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Abstract: Wireless Body Area Network (WBAN) technologies are emerging
with extensive applications in several domains. Health is a fascinating domain
of WBAN for smart monitoring of a patient’s condition. An important factor
to consider in WBAN is a node’s lifetime. Improving the lifetime of nodes is
critical to address many issues, such as utility and reliability. Existing routing
protocols have addressed the energy conservation problem but considered
only a few parameters, thus affecting their performance. Moreover, most of
the existing schemes did not consider traffic prioritization which is critical in
WBAN:S. In this paper, an adaptive multi-cost routing protocol is proposed
with a multi-objective cost function considering minimum distance from sink,
temperature of sensor nodes, priority of sensed data, and maximum residual
energy on sensor nodes. The performance of the proposed protocol is com-
pared with the existing schemes for the parameters: network lifetime, stability
period, throughput, energy consumption, and path loss. It is evident from
the obtained results that the proposed protocol improves network lifetime
and stability period by 30% and 15%, respectively, as well as outperforms the
existing protocols in terms of throughput, energy consumption, and path loss.

Keywords: Multi-cost routing protocol; network lifetime; wireless body area
network; adaptive routing; residual energy; clustering; poisson distribution

1 Introduction

Recent advancements in information and communication technologies have enabled new oppor-
tunities to facilitate people in various domains of life [1]. One such area that has seen significant devel-
opment, especially after the outbreak of COVID-19 is remote healthcare. Distant health monitoring is
an evolving technology that enables healthcare providers to observe, diagnose, and prescribe patients
without the need of their physical presence [2]. In recent years, Wireless Body Area Network (WBAN)
has emerged as a most promising communication technology for remote healthcare that enables
applications to monitor a patient’s health with the help of sensor nodes [3]. WBAN consists of different
kinds of wirelessly connected sensor nodes implanted or surface mounted on a human body. The
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primary aim of WBAN sensors is to extract various physical parameters, such as body temperature,
pulse rate, respiratory measurement, sugar level, or amount of calories burnt in a workout. The sensor
nodes in a WBAN can be deployed in different topologies such as a star, mesh, or tree, depending
upon the specific application requirement. The data collected by the sensors is transferred to a remote
server node for processing and analysis, and/or to generate alerts if some abnormality is detected. The
use of WBAN:Ss is not just limited to healthcare, but they also have applications in other domains as
well, like multimedia, gaming, and sports etc. [4]. The WBAN can be used to monitor health of an
athlete during training, or it can be used to monitor the mental condition of a gamer. WBAN devices
can also be used for video capturing during internal body scans/imagery.

In medical field, the use of WBAN allows a patient to not stay confined to a single location
tethered with wires and monitoring devices. Rather, a patient can move freely, or may leave hospital
facility while his/her vital signs (e.g., body temperature, pulse rate, respiration rate, blood pressure,
etc.) are constantly being monitored and reported. This helps in improving the quality of life of the
patient. Moreover, when the patient’s data is collected in a natural environment over a longer period,
this provides more useful information, allowing for accurate diagnoses and treatment [5]. A typical
organization of WBAN is shown in Fig. 1.
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Figure 1: Architecture of WBAN

Despite many benefits, WBANSs suffer from several limitations and challenges due to miniaturized
nodes with shorter battery lives. Smart health application using WBAN requires seamless network
connectivity and autonomous self-organizing capabilities of inter-connected sensor nodes [6]. Due
to resource limitations in terms of battery power, available bandwidth, transmission power, buffer
size, and processing capacity, the traditional routing protocols designed for Wireless Sensor Networks
(WSNs) are not appropriate for WBANSs [7]. Moreover, the movement of human body, and heteroge-
nous nature of nodes with different battery lifespans may result in link failures, creating network
instability. Therefore, routing, and medium access become challenging in such unstable conditions.
The routing protocols for WBANSs need to be designed carefully to be energy efficient and robust
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[8]. The sensed data from patient contains diverse and critical information like Electrocardiogram
(ECG) and heart rate, along with other information such as temperature and movement. Therefore, the
prioritization of data based on criticality for timely delivery is an important task that must considered
by an efficient routing protocol.

Several routing protocols for WBAN have been proposed in the past, designed for different
application scenarios [3,4]. Generally, the WBAN routing protocols are classified as temperature-
based, posture-based, cross-layer, cluster-based, and QoS based [8], depending upon the application
they are targeting. For instance, Nadeem et al. [9] proposed a multi-hop routing protocol for link
efficiency in WBAN.

The authors considered the residual energy of the nodes for improving the link efficiency in
WBANSs. However, they did not consider routing with multi-cost function. Moreover, the authors
evaluated the performance of their proposed method with limited number of sensor nodes. In [10],
energy efficiency for multi-hop communication is improved using a linear programming-based routing
protocol. However, the authors did not consider network lifetime as a parameter for performance
evaluation. Moreover, their proposed protocol lacks multi-cost routing function. Distance-based
routing protocol for multi-hop communication in a hospital-based patient monitoring application
is proposed in [11] to improve energy efficiency. The proposed protocol is evaluated with a limited
number of sensor nodes and considered only distance as the route cost function. In [12], the authors
proposed a multi-chain routing to estimate the sink mobility and improve the energy efficiency.

As we can observe from the aforementioned discussion that most of the existing works did not
consider the network lifetime as an evaluation criterion for their protocols, and they have performed
simulations by considering a limited number of sensor nodes. Moreover, the protocols did not consider
adaptive routing, used single attribute to calculate route cost function, and provided evaluation with
limited number of nodes. In this paper, we propose a routing protocol for WBANSs that provides
adaptive routing using a multi-cost function and involves many nodes to collect variety of sensory
data from a patient. The proposed protocol works for normal as well as event driven traffic. The
multi-cost routing metric comprises of minimum distance from the sink, nodes’ temperature, priority
of sensed data, and maximum residual energy of the sensor nodes. We perform strategic sink placement
which helps in effective aggregation of traffic from every sensor node and makes it more discoverable
[9-10,13,14]. The proposed protocol improves the network stability and lifetime. The following is the
summary of our contributions:

B An adaptive routing protocol is proposed based on multi-cost function including maximum
residual energy of nodes, temperature of sensor nodes, priority of sensed data, and minimum
distance from the sink.

B A traffic model based on Poisson distribution is developed to generate traffic.

B Traffic prioritization is modelled using a weighted approach.

B Strategic sink placement is discussed for improved data aggregation.

B The proposed scheme is evaluated for the parameters: network lifetime, stability period,
throughput, energy consumption, and path loss for the sensory data obtained from patients.

The rest of the paper is organized as follows. Section 2 presents the literature review. Section 3
explains the proposed work. Performance evaluations and results are discussed in Section 4. Finally,
Section 5 concludes the paper.
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2 Literature Review

WBAN is an evolving technology with newer, miniaturized products, constantly being introduced
into the market. The routing protocols play an important role in the design of low cost, energy-efficient,
and reliable WBANS. In the existing literature, there is no standardized categorization of WBAN
protocols. However, based on the application scenarios and design objectives, the routing protocols
for WBANSs can be generally classified as postural-based, temperature-based, cluster-based, cross-
layer, energy-aware, and QoS-based [8]. In the subsequent text, we briefly present a comparative study
of state-of-the-art WBAN routing protocols.

In [9], the authors proposed a protocol, named SIMPLE to route information in WBANSs. The
proposed protocol utilizes a cost capacity function to choose a suitable route towards the sink. Cost
function is determined based on the distance among the sensing nodes and the number of hops
from the sink. A sensor with least cost function is chosen as a parent node. In the SIMPLE routing
protocol, forwarding node is selected based on minimum distance to the sink. Each forwarding node
is responsible for data aggregation from its neighboring nodes and to forward the aggregated data
towards the sink. The authors used Time Division Multiple Access (TDMA) for scheduling the
transmission of sensed data among the sensors. The proposed protocol divides each TDMA cycle
into the following sub-cycles: (a) controller sub-cycle and (b) information sub-cycle. The issue with
SIMPLE is that it only considers minimum distance as the routing criteria at the cost of higher energy
consumption. Javaid et al. [13] proposed an improved version of SIMPLE, named as iM-SIMPLE.
They used integer linear programming to improve the throughput and reliability of WBAN.

In [10], the authors proposed M-ATTEMPT, which is an energy and temperature-aware routing
protocol for WBANSs. Their proposed protocol reduces energy consumption for high traffic load
using biosensors. According to the M-ATTEMPT protocol, random placement of sensing nodes is
accomplished by using descending order of data rate. A sink is placed at center of patient’s body.
The authors used mobile sensor nodes to collect data from the patient’s body. Moreover, linear
programming is used to optimize energy management of nodes. In [1 1], the authors proposed a routing
protocol named as Distance Aware Relaying Energy efficient (DARE) for multi-hop body sensor
networks. The protocol considers minimum distance among the relaying sensor nodes as the routing
metric. The authors evaluated the performance of the protocol under different topologies. Moreover,
the authors considered an emergency clinic scenario and used seven sensors including a Body Relay
(BR) to continuously receive information and event driven data from the patient. The sensors record
various vital parameters associated with a patient’s health which includes ECG, heart rate, pulse,
temperature, glucose level, and movement. DARE uses a single metric-based routing which can lead
to insufficient information for effective routing in WBAN:Ss.

Jafri et al. proposed a power efficient protocol, named as PEGASIS [12]. The authors proposed
a mobility mechanism for the sink node to improve energy efficiency in routing. To enhance the
performance of WBANS for a mobility supported network, a deep learning-based routing technique is
proposed in [15]. The proposed scheme uses deep learning and Adam optimizer to estimate the position
of mobile sensor nodes. The protocol aimed to improve the network lifetime for heterogeneous and
homogeneous network configurations. However, the protocol only considers the estimation of sensor
movement as the routing metric, which can lead to decline in the energy efficiency of the protocol.
There are several routing algorithms available for healthcare application using WBANs. An energy-
ware routing protocol is designed in [16] for hospitals that performs best route selection to transmit
data packets. The authors proposed an energy-aware stable routing scheme that is able to derive benefit
from the residual energy and stability of nodes. Jamil et al. developed an adaptive thermal-aware
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routing protocol to solve the existing thermal issues [14]. They proposed a multi-ring approach that
selects alternate end-to-end routes when the temperature of a node at any specific route exceeds a
threshold value. The partitioning of the network into multiple rings and maintaining ring information
along with temperature and hop count across the network results in increased overhead that is not
preferable method for resource limited WBANSs. Moreover, the protocol is not adaptable to body
movements.

Chavva et al. proposed an energy efficient multi-hop routing protocol for data transfer between
sensor nodes and sink [17]. For optimal route selection, they used the Mamdani fuzzy logic [1£].
The authors used five fuzzy rules based on the residual energy level. All the data transmission is
scheduled using TDMA time slots. However, considering a single metric for data routing is not
efficient. Moreover, TDMA scheduling is not suitable for emergency data transmission [4]. Aadil
et al. proposed a routing protocol based on clustering for remote monitoring of a patient’s health
[19]. Their proposed method intended to optimize the cluster head (CH) selection process and for
this purpose, they used three optimization algorithms, namely, the ant colony optimization, multi-
objective particle swarm optimization, and the comprehensive learning particle swarm optimization.
The optimal selection of CH improved the overall routing performance. However, their proposed
protocol is not evaluated under high density of sensor nodes and for various traffic types. The summary
of discussed related work is shown in Tab. 1.

3 Design of Proposed Protocol
3.1 Radio Model

There are various radio models proposed by researchers to examine communication and energy
characteristics amongst the sensing nodes [20,21]. Our proposed work is inspired by the model
presented in [20] due to the following two reasons: (a) it has lower complexity and (b) it depicts the
communication scenarios that are closely related to WBANSs. The expressions for data transmission
energy costs, receiving costs, and amplification costs [20] are presented as follows.

ETx(kad) =ETxfc/ec X k+(8amp X k X d2) (1)
ERx(k) =ERx—elec X k' (2)

Here, d is the distance between transmitter and receiver. The parameters £, and Ej, are the
energy consumption per packet costs of the transmitter and receiver, respectively. Similarly, £, _.,.. and
Er._... are the per bit energy consumption values for the transmitter and receiver electronics circuitries,
respectively [22]. The parameter ¢, is the radio amplifier type and k is the packet length. The loss
coefficient 7 is different for human body as compared to terrestrial networks, so we rewrite Eq. (1) in
terms of n as:

ETx(kada n):ETx—ela' X k+(8amp X 77 X k X d'?) (3)

We utilized Nordic nRF 2401 A [23] because it is a low power transceiver and uses the free-licensed
band of 2.4 GHz. The details of Nordic nRF 2401A radio transceiver are described in Tab. 2.
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Table 2: Radio parameters of Nordic nRF 2401A

Radio Parameters Value
DC Transmission (mA) 10.5
DC Receiving (mA) 18
Power supply (V) 1.9
E; ... (nanoJ/bit) 16.7
Ex. ... (nanol/bit) 36.1
€anp (nanoJ/bit/mn) 1.97

3.2 Path Loss Model

The path loss is measured in the form of decibels (dB) and it signifies the signal attenuation [24].
It is notable that the signal power is corrupted by a factor called Additive White Gaussian Noise
(AWGN).

Path loss is defined as a variance between transferred power and received power of any device.
However, antenna gain is not mandatory to be considered. In the field of WBAN, movement of human
body, dissimilar body positions, hands, clothes, and other accessories disturb the transferred signal.
Path loss associated with distance and frequency is stated as given in [24].

PL(f, d)= PL,+10nlog,, (di) +Xo. 4)
In Eq. (4), the PL, represents received path loss, d indicates the space among transmitter and receiver
and d, is considered as referenced distance. Moreover, the value of n relies on propagation environment,
and it is the path loss coefficient. If there is a free space communication, then the value of n will be 2,
but for communication in the case of WBAN, the value of n ranges from 3 to 4 for line of sight (LOS)
communication, and between 5 and 7.4 for a non-line of sight (NLOS) communication. Gaussian
random variable is denoted by X, and o denotes the standard deviation. The parameter PL, indicates
the path loss at reference distance d, so it is expressed as:

[4rmdf]
. )

PLO = IOIOgm( (5)
where the parameter f indicates frequency, d is the distance (between the transmitter and receiver), ¢
represents the speed of light, and the value of reference distance d, is 10 cm. The standard deviation
variable X, is used for predicting the signal strength between boundaries of the transmitter and
receiver.

3.3 Adaptive Multi-Cost Based Routing Protocol (AMCRP)

We assume that different multipurpose biosensors are placed on a patient’s body. We placed 19
biosensors and 5 relay nodes on the body. These biosensors are placed on appropriate sensing location
across the whole body of the patient as shown in the Fig. 2. After several empirical trials, the best
location for the sink node placement is found to be the center of a patient’s body. Similar placements
are performed by the authors in [9-10,13,14], as this allows effective data aggregation by making the
sink more discoverable to the sensor nodes. The ECG, EMG, glucose, and blood pressure sensors are
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assigned higher priority, and the traffic from these sensors is considered as critical data traffic [25,26].
Our proposed routing protocol is adaptive in nature and capable of working in critical and normal
data traffic scenarios. Moreover, we extend the performance by considering a multi-cost routing metric
consisting of minimum distance from the sink, temperature of sensor nodes, priority of sensed data,
and maximum residual energy of the sensor nodes. Details of our proposed work are in the following
subsections.

Sensors

Sink

Positioning Motion
DNA Protein
ECG
5p0;
Blood Pressure
Respiration

Tilt
Insulin

pH Body Temperature

Toxins Glucose

Lactic Acid EMG

Knee Movement Knee Movement

Pressure Pressure

Figure 2: Configuration of sensors and sink node on human body in proposed AMCRP

3.3.1 Initialization Phase

The sink broadcasts a packet which contains its location. Each receiving sensor stores the location
of the sink and then rebroadcasts a packet which contains sensor ID, current temperature of the node,
residual energy status, priority of sensor, and its location. In this manner, all the sensors are updated
with the location of the neighbor nodes and the sink [27].

3.3.2 Routing Cost Function

To reduce energy consumption and maximize network lifetime, we utilized multi-hop communica-
tion for WBANSs [28]. Our proposed protocol selects new relay node for data routing and forwarding
in each round of communication. In the initialization phase, the sink node receives sensor 1D, location,
priority, and residual energy of each relay and sensor node.

On having this information, the sink calculates the routing cost for every relay node, and then
disseminates this cost to every other relay node. Based on the cost function, every relay node decides
whether to become forwarder node or not. Let the ID of a sensor node be represented as j, then the
routing cost function RCF(j) is calculated as:

RCF()) = (6)

D |
(RE(j)xtemp(i)) x Pr(p-
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Here, D the distance of node j from the sink node, RE(j) is the residual energy of the sensor node
computed as RE(j) = E, — E,, where E, is the total energy of the sensor node and E, is the consumed
energy. The parameter Pr(j) is the priority of sensor node and it has value of 2 for high priority traffic
nodes and 1 for other nodes whereas temp(j) is the current temperature of the sensor node j. After
the RCF (j) is computed, the sink selects the appropriate forwarding node with minimum route cost
function. Sink will calculate RCF and notify all the relay nodes about RCF after it will elect the
forwarder node. This will be done to notify the sensing nodes about their forwarder (relay) node so
that they can effectively transmit the sensed data towards the sink. Eventually, all the neighbor sensors
send data to the aforementioned forwarder node which then aggregates the data and transmits it to the
sink. The selected forwarder node has minimum distance to the sink and maximum residual energy.
Consequently, this node is better selection for data routing within the available resources. Algorithm
1 presents the steps involved in candidate node selection process.

Algorithm 1: Candidate node selection

1: Sink broadcasts its location to every relay node;

2: Every relay node j broadcast’s its temp(j), RE(j), Pr(j), and D to sink;
3: Repeat step 2 for every relay node ‘’;

4: Sink calculates RCF(j) for every node ‘j” as

RCFG) = (m5mms ) X PrO)
5: Sink transmits RCF(n) to every node ‘/’;
6: Sink elects the forwarding relay node as:
if (RCF(j) < RCF(k)) then
Substitute k as forwarding relay node (newly elected solution)
end if

7: The final elected node ‘k’ is the forwarding relay node in the next round;

3.3.3 Data Transmission and Scheduling

The main objective of the proposed protocol is to minimize the energy consumption in order to
enhance network lifetime of WBAN. To make the protocol workable for both normal and critical data
traffic situation in WBAN, we have assigned the priorities for different types of packets. The sensors
such as ECG, EMG, glucose, and blood pressure are assigned higher priority, and the traffic from
these sensors is considered as critical data traffic.

In this phase, sink assigns time slots based on Priority-Based Enhanced Time Division Multiple
Access (PTDMA) protocol proposed in [29] to the forwarding node and to the other sensor nodes. The
sensor nodes disseminate the sensed data to the forwarding node within the scheduled time slots and
the forwarding node aggregates the data and transmits it to the sink in the allocated time slot. When
a node has no data to transmit, then it switches to idle mode. Only at their transmission time slot, the
nodes wake up. Hence, this PTDMA time scheduling of sensors reduces nodes’ energy consumption
which lead to improvement of network lifetime. Communication flows from sensor-to-sink, or from
sensor-to-sensor and then to sink, but communication outside the WBANS is not considered in this
protocol. Forwarded node is selected based on multi-cost function RCF(j).

When a sensor node has sensed the data under event driven traffic scenario, it specifies the
occurrence the event based on the threshold, and it varies from patient to patient [30,31]. Therefore,
it is essential to mathematically model the probability of occurrence of each event taking place in
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the sensor node. For any data transmission event under normal traffic condition, the frequency of
occurring events, S is computed using the Poisson distribution [32]:
Ake

7 (7
where P(S) is the computed frequency of occurring events using Poisson distribution and A is the
mean number of events happening at that point distribution of frequency. In our proposed system, we
assume that the WBAN comprises of multi-hop, multi-frequency bands, and multiple paths. Therefore,
a certain weight is assigned to every sensor node. Our proposed AMCRP protocol has the following
key attributes:

P(S)=

e Each network node is fixed in its location.

e Routing is adaptive and it is done using a multi-cost function RCF(j) consisting of residual
energy, temperature of sensor nodes, distance to the sink, and priority of data traffic.

The sink node is placed at the middle of the body liable for data gathering of all sensor nodes.
Sink is assumed to have greater power resource and computational capabilities.

Individual nodes transmit their data using PTDMA.

Every individual sensor may transmit data through a forwarder node to a destination node i.e.,
sink node.

The simulation parameters for our AMCRP protocol are summarized in Tab. 3.

Table 3: Simulation parameters

Parameter Value
Simulation area 2m x 2m
Number of sensor nodes 19
Number of relay nodes 5 relay nodes
Sink 1 static
Type of devices Body Sensors, Body Relay, Sink
Energy parameters E,. =05]
E,=1]
E, . = infinite
Communication type Multi-hop
Size of a packet 296 bits

4 Results and Discussion

For the evaluation of the proposed AMCRP protocol, we conducted a simulation consisting of
10,000 rounds using MATLAB simulator. We used 19 sensor nodes and 5 relay nodes which are
randomly distributed and sink node is placed in the center of the network. We studied the performance
of AMCRP and compared it with the existing protocols SIMPLE and M-ATTEMPT. Primarily, all
of the sensor nodes have limited energy sources (0.5 J per node for sensing nodes and 1J per node for
relaying sensors). When communication among sensor nodes takes place, the energy is depleted. The
transmissions are ceased whenever the energy sources are vanished. The following are the parameters
and their meanings used in the current section.
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e Stability period: 1t is the time period of network operation till the first node dies. The onward
time period is considered as unstable period [10].

e Network lifetime: Time period until all of the sensor nodes in a WBAN die.
o Residual energy: It is the remaining energy of the node after each round of communication.
o Throughput: It is termed as the total number of successfully received packets at the sink node.

e Path loss: 1t is defined as the reduction in power level when the data signal is transmitted from
source to destination, and it is measured in decibels (dB). Path loss plays a key role in the analysis and
design of link budget for practical implementation.

Fig. 3 shows the comparisons for network lifetime. In the worst case, the stability period of
AMCREP is better than SIMPLE and M-ATTEMPT that have stability periods of 3000 and 1500
rounds, respectively, as compared to AMCRP that has a stability period of 3500 rounds of communi-
cation. AMCRP performs better in terms of network lifetime because in case of M-ATTEMPT and
SIMPLE, all the sensor nodes die after 7000 rounds but in the case of AMCRP protocol only 4 nodes
die. In M-ATTEMPT, when temperature of forwarder node rises, the node selects alternate longer
path that consumes more energy. Hence, these nodes die early. In SIMPLE, nodes die early due to
continuous and single hop transmission. Comparatively, the proposed AMCRP achieves 15% more
stability period and 30% longer network lifetime.

9,

SIMPLE
—e—M-ATTEMPT
AMCRP

8 4

No. of Dead Nodes

1 M—lﬁ 4
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
No. of Rounds

Figure 3: Network lifetime analysis

As discussed earlier, WBAN transfers critical and time sensitive data of patients, and due to this
it requires a protocol with minimal packet drop ratio. As reflected in Fig. 4, AMCRP attains high
throughput compared to M-ATTEMPT and SIMPLE. This is due to the energy conservation property
of AMCRP that enables maximum number of nodes to stay alive, thus more nodes contributing to the
message transfer, and thereby increasing the throughput. The proposed protocol has a multi-cost route
computation function RCF(j) that allows it to send maximum number of packets, with minimum
energy consumption. The stability period of M-ATTEMPT and SIMPLE is smaller than AMCRP.
This implies that they will send small number of packets to the sink, thus reducing the throughput.
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Figure 4: Throughput and packet received at the sink

Fig. 5 depicts the network energy consumed in each round of communication. The results indicate
that AMCRP consumes 25% lesser residual energy as compared to SIMPLE and M-ATTEMPT due
to the energy-efficient route cost computation function. Fig. 6 shows the results of path loss, as a
function of frequency calculated in Eq. (5) and distance. Our proposed protocol has reduced path loss
as compared to M-ATTEMPT and SIMPLE protocols. This is because the path loss relies on the
communication distance, and the proposed AMCRP protocol involves more nodes placed at shorter
distances in a multi-hop communication compared to M-ATTEMPT and SIMPLE which eventually
reduces the distance of communication and lead to lesser path loss.
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Figure 5: Analysis of remaining energy
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Figure 6: Analysis of path loss

5 Conclusions

In this paper, we proposed an energy-efficient adaptive multi-cost routing protocol for WBAN:Ss.
Our main goal is to improve the network lifetime as well as to enhance the throughput and residual
energy. To verify the correctness of the proposed protocol, simulations are performed using MATLAB.
Various parameters are considered related to routing issues and the comparisons are made with
existing baseline protocols M-ATTEMPT and SIMPLE. The simulation results indicated an improved
performance of the proposed protocol over the baselines. The proposed AMCRP protocol supports
normal traffic, multi-hop communication, enhanced network lifetime and stability period, and uses
multi-cost route function. It is observed that the AMCRP protocol provides 25% more residual energy,
achieves 15% more stability period and 30% longer network lifetime. The proposed protocol provides
enhanced network lifetime and higher stability period at the cost on increased processing overhead
at relay nodes by isolating sensor nodes from participating in the election of new forwarder node.
Although this helps in increasing the lifetime of sensor nodes, more number or relay nodes will be
required to provide backup in case of energy depletion.

In future, we aim to improve the routing model under the effect of different physical phenomena,
such as interference, noise, etc. for different mobility scenarios in WBANSs. Additionally, we will
employ various QoS metrics to further enhance the energy efficiency of the proposed scheme.
Furthermore, we will focus on the reducing the processing overhead for relay nodes to further enhance
the performance of the WBAN:Ss.
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