Journal of Theoretical and Applied Information Technology
10™ March 2013. Vol. 49 No.1 N

© 2005 - 2013 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

RECOGNITION AND LOCALIZATION OF HARMFUL
ACOUSTIC SIGNALS IN WIRELESS SENSOR NETWORK
BASED ON ARTIFICIAL FISH SWARM ALGORITHM

ZONGZHANG LI, HAIXIA ZHANG*, JIALI XU AND QINGYU ZHAI
School of Information Science and Engineering, 8Sloag University, Jinan250100, China

* Corresponding author

E-mail: lizongzhang@mail.sdu.edu.dmixia.zhang@sdu.edu.cn

ABSTRACT

The recognition and localization of harmful acotisignals in a certain scenario are of great ingoae. In
this paper, we propose a scheme for harmful aaosfgnals recognition and localization based oh fis
swarm algorithm for wireless sensor network. Wetlfir optimize the coverage where the harmful sound
source can be detected efficiently. And then, wellge eigenvalue of the harmful acoustic signalsising

the LPC (Linear Prediction Coefficients). After &mng the similarity between the eigenvalue and th
data pre-stored in the data base, we can findheubarmful sound. After detection, the harmful tese is
located with the help of its closest nodes whioh @nosen based on time delay. Simulation resutis/ sh
that the proposed scheme can improve the efficiexfciiarmful source detection and accuracy of the
localization.

Keywords:. Artificial fish swarm algorithm; Harmful acoustisignals; Linear Prediction Coefficients;
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1. INTRODUCTION efficiently. And then, we get the eigenvalue of the
harmful acoustic signals by using the LPC. After
Artificial fish-swarm algorithm is a new kind of analyzing the similarity between the eigenvalue and
cluster intelligent optimization algorithm. It wasthe data pre-stored in the data base, we can locate
first proposed in [1] for system optimization andhe source. Simulation results show that the
has been applied in route selection in computgroposed scheme can improve the efficiency of the
networks and feed-forward neural networks [2, 3harmful source detection and the accuracy of the
At present, the nodes arrangement for wireledecalization.

sensor network by artificial fish-swarm algorithm The remainder of the paper is organized as

has become quite mature. But those relat
researches focus only on coverage arrangemen{ef%*‘lows' Sec.2 develops the system model of the

the sensor nodes and pays no attention on furth\ggeless sensor network based on the artificidl-fis

o warm algorithm. In Sec.3, LPC is applied to
applications [4]. On the other hand, the study 0rﬁecognize the harmful acoustic signals and decide

recognition and localization of harmful acoustic ; . )
signals in a certain scenario is also very popul ?e time difference of arrival technol_ogy(TD_OA) to
. ocalize the sound source. And finally inSec.4,
duing the past years but far from perfect. For. .
: ..._Simulation results are presented. Sec.5 analyzes th
instance, [5] concentrates only on the recognition
o o results and Sec. 6 concludes the whole paper.
and localization of harmful acoustic signals but do

nothing on the arrangement of the sensor nodes.2lt WIRELESS SENSOR NETWORK BASED
is still an open problem how to joint consider the ON THE ARTIFICIAL FISH
coverage of sensor networks and the recognition ALGORITHM

and localization of harmful acoustics. Focusing o 1 The Modd Of Wireless Sensor Network

this, we proposed a scheme for harmful acoust W that th d by the wirel
signals recognition and localization based on fish € assume that the space covered by the WIreless
ensor network is of three dimensions and there

swarm algorithm for wireless sensor network. TG N domlvdistributed des in thi
fulfill this, we firstly optimize the coverage wteer arelNrandomly distributed sensor nodes n this

the harmful sound source can be detectedPace. We also assume that the density of theisenso
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nodes is large enough. To be clear, we list the The design idea of coverage is elaborated as the

characteristic of the sensor nodes as follows:

a) The sensor network is dynamic. Namely, the 1)
node can be moved

b) The initial positions of the sensor nodes are
generated randomly, and their coordinates are 2)
known.

¢) The perception radius of each node jsAnd
the communication region is a spherical area with 3)
the radius ofr .

d) The model and the physical structure of each
node are same

Therefore, the model featured in this part can be
concluded as follows: all thé/ sensor nodes are
given and their coordinates will be determined
randomly to set up a working set of hodes which is
named C1. A working set of nodes C2 need to be
set up by moving the sensor nodes to ensure that th
network coverage could meet the predefined
demands after the optimization with the artificial
fish-swarm algorithm. 4)

2.2 The Artificial Fish-Swarm Algorithm And
Realization Of The M odel

The basic idea of artificial fish-swarm algorithm
is elaborated as follows. Since fishes can always
find the position full of nutrition by themselves o
by following the other fishes, thus the space with
the most survival is usually the place that offies
most nutrients. Considering this characteristic,
artificial fish algorithm optimizes systems by
simulating all kinds of fish actions and combines )
them with animals’ body model. The artificial fish-
swarm algorithm can be expressed as follows:

X, = X + Visual* rand* active( ) (1) 6)

next

\

X .= XX, Step* ranc( ) (2)
X X||

Where X = (xl,xz, x) represents the current
states of artificial fishX, = (xf,x;,..xﬁ) denotes 7)
the state in the field of viewX . represents the

next state.Visual represents the distance that can
be perceived by artificial fishStep represents the

maximum step that the fish can move.
active() represents one kind of fish behavior. 8)
rand ) represents a random number. Fish behavior

is roughly divided into predatory behavior, swarm

following:

Each artificial fish represents a sensor and
the coordinate of the artificial fish is the
position of the sensor.

The scale of artificial fish isN , the
maximum iteration number im, and the
congestion degree factor &.

Foraging behavior: The coordinate of the
selected artificial fish is A{, v) and the
distance between A and the nearest artificial
fish isd,_, . Then the selected artificial fish

chooses a position named B randomly in the
field of its view. If the minimum distance
between B and other artificial fish except A
is greater thard_, , we believe the food

concentration of B is better than A. Then
the selected artificial fish moves one step
toward B. If this condition does not meet,
the artificial fish moves one step randomly.

Tailgating behavior: The current coordinate
of the artificial fish is C and the nearest
artificial fish is D. The distance between C
and Did_, . If d_, is greater than B, the

artificial fish should move one step toward
D. Otherwise, the artificial fish should move
one step in the opposite direction of D. If
the both conditions do not meet, the
artificial fish moves one step randomly [4].

min

Random behavior: Atrtificial fish moves one
step randomly with a random step length. It
is the default behavior of tailgating behavior
and foraging behavior.

The bulletin of group: After executing
tailgating behavior and foraging behavior,
the bulletin will record and restore the
position of the artificial fish. Therefore,
bulletin board records all the position
information of artificial fish after iteration.

Finally, we get the spherical regime that all
the sensor nodes can cover in a coordinate
area and observe the coverage. Then we can
further compare it with the initial random
coverage of the sensor nodes.

The choice of parameters: We set the total
number of artificial fish to be 50, r=20,
step=3, trial times =2, threshold=0.99.

behavior, tailgating behavior, and random walk The system is simulated with Matlab2010b. The

behavior [6].
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following the above steps until the coverage meetsmposed ofp coefficients nameda(i =12...p)
all the requirements. The flow chart is in Figure 1 [8].

If the prediction error is expressed &) , then

[ man ) on) =4 -s(n)
P
v =s(n) + Zas(n-i)
Initialization of i=1
artificial fish o
‘ = Zas(n-i) (4)
i=0
»{ Foraging behavior . ..
wherea, =1. With the minimum mean-squared
l error (MMSE) criterion, the selection of linear
T e prediction coefficient a(i =12..p) must ensure
< Successful>? —>——— Random behavior .. ,
~ that the prediction error's mean square value
Yes|« Efe?(n)] is minimized. LetXEEMI _q, 15
A\ 4 a(h‘
Tailgating behavior we can get:
P
N 2a.R(i-k)=-R@), i =1,2,...p (5)
<Successful?\%0> Random behavior k=1
—
| Then we get p equations as shown in (6)
Yes [€
e RO RO . RE-D a
ot t the—
" equirement? R1 RO .. Rp-2 2
[ 1T ]
Yes
S R(p-1) R(p-2) ... R(O) a,
N R(1
Figure 1 Process Of Artificial Fish Swarm Algorithm @)
R(2
3. RECOGNITION AND LOCALIZATION = ( )] (6)
OF HARMFUL ACOUSTIC SIGNALS
3.1 LPC And Sound Recognition R(P)

The sampling value of the nest time slot iS Then the p linear prediction coefficients
predicted based on the linear combinations of the (i=12..p) can be decided through solving the
sampling value of the pasp slots with the H'=44P 9 9

. L L C above equations by using Durbin recursive

minimum prediction errors criterion, which is calle :
. - . algorithm.
p order linearprediction for speech signals [7].
3.2 Localization Of Sound Source Based On

Let { 60 [n=01...,N-1f be one frame sound  TimeDelay
sample sequence and tpeorder linearprediction  The existing sound localization technologies
mainly can be divided into three classes: (1) ®ker
beam forming technology based on maximum
X b power output. (2) Orientation technology based on
dn) =- Eas(n-i) (3) high-resolution spectral characteristics. (3)Time

i=1 difference of arrival technology (TDOA).This

method is used to estimate relative time delay

wherep is pre'd|<.:t|on ord'e'r, anca'(l =12.:p) between each pulse and it is fit for single sound
denotes the prediction coefficients, linear predict gq rce’s location.

coefficients. In the case g¢f order prediction, one

frame signal is expressed by a p-dimensional vector N 0ur simulation, TDOA is used since there is
only one sound source. At first, we should get the

time difference between sound sources and sensor.

s
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Then the time difference is multiplied by C (the4.2 Design And Simulation Of The Whole
velocity of sound). Finally, the location will be System
calculated by Chan algorithm. We first generate the sensor network structure
; . : where the nodes are arranged with the artificgi-fi
Chan [9] is a non-recursive algorithm used tq . .
Foarm algorithm and harmful acoustic sources. The

solve bilinear equations. Besides, it has sma]l
. ; ; armful source can be generated randomly or be a
calculation and high location accuracy when Gauss-

— o manual number in the given range. Then we input
distributed noise is added to the system [10]. the file name of testing audio, and click “open and

4., REALIZATION AND SIMULATION play” to determine the sound source. Next, in order

RESULTS to recognize the source of sound, we get the

o . characteristic parameters from the sound in the

41 SaenNsor N:Twor_khAfter Optimization Of Fish process of LPC and compare the parameters with

Swarm Algorithm the subsistent ones in data base. After that, the
With the above system model, we assume that

th d letelv identical. and th me of the testing audio whose parameters are
€ sensor nodes are completely identical, andl ek o gimjjar to the subsistent parameters will be
perceived radiuses are all r. In the three-

ohtained. Finally, the system locates and shows the
urce of harmful acoustic signals. At the same
time, the error can be obtained through the

comparison between the value of calculation and
the given location of the harmful source. The

simulation results are shown in Fig. 5.

dimensional space, a node’s sensing range is a b,
with the node as its centre. For example, the agnsi
range of two nodes can be shown in fig.2

<) gun_location proj

Recognition and Localization of Harmful Acoustic Signals in Wireless
Sensor Network Based on Artificial Fish Swarm Algorithm

w T *
100 § M "
. . +
Figure 2 The Sensing Range Of Two Nodes BO * + * * '
. s ¥ g * + * * 4 **
Then all the initial sensor nodes’ coverage area| » o " L * 4
shown in Figure 3. o :* ¥ *j*} *1 L u *
%

— Generate the model

The number The location IE ]
S o | e [ Genersie randomy X| 50 | Y| 50 | 7| 50 @
Inpu;_téweaﬂtesl Shvpl iy Open and play Range: X[0,100],Y.[0,100],2:[0,100]

—Ther

Figure 3 All The Initial Sensor Nodes’ Coverage
In the same way, all the sensor nodes’ coveral

area after optimization of the artificial fish swar TehEsies =
algorithm is shown in Figure 4. — The localizti

Actual location X:| 50 |Y:| S0 |7 8 |
5 — Distance:

| Lacalization Calculation  X: _5“3“5“ Y,| 48889 |7, | 498082

13861

Emor x| 080835 |y,| 11 |z | oamer |

Figure 5The Simulation Of Whole System

5. RESULT AND ANALYSIS
All the simulation results are obtained by taking
the average of results with ten different operation

Figure 4 The Coverage Area After Optimization
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5.1 Optimized Sensor Network for wireless sensor network. We simulated the

We assume that the initial average coverage wfhole process including optimization of the sensor
the sensor network is 89.6%. It can reach arountktwork, the recognition and location of harmful
96% after optimization with the artificial fish- acoustic signals. We compared our system with the
swarm algorithm. We can conclude that thexisting systems which realize the two aspects,
artificial fish-swarm algorithm optimizes the sensoseparately. Simulation results confirm that the
network very well in that it not only reduces theproposed system is of higher efficiency and better
redundancy of the nodes concentration but algmerformance.
improves the utilization efficiency of nodes. ACKNOWLEDGMENT
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