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Sensor Network Topology as Low-interference Factor
Vasil Dimitrov', Rozalina Dimovaand Paskal Novakdv

Abstract —This paper presents investigation results of wireless  the packet, it's very important to choose the right node during
sensor network topology connection with some main geometric  the organization of the communication. A wrong choice may
structures. _The aim is optimal communication organ_ization cause blocking of the communication.

Egag ?ggg)o;sr go?itorse'f‘g‘r)r igfe(:‘:erre?:::gee |Hmﬂﬂer?$aﬂg§ The transmitting nodes affect the ability of the other nodes
. . to receive data. The sensor node is not able to receive data

paquIaIed. 'MatL'ab .smulatlon model ha§ developed for from its neiahbor. if in th - h iahb d
interference investigation in sensor network design. \eighbor, 1Tn t e same time another neig Ibor Senas

data. This mutually disturbance of the communication is

Keywords —Wireless sensor, topology control, Interference, named interference. Reducing the interference [7] in the
Relative Neighbourhood Graph, Gabriel graphs. network leads to much fewer conflicts during the sending of
packets, which actually reduces the usage of energy and
extends the life of the network. Therefore, reducing the
interference via using the correct graph at the disposal is an

l.INTRODUCTION important aim for the control of the topology.

Wireless sensor network (WSN) consists many
geographicly dispersed units, that communicate wirelessly II. GEOMETRICSTRUCTURES
with each other [1]. Missing central infrastructure supposes
that networks have no particular fixed topology. This way the The geometric structures graphics are graphics where
control of the topology [2] appears to be necessary in planniggrtices ag points in a plane connected by straight segments
the network structure in order to maintain connectivitypetween the individual points. This kind of graphics are
effective power and optimizing network performance. Manknown as proximity graphics [8].
algorithms for topology control [3] were offered in the last
decades, including the most famous Delaunay Graph (D
[4], Relative Neighborhood Graph (RNG) [5], Gabriel Grap
(GG) [6]. These algorithms are principally designed for

energy efficiency and connectivity between neighborin In the diagram of yoron0| (dotted !lnes on f!g. 1) set of
nodes, but there is another important criterion for Sens%?nsor nodes placed in a plane form discrete units, which form
' t

networks such as roductvy. © convex pooons (ares Vorona). Ju Sdes e e
In this paper we consider geometric structures by which pey9 y only : 9 yP

analyze the wireless sensor nodes and their geographi%aﬁm,JCture effecti\{ely crgate polygons with vertices located
distribution in the environment. There shall be accordan&duidistant from neighboring node . _
between the network topology and a geometric structure,D€launay tangulation signed as DT (the continuous line
When algorithms for topology control are used, based on tA8 fig. 1) is a double graph of Voronoi diagram. This is a
geometric structure, it's necessary to take into account tHBique set of points, where the peaks of all triangles lie on
communication range of sensor nodes. The control 6fcles. And in these circles there are no other points. The
topology is used in sensor networks mostly to optimize tif@ecial feature of this geometric structure is that it is well
initial topology to save energy, reduce interference arizlances- the triangles do not differ significantly.

prolong the life of the network.

The main aim is to reduce the number of active nodes, ‘
according to save resources necessary for future
communications. The installation of wireless sensor networks
in the area appear many problems mainly related to
transmitter power, conservation of energy supply of batteries
and maintaining communication connectivity. In case to save

hg) Voronoi Diagram and Delaunay triangulation
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Fig. 1.Voronoi Diagram and Delaunary Triangulation
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B. Relative Neighborhood Graphs prepare the signal. Second, in most cases, the power required
for the realization of the communication links is |pvif,
Relative Neighborhood Graph (RNG) connects two pointgyhere |Iv{| is Euclidean distance betwearandv , andp is

u andv in the are&, then and only then when: the real costant between 2 and 5 in transmission depending
dist(u,vkmax{dist(u,q), dist(v,u)}for each pointj LI S on the environment. Finally, when the node receives the signal
With B(x,r) assign the opened circle with radiusand needs some energy for the reception, storage and processing

centrex, whereB(x,r)={y|dist(X,y)<r}. of this signal..

Figure 2. shows how to set up communication links with Let's take a look at each s€t1,v)in the geometric structure

RNG. from the nodaul1V to another nodeLlV.

R 7(U,V)= VoVy... W1V, Where u=y, v=v,
' ' Here theh appears to be the count of hops on the ttailThe
. general power for the emissigifr), consumed by this path
is defined as [10] :

h
. peT)=> vV I )
i=1

The trail connectingu and v with less usage of energy is
known as least-energy path. Lu,v) be the less used energy
of all paths that connect andv, andH is under graph of this

Fig. 2. Communication links in Relative Neighborhood Graph

D. Gébriel graph geometric structureThen the usage of energy in this graph
may be defiad as:
Gabriel grap (GG) is under the graphic of Delaunay pH(u,v)
triangulation (DT) because of the ability called ,empty circle” pH)=max, ., 3)
where in a circle with a diameter of a line joining the two p(u,v)
nodes must be adjacent nodes (fig.3). When we change some of the parameters, that are used for
T sending packets in the sensor network may be reached
/ % \ different results for the same topology.

This topology, where the interference is with very low
percent appears to be optimized for the cases when the main
criterion is the energy.

\ >/ / IV. NETWORK MODEL

Fig. 3. Empty circle in Gabrlel Graph

) ) In our analysis we consider the network topology from
GG connectswo points,u andv in the S area, then and sensor noes randomly distributed in a pla@=(V,E), where
only then when: V={v,V,,....y} and E is the aggregation of connections
digt <./ dist + dist V), 1) between mighbouring sensor nodes in the network. We
LLuy \/ (ug (@V) @ accept, that all the nodes transmit at maximum power. The

for gach pint vLIS L . range of a radi® .« is calculated as follows [11]:
Figure 4. shows how the communication connections In
RGG (|G, [ ).

GG are formed.
, | T

where:
' ' ' P .- power thathe sensor sends;
. G- gain of transmitting antenna;
G; - gain of receiving antenna;
. P, - sensitivity of the receiver;
|G| ratio of reflected power from the receiving antenna;

Algorithmsfor topology control , which aim is to decrease
the interference are besed on different parameters based on the
Ill. FLUCTUATIONS OF ENERGY DEPENDING ON THE topology of the network itself. All the nodes are potentially
GEOMETRIC STRUJQURE disturbing for a node. Before we determine we will introduce

the following definition:

Saving energy is very important for the sensor networks, * The interference area: that part of the range of the node
becausehe nodes are charged only vie batteries. To send the Which overlaps with the ranging area of the negend
signal from one sensor node to another, the power that is ué@dn a negave impact on the communication of these two
from these two nodes contains the following three parts [g]odes with their other neighbors.

First, the sensor node, which sends, needs some energy to

(4)

Fig. 4. Communication links in Gabriel Graph

284



ICEST 2012 28-30 JUNE, 2012, VELIKO TARNOVO, BULGARIA

= Potentially disturbing node: a nodg, is potentially If all devices on the network do not change their position
disturbing @ nodev,, if its range could cause danger on thend are homogeneous in terms of hardware components, there
communicatio between yand the rest of the nodes. is a fixed set of positions in which each sensor node will have
From the ddhiton RNG [5] we suppose that the the same radio range and will spend the same amount of
interferencearea has to be: energy for communication.
lu=B(u,dist(u,v)NB(v,dist(u,y), (5) As we mentioned earlier the sensor nodes cannot receive

Which is marked withd) and it is shown on fig. 3. In anotherand process several signals at the same time, and because of
words, the two pointp andq form RNG then and only then that for clustering of multiple nodes the probability for

whenl, ,does not contains any other points in 8area. disturbing of the communication between them is very large.
The interference area for GG is: Using the topology based on RNG we define the parameter
lu=B((u+Vv)/2),dist(u,v)/2 (6) 0 (fig.6.), which is the angle, that composes from the sensor
marked with (b) and shown on fig. 3. The interesting part heraode of the two abutments of the circles, describing their own

is the circled shape of the interference. range and the range of the neighboring node.

(@)l for RNG (d),, for GG

Fig.6 Graphical representation of the argjle

Fig. 7 showsthe influence of the interference whén
changes, as to more accurately simulate real communication
between neighboring nodes, we add an additional disturbing
V. SIMULATION STUDIES OF SENSORY UNITS IN  influence (Gaussian noise), which may be amended percent

Fig. 5. Interference field in RNG and GG

INTERFERENCE depending on weather, topography and more.
A. Model of interference jamming receivers of sensor nodes
The interfeéence of node, assigned ak,,, may be defined os
from the cout of the other nodes, which areas of transmissic
are able to cover.
o #{ U WOV {3} Juvsr,} M g
The middle mterference in the geometric structure G, assigne §
aslag(G), may be defined as: % I
=
% ! (v) g_ 04
lag(G) =2 (8)
For a node with radius of transmissignmay be defined a
interferencemade by it on the following way: 02
by F{ U UOWVV{V}, Juvis T} 9)
So we have:
0 5
2w 2w ’ ’ )
| (G) RVSY, — Vv (10) Change of @ [rad]
v \Y V Fig. 7. The change of the interference depending on the
paramegr of &
5. Simulation results The distance between the mobile sensor nodes causes

) ) influence over the interference. When neighboring nodes are
To estimate the effectiveness of the use of energy resourggs,iaq very closef has large values, therefore, a high
and the impact of interference in the transmission of datafferference. It is the use of geometric structure to limit the
necessary to analyze the relative position of sensor nodes agf,munication links between nodes.
the relevant processes in communication between the Sens6fna subordination of from the distance is shown on fig. 8
modules. o

285



ICEST 2012 28-30 JUNE, 2012, VELIKO TARNOVO, BULGARIA

for a normal communication, which significant impacts on
interference.

We study the influence of the interference at the topology,
build on RNG and GG, and the results of the simulation are
the following:

e The interference may be damped, if we localize the
amount of ommunication connections;

e If we have n number node distributed in certain
geographic area it is necessary to build particular
communication structure;

e \We must use a tree structure if we want to have optimal
topologyrelated with less interference;

e The interference will be less if the sensor nodes are
placed in a distance that they communicate in a range close
enough ta max

The results based on the analysis provide guidelines for

Fig.8. The change of the paramefarhen the ditance changes d€Sign optimization of interference in sensor networks.
Our studies in future are directed to improve the method
To define tle amount of the interference at GG, shown ofhat allows exchange of the sensor nodes between the different

fig. 9., we use the recovering that the “Empty Circle” abi"t)yvork groups. Also our simulation method of _the interfe_rence
makes, and the distance between the neighboring nodes ~ between the sensors may be used for an online education. We

also analyze other techniques to improve the interference

effect in the future.
N
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