Proceedings of the Institute of Acoustics

DETERMINATICN OF THE DIRECTIVITY OF A PLANAR NOISE SOURCE BY
MEANS OF NEAR-FIELD ACOUSTICAL HOLOGRAFPHY

D J Oldham ané M A Rowell

Department of Architecture and Building Engineering,
The University of Liverpool, PO BOX 147
Liverpcol, L69 3BX

1. INTRODUCTION

one of the major problems encountered when trying to measure
the directional characteristics of an acoustic source, is that
the measurement must be performed in the far-field. This
usually implies a distance from the source of many times its
‘size’. To overcome this problem, many researchers [1][2] have
proposed that allow measurements made in the near-field of a
source to be used in calculating it’'s far-field
characteristics. Methods such as these require a measurement
of pressure and/or velocity to be made over an array of points
close to a source. This set of discrete values is then used in
a Helmholtz type integral to <calculate the pressure at a
particular far-field position. The main problem of methods of
this type is that performing the integral for each far-field
peint is computationally very time consuming. In this
presentation, a method is proposed using Near-field Acoustical
Holography (NAH) [3][4] to calculate the far-field pressure due
to a source. Because of the use of the FFT algorithm in the
calculations, the far-field directivity of a source can be
calculated much more efficiently. Also, using broadband
holographic techniques ([5]}[6], a broadband (1/3 or whole
octave) far-field directivity can be calculated.

1.1 Definition of Directivity
The definition of far-field directivity used in this work is as
follows:

I(R,8,28)
(e, ———— (1)
Iy

where: I{R,8,%) is the far-field intensity by the source
: ] is the polar angle
] is the azimuthal angle
Iy is the intensity which would be produced by
the source if it radiated omni-directionally
-into a half space i.e. Iy = W/27R?

Proc.1.0.A. Vol 13 Part 2 (1291)

97



Proceedings of the Institute of Acoustics

DIRECTIVITY OF A PLANAR SOURCE

2 THE CALCULATION OF THE FAR-FIELD INTENSITY

The far-field intensity in Eq. (1), I(R,®,¢) is obtained from
the far-field pressure p(R,9,%), which is calculated using the
following well-known formula, relating the far-field pressure
of a source and the Fourier transform of the source velocity,
Vs

el
p(R,0,%) = -jkoc vg(kpky) {2)
2R
where: k, = ksinécos® and
ky = ksinesin®
for ke? + ky? € k' i.e. inside the radiation circle.

This formulation of the far-field pressure is equivalent to the
one given in Ref. (3]. For low-frequencies, there will only be
a few points of the discrete data set inside the radiation
circle, giving risa to a poorly defined far-field pressure.
The method used in this work to greatly increase the definition
of the far-field pressure is a ’‘sampling expansion’ method of
interpclation, outlined by Papoulis [?7). This method uses an
interpolating filter to calculate the value of a function H at
some freguency k’, from a set of 2N discrete values H(u dk)
thus:

!
H(k") = E H(p.dk) Ki(k’ - p.dk) (3)

where K, is the interpolating Ffilter function given by the
followidﬁ:

sin(N.-dx(k’ - g dk)) eldtk’-sdki/2
Ky(k! - p dk) = (4)
2Nsin(dx(k’ - p_ dk)/2)

where dx and dk are the spacing of the hologram grid in real

and k-space respectively, and k,, = p.dk is the k-space sample
frequency. '

For the case of two-dimensions, as in NAH, a double summation
is used, following the notation of Veronesl and Maynard (4]
thus:

H(X,,K,) = T H{ky, ky) K (k=Ky) Ky(ky-kpy) (5)
v = A ek By b YRy
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where H represents the magnitude of the far-field pressure. If
the far-field pressure is required in one direction (k;, = 0 or
k%|= 0, corresponding to the xz or yz planes), and not over the
whole henisphere, Eg. (5) reduces +to a one-dimensional
summation which is much less computationally demanding than the
double summation.

3. THE CALCULATION CF THE POWER

The acoustic power W, of the source, regquired for the
calculation of directivity (see Eg. (1)) can be calculated in
one of two ways:

3.1 Integration In The Far-field

The first method of calculating the acoustic power is to
integrate far-field intensity over a hemisphere in front of the
source:

2
W = R?|d0 | sin® I(R,9,%). 42 (6)

0 0

‘In NAH this integral is reformatted to be performed over the
radiation circle, k,? + kyi £ k?, thus:

X (k"k,’}§
R? : I(kgrky)
W=~ |dk, dk, (7)
k (K=K, -ky?) ¥
-x -y '

which enables Eg. (7) to be calculated using a simple double
summation. Tha advantage of this method is that the far-field
intensity is already known.

3.2 Integration Over the Scurce Plane

The second method for calculating the power of the source, is
to integrate the product of the pressure and the complex
conjugate normal particle velocity over the source plane,
2 =0 [8)]. This takes more time than the far-field method, as
both the real-space pressure and velocity of the source have to
be determined.
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4. WUMERICAL SIMULATION

This method for calculating directivity has been tested for two
numerically simulated sources, over a range of frequencies and
hologram ‘measurement’ parameters. The two sources used were
as follows:

* A circular piston
*+ A simply supported panel

The piston radius used was 0.5m, the panel dimensions were
im x 1m, and the panel mode is (3,1), following the notation of
Wallace [9]}. For the results shown here, the hologran
'measurement’ parameters were as follows:

Hologram aperture (L) = 2.2m
Number of points (N) = 64
Hologram distance (2;) = 0.03m

Fig. (1) show the directivity index = 10Log)(D{(6,¢)) for the
piston for ka values of 1,5,10 and 40, corresponding to
approxinate frequencies of 100, 500, 1000 and 4000 Hz, in the
xz-plane. . As can be seen, the agreement between the
directivity calculated from NAH and the theoretical directivity
is generally very good, apart from at low frequencies, ka = I.
It can be seen from Fig. (2) that the same conclusion also
applies for the panel source, for ka/2 = 1,5,10 and 40.

The poor estimate of the source directivity at low fregquencies
(ka £ 1) is due to the sampled pressure over tha finite
hologram aperture being a poor representation of the true
pressure over an infinite domain.

For large values of the pelar angle, (e -> 7/2), where the far-
field position approaches the plane of the source, it can be
seen that the calculated directivity decreases compared to the
theoretical directivity. This decrease in the calculated
directivity is due to the nature of the k-space Greens
function [4] used in the reconstruction of the k-space source
velocity, causing the far-field intensity to be underestimated
as 6 approaches w/2. .

A result from a broadband simulation can be seen in Fig. (3).
This shows the 1kHz 1/3 octave theoretical and calculated
directivity for the piston source. The 1/3 octave directivity
indeces were synthesized by summing the narrowband far-field
intensity and power estimates for frequencies from %00 Hz to
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1120 Hz in steps of 20Hz (12 narrow band values in all). As
can be seen the agreement is very good.

5. THE EXPERIMENTS

For experimental verification of the method, a computer
controlled xy-traverse was designed and constructed, with a
maximum scan area of approximately 2.5m x 2.5m. A single
scanning micrecphone with a phase reference signal was used to
measure the complex pressure at each grid-point, using a dual
channel FFT analyzer. The signal used to excite the source was
a multisine signal as wused by Strong [6]. This signal is
broadband in nature, but at the same time deterministiec, and
hence the averaging time required per grid-point is small
compared with that for a normal broadband noise signal.

S.1 Directivity of a Loudspeaker

To test the method, the directivity of a 12" (30cm) diameter
loudspeaker in a baffle was measured using a 1.1m x 1l.1lm,
32 »x 32 point grid, and compared with the directivity
calculated from a direct measurement of the far-field SPL at 3m
and the power using an intensity scan close to the loudspeaker.
Figure (4) shows this comparison for the 2500Hz 1/3 octave. As
can be seen, the agreement is good. It must be noted that the
direct measurement of far-field SPL could be in error for large
angles from the normal, due to the proximity of the side walls
in the semi-anechoic room used as the receiving room.

5.2 Directivity of Homogeneous and Mon-Homogeneous Panels

Using this method, the directivity index of a wvariety of
panels, both flat and corrugated has been measured. Figure (5)
shows the directivity index at 4kHz for a émm thick aluminium
panel measuring 0.%m x 1.2m. As can be seen the panel exhibits
the "lobes" as predicted by Shen and Oldham [10]. Figure (§)
shows the directivity index for a trapezoidally corrugated thin
(0.7mm) steel panel of similar dimensions to the homogenecus
aluminium panel. Even though panels of this type have a low
critical frequency in a direction parallel to the corrugations
(the yzplane in the figures), the panel exhibits no pronounced
directional lobes.

6. CONCLUSIONS

A method has been demonstrated for measuring the directivity of
planar sources. The method gives eXcellent agreement with
theory for mid and high frequencies. The method does not give
reliable results at low frequencies, due to the low number of
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peints inside the radimtion circle, and due to the low accuracy
of the power calculation. Work is continuing on the development
of a 2D "zoom" fast Fourier transform, to change the resolution
of the k-space gquantities, such that the radiation circle
encompasses the majority of the k-space sample values, for all
source freguencies.
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Pigure 3: Numerical simulation
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E wf

z ., ’

5 N [NV VOOV, ",y A

8 NEESCEEV A G \

> -f - »\\,‘\_

N Y

g -10= .

- -wl-J \
- .

-28
-0 -0 -3 ] 0 -0 L
& (degrees)
Figure 5: The directivity index
of a homogeneous aluminium

panel in the 4kHz 1/3 octave
.band ’
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Figure 4: Comparison of the
directivity index of a

loudspeaker in the 2.5kHz 1/3
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and NAH (=) methods of
measurement
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Figure 6: The directivity index
of a trapezoidally corrugated
steel panel in the 4kHz 1/3
octave band
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