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BIOINSPIRED DECODING OF ALGEBRAIC CONVOLUTIONAL CODES
Ph.D. Shtompel M. A., Ukrainian state University of railway transport, Kharkiv

Introduction. Convolutional codes are often used for reliable transmission of information in modern
telecommunication systems. There are hard-decision and soft-decision decoding algorithms for these codes.
Soft-decision decoding considers the reliability of the received symbols to correct more errors than a hard-
decision decoder. Viterbi algorithm with hard (or soft) decisions is the main decoding method of
convolutional codes. However, this algorithm is impractical for decoding codes with large constraint length,
due to his high computational complexity [1].

The algebraic convolutional codes are special kind of convolutional codes. The algebraic approach
allows to obtain convolutional codes with given characteristics. In this case, generator matrix of some
convolutional code can be represents as generator matrix of non-binary block code. The decoding of
convolutional code is equivalent to decoding this block code, when the length of the information sequence is
limited. Thus, the actual task is improve the decoding efficiency of algebraic convolutional codes using this
feature.

Presentation of the material. Suppose that some algebraic convolutional code is given by the
generator matrix of the Reed-Solomon code. Then this code is a long binary block code (binary image of
Reed-Solomon code). Iterative decoding of these codes using the principle of ordering statistics and random
mixing (multiple biases) is sufficiently effective, but it has a high computational complexity [2].

On the other hand, it is known that the problem of soft-decision decoding algebraic convolutional
codes is an optimization problem with a nonlinear objective function. Therefore, it is proposed to use the
bioinspired procedures instead of the ordered statistics algorithm in the main decoding stage.

The proposed bioinspired decoding method of algebraic convolutional codes consists of such steps.

Step 1. Initialization.

At this step, the received sequence is formed and the maximum number of iterations of
decoding is set.

Step 2. Ordering the received sequence based on information about the reliability of the symbols.

At this decoding stage, arrangement of positions of the received sequence in descending order of
reliability of elements. This procedure determines the “first” permutation.

Step 3. Finding the most reliable basis.

At this step, ordering the columns of the generator matrix of algebraic convolutional code based on
“first” permutation. Next, the most reliable basis of this matrix is determined using the Gaussian elimination
method. Then the resulting matrix is transformed into a systematic form based on “second” permutation.

Step 4. Search for an assumed codeword using bioinspired procedures, which ensures the minimum
value of the objective function.

At this stage, the search for an assumed codeword is performed using some bioinspired procedure for
test vectors (agents). In general, this procedure is a cycle: initialization of the population, evaluation of the
quality of agents, migration of the population agents, stopping search.

Step 5. Applying a random bias to the elements of the received sequence.

At this decoding stage, if the number of iterations is less than the maximum, then a random bias is
added to the received sequence and the transition to step 2.

Step 6. Formation of the estimate of the transmitted codeword with the help of the inverse mapping
(with considering “first” and “second” permutations) and the completion of the decoding process.

Thus, a key feature of the proposed decoding method of algebraic convolutional codes is the search for
an assumed codeword by finding the most reliable basis for different test vectors, which obtained by random
mixing, and by application of some bioinspired procedure.

Conclusion. Soft-decision decoding algorithms of convolutional codes has high computational
complexity. Proposed bioinspired decoding method of algebraic convolutional codes with random mixing
has good efficiency and reasonable computational complexity.
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