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Abstract: Sound source localisation (SSL), such as NAH a&adnbforming, have been around for the
last decennia. SSL techniques have been maintifaséree field conditions and only the last caupl
of years these techniques have found their wayiméoior acoustic applications where non-free-fiel
conditions are met.

Since the measurement happens in a cavity whelectiehs are present and sources all over the
volume, the classical 2D free field antennas wit mvork and a 3D solid spherical antenna is
required to perform a SSL on the complete intecmmpartment. The uniqueness of this solution lays
in the fact that the SSL propagation is not onlgdgshupon a beam-forming solution, but takes also
into account the acoustic diffractions that happmmund the solid sphere. The result of this
measurement campaign gives an overview of all ssupresent in the interior enclosure. A key
factor in having accurate results however is thaikability of having an accurate geometry to which
one propagates the pressure to.

Keywords: sound source localization, beam-formmegr-field acoustic holography
1. INTRODUCTION

Engineers have been developing SSL techniquesiéolast ten years and industrial techniques
now exit to measure in free field for example ogiea testing bench and perform a SSL. Because of
the free field conditions, these systems normadlg a planar 2D antenna. The data processing can
combine acoustic holography for accurate low fregyeanalysis and near field focusing for high
frequency localization with a few number of micropbs [1-2].

Measurements inside cabin involve additional cingéess. Inside a cabin, the sources can be in
front or behind the antenna. Secondly inside ancdbere are reflective waves that can be idetifi
as additional ghost sources. Inside cabins, thectise of a SSL system is to minimize the influence
of the reflective waves and have a proper locatimabf the sources that are in front or behind the
antenna. These two points avoid the use of a pkamay which cannot separate properly sources in
front and behind of the antenna.

The quality and accurateness of the results verghnaiepend on the correct geometry to which
the pressures are propagated. So in order to perdoproper interior SSL one needs a proper 3D
sphere, a correct geometry and the correct algositthat can optimize the results.

This paper will elaborate on two of these requpads:

e Solid versus open sphems mentioned above, for cavity measurements apdiere is required as
measurement array. In this section the advantafies solid sphere versus an open sphere are
explained.

e Geometry influencedn this section, the importance of the propagatjeometry is ilustrated.

2. SOLID VERSUS OPEN SPHERE

When working on interior acoustics in a cabin,sitniot always obvious where the noise is
coming from. In order to be able to quantify a 8@und field, a solid spherical antenna has been
positioned in one of the front seats as can be ise€igure 1.



Figure 1. Spherical solid antenna

The data processing for the solid sphere is matlifietake account of diffraction. That is done
with a decomposition on the spherical harmonicsivitian also be called spherical beam forming (or
SRTF), equations 1 and 2. For the transparenin/@péere, the treatment remains the traditional
beam-forming.

Beam forming :
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Sphere related Transfer function (SRTF) :
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Figure 2 presents the resolution for a 23 cm diamghere located at 50 centimeters from the
sources. The red curve corresponds to the resolofia transparent sphere and the green curve for a
solid sphere. The spatial resolution improvementiomw frequency is about 40%. The acoustic
holograms of a source located on the upper faeevirtual cube surrounding the sphere are presented
for different frequency on the Figure 3, Figurendl &igure 5. The sphere diameter is noted a, aad th
cube volume is equal to (18a)

Improvement of Resolution with the HRTF
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Figure 2: Resolution of the solid sphere  and the open sphere



Figure 3 presents the results obtained for the gpéere and the solid sphere for a frequency
k.a=2 with k the wave number. The green ring isB3lawer that the main source. One can easily
observe the solid sphere provides a finer sourcailation than the open sphere.
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Figure 3: calculation with k.a=2 (dynamic 16dB)
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Figure 4: calculation with k.a=5 (dynamic 10 dB)

Figure 4 presents the results for a frequency k.a#&%® can note that ghost images are mainly
located on the face opposed to the source. Ghagtamare displayed source that are art effectseof t
used array and that can be confused with real esur&or the open sphere, the level of this ghost
images is only 3 dB lower than the main source.tRrersolid sphere, the level of the ghost imagés is
dB below the main source giving the solid sphedgraamic range of 8 dB.

Figure 5 presents the results for a frequencyaf10. In this case we can observe spatial under
sampling of the acoustic wave.
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Figure5: calculation with k.a=10 (dynamic 10 dB)



For the open sphere, we observe ghost images Rtoldhe face opposed to the source and at -
4dB on the side faces. With the solid sphere,habé ghost images are at least to -6 dB below the
main source. Having a dynamic range of 6 dB or n®kery important in performing a proper SSL.

The previous provided results were for free fietthditions. To find out the influence of
immersing the sphere in a diffuse field versusea field, the solid sphere was once place in a ofibe
roughly 15m by 1m by 1m that was acoustically &daproviding a free-field condition. For the
second measurement the acoustic material was refrmvehe cube giving a diffuse field.
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Figure 6: measure with k.a=4 (dynamic 8 dB)
Figure 6 shows the results obtained for a frequaridya=4. For the free-field conditions, the
dynamics range of the solid sphere is higher thdB,8whereas it is less than 6 dB in a diffusedfiel
In the examples described in Figure 3, Figure 4 Eigdre 5 were executed in free field conditions.
For these applications the open sphere had aridnfdynamic range than the solid sphere and was
around 3 dB. Bringing the open sphere in an enctowill only worsen this dynamic range.

3. GEOMETRY INFLUENCE
Real car generated geometry »

When doing source localization inside a cavity,
a surface has to be provided to the analysis tatwhi
the pressures have to be propagated. Getting ¢
geometry is not always easy for a test personhso t
question can be raised if one could propagate to
virtual geometry that has no relation with the attu
geometry of the vehicle versus the actual geonadtry
the cavity, Figure 7. Propagating to an arbitrary
surface is from a users standpoint as from an so&w
integration standpoint very tempting but will this
approach have a cost in accuracy?

In Figure 7 are 3 source located on the surface
of the car geometry. When propagating to a virtual
sphere, dotted line in Figure 7, the top sourds fal
front of the sphere, while the bottom source ifirfgl
behind the sphere. Question becomes now if there
will be a difference in localization results betwes
sound source localization using the virtual sphese Virtual calculation sphere
geometry, where the source don't line up with the
used propagation geometry versus a propagation
using the proper geometry. © 3identical source positions

Figure 7: Propagation geometries
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Figure 8: Propagation resultsfor different geometry locations

Figure 8 shows a simulation of what the resultsifatiee results are propagated to the virtual
sphere surface. The first row of Figure 8 shovesdiburce localization results for a source in fiant
the surface, the middle row shows the results feowrce on the surface and the last row shows the
results for a source behind the propagated surfBeeh column in Figure 8 shows the propagation for
a different frequency. For the lower frequency 5X) we see that when the source is well localized
for the case when the source is in front of théaseror on the surface. When the source is bethimd
surface, last row, the localization of the sourcB® Hz is not only less accurate, larger red,dpat
also wrong. The small circle indicates the propeurce location. When comparing the other
frequencies, 2000 Hz and 5000 Hz, we can basicalhglude that in all three cases the source is well
localized and that the fact of the source beinghenpropagated geometry or not doesn’t influenee th
localization. However when looking at the dynamginge, we do see a significant difference. Each of
these propagations is simulated when only one sosreresent. This is done to make the results
easier to read and interpret for the non-expergng®r. Since each simulation is done with one
source, each propagation should have only onepetrl \where the actual source is located, and for th
rest the pressure on the propagated sphere shewdrb. However, a sphere has certain directivity,
implying that in the propagation some sources shpuhat are physically not there. This is linked t
what people refer to as the side-lobes of the sph&rom a practical point of view, this means that
below this pressure level where the ghost imagas stiowing up, one can no longer distinguish real
source from ghost images.

So when looking at the blue spots on the diffepropagations, we can see that for the middle
row only some small blue spots show up at highegfencies. All results in Figure 8 are shown with
a dynamic range of 8 dB. So when the source idddcan the propagated geometry we see that for
the higher frequency the dynamic range drops t8.8 This is normal. The dynamic range decreases
with increasing frequency. When we look at theppigations where the actual source is laying in
front of the sphere, we see for the 2000 Hz propag@ne small blue spot while for the 5000 Hz we
have a significant number of large blue spots. WMe source is behind the propagated surface we
basically have a blue sphere for the 2000 Hz ar) 34z frequency band. So for both cases where
the source is not laying on the propagated susigcaotice that the dynamic range drops versus when
the source is located on the propagated surfabés dfop in dynamic range is worse when the source
is behind the propagated surface. Similar conchsswere found by Olaf Jaekel [4].



The results in Figure 8 are based upon simulation$n order to validate these
results/conclusions actual measurements were takespeaker was placed on the dashboard of a car
and placed at different distances from the cerftéheosphere: 55 cm, 65 cm and 73 cm. For each of
these cases, the pressure was propagated to & spince with a radius of 65 cm, Figure 9.

Figure9: Validation M easur ement set-up

The results of this analysis are shown in FiguréhtGugh Figure 12. The distance underneath
the results indicates the distance between thekepead the sphere. All the results are propagated
a sphere with radius of 65 cm. So only the miguttgpagations are propagations where the source is
actually laying on top of the propagated geometdyrom Figure 10 we see that for the high
frequencies the source are well localized but thatdynamic range drops when the source is not
aligned with the propagated geometry. The drogyimamic range is very bad when the source is in
front of the geometry. For the middle frequenayg® Figure 11, the spatial resolution is worserwhe
the source is not on the propagated geometry. Vibary lower in frequency, Figure 12, we notice a
wrong localization when the source is in frontlod propagated geometry. When the source is behind
the geometry, the localized source is slightly @futhe center.

55 cm 65 cm 73cm
Figure 10: Propagation Resultsfor frequency band from 2630 Hz to 3420 Hz.
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Figurell: Propagation Resultsfor frequency band from 1000 Hz to 1500 Hz
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Figure 12: Propagation Resultsfor frequency band from 500 Hz to 1000 Hz

4. CONCLUSIONS

This paper elaborated on two main topics. In ih& fopic the advantages of a solid sphere
where discussed for the localization of sources ipavity. A solid sphere gives better spatial
resolution in the low frequencies and has a beftaamic range for the higher frequencies.

In the second part a deeper investigation was dartbe influence of the propagated geometry
versus the accuracy of the results. The conclasimm the simulation results as well as from the
actual measurements are that when the source ifocatied on the propagated surface a loss in
accuracy and dynamic range is noticed.
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