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Identity documents play a big role in ensuring personal and public safety. However, the most widely used paper 

documents today have significant drawbacks. To eliminate them, a technique has been proposed that involves the combined 
use of steganographic and cryptographic algorithms. This paper describes approaches to the implementation of software that 
allows in practice to implement this technique. There are three main modules in the software: data encryption module; ste-
ganographic data embedding module in the image; a module for recording generated data on a smart card. Using the devel-
oped software allows you to get an identity document with a high level of protection from attacks on its integrity and the 
inability to use third parties, because without knowing the key, part of which is known only to the owner, and the other part is 
stored in the database of the public authority, it is impossible to decipher the embedded information. 
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Документы, удостоверяющие личность, играют большую роль в обеспечении личной и общественной без-

опасности. Однако наиболее широко используемые в настоящее время бумажные документы обладают рядом суще-
ственных недостатков. Для их устранения ранее была предложена методика, предусматривающая совместное ис-
пользование стеганографических и криптографических алгоритмов. В данной работе описываются подходы к реали-
зации программного обеспечения, позволяющего на практике реализовать указанную методику. В программном 
обеспечении присутствует три основных модуля: модуль шифрования данных; модуль стеганографического внедре-
ния данных в изображение; модуль записи сформированных данных на смарт-карту. Использование разработанного 
программного обеспечения позволяет получить документ, удостоверяющий личность, с повышенным уровнем за-
щищённости от атак на его целостность и невозможностью использования третьими лицами, так как без знания клю-
ча, часть которого известна лишь владельцу, а другая часть хранится в базе данных государственного органа, невоз-
можно расшифровать внедрённую информацию.  
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Introduction. Identity documents of the owner have always played a big role in the public and private 
security provision [6]. Such documents are also given to employees in enterprises for the organization of access 
control. Now paper versions of such documents are still widely used. However, they have a number of signifi-
cant drawbacks:  

 such certificates are more subject to mechanical stress than electronic documents (for example, even 
short-term contact with water may result the information contained on the paper in an unreadable state); 

 paper document can be forged, passed on intruder; 
 it is impossible to ensure the safe storage of the document holder’s personal data (PD), because they 

are stored in open form; 
 difficulties in tracking the movement of a document at all stages of its life cycle;  
 duration of the document’s preparation and approval;  
 paper archive has no possibility of access rights to documents flexible management, etc. 
The development of technology for the production of identity documents is continuously. Currently, 

their development is associated with biotechnology [8]. State structures of different countries monitor the devel-
opment of biometric systems and documents based on them. The result is the creation of the electronic identity 
documents. In addition to the owner's photo, they contain a microprocessor with its own memory, into which 
additional information, including biometric parameters, can be recorded. Such documents are introduced by the 
USA, Germany, Great Britain, Japan, etc. Russia is also developing a similar project [14].  

Based on this, the purpose of this work was the development of technology for constructing an electronic 
identity card (EIC), which would eliminate the shortcomings of the paper identity documents, described above.  

Method development. The main task in the creating of any identity document is to ensure the cumula-
tive integrity of the person’s identifiable features and personal data specified in the document and the impossibil-
ity of counterfeiting or unauthorized alteration after the document is produced. It is also necessary to minimize 
the possibility of using someone else’s document, that could have been lost or stolen by an intruder. 

To solve the problem in the creating of electronic identity documents, it seems appropriate to use cryp-
tographic methods and algorithms based on steganography. 

The cryptographic and steganographic transformations used in the aggregate make it possible to provide 
the necessary qualities of identity documents. 

The main idea when creating an EIC is as follows: some information is selected (last name, first name, 
patronymic, date of birth, etc.) that needs to be embedded in the owner's photo, and the owner's photo itself, 
which will be a container for embedded information. After determining the input data, the information is en-
crypted, and the encryption key is divided into two parts. One of which belongs to the owner of the document, 
and the other – to the public authority. The figure 1 below shows schematically the main idea of creating an EIC 
by embedding information in a person’s photo. 

 

 
 
Figure 1 – The scheme of creating EIC 

 
The EIC test takes place in several stages. First, we need to extract information from the image. We 

need to decrypt the received information because the information is encrypted. To do this, we need to connect 
the two halves of the encryption key and perform the decryption. The scheme of verification of EIC is shown in 
the figure 2. 
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Figure 2 – The scheme of EIC test  
 

A scheme to produce an autonomous electronic identity card (EIC) based on steganographic and cryp-
tographic algorithms, which makes it possible to create a qualitatively new identification system with an elevated 
level of security was proposed in [3]. An algorithm of digital steganography with data encryption [2], which al-
lows solving the main task in the manufacture of an identity document - ensuring the cumulative integrity of the 
person’s identifying features and personal data specified in the document was also developed. 

 The proposed algorithm allows to embed data into a graphic file, including those was compressed with 
the JPEG standard. During embedding data, the algorithm works with images whose color depth is 24 bits. Em-
bedding is performed in the blue channel, because the human vision system is least sensitive to it. Let message 
«M» be a bits sequence of length «N», the number of pixels in the transform domain is «C». Embedded pixels 
are evenly distributed throughout the image in a pseudo-random manner. 

The image or its part bounded by the transformation region is divided into two types of blocks r1 and 
r2, with r1 = r2 + 1. The blocks number of length r1 and r2 is equal to n1 and n2, respectively. Provided that n1 
+ n2 = N и (r1 · n1) + (r2 · n2) = C, the values of r1, r2, n1, и n2 are calculated by the following formulas: 

  (1) 
  (2) 
  (3) 

  (4) 
Blocks alternate pseudo-randomly based on the key. Each message bit has its own block in which a pix-

el is selected that undergoes a change in accordance with the key from key sequence. 
Consider the procedure for the formation of a key sequence. The password entered by the user is con-

verted to a 16-byte word using any hashing algorithm. Then three more such words are formed by cyclic permu-
tation. The result is an array of numbers of dimension [128 bits, 4 bits], the columns of which are a pseudo-
random sequence of numbers of 128 bits long. Getting the remainder of dividing these numbers by the block 
length, we calculate the position of the pixel change inside this block. 

Each pixel component is described by 8 bits with a color depth of 24 bits. 8 bits are according to one of 
three color channels - by the number of main colors. Bits with position 4, 5 and 6 are subject to change. The de-
viation of the color intensity in this case does not exceed 6.3 %, and the total change in pixel brightness does not 
exceed 1 % [1]. 

Consider embedding information in an image. The pixel number is selected in which the embedding is 
performed in accordance with the key in the pixel block. The bit number is determined based on the values of the 
same block's other pixels. For example, if all the fourth bits from this block are 0 or 1, then the algorithm leaves 
the fourth bit of this pixel unchanged and proceeds to consider all the fifth bits of this block, etc. If all the fourth, 
fifth and sixth bits of all pixels from this block are 0 or 1, then 4 bits are given preference. After finding the bit 
number to be modified, the embedding of secret information occurs. Figure 3 shows a block diagram of a digital 
steganography algorithm with data encryption. 
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Figure 3 – Block diagram of digital steganography algorithm with data encryption. 
 

As an example, consider the modification of a single image block. Let the block consist of five  
pixels (fig. 4). 
 

  
 
Figure 4 – Bit representation of the blue channel of one block’s pixels 
 

As can be seen from the figure 3, the fourth and fifth bits (in red rectangles) do not satisfy the non-
uniformity condition. According to the algorithm, only the sixth bit (in green rectangle) can be modified. 

Results. Charts and flowcharts were developed, reflecting the general principles of the program. Below, 
as an example, is presented the Use Case diagram (fig. 5), which describes the possible behavior of the system 
during interacting with the administrator. The administrator can select the image to be modified, the data to be 
recorded. He also chooses an algorithm for encryption. After the administrator has entered the first half of the 
key and the owner has entered the second half, the data is encrypted. Finally, the administrator writes to the 
smart card the prepared image with the embedded stego, containing the user’s encrypted personal data.  
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Figure 5 – The Use Case diagram of software to create EIC 
 

Figure 6 shows the data flow diagram. Three modules are involved in the software: data encryption, 
steganographic embedding of data into an image, and data recording on a smart card. 

 

 
 
Figure 6 – The software data flow diagram in Yourdon-DeMarco notation for creating an EIC 
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The block diagram (fig. 7) shows the work of the algorithm for creating an EIC. At the beginning of 
the program, PlainText, Password, Image, Algorithm variables are declared, in which the data for encryption, 
the password entered by the user, the image being modified and information about the selected encryption 
algorithm are written.  

The developed software implements the following encryption algorithms: GOST 28147-89 [6], GOST 
R 34.12-2015 [7], AES [4]. Next, a function is called that performs data encryption. This function has three 
“overloads” for each encryption algorithm. After performing cryptographic transformations, the program deter-
mines the area for stego implementation. Then, the encrypted information is embedded in the image based on the 
above algorithm, after the data is written to the smart card. 
 

 
 
Figure 7 – A block diagram of the software’s work to create an electronic identity card [5] 
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The described software is developed in a high-level programming language - C # because it provides in-
tuitive and convenient desktop development tools. 

Figure 8 shows the code for generating a sequence of blocks.  
 

 
 
Figure 8 – The program code of the class, responsible for generating the sequence of blocks 
 

Consider an example of the information introduction in the photo (PNG format). It is necessary to analyze 
the numerical representation of the pixels row’s the blue channel because the human eye will not be able to see the 
insignificant changes in the image. A 10x10 pixel transform area and a string to embed were selected – 
11100100000110011110100110100001010011110100101001. Figure 9 shows the result of the work of program.  

 

 
 

Figure 9 – The results of program work in the fragment of the image 
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In image 9, the pixels, which have green background, have been changed. The information capacity of 
the container (image) depends on the image resolution. The size of the transformation area (a place for embed-
ding information) is determined based on the length of the data. 

Conclusion. The declared approach to the production of electronic documents allows us to minimize 
the described shortcomings of paper identity documents. Such a document is protected from attacks on its integ-
rity, since photography and personal data are a single entity. The possibility of using the document by third par-
ties is also minimized, since without knowing the key, part of which is known only to the owner, and the other 
part is stored in the database of government agency, it is impossible to decrypt the embedded information. 
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