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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-1): CUDA-C programming model.
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(Figure-2): Flowchart and implementation steps of Fisher
algorithm.

dolore golgiiiy (g, 4o a5 Sl o9 & oY
Sl O ygods alise L;.).:_“f slayloy hila paud cus

3925 GS oy g0l olaws s T oy 09 e plodl

Yf ol folabivas Jlo



’g\
3
Y
4
X
3
>
3
3
N
‘{i
.’\'
5
)
N
2
g.
Y
3
2
)
3
L)
1
%
3
3
1

e S (g )L 9929 Jodoay ez nl s o
a b}—’]" 4_:‘)1 G..JL: s 00 g.:L?L.\.:‘ i (_gl.QL\.w‘)
0) JS—i ;0 35,0 Y gV slaselas sljlas s ool
JLMJ k)_" Bt od_:.'aw.w) o)_ilb 9o ! 00 oals u,«.ul.o.:
uthH ‘) )_:).Q Y 9 \ (_gl_md.nl_w.; 6‘;’ 44|)] G..»JL: 009\.\790
o=logls w;;{)5_fJ‘ o, Slas o e Ail)] oleds
SIS 5 il okt 53t bl 1 b et

D9 ik 3l 0,90 sl

1 '<—>|' L ¢ 'n i < 'I

a

1 1 1 1 1 1y 1 1

oo 50 1100 150 1200

1 1 1 1 2 1 II 1 r

a [ 1 [ I : :

10 ' sh ! mlul 15|p ! 2DID

e

i . ! .

-

2 | ) EIH 18D 1200
T T T T

a

-1 T tl T T Ib T L

o 5 TN 15 S

T 1, T T T

]

i ; T . i i

o ! 50 100y 150 200

D

A ”““*mmmlh mm. I.“l N mi“*mm“i"WN"‘

oo 5 11000 160 1200

1 1 II 1 1 1 1 3

D

4 1 I Il 1 I' || hh l Iu l " '

oo Bl T 150 1200

1 1 I| 1 1 II 1 i

]

= i | il 1 1

a 50 Com 150 =

Time(second)

aw b a1 (b )5 o ouiigjluaneds JUSK o (Y- JSi)
s9pa (Gloj ConxBgn .azy3 1\Weg Fo A glinl) au 31 addso
O led gz bad U (o 8 g0l )T > 0 50 gade JUSw

RO PR W K

(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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(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-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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90, 60, and 120 with velocities 340, 360, and 390 m/s,
respectively.
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CPU and GPU implementations of Fisher detector with
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