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   Abstract 
INTRODUCTION: In today's world, Wireless Body Area Networks (WBAN) has emanated as a budding field 
within the healthcare scenario for monitoring, detecting, predicting, and diagnosing various fatal diseases such 
as cancer, cardiovascular, diabetes and other infectious diseases such as tuberclosis, pneumonia and ebola. 
It is an assemblage of bio-sensors which could be put on or embedded in a patient's body to surveil 
the functionality of various body organs. 
OBJECTIVES: The purpose of that proposed protocol is to select the relay node and record the various 
physiological parameters like body temperature, blood pressure, rate of blood sugar of human being. Energy 
consumption is a major hurdle in WBAN as replacing as well as recharging the nodes pinioned to human body 
may bring about discomfort to the patient. Therefore, in this work, the emphasis is given to improve the 
performance of WBAN i.e. network lifetime, greater mobility, stability and energy efficiency. 
METHODS: To find the shortest energy-efficient route and avoid any kind of relay node failure, a novel routing 
scheme called Enhanced Opportunistic Protocol using Relay nodes (E-OPR) is proposed for data routing. 
CONCLUSION: Finally, an enhanced opportunistic protocol using relay node in WBAN has been proposed 
for cost effective real time health monitoring system. The proposed solution seems to give better results as 
compare single-hop, multi-hop routing protocols in terms of throughput, network lifetime, energy consumption 
and path loss. 
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1. Introduction
World population evolution is facing significant 
contests of the aging population and a rise in the 
expenses for health care. The accessible resources 
for essential services appear to be on the way out in 
some places. Thirty years ago, many of the people in 
Brazil spent on healthcare for general prevention 
and other healthy activities.  Before ten years, when 
15% of the share had fallen, then the developed 
countries contribute to the healthcare sector for 

curing chronic diseases and conventionally 
emphasize the healing of disease. Although many 
people seek care at hospitals due to the lack of 
personnel and supplies at health centers, almost 
ensuring that health centers will continue to lack the 
necessary resources(1–6). But the problem of 
traveling along with expenses led to the rise in the 
number of deaths of the patients. The poor elderly 
people in various countries are unable to manage the 
rising expenses of health care, which is the vital 
point to start beginning new technology to existing 
health care applications. Time-sensitive illnesses 
and injuries cause a significant burden of diseases in 
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developing countries. In developing countries, there 
is no provision of priority for timely treatment 
during life-threatening emergencies. An effective 
level of emergency medical care improves the health 
of populations along with actual community needs. 
At present, all these needs are achieved by the great 
invention in the medical field by the use of wireless 
sensor networking. Networking enabled 
communication media for both the patient and the 
doctor by the use of sensor networks. Sensor 
networks aimed to provide a mode for the exchange 
of information by sensing the variation in the body 
with utmost efficiency. parameters of the patient and 
hence achieving a level of comfort (7,8). The 
technique behind the comfort level is hidden to the 
patient as a response is very much faster (in ms), 
which is achieved by the functions performed by the 
actuators. All these health-related-work is done by 
the WBAN invented by Van Dam in 2001.The 
potential field of Body Area Networks gives new 
meaning to the term "delicate" in the sense of health 
monitoring. The health of an individual is very 
crucial and needs timely and constant monitoring. 
WBAN adhere to a category called external 
monitoring health care systems (eHealth), which are 
used to perform local monitoring and controlling. A 
WBAN system offers long term health monitoring 
without hindering day-to-day activities. WBANs are 
concurrently operating, less-energy, low-ranged 
network. It comprises various types of intelligent, 
low-power, contracted biosensors which may be 
attached over the clothes or on the body or may be 
implanted inside the skin. They possess the 
capability of accumulating physiological data, 
namely electroencephalography (EEG), 
electrocardiography (ECG), arterial pressure, blood 
sugar, temperature, etc. 

1.1 Applications of WBAN 
Electroencephalography (EEG): 
Electroencephalography represents the electrical 
patterns of the human brain's activity. Recently, the 
ambulatory-EEG (A-EEG) patterns have supported 
significantly in the diagnosis of diseases like 
narcolepsy, epilepsy, etc. and also to monitor the 
responses of treatments as well. EEG sensors record 
and analyze the A-EEG signals during daily chores, 
thereby being less botheration for the patient.  
Electromyography (EMG): 
Electromyography monitors and analyzes the 
signals emitted by the body muscles. The signals are 

captured by an electrode during muscle contraction. 
During muscle contraction, electric signals are 
paved. The aggregation of these signals constitutes 
the EMG signals. An EMG sensor is used to 
diligently monitor muscle activity. 
Diabetes: Diabetes is a disease that occurs when 
there are alarmingly high blood-sugar levels. It can 
be type-I diabetes or type-II diabetes. The diabetes 
sensor effectively indicates any fluctuation in the 
blood glucose or blood sugar levels and keeps a 
close check on the patient’s levels. 
Cancer Detection: Cancer patients are projected to 
rise by more than 50% by 2025. WBAN sensors can 
thus be capable of monitoring and early detection of 
any tumors before they become malignant. This can 
save the patient from the rigorous chemotherapy 
sessions. 
Electrocardiography (ECG):  
An electrocardiogram generates a wave-form which 
monitors the electrical activity of the heart. The 
ECG sensors can effectively monitor heartbeat of 
the patient even on the go. This can significantly 
benefit patients at any time.   
Blood Pressure:  
The Blood Pressure comprises of two pressures, 
namely systolic and diastolic pressures. The BP 
sensor monitors the blood pressure levels and 
indicates any abrupt rise or fall in a patient’s BP. 

1.2 WBAN Components for 
Health Monitoring  
This network is the subnet of wireless sensor 
networks. WBAN aimed to provide flawless 
communication between a patient and the doctor 
wirelessly without being physically present at the 
hospital. The patient's mobility doesn't affect his 
monitoring. WBAN, as a part of WSN, consists of 
numerous tiny sensors, Actuators, and PDA. All 
these works together for transmitting the data to 
remote places like hospitals.  The key components 
of WBAN are: 
Sensors: The principal purposes of the sensor nodes 
are to unremarkably section vital signs and send the 
relevant data to a medical server using IEEE 
802.15.1 
Personal Device Assistance (PDA): The PDA holds 
the personal medical server which controls the 
WBAN along with providing the GUI to the patient 
and hence transfers the sensed data to the personal 
server through the use of GPRS and internet 

Naveen Bilandi, Harsh K Verma, Renu Dhir

2 EAI Endorsed Transactions 
on Pervasive Health and Technology 

08 2019 - 11 2019 | Volume 5 | Issue 20 | e6



Actuators: The actuator interrelates with the patient 
upon unloading statistics from the sensor node(9). 
The whole record (an electrical record) of the 
registered users is kept at the medical server, which 
helps the users by providing ease of access. Also, the 
records are safely stored, and only the particular user 
can access his/her records — deployment of sensor 
nodes in the human body shown as figure 1.   

1.3 Challenges in WBAN 
There are numerous challenges in WBAN, but the 
most important are: 
Quality of service (QoS): The WBAN must ensure 
the Quality of Service to its users in the form of 
Reliability, Data Availability, Fault Tolerance, 
energy Consumption, Synchronization, etc.(10–14). 

Routing: The data from one sensor node to another 
or to the sink must be adequately routed without any 
delay. In case of failure in between the data 
transmission, the network must be self-configurable 
for adopting any changes (15). 

Security: It is the primary concern as data must be 
stored securely so that no one can access the user's 
data without his/her permission. data-authentication, 
data-integrity, data-confidentiality, and data- 
freshness must be guaranteed for the user. 

Figure 1. Sensor placement at human 
body 

1.4 Novelty and contribution of 
proposed research work 
The main challenges are the energy of network that 
is based on routing challenges like movements of the 
body (postural movement), limitation of resources, 

temperature- rise and interfering, heterogeneous 
environment, and dynamic transmission range(16). 
For this problem, we proposed a novel and energy-
efficient routing protocol to select the relay 
node(17–21). For WBAN, an opportunistic protocol 
following the dynamic adjustment of relay nodes 
using predefined relaying nodes is presented 
here(18). This protocol is designed for the 
applications which need the periodic transmission of 
data from sensors to the sink; also, it supports star 
network topology. In this, a dedicated time slot is 
assigned to each sensor node for direct transmission 
to the sink in the standard period. When the direct 
transmission failed, the relay node is selected 
dynamically for successful data transmission. The 
nodes which failed in the direct transmission process 
during a reasonable period follow the relay period in 
which the relay process is executed. The node which 
occupies the initial slot has the more chance to find 
a relay node, while a node which occupies the last 
time slot has no possible relaying node. Also, here 
predefined relay nodes are introduced, which are 
work alternatively if any of the selected relay nodes 
do not perform the data relay process. This protocol 
improves the probability of successful data relaying 
and also improves the network lifetime as compare 
to existing routing protocols such as SIMPLE (22)  , 
M-ATTEMPT (23), Relay based protocol (24).

The numerical outcomes depict that model in the 
following way. In Section2, related work is 
presented. Section 3 describes the WBAN design 
model. The details of the proposed protocol are 
presented in section 4. Section 5, shows the 
simulation results and section 6, conclude the paper. 

2. Related Work
In WBAN, numerous routing mechanisms were 
proposed for minimizing of energy consumption and 
improving network life time using selection of relay 
node. Chavva et al. (25) proposed an energy efficient 
routing protocol in wireless body area network by 
reducing the energy consumption using fuzzy 
approach. It uses multi-hop routing technique for 
sensing the data and send to the sink. Huang et al. 
(26) proposed a technique is for selecting an
appropriate path to enhance remnant energy-levels 
for WBAN. Bhardwaj et al. (27) proposed the health 
monitoring framework closer to WBAN users which 
is the amalgam of autonomic-computing and 
queuing-model. K. Shashi Prabh et al.(28) presented 
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a collision-free body area network MAC protocol it 
monitors and predicts the fluctuations in the channel. 
This protocol is capable of resolving co-channel 
interference when multiple co-located BANs got 
introduced in the nearby region. It is noted that 
BANMAC is flexible. Hui Feng et al.(29)proposed 
a prediction-based dynamic relay transmission 
(PDRT) scheme. In PDRT, a fixed slot assignment 
was done rather than a variable slot assignment for 
enhancing the performance. PDRT improves energy 
efficiency and transmission reliability. In terms of E-
health care system, Romero et al. (30) proposed the 
human data interactions and human computer 
interaction for sociotechnical health monitoring 
system. Jagadeeswari et al.  (31) analysed that 
upcoming techniques for medical healthcare system 
to improve the quality of life. It provide E-heath 
services by focusing on internet of things, cloud 
computing, bigdata analytics and applications which 
is based on WBAN. Nadeem et al.(22) presented a 
Stable Increased-Throughput Multi-Hop protocol 
for Link Efficiency (SIMPLE), which used multi-
hop topology by deploying eight sensor nodes on the 
human body. They describe a cost function for 
evaluating the parent node and the forwarder node. 
The parent node was selected based on minimum 
distance from the sensor node to sink and maximum 
residual energy. In the initial phase, the sink 
broadcasts packet containing its location to other 
nodes so that all can store its information. In the 
node deployment phase, each sensor nodes 
broadcast packet containing their information so that 
their neighbors can store their information. SIMPLE 
maximize the network stability period and high 
packet delivery. N. Javaid et al. (23) presented a 
routing protocol named Mobility-supporting 
Adaptive Threshold-based Thermal-aware Energy-
efficient Multi-hop Protocol. It routes the data gone 
from the link Hot-spot. In the initial phase, all nodes 
update their neighbors, sink position, and available 
routes to the sink node. In the routing phase, the best 
route was selected on the basis of energy 
consumption. The nodes with a high data rate send 
data directly to the sink node. It allows minimum 
energy consumption and better reliability for packet 
delivery. Marshed Mohamed et al. (32) analyzed the 
dynamic features of wireless body area network 
channel while walking, while balancing for complex 
factors and movement of body. Javaid et al.(24) a 
protocol based upon the relay mechanism for 
sensors node placed in the patient body. Authors 
adopted a mathematical linear programming model 

for maximizing the network lifetime and minimizing 
the end-to-end delay. The communication distance 
between in-body sensors was decreased to their 
minimum value. Also, no multi-hoping was allowed 
among in-body sensors. They placed relays on the 
body of the patient for easy recharging in case of 
battery degradation and easy replacement in case of 
relay failure. In (33) presents a novel approach for 
reducing the consumption of energy in wireless 
body area network. This approach is used for 
balancing the energy of consecutive sensing and 
transmitting signal toward the sink. In order to 
diagnosis, Sharma et al. (34) presented the 
opportunities and challenges for diagnosis of 
psychiatric disorder using soft computing algorithm. 
From the literature survey, it has been concluded 
that there are numerous protocols in WBAN for 
health monitoring purposes. All the protocols hold 
the major issue of routing and energy, as it is the 
primary concern in WBAN, which is being resolved 
in this paper with the concept of relay nodes. 

3. Design Model for Wireless
Body Area Networks
Before explaining the methodology, it is important 
to know the various phases of the design model of 
WBAN. 

3.1 Network Models 
WBAN holds Multi-tier communication 
architecture. The model of the network can be 
differentiated in three tiers shown in figure 2. 

a) Setup Phase (Layer-1): Intra-WBAN
Network.

b) Execution Phase (Layer-2): Inter-WBAN
Network.

c) Analysis Phase (Layer-3): Beyond-WBAN
Network.
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Fig. 2. WBAN design model for healthcare 

In WBAN, these below mentioned phases are 
required for packet forwarding. 

Setup Phase: The network is deployed with the 
sensor nodes. In the deployed network sink node is 
created to gather the sensed information. 

Execution Phase: In the network, some relay 
nodes are deployed, which sense the body 
information and passes that information to a base 
station. In the network, the fault may occur on the 
sensor nodes. This technique selects the best relay 
node on the basis of energy and resources for fault 
recovery.  

Analysis Phase: The simulation is performed, 
and it has been analysing that the proposed 
algorithm performed very well in various parameters 
like energy(35–38), network lifetime, PDR, routing 
overhead, and packet loss. 
During the movement of the human body, if any 
child node moves away from its parent node, then it 
gets associated with another nearest parent node to 
save energy. Hot-spot condition occurs when 
excessive heat is sensed from the nodes. 

3.2 Energy Model for WBAN 
In the energy model, the consumption of energy is 
minimized by analyzing it. In WBAN, a node is of 
two types: Forwarder node and Normal node. As 
multiple tasks are performed by the forwarder node, 
hence its energy consumption varies according to 
the tasks(39). 
The total amount of transmit energy of relay node 
(forwarder node) is calculated by given Eq. (1) 
𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓𝑇𝑇𝑇𝑇 = 𝑁𝑁∅𝐸𝐸𝑇𝑇𝑇𝑇(𝑙𝑙,𝑑𝑑) + 𝑁𝑁𝑁𝑁∅𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒   (1) 
Where,     
∅: Data aggregation factor 
l : Packet size,

N:  Number of sensor nodes 
𝐸𝐸𝑇𝑇𝑇𝑇 : Transmitter Energy consumption  
𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒: Energy consumption by electronics circuit.  
The total amount of transmit energy of relay node 
utilized for the entire lifetime is evaluated by Eq. (2) 
𝐸𝐸𝑛𝑛𝑛𝑛𝑛𝑛𝑇𝑇𝑇𝑇 = ∫ 𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓𝑇𝑇𝑇𝑇𝑡𝑡

0 𝑑𝑑𝑑𝑑  (2) 
Total transmit energy of sensor node evaluated by 
Eq. (3) 
𝐸𝐸𝑛𝑛𝑛𝑛𝑛𝑛𝑇𝑇𝑇𝑇 = 𝐸𝐸𝑅𝑅𝑅𝑅(𝑙𝑙)    (3) 
where, 
𝐸𝐸𝑅𝑅𝑅𝑅 : Receiver energy consumption by the receiver 
for each packet. 
In the same way, the total amount of transmit energy 
of every sensor node utilized as given below Eq. (4) 
𝐸𝐸𝑛𝑛𝑛𝑛𝑛𝑛𝑇𝑇𝑇𝑇 = ∫ ∑ 𝐸𝐸𝑛𝑛𝑛𝑛𝑛𝑛𝑇𝑇𝑇𝑇

𝑛𝑛−1
𝑡𝑡
0 𝑑𝑑𝑑𝑑  (4) 

The total amount of reception energy of relay node 
calculated by given Eq. (5), in which the amount of 
data received by a forwarder node and the number of 
nodes is expressed as:  
𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓𝑅𝑅𝑅𝑅 = (𝑁𝑁 − 1)𝐸𝐸𝑅𝑅𝑅𝑅(𝑙𝑙)   (5) 
The total amount of reception energy of relay node 
utilized for the entire lifetime is evaluated by Eq. (6) 
𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓_𝑛𝑛𝑛𝑛𝑛𝑛
𝑅𝑅𝑅𝑅 = ∫ 𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓𝑅𝑅𝑅𝑅𝑡𝑡

0 𝑑𝑑𝑑𝑑 (6) 
 The nodes having maximum distance from the sink 
always lead to higher consumption of energy. 
Therefore, the node at a maximum distance gets a 
chance of becoming a forwarder node.  

4. Proposed Approach
The wireless sensor network is the kind of network 
that is used to sensing the environmental conditions 
like temperature, pressure, etc. The WBAN is the 
network that is used for healthcare diagnose. After 
sensing the condition of the human body, the 
retrieved information is passed to the transmitter. 
The transmitter, after receiving the sensed 
information, performs required actions according to 
human body conditions. The trouble is found in the 
wireless body area network is FAULT. The fault 
may occur due to the failure of sensors and due to 
battery degradation of the sensors. To recover fault, 
a scheme of relay nodes as an intermediate is 
adopted along with the sensor nodes.  When the 
sensor node gets dead, or battery of the sensor node 
got degraded, relay nodes are responsible for 
redirecting the sensor node traffic. The main 
problem that occurred in this technique is of 
complexity. As the network has a limited number of 
sensors, fault condition leads to the network delay 
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and routing overhead. In this work, further 
enhancement in the relay-based technique for fault 
recovery in the network is proposed. 

4.1 Proposed Algorithm 
The proposed algorithm for the E-OPR protocol for 
energy-efficient is shown in Algorithm 1. 

4.2 Methodology 

The wireless body area network is a kind of network 
that is used to sense body conditions. The sensors 
are deployed in such a manner that they can 
efficiently sense parameters of the body and then 
passed the data to the sink. Communication in the 
wireless body area network is multi-hop 
communication. In this type of communication, the 
source node establishes the shortest path to the 
destination. For that purpose, the source node can 
use some non-critical sensor nodes for transmitting 
their data further to the sink. These non-critical 
sensor nodes are those who sense some non-critical 
parameters like temperature, pressure, altitude, etc. 
Mostly they remain in the sleep mode; that's why 
they are forced to participate in the communication 
purpose. But in case these nodes get faulty, or 
battery of these nodes gets degraded, Fault may arise 
in the network. The relay-based technique uses the 
relay nodes for fault recovery. For the purpose of 
achieving better results, when link is failure during 
communication a Destination Sequenced Distance 
Vector (DSDV) and Enhancement in Ad-hoc On-
demand Multipath Distance Vector (EAOMDV) 
(40) routing protocol is put forth to optimize a
routing path for E-health application.
The proposed improvement is based on dynamic
routing. In this routing, multiple paths are
established from the source to the destination.
When the battery of any sensor node reduced to the
threshold value, a new path will be automatically
chosen for data transmission. Nodes transfer data
through an intermediate node to the sink. The
existing technique leads to a reduction in the
network complexity, network delay, energy
consumption, and hence increased the network
throughput. Due to the fault, network performance
degrades in terms of throughput, packet loss, delay,
and energy. In the proposed technique, the
enhancement is done by considering the predefined
relay nodes. Three scenarios are depicted to prove

the variation in the results by considering a different 
number of nodes each time.   

 Fig. 3. Proposed approach of WBAN 

4.3 Simulation Scenarios of 
Proposed Approach  
In this simulation process, two scenarios have been 
evaluated on the basis of different parameters. In this 
methodology, 2 scenarios are implemented in the 
simulation tool.  In simulation scenarios having 
sensor 1 is equipped with the functionality of 
measuring eating and smoking habits called as 
Tooth Sensor.  Sensor 2 is the ECG Sensor here used 
for monitoring heart activity. Sensor 3 is the Health 
Patch that is placed at the chest and measures the 
parameters like heart-rate, heart-rate variability, 
temperature, body-posture, steps, and falls. Sensor 4 
is the Limb sensor that monitors the movements of 
the legs of the human. Sensor 5 is equipped with the 
capability of tracking the wearer's steps, speed, foot 
landing technique, weight distribution, and altitude 
and known as the Smart Sock. Here, Sensor 6 is the 
Sink node capable of accepting packets from all 
other sensor nodes and hence forwards them to the 
base station. Also, it accepts the computed 
information from the base station and helps in 
responding to critical conditions. All this response is 
in the form of an action that will be done by the 
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actuator, which will inject medicine in the human 
body if required. 

Algorithm 1. Proposed Algorithm for E-OPR 

Scenario 1: No extra node is deployed, which acts 
as a relay node. All other sensor nodes are the same 
as that of the previous scenario. In this, six sensor 
nodes, along with one sink, is present. 
Scenario 2: Here, nodes are present along with 
predefined relay nodes and a single sink, which 
helps in forwarding packets to the sink by accepting 
from the relayed nodes if any of the intermediate 
nodes (sensor node used as a relay node if no such 
node is present in the network and in case if it is not 
sensing at that time) gets faulty or corrupted. These 
are helpful in emergency cases. These nodes are not 
the sensor nodes but just used for the relaying 
process. Throughput gives the best performance in 
this scenario. Variables of Simulation is given below 
in Table 1. 

Parameter Values 
 Nodes 6 

Simulation Area 800*800 
Simulation-Time 8000 rounds 
Type of Antenna Omni-Directional 

MAC- Layer 802.11e 
Type of Channel Wireless Channel 

Routing –Protocol DSDV 
Physical –Medium Wireless 

5. Results Analysis
The execution of the proposed protocol is evaluated  
here, after analyzing the performance of the residual 
energy without relay by using numerous metrics like 
throughput, energy, network lifetime. Initially, the 
energy of all nodes is kept constant (1 J per node) 

5.1 Throughput 
Throughput is computed as the size of bits (total bits) 
divided into the simulation duration (duration). As 
illustrated in Fig. 4, the throughput of the 
opportunistic protocol is high as compare to the 
other scenario. By considering the relay nodes, 
throughput increased. As the relay nodes help in 
maintaining the network uniformity by allowing the 
packets to reach the sink, the packet drop ratio gets 
reduced. 

Simulation duration = time End – time Begin 

 where, time Begin = time of the first line in the trace 
file time End= time of the last line in the trace file 

5.2 Energy Consumption 
It is the total consumed energy of each sensor node  
placed in the body(41). Fig. 4 shows the energy 
comparison between without relay mechanism and 
selection of relay mechanism of proposed schemes.  

Begin 
Input: 
Step Set X Sensor Node’s 
Set S sender and R receiver  
Node Routing = DSDV  
Set Path 
{If (path from S to R found) 
{Check number of path;  
 If (path => 1) //means alternative path exist in 
network  
{Find (energy of each path && energy > 20)  
Select only 3 paths as a best path //shortest path  
Send path acknowledge through all exist paths} 
}  
Else {path unreachable} } { 
Source send (Ping message, adjacent nodes) 
{ 
Adjacent nodes revert back to source which can 
recover path  
Check (Node which has higher energy is path recover 
node) 
{  
Increment-Q;  
Store incoming data;  
} Receiver receives data from I 
Node;  
 Send ACK to sender S;} } } 
End-if 
Repeat all the steps until all nodes becomes dead 

Output: 
Route← Shortest route from Source node to sink 
End Begin 
 

Table 1. Variables of Simulation for WBAN 
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This kind of protocol ensures maximum energy in 
the nodes that resulting in the transmission of data 
from transmitter to receiver. It also increased the 
productivity of the network. In scenario 1, due fault 
in the network, packet-loss is increased at a steady 
rate.  

Fig. 4. Analysis of throughput with respect to 
rounds 

Fig. 5. Analysis of energy with respect to 
rounds  

 Hence, packing forwarding again and again due to 
the fault leads to more energy consumption. The 
proposed technique recovered the network fault and 
finally led to a reduction in the energy consumption 
of the network. Figure 5 shows minimum energy 
consumption.  

5.3 Network Lifetime 
 The network stability period is the duration of time 
in which network operations are performed until the 
nodes die (42). As far as the medial applications are 
concerned, the network should be optimized for 
lifetime. Most of the wireless sensor networks utilize 

various energy-efficient protocols for 
communication among the nodes and base stations. 
The proposed protocol has more stability period. It 
plays vital role for balancing the energy 
consumption and increase the network lifetime. The 
network should be operated for as long as it is 
required for measuring the body parameters. 

Fig. 6. Analysis of network lifetime with respect to 
rounds 

Hence, Energy degradation leads to a halt in the 
network operational time (43).In Fig. 6, the network 
lifetime is increased due to fault recovery in the 
network by using relay nodes. 

5.4 Path loss 
Path loss is defined as the reduction in power for 
propagation while transmission of the data from 
sensor node to the sink. During propagation, 
sometimes the signals are diverted from the 
destination and split in the no. of fragmentation. The 
diversion of the signal is known as Path loss. 
Basically, it is loss of power density. This term is 
mostly used in the wireless network for transmission 
of data over the network. Basically, it is loss of 
power density.  
The overall results comparison of scenario 1 and 
scenario 2 with different parameters is given in 
Table 2.  
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Table 2. Result analysis of scenario 1 and 
scenario 2 with different parameters 

6. Conclusion and Future work
In WBAN, there are numerous sensors and relay 
nodes for monitoring body parameters and data 

transmission, respectively. The relay nodes play a 
significant role as an inter-mediator. Due to the 
wrong selection of the relay node, there are always 
chances of the failure in the transmission of data 
from the sensor node toward the sink. For that 
purpose, relay nodes are there for packet forwarding 
toward the sink. The relay-nodes are selected from 
the nearest neighborhood along with considering 
maximum energy. An attempt is made on the 
selection of the relay node so that the failure may not 
occur, and hence data will be transferred to the sink 
without delay. The proposed technique is based on 
energy and resources in terms of buffer size.  In 
future proposed technique will be applied hybrid 
MAC protocols for channel sensing and further 
enhancements can be done for the dynamic 
adjustments of the sensor nodes in WBAN and it can 
be used in the field of diagnosis of kidney dialysis, 
diabetes and other general prevention. 
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