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Abstract: Large scale wireless sensor networks (WSNs) consists of many sensor nodes & these networks are 

deployed in different classes of applications for accurate monitoring, health, environment etc. The sensor nodes 

equipped with limited power sources. Therefore, efficiently utilizing sensor nodes energy can maintain a 

prolonged network lifetime. One of the major issues in sensor networks is developing an energy-efficient routing 

protocol to improve the lifetime of the networks. The proposed approach is a Cluster Based Data Routing for In-

Network Aggregation that has some key aspects such as a reduced number of messages for setting up a routing 

tree, maximized number of overlapping routes, high aggregation rate, and reliable data aggregation and 

transmission & provides the best aggregation quality when compared to other existing algorithms. 

 

Keywords: cluster, data aggregation, energy efficient, Information fusion, In-Network Aggregation, Routing 

Protocol. 

 

I. Introduction 
A Wireless Sensor Network (WSN) consists of  several spatially distributed autonomous devices 

(sensor nodes)  with sensing and communication capabilities that cooperatively sense physical or environmental 

conditions, such as temperature, sound, vibration, pressure, motion or pollutants at different locations & used in 

applications such as environmental monitoring, homeland security, critical infrastructure systems, 

communications, manufacturing etc.WSNs are data-driven networks that usually produce a large amount of 

information that needs to be routed across the networks. As sensor nodes are energy-constrained devices and the 

energy consumption is generally associated with the amount of gathered data. Since energy conservation is a 

key issue in WSNs, Data fusion and Data aggregation is exploited in order to save energy[1][2]. A strategy to 

optimize the routing task for the available processing capacity can be provided by the intermediate sensor nodes 

along the routing paths.Data aggregation is defined as the process of aggregating the data from multiple sensors 

to eliminate redundant transmission and provide fused information to the base station. The main goal of data 

aggregation algorithms is to gather and aggregate data in an efficient manner so that lifetime of the network 

increases by decreasing the number of packets to be sent to sink or base station[3], intern reduces the 

communication costs and energy consumption. 

The routing protocol of sensor networks is typically partitioned into two sub routings: (1) flat routing 

protocol and (2) hierarchical (tree-based or cluster-based) routing protocol [2][3]. In flat routing protocols, data 

aggregation is accomplished by data centric routing where the sink usually transmits a query message to the 

sensors, via flooding whereas in the Hierarchical routing protocol data aggregation and data fusion is performed 

in order to decrease the number of transmitted messages to the sink node. Numbers of algorithms have been 

proposed to provide data aggregation during the routing in WSNs, majority of them falls in either tree-based or 

cluster-based algorithms [3][4].Cluster-based algorithms with data aggregation and In-network processing can 

achieve significant energy savings in WSNs & will be effective in prolonging the network Lifetime[5] , can be 

either static clustering or dynamic clustering type. Static clustered type networks divide the network proactively 

into many clusters where as dynamic clustered type networks create a cluster reactively in the vicinity of the 

event sensing nodes. All the data are collected and aggregated by the cluster head (CH), and then sent to the 

sink. The main advantage of dynamic type over static type that only the necessary nodes, will participate in the 

data aggregation, preserving energy of the other sensor nodes. Hence, aggregation rate for dynamic clustered 

data aggregation is very high [6][11]. 

 

II. Hierarchical Cluster Based Approach 
In clustered based approaches, each cluster has a cluster-head which is selected among cluster node 

(members). Cluster-heads plays the role of aggregator which aggregate data received from cluster members 

locally & then transmits the result to base station (sink)[6].Cluster formation in WSN, nodes in a sensor 

networks often need to organize themselves to form a cluster, one of the nodes in cluster will be cluster head 

(CH). Clustering allows hierarchical structures to be built on the nodes and enables more efficient use of 

resources, such as frequency spectrum, bandwidth, and power. To ensure fair distribution of the workload, the 

cluster leader is selected randomly at each round of aggregation. The clustering scheme [18] consists of: 

Sensor Node: A sensor node of a WSN, a core component, can take on multiple roles in a network, such as 

simple sensing, data processing, data storage and routing, 

Data Routing in In-network Aggregation in WSN: a 

Cluster Based approach 
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Clusters: Clusters for WSNs, is an organizational unit, the dense nature of these networks needed to be broken 

down into clusters to simplify tasks such a communication. 

Cluster-heads: Cluster-heads of a cluster, are the organization leader, often organize the various activities in the 

cluster such as data-aggregation and organizing the communication schedule of a cluster so on. 

Base Station: The base station of the hierarchical WSN, acts as communication link between the sensor network 

and the end-user. 

End User: who generates the query for sensor network, which depend on the application. 

Some of cluster based algorithms which are energy constraint protocols are: TEEN [7], APTEEN [8], PEGASIS 

[9], LEACH [13], InFRA[21] etc. In the Low-Energy Adaptive Clustering Hierarchy (LEACH) [13] algorithm, 

clustered structures are exploited to perform data aggregation. Cluster-heads (CHs) can act as aggregation points 

and will communicate directly to the sink node. LEACH-based algorithms assume that the sink can be reached 

by any node in only one hop, which limits the size of the network for which such protocols can be used. In the 

Information Fusion-based Role Assignment (InFRA) [21], the algorithm which aims at building the shortest 

path tree to maximizes information fusion.  

 

III. In-Network Data Aggregation 
In data gathering based applications, a considerable number of communication packets can be reduced 

by in-network aggregation, resulting in a longer network lifetime. In-network aggregation refers to the different 

ways intermediate nodes forward data packets toward the sink node while combining the data gathered from 

different source nodes.[2][3] In-network data aggregation is the synchronization of data transmission among the 

nodes, design of routing protocol is the key component for data aggregation. In-network algorithms, in which a 

node usually does not send data as soon as it is available since waiting for data from neighboring nodes may 

lead to better data aggregation opportunities, in turn, will improve the performance of the algorithm and save 

energy[10].There are two approaches for in-network aggregation with size reduction and without size reduction. 

In with size reduction, the size reduction refers to the process of combining & compressing the data packets 

received by the node & from its neighbors in order to reduce the packet length to be transmitted or forwarded 

towards sink. In without size reduction, the without size reduction refers to the merging data packets received 

from the different neighbors in to a single data packets but without processing the value of data [12]. 

 

IV. Proposed Approach 
In the proposed approach first a routing tree constructed with the shortest paths that connect all source nodes to 

the sink, maximizing data aggregation. The approach is divided into four phases: setup phase, cluster setup 

phase, inter cluster routing phase and route repair mechanism. 

 

1. Setup phase 

In the setup phase, the base station (BS) transmits a level-1 message with the minimum power. All 

nodes which receive the message set their level as 1. After that the base station increases its power to attain the 

next level and transmit a level-2 message. This procedure continuous until the base station transmits 

corresponding messages to all level [10]. BS broadcast a hello message, figure (1). This message contains the 

information of upper limit and lower limit of each level and each node calculates the distance from the BS based 

on received signal strength [13]. 

 
Where 

Ui: Upper limits of level i 

Li: Lower limit of level i 

 

Algorithm 1. Setup phase 

#No. of nodes N 

# BS can transmit i levels; i _1 

1. For each level i, message transmitted by BS 

2. If(Nodes does not assign previous level and receive new message or BS transmit level i=1) 

3. Assign level i 

4. End if 

5. End for 

6. BS broadcast hello message, which contains the information of  upper limit and lower limit of each level. 

7. Each node calculates the distance from the BS based on received signal strength 
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2. Cluster setup phase 

In this phase each level is divided into clusters. For each level i, each node decide the cluster head for 

the current round by choosing a nodes randomly. The node which has the higher energy level will be considered 

as cluster head(CH)[14] .The cluster head for the current round,  broadcast the message for the rest of the nodes 

with the same energy. Each node must inform to the cluster head that it will be a cluster member. Once the 

clusters are created and TDMA schedule is fixed for all nodes in cluster by CH & data transmission can begin. 

Each node sends data to its cluster heads with minimal transmission power. This power is estimated by received 

signal strength of the message. So that data transmission uses a minimal amount of energy [19].When all the 

data has been received from the cluster members, then the cluster head performs data aggregation function to 

compress the data into a single signal & process repeats for the next rounds. 

 

Algorithm 2. Cluster setup phase 

1. for each (node N) 

2. if node N has highest energy level 

3. N becomes CH. 

4. N broadcasts an message for its cluster 

nodes. 

5. Else 

6. N becomes a NCH node. 

7. N informs the selected CH and become a 

member of its cluster. 

8. End if. 

9. for each (CH) 

10. CH creates TDMA schedule for each cluster 

member. 

11. Each cluster member communicates to the 

CH in its time slot. 

12. End for 

 

3. Inter cluster routing 

After the cluster formation, the cluster heads broadcast the aggregate data to the next level. At the next level, the 

nodes aggregate the data received and sends to their cluster heads. In this manner the cluster heads at the last 

level transmit the final aggregated data to the BS[15]. 

 

Algorithm 3.Inter cluster routing 

1. For each (level i) 

2. for each CH 

3. CH receives the data from the cluster 

member 

4. Aggregate the data. 

5. If (i ==1) 

6. CH transmits data to the BS. 

7. Else 

8. CH broadcasts data in the next level. 

9. End if 

10. End for 

11. End for 

4. Data Transmission Phase 

The nodes are divided into different subnets including an cluster head and other nodes after cluster set-

up phase. The cluster head may include all nodes of its subnet. The Shortest path from nodes to CH in subnet is 

calculated by Dijkstra algorithm with the product of the maximum energy consumption of the two nodes and the 

energy required for sending the data package as a weight. Then CH sends the shortest path tree structure to all 

sensors in the subnet. Every sensor can transmit data along the path of the shortest path tree in its subnet. The 

operation is divided into rounds. In each round, SPTs are configured and aggregated data is transmitted from 

sensors to the cluster-head & the process is repeated. The subnet lifetime is expired if the residual energy of a 

sensor in the subnet is exhausted [14][15]. 
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Algorithm 4:Data Transmission Phase 

1. for each round do 

2.      for each subnet do   

Weight(I,j)=Esend(I,j)*max{Econsume(i),Econsume(j)} 

3.          SPT=Dijkstra{Weight(i,j)} 

4.          if Eresidual(k)<=0 then 

5.              break 

6.          Ni->Aj::{aggregated data} 

7.          end if 

8.      end for  

9. end for 

 

5. Route Repair Mechanism 

The route created to send the data towards the sink node is unique and efficient since it maximizes the points of 

aggregation. Any failure in one of the node will cause disruption, preventing the delivery of aggregated data 

[16]. Possible causes of failure include low energy, physical destruction, and communication blockage. In the 

proposed work a piggybacked, ACK-based route repair mechanism is used, which consists of two parts: 

detection of failure node and selection of a new Node. When a node needs to forward data to the sink, it simply 

sends the data packet, sets a timeout, and waits for the ACK message. If the sender node receives ACK from the 

node within the pre-determined timeout, it will assume that the node is alive .If not, it considers the node as 

offline and another New node selected. For this, the sender chooses the neighbour with the lowest hop-to-tree 

level to be its new node; in case of a tie, it chooses the neighbour with the highest energy level. After this repair 

mechanism, a newly reconstructed path is created & proceeding with forwarding aggregated data towards sink 

[2][17].This mechanism also provides secured data aggregation[20]. 

 

V. Conclusion 
Aggregation aware routing algorithms play an important role in event based WSN. The cluster-based algorithm 

along with data aggregation and in-network processing can achieve significant energy savings. The proposed 

approach, a cluster based routing protocol will consider the residual energy of nodes to extend the lifetime of 

sensor networks. These effects on prolonging the network lifetime while incurring acceptable levels of latency 

and without sacrificing quality. The approach can attain the energy and latency efficiency needed for wireless 

sensor networks. Furthermore new strategies can be added to control the waiting time for aggregator nodes 

based on two criteria: average distance of the cluster heads and spatial & semantics of event correlation. 
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