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Fast H-order Walsh transform and its applications in
underwater acoustic spread-spectrum communication
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Abstract: The main causes of bit-error-rate in underwater acoustic communication are multipath and Do-
ppler shift. Good anti-multipath and antijamming performances of spreadspectrum communication technique
are suitable for underwater acoustic communication. In order to deal with multipath and Doppler shift, it
is necessary to separate multipath components and search carrier frequency of the received signals.
These lead to significant increase of processing burden, and real-time processing cannot be realized with
conventional correlation techniques. Fast Walsh transform can be used to implement fast correlation bet-
ween vector and matrix. Therefore, realtime processing of received signals can be achieved by applying
fast Walsh transform in underwater spread-spectrum communication, for example spread-spectrum coding
and decoding, frequency search and multipath collection. Thus, real-time spread- spectrum communication
with long distance, low SNR, low bit-error-rate and high secrecy can be realized in shallow sea channel
with severe multipath and ambient noise. Good performances of this system are shown in lake-trial and

sea-trial.
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Fig.1 Butterfly figure of fast Walsh transform
by Cooley-Tukey-Walsh arithmetic
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Fig.2 Diagram of underwater acoustics spread-spectrum
communication system based on fast H order
Walsh transform
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Fig.3 Diagram of separating and collecting
multipath components
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