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A Study on 3—Dimensional Near—Field Source Localization Using
Interference Pattern Matching in Shallow Water Environments
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In this paper, we propose a 3—D geometric localization method for near—field broadband source in shallow water
environments, According to the waveguide invariant theory, slope of the interference pattern which is seen in a
sensor spectrogram directly proportional to a range of the source, The relative ratio of the range between source
and sensors was estimated by matching of two interference patterns in spectrogram, Then this ratio is applied to
the Apollonius's circle which shows the locus of a source whose range ratio from two sensors is constant, Two
Apollonius's circles from three sensors make the intersection point that means the horizontal range and the azimuth
angle of the source, And this intersection point is constant with source depth, Therefore the source depth can be
estimated using 3—D hyperboloid equation whose range difference from two sensors is constant, To evaluate a
performance of the proposed localization algorithm, simulation is performed using acoustic propagation program and
analysis of localization error is demonstrated, From simulation results, error estimate for range and depth is described
within 50 m and 15 m respectively,

Keywords.: Underwater acoustics, Waveguide invariant, Interference pattern matching, Circle of apollonius,

Hyperboloid, 3—dimensional localization
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Table 1. Estimated range ratio between source and two
sensors using interference pattern matching.

28 2| (A H2H)

G 2000 m | 2500 m | 3000 m | 3500 m | 4000 m
(1.1) (1.08) |(1.0667) | (1.0571) | (1.05)

10 m 1.099 1.079 1.067 1.057 1.05

30 m 1.099 1.079 1.067 1.057 1.05

50 m 1.101 1.08 1.066 1.057 1.05

70 m 1.1 1.08 1.066 1.057 1.05
90 m 1.1 1.08 1.066 1.057 1.05
110 m 1.1 1.08 1.066 1.057 1.05
130 m 1.1 1.08 1.066 1.057 1.05
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Localization results for case1 —
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Fig. 15. True source positions and estimated source
positions.
(a) Case 1 (b) Case 2
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Fig. 16. Localization error over the frame.
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Case 1 27.07 0.8 12.7
Case 2 53.17 0.4 9.4
Total 40.12 0.6 11.05
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