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Introduction to Barcodes

Bar Code

A bar code is a small image of dark bars and spaces that can be found on retail store items, identification cards, .. etc.  It uses a sequence of vertical dark bars and spaces to represent numbers and other symbols, in such ways information of the item is included in the codes. Bar codes were developed to lessen the burden of manual entry as well as to reduce errors, so that both efficiency and accuracy can be increased.  A bar code reader is used to read the code.  The reader uses a laser beam that is sensitive to the reflections of lights.  The reader translates the reflected light into digital data and ready for further processing.  It can be attached to a PC or a cash register or work as a standalone input device.  There are many different barcode systems just as we have many languages in the world for communications.

Where Bar Codes are used

 Take Inventory in retail stores

Supermarket

Check out books in library

Tracking on manufacturing and shipping movement

Electric bills

Document Identification

Advantages of using Bar Code

Fast reading

Accurate recording

Input is much easier than keyboard

Detailed sales analysis can be made

Types of Bar Codes


UPC
Uniform Product Code
Retail stores for sales check out


Code 39
Code 3 of 9
Identification, inventory, and shipment checking


EAN
European Article Number
Evolved from UPC and allows more digits


JAN
Japanese Article Number
Similar to the EAN, used in Japan


ISBN
International Standard Book Number
Used on books


……


and many others

Scanners

1. Wand


This is a contact scanning device.  The wand actually touches the bar code.  It is used frequently in the library circulation desk.  It is easy to use and less expensive.

2. Laser


This is a non-contact scanning device.  The scanner head never touches the bar code.  A standard laser scanners can scan the bar codes from 2 inches to 8 inches from the item.  This type of scanner appear very often in stores.

3. CCD


This is a non-contact and contact scanning device.  You have to place the scan head over the bar code to scan.  The scanning distance is from 0 to 3 inches.  It is considered as an inexpensive laser scanner.

EAN-13 

The European Article Numbering system (EAN) was developed in Europe in 1977.  It was well received by many countries in Europe, including France, Germany, England, Italy, Holland and many others.  Today, it is commonly used by other countries for marking retail goods around the world and was accepted as a national standard.  The codes appear quite often in supermarkets and retail stores.

EAN-13 contains 13 digits.  It is grouped into four categories:


1.  Country Code
 
3 digit / 2 digit


2.   Manufacturer Code
4 digit


3.   Product Code

5 digit


4.   Check Digit

1 digit

If the country code is a 2-digit code then the manufacturer code will be 5-digit instead of 4-digit.  All countries joining the EAN-13 after 1981 will have a 3-digit country code.  A country such as France may have a range of country code.  France has country codes 30, 31, 32, 33, 34, 35 , 36 and 37.

Sample


Country Code

Australia
93

China
690

England
50

Hong Kong
489

Japan
49

Korea
880

Mexico
750

Singapore
888

Taiwan
471


Manufacturer Code

In Hong Kong, we have several manufacturers that are very popular. Their codes are:



SONY Electronic Inc.


01780

Swire Coca-Cola HK Ltd

0008

Maxwell House


0375

Kao Corporation


0363


Product Code

The product code tells you what the product is. Each manufacturer has its own product code.  For example, classic Coca-cola and Diet Coke will have different product codes.  The code for classic Coca-cola is 10030 and the code for Diet Coke is 10130.


Check Digit

Its function is to ensure the barcode scanner to read the code correctly.  The value of the check digit is calculated on a predefined formula.  After scanning all the digits, the same formula inside the scanner is applied to the scanned digits and a check digit is computed.  If the computed digit matches the scanned check digit then the barcodes are considered as a correct one.

How to calculate the check digit
Let us denote the 13 digits as following:

N1  N2  N3  N4  N5  N6  N7  N8  N9  N10  N11   N12   N13

N1---N3      
Country Code

N4---N7
Manufacturer Code

N8---N12
Product Code

N13

Check Digit

We'll calculate the check digit by the following steps:

1. EVEN
=
( N2 + N4 + N6 + N8 + N10 + N12 ) * 3

2. ODD
=
N1 + N3 + N5 + N7 + N9 + N11

3. TOTAL
=
EVEN + ODD

4. Divide TOTAL by 10 and let the remainder be  R

5. If   R  is 0  then change  R  to  10

6. N13
=
10 - R

Working Example

We use the Diet Coke code as our example.  The code for Diet Coke is

4 89000810130

EVEN
=
( 8 + 0 + 0 + 1 + 1 + 0 ) *3


=
30

ODD
=
4 + 9 + 0 + 8 + 0 + 3


=
24

TOTAL
=
30 + 24


=
54

Divide 54 by 10, we get a remainder of 4

N13
=
10 - 4


=
6

The check digit is 6

You always see the code 4890008101306 on the can of Diet Coke!

The following is a list of EAN-13 sample codes.  The last digit is the check digit.  You may verify the check digit by the above steps.

BAYGON
4891544400151

GUILINGGAO
6901702301058

STRAW MUSHROOM
6901009006809

ROBERTSONS JELLY POWDER
4898828042014

DIET COKE
4890008101306

CLASSIC COCA-COLA
4890008100309

SPRITE
4890008110308

Digit Representation in Barcode EAN-13
Each barcode digit is made of a sequence of 4 possible space widths and 4 possible bar widths.  A bar is printed in dark color and a space is not printed.  For example, a number could be represented by 3-bar, 2-space, 1-bar and 1-space.  All numbers are represented by 4 groups of pattern which is similar to the following samples.  The maximum number of bar/space in each group is four, whereas the total number of bar/space for each digit is seven.

III I
3-bar 2-space 1-bar  1-space

I III
1-bar 1-space 3-bar  2-space

I I III
1-bar 1-space 2-space 3-bar

Structure of EAN-13 Code
Each EAN code contains a Start code, a Centre code, and a Stop code.  The Start code will be interpreted by the scanner that the barcode number begins right after the Start code and the Stop code will be interpreted as the barcode number has just ended.  The Centre code separates the manufacturer code from the product code.  Check digit is the last code just before the Stop code.  These special codes are listed below:

Start
I I
1-bar 1-space 1-bar

Centre
I I
1-space 1-bar 1-space 1-bar 1-space

Stop
I I
1-bar 1-space 1-bar

<start code><country code><manufacturer code><centre code><product code>

<check digit><stop code>

Implementation

We use 0 to represent a space and a 1 to represent a bar.  For example:



1110010
would mean 3-bar 2-space 1-bar 1-space

and
0100111
would mean 1-space 1-bar 2-space 3-bar

All numbers from 0 to 9 will be represented by a combination of 0's and 1's.  Each number is represented by seven bits.  Four tables are presented below.  They will be referred during the design process.

(******* table a ******)

     a[0]:='0001101';

     a[1]:='0011001';

     a[2]:='0010011';

     a[3]:='0111101';

     a[4]:='0100011';

     a[5]:='0110001';

     a[6]:='0101111';

     a[7]:='0111011';

     a[8]:='0110111';

     a[9]:='0001011';

     (****** table b ***)

     b[0]:='0100111';

     b[1]:='0110011';

     b[2]:='0011011';

     b[3]:='0100001';

     b[4]:='0011101';

     b[5]:='0111001';

     b[6]:='0000101';

     b[7]:='0010001';

     b[8]:='0001001';

     b[9]:='0010111';

     (********* table c ***)

     c[0]:='1110010';

     c[1]:='1100110';

     c[2]:='1101100';

     c[3]:='1000010';

     c[4]:='1011100';

     c[5]:='1001110';

     c[6]:='1010000';

     c[7]:='1000100';

     c[8]:='1001000';

     c[9]:='1110100';

     (****** table r ****)

     r[0]:='aaaaaa';

     r[1]:='aababb';

     r[2]:='aabbab';

     r[3]:='aabbba';

     r[4]:='abaabb';

     r[5]:='abbaab';

     r[6]:='abbbaa';

     r[7]:='ababab';

     r[8]:='ababba';

     r[9]:='abbaba';

Table-r

Table-r is the selection table.  We use it to determine which of the table-a or table-b will be used.  For example, if we have r[5], we would use the value of r[5] which is 'abbaab'.  It means that we would select table-a followed by table-b followed by table-b followed by table-a followed by table-a and followed by table-b.

Forming Sequences of 0's and 1's
A sequence of 0's and 1's will be formed to represent a 13 digit barcode.  Using our Diet Coke as an example, the first 12 digit of Diet Coke is 489000810130.  The check digit previously calculated is 6.  We then have the complete Diet Coke number as 4890008101306.  This number will be converted into 0's and 1's according to the following steps:-

i. Identify the first digit of the 3-digit country code which is 489 as in our example.  The first digit is 4.

ii. Refer to entry 4 of Table-r, the value of r[4] is 'abaabb'.

iii. Put the value of r[4] under the 13-digit number starting from the second digit on the left.  Skip the first digit of the country code.  Put down six c's under the product code and the check digit.  Always put c's under the last six digits.  The picture is shown below:

4890008101306

 abaabbcccccc 

iv. Assign digit value according to the corresponding given tables.  We then have the following value:

A
8:
0110111

B
9:
0010111

A
0:
0001101

A
0:
0001101

B
0:
0100111

B
8:
0001001

C
1:
1100110

C
0:
1110010

C
1:
1100110

C
3:
1000010

C
0:
1110010

C
6:
1010000

v.
The following codes are fixed:

Start:
101

Centre:
01010

Stop:
101

vi. Arrange the digits as follows:-

<start><890008><centre><101306><Stop>

St 8      9      0      0      0      8      Ctr  

10101101110010111010011100011010100111000100101010

1      0      1      3      0      6      Stp

110011011100101100110100001011100101010000101
Whenever you see a zero print a space.  Whenever you see a one print a dark bar. 

Printing Barcode
1. Set HP in graphic mode by issuing escape code sequences.

2. Treat the digit sequences as bits.

3. Convert this bit string into a string of bytes.  It means that we need to group the string into 8-bit groups and form a character byte for each group.

4. Bit string information is listed below:

Start Code
:
3 bits

2  digits
:
2 * 7  = 14   bits    (country code   ; exclude the first digit)

4   digits
:
4*7   = 28  bits    (manufacturer code)

Centre Code
:
5  bits

 5  digits
:
5 * 7 =35 bits       (product code)

 1  digit
:
1 *  7 = 7 bits       (check digit)

Stop  Code
:
3  bits

Total number of bits:  3 + 14 + 28 + 5 + 35 + 7 + 3 = 95

5. We need to attach a 0 to the end of the bit string in order to make it up to a total of 96 bits which is equivalent to 12 byte groups after chopping.

6. Sample Pascal program codes to create byte character.

(*** Pascal ***)

(* assume s contains the 95 bits  *)

s, b : string;

c, err, m, n, i : integer;

b:=''  ;   (* initialize byte string  *)

c:=0;

s:=s+'0' ;    (* add  extra 0 to the original 95 bits string *)

n:=0;

for I:=1 to  96  do

begin

  c:=c+1;

  val(s[I], m, err)  ;  (* convert a character bit to numeric and store it in  variable m*)

  n:=n*2+m;

  if c=8 then

    begin

       c:=0;

       b:=b+chr(n);  (* form a byte character *)

       n:=0;

   end;

end;

          (**** b now contains 12  bytes   *)

(*** Now, b is the output string for barcode ***)

7. Sample Basic program codes to create byte character


**** assume s$ contains the  95  bits

110       s$=s$+"0"         'add extra 0 to make it up to  96  bits

120
b$=""

130 n=0

140 c=0



150 for I=1 to  96

151    c = c+1

160 m=val(mid$(s$,I,1))      'convert character to 0 or 1 and store it in m

170 n=n*2 + m

180 if c<>8 then 220

190 b$=b$+chr$(n)

200 c=0

210 n=0

220 next I

230 rem  b$ now contains 12 bytes

8. 
 Actual printing the character on HP printer

a. Set  Raster  Graphics Resolution  



(75 dots/inch)  Escape * t75R  -----  027  042  116  055  053  082

b. 
Start Raster Graphics Margin  --  027  042  114  48  65 

c.
Set Vertical Motion Index (VMI)



0.0025 * (1/48") increment  ---  027  038  108  '0.0025'    067

d.
Transfer Raster Graphics Data  ---  Escape * b12Wdata
data is the actual string b 




12 is the length of b

e.
End Raster Graphics  ---  027  042  114  066

9.
Sample Pascal Program Codes

             

(**** outfile is printer file,  b contains the actual bit string  **)

                    
var

                             b: string;



raster, endraster, vmi, leftmargin, rdata :  string;



h: integer;

                        outfile : text;

                        begin




assign(outfile,'prn');




rewrite(outfile);



   
raster := chr(027)+chr(042)+chr(116) + '75' + chr(082);




leftmargin := chr(027)+chr(042)+chr(114)+chr(48)+chr(65);




vmi  := chr(027)+chr(038)+chr(108)+'0.0025' + chr(067);




rdata := chr(027) + '*b12W' + b;




endraster := chr(027) + chr(042) + chr(114) + chr(066);

                                    write(outfile, raster);




write(outfile,leftmargin);




write(outfile,vmi);




for  h:=1 to 50  do writeln(outfile,rdata);   (* set height to 50 *)




write(outfile,endraster);

end;

10.
Sample Basic Program Codes


100
raster $= chr$(027)+chr$(042)+chr$(116)+"75"+chr$(82)

110 leftmargin$=chr$(027)+chr$(042)+chr$(114)+chr$(48)+chr$(65)

111 vmi$=chr$(027)+chr$(038)+chr$(108)+"0.0025"+chr$(067)

112 rdata$=chr$(027)+"*b12W"+b$

113 endraster$=chr$(027)+chr$(042)+chr$(114)+chr$(066)

114 lprint raster$

115 lprint leftmargin$

116 lprint vmi$

117 for  I= 1 to  50

118     lprint rdata$

119 next I

120 lprint endraster$

121 return

PROGRAM SAMPLE IN MBASIC

10 A$="10101101110010111010011100011010100111000100101010"

20 X$="110011011100101100110100001011100101010000101"

30 S$=A$+X$

40 RASTER$=CHR$(27)+CHR$(42)+CHR$(116)+"75"+CHR$(82)

50 LEFTMARGIN$=CHR$(27)+CHR$(42)+CHR$(114)+CHR$(48)+CHR$(65)

60 VMI$=CHR$(27)+CHR$(38)+CHR$(108)+"0.0025"+CHR$(67)

70 ENDRASTER$=CHR$(27)+CHR$(42)+CHR$(114)+CHR$(66)

80 S$=S$+"0"         'add extra 0 to make it up to 96 bits

90 B$=""

100 N=0

110 C=0



120 FOR I=1 TO 96

130    C = C+1

140 M=VAL(MID$(S$,I,1))  'convert character to 0 or 1 and store it in m

150 N=N*2 + M

160 IF C<>8 THEN 200

170 B$=B$+CHR$(N)

180 C=0

190 N=0

200 NEXT I

210 LPRINT  VMI$

220 LPRINT RASTER$

230 LPRINT LEFTMARGIN$

240 REM  b$ now contains 12 bytes

250 RDATA$=CHR$(27)+"*b12W"+B$

260 FOR I=1 TO 50

270  LPRINT RDATA$

280 NEXT I

290 END

-  END  -
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