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Abstract

Network’s lifetime has become the key characteristic for evaluating sensor networks in an application specific way. Especially 
the transmitting distance, the sensor coverage, and the total number of nodes have been included in discussions on network 
lifetime.
The total energy consumption includes both the transmission energy and the circuit energy consumption. For maximizing the lifetime 
of these nodes most routing algorithm in wireless sensor networks use the energy efficient path. These energy efficient routing 
algorithms select the best path for data transmission and consume less energy. But a single best path puts extra load to a specific 
node causing lower lifetime. In a network , data should be routed such that energy expenditure is fair among the nodes in 
proportion to their energy reserved, instead of routing the data to a path that minimize consumed power. In this paper we show 
the effect of transmission range, coverage area, and node and neighbor density on lifetime of a sensor network using greedy and k
forwarding techniques.
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I. Introduction

Transmission of data from source to sink node over a prolonged period of time is the main issue of wireless sensor networks. It is 
always desirable to extend the lifetime of sensor network nodes without sacrificing their functionality.. Sensing and 
communications consume energy, therefore judicious power management and scheduling can extend operational time effectively.
The total energy consumption includes both the transmission energy and the circuit energy consumption [1]. The energy 
consumption can be minimized using cooperative communication technique. Number of techniques has been proposed in 
minimizing the energy consumption in wireless sensor networks.  One of the effective ways that have been devised is to increase 
the number of hops in the network over which the data packets would be transmitted and the results are quite astonishing [2]. 
Network lifetime is defined as the time until the first node in the network dies. For maximizing the network lifetime, data should 
be routed such that energy expenditure is fair among the nodes in proportion to their energy reserved, instead of routing the data 
to a path that maximize consumed power. Usage of an energy efficient routing protocol reduces the overall energy/power 
consumption of the network and thereby increases its lifetime.
One important way of conserving energy is by uniform energy consumption or load distribution throughout the network. on-
uniform dissipation of energy in any part of the network may stop functioning of that part of the network leading to a 
phenomenon known as the energy hole problem[13].

The transmission range as a system parameter affects the energy consumption economy of wireless Sensor networks. When two 
communicating nodes are not in range of each other in wireless sensor networks, they need to rely on multi hop transmissions. In 
such a case, packet forwarding, or packet routing, becomes imperative. The selected value of radio transmission range 
considerably affects network topology and node energy consumption. On the one hand, a large transmission range increases the 
distance progress of data packets toward their final destinations. This is unfortunately achieved at the expense of high energy 
consumption per transmission. On the other hand, a short transmission range uses less energy to forward packets to the next hop, 
but a large number of hops are required for packets to reach their destinations. Thus, there exists an optimum value of the 
transmission range [5].
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In this paper, we have tried to see the variation of network lifetime with respect to change in the total number of nodes, coverage 
area, neighbor density ,node density and the transmitting range of the nodes. The rest of the paper is organized as follows:

Section II provides a review of the related works. In section III the proposed scheme to show the relation between transmission 
range and lifetime with different parameters. Section IV consists of the experimental results and in section V follows the 
conclusions thus drawn.

II.   Related work

In wireless sensor network, data transmission is very expensive in terms of energy consumption, while data 
processing consumes significantly lesser energy [1]. In [2], a new protocol is proposed which will prolong the 
network lifetime of wireless sensor networks depending on the energy contained in them. It increases in the 
throughput as well as the energy efficiency of the network as the main task of data aggregation is not done by the 
cluster heads rather by the helper nodes. Effects of Source Selection, Deployment Pattern, and Forwarding 
Technique on the Lifetime of Multi-sink Wireless Sensor Network are discussed in [3].

[4] Propose an improved corona model with levels for analyzing sensors with adjustable transmission ranges in a 
WSN with circular multi-hop deployment (modeled as concentric coronas). Based on the model we consider that the 
right transmission ranges of sensors in each corona is the decision factor for optimizing the network lifetime after 
nodes deployment. In this paper a centralized algorithm and a distributed algorithm for assigning the transmission 
ranges of sensors in each corona for different node distributions is proposed. A new metric for energy efficient 
cooperative transmission in wireless sensor networks (WSN) is proposed in [6] where the circuit energy 
consumption is taken into consideration. Under the guide of the new metric, optimize the energy consumption per 
unit transmit distance by selecting the appropriate number of cooperative nodes and the transmit energy 
consumption. The metric could be applied in clustered multi-hop networks for selecting the appropriate relay cluster 
that is far away from the former forwarding cluster.

An energy-efficient transmission strategy for wireless sensor networks that operate in a strict energy-constrained 
environment is proposed in [7]. Transmission algorithm consists of two components: a binary decision based 
transmission and a channel-aware back off adjustment. In the binary-decision based transmission, decision on 
whether to transmit or not is absolutely dependent on the current channel conditions. A channel-aware Back off 
adjustment, the second component of this algorithm is introduced to favor nodes with better channel conditions.

In [8] propose Multiple Sink Dynamic Destination Geographic Routing (MSDDGR), a routing protocol for multiple 
sink wireless sensor networks. MSDDGR is based on greedy forwarding scheme, which decides the route only using
the neighbor information in the local network topology. When a packet needs to be sent, the sender selects a node 
which is nearest to sink as the current destination, which brings dynamic destination assignment, also analyze the 
impact of routing holes problem in the deployment of multiple sinks. This is a common problem in greedy 
forwarding routing protocols.

In [9] introduces two sink placement strategies. Multiple sinks are deployed in large-scale wireless sensor networks 
(WSNs) to minimize transmission delay and energy consumption and also to extend the network life time. These 
strategies are compared with existing sink placement strategy, GSP.
Effect of a transmission radius, number of nodes and the transmission area in the lifetime of a wireless sensor 
network has been discussed in [10].

The energy cost of transmitting a single bit of the information is approximately the same as that needed for 
processing a thousand operations in typical sensor node. The communication subsystem has much higher energy 
requirement than the computation subsystem. Most of the earlier works on energy efficient routing in wireless 
sensor network uses the Minimum total energy (MTE) routing for data transmission approach to minimize the 
energy consumption to reach the destination. This was done by sending the traffic through same path for consecutive 
transmissions. But if all the traffic follows the same path then all the nodes of that path will deplete their energy 
quickly [11].

In [12] proposes an energy efficient maximum lifetime routing algorithm. It is based on a greedy heuristic technique 
to maximize lifetime of the system. 
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For achieving maximum system lifetime proposed algorithm uses the energy cost of links for constructing energy 
efficient path. Different forwarding techniques discussed in [14].
In [15] proposed the EECL algorithm and its comparison with LEACH algorithm shows the network lifetime and
energy consumption has been significantly improved with different transmission radii taken in consideration.
In [16] found node density as the parameter which has significant influence on network lifetime and derived the 
desired parameter values for balanced energy consumption is analyzed .to meet the requirement of energy balancing, 
proposed a probability density function (PDF).A node deployment algorithm is also developed based on this PDF.

III. Present work

Node and neighbor density, transmission power levels and geographical area size are the crucial factors in deciding 
the life time and power consumption of a network under a particular data forwarding scheme.
A node while selecting a forwarding node from its neighbors needs to keep track of the residual energy of its 
neighbors along with their respective distances from the sink.

In this paper we used two different forwarding techniques. The previous paper [13]  proposed forwarding scheme
the greedy forwarding. we have used the same forwarding scheme here other technique is kappa forwarding 
technique proposed in [3 ], a node forwards a packet to the neighbor with the highest value for forwarding potential. 
The forwarding potential (κ) of any node is calculated as

ҡ  = res_energy/dis

Where

res_energy = Residual energy of a node in milli Joules
dist = Distance of a node from a particular sink in meters

In greedy forwarding when a source needs to sent a packet to any sink, the sender selects the node which is nearest 
to that sink. The impact of this forwarding technique is that it select same neighbors in every transmission, these
neighbor depletes their energy faster than other nodes  this non-uniform energy deletion cause energy hole problem. 
in other side k forwarding or kappa forwarding use the term residual energy which is calculate as eliminate 
transmission energy and receiving energy from initial energy .in kappa forwarding k factor or forwarding potential 
has been use to select the next forwarding node .node which have the maximum k factor value will be select as a 
next node. The forwarding potential changes after each transmission /reception resulting selection of new neighbor 
as a next forwarding node. 
The energy hole problem arises when more data are transmitted by certain nodes of the network than the other 
nodes, resulting in extra energy dissipation of those nodes [5]. Therefore, if any part of the network is affected by 
the energy hole problem, the whole network gets affected badly as uneven consumption of energy in the network 
leads to premature shortening of network lifetime. To avoid this, precaution should be taken during node 
deployment such that energy dissipation of all the nodes takes place uniformly ensuring load balancing throughout 
the network.

The assumptions made in this paper are as follows:

1. Nodes are homogeneous i.e. all nodes have same hardware configurations.
2. Nodes are capable of adjusting their transmission range dynamically (increasing and decreasing).
3. Sensor nodes are GPS enables capable of knowing there x-y coordinates and of their neighbors.
4. Every sensor node is capable of communicating with every other sensor node and to the Base Station if needed.
5. Nodes are static.
6. The deployment of nodes is in Grid manner.
7. Nodes may act as sender, forwarder or receiver
8. The sink nodes (SN) are located away from the sensors.
9. Initial energy of all the nodes is same.
10. Independence from network topology. I.e. applicable to both uniform and non-uniform topologies.
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11. At the maximum transmission range, each node is at least within range of another node and there is at least one
path from any arbitrary node to the sink.

For applying kappa forwarding we need to calculate residual energy for each node after transmitting and receiving. 
The radio model proposed in [17] has been used here for this purpose.

Here we measure the lifetime of a network as a number of cycles. When all nodes of a network done once
transmission, we can say one cycle is completed.

IV. Performance Evaluation and discussion

In this section we investigate the impacts of several parameters on the lifetime through experimental simulation.
Node density is defined by a number of nodes in a fixed region and neighbor density is the number of neighbors of a 
particular node, for transmission any node within the transmission range of a node is called its neighbor. We assume 
that each node knows the locations of all its neighbors and the location of the destination node..  . We can also 
define neighbor density by following formula.

We consider a wireless sensor network in which Nodes are deployed in grid manner in 300m*300m square region. 
Every node is assigned a certain no. of parameters like node ID, residual energy, transmitting energy, etc.
Transmission range of each sensor is varied and its initial energy capacity is 1 joule.

After deployment of nodes, we calculated Inter-nodal distance and distance of sinks from source which are selected 
randomly by applying proposed forwarding techniques.

A. Lifetime vs. transmission range

The figure shows the effect of transmission range on the lifetime of a WSN. As the transmission range increases the 
lifetime of the sensor node first increases and then decreases. The reason behind this is when transmission range 
increases a node need to send data at longer distance node depletes their energy faster.

Fig. 1 lifetime vs. transmission range in 20*20 m2 area            fig. 2 lifetimes vs. transmission range in 30*30 m2

area            
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Fig. 3 lifetime vs. transmission range in 40*40 m2 area  

Grid size also affects the lifetime of sensor network as we can see when we change size of grid the graph of sensor 
network changed.

B.Impact on neighbor density

We can define neighbor density by following formula

Neighbour_density= max_lifetime / cell_size

Where

max_lifetime = point at which network have maximum lifetime with respect to transmission range.

cell_size= size of cell area for a network here we took 20*20,30*30 and 40*40 m2 .

Using the above graphs we found the range at which the lifetime of sensor network is maximize. By implementing 
the greedy and kappa forwarding techniques, maximum lifetime of network found at the range of 65, 85 and 115 
with 20*20, 30*30 and 40*40 cell size respectively.

neighbor density for 20*20 cell size=65/20=3.2

neighbor density for 30*30 cell size=85/30=2.8

neighbor density for 40*40 cell size=115/40=2.875

neighour is almost 3 in above following cases.

According to the neighbor density formula we calculate the neighbor density for a particular network with related 
cell size, and found that 9 (3 at x axis and 3 at y axis) is will be neighbor density of this network which is same in 
both cases. Hence we can say that when geographical area is constant and node density is changed the neighbor
density will be same. If we change the Geographical area size and node density then there are no major changes in 
the neighbor density.

C. Lifetime vs. node density

Node density is defined by a number of nodes in a fixed region by formula node density is defined as

node density=number of node/area_size
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where

number of nodes=number of nodes in a particular geographical area with fixed cell size excluding sinks.

Area size=geographical area size here 300*300 m2.

The figure 3 shows the effect of node density on the lifetime of a WSN. As we increase the node density the lifetime 
of the sensor node increases.

Figure 4 –lifetime vs. node density

V. Conclusion

The transmission range as a system parameter affects the energy consumption economy of wireless Sensor networks. The
experimental result shows that the transmission range, node density and the neighbor density affect the lifetime of a WSN. 
Lifetime of a sensor network is inversely proportional to the transmission range. By using greedy and k forwarding technique 
maximum value of lifetime found at almost same range. In case of node and neighbor density when node density is constant in 
both forwarding technique neighbor density remains same. We also investigated the relation with node density with lifetime as 
node density increases the lifetime of a network also increases. The future work may involve the use of different routing protocol 
and find the effect on the lifetime of wireless sensor network.
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