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Abstract - since the wireless node operates on battery power, the energy consumption plays a vital role in wireless 
sensor network (WSN). Normally the communication consumes much energy when comparing to sensing and data 
processing. So a controlled communication with the help of the proper routing can save maximum energy. As per the 
data transmission as well as reception analysis most of the power wasted due to unnecessary route request flow. To 
minimize the route request, a new shortest path routing protocol introduced. In this paper, it has been analysed the 
various parameters such as network throughput, Mean Delay, mean jitter, packet delivery ratio based on the 
comparison of different routing protocols.  
 

Index Terms—wireless sensor network, Energy efficient routing. 
 
 

I. INTRODUCTION 
 

Wireless sensor networks (WSN) sometimes called wireless sen sor and actuator networks (WSAN), are 
distributed autonomous sensors to monitor physical or environmental conditions, such as temperature, sound, 
pressure etc. and to cooperatively pass their data through the network to a main location. The more modern 
networks are bi-directional, also enabling control of sensor activity. The development of wireless sensor networks 
was motivated by military applications such as battlefield surveillance; today such networks are used in many 
industrial and consumer applications, such as industrial process monitoring and control, machine health 
monitoring, and so on. 
 

Each sensor network node has typically several parts: a radio transceiver with an internal antenna or connection 
to an external antenna, a microcontroller, an electronic circuit for interfacing with the sensors and an energy 
source, usually a battery or an embedded form of energy harvesting.  The propagation technique between the hops 
of the network can be routing or flooding. A routing protocol specifies how routers communicate with each other, 
disseminating information that enables them to select routes between any two nodes on a computer network. 
Routing algorithms determine the specific choice of route. These are the various pre-existing protocols for 
wireless sensor network. 
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             Figure 1. Different routing protocols            Fig. 2. Regular Flooding 
 

I. 1.  AODV ROUTING PROTOCOL: 
The Ad-Hoc On-Demand Distance Vector (AODV) routing protocol defines, if  a node wants to initiate 
communication with another node, the routing protocol will try to establish that route itself. The philosophy in 
AODV, like all reactive protocols, is that topology information is only transmitted by nodes on-demand. When a 
node wishes to transmit traffic to a host to which it has no route, it will generate a route request (RREQ) message 
that will be flooded in a limited way to other nodes. This causes control traffic overhead to be dynamic and it will 
result in an initial delay when initiating such communication. A route is considered found when the RREQ message 
reaches either the destination itself, or an intermediate node with a valid route entry for the destination. For as 
long as a route exists between two endpoints, AODV remains passive. When the route becomes invalid or lost, 
AODV will again issue a request. 
I. 2. OLSR ROUTING PROTOCOL 
The Optimized Link State Routing (OLSR) is a table-driven, proactive routing protocol developed for MANETs. It is 
an optimization of pure link state protocols in that it reduces the size of control packet as well as the number of 
control packets transmission required. OLSR reduces the control traffic overhead by using Multipoint Relays 
(MPR), which is the key idea behind OLSR. A MPR is a node’s one-hop neighbor which has been chosen to forward 
packets. Instead of pure flooding of the network, packets are just forwarded by a node’s MPRs. TOLSR is well 
suited to large and dense mobile networks. Because of the use of MPRs, the larger and more dense a network, the 
more optimized link state routing is achieved. MPR helps providing the shortest path to a destination. The only 
requirement is that all MPRs declare the link information for their MPR selectors (i.e., the nodes who has chosen 
them as MPRs). 

 
 
 
 
 
 
 
 

          
 
 
 

 Fig. 3. MPR Flooding 
 

HELLO messages are broadcasted periodically for neighbor sensing. When a node receives a HELLO message in 
which its address is found, it registers the link to the source node as symmetric. 
 

I. 3.  DSDV ROUTING PROTOCOL 
Destination sequenced distance vector routing (DSDV) is adapted from the conventional Routing Information 
Protocol (RIP) to ad hoc networks routing. It adds a new attribute, sequence number, to each route table entry of 
the conventional RIP. Using the newly added sequence number, the mobile nodes can distinguish stale route 
information from the new and thus prevent the formation of routing loops. In DSDV, each mobile node of an ad hoc 
network maintains a routing table, which lists all available destinations, the metric and next hop to each 
destination and a sequence number generated by the destination node. Using such routing table stored in each 
mobile node, the packets are transmitted between the nodes of an ad hoc network. 
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Each node of the ad hoc network updates the routing table with advertisement periodically or when significant 
new information is available to maintain the consistency of the routing table with the dynamically changing 
topology of the ad hoc network.  
 

I. 4. DSR ROUTING PROTOCOL: 
 

The Dynamic Source Routing protocol (DSR) is a simple and efficient routing protocol designed specifically for use 
in multi -hop wireless ad hoc networks of mobile nodes. Using DSR, the network is completely self-organizing and 
self-configuring, requiring no existing network infrastructure or administration. Network nodes cooperate to 
forward packets for each other to allow communication over multiple "hops" between nodes not directly within 
wireless transmission range of one another. As nodes in the network move about or join or leave the network, and 
as wireless transmission conditions such as sources of interference change, all routing is automatically 
determined and maintained by the DSR routing protocol. Since the number or sequence of intermediate hops 
needed to reach any destination may change at any time, the resulting network topology may be quite rich and 
rapidly changing. In designing DSR, we sought to create a routing protocol that had very low overhead yet was 
able to react very quickly to changes in the network. 
 

To initiate the Route Discovery, node A transmits a "Route Request" as a single local broadcast packet, which is 
received by (approximately) all nodes currently within wireless transmission range of A, including node B in this 
example. Each Route Request identifies the initiator and target of the Route Discovery, and also contains a unique 
request identification (2, in this example), determined by the initiator of the Request. Each Route Request also 
contains a record listing the address of each intermediate node through which this particular copy of the Route 
Request has been forwarded. This route record is initialized to an empty list by the initiator of the Route 
Discovery. In this example, the route record initially lists only node A. When another node receives this Route 
Request (such as node B in this example), if it is the target of the Route Discovery, it returns a "Route Reply" to the 
initiator of the Route Discovery, giving a copy of the accumulated route record from the Route Request; when the 
initiator receives this Route Reply, it caches this route in its Route Cache for use in sending subsequent packets to 
this destination. 

II. PROBLEM FORMULATION 
 

The main problems in the constraints are known to be power as well as the deployment of nodes and these are 
reviewed from the literature survey. All the pre-existing algorithms follow  the RFC standard, so it requires 
exchanging many packets to establish routes. To form the Routing Table, this algorithm floods the request 
message to each node till the entire routing table gets filled. As it doesn’t have any time constrain in forming the 
routing table it takes more time to form the table. As the packets are flooded for large time to form the routing 
table it consumes huge energy. 
 

In [1], Charles E. Perkins et al. Explained about Ad hoc networks are characterized by multi-hop wireless 
connectivity, frequently changing network topology and the need for efficient dynamic routing protocols. We 
compare the performance of two prominent on-demand routing protocols for mobile ad hoc networks — Dynamic 
Source Routing (DSR) and Ad Hoc On-Demand Distance Vector Routing (AODV). A detailed simulation model with 
MAC and physical layer models is used to study inter-layer interactions and their performance implications. We 
demonstrate that even though DSR and AODV share similar on-demand behaviour, the differences in the protocol 
mechanics can lead to significant performance differentials. The performance differentials are analyzed using 
varying network load, mobility and network size. Based on the observations, we make recommendations about 
how the performance of either protocol can be improved. 
 

In [2], Yalcin Sadi et al. Defines the Communication system design for wireless networked control systems 
(WNCSs) is very challenging since the strict timing and reliability requirements of control systems should be met 
by the wireless communication systems that introduce non-zero packet error probability and non-zero delay at all 
times. Particularly, the scheduling algorithms for WNCSs should be designed to provide maximum level of 
adaptively accommodating packet losses and changes in network topology while exploiting periodic nature of the 
sensor node transmissions. Creating such a schedule has been previously studied for an Ultra Wide Band (UWB) 
based WNCS. In this paper, we extend the joint optimization problem of power control, rate adaptation and 
scheduling with the objective of providing maximum adaptively for general WNCS. 
 

The research in [3], Md Nafees Rahman et al. Describes One of the fundamental design challenges in designing a 
Wireless Sensor Network (WSN) is to maximize the network lifetime, as each sensor node of the network is 
equipped with a limited power battery. 
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To overcome this challenge, different methods were developed in the last few years using such techniques as 
network protocols, data fusion algorithms using low power, energy efficient routing, and locating optimal sink 
position. This paper focuses on finding the optimal sink position. Relay nodes are introduced in conjunction with 
the sensor nodes to mitigate network geometric deficiencies since in most other approaches the sensor nodes 
close to the sink become heavily involved in data forwarding and, thus, their batteries are quickly depleted to 
locate the optimal sink position with respect to those relay nodes to make the network more energy efficient. The 
relay nodes communicate with the sink instead of the sensor nodes. Tests show that this approach can save at 
least 40% of the energy and prolong the network lifetime. 

 

III. PERFORMANCE EVALUATION 
 

In this paper there are two different  scenario has been getting analysed they are Constant End Grid Model (Sink is 
placed at End of the network) and Constant Middle Grid Model (Sink is placed in Middle of Network). The 25 
nodes are placed deterministically (Grid) and all the nodes are considered as a source node except sink node. We 
use this scenario to simulate all pre-existing protocols like AODV, DSDV, OLSR and then Energy Efficient Protocol.  
As per the two different scenario the simulation has been done using NS3 (Network Simulator) in Linux 
Environment. Simulation is carried out for 300 seconds. Then it has been analyzed all the parameters of WSN like 
Mean jitter, Mean Delay, Throughput, PDR, Lost Packets, Energy etc.  

 
 
 
 
 
 
 
 
 
 
 

 
          
 

Fig. 4. a). End grid model       Fig. 4. b). Middle grid model Constant End Grid Model: 
 

Fig. 4. a).  the Sink is placed at end of the network which means the number of hops has been getting increased to 
reach the destination based on our routing. The sensor node deployment has been started from left most top. So 
easily it can be determine the distance between nodes. As per our algorithm, the node ID 10.1.1.1 has two neighbor 
which can be communicate only 10.1.1.2 and 10.1.1.6 nodes. Based on our determined region selection and grid 
formulation it has been easily determined the distance between nodes and find the shortest path which contains 
according to distance between nodes as well as link.  
 

Constant Middle Grid Model:  Fig. 4. b). the Sink is placed at middle of the network which means the number of 
hops has been getting decreased to reach the destination based on our routing. If node 10.1.1.6 wants to deliver 
the information, it can be done within the two hop. Based those scenario’s it has been concluded, the routing 
vector of each node could be predetermined based on the distance calculation done by manually. So, the 
unnecessary flooding as well as routing has been getting eliminated. It is giving more directives routing towards 
the sink as well as every time the updation of route table is not required because of the route vectors information 
has been fixed.  
 

IV. PROPOSED SHORTEST PATH ROUTING 
 

The energy efficient shortest path algorithm finds the shortest path to all nodes by travelling via each node. It 
mainly consists of two tables Distance table and Sequence table. 

�x Distance table: It is used to find the shortest distance between any two nodes 
�x Sequence table: It is used to find the shortest Path between any two nodes 

This protocol creates the table of size N (Number of Nodes) and it updates in period of time O (N3). It avoids the 
Flooding of packet and thereby energy consumption is reduced. It works by iteratively choosing a vertex on the 
network as a waypoint [Iteration table 1, 2, 3, 4]. If the path through the waypoint is shorter than the current 
shortest path the shortest path cost is updated. This algorithm uses a matrix of lengths D0 as its input. If there is an 
edge between nodes i and j, than the matrix D0 contains its length at the corresponding coordinates. 
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 The diagonal of the matrix contains only zeros. If there is no edge between edges i and j, than the position (i,j) 
contains positive infinity. In other words, the matrix represents lengths of all paths between nodes that do not 
contain any intermediate node. In each iteration of the energy efficient algorithm the matrix recalculated, so it 
contains lengths of paths among all pairs of nodes using gradually enlarging set of intermediate nodes. The matrix 
D1, which is created by the first iteration of the procedure, contains paths among all nodes using exactly one 
(predefined) intermediate node. D2 contains lengths using two predefined intermediate nodes and finally the 
matrix Dn uses n intermediate nodes. 

D[i][j] = Min { D[i][j]  , ( D[i][k] + D[k][j] ) }   (1)  
 

In this Equation, the variable ‘i’ refers to the row index, ‘j’ refers to the column index and k refers to the sequence 
number. Here, D[i][j] is updated only if the current cost is higher than the kth Sequence index. Whenever the cost is 
updated the sequence number is also updated in the sequence tables. 
 
ALGORITHM: 

�� dist[i,j]is "best" distance so far from vertex i to vertex j 
�� Start with all single edge paths. 

For i = 1 to n do For j = 1 to n do 
Dist[i,j] = weight[i,j] 

For k = 1 to n do # k is the `intermediate' vertex For i = 1 to n do 
For j = 1 to n do 

if (dist[i,k]+ dist[k,j] < dist[i,j]) then # shorter path? dist[i,j] = dist[i,k] + dist[k,j] 
 
The shortest path  between two nodes of a graph is a sequence of connected nodes so that the sum of the edges 
that inter -connect them is minimal. 
 
 
 
 

 
  
 
 

Fig. 6. Example scenario to explain e2s protocol 
 

There are several paths between A and E: 
 

Path 1: A -> B -> E Cost: 20 
Path 2: A -> D -> E Cost: 25 
Path 3: A -> B -> D -> E Cost: 35 
Path 4: A -> D -> B -> E Cost: 20 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Iteration table 1 
Then the second iteration has been getting started, where another two loops has been getting completed where K 
= 1. 
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Iteration table 2 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Iteration table 3 
 
 
 
 
 
 
 
 
 

 
 

Iteration table 4 
 
 
 
 
 
 
 

 
 
 
 

Iteration table 5 
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From the finalized Distance and Sequence table we can find the shortest path from all nodes. For example we can 
find the shortest path between Nodes A to E first we can traverse through the node A to the Column E via B then 
we can find the shortest path A -> B -> E. As per energy consumption analysis, it has been analysed the mean 
delay, Mean jitter, Packet delivery ratio, Lost packets, Through-put and the energy consumption of entire WSN.  
 
 
 
 
 
 
 
 
 
                          Fig 7.1.  a) Mean jitter for constant end grid.                   b) Mean jitter for constant middle grid  

 
 
 
 
 
 
 
 
  
                           Fig 7.2.  a) Mean delay for constant end grid.                   b) Mean delay for constant middle grid  
 
 
 
 
 
 
 
 
                      
                            Fig. 7.3.  a) Packet deliver ratio, constant end.                  b) packet delivery ratio, constant middle 

  
 
 
 
 
 
 
 
 
 
                          Fig. 7.4.  a) Loss packets for constant end grid.                   b) Loss packets for constant middle grid 

 
 
 
 
 
 
 
 

 
 

   Fig. 7.5. a) Through put for constant end grid.              b) Through put for constant middle grid 
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Fig 7.6.  a) Energy consumption, constant end.                  b) Energy consumption, constant middle  
 

Based on the NS3 simulation of all those four routing protocols, the comparison chart has been prepared. The 
result shows that the proposed shortest routing protocol has very less Mean jitter [Fig. 7.1], Mean delay [Fig. 7.2], 
packet loss [Fig. 7.4] and consumes very less energy [Fig.7.6]. At the same time it has very high packet delivery 
ratio [Fig. 7.5] 
 

V. CONCLUSION 
 

WSN has been widely used for monitoring and control applications in our daily life due to its promising features, 
such as low cost, low power, easy implementation, and easy maintenance. However, most of sensor nodes are 
equipped with the limited non rechargeable battery power. Energy savings optimization, therefore, becomes one 
of major concerns in the WSN routing protocol design with opportunistic routing theory to optimize the network 
energy efficiency by considering the differences among sensor nodes. This will prolong the lifetime of the network. 
Hence, our objective is to design an energy efficient opportunistic routing strategy that ensures minimum power is 
cost and protects the nodes with relatively low residual energy results show that the proposed solution Energy 
Efficient shortest path routing protocol makes significant improvements in energy saving and network partition as 
compared with other existing routing algorithms. In the future, the proposed routing algorithm will be extended to 
sleep mode and therefore a longer network lifetime can be achieved. Apart from that, an analytic investigation of 
the new energy model include sleep mode will be performed. 
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