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Abstract

The most recent successful of turbo codes has given rise to a
large interest in the coding community, and then the parallel
concatenated codes (PCC) becomes a novel researching central point.
Since the early days of information and coding theory the goal has
always been to come close to the Shannon limit performance with a
tolerable complexity. The parallel concatenated codes are realizing
the hope of human beings with its good decoding performance and
efficient soft-in/soft-out decoding algorithms. For the important
significance of its theory and the wide prospect of its applications,
we choose the parallel concatenated block codes (PCBC) as our
researching object. We systematically analyze and investigate the
coding structure. theoretical mechanism and decoding methods of
the PCBC. Our works establish the basement of the future embedded
research in the field.

We first address several issues related to the parallel
concatenated block codes. We present a multi-dimensional
concatenated scheme for block codes, including product codes as
special cases. Although higher dimensional product codes have the
potential of powerful performance, they also have the drawback that
the data size (the number of information symbols) involved grows
exponentially with dimension. Large data size may lead to the delay
problem in some communication systems. The scheme presented in
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the paper provides a means to avoid this problem. We also
investigate efficient soft-in/soft-out algorithms for the constituent
block codes in a concatenated scheme. It is known that the coset
based ML decoding offers a more efficient alternative to the trellis
searching based ML decoding for some block codes. In the paper we
develop a low-cost coset based soft-in/soft-out algorithms for the
F24 code based on the MAP rules. The performance of the F24 code
is very similar to that of the Golay code over a quite wide range of
signal-to-noise ratio (SNR) and we show that its decoding
complexities is very low.

LDPC (Low Density Parity Check) codes was presented by
Gallager in 1962, and SPA (Sum-Product Algorithm) is a fast
decoding method for the LDPC codes. However ,the method is
sensitive to the quantization effect with finite wordlength realization,
which can be a serious concern for practical implementation. In the
paper, we present an alternative PLRA (Parity Likelihood Ratio
Algorithm) to overcome the difficulty. Simulation results show that
PLRA can operates with wordlength of about 6 bits without
incurring significant performance loss. This is compared with about
12 bits required for SPA to achieve comparable performance. It is
shown that relaxed wordlength requirement can lead to significantly
reduced decoding cost.

At a BER of 107, a 16-state rate-1/2 turbo code with interleaver
length 65536 is 0.5 dB away from the Shannon limit for a binary-
input additive white Gaussian noise (AWGN) channel. However, the
turbo decoder based on the MAP algorithm is highly complex. To

v
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achieve the aforementioned performance, the required decoder
complexity is about 192 floating point operations per information bit,
per iteration (FLOP/IB/Iter). In the paper, we present a class of
codes called the zigzag codes and their concatenated scheme. We
develop the zigzag codes based on the graphical model. The
performances of the concatenated zigzag codes are close to the
standard turbo codes with only about 0.3 dB difference. However,
the decoding complexity of the concatenated zigzag codes is
considerably lower. For instance, the MLM algorithm costs only 20
AEO/IB/ter for rate-1/2,4-dimensional concatenated zigzag codes.
The proposed codes work well for medium to high rates (rates of 1/2
and higher). They also have very low error floors, which appear
lower than the turbo codes.

In conclusion section, a brief summary of all discussed topics is
placed and a expectation of the future embedded research is shown.

Key words parallel concatenated block codes , turbo codes , LDPC codes ,

« iterative decoding .
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