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Binary representation
DM mENE SmmE S
0o o 00000000 00010000 040 00100000 00110000
1 oo1 00000001 17 11 021 00010001 33 21 041 00100001 49 31 061 00110001
2 2 002 00000010 18 12 022 00010010 ~ 34 22 042 00100010 50 32 062 00110010
3 3 003 00000011 19 13 023 00010011 35 23 043 00100011 51 33 063 00110011
4 4 004 00000100 20 14 024 00010100 36 24 044 00100100 52 34 064 00110100
5 5 005 00000101 21 15 025 00010101 37 25 045 00100101 53 35 065 00110101
6 6 006 00000110 22 16 026 00010110 ~ 38 26 046 00100110 54 36 066 00110110
7 7 007 00000111 23 17 027 00010111 39 27 047 00100111 55 37 067 00110111
8 8 010 00001000 24 18 030 00011000 40 28 050 00101000 56 38 070 00111000
9 9 011 00001001 25 19 031 00011001 41 29 051 00101001 57 39 071 00111001
10 A 012 00001010 26 1A 032 00011010 42 2A 052 00101010 58 3A 072 00111010
1 B 013 00001011 27 1B 033 00011011 43 2B 053 00101011 59 3B 073 00111011
12 C 014 00001100 28 1C 034 00011100 44 2C 054 00101100 60 3C 074 00111100
13 D 015 00001101 29 1D 035 00011101 45 2D 055 00101101 61 3D 075 00111101
14 E 016 00001110 30 1E 03 00011110 46 2E 056 00101110 62 3E 076 00111110
15 F 017 00001111 31 1F 037 00011111 47 2F 057 00101111 63 3F 077 00111111
DM DRSNS SEmE S

100 01000000 120 01010000 140 01100000 112 160 01110000
65 41 101 01000001 81 51 121 01010001 97 61 141 01100001 113 71 161 01110001
66 42 102 01000010 82 52 122 01010010 98 62 142 01100010 114 72 162 01110010
67 43 103 01000011 83 53 123 01010011 99 63 143 01100011 115 73 163 01110011
68 44 104 01000100 84 54 124 01010100 100 64 144 01100100 116 74 164 01110100
69 45 105 01000101 85 55 125 01010101 101 65 145 01100101 117 75 165 01110101
70 46 106 01000110 86 56 126 01010110 102 66 146 01100110 118 76 166 01110110
71 47 107 01000111 87 57 127 01010111 103 67 147 01100111 119 77 167 01110111
72 48 110 01001000 88 58 130 01011000 104 68 150 01101000 120 78 170 01111000
73 49 111 01001001 89 59 131 01011001 105 69 151 01101001 121 79 171 01111001
74 4A 112 01001010 90 5A 132 01011010 106 6A 152 01101010 122 7A 172 01111010
75 4B 113 01001011 91 5B 133 01011011 107 6B 153 01101011 123 7B 173 01111011
76 4C 114 01001100 92 5C 134 01011100 108 6C 154 01101100 124 7C 174 01111100
77 4D 115 01001101 93 5D 135 01011101 109 6D 155 01101101 125 7D 175 01111101
78 4E 116 01001110 94 5E 136 01011110 110 6E 156 01101110 126 7E 176 01111110
79 4F 117 01001111 95 5F 137 01011111 111 6F 157 01101111 127 7F 177 01111111

CEDE DD DI Cmn

128 10000000 10010000 160 10100000 176 10110000
129 81 201 10000001 145 91 221 10010001 161 A1 241 10100001 177 B1 261 10110001
130 82 202 10000010 146 92 222 10010010 162 A2 242 10100010 178 B2 262 10110010
131 83 203 10000011 147 93 223 10010011 163 A3 243 10100011 179 B3 263 10110011
132 84 204 10000100 148 94 224 10010100 164 A4 244 10100100 180 B4 264 10110100
133 85 205 10000101 149 95 225 10010101 165 A5 245 10100101 181 B5 265 10110101
134 86 206 10000110 150 96 226 10010110 166 A6 246 10100110 182 B6 266 10110110
135 87 207 10000111 151 97 227 10010111 167 A7 247 10100111 183 B7 267 10110111
136 88 210 10001000 152 98 230 10011000 168 A8 250 10101000 184 B8 270 10111000
137 89 211 10001001 153 99 231 10011001 169 A9 251 10101001 185 B9 271 10111001
138 8A 212 10001010 154 9A 232 10011010 170 AA 252 10101010 186 BA 272 10111010
139 8B 213 10001011 155 9B 233 10011011 171  AB 253 10101011 187 BB 273 10111011
140 8C 214 10001100 156 9C 234 10011100 172 AC 254 10101100 188 BC 274 10111100
141 8D 215 10001101 157 9D 235 10011101 173 AD 255 10101101 189 BD 275 10111101
142 8E 216 10001110 158 O9E 236 10011110 174 AE 256 10101110 190 BE 276 10111110
143  8F 217 10001111 159 O9F 237 10011111 175 AF 257 10101111 191 BF 277 10111111
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CEDET DEE SERE DEE

192 11000000 11010000 11100000 11110000
193 C1 301 11000001 209 D1 321 11010001 225 E1 341 11100001 241 F1 361 11110001
194 Q2 302 11000010 210 D2 322 11010010 226 E2 342 11100010 242 F2 362 11110010
195 (3 303 11000011 211 D3 323 11010011 227 E3 343 11100011 243 F3 363 11110011
19 C4 304 11000100 212 D4 324 11010100 228 E4 344 11100100 244  F4 364 11110100
197 G5 305 11000101 213 D5 325 11010101 229 E5 345 11100101 245 F5 365 11110101
198 (6 306 11000110 214 D6 326 11010110 230 E6 346 11100110 246 F6 366 11110110
199 (7 307 11000111 215 D7 327 11010111 231 E7 347 11100111 247 F7 367 11110111
200 C8 310 11001000 216 D8 330 11011000 232 E8 350 11101000 248 F8 370 11111000
201 Q9 311 11001001 217 D9 331 11011001 233 B9 351 11101001 249  F9 371 11111001
202 CA 312 11001010 218 DA 332 11011010 234 EA 352 11101010 250 FA 372 11111010
203 (B 313 11001011 219 DB 333 11011011 235 EB 353 11101011 251 FB 373 11111011
204 CC 314 11001100 220 DC 334 11011100 236 EC 354 11101100 252 FC 374 11111100
205 CD 315 11001101 221 DD 335 11011101 237 ED 355 11101101 253 FD 375 11111101
206 CE 316 11001110 222 DE 336 11011110 238 EE 356 11101110 254 FE 376 11111110
207 CF 317 11001111 223 DF 337 11011111 239 EF 357 11101111 255 FF 377 11111111

Worked example of conversion for decimal to binary:
204 (decimal) = 1x27+1x264+0x2°+0x2*+1x23+1x224+0x2"+0x2°
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A.5 Protocol used to encode ASCIl in Data Matrix ECC 200
Extracted from the standard ISO/IEC 16022

Table 2 - ASCll encodation values

Codeword

1-128
129
130-229
230
231
232
233
234
235
236
237
238
239
240
241

242-255

Data or function

ASClII data (ASCll value + 1)

Pad

2-digit data 00-99 (Numeric Value + 130)
Latch to C40 encodation

Latch to Base 256 encodation

FNC1

Structured Append

Reader Programming

Upper Shrit (shift to Extended ASCII)
05 Macro

06 Macro

Latch to ANSI X12 encodation

Latch to Text encodation

Latch to EDIFACT encodation

ECI Character

Not to be used in ASCIl encodation
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A.6  Structure of Codewords used in Data Matrix ECC 200
Extracted from the standard ISO/IEC 16022

LSB = Least significant bit
MSB = Most significant bit

Figure 6 Representation of a codeword in a symbol character for ECC 200
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A.7

Application Standard IFAH (Internation Federation for Animal Health)

By way of example, the Application Standard of the IFAH (International Federation for
Animal Health) Guideline for Application of GS1 DataMatrix on Animal Health Products is
summarized below. For full details refer to the complete guideline available from
www.ifahsec.org

« Data Structure and syntax:
- Usage characters: all characters from ASCII 128
« Syntax and structure:
GS1 DataMatrix and GS1 Application Identifiers
Application Identifiers which may be used : Als 01,02, 10,17 & 37
FNC1 Codeword 232 in 1st position (GS1 DataMatrix)
<GS> codeword 29 (as a separator character as required)

« Mandatory data requirements:
GTIN,
Batch/Lot number,
Expiration date

» Format of DataMatrix :
« The number of rows and columns is determined by the amount of data encoded and
the symbol can be square or rectangular form
+ X-dimension range of 0.19 mm to 0.38 mm (10 mils (0.254 mm) is recommended)

« Human Readable Interpretation:

All the required information (GTIN Al (01), batch number Al(10) and expiry date Al(17)) are
to be printed in human legible characters in close proximity to the GS1 DataMatrix symbol.
The recommended and minimum text character height are:

Character Height Character Height Character Height
(cm) (in) (points)

Recommended 0.2cm 0.08in 5.76 pts

Minimum 0.125cm 0.05in 3.6 pts

Marking techniques:
+ Quality requirements:
All quality checks should be according to ISO/IEC 15415
The following aperture is set for verification:

All contents copyright © GS1 2009
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Representing the

Animal Health Industry

Aperture Diameter

(in 0.001")/ Aperture Diameter X- dimension range X-dimension range
' (in mm) (in inch) (in mm)

Aperture ref N°

0.150 0.0071t0 0.013 0.180 to 0.330

0.500 0.0251 and larger 0.635 and larger

Example:
2,8/05/660 would indicate that the average of the grades of the scan reflectance profiles, or of the scan grades,

was 2,8 when these were obtained with the use of a 0,125 mm aperture (ref. no. 05) and a 660 nm light source,

incident at 45°.

« Pass grades:
- ISO/IEC 15415 Grade 1.5 (ANSI C) or better
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A.8

Use of GS1 DataMatrix for Healthcare Products

Working in close co-operation with healthcare regulators, hospitals, pharmacies and
medical suppliers, GS1 is developing standards to improve patient safety needs by using
GS1 DataMatrix to encode the following information:

- Al (01) Global Trade Item Number (GTIN)

« Al (17) Expiration Date

- Al (10) Batch Number

The GTIN is a globally unique identification number for the medical product and can be
used to meet many requirements in the healthcare supply chain including:
« Ensuring the right drug is used at the point of administration
+ Providing efficiency in product ordering and cost re-imbursement schemes
+ A globally recognized system of identification and bar coding
« A reference key for ensuring compliance to any local regulatory requirements (e.g.,
in the many countries where it is necessary for the national government to approve
a drug or medicine before it can be made available on the market (or available to
doctors to prescribe),

The expiration date and batch number are used in combination with the GTIN to provide
traceability and ensure out-of-date products are never administered. For certain medical
equipment (e.g., specialist medical devices), a GTIN and Al (21) Serial Number are being
recommended.

This is just one of the emerging uses of GS1 Standards in the healthcare sector. Other
emerging uses include the use of GS1-128 and EPCtag technology as carriers of the GS1
Application Identifier data.

For more information on the use of both GS1 DataMatrix and the recommended GS1

Application Identifiers in the healthcare sector please visit the GST Healthcare User Group
Website: http://www.gs1.org/sectors/healthcare/
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A.9 GS1 DataMatrix Questions and Answers
(Informative)

The examples that follow are intended to show the reader a method to approximate symbol
parameters such as symbol size (by module), symbol dimension and symbol data capacity.
However, these parameters depend on the characteristics of the specific data elements
used and to the specific arrangement of these data within the data string.

Detailed information on the process for minimization of symbol size may be found in ISO/
IEC 16022:2006 - Annex P, Encoding data using the minimum symbol data characters for
ECC 200.

Note: The use of “off the shelf” encoding software (conforming to ISO/IEC 16022:2006) is an
efficient way to obtain exact values for specific data content and arrangement.

Q.1: How much data can | get into a GS1 DataMatrix symbol with a 20 X 20 data region
size?

Step 1: From Table 1.2.2-1, look down column “Symbol Size” until you find the row that
contains Row 20 - Col 20

Step 2: Follow this row to the columns labeled Maximum Data Capacity to find the
maximum numeric or alphabetic data capacity.

NOTE: For GS1 DataMatrix, the first character is the Function Code 1 (FNC1) character. This
will reduce the maximum data capacity by 2 for numeric or by 1 for alphabetic encoding.
Use of subsequent FNC1 and shift characters will also decrease the maximum data content
by 2 numeric characters or 1 alphanumeric character per instance of use.

Step 3: The table shows that 44 numeric, minus 2 numeric for FNC1, for a total of 42
numeric data capacity; it shows 31 alphabetic, minus 1 alphabetic for FNC1, for a total of 30
alphabetic data capacity.

Data Region Mapping | Total Maximum Data % of codewords Max. Correctable
Matrix Codewords Capacity used for Error Codewords

Size Correction
Error/Erasure

o
o I Y CE N

1 8x8 3 5 6 3 62.5 2/0
10x10 1 10x10 5 7 10 6 58.3 3/0
12x12 1 12x12 8 10 16 10 55.6 5/7
14x14 1 14x14 12 12 24 16 50 6/9
16x16 1 16x16 18 14 36 25 43.8 7/11
18x18 1 18x18 22 18 44 31 45 9/15
20x20 1 20x20 30 20 60 43 40 10/17

Example A.9-1.1 Data Capacity
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Q.2: | want to print a GS1 DataMatrix symbol with symbol size of 18 X 18. | only have
enough space to print a symbol with total size of 5.08 mm X 5.08 mm (0.2” X 0.2"); what X
dimension will allow me to print this symbol?

Step 1:  The number of modules, per side, is the value of the symbol size plus 2 (for quiet
zones) for each dimension, so the number of modules required to print a symbol size of 18
X 18 is 20 modules X 20 modules.
Step 2: Divide the length (I) given by the number (n) of modules to obtain the module size
X)

X=1/n=5.08 mm/ 20 =0.254 mm (0.010")

Q.3: | want to print a GS1 DataMatrix symbol containing a GTIN and a 10 digit serial
number:

1.What is the smallest square symbol size that | can use?

2.How large will the symbol be if my X dimension is 0.254 mm (0.010")?

Step1: To encode GTIN + Serial Number, determine the total amount of data needed to
encode the GS1 DataMatrix symbol:

Number of
Codewords

<FNC1> 1
<Al01> 1
<GTIN> 7
<Al 21> 1
<Serial Number> 5
Total 15

Example A.9-3.1 Symbol Size Calcualtion
Step 2: Using Table 1.2.2-1 find the smallest size symbol that will support the number
codewords required. Under Total Codewords — Data, the symbol size supporting 18
codewords is the smallest symbol that will support 15 codewords. The Symbol Size column
shows that this is an 18 X 18 symbol.

The final symbol size, including quiet zones, is 20 X 20.

Symbol Size* | Data Region Mapping | Total Maximum Data % of codewords Max. Correctable
Matrix Codewords Capacity used for Error Codewords
Size Correction
mm Error/Erasure

row | col | sie 1o |
10 10 8x8 1

8x8 62.5 2/0
10x10 1 10x10 5 7 10 6 583 3/0
12x12 1 12x12 8 10 16 10 55.6 5/7
14x14 1 14x14 12 12 24 16 50 6/9
16x16 1 16x16 18 14 36 25 43.8 7/11
18x18 1 18x18 22 18 44 31 45 9/15
20x20 1 20x20 30 20 60 43 40 10/17

Example A.9-3.2 Symbol Size Calculation

All contents copyright © GS1 2009
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Step 3: Calculate the symbol dimension for x-dimension of 0.254 mm (0.010"):

The symbol dimension (D) is the total number of modules (m) times the
X-dimension.

D =20%*0.254 mm =5.08 mm (0.20")

Therefore, the final symbol size is 5.08 mm X 5.08 mm (0.20” X 0.20")

Q4: | want to print a GS1 DataMatrix symbol containing a GTIN and an 8 alphanumeric
character serial number:

1.What is the smallest square symbol size that | can use?

2.How large will the symbol be if my X dimension is 0.254 mm (0.010")?

Step1: To encode GTIN + Serial Number, determine the total number of codewords

needed to encode the GS1 DataMatrix symbol:
Number of
Codewords

<FNC1> 1 ap.lh.a . 1
(2 digit equivalent)
<Al 01> 2 digits 1
<GTIN> 14 digits 7
<Al 21> 2 digits 1
<Shift to alpha> 1 alpha 1
<Serial Number> 8
Total 19

Example A.9-4.1 Symbol Data Size Calculation
Step 2: Using Table 1.2.2-1 find the smallest size symbol that will support the number
of codewords required. Under Total Codewords — Data, the symbol size supporting 22
codewords is the smallest symbol that will support 21 codewords. The Symbol Size column
shows that this is a 20 X 20 symbol.
The final symbol size, including quiet zones, is 22 X 22.

Symbol Size* | Data Region Mapping | Total Maximum Data % of codewords Max. Correctable
Matrix Codewords Capacity used for Error Codewords
Size Correction
mm Error/Erasure

row | col | sie 1o |
10 10 8x8 1

8x8 62.5 2/0
12 12 10x10 1 10x10 5 7 10 6 583 3/0
14 14 12x12 1 12x12 8 10 16 10 55.6 5/7
16 16 14x14 1 14x14 12 12 24 16 50 6/9
18 18 16x16 1 16x16 18 14 36 25 43.8 7/11
20 20 18x18 1 18x18 22 18 44 31 45 9/15
22 22 20x20 1 20x20 30 20 60 43 40 10/17

Example A.9-4.2 Symbol Size Calculation
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Step 3: Calculate the symbol dimension for X-dimension of 0.254 mm (0.010"):

The symbol dimension (D) is the total number of modules (m) times the X
dimension.

D =22%0.254 mm =5.59 mm (0.22")

Therefore, the final symbol size is 5.59 mm X 5.59 mm (0.22" X 0.22")

Encoding Example (Informative)
In this example, we will encode data in a series of length 6, with information “123456".
«+ Step 1: Data encodation

ASClI representation of the data is:
Data Characters: ‘1" 2" ‘3" ‘4’ '5" ‘¢’
Decimal: 49 50 51 52 53 54
The ASCIl encodation converts the 6 characters into 3 bytes. This is done through the
following formula
Codeword = (numerical value of digit pairs )+ 130
So, the details of this calculation are as follows:
“12"=12+130=142
“34"=34+130=164
“56"=56+130=186
Therefore, the data stream after data encodations is:

Decimal: 142 164 186

Consulting the configuration table for Data Matrix (see the table of Data Matrix ECC 200
symbol attributes), we can see that 3 data codewords correspond to the capacity of a 10
lines x 10 columns symbol. Similarly that symbol carries 5 error correction codewords. If the
encoded codewords were smaller than the available capacity, the remaining space should
be filled with additional error correction codewords.

« Step 2: Error correction

By using the Reed-Solomon algorithm (see Annex E from Standard ISO/IEC 16022), the 5
error correction codewords give us the following total chain:

Codeword: 1 2 3 4 5 6 7 8
Decimal: 142 164 186 114 25 5 88 102
Hex: 8E A4 BA 72 19 05 58 66

On the other hand, the binary translation (see, The International Standard ISO/IEC 646 for
representation of each character (hex, decimal, octal and binary)) would be:

10001110 10100100 10111010 01110010 00011001 00000101 01011000 01100110
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« Step 3: Matrix Building

The final binary codewords are placed in the matrix as symbol characters according to the
algorithm described in Annex F from Standard ISO/IEC 16022 (F.3), where 1.1 corresponds
to the 1st bit of the first codeword, 1.2 corresponds to the 2nd bit of the first codeword, 1.3
corresponds to the 3rd bit of the first codeword etc. The final matrix would be:

21 22136 37 38|43 44 45

23 24 25|51 52|46 47 48

26 27 28|53 54 5111 1.2

15|61 BZ2|56 487 58|13 1.4

18|63 B4 BS5 |81 B82|1E 1.7

f2|BB BY BB |83 B4 B85 |71

f4 7AH131 32|88 BY 88|73

F7O78B 33 34 35|41 42|7E

This will lead to a following pattern:
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