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two-dimensional code is divided, the usable area decreases. Due to there 
being only one confidential area, it is impossible to divide the area for access 
control of the confidential area. 

This study focuses on three subject areas. The first is to create multi-valued 
cells while maintaining compatibility with existing two-dimensional codes 
and to increase the data storage capacity. As a method of creating 
multi-valued cells, multicolorization and multi-regionalization are adopted. 
Multi-regionalization is a method of dividing a cell into a plurality of regions 
and independently coding the divided regions. The second subject is to 
conceal the data located in the newly created storage areas. The third subject 
is to perform access control when a plurality of users read two-dimensional 
codes from a plurality of regions, while providing information only to a 
specific user. 

In this study, a cell is multivalued by using a multicolorization and 
multi-regionalization method while maintaining compatibility with the 
existing two-dimensional code to increase its capacity. We propose to conceal 
the storage area increased from the existing two-dimensional code by using 
the mask pattern method. We also examine a method of dividing the storage 
area into a plurality of areas and performing access control on a plurality of 
users.  

This thesis consists of the following six chapters. 
Chapter 1 is an introduction and describes the background of this thesis 

and main research subjects. 
In Chapter 2, we describe the existing two-dimensional code type and 

identification method. Although the method proposed in this thesis is 
applicable to all matrix type two-dimensional code, we describe that QR code 
is targeted for maintaining compatibility. 

In Chapter 3, while maintaining compatibility with the QR code, we 
propose a cell structure that achieves high capacity by combining 
multicolorization and multilevelization techniques. The cell is divided into 
nine square subcells and the center subcell is encoded in black and white in 
order to maintain compatibility. Furthermore, in order to increase the 
capacity, the subcells in the peripheral portion are encoded using eight colors. 
The results of the compatibility check and discrimination confirmation tests 
on the two-dimensional code proposed in this study are described. 

In Chapter 4, we describe a method of maintaining compatibility with QR 



 

x 
 

code as an open area and setting only increased areas as concealed. In the 
capacity enlarging method proposed in this study, it can be regarded as 
overlaying a virtual black and white two-dimensional code. The QR code uses 
a Reed-Solomon code for the purpose of error correction. For Reed-Solomon 
codes, concealment is performed using a property that cannot be decoded 
when there is an error that exceeds the error correction capability. An XOR 
operation is performed on a random number (secret key) for each cell of this 
virtual QR code (confidential area), thereby giving an error to all data code 
words of the Reed-Solomon code. We describe how to conceal and decrypt this 
code to make it impossible to decode and estimate correct data code words. 

In Chapter 5, we describe a proposed method of dividing the 
two-dimensional code storage area into multiple areas and controlling 
multiple user access. The two-dimensional code is divided into a plurality of 
regions, and the divided regions are concealed with a secret key, where 
access rights to these areas may be granted to multiple users. The secret key 
for the granted area is further concealed by a password set for each user. The 
user obtains the area’s secret key and accesses the area using his/her 
password. We describe that these techniques were able to solve the problem 
of multiple user access control. 

In Chapter 6, we present the conclusions of this study and future research 
subjects. 
  






















































































































































































































	選択した各色のRGBの具体値を表3-1に示す．表3-1に各色の輝度を示したが，輝度(Y)とRGB値の変換式は，ITU-R BT.601[15]で規定されている次式を用いた．
	Y = 0.299R + 0.587G + 0.114B                         (3-1)

