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The relevance of the research is related to the implementation of the tasks of the state
programme “Digital Kazakhstan”, the Law of the Republic of Kazakhstan “On National Security”
and the State Concept of Cyber Security “Cyber Shield of Kazakhstan” to ensure information
security of information and communication infrastructure, maintenance and development of an
effective system of protection of information resources and communication infrastructure. The
development of the national radio communication system is an important component of national
and information security, as it ensures interconnection between the services of special government
agencies, the Armed Forces, law enforcement agencies, emergency medical services, fire and
search and rescue teams.

Currently, high-speed reliable radio communication systems are realised using orthogonal
frequency division channel multiplexing technology, which provides the required spectral
efficiency and high data capacity. But in broadband wireless communication over long distances,
many errors occur, which leads to the need to also use direct error correction techniques. The idea
of the project is to develop and hardware-software implementation of efficient error correction
schemes for use in radio communication networks with fading, as well as in the presence of
Doppler shift and intersymbol interference.

The project purpose is to research and develop methods and means of error correction
providing operation near channel capacity when used in fast-changing digital radio communication
systems together with multiplexing technologies with orthogonal frequency division of channels
and multiposition modulation, space-time coding and precoding.

Expected and achieved results:

Achieved results for the reporting period:

1. The works on studying the specifics of digital radio systems of information transmission
for mobile radio communication systems in the presence of fading, radio modems, radio systems
of receiving video, audio information are carried out, the requirements used in the choice of
methods of noise-resistant coding by the criterion of maximum value of EVC, speed, complexity
of software and hardware implementation of encoders and decoders are determined.

The basic principles of LDPC coder implementation are investigated. Software and
hardware implementation of encoding and decoding with hard decision algorithms with bit
inversion on the basis of mathematical models and algorithms have been realised. According to
the simulation results the effect of error correction of LDPC codes using Tanner graph for radio
channels was analysed.

According to the results of these experiments published one publication -1 (one) article in
the proceedings of the VIII International Scientific Conference “Informatics and Applied
Mathematics” (26 - 27 October 2023, Kazakhstan, Almaty).

2. The analysis of susceptibility of self-orthogonal codes to propagation of errors with use
of multivariate derivative functions of probability, and with application of graph Tanner code; the
received results are used at construction and a choice of codes for application in multithreshold
decoders at a noise level, less than carrying capacity of a radio channel only on some tenths dB.

The method of decrease in influence of decoding error propagation influence is offered,
based on construction of self-orthogonal codes with small degree of crossing of sets of control
errors for various information symbols. The original programme of simulation of convolutional
coders with manual and automatic correction of code parameters, introduction of errors in a
communication channel and optimization of parameters of iterative threshold decoding was used.
Simulation results have shown that optimisation of threshold values and weight coefficients for all
threshold elements reduces the effect of error propagation and efficiency of error correction.



The research results are accepted for publication in the 7th International Symposium on
Innovative Approaches in Smart Technologies (23-25 November 2023, Turkey, Istanbul).

3. Investigations of efficiency of algorithms of multithreshold decoding of convolutional
codes for communication channels with fading are carried out. Modification of the scheme of error
correction at the expense of optimisation of parameters of work of multithreshold decoder (MTD),
new algorithms of work of separate functional nodes of decoder, and also schemes of cascading,
which constituent element are multithreshold decoders is offered and proved.

The algorithm of optimisation of parameters of multithreshold decoding of symbolic self-
orthogonal codes which allows to reduce in several times number of variants of an enumeration at
minimisation of function of decoding and to reduce probability of error of decoding more than on
2 orders is offered.

The new cascade coding scheme consisting of two MTD with variation of coding
parameters in the Gaussian channel is investigated. The probabilities of decoding error probability
in the effective region of the multithreshold decoder and the speed of software implementation of
these concatenation schemes are estimated.

On results of the given experiments one publication -1 (one), in the domestic edition
recommended by Committee on quality assurance in the sphere of science and higher education
of the Ministry of science and higher education of the Republic of Kazakhstan is published.

4. Theoretical and simulation modelling of MTD application in digital radio systems using
multiplexing with orthogonal frequency division of channels and multiposition modulation is
carried out. Theoretical estimations and experimental characteristics of MTD for convolutional
codes in the form of dependence of decoding error probability on noise level in radio channels in
the presence of fading are received. Experimental characteristics of optimised MTD for
convolutional codes in radio channels in the presence of inter-symbol interference are investigated.

According to the results of these experiments one publication -1 (one) article in the
proceedings (XXVI International Conference “Digital Signal Processing and Its Applications -
DSPA-2024” (26-30 March 2024, Moscow, Russia) pp.33-38.

5. Methods of MTD application in systems with several transmitting and several receiving
antennas, methods of radio channel estimation using MTD are developed. Methods of MTD
application in systems with several transmitting and several receiving antennas are investigated.
Experimental characteristics of the multithreshold decoder for convolutional codes in the form of
dependence of decoding error probability on the noise level in radio channels in the presence of
fading are implemented.

By results of the given experiments the certificate on entering of data in the state register
of copyrights on the program for computer and one publication is received: the Certificate on
entering of data in the state register of the rights protected by copyright 46161 from "21" May
2024.

1 article in the materials (XVI Saginov Readings. Integration of education, science and
production (13-14 June 2024, Karaganda, Kazakhstan).

6. Joint iterative demodulation/decoding methods are developed to improve the energy
efficiency of digital radio data transmission systems with MTD.

A paper has been prepared based on the results of the research and is under review in a
domestic publication recommended by SHEQAC.

Expected results

7. To develop software versions of multithreshold decoders for radio communication
systems possessing high speed at the expense of parallelisation of process of calculations on the
basis of the open standard of parallel programming of heterogeneous systems OpenCL.

8. To investigate possibilities of realisation of high-speed multithreshold decoders as an
embedded system on programmable logic integrated circuits (PLIC) on the basis of use of OpenCL
compiler for reconfigurable systems.



9. To prepare test programs, test methods and experimentally investigate performance
parameters of technical implementation (software and hardware) of optimised MTD methods for
radio communication systems.

10. Prepare software and design documentation of the developed software and hardware
solutions, applications for patents and/or state registration certificates for software products,
training manual for implementation of the project results in the educational process.
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Figure 1 - Discussing opportunities for developing collaborative research with colleagues
at Bukhara Institute of Engineering and Technology, Bukhara, Uzbekistan, 2023.
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Figure 2 - MTD characteristics in a channel with fades
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Figure 3 - MTD characteristics in a fading channel with serial and
parallel bit transmission

Figure 4 - XXVI International Conference “Digital Signal Processing and
Its Applications - DSPA-2024") 26-30 March 2024, Moscow, Russia.
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Information for potential users
The implementation of this project on the creation of error correction tools for radio
channels supports the development of new generation wireless networks and the application of
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methods for building adaptive telecommunication systems that allow to ensure high reliability of
message transmission in radio channels with variable parameters.

Scope:

Applicability and/or commercializability of the obtained scientific results - the expected
scientific results can be used for modernisation of equipment of radio communication systems
of organisations providing national security and defence of the Republic of Kazakhstan, increase

of reliability of information transmission.
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