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ABSTRACT

Time frequency analysis method based on EMD is an adaptive frequency analysis method, the data need a total of
two basic steps: firstly, it decomposes the signal into several basic function component, then the time-frequency
analysis using Hilbert transform. Wavelet transform is a time-frequency localization methods, time-frequency
window area fixed but may change shape, which has higher frequency resolution in the low frequency part and the
low time resolution, high time resolution in the high frequency part. Multi scale analysis and discrete wavelet
transform is the core content of the wavelet analysis. The paper proposes the Filtering method in wireless sensor
network management based on EMD algorithm and Multi scale wavelet analysis. The simulation experiments show
that the method is effective to tradition WSN management.
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INTRODUCTION

Wireless sensor network node energy consumptiamimally provided by micro battery, battery energywery
limited, but because of the wireless sensor netww#e is large in scale, the working environmenbfien
relatively poor, the node battery cannot be remlawrerecharged, so want to prolong the lifetimserisor networks,
we must in every link network design, first consitlee problem of energy saving [1]. Through thelgsia of the
energy consumption of nodes, we know that the gnefgsensor nodes is mainly consumed in the wiscles
communication module, that is to say the performamicnetwork layer routing protocol design of waes sensor
network will play an important role in the WSN.

The empirical mode decomposition (EMD) method iseesially a signal to smoothly, the result is diffet scale
fluctuations or trends in the real signal unbundlptbduce a series of different characteristic exalf data
sequence. Each sequence is called a basic modeonentp(Intrinsic Mode Function), referred to as IMF
component. Time frequency analysis method basdeMiD is an adaptive frequency analysis method; t#ita deed

a total of two basic steps: firstly, it decompodhke signal into several basic function componettign the
time-frequency analysis using Hilbert transform.

Wavelet transform is a time-frequency localizatimethods, time-frequency window area fixed but mhgnge
shape, which has higher frequency resolution inlthre frequency part and the low time resolutionghthitime
resolution in the high frequency part and the loggtiency resolution, so called "mathematical mimops". Multi
scale analysis and discrete wavelet transformeistine content of the wavelet analysis.

WSN application is the goal of perception, acqigsitand processing of network coverage area ofgptual object
information, and sent to the observer, so the thtements which are sensor, object and the obse3weane can say

912



Qiuhong Zhangand Lei Lei J. Chem. Pharm. Res,, 2014, 6(6):912-918

that WSN will be the information world with the pdigal world of logic together, changed the humah se
interaction with natural world. Random distributioof a network of sensors, data processing unit and
communication module of tiny nodes can self orgamizform, with the nodes in the built-in varioensor located

in the surrounding environment, red hot outsideaspradar and seismic wave signal.

Wireless sensor network according to the demanakebtiork users to the design of network architegtitseown
characteristics, provides a unified technical djation and algorithm of network protocol standawhich can
meet the needs of users. Sensor network archigeetith a two-dimensional structure, namely horizabriayer
communication protocol and sensor network manageioegitudinal surface. Communication protocol lagan

be divided into physical layer, link layer, netwol&yer, transport layer, application layer, and thetwork
management can be classified as mobility managenesrirgy management, and task management. The paper
proposes the Filtering method in wireless senstwarx management based on EMD algorithm and Muwiiles
wavelet analysis.

2. Application of EMD Method in the Wireless Sensor Network M anagement

Wireless sensor network is deployed in the momitprarea by the large number of cheap micro sensdes)
through wireless communication to form a multi ls&if-organizing network system, the aim is coopeeagensing,
collecting and processing the network coverage peeeeived objects, and then send to the obsebesisor, object
and the observer constitute the three elementsrefess sensor network.

While the EMD method based solely on the basishef data itself information decomposition, compavéth
wavelet analysis not only has all the advantagesvafelet analysis and wavelet analysis, can elitairthe
ambiguity of the resolution, can accurately refldw physical features of the original signal. Besgsathe EMD
method than the Wavelet method and the existingotiler signal processing methods have strongerl loca
characteristics, therefore intermittent signahe treatment received, the EMD method is the bast o

EMD can be obtained through a cluster can repretiattime scale IMF decomposition for nonlinear and
non-stationary signals, as each IMF is a narrowdbgignal, so we can analyze the effective HS. Adapgignal
decomposition is based on principal component @mfPCA) thinking. PCA is different from EMD, tfiermer is
based on the statistical characteristics of thenatjgand the EMD is deterministic, is based on Ibeal
characteristics.

A complete wireless sensor positioning system daegigpcess includes 3 aspects: the node hardwaigndes
positioning node software design and PC softwaigde The hardware system with positioning the Ware
platform for the design, node software design nyacdmpletes the data transmission process of logatireless
transceiver module, PC software to receive wireldata collection, complete the positioning usingcsfic
algorithms, and display the dynamic positioningihess
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Analysis and management of wireless sensor netwisrks important and difficult research and appiocain
wireless sensor networks, network needs analysisnganagement support to a back-end system. Wirekrssor
network is more similar to a tool, like computemgny industries are in need of such technologyotwdact their
research and deploy them, which leads to every &fndemand is the [2]. Can interactive graphicarusterface
customization will be very convenient to use, feample: do the construction monitoring of the nédGUI in the
collected data is also capable of signal processimgctral transform and wavelet transform is corer.

To generate the envelope to extrema signal in EMtDas to get the IMF, due to the different fittimgthod, the
same extreme point to have the envelope will belmsame. Already mentioned the use of splinepotation, in
practice, we often use three spline interpolatidmee times spline curve, between two points ofcilmve segment
is composed of a three polynomial fitting, the splcurve by three order polynomial curve segmarilnomial
segments with different coefficients.

C(k) = 0%e BRIBKR) +Z,, @)

The EMD decomposition method itself determines thiet complete, i.e. signal can be obtained byltasic mode
component and trend all the function of the safsftyreconstruction, without any loss of. The saméadaere
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analyzed by using the EMD decomposition method litain the basic mode component reconstruct siggads
discrete wavelet transform of the original signainponents are reconstructed, the reconstructiam eftthe former
than the latter reconstruction error is much smalle

Wireless sensors with wireless communication, detquisition and processing, collaborative work atder
functions, wireless sensor network is composed arfiyrof these sensor nodes that cooperatively argdnA large
number of sensor nodes are randomly deployed initororg region inside or near, can self organizetwork.
Sensor nodes monitoring data along the other sertes hop by hop for transmission, the monitodata in the
transmission process may be dealt with a numbeodés, after a multi hop routing to the sink ndally through
the Internet or satellite to a management noder tiegfiguration and management of sensor netwodertbrough
management, release monitoring tasks and collenttaring data.

The EMD decomposition method is a kind of innovatio the basis function theory. The basis functmodifferent
from the traditional decomposition method (suclirasrier, wavelet decomposition, wavelet packet dgmsition)
basis function obtained [3]. Fourier decompositminthe matrix is the sine and cosine function isegies of
constant amplitude and constant frequency, whitee EMD decomposition of the matrix is the sine awndime
function is a series of variable amplitude andafale frequency (or a series of amplitude modulafimction), as is
shown by figurel.
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Fig. 1. Application of EMD Method in the Wireless Sensor Network M anagement

In wireless sensor network, the largest energy wmpsion process is the communication process of sel
organization. Sensor nodes can self composed dbraly deployed network, forming self configuratimonitoring

of HOC large area. Nodes through the layered pobtand a distributed algorithm to coordinate thduictance
network can be applied to various fields. Differéaim the traditional network unified model, thergless sensor
network is not generally used for sensor embeddedegsor and memory. These sensors have the computi
ability, can complete some work of information pEsesing. However, due to the limited capacity of eduzd
processor and memory capacity, so the processiwgmpaf the sensors is quite limited.

Definition of basic model based on function, we cagan periodic functions are obtained by methodatdulating
function local maxima (average cycle = data lerigttal maximum number). A set of uniformly distited white
noise is decomposed by EMD, respectively [4]. Tigtothe local extreme points of each componentutation of
the average cycle corresponding. After repeateéraents found that: the number of extreme poihtny one of
the basic model components almost exactly half obraponent, the average period is two times theigus one,
this feature does not change with the length cd.dat

In the calculation of the local maximum averageetope defined with local minima, and it is usedethtimes
spline interpolation. Three times spline interpolatwill swing in two endpoint signal, and the swiof the results
will increase as the level of decomposition anddgedly inward "pollution” the entire data sequenttes obtained
results serious distortion. In addition, the Hiltteansform, signal ends will also appear serim effect.

The sensor node consists of low power microprocesseless RF module and vehicle platform etéirét collects
the various analog signals, the analog signalsdigiial signals, after monolithic integrated ciitcprocessing, via
wireless RF module transmits data to the sink ndtie.sink node processor using ARM9 S3C2410, @ mlsludes
the GPRS module, RF module, network interfacemiésn function is to all sensor nodes send the tetaiving
nearby, and through the Internet or GPRS modulézadpd to the monitoring software. The hardwardesysof
mobile node localization of wireless sensor netwsyktem needs to establish a suitable sensor systeonding to
the requirements of mobile nodes, sensor desiggddvb power microprocessor, RF module, sensor fater, a
power supply module and vehicle platform is compaskb parts.
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Propose a two-dimensional screening process usempnstruction operator and radial basis function in
mathematical morphology, the one-dimensional EM® used in the 2D image processing to extract iniextere
extraction, two-dimensional IMF, this new image tisglale analysis method called by bidimensional ieog
mode decomposition (Bidimensional Empirical ModecBmaposition, BEMD). In the process of bidimensional
empirical mode decomposition, can be the imageaocheow and each column as a one-dimensional sigsig
the method of one-dimensional signal they were ohposed, thus propose the image texture in horiz@mtd
vertical direction.

In wireless multi hop Ad hoc networks, media acaasgrol (MAC) layer protocol is mainly responsilite the two
functions. One is to establish a network struct@ecause tens of thousands of sensor nodes with degsity
distribution in the tested area, MAC layer mechausisneed to provide efficient communication links ftata
transmission, and the characteristics of self-degdion network structure of wireless communicatiormulti hop
transmission and network [5]. The second is for skasor nodes effectively and reasonably allocageurces.
Bluetooth and mobile Ad hoc network may be the texgsnetwork is most close to the sensor networtweler,
Bluetooth, the star network topology, and usedithe division multiplexing mechanism of centralizaigtribution,
wireless sensor networks which often adjust footogy need is not favorable.

The data center, in wireless sensor networks, nealgyeople usually only care about a region obhservation of
the target, and not to care about a single nodae. dzdta centric features this is the wireless senstwork,

addressing the process which is different from tfealitional network, can quickly, efficiently orgam the

information of each node and extract useful infdfamafusion are sent directly to the user. The desif as the
query or transmission clues of the habits of thowgiu closer is to natural language communicatisris shown by
equation4.

H =[u, u,]ldiag(A,,4,) Qu, u,]’ (4)

In the process of EMD, due to the need to fit thpar and lower envelope, fitting method and the roomly used

is three times spline interpolation. In order ttisfp the IMF condition, the mean determined needgh iteration;

and with the increase of decomposition level, thmant of calculation will rapidly increase, thislwieduce the

effectiveness of algorithm. And because of the tlernd the signal is usually limited, so in the tgignals cannot be
effective to determine the extreme points.

For self-organizing sensor network wireless, nekwtwmpology control has special significance. Thrioute

topology control good network topology automatigatan improve the efficiency of routing protocaidaMAC

protocol, and lay the foundation for data fusiomet synchronization and object localization andosomany
aspects, conducive to save node energy and prolprige network lifetime. Therefore, topology cohione of
the core technologies of wireless sensor netw@g&ssor network topology control is the primary aesk question
is the prerequisite to meet the network coveragecanmnectivity, the power control and the backboetvork node
selection, unnecessary wireless link between nodediminated, generating an efficient data forviagdnetwork
topology structure.

Node 3 functional types of wireless sensor netwgateway location, respectively (Coordinator), refee node
(router) and the blind node. The gateway has aialrucle in the whole system, it will send the retgg host

computer's command, open network, and wait forratyyges of nodes in network, the effective datantheceives
the feedback of nodes and transmitted to the upehine software. The reference node is a kindaticsknown

its position, it is the task of the receiving baR8SI (Received Signal Strength Indicator) valu¢hef packet and
calculate the RSSI average, culminating in thedblinde packing the RSSI average, send it to theagat, returns
the PC monitoring software. The blind node is a ieobode; reference node can be arbitrary in tlea @nclosed
by the move.

3. Method of Wireless Sensor Networ k M anagement based on Multi Scale Wavelet Analysis

One of the signal processing tasks is to recoghigessential characteristics of signal existhéndbjective world,
and find out the rules. To know, from a differemtimi of view of signal is helpful to understand thssential
characteristics of signals. The signal is the firsie (space) in the form of expression. In additio time outside,
frequency is one of the most important ways to aigharacteristics. The frequency of the said netikdased on
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the analysis of Fu Liye (Fourier Analysis) on ttesis of the analysis, because Fu Liye is a glabakformation, or
completely in the time domain, or completely in fhequency domain, time-frequency local propertg érerefore
cannot describe the signal time-frequency localperty, and just is the most basic and the most ftapb
properties of a non stationary signal [6]. In Fiyd's theory, proposed and developed a new theorsigofal
analysis: wavelet transform.

From the mathematical theory of wavelet transfatrig a shining example of the Fu Liye transformtiod perfect
combination of pure mathematics and applied mattiemaFrom a purely mathematical point of view, ket

analysis is the crystallization of harmonic analythiis important subject for almost half a centdirgm science and
technology point of view, wavelet transform is themputer application, signal processing, image yeis!

nonlinear science and engineering technology inambtireakthrough in methods in recent years.

UV, =12(R, NV, ={g}
S o (5)

After the sensor nodes are deployed, with elesttget, waiting for the wireless sensor network gate to join
orders; administrator to the gateway node throdghgerver sends the starting command, the stadtgmeters
allows for wireless sensor network; gateway sehdsstarting command to each sensor node in theonetwode
receives the starting command to join the netwshigrt address information of the network, to camfigthe local
link address, routing; node to the gateway nodegfobal unicast address prefix, the distributiontted gateway
node global unicast address, node configuratioarpaters through the gateway and stored in the sdatabase.

The traditional wired network and wireless netwéok data transmission, wireless sensor networkpjdieation
oriented, with tasks and data center. Network ti@uhl design method is no longer applicable inelgiss sensor
networks, but still can refer to the traditionaydeed network protocol stack, as shown in figurdt 2acludes two
levels: Communication plane and management planmn@nication plan is composed of the physical lefer,
data link layer, network layer, transport layer application layer, management layer by the powanagement,
mobile management and collaborative managementlemgntation of network transfer of information beem
nodes communication plane; management plane ismsgpe for detection and control node; managemtkamte to
detect and control nodes, so that it can work.

H
O]
Wavelet transform
B[]

0

Wireless sensor networks

Fig. 2. Method of Wireless Sensor Network Management based on Multi Scale Wavelet Analysis

Wavelet transform is a time-frequency localizatimethods, time-frequency window area fixed but mhgnge
shape, which has higher frequency resolution inlthre frequency part and the low time resolutionghhitime
resolution in the high frequency part and the loggtiency resolution, so called "mathematical mimops". Multi
scale analysis and discrete wavelet transformeigtine content of the wavelet analysis.

Continuous wavelet transform is a representatigth@signal, the expansion parameters and shidinpater is taken
over the whole real axis [7]. The continuous walveensform is often used in theoretical analysid eesearch, in
solving practical problems and needs to be realigedomputer, often need of continuous waveletsiemm the
expansion parameters and shift parameters weretathe discretization.

Discrete wavelet transform can be expressed asdimposition of a low-pass filter and high passfilbf a tree.
The original signal is through a filter that decarsjpion is called a level decomposition. The decositon process
of the signal can be iterative, meaning it can dgmuse [8]. If the high-frequency components of slgmal are no
longer decomposition, and the low frequency comptm®f the continuous decomposition, the low fremye
component will get lots of low resolution, a bigdr This tree is called the wavelet decompositier {wavelet
decomposition tree). How much depends on the deositipn series is analyzed to data and users. Tdeelet
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decomposition tree to represent only the sign&wffrequency is components of the continuous deusition.

As with DWT, MODWT can also form MRA, but unlike DWW MODWT is not affected by the initial point, nalpe

the original sequence cycle moving arbitrary ampM®DWT details and smooth also move the same amoiun
circulation. In addition, unlike DWT, filter MODWetails and smoothing and 0 phase correlationt, isoeiasy to

make the feature of MODWT in MRA and the originafigence in the corresponding.

f:RROG R
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Computing resources and storage resources of tismisaetwork are very limited, and often the dea@gmission
guantity is not great. So, for sensor networks, tdveyou need to transport layer is a question. fféa@smission
control protocol (TCP) is known as a based on dlairess end-to-end transmission protocol, andsémsor
networks, the design of TCP attribute based narsaadability for sensor networks is not necessaoylénge, and
the data validation mechanism also need to consutoeof memory, the transport layer protocol tiere suitable
for Sensor Networks will be more similar to the Upi@tocol.

Analysis of variance: on a set of data, in additiorihe need to understand the average level af déside, also
often need to know the size of their fluctuations.(deviation from average size). To measure the sf the
fluctuation of data quantity is called the variamdehe data set, a set of data variance is grettat this group of
data larger fluctuation. The multi resolution arsdy of random signals and it is the orthogonal Jetve
decomposition for the various components of différecales. The energy spectrum of wavelet variariceach
scale formation scale domain, is the analysis ofimae based on scale, can describe the chardiceg$ a single
scale signal, relative relations and the overathglexity can reflect the signal in each scale.

4. Filtering Method in Wireless Sensor Network Management based on EMD Algorithm and Multi Scale
Wavelet Analysis

Wireless sensor networks usually densely deployethé detection area of large, the number of naaek the
density of wireless ad hoc networks become magaitadmprove. It does not rely on a single deviapability, but
to improve the quality of system working throughlaioorative work a lot of redundant nodes. Dueh® adoption
of the wireless channel, distributed control, tleéwork more vulnerable to passive eavesdroppiniyeamtrusion
attack. Therefore, very important communicationusigg and network security, encryption, anti-inesdnce, user
authentication and other security measures neediaspeonsideration, in order to prevent the moriitgprdata
acquisition monitoring information theft and forger

EMD decomposition is based on the following assuomst (1) signal at least two extreme points, a imam
value and a minimum point; (2) the characteristiietscale is between the extreme points of twocadyjaintervals
defined; (3) if the lack of data points but defotima, can be obtained through differential extramigata once or
several times, and then through the integral t@iabthe decomposition results. The essence ofntieihod is to
obtain the intrinsic fluctuation patterns throudie tcharacteristic time scale of data, and thenhenbtsis of the
decomposition of the data, the basis functions apasition is based on the data itself.

In the digital signal real transformation usingiltef, the data obtained will be two times the ord data. Then,
according to Nyquist (Nyquist) sampling theorenpieposed under sampling (downsampling) method, harime
each channel for each of the two sample data frodiserete wavelet transform, coefficient of (coa#nt) are
expressed by c¢D and cA.

Discrete wavelet transform is developed by Malafi988, called the Mallat algorithm. This methoda@ually a
signal decomposition method, in the digital sigpedcessing called dual channel subband coding.cbheept of
implementation of discrete wavelet transform fifig}.

Each IMF represents a different time scale featdireriginal signal components, and the residuahaigepresents
the trend of the amount of information in the amagidata. Under normal circumstances, based okt method
to get the first few IMF often focus on the oridisggnal is most prominent, the most important infation, which
is decided by the nature of the IMF signal, so ElRIso known as a principal component analysishoukt

The wavelet variance can scale a determine thanegidecomposition based on random process, tieendang to
this we according to the variance of different esabf physical phenomena characteristic of. Secthedwavelet
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variance is close with the spectral density functad the concept linked, because the wavelet veeidms the
advantages of simple structure, we can study featsof the power spectral density function. Thirtien research
for a deterministic process, can use the waveléanee can replace the process variance, thatsaypthe wavelet
variance estimator can be sampling variance replané process, because sometimes the sampling warian
difficult to show the sampling characteristics.

Filtering methed in Y3

14000

12000
10000

8000

—s—Wavelet analysis

6000 ——EMD

4000 / /\’\
20 .:_—,:!f::w'{"’/ -+

VEN Hodes

Fig. 3. Comparison design of Filtering Method in WSN M anagement based on EMD Algorithm with Multi Scale Wavelet Analysis

In wireless sensor networks is the use of the mxcdere are several reasons cause the sensarkébpology

change: adding the new node; environmental factongower sensor node depletion caused by the éaibfithe

three elements; this sensor, object and the ohseaf/ghe sensor network may change with mobilitgg t
environmental conditions may result in a wireleessamunication link bandwidth changes, even whenpthene.

Application oriented network, sensor network hagesy broad application prospects, for various semsdwork

applications for different physical quantities, the application system for sensor networks alscelevariety of
requirements. The hardware platform, software systand network protocols are very different. Farhespecific

application of sensor networks, the sensor netwledign characteristics different from traditionatworks.

Orthogonality of the EMD decomposition method isis$eed in all practical significance, but in thgodoes not
guarantee. Should be in the local orthogonal td edleer through all the intrinsic mode functiongl d@nis because
each basic mode components are from the origigabband the local mean difference to it.

CONCLUSION

Wavelet analysis is a new and rapidly developirggigline, it has profound theoretical significareed wide
application, is the epoch-making outcome of Foudaalysis development. Wavelet analysis is inténatly
recognized up to the new time - frequency analiygit The paper proposes the Filtering method ieMss sensor
network management based on EMD algorithm and Midtdle Wavelet analysis. Basis function of wavelet
decomposition is determined in advance, such as, Baabechies, Morlet wavelet function, using diffet wavelet
basis, the analysis results have great differerBesause the wavelet decomposition of the effepedds on the
choice of basis functions, so can not guaranteefitienal decomposition effect, and the basic fuorctdf EMD
decomposition is uncertain, is adaptively obtaifrech signals, for different signal, basis functisndifferent, can
be said to be broad based adaptive.
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