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The Bearing Estimation of Narrowband Acoustic Signals
Using DIFAR Beamforming Algorithm
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ABSTRACT

In order to extract bearing information from the directional sensors of DIFAR(directional frequency analysis and
recording) that is a kind of passive sonobuoy, the cardioid beamforming algorithm applicable to DIFAR system
was studied in the frequency domain. the algorithm uses narrow-band signals propagated though the media from
the acoustic sources such as ship machineries. The proposed algorithm is expected to give signal to noise ratio of
6dB when it uses the maximum response axis(MRA) among the Cardioid beams. The estimated bearings agree
very well with those from GPS data. Assuming the bearings from GPS data to be real values, the estimation
errors are analyzed statistically. The histogram of estimation errors in each frequency have Gaussian shape, the
mean and standard deviation dropping in the ranges -1.1~67" and 13.3~436", respectively. Estimation errors are
caused by SNR degradation due to propagation loss between the source and receiver, daily fluctuating
geo-magnetic fields, and non-stationary background noises. If multiple DIFAR systems are employed, in addition
to bearing, range information could be estimated and finally localization or tracking of a target is possible.
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[28] 1] Cardioid beamforming principle using
doublet hydrophones.
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[22 2] Limacon pattern obtainable from the
doublet hydrophones.
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[28! 4] Receiving response characteristics
among Sensors.
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[22 5] Cardioid beam pattern as a function of
normalization factor a.
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{22 10] Power spectrum densities of simulated
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[23 11] Cardioid beam response of DIFAR sensors
at angle 180°.
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[22! 16] Bearing errors compared with references
for the source signals of ten frequencies.
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(28 171 Histograms and cumulative probability
distribution of bearing estimation errors.
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golexte] HFL -11° ~ 67 714 BESHL, X
FUAE 133 ~ 436 ¥HE et 183
MRA 71& -3dBA(£654°) olHe] 88 2349
E 930% ~ 9.7%S Bk

[Z 2] Statistic results of the bearing estimation

1
©  Bearing Error
Range

g 3
g X
=
S
w o
2 -
&

-180 T T T T T T 0

11:00 12:00 13:00 14:00 15:00 16:00
Time [hh:mm}
180 18
> Bearing Error
—— Range
1204 415

¢ T
& L
— (]
5 e
= T
it} v
g

&

-180 T T T T T T 0
11:00 12:00 13:00 14.00 15:00 16:00
Time [hh:mm]

errors.

Freq.Hz) | Mean(m) | S.D.(o) | -3dB(%)
100 2.58 20.69 97.9
130 -1.12 13.71 99.7
165 -0.58 13.25 99.7
205 1.68 27.05 97.9
255 1.59 26.49 97.6
320 1.70 21.81 99.1
405 -0.08 17.15 9.1
505 6.68 32.72 95.8
635 1.99 18.83 99.1
805 5.70 43.60 93.0

182 | §=7AE}7|£88)A) A58 A25(2002d 7€)

[2% 19] Estimated bearing errors compared with
references for 100Hz(up) and 405Hz(down).
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