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Abstract:

A time-domain beamforming method based on micraplamray measurements is applied to identify
the location of the rotating sound source. The iifieation process of the beamforming method is
briefly described first. And then, numerical simigdas of two rotating monopole sources generating
different signals at a constant angular frequenoy imvestigated to testify the feasibility of tirad-
domain beamforming method. The simulation reswétaahstrate that this beamforming method can
identify the locations of these two rotating sosgreery well. Finally, an experiment of a rotatinigkd
with two small speakers is carried out to furthiow the identification ability of the beamforming
method. The experimental results demonstrate tisitbeamforming method is effective in identifying
the location of rotating source.

1 Introduction

Microphone array measurements have become a sthmelelinique to localize and quantify
source in kinds of sound fields. The simplest apphois the beamforming that applies the phase
differences between the measured signals to deterthe direction of arrival of the wave fronts and
provides the beamform map for the locations ofdinarce, which constitutes the delay and sum (DS)
beamforming method. These possible source positionshe focus surface can be identified by
adjusting the delay times of the microphone sigmelative to each other, and the strengths of the
investigated sources can be shown in the beamfoap. iMicrophone array measurements are
expanded to locate the moving source [1-2]. A detirjzation technique [3] is introduced to place
the moving source into a moving reference framaeHte rotating source with a constant angular
frequency is focused. The DS beamforming methaxtiended for the rotating source, which is called
Rotating Source Identifier (ROSI) beamforming methd]. The calculation is performed in the time
domain. Besides, the Rotating Beamforming methddrn3he frequency domain is also useful for
investigating the rotating source. The purposehi paper is to display the identification abilif
ROSI beamforming. The identification process ofsthethod is briefly recalled first. Numerical
simulations of two rotating monopole sources dritgrdifferent signals are used to testify the ROSI
beamforming method. And then, this method is expenitally applied to identify the locations of two
small speakers installed in a rotating disk inmisnechoic chamber.
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2 Theory of ROSI beamfor ming
The general solutiop(r,t) in the wave equation for a rotating monopole seucan be
expressed as [4]
s(t.7) M
47R(W,T)
wheres(r,,7) is the rotating source signal,is the time-dependent position of the rotating seur

p(r,t) =

wis the angular frequency of the rotati@raxis is the rotating axisR(w,7) = |r - rs| is the distance

between the field point and the rotating source, and the emission time a solution of the
following equation:

c(t-7) =R(w,7), 2
wherec is the sound velocity.

Rotating
source

Focusing plane E Measurement plane H
Figure 1. Geometric description of the measurermpéarieH, the focusing plan&, and the rotating
monopole source.
Figure 1 shows the geometry of the measuremene plathe focusing plang&, and the rotating
monopole source. There ake measurement points distributed on the plen@ndN focusing points

distributed on the plan&. Supposep,,(r,t) (m=1,...M) are the pressure signal recorded Ndy
microphones. If a virtual point source located abn the focusing plang is present, the microphone
pressure signap,, (r,t) can be written as

S(r..7.)
ATR(W,T,)
In order to reconstruct the virtual source sigsdl,7,) from the pressure signgl,(r,t), the

emission time is fixed. The Eq. (3) can be rewniths

pm(r1t) -

S
rt)=——"""— 4
ol 1) = e @
The receiver timd; of the microphone can be calculated by,
t =7,+R(w,7,)/c. (5)
The reconstructed signal(r,,7,) can be calculated with the delay and sum procedure
s(r,,r,) = ZW p,(r,t), (6)

wherew,, is the beamforming steering vector.
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3 Numerical simulation

Numerical simulation with two rotating monopole sms is investigated to testify the feasibility
of the ROSI beamforming method. The geometry of tetating sources, the measurement khgnd
the focusing plan& are shown in Fig. 2. The initial locations of tle¢ating monopole sourc&t and
X are (0.15m, 0 m, 0 m) and (0 m, 0.1 m, 0 m) , respectiv€lye measurement ring is located at
z=0.15 m in the Cartesian coordinate syste(x, Y,z) . The measurement ringl provides 50

measured points. The focusing plaheith 13% 13 points is located a =0 m and the grid spacing is
0.05 m in bothx andy directions. The rotating frequency is set as 50 Hze pressure signal is
simulated with a sampling frequency of 25.6 kHvling 5120 sampling points. The theoretical
pressure generated by the rotating monopole sasraalculated according to the advance time
approach in Ref. [6].
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Figure 2. Geometry of two rotating monopole sourt®es measurement rirtd, and the focusing plane
E in the Cartesian coordinate systeqfx, Y, z) .

3.1 Sweep frequency signal

The rotating sourceSL andS2 generate sweep frequency signals in the [20000]68z band. A
Gaussian white noise with a signal-to-noise ratid@dB is added to the simulated signals.

The time-domain pressure waveform at one microphaittout rotation is shown in Fig. 3(a),
and its spectrum is depicted in Fig. 3(b), whichtams contributions of two correlated sourcesrayri
the sweep. The time-domain pressure waveform amibeophone with rotation and its spectrum are
shown in Figs. 3(c) and 3(d), respectively. In Egit can be found that the pressure signals géebr
by rotating monopole source are different from ¢hagithout rotation. The ROSI beamforming
method is applied to the rotating data. The idematifon maps at two 1/3 octave frequencies are show
in Fig. 4. It is obvious that the two rotating m@ote sources are identified very well.
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(a) Pressure at microphone position without rotation x10° (b) Pressure spectrum without rotation
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Figure 3. (a) Pressure signal at one microphonowitrotation and (b) its spectrum signal, and (c)

pressure signal at one microphone with rotation(dhds spectrum signal.
(a) Identification map at 1/3 oct.2000 Hz

(b) Identification map at 1/3 oct.4000 Hz
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Figure 4. Identification maps at 1/3 octave (a)@612, and (b) 4000 Hz. The rotating frequency is 50
Hz.
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3.2 Random signal
The rotating sourceSl and &2 generate random signals. The ROSI beamformindhadets

applied to the rotating data. The identificationpmat two 1/3 octave frequencies are shown in5J:ig.

From the identification maps, the two rotating mopole sources can be identified clearly.

(a) Identification map at 1/3 oct.2000 Hz dB (b) Identification map at 1/3 oct.4000 Hz

dB

Q

Q,

Figure 5. Identification maps at 1/3 octave (a)@61z, and (b) 4000 Hz. The rotating frequency is 50
Hz.

4 Experiment and analysis

An experiment is carried out in a semi-anechoicntdber to further display the identification
ability of this beamforming method. Two small sperakdriven by different signal are installed in a
rotating disk to generate a rotating sound fieldl@®swvn in Fig. 6. The fixed speaker at the topleft
Fig. 6 (right) is not activated for this work.

L7

Figure 6. Experimet: microphone array, and thatiog disk with two small speakers.
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Figure 7. Geometry of the rotating disk with twoadhspeakers, the measurement pléhend the
focusing plan€ in the Cartesian coordinate systeqfx, v, z) .

The geometry of the rotating disk with two smaleéakers, the measurement plateand the
focusing planet is shown in Fig. 7. The initial center locatiorfstloe two small speakers are i)
0.115 m, 0 m) and (0.065 m, 0.0375 m, 0 m), respeygt The measurement plakeis located at
z=0.15 m in the Cartesian coordinate syste(X, y,z). The measurement plaé provides 56

measured points and the grid spacing is 0.1 m ih bandy directions. The focusing plarie with
17%21 points is located & =0 m and the grid spacing is 0.025 m in betAndy directions. The
rotating frequency is set as 15 Hz, and the ratagjmeed is measured with an optical tachometer. The
pressure signal is measured with a sampling freggueh25.6 kHz, providing 5120 sampling points.

4.1 Multisine signal

The rotating speaker 1 is switched off and thetirgespeaker generate multisine signal, which
contains frequencies 500-1000-1500-2000-3000-40Q00-61z.

The pressure signal and its spectrum at one miorgpkithout rotation are shown in Figs. 8(a)
and 8(b), respectively. Figs. 8(c) and 8(d) dettiet same signals but with rotation. After comparing
Figs. 8(a) and 8(b) with Figs. 8(c) and 8(d), ihd#e seen that the pressure signal has been changed
due to the rotation. The ROSI beamforming methodgplied to the experimental data. Figure 9
shows the identification maps at the 1/3 octavez{ight). It is obvious that the rotating speakeas
placed on the ring with radius 0.075 m, which iatks this method is effective in identifying the
location of rotating source. This result is complaie an application of standard beamforming at the
same frequency (Fig. 9, left). In this case, th@lehing corresponding to the radius of the soisce
identified.
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(a) Pressure at microphone position without rotation g 10°  (b) Pressure spectrum without rotation
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(c) Pressure at microphone position with rotation x10°  (d) Pressure spectrum with rotation
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Figure 8. (a) Pressure signal at one microphongowitrotation and (b) its spectrum signal, and (c)

pressure signal at one microphone with rotation(dhds spectrum signal.

dB

Figure 9. Multisine signal, identification mapsl#&B octave 4000 Hz, with standard beamforming)(left
and with ROSI (right). The rotating frequency is H3. The green circle corresponds to the radial

position of the loudspeaker. The initial angle RDSI is chosen to match the angular position of the
source in figure 6.

4.2 White noise

The rotating speakers 1 and 2 generate white ramdethey are uncorrelated. The identification
maps by this beamforming method at 1/3 octave 4 &tdzhown in Fig. 10. From these identification
maps, it can be found that the rotating speakey dldced on the ring with radius 0.115 m and the
rotating speaker 2 on the ring with radius 0.075vmch evidences that the location of rotating seur
can be identified by this beamforming method vesllwWhen comparing this map to the result of
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standard beamforming (same figure, left), the seaurare still identified at the good radial position

(although with a smaller dynamic range), but the timgs are too close to each other to be separated
dB dB

Figure 10. Random signal, identification maps 8tddtave 4000 Hz, with standard beamforming (left)
and with ROSI (right). The rotating frequency is H%. The green circles correspond to the radial
position of the loudspeakers. The initial angleR®SI is chosen to match the angular position ef th
source in figure 6.

5 Conclusions

Two rotating monopole sources with generating swesguency signals and random signals are
simulated to test the Rotating Source ldentifiearbforming method. The calculated process is
performed in the time domain. The simulation resgitoved that this beamforming method could
provide the satisfying identification of rotatingusce. In order to further testify the feasibilaf/ this
beamforming method, a rotating disk with two snegkeakers at a constant angular frequency is
carried out in a semi-anechoic chamber. The exmeriah results demonstrate that this beamforming
method can remove the influence of rotation verylwaad the identification maps provide the
locations of these two rotating speakers clearly.
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