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Doppler estimation based on frequency average
and recursive frame method for underwater

acoustic communication

Chan-Ho Hwang

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In recent years, underwater sensor networks can be used for
environment  monitoring, disaster  prevention, and  military
surveillance. Unlike terrestrial communication, underwater acoustic
communication utilizes sound waves. The sound speed is dependent
on the water temperature and the salinity. The sound transmission
path is changed by refraction according to the gradient of vertical
sound velocity. When sound waves are passed through the
underwater, they are affected by attenuation, reflection of bottom
and surface, scattering, ambient noise, and the Doppler effect caused
by movement of the transmitter and the receiver. Of these factors,
the Doppler effect affects the correlation time of the channel related

to the transmission efficiency. These influences thus cannot be



neglected in the design of underwater acoustic communication
systems. To increase transmission efficiency, estimation the changing
Doppler frequency and compensation for distortion are needed. In
this thesis, Doppler shift frequency estimation methods to use in the
time varying channel proposed. Two kinds of methods are proposed.
One is a Doppler estimation algorithm that has stable performance
as a part of the communication system. From an overall
communication system perspective, the other is a demodulation
scheme that is different from the conventional communication
system.

The ambiguity function and decision-directed estimation are
presented. Also, a more accurate Doppler estimation method that is
based on decision-directed estimation is proposed, and a
re-modulation method that can update the channel parameters for
the equalizer operation and estimate the Doppler frequency during
the data frame using two Doppler estimation techniques is proposed.
A simulation based on the Bellhop modeling and sea experiment
was carried out to compare the performance of the proposed
method with a conventional non-recursive Doppler estimation. When
the channel coding technique was not applied, the uncoded bit error
rate performance of the proposed method was improved about

maximum 50.3 % compared with conventional method.

KEY WORDS: Underwater Acoustic Communication, Doppler Frequency
Estimation, Time-Varying Channel, Ambiguity Function, Sea trial
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Table 4.1 Parameters for simulation

Element

Contents

Packet

structure

Modulation
Data length
Training sequence length
Recursive frame length

QPSK

1,000 symbols
256 symbols
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1st Doppler The number of replicas 200
estimator Frequency interval 0.1
PLL gamma 0.1
DFE feed-forward / feed-backward length 10 / 20
Delta / lambda 999 / 0.999

A7z dolek SNRel wh&

Aol 29 422 YeRAT AA b
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