
ABSTRACT
To develop the energy efficient protocol hybrid bio-inspired Ant-Cuckoo algorithm is proposed here to balance the 
energy consumption between the nodes evenly. The clusters are formed in the network using ACO algorithm. This is 
done based on the distance measurement among the nodes. Once the cluster is formed then the cluster head is selected 
upon the node energy value. Here flexible and rigid threshold is set for processing successive rounds of transmission 
with the same cluster head to avoid the frequent cluster reformation. Data routing using hauler nodes are selected with 
the assistance of cluster heads is done by using cuckoo search algorithm. Thereby efficient routes with reliable nodes 
are selected for data transmission. Simulation results are shown for proving efficiency for the proposed method.
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INTRODUCTION

WSN network is generally created with numerous numbers 
of nodes and mainly play with the sensor role. Significant 
importance is given to the energy efficiency since to 
improve the network lifetime. The recent techniques 
mainly focus on bio-inspired algorithms to improve the 
energy efficiency (Mochalov et al., 2015). The real time 
application gets wider since using bio-inspired algorithm 
(Bhatia et al., 2016) in WSN and this makes the network 
more secured as well (Izadi et al., 2015). WSN provides 
lot of services and is applicable for various fields by its 
nature, however faces many technical issues like energy 
balancing, load balancing, etc (Kumar et al., 2015).

Bio-inspired evolutionary algorithms are meta-heuristic 
population-based optimization algorithms inspired by 
behavior of birds, animals, insect, genes etc. Bio- inspired 
algorithm such as Ant colony, Genetic Algorithm (Lv et 
al., 2017), Particle Swarm Optimization (PSO) (Yuan et 
al., 2017), Cuckoo Search optimization, Artificial Bee 
colony (ABC) (Rostami et al., 2014), Bat optimization, and 
many more evolutionary algorithms were getting large 
reputation in WSN as well as in other fields.

Related Works: Most of the energy efficiency techniques 
were proposed for the wireless sensor networks and 
some of them were described here to relate the proposed 
algorithm. GA was proposed to improve the network 
lifetime (Kumar et al 2016), here GA based algorithm is 
applied to route the data optimally between CH and BS. 
But the cluster is same for all round of transmission. 
Further, bat optimization algorithm was proposed on the 
basis of local centroid plan to select the cluster heads for 
choosing CH selection in WSN (Ahmad et al., 2019). Here, 
the cluster heads are chosen randomly. PSO algorithm in 
WSN had been introduced to avoid data redundancies in 
the base station (Bayrakli et al., 2012). 
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ACO was primarily extensively used for cluster design 
and selection of CH (Cao et al., 2014) and applied 
for data aggregation in (Jie et al., 2011). Several bio- 
inspired techniques been implemented by the researchers  
includes Firefly (Cao et al., 2014), Gravitational search, 
Local Centroid Bat, Big Bang Crunch (Mosavvar et al., 
2019), Flower Pollination (suresh et al., 2020), Cuckoo 
Search (CS), Ant Colony optimization etc to decide the 
cluster formation and cluster count. The CS optimization 
algorithm (Nasir et al., 2017) is applicable for problems 
with multimodal nature and mainly it is applied to 
solve localization issues in WSN. Cooperative Multi 
Input Multi Output (CMIMO) is mostly geared on the 
selection of nodes as candidates for CNs (Mosavvar et al., 
2019) and channel state estimation models however the 
cooperative routing mostly suffers with channel issues 
and cooperative nodes selection issues. Modified Queen 
Honey Bee Migration (mQHBM) was developed (Sharawi 
et al., 2014) to design an efficient mobile routing in 
WSN. Here, binary testing injection is used to select the 
cooperative nodes.

Proposed Mechanism: HBACA: An energy efficient 
protocol HBACA is proposed to improve the network 
lifetime of wireless sensor network. An example scenario 
of the proposed HBACA protocol is given in figure 1. 
The proposed algorithm follows three phases for such 
as (i) cluster formation (ii) hauler node selection (iii) 
Transmission process.

the effective distance is measured between the nodes 
so that the cluster reformation can be reduced often. 
The cluster head is chosen by calculating the energy 
among all the cluster members. Here two kind of energy 
threshold is set to select the cluster head. Flexible energy 
threshold and rigid energy threshold are the two types of 
energy threshold set for the cluster head selection. For 
each request of base station the data transmission process 
is carried out for each number of requests. Even after 
transmission of certain number of rounds the cluster head 
energy remains under the flexible threshold value (x<7) 
then there is no need to reform the clusters. If the cluster 
head falls under the rigid threshold value (x<3) then the 
cluster reformation should be carried out immediately to 
avoid the network collapse.

(ii) Hauler node selection: To determine the best hauler 
node the node cost function is measured. Cuckoo 
search algorithm is applied to find the hauler node. By 
calculating the node cost function from the cluster head 
and the base station the hauler cooperative node can be 
identified. The node cost is effectively measured through 
the node cooperativeness with the BS. By considering the 
received signal strength between the cluster head and the 
energy level of the respective hauler node; the node cost 
function is calculated. Therefore the node cost function 
(CNode) is measured using equation 2.

						      (2)

Here RSk represents the received signal strength of kth 
cluster’s cluster head and ERk referes to the residual 
energy of the cluster head node.

Figure 1: Example Scenario of HBACA 

(i) Cluster Formation: The network is divided in to n 
number of clusters to balance the energy level between 
the nodes. Genetic Algorithm (GA) is used to create 
clusters by evaluating the node fitness function includes 
selection, crossover and mutation. Here in the proposed 
method the node fitness is calculated using energy 
and distance parameter of the nodes. The node fitness 
function (FFNode) is measured using equation 1,

	 (1)

Based on the behavior of real ants and their search 
towards the food from their nest the clusters are formed. 
The cluster members form the cluster by measuring the 
distance that a particular node can reach to its neighbor 
node by using ACO method. To maintain the link quality 

Figure 2: Flow diagram of HBACA 
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(iii) Transmission Process: Once the cluster formation is 
done through ACO algorithm and the respective cluster 
head is elected from all the clusters the sensed data from 
the cluster members is passed to the cluster head. Then the 
base station request data from the respective cluster head 
`k` then the cluster head selects the best hauler node by 
applying cuckoo search algorithm. The data transmission 
is done from the cluster head to the BS through the hauler 
node. Thereby for each set of transmission the network 
follows the same procedure. Figure 2 describes the flow 
diagram of HBACA protocol.

Results and Discussion

The simulator tool used here to simulate the proposed 
and existing schemes is Network Simulator 2.35. It is a 
discrete event simulator particularly used for simulating 
the network communication. By using this tool the 
validations of protocol proves to be more computational 
efficient. Scalability factor is more reliable since using 
the front end process with Object oriented Tool Command 
Language (OTCL). The network area considered for 
simulation process is 900mX900m dimensions and 
deployed with of node density 100. The metrics such 
as Delivery rates of packets (DPR), Average delay and 
Energy consumption are considered here to evaluate the 
effectiveness of the proposed protocol HABAC over the 
conventional scheme mQHBM protocol. Delivery Rate 
of Packets: The packets that are successfully transmitted 
over the channel to the base station with respect to the 
time is said to be delivery rates of packets. It is measured 
by taking the difference between the total sent packets 
and total received packets and it is given in equation 3, 
here the variable n denoted for node count,

						      (3)

Figure 3: Delivery Rates of Packet 

Figure 3 shows the delivery rates of packets for both the 
proposed and conventional scheme. The proposed scheme 
HBACA protocol owns good delivery rates of packets 
when compared with the traditional mQHBM. Average 
Delay: Average delay can be defined by taking the time 
variations between the packets that received at present 

to the packets that received in previous. Equation 4 is 
used to measure the delay variations.

	 (4)

Figure 4 shows the graphical representation of average 
delay values for the proposed scheme HBACA and the 
conventional mQHBM. The proposed protocol HBACA 
attains low delay values for sending and receiving the 
packets over the channel compared to the conventional 
scheme. 

Energy Consumption: The amount of energy level that 
is consumed for the processing of data which includes 
sensing, processing and transmitting is said to be energy 
consumption. The energy consumption value is carried 
out for each round of transmission process.

Figure 4: Average Delay 

Figure 5: Energy Consumption 

The figure 5 shows the energy consumption value for 
both the proposed protocol HBACA and existing scheme 
mQHBM. It is clearly proved that the proposed HBACA 
scheme consumes low energy for overall process in order 
to improve the network lifetime when compared with 
the existing scheme. 

Conclusion

An energy efficient protocol HBACA is proposed to 
balance the energy consumption between the nodes. ACO 
algorithm is applied for cluster formation. After cluster 
formation cluster head is selected based upon node 
energy value. To avoid the frequent cluster reformation 
flexible and rigid thresholds are set for processing 
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successive rounds of transmission with the same cluster 
head. Node cost is measured by using cuckoo search 
algorithm and the hauler nodes are selected between 
cluster head and base station. Thereby efficient routes 
with reliable nodes are selected for data transmission. 
Simulation results are shown and the efficiency is proved 
for the proposed method.
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