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Abstract - In WSNs too much energy consumption is considered to be critical as it causes network failure, and hence energy 

saving plays a major network performance metric which in case of absence, can lead to serious network problems resulting 
in the form of sensors failure, connectivity loss, and disconnected network. This paper introduces the use of a software 
defined network (SDN) controller in wireless sensor networks and shows how WSNs can benefit from the existence of SDN. 
Simulation has been conducted for the deployment of SDN controller at the base station, shows approximately 20% 
improvement in the overall network energy saving compared to the conventional energy saving approach based on network 
spectral clustering. In addition, our approach shows 25% improvement in the network lifetime. 
 

Index Terms - Software Defined Network (SDN) controller, Network performance metrics, Last node to die (LND), K-way 

spectral clustering, Energy saving. 

 

I. INTRODUCTION 

  

Wireless sensor networks are typically composed of a 

number of spatially distributed power-limited sensor 

nodes with constrained resources that are frequently 

deployed in hostile environments for measuring or 

monitoring phenomena of interest. Being deployed in 

hostile environment, it becomes difficult to recharge 
or replace sensor nodes.Supplied with limited power, 

energy efficiency has become crucial for most WSNs, 

which depletes over time;precisely forwarding 

process consumes much more energy than sensing 

process. Gathering information from sensor nodes in 

WSN environment rely on one or more centralized 

BS or sink. Hence, Software Defined 

Network[1],[2]model with the controller being 

centralized at the sink can easily be adopted for 

WSNs [3].Having SDN deployed in WSNs, sensor 

nodes are freed from routing and topology  
management, allowing them to become data plane 

forwarding elements whereas topology control, 

scheduling, routing, and network coverage and 

connectivity planning are the main responsibility of 

the centralized controller [1]. SDN is considered to be 

an emerging networking paradigm that eliminates the 

limitations of the traditional networking by providing 

consistent policy enforcement, scalability, and 

centralized management & network 

programmability[1]. Its main characteristic is 

decoupling the control plane and data plane. Control 

plane provides network topology, performance, and 
fault management. Data plane is responsible for 

packet forwarding based on policies provided by the 

control plane. Decoupling provides flexibility in 

updating policies without the need to add additional 

hardware cost [2], [4]. 

Forwarding information over long distances 

consumes more energy than sending the information 

over short distances, here arises the need for network 

partition [5] in order to minimize the energy 

consumption and thus leads to an extend in network 

lifetime. Our research paper is based on hierarchical 

clustering scheme namely K-Way Spectral Clustering 

Algorithm in Wireless Sensor Network (KSCA-

WSN)[6],[5] with some essential modifications. This 

Algorithm takes into consideration the sensor nodes 

spectral positions in clustering and their residual 

energy for assigning cluster heads; however, our 
modifications to the mentioned algorithm will be 

discussed later. For improving the latter network 

lifetime and energy saving, we have introduced SDN 

controller to be deployed at the BS for this purpose.   

The remaining of this paper is organized as follows: 

Section II, we briefly highlight on related research 

work. Section III describes the proposed algorithm. 

Section IV presents the simulation results and 

interpretations.  

 

II. RELATED RESEARCH WORK 
 

Different clustering techniques have been found in 

literature. Previously, the most generally used 

clustering approach is the LEACH algorithm [7]. 

LEACH is an energy efficient communication 

protocol based on hierarchical clustering, where 

nodes are organized in clusters using distributed 

algorithm. CH election is based on probability for 

each period, where each node has an equal 

probability of becoming a CH, that is , this 

probability is N/K, where N is total number of nodes 

and K is the desired number of clusters.  
 

To allocate nodes to CHs, each node will choose a 

CH based on the received signal strength, the highest 

is the preferred. CHs then create Time Division 

Multiple Access (TDMA) schedule for its associated 

nodes. Yong and Pei [8]presented a modified version 

of LEACH based on distance between sensor nodes 

and BS, and on the residual energy of nodes namely 

distance-energy cluster structure algorithm (DECSA). 
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This algorithm prevents direct contact of low energy 

CHs with BS by partitioning the network into three 
hierarchical levels for the purpose to reduce the 

energy consumption of CHs. 

Elbihri et al. [9] proposed an algorithm to partition 

the network based on spectral bisection called 

Spectral Classification Based on Near Optimal 

Clustering in Wireless Sensor Networks. However 

their approach is restricted to specific number of 

clusters 2n in which desired number of clusters can't 

be achieved. Liu et al. [10] have proposed an energy 

efficiency communications approach for delay 

minimizing in internet of things. Their method is 

based on two aspects, in non-hotspot regions, nodes 
relay their information without considering their 

energy consumption since surplus energy exist in 

these regions, causing the delay to be minimized. On 

the other hand, nodes in hotspot regions take into 

account their energy consumption in relaying their 

information causing an increase in network lifetime. 

Hence, FFSC algorithm tends to reduce the delay 

while keeping network lifetime value unchanged. 

III. PROPOSED ALGORITHM  

 
Before describing in details our proposed approach, 

let's have a brief overview on the Ng-Jordan-

Weiss(NJW) algorithm [6] being used. NJW 

algorithm is based on spectral clustering that cluster 

points using eigenvectors of the Laplacian matrix 

derived from the data, where clustering can be 

viewed as partitioning the similarity graph. First, a 

weighted graph is built where nodes represent 

datapoints and edges are the distance between the 

points. As spectral graph partitioning deals with 

graph bi-partitioning, one can recursively use this 

algorithm to have k-partitions graph. In other words, 
partitioning the graph into k clusters, where points 

belonging to same cluster are said to be similar and 

vice is valid too. This illustrates the similarity matrix 

characteristic of the graph. The main steps ofthe 

algorithm [5] is shown in Figure 1 and Figure 2 

respectively: 

 

Figure 1: Spectral Clustering Algorithm [5] 

 

Figure 2: Clustering Illustration

1) The Pre-Processing step: Find the similarity 

matrix A which represents the network is given by : 

 

 𝐞𝐱𝐩 −𝟏
𝟐𝛅𝟐 ∗ 𝐝𝟐 𝐢, 𝐣  

𝟎
 

𝐢𝐟 𝐢 ≠ 𝐣
𝐨𝐭𝐡𝐞𝐫𝐰𝐢𝐬𝐞

      (1) 

 

d(i; j) is the Euclidian distance between nodes i and j. 

The Degree Matrix and the Laplacian one will be 

calculated. Then, the eigenvalues and the 

eigenvectors of the last matrix will be deduced 

accordingly. 
2) Clustering step: KSCA-WSN Algorithm 

The optimal number of clusters K is given by[11]:  

dtoBS

M

Ems

Efs
**

2
NK




 

(2) 
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Then constructing a new matrix U from the K 

eigenvectors related to the K largest eigenvalues of 
the Laplacian matrix, and iteratively applying K-

means clustering algorithm until no changes take 

place.  

 

3) Cluster head election step: Once the clusters are 

determined, the next step selects the CHs taking into 

consideration the node id in the cluster and its 

residual energy.For each round r of the simulation, 

the number Ck = (rmodCn) to elect a CH for the 

appropriate cluster; Cn is the total number of nodes in 

the cluster k. The node with id = Ck and residual 

energy Er greater than threshold Ermin will be the 
CH of the cluster k in the round r. A node is 

considered dead if its residual energy satisfies 

equation (3). The minimum residual energy is given 

by equation (4). 

 

Er <  
Efs

Ems
   (3) 

 

Efs is free space model's amplifier energy 

consumption, Ems is multiple attenuation model's 
amplifier energy consumption.  

 

Ermin = L ∗ ( Cn + 1 ∗ Eelec + Cn ∗ EDA +∈ms  
∗ di

4
 

  (4) 

 

L is data size in bits to be transmitted to BS at a 

distance d, and Eelec is the energy consumption per 

bit in the transmitter, EDA is energy for data 

aggregation per bit. 

4) Software Defined Wireless Network Based K-Way 

Spectral Clustering Algorithm (SDWN-KSCA)  
 

An important modification that we did to KSCA-

WSN[5] is we intentionally focus on the 

communication mode of any node to be through its 

associated cluster head and discard any 

communication to be taken between any node and the 

BS even if the distance between the node and base 

station is less than that to its associated cluster head 

otherwise this will violate the main functionality of 

the cluster head. Second, we deploy an SDN 

controller at the BS to analyze the network 
performance metrics such as network lifetime and 

energy saving, in comparison with the KSCA-WSN 

algorithm in [5]. By deploying SDN controller at the 

BS, all the routing policies, data flows, calculations 

will be done by the controller, eliminating the 

decision to be taken by each CH to choose the next 

CH according to the residual energy. By doing so, 

CHs energy will be saved. Third, SDN controller will 

create for each CH Time Division Multiple Access 

(TDMA) schedule needed for communication in its 

respective cluster, adding a benefit for CHs energy 

saving. Fourth, SDN controller will automatically 
determine for each node in each cluster its 

corresponding disjoint neighbor found in other 

clusters, so that in case of CH failure, the nodes will 
no longer broadcast their message, despite, each node 

will send the message to its nearest neighbor found in 

other clusters. This will ensure reliability by 

determining alternative paths.  

 

IV. SIMULATION RESULTS & 

INTERPRETATION 

 

In this section, simulation results were carried out 

using MATLAB for analysis. Our proposed SDWN-

KSCA algorithm is based on Jorio et al. [5]to cluster 

the network based on spatial positions of nodes and 
residual energy. We have deployed SDN controller at 

the BS and executed the algorithm for 2500 rounds 

according to Table 1. We have analyzed two 

important network performance metrics: Network 

lifetime which is defined as the time needed for the 

first or last node to die in the network. We have 

carried out results based on first node to die (FND), 

half of nodes to die (HND), and last node to die 

(LND) and compared our results with KSCA 

algorithm. Another performance metric is Energy 

consumption which is important factor that cause 
death of nodes. The more energy is consumed, the 

less possibility for nodes to die. 

 

Table 1: Experimental Parameters 

Parameter Value 

Eelec 50nJ/bit 
Efs 10pJ/bit/m2 

Ems 0.0013pJ/bit/m4 

E0 0.5J 

M 200mx200m 

BS coordinates 100m,250m 

Message size 4000bytes 

Number of Nodes 500 

 

Every time a node sends, receives, or aggregates data, 

its initial energy decreases. Applying the given 

parameters to (2), we get 6 disjoint clusters as shown 

in Figure 3. 

 
Figure 3: K-Way Spectral Clustering 

 

Figure 4 shows the last node to die in the KSCA 

algorithm happens at 1302 rounds whereas, Figure 5 
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shows that LND happens at 1961 rounds for SDWN-

KSCA.  
 

 
Figure 4: LND-KSCA 

 

 
Figure 5: LND-SDWN-KSCA 

 

Figure 6 shows number of alive nodes during each 

round for both KSCA and SDWN-KSCA.  

  

 
Figure 6: Alive Nodes Comparison 

 

Figure 7 shows FND, HND, and LND respectively 

for both algorithms with initial energy0.5J. 

 
Figure 7: FND-HND-LND 

Figure 4, 5, and 6 show how SDWN-KSCA 

outperforms KSCA in terms of number of alive 
nodes; approximately 25% improvement has been 

detected. Figure 8 shows the network remaining 

energy for every round for both algorithms. Again, 

SDWN-KSCA outperforms KSCA algorithm in terms 

of network remaining energy. 

 

 
Figure 8: Network remaining energy 

 

We conclude that SDWN-KSCA shows performance 

improvement in terms of energy and network 

lifetime.  

 

CONCLUSION AND FUTURE WORK 

 

Network lifetime and Energy saving are critical 

network performance factors in wireless sensor 

networks. SDN has proved to be promising solution 
for various challenges in WSNs. Many researchers 

have been conducted for WSN performance 

improvement based on this newly network paradigm. 

As our results show that using SDN controller at the 

BS improves the network performance. However, 

using single SDN controller is risky for being a single 

point of failure. To this extent, we are planning for 

future work to use three SDN controllers, to solve 

multi-objective combinatorial problem, for the same 

network topology used in this paper, however using 

heuristic algorithms for controllers' placement to 

ensure load balancing among controllers,network 
lifetime saving and minimizing total network delay 

and energy consumption. 
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