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Abstract -An approach to the construction of a code 

description of DCT transformants, taking into account the 

structural features of their binary representation, is presented. 

It is shown that the proposed model for constructing the code 

has the ability to reduce the initial number of bits, and also 

allows you to form a code description of the transformant by a 

set of independent code blocks. This makes it possible to use 

this coding method in a video bit rate control system. 
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I. INTRODUCTION  

As evidenced by existing statistics, today multimedia 
traffic dominates the network. In this regard, one of the key 
tasks requiring immediate solutions in the development of 
information and communication networks are [1-11]: 

- providing a compact presentation of video data with 
the required quality indicators; 

- construction of effective mechanisms for adapting the 
bit rate of video data with the dynamics of the network 
bandwidth. 

In turn, these complex tasks include a number of 
subtasks, namely [12-15]: 

1. The choice of the structural units of the video stream, 
at the level of which it is supposed to adapt the video 
intensity and the current parameters of the network 
bandwidth.  

2. More effective, in comparison with standard 
approaches, reduction of video data volume without quality 
loss. 

3. Construction of an effective code description of the 
video stream, which allows manipulating the number of 
structural video fragments that are transmitted to the 
network in the course of intensity control, without the need 
for a new code structure. 

As part of solving the first subtask, it is assumed that the 
structural unit at the level of which the adaptation (in fact, 
control) of the video bit rate to the network bandwidth is 
performed must meet the following requirements [16-18]: 

- relatively small size R in bits to provide flexibility in 
bit rate control; in this regard, such a structural unit cannot 
be a frame or a group of frames; 

- sufficient volume R  bit to quickly reduce the bit rate 
during control. 

Based on the above considerations, the most appropriate 
structural unit is the DCT transformant. 

As part of solving the second problem, it is necessary to 
reduce a number of types of video presentation redundancies 
that are not taken into account by existing coding 
technologies, namely, structural and combinatorial [19, 20].  

To do this, it is necessary to use the coding of the binary 
representation of the DCT transformants, which contributes 
to the efficient detection of repeated series of bits in the 
least significant bits of the components as well as in the 
high-frequency (HF) region of the transformant [3, 4, 6, 21-
26]. 

Finally, to solve the third problem, it is proposed to form 
the code structures of the DCT transformants by a set of 
independent code fragments corresponding to separate bit 
planes of the transformants. In this case, a positional code 
with unequal weights is the basis for constructing the code 
structure of DCT transformants. 

II. MAIN PART  

 
The first stage of constructing a code structure for a 

transformant involves its decomposition to a set of separate 
bit planes according to the following principle [16, 17]: 
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bpν  is the number of bits per transform component. 

The next step is to identify the lengths of the binary 
series. Such identification is performed according to the 
following rules: 

- starting from the bit plane with the index )1( bp −ν up to 

index 0; 
- in the direction of the zig-zag scan on each bit plane 

[15,17-20]. 
This allows you to take into account the peculiarities of 

the distribution of the series of binary elements on each of 
the bit planes, thereby increasing the compression ratio [3,4 
27-43]. 

Then the meaning of the code )(
m)q(E µ  for m -th 

sequence of the lengths of the series of binary elements 

(BEL), onµ -th bit plane q -th transform will be as follows:
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αΘ  is the number of binary series lengths in α -th 

sequence. 
Here are the bases of nonequilibrium positional 

numbers; several BEL are set, namely: 
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To form the bases of positional numbers for a set of 
binary series lengths, it is necessary to construct two-
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Where βα,l - the value of the ( βα; )-th length of the binary 

series; 

υ  and ε  are the numbers of rows and columns of the 

array )(
qL µ . 

This will allow calculating the value θb  for BEL of each 

line, namely: 
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array of binary series lengths.  

In this case, the non-equilibrium positional numbers are 

the columns of the array )(
qL µ .  

Accordingly, this reduces the number of bases in number 
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l

 to 

describe the bases of positional numbers to a value that is 
insignificant compared to the total length of codewords 
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Array )(
qL µ formed in the direction of the columns. In this 

regard, the quantity υ  (the length of the column of the BEL 

array) is chosen so as to ensure that the condition is met: 
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Where W is the length of the code word. 

Here you can use the property of the BEL detection 
operation - the formation of new series begins for each bit 
plane.  

Hence, the maximum length maxL  of binary series will 

not exceed the value uv , i.e .: 

uvLmax ≤ ,                     (7)  

Where uv  is the number of binary elements in the bit plane. 
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Where Η  is the total number of BEL of the total bit 
transformants representation. 

Building an array )(
qL µ  of BEL is constructed provided 

that the value of the quantity Η  initially unknown (since the 
filling of the array is performed as the binary series is 

detected), and in the column of the array )(
qL µ both the 

sequence of BEL obtained for the entire bit transformants 
representation  and the sequence of BEL generated for one 
bit-plane can be included.  

With this in mind, this process includes the following 
steps: 

1) for 1=α  and 1=β , the element is being formed 

1,1l equal to 11,1 ll = where 1l  is the length of the first 

binary series obtained for the bit representation of the 
transform; 

2) if on );( βα -th step element value βα,l  it was equal 

ϕβα =ll , where ϕl  is the length of ϕ -th binary series, 
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Where αh  is defined as the largest value of all elements 

of a string in an array of binary series lengths. 
It follows that: 
- calculation of the positional number code is possible 

using information about the bases of positional numbers and 
does not require additional service information; 

- code redundancy is reduced, which is explained by the 
fulfillment of the following inequality: 

uvh ≤α ,                                  (12) 

which is caused by the limited values of  BEL. 
The final code structure of the transform will look like 

Fig. 1 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. The scheme of DCT-transformant codogram formation 

 
In Fig. 1, the lines of the code structure correspond to 

the individual bit planes are transformative and contain ε  

code values of positional numbers. 

Therefore, by manipulating the amount q  lines of code 

structure, you can control the total number of bits per 
transform description. 
 

III. CONCLUSION 

 
A model of coding for the DCT transformant as a 

fragment of a video frame is obtained, based on non-
equilibrium positional coding.  

This model takes into account the structural features of 
constructing transformants in a binary description, namely, 
the concentration of sequences of binary elements in the 
high-frequency zone as well as the least significant bits. 
This helps to reduce the code and structural-combinatorial 
redundancies of the description of the transform.  

Therefore, it helps to reduce the number of bits to 
describe it. The proposed model forms a codogram in the 
form of a set of independent code modules, some of which 
can be eliminated during video bit rate control. 

The minimum compression ratio of the proposed method 
depends on the decrease in the values of the deviations of 
the lengths of the binary series from the thresholds of the 
multiplicity of the power of 2. 

The gain achieved in this case in terms of the 
compression ratio for the minimum value of such a 
deviation relative to the maximum is no less than 1.5 times. 
In addition, an increase in the length of a series entails an 
increase in such a gain by an average of 15%. 

REFERENCES 

[1] Recommendations of the International Telecommunication Union 
ITU-T G.1010 “End-User multimedia QoS categories”. 

[2] Auer, S. and Bliem, A. and Engel, D. and Uhl, A. and Unterweger, A 
.: Bitstream-based JPEG Encryption in Real-time. In .: International 
Journal of Digital Crime and Forensics (2013) DOI: 10.4018 / 
jdcf.2013070101. 

)(
1bp )1(E
µ−ν , )(

2bp )1(E
µ−ν , ... )(

bp )1(E µ
α−ν , ... )(

bp )1(E µ
υ−ν , 

)(
1)q(E µ , 

 

)(
2)q(E µ , 

 

... )()q(E µ
α , 

 

... )()q(E µ
υ , 

 

... 

)(
1)1(E µ , )(

2)1(E µ , ... )()1(E µ
α , ... )()1(E µ

υ , 

... 

)(
1)0(E µ , )(

2)0(E µ , ... )()0(E µ
α , ... )()0(E µ

υ , 



[3] Gonzalez, R. and Woods, R .: Digital Image Processing. Published by 
Pearson, 1168 p. (2018). 

[4] Miano J. Compressed image file formats: JPEG, PNG, GIF, XBM, 
BMP. ACM Press / Addison-Wesley Publishing Co., 264 p. (1999). 

[5] JPEG Privacy & Security Abstract and Executive Summary (2015) 
Available via JPEG.ORG. https://jpeg.org/items/ 
20150910_privacy_security_summary.html. 

[6] Salomon, D .: Data Compression: The Complete Reference. Springer 
Science & Business Media, 1092 p. (2007). 

[7] Sidorenko, A.V., and Shishko, M.S.: Chaotic Mapping Image 
Encryption Using Parallel Computing. Informatics, Vol. 4, pp. 78-88 
(2017). 

[8] Ian Richardson, H.264 and MPEG-4 Video Compression: Video 
Coding for Next-Generation Multimedia / Ian Richardson, pp. 368, 
2005. 

[9] Pratt W. K., Chen W. H., Welch L. R. Slant transform image coding. 
Proc. Computer Processing in communications. New York: 
Polytechnic Press, 1969. P. 63-84. 

[10] Sindeev M., Konushin A., Rother C. Alpha-flow for video matting. 
Technical Report. 2012. P. 41–46. 

[11] Melnik A.C. Information systems and networks. Bulletin [Text] / 
M.M. Goloborodko NU “Lviv Polytechnic”. – №. 673.– Lviv, 2010. – 
P. 365-374. 

[12] V. Barannik, O. Yudin, Y. Boiko, R. Ziubina, and N. Vyshnevska, 
“Video Data Compression Methods in the Decision Support Systems,” 
Advances in Computer Science for Engineering and Education, May 
2018, pp. 301–308. 

[13] Barannik, V.V., Ryabukha, Yu.N. and Kulitsa, О.S.: The method 
for improving security of the remote video information resource on 
the basis of intellectual processing of video frames in the 
telecommunication systems. In: Telecommunications and Radio 
Engineering. Vol. 76. No 9. pp. 785-797. (2017). doi: 
10.1615/TelecomRadEng.v76.i9.40. 

[14] Barannik V.V., Ryabukha Yu. N., Tverdokhleb V.V., Barannik 
D.V.: Methodological basis for constructing a method for 
compressing of transformants bit representation, based on non-
equilibrium positional encoding. In: Advanced Information and 
Communication Technologies (AICT), 2017 2nd International 
Conference, pp.188-192. (2017). doi: 10.1109 / 
AIACT.2017.8020096. 

[15] Barannik, V. and Barannik, N. and Ryabukha, Yu. and Barannik, D.: 
Indirect Steganographic Embedding Method Based On Modifications 
of The Basis of the Polyadic System. In.: 15th IEEE International 
Conference on Modern Problems of Radio Engineering, 
Telecommunications and Computer Science (TCSET’2020), pp. 699-
702 (2020) DOI: 10.1109/TCSET49122.2020.235522. 

[16] Barannik, V. and Barannik, V.: Binomial-Polyadic Binary Data 
Encoding by Quantity of Series of Ones. In.: 15th IEEE International 
Conference on Modern Problems of Radio Engineering, 
Telecommunications and Computer Science (TCSET’2020), pp. 775-
780 (2020) DOI: 10.1109/TCSET49122.2020.235540. 

[17] Vladimir Barannik, Tatyana Belikova, Pavlo Gurzhii.: The model of 
threats to information and psychological security, taking into account 
the hidden information destructive impact on the subconscious of 
adolescents. In 2019 IEEE International Conference on Advanced 
Trends in Information Theory (ATIT), pp. 656 – 661 (2019), 
DOI: 10.1109/ATIT49449.2019.9030432. 

[18] Vladimir Barannik, Denys Tarasenko.: Method coding efficiency 
segments for information technology processing video. In.: 2017 4th 
International Scientific-Practical Conference Problems of 
Infocommunications. Science and Technology (PIC S&T), pp. 551-555 
(2017), DOI: 10.1109/INFOCOMMST.2017.8246460. 

[19] Barannik V.V., Krasnoruckiy A., Hahanova A. The positional 
structural-weight coding of the binary view of transformants, 
Proceedings of the International Conference on East-West Design and 
Test Symposium (EWDTS), September 2013, pp. 1-4. doi: 
10.1109/EWDTS.2013.6673178. 

[20] Oleksandr Yudin, Natalia Barannik, Ruslana Ziubina, Serhii Buchyk, 
Oleg Frolov, Olha Suprun.: Efficiency Assessment of the 
Steganographic Coding Method with Indirect Integration of Critical 
Information. In.: 2019 IEEE International Conference on Advanced 
Trends in Information Theory (ATIT), pp. 36-40 (2019). 
DOI: 10.1109/ATIT49449.2019.9030473. 

[21] Vatolin D., Ratushnyak A., Smirnov M. and Yukin V., Methods of 
data compression. The device archiver, compression of images and 
videos. M .: DIALOG MIFI, 2013, 384 p. 

[22] Motta G., Rizzo F., Storer J.A. Hyperspectral data compression.: 
Springer, 2006. 

[23] Lee SY Yoon JC Temporally coherent video matting. Graphical 
Models 72. 2010. P. 25-33. 

[24] Ablamejko S.V., Lagunovskij D.M. Obrabotka izobrazhenij: 
tehnologija, metody, primenenie.  Amalfeja, Minsk, 2000, 303 p.  

[25] Shi, Yun Q. Image and video compression for multimedia 
engineering: fundamentals, algorithms, and standards / Yun Q Shi, 
Huifang Sun, NY, CRC Press, 2008, 576 p. 

[26] Mohammed E. K, Video coding for communications efficiency, 
complexity аnd   resilience [Text] / C.P Canagarajah, D.F. Bull. – H. : 
Elsevier Science, 2008. - 283p.M. Gaynor. Network Services 
Investment Guide. M. Gaynor –Wiley Publishing inc. 2003 – 320 p 

[27] Vladimir Barannik, Valeriy Barannik, Dmytro Havrylov, Anton 
Sorokun.: Development Second and Third Phase of the Selective 
Frame Processing Method. In.: 2019 3rd International Conference on 
Advanced Information and Communications Technologies (AICT), pp. 
54-57 (2019), DOI: 10.1109/AIACT.2019.8847897 

[28] O.Yudin, P.Gurzhiy, B.Gorodetsky, Y.Ryabukha, “The Method of 
Adaptive Counteraction to Viral Attacks, Taking into Account Their 
Masking in Infocommunication Systems”, Proceedings of the 3rd 
International Conference on Advanced Information and 
Communications Technologies (AICT), Lviv, Ukraine, 2019, pp.423-
426. 

[29] Wallace G. K. The JPEG Still Picture Compression Standard. 
Communication in ACM. 1991. V34. №4. P. 31-34. 

[30] Wallace G.K. Overview of the JPEG (ISO/CCITT) Still image 
compression: image processing algorithms and techniques. Processing 
of the SPIE. 1990. Vol. 1244. P. 220-233. 

[31] O. Stankiewicz, K. Wegner, D. Karwowski, J. Stankowski, K. 
Klimaszewski and T. Grajek, "Encoding mode selection in HEVC with 
the use of noise reduction," 2017 International Conference on Systems, 
Signals and Image Processing (IWSSIP), Poznan, 2017, pp. 1-6. 

[32] Rao K. R., Hwang J. J. Techniques and Standards for Image, Video 
and Audio Coding. EnglewoodCliffs, NJ: Prentice-Hall, 1996. 

[33] Y. Zhang, S. Negahdaripour and Q. Li, "Error-resilient coding for 
underwater video transmission," OCEANS 2016 MTS / IEEE 
Monterey, CA, 2016, pp. 1-7. 

[34] S. Wang, X. Zhang, X. Liu, J. Zhang, S. Ma, W. Gao, "Utility-Driven 
Adaptive Preprocessing for Screen Content Video Compression", IEEE 
Transactions on Multimedia, vol. 19, no. 3, pp. 660-667, March 2017. 

[35] Wang Y, Error control and concealment for video communication: A 
review Proceedings of the IEEE [Text] /. Y.Wang. – С. : Morning, 
2009. – 310 p. 

[36] H. Baccouch, PL Ageneau, N. Tizon, N. Boukhatem, "Prioritized 
network coding scheme for multilayer video streaming", 2017 14th 
IEEE Annual Consumer Communications & Networking Conference 
(CCNC), pp. 802-809, 2017. 

[37] WJ Tsai, YC Sun, "Error-resilient video coding using multiple 
reference frames", 2013 IEEE International Conference on Image 
Processing, pp. 1875-1879, 2013. o transmission ", 2016 8th IEEE 
International Conference on Communication Software and Networks 
(ICCSN), pp. 561-564, 2016. 

[38] A. Chigorin, G. Krivovyaz, A. Velizhev, A. Konushin “A method for 
traffic sign detection in an image with learning from synthetic dat” 
14th International Conference Digital Signal Processing and its 
Applications, 2012, pp. 316-335 

[39] Christophe E., Lager D., Mailhes C. Quality criteria benchmark for 
hiperspectral imagery. IEEE Transactions on Geoscience and Remote 
Sensing. Sept 2005. Vol. 43. No 9. P. 2103–2114 

[40] Ding Z., Chen H., Gua Y., Peng Q. GPU accelerated interactive 
space-time video matting. In Computer Graphics International P 
163168.2010. 

[41] KR Rao and JJ Hwang, Techniques and Standards for Image, Video 
and Audio Coding. EnglewoodCliffs, NJ: Prentice-Hall, 1996. 

[42] Bai X., Wang J. Towards temporally-coherent video matting. 
Proceedings of the 5th international conference on Computer vision / 
computer graphics collaboration techniques. MIRAGE'11, Springer-
Verlag. 2011. P. 6374. 

[43] Volodymyr Barannik; S.S. Shulgin.: The method of increasing 
accessibility of the dynamic video information resource. In.: 2016 
13th International Conference on Modern Problems of Radio 
Engineering, Telecommunications and Computer Science (TCSET), 
pp. 621-623 (2016), DOI: 10.1109/TCSET.2016.7452133 

 


