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Abstract.  Two-dimensional barcode technology is becoming popular and use-
ful for communication as well as transport data.  However, the common two-
dimensional barcodes can contain a very little amount of data.  Although certain 
types of two-dimensional barcodes can contain more data, the size of the bar-
code image becomes too large.  As a result, it is impractical to insert or attach 
the barcode to the document in the form of paper or print media.  The barcode 
would occupy a large portion of the page.  The space would be wasted and the 
information may not fit on the page.  

This paper presents the design and the implementation of a high capacity 
two-dimensional barcode which shape and size are suitable for attaching to the 
document in the form of paper or print media.  The proposed implementation 
reduces space usage compared to existing barcodes.  The barcode can store both 
text and binary data.  For space efficiency, the proposed implementation em-
ploys data compression.  Therefore, the amount of data stored can vary widely 
depending on the content of the data.  The maximum data size after compres-
sion is 24,400 bits. 
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1 Introduction 

 Two-dimensional barcode or 2D barcode [1] is very popular for communica-
tion, public relations, and data transport.  However, in general, the two-dimensional 
barcodes can contain a very little amount of data.  Although the QR Code [2][3] can 
store more data than other two-dimensional barcodes, the size of the image of the QR 
Code becomes larger as the amount of data increases.  As a result, it is impractical to 
insert or attach the QR Code which contains a higher amount of data to the document 
in the form of paper or print media since the QR Code occupies a significant amount 
of space. 

 This paper presents the design and the implementation of a two-dimensional 
barcode.  The aim is to create a two-dimensional barcode which achieves a high ca-
pacity while it occupies a small area.  The size of the barcode must be suitable for 
displaying on print media such as paper and poster.  The proposed barcode must have 
a higher capacity than the existing two-dimensional barcodes. 



This paper consists of five sections.  The next section provides background infor-
mation and related work that is relevant to the paper.  Section 3 describes the design 
and implementation of the proposed barcode.  Section 4 presents the experimental 
results.  The last section, Section 5 concludes the paper. 

2 Background and Related Work  

This section provides background information related to this paper such as error cor-
rection function, data compression, and the existing two-dimensional barcodes. 

2.1 Error Detection and Correction 

Regardless of the design of the two-dimensional barcode, there will be errors.  The 
image of the barcode may be damaged or unclear.  In other words, the barcode ob-
tained from scanning differs from the original.  Therefore, it is essential to be able to 
detect and correct errors which may occur.  There are many techniques for error de-
tection and correction [4].  Zhang and Yuan [5] describe a multiple bits error correc-
tion method based on cyclic redundancy check (CRC).  

The error correction which is widely used is Reed-Solomon code [6].  This is be-
cause it is easier to encode than other encoding techniques and the error correction 
code is small.  Moreover, error detection and error correction can be performed quick-
ly and efficiently.  Reed-Solomon codes are prominently used in consumer electronics 
such as CDs DVDs, and Blue-ray Discs.  The Reed-Solomon error correction is also 
used in two-dimensional barcodes such as PDF417 barcode, Datamatrix, Maxi Code, 
QR Code and Aztec Code.  This allows correct reading even though a portion of the 
barcode is damaged.   

2.2 Data Compression 

The data compression [7] is a process of encoding data so that the number of bits used 
to store data is less than the original.  Compression techniques are widely used in the 
data storage and communication.  This allows storing and sending/receiving more 
data by using the same storage space or the same bandwidth for sending data compar-
ing to uncompressed data.  By compressing data, network transfer can be done more 
quickly.  To obtain the original data, the compressed data is uncompressed. 

2.3 Two-Dimension Barcodes (2D Barcodes) 

Two-dimensional barcodes are geometric patterns in two dimensions.  Two-
dimensional barcodes can store more data than one-dimensional barcodes while using 
the same or smaller space since they can store data in both vertical and horizontal 
directions.  Fig. 1 shows the characteristics of two-dimensional barcodes, namely; the 
QR Code and PDF417 Code compared with a typical one-dimensional barcode. 



 

Fig. 1. Two-dimensional barcodes compared with a one-dimensional barcode 

In addition, two-dimensional barcodes usually include error correction codes.  If 
some parts of the two-dimensional barcode are deformed or damaged, it is possible to 
decode the barcode correctly.   

Generally, two-dimensional barcodes contain black squares on a white back-
ground.  Currently, two-dimensional barcodes are becoming very popular.  It features 
both in terms of capacity to store data and reading speed.  The two-dimensional bar-
codes that are very popular are QR Code, PDF417 barcode [8], Maxi Code, Aztec 
Code [9], and Data Matrix [10] [11].  Table 1 illustrates the properties of the two-
dimensional barcodes. 

 Table 1.  The characteristics and properties of two-dimensional barcodes. 
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From Table 1, different types of two-dimensional barcodes are created to serve dif-
ferent purposes.  When compared with other barcodes, the QR Code has a high capac-
ity while maintaining a small size and high reading speed.  For these reasons, QR 
Code is used in public relations, communications, and applications for data storage. 

3 Design and Implementation 

This section presents the design and implementation of a high capacity two-
dimensional barcode. 

3.1  Design of a High Capacity Two-Dimensional Barcode 

The objective of the design is to create a two-dimension barcode which has high ca-
pacity and occupies a small space.  Furthermore, the size of the two-dimensional bar-
code should be suitable for appending to the document which will be printed on pa-
per.  Table 1 shows that QR Code has desirable characteristics of high capacity and 
small size.  However, the QR Code is square.  The space will be wasted unless the 
text is formatted to wrap around the barcode.  On the other hand, PDF417 barcode is 
rectangular but has lower capacity. 

Fig. 2 illustrates an example of the design of a High Capacity Two-Dimensional 
(HC2D) barcode.  Similar to PDF417 barcode, the HC2D barcode is rectangular so 
space will not be wasted and there is no need to wrap text around the barcode. 

 

Fig. 2. An Example of a HC2D barcode 

The HC2D barcode consists of a vertical line on the left of the barcode and a hori-
zontal line on the bottom.  The top of the vertical line is a detection point.  Another 
detection point is where the vertical line and horizontal line meet.  The dash line on 
the top is used for sampling column widths.  The vertical line on the right is the stop 
indicator.  Finally, the data area is configured as a 63x448 matrix which can store 
black and white pixels up to 28,224 pixels.  The characteristics of the HC2D barcode 
are shown in Fig. 3. 
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numeric data or ASCII characters, the length field indicates the number of digits or 
characters.  Otherwise, it indicates the size in bytes.  The checksum field is the header 
checksum which provides error detection capability.  The checksum algorithm is 
CRC-8-CCITT.  The length of the header is four bytes. 

3.3 Recovering Data from a Damaged HC2D Barcode 

The HC2D barcode contains error correcting code.  Therefore, the correct reading of 
the barcode can still be achieved even though the barcode is damaged.  The HC2D 
barcode uses Reed-Solomon error correcting code which is capable of recovering the 
data from a damaged barcode up to 32%.  Fig. 5 shows a damaged barcode which can 
be read correctly. 

 The current implementation allows two levels of error correction.  At the low lev-
el, approximately 7% of the code words can be restored.  At the high level, approxi-
mately 32% of the code words can be corrected. 

 

Fig. 5. A damaged HC2D barcode, but still readable 

3.4 Capacity of HC2D Barcode 

As aforementioned, the HC2D barcode can store black and white pixels up to 28,224 
pixels which consist of data and Reed-Solomon error correcting code.  Therefore, the 
capacity is directly related to the level of error correction.  For the low level option, 
every pixel group consists of 109-byte data and 17-byte error correction code.  This 
allows the HC2D barcode to store data up to 24,400 bits.  For the high level option, 
every pixel group consists of 25-byte data and 17-byte error correction code.  The 
HC2D barcode can store data up to 5,600 bits. 

The HC2D barcode also employs data compression so that more data can be stored 
in the barcode.  The amount of compression varies with the type of data, but a typical 
text such as English and source code will be reduced by 60 to 70 percent [12].  This 
allows the HC2D barcode to have higher capacity than fixed encoding schemes. 

The capacity values provided previously are for data which are uncompressible or 
are not compressed when the compression option is turned off.  These values are the 
minimum capacities for the HC2D barcode. 

Numeric data which consist of 0-9 are encoded as 3-bit or 4-bit values depending 
on the digit.  ASCII characters are encoded as 7-bit values.  Unicode characters and 
other data are treated as binary data.  Numeric character codes are illustrated in Fig. 6. 
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4.1 Capacity comparison 

Table 4 shows the capacity comparison between PDF417 barcode, QR Code and 
HC2D barcode.  All types of barcodes are set at the minimum error correction level.  
Both PDF417 barcode and QR Code provide maximum capacity.  However, HC2D 
barcode provides the minimum figures, which means that the HC2D could store more 
data if data compression is enabled. 

Table 4. Capacity Comparison 

 PDF417 QR Code HC2D Barcode 
Numbers  Max. 2,710  Max. 7,089  Min. 6,100-8,133 
ASCII Characters Max. 1,859 Max. 4,296 Min. 3,485 
Binary Max. 8,864 bits Max. 23,624 bits Min. 24,400 bits 
 

For numeric data, PDF417 barcode and QR Code can store up to 2,710 and 7,089 
characters, respectively.  HC2D barcode encodes numeric data 0-5 using three bits 
each and 6-9 using four bits each.  If the data contains only numbers 0-5, the barcode 
can store up to 8,138 characters.  On the other hand, if the data contains only numbers 
6-9, the barcode can store up to 6,103 characters.  The given values are capacity for 
uncompressed data. 

 For alphanumeric data, PDF417 barcode can store up to 1,859 characters and QR 
Code can store up to 4,296 characters.  QR Code only includes 45 characters, namely, 
0-9, A-Z, nine special characters.  HC2D barcode can store up to 3,488 characters 
which includes all ASCII characters.  

For binary data, PDF417 barcode and QR Code can store up to 8,864 bits and 
23,624 bits, respectively.  HC2D barcode allows uncompressed binary data up to 
24,400 bits. 

Table 5 shows experimental results for the HC2D barcode with the compression 
option.  The numeric data is randomly generated.  The ASCII text is from this paper 
while Unicode text is from a random article in Thai.  Finally, binary data is also ran-
domly generated.  As expected, random data cannot be efficiently compressed where-
as text data can be compressed by more than 50%.  Since PDF417 and QR Code do 
not have a compression option, they are not included in the experiment. 

Table 5. The experimental capacity of the HC2D barcode with the compression option. 

 7% Error Correction 32% Error Correction 
Numbers 7,250 characters 4,700 characters 
ASCII Characters 10,100 characters 6,000 characters 
Unicode Characters 3,800 characters 2,350 characters 
Binary 24,416 bits 16,800 bits 
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