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Abstract:In the current world of science and information technology, Wireless Sensor Networks (WSNs) have stepped-in to enhance the existent 
solutions in terms of saving energy and reducing delay. WSNs are mostly deployed in the scenarios that are never been faced which lead to 
performance degradation. Routing protocols play a vital role in WSNs in finding the perfect path between nodes, because routing protocols are the core 
responsibility for the network failure or success. In this paper, Reconnaissance Artificial Bee Colony Routing Protocol is proposed for outstanding routing 
in WSNs, which aims in finding the better route towards destination in an optimization enabled manner. The main goal of the proposed protocol is to spot 
the link failures that arise dynamically and find the best alternate route. This research paper uses the selective benchmark metrics in order to evaluate 
the proposed protocol in opposition to previous protocols in NS2. The results indicates that the proposed protocol having better performance than the 
previous protocols. 
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1. INTRODUCTION 
Wireless Sensor Network (WSN) is a common term to 
indicate a liberated set of miniature computers with the 
objective of sensing the current environment such as 
temperature, air humidity, radiations etc. WSN is made of 
multiple (hundreds or thousands) sensor nodes. The nodes 
in WSN get linked with each other by means wireless 
medium. Naturally, there exist a master node in the network 
to share the sensed information to the outside world. Before 
utilizing the WSN for the usage, many assumptions were 
made and it indicates that WSN is  entirely different from 
other types of wireless network. In general, the resources 
are extremely limited to the nodes in WSN. To sense the 
large scale areas, the processing cost of the nodes must be 
low. The processing cost indicates the memory and energy 
utilization. The applications of WSN mainly need the 
network components which consume energy in minimum. 
The term minimum indicates the level that is below the 
normal power utilization. The sensor nodes that are used in 
industries, medical field, badges and smart tags are inbuilt 
with coin size batteries which need to sustain for multiple 
months and years. The most applications in WSN are used 
for monitoring and controlling the equipments, but it need 
extended battery life. Also, the environment such as seas 
and forest monitoring include huge number of devices, 
where the frequency of battery replacement is very low. In 
short, WSN is becoming a major part of human lives. 
Currently, tremendous researches are being done in this 
research area to enhance the quality of service. To 
understand the research works to be carried out in WSN, 
excellent communication protocols are necessary. The 
inbuilt properties in sensor nodes faces multiple challenges 
when interacting with communication protocols, such as 
consumption of energy.  
 
 
 
 
 
 
 

The protocols of WSN are necessary to be tailored to 
enhance the performance such as delay, throughput and 
control overhead, but its main focus will be on reducing the 
energy consumption. The positions of the nodes are not 
considered to enhance the performance of WSN. Multi-hop 
communications are explored in nodes communications 
leading to minimum consumption of energy, which is better 
than communication in single-hop data transmission. The 
performance degradation in WSN gets happen due to link 
failures. The sensor nodes can identify its current status 
regarding the available energy, where sometimes the 
neighbor node can identify. The process involved in 
network management too can find the node status and 
initiate the steps to rectify it. In this regard, if a node wants 
to transmit the data means it will wait for the different time 
period to find the best path to destination. Construction of 
route initiates the control overheads in WSN which leads to 
shortened network lifetime or network failure. In critical 
applications like patient monitoring and defense area 
monitoring delay may lead to huge loss. Therefore, the 
optimization needs gets increased for (a) finding the link or 
node failure, (b) discovering the best route from sender 
node to receiver node, (c) alternate route detection. 
 

2. BACKGROUND STUDY 
Fuzzy Grid Routing Algorithm [1] aimed to save the battery 
life of sensor node in WSN in order to increase the lifetime. 
Routing was performed by utilizing the grid coordinator 
concept with the help of fuzzy rule which focused only on 
reducing the count of hop, but the results shows that the 
network lifetime got reduced. Ant Routing [2] was proposed 
to increase the routing quality by building the network 
hierarchy, which will be estimated to build before choosing 
the path. Ant Routing was proposed to utilize only the best 
path due to transferring the multimedia data. The result 
indicates that the protocol cannot give the quality of service 
in large scale network. Geographic Routing [3] was 
proposed increase the packet delivery ratio in underwater 
networks. Optimal forwarding was fully focused in 
geographic routing. Also, it focused in handling the voids by 
following the greedy approach. The results got reflected 
with positive values, where it affected the network 
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performance by creating the link failures. Adaptive Beacon 
Protocol [4] was proposed to combine the multiple channel 
communications by checking the link quality. It dealt with 
investigating the reason for link failures and took step to 
overcome it, but this increased the delay in the network 
resulting with reduced network lifetime. Renewable Routing 
Algorithm [5] aimed to optimize the routing of data in multi 
hop network by including the schedule for battery charging. 
The main problem raised here is the integration and 
differentiation formulation proceeding to non-polynomial 
program. (N+1)-phase methodology of providing the 
solution was adopted, but the results with reduced 
throughput indicates that the algorithm gets failure due to 
including the charging schedule. Strip-Routing-Protocol [6] 
focused to minimize the energy consumption in WSN. In 
this protocol mobility enabled data collector was introduced 
to collect the data from different clusters in WSN, where the 
range of transmission is altered for better results. But the 
results with decreased network lifetime indicates that the 
algorithm creates a load unbalancing in WSN. 
Differentiation based Routing-Protocol [7] aimed to find the 
better route to destination in WSN. The protocol was tested 
with two parameters namely single-path and multi-path for 
checking the reliability and time period, but the results 
shows that the protocol have worst performance in all 
considered environments having increased control 
overhead. Revamping Power Aware Routing Protocol [8] 
targeted to decrease the consumption of energy in WSN. It 
aims to create multiple clusters in the network to increase 
the intra domain communication. Trust level of the nodes 
are considered by using its available energy level, results 
with minimized network lifetime indicates that the protocol 
have made the nodes to lose the energy a lot. Trust 
Evaluation Protocol [9] was proposed to minimize the 
security attacks in WSN in order to increase the 
communication level. Every individual nodes are evaluated 
by using the communication so far made with other  nodes, 
which focuses on the success rate of communication. The 
results with unexpected increased delay shows that the 
protocol was making the nodes to waste its energy during 
the evaluation of trust. Operator Calculus Protocol [10] was 
proposed to find the important cum best route to destination 
containing centralized nodes. In order to use the centrality 
concept, operator calculus was applied focusing to find the 
optimized path. The error rate of bits became the drawback 
of the protocol in giving the throughput result. Reliable 
Algorithm for Data Transmission [11] was proposed to find 
the faulty nodes in WSN to increase the communication 
rate of WSN. It aims to calculate the loss rate in links 
available for sending the data to destination, and it checks 
the network for redundant data availability. The results with 
more increased number of transmission and retransmission 
indicates the weakness of the protocol towards delay and 
consumption of energy. Latency Aware Protocol [12] was 
proposed to take care the delivering of data where there 
exist a delay than the threshold delay. Time scheduling 
were followed to check the latency throughout the network. 
Time-Division-Multiple-Access were utilized for scheduling, 
but the result with reduced node lifetime shows the 
weakness of the protocol for WSN. Self Stabilizing Protocol 
[13] aimed to make estimation of current situation of the 
route and find the better route to destination. It focuses on 
cluster heads to communicate with slave nodes. Due to 

increase in control overhead the algorithm gets weak in 
increasing the network lifetime. Intrusion Tolerant Routing 
[14] was proposed to construct the tree structure in WSN to 
tolerate the damage happened by the intruder. To 
overcome this, security mechanism were increased, that is 
incorporating the hashing concepts. Due to applying of 
more security, the performance of WSN got affected in 
terms of network lifetime. Compressive Random Walk 
Routing [15] was proposed to decrease the consumption of 
energy in each nodes. Te sensor based data are 
restructured at the base station itself, but with a minimum 
number. Comprehensive data were collected and measured 
by using the random walk method. Increased delay in WSN 
shows the non-adaptability of the protocol in collecting the 
comprehensive data. Network-Coding Cluster Level Multi 
Path Duty Cycled Protocol [16] aimed to stable the load of 
network and use available node energy in better manner. 
The sensor nodes attempt to manage the cluster and fully 
used to construct different routes between the nodes. 
Because of  finding many alternate routes, much energy 
was wasted. Energy-Aware-Distribution based Routing-
Protocol [17] aimed to adjust the performance of WSN 
when there arise a link failures. It works in heterogeneous 
WSN. It focus to find the link failures during the routing. 
Also, it aim to maintain the available routes. Bioinspired 
routing protocols [18], [19] were proposed to minimize the 
delay in cognitive radio networks, but it didn’t give 
benchmark results in WSN. Power Aware Multicast tree 
based protocol [20] was proposed for WSN to reduce the 
consumption of energy, but the delay got increased due to 
applying in heterogeneous network. 
 

3. RECONNAISSANCE ARTIFICIAL BEE 
COLONY ROUTING PROTOCOL 
Artificial Bee Colony (ABC) algorithm based routing 
protocols are proposed to resolve the single intentional 
optimization based problems, further it cannot be utilized to 
resolve the multi intentional optimization based problems. In 
ABC, it is well known that individuals (i.e., the bees) are 
available in population and it holds the ability of encoding 
the candidate solutions (i.e., the food source), where the 
fitness denotes the quality. To resolve the optimization 
oriented problems in routing in WSN, this research work 
uses the special integer variable matrix for encoding in 
order to indicate the candidate solution, where it clearly 
indicates the multicast tree that is derived from sender node 
to receiver node and it expressed as set S and it holds 

               as receiving nodes. To produce a 

reconnaissance multicast tree during the searching 
process, arbitrary depthfirst seeking process is proposed 
and named as pathsearch. It is mainly utilized to seek a 

route sender node   to receiver nodes        . Once after 
seeking the routes to destination  , minimum spanning tree 

algorithm is applied to ensemble the routes in multicast 
tree. In the process of finding the route to destination, an 
mark array concept is employed to accumulate few nodes 
that are inserted in the route. If suppose, there exist not 

even a single node to connect   , then it is preferred to 

delete it from the route. It is necessary to blacklist it as no 

access available and mark the route between    and      
as disconnected route. Due to the network in connection, 
algorithm have the ability to find a new path in a eventual 
manner. RABCRP has considered multi objective and 
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utilizes the concept of dominance to achieve it. In order to 
achieve 2 feasible solutions,   and   are considered as 

dominance variable for a reducing the optimization problem 

that is being increased:      (                   ) say 

  dominate  (   )         ( )    ( ), and      ( )  
  ( )     ,   -  By considering the above definition, it is 

possible to view and understand that a feasible solution 
cannot dominate the other in a equivalent time. To save the 
candidates (i.e., the feasible solutions) and utilizing them to 
afford useful information to direct the process of foraging. 
To preserve these candidates and use them to provide 
valuable information to guide the foraging process, a 
separate variable archiving is introduced and utilized to 
grasp them. During every individual generation, multiple 
food sources are discovered and it is updated in the archive 
by following the dominance definition. In order to evaluate 
the present food sources   and calculating their 

attractiveness for onlooker bees, RABCRP follows a new 
strategy that considers dominating candidates and 
dominated candidates that return from present source of 

food and archive. For every source of current food,     , 

it has the probability of selection as  (  ) and it is 

mathematically expressed as: 

  (  )  
 

 (  )   (  )
 (1) 

 (  )  
 

 
∫   (  )   (  ) 
        

   

 (2) 

 (  )  ∫*(     )  (     )+              

  

 

 (3) 

 (  ) is fully utilized to appraise the candidates (i.e., the 

bees) density in and around   , which will be based on 

nearest neighbors          and it is utilized to compute the 

location (i.e.,   ) and candidates, that are dominated by 
cum dominated. The       operator indicates the space 

between 2 candidates in order to meet the objective. It is 

vital to make a note that,    is not and never dominated by 

others when the value is 0, but the increased or maximum 

value indicates that    is dominated and being dominated 

by multiple individuals.Perceptibly,  (  )    indicates at 

least one candidate is dominated by another candidate and 
it selects a probability value based on   value. For 2 

candidates having similar probability, candidate having 
minimum   value has the maximum chance of getting the 
better probability value. The time period of selecting the 
probability calculation process will be dominated by the 

function of density estimation  (        ) and   
          Moreover, the main objective result values are 

necessarily to be normalized while performing the 
calculation of selecting the probability value. In RABCRP, 
the onlooker bees will not be flying on the selected food 
source and utilizes a below strategy. 

a) Choosing a    (i.e., destination node) in random 

manner in a multicast tree that corresponds to    
food source. 

b) Choosing a   (i.e., node) in a ransom manner in 

the route between sender node (i.e., t) and receiver 

node (i.e.,   ). 
c) Ensuring    before it continues to find a route 

between sender node (i.e., t) and receiver node 

(i.e.,   ) by utilizing route search process. 
d) Applying minimum spanning tree algorithm 

methodology to frame a fresh multicast tree. 
In order to provide the location of food source for the 

candidate, it uses the current value of    and the 

appropriate strategy is as follows: 

a) Choosing the accurate destination node    in a 

random manner from the available multicast tree 

that corresponds to    . Route seeking process is 
applied to find the sender node   to the destination 

node. 
b) After finishing the route seeking process, minimum 

spanning tree algorithm concept is applied to 
outline the multicast tree. 

c) If a old food source is dominated by a fresh food 
source, the value is updated to 0. 

d) If a fresh food source is dominated by the old food 
source, the value will be maximized by 1. 

e) If old food source and new food source didn’t get 
dominated by each other, then the old food source 
will be replaced by new food source, and the 
values are not changed. 

In real time of bee colony, at a specific point of condition the 
employed bee becomes a scout. The condition is, exhaust 
of food source. If suppose, a scout discovers the food 
source in a rich manner means it will be employed. For 
simulating the behavior of bees, the following strategies are 
used in RABCRP: 

a) Offering a appropriate position which will never 
enhanced further with prior iteration count. 

b) Consideration of food sources to be abandon, 
where the employed bees will start acting as scout 
bees. 

c) Due to having no experience on food foraging, the 
scout bees will look the multicast tree for the route 
between sender node and destination node by 
utilizing random search method. 

Stages involved in RABCRP: 
Stage 1: In this stage initialization process is carried out. 
Carrying the semi population as employed bees and the 
remaining as onlooker bees. Apply route search concept 
and minimum spanning tree to food source position for 
every employed bees. Analyzing the solutions which does 
not make domination with each other in order to make a 
updation in outside archive. 
Stage 2: In this stage employed bees are exploited. 
Generate a new solution (i.e., the food source) for every 
employed bee and revise the source of food source by 
applying the greedy selection method. If abandon limit is 
reached means, the employed bee are made to release  the 
memory for forgetting and it becomes a chance for 
exploring the scout bees. 
Stage 3: In this stage scout bees are explored. Scout bees 
are made to flew in fresh search area in order to discover 
the fresh multicast tree from sender node   and receiver 
node  . Once after finding the fresh multicast tree, scout 

bee will start acting as employed bee. 
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Stage 4: In this stage, food source preference are 
calculated. Probability values are used for the preference 
calculation that are offered by the onlooker bee based on 
Eqn. [3]. This stage provides an opportunity for exploring 
the onlooker bee. 
Stage 5: In this stage, onlooker bees are explored to 
generate a new food source from the present food source 
based on the probability calculation. It is used to update or 
revise the food source by utilizing the greedy selection 
method. 
Stage 6: In this stage, termination conditions are set. If the 
condition of termination is not met, then it is necessary go 
back to stage 2, else algorithm is stopped. 
 

4. PERFORMANCE EVALUATION 
Performance evaluation was made to make an analysis 
about the proposed protocol in giving the quality of service 
than the previous routing protocols. For conducting the 
simulation NS2 is used in this research work. For the 
wireless network simulation, NS2 plays a major and stable 
role. EADRA [17] and NCCM-DC [16] are used in 
comparison in order to find how far the proposed protocol 
works better. Table 1 shows the simulation settings used for 
this research work. Depletion rate of energy, packet 
delivery ratio’s success rate, tolerance of node failure and 
lifetime of the network are considered for evaluating the 
protocols. Node count is considered as the parameter for 
conducting the simulation. 

 
Table 1: Simulation Settings 

Parameter Values 
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5. RESULTS AND DISCUSSION 
 
5.1 Depletion Rate of Energy 
This metric shows the speed of energy that gets exhausted 
at the sending node while data gets transmitted. Figure 1 

indicates the proportion of energy depletion at node count 
by RABCRP and previous available protocols EADRA [17] 
and NCCM-DC [16]. It is noticed that RABCRP have used 
minimum level of energy and the previous available 
protocols have used maximum energy level. 

 
 

Figure 1. Nodes vs depletion rate 
 
5.2 Survival of Nodes 
Node survivability shows the survival of nodes during the 
increase in the network load. Figure 2 indicates that nodes 

getting better survivability in RABCRP than NCCM-DC [16] 
and EADRA [17], it is because the energy is saved a lot in 
RABCRP

. 

 
Figure 2. Nodes vs Survivability 

 
5.3 Packet Delivery Ratio 
This metric reflects the proportion of receiving the data 
packets by receiver node in a successful manner. Figure 3 
clearly indicates that packet delivery ratio is getting 

enhanced when node count gets increased, but the 
previous available protocols EADRA [17] and NCCM-DC 
[16] didn’t deliver the packet in a better manner. 
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Figure 3. Nodes vs Packet Delivery 

 
 
5.4 Packet Delay 
This metric shows  the consumption of time by the protocols 
to make the data reach the destination. Figure 4 indicates 

that RABCRP consumes minimum time, where NCCM-DC 
[16] and EADRA [17] takes lengthier time to deliver the 
data. 

 
Figure 4. Nodes vs Delay 

 
5.5 Tolerance of Node Failure 
This metric indicates the nodes tolerant rate while the link 
gets failure. Figure 5 shows nodes tolerance level in 
RABCRP, NCCM-DC [16], and EADRA [17]. It is very clear 

that that RABCRP is able to tolerate the link failure by 
finding the alternate route based on size of the data which 
is not followed by NCCM-DC [16] and EADRA [17]. 
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Figure 5. Tolerance of Failure vs Nodes 

 
 
5.6 Lifetime of Network 
This metric shows successful running of WSN even nodes 
scaled high. Figure 6 indicates that RABCRP have 

outperformed NCCM-DC [16] and EADRA [17] by providing 
better lifetime to the network. 

 
Figure 6. Network Lifetime vs Nodes 

 

 
6. CONCLUSION 
In this paper, bioinspired based protocol is proposed with 
optimization in order to find the link failure of links that arise 
dynamically across the WSN. The proposed protocol not 
only focus to detect the link failures but also to seek the 
better alternative route, and for that it utilizes the foraging 
behavior of bees. To check the performance of proposed 
protocol it is compared with existing routing protocols. With 
chosen performance metrics evaluation is carried out in 
NS2 with the parameter of node count. The results clearly 
demonstrates that the proposed protocol outperforms the 
previous protocol in finding the link failures and reducing 
the consumption of energy to maximize the lifetime of 
network. 
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