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Joint processing for time-variant Doppler estimation and chip
synchronization in long-range underwater acoustic spread
spectrum communication
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Abstract: To overcome the disadvantages of conventional Doppler estimation under long range shallow water, a novel
algorithm based on joint time-frequency search is proposed to track the time-variant Doppler and chip phase in under-
water acoustic spread spectrum communication. The algorithm utilizes the spread spectrum gain and cross-correlation
of orthogonal spreading code combined with iterative processing to search the Doppler spectrum peak under different
chip phases. Then the correct Doppler factor and chip phase corresponding to the spectrum with the maximum peak
value are selected to perform the Doppler compensation of signal and the chip synchronization. Experiment results
performed by Monte Carlo simulation are provided to demonstrate that the proposed algorithm can effectively track the
time-variant Doppler factor within 10 m-s’ under the SNR of —18 dB. The sea-trial results show successful Doppler
tracking and estimation in the long range underwater acoustic spread spectrum mobile communication with a stable

performance of BER = 10°.
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Fig.1 The block diagram of orthogonal spread spectrum system
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Fig.2 The flow diagram of the Joint code synchronized time-variant
Doppler estimation algorithm
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Table 1 System parameters of spread spectrum system
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Fig.3 The error of Doppler estimation versus SNR
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Fig.4 The error of Doppler estimation versus speed
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Fig.5 The convergence process of Doppler estimation
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Table 2 Data processing results of sea trial
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Fig.11 The channel impulse response during the trial
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