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ABSTRACT

In response to user demand for wearable devices, several WBAN deployments now call for effective
communication processes for remote data monitoring in real time. Using sensor networks, intelligent
wearable devices have exchanged data that has benefited in the evaluation of possible security hazards. If
smart wearables in sensor networks use an excessive amount of power during data transmission, both network
lifetime and data transmission performance may suffer. Despite the network'’s effective data transmission,
smart wearable patches include data that has been combined from several sources utilizing common
aggregators. Data analysis requires careful network lifespan control throughout the aggregation phase. By
using the Nomadic People Optimizer-based Energy-Efficient Routing (NPO-EER) approach, which
effectively allows smart wearable patches by minimizing data aggregation time and eliminating routing
loops, the network lifetime has been preserved in this research. The obtained findings showed that the NPO
method had a great solution. Estimated Aggregation time, Energy consumption, Delay, and throughput have
all been shown to be accurate indicators of the system's performance.
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1. Introduction

One of the wireless sensor network applications used in the medical industry is a wireless body area network.
Sensor nodes for the WBAN, a short-range network, are positioned inside a human body. These tiny, lightweight
sensor nodes are used to measure vital indicators like blood pressure, oxygen saturation, and heart rate. To utilize
the human body as the carrier of wireless signals, body sensors have been developed. Both intra- and inter-body
communications are grouped under the WBAN energy-efficient routing protocol. While the interbody involves
communication between coordinator nodes and sinks, the intra-body represents communication between sensors
and sinks [1]. The physical characteristics of an area may be monitored and recorded by a wireless sensor network
(WSN); a self-configured wireless network devoid of infrastructure. Due to their low price, compact size, and
versatility, WSNs have attracted a lot of interest for a wide variety of uses, including healthcare, the military, and
underwater surveillance. In recent times, the technologies utilized for handling WSN devices, networks, and data
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have been employed in various settings beyond their initial scope. As an illustration, sensor nodes are used in
smart factories to gather data on the products and machinery to facilitate innovative factory operations [2].
“Wireless sensor networks” (WSNs) are a crucial part of technology that provide sensors the ability to collect a
range of sensing data in an area they are monitoring and to carry out intelligent data processing & judgments.
The sink is in charge of integrating, processing, and uploading the data that was first seen by the sensor nodes to
the server in a typical WSN, which is made up of numerous sensor nodes that perceive and process data in self-
organizing ways. As a result, electricity is the most valuable commodity in WSNSs, and using energy-saving
strategies is the best way to extend their useful lifespan. Making the most of the available resources, carrying out
node load balancing, and keeping the network operational for as long as feasible are critical problems to address
because energy-efficient routing algorithms might significantly lower energy use and increase the lifespan of
WSNs [3]. Wireless body area network advancements have affected various real-time industries and fields,
including defense, research, manufacturing, commerce, transportation, and healthcare. The wireless body area
network sensors should be more precise, accurate, and noise resistant. Ina WSN, the sensor nodes are spread far
apart. Routing describes the process by which packets are transmitted from the WSN's sensor nodes to its base
station using the network's wireless communication medium. Each sensor node's power consumption has a direct
effect on the WSN network's longevity. Therefore, the routing protocol must guarantee longer WSN network life
by effective node routing [4]. WBAN's creation has also improved and streamlined solutions for a wide range of
nanotechnology-based fields, including medical, industry, agriculture, and the military. The medical field has
been an important user of this technology. Systems that monitor a person's internal health typically use a plethora
of Nanosensors implanted in the body, which are in constant contact with one another and the outside world to
form the WBAN [5]. Consequently, a novel Nomadic People Optimizer (NPO)-based routing method for WBAN
was developed in this study. The smaller size of the node is the source of the high energy usage. It has resource-
constrained gadgets and needs more energy to transfer the data. The primary objective of energy efficiency is to
improve a given quantity while abiding by a set of potential limitations by applying routing algorithms,
commonly referred to as search techniques. This study's main contribution was the creation and use of a brand-
new Energy-Efficient Routing method for resolving heuristic issues. Smart wearable patches are successfully
enabled by the proposed Nomadic People Optimizer-based Energy-Efficient Routing (NPO-EER), which speeds
up data gathering and avoids routing loops. The migration of nomads seeking food supplies in the desert served
as the inspiration for NPO.

2. Related works

Reference [6] proposed a routing system with low energy consumption that effectively utilizes wired body area
sensor network (WBASN) sensors for parameter monitoring. The forwarder node has made use of the multi-
hopping idea. The forwarder node, which is some distance away from the sink, receives the sensor data. Once
a forwarder node has accepted data, it will send that data to a sink node. Reference [7] offered a clear perspective
on the many routing methods and issues surrounding data distribution and loss in a medical setting, hence
achieving energy efficiency, low delay, and reliability. Reference [8] presented an evaluation of "reliable and
energy-efficient routing methods" in the context of “wireless body area networks” (WBANSs). They also
conducted a theoretical investigation of how energy efficiency and dependability are related and how these
aspects affect the durability and consistency of WBANSs. The importance of link-aware energy-efficient
communication between sensor nodes in the healthcare business is examined in reference [9], which sheds light
on this subject. Medical care is one area where WBAN solutions are now being deployed successfully. Wearable
WBAN & implantable WBAN are two types of WBAN use cases. Reference [10] applied machine learning to
explain the infrastructure and architecture of WBANS, as well as transmission technologies of body area
networks, constraints, and energy efficiency in various parts of the routing algorithm. In this research, they offer
the WBAN routing protocol that minimizes energy consumption while maintaining throughput. This study
suggests a novel "Energy Efficient Reliable Routing System" (ERRS) for resource-constrained WBAN.
Reference [11] enhances stability and dependability. The two novel techniques used in ERRS are transponder
node rotation and transponder node selection. Reference [12] developed an “Intelligent-Routing Algorithm for
WBANs” (I-RAW) to extend the useful lifetime of such sensor nodes. Data is gathered from the sensor nodes
that make up a cluster via two sinks, one on the patient's front and one on their back and sent to the cluster head
(CH). Reference [13] presented a thorough analysis of several protocols and strategies for handling security,
privacy, fault tolerance, and energy efficiency. A study in the article also indicates difficulties that must be
considered before designing and creating any WBAN protocol. Reference [14] examined the natural trade-off
between the sensors' power usage and the potential for erroneous health diagnoses. To acquire noisy evaluations
of the patient's health, they frame the trade-off as a dynamical problem where each step enables us to choose
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which of a collection of sensors to activate. Reference [15] demonstrated a “wireless body area network”
(WBAN) communication obligation. The protocol consists of several fundamental components, including
cluster creation, random node placement, designating nodes with high SNR as "cluster heads," random CH
rotation within each cluster, and so forth. The routing protocol "TLD-RP" (Temperature, Link Reliability, and
Delay-Aware Routing Mechanism) is presented as one that monitors the Quality of Service (QoS) of a Wireless
Body Sensor Network (WBSN), according to reference [16]. Almost all recommended temperature aware
WBSN routing solutions (temperature, hop count, or energy) employ one or more routing metrics. In the context
of WBAN, it was suggested in sources [17-21] to use a technique called "Minimum Edge-shared Vertex Paths
Selections" (MEVPS). This requires updating knowledge of surrounding nodes using an ant colony algorithm.
A path with the fewest edges might be created between the source and the BS. Clustering is useful for energy
optimization since it reduces the number of duplicate requests and increases the quality of directed broadcasts
in WBAN. Before the routing process, which involves choosing a cluster leader, clustering requires two separate
steps. Routing loops, packet duplication, and transmission delays all rise when the cluster head is frequently
replaced. When there are loops, repetition, or delayed transmissions in a WSN, network sustainability & network
output suffer. As the number of reconnection attempts rises, energy consumption rises despite a decrease in
transmission overhead. The Nomadic People Optimizer-based Energy-Efficient Routing (NPO-EER) algorithm
is presented to address the issues with communication and power consumption [22-25]. Real-time medical data
interchange using wireless body area networks is a practical solution to enhance medical services. It provides
several opportunities in the medical and health fields. This is ineffective and attackable, which allows user
private information to leak [26]. Data collection, data gathering, and error checking are the three categories
under which B FFS is divided. It discussed some crucial security aspects of WBAN communication. In addition,
it has revealed several security assaults that might be conducted in WBAN while messages are being sent [27].
To cluster data, an FLC is employed that considers crucial factors like CH temperature, comparable and total
neighbors, remaining energy, and route loss. Maintaining an appropriate temperature of these sensors is
imperative when dealing with large amounts of data and prolonged missions [28]. Information is gathered by a
sensor node, and communication is enabled by a gateway node that links the sensor node. The use of energy
efficient WBANS is hampered by other issues [29]. To classify the schemes, a taxonomy is offered. Smart grids,
smart automobiles, and fog-assisted smart cities are also taken into consideration for secure, effective, and
trustworthy data collecting with minimal computational cost [30]. The public wireless network environment of
a WBAN presents a serious security risk in terms of ensuring that only authorized parties have access to patient's
sensitive health information. A patient's life may be in danger if sensitive data were intercepted, interrupted, or
modified because of unauthorized access. To construct a session key and accomplish safe authentication, several
authentication algorithms have been put forward. The session key is then used to encrypt the sensitive data
transferred over the insecure channel. But there are also performance constraints and security issues, such as
impersonation attacks, desynchronization assaults, and other potential attacks via unprotected channels. A
routing strategy for secure data transfer in WBAN is suggested in this work. The technique lowers energy
consumption by direct connections using two-hop or multi-hop communication. A multi-parameter maximum
gain function is created to choose the optimal next-hop node, and the weights are changed based on the
significance of the inputs. Additionally, dynamic route modification is utilized to guarantee efficient and reliable
data transfer. The paper provides a detailed explanation of the maximum benefit function creation and routing
mechanism.

2.1. Development of the Function that Maximizes Benefits

The sum of the weighted coefficients for the hops to the sink, normalized residual energy, available bandwidth,
and transmission efficiency indicates the maximum benefit functions. The node with the highest functional
value is, thus, the optimum next hop. Because the energy supply for nodes is constrained, increasing energy
efficiency is essential. To maintain a healthy balance in the network's total energy consumption, this study
prioritizes the nodes' leftover energy. The optimal next hop is then determined to be the node with the maximum
remaining energy. The percentage of packets a node can broadcast successfully serves as a gauge of its
transmission efficiency. How many packets the node can deliver in a specific amount of time without
experiencing any faults determines its efficiency. The optimum next hop must be chosen from the node with
the highest transmission rate to enable reliable data delivery across nodes. The entire bandwidth at any time
available to a node is its bandwidth. Better data transmission is made possible by a more considerable
bandwidth, which speeds up the network. By considering the bandwidth that nodes have available, which results
in constant, uninterrupted, and timely data transmission between nodes, the secure flow of data may be further
secured. The number of hops needed for the nodes to reach the sink is determined once the network is created.
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The transmission latency may be considerably decreased by choosing the best next hop node, resulting in smooth
and timely data flow across nodes. The best next-hop node is chosen, and then the data is forwarded through
the three stages of the proposed routing protocol.

2.2. Initialization of the Network

According to the suggested protocol, each node in the network, including the aggregation node, sends a
Welcome message. After receiving this message, the node relocates the receiver to the new position and
broadcasts another Welcome message to the network. The nodes' IDs, locations, remaining energy, transmission
efficiency, bandwidth, number of hops to the recipient, and other data are all included in this message about the
nodes. The receiver's and adjacent nodes' precise position is now known to all nodes. Following the initial phase,
each node will offer a data table about its nearby nodes, known as NT. The best next hope will be determined
using this table.

2.3.Choosing the Next Hop Node by Maximizing the Benefit Function

To meet the various QoS requirements for different types of data in WBAN, it is necessary to categorize and
process them accordingly. P1 priority data may have low traffic and random creation, but it requires strict real-
time and reliability criteria. When emergency data comprises anomalous physiological data that may risk
people's lives and health, any delay might result in disastrous occurrences. As a result, issues like node
transmission efficiency, available bandwidth, and the number of hops to the sink require extra consideration.
To ensure the prompt and accurate delivery of emergency data, we can assign weights of 0.1, 0.3, 0.4, and 0.2
respectively. On the other hand, we require the fundamental premise of decreasing energy usage to successfully
improve the weight values of other energy metrics for P2 priority data. An example of balancing the energy
usage of nodes and ensuring reliable data transfer is by setting the weights to 0.5, 0.2, 0.2, and 0.1. By selecting
a next-hop node with larger available bandwidth, better transmission efficiency, and fewer hops, node energy
consumption can be balanced, extending the network lifetime while maintaining low latency and consistent
communication between nodes. The protocol mandates that multi-hop routing use a maximum of three hops.
The Eminth protocol establishes a minimum energy threshold for each network node to guarantee that it has
sufficient energy to function. When a node's residual energy reaches this threshold, it may become a contender
for the following hop by entering the NT. If a network device's remaining energy falls below this threshold, it
will stop serving as the next hop and leave the NT. Currently, nodes only communicate their own packets and
not information about other nodes in the network. Prior to sending the data, the best next-hop node is chosen.
Data is obtained from the source node and sent to the sink by the chosen next-hop node. To ensure prompt
urgent data transmission, the P1 data is processed first if two other nodes choose the same next-hop node
simultaneously. If a node's remaining energy falls below Eminth, it only transmits its own data, assuming that
its initial energy level was the same.

2.4.Network model

Consider a system of n sensor nodes, n sink nodes, and n source nodes made up of intelligent wearing patches.
Under the “random waypoint” (RWP) paradigm, the nodes are distributed in the X*Y area in random order and
with reduced mobility. Several sensor nodes also serve as monitoring nodes (MNs). The physical management
of the transmission zone and network region determines the MN count. As principal aggregators, we classify
intermediate nodes with higher energy (PAs). Secondary aggregators (SAs) are nodes with the second-highest
energy that are idle. Backup aggregators (BAs) are intermediate nodes that act as aggregators after multipath.
The major aggregator node seeks data from the active source nodes and initiates the broadcast. MNs are used
as a buffer, to measure the flow rate after transmission, and to monitor the energy of the nodes during the initial
stages of transmission. A wearable patch that is integrated with the WBAN model is shown in figure 1. In
addition, MNs offer recommendations for modifying the aggregator node. A typical WBAN consists of several
sensor nodes, a controller node, a mobile phone, or PDA. On a WLAN or mobile network, the central node
serves as both a network sink and a public network gateway. The wearer's smartphone can be the interface for
tracking health indicators if preferred. The sensor nodes contain WBAN models for usage by practitioners who
adhere to standard operating procedures and gather data on anthropometric markers such as EGG, CGG, pulse,
temperature, and blood glucose, as well as on-body movements and GPS wearable patches.

2.5.Nomadic People Optimizer
The description of nomads and their manner of existence, which serves as the foundation for the suggested
algorithm, is the first stage in this section's explanation of the fundamentals of NPO. A mathematical model of
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NPO is also provided. A nomad is a person who spends his or her whole life traveling from one region to another
with flocks of camels, cattle, and sheep in search of food and fresh water. These herds graze on the grass near
water sources, providing their owners with food and other necessities like skin and wool for clothing and tent
construction. The nomads get their protein and calcium from the milk of the herd. Since nhomads seldom stay in
one spot for an extended period, it is generally known that they do not get used to their surroundings or develop
the ground around their village. In truth, there are various sorts of nomads, including Berbers, Gypsies, and
Bedouins. The new algorithm, NPO, was influenced by Bedouin categorization and lifestyle. The Sheikh family
and regular families make up the Bedouins' families. The clan's head, the sheikh, decides the sites necessary for
each family's survival as well as their distribution strategy. The family would be sent in search of a new
appropriate place by the sheikh. The chosen families would travel at random distances and directions. The
distribution of the families is shown in figure 2. The Sheikh's tent is in the middle of a semicircular dispersion
of the family tents. The sheikh is the key player, having control over the clan's movement as well as the destiny
of the families and their futures.

e
ECG Patches External Remote Control
Interface Interface
Cell phone Pulse

Figure 1. Wearable patches combined with the WBAN model
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Figure 3: Semicircular distribution of the families

The following is a discussion of the terms used to describe NPOs:
» Leader (o): One person in the swarm represents the current local best option.
> Best Leader (o£): The meeting room strategy uses a person to represent the overall best answer in all
swarms.
> Normal Leader (¢V): A person who stands in for all other leaders outside the Best Leader (o).
Family (x) refers to an individual who represents a member of a group or community whose physical
abilities are not as strong as the leader.
» Clan (c) is a group of families (x) that are led by a single leader (). Each clan in the NPO consists of
several households and one leader.
» To determine the worth of a particular place in the search space, the phrase "fitness" or "objective
function” (f(x)) is employed.
» The function links the physical issue and the optimization approach by returning a value after receiving
the coordinates of the solution space.

Direction () is a variable that guides average leaders towards superior leaders.
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Five key operators the Initial meeting, semicircular distribution, family search, leadership changeover, and
finally, periodic meeting make up the NPO algorithm.

Initial meeting (initialization):

A group of chiefs (o) is randomly initialized as o; = {gy, g, ... #Clans} using equation (1).

o, = (UB — LB) X Rand + LB (1)

LB and UB refer to the minimum and maximum limits, while @, indicates the position of the leader of clan c.
Rand represents a randomly generated number within the range of 0 to 1.

Exploiting Local Search with a Semicircular Distribution:

A group of families (x), where X; = {X;, X,, ... #Families }, are arranged around the matching leader (r). Using
the 2D circle equations, it is mathematically feasible to randomly distribute points inside of a specified circle
with a defined radius. According to the angle's value and the following equations, a circle is drawn around these
locations and the origin (the circle's center):

X = (Rd x /Ry) x cos(6) + X, (2)
Y = (Rd x /R,) X sin (8) + Y, (3)

Where R, and R, stand for the randomly generated coordinates of a point on the circle's edge, and X, and
Y, stand for the origin point's (circle's) coordinates. While 8 is a random number between [0,27], it corresponds
to the angle value of that point. When the produced points are in the form of a 2D circle, equations 2 and 3 are
applied (i.e., X, Y; and 6). The issues, however, do not need the use of X and Y coordinates if the answers are
represented inside the search area. As a result, rather than being represented in two dimensions, the solutions
are shown in the unary form. As a result, the leader's tent must be distributed randomly, and thus needs an X
location, but not a Y position. Considering this, an equation was created to account for this situation, as shown
in Equation (4) in the following:

X, =0, X VR x COS(6) 4

In Equation (4), the position of a family is represented by XT while the position of the leader of the same swarm
or clan is represented by .. Additionally, R is a random integer between [0, 1]. When LB is 0 or positive, the
equation may be multiplied by |[COS(0)|. It's important to note that the location of each family is entirely
dependent on their leader's placement decisions. Therefore, the leader has full control over where each family
is situated around their tent.

Families seeking (worldwide exploration): The following search space is based on arbitrary directions and steps
produced by the Le'vy Flight equation:

XF = X7 + g« (0. = X )@Levy ©

Where the variables X/**" and X2 stand for the current family's new and old locations. The distance between
all other normal families, ac, which represents the area of the clan and can be determined using the following
equation, is equal to ac*ap.

The symbols X*¢¥ and X2'¢ represent the present positions of the family, both new and old, while a, represents
the size of the group, which is equivalent to the mean distance between all other typical families and o.. a.. To
determine o.. a., you can use this formula:

— 2
[0>) —
32, (E-x0t)

ac - 9 (6)

In this case, the leader's function is denoted via (c_c), and the role of the standard household is denoted via
X cM. @ represents the wide variety of households in every clan. When households are organized in a
semicircular distribution round ¢_c, x_(c) will be nearer to 6_c, motivating small-step exploration of the search
region. The massive distance between all x_(c) and 6_c improves the capability of households to discover the
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search area a ways from the cutting-edge o c. This permits the fee of a ¢ to influence the search process
tremendously. These households go randomly in exceptional instructions with the step dimension decided using
the Le'vy flight (A_c) equation.

Levy~u=t"* (1<1<3) @)

The random step duration is typically calculated using the Le'vy flight equation and the Le'vy distribution with
an infinite mean and variance. Figure 5 is a common illustration of the stochastic equation for a random walk.
A random walk's future state or location is often defined by its current position (the first component of the
equation) and the transfer probability (the second term). @ represents the product of term-by-term
multiplication. The random walk using Le'vy flight is more successful while traversing the search space since
its step length increases significantly with time.

Leadership transition (exploitation): Determine if a new family has a greater level of adaptability than the
clan's present head for each clan. In such cases, both families will have leadership roles.

The periodical meetings (exploitation—exploration): All save the relocation of Leaders in the desert distinguish
the recurring gatherings from the first gathering. The Leaders work to settle any external issues and explore the
ideal areas for migration during these frequent sessions. The goal of this gathering is to give each Leader power
over his domain without igniting the aspirations of those around him, but rather by drawing them closer to
himself. For the other Chiefs to obtain a solution to update their positions during the first portion of the meeting,
it is necessary to choose the most decisive or best-positioned Leader. This update is produced by the difference
between the average most essential Leader position and the average Leader position, as shown in the following
equation.

/z?(aE—aéV)Z
APos = Y (-——) (8)

#D

Where oF stands for the greatest Leader's position and ay; stands for the position of average Leader. In the
meanwhile, #D stands for the problem's number of dimensions, ¥ for the problem's direction, and APos for the
normalized gap between the best Leader and the usual Leader. ¥ guides regular Leaders to better areas based
on the fitness value of the top sheikh:

W= {1 if f(e®) =0 )

—1 otherwise

By using Equation 10, the regular Leaders revise their positions. A portion of the NPO discovery stage is
represented by this equation.

orew = a—é") + APos (of —ol) * % (10)

Where IT and IT stand for the current iteration and the total number of iterations, respectively, and ¢ and
ol stand for the new and old positions of the normal Leader. This algorithm is based on evolutionary
computation and is designed to optimize a given objective function by simulating the natural selection process
that occurs in nomadic populations. Many optimization issues, including those requiring intricate, nonlinear
functions or numerous goals, can be resolved using the NPO method. A meta-heuristic optimization technique
called the Nomadic People Optimizer was developed in response to observations of nomadic people. This
algorithm is used to solve complex optimization problems, such as those found in engineering, finance, and
logistics. To write the Nomadic People Optimizer algorithm, we first need to define the basic principles of
nomadic behavior. Nomads are known for their ability to adapt to changing environments and their willingness
to explore new territories. They are also highly social and rely on cooperation and communication to survive.
Overall, the Nomadic People Optimizer algorithm combines elements of randomness, cooperation, and
exploration to efficiently search for optimal solutions in complex optimization problems [19].

3. Simulation setup
The simulation is done using Qualnet 5.0.2. Performance metrics include throughput, delay, energy
consumption, and aggregated time. Table 1 lists the specified simulation parameters.

103



PEN Vol. 11, No. 3, May 2023, pp.97-108

Table 1. Simulation parameters

Simulation Parameter Corresponding values
Channel frequency 2.4 GH=
Fadio Type Fadio Type IEEE E02.15.4
Simulation time 300=
Diata rate 13 kbps
Packet reception model PHY 202134
Data rate 1% kbps
MAC protocol IEEE 802.15 4
Average end-to-end delay < 350ms
Antenna type Omni directional
CCA mode Carrier-sense
Network Protocol IPvd
Fouting Protocol Bellman ford
Beacon order 5.4.3
Applicaticn CBR
Superframe order 3{fixed)
Packet rate (packet per second) 10.20,30
Energy Model MICAZ

4. Result and discussion

The “Distributed Energy-Efficient Adaptive Clustering” (DEEAC) and “Distributed Energy-efficient Adaptive
Clustering Protocol with Data Gathering” (DEACP) techniques, “Ad-hoc on-demand Multipath distance vector”
(AOMDV) techniques are used to build the Nomadic People Optimizer-based Energy-Efficient Routing (NPO-
EER) algorithm, and their performance is compared. Figure 4 shows the throughput plotted versus time. The
throughput rises as time goes on. In N, it is guaranteed that nodes will remain operational even after energy
depletion and that data will continue to be continuously collected and sent to the sink node through seamless
aggregation. The proposed method's likelihood of data transmission rises since the duty cycle technique extends
the node’s life.

DEEAC [18] @ Throughput (Kbps)

100
95
90
85
80

787

70
65
NPO-EER [Proposed] <4 60 - - DEACP [19]

@

AOMDV [20]
Figure 4. A comparative analysis of throughput (Kbps)

Figure 5 demonstrates the aggregation latency to flow rate. Throughput rises because of the flow rate, which
also causes the aggregation delay to rise. When cluster re-election occurs, a pause time is recorded, and as that
time passes, the latency in NEEMA, Improved SEAR, MGWOQL, and ICMP increases. NPO-EER enables
concurrent multipath aggregation and eliminates the technique, which reduces aggregation latency. Figure 6
shows the comparative analysis of energy consumption (J)
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Figure 5. A comparative analysis of aggregation time (ms)
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Figure 6. A comparative analysis of energy consumption (J)

The network's energy use over time is shown in Figure 7. Early consumption is less common in NPO-EER
because the nodes often rotate between active and sleep phases to maintain energy balance. Due to node
switching and load sharing, the network maintains a low single-node energy consumption. The suggested

technique is contrasted with the current approaches in Table 2.

Table 2: Comparison of the many characteristics of the proposed and current techniques

DEEAC DEACP AOMDV (’:ﬁc?pcl):_slg(l:?)
Throughput 78 86 68 97
Delay 89 85 72 60
Aggregation time 91 75 84 66
Energy consumption 94 77 86 62

For heterogeneous wireless sensor networks, an enhanced Distributed Energy-Efficient Adaptive Clustering
(DEEAC) is presented; it assumes that the various node types are dispersed across the various zones. The
transmission overhead decreases, and energy consumption increases as more attempts are made to reconnect
[18]. The Distributed Energy Efficient Adaptive Clustering Protocol (DEACP) with data collection has been
used to optimize the distance between cluster heads to generate well-distributed clustered WSNSs with a suitable
cluster size. The network’s life cycle is the operation period after its founding node's demise [19]. For ad hoc
networks, Ad-hoc On-Demand Multipath Distance Vector (AOMDV) is the loop-free routing approach. It
begins on its own in a network configuration with moving nodes and can withstand a variety of network traits,
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including node mobility, connection errors, and packet loss. A lot of control packets are produced when a
connection fails, using up bandwidth on the network, and the degree of QoS declines as network density rises
[20-25]. For all the nodes in a network, whether they are source nodes or nodes transmitting user data, flat
routing methods maintain the same requirements. The routing protocols in this group provide a path for every
sensor node to take to reach the sink. Compared to other existing algorithms, this NPO-EER technique is
superior [26-40].

5. Conclusion

This paper offers a WBAN load balancing, and Nomadic People Optimizer integrated energy-efficient routing
approach. By using forehand updates from monitoring nodes, the NPO-EER employs adaptive routing.Internal
node state switching, external neighbor selection, and transmission sequence updating activities prevent energy
failures caused by overload and delayed data propagation caused by loops. The system uses an adaptive neighbor
selection technique to maintain communication speeds based on the energy availability and data processing
capability of each user. With a low energy use of 62% and a high number of active nodes, the integrated approach
maintains a throughput of 97% while aggregation time is reduced to 66% and end-to-end latency is reduced to
60%. To address the problem of aggregator nodes not knowing the position of sink nodes, the technique may be
further integrated by using the adaptive localization approach. This would aid in optimizing the smart wearable
patch's energy usage and neighbor selection after aggregation with fewer travels to the destination.
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