
  
 Abstract—Wireless sensor networks are especially used in highly 
dynamic and hostile area. In Wireless sensor networks (WSNs), 
sensor nodes are typically vary small sizes and are powered by 
irreplaceable battery. Therefore, efficient use of energy becomes one 
of the most challenging tasks in many researches. In the proposed 
system, to get the energy efficiency, the route is simply determined 
depending on the remaining energy. Energy-efficient routing scheme 
is proposed based on data-centric approach, directed diffusion. In the 
proposed algorithm, the paradigm of directed diffusion is based and 
the route is determined depending on the remaining energy. 
Simulation result will show the good energy efficiency of the 
proposed system compared with the recent data-centric routing 
protocols. 
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I. INTRODUCTION 
OWADAYS, Wireless Sensor Networks (WSN) is one of 
the most important technologies for the twenty-first 
century. WSN consist of small nodes with sensing, 

computation, and communication capabilities. Sensor nodes 
are have a limited transmission range, limited energy, limited 
processing capability and limited memory storage. These 
sensor nodes communicate over short distance via a wireless 
medium and collaborate to accomplish a common task, for 
example, environment monitoring, military surveillance, and 
industry process control. 

In WSN, most of data are loss when nodes fail due to lack 
of power or due to undesirable physical and environmental 
damage or are blocked by any obstacle. In this case, 
retransmission of data takes more energy. Therefore, it is 
important to be energy-efficient. Most protocols have been 
proposed to save the energy and to prolong the network 
lifetime. Routing in WSN differs from conventional routing in 
fixed networks in various ways. Routing protocols have been 
designed to meet strict energy saving requirements. Routing 
protocols can be classified in three categories, such as data–
centric routing protocols, hierarchical routing protocols and 
location-based routing protocols. Data-centric protocols differ 
from traditional address-centric protocols in the manner that  

May Mon Khaing is with the Faculty of Information and Communication 
Technology,UniversityofTechnology(YatanarponCyberCity)PyinOoLwin,My
anmar(e-mail: maymonkhaing08@gmail.com).  

 Tun Min Naing,  Information Technology,Computer University (Pathein) 
Monywa, Myanmar (e-mail: tunminnaing@gmail.com ). 

 

 
the data is sent from source sensors to the sink. In data-centric 
protocols, when the source sensors send their data to the sink, 
intermediate sensors can perform some form of aggregation on 
the data originating from multiple source sensors and send the 
aggregated data toward the sink. This process can result in 
energy savings because of less transmission required to send 
the data from the sources to the sink. In hierarchical routing 
protocol, nodes are grouped in clusters. In all clusters, there is 
a node called cluster head and it controlled all the 
communication among nodes in the cluster. Clustering is an 
energy-efficient communication protocol that can be used by 
the sensors to report their sensed data to the sink. In location-
based routing protocols, sensor nodes are addressed by means 
of their locations. Location information for sensor nodes is 
required for sensor networks by most of the routing protocols 
to calculate the distance between two particular nodes so that 
energy consumption can be estimated. 

In this paper, energy efficient routing is proposed using 
data-centric routing in wireless sensor networks. The proposed 
system is based on Directed Diffusion protocol (DD). In the 
proposed system, information packets are forwarded to sink 
from the source depending on the remaining energy. The 
performance of the proposed system is analyzed and compared 
to Directed Diffusion (DD).  

II. RELATED WORK 
In Wireless Sensor Networks, various routing protocols 

have been proposed to reduce energy consumption. Data-
centric routing uses attribute-based addressing to perform 
collaborative sensing task. In data-centric routing, sensor 
nodes are specified tasks based on query or request 
dissemination that originate from another sensor node in the 
network.  

There are two popular approaches in data-centric routing. 
They are Directed Diffusion (DD) and Sensor Protocol for 
Information via Negotiation (SPIN). In addition to SPIN and 
DD, other data-centric routing protocols have been proposed. 
They are Rumor Routing, Minimum Cost Forwarding 
Algorithm (MCFA), Gradient-Based Routing (GBR), 
Information-Driven Sensor Querying/Constrained Anisotropic 
Diffusion Routing (IDSQ/CADR), COUGAR, ACQUIRE, 
Energy-Aware Data-Centric Routing (EAD) and so on [1]. 

W. R. Heinzelman, J. Kulik, H. Balkrishnan, proposed 
SPIN protocols [2]. SPIN is a family of adaptive protocols, 
which includes SPIN-1 and SPIN-2. The SPIN protocol was 
designed to improve classic flooding protocols and overcome 
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the problems they may cause, implosion and overlap. SPIN is 
the first data-centric routing protocol, which uses data 
negotiation mechanism to eliminate the redundant data 
transmission. SPIN uses meta-data as the descriptors of the 
data that the sensors want to disseminate. Since SPIN does not 
establish any path for data transmission, data delivery is not 
guaranteed.  

C. Intanagonwiwat, R. Govindan, D. Estrin proposed 
Directed Diffusion (DD) [3]. DD has been developed with 
single path for data transmission and then based on this single 
path routing in DD, a highly resilient and energy-efficient 
multipath routing scheme has been developed. DD has several 
key elements namely interests, data messages, gradients, and 
reinforcement. Moreover, many other protocols have been 
designed based on the concept of DD. 

M. Ditzel, K. Langendoen proposed a novel method to 
route sensor data in wireless sensor network, called D3 (Data-
centric Data Dissemination) [4]. In this system, they used the 
advantages of data-centric routing like SPIN and directed 
diffusion and energy efficient MAC protocols such as S-MAC 
and T-MAC. The D3 protocol used three types of messages: 
interest, data advertisement, and data message. The protocol 
reduces the energy consumption and prolongs simply the 
lifetime of a network. 

Hong-Hsu Yen, F. Yeong-Sung Lin, Shu-Ping Lin 
proposed an efficient data-centric routing [5]. In this paper, the 
total energy consumption is reduced by incorporating sensor 
nodes with data aggregation capability to transmit less data 
flow in WSN. They proposed an optimization–based heuristics 
to solve the data-centric routing problems. By the 
computational experiments, it is shown that the proposed 
algorithm calculates better solution than other existing 
heuristics. 

 F. Zabin, S. Msra, I. Woungang proposed a reliable and 
energy efficient protocol (REEP) [6].  In this scheme, there are 
five elements: sense event, info event, request event, energy 
threshold value and Request Priority Queue (REQ). Sink node 
generate sense event as a query for acquiring information. 
Every node uses energy threshold value to know the residual 
energy of nodes. REQ is used in each node to track over the 
sequence of info event reception from different neighbors and 
to select a neighbor with highest priority in order to request for 
path setup. This protocol used data-centric approach for 
routing, based on DD naming scheme. By using DD routing 
scheme, this protocol is implemented to get energy efficiency 
and reliability in wireless sensor networks. 

Muhammad Traiq, Y.P. Kim, J.H. Kim, Y.J. Park 
proposed an energy efficient and reliable routing scheme for 
wireless sensor network [7]. In this scheme, a new routing 
scheme is presented based on Radio-aware Metric, which 
contains radio information at MAC layer and data are 
forwarded to a designated neighbor, instead of flooding 
exploratory data into the whole network. This proposed 
routing protocol used the basic elements of DD. However, 
route to the neighbor node is selected based on MAC layer 
Radio-aware Metric (Clq). By comparing the value of Clq of 
each neighbor node, data are route to the neighbor node with 
the smallest value of Clq. Therefore, this new routing scheme 

reduces the energy consumption during flooding interests in 
the whole sensor field and exploring the data. 

III. DATA-CENTRIC ROUTING 
In data-centric routing protocols, source sensors send their 

data to the sink and intermediate sensor nodes en-route look 
at the content of the data and perform some form of 
aggregation on the data originating from multiple source 
sensors and send the aggregated data toward the sink. 

In data-centric routing, the interest is disseminated 
throughout the network to perform sensing tasks. There are 
two popular approaches in data-centric routing. The first one 
is Directed Diffusion (DD), where sinks broadcast the interest 
about a specific area and the second is Sensor Protocol for 
Information via Negotiation (SPIN), where sensor nodes 
broadcast the advertisement of the sensed data and wait for 
request from interested nodes. There are many other protocols 
have been designed and proposed based on the similar 
concept of DD and SPIN. 

IV. DIRECTED DIFFUSION 
Directed Diffusion is most effective data dissemination and 

aggregation protocol and a data-centric routing algorithm for 
sensor networks. It is also application aware routing protocol 
for Wireless sensor networks. Sensor nodes generate all data 
by attribute-value pairs. Its key features are named attribute 
value pairs and path reinforcement. DD is a reactive routing 
protocol which creates paths based on need, not ahead of time. 
Sensed data is stored in attribute-value pairs. When a node 
known as a sink node wants information about a particular 
attribute, it broadcasts interest messages to its neighbors. 
These interest messages are flooding through the network and 
are added to each node’s interest cache. Each interest record in 
this cache has one or more gradients which correspond to 
neighbor nodes that transmitted the interest. The gradient also 
stores the rate at which data is desired, the duration of the 
interest, and a timestamp. When a node generates data that 
matches an interest in its cache, it sends the data back to the 
source along the gradients. Intuitively, the data is drawn to the 
sink through the gradients. 

The sink node may reinforce the shortest path (i.e. the one 
with the fastest response) by sensing an interest with a higher 
data rate along that path. Intermediate nodes propagate the 
reinforcement by examining a local cache of recently sent data 
messages. The data cache also prevents loops in data delivery. 
Slower data paths may be sent negative reinforcement, i.e. 
interest messages with a slow data rate to save network 
bandwidth. If a sink wants to continue receiving data it must 
periodically reinforce the path to update the timestamp and 
duration in the gradients. DD is significantly different from IP-
style communication where nodes are identified by their end 
points, and inter-node communication is layered on an end-to-
end delivery service provided within the network. 

A. Interest Propagation 
An interest is usually injected into the network at some node 

in the network. The term sink generally used to denote this 
node. Flooding will be used for interest propagation. When a 
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node receives an interest, it checks to see if the interest exists 
in the cache. If no matching entry exists, the node creates an 
interest entry. The parameters of the interest entry are 
instantiated (provided) from the received interest. This entry 
has a single gradient towards the neighbour from which the 
interest was received, with the specified event data rate. If 
there exists an interest entry, but no gradient for the sender of 
the interest, the node adds a gradient with the specified value. 
It also updates the entries timestamp and duration fields 
appropriately. Finally, if there exists both an entry and a 
gradient, the node simply updates the timestamp and duration 
fields.  

The gradients established in the case where interests are 
flooded through a sensor field. Notice that every pair of 
neighboring nodes establishes a gradient towards each other. 
This is a crucial consequence of local interactions. When a 
node receives an interest from its neighbor, it has no way of 
knowing whether that interest was in response to one it sent 
out earlier, or is an identical interest from another sink on the 
“other side” of that neighbor. Such two-way gradients can 
cause a node to receive one copy of low data rate events from 
each of its neighbors. In sensor network, a gradient specifies 
both a data rate and a direction in which to send events. More 
generally, a gradient specifies a value and a direction. The 
directed diffusion paradigm gives the designer the freedom to 
attach different semantics to gradient values. 

 

 
Fig.1. Interest Propagation 

 

B. Data Propagation 
A sensor node that detects a target searches its interest 

cache for a matching interest entry. In this case, a matching 
entry is one whose rect encompasses the sensor location, and 
the type of the entry matches the detected target type. When it 
finds one, it computes the highest requested event rate among 
all its outgoing gradients. The node tasks its sensor subsystem 
to generate event samples at this highest data rate. The source 
then sends to each neighbor for whom it has a gradient.  

This data message is, in effect, unicast individually to the 
relevant neighbors. A node that receives a data message from 
its neighbor attempts to find a matching interest entry in its 
cache. The matching rule is as described in the previous 
paragraph. If no match exists, the data message is silently 
dropped. If a match exists, the node checks the data cache 
associated with the matching interest entry. 

This cache keeps track of recently seen data items. It has 
several potential uses, one of which is loop prevention. By 
examining its data cache, a node can determine the data rate of 
received events. To resend a received data message, a node 
needs to examine the matching interest entries gradient list. If 
all gradients have a data rate that is greater than or equal to the 
rate of incoming events, the node may simply send the 
received data message to the appropriate neighbors.  

 
Fig. 2. Data Propagation 

C. Reinforcement 
Once sources detect a matching target, they send low-rate 

events, possibly along multiple paths, towards the sink. After 
the sink starts receiving these low data rate events, it reinforces 
one particular neighbor in order to “draw down” higher quality 
events. To reinforce this neighbor, the sink resends the original 
interest message but with a smaller interval. When the 
neighboring node receives this interest, it notices that it 
already has a gradient towards this neighbor. Furthermore, it 
notices that the sender’s interest specifies a higher data rate 
than before. If this new data rate is also higher than that of any 
existing gradient, the node must also reinforce at least one 
neighbor. 

The node uses its data cache for this purpose. For example, 
this node might choose that neighbor from whom it first 
received, the latest event matching the interest. Alternatively, it 
might choose all neighbors from which new events were 
recently received. Through this sequence of local interactions, 
a path is established from source to sink transmission for high 
data rate events. The reinforcement process reinforces one of 
the neighbors after receiving initial data. 

 

 
 

Fig. 3. Data Reinforcement 
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V. PROPOSED ALGORITHM 

Step 1: Sink floods request to all nodes 

Step 2: If node i sense any object, 

           {    

 If (NE > TE) 

{-Forward packet following the reverse path of 
received request 

     -Store information of alternate source nodes 

     } 

 Else 

    {-Discard sensed information 

     -Forward request to alternate source node 

    } 

           } 

Step 3: Sink node has a list of information about object and 
associated source nodes and sends request for data 
transmission. 

Step 4: If (NE<TE) 

 { 

   -Send request for data transmission to alternate 
source node 

 } 

 Else 

 { 

 -Data aggregation 

 } 
Step 5: Data transmission to sink 

VI. PERFORMANCE EVALUATION 
Energy efficient routing will be developed based on data-

centric routing protocol in wireless sensor network. The 
proposed system will reduce the energy consumption for the 
whole network and prolong the network lifetime. To analyse 
the energy efficiency of the proposed system, simulations 
have been carried out using Network Simulation Tool. 

 

  
Fig. 4 Simulated Sensor Network with 100 Sensors 

 

 
 

Fig. 5 Number of Nodes Vs. Average Energy Consumption 

 
Fig. 6 Number of Nodes Vs. Average Delay 
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VII. CONCLUSION AND FURTHER EXTENSION 
In sensor network, most of the energy is used in the 

transmission of data packet. The proposed system aims to 
analyse energy efficient data centric routing protocol in WSN. 
Routing procedure is to get a route for data transmission from 
source to destination based on the route selected by routing 
algorithm. The proposed system will prolong the network 
lifetime and reduce the energy consumption. The proposed 
system will be analysed by using NS-2 based on the 
parameters like energy consumption, network lifetime, packet 
transmission and throughput and so on. 
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