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Abstract 

Wireless Sensor Networks are becoming a worldwide sensational topic with recent advances in wireless 

communications and digital electronics. It serves as the backbone for controlling real-life applications. It 

consists of group of sensor nodes that sense the information from an event area and passes it to the base station 

which reacts according to the environment. There are number of cluster based routing protocols, in which a 

region is divided into number of clusters and within each cluster, a cluster head is elected based on some 

parameter. So, a novel selection method for the cluster head having efficiency in energy is based on Flower 

Pollination Algorithm (FPA) is proposed in this paper. The performance of our proposed scheme is being 

analyzed and is compared with the already existing protocols like LEACH, C-LEACH and K-Means in terms 

of energy efficiency, number of alive nodes, packet drop ratio and energy dissipation etc 

 

Index Terms: Wireless Sensor Networks, LEACH, k-Means algorithm, Flower Pollination Algorithm, Energy-

efficiency, Cluster Head. 
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1. Introduction 

Wireless Sensor Networks (WSNs) is vital technology to provide large-scale monitoring and sensor 

measurements at high temporal and spatial resolution. WSN includes hundreds or thousands of tiny battery 

powered sensor nodes that are randomly deployed in an environment [1, 2]. Sensor networks have a unique 

capability called self organizing capability through which nodes adjust themselves in a region of interest. These 
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nodes sense the region for occurrence of event at different locations and passes this sensed information to the 

base station or command node so that it can react according to the condition. Before transmission, sensor nodes 

process the raw data with the help of built-in processor included in nodes itself. WSNs have sensing, 

computation and communication capabilities which are highly used in large number of different applications. 

The idea of WSNs came into origin from battlefield surveillance where military applications are performed and 

now this idea is used in various number of areas like in industries, healthcare applications and home network 

etc[3]. The sensor networks comprise of microphones as audio sensors, cameras as vision sensors and those 

that measure large number of physical phenomenon (like infra-red, ultrasound, noise, temperature, strain, 

vibration, fluid levels, generators to manufacturing lines, humidity, pumps, acidity, building maintenance, 

aviation and so on) in various areas of agriculture and forestry, military applications, structural engineering and 

health care. 

Data sensed by the sensor nodes is transmitted in a multi-hop or single hop fashion by sending the data to 

base station directly but this direct communication cannot be implemented practically if number of sensor 

nodes is large in number. According to [4,5], sensor nodes are dynamic in nature also and are limited in the 

communication range and computing power. Energy of sensor nodes gets reduced while communicating with 

other nodes or the base station. These nodes get converted into dead nodes from the alive nodes, which can 

make the network less energy efficient. Making clusters of the sensors is one of the possible solutions to deal 

with this issue as this can make the network with the best energy efficiency and scalability. In cluster based 

routing, a network is divided into number of clusters and within each cluster, a cluster head is elected based on 

some pre-decided parameter. CH nodes in clusters have larger energy as compared to non-cluster head nodes. 

So, to balance energy level of network, we propose Flower Pollination Algorithm (FPA) which gives more 

energy efficient network as compared to existing approaches. 

2. Related Work 

In this section, we discuss the existing routing protocols such as LEACH, LEACH-C, k-Means algorithm 

and cluster head selection approach which is followed in these routing algorithms [6-15]. 

2.1 LEACH 

Low-Energy Adaptive Clustering Hierarchy (LEACH) is a protocol that is used for dynamic clustering in 

WSNs. This protocol randomly select the cluster heads in a network so that energy can be distributed evenly 

among the among the sensor nodes[6]. Data collected by cluster heads from sensor nodes is transmitted to the 

base station. This is needed because a sensor node is not of any use if its battery dies. Each time when an 

updation process of cluster restructuring is initiated, then it is known as a round and further each round is sub-

divided into two stages: set-up phase and steady phase as shown in Fig. 1.  

 

 

Fig.1. Formation for cluster round in LEACH protocol. 
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The set-up stage includes three sub-stages called advertisement stage, cluster development and schedule 

development. In first phase, CH of each cluster broadcast its identity to the sensor nodes whereas in steady 

phase CH gets all the information given by sensor nodes. CH consumes large amount of energy as compared to 

cluster member nodes in communication. Therefore, to cop up with this issue, LEACH proposed that every 

member of cluster should get equal chance to become CH [7] so, that energy dissipation can be balanced in a 

network. 

In this, random value between 0 and 1 is assigned to each node in each round. That particular node become 

the CH if its value is less than the threshold value. Therefore, by this method energy consumption in a network 

can be balanced by giving all nodes a fair chance to elect as CH. But this approach does not provide 

information about node location during the selection of CHs. As a result, this protocol may lead to the 

unbalanced energy in the network. 

2.2 C-LEACH 

To deal with the issue related to LEACH protocol, C-LEACH is developed that uses the information 

regarding the location of sensor nodes [8]. This C-LEACH protocol with its routing steps is described in Fig. 2. 

It is shown that BS gets all the information regarding the current location and energy level of the sensor nodes 

(marked as 1 in Fig. 2). After this, average energy of all the sensor nodes is determined in the present round and 

further division of network is done into different number of clusters. This information is then transmitted to the 

closest CH after the selection of CH in every cluster (Step 2 in Fig. 2). Therefore, after determining the routing 

path, set-up phase is finished. 

Advantage of this protocol is that, there is a reduction in the energy consumption and dissipation of a sensor 

network with the use of this location information about member nodes. However, better routing is not always 

provided by this protocol because the gathering and transmitting this information also consumes energy.  

 

 

Fig.2. Routing methodology in LEACH-C protocol 

2.3 K-MEANS  

In this, randomly clusters are formed in the network and sensor nodes arrange themselves to be in one of the 

clusters. After each node gets the cluster, the centroid of each and every cluster for ‘𝑛’ nodes can be determined 

as follow in two-dimensional space. 

𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑(𝑋, 𝑌) =
1

𝑛
∑ 𝑋𝑖

𝑛
𝑖=1 ,

1

𝑛
∑ 𝑌𝑖

𝑛
𝑖=1                                                                                            (1)
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Here where Xi and Yi  denote the position of CH. Here, centroid acts as a virtual node which locates at the 

center of each cluster. The CH closer to the centroid is chosen as the new CH in the cluster[9]. 

3. The proposed scheme (FPA) 

Flower pollination is an intriguing process in the natural world. Its evolutionary characteristics can be used 

to design new optimization algorithms. Flower Pollination Algorithm is principally used to solve constrained 

and unconstrained optimization problems. Researchers are attracted towards this algorithm for its processing 

speed, ease to modify based on the requirement and robustness. In the proposed Cluster Head Selection method, 

we use Flower Pollination Algorithm (FPA) in which clusters of objects are developed using the Euclidean 

distances between them. The underlying network model is given as: 

3.1 Network Model 

In FPA, WSN have the following features: 

 

 Each sensor node is provided with a unique identity. 

 All sensor nodes are static in nature. 

 All nodes send their sensed data to the base station. 

 Initial energy is same for all nodes. 

 Sensor nodes are deployed randomly in an event area. 

3.2 Energy Consumption Model 

This model is used for evaluating the performance of the FPA. This model includes transmitter and receiver 

as depicted in Fig. 3. 

 

 

Fig.3. Energy Consumption Model of proposed FPA 

During the duration of transmitted packet and received packet, energy is dissipated and this energy can be 

estimated by free space (𝑓𝑠)  and multipath (𝑚𝑝) . The energy consumption for transmission is given by 

equation (2). 

𝐸𝑇𝑥(𝑘, 𝑑) = {
𝐸𝑒 ∗ 𝐿 + Є𝑓𝑠 ∗ 𝑑2, 𝑑 < 𝑑0

      𝐸𝑒 ∗ 𝐿 + Є𝑚𝑝 ∗ 𝑑4 ∗ 𝐿, 𝑑 ≥ 𝑑0

                                                                                               (2) 
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Here 𝐸𝑒 denotes the amount of energy needed to process 1-bit data. Є𝑓𝑠 and Є𝑚𝑝 are the energies required for 

the transmission of 1-bit data so that acceptable bit error rate can be achieved through 𝑓𝑠 and 𝑚𝑝 models, 

respectively. This depends upon the transmission distance of data. Here, energy dissipation of 𝑓𝑠 is directly 

proportional to 𝑑2and that of multipath is proportional to 𝑑4. The threshold, 𝑑𝑜can be calculated as follows: 

 𝑑𝑜 =
√𝑠

√𝑛
                                                                                                                                                             (3) 

Energy required on reception of k-bit message is calculated by equation (4). 

 𝐸𝑅𝑥 =  𝐸𝑒 ∗  𝐿                                                                                                                                                   (4) 

3.3 Proposed Scheme 

In this scheme, we use Flower Pollination Algorithm (FPA) in which clusters of objects are developed using 

the Euclidean distances between them. In FPA, CH selection method includes four steps as described below: 

Step 1: Initial clustering 

The idea of FPA is initiated with the target of cluster formation in WSN. We assume that the sensor network 

consist of n number of nodes and is sub-divided in k number of clusters. From the total n nodes, randomly k 

nodes are selected as CHs in the network. Remaining nodes decide their CH which is closest to them based on 

the Euclidean distance. 

Step 2: Re-clustering 

As all the nodes in the network are assigned with their CHs, the re-clustering of all the nodes is performed 

with the LEACH algorithm which selects the cluster head as follow:  

𝑇(𝑛) = {

𝑃

1−𝑃(𝑟 𝑚𝑜𝑑 
1

𝑃
)

    ∶ 𝑛 ∈ 𝐺         

0:             𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                                                                              (5) 

In equation (5), P refers to the percentage of number of CHs in a network, r belongs to the present round 

number, and G belongs to the set of sensor nodes which are not being selected as CH in the past 1/P rounds. A 

random value between 0 and 1 is given to each node in each round. If value is lower than the threshold value 

T(n), then that node is elected as the CH. 

Step 3: Choosing the CH 

After the formation of clusters, each node is assigned with an ID number according to the Euclidean distance. 

The order of the CH selection is chosen according to the ID number of a node. Hence, the identity of each node 

is an important part for the selecting a CH node.  

Step 4: Change the cluster 

Cluster is changed by using flower pollination in which, each plant has multiple flowers and each flower 

releases millions of pollen gametes, that is, millions of sensor nodes are present in a network. The solution xi is 

equal to pollen gamete or a flower, which means the new position of CH.  Pollinators or insects carry flower 
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pollens from one location to another over a large distance. By this, pollination and reproduction of the fittest is 

ensured and is represented as ‘g’. In sensor network, it means that CH of a network changes and the fittest CH 

is chosen over a large range and this flower constancy rule is given as: 

 𝑋𝑖
𝑟+1 =  𝑋𝑖

𝑟 +  𝑇ℎ ( 𝑋𝑖
𝑟 −  𝑔)                                                                                                                            (6) 

Where  𝑋𝑖
𝑟  belongs to the position i or solution vector Xi of round r, and g belongs to the current best 

possible solution created between all other solutions in the present round. The parameter ‘Th’ is the threshold 

value denoting the CH energy, which is essentially a step size.  

The local CH selection (Rule 2) can be represented as 

𝑋𝑖
𝑟+1 =  𝑋𝑖

𝑟+ ∈ (𝑋𝑗
𝑟 − 𝑋𝑘

𝑟)                                                                                                                                (7) 

Where 𝑋𝑗
𝑟 and 𝑋𝑘

𝑟  are CHs from different clusters of the same network. Mathematically, if these two values 

arise from the similar CH, then this becomes a local random walk when we draw ϵ from threshold in [0,1].The 

whole algorithm is shown in Fig. 4. 

 

Algorithm: Flower Pollination Algorithm (FPA) 

Objective minimize energy f(x), x = (x1,x2,…….,xd)  

Deploy n sensor nodes with randomly selected CHs.  

Find the best CH represented by ‘𝑔’ in the initial step of CH selection.  

Define a threshold   𝑇ℎ ∈  [0,1] 
   while (𝑟 < 𝑀𝑎𝑥𝑅𝑜𝑢𝑛𝑑𝑠)  
       for 𝑖 =  1 ∶  𝑛   (all n sensors in the network)  

              if 𝐶𝐻_𝜖 <  𝑇ℎ + 𝑡𝑖 , 𝑡𝑖 is the threshold value while running 

                       𝑋𝑖
𝑟+1 =  𝑋𝑖

𝑟 +  𝑇ℎ ( 𝑋𝑖
𝑟 −  𝑔) 

              else 

                      Draw ϵ from threshold in [0,1] 

                      Randomly choose 𝑗 and 𝑘 among all the solutions  

               Do local CH selection via  

                         𝑋𝑖
𝑟+1 =  𝑋𝑖

𝑟+ ∈ (𝑋𝑗
𝑟 − 𝑋𝑘

𝑟) 

              end if  

              Search new CHs. 

             if new CHs are better, then update them in the network. 

          end for  

          Find the current best solution or CH as 𝒈.  

  end while 

 

Fig.4. Pseducode of FPA for cluster head selection 

The flowchart of the overall process with the proposed method is shown in Fig 5. After this, computer 

simulation gives the performance of the FPA. 
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Fig.5. Flow chart of FPA 

4. Performance Evaluation 

With the help of simulated environment, evaluation of C-LEACH, k-Means based approach and proposed 

FPA based Cluster Head selection protocols are done in this section. A network of 100 sensor nodes which are 

deployed randomly in an area of 200m × 200m is considered. In this, initial energy is taken as 2J and data 

packet size is 500 bytes. Table 1 represents the simulation parameters used for performance evaluation.   

Table 1. Simulation Parameters 

Parameters Values 

Size of network (0,0) ~ (200, 200) 

Location of BS (0,0) 

Number of nodes 100 

Initial energy 2J 

Size of data packet 500 byte 

Energy taken for aggregation (EDA) 50nJ/bit/signal 

Initial energy of a node (Eelec) 50nJ/bit 
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In this experiment, the number of clusters is calculated so that energy efficient network can be operated. Our 

proposed FPA based cluster head selection scheme is compared with the protocols like C- LEACH and K-

Means based clustering approach in terms of packet drop ratio, network lifetime and energy efficiency. When 

the energy of all nodes becomes zero, then the number of rounds at that time is known as network lifetime. Fig. 

6 shows the random deployment of sensor nodes in an event area. 

 

 

Fig.6. Sensor nodes deployment in an event area. 

Test Case 1: Analysis of C-LEACH in terms of energy and dead nodes 

The simulation results of C-LEACH protocol in terms of energy consumption are given as follows. Fig. 7 

shows the change in average energy of each node as the number of rounds increase. As it is evident from the 

result, that average energy level goes on decreasing exponentially as the number of rounds is increasing. 

 

 

Fig.7. Average Energy Vs Number of rounds in C-LEACH. 
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Fig. 8 shows the increase in number of dead nodes with the increase in number of rounds. We observe that 

the number of dead nodes is more than 100 after 100 rounds. 

 

 

Fig.8. Number of Dead Nodes Vs Number of rounds in C-LEACH. 

4.1 Results of K-Means based approach 

Simulation results of K-Means protocol are given as follows. Fig. 9 shows the average energy with the 

increase in number of rounds. 

 

 

Fig.9: Average energy Vs number of rounds in K-Means. 

Fig. 10 shows the change in number of dead nodes with the change in number of rounds. 
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Fig.10. Number of dead nodes Vs Number of rounds in K-Means. 

4.2 Results of proposed FPA based approach 

An event area is shown in fig. 11, where energy of sensor node gets finishing which leads to the formation of 

dead nodes. Therefore, resulting in the change of CHs 

 

 

Fig.11. Selection of CH using FPA 

As shown in Fig. 12, average energy of each node gets decrease with increase in number of rounds upto 100 

but the energy of FPA is higher than that of C-LEACH and K-Means. 
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Fig.12. Average Energy Vs Number of rounds in FPA. 

From fig. 13, it is clear that number of dead nodes gets increased with the increase in number of rounds but 

number of dead nodes of FPA is less than other two protocols. 

 

 

Fig.13. Number of dead nodes Vs number of rounds in FPA 

4.3 Comparison of FPA with C-LEACH and K-Means  

Comparison of FPA is done with the already existing protocols like C-LEACH and K-Means in terms of 

energy dissipation, number of dead nodes, energy efficiency and packet drop ratio. 

Residual energy 

Upon increase in number of rounds, the change in energy is shown in Fig 14. On observing this figure 

carefully, results related with energy efficiency of FPA are far better than LEACH and K-Means. Small amount 

of energy is still left behind after completion of 20 rounds as compared with other two existing protocols. 

However, sensor network still left with the remaining energy after 20 rounds. 
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Fig.14. Residual Energy of the network as Number of rounds 

Change in number of dead nodes  

To know about the sensor network lifetime, number of live sensor nodes is detected at different rounds. As it 

is clear from the Fig. 15 that after the completion of 20 rounds, not even a single live node is left in LEACH 

and k-Means protocols, but there is still presence of some live nodes in our FPA scheme. Therefore, we can 

conclude that the lifetime of the FPA is higher than that of k-Means and LEACH protocols. This all is because 

the communication overhead of FPA is less than that of two existing protocols that might lead to creation of 

unbalanced clusters. Note that the FPA leads to the formation of clusters so that the distances from the CHs to 

the member nodes of the cluster get minimized as much as possible. 

 

 

Fig.15. Number of Alive Nodes as Number of Rounds increases 

Energy dissipation 

Energy of nodes get dissipated when in communication. So, the energy dissipation of CHs of our proposed 

scheme with LEACH and K-Means protocols is shown in Fig 16. It is clearly visible that energy dissipation of 

FPA is lower than the existing K-Means and LEACH protocols. Moreover, the pattern of FPA is smoother than 

the other two protocols. Reason for this is the large number of small distances and the balanced distances 

between the CHs and their sensor nodes. 
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Fig.16. Energy Dissipation of CHs. 

Packet Drop Ratio 

Packet drop ratio is defined as the ratio of the number of packets that are dropped until a destination 

compared to the total number of packets that that are sent by the sender. Mathematically, we define it as: 

𝑃𝐷𝑅 =
𝑃1

𝑃2
                                                                                                                                                           (8) 

Where, 𝑃1 is the number of data packets received by the destination and 𝑃2  is the number of data packets 

generated by the source. As shown in Fig. 17, it can be seen that packet drop ratio of FPA is less from LEACH 

and K-Means protocols with the increase in number of rounds. 

 

 

Fig.17. Packet Drop Ratio as the Number of Rounds  

5. Conclusion and Future work 

LEACH and k-Means are the existing hierarchical routing protocols and they make selection of CHs which 

results in the reduction of lifetime for the overall network. Our protocol called FPA is proposed in this paper, 

which selects the CH in an efficient way for a network to be energy efficient. This is based to find the CH 
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having the minimum distance from local and global pollination. According to simulation results, performance 

of the FPA is much better than that of the LEACH and k-Means algorithm in terms of energy efficiency, 

number of alive nodes, energy dissipation and the packet drop ratio. The grouping of the sensor nodes into 

several clusters is done with the help of flower pollination approach. The time taken for clustering process can 

be optimized further. In future, the network lifetime can be optimized and the clustering time can be further 

minimized. 
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