
Abstract
Objective: Real-time monitoring of patients is considered as the key issues in managing healthcare system. Wireless Body 
Area Networks (WBAN) is one of the wise healthcare monitoring systems holding applications in numerous fields like  medical, 
wellness, military, sports and so forth. The correspondence standard for Wireless Body Area Networks is  characterized 
by the IEEE 802.15.6 for the operation around the human body. In WBAN, network longevity is one  noteworthy issue 
 confronted following the constrained energy supply in body nodes. Methods: The primary goal of this work is to  expand 
the network lifetime, so a Modified Position Aware Algorithm is actualized where the spatial  coordinates and  battery status 
of every node is shared to all the nodes inside the network by incorporating the Probabilistic Energy Aware Routing (PER) 
and Body Node Coordinator (BNC) is versatile in the network. Results: A simulation result  demonstrates that the network 
lifetime is reliably improved. The placement of BNC using the Modified Position-Aware BNC Placement  algorithm along 
with the PER protocol improves the network lifetime reliably. Application: The proposed system  facilitates to intimate the 
patient’s critical parameters to the remote doctor in prior, this saves the diagnosis time and thus helps to save the Life.
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1. Introduction
Wireless technology has been dependably upgrading with 
time in discovering its path all along our parts of daily 
lives. Medicinal applications are a field where these kinds 
of technologies have a promising future. In the healthcare 
management field, get to and cost sparing are the most 
noteworthy issues nowadays. Wireless network technolo-
gies have something to contribute by helping with both of 
these issues.

WBAN’s are progressively getting to be conceivable 
answers for health monitoring via on-body and differing 
medicinal. Existing health monitoring devices satisfy the 
point of being adept for long-term use. Nonetheless, there 
is a reaching accord that supplanting wired devices with 
Wearable Wireless Sensor Nodes (WWSNs), intended 
to gauge the fundamental indications of the patient’s 
body, is more alluring because of the inherent freedom 
of movement that the wearer gains. It is a special purpose 
sensor network that goes about as an interface between 

different sensors in and around the human body and the 
entire  system. They comprise of a few physiological sen-
sors joined to the human body or embedded in the body 
that will record and process the physiological changes 
and estimations, sending these estimations to an out-
side processing unit, which could be then transmitted to 
other external servers. One such application deals with 
“for health monitoring of a man recovering from heart 
attack”. 

WBAN is formally characterized by the IEEE 802.15 
which belongs to Task group 6, as a communication stan-
dard enhanced for low-power devices operated in and 
around the human body to serve an assortment of utili-
zations including restorative. A WBAN interfaces these free 
hubs by utilizing a local controller, known as a BNC as shown 
in Figure 1. A BNC is essentially in charge of gathering data 
from hubs and sending them to the restorative focus. Generally, 
a cellular telephone or an individual Personal Data Assistant 
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(PDA) is utilized as a BNC to organize the  functionalities of 
body nodes.

The key challenge in WBAN is the effective energy 
 consumption due to constrained energy supplies in the 
body sensor nodes. In the WBAN network, 80% of the 
energy is mainly utilized for the purpose of communi-
cation. Due to this, an efficient routing protocol plays a 
major role in communication which is having the direct 
impact on network lifetime. A routing protocol along 
with effective placement of node makes the entire system 
more energy efficient which is attracted by the  researcher’s 
widely.

This paper is composed in the following way. Section 
2 depicts the related work, which explains the survey of 
works that has been carried out before. Novel Health-Care 
System working mechanism with the proposed algorithm 
and the used routing protocol is illustrated in the Section 
3. System model and system parameters are detailed in 
the Section 4. Section 5 depicts the performance evalua-
tion of the proposed system with the results and analysis. 
At last, Section 6 is the conclusion of this work.

In a WBAN, network life span is noteworthy due 
 limited supply of energy to the body nodes. Consequently, 
a routing protocol plays a major role which makes the 
entire network energy efficient routing protocol together 
with an effective BNC deployment strategy will increase 
the network lifetime prominently1. WBAN which is based 
on ZigBee usually undergoes severe interference problems 
in the vicinity of Wireless networks. This issue is brought 
about by the way that most ZigBee channels cover with 
Wi-Fi channels, severely affecting the ability of healthcare 
monitoring systems to guarantee reliable delivery of phys-
iological signals2. Coexistence causes severe interference 
problem which prominently affect the overall perfor-
mance of WBANs. The present IEEE 802.15.4 standard 
needs components which viably deal with the  conjunction 

of mobile WBANs3. Energy efficiency is a standout 
amongst the most vital issues to be tended too. In a view 
of the Quality of Service (QoS) which is required from all 
the sensor nodes, intelligent time and energy resource is 
allocated to be performed for energy sparing. Because of 
the unique prerequisites of typical WBAN applications, 
network lifetime is characterized which tends to be maxi-
mized4. WBAN has seen many research trends which are 
depicted5. M2M is the affordable technology nowadays 
which is specified in standard BAN technology6. One of 
the energy aware routing protocols for WBAN is depicted 
in7. The improvement of WBAN is proved coexistence 
in8. The scheduling scheme for balancing lifetime and 
fairness is shown in9. A distributed scheme is fully imple-
mented in10.WBAN provides the communication services 
among the body nodes, coordinator and personal health 
server. Most of the time energy of the nodes gets depleted 
very fast due to neighbor discovery. This discovery leads 
to increase in the latency as well shortening the entire 
 lifetime11.

WBAN is mostly comprised of diverse bio-sensors to 
monitor human vitals, where those the sensors equipped 
with battery for power source and deployed it for a long 
use. WBAN MAC protocols are designed in such a way 
that it considers traffic class or load. So Multi-Dimensional 
Traffic Adaptive Energy-Efficient (MDTA) MAC provides 
complete solution for the multidimensional traffic to 
increase the network performance12. A new routing pro-
tocol has been proposed in order the make the network 
as energy efficient. The routing protocol is a cluster based 
routing protocol which clubs and combines the features 
of both the methods of direct and multi hop transmis-
sion. It considers the spatial coordinates and energy level 
of the nodes. The entire operation is centralized which 
reduces the computational load for the body nodes13. 
For allocating power, the power allocating strategies14 are 
analyzed. Energy efficient transmission approach is based 
on threshold distance15. Minimizing the usage of power 
by the implant devices is core concept to enhance the 
network lifetime. The complexity and power consump-
tion are transferred to the body nodes from the implant 
device, taking the account of replacing body nodes are 
much easier than implant devices16. The main motive of 
the work is to reduce the consumption on energy due to 
temporary changes and variations in the channel, trans-
mission power etc. so an algorithm is proposed which 
alter the transmission power adaptively by feeding the 
feedback from the base station. Simulation results show 

Figure 1. Overview of wireless BAN.
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aware BNC Placement algorithm (MPBP) involves low 
complexion compared to other node placement algorithms. 
The only problem is that it holds linear computational 
complexity. And also it takes into the account of the spatial 
coordinate location instead of considering their respec-
tive relative  transmission distance with respect to BNC. 
Following are the  considerations made for the algorithm:

All the nodes in a WBAN should be within the •	
 transmission range of the BNC. The BNC must have 
the details about the spatial information of all the 
 neighbor nodes in the network.
In MPBP, the BNC must be placed within the  network. •	
Step by step details regarding the algorithm are 
depicted below.
BNC computes the relative communication distances •	
of nodes in the network which mainly considers their 
spatial coordinates.
Relative communication distances (dr) and Utility •	
Factor (U) of all the nodes in the WBAN is computed 
by considering their respective available energy (E).
BNC computes the maximum utility factor from the •	
available UFs (1) which is calculated in the previous 
step.

  (1)

Body Node Coordinator determines the maximum •	
value of the Utility factor ”u” from the available ones 
and then it normalizes the Utility factor “u” of each 
node with respect to the maximum value, which 
obtains χ. Therefore, every node has its own χ.
At last, each and every node in the WBAN and •	
 multiply their own χ with their respective coordinates 
and divide the resultant value with the total number of 
nodes in the WBAN.

Step 1:  BNC is initially placed inside the WBAN 
 network.

Step 2:  Relative distances of the body nodes is calculated 
(dr1,dr2,….drj) from BN

Step 3:  Utility factor for each node is calculated using 
Equation (2).

  (2)

Step 4:  Maximum value of the utility factor is determined 
using Equation (3).

that the energy savings is lot more enhanced17. Adaptive 
cognitive enhanced platform18 gives a clear vision of how 
adaptively WBAN performs. Each wireless body node has 
its own battery. So it is very much essential to maintain 
the battery for a long time increasing the network life-
time eminently. WBAN based recent technologies19–21 

are analyzed for improvement in healthcare techniques. 
These are issues arrived from the survey Network longev-
ity is affected due to the limited supply of energy in body 
nodes.

The position of a BNC prominently impacts the life 
span of the whole WBAN. BNC is placed in such a way 
that the body nodes can easily access the coordinator 
where the transmission power is reduced so that battery 
level is maintained.

Network longevity is one of the major problems in 
Wireless Body Area Networks.

Computational and message exchange complexity 
must be minimum as possible so that data processing is 
reduced in the body node which eminently conserves 
energy.

2. Novel BNC Placement Strategy

2.1  Modified Position-Aware BNC 
Placement Algorithm

The nodes should be placed effectively in WBANs must 
possess the following characteristics:

Message exchange and computational complexity •	
must be least as possible.
The whole operation must be centralized one.•	
Sensor nodes must involve less in- order to make the •	
network energy efficient.

Most of the techniques usually require large amount of 
computational support at the BNC. Heavy computation 
implies that the large data processing is processed in 
BNC. This information is gotten by existing node of the 
network. This expands the radio communication between 
a BNC and nodes, which in turn depletes the energy of 
nodes. Therefore, network lifetime decreases due to more 
energy consumption and complexity in computation.

Modified Position-aware BNC coordinator placement 
algorithm is possible only when the routing protocols knows 
the spatial information of the nodes. Since spatial informa-
tion of the nodes is taken for the considerations there is no 
need to determine the relative distance. Modified Position-
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Where Dis (BN1, BN2) is the relative communication 
distance in between the nodes BN1 and BN2, Trsmax (BN1) 
is maximum transmission coverage distance of the node 
BN1. BN represents the Body Node and Trs represents the 
transmission distance. Entire routing protocol is based 
on the Delivery Predictability estimation. The decision 
are totally depend on it whether to forward the message 
or not to the other nodes. The delivery predictability is 
 computed using the Equation (5).

  (5)

2.2.3 Traffic Congestion Utility Factor - UT

This utility factor is calculated by using the Equation (8),

 
  (6)

  (7)

  (8)

Where  is the damping factor.

2.2.4 Available Energy Utility Factor - UAE

The available energy utility factor is calculated through 
the Equation (12),

  (9)

  (10)

  (11)

  (12)

Where Eavi is the available energy in the receiver node 
i, Eai is the available energy with respect to the initial 
value.

  (3)

Step 5:  ,which the normalize value of all the ‘u’ is given 
by Equation (4a) and (4b).

  (4a)

Step 6:  BNC is replaced to new position at the point 
(Xnew,Ynew).

  (4b)

2.2  Probabilistic Energy Aware Routing 
Protocol (PER)

PER is mainly based on the probabilistic metric and it is a 
centralized routing protocol. The Probabilistic metric can 
be easily explained as the node’s delivery predictability 
where it predicts the delivery of data packets to its des-
tination. A decision is confirmed whether to forward the 
message or not by using the delivery predictability. PER is 
mainly expressed by the utility function which considers 
other parameters which is as follows:

The power or energy which is available in the receiver •	
node.
Path loss determined for the receiver and transmission •	
node.
Traffic congestion is considered by how frequently the •	
receiver node is made utilized by the neighbor nodes 
in order to reach BNC.

There are two types of nodes which plays a major role in 
this routing protocol. They are:

2.2.1 Neighbor Node
A node is said to be a neighbor node only if it satisfies the 
below condition. Considering BN1 is a neighbor node to 
BN2,

{Dis(BN2,BN1) max(BN2)}& {Dis(BN2,BNC)  
Dis(BN2,BNC)} & {Dis (BN2,BN1) Dis(BN2,BNC)}

2.2.2 Relay Node
A node is said to be a relay node only if it satisfies the 
below equation. Considering N1 is the relay node to N2,

{Dis (BN1,BN2) max(BN2)}& {Dis (BN2,BNC)  
Dis(BN1,BNC)} & {Dis (BN1,BN2) Dis(BN2,BNC)}
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  (15)

In the equation (15), PL0,dB is the reference path loss 
which is at the path loss exponent  and reference  distance 
d0.

Figure 2 shows the existing scenario where the WBAN 
network is formed using PER routing protocol. The exist-
ing work does not contain the BNC node placement 
algorithm but it contains only the PER routing protocol 
for body area networks. WBAN is created using 9 body 
nodes and a single coordinator. Link is made between the 
body nodes and the coordinator, where it connects to the 
network. Each node displays its battery level and energy 
consumption is higher decreasing the network lifetime. In 
order to increase the energy efficiency following Position 
Aware BNC placement algorithm is implemented. 

Figure 3 contains the proposed work where there are 
nine body nodes, a BNC, Base network and world net-
work. The whole network assumes that each node has its 
own battery and communicated to the BNC. This second 
scenario is implemented by BNC algorithm using the 
Probabilistic energy-aware routing protocol. In Figure 4 
the human body acts as the node and it sends the sensed 
data to the BS which acts as the BNC and also the BNC is 
further connected to PDA or any mobile system. In our sys-
tem, sink acts as the mobile device which receives the data 
from BNC where it gets the sensed data from the human 
nodes. Initially the BNC is placed in a position and the 
position is changed by computing the MPBP algorithm. 
The entire data is communicated to BaseWorldUtility 
which acts as the home network and sensed data can be 
retrieved anywhere within the network. 

The network of human nodes is created which is 
 wireless and the sensed data are send to BS and the 
BS transmits the data to a mobile node hence the data 
received with higher effective time and node placement 
also calculated accordingly. The energy level of the node 
is also maintained and the graph is plotted accordingly.

2.2.5 Path Loss Utility Factor - UP

  (13)

  (14)

The Path Loss Utility Factor is calculated using the 
Equation (14), Where PBNi,BNj is the path loss between 
these two nodes.  is the measurement of discrepancy 
which depends on the UP and UT,  is the measurement of 
discrepancy which depends on UAE and UT.

3.  Novel BNC Placement Strategy 
Implementation

The scenario of this network is built using the OMNeT++ 
ide with MiXiM framework. The existing and proposed 
system is evaluated for the simulation time of 150 seconds 
in order to analyze the performance metrics of PBP algo-
rithm with PER protocol.

3.1 Software Resource
The software resource utilized here is OMNeT++ 4.4.1 
simulator. OMNeT++ is an extensible, particular, seg-
ment based C++ simulation library, essentially to build 
network simulation. It is implied in a more extensive sense 
that incorporates wired and wireless communication net-
works. It provides a component architecture which are 
programmed in C++, then assembled as a whole model 
using a high level language (NED). TKENV is the graphi-
cal runtime environment which is more helpful to inspect 
each component, debugging, tracing etc. The executing 
module and the environment functions are synced by 
SIM along with linked model components.

3.2 Simulation Parameters
Simulation is done using OMNeT++. The body nodes 
along with the coordinator are stretched in a playground 
field by 250 x 250 x 250 m as shown in the Figure 3. There 
are two scenario’s created and evaluated. Table 1 shows 
the simulation parameters as well as their values.

3.3 Path Loss Model
In order to determine the path loss between two nodes, 
log-distance path loss model (2) is utilized here.

Table 1. Simulation parameters
Simulation parameters Values

Terrain 250 x 250 x 250 m
Nodes 9

Simulation time 150 s
Battery capacity 1000 mAh
Battery Voltage 3.3 V

Routing protocol PER
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The E-log file is generated and recorded throughout 
the simulation. Each E-log window figure represents the 
algorithm implementation in different view. The E-log file 
records each and every parameter detail during the simu-
lation. Figure 5 shows that the nodes are initialized and 
connection is made by exchanging the message. It gives 
the clear picture about the message sent from a node to 
establish connection. Figure 6 depicts the information that 
each node possess. Each node has the spatial  information 
and energy of the other neighbor nodes too. Each node 
holds the information regarding the spatial coordinates 
for calculating relative distance which reduces complexity 
in computation.

4. Performance Evaluation
Performance of the system is evaluated using the  following 
performance metrics:

Figure 2. PER based WBAN.

Figure 3. PBP with PER based WBAN.

Figure 4. Proposed scenario-sensed data communicated.

Figure 5. E-log window-node connection initialization.

Figure 6. E-log window-spatial information of node
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4.1 Performance Metrics
Energy Consumption•	 : Energy consumption is the 
measure of energy devoured by the entire network in 
the simulated time.
Throughput: •	 Throughput depicts the number of 
 packets effectively delivered to their end destination 
per unit time.
Packet Drop: •	 Packet drop is the measure of the 
 percentage of packets lost during the simulation time.
Packet Delivery Ratio (PDR): •	 Packet Delivery Ratio 
gives insights about the proportion of the total data 
packets efficiently delivered to data packets created by 
the source.

4.2 Throughput
It can be observed from the Figure 7 that the proposed 
scheme has more throughput compared to the  existing 
scenario. Moreover, throughput increases when the 
simulation time increases because exchange of packet is 
minimum at starting of the simulation.

4.3 Energy Consumption
Energy consumption of the entire WBAN network is 
shown in Figure 8. There are slight variations between the 
existing and proposed, but overall energy consumption is 
economy when compared to the existing work.

4.4 Packet Delivery Ratio (PDR)
The PDR is given in Figure 9. From the Figure 10 it is clearly 
identified that the Packet Delivery Ratio is  constant and 
high throughout the network simulation time  compared 
to the existing work.

Figure 7. Throughput comparison.

Figure 8. Energy consumption comparison.

Figure 9. Packet Delivery Ratio comparison.

Figure 10. Packet Drop comparison.

4.5 Packet Drop
Figure 10 shows the packet loss comparison. Packet loss 
or drop is very minimum throughout the lifetime because 
of the PER protocol. Comparatively the proposed scheme 
has more economy.
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5. Conclusion
The importance of the BNC placement is depicted in 
the above work which is very much essential to prolong 
the network lifetime along with the Probabilistic energy 
aware routing. The proposed algorithm enhances the net-
work lifetime by reducing the computation complexity. 
The simulation results shows that the energy consump-
tion is less and throughput also shows the huge difference 
in the comparison graph. In future the performance of 
the implemented algorithm is assessed as far as reliability 
and control message overheads.
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