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2D Code Construction - DataMatrix

The Data Matrix was invented in 1994 by International
Data Matrix, Inc. (1.D. Matrix) and NASA 1.D. Matrix was
innovator in Microscan’s 30-year lineage. In 2017
Microscan became part of Omron.

. 4 Physical Components
. Solid border
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e Consists of evenly spaced “cells” (squares or dots)
e Each “cell” represents either a “0” or a “1”
e Binary — therefore “Digital” in the common tongue.

Built in error correction allows the code to be read with ~20% damage making it
the ideal symbology for DPM (Direct Part Marked) applications.

For example, in the following two images.

Error correction used is the ‘Reed-Solomon’ algorithm as explained lower down.
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Structure of DataMatrix (ECC200) Code

Specifications

Minimum size | 10 x 10 modules

Maximum size | 144 x 144 modules

Maximum data| Numeric 3116 characters
capacity Alphanumeric 2335 characters
There are two types of DataMatrix (ECC200) codes: a square [ | o "
configuration and a rectangular configuration. Older versions
of DataMatrix code include ECC000, ECC050, ECC080,
ECC100 and ECC140. ECC200 is the latest version of
DataMatrix code. Square type Rectangle type

I ECC000, ECC050, ECC080, ECC100, ECC140

These are composed of odd-numbered modules from 9 x 9 to 49 x 49 using convolution correction. Since a
slight distortion disturbs reading and adversely affects the performance of the 2D codes when the data is
large, the older versions are almost neverused.

1 Ecc200

ECC200 has upgraded error correction capacity to eliminate distortion problems that plagued the initial
DataMatrix version. It uses Reed-Solomon for error correction that restores data when part of a code is
damaged, enabling the use of a smaller size code even if there is substantial distortion. ECC200 is
internationally standardised. Generally, ECC200 is used when DataMatrix code is required.

POINT

Even

Odd

ECC140 ECC200

The difference between the older versions (ECC000, ECC050, ECC080, ECC100, ECC140) and the
new version (ECC200) is the number of modules per side. Older versions have odd-numbered
modules and the new version has even-numbered modules.
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|Alignment pattern and clock pattern

The data area of DataMatrix code is surrounded by an L-shaped frame called the alignment pattern and
dotted lines called the clock pattern as shown below. Code readers capture these patterns to determine the
position of the code with image processing. Thus, DataMatrix code can be read from any direction.

Clock pattern
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T Data module
Alignment pattern

| Module size and number of blocks

There are 24 module sizes, ranging from 10 x 10 modules to 144 x 144 modules.
(There are 6 sizes for the rectangle type.)

Module size Data module size Number of blocks
10 x 10 to 26 x 26 8x8t024 x24 1
28 x 28 to 52 x 52 14 x 14 to 24 x 24 4
64 x 64 to 104 x 104 14 x 14 t0 24 x 24 16
120 x 120 to 144 x 144 18 x 18 t0 22 x 22 36

When there are more than 24 x 24 data modules (symbol size is 26 x 26 or larger), the code is divided into
blocks that do not exceed 24 modules on a side. This structure prevents distortion of the code.

Each block

does not exceed 24 x 24
When there are more than

24 x 24 modules EpEEEEEgEEEEEEE
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| Quiet zone

This is the blank space around the 2D code. Quiet zone
This must be larger than a module. l

{
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I Error correcting code (Reed-Solomon code)

This adds code generated using the Reed-Solomon method so as to restore data without loss even if part of a
DataMatrix code is damaged.

|Arrangement of data and error correcting code

Data and error correcting codes are arranged as shown below.

For example, when creating a DataMatrix code for YSK data, the data calculated with the Reed-
Solomon method is linked with the error correcting codes and arranged as shown above to form a
DataMatrix code.

Original data Y S K i

Code 9A 54 4B 70 42 CB 67 02 _’

(hex) '
Coded data Error correcting code
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Type, Size and Data Capacity of DataMatrix Code

DataMatrix code (ECC200) has two configurations, square and rectangular, and always contains an even
number of modules.

Square type Specifications

Minimum size 10 x 10 modules

Maximum size 144 x 144 modules

Maximum data | Numeric 3116characters
capacity Alphanumeric 2335 characters
Binary 1556 characters

There are 24 module sizes ranging from 10 x 10 modules to 144 x 144 modules. When
there are more than 24 x 24 modules, the code is divided into blocks that do not exceed
24 modules on a side.

Rectangle type Specifications

Minimum size 8 x 16 modules

Maximum size 16 x 48 modules

Maximum data | Numeric 98 characters
capacity Alphanumeric 72 characters
Binary 47 characters

The following six types of patterns are available:

-8 x 18 modules (1 block)  -12 x 36 modules (2 blocks)
-8 x 32 modules (2 blocks) -16 x 36 modules (1 block)
12 x 26 modules (1 block) -16 x 48 modules (2 blocks)

DataMatrix automatically determines the error correction rate according to the module size and data

capacity. Unlike QR code, it cannot be freely specified.
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| How to determine the code size

Multiply the number of modules by the module size to determine the DataMatrix code size.
When the module size is 0.25 mm:
10 x 10 modules — 2.5 x 2.5 mm

32 x 32 modules — 8.0 x 8.0 mm
8 x 18 modules — 2.0 x 4.5 mm

I Maximum number of input characters

Square type
. Data capacity .
Code size - - - Error correction rate
Numeric Alphanumeric Binary

10 x 10 modules 6 3 1 25%

12 x 12 modules 10 6 3 25%
14 x 14 modules 16 10 6 28 to 39%
16 x 16 modules 24 16 10 2510 38%
18 x 18 modules 36 25 16 22 to 34%
20 x 20 modules 44 31 20 23 to 38%
22 x 22 modules 60 43 28 20 to 34%
24 x 24 modules 72 52 34 20 to 35%
26 x 26 modules 88 64 42 19 to 35%
32 x 32 modules 124 91 60 18 to 34%
36 x 36 modules 172 127 84 16 to 30%
40 x 40 modules 228 169 112 15 to 28%
44 x 44 modules 288 214 142 14 to0 27%
48 x 48 modules 348 259 172 14 to 27%
52 x 52 modules 408 304 202 15t0 27%
64 x 64 modules 560 418 278 14 to 27%
72 x 72 modules 736 550 366 14 to 26%
80 x 80 modules 912 682 454 15 to 28%
88 x 88 modules 1152 862 574 14 to 27%
96 x 96 modules 1392 1042 694 14 to0 27%
104 x 104 modules 1632 1222 814 15 to 28%
120 x 120 modules 2100 1573 1048 14 to 27%
132 x 132 modules 2608 1954 1302 14 to 26%
144 x 144 modules 3116 2335 1556 14 to 27%

Rectangle type
. Data capacity .
Module size - - . Error correction rate
Numeric Alphanumeric Binary

8 x 18 modules 10 6 3 25%

8 x 32 modules 20 13 8 24%
12 x 26 modules 32 22 14 23t037%
12 x 36 modules 44 31 20 2310 38%
16 x 36 modules 64 46 30 2110 38%
16 x 48 modules 98 72 47 18 to 33%

The characters in the table above are the maximum number of characters that can be entered.
However, the number of modules can increase depending on the data component (e.g. a
combination of figures and symbols or a combination of upper and lower case alphabetic

characters), even when the data contains less characters than indicated in the table above.




GS1 DataMatrix

GS1 DataMatrix is a 2D code symbol that was standardised by GS1 for distribution. It is based on the
ECC200 Standard and defines the following rules in order to differentiate from conventional DataMatrix
codes.

I Main details of GS1 DataMatrix code

Used code DataMatrix ECC200

FNC1 [FNC1] is placed at the head of the data to define it as using the standard GS1 specifications.

This is an identification code that is added at the head of the information to ensure that anyone can
understand what information is provided by the data that follows the identification code. The
application identifiers (Al) are specified in ISO/IEC 15418.

Application identifier (Al)

When displaying the next block of data after data whose amount of information varies (variable-length
Handling variable-length data), such as a quantity, insert [FNC1] as a delimiter character string after the variable-length data.
data When this [FNC1] is read by a code reader, the output is specified to be [GS] (“1Dh” in ASCII code).

* [GS]: Group separator

| Marking cell sizes recommended by GS1

GS1 recommends the following sizes for a module when printing GS1 DataMatrix code.

Recommended module size | Maximum module size Minimum module size
Label marking 0.300 mm 0.615 mm 0.254 mm
DPM (Laser marking) 0.200 mm 0.300 mm 0.100 mm
DPM (Dot pin marking) 0.300 mm 0.495 mm 0.200 mm
| GS1 DataMatrix sample
- - l L] I.
E:il _".t' Subcategory Al Data
- - l l —_—
F [ - GTIN (fixed to 14 digits) 01 04912345678904
- L]
et R Quantity (variable length) 30 100
e L —
.- . Warranty expiration date 17 120401

| Relation to GS1-128

GS1 DataMatrix code has the same data structure as that of GS1-128. Thus, it likely will be used when it is
necessary to deal with large amounts of data despite the fact that print area is limited. In addition, GS1

DataMatrix code is standardised in the medical industry in various countries and regions including the U.S.

and EU. Because codes are directly printed on steel medical instruments, such as surgical knives and

scissors, the guidelines have been established.

* Steel medical instrument: An instrument that is produced with such materials as stainless, aluminium, copper alloy, titanium, or
ceramics, and is cleaned, sterilised and reused in medical procedures and surgeries.



Structure of QR Code

QR code (Quick response code) is a matrix 2D code for high-speed reading developed by DENSO WAVE in
1994. It was standardised by the ISO/IEC 18004 and JIS X 0510 standards.

l Specifications of QR Code

The smallest element (black or white square) of the QR code is called “a module”. A QR code is composed of
position detection patterns (finder patterns), timing patterns, format information that contains error correction
level and mask numbers, data area and error correcting code (Reed-Solomon code).

Specifications
Minimum size 21 x 21 modules
Maximum size 177 x 177 modules
Numeric 7089 characters
Maximum data Alphanumeric 4296 characters
capacity Binary 2953 bytes
Kaniji 1817 characters

I Finder patterns (cut-out symbol)

The position detection patterns are arranged at three corners of the QR codes. (Micro QR has one.) The
position of the QR code is detected with the position detection patterns to allow for high-speed reading. From
any position of A, B or C, the rate of black and white modules is 1:1:3:1:1 to specify the rotation angle and
displacement of the code. It can be read from any direction, which significantly improves work efficiency.

’ — Finder pattern
(cut-out symbol)
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|Alignment pattern

The alignment pattern is used to correct the displacement of modules (dots) due to distortion. It is applied to
model 2.

Alignment pattern

| Quiet zone

This is the blank space around the 2D code symbol. Models 1 and 2 require a space of four modules and
Micro QR code requires a space of two modules.

| ~ Quiet zone

.

|Timing pattern

White and black modules are arranged in an alternating pattern to determine the coordinates of modules
within the symbol.

(1

=,

Timing pattern

| Format information

The QR code contains information related to the error correction level and mask pattern. The format
information is read first when the code is decoded.

| ]

Format information =




I Error correcting code (Reed-Solomon code)

This code is generated using the Reed-Solomon method so as to restore data without loss even if part of a QR
code is damaged. The restoration rate has four levels according to how damaged the code is.

E = E Error correction Damaged area to entire
o level code size
L 7%

15%

Damaged

M
Q 25%
H 30%

|Arrangement of data and error correcting code

Data and error correcting codes are arranged as shown below. (Sample: Version 2 of Model 2 with level M) A
mask is applied to the code to prevent the same pattern as the position detection pattern from appearing.

[] pata (D1-)

D Error correcting code (E1-)

D4

D3

D2

D1
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Type, Size and Data Capacity of QR Code

QR codes are classified into Model 1, Model 2 and Micro QR. The version indicates the size of a QR code,
and as the data capacity increases, the version becomes larger. (The actual size of the code increases as

well.)

The standard version 1 is 21 x 21 modules (Micro QR has 11 x 11 modules), and as the version increases,

4 modules (2 modules for Micro QR) are added on each side.

Model 1

Model 1 is the prototype of Model 2 and Micro QR.
Versions 1 to 14 are registered to the AIMI standard.

(=] 1A [=]
I '
[=]

Model 2

Model 2 has expanded functions and contains greater data than

Model 1. Model 2 also has an alignment pattern for better
position adjustment. Versions 1 to 40 are registered to the AIMI
standard. Version 40 can contain up to 7,089 numeric
characters in the code.

o
-

Alignment pattern

21
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Version 1

Micro QR

Micro QR has only one position detection pattern to improve the print
area efficiency. The minimum number of modules is 11 x 11, and it is

possible to print on small print spaces.
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Version 1 Version 2

Maximum data capacity

Numeric 1167 characters

Alphanumeric 707 characters

Binary 468 bytes

Kaniji 299 characters

- When a version increases, 4 modules are
added to the code in both the X and Y
directions.

Maximum data capacity

Numeric 7089 characters

Alphanumeric 4296 characters

Binary 2953 bytes

Kaniji 1817 characters

- When a version increases, 4 modules are
added to the code in both the X and Y
directions.

25
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>

25 o
Version 2

* Same for Models 1 and 2

Maximum data capacity

Numeric 35 characters

Alphanumeric 21 characters

Binary 15 bytes

Kanji 9 characters

- When a version increases, 2 modules are
added to the code in both the X and Y
directions.

11



| How to determine the QR code size

The size of the QR code is determined by the version and module size.

Determine the version (number of modules)
Select a version according to data capacity, character Determine the version
type and error correction level. See p.13 for the maximum (number of modules)

number of characters by version.

Determine the module size

Determine the module size while taking into consideration

the printer resolution and scanner performance. ] .
Determine the module size

Determine the QR code size

Multiply the number of modules by the module size to
determine the QR code size.
Add a quiet zone to calculate the required printing space.

Models 1 and 2 require a space of four modules and
Micro QR code requires a space of two modules. Determine the QR code size

Example:

When the module size is 0.25 mm, the QR code size is

5.25 x 5.25 mm for version 1 (21 x 21)
8.25 x 8.25 mm for version 4 (33 x 33)

The required space (including quiet zone) is

7.25 x 7.25 mm for version 1 (29 x 29)
10.25 x 10.25 mm for version 4 (41 x 41)



I Maximum number of characters by version

Model 2
Version Numeric Alphanumeric Binary Kanji
(number
of L M Q H L M Q H L M Q H L M Q H
modules)
1(21) 41 34 27 17 25 20 16 10 17 14 1 7 10 8 7 4
2 (25) 77 63 48 34 47 38 29 20 32 26 20 14 20 16 12 8
3(29) 127 101 77 58 77 61 47 35 53 42 32 24 32 26 20 15
4 (33) 187 149 111 82 114 90 67 50 78 62 46 34 48 38 28 21
5(37) 255 202 144 106 154 122 87 64 106 84 60 44 65 52 37 27
6 (41) 322 255 178 139 195 154 108 84 134 106 74 58 82 65 45 36
7 (45) 370 293 207 154 224 178 125 93 154 122 86 64 95 75 53 39
8 (49) 461 365 259 202 279 221 157 122 192 152 108 84 118 93 66 52
9 (53) 552 432 312 235 335 262 189 143 230 180 130 98 141 111 80 60

-
o
[$;]
S

-

652 513 364 288 395 311 221 174 271 213 | 1561 | 119 | 167 | 131 | 93 74

61) 772 604 427 331 468 366 259 200 321 251 | 177 | 137 | 198 | 155 | 109 | 85

65) 883 691 489 374 535 419 296 227 367 287 | 203 | 1585 | 226 | 177 | 125 | 96

69) 1022 796 580 427 619 483 352 259 425 331 | 241 | 177 | 262 | 204 | 149 | 109

73) 1101 871 621 468 667 528 376 283 458 362 | 258 | 194 | 282 | 223 | 159 | 120

81) 1408 1082 775 602 854 656 470 365 586 | 450 | 322 | 250 | 361 | 277 | 198 | 154

85) 1548 1212 876 674 938 734 531 408 644 504 | 364 | 280 | 397 | 310 | 224 | 173

89) 1725 1346 948 746 1046 816 574 452 718 560 | 394 | 310 | 442 | 345 | 243 | 191

93) 1903 1500 | 1063 813 1153 909 644 493 792 624 | 442 | 338 | 488 | 384 | 272 | 208

(
11 (
12 (
13 (
14 (
15(77) | 1250 | 991 | 703 | 530 | 758 | 600 | 426 | 321 | 520 | 412 | 292 | 220 | 320 | 254 | 180 | 136
16 (
17 (
18 (
19 (

(

97) | 2061 1600 | 1159 919 1249 970 702 557 858 666 | 482 | 382 | 528 | 410 | 297 | 235

21(101) | 2232 1708 | 1224 969 1352 1035 742 587 929 711 | 509 | 403 | 572 | 438 | 314 | 248

22 (105) | 2409 1872 | 1358 1056 1460 1134 823 640 1,003 | 779 | 565 | 439 | 618 | 480 | 348 | 270

Micro QR
Version (number of modules) | Error correction | Numeric | Alphanumeric | Binary Kanji
M1 (11) - 5 - - -
L 10 6 - -
M2 (13)
M 8 5 - -
L 23 14 9 6
M3 (15)
M 18 11 7 4
L 35 21 15 9
M4 (17) M 30 18 13 8
Q 21 13 9 5

The characters in the table above are the maximum number of characters that can be entered. However,
the version (number of modules) can increase depending on the data component (e.g. a combination of
figures and symbols or a combination of upper and lower case alphabetic characters), even when the

data contains less characters than indicated in the table above.




Structure of PDF417 Code

PDF417 is a two-dimensional stack-type code developed in 1989 by Symbol Technologies. It was
standardised by the ISO/IEC 15438 and JIS X 0508 standards.

Specifications
) Horizontal direction 1 to 30 per row
Dataword size - - -
Vertical direction 3 t0 90 per column
Maximum dataword capacity 925 codewords
Maximum data capacity Alphanumeric 1850 characters
Numeric 2710 characters

PDF417 can digitise alphanumeric, numeric and binary data. The maximum data size is 1850 alphanumeric
characters, 2725 numeric characters and 1108 binary data bytes.

PDF417 takes its name from
-“PDF” of Portable Data File
<“417” represents a structure of 4 bars, 4 spaces and 17modules.



PDF417 is a stack-type code with between 3 and 90 rows. It is made up of a start pattern, left row indicator,
datawords, right row indicator and stop pattern.

TTEa [

Start Left row Datawords Right row | Stop
pattern indicator (1 to 30 columns) indicator | pattern
I Quiet zone

This is the blank space around the PDF417 code. A space of at least two modules is required in each
direction around the code.

HI‘ “ -

I Start/stop pattern

These mark the start and end of the code.

! !

Start pattern Stop pattern




| Indicators

These display the parameters of each row. The content expressed with the indicators is the encoded row
number, number of rows, number of columns and error correction level.

Left row indicator Right row indicator
(Left row indicator) (Right row indicator)

I Error correction level

The PDF417 error correction level can be specified from 0 to 8 when creating a code. The number of
datawords that can be restored using the error correction level is shown below.

Error correction level 0 1 2 3 4 5 6 7 8
Total number of error 2 4 8 16 32 64 128 256 512
corrected codewords

- A minimum of two datawords can be fixed even if the error correction level is not configured.
- The recommended error correction level is between 2 and 5.

| Datawords

Datawords are the basic unit of code data, and the code is made up of 1 to 30 datawords. Each dataword is
made up of 17 modules. In addition, there are four bar spaces in each module, and datawords start with a
bar. Two alphanumeric characters are expressed with approximately one dataword, three numeric characters
are expressed with approximately one dataword, and one double-byte kanji character is expressed with

approximately two datawords.

< 1 dataword >

Module number
7 8 9 1011 12 13 14 15 16 17

| Other information

- The height must be at least three times larger than the minimum module width.
- The entire X-Y ratio for the code can be arbitrarily configured according to the number of displayed

characters and the spaces to be printed.

16



Types of PDF417 Codes

The following special codes can be used for PDF417.

| Compact PDF417

Compact PDF417 can be used where space considerations are a primary concern and symbol damage is
unlikely. The right row indicator can be omitted, and the stop pattern can be reduced to one module width bar.
A PDF417 with omitted right row indicator and reduced stop pattern is called a compact PDF417.

1 ‘T
Start .Lef‘t row Datawords Stop
pattern indicator pattern

* Note: Compact PDF417 used to be called “truncated PDF417” or “truncation mode”. In this document, it is listed as “compact PDF417”
while referring to JIS X508: 2010.

| Macro PDF417

Large data that cannot be represented with a single PDF417 can be split into multiple PDF417 codes and
represented as continuous data. The method of splitting a PDF417 for one data file into multiple codes and
encoding those codes is called “Macro PDF417”. Macro PDF417 enables reading of up to 99,999 different
PDF417 codes in an arbitrary order to express the original information accurately.
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MicroPDF417

MicroPDF417 is a two-dimensional stack-type code developed in 1992 by Symbol Technologies. It was
standardised by the ISO/IEC 24728 standard. MicroPDF417 is a PDF417 with the start and stop codes
omitted and the height of each module doubled, thereby enhancing the data density and saving space.

BRI
Number of columns 1to4

Number of rows 41044

Maximum data capacity | Alphanumeric | 250 characters

Numeric 366 characters
| Maximum number of input characters
Number of columns | Number of Data capacity Error correcting
rows Numeric | Alphanumeric Binary codes
1 8 6 3 7
14 17 12 7 7
17 26 18 10 7
1 20 32 22 13 8
24 44 30 18 8
28 55 38 22 8
8 20 14 8 8
1 35 24 14 9
14 52 36 21 9
2 17 67 46 27 10
20 82 56 33 11
23 93 64 38 13
26 105 72 43 15
6 14 10 6 12
8 26 18 10 14
10 38 26 15 16
12 49 34 20 18
15 67 46 27 21
3 20 9% 66 39 26
26 132 ) 54 32
32 167 114 68 38
38 202 138 82 44
44 237 162 97 50
4 20 14 8 8
6 32 22 13 12
8 49 34 20 14
10 67 46 27 16
12 85 58 34 18
4 15 111 76 45 21
20 155 106 63 26
26 208 142 85 32
32 261 178 106 38
38 313 214 128 44
44 366 250 150 50

- The height of the smallest module is more than double the width of the same module.
 The quiet zone in each direction around the code must be at least the size of the minimum module width.



GS1 Composite Code

GS1 composite code was developed by GS1 for small distribution products such as cosmetics,
pharmaceuticals, medical supplies, stationery and precious metals. It was standardised by the ISO/IEC
24723 standard.

This code has two layers. The bottom layer uses a one-dimensional code, which is GS1 DataBar, GS1-128 or
JAN/EAN/UPC, and the top layer uses a two-dimensional code, which is either PDF417 or MicroPDF417. The

one-dimensional and two-dimensional codes are composited on top of each other; therefore, it is called a
composite code.

There are three types of GS1 composite codes: CC-A,CC-B and CC-C.
* CC is the abbreviation of “Composite Component”.

| Example codes

I I l I 'Twwl

CC-C

I Major specifications of composite codes

Maximum number of Two-dimensional
Code type digits that can be One-dimensional code
. code
displayed
CC-A 56 MicroPDF417 GS1 DataBar, JAN/EAN/UPC, GS1-128
CC-B 338 MicroPDF417 GS1 DataBar, JAN/EAN/UPC, GS1-128
CC-C 2361 PDF417 GS1-128
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