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An Improved Decoding Scheme of Hamming Codes using Soft Values
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Abstract In this paper, we propose a syndrome decoding scheme that can correct two errors
for single error correcting Hamming codes within a code length. The decoding scheme
proposed in this paper has the advantage of significantly improving the error rate performance
compared to the decoder complexity by correcting multiple errors without substantially
increasing the decoding complexity. It is suitable for applications in which the energy use of
encoder/decoder is extremely limited and the low error rate performance is required, such as
IoT communications and molecular communications. In order to verify the improvement of the
error rate performance of the Hamming code with the proposed decoding scheme, we
performed simulation on Hamming codes with short code length in the AWGN and BPSK
modulation environments. As a result, compared with the conventional decoding method, the
proposed decoding scheme showed performance improvement of about 1.1 ~ 1.2[dB] regardless
of the code length of the Hamming code.

Key Words : Error rate performance, Decoding complexity, Syndrome decoding, Energy-limited
environment, Multiple error correction
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Table 1. 1-Error pattern and its corresponding
syndrome vector of (15,11) Hamming code
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[000000000000000] [0000]
[100000000000000] [1111]
[010000000000000] [0111]
[001000000000000] [1011]
[000100000000000] [1101]
[000010000000000] [1110]

[000001000000000] [0011]
[000000100000000] [0101]

[000000010000000] [0110]
[000000001000000] [1010]
[000000000100000] [1001]
[000000000010000] [1100]
[000000000001000] [1000]
[000000000000100] [0100]
[000000000000010] [0010]
[000000000000001] [0001]
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Table 2. m-bits error pattern and its syndrome
vector of (15,11) Hamming code (m < 2)

2F IH e MEE s
[000100000000000] [1101]
[000011000000000] [1101]
[001000010000000] [1101]
[010000001000000] [1101]
[000000100001000] [1101]
[000000000100100] [1101]
[100000000000010] [1101]
[000000000010001] [1101]
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