | 14211233 660 32311313 | 13154111 | 3241123}
629 13212116 | 32233112 | 24211241 661 42311321 | 12245111 | 1241131
630 14121215 | 33142211 | 14211332 662 32311412 | 11336111 | 2241132p
631 33212132 | 31324112 | 14211431 663 32311511 | 11341151 | 1241141
632 34121231 | 32233211(|)15121142 664 23221115 | 44111114 | 2241142
633 13212215 | 31324211 | 14212142 665 33221123 | 54111122 | 1241151p
634 23212223 | 23143112 | 15121241 666 22312115 | 44111213 | 1241161
635 33212231) V22234112 | 14212241 667 23221214 | 54111221 | 13321124
636 132¥2314 | 23143211 | 13311125 668 33221222 | 44111312 | 2332113p
637 12121413 | 21325112 | 23311133 669 22312214 | 44111411 | 12412124
638 24121421 | 22234211 | 33311141 670 32312222 | 34112114 | 1332122
639 13212413 | 21325211 | 13311224 671 33221321 | 44112122 | 23321231
640 23212421 | 13144112 | 23311232 672 22312313 | 34112213 | 12412223
641 14121611 | 12235112 | 13311323 673 23221412 | 44112221 | 22412231
642 14122124 | 13144211 | 23311331 674 22312412 | 34112312 | 12412322
643 24122132 | 11326112 | 13311422 675 23221511 | 34112411 | 13321421
644 13213124 | 12235211 | 13311521 676 22312511 | 24113114 | 12412421
645 14122223 | 11326211 | 14221133 677 14131115 | 34113122 | 14231132
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Bar-space sequence

Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

678 24131123 | 24113213 | 13322132 710 41411411 | 24123113 | 11513123
679 13222115 | 34113221 | 14231231 711 32321114 | 34123121 | 12422222
&80 14131214 24113312 12413132 712 42321122 23214113 13331321
681 33222131 | 24113411 | 13322231 713 31412114 | 24123212 1513222
682 12313115 | 14114114 | 12413231 714 41412122 | 23244272 | 12422321
683 13222214 | 24114122 | 21511115 715 42321221 |, 24123311 | ]1513321
684 23222222 | 14114213 | 31511123 716 31412233 /23214311 | 14241131
685 24131321 | 24114221 | 41511131 717 41432221 | 14124113 | 13332131
686 12313214 | 14114312 | 21511214 718 37412312 | 24124121 | 12423131
687 22313222 | 14114411 | 31511222 719 32321411 | 13215113 | 1514131
688 14131412 | 14115122 | 21511313 720 31412411 | 14124212 | 41521114
689 12313313 | 14115221 | 31511321 721 23231114 | 13215212 | 31521122
690 13222412 | 53211113 | 21511412 722 33231122 | 14124311 | 41521213
691 14131511 | 63211121 | 21511511 723 22322114 | 13215311 | 31521221
692 13222511 | 13211162 | 1242111% 724 23231213 | 14125121 | 41521312
693 14132123 | 53211212 | 22423123 725 33231221 | 13216121 | 41521411
694 24132131 | 13211261.4332421131 726 21413114 | 62311112 | §2431114
695 13223123 | 53211311 | 11512115 727 22322213 | 12311153 | 42431122
696 14132222 | 44121113 | 12421214 728 32322221 | 22311161 | §1522114
697 12314123 \54121121 | 22421222 729 21413213 | 62311211 | 12431213
698 13223222 | 43212113 | 11512214 730 31413221 | 12311252 | 42431221
699 VB182321 | 44121212 | 21512222 731 23231411 | 12311351 | 11522213
700 12314222 | 43212212 | 22421321 732 21413312 | 53221112 | 41522221
701 13223321 | 44121311 | 11512313 733 22322411 | 13221161 | §1522312
202 14133131 | 43212311 | 12421412 734 21413411 | 52312112 | J2431411
703 13224131 | 34122113 | 11512412 735 14141114 | 53221211 | 11522411
704 12315131 | 44122121 | 12421511 736 24141122 | 12312161 | 13341122
705 41411114 | 33213113 | 11512511 737 13232114 | 52312211 | 12432122
706 51411122 | 34122212 | 13331123 738 14141213 | 44131112 | 13341221
707 41411213 | 33213212 | 23331131 739 24141221 | 43222112 | 11523122
708 51411221 | 34122311 | 12422123 740 12323114 | 44131211 | 12432221
709 41411312 | 33213311 | 13331222 741 13232213 | 42313112 | 11523221
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Bar-space sequence

Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

742 23232221 | 43222211 | 21531113 774 21423113 | 53231111 | 14311322
743 11414114 | 42313211 | 31531121 775 22332212 | 52322111 | 14311421
744 12323213 341327172 21531212 176 23241311 51413111 15221139
745 22323221 | 33223112 | 21531311 777 21423212 | 44141111 | 1431213p
746 14141411 | 34132211 | 12441113 778 22332311 | 43232111 |41522123L
747 11414213 | 32314112 | 22441121 779 21423311 | 42323171 (14312231
748 21414221 | 33223211 | 11532113 780 14151113 | 41414711 | 1341111p
749 13232411 | 32314211 | 12441212 781 24151121 {\34142111 | 23411123
750 11414312 | 24133112 | 11532212 782 13242133~ 33233111 | 3341113
751 14142122 | 23224112 | 12441311 783 23242121 | 32324111 | 1341121p
752 13233122 | 24133211 | 11532311 784 12333113 | 31415111 | 2341122p
753 14142221 | 22315112 | 13351121 785 13242212 | 24143111 | 1341131
754 12324122 | 23224211 | 12442121 786 14151311 | 23234111 | 2341132fL
755 13233221 | 22315211 | 11533121 787 11424113 | 22325111 | 1341141p
756 11415122 | 14134112 | 21541112 788 12333212 | 21416111 | 1341151
757 12324221 | 13225112 | 21541211 789 13242311 | 14144111 | 1432112
758 11415221 | 14134211 | 12451942 790 11424212 | 13235111 | 2432113
759 41421113 | 12316112 | 11542112 791 12333311 | 12326111 | 1341212
760 51421121 | 13225211(|)12451211 792 11424311 | 11421143 | 2341213
761 41421212 | 12316211 | 11542211 793 13243121 | 21421151 | 1341222p
762 41421311 | 21471144 | 16111142 794 11425121 | 11421242 | 1432132
763 32331113) V21411152 | 16111241 795 41431211 | 11421341 | 1341232
764 42331121 | 11411243 | 15211133 796 31432112 | 12331151 | 1523113}
765 32422113 | 21411251 | 25211141 797 31432211 | 11422151 | 1432213}
766 41422121 | 11411342 | 15211232 798 22342112 | 11431142 | 1341313}
767 31422212 | 11411441 | 15211331 799 21433112 | 11431241 | 22511114
768 32331311 | 62321111 | 16121141 800 21433211 | 11441141 | 32511122
769 31422311 | 12321152 | 15212141 801 13252112 | 45111113 | 22511213
770 23241113 | 61412111 | 14311124 802 12343112 | 45111212 | 32511221
771 33241121 | 11412152 | 24311132 803 11434112 | 45111311 | 22511312
772 22332113 | 12321251 | 14311223 804 11434211 | 35112113 | 22511411
773 23241212 | 11412251 | 24311231 805 15111116 | 45112121 | 13421114
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Bar-space sequence

Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS

806 15111215 35112212 23421122 838 14213123 13311251 13431311
807 25111223 35112311 12512114 839 24213131 54221111 11613212
208 15111314 25113113 22812122 40 142132272 53312111 12522311
809 15111413 35113121 23421221 841 15122321 4513111% 11613311
810 15111512 25113212 12512213 842 14213321 442221711 14341121
811 15112124 25113311 13421312 843 15123131 43313111 13432121
812 15112223 15114113 12512312 844 14214131 35132111 12523121
813 15112322 25114121 13421411 845 3333b 1014 34223111 11614121
814 15112421 | 15114212 | 12512411 846 33311213 | 33314111 | 41621112
815 15113132 | 15114311 | 14331122 847 33311312 | 25133111 | 41621211
816 15113231 | 15115121 | 13422122 g4'8 33311411 | 24224111 | 42531112
817 24211115 | 54211112 | 14331221 849 24221114 | 23315111 | 41622112
818 24211214 | 14211161 | 12513122 850 23312114 | 15134111 | 42531211
819 34211222 | 54211211 | 13422221 851 33312122 | 14225111 | 41622211
820 24211313 | 45121112 | 1251322% 852 34221221 | 13316111 | 13441112
821 34211321 | 44212112 | 31621113 853 23312213 | 12411143 | 12532112
822 24211412 | 45121211.4841611121 854 33312221 | 22411151 | 13441211
823 24211511 | 44212211 | 31611212 855 23312312 | 12411242 | 11623112
824 15121115 | 35122112 | 31611311 856 24221411 | 12411341 | 12532211
825 25121123 \34213112 | 22521113 857 23312411 | 13321151 | 11623211
826 14212135 35122211 32521121 858 15131114 12412151 31631111
827 202%2123 34213211 21612113 859 14222114 11511134 42541111
828 25121222 25123112 22521212 860 15131213 21511142 41632111
829 14212214 24214112 21612212 861 25131221 11511233 13451111
330 24212222 25123211 22521311 862 13313114 21511241 12542111
831 14212313 24214211 21612311 863 14222213 11511332 11633111
832 24212321 15124112 13431113 864 15131312 11511431 16211132
833 14212412 14215112 23431121 865 13313213 12421142 16211231
834 15121511 15124211 12522113 866 14222312 11512142 15311123
835 14212511 14215211 13431212 867 15131411 12421241 25311131
836 15122123 63311111 11613113 868 13313312 11512241 15311222
837 25122131 13311152 12522212 869 14222411 11521133 15311321
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Bar-space sequence

Bar-space sequence

Codeword Cluster 0 Cluster 3 Cluster 6 Codeword Cluster 0 Cluster 3 Cluster 6
BSBSBSBS | BSBSBSBS | BSBSBSBS BSBSBSBS | BSBSBSBS | BSBSBSBS
870 15132122 | 21521141 | 16221131 900 14232212 | 11611124 | 23521211
871 14223122 | 11521232 | 15312131 901 15141311 | 21611132 | 22612211
872 15132227 11521331 14411114 (YoM 12414113 11611223 14431110
873 13314122 | 12431141 | 24411122 903 13323212 | 21611231 | 1352201p
874 14223221 | 11522141 | 14411213 904 14232311 | 11611322 |51443121fL
875 13314221 | 11531132 | 24411221 905 12414212 | 11611421 | 1261311
876 42411113 | 11531231 | 14411312 906 13323311 | 12521%32 | 13522211
877 42411212 | 11541131 | 14411411 907 15142121 {\X¥612132 | 1261321
878 42411311 | 36112112 | 15321122 908 14233124 12521231 | 3262111f
879 33321113 | 36112211 | 14412122 909 13322121 | 11612231 | 2353111f
880 32412113 | 26113112 | 15321221 910 12415121 | 11621123 | 2262211
881 42412121 | 26113211 | 14412221 911 51511112 | 21621131 | 1444111
882 32412212 | 16114112 | 23511113 912 51511211 | 11621222 | 1353211
883 33321311 | 16114211 | 33511121 913 42421112 | 11621321 | 1262311
884 32412311 | 45212111 | 23511212 914 41512112 | 12531131 | 1631112p
885 24231113 | 36122111 | 23511311 915 42421211 | 11622131 | 1631122
886 34231121 | 35213111 | 14421913 916 41512211 | 11631122 | 1541111
887 23322113 | 26123111 | 24421121 917 33331112 | 11631221 | 2541112
888 33322121 | 25214111(()13512113 918 32422112 | 14411141 | 1541121p
889 22413113 | 161242711 | 23512121 919 33331211 | 13511132 | 1541131
890 23322212 | #5215111 | 13512212 920 31513112 | 13511231 | 1632112
891 24231314) V14311151 | 14421311 921 32422211 | 12611123 | 1541212
892 22413312 | 13411142 | 13512311 922 31513211 | 22611131 | 2451111p
893 23322311 | 13411241 | 15331121 923 24241112 | 12611222 | 2451121
894 22413311 | 12511133 | 14422121 924 23332112 | 12611321 | 1542111p
895 15141113 | 22511141 | 13513121 925 24241211 | 13521131 | 14512112
896 25141121 | 12511232 | 32611112 926 22423112 | 12612131 | 15421211
897 14232113 | 12511331 | 32611211 927 23332211 | 12621122 | 14512211
898 24232121 | 13421141 | 23521112 928 21514112 | 12621221 | 33611111
899 13323113 | 12512141 | 22612112
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The default character set for Byte Compaction mode

B C B C B C B C B B C B C B C
0 NUL 32 | space | 64 @ 96 128 160 | NBSP | 192 | A | 224 | a
1 SOH 33 ! 65 A 97 a 129 161 i 193 | ANp 225 | a
2 STX 34 " 66 B 98 b 130 162 ¢ 194 K | 226 | a
3 ETX 35 # 67 C 99 c 131 163 £ 195 A | 27 | a
4 EOT 36 $ 68 D 100 d 132 164 o 19 | A | 228 | &
5 ENQ 37 % 69 E 101 e 133 165 ¥ 197 | A | 229 | &
6 ACK 38 & 70 F 102 f 134 166 y 198 | £ | 230 | e
7 BEL 39 ' 71 G 103 g 135 167 § 199 | C | 231 o
8 BS 40 ( 72 H 104 h 136 168 N 200 E | 232 e
9 HT 41 ) 73 I 105 I 137 169 © 201 E | 233 | ¢
0 LF 42 * 74 J 106 i 138 170 a 202 E | 234 | &
1 VT 43 + 75 K 107 k 139 171 « 203 E | 235 | &
2 FF 44 , 76 L 108 I 140 172 B 204 I 236 i
3 CR 45 - 77 M 109 m 141 173 | SHY | 205 i 237 i
4 SO 46 . 78 N 110 n 142 174 ® 206 ] 238 i
5 Si 47 / 79 O | o] 143 175 - 207 I 239 T
6 DLE 48 0 80 P 112 p 144 176 ° 208 | B | 240 o}
7 DC1 49 1 81 Q | 113 o} 145 177 + 209 | N | 241 A
8 DC2 50 2 82 R 114 r 146 178 2 210 | O | 42 0
9 DC3 51 3 83 S 115 s 147 179 3 211 O | 43| 6
0] DC4 52 4 84 T 116 t 148 180 212 | O |44 | o
1 NAK 53 5 85 ] 117 u 149 181 ¥ 213 | O | 45| &
p2 SYN 54 6 86 V 118 v 150 182 bl 214 | O |46 | 6
3 ETB 55 7 87 w | 119 w 151 183 215 x 247 | =+
P4 CAN 56 8 88 X 120 X 152 184 216 | @ | 248 | o
5 EM 57 9 89 Y 121 y 153 185 ! 217 | U | 249 u
4] SUB 58 90 Z 122 z 154 186 ° 218 | U | 250 u
27 ESC 59 ; 91 [ 123 { 155 187 » 219 | U | 251 a
28 | IS4/FS | 60 < 92 | \ | 124 | | 156 188 Va 220 | U | 252 | 1
29 | 1S3/GS | 61 = 93 ] 125 } 157 189 V2 221 Y | 253 y
30 | IS2/RS | 62 94 A 126 ~ 158 190 Ya 222 | b | 254 b
31 | IS1/US | 63 95 _ 127 | DEL | 159 191 A 223 R | 255 y
NOTE This table corresponds to the character set defined in ISO/IEC 8859-1, with the addition of the control

characters (byte values 00 — 31) defined in ISO/IEC 646:1991, International Reference Version.
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Annex C
(normative)

Byte Compaction mode encoding algorithm

This base 256 to base 900 conversion converts six data bytes to five PDF417 data codewords. The conversion
equation is:

bs x 256° + by x 256* + by x 256° + b, x 2567 + by x 256" + b, x 256°
= d, x|900* + d x 900° + d, x 9007 + d; x 900" + d x 900°
whergl b = data byte value as a decimal (0 to 255)
whereld = data codeword
The followjng algorithm may be used for a base 256 to base 900 conversion.
1. Designate t as a temporary value
2. Chlculate t = bs x 256° + by x 256" + by x 256° + b, x 256> + b;5256" + by x 256°
3. Calculate each codeword as follows:

For each data codeword d;=dj ... ds

BEGIN
d;, = tmod900
t = tdivo00
END

EXAMPLH:
Encode the Byte Compaction-characters bs ... by {231, 101, 11, 97, 205, 2}
Calculate the sum t using the decimal values of the six Byte Compaction characters:

t  =P31x 258>+ 101 x 256* + 11 x 256° + 97 x 2567 + 205 x 256" + 2 x 256°

=P54,421 168 672 002

Calculate codeword 0

do =254 421168 672 002 mod 900 = 302

t =254421168 672002 div900 =282690 187 413
Calculate codeword 1

diy =282690 187 413 mod 900 =213

t =282690 187 413 div 900 =314 100 208
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Calculate codeword 2

d> =314 100 208 mod 900 =208

t =314 100 208 div 900 = 349 000
Calculate codeword 3

d; =349 000 mod 900 =700

——=3495000dive00 =387
Calculate codeword 4

ds =387 mod 900 =387
t =387 div900 =0

THe codeword sequence d; ... dy is 387, 700, 208, 213, 302
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Annex D
(normative)

Numeric Compaction mode encoding algorithm

This base 10 to base 900 conversion converts groups of up to 44 consecutive numeric digits to 15 or fewer

PDF417 d

The follow

EXAMPLE:

70

ta codewords.

ng algorithm may be used for a base 10 to base 900 conversion.

1. Designate t as a temporary value.

2. Set the initial value of t to be the group of up to 44 consecutive numeric digits, preceded by the digit 1.

3. Calculate each codeword as follows:

For each data codeword d;=d, ... d, .4

BEGIN

Q
I

t mod 900

~
1

t div 900

Ift = 0, then stop encoding

END

Encod
Prefix
t=10
Calcu
dg
t

Calcu

e the fifteen digit sequence 000213298174000

the numeric string with a 1 and:set the initial value of
00 213 298 174 000

late codeword 0

1 000 213298 174 000 mod 900 200

1111 348 109 082

1.000 213 298 174 000 div 900

ate.codeword 1

d
t

Calcul
d>
t

Calcul

282

1111 348 109 082 mod 900

1234 831 232

1111 348 109 082 div 900

ate codeword 2

632

1234 831 232 mod 900

1372034

1234 831 232 div 900

ate codeword 3
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d; = 1372034 mod 900 434

t = 1372034 div900 1524
Calculate codeword 4

ds = 1524 mod 900 624

t = 1524div900 1
Cafcutate todeword 5

ds = 1mod 900 1

t = 1div9o00 0

The codeword sequence ds ... dyis 1, 624, 434, 632, 282, 200
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Error correction

Unlike PDF417, which has user-selectable levels of error correction, a MicroPDF417 symbol with a given

number o

f rows and columns has a fixed amount of error correction. All of the specified versions of

MicroPDF
higher ps¢
degradatic
poor print

rcentage of error correction codewords may be used where significant symbol damage
n is anticipated. It is, however, preferable to maintain symbol quality rather than to compénsate
quality by this means.

117 contain at least 28% error correction codewords (see Table 1). A symbol version givind a

or
for
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Annex F
(normative)

Tables of coefficients for calculating MicroPDF417 error correction
codewords

Tabtes et on 44-7-devetoprmen cisketie—aceomp Are-this—S tion, as a
for each of the v b used by
MicroPDF417. These coefficients can be derived, for any value of k, by means of the progeddres given in
5.10 of this specification. The coefficients are given below, for all values of k used by MicroPDF417| Annex P

; 200 | 351 | 890

Coefficient table for k=4

o |922| 568 | 723 | 809

Coefficient table for k=5

o |427 1919 460 155 |566

Coefficient table for k=6

or; |861 (285,119 803 |17 |766

CTefficient table for k=7

J 0 1 2 3 4 5 6
a | 76 | 925 | 537 | 597 | 784 | 691 | 437

Coefficient table for k=8

a |237|308 | 436 | 284 | 646 | 653 | 428 | 379
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Coefficient table for k=9

J 0 1 2 3 4 5 6 7 8
o |967 (527 (622 257 (289 (362 [501 (441 |205

Coefficient table for k=10

i | oH———=—1-s

o |371 (457 |64 |244 (826 (841 (818 (691 |266 |612

s~
¢
2
H
do
o]

Coefficient table for k = 11

J 0 1 2 3 4 5 6 7 8 9 10
o |46% 145 (565 (708 (825 |213 |15 |68 |327 |602 [904

Coefficient table for k =12

J 0 1 2 3 4 5 6 7 8 9 10 | 11
o |591 (864 |757 (201 (646 |684 |347 (127 |388 |7 69 |851

Coefficient table for k=13

J 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12
o |764 713 (342 |384 (606 (583 [322 |592 |678 |204 |184 (394 (692

Coefficient table for k=14

J 0 1 2 3 4 5 6 7 8 9 10 | 11| 12 | 13
o |669 (677 (154 <4187 (241 (286 |274 |354 |478 |915 |691 (833 (105 |215

Coefficielrt table for k=15

J 0 1 2 3 4 5 6 7 8 9 10 [ 11| 12 | 13 | 14
o |460 |829 (476 (109 (904 |664 |230 |5 80 (74 |550 |575 |[147 |868 (642

Coefficient table for k =16

a | 274|562 | 232 | 755 | 599 | 524 | 801 | 132 | 295 | 116 | 442 | 428 | 295 | 42 | 176 | 65
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Coefficient table for k=18

J 0 1 2 3 4 5 6 7 8
o |279 (577 (315 |624 (37 (855 (275 |739 |120

o |297 (312 (202 |560 (321 (233 [756 |760 |573

Clefficient table for k=21

J 0 1 2 3 4 5 6 7 8 9 10
o; |108 |519 (781 (534 (129 |425 |681 (553 |422 |716 |763

J M]112 | 13 | 14 | 156 | 16 | 17 | 18 | 19 | 20
oy |693 (624 610 |310 (691 (347 |165 |193 |259 |568

Coefficient table for k = 26

J 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12
oy |443 (284 (887 |544 (788 (93 477 |760 |33\-|608 |269 (121 (159

J 13|14 | 15 | 16 | 17 | 18 | 19 | 20| 21 | 22 | 23 | 24 | 25
; |830 |446 (893 699 (245 |441 1454 4825 |858 |131 (847 |764 |169

Coefficient table for k = 32

J 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
o | 361|575 | 922 | 525) 176 | 586 | 640 | 321 | 536 | 742 | 677 | 742 | 687 | 284 | 193 | §17

J 16 | 17 | 18419 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28 | 29 | 30 | P1
o | 273|494 | 263 | 147 | 593 | 800 | 571 | 320 | 803 | 133 | 231 | 390 | 685 | 330 | 63 | 410

Coefficient.table for k = 38

J 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12
a |94 [226 436 (640 [T [/US 029 [721 [/o0 |52z 20U [199 [/356

J 13114 | 15 |16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
o |586 |388 (684 (445 (680 |245 |595 (614 |233 |812 (32 284 |658

Jj | 26|27 | 28 |29 (30|31 |32 |33 |34 35|36 | 37
o |7451(229 (95 689 (920 |771 |554 1289 (231 |125 |117 |518
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Coefficient table for k = 44

J 0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14
o 476 |36 (659 |848 (678 |64 |764 (840 |157 (915 |470 |876 (109 |25 |632
J 15 | 16 17 18 | 19 | 20 | 21 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29
o 405 |417 (436 |714 |60 (376 |97 |[413 |706 |446 (21 3 773 |569 (267
J 30 | 31 32 33 | 34 | 35| 36 |37 | 38|39 |40 | 41 | 42 | 43
o 272 (213 (31 560 |231 (758 |103 (271 |572 |436 (339 |730 (82 |[285
Coefficient table for k = 50

J 0 1 2 3 4 5 6 7 8 9 10 | 11 12
o 923 |797 |576 (875 |156 (706 |63 |81 257 |874 411 |416 |778
J 13| 14 15 16 | 17 | 18 | 19 | 20 | 21 22 | 23 | 24.|\25
o 501 |205 |303 (188 |535 (909 |155 |637 (230 |534 (96 |575.|102
J 2q | 27 28 | 29 | 30 | 31 32 | 33 | 34 | 35 | 36| 37 | 38
o 264 1233 |919 (593 |865 (26 |579 |623 |[766 |146.. 10 |739 |246
J 39| 40 | 41 42 | 43 | 44 | 45 | 46 | 47 448 | 49

124 |71 |244 (211 |477 |920 |876 |427 |820:°|718 |435
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Annex G
(normative)

Text Compaction mode encoding algorithm

In Text Compaction mode, pairs of data characters are represented in a single codeword. The values assigned
to the data characters are in the range 0 to 29 (i.e. base 30) as defined in Table 6. For each pair of base 30
values, the first or left value shall be designated the more significant value h, the other shall be designated the
legs significant value I.

THe encoded PDF417 codeword is defined using the following formula:
d=hx30+/
where: dis as defined in clause 4.

h and I are respectively the more and the less significant base 30" values

THe formula shall also apply to the base 30 values for shifts and latches within the Text Compacifion mode.
Appropriate latch and shift values shall be used between sub-modes. [f-the encoding of the character| sequence
dages not result in an even number of base 30 values, see 5.4.2.4 for the specific mechanism to use.

THe following example illustrates how compaction is achieved.in Text Compaction mode.
EXAMPLE:

Data to be encoded: MicroPDF417

Table G.1 — Example of Text Compaction encoding

Character Pairs h / hx30+]/ Codeword

Ml 12 27 12x 30 + 27 387

ic 8 2 8x30+2 242

ro 17 14 17 x 30 + 14 524

TC-Mode Latch 900

PD 15 3 15%x30+3 453

F ml 5 28 5x30+28 178

41 4 1 4x30+1 121

7ps 7 29 7x30+29 239
NOTE 1 Il (latch to lower sub-mode) is used to switch to encode the lower-case characters

NOTE 2  ml (latch to mixed sub-mode) is used to switch to encode the numeric characters

NOTE 3  The Text Compaction mode latch 900 is used to re-initialise encoding to Text Compaction Alpha sub-mode
(see 5.4.2.5) to encode the upper-case characters

NOTE4  psis used as a pad value in this example, other shift and latch values can be used (see 5.4.2.4)

The data MicroPDF417 is represented by codewords 387, 242, 524, 900, 453, 178, 121, 239.
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H.1 Str

Annex H
(normative)

Structured Append MicroPDF417 symbols

Structured
be represeg
symbols i
structure t

Using Stry
The Contr
The Stru
independs
or page, th

H.2 Stri

Each Stru
The Cont
data block
beginning
contain at
fields, as ¢

NOTE

Figure H.1

Append provides a standard mechanism for creating a distributed representation of files tog large
nted by a single MicroPDF417 symbol. Structured Append symbols differ from ordinary MicroPDF4|
h that they contain additional control information in a Structured Append Control Block ‘(identical
b the Macro PDF417 Control Block defined in the PDF417 specification (ISO/IEC 15438)).

ctured Append, large files are split into several file segments and encoded infojindividual symbd
bl Block defines the file ID, the concatenation sequence and optionally other information about the f
tured Append decoder uses the Control Block's information to reconstruct the file correg
ntly of symbol scanning order. When multiple Structured Append symbols appear on the same la
eir layout should ensure that only one symbol at a time appears withirka'scanner’s field of view.

ictured Append syntax

Ctured Append symbol shall encode a Structured Append ‘Control Block containing control informati
ol Block begins with the Structured Append marker«codeword (928). The Control Block follows 1
with which it is associated, and the number of codewords in the control block is counted as data. T
of the error correction codewords identifies the’;end of the Control Block. The Control Block sH
least the two mandatory fields: a segment index and file ID. It may also contain a number of optio
escribed in Annex H.2.3.

A symbol containing no user data, otherthan a Structured Append Control Block, is a valid symbol.

illustrates the position of the Centrol Block in a Structured Append symbol.
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Standard MicroPDF417 symbol layout

Encoded data and pads E"OT
correction
Structured Append MicroPDF417 symbol layout
Encoded data and pads Control block Error .
correction
Control block
928 | Segment index File ID Opglonal
information
Control header

Figure H.1 — MicroPDF417 symbol layouts

Hi2.1 The segment index

In[Structured Append, each symbol represents™a segment of the whole file. To reconstruct the whqle file, the
segments need to be placed in the correct-order. Control information in the Control Block facilitates this
regassembly process. For a file divided into a set of j Structured Append symbols, the segment index field in
each symbol's Control Block contains-a.value between 0 and j - 1, corresponding to the relative position of that
symbol's content within the distributedrepresentation.

THe segment index field is twa codewords in length and is encoded using Numeric Compaction mode jps defined
in5.4.4. The segment index value shall be padded with leading zeros to five digits before Numeric Compaction
shill be applied, and the(switch to Numeric Compaction shall not require an explicit mode latch (codeyord 902).
THe largest allowed valge in the segment index field is 99 998. Thus, up to 99 999 Structured Append symbols
may comprise the distributed representation of a data file.

NQTE Thistranslates to a capacity of nearly 14 million bytes of data in Byte Compaction mode, off 24 million
chpracters in{Text Compaction mode, or over 35 million characters in Numeric Compaction mode.

H12.2File ID field

For each related Structured Append symbol, the file ID field contains the same value. This ensures that all re-
assembled symbol data belongs to the same distributed file representation. The file ID is a variable length field
which begins with the first codeword following the segment index and extends to the start of the optional fields (if
present) or to the end of the Control Block (if not).

Each codeword in the file ID can have a value between 0 and 899, effectively making the file ID a series of base
900 numbers. Each codeword of the series is transmitted as the 3-digit ASCII representation of its decimal value.

NOTE The effectiveness of the file identification scheme is influenced by both the length of the file ID field and the
suitability of the algorithm used to generate its value.
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H.2.3 Optional fields

Optional fields may follow the file ID. Each optional field begins with a specific tag sequence and extends until
the start of the next optional field (if present) or the end of the Control Block (if not). The tag sequence consists
of codeword 923 followed by a single codeword field designator. In each optional field, data following the tag
sequence has a field-specific interpretation. Empty optional fields shall not be used. Table H.1 shows the
correspondence between currently defined field designators and optional field contents. Each optional field
begins with an implied reset to the compaction mode shown in the table and with an implied reset to ECI 000002
(or GLI 0 for encoders complying with early PDF417 standards). ECI escape sequences and mode latches and
shifts may be used, but only in the optional fields initially in Text Compaction mode.

These fielfls shall always represent global file attributes and so need not be present in the Control Block of.\mare
than one $tructured Append symbol within the distributed file representation, with the exception of the segment
count field, as described below. The segment which contains these fields is defined by the specificlencoder
implementation. If a particular field is to appear in more than one segment, it shall appear identically in evéry
segment. [There is no required order for the optional fields.

Table H.1 — Structured Append optional field designators

Fjeld Byte value Initial compaction Fpeed Total
. - Contents P compaction| number of
designator | transmitted mode
mode codewords

0 48 File Name Text Compaction N Variable
1 49 Segment Count Numeric Compaction Y 4
2 50 Time Stamp Numeric:Compaction Y 6
3 51 Sender Text Compaction N Variable
4 52 Addressee Text Compaction N Variable
5 53 File Size Numeric Compaction Y Variable
6 54 Checksum Numeric Compaction Y 4

NOTE 1 A Y'in the ‘Fixed Compaction Mode' column means that no ECls and no compaction mode latches and shffts
are alloweq in that field.

NOTE 2 | The totals shown in the last column include the two-codeword tag sequence.
As shown(in Table H.1, all optional fields use standard MicroPDF417 high-level encoding. At the beginning| of

each field | the“default mode in effect shall be defined by Table H.1, regardless of mode shifts and latches earlier
in the sympol.

Specific construction of optional fields shall be as follows:

+ The segment count field (identifying the total number of Structured Append symbols in the distributed
file) can contain values from 1 to 99 999 and shall be encoded as two codewords. If the optional
segment count field is used, that field shall appear in every segment.

+ The time stamp field shall be interpreted in Numeric Compaction mode. It indicates the time stamp on
the source file expressed as the elapsed time in seconds since 1970:01:01:00:00:00 GMT (i.e. 00:00:00
GMT on 1 January 1970). Using this format, four codewords can encode any date over the next two
hundred centuries.
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» The file size field contains the size in bytes of the entire source file.

* The checksum field contains the value of the 16-bit (2 bytes) CRC checksum using the
polynomial x'® + x'? + x* + 1 computed over the entire source file.

NOTE 1 The file size and checksum shall be calculated from the original source file, prior to the addition
escape sequences for Extended Channel Interpretation encoding. This implies that, if the receiver is to

CCITT-16

of any ECI
verify the

checksum after reception, the original source file must be reconstructed verbatim. This requires, for the purposes of this

optional checksum verification only, that no user-selectable or optional transformations of the byte stream be
even if these would normally be done in ECI decode processing.

N e-CRGC—is—used; Hatio
printer, based on the capabilities of the printer.

performed,

r, or in the

Fi¢ld designator values greater than 6 are not currently defined. However, MicroPDF417 decoding pquipment
shill decode and transmit any optional fields encountered with a field designator of 7 to 9 (byte 55 to p7) or A to
Z {byte 65 to 90) by treating the field's data as being initially in Text Compaction mode and béing variable length.

H{2.4 Structured Append terminator

THe Control Block in the symbol representing the last segment of a Structdred Append file contains

a special

marker, consisting of the codeword 922 at the end of the Control Block:")The Control Block for every other

symbol shall end after any optional fields with no special terminator.

H{3 High level encoding considerations

While Structured Append provides a mechanism for logically associating a set of symbols, it is important to
realise that, with respect to MicroPDF417 high-level encoding, each symbol shall remain a distinct enfity. Thus,

the scope of a mode switch shall be confined to the symbol in which it occurs. Each symbol shall impl
in the Byte Compaction mode (see 5.4.3).

THe two mandatory fields are encoded as follows: the segment index is encoded in Numeric Compad
and the file ID field is encoded as a sequence of base 900 numbers.

citly begin

tion mode

In the context of a Control Block optional field, the compaction modes indicated in Table H.1 shall supgrsede the
mode currently set by the mode.identifier codewords within the data codeword region of the symbol. [The scope
of the current ECI(s), however skips over the Structured Append Control Block to the start of the next [Structured

Apgpend symbol. Each Structured Append Control Block field begins with an implied reset to ECI 0000
0 for encoders complying with the early PDF417 standards). It shall also be possible to set a different
an optional Text Compattion mode Structured Append Control Block field, for example, to represent

02 (or GLI
ECI within
properly a

Greek addressee's_.hame. The ECI escape sequence may be placed in any permitted position (see $.5.3) after

the¢ tag codeword,(923).

H|4 Encodation example

A Structured Append series encodes a total of 400 bytes of user defined data in four MicroPDF41
(or file segments). Other 'header’ data to be encoded are:

*  File ID = 17base 900 53base 900
* Segment count to be used
* Sender: CEN BE

* Addressee: ISO CH

NOTE The segment count, sender and addressee are three optional fields selected by the user.
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On the assumption that the encoder places optional fields in the first symbol, the encodation of the Structured
Append Control Block would be as follows for that symbol.

[last data codeword] [928]4 [111] [100]g [017] [053]c [923] [001]p

[111] [104]e [923] [003]¢ [064] [416] [034]c [923] [004] [258] [446] [067],

[first error correcting codeword]...

The last symbol of four would have the following Structured Append Control Block:

[

where: A

B

C

D

H.5 Structured Append and the Extended Channel Interpretation protocol

gst data codeword] [928]x [111] [103]s [017] [053]c

[9R3] [001]p [111] [104]e [922], [first error correcting codeword]

Structured Append Marker Codeword

File Segment ID

File segments are numbered from 0 to j - 1, and are encoded using*Numeric Compaction
1st Segment = 00000 = codewords 111, 100

4th Segment = 00003 = codewords 111, 103

File ID to base 900

Tag for segment count field
Segment count

Tag for sender field

Sender field encoding CEN BE
Tag for addressee field
Addressee field encoding ISO CH

Structured Append Terminator

The symbplogysindependent Extended Channel Interpretation (ECI) protocol was developed after PDF417 was

specified
basis of the

as-a'‘symbology. PDF417 supported |ts own Global Label Identlfler (GLI) system, the precursor and

‘GLI' implementations have to be taken |nto account There are two dlfferent condltlons which need to be taken

into account:

+ GLI 0 and 1 which were the only interpretations specified in the original AIM USA (1994) and AIM
Europe (1994) PDF417 specifications. These are equivalent to ECI 000000 and ECI 000001. The
precise rules for Structured Append are defined in Annex H.5.1

»  All other ECI assignments, whose usage with Structured Append is defined in Annex H.5.2

82
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.5.1 Structured Append with ECI 000000 and 000001 (GLI 0 and 1)

As GLIs were intrinsically part of the original AIM USA (1994) and AIM Europe (1994) PDF417 specifications, it
logical to have a GLI encoder and Structured Append encoder combined in one unit. These specifications
called for an implied ‘reset-to-GLI Q' logic at the beginning of the second and subsequent Structured Append
symbols, thus every symbol is expected to start at the default interpretation. For GLI 0 and 1 (equivalent to ECI
000000 and 000001), this has no inherent effect on the encodation. However for some complex ECls, the reset-

is

to

-GLI 0 logic is difficult to implement in a symbology-independent manner.

Encodlng software compllant W|th the def|n|t|ons of Macro PDF417 and GLI 0 and 1 |n the original AIM USA

toq
sY|

Al
Sy

H

Ar
SY|
of
en
re

St
su

N(
Cq

en
En

H

TH

interpretative ECls. The symbology-independent ECI protocol is defined below; the original PDF417

de
it i

TH
CO

p are pre-existing applications of user defined GLIs (now called ECls) because by definition the-don
stem is constrained.

ECls numbered 000002 or higher shall not be defined with the reset-to-GLI 0 logic. Thérefore, Mio
mbols shall not mix ECI 000000 and 000001 with any higher numbered ECI (except in.closed systen

5.2 Structured Append and other ECls

ECI encoder could be symbology independent and create a byte ,stream as input to a Mig
mbology encoder. The ECI encoder should behave as if there is a single-data stream, irrespective
the file. Thus, an ECI once invoked would persist across segments until another ECI or the
coded data. This is essential if, for example, the ECI assignment represents an encryption sche
urning to GLI 0 would not be appropriate.

bsequent Structured Append symbols.

TE There may need to be some iteration to proaduce a logical end-of-symbol encodation, for examp
mpaction mode shall not straddle two segments, buttwo separate Numeric Compaction blocks can be enc
d of one symbol and at the beginning of the next.\ These conditions are related to Structured Append and
coding (see Annex H.3) and not Structured Append and ECls.

6 Structured Append data'transmission

e transmission of Structured Append Control Block information shall be treated in a similar manne

fined in Annex M. Althiough the Structured Append Control Block is encoded at the end of the sym
5 transmitted before the symbol's data when using the ECI protocol.

ree codewords (922, 923 and 928) signal the encodation of a Structured Append Control Block of
hstituent parts: Decoding is as follows:

1. [fthe Structured Append marker codeword (928) begins the sequence:

ations. So

hain of the

roPDF417
ns).

roPDF417
of the size
bnd of the
me, where

ructured Append encoders compliant with this standard need hot encode the prevailing ECI at the bgginning of

e: Numeric
bded at the
High Level

I to that of
protocol is
bol's data,

one of its

a. Codeword 928 is transmitted as the escape sequence 92, 77, 73, which represents

\MI' in the

©l

detault interpretation.

b. The next two codewords identify the segment index. These are encoded in Numeric

Compaction mode and decode as a 5-digit number in the range 00000 to 99998.

c. The next codewords encode the file ID field, which shall be the same for all related

Structured

Append symbols. The end point of the file ID field is either codeword 922, codeword 923, or the
end of the encoded data in the symbol. Each codeword is converted to a 3-digit number in the

range 000 to 899 (i.e. the codeword number) and transmitted as three byte values (in

the range

decimal 48 to 57) following the escape header: 92, 77, 70, which represents \MF' in the default

interpretation.
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2. If the Structured Append sequence tag codeword (923) begins the sequence:

a. Codeword 923 is transmitted as the escape sequence 92, 77, 79, which represents ‘MO’ in the
default interpretation.

b. The next codeword represents one of the optional field designators in Table H.1 transmitted as
a single byte representing the ASCII value of the designator.

c. The next codewords carry the data content of the optional field designator. The end point of the
optional field is either codeword 922, codeword 923, or the end of the encoded data in the
byIIIIUUi. Ti 1T iIItUI VUII;I L) L;UUIUVVUIUID bi |uu=u' iJG bUIIVUI_tGUI abbuldilly tU t: 1Ic UIUL:UL:U IU:UD Uf jne
relevant compaction mode defined in Table H.1. The resultant data may be variable length:

3. If|the Structured Append Terminator (codeword 922) is identified, the escape sequence-92/77, 90,
which represents \MZ' in the default interpretation, shall be transmitted.

4. At|the end of the Structured Append Control Block, as defined by the end of encoded‘data in the symHQol,
the escape sequence 92, 77, 89, which represents \MY" in the default interpretation, shall be transmitted.

NOTE This escape sequence is not explicitly encoded in the symbol.
All the Stjuctured Append Control Block fields for a symbol (segment) shall be transmitted as a single blqck
starting with \MI... and ending with \MY. The transmission of the Structured, Append Control Block shall precede
the transnpission of the remainder of the encoded file segment, even though it is encoded at the end of the
symbol.

EXAMPLE:

The Structured Append Control Header of the first symbol, Segment Index = 0, with a File ID (100, 200, 300)
would|be encoded in the symbol as the codeword sequence:

[928] [111] [100].[100] [200] [300]

It would be transmitted as:

Data transmission (byte):

92,77,73,48, 48, 48, 48,148, 92, 77, 70, 49, 48, 48, 50, 48, 48, 51, 48, 48, 92, 77, 89
ABCIlI interpretation:

\MIOO000\MF400200300\MY

As the Structured Appénd symbols are scanned, the de-packetising function reconstructs the original messax:,

bearing in|mind thatthe symbols may be scanned out of sequence. If the system is operating in buffered mo
the de-pagketising function is in the decoder; if operating in unbuffered mode it is in the receiving system.

Decoders ‘shotiid pIUV;dU a dcuudcl-apcuiﬁu reans vvhclcby the pluucacillg ofa givcll Stroctured Appclld fite'ID
may be aborted, thus allowing the decoder to begin processing a new File ID. This is necessary to prevent a
deadlock condition should one or more symbols of a given File ID be missing or undecodable.

H.6.1 Operating in buffered mode

In buffered mode, de-packetising shall be performed in the decoder/reader. Depending on the equipment
configuration it will either:

» send the reconstructed data with no Structured Append Control Block.

or
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+ send one Structured Append Control Block (which itself may have been reconstructed to

include all

optional fields included in any symbols) to precede the entire encoded message. The resulting
Structured Append Control Block shall have its Structured Append Index field set to 0 and shall include
the Structured Append end-of-file field (in effect, to mark the entire reconstructed message as the first

and only Structured Append segment of the pseudo-series).

6.2 Operating in unbuffered mode

In unbuffered mode, de-packetising shall be performed in the receiving system. Each transmitted Structured
Append Control block shall represent all of the required and optional fields actually encoded in the symbol.

W
to
St
Fil

different File ID or no File ID (e.g. a single symbol not part of a Structured Append set)‘shall be de]

de
Tq

op
Cq

H
Be

E(
se

TH

hen configured in unbuffered mode, a decoder may optionally be configured not to require successiv
be of the same File ID. This procedure would only be appropriate if the decoder is configured.-to tr
ructured Append Control Block to the receiving system, and this receiving system is designed to n
e ID portion of the Control Block to determine when the entire file has been processed. Symb

termined by the receiving system.

facilitate checking that all symbols in a Structured Append set are received\in”an unbuffered opg
tional Segment Count field should be used whenever possible as part. of the encoded Structurs
ntrol Block.

6.3 Reset-to-GLI 0 transmissions

cause the 1994 USS for PDF417 defined GLI 0 and GLI-4 to have rules slightly different from th
[ls, a reader compliant with this International Standard>must, in two situations, transmit ext
quences when transmitting symbols containing explicit GLI 1 invocations:

1. The decoder shall transmit either a GLI .O~escape sequence or an ECI 000000 escape
(depending upon which transmission protocol it is programmed to use) after transmitting the g
Structured Append symbol whose data ends in a GLI 1 (ECI 000001) interpretation.

2. The decoder shall transmit a GLI1 (ECI 000001) at the start of each variable length op
encoded in Text Compaction"mode in the Structured Append Control Block, if the data preg
field ends in a GLI 1 (ECI .000001) interpretation.

is requirement applies whether operating in buffered or unbuffered mode, and whether the (
bgrammed to transmit using/either the ECI protocol, or the original PDF417 transmission protocol.
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Annex |
(normative)

Testing MicroPDF417 symbol quality

I 1 ov "\Iiﬂ\l' I\‘ mﬂ*hf\f‘ll\l’\ﬂ\l
. rvICYWUT THICTITOGUTUgY

As specified in 5.14.4, the quality of MicroPDF417 symbols is evaluated according to the methodology defined

in ISO/IEC 15415 for the assessment of multi-row symbologies with cross-row scanning ability.

[

In summafy, MicroPDF417 symbols are graded in respect of the following:
— Analysis of the scan reflectance profile applied to the Row Address Patterns only (see 1.2).

— Codepword Yield, applied to the data and error correction codewords only, which'measures the efficier|cy
with which linear scans can recover data from the symbol. The Codeword Yield is the number of validly
decodled codewords expressed as a percentage of the maximum number. of codewords that could hgve
been|decoded, i.e. the number of data columns in the symbol multiplied by the number of "qualifigd"
scang (after adjusting for tilt).

— Unusgd Error Correction, applied to the data and error correction codewords only, which expresses the
numbler of errors and erasures as a function of the error correction capacity of the symbol .

— Codeword print quality, applied to the data and error correction codewords only, which enables the
Decoflability, Defects and Modulation parameters. af,scan reflectance profiles covering the entire data
regiop of the symbol to be graded; these grades' are then modified to allow for the effect of erfor
corregtion in masking less than perfect attributes_of the symbol that influence symbol quality.

— The Pecode parameter tests, on a Pass/Fail basis, whether the symbol has all its features sufficierft
corre¢t to be readable using the reference’decode algorithm in Annex J.

y

The overall symbol grade shall be the fowest of each of the above grades.

.2 Tedt scans for scan‘reflectance profile

Ten targef test scan lings”are first selected evenly spaced across the symbol. For instance for a five rpw
symbol, two target test’scan lines will be assigned to each row.

The analysis of,the signal representing a MicroPDF417 Row Address Pattern (see 5.2.5) shall mgke
allowance| for the fact that, in the vicinity of the one module within each Row Address Pattern that differs from
the row alpove, or in the vicinity of the module that differs from the row below, signal crosstalk may be presgnt
from the Row Address Pattern either above or below the one nominally being scanned. Note that, if the
effective optical aperture of the verifying equipment is appropriate for the X- and Y-dimensions of the symbol,
significant crosstalk from both adjacent rows will not occur on the same measurement scan line. Thus, a
single poor measurement (such as unusually low decodability, compared with the rest of the Row Address
Pattern), if at either of the two possible crosstalk locations within a given Row Address Pattern, shall be
discarded when computing the grade for that scan.

Each target test scan line to be evaluated shall contain at least two Row Address Patterns (and may contain
three, if a Center Row Address Pattern is present); if such scans cannot be obtained, then the symbol shall
receive a grade of 0 on this measure. Each of these Row Address Patterns provides 5 E-distances that can
be measured (except that the outermost E-distance of the Left Row Address Pattern shall not be used for
measurement purposes). For any specific Row Address Pattern to be measured, two subsets of these E-
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distances shall be enumerated. One subset excludes the one or two of the E-distances that could be distorted
by the Row Address Pattern above the one being assessed, and the other subset excludes the E-distances
that could be distorted by the Row Address Pattern below the one being assessed. For each Row Address
Pattern measurement, the subset yielding the better grade shall be used.

Because of the possibility of a scan line crossing the corner of a RAP edge at the point where it differs from
the adjacent RAP, possibly creating an extraneous transition through the global threshold and resulting in an
incorrect number of elements being detected, the verifier shall ignore RAP defects at either of the predicted
adjacent RAP edge changes. This requires that the codeword adjacent to the RAP must be decoded so that
the two RAP edge changes can be predicted. If the scan line decodes neither the RAP nor its adjacent

e 8 be—+ - i i he v RAP edge
ange, the target test scan line shall be graded 0 and that target test scan shall be considered|complete.
Once all of the target test scan lines have been assigned a grade, the grading of the scan reflectancg profile is
complete. However, if the RAP and adjacent codeword of one or more target scan lines_are nevef decoded
affer overscanning according to the codeword yield criteria in ISO/IEC 15415, these partictlar targef test scan
line(s) shall be graded 0.

acae-datantad a RAPD tho ac—ai-o ha

cogewore—tme—Seahr—Sn & D10 OTea Rere—1S—G8 ad v o at—wWa Ot8
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Annex J
(normative)

Reference decode algorithm for MicroPDF417

This Annex describes the reference decode algorithm used in the computation of decodability when assessing

the symb

| quality using the method described in ISO/IEC 15415.

When asg
shall be d
Pattern, b|
more rows
Address R
(e) measy

The Micro|

Phases 1
different r|
decode al
completeg
expense g

Many sta
specify ho
prevent d
scanning
scan resu
be discarq
both Phas

J.1 Pha

A sufficier
establish
rotation D

ijling the matrix

essing symbol quality through the use of this reference decode algorithm, a MicroPDF417-sym
ecoded in a series of scan lines running across the symbol that cross at least one Row)Addrg
Ut not necessarily row by row. It is possible to decode the symbol if the scan line crésses two
by using the cluster number. The decoding of symbol character bar-space sequeneésy/for the R
atterns as well as the PDF417 symbol characters, shall be achieved by using edge«to similar ed
rements.

PDF417 symbol shall be decoded in three phases:

tialization - to establish the symbol matrix.

terpretation.
and 2 both perform line-by-line decoding using the reférence line-decode algorithm, but with sligh
bquirements (as described in J.1 and J.2). The first two phases also differ in that this referen
jorithm does not require that any decoded codewords be stored in the matrix until phase 1 has be|
f additional algorithmic complexity).

rizontal separator bars between the stacked rows, and thus do not provide a physical mechanism
stortions and errors in the scan data near row boundaries. Practical implementations of line

readers of stacked 2D symbologies will include some method of "voting," or counting of success

ed in favour of the results’of a single misdecoded scan. Voting algorithms are applicable duri
e 1 and Phase 2 of the MicroPDF417 decode algorithm.
se 1: Initjalization

t numberof line decodes (see J.4 below) shall be performed at the start of the decode process
he MicroPDF417 symbol’s “family”, that is, the number of columns ¢ of the symbol, and the R

bol

tly
ce
en

(although commercial implementations may choose to store the decoded results of phase 1, at the

cked-linear symbologies (such as PDF417, MicroPDF417, and Stacked Channel Code) do not

to
ar-
ful

ts, to ensure that many correctly-decoded scans of a given codeword or area of the symbol will mot

ng

to
\P

of’its'Row Address Patterns. This is accomplished by collecting scans until either:

a) atleast three more rows have been identified from the same family than have been identified from any

ot

her single family, or

b) at least three different rows from one family have been scanned and the number of successful scans
from that family outnumbers the total number of successful scans from all other families.

In the absence of misdecodes, both of these criteria will be met as soon as three different rows of the symbol
have been successfully decoded. During this phase, each useable scan line must contain at least two valid
Row Address Patterns, in order to establish D. For each such scan to be considered useable, at least one
valid PDF417 symbol character must be adjacent to at least one of these patterns; furthermore, the values of
these two address patterns, and the cluster number(s) of the intervening symbol character(s), must be
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consistent with each other. If during Phase 1, successful candidates are found from the same family, but
indicate rows that are inconsistent with a single symbol version of that family, then these are counted
separately (but any row shared by two versions increments the count for both versions). Phase 1 concludes
as soon as the counts for one of these versions (including its shared rows) meet either of the above criteria,
compared to any other families decoded.

If a valid center Row Address Pattern was detected as one of the decoded patterns, then the specific
combination of decoded Row Address Patterns is sufficient to determine that the scan crossed the left and/or
right halves of a three- or four-column symbol rather than a one- or two-column symbol (by checking for a
valid pairing of patterns within Table 12). When both a left and a right Row Address Pattern were decoded,

- e—relatt yst i W re—te ight patterns
ing Specifically, the distance between the patterns will (before\@llowing for
pdssible acceleration of the scanning beam) be either equal to the width of a symbol character (for a one-
column symbol), two symbol characters (for a two-column symbol), 3.6 symbol characters_(for-a three-column
symbol), or 4.6 symbol characters (for a four-column symbol).

b raS—GeCotet e atve—pPnrysStcar—aisStantce—oe e

An individual scan that contains a center and right Row Address Pattern, but that contains neither p left Row
Address Pattern nor a decodable PDF417 character in the first column position,(ceuld correspond fo either a
thtee or a four-column symbol. If after several scans a left Row Address Pattefn has yet to be de¢oded, but
the¢ requirements of Phase 1 have otherwise been met, the decoder shall'proceed to Phase 2,|using the
procedures described below, and begin storing decoded codewords under-the assumption of a fdur-column
symbol (i.e., ¢ = 4). The determination whether ¢ = 3 or 4 will be madeiduring Phase 2.

After the RAP rotation D and the number of columns ¢ have\thus been determined, a matrix shall be
established which has a number of columns equal to the dumber of data columns of the synjbol being
decoded, and which has 52 rows (so that codewords can be. placed in the matrix based upon thefir address
pattern numbers, even before the actual row numbering. for the symbol version being scanned |has been
determined).

J.2 Phase 2: Filling the matrix

THe following procedure shall be used to\fill the matrix of 52 rows by 1, 2, 3, or 4 columns established in the
inifialization phase. During this phase, after each scan line has been processed (see J.4)] decoded
codewords are placed into this matrix.at a matrix row address (addresses defined such that the firstfrow of the
matrix is row 1, not row 0) equal to the symbol’s left Row Address Pattern number (which, using Tahles 10a to
10c, may be calculated from/the'decoded data of that scan, even if the left Row Address Patterh was not
actually decoded). During this second phase, it is possible to utilize scans that contain only|one RAP
(ekception: 2 RAPs may still ' be needed, if the 3- vs 4-column decision is still pending, because if junder this
condition a new scan were to contain only a left RAP and the single data codeword next to it, then the decoder
wauld not know whether to place that codeword in the first or the second column of the matrix).

1. Initidlize multiple erasure count variables v; each equal to r; x ¢, where each r; correspagnds to the
number of rows of one of the defined MicroPDF417 versions from the family determined in Phase
1 (i.e., with exactly ¢ data columns and the RAP rotation D).

; he matrix,
following the procedures of J.4

3. Valid decode results are placed in the row of the matrix determined by the Row Address Pattern
numbers and the cluster values. As an example of a voting mechanism that can be used in this
phase, an up-down counter, initially set to zero, is associated with each matrix position. When a
codeword is decoded for a matrix position whose count is zero, the codeword is stored at that
position and the count is incremented by one. When a codeword is decoded for a position with a
non-zero count, the count is incremented if the new codeword matches the stored codeword,
otherwise the count is decremented.
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EXAMPLE

If row crossing occurs, the cluster number shall be used to interpolate the correct Row Address

Pattern number for each individual valid codeword.

A left-to-right scan of a 4-column by 44-row symbol is shown below; the scan entered the symbol on the
boundary between left Row Address Patterns 21 and 22. The left Row Address Pattern was decoded as 22. Although
there are 4 columns in the matrix, this scan line has only three decodable codewords because it did not remain entirely in
the one row for the full scan; however, the position of the missing codeword is known from element timings. The clusters
of the symbol characters were decoded as follows: 6, 6, unknown, 3.

S

en

WS

RAR,, | Cluster,C.W. | Cluster,C.W. | RAP,, | Cluster,C.W. | Cluster, C.W. | RAP, (Row 19)
RAR,, | Cluster, CW. | Cluster, CW. | RAP,, | Cluster, C.W. | Clustor Cllm=t=Rrm=T" (Row 20)
© —
RAR,, | Cluster, C\\ Glester=C V. | RAP, | Cluster, CW. | Cluster, C.W. | RAP,, (Rowy21)
RAR,, | Cluster,C.W. | Cluster,CW. | RAP, | Cluster,C.W. | Cluster, CW. | RAP,, (Row 22)
RAR,, | Cluster,C.W. | Cluster,C.W. | RAP,, | Cluster, C.W. | Cluster,C.W. | RAP,g (Row 23)
Figure J.1 — Schematic showing a scan line crossing rows
Using matr|x notation of (row, column), where row = left Row Address Pattern number(from 1 to 52) and where column
numbered from 1 to 4, the codewords are filled in the positions:
(21, 1), (21}2), (unknown), (20, 4).
NOTE Because its cluster number was 6, rather than 0, the first<€odeword was placed at matrix address 21, eV
though the |left row address was decoded as 22.

4| As the matrix is being filled, one or more af the erasure counts v; shall be reduced by one for eg
valid codeword placed in a row that“is a member of one or more of the versions of t
MicroPDF417 family.

5] If Phase 2 was entered without having decoded any left Row Address Patterns (i.e. assuming
four-column symbol), then-once three or more left Row Address Patterns have been decoded ir
position that indicates, a-three-column symbol, the decoder shall decrement the erasure counts
accordingly, and reloeate the codewords of the last three columns of the matrix to its first thr
columns.

6| Error recovery may be attempted as soon as the number of unknown codewords (for any of the

erasure counts v;) satisfies the equations in 5.7.2 of the MicroPDF417 specification (with v;=v ¥

and = 0). If at this point it is still true that fewer than three left Row Address Patterns were e

seen (i.e., the matrix was filled by assuming a four-column symbol), then the decoder shall adj

codewords shall be collected.

For more details on error detection and correction see Annex K.

J.3 Phase 3: Interpretation

he-—o S a orresbond hree aala mbo e hree—data

codewords were placed in the first column of the matrix. If error recovery fails, then more

Beginning from an initial state of the Byte Compaction mode 901, the data codewords shall be interpreted
according to the compaction mode that resulted from initialization, as modified by any other compaction mode
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switches. If the first codeword is less than 900, then it shall be interpreted as if it were a three-codeword
sequence representing a Transformation ECI whose number is (000900 + d,, . 4).

J.4 Reference line-decode algorithm

The requirements for successful processing of a scan line differ slightly, depending upon whether the
decoding process is in its first or its second phase; these requirements were defined in the phase 1 and 2
descriptions. During either phase, every scan shall contain one or more symbol characters in the data region,
and at least one of these data region characters shall be adjacent to a left or right Row Addreds Pattern.
Dyring either phase, a decodable scan line may cross more than one row. The algorithm™coptains the
following steps to decode the line:

1. Find a candidate pairing of a Left or Right Row Address Pattern adjaceni.to a PDF417 symbol
character. A potential candidate consists of a sequence of 14 bars and spaces (starting with either a
bar or a space) where either the first 6 elements have a nominal 10 : 17 ‘ratio compared to the next 8,
or the first 8 elements have a nominal 17 : 10 ratio compared to the’next 6. To confirm a valid
candidate, decode the selected 6 elements as a Row Address Pattern (using the steps of J.#4.1 below),
and decode the selected 8 elements as a PDF417 symbol character (using the steps of J.4.2 below).
Assume a forward scan if the candidate string begins with a bar, and a reverse scan if it begins with a
space; confirm this assumption using the fact that the first bar of a MicroPDF417 symbol Will always
be 2X or greater on a forward scan, but will be 1X on_a reverse scan (if misinterpreted as|a forward
scan). Confirm the presence of the Address Pattern!s adjacent quiet zone, and for a right pattern, the
single-module stop bar as well (by taking an extra edge-to-edge measurement, which must|normalize
as 1 module larger than the rightmost space of the right RAP). Use the information in Tables 10a to
10c to reject scans containing inconsistent Row~Address Pattern numbers.

2. In processing the entire scan line, more than one valid candidate pattern/character pairirlg may be
found, possibly at overlapping locations. For each candidate (i.e., for each Row Addre$s Pattern
adjacent to a PDF417 symbol character) found using the procedures of step 1 above:

a) During Phase 1,‘'when the number of columns is unknown, attempt to decode in pdrallel both
an additional’symbol character and a second Row Address Pattern at every valjd starting
position (relative to the address pattern/data codeword pair found in step 1 aboye), until a
second Row Address Pattern, consistent with the results of step 1, is confirmed. If ho second
Row Address Pattern was found during this Phase 1 processing, discard the candidate. If the
paif-of Row Address Patterns included a center Row Address Pattern, then attempt|to decode
the additional symbol character(s), and the remaining Row Address Pattern, of the gymbol.

b) During Phase 2, when the number of columns is known, attempt to decode|as many
additional symbol characters as is appropriate for the number of data columns in the matrix;
also, attempt to decode the remaining Row Address Pattern(s) at the appropriate |ocation(s)
for this number of data columns.

c) In performing either a) or b), use the scan direction derived from step 1 above. Decode the
Row Address Pattern bar-space sequences as per Annex J.4.1; decode the symbol character
bar-space sequences as per Annex J.4.2.

d) In performing either a) or b), if two or three Row Address Patterns were found within the
candidate string, check that their pattern numbers are consistent with each other (using
Tables 10a to 10c). The decoded pattern numbers of two neighboring RAPs may each vary
by plus or minus one from those of a defined MicroPDF417 row. These numbers must be
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