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improve the initial deployment. One possible methsd

Abstract — A Video Wireless Sensor Networks is composed deploying additional sensors after the initial dgphent,
of hundreds or thousands of autonomous video-sensaodes  called redeployment [2]. Another method is to usebite
having wireless communication facilities. Effectivel sensors [3], thus allowing sensors to relocate. |\Viie

managing of such as networks is a major challenge. .. . . .
Considering that, a critical issue is the quality b the first method implies additional post-deploymenttspshe

deployment from the sensing coverage viewpoint. Irhis ~Main de drawback of the second method is the coxitple
paper we analyze the problem from the video-fieldaverage Of moving solution, which reduces drastically tireaaof
perspective. As a starting point, we analyze a lokzation applications and increases the initial price.
algorithm suitable for this kind of networks. Then we Many of WSN applications highly depend on the
|nve_st|gateaqL_1aI|ty measure that indicates |ftheieployme_nt capacity of the networks to determine their nodes’
provides sufficient coverage, or whether redeploynm is . L .
required or not. Iocgtmqs. Furthermore, location is -assumed knqwthe
realization of many network operations such asimgubr
Keywords — sensing coverage, field of view, redeployment, S€curity protocols. Indeed, significant researcirkwoas
video wireless sensor network. focused on developing efficient node localization
techniques [4].
Video monitoring for infrastructure surveillance dan
I. INTRODUCTION control is a special case of wireless sensor né&twor

Wireless Sensor Networks (WSN) applications havapplications [5] in which large amounts of data seesed
been hardly investigated nowadays in scientificdicsd, ~and processed in real-time, and then communicated @
CommerciaL and m|||tary domainS, to perform Segand wireless network. These networks are called Video
monitoring of the physical world. Large-scale wirss Wireless Sensor Networks (VWSN). In the rest of the
sensor networks are composed of hundreds or thdssgn Paper we investigate the problems of localizatiow a
autonomous sensor nodes. They operate in the abséac Sensing coverage in this particular context.
pre-deployed infrastructure, are self-configurablew
cost, can be rapidly deployed and can work in heosti
environments. Their sensors interact with the sumdings Il LOCALIZATION IN WIRELESSSENSORNETWORK

monitoring and measuring light, heat, position, smoent, L .
. 9 979 P A. Localization Solutions
chemical presence.

Effectively managing sensor networks is a major Considering the nature of a wireless sensor network
challenge starting from deployment phase and duting S€nsor nodes are deployed in an ad hoc manneharedis
entire lifetime of the network. Goals during sensof© & priori knowledge of location in most of theses.
deployment include improving coverage, achievingdlo Unfortunately, many of sensor networks applicatiogly
balance, and increasing the network lifetime. Agdar ON the correctness of nodes location. Differenéliaation
number of sensors can be distributed in mass hyesice solutions were proposed in the recent publicatidreey
them from airplanes, rockets, or missiles [1]. hattcase, €an be classified into fine-grained localizatiorlu§ons
the initial deployment is difficult to control. Hawer, (Pased on timing or signal strength) and coarsieda
despite of these hard conditions, good deploynesstiii  localization methods (based on proximity to a refiee
necessary. Recent research has focused on metbod$Qint) [6]-{8]. Further, a very next problem is teensing

coverage of supervised area. Sensing coverage yhighl
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with video-field overlap estimation for surveillanc (Vi, V), respectively is given by the equation:
applications, which employs image registration lides to
align images quasi-simultaneously acquired fronfedét
video sensors. It is based on mean shift estim@tibhfor cos@) = 9i Vi (4)
robust parameters like coordinates translationatiart Hqij HHVu
angle and scaling factor estimation. The mean shift T

estimator is based on the mean shift algorithngsa &nd wherex' denotes transpose of vector

robust method to detect local maxima of a multatari an5|der|ng {”‘}f’ = 12M as thg set oM ap_gles
. . obtained from pairs of points, the rotation angleléfined
probability density.

as the highest density location obtained by thenigan
C. The Registration Model shift algorithm ¢=1) applied on all data angle data

A widely used 2D geometric transformation in imag&amples available. _
registration is the similarity transform, consigtirof In a similar manner, scale factor estimates can be

rotation, translation and scaling. The model isrdef by obtaln_ed from_ the sets of pairs of points using the
L following equation:
the equations:

uj_|s 1ljcos@) -sin@)| x N t, (1) _ S_w_””/m“”' _ ©)
vl |1 s|sin@) cosg) |y t, ' After performing the inverse geometrical transfptmn
compensate scale and rotation angle, robust ttarsla

relating the old pixel coordinates (x,y) to the newes. As vector component estimation is performed by point
this transform preserves the angles and curvatitréss correspondences. Each pair of points generatesopai
been named “shape-preserving mapping”. The fouranslation parameters. The same mean shift atgoris
parameters of the transformation can be unambigdyousised to find the best estimates of the translatamtor.
determined from the correspondence of two paigoafts. This algorithm is still affected by small errors (@ 5
However, in most of the cases, the number of thatpo pixels). To deal with these errors a post-procegsstep is
available for estimating the transformation pararesp, required. Chamfer-matching post-processing could be

tx and ty is higher. By denoting the vector of paeters as considered [12]. First the distance transformatiisn
computed and the distance map is produced stdrting

S the upper right corner. The pattern we are looKorgis
¢ then moved over the relief defined by the distantp.
X= ] (2) Under the action of gravity, the pattern slides rotre
X relief until it reaches the lowest possible alt@udf this
ty altitude is zero or close to zero, an optimal maitgh

pattern was found in the image. More formally, the
matching criterion is the correlation of the seartpattern
with the distance map. The pattern is located whieise

the problem of estimating the geometric transfoiomatan
be formulated as the problem of minimizing a measfr

the fitting error of the available data points: correlation reaches an absolute minimum.
x =argmind_ o(r,) , ()
T

where the residuals represent the matching error between  [ll. POST-DEPLOYMENT ESTIMATION OF SENSING
a pair of corresponding features after registration COVERAGE

D. Computation of Transformation Parameters A. Coverage Problem in Sensor Networks

Following transformation parameters are considered: on important performance consideration for wireless
coordinates translation, rotation angle and scdlotpr.  sensor networks is the amount of information codiddy

Solution starts from the observation that the anglg| the nodes in the network over the course ofvagt
between two line segments is not changed by trémslar  |ifetime. This depends hardly on sensing coveragthe
rescaling. Therefore, the rotation parametgrcan be supervised region.
estimated based on such angles prior to estimalieg  However, after an unsupervised deployment, thel fiel
translation or rescaling parameters. coverage could present many gaps. Therefore, it is

Rescaling parameter estimation can also be pertbrmgnperative to verify the functionality of the systeat the
prior to translation or rotation estimation, based the post-deployment time, thus lowering the risk of lear
distances between known pairs of points. failures and inaccuracies. Moreover, the validation

The translation vector components have to be atledl minimizes the expense of revisiting the site in thear
after the rotation and rescaling parameters haven befyture for redeployment, maintenance, or repairs.
estimated and compensated. In [13] and [14] the authors investigate the prablef

For rotation angle estimation, the minimal seteéirted modeling and evaluating the infrastructure commaioe
by two pairs of points @, Q) and ¥, V), and is coverage and reliability of a common sensor network
represented by the corresponding vecyrsandvy. The  Theirs approach is based on reduced ordered binary
angle between the two lines, which conne@t Q) and gecision diagrams. They also incorporate the cenatibn



of common cause failures into the reliability aséyof the IV. COVERAGEQUALITY ESTIMATION

wireless sensor network. . Despite of the fact that object sensed by the carvan

In [15] is presented a protocol that dynamicalliye at arbitrary locations, information quality hgrd
configures the network in order to provide dn‘fetrendepemjS on camera’s resolution, size of the object
coverage degrees requested by the application WhiRiance between camera and object. Depending on

maintaining connectivity. particular application and on the size of smallest
Redeployment solutions, i.e. addition of sensoriaiesy interesting object, we can determine experimenttily
during the protocol evolution, ~were also intensgnedium distancd, which provide enough quality. The
investigated nowadays [16], [17]. Most of the timengge AreaNA) is defined as a circle centered in the node
redeployment is necessary when there have been sofg with a radiusD,. The Relevant Camera’s Sensing
sensor nodes failures in the deployment regionthla  areaq (RCSA could be defined as a sector resulting from
context, important issues are how to maximize &  itersection of field o view and the monitored akdbA
nodes and minimize new deployed nodes. In our &i®ly considering that, we define théetwork Coverage Area
redeployment could play also a role in sensing @@ (NCA) as union of all node areas aNeétwork Relevant
maximization. Sensing Aredor whole VWSN NRSA as a cumulative

In common wireless sensors networks, the sens@N0dyrea obtained from all individual cameras sensiegsias
collect simple information about temperature, “ghtdepicted by Fig. 2.

pressure, humidity, etc., around them, from theaare
determined by the fixed sensing range of the nv@esus

them, video sensors could capture images of objbets

are not always in the camera vicinity. The objesstased #
by the camera can be at arbitrary locations. Atse, ( 2
information content of images taken by differentnesas Bl
in a system is unique for each of them as a redulhe ;
different relative positions, orientations and pexdive of PR
the cameras toward the observed objects.

B. Coverage Problem in Case of Video Sensors Figure 2. Network relevant sensing area (NRSA)
In video wireless sensor networks, the sensingearig
sensor nodes is replaced with the camera’s FielMie#. For aN-size network relations could be expressed as:
The Field of View (FoV) is defined as the maximum N
volume visible from the camera [18]. The cameraefure NCA= U NA (6)
is able to capture images of distant areas andcctsbfhat i=1

appear within the camera’s depth of field, whichthe N
distance between the nearest and the farthesttabgche NRSA= U RCSA (7)
camera can capture sharply. =

In general, a three-dimensional coverage of space i An important deployment quality parameter is dedote
required. This problem is extremely hard to analg®me by the ratio betweerNRSA and NCA We name it
preliminary work has been done in this directioB][ITTo Deployment Coverage QualifipCQ).
simplify this problem, we consider monitoring ofseene
; o : NRSA
in one projection plane. In this case, all cameydes are DCQ=—— (8)
mounted in one plane and they shoot the imagesief t NCA
scene from a parallel plane.

Considering that, the main advantage of localizatio
algorithm presented in section Il is the possipitif video-
field overlap estimation between each pair of camer
nodes in addition to spatial localization, as pnése in
Fig. 1.

V. EXPERIMENTAL RESULTS

We design a simple graphical deployment simulator i
order to estimat®eployment Coverage Qualion various
deployment conditions. To run these simulations we
consider 10 different network sizes between 2 @h@2?i
i=1..10) nodes deployed in a 2-D obstacle-less
environment. Network topology uses a uniform random
network model. A uniform random network is one inieh
the nodes are distributed randomly and with a wmifo
density. For such networks, the probability of firgli
nodes in a specified domain depends only on the afe
the domain and not on its shape or location. Giaen

areas$, the probability that it will contain exactlynodes is
Figure 1. Fields of view overlap estimation. given by equation:




)= e, ®)

wherep s the density of node deployment [20].

networks deployed in a fixed area with a radiuxid,,
That is, for each network node at least one digtanc
between it and other node is less thaB2Also, all video
cameras have identical parameters. We consider &ere
view angle of 60 and same resolution implying sarg.
Twenty topologies was generated for each netwark silfl
and mean values was considered. Fig. 3 presents
simulations results. The deployment coverage qualit

increases meaningful when network size exceeds $it
nodes. This is because in that point the worst €Q€
start to rise from value of 0.16 and the best ea$geve 1
when at least six nodes have same location and nd#-
overlapping video fields.
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Figure 3. Deployment coverage quality (DCQ) vaoiat

relationship between the network size and the depdnt
area and shape.

VI. CONCLUSION

(3]

(4]

Also, we consider in our experiments only cohesive

5]

[10]

[11]

[12]

As a future work we plan to do investigation orl13]

[14]

Localization solution and coverage analyses in wide

wireless sensor networks were presented. A deploymé!d]
coverage quality parameter was proposed for coeerag
estimation. Experimental results on various deplaym
simulations were presented.
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