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- Material and methods

Introduction

- Conclusions

« Development of acoustic imaging techniques
using microphone arrays = Many applications

« Machinery acoustic imaging high dependence of
iIndustrial plants reverberation = Large arrays

« Use of arrays of MEMS microphones allows
low-cost systems with hundreds of sensors

* Problem: Some applications need high number
of sensors - too expensive systems

« Solution: Virtual arrays
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- Introduction

Material and Methods

- Conclusions

« Acoustic images acquisition system:
— Array of digital MEMS microphones
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- Introduction

Material and Methods

- Conclusions

« Acoustic images acquisition system:
— Array of digital MEMS microphones
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Working frequency
range: 40Hz — 16kHz
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- Introduction

Material and Methods

- Conclusions

« Acoustic images acquisition system:
— Array of digital MEMS microphones
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Mate”al and MethOdS - Introduction

- Results
- Conclusions
« Acoustic images acquisition system:
— Array of digital MEMS microphones
— myRIO platform, base unit of the system
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- Introduction

Material and Methods

- Conclusions

Acoustic Images acquisition system:

— Array of digital MEMS microphones
— myRIO platform, base unit of the system

Array module
(slave n)

Array module
(slave 1)

Array module WiFi
(master)

PC
processor
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Material and Methods

« Acoustic images acquisition system:
— Array of digital MEMS microphones
— myRIO platform, base unit of the system
— Processing platform

- Introduction

- Results

- Conclusions
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4D acoustic images:
- Azimuth
- Range
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- Introduction

Material and Methods

- Conclusions

« 3D positioning system:

— Array positioning inside a 1500x1500x1500mm? volume
— Repeatability accuracy each dimension: 0.02 mm
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- Introduction

Material and Methods

- Conclusions

« 3D positioning system:

x1500mm? volume
n: 0.02 mm

— Array positic
— Repeatabilit
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- Introduction

Material and Methods

- Conclusions

* Virtual array philosophy:

— Position of 8x8 MEMS array is changed on vertical and
horizontal directions with positioning system, in steps:
* Odd steps: 1.0625 cm (= 2.125/2, 2.125cm: sensor spacing)
« Even steps: 17 cm (= 2.125*8, 8x8 array spatial aperture)

- 80x80 MEMS array with 1.0625cm sensor spacing
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- Conclusions
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- Introduction

Material and Methods

- Conclusions

* Virtual array philosophy:

— Position of 8x8 MEMS array is changed on vertical and
horizontal directions with positioning system, in steps:
* Odd steps: 1.0625 cm (= 2.125/2, 2.125cm: sensor spacing)
« Even steps: 17 cm (= 2.125*8, 8x8 array spatial aperture)

- 80x80 MEMS array with 1.0625cm sensor spacing

— Addition of data acquired by 8x8 array in each position to
a data structure equivalent to the one of a 80x80 array.
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- Introduction

Material and Methods

- Conclusions

* Virtual array philosophy:

— Position of 8x8 MEMS array is changed on vertical and
horizontal directions with positioning system, in steps:
* Odd steps: 1.0625 cm (= 2.125/2, 2.125cm: sensor spacing)
« Even steps: 17 cm (= 2.125*8, 8x8 array spatial aperture)

- 80x80 MEMS array with 1.0625cm sensor spacing

— Addition of data acquired by 8x8 array in each position to
a data structure equivalent to the one of a 80x80 array.

— Beamforming techniques over the whole data
-> Obtaining high resolution acoustic images
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- Introduction
- Material and methods

- Conclusions

« 80x80 array theoretical beampattern:

Frequency: 500 Hz Frequency: 1200 Hz
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« 80x80 array theoretical beampattern:

Frequency: 500 Hz Frequency: 1200 Hz
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- Introduction
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- Conclusions

« 80x80 array theoretical beampattern:

Frequency: 500 Hz Frequency: 1200 Hz
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« 80x80 array theoretical beampattern:

Frequency: 500 Hz Frequency: 1200 Hz
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 Mannequin acoustic images:
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- Conclusions

 Mannequin acoustic images:

— Tests inside an hemianechoic chamber
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- Introduction
- Material and methods

- Conclusions

 Mannequin acoustic images:

— Tests inside an hemianechoic chamber
— SODAR principle
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 Mannequin acoustic images:

— Tests inside an hemianechoic chamber

— SODAR principle
» Tweeter generates multifreq. sound towards mannequin
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- Introduction
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- Conclusions

 Mannequin acoustic images:

— Tests inside an hemianechoic chamber

— SODAR principle
» Tweeter generates multifreq. sound towards mannequin
« Sound reflected over mannequin
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- Introduction
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- Conclusions

 Mannequin acoustic images:

— Tests inside an hemianechoic chamber

— SODAR principle
» Tweeter generates multifreq. sound towards mannequin
« Sound reflected over mannequin

» Reflected sound received by the MEMS array
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200 cm
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- Introduction
- Material and methods

- Conclusions

 Mannequin acoustic images:
— Tests Inside an hemianechoic chamber

— SODAR principle
— Mannequin in two positions:
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: .. Frequency: 1500 Hz
 Mannequin acoustic Images: Range: 240 cm
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- Introduction
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- Conclusions

: .. Frequency: 1500 Hz
 Mannequin acoustic Images: Range: 240 cm
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- Introduction
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: .. Frequency: 1500 Hz
 Mannequin acoustic Images: Range: 240 cm
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: .. Frequency: 1500 Hz
 Mannequin acoustic Images: Range: 240 cm
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: .. Frequency: 1500 Hz
 Mannequin acoustic Images: Range: 240 cm
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz

Frequency: Range:
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz

Frequency: Range:

T freq. 2 1 resolutlon ‘

OUSI
Acoustics '17 Boston @* v
Boston MA

36/12

25—-29 June 2017




Elevation

g — pEoUSIC:
\| | Acoustics '17 Boston /&
\Y \)

- Introduction
- Material and methods

- Conclusions

 Mannequin acoustic images:
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:

Range: 240 cm Frequency: 1300 Hz
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 Mannequin acoustic images:
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- Introduction

Conclusions R

Spatial resolution increment with virtual arrays
-> High resolution acoustic images

£

Use in identification biometric systems

e Future work:

— Acoustic images analysis - extract
representative parameters in the 4 dimensions
(azimuth, elevation, frequency, range)

— Obtaining representative(s) dimension(s) in

Identification tasks
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