
Abstract
Wireless sensor networks have sensor nodes, which are battery-
powered devices. In the wireless communication, the operation 
time of a battery-limited relay node depends on its transmission 
radii and sensor radii. Hence the locations of the relay nodes have 
to be carefully planned to achieve the maximum network lifetime. 
In this paper performance of wireless sensor network is analyzed 
which is developed with the help of artificial neural network. 
Particle swarm optimization is used as learning algorithm for 
developed network for finding optimized path and to make the 
network more energy efficient. The simulation results are analyzed 
with network sizes ( 15nodes, 30nodes, 50nodes and 100nodes) 
, sensor radii (10m, 15m, 20m and 25m) and transmission radii 
(100m, 130m, 150m and 200m). From results of developed test 
bed with the help of vb.net language, it is analyzed that there is 
a deep impact on parameters of network e.g. mean life time and 
number of dead sensors (nodes) w.r.t time, by changing sensor 
radii, transmission radius and network size. Results are shown 
with the help of graphs.
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I. Introduction
Wireless sensor nodes are battery-powered devices. In the wireless 
communication, the operation time of a battery-limited relay 
node depends on its communication range. Hence the locations 
of the relay nodes have to be carefully planned to achieve the 
maximum network lifetime [15,16].Wireless sensor network has 
attractive characteristics such as feasibility of rapid deployment, 
self-organization and fault tolerance, as well as rapid development 
of wireless communications and integrated electronics. Such 
networks are constructed by randomly but densely scattered tiny 
sensor nodes. As sensor nodes are prone to failures and the network 
topology changes very frequently.

A Test bed is developed for wireless sensor network with the 
help of neural network. Neural Networks are inspired from the 
biological networks representing a network to solve cognitive 
problems. A neural network consist of interconnected groups of 
artificial neurons and it processes information using Connectionist 
approach to computation. These networks are non-linear, self 
adaptive to find statistical patterns in dataset.

Particle Swarm Optimization (PSO) is a optimization technique for 
dealing with the problems. Hypotheses are plotted in this space and 
seeded with the initial velocity, as well as communication channel 
between particles. Particles then move through the solution space, 
and are evaluated according to their fitness  criteria after each 
step.
Parameters using in building the wireless sensor network test 
bed are:
• Network Size: The number of nodes in the network.
• Sensor Radius: The proximity range of the sensors in the 

network.

• Sensor Period: The delay period between sensor detection 
events.

• Sensor Cost: The energy cost in detecting a vector and 
generating a packet.

• Transmission Radius: The maximum distance within which 
two network nodes can communicate.

• Transmitter Period: The amount of time required to send a 
packet.

• Transmit Cost: The energy cost in sending a packet.
• Receive Cost: The energy cost in receiving a packet. 

II. Introduction to Particle Swarm Optimization
The swarm optimization algorithm was proposed by Kennedy and 
Eberhart (1995), and it is based on the simulation of simplified 
social model. Some aspects that intrigued scientists were the 
underlying rules that enabled large number of birds to flock 
synchronously, often changing direction suddenly, scattering and 
regrouping, etc. It was noted that the social sharing of information 
among members offers an evolutionary advantages. This leads to 
development of PSO algorithm [1,2,5].

PSO is initialized with a group of random particles (solutions) and 
then searches for optima by updating generations [6]. Particles profit 
from the discoveries and previous experience of other particles 
during the exploration and searches for higher objective function 
values. Each particle in PSO flies in d-dimensions problem space 
with a velocity  which is dynamically adjusted according to the 
flying experiences of its own and its colleagues.

The location of the ith particle is represented as:
 X i = (x1, …,   x d,….., x N) 

where xd   [ Id , ud ] ,       d [ I, N ]
Id and ud are the lower and upper bounds for the Nth dimensions, 
respectively. The best previous position (which giving the best 
fitness value) of the ith particle is recorded and represented as 
XpBest  . The location of the best particle among all the particles 
in the population is represented as XgBest. The velocity for the 
ith particle is represented as Vi = (v1 ,...,vN ) , is clamped to a 
maximum velocity max V , which is specified by the user.         
                                  
The particle swarm optimization concept consists of, at each time 
step, changing the velocity and location of each particle toward 
XpBest and XgBest  locations according to the equations:
Vid

k+1 = w. Vid
k + c1. r1.( Pid

k  -  xid
k)  + c1. r1.( Pgd

k  -  xgd
k                                             

) …..1
xid

k+1   =  xid
k + Vid

k+1                                      ..…2                                                       
w- inertia weight
c1,c2  - acceleration constant
r1,r2  - random function in range [0,1]

The first part of equation1 represents the inertia of pervious 
velocity; the second part is the “cognition” part, which represents 
the private thinking by itself; the third part is the “social” part, 
which represents the cooperation among the particles. If the sum 
of accelerations would cause the velocity  vid on that dimension to 
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exceed vmax d , then vid is limited to vmax d . v max determines 
the resolution with which regions between the present position 
and the target position are searched. [5, 9]
Inertia weight w is defined as : [3]
 w= wmax.  -   {(wmax -  wmin. )*  iter}/  itermax

Where w max : w min is respectively the max and min value of w , and 
iter and max iter are the current iterative time and the max iterative 
time respectively. When w is big, the velocity v is big. This is in 
favor of searching larger area. When w is small, the velocity v is 
small. This is in favor of exploring the better solution in current 
area. So we set max w = w at the beginning, then gradually vanish 
w until min w = w . In this way at the beginning of optimization, 
PSO algorithm searches larger solution space to get appropriate 
particles, then gradually shrinkage to a better space to search 
elaborately. The parameters c1 and c2 are learning factors, proper 
fine-tuning may result in faster convergence and all aviation of 
local minima. Usually c1=c2=2 [5]
Use of particle swarms for network route calculation relies on 
four primary functions.
1.  Particle State Advertisement
2.  Particle State Update
3.  Fittest Neighbor Selection
4.  Route Selection

III. Related Work 
A neural network based wireless sensor network test bed is 
developed with vb.net language. Routing is one of the most 
important factors that has a significant impact on the networks 
performance. An ideal routing algorithm should strive to find an 
optimum path for packet transmission within a very short time 
[7]. Solution to the routing problem involves the computation 
of shortest path in a very short time in order to support time 
constrained. Neural networks are promising candidates for such 
computations [4]. 

Several well known deterministic algorithms, such as Dijkstra and 
Bellman. Ford algorithms suffer from serious shortcomings. One 
of which is that they cannot be used for network with negative 
weights of edges. One of other problems of these algorithm is the 
fact that they require highly complex computations for real time 
communication [7].

Hence there is an obvious need for more efficient optimization 
algorithm for the shortest path problem. The PSO method can 
be used to train many difficult networks regardless of whether 
they are feed forward one, recurrent one, wavelet one, associative 
memory or other special structure types. Also PSO is good to 
tackle the problems which are non linear, non differentiating able 
and multimode domain [8]

The Swarm intelligence is applied to find and optimize a route 
length in developed test bed. Performance analysis of neural 
network based particle swarm optimization for wireless sensor 
network is studied with parameters: Transmission radius, mean life 
time, number of dead sensors. Performance of different network 
size with the help of graphs is studied. 

IV. Simulation Results and Analysis 

Fig.1: Developed test best for network size-100 nodes.

Table 1 : 
Relation between sensor radius(m) and mean life time for network 
size-15 nodes, 30 nodes, 50 nodes and 100 nodes.

Sensor 
radius 
(m)

Mean 
life 
time for 
network 
size 
– 15 
nodes

Mean 
life 
time for 
network 
size 
– 30 
nodes

Mean 
life 
time for 
network 
size 
– 50 
nodes

Mean 
life 
time for 
network 
size 
– 100 
nodes

10 8768 4274 3281 1524

15 5378 2685 2046 1038

20 3532 1828 1382 803

25 2456 1278 1036 702

Fig. 2 : Relation between sensor radius(m) and mean life time for 
network size-15 nodes, 30 nodes, 50 nodes and 100 nodes.
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Table 2 :
Relation between sensor radius(m) and Number of dead sensors 
after 5min. for network size-15 nodes, 30 nodes, 50 nodes and 
100 nodes.

Sensor 
radius 
(m)

Number 
of dead 
sensors 
after 5 
min.for 
network 
size 
– 15 
nodes

Number 
of dead 
sensors 
after 5 
min.for 
network 
size 
– 30 
nodes

Number 
of dead 
sensors 
after 5 
min.for 
network 
size 
– 50 
nodes

Number 
of dead 
sensors 
after 5 
min.for 
network 
size 
– 100 
nodes

10 0 6 10 32

15 1 12 21 50

20 4 13 22 54

25 7 19 28 71

Fig.3: Relation between sensor radius(m) and Number of dead 
sensors after 5min. for network size-15 nodes, 30 nodes, 50 nodes 
and 100 nodes.

Table 3 :
Relation between transmission radius(m) and mean life time for 
network size-15 nodes, 30 nodes, 50 nodes and 100 nodes.

Trans-
mission 
radius
(m)

Mean 
life 
time for 
network 
size 
– 15 
nodes

Mean 
life 
time for 
network 
size 
– 30 
nodes

Mean 
life 
time for 
network 
size 
– 50 
nodes

Mean 
life 
time for 
network 
size– 
100 
nodes

100 13769 6554 3406 2104

130 8779 4288 3213 1512

150 8793 4360 2594 1408

200 8434 4061 2485 1508

Fig. 4: Relation between transmission  radius(m) and mean life 
time for network size-15 nodes, 30 nodes, 50 nodes and 100 
nodes.

Table 4 :
Relation between transmission radius(m) and Number of dead 
sensors after 10min. for  network size-15 nodes, 30 nodes, 50 
nodes and 100 nodes.

Trans-
mission 
radius
(m)

No. of 
dead 
sensors 
after 
10 
min. 
for n/w 
size 
– 15 
nodes

No. of 
dead 
sensor 
after 
10 
min. 
for 
n/w 
size 
– 30 
nodes

No. of 
dead 
sensor
after 10 
min. for 
n/w size 
– 50 
nodes

No. of 
dead 
sensor 
after 10 
min. for 
n/w size – 
100 nodes

100 1 12 20 51
130 6 13 23 67
150 6 13 25 67
200 3 14 34 73

Fig. 5: Relation between transmission radius(m) and Number of 
dead sensors after 10min. for network size-15 nodes, 30 nodes, 
50 nodes and 100 nodes.

IV. Conclusion
From the results it is analyzed that with increase in network size, if 
sensor radius and transmission radius is increased number of data 
packet received at destination increases w.r.t time. Mean life time 
of network decreases with increase in sensor radius and also with 
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increase in network size. Sensor radius and transmission radius 
also have deep impact on number of dead sensors of network w.r.t 
time. It is analyzed that data packet follows alternate path if sensor 
is dead in its shortest path to the destination. It is also observed 
that sensor including in shortest route i.e. nearest to destination 
loses its power much faster than others, after time passes there is 
no link or path to reach at that node.
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