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Abstract: In a Wireless Sensor Network (WSN) hundreds of small sensors with limited resources are 

deployed in the field to measure several metrics and environmental conditions. The information gathered 

from the sensing field is to be transformed to the base station competently to endure the network longer. 

The clustering of sensor nodes is one way to achieve this goal. In this regard, finding an optimal 

communication path in the network becomes challenging. Closeness centrality is a way of detecting nodes 

that can transmit information efficiently through a network medium.  In this paper, we proposed an 

algorithm for finding a cluster-based routing for communication in WSN using closeness centrality measure 

and the concept of degree preserving spanning tree.   

Keywords:  Wireless sensor networks, data aggregation, clustering, routing, closeness centrality, vertex 

subset degree preserving spanning trees. 

 

1.Introduction 

Recently wireless sensor network (WSN) has become one of the most exciting networking 

technologies since it can be deployed without communication infrastructures. A sensor network is 

composed of a large number of sensor nodes responsible for the supervision of physical phenomena and 

transmission of the periodical results to the base station. Therefore, improving energy efficiency and 

maximizing the networking lifetime are the major challenges in this kind of network. A WSN is composed 

of a large number of sensor nodes, which are randomly deployed in a given coverage area. These nodes 

collect local physical metrics and send them to a base station (BS) known as the sink.  The design of routing 

protocols in a WSN is influenced by many challenging factors. These factors have to be taken care of, to 

achieve efficient communication in a WSN. In general, routing in a WSN can be done in 3 ways, namely 

flat-based routing, hierarchical-based routing, and location-based routing depending on the network 

structure. In flat-based routing, all nodes are typically assigned equal roles or functionality. In hierarchical-

based routing, the nodes are arranged on several levels [2]. Routing algorithms based on different 

geographical locations are classified as location-based routing. For energy-efficient data gathering in the 

sensor networks, we have been following two approaches, the Tree-based approach, and the Clustering-

based approach. When compared with tree-based approaches clustering of sensor nodes has more 
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advantages like scalability, avoiding redundant data, latency. In our proposed algorithm, we have blended 

both the approaches to achieve a better result.  

 

1.1 Networks and Graphs 

A graph G = (V, E) is a mathematical structure consisting of two finite sets V and E. The elements 

of V are called vertices (or nodes), and the elements of E are called edges. Each edge has a set of one or 

two vertices associated with it, which are called its endpoints. Graphs are visually represented by dots 

(vertices) connected by lines (edges). Graph theory is the study of graphs which are used to model pairwise 

relations between objects. An enormous amount of social, technological, and biological networks can be 

represented as graphs. Hence it is also used to represent WSN. The sensor network is considered as a graph 

whose vertices are the sensors, the base station, and the links between them as the edges. For all the 

definitions and concepts used in this paper related to graph theory, we referred [6]. 

   

1.2 Cluster-based Routing in sensor network 

Another important characteristic of a WSN is the ability of its nodes to cooperate. Instead of 

sending raw data to the node responsible for data fusion, the sensor nodes can use their processing abilities 

to locally carry out calculations and fusion operations to transmit only the information required [5, 7]. Since 

wireless communication always consumes more energy the amount of message transmitted should be 

minimal. But the reduction of the number of messages transmitted in the network may decrease the network 

performance. To manage the communication in the network without making any compromise between 

performance and energy efficiency, the clustering algorithms are used. Based upon its cluster formation 

there are two categories of clusters, geographical area based clusters, and clustering based on residual 

energy level [4]. 

 

1.3 Centrality Measures 

Centrality measures aim to estimate the importance of a vertex, i.e., ranking it by its topological 

importance. Vertices positioned in central areas generally get higher structural importance than those 

located in the border, and whenever there is data flowing, central nodes are natural and significant 

information brokers. Generally, the vertex importance grows directly proportional to its participation in 

paths. Consequently, the importance of a computational element for a network can be calculated based on 

its topological centrality  

There are several centrality measures based on different characteristics of a graph, such as distance 

between nodes and shortest-path. Some of them are Degree centrality, Closeness centrality, Betweenness 

centrality, and Eigen vector centrality. Closeness centrality is a way of detecting nodes that can transmit 
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information efficiently through a graph. The closeness centrality(closeness) of a node measures its average 

farness (inverse distance) to all other nodes. Nodes with a high closeness score have the shortest distances 

to all other nodes. In a connected graph, the closeness of a node is the measure of centrality in a network, 

calculated as the sum of the length of the shortest paths between the node and all other nodes in the graph. 

Thus the more central a node is, the closer it is to all other nodes. Closeness was defined by Bavelas 

(1950)[1] as the reciprocal of the farness, that is: 𝐶(𝑥) =  
1

∑ 𝑑(𝑦,𝑥)𝑦
 

where d(y, x) is the distance between vertices y and x. Regarding closeness centrality, it is used to refer to 

its normalized form which represents the average length of the shortest paths instead of their sum. It is 

generally given by the previous formula multiplied by N-1, where N is the number of nodes in the graph. 

It is studied extensively for a graph by Sabidussi (1966)[8]. Also, Yannick Rocha (2009) and Tore Opsahl 

(2010)[11, 12] studied the measure for unconnected graphs.  

 

1.4 Routing using Vertex Subset Degree Preserving Spanning Tree: 

A spanning tree of a graph G is a connected acyclic subgraph that includes all the vertices of G.  

Spanning trees play an important role in the area of research under graphs and networks due to their nature 

of minimally connecting subgraph. There are many kinds of spanning trees available in the literature of 

graph theory.  One such special kind of spanning trees called Vertex Subset(A) Degree Preserving Spanning 

Trees(A-DPST) was introduced and extensively studied by Anitha. R and Sangavai. K in [3]. Vertex Subset 

Degree Preserving Spanning Tree is defined as a spanning tree T of the graph G (V, E) such that degT(vi) = 

degG(vi) for all vi in A, which is a nonempty subset of V and is denoted as A-DPST. This new class of 

spanning trees has many applications in various kinds of networks and one such application in sensor 

networks is established in [9]. In [9], the authors proposed a distance-based routing algorithm for a sensor 

network using A-DPST. In [10], Sangavai.K and Porkodi.C proposed a cluster-based routing in WSN using 

betweenness centrality measure.  

 

2. Proposed Algorithm 

In our proposed routing algorithm, we introduced the concept of closeness while identifying the 

cluster heads. The closeness is calculated for all nodes in the network and they are arranged in descending 

order of their closeness centrality and hence considered for being cluster heads. Now the collection of 

cluster heads, say A is a nonempty subset of the vertex set of the graph and the construction of the routing 

tree for the sensor network becomes the problem of finding A-Degree Preserving Spanning Tree in the 

graph. In the sensor network, this A-DPST will be a minimally connected sub network in which all the links 

to the cluster heads are maintained. Since in the tree every other node is either directly connected to the 
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head or having a path to the head, routing will be complete. Such routing could be made optimal by 

deploying the higher energy nodes as the sensor heads of the clusters.  

 

2.1 Flow Chart: 

 

2.2 Pseudocode of our Algorithm: 

This program calculates the closeness for all nodes in a network and obtains the vertex subset degree 

preserving spanning tree where the vertex subset is the cluster head set. 

 function generateRandomCoordinates (Argument n1, Argument n2) { 

Generate an integer pair (X, Y) such that X is a random coordinate in X-axis between 0 and n1 

and Y is a random coordinate in Y-axis between 0 and n2. 

  return (X, Y) 
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end 

} 

 function calculateDistance (Argument node1, Argument node2) { 

Calculate the linear distance W between the node1 and node2, using their respective coordinates. 

  return W 

end  

} 

 function calculateCloseness (Argument u, Argument n, Argument A) { 

Calculate closeness C =  
𝑛−1

∑ 𝑑(𝑢,𝑣)𝑢
    where u is the given node and v represents all the other nodes 

in A 

  return C 

end 

} 

In the main function { 

Fix a constant N, where N x N will denote the network area encompassing all the nodes. 

Obtain the number of nodes n from the user, with a constraint of n < N. 

for all n instances 

 Call generateRandomCoordinates (N, N) 

 Create a node with returned coordinates 

 Append the node in an array A 

Call generateRandomCoordinates (N, N) 

Create the base station node with returned coordinates 

for all n nodes in A 

 Call calculateDistance (node i, base station) 

 Assign the returned distance to Wbi 

Calculate t, the mean distance of all nodes in A from the base station 

for all n nodes in A 

 if Wbi ≤ t 

  then add node i to array E 

  traverse to next node 

for all nodes in E 
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 Call calculateCloseness (node v, n, A) 

Assign the returned value as the node weight C(v)  

Sort E based on the node weight C and append them in a non-increasing order in array X 

Initialize i = 0, VT = Ø, C = Ø and T = Ø 

for all nodes in X 

 if xi ∉ N[T], where N is the neighborhood of T 

  if the inclusion of xi in T does not form a circuit 

   Append xi to C 

   Append all neighbors of xi to VT 

   Include VT along with the edges to T 

 traverse to next node 

for all nodes in X 

 if xi ∉ T 

Include xi in T along with the minimum distance edge 

Display the tree T, highlighting the cluster heads in C 

} 

2.3 Simulation and Results/Sample outputs: 

The pseudocode of the proposed algorithm is implemented using Python programming language. Python 

libraries such as NumPy, Math, and Matplotlib are used to perform mathematical functions. Another python 

library named NetworkX is used to represent the networks and produce graphical outputs. The console 

outputs from the program run are given in Figures 2.1, 2.2, and 2.3. 

 

Test case 1: 

The network under consideration has an area of 50 x 50 units and contains 20 nodes. The coordinates of the 

base station are (16,43). The threshold value is 23.5. In this case, the eligible nodes are [1, 5, 7, 8, 11, 13, 

15, 17, 19, 20]. By adding the nodes in the tree according to the algorithm, we obtain the list of cluster 

heads as [19, 7]. 
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Figure 2.1 

 

Test case 2: 

The network under consideration has an area of 200 x 200 units and contains 50 nodes. The coordinates of 

the base station are (88, 139). The threshold value is 78.4. In this case, the eligible nodes are [1, 3, 5, 6, 7, 

11, 13, 14, 16, 20, 25, 27, 30, 34, 35, 36, 38, 40, 41, 42, 44, 45, 46, 47]. By adding the nodes in the tree 

according to the algorithm, we obtain the list of cluster heads as [47, 45, 42, 2, 12]. 

 

Figure 2.2 

Test case 3: 

The network under consideration has an area of 500 x 500 units and contains 100 nodes. The coordinates 

of the base station are (311, 463). The threshold value is 278.8. In this case, the eligible nodes are [2, 3, 4, 
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6, 8, 9, 10, 11, 14, 16, 17, 19, 20, 21, 32, 33, 37, 44, 47, 50, 51, 53, 55, 56, 58, 61, 63, 64, 65, 66, 67, 68, 

69, 70, 74, 75, 76, 77, 80, 81, 83, 84, 86, 88, 89, 90, 91, 93, 97, 98, 100]. By adding the nodes in the tree 

according to the algorithm, we obtain the list of cluster heads as [100, 98, 93, 91, 86, 80, 55, 32, 17, 5, 40]. 

 

Figure 2.3 

 

3. Conclusion 

In this paper, a novel algorithm for attaining cluster-based routing in a WSN is proposed. By using the 

closeness centrality measure nodes are promoted as cluster heads and the final routing tree is obtained using 

the concept of vertex subset degree preserving spanning tree. Our algorithm is implemented in Python, in 

which we generated random networks to simulate the working. The results obtained are provided for 

clarification. In the future, we have planned to incorporate energy consumed for communication as an 

additional metric, while finding the routing from the second round onwards.  
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