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ABSTRACT

The use of beamforming method and de-Dopplerization technique was applied in studying the rotating sound sources.
Acoustic analysis of a moving sound source required that the measured sound signals be de-Dopplerized and restored as of

the original emission signals. Two main issues of the signal reconstruction in time domain are addressed herein: First, to
remove Doppler effect from the measured data and to restore the original emission data of the moving source. The
difference of the time domain beamforming from the frequency domain beamforming was mentioned. Also, the time domain
beamforming method is deployed in the test and the comparisons were made to the frequency domain results.

The time domain signal reconstruction was numerically simulated prior to the application. To validate the
de-Dopplerization performance, the rotating point sources were examined and localized by the use of a phased array of
microphone. The application of prop-rotor was conducted in a hovering condition. The results of reconstructing time signals

of rotating sources and its locations were shown in the power distribution maps. In the prop-rotor measurements, the

acoustic source locations were successfully verified in varying positions for different frequencies of interest.
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Fig.1 A microphone is measuring a rotating sound source.
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Fig.2 The forward propagation method of signals from a
moving sound source: (a) measured acoustic signal in ¢
(equally spaced), (b) reconstructed signal in ¢, {(non-equally
spaced), {¢) reconstructed signal in & (equally spaced).
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Fig.3 Results of time domain beamforming (lower row) &
frequency domain beamnforming (upper row). The frequency
of interest was 2 kHz and source locations were changed.
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Fig.4The array measurement of the rotating sound sources
(left) and the experimental schematic (right).
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Fig. 5 Comparisons of power distributions of the time
domain beamforming without (upper) and with the signal
reconstruction (lower) on the rotating sources (540 rpm): 1
kHz (left column), 2 kHz and 5 kHz.
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Fig.6 The 1 kHz sound source power distribution under
the conditions of varying trigger locations and the
processed data sizes: from upper left, clockwise (a) trigger
location=3 o’clock, Nuxa=512, (b) 6 o'clock, Nuxa=512, {c) 3
o'clock, Ngw=2048, (d) 3 o’clock, Ngw=512, () 12 o’clock,
Nuaa=512, () 9 o'clock, Nuaa=512.
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Fig.7 Power distributions of the rotating 1 kHz sinusoidal
sound source with varying incidence angle,6=30" (1* row),
6=60" (2 row) and =90 (3" row).
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Fig.8 The array measurement on a scale-down prop-rotor
was done in CNU semi-anechoic chamber.
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Fig.9 The power distribution of scale-down prop-rotor.
Pitch angles are O (upper), 6 and 12 degrees. Interesting
frequencies are the 10th (1 kHz), 20th (2 kHz) and 50th
harmonics (5 kHz) of BPF.
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