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Covariance-based source localization performance improvement
for underwater ultra-short baseline systems
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ABSTRACT: Since Ultra-Short BaseLine (USBL) uses an array with narrow sensor spacing, precise synchronization
is required to improve source localization performances. However, in the underwater environment, synchronization
errors occur due to relatively strong noise and underwater acoustic channels such as multipath and Doppler, which
deteriorates the source localization performances. This paper proposes a covariance-based synchronization
compensation method to improve the source localization performances of the underwater USBL systems. The
proposed method arranges the received signals through cross-correlation and calculates the covariance of the
arranged signals. The synchronization error is related to the phase difference in the covariance. Thus, the phase
difference is estimated as the covariance and compensated. Computer simulations demonstrate that the proposed
method has better source localization performances than the conventional cross-correlation method.
Keywords: Ultra-Short BaseLine (USBL), Synchronization, Covariance, Cross-correlation, Source localization
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Table 1. Simulation parameters.

Parameters Values
The number of USBL sensors 4
d 15 cm
L 15cm
Tione ls
]:;hir'p s
@ 1 kHz/s
Jo 32 kHz
Sampling rate, f, 1 MHz
Horizontal distance between
transmitter and receiver 100m
Depth of receiver 2m
Depth of transmitter 35m
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