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Signal Detection Based on GPU-Assisted Parallel Processing
for Infrastructure-based Acoustical Sensor Networks
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2 Department of Biomedical Engineering, Hamedan University of Technology, Hamedan, Iran

Abstract

Nowadays, several infrastructure-based low-frequency acoustical sensor networks are employed in different
applications to monitor the activity of diverse natural and man-made phenomena, such as avalanches,
earthquakes, volcanic eruptions, severe storms, super-sonic aircraft flights, etc. Two signal detection methods
are usually implemented in these networks for the purpose of event occurrence identification, which are the
progressive multi-channel correlator (PMCC) and the so-called Fisher detector. But, the Fisher method is
more important and applicable in low signal-to-noise (SNR) ratio conditions, which is of a special interest in
acoustical monitoring networks. Unfortunately, an important disadvantage of this algorithm is its relative
high detection-time; which limits its application for real-time detection scenarios. This disadvantage is
fundamentally due to a beam forming process in Fisher algorithm, which requires doing complete search in a
slowness-network, constructed from possible incoming wave front directions and speeds. To address this issue,
we propose a method for implementation of this beam forming on a graphics processing unit (GPU), in order
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to realize a fast-computing and/or near real-time signal processing technique. In addition, we also propose a
parallel-processing algorithm for further enhancement of the performance of this GPU-based Fisher detector.
Simulation results confirm the performance improvement of Fisher detector, in terms of required processing

time for acoustical signal detection applications.

Keywords: Sensor network, array processing, beamforming, parallel processing, GPU.
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(Figure-2): Flowchart and implementation steps of Fisher
algorithm.
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(Figure-3): Simulated signals of array sensors from three
different directions of 90, 60, and 120 degrees. Approximate
time-domain locations of source signals are presented by
dotted lines.
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(Table-1): Reference signal parameters.
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(Figure-6): Slowness-network illustration. The points

inside the circle represent the source wave velocities
higher than 330 m/s.
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(Figure-4): Acoustic array configuration
(distances are in meters).
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(Figure-5): Array response for the frequencies of 1 and 2 Hz.
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(Figure-8): The results of Fisher detector implementation using
the GPU no.1 for a signal received from three sources with

directions 90, 60, and 120 with velocities 340, 360, and 390 m/s,
respectively.
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(Table-2): Comparison between the estimated parameters from
CPU and GPU implementations.
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(Figure-7): The results of Fisher detector implementation using
CPU for a signal received from three sources with directions
90, 60, and 120 with velocities 340, 360, and 390 m/s,
respectively.
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(Table-4): Results of time-consumptions measurement for the
CPU and GPU implementations of Fisher detector with
different window lengths (for slowness network size of

100x100).
S |0l | Ced | Ol A
& .a & .a QLA) .
S| waer | P | ez oty Jsb
St

YC,\L)N YO)LQ.:J \C,&)..a \O)Lo»fa

49.8 2.8 14.7 9.5 [139.4| L=256

41 2.5 12.1 85 [102.5| L=512

33.7 2.2 8.6 8.6 74.1 |[L=1024

Yf ol folabivas Jlo


http://dx.doi.org/10.29252/jsdp.14.4.19
http://jsdp.rcisp.ac.ir/article-1-424-en.html

AL ) SDIS (5500 (5T Hua SBASID )3 93D I3 e (S)lge s I 3 bl ys JUSms (5w )L T

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

- 10.29252/jsdp.14.4.19 |

algorithm on GPUs using CUDA?”, Procedia
Computer Science, vol. 3, pp. 396-400, 2011.

[21] L. Mussi, F. Daolio, S. Cagnoni, “Evaluation of
parallel particle swarm optimization algorithms
within the CUDA™ architecture”, Information
Sciences, pp. 4642-4657,2011.

[22] D. B. Kirk, W.H. Wen-Mei, Programming
Massively Parallel Processors: A Hands-on
Approach, 2™ Edition, Morgan Kaufmann,
2011.

‘) 09_5- ‘SAA)LA.AA))K J)J.A éébﬂ Ml’
SOAPAE Jl s Sy oSl s, 4o

loo,90 L 13,5 351 vl oKiils
£ o lyess gluSe g ud)l wlbs)ls
."\ L AYAY Jlo 5l ey Can s olBils
Sl B gloaa jo gl il slasl ay YYAY
&L 83T )55 5 Sy SIS (35000 arst
Sres e |y ogr sl (JUKw
5wl &)le lagl aellly glas

h.sadeghi.2015@jieee.org
wrime olRails JIYAY Jlo o 1) 095

|l » | Jlw jo by 0g5 ad )l w5 (il
fh SIS0 g oyoe Sam i sRaSls 51T
B YR o o]y 093 Sy cwdige

ST il 5,5 oy o ol i A

Iy 052 sla ingh g 005 (s caio oKuils [Loliu!
S LS § Ge—o LK (o5ls 1 slaaise) ;o

Sper s Sl
el ke Ll A, e

amir.akhavan@aut.ac.ir

Yf 2l f oyl \VAP Jlo

[7] S. J. Arrowsmith, R. Whitaker, S. R. Taylor,
“Regional monitoring of infrasound events
using multiple arrays: application to Utah and
Washington  State”,  Geophysical — Journal
International, pp. 291-300, Jul. 2008.

[8] S. J. Arrowsmith, R. Whitaker, C. Katz, C.
Hayward, “The F-detector revisited: An
improved strategy for signal detection at seismic
and infrasound arrays”, Seismological Society of
America, vol. 99, no. 1, pp. 449-453, 2009.

[9] B. Melton, and L. Baily, “Multiple signal
correlators,” Geophysics, XXII (3), pp. 565-588,
1957.

[10]R. R. Blandford, “An automatic event detector
at the Tonto Forest seismic observatory”,
Geophysics, vol. 39, pp. 633, 1974.

[11]S. Angelis et al., “Detecting hidden volcanic
explosions from Mt. Cleveland Volcano, Alaska
with infrasound and ground-coupled airwaves,”
Geophysical Research Letters, vol. 39, 2012.

[12]L. G. Evers and H. W. Haak, “Tracing a
meteoric trajectory with infrasound”,
Geophysical Research Letters, vol. 30, no. 24,
Dec. 2003.

[13]Y. Cansi, “An automatic seismic event
processing for detection and location: the PMCC
method”, Geophysical Research Letters, vol. 22,
pp. 1021-1024,1995.

[14]J. Nickolls, W.J. Dally, “The GPU computing
era,” IEEE Micro Magazine, vol. 30, pp. 56-69,
2010.

[15]1H. Chen, S. Saighi, L. Buhry, and S. Renaud,
“Real-time simulation of biologically realistic
stochastic neurons in VLSI,” IEEE Transactions
on Neural Networks, vol. 21, no. 9, pp. 1511—
1517, Sep. 2010.

[16] S. U. Gjerald, R. Brekken, T. Hergum, J.
D’hoog “Real-time ultrasound simulation using
the GPU,” [EEE Transactions on Ultrasonic
Ferroelectrics and Frequency Control, vol. 59,
pp- 885-892, 2012.

[17] Y. Dai, ef al., “Real-time visualized frechand
3D ultrasound reconstruction based on GPU,”
IEEE Transactions on Information Technology
in Biomedicine, vol. 14, pp. 1338-1345, 2010.

[18] C. Richter, S. Schops, and M. Clemens, “GPU
acceleration of finite difference schemes used in
coupled  electromagnetic/  thermal  field
simulations”, IEEE Transactions on Magnetics,
vol. 49, no. 5, pp. 1649-1652, May 2013.

[19] W. Rodrigues, et al., “Accelerating atomistic
calculation of quantum energy eigenstates on
graphic cards”, Computer physics
Communications, pp. 2510-2518, May 2014.

[20] A. Artu, “Parallel wavelet-based clustering


http://dx.doi.org/10.29252/jsdp.14.4.19
http://jsdp.rcisp.ac.ir/article-1-424-en.html

[ 62-¥0-920z uo JrJe-dsioirdps( wouy pspeojumod | [6T v T dpslzsese 0T (104 ]


http://dx.doi.org/10.29252/jsdp.14.4.19
http://jsdp.rcisp.ac.ir/article-1-424-en.html
http://www.tcpdf.org

