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INTRODUCTION ABOX 1
Wireless Sensor Networks (WSNs) | - \
Wireless sensor networks are effective low-cost solutions for real-time data acquisition with flexible scale adaptation p,2.3.41. e e N
A node is always configured as an independent sampling entity. This kind of network is usually deployed in an area where i i
environmental pollution has an influence on the population, or a nature environment that needs closer research and = — &~
monitoring. We'll be looking into a specific type of WSN, named acoustic-sensor network for noise monitoring.
$ $
Why do we propose this method? (@) (@)
This research proposes a new validation-step for wireless acoustic-sensor networks, where anechoic boxes, constructed U
using room acoustics technology, will allow  making preliminary emulation of the behavior of such networks without the ) 7 g
need of in sifu try-outs to obtain first impressions. This solution permits mulfiple parallel tests under different configurations for @ ) )
several applications, using one single system and setf-up. ]’ l ) ]
(l)

Building an Electro-Acoustic chain for Acoustic WSN evaluation

We need to create a flat electro-acoustic chain, for each individual sensor, that simulates the acoustic information
that would normally be registered by the sensor. We want to simulate this independent acoustic open-field
conditfion for each sensor. The small size of sensor nodes allows the implementation of more than one small

anechoic box inside the same testing facility, which facilitates the access and allows fast reconfiguration.

Each electroacoustic
chain is composed by an
emulation source
(speaker), a node
equipped with an acoustic
sensor (microphone) and
an Anechoic box.

METHOD

We're offering two different solutions: box I was made using modular pieces, making it easier to build; for box 2, we used multilayer-material construction-techniques, which
provides better sound insulation. Both boxes were built using materials and components that can easily be found in common hardware stores. There are three important factors
to achieve an ideal anechoic environment: a flat sonic-response of the system linked to the environment, the absence of reverberation and a low background noise, achieved

by acoustic insulation.

Dimensions for the internal volume of the two ABox
models (in m, m? and m3), where box 2 follows Bolt's

theory
Box | 2
Height 0,85 0,6
Width 0,7 0,85
Legth | 1,15
Net Surface 3.1 3.38
Net Volume 0,6 0,59

Coordinates of the ideal locations inside Box 1 for the
acoustic sensor and the source (Origin is most left corner at
the door side, looking into the box from outside - in cm)

Coordinates X Y Z
|deal Point 36 36 36
Source 38 68 20

Coordinates of the ideal locations inside Box 2 for the
acoustic sensor and the source (Origin is most left corner at
the door side, looking into the box from outside - in cm)

Coordinates X Y Z
ldeal Point 45 42 33
Source 46 86 20

| - Obtaining a flat response of the Electroacoustic chain

If we calculate the height, width and length of a rectangular volume following the relation given by the Bolt's area s 71,
It is possible to optimize the standard deviation between the spacing of the generated modes. We also need to analyze
the audio information received by an acoustic sensor inside our boxes at different points, to define which points
interfere less. If we use a flat electroacoustic chain, we can evaluate the frequency behavior of a measured point.
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Il -Generating the ideal Anechoic Environment
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An anechoic performance of the working space is crucial when we need to register the signal as if it was projected in an open-field environment (1. For this, it's necessary to
cover the internal workspace with absorbent foam. This concept works for every frequency with a wavelength four times above the foam thickness (). Measurements defined
that box 1 has an anechoic-working frequency-range from 200 to 20 Khz, and box 2 from 125 Hz to 20Khz.

To obtain a flat anechoic point of measurement for our system, we propose a one-time equalization process involving all needed compensations.

Resultant parametric equalization curves for Box 1(left) and Box 2 (right), to obtain a flat response of the elecfroacoustic emulation-chain (source: Waves Q10 display).

lll - Acoustic insulation towards the improvement of the signal to noise ratio

For the structure of Box 1, walls consisting of two glued high-density MDF wooden boards are used: an internal plate with a thickness of 12 mm and an external one with a
thickness of 18 mm. For the second box we used a box-in-a-box concept, a mass-air-mass construction system with an air volume in-between the external 18 mm and the
internal 12 mm MDF plates, creating two fully detached boxes with separated doors [s,11,121. We filled the air cavity with absorbent material (rock wool) 9.10].
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For the first model (left), the energy
comes from the direction of the
box and it's clear that most part of
it remains at the bottom of the box.
At box 2 (right), for half of the
measured points, results aren’t able
to define if the levels registered are
part of the sound source coming
from inside the box, or part of the
room’s background noise.
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CONCLUSIONS AND FUTURE WORK

Anechoic boxes are quite affordable and fast
to build. In our case the materials used for each
box had a spending average of 500 euros and
the amount of working hours involving 2 persons
working together didn't exceed 40 hours, plus
another 20 hours (single person) for
characterization. Meaning that 2 researchers
with access to a Fablab, could implement 3 to
4 units in less than a month.

This method could open doors for several start-
ups or small research teams to develop and
improve their nodes performance
autonomously. With this kind of technology, it's
also possible to study different types and
qualities of acoustic sensing nodes, microphone
capsules and electro-acoustic components in
general: All of this inside the same laboratory
facility without depending on the schedule of a
third parties.

There is still the future possibility of developing
an add-on system that permits a fast-reliable
adaptation of the entire electro-acoustic chain
inside an anechoic box, meaning that the
anechoic volume should be able to behave as
a perfect open-field without the need of
having the microphone always at the same
specific measuring point. There is also the
opportunity to develop a future study of the
polar response of measuring points inside small
anechoic boxes, following the growing interest
of technologies involving sensor nodes
equipped with microphone arrays.

REFERENCES

[1] Azimi-Sadjadi, M. R., Kiss, G., Fehér, B., Srinivasan, S., Lédeczi, A., 2007, Acoustic Source
localization with High Performance Sensor Nodes, From Conference Volume 6562,
Unattended Ground, Sea, and Air Sensor Technologies and Applications IX, Edward M.
Carapezza, Orlando, Florida, USA, April 09, 2007

[2] Bielsa, Alberto, 2013, Smart Roads — wireless sensor networks for smart infrastructures: a
billion dollar business opportunity, Telefonica M2M, The place where M2M experts connect
with you, hitp://m2m.telefonica.com/m2m-media/m2m-blog/item/426-smart-roads-wireless-
sensor-networks-for-smart-infrastructures-a-billion-dollar-business-opportunity (January 9,
2013).

[3] Santini, Silvia, Osytermaier, Benedikt, Andrea Vitaletti, 2008, First experience using Wireless
Sensor Networks for Noise Pollution Monitoring, Swiss Federal Insitute of Technology Zurich,
http://www.vs.inf.ethz.ch/publ/papers/santinis_realwsn08.pdf, 2008

[4] A short description of IDEA, IDEA - Intelligent Distributed Environmental Assessment,
University of Gent, Department of Information technology. December 1, http://www.idea-
project.be/, 2008

[5] Alton Everest, F., 2001, The Master Handbook of Acoustics, MCGraw-Hill, Fourth Edition.

[6] Newell Philip, 2008, Recording Studio Design, Focal Press, Second edition.

[7]1 J. Cox, Trevor, D'Antonio, Peter, 2009, Acoustic Absorbers and Difusers. Theory, Design and
application, Taylor & Francis, Second Edition.

[8] B.H. Sharp, 1973, A study of techniques to increase the sound insulation of buildings
elements, WR73-5, El Segundo, CA: Wiley Laboratories, June 1973.

[9] Diaz Sanchidrian, C., 2010, El dislamiento acuUstico |, Instituto Juan de Herrera, Escuela
Técnica Superior de Arquitectura de Madrid, cuaderno 295.01, 3-51-10.

[10] Diaz Sanchidrian, C., 2010, El aislamiento acustico |l, Instituto Juan de Herrera, Escuela
Técnica Superior de Arquitectura de Madrid, cuaderno 296.01, 3-51-11.

[11] Brekke, A., 1981, Calculation methods for the transmission loss of single, double and triple
partitions, Journal of Applied Acoustics, Vol 14, p. 225-240.

[12] UNE-EN 12354:2011, AcuUstica de la Edificacion, Estimacion de las caracteristicas
acusticas de las edificaciones a partir de las caracteristicas de sus elementos. Parte 3:
Aislamiento acustico contra el ruido exterior.

Acknowledgments: The authors would like to thank Davy Van Belle and Serge Kubera for their
help with the construction of both boxes. They would also like to thank the Erasmus University
College Brussels for giving them access to their Fablab. This work has been partially funded
by HERCULES stichting and IWOIB as a PRFB project under the ftittfle ISEM. Most of the
equipment used for the characterization process was funded by EFRO and IWOIB under the
EMOVO project.



http://m2m.telefonica.com/m2m-media/m2m-blog/item/426-smart-roads-wireless-sensor-networks-for-smart-infrastructures-a-billion-dollar-business-opportunity
http://m2m.telefonica.com/m2m-media/m2m-blog/item/426-smart-roads-wireless-sensor-networks-for-smart-infrastructures-a-billion-dollar-business-opportunity
http://m2m.telefonica.com/m2m-media/m2m-blog/item/426-smart-roads-wireless-sensor-networks-for-smart-infrastructures-a-billion-dollar-business-opportunity
http://m2m.telefonica.com/m2m-media/m2m-blog/item/426-smart-roads-wireless-sensor-networks-for-smart-infrastructures-a-billion-dollar-business-opportunity
http://www.vs.inf.ethz.ch/publ/papers/santinis_realwsn08.pdf
http://www.vs.inf.ethz.ch/publ/papers/santinis_realwsn08.pdf
http://www.idea-project.be/
http://www.idea-project.be/
http://www.idea-project.be/
http://www.idea-project.be/

