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Abstract: A wide variety of fields rely heavily on Wireless Sensor Networks (WSNs), including environmental monitoring

and commercial automation. Efficient functioning of WSNs is crucial for dependable data transmission and network

longevity, particularly in contexts with limited resources. Optimizing Quality of Service (QoS) in WSNs while keeping

energy consumption to a minimum is the main objective of this dissertation. The suggested architecture employs state-of-

the-art optimization methods to simultaneously reduce power consumption and improve quality-of-service metrics

including throughput, latency, and reliability. In order to find a middle ground between improving QoS and conserving

energy, a thorough analysis of current protocols and algorithms is carried out to determine their advantages and

disadvantages. As a result, a novel solution is proposed. Duty cycling tactics, adaptive routing algorithms, and dynamic

power management systems are essential parts of the suggested method. An adaptable and self-organizing WSN

architecture may be built using these parts in combination. Intelligently responding to changes in its surrounding

environment, network traffic, and application needs, the system achieves ideal QoS levels while saving energy.

Keywords: Wireless Sensor Networks, Quality of Service, Energy Efficiency, Optimization Techniques, Network Traffic.

I. INTRODUCTION

Recent years have seen the rise of wireless sensor networks (WSNs), a game-changing technology with many potential
uses in fields as diverse as industrial automation and environmental monitoring [I-2]. With the help of several sensor
nodes, WSNs may form a dispersed network that can gather and share data in real-time [3]. A careful balancing act
between guaranteeing Quality of Service (QoS) and maximizing energy efficiency is required due to the inherent limitations
of these networks' resources. Quality of service (QoS) in WSNs includes important parameters like throughput, latency,
and dependability, which affect the network's capacity to provide correct and timely information. Given the wide variety of
applications that use WSNs to make data-driven decisions, achieving good QoS is of the utmost importance [4-7].
Concurrently, operating in an energy-efficient manner is crucial in order to increase the network's lifetime in situations
with limited resources [8-9]. Recognizing QoS improvement for energy-efficient WSNs as a critical research area in the
pursuit of more sustainable and dependable wireless sensing technologies, this study explores the multifarious issue of this
topic [10-11]. Our main goal is to provide an all-inclusive framework that uses cutting-edge optimization methods to
improve QoS metrics and reduce power use [12-13]. In order to find a middle ground between improving QoS and
conserving energy, it is necessary to conduct a comprehensive analysis of current protocols and algorithms. This will allow
us to identify their strengths and limits, which will then drive the development of a novel solution [14-20].

I.1 Motivation of the paper

The motivation behind this dissertation stems from the growing significance of Wireless Sensor Networks (WSNs) in
diverse fields, such as environmental monitoring and commercial automation. As WSNs play a pivotal role in data
transmission and longevity of networks, the need for optimizing their Quality of Service (QoS) while minimizing energy
consumption becomes paramount.
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The dissertation is driven by the ambition to address this crucial challenge by proposing a novel architecture that
integrates cutting-edge optimization methods. By meticulously analyzing existing protocols and algorithms, the research
aims to uncover their strengths and limitations, paving the way for a more effective solution. The motivation is to strike a
balance between enhancing QoS metrics like throughput, latency, and reliability, and conserving energy. The proposed
approach incorporates duty cycling tactics, adaptive routing algorithms, and dynamic power management systems to create
an adaptable and self-organizing WSN architecture.

Il. BACKGROUND STUDY
C.S.Ok et al [I] the goal of optimizing energy efficiency or lowering energy consumption in a WSN has motivated the
proposal of several routing methods. But these methods fail to address the issue of overutilization of some sensors,
particularly those in close proximity to the sink node, in a static network with only one sink node.
F.Semchedine et al [3] Researchers in this field have moved their attention from minimizing energy consumption to
balancing techniques in order to solve the issue of uneven energy consumption in WSNs and maximize the lifespan of the
networks. An energy-optimal and energy-balanced sorting algorithm was reviewed by Singh and Prasanna in WSNs. They
also described energy balancing and its need.
J.Li et al [5] On the other hand, many real-time and mission-critical applications have different quality-of-service criteria,
and the majority of these energy balancing solutions fall short. Quality of service (QoS) assurances for end-to-end latency,
available bandwidth, delay jitter, and packet delivery ratio (PDR) are necessary for these applications. Many scholarly
articles have offered popular quality of service protocols.
M.Tong, et al [7] When it comes to WSNs, security is just as important as energy efficiency and quality of service needs.
Encrypting data and managing keys are two ways to make a WSN secure; another is to find and eliminate bad nodes. To
ensure complete safety of electronic health records, Abdmeziem and Tandjaoui put forth a policy for managing keys. A
safe method of user authentication for healthcare WSNs was suggested by Liu and Chung.
R.C.Shah et al [9] Due to the unpredictability of wireless connections and the fact that networks are often left unattended,
sensor nodes are vulnerable to compromise. An attacker can simply gain access to sensitive information, such as the
node's encryption and decryption keys, and then use that knowledge to cause the node to carry out flooding or denial-of-
service (Do$) attacks, rendering the entire network inoperable.
S.Hadim et al [I1] In earlier works, only two of the three problems were addressed at once. Two earlier articles
introduced routing techniques that were both energy efficient and quality of service conscious. Ensuring quality of service
and security in VWSNs was suggested in a prior paper using an ACO-based method. A plan has been put up for routing and
security that is both energy efficient and secure. However, in order to create a practical WSN, it is necessary to optimize
all three aspects (energy, quality of service, and security) at the same time; unfortunately, there has been little research in
this field.
2.1 Problem definition
The problem addressed in this dissertation revolves around the need for optimizing the Quality of Service (QoS) in
Wireless Sensor Networks (WSNs) while concurrently minimizing energy consumption. WSNs are integral to various
fields, including environmental monitoring and commercial automation, yet they often operate in resource-constrained
environments. The challenge lies in developing a robust and efficient architecture that can enhance QoS metrics such as
throughput, latency, and reliability, while simultaneously addressing the critical issue of energy conservation. Existing
protocols and algorithms are scrutinized to discern their strengths and weaknesses, providing the foundation for
proposing a novel solution. The central problem is to strike a delicate balance between improving QoS and conserving
energy, and the suggested architecture incorporates state-of-the-art optimization methods, duty cycling tactics, adaptive
routing algorithms, and dynamic power management systems to achieve this equilibrium.

I1l. Materials and Methods
The Materials and Methods section is a fundamental component of this dissertation, providing a detailed account of the
research framework and methodologies employed. This section outlines the materials, tools, and technologies used in the
study, as well as the systematic procedures undertaken to achieve the research objectives.

3.1 Network model
To demonstrate its efficacy, the suggested framework for optimizing Quality of Service (QoS) in Wireless Sensor
Networks (WSNs) uses important equations, with an emphasis on energy efficiency. The core concepts of adaptive
routing, dynamic power management, and duty cycling may be captured by introducing various symbolic representations:
Energy consumption model (ecm):
ECM = Ptransmit X Leransmit X Preceive X treceive X Pidle X Ligle

Where Piransmits teransmits Preceiver treceives Pidier tidle FE€Present the power consumption and time spent in
transmit, receive, and idle models, respectively.

Duty Cycling Strategy:
Duty Cycle = ‘ective % 1009%

ttotal
Where t,.tive is the time the node is actively transmitting or receiving data, and t;,;4; is the total time period.
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Figure |: Flow architecture
Adaptive Routing Metric:

Routing metric = a X Reliablity + X Latency +y X T roug put
Here,a, 5,y weighting factors representing the importance assigned to reliability, latency, and throughput, respectively.

Dynamic Power Management:

Piotar = Pstatic + denamic
Where Pgiqyic is the static power consumption, and Pgypnamic is the dynamic power consumption that varies with the
load.
3.2 System Model:
Certainly, let's outline a simplified system model for the proposed framework in Wireless Sensor Networks (WSNs) with
some representative equations. Consider the following components:
1) Energy Consumption Model(ECM):
The overall energy consumption (E;ytq;) can be modeled as the sum of energy consumed during transmission
(Etansmit) reception(Eyeceive), and idle periods(Ejge).

Etotal = Etansmit + Erecevie + Eidle
Etransmit =P transmit X Leransmit
Erecive = Preceive X treceive
Eigie = Pigie X tiate
2) Duty cycling strategy:
The duty cycle (D)represents the fraction of time the sensor node is active. It can be calculated as:

D= % Where t,.:ive is the time the node is actively transmitting or receiving data, and t;,,; is the total time period.

3) Adaptive Routing Metric:

The routing metric (RM) that guides the adaptive routing decisions is a combination of reliability (R),(L)and throughput
(T).RM=axXR+BXL+yxT

Here, a,f,y, are weighting factors representing the importance assigned to reliability, latency, and throughput,
respectively.

4) Dynamic Power Management:
The total power consumption Pioq in the network is the sum of static (Psyfric) and dynamic (Pgynamic) power
consumption.
Piotar = Pstatic + denamic

The dynamic power consumption <can be a function of the network load and activity:

Paynamic = f (network load, activity)
3.3 Quality of Service Sensors
Ensuring optimum performance and satisfying specified service needs is the goal of quality of service (QoS) in networking.
This is achieved by the effective management and prioritization of data traffic flow across a network. For example, you
may give more weight to data that does not need immediate processing than to apps that rely on real-time updates.
Quality of performance (QoS) procedures include controlling congestion, managing bandwidth, scheduling packets, and
implementing Service Level Agreements (SLAs) to ensure desired performance levels. It is reasonable to say that the
introduction of ATM in the late 1980s gave rise to the idea of Quality of Service (QoS) and its multidimensional service
needs.
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Intserv, Diffserv, RSVP, and MPLS are just a few of the IETF innovations that brought quality of service to the Internet a
few years ago. Looking at QoS-induced characteristics via the lens of the network provider is the current focus of the
IETF traffic engineering working group. Multimedia communication on the Internet is becoming more interactive; features
like real-time communication and quality-of-service awareness are highly prized. Newer forms of networking, such mobile
ad hoc networks, sensor networks, WIFI and UMTS, grid computing, and overlay networking, are still unsure about the
function of quality of service. Due to the impending demise of switching fabrics (2010), network operators in wired
networks, and notably in conventional telephony, are confronted with the challenge of upgrading their comparatively
outdated classical telephony gear. Their main worry is the feasibility of providing large-scale VolP via the existing Internet
while maintaining the standard toll quality. There seems to be no current commercial model for an Internet that is aware
of quality of service (QoS), despite the seeming relevance of QoS. Quality of Service's (QoS) ability to act as a lever
between the economics (price) and technology (QoS routing, control, and network management) is, perhaps, its most
significant feature. But, without a question, the most significant drawback of QoS is its infamous complexity. This means
that QoS will only be widely used if its dynamics are well understood, its practicability shown, and the economic benefits
shown. Much as with QoS as a whole, the definition is where most people get stuck while trying to understand QoS
Routing, the specific subset of QoS that this article focuses on. The Multi-Constrained (Optimal) Path (MC(O)P) routing
issue may be solved using a Quality of Service (QoS) Routing method, if we assume that routing is made up of a routing
algorithm (static) and a routing protocol (dynamic). A link weight vector wdu/vDZ wl; w2;;wm, with m positive real
values wi (u_v)RO as components, characterizes each link u_v in a given graph in the MCP problem. For any |%i%m
quality-of-service metrics, the MCP problem seeks a route P between two nodes that fulfills Eq. (1); here, Li denote the
quality-of-service restrictions imposed on the path.

wP) = > wu-n<L
(u—v)erP

The term "feasible path" is used to describe a route that meets all m constraints. It may be preferable to find the route in
the set of possible pathways with the shortest length I(P) as there could be other paths in the graph that meet the
conditions. The Multi Constrained Optimal Path (MCOP) issue is a kind of optimization problem that also optimizes a
length function I(P). The MCOP problem minimizes a subset of Fig. | and satisfies Eq. (I). Key components of quality of
service as per the International Telecommunication Union [I]. 564 In Computer Communications 29 (2006) 563-581, X.
Masip-Bruin and colleagues discussed length requirement such that all pathways P' between the origin and the destination
satisfy I(P) % I(P") . The cost optimization function, I(P), is a flexible criteria in the MC(O)P problem; it need simply follow
the characteristics of a vector's norm. The MC(O)P issue is NP complete, which is a major drawback [3]. This
categorization basically implies that, at worst, a polynomial function cannot upper-bounded the time needed to solve the
MC(O)P issue accurately. This led to the widespread belief that the MC(O)P issue was unsolvable and the subsequent
development of several strategies. A few number of precise Quality of Service routing algorithms are available, one of
which is SAMCRA (Self-Adaptive Multiple Constraints Routing Algorithm [5]). While there are still some algorithmic flaws
with QoS Routing that need fixing, the most of it seems to be rather clear. The router uses the result of this calculation to
determine the correct outgoing link for each incoming SP. The calculation makes use of a recurrent QOSEN [I] with the
same number of "neurons" as the number of potential outgoing linkages. In order to rein in or dampen decision outcomes
based on their contribution to the achievement of the QoS objective, the weights of the QOSEN are adjusted. The
likelihood that the th network node is excited is the th node's state in the QOSEN. A unique outgoing connection is
connected with each neuron at a node.

q; = 25 @/[r@) + A @)] e (1
Where
AY(@) = X qwjt + Ay wmemmeeeees Q)
VA OEDNT IR s 3)

W]-J{is the rate at which neuron sends “excitation spikes” to neuron when is excited, is the rate at which neuron sends
“inhibition spikes” to neuron i when j is excited, and r(i) is the total firing rate from the neuron i . For an n neuron
network, the network parameters are these n by n “weight matrices” W* = {w*(i,j)} and W~ = {w~(i, )} which need
to be “learned” from input data.

IV. RESULTS AND DISCUSSION

The results and discussion section is a critical component of a research paper, where the findings obtained from the study
are presented and analyzed. In this section, the raw data is transformed into meaningful insights, trends, and conclusions.
The results are typically reported in a clear and organized manner, often using tables, graphs, or statistical analyses to
support the key findings.

4.1 Throughput

Here is a table that shows the throughput levels for different packet sizes using three metrics: MFSPV, LPPA, and QOSEN-
Quality of Service Evaluation Network. Throughput data for all three parameters show a rising trend as the packet size
grows from 50 to 250. The range of MFSPV values, which show that the average frame size per video increases with bigger
packet sizes, is from 0.175 to 0.877.

IRJCS: ©2014-23, AM Publications, India - All Rights Reserved https://doi.org/10.26562/irjcs Page - 478




‘:‘.""—L' "J“aa‘!“‘"
E:;,* ¥ ..:\} IRJCS: International Research Journal of Computer Science ISSN: 2393-9842
;"'Eg::,ggé-; Volume 10, Issue 09, December 2023 https://www.irjcs.com/archives

Throughpast Lavels

Figure 2: Throughput levels comparison chart

Number of Packet Size

Throughput— Arrival Time duration*Successful average Packet size (5)
The same holds true for LPPA values; they increase from 0.217 to 1.086, indicating that average delay per packet increases
with increasing packet size. With increasing packet sizes, the Quality of Service Evaluation Network shows an upward
trend in the QOSEN values, which range from 0.23 to 1.19. With this data, we can see how various packet sizes affect the
network's efficiency in these important areas. How these numbers are understood would be contingent upon the unique

needs and objectives of the relevant application or network.

4.2 Energy
Energy Levels
600 —e— MFSPV
—e— LPPA
QOSEN
600
5
& 400
u3
200
0
10 20 40 60 80 100
Number of Nodes
Figure 3: Energy comparison chart
Number of Sensor nodes
Energy= X100 ---mmmmmem- (6)

Energy consumption for sending packets at a times

All three metrics— (MFSPV), Latency per Packet Average (LPPA), and Quality of Service Evaluation Network (QOSEN)—
show energy levels in joules across different node counts in the given table. The three measures of energy usage show a
continuous rising trend as the number of nodes grows from ten to one hundred. Energy consumption rises with increasing
node counts, as seen by MFSPV values between 80 and 800 joules. The corresponding increase in LPPA values, from 76 to
769 joules, indicates a linear increase in energy consumption with respect to the average delay per packet. An increasing
trend from 71 to 714 joules in the QOSEN values indicates a rising energy need for reaching higher levels of the Quality of
Service Evaluation Network. This data helps evaluate the costs and benefits of optimizing the system in relation to
performance metrics and energy consumption by shedding light on the energy demands of increasing the network's node
count. Specific targets for energy efficiency and network performance should inform the understanding of these numbers.

4.3 TIME DELAY

(MFSPV), Latency per Packet Average (LPPA), and Quality of Service Evaluation Network (QOSEN) are three separate
metrics that are measured in the above table as end-to-end delay times for various node counts. All three measures show
a clear trend of increasing end-to-end latency as the number of nodes starts to rise from 10 to 100. The MFSPV numbers,
which vary from 0.068 to 0.680, show that the time it takes for data to travel across the network increases with the
number of nodes.
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Figure 4: Time (End to End Delay) comparison chart

Number of Sensor nodes (7)

Time Delay=

energy consumption for sending packets at a times x forwarding time in ms

Similarly, when the number of nodes increases, the average delay per packet also increases, as shown in the LPPA values,
which go from 0.068 to 0.684. Similar patterns emerge in the QOSEN values, which fall between 0.064 and 0.649,
indicating a lengthy end-to-end lag in reaching higher Quality of Service Evaluation Network levels. Important for
measuring the network's responsiveness and efficiency, these results provide light on how node scaling affects end-to-end
latency. The latency requirements and performance goals of the system or network in question should be taken into
account when interpreting these figures.

4.4 Packet Delivery ratio

Pasiet Daliviry ratis compariscn Lable

4

Figure 5: Packet Delivery ratio comparison chart

Number of Packets Receive

PDR= 01— @)

Total Packets

The above table shows the Packet Delivery Ratio (PDR) for various packet counts across three metrics: QOSEN,
(MFSPV), and Latency per Packet Average (LPPA). There is a steady improvement in PDR for all three parameters as the
packet number grows from 50 to 250. A greater proportion of successfully delivered packets with bigger packet numbers
is shown by the MFSPV data, which show a PDR rise from 94.6% to 98.92%. Similarly, LPPA values show a rising trend
from 95% to 99%, indicating that the delivery rates of packets improve as the number of packets increases. As the number
of packets increases, the QOSEN values show a greater percentage of successful packet delivery, ranging from 96% to
99.2%. These results highlight the positive association between packet amount and delivery ratio and provide useful
insights into the network's reliability in delivering packets across several parameters. When trying to make sense of these
numbers, keep in mind that each network or communication system has its own unique set of dependability needs and
performance objectives.

V. CONCLUSION
In conclusion, this dissertation addresses the critical imperative of optimizing Wireless Sensor Networks (WSNs) to
achieve a harmonious balance between Quality of Service (QoS) enhancement and energy conservation.
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The proposed architecture, underpinned by cutting-edge optimization methods, stands as a novel and effective solution.
Through a meticulous analysis of existing protocols and algorithms, their strengths and weaknesses are discerned, leading
to the development of a comprehensive and adaptive approach. Leveraging duty cycling tactics, adaptive routing
algorithms, and dynamic power management systems, the suggested method facilitates the creation of an intelligent and
self-organizing WSN architecture. This architecture adeptly responds to dynamic changes in the environment, network
traffic, and application requirements. By simultaneously reducing power consumption and improving key QoS metrics such
as throughput, latency, and reliability, the system contributes to the dependable functionality of WSNs across diverse
fields. This research not only addresses a crucial challenge in the field but also lays the groundwork for more resilient and
efficient WSN deployments with far-reaching implications for environmental monitoring, commercial automation, and
beyond.

2,

20.
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