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Abstract 

Wireless Body Area Sensor Network (WBASN) enables users to track the user information through body attached 
handheld devices. WBASN have been widely used in neuro and cognitive healthcare applications because of the raise 
in brain related medical issues. The information monitored through this sensor devices will be send to server 
periodically to analyze and make decision regarding users. However sharing these information with the server will be 
more complex process due to limitations of WBAN devices. WBAN devices are smaller in size and also limited to 
energy where it is required to concentrate on energy consumption to ensure the successful data transmission. And 
also in the rural areas with lesser network connectivity it is more complex to transmit the data. This is focused in this 
work to ensure the successful data communication even with lesser network connectivity and limited energy 
resource. In this research work Energy and Network Connectivity concerned Adhoc On-Demand Distance Vector 
Protocol (ENC-AODV) is introduced for successful data transmission. In this research work, initially node position 
estimation is done based on angular information. Based on this node position information node clustering is done by 
using Position and Distance aware Clustering algorithm. Here Improved Fuzzy C Means algorithm is introduced for 
clustering process. After clustering optimal cluster head selection is done using Crow Search Algorithm (CSA) where 
fitness values considered are residual energy, node’s signal strength, position of nodes and distance to sink node. 
Through this cluster head secured routing is enabled by authenticating the cluster members, thus selfish and 
malicious nodes can be eliminated from the routing process. Here authentication is done by using dynamic 
authentication which consists of four phases such as user registration, Access permission entry, Access detail updation 
and authentication. After authentication Hybrid Ad hoc On-demand Distance Vector-Cuckoo Search (AODV-CS) 
protocol is utilized to perform routing. In NS2 simulation environment, this research work is analysed experimentally. 
With optimized energy conservation, data can be transmitted successfully in an optimum way by this proposed 
protocol as indicated by the results of simulation. 
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Introduction 

In wireless sensor networks (WSN), due to high 
potential value, Wireless body area networks 
(WBAN) attracted more attention. Social problems 
like tense medical personnel and facilities, 
increasing aging population rampant chronic 
diseases are solved using WBAN emergence [1]. 
Fast application WBAN is expected by more people. 
WBAN is progressed due to rapid developments is 

communication technology and sensor technology. 
But, there are various issues, challenges and 
problems in application and research of WBAN [2]. 
In recent decades, this WBASN is widely used for 
neuro-medical issues like Parkinson’s disease, 
intractable epilepsy and chronic pain.  
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Collection of light weight, invasive or non-invasive 
and low power body sensor nodes are includes in 
Wireless body area networks (WBANs). These 
nodes are implanted inside body or worn on body. 
There are three various tiers in WBAN 
architecture[3]. They are Tier-1 as Intra-BAN, Tier-
2 as Inter-BAN and Tier-3 as Extra-BAN. Figure 1 
shows this architecture.  
Data are collected by body sensor nodes in Tier-1 
and collected data are forwarded to coordinator. 
Received data are processed by coordinator in Tier-
2 and forwarded to sink node. Through internet 
and other communication methods, packets are 
forwarded to health-centre from sink node. 

 

Fig.1. Wireless body area network architecture [3] 

Conventional wireless sensor networks (WSNs) 
subset is WBAN. Elderly people’s real time patient 
monitoring, various disease detection in early 
stages are done by using this WBAN. These nodes 
are implanted inside body or worn on body. Base 
station is given with sensed data and this data are 
given to sink. This data are forwarded to respective 
health care centres by sink node. 
Accurate and quick transmission and reception of 
data between node defines the WBAN’s efficiency 
and reliability. Selected routing algorithms are 
protocol defines this fast and accuracy. Radiation is 
emitted from on-body or in-body sensor node’s 
transceivers in order to transmit the information. 
This process is same as the one used in WSNs. 
In past few decades, various studies are conducted 
on the WSN routing protocols. In WBANs, these 
protocols not able to used because of its 
requirements of stringent. Minimization of energy 
consumption, routing overhead and maximization 
of throughput are the major focus of WSN [4]. 
WSNs are homogenous where WBANs are 
heterogeneous [5]. 
In network, routes can be identified and maintained 
by a set of protocols known as routing protocols. 
This leads to efficient transmission of data among 
nodes. For reliable communication in WSN, 

important role is played by routing protocols. 
Routing is a resource hungry operation. 
For WBSN, energy efficient routing protocol has to 
be designed. Energy and Network Connectivity 
concerned Adhoc On-Demand Distance Vector 
Protocol (ENC-CS-AODV) based on Crow Search 
based Cluster Head selection is designed in this 
work. This proposed method is used for improving 
efficiency of energy around 25 % when compared 
to available methods. 
In ENC-CS-AODV routing protocol, Base Station 
(BS) is placed far away and adapted a gateway 
method. In sensing area’s centre, it is placed. Crow 
Search algorithm is used for selecting heads of 
cluster in proposed ENC-CS-AODV protocol. Fuzzy 
C Means algorithm is used for clustering. With 
respect to efficiency, compared the performance of 
available protocols with proposed ENC-CS-AODV 
protocol. An experimental result shows the 
effectiveness of proposed method. Major 
contributions of this work are, 
A fuzzy C-Means algorithm is used to form clusters. 
Network’s overall lifetime is effected by distance, 
energy consumption, cluster reformation, selection 
of cluster head. 
(2)Node with good state is selected as a CH, by 
dynamically constructing CSO. Distance from sink 
and energy are considered by this CSO. Reliable 
multi-hop data transmission can be achieved by 
this. 
(3) Existing and proposed protocol are compared 
by establishing simulation experiment platform. 
Reliable data transmission and enhanced lifetime of 
a network is achieved in proposed protocol as 
shown by results of simulation. 
Section 2 discusses about related work, proposed 
system model is described in section 3. Section 4 
presents proposed protocol’s simulation results. 
Section 5 summarizes the work with future 
enhancement. 
 

Literature Survey 

For WBAN, multi-hop or two hop method can be 
used as proven by various studies. Network’s 
energy consumption is balanced by this, which 
enhances energy efficiency. In multi-hop routing, 
next hop node selection is a current topic research 
[6]. Moid et al. [7] selected a next hop node by 
considering node’s residual energy. Best next hop 
corresponds to a node having high residual energy. 
Network’s energy consumption may be balanced by 
this method. But is had high rate of packet loss of 
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high delay. 
Ahmed et al. [8] selected best next hop by 
proposing minimum hop routing protocol. Node 
having low hops from sink is selected as a best next 
hop. Low delay QoS demand is satisfied by this 
method. Excessive consumption of energy and 
frequent participation of node may leads to quitting 
of network. Jamil et al. [9] proposed adaptive 
thermal-aware routing protocol (ATAR). It is based 
temperature and implanted bio-medical sensors 
nodes temperature rise issue are rectified by 
designing this protocol. 
In temperature increasing case, alternative route is 
computed by Multi-Ring routing method. In this 
method, overhead is increased by maintaining 
hops, temperature and ring information. Volume 
network having limited resources, cannot adapt 
this protocol. 
Bhangwar et al. [10] proposed a trust and thermal 
aware routing protocol (TTRP). Best next hop 
selection is done by considering parameters of 
trust and temperature. Between nodes, reliable 
communication is ensured by this. It provides 
safety to human body. But, it does not consider 
about consumption of energy. Khann et al. [11] 
selected next hop node based distance to sink and 
residual energy characteristics by designing multi-
hop routing protocol. Node’s residual energy is 
considered by this method. But energy efficiency is 
low. In network centre, energy consumption is 
accelerated by this. 
Smita et al. [12] selected next hop node by cost 
function construction via modified new-attempt 
routing protocol. Data transmission rate, residual 
energy, distance between nodes are used for 
computing this cost function. It has low delay and 
meets energy efficiency QoS requirements. Su et al. 
[13] implemented a improved temperature and 
mobility aware routing protocol. Best next hop is 
selected by considering routing metrics like quality 
of link, temperature and hop count. 
The weakness is that the vitality utilization of hubs 
isn't considered. Ghufran et al. [14] proposed a 
warm and vitality mindful steering convention, and 
think about the weighted normal of three expenses 
while choosing the directing way: vitality 
utilization, heat dissemination, and connection 
quality. The best next jump hub has the attributes 
of progressively leftover vitality, lower 
temperature and higher connection quality, which 
can meet a few Qos necessities.  
A vitality mindful connection proficient steering 
convention was proposed by Anwar et al. [15], and 

a multi-parameter cost work is built when choosing 
the best next jump hub. The leftover vitality, 
interface quality, bounces and separation to the 
sink are considered completely, and the weight 
components of every parameter are set falsely. 
Despite the fact that the convention meets various 
Qos prerequisites, it doesn't think about the need of 
information arrangement and transmission, so it 
can't ensure the convenient and dependable 
transmission of crisis information.  
Additionally, Sangwan et al. [16] proposed a 
dependable vitality proficient multi-jump steering 
convention, and this convention develops a cost 
capacity which thinks about the parameters of the 
leftover vitality, the separation to the sink, the 
disappointment likelihood and the correspondence 
tally to acknowledge solid and effective information 
transmission. Through the investigation of the 
above steering conventions, there are still a few 
weaknesses in the following jump hub choice 
technique. It can not just accomplish solid and 
productive directing transmission of information, 
yet in addition improve the vitality proficiency of 
system, and in this way draw out the system 
lifetime. Following is a nitty gritty portrayal of the 
framework model, development of the greatest 
advantage work, steering procedure and execution 
assessment of the proposed directing convention. 
It is clearly observed from the above mentioned 
existing works that, the application of WBAN is 
widely used in medical sciences, especially in neuro 
and cognitive healthcare applications.  
 

Proposed Methodology 

Figure 2 shows the proposed network connectivity 
and energy-aware routing protocol. Crow search 
algorithm, which is proposed, is used for selecting 
optimum CH. Based on traffic density, delay, 
energy, distance, cluster head is selected by 
proposed algorithm. 
Formulated objective function is used by Crow 
Search algorithm in order to select optimum CH. 
Objective function is minimized in order to 
minimize, traffic density, transmission delay, 
required energy for data packet transmission, data 
packet transmission distance. It should maximize 
the node’s remaining energy. Fuzzy c-means 
algorithm is used for clustering. 
Network connectivity routing in an energy aware 
manner and network lifetime extension are enabled 
by objective function. In every iteration, changed 
CH, depending on optimum CH computed using 
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Crow Search algorithm. CH position is hold by 
every node in WSNs. Figure 2 illustrates the 
proposed ENC-CS-AODV. 

 

Fig.2. Diagram of Proposed ENC-CS-AODV 

 

System Model 

Patient’s health changes are captured by a 
proposed routing protocol used in wireless body 
area network. Every bio sensor’s functions are used 
in this. Electrical signals are formed by converting 
them and to medical server, they are conveyed. 
Energy and Network Connectivity concerned Adhoc 
On-Demand Distance Vector Protocol (ENC-CS-
AODV) is used for selection of cluster head in crow 
search. Same energy 𝐸0 is contained in every 
biosensor during initial stage. 
In this network, there are two gateway body 
sensors. In order to receive information form head 
of the cluster, one sensor is placed at human body 
waist. Received information will be send to base 
station. In order to receive information from bio 
sensor directly, one gateway is placed at patient 
neck. Outside of the network, base station is placed. 
Lifetime of a network is maximized while 
minimizing energy dissipation. 
Bio sensor deployment based on its functionality is 
a first step of this system. Initial energy, location, 
type, ID are used for characterizing every bio 
sensors. Two methods are used in proposed 
protocol, for transmitting data to base station. This 
is done through gateway nodes. 
Direct transmission: Data is directly sent to proper 

gateway by critical biosensors. 
Transmission via CH: Using clustering algorithm, 
data is transmitted to proper gateway by 
biosensors. In every iteration, performed cluster 
head selection. Cluster head is selected from a node 
having maximum energy and minimum distance 
from gateway. Using expression (1), selection of CH 
is done. 

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛  𝑑, 𝐸 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝐸𝑛𝑒𝑟𝑔𝑦
 

(1) 

Where, distance gives𝑑the network connectivity 
and Energy is expressed as 𝐸.From cluster member, 
data are collected by cluster head and it aggregates 
the data. Aggregated data will be transmitted to 
gateway body sensor and it data is routed to base 
station by gateway body sensor.  
Distance: In WBANs, in data transmission, distance 
parameter need is explained by distance measure 
[2]. Distance between cluster head and members 
are computed, if a biosensor node is selected as a 
CH. This is should be minimum value. From CH, bio 
sensor node having minimum distance is selected 
for data transmission. Expression (2) gives the 
value of distance, 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

=
   𝑁𝑘

𝑛 − 𝑁𝑙
𝐶𝐻 +  𝑁𝑙

𝐶𝐻 − 𝑁𝑙
𝑆 𝐶𝐻

𝑙=1
𝑚
𝑘=1

  𝑁𝑘
𝑛 − 𝑁𝑙

𝐶𝐻 𝑕
𝑙=1

 ∀𝑙 ∈ 𝑘 

(2) 

Where, total number of bio sensor node is 
represented as 𝑚 and total number of cluster heads 
is represented as 𝑁𝐶𝐻 , 𝑁𝑛represents normal node, 
𝑙th cluster head is represented as 𝑁𝑙

𝐶𝐻and 
𝑁𝑆represents sink node. 
Energy: For a network node, there should be 
maximum value of this parameter. In network, 
continuation of transmission of data by a node is 
explained by this energy value. In WSNs, there 
should be minimum value of data transmission 
energy. Cumulative energies are subtracted to form 
a minimization problem from maximization 
problem and it is given by, 
𝐸𝑛𝑒𝑟𝑔𝑦

=
 𝑁𝑐

𝑒 𝑙 𝐶𝐻
𝑙=1

𝐶𝐻 × max𝑙=1
𝐶𝐻  𝑒 𝑁𝑙

𝑛  × max𝑙=1
𝐶𝐻  𝑒 𝑁𝑙

𝐶𝐻  
∀𝑘 

Where 𝑁𝑐
𝑒 𝑙 =   1 − 𝑒 𝑁𝑘

𝑛 ∗ 𝑒 𝑁𝑙
𝐻  ;  1 ≤𝑚

𝑘=1

𝑙≤𝐶𝐻 
∈ 𝑙 

(3) 

Better CH corresponds to a cluster having low 
energy level. Entire CH’s cumulative energy is given 
by  𝑁𝑐

𝑒 𝑙 𝐶𝐻
𝑙=1 . Product of total cluster head 

numbers, cluster head’s maximum energy value 
and sensor nodes used in transmission is given by 
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𝐻 × max𝑙=1
𝐶𝐻  𝑒 𝑁𝑙

𝑛  × max𝑙=1
𝐶𝐻  𝑒 𝑁𝑙

𝐶𝐻  . 

Denominator’s maximum value will be 1. 
 
 

Forming Clusters Using FCM Algorithm 

FCM algorithm is used by BS in order to form a 
static clusters in ENC-CS-AODV. Cluster sensor 
nodes are clustered by BS, based upon receiving 
node’s information regarding its location. For 
clustering various algorithms can be used. Fuzzy 
clustering is the best method. In fuzzy clustering, 
most common algorithm corresponds to FCM 
algorithm. Traditional clustering methods like K-
means algorithm are despite in FCM clustering 
algorithm. Every input sample is clustered in only 
one group. It is done by considering every input 
sample’s degree of belonging. Objective function 
𝐽𝑚 minimization forms base for FCM algorithm. 
Cluster centre’s defines this function as well as 
inputs fuzzy belonging. Expression (4), gives the 
objective function. 

𝐽𝑚 𝑈, 𝑉 =   𝑢𝑖𝑗
𝑚𝑑2 𝑥𝑗, 𝑣𝑖 

𝐶

𝑖=1

𝑁

𝑗=1

 
(4) 

Where, number of bio sensor nodes is expressed as 
𝑁, number of clusters is given by 𝐶, coordinates of 
node j is represented as 𝑥𝑗 , centre coordinates of 

cluster𝑖 is given by 𝑣𝑖and Euclidean distance 

between 𝑥𝑗  and 𝑣𝑖 is represented as 𝑑 𝑥𝑗 , 𝑣𝑖 and 

using expression (6), it can be computed, constant 
parameter is given by 𝑚 and it is called as degree of 
fuzzifier. Influence of ratio between fuzzy belonging 
amount and Euclidean distance can be controlled 
by changing this degree. Here it is assumed as 2. 
Belonging of node 𝑗 to cluster 𝑖is represented as 
𝑢𝑖𝑗 and it should must satisfy the conditions 

expressed in (7). Using expression (8), fuzzy 
belonging value can be obtained. 

𝑑 𝑥𝑗 , 𝑣𝑖 =  𝑥𝑗 − 𝑣𝑗  (5) 

𝑢𝑖𝑗𝜀 0,1 ,  𝑢𝑖𝑗 = 1𝐶
𝑖=1  (6) 

𝑢𝑖𝑗 =
1

  𝑑 𝑥𝑗, 𝑣𝑗 𝑑 𝑥𝑗, 𝑣𝑘   2  𝑚−1  𝐶
𝑘=1

 
(7) 

𝑋 =   𝑥1, 𝑥2, . . . , 𝑥𝑗, . . . , 𝑥𝑁 is an input matrix 
withdimension of 𝑁 × 𝑃, where number of nodes is 
expressed by 𝑁and number of every node's 
characteristics is represented by 𝑃  every node’s 
transverse and longitudinal positions). 
𝑉 =  𝑣1, 𝑣2, … , 𝑣𝑖 , … , 𝑣𝐶 Defines cluster centre’s 
matrix and it can be calculated as, 

𝑣𝑖 =
 𝑢𝑖𝑗

𝑚𝑥𝑗
𝑁
𝑗=1

 𝑢𝑖𝑗
𝑚𝑁

𝑗=1

 
(8) 

Objective function expressed in (5) is minimized in 
every iteration of FCM algorithm. Expression (6) is 
used to compute Euclidean distances. Expression 
(7) is used to compute belonging fuzzy values. 
Using (8), updated cluster centre’s. Predefined 
number of iterations defines, algorithm’s 
termination condition. In next subsection, 
computation of number of clusters by 
experimentation is explained. Every node is going 
to have fuzzy set corresponding to clusters, after 
the computation of number of clusters and 
application of FCM clustering algorithm on nodes of 
network. Cluster having maximum fuzzy belonging 
of a node will be allocated with that node. Cluster 
centre is computed after forming clusters and every 
cluster centre ID is assigned by BS. 
 

Proposed CSO Algorithm for Optimal Cluster Head 
Selection 

Optimum CH can be computed by using CSO 
algorithm. In WBAN, energy-aware routing is also 
enabled by this. It is an optimization algorithm 
based on population and it is a meta-heuristic, CSO 
[30]. Behavior of crows in flocks is followed in this 
algorithm. Hiding excess food by crow behavior is 
also included in this. In search, hidden food is 
searched. Awareness probability and flight length 
are adjustable parameters used by CSO. Various 
decision variables, constraints, objective functions 
are used by CSO and it is used various applications. 
It has a very less convergence rate. This is the 
major advantage of it. 
Initialization: Initialize the population of total 
crow. Position of those crow has to be computed. 
Optimum CH corresponds to a crow with best 
position. Bio sensor node or crow’s total population 
is computed as,  

𝑊 =  𝑊1, 𝑊2, …𝑊𝑢 , … , 𝑊𝑎  (10) 
Where, in population, total number of crows (bio 
sensor nodes) is represented by 𝑎and 𝑢th crow is 
represented as 𝑊𝑢 , in search area of 𝐷 dimensiona, 
distributed 𝑎as individual crow present in flock. 
For an issue, feasible solution is given by this 
including 𝐷 number of the decision variables. 
Expression (10) is used to indicate the biosensor 
node’s position. 

 

𝑌1
1 … 𝑌𝐷

1

𝑌1
2 … 𝑌𝐷

2

⋮ ⋮ ⋮
𝑌1

𝑎 … 𝑌𝐷
𝑎

  

(11) 

The memory of the bio sensor node is given by 
Eq.(11), 
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𝑙1
1 … 𝑙𝐷

1

𝑙1
2 … 𝑙𝐷

2

⋮ ⋮ ⋮
𝑙1
𝑎 … 𝑙𝐷

𝑎

  

(12) 

Knowledge about hidden food position is not 
contained in bio search node during the start of 
search. Initial position of bio sensor node has, 
hidden food position. In search process, bio sensor 
node is involved. Hidden food’s position is 
memorized by bio sensor node. Expression 18 can 
be used for computing hidden food’s position via 
bio sensor nodes. 
Compute the objective function: Designed 
objective function defines best bio sensor’s 
optimum selection. Objective function is computed 
as in Eq.(13) based on the parameters, such as 
energy, distance. The objective function should 
attain a minimum value. 

𝐹 =  𝜒1 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 +  𝜒2 ∗ 𝐸𝑛𝑒𝑟𝑔𝑦 (13) 
Where χ1 and χ2 are fitness coefficients that are 
fixed at time simulating WBANs using the proposed 
CSO algorithm. 
Position update using proposed CSO algorithm: 
Bio sensor node updates its new position based on 
the proposed CSO algorithm and two conditions 
limits the update of position. Feasible solution is 
given by first solution and non-feasible solution is 
given by second solution. The 𝑣th bio sensor node 
is followed by 𝑢th bio sensor node, if it is trying to 
update its position. Hidden food position is traced 
by this follow. Thievery action equals this. Take 𝐶𝑣  
as precursor bio sensor node and 𝐶𝑢  is a thievery of 
bio sensor node which follows 𝑣th bio sensor node 
for position update.  
Newly generated positions feasibility must be 
checked after computing position. Update the 
position, if it is feasible, else sustain, bio sensor 
node’s initial position. Random search process is 
followed. Variation of random number lies between 
0 to 1. CSO’s expression used for updating position 
is expressed as, 

𝑌𝑢,𝑇+1 = 𝑌𝑢,𝑇 + 𝛾𝑢 × 𝑓𝑢,𝑇 ×  𝑀𝑣,𝑇 − 𝑌𝑢,𝑇  (14) 

Where 𝛾𝑢  denotes random number associated with 
𝑢th bio sensor node and its value vary in the range 
0 ≤  𝑟𝑢  ≤  1, and, 𝑓𝑢 ,𝑇implies flight length of the 
uth bio sensor node, 𝑌𝑢 ,𝑇indicates the position of 
the bio sensor node, in first iteration or in current 
iteration bio sensor node’s initial position is given 
by𝐶𝑢 ,. 𝑣th bio sensor node’s memory is indicated by 
𝑀𝑣,𝑡 .  
Compute the objective function to determine 
the best position: Function computed using 

expression 13 is used for selecting best solution. 
The uth bio sensor node’s newly updated position is 
computed by verifying objective function. 
Updating the memory of the bio sensor node: In 
following iterations, further search process is done 
by memorizing the bio sensor node’s hidden food 
position after updating bio sensor node’s position. 
Using expression 15, performed the bio sensor 
node’s memory update. Hidden food’s availability 
record is maintained by memorizing bio sensor 
node’s location. In forthcoming iterations, search 
process can be done using this. 

𝑙𝑢,𝑇+1

=  
𝑌𝑢,𝑇+1 𝑓𝑖𝑡 𝑌𝑢,𝑇+1 𝑖𝑠 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡𝑎𝑕𝑛 𝑓𝑖𝑡 𝑌𝑢,𝑇 

𝑌𝑢,𝑇 𝑜𝑡𝑕𝑒𝑟𝑤𝑖𝑠𝑒
  

(15) 

If new position’s objective position is better, 𝑣th bio 
sensor node’s hidden food position is memorized 
for 𝑢th bio sensor node’s new position. Objective 
function is followed by an estimation and if 
minimum value is attained by an objective function, 
position of bio sensor node is updated. New 
position corresponds to a position of objective 
function with minimum value. Update the position 
and proceeds. Position is memorized. Else, bio 
sensor node will remain in its position and update 
of position id dropped. Crow’s initial position is 
memorized by bio sensor node, if newly computed 
position’s fitness is not fit with position at 
initialization. 
Stopping Criterion: Steps are iterated 
continuously from initialization step to update 
memory until reaching maximum iterations. 
Depending on the objective function, crow’s best 
position is computed at last and that is considered 
as the optimal CH selection. 

 

Routing Process of ENC-CS-AODV  

There are three stages in the routing process of this 
protocol which is proposed. They are data 
forwarding, selection of best next hop node and 
initialization stage. 
 

Network Initialization 

Hello message is broadcasted to entire network by 
sink node in this proposed protocol. Sink node’s 
location is included in that message. All nodes 
update sink’s location immediately after receiving 
hello message. To network, nodes will reply with a 
Hello message. Hops to sink, available bandwidth, 
distance, transmission efficiency, residual energy, 
location, ID of bio sensor node are included in that 
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message. Sink and neighbor nodes locations are 
known by bio sensor node at this time. Information 
table of Neighbor nodes NT (Neighbors Table), is 
established by every node, after completing 
initialization process. In NT, generate best next hop. 
Node with high residual energy is selected as CH by 
using CSO. Between nodes, reliable communication 
with low delay is ensured by CH. Node energy 
consumption is balanced by this method. Lifetime 
of a network is enhanced by this. In multi-hop 
routing, total number of hops must not exceed 3 
hops as stipulated by this protocol. Algorithm 2 
shows the algorithm used for selecting best CH. 

Algorithm 2: The CH selection procedure 

Input:S: source bio sensor 
node, Sink: coordinator, E: energy function of bio 
sensor node i, NT: neighbor table; 

Output:N-best (i): best CH node for i 

Process: 

1: Start 

2: if S is having packets for transmitting 
to Sink then 

3: From NT, best next hop is selected; 

4:   for each record in NT to 

5:    Procedure call CSO () 

5.1. Initialize the bio sensor node (Crow) 
position randomly 

5.2. Evaluate fitness function as in Eq.(13) 

5.3.Initialize the memory of search crow  

5.4. Position finding using Eq(17 &18) 

5.5.check the feasibility of position updating of 
the search space 

5.6. Evaluate the new position by Eq.(14) 

5.7.Updation of position is done which is 
memorized 

5.8 Iteration increases check termination 
criteria  

6:     N-best (i)←max  Energy}, the 
optimal position of CH is selected 

7:    end for 

8: end for 

9: end 

For every node, minimum energy threshold 𝐸𝑚𝑖𝑛 is 
set by this protocol due to the limited energy of 
WBAN. For next hop, a node is allowed to enter as a 
candidate in NT, if it has energy, which is greater 
than threshold value. A node will exit NT, if it’s 
energy less than threshold energy value and it will 
not be able to act as next hop. This node is only able 
to transmit packets of its own; it won’t be able to 
forward the packets from other nodes. Frequent 
acting of node as relay is avoided, network’s energy 
consumption is balanced, lifetime of a network is 
improved, energy utilization efficiency also 
enhanced by setting𝐸𝑚𝑖𝑛 . 
 

Data Forwarding 

Transmitted a data, after selecting best CH. CH node 
receives data from source node. Until gateway bio 
sensor receiving data, above mentioned steps are 
repeated. If two nodes select a node as CH at same 
time, emergency data’s timely transmission is 
ensured by forwarding data by this node. A node is 
able to transmit only its own data, if it is having its 
residual energy less than 𝐸𝑚𝑖𝑛 , when its initial 
energy is same. 
 

Experimental Results 

MATLAB platform is used for simulating this 
protocol. There will be 1 sink node and 10 sensor 
nodes. After deployment, node positions are not 
changed. Table 1 shows the values of parameters in 
detail. AODV protocols are used for making 
comparison of performances of proposed ENC-CS-
AODV protocol [18]. Proposed protocol is similar to 
these protocols. For evaluation performances 
various parameters can be used. In this work, 
emergency data's reliability transmission, residual 
energy, throughput and lifetime of a network are 
considered for performance evaluation. 

Table 1. Parameters of simulation 

Parameter Value 

Nodes count 10 

Sink count 1 

Initial energy 0.5 J 

Packet size 50 bits 

ETX−elec 16.7 nJ/bit 

ERX−elec 36.1 nJ/bit 

Eamp 1.97 nJ/bit/mn 
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Transmission delay 

 

Fig.3. Transmission delay comparison results 

Fig.3 demonstrates the examination of the 
Transmission delay (TD). It can be said from the 
figure that the proposed ENC-AODV produces the 
less TD result which is 350 sec and the other AODV 
protocols provides 410 sec. Node parameters are 
evaluated synthetically by constructing a CSO with 
fitness function. Node having good state is selected 
as CH. Energy efficiency is enhanced by this and 
there will be relatively gentle curve of TD. 

 

Average Remaining Energy 

 

Fig.4. Average Energy consumption Results 

A correlation between the normal residual vitality 
(estimated in Joules) on the system hubs for 
different conventions is appeared in Fig.4. For 
different hubs' portability rates, the parameter is 
estimated. Each analysis was done for 180 minutes. 
It can be said from the figure that the proposed 
ENC-AODV produces the less Energy consumption 
result which is 8.3 j and the other AODV protocols 

provides 8.6 j 

Packet Delivery Ratio (PDR) 

 

Fig.5. PDR Comparison Results 

Fig.5 depicts the delivery ratio as the proportion of 
message delivered and transmitted to the 
destination node. It is usually portrays message 
status transmitted to the destination node. For 
different hubs' portability rates, the parameter is 
estimated. Each analysis was done for 180 minutes. 
It can be said from the figure that the proposed 
ENC-AODV produces the less Energy consumption 
result which is 0.94 and the other AODV protocols 
provides 8.6 j 

 

Throughput 

 

Fig.6. Throughput Comparison Results 

Experimental studies are depicted in Fig.6 for 
throughput on proposed ENC-AODV against and the 
existing AODV. It is noted that, when compared 
with other existing approaches, better throughput 
is obtained by proposed protocol. Throughput 
performance of every nodes are maximizing as 
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further increasing nodes too. The reason is that, the 
proposed work has the capable of identifying 
optimal route path using CSO based approach and 
also the FCM based cluster formation will lead high 
throughput rate. It can be said from the figure that 
the proposed ENC-AODV produces the higher 
throughput result which is 223 and the other AODV 
protocols provides only 201. 
 

Network Lifetime  

 

Fig.7. Network lifetime Vs No. of Nodes 

Fig.7 illustrates relationship between number of 
nodes and lifetime of network on communication. It 
can be said that, when compared with AODV , less 
energy is consumed by proposed protocol and thus 
the proposed protocols attains high network 
lifetime for data transmission. From the figure, the 
network lifetime will reduce significantly when 
nodes initiate data transmission in WBAN. It can be 
said from the figure that the proposed ENC-AODV 
produces the higher network lifetime result which 
is 91.7500 and the other AODV protocols provides 
only 91.400 . 
 

Conclusion and Future Work 

In WBAN, in order to have a reliable data 
transmission, this work proposes an Energy and 
Network Connectivity concerned Adhoc On-
Demand Distance Vector Protocol (ENC-AODV). In 
this protocol, distance and energy to sink for 
constructing CSO. This CSO is used for selecting CH 
dynamically with good state. FCM clustering 

method is used to form a cluster. Based on static BS 
outside network, cluster heads (CHs) and cluster 
formation, this protocol works. 
 By using this protocol, lifetime of a network can be 
enhanced, nodes energy utilization efficiency is also 
enhanced, network’s energy consumption is 
balanced. For various priority data, efficient and 
reliable routing transmission is ensured by this 
protocol. With respect to emergency data’s reliable 
transmission, energy efficiency, lifetime of a 
network, throughput of a network, better results 
are produced by proposed protocol when 
compared with LEACH and CBBAP. It can be 
extended by taking into consideration the 
heterogeneity of the network nodes and securing 
the inter-WBAN communication using some 
cryptographic schemes. This work would be very 
much helpful to doctors especially in assisting the 
patients with brain related medical issues.  
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