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ABSTRACT 
In a wireless sensor network, energy efficiency is the major issue because of the limited batteries of sensor nodes. Failure of nodes 
occurs after the depletion of energy. Energy depletion occurs due to long so distance transmission of data. Relay nodes (RNs) are 
employed, as cluster heads(CHs) to reduce energy consumption [1]. Cluster based routing protocol absorbs more energy, because 
often the member nodes translate their data to the CHs causes more overhead. We proposed a TCBSP (tree-cluster based shortest 
path) technique to reduce energy consumption of nodes and prolong the network lifetime. The nodes are arranged in a tree cluster 
structure, then CHs are selected based upon fitness function. To avoid data redundancy, data aggregation will be done in CHs and 
the data will be transferred to sink through the shortest path using dijkstra’s algorithm. TCBSP technique minimizes energy 
consumption, distance traversed and cost. Also, it enhances the network lifetime. 

 

KEYWORDS: WSN, CH, TEEN, Decision tree, Dijkstra  
 

INTRODUCTION 
 

The wireless sensor network (WSN) comprises of sensor nodes with limited resources like battery power, 

storage and bandwidth [2]. It is taken over in various applications like weather forecasting, movement of 

animals, fire detection etc., In some applications, sensor nodes are deployed in random manner where every 

sensor node transfers its data to the sink that links the WSN to the end user. The large amount of energy is 

utilized by transferring the data to the sink, data gathering process, and multi-hop communication [3]. Network 

lifetime and energy consumption are the major issues in the sensor network. Hence, clustering techniques can 

be used to enhance the network lifetime and reduce the energy utilization. 

Variety of algorithms are used in WSN for cost efficiency and efficient energy utilization. One of the best 

energy saving mechanisms in WSN is data aggregation (DA). The data aggregation is done in each and every 

CH. 

Data aggregation is performed to avoid energy consumption and to solve data redundancy [4]. CH collects 

the data from different nodes and compresses it and send the compressed data to the intended recepient. It 

reduces the overhead of data at the base station. In this paper, TEEN protocol (reactive network protocol) is 

employed with tree based cluster approach, Section 2 describes data aggregation approaches in WSN, section 3 

describes literature review, section 4 describes proposed work, section 5 describes results and discussion, 

section 6 describes simulation results and section 7 describes conclusion. 
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2. Literature Review: 

Gabriel M. Hoffmann et al.,[9] developed a set of rules which enables an information-theoretic distributed 

control architecture to explore a search by mobile sensor network. The mutual information between the sensors 

and the target state is computed using a particle filter demonstration of the subsequent probability distribution. 

Making it possible by open use of nonlinear and non-Gaussian target state and sensor models. To make this 

approach scalable for accumulative network sizes, single-node and pairwise-node approximations for mutual 

information is derived from general probability density models, with analytically bounded error. 

Ali Movaghar et al. [10] have proposed a system which is based on genetic algorithm (GA). Basically, it is 

a chromosome based algorithm. Set of nodes are taken, from which several nodes are selected and evaluated on 

the basis of the fitness function, higher the fitness value higher the possibility to be selected. Then, a team of 

individual nodes is taken simultaneously which constructs one or more offspring node. After that, new offspring 

node is mutated arbitrarily, so that offspring node may not have the same properties like parent node. 

H. Aghaee et al., have proposed an artificial bee colony (ABC) algorithm and hybrid Genetic algorithm 

(HGA) which are based on the clustering technique [11]. GA selects cluster heads and ABC selects higher 

nodes within each cluster othewise those are declared as cluster members. This approach consumes more energy 

of the sensor nodes. 

Chen gong et al., [11] proposed Lyapunov optimization technique for source estimation problem, 

formulated by WSN and by energy-harvesting (EH) nodes. Firstly, they considered an EH model to find the 

harvested energy in prayer. In that model, they calculated an average mean-square-error (MSE) and the 

minimized finite horizon of multiple estimation periods and derived the optimal solution. 

JuriRanieri et al.,[12] developed Frame Sense(FS), a greedy algorithm for the selection of optimal sensor 

locations. A typical problem is the evaluation of collected measurements. The number of sensors is partialy 

defined by the physical or economical constraints. The position is the most important one to attain accurate 

estimates. FS is the first algorithm which is near-optimal in terms of mean square error, where its solution is 

always guaranteed to be very close to the optimal one. 

B. Paramasivan et al., have proposed Fuzzy Based Secure Data Aggregation technique (FBSDA) [13]. 

FBSDA consists of three phases: In first phase, clustering is done and cluster head is selected. In second phase 

energy consumption, connectivity and distance values of each node is calculated within the cluster. In the third 

phase, based on the fuzzy logics where the valued parameter selects the best node for data aggregation. 

Bhasker et al.,[14] have designed Genetically Derived Secure Cluster-Based Data Aggregation (GDSDA). 

In GDSDA, cluster is formed on the basis of higher connectivity of sensor node. Sensor node acts as a cluster 

head, which further aggregates the data upcoming from dissimilar sensor nodes. The whole process is done 

using Genetic Algorithm (GA) technique. 

Prathibha A. Ball et al. [15] have developed Energy based - Genetically Derived Secure Cluster-based Data 

Aggregation (EB-GDSDA), In this paper, they followed three steps. First is the configuration of the cluster. 

Second, the cluster head is selected on the basis of connectivity. Third, EB-GDSDA technique is applied for 

energy efficiency and the data security is being done by encrypting it by RSA algorithm. 

 

2. Data aggregation approaches in wireless sensor network: 

Data aggregation is a method in which the overhead and energy utilization can be extremely decreased [5]. 

There are two approaches in data aggregation. 

 

Cluster Based Approach:  

A sensor network is very broad in range, so it is difficult to transfer the data from one node to another, 

because it absorbs more energy [6]. To reduce the energy consumption, clustering is done and then cluster head 

(CH) is selected fo each cluster. Each node in the cluster transfers its data to the CH and CH aggregate the data 

and forwards it to the sink node. There are many different protocols used for CH selection. Here, we used 

TEEN protocol[7] for clustering. 

 

Tree Based Approach: 

In this approach, nodes are employed in tree structure [21] which is in the form of decision tree. Sink node 

is employed as a root node and source node employed as a leaf node [4]. Where data from lower node is taken 

and aggregation is performed, then aggregated data is forwarded to the uppermost node. 

 

3.  Proposed work: 

In TCBSP technique, tree and cluster based approaches are combined to form a cluster. The CH is selected 

based upon the number of nodes in the cluster. Fitness function is calculated on the basis of power, distance and 

trust value of each member in the cluster.  

The data is aggregated mutually in both the ways. Both approaches are used in the network model. Firstly, 

data is aggregated in the cluster format and then it is transmited to another cluster in the form of tree [8]. The 
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proposed method consumes less energy than existing technique. If CHs are far away from each other, then this 

technique will be helpful for saving energy. This technique increases the life span of nodes. 

 

3.1 TCBSP Algorithm: 

The algorithm which has been used in the proposed work is as follows: 

1. Placement of sensor nodes. 

2. Assemble all sensor nodes in the form of cluster model. 

3. Analyze the connectivity of every sensor node with other nodes in a cluster. 

4. Calculate the fitness function of each individual node. 

5. Cluster head is elected on the basis of the fitness function. 

6. Perform data aggregation to avoid redundancy and duplication if data. To save energy. 

7. Transformation of aggregated data in tree form [20]. 

8. Finding Shortest path to transmit the data to the sink in shorter way which saves energy and enhances 

the network lifetime. 

Reactive Network Protocol: TEEN 

TEEN (Threshold sensitive Energy Efficient sensor Network protocol). It is embattled at reactive networks 

and it is the first protocol constructed for reactive networks, up to our knowledge [16][17]. It uses two threshold 

values. 

Hard Threshold (HT): This is a threshold value for the sensed attribute. It is the utter value of the attribute 

further which, the node senses this value must change on its transmitter and report to its cluster head. 

Soft Threshold (ST): It is a microscopic change in the value of the sensed attribute which triggers the node 

to exchange on its transmitter and transmit. The nodes sense their environment continuously. 

First time a factor from the attribute set reaches its hard threshold value, the node switches on its 

transmitter and sends the sensed data [6]. The sensed assessment is stored as the internal variable in the node, 

called the sensed value (SV). The nodes will next broadcast data in the current cluster period, only when both 

the following conditions are true: 

1. The existing value of the sensed attribute is better than the hard threshold value . 

2. The existing value of the sensed attribute differ from SV by a quantity of amount equal to or greater 

than the soft threshold. 

When a node transmits data, SV is set equal to the present value of the sensed attribute [18]. Hence, the 

hard threshold tries to diminish the number of transmissions by allowing the nodes to broadcast only when the 

sensed characteristic is present within the range of interest. 

The threshold value is the major factor in TEEN protocol where k=2 

 

 

 

 

 

 

P is the percentage of CH 

R is the present round 

G is the number nodes eligible to become CH 

1/p is the number of rounds after which node is eligible to become CH. 

After forming the CH, data aggregation is performed, and then the aggregated data is sent to the nearby CH 

in the form of decision trees [19] and find the shortest path by Dijkstra's shortest path algorithm. 

[DIST, PATH] =DIJKSTRA (NODES, 

SEGMENTS, SID, FID) 

Calculates the shortest distance and path between start and finish nodes SID and FID 

[DIST, PATH] = DIJKSTRA (NODES, 

SEGMENTS, SID) 

Calculates the shortest distances and paths from the starting node SID to all other nodes in the map. 

Inputs: nodes should be an Nx3 or Nx4 matrix with the format [ID X Y] or [ID X Y Z] 

Where ID is an integer, and X, Y, Z are Cartesian position coordinates. 

Segments should be an Mx3 matrix with the format [ID N1 N2] 

Where ID is an integer, and N1, N2 correspond to node IDs from NODES list. That there is such a 

[undirected] edge/segment between node N1 and node N2 

SID should be an integer in the node ID list corresponding to the starting nodeFID (optional) should be an 

integer in the node ID list corresponding to the finish 

Outputs: DIST is the shortest Euclidean distance. If FID was specified, DIST will be a 1x1 double 

representing the shortest Euclidean distance between SID and FID along the map segments. 
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DIST will have a value of INF if there are no segments connecting SID and FID. If FID was not specified, 

DIST will be a 1xN vector representing the shortest Euclidean distance between SID and all other nodes on the 

map. DIST will have a value of INF for any nodes that cannot be reached along segments of the map. PATH is 

a list of nodes containing the shortest route. 

If FID was specified, the PATH will be a 1xP vector of node IDs from SID to FID. NAN will be returned if 

there are no segments connecting SID to FID. 

If FID was not specified, the PATH will be a 1xN cell of vectors representing the shortest route from SID 

to all other nodes on the map. PATH will have a value of NAN for any nodes that cannot be reached along the 

segments of the map. 

 

RESULTS AND DISCUSSION 

 

The data is loaded and nodes are placed randomly, cluster head has been determined, aggregated data is 

transferred to near by cluster head in tree format and data reached to sink by shortest path. 

 

 

 
 

Fig. 1: Load Data 

 

 
Fig. 2: CH Determination 

 
 

Fig. 3: Placing Testing Nodes 
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Fig. 4: Shortest Path from Source to Destination 

 

 

 

5. Simulation Results: 

We evaluated TCBSP using MATLAB, where nodes are employed in the form of  tree cluster based 

structure by hierarchical routing protocol TEEN with decision tree [22] and Dijkstra’s shortest path algorithm. 

 

 
Fig. 5: 

 

Fig 5 shows a number of sensor nodes placed in random manner which is used in major functions and 

compared with other techniques. where sensor nodes are randomly placed and CH is selected based upon fitness 

function. 

 

 
Fig. 6: 

 

Fig 6 shows a number of sensor nodes placed in random form and if some nodes are busy and we need to 

transfer the data immediately we shall proceed to the next random node instead of waiting and following the 

procedure by calculating values and it is compared with further techniques. 
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Fig. 7: 

Fig 7 shows the minimization of time by the random placement of sensor nodes. Computation time is less 

in random placement of sensor nodes by compared with different techniques. 

 

Conclusion: 

In this paper, we proposed TCBSP to reduce energy consumption of the nodes in wsn, which enhances the 

network life time. Nodes are employed in tree- cluster structure. Matlab is used for better results. Hence, Data 

aggregation is used for data transmission this technique reduces energy consumption of sensor nodes. Future 

work will focus on developing new aggregation algorithms for routing the data from source to destination with 

different topology construction. 
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