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Signal Detection Based on GPU-Assisted Parallel Processing
for Infrastructure-based Acoustical Sensor Networks
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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-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.

9 Pustow bwgi oubod ) e (b ol yly s lio (Y- Jgur)
PP

(Table-2): Comparison between the estimated parameters from
CPU and GPU implementations.

RsisT Rsts Sl
1196 11930 e e
e )
60.26 60.48 ?
90.00 90.63 (4>,9)
387.8 390.2 P |
3411 3425 N N\
358.7 359 (4l 5 52e)

695 1= S ilwodlay &y dglio —F-Y

2 e ossdl gluesly Co s aglie 4y i3 cal yo
M) Jy—= v n— s e 3 R $9)
shilan w,s S l2l slm oY olej amlie @b
ABxV B+ N eox)ee Boxde slnl L oS slaasos
FILY d_ijfdl.o.:zs DB o Olas 1y YO xYDe g Ve exYe-
> CS aSh sladiged olaws iolisl b S92 Lazsl
aiye g oad el (g5lge D ygots Sloslone Sl 6 5
2 dler Il n o om0 2 e Sga S
J3 50 008 55 o m o2 90 2 Sl S Jgux
Silome 6yl i b aS ol s amgs b el ot 48|

¥f ol foylabivas Jle

&

5L 83T Y gail o)lel (g5 comly (s 3l Jlagad
was oo guled Gliswe Sloy sleo,my lila 1, a0s
o At A Sligas lls Jlge slao
P S 0dbed) (et e g L) coi e Vb g Lawg
S oo lid |y gloy b,y
rhad Cond @ bgrye sla e jo0 &5 jebiles
g oo oaalie (A) S5 5 (V) S5 50 (Gmb (Foee)
L Glej slooyzy o 1) JUuSow dw jpa> pi0d 0% )5l
P s (mimew 00 Y 9 YO O Lo,i sloo,lad
S35 ey g Lly polie el 00,5 (g5l
oads a1 (V) Jgdz ;0 oyt aw (ol 51 SO o b bl
oy odalie &5 jebilen .l
(Jyd JB S8 b o g edbes;iness
WS oo Jo ) piaeiamg eddalne (slagyess

sl yal,ly

ol 53 hls amse bt [ a5 o (s3luesly &
L oolael Solae cds oz 69,90 51 OU o>
9 P S Ja.wy odw:ﬁl?u‘ &.JL.M)L?LA o Y)st.w—)w

PUEde (Golar U adg ezes 5 s>
Ll g loancs

(=%
[+3 -
3 %N X 36 X: 64
Y350 O Y. 3425 ¥:380.2
o S b G5 ORI GRS
0 10 20 3 40 50 720 B0 00
500 3% 44 T X: 35 T T X: 64 T
é Y:90.63 Y6048 .0 Y. 1193 o
et ) e S o &0
_g or @QDCQD OCO o o @O &9
] 10 MW [xas |0 60 [xes |80 w0
xn : Y. 3.619
4 Y- 3.7 ——— Y:3.859 | <'5;1l>. y .
k-] L L
gap & & % o
L ° )
& o
£5l0 o© o o
& o °
[ [¢] )
1 & | Qogmao |

0 10 20 0 40 50 €0 70 =) 20
Window Number

&3l g9 2 ow 3l ooliiwl b Jhnd 3oy BT a1 (V- JSCi)
945,01V g F+ Qv gliwly aw jl adio aw b JUSw
Al o YAe g VP YFe gl pu

(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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