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Introduction Physical-model-based spatio-temporal filtering
* We have proposed a novel measurement method of flow-induced sound including air-flow * By considering the Helmholtz equation, the solution can be > -
using parallel phase-shifting interferometry (PPSI). approximated arbitrarily well by the plane wave. Temporal| _— | Temporal
- For detailed investigation of the flow-induced sound, separation of flow and sound is required. + The spatial spectrum of a plane wave has only on the circle yigeo—>]2nabysis | . | it | . [synthesis | —
- _ _ _ _ ~ whose radius is £ = w/c. | |
Sroblem An ordinal physma_\l-model-b_ased Spatlo-ter_nporal filter cannot extract the sound k: wavenumber w: angular frequency c: speed of sound L ?t ﬁt —
_nhear occluding objects and image boundaries. y - The spatio-temporal filterbank passes the spectrum related to ~ "'9- < >PaUO-EMpOrat Herbank.
r D sound and stop other parts. _ Spatio-temporal filtering
Objective | A method for extracting the sound near occluding objects and image boundaries. <Problem> E
N /  The performance of the spatio-temporal filterbank is degraded - ‘::;- E >
S ronoen | Aguided filter is combined with the physical-model-based spatio-temporal filter around the occluding objects and image boundaries because . Ty
P for extracting sound from optically measured images. ) fnuocge?rtlflual boundary is not considered in the conventional * ig. :pit mporal filtered data.
Optical measurement of sound Proposed method | | |
* Optical method can capture sound field without setting any measuring device inside the field. * Aguided filteris m_tegrated mto the spatio-temporal filterbank. .
. . . . * To do so, we consider the weighted least squares method: 2 .
it Is effective for measuring near the source of aerodynamic sound. s —T—————mm = z———————————_
. 2 2
—Optical flat Optical flatp Lens Laser arg amlgl Z Wn,m (( Am G(n) T bm _ Iin(n) ) + A CLm) :
<PPSI> e | - S 2
- Multiple interference fringes can be obtained o Lens Catl SPAEt Wg}rli‘c;%gon Gm, bm: some coefficients for the mth region  n:index of the image pixel 3
v a high-speed nolarization camera == == Aperture Win : mth region of a sliding window G : guidance image HIIEEEEER  ————
y g p p . " _ . OLGDS Wy 1, WElght Iin . input image )\ : regu|arizati0n parameter F|g 4: F|Iter kemel Of the QUIded f|lter.
* [t can measure a time-varying sound field up Reference light [——1 Quarter wave plate T | | Smoothing does not occur because the
to 750 kHz, in theory. — Object hight High-speed polarization camera + The weight is decided according to the frequency of sound.  ernel does not stretched over the edge
Fig. 1: Schematic of the PPSI system used in our research. * The guidance image Is a binary mask of the occluding objects. of the mask.

Experiments

<Simulation> <Application to data measured by PPSI>
» Simulated noisy sound fields, with and without occluding objects, were spatially filtered by the - The proposed method was applied to

Spaer+hose _
proposed guided filter and conventional linear filter with four boundary conditions for comparison.  three types of measured data (Fig. 6). |
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Table 1; Conditions of the simulation. R E
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Filters Ordinary liner filters (zero gii --------- gzz — (i) Speaker+hose: A sound field Sl
padding, symmetric copy, % 20 ks ] generated from a loudspeaker and
replication, circular copy) 215 oo B oo paddin f fial | £ .
Proposed quided filter 3 10, TR S R ~ atlowfie d blown from a oSse.
SNRs of input  |-20, -10, 0, 10, 20 P dre PP Ve (1) Wh.'StI(ej:fA soundha_mcll flow field -
images [dB] Fig. 5: SNRs of guided filtered images. ~ emitted irom a whistle. | 2
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= phenomenon. Fig. 7: Guided filtered images of experimental data.
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) * A guided-spatio-temporal filter is effective for extracting sound field with occluding objects captured
i == = —— — = by optical method.

Fig. 6: Filtered results of the simulated data (SNR: 20 dB).  Future work includes application of the proposed method for physical investigation.




