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Abstract
In wireless sensor networks, a host may exhaust its power or 
move away without giving any notice to its cooperative nodes, 
causing changes in network topology, and thus, these changes may 
significantly degrade the performance. The key challenge in the 
design of wireless sensor networks is maximizing their lifetime. 
Since, how to prolong the lifetime of wireless sensor networks 
is an important issue in designing environmental monitoring 
applications. A technique is proposed to evaluate the node lifetime 
prediction and the link lifetime prediction utilizing the dynamic 
nature. During data gathering, sensors have the ability to perform 
in network aggregation of data packets en-route to the base station. 
RNG is a sparse connected overlay network which is defined based 
on local information at each node, which includes distance to each 
neighbor. Each sensor node predicts the values of the data to be 
sensed according to its recorded historical information. When 
getting the sensory data, the node compares it with the predicted 
data. The simulation results show that the proposed technique 
outperforms previous methods to maximize network lifetime.
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I. Introduction

A. Wireless Sensor Network
A Wireless Sensor Network (WSN)  consists of spatially distributed 
autonomous sensors to cooperatively monitor physical or 
environmental conditions, such as temperature, sound, vibration, 
pressure, motion or pollutants. The development of wireless sensor 
networks was motivated by military applications such as battlefield 
surveillance. They are now used in many industrial and civilian 
application areas, including industrial process monitoring and 
control, machine health monitoring, environment and habitat 
monitoring, healthcare applications, home automation, and traffic 
control. In addition to one or more sensors, each node in a sensor 
network is typically equipped with a radio transceiver or other 
wireless communications device, a small microcontroller, and an 
energy source, usually a battery.
The cost of sensor node is similarly variable, ranging from 
hundreds of dollars to a few pennies, depending on the size of 
the sensor network and the complexity required of individual 
sensor nodes. Size and cost constraints on sensor nodes result in 
corresponding constraints on resources such as energy, memory, 
computational speed and bandwidth. A sensor network normally 
constitutes a wireless ad-hoc network, meaning that each sensor 
supports a multi-hop routing algorithm (several nodes may 
forward data packets to the base station). In computer science 
and telecommunications, wireless sensor networks are an active 
research area with numerous workshops and conferences arranged 
each year.
A Wireless Sensor Network (WSN) generally consists of a base 
station (or “gateway”) that can communicate with a number of 
wireless sensors via a radio link. Data is collected at the wireless 
sensor node, compressed, and transmitted to the gateway directly 

or, if required, uses other wireless sensor nodes to forward data to 
the gateway. The transmitted data is then presented to the system 
by the gateway connection. Sensor networks have emerged as a 
promising tool for monitoring (and possibly actuating) the physical 
worlds, utilizing self-organizing networks of battery-powered 
wireless sensors that can sense, process and communicate. In sensor 
networks, energy is a critical resource, while applications exhibit 
a limited set of characteristics. The requirements and limitations 
of sensor networks make their architecture and protocols both 
challenging and divergent from the needs of traditional Internet 
architecture.

B. Basic Goals of a WSN 
Determine the value of physical variables at a given • 
location,
Classify a detected object, and• 
Track an object.• 

Sensors integrated into structures, machinery, and the environment, 
coupled with the efficient delivery of sensed information, could 
provide tremendous benefits to society. Potential benefits include: 
fewer catastrophic failures, conservation of natural resources, 
improved manufacturing productivity, improved emergency 
response, and enhanced homeland security. However, barriers to 
the widespread use of sensors in structures and machines remain. 
Bundles of lead wires and fiber optic “tails” are subject to breakage 
and connector failures. Long wire bundles represent a significant 
installation and long term maintenance cost, limiting the number 
of sensors that may be deployed, and therefore reducing the 
overall quality of the data reported. Wireless sensing networks 
can eliminate these costs, easing installation and eliminating 
connectors. The ideal wireless sensor is networked and scalable, 
consumes very little power, is smart and software programmable, 
capable of fast data acquisition, reliable and accurate over the 
long term, costs little to purchase and install, and requires no 
real maintenance. 

II. Related Works
Wireless Sensor Networks (WSN) consist of a great deal of sensor 
nodes with limited power, computation, storage, sensing and 
communication capabilities. So WSN will have broad applications 
in either controlled environments (such as home, office, warehouse, 
etc) or uncontrolled environments (such as hostile or disaster areas, 
toxic regions, etc). WSN can be looked as an event-based system 
with one “sink” subscribing to specific data streams by expressing 
interest and queries. The remaining sensors act as “sources” to 
report environmental events to the subscriber sink. 

A. Data Aggregation
To save energy, Data aggregation is put forward as an in-network 
processing which is conducted on the aggregator nodes [1]. An 
aggregator can compute the sum, average, minimum or maximum 
of the data from its children sensors, and send the aggregation 
results to a higher-level aggregator. Data fusion or aggregation has 
emerged as a useful paradigm in sensor networks. The key idea 
is to combine data from different sensors to eliminate redundant 
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transmissions, and provide a rich, multidimensional view of the 
environment being monitored [8]. WSN can choose its aggregators 
dynamically according to their power remnant to optimize the 
total power consumption of the aggregation, which is also scope 
of the paper [3].

B. Relative Neighborhood Graph (RNG)
RNG is a sparse connected overlay network which is defined 
based on local information at each node, which includes distance 
to each neighbor and distances between neighbors. RNG based 
scheme guarantees delivery to each node with considerably 
reduced number of messages with respect to flooding [7]. The 
idea behind applying RNG is to avoid congesting the whole 
network by selecting a specific subset of the topology to spread 
the message. The advantage of RNG based scheme over flooding 
that it guarantees delivery while minimizing the total number of 
messages.The relative neighborhood graph (RNG) is an undirected 
graph defined on a set of points in the plane by connecting two 
points p and q by an edge whenever there does not exist a third 
point r that is closer to both p and q than they are to each other.
The RNG is that it generates sparse connected overlay network 
based only on local information available to each node. The 
overlay networks uses only edges already available in the underlay 
network, thus avoiding the overhead needed for establishing routes 
for virtual edges. The RNG is therefore applied on the Internet 
topology to define an overlay network. The overlay network 
consists of exactly edges from RNG. Although in general overlay 
networks may use virtual link between two nodes which are not 
directly connected (but the route between them exists).RNG 
based broadcasting is defined as, when a node receives a packet, 
it forwards it only to the links that belong to RNG.

C. PEGASIS (Power-Efficient Gathering in Sensor 
Information Systems)
PEGASIS, a near optimal chain-based protocol that is an 
improvement over LEACH. In PEGASIS, each node communicates 
only with a close neighbor and takes turns transmitting to the base 
station, thus reducing the amount of energy spent per round [2]. 
In PEGASIS, sensors form chains so that each node transmits 
and receives from a nearby neighbor. Sensors are organized into 
a chain by a centralized algorithm. They transmit to each other 
along the chain, aggregate received data and last sensor in the 
chain transmits to the sink.

D. LEACH (Low Energy Adaptive Clustering Hierarchy)
LEACH, is the first hierarchical cluster-based routing protocol for 
wireless sensor network which partitions the   nodes into clusters, 
in each cluster a dedicated node with extra privileges called cluster 
head [4]. Since LEACH protocol relies on randomization, it is 
far from being optimal.

E. LMST (Local Minimum Spanning Tree)
LMST based routing scheme is distributed and requires each 
sensor node to compute a local minimum spanning tree (MST) 
spanning just the local environment, i.e. the node and its neighbors. 
The local MSTs of individual sensors are then combined to make 
up a structure called LMST that is spanning all the nodes in the 
network. LMST does not have to be tree; it can be a graph [6]. 
After obtaining the LMST structure spanning all the nodes in the 
network, then runs a shortest weighted path tree algorithm from the 
sink, allowing only edges of LMST and direct links to sink to join 
it. Then route the packets on the edges of this shortest weighted 

path tree. LMST scheme can also handle new node arrivals and 
departures of existing nodes (due to mobility or due to energy 
exhaustion). Hence it is adaptive. The routing path is maintained 
when those dynamic conditions occur. These three methods that 
can be executed at a node for choosing the parent node toward 
the sink are to choose:

The first node from which the special packet is received1. 
The node that minimizes the number of hops to the sink2. 
The node that minimizes the total energy consumed over the 3. 
path to the sink 

F. Methodology
First parent path method (FP) 1. 
Nearest minimum hop path method (MH) 2. 
Shortest weighted path method (SWP)3. 

1. First Parent path method (FP)
A node will set its parent as the first neighboring node (among 
neighbors in selected sparse structure) from which the special 
route discovery packet was received. 

2. Nearest Minimum Hop Path Method (MH)
In the MH method, the node chooses its nearest neighbor among 
those with minimum hops to reach to the sink. So, the node updates 
its parent only if the sender node has a smaller hop count or has 
the same hop count as the current parent, but it is closer than the 
current parent (among  neighbors in selected sparse structure). 
Otherwise, the packet is ignored.

3. Shortest Weighted Path Method (SWP)
The SWP method tries to yield a tree that minimizes the cost 
of reaching the sink for each node and among their neighbor 
nodes.

III. Route Discovery

A. STEP 3.1
Each ROUTE-DISCOVERY packet has three fields: a sequence 
ID which is increased when a new discovery is initiated by the 
sink, an optional distance field which shows the cost of reaching 
the sink, and an optional neighbor list field which is the list of 
the neighbors of the sending node in the chosen topology. The 
distance field is not required if FP algorithm is chosen. It holds 
the minimum number of hops or minimum energy cost to reach 
the sink, respectively, if MH or SWP algorithm is chosen.

B. STEP 3.2
The neighbor list field must only be used if the LMST topology is 
chosen. if we use the FP on RNG topology, we can decrease the 
message overhead. On the other hand, if we use SWP on LMST, 
which gives the best performance in all cases according to our 
experiments, we have to have some overhead. Only overhead is 
the size of the ROUTE-DISCOVERY packet. 

C. STEP 3.3
Upon receiving a new ROUTE-DISCOVERY packet, the sensor 
node ignores the packet if it is not coming from a direct neighbor, 
in order to ensure using only the edges in the computed topology. 
After that, according to the routing strategy chosen, the node 
decides whether or not to update its parent. 
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D. STEP 3.4
If FP strategy is used, the node updates the parent information 
only if it has not a parent yet. In MH strategy, the node compares 
its current parent with the sending node and chooses the sender 
as its new parent if it has a smaller hop count to the sink or has 
the same number of hops but is closer to the node. And finally, 
if the SWP is chosen, the node updates its parent only if the path 
using the sender node is advantageous in terms of total energy 
consumption.

IV. Proposed Work

A. Node Lifetime Prediction
In wireless sensor network node die early due to lack of energy, 
it will not be possible to communicate with other nodes each 
other. It is because of battery energy exhaust. This is doubly 
harmful since the nodes that die early are precisely the ones that 
are needed most to maintain the network connectivity (and hence 
useful service life) [10].Hence, the network will get disconnected 
and the network lifetime will be adversely affected. We propose 
a link lifetime prediction that maximizes the network lifetime by 
finding routing solutions and also minimize the remaining energies 
of the nodes in the network.
Based on a consideration where old contacts are regarded as more 
reliable than new ones, we develop a mechanism where routes are 
established and maintained based on the ‘ages’ of the available 
links. The proposed mechanism provides more reliable routes in 
terms of path lifetime. And at the same time, less protocol overhead 
and correspondingly higher throughput are expected with the 
knowledge of remaining link lifetimes. The energy consumption 
of WSN node is measured in different operational states, e.g., 
Idle, Listen, Transmit and Sleep.

B. Link Lifetime Prediction
We proposed in route establishment with respect to link lifetime 
which represents the time association between two reachable 
neighboring nodes. Consider a number of mobile nodes moving 
at different velocities. Generally speaking, faster velocity leads 
to shorter link lifetime. However, when two nodes are moving 
towards a similar direction at similar velocities, the lifetime might 
be quite long even if they are moving at a relative high velocity. 
That is, the relative velocity of two moving nodes plays a role 
for link lifetime.
The link lifetime property is generally studied the expected link 
lifetime, the distribution of the link lifetime, and the expected 
link change rate. The predictability Concerned the minimum node 
lifetime or the connection lifetime in a route from two nodes of 
a stable connection are within the communication range of each 
other, the connection lifetime may last longer, and they are not 
a bottleneck from the route to which they belong. It is easier to 
model the mobility of nodes in a short period.

V. Experimental Results
Simulations were carried out in NS-2 simulator. The simulation has 
been performed on a network of 150 nodes. The sensor network 
nodes are initially placed randomly in a bounding area of 100x100 
units. The primal energy of the total network is considered as 
100 J.

Fig. 1: Energy – Consumption

Fig. 2: Average Number of Cluster Head

Fig. 3: Packets – Received

VI. Conclusion
In this paper, we propose a prediction based routing to maximize the 
lifetime of the network. We showed that node lifetime prediction 
and link lifetime prediction works better in dense network 
where receiving energy consumption plays a significant impact 
to maximize network lifetime. We have combined the desired 
properties of minimum spanning tree and shortest path tree based 
routing schemes. The advantages of the powerful LMST structure 
provide simple solutions to the known problems in route setup and 
maintenance because of its distributed nature. We have described 
a distributed protocol to find the minimum power topology for a 
stationary WSNs. The main objective of prediction based scheme 
is to minimize the variance in the remaining energies of all the 
nodes and thereby prolong the network lifetime. It achieves this 
by doing local decisions and with minimum overhead While our 
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approach mainly concerns to extend network lifetime it also tries 
to generate small schedule size. Because the topology is found via 
a local search in each node’s surrounding, As a continuation of 
this work, we are exploring a situation when nodes are not in same 
transmission range. In future, we will also investigate to maximize 
network lifetime for heterogeneous network where sensed data 
are not correlated and aggregation is not possible.
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