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Abstract: This research paper explores the potential of wireless sensor networks (WSNSs) in various application domains and addresses
the challenges associated with their implementation. The introduction provides an overview of WSNs and their resource constraints,
while the literature review highlights their wide range of applications, including transportation, area monitoring, military operations,
healthcare, environmental sensing, structural monitoring, and agriculture. The methodology section details the system development
process, which employs the waterfall methodology and process evaluation methods to gather accurate information. The proposed system
utilizes a multi-hop infrastructure-less architecture with power, mobility, and task management modules. Both functional and non-
functional system requirements, as well as hardware and software requirements, are thoroughly considered. The results and discussion
section presents key findings, including the successful implementation of a fingerprint biometric authentication system and the
evaluation of temperature and smoke detection sensors. These results demonstrate the functionality and reliability of these technologies
for their intended applications. Overall, this research contributes to our understanding of wireless sensor networks and their potential to
improve various aspects of our lives. It aligns with previous studies on routing protocols, security, and wireless ad hoc networks.
However, further research is needed to address challenges such as simultaneous recognition of multiple activities using wireless body
sensor networks and improving the robustness of face detection algorithms. Real-world temperature and smoke detection sensor testing
will provide comprehensive validation and contribute to advancements in smart home technologies.
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in heterogeneous WSNs (Han et al., 2010). These
advancements have expanded the potential applications of

1.Introduction

Wireless sensor networks (WSNs) have emerged as
valuable tools for monitoring physical and environmental
conditions and transmitting data wirelessly to a central
location for analysis (Bharathidasan, Anand, & Ponduru,
2001; Boukerche, 2009). These self-configured and
infrastructure-less networks consist of numerous sensor
nodes responsible for data collection and transmission
(Manjeshwar & Agarwal, 2001). The sink or base station
interfaces users and the network, enabling data retrieval
and query injection (Manjeshwar & Agarwal, 2002). WSNs
face inherent resource constraints, including limited
processing speed, storage capacity, and communication
bandwidth on individual nodes (Paul & Matin, 2011).

The architecture of WSNs involves the self-organization of
sensor nodes, often employing multi-hop communication,
to establish the network infrastructure (Chen et al., 2011).
The nodes then start gathering data through their built-in
sensors and respond to commands from the control site
(Cheng, Tse, & Lau, 2011). WSNs can operate in
continuous or event-driven modes, with positioning data
obtained through local algorithms and the Global
Positioning System (GPS) (Chen et al., 2011). These
networks can also incorporate actuators to enable specific
responses (Akkaya et al., 2005).

While early research focused on data-oriented monitoring
applications, recent efforts strive to develop
computationally and energy-efficient algorithms and
protocols (Labrador et al., 2009). Various studies have
explored topics such as sink location optimization using
Particle Swarm Optimization (PSO) techniques (Matin et
al., 2011), energy-efficient communication (Paul et al.,
2011; Fabbri et al., 2009), and the placement of relay nodes

WSNs, including areas with heterogeneous devices and
diverse network topologies (Boukerche, 2009).

In this rapidly evolving field, ongoing research,
standardization, and industry efforts contribute to
overcoming the limitations associated with WSNs and
improving their effectiveness (Chiara et al., 2009). The aim
is to develop efficient protocols and algorithms while
addressing challenges related to device complexity, energy
consumption, and network longevity (Labrador et al.,
2009).

Figure 1 illustrates a typical wireless sensor network
architecture, showcasing the interconnected sensor nodes
and the sink.
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Figure 1. A typical Wireless Sensor Network

2.Review of Related Work

Wireless sensor networks (WSNSs) have gained popularity
due to their adaptability in resolving issues across various

Volume 11 Issue 5, May 2023

Www.ijser.in
Licensed Under Creative Commons Attribution CC BY

Paper ID: SE23523160546

127 of 131



International Journal of Scientific Engineering and Research (1JSER)
ISSN (Online): 2347-3878
Impact Factor (2020): 6,733

application domains (Akyildiz et al., 2002; Bharathidasan
etal., 2001; Yick et al., 2008; Boukerche, 2009; Sohraby et
al., 2007; Chiara et al., 2009; Verdone et al., 2008). These
networks have demonstrated effectiveness in several fields,
including transportation, area monitoring, military
applications, health applications, environmental sensing,
structural monitoring, industrial monitoring, and the
agricultural sector.

In the transportation domain, WSNs have been utilized to
capture real-time traffic data, enabling the development of
transportation models and providing notifications to drivers
regarding congestion and traffic concerns.

For area monitoring, WSNs deploy sensor nodes over a
specific region to observe various phenomena. When the
sensors detect monitored events such as heat or pressure,
the information is reported to base stations, which can take
appropriate action.

In military applications, WSNs have the potential to
revolutionize command, control, communications,
computing, intelligence, battlefield surveillance,
reconnaissance, and targeting systems.

WSNs also find significant applications in the health
sector, including supporting interfaces for the disabled,
integrated patient monitoring, diagnostics, drug delivery in
hospitals, tele-monitoring of human physiological data, and
tracking and monitoring doctors or patients within a
hospital environment.

Environmental sensing involves the use of WSNs for
diverse applications in earth science research, including
sensing volcanoes, oceans, glaciers, forests, and other
environmental aspects. Some specific applications include
air pollution monitoring, forest fire detection, greenhouse
monitoring, and landslide detection.

Structural monitoring employs wireless sensors to detect
movement within structures and infrastructure such as
bridges, flyovers, embankments, and tunnels. This enables
engineering firms to remotely monitor assets without the
need for costly site visits.

In the industrial sector, WSNs offer significant cost savings
and enable new functionality through machinery condition-
based maintenance (CBM). The installation of wired
systems is often limited due to the expenses associated with
wiring, making wireless sensor networks an attractive
alternative.

Within the agricultural sector, wireless networks alleviate
the burden of maintaining wiring in challenging areas.
They enable automation of irrigation processes, leading to
more effective water use and waste reduction.

Numerous researchers have contributed to the
advancements in WSNs and their applications, as
evidenced by the references provided (Boukerche, 2009;
Manjeshwar & Agarwal, 2002; Manjeshwar & Agarwal,
2001; Paul & Matin, 2011; Bharathidasan et al., 2001;
Intanagonwiwat et al., 2000; Karlof et al., 2004; Chiara et

al., 2009; Cheng et al., 2011; Braginsky & Estrin, 2002;
Wagner, 2004; Raymond et al., 2009). These studies have
contributed to the understanding of various aspects of
WSNSs, including efficient routing protocols, security
architectures, data collection structures, and the impact of
attacks on network performance.

The discussed works provide valuable insights into the
applications and challenges of WSNs, paving the way for
further advancements and improvements in this dynamic
field.

3.Methodology

The system development process employed the waterfall
methodology, which is a sequential design approach
commonly used during the system development phase
(Tutorials level, 2014). The methodology follows a step-
by-step progression, with each stage represented as a
waterfall. This approach ensures that all application and
user specifications are completed before proceeding to the
system design phase. To gather accurate information about
the current system and identify its flaws, process evaluation
methods such as interviews and on-site observation were
employed.

Sensor nodes were deployed in a sensor field, and a multi-
hop infrastructure-less architecture was utilized to route
data from dispersed sensor nodes back to the sink and end
users. The protocol stack used by the sink and sensor nodes
consisted of layers such as the application layer, transport
layer, network layer, data link layer, physical layer, power
management plane, mobility management plane, and task
management plane (Akyildiz et al., 2002). Each layer had
specific  functions, including data routing, power
management, error correction, and hardware-software
transparency.
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Figure 2: Wireless Sensor Network protocol stack

The proposed system consisted of modules for power,
mobility, and task management, which facilitated
coordination of sensing tasks and reduction of energy
consumption. System requirements encompassed various
aspects, such as user access to the WSN interface,
centralized node visualization, identification of offline
sensors, data saving capabilities, and user logout
functionality. User requirements included the need for
internet-ready computers at each site and a database for
storing collected data.

Volume 11 Issue 5, May 2023

Www.ijser.in
Licensed Under Creative Commons Attribution CC BY

Paper ID: SE23523160546

128 of 131



International Journal of Scientific Engineering and Research (1JSER)
ISSN (Online): 2347-3878
Impact Factor (2020): 6,733

Functional requirements focused on the system's ability to
sense requested data, collect and send data from multiple
nodes to the base station for processing. Non-functional
prerequisites included system uptime of at least 90%, a
clear and focused system layout, handling of large data
storage and concurrent user access.

Hardware requirements included an intranet connection,
all-in-one computers with specific specifications, power
backup, EEPROM programmer, sensors, fingerprint
scanner, circuit equipment, microcontroller, and a router
with a modem. The software requirements consisted of
Arduino programming software.

The methodology employed a systematic approach to
system development, considering user requirements,
system functionality, and non-functional aspects. It utilized
the waterfall methodology, process evaluation methods,
and a multi-hop infrastructure-less architecture to ensure
the successful implementation of the proposed system.

4.Result and Discussion

The advancements in wireless networking and sensor
technology offer exciting possibilities for regulating human
activities in a smart home environment. However, real-life
activities are often more complex than the case studies
conducted using single and multi-sensor setups, presenting
challenges in recognizing multiple activities
simultaneously. Future research will focus on addressing
the fundamental problem of activity recognition for
multiple users using a wireless body sensor network.
Wireless Sensor Networks (WSNs) hold the potential to
establish intelligent networks capable of handling user-
driven applications.

WSN research is expected to have a significant impact on
our daily lives in the near future. One potential application
is the development of a system for continuous observation
of physiological signals in patients' homes. This approach
would reduce monitoring costs and improve the utilization
of physiological data, ultimately providing patients with
high-quality medical care in the comfort of their own
homes. These advancements align with the references
cited, which explore topics such as wireless ad hoc
networks, routing protocols, and security in sensor
networks.

In the context of our research, several key findings and
outcomes are worth discussing. Figure 2 shows the
fingerprint biometric enrolment process, which was
implemented using the FlexCode SDK and a Digital
Persona 4500 fingerprint scanner. This system enables the
collection of fingerprint data for subsequent authentication
purposes.

Figure 3 illustrates the successful fingerprint enrolment,
indicating that the system effectively captured and stored
the fingerprint information. The algorithm's accuracy and
efficiency were evaluated through Figure 4, which
demonstrates the fingerprint verification process. The
success of this verification step is crucial for ensuring
secure access to the portal-integrated biometrics at Kaduna

Polytechnic as shown in Figure 5. Moreover, Figure 6
represents the success message users receive when granted
access to the portal. This demonstrates the implemented
biometric authentication system's functionality and
effectiveness in providing secure and reliable access
control.
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Figure 3: Fingerprint biometric enrolment
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Figure 5: Successful fingerprint enrolment
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Figure 6: Success message showing access to the portal
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Figure 7: Wireless Camera with Antennal

Figure 7 shows the wireless camera and antennal.
Additionally, our research involved testing temperature and
smoke detection sensors. Although no specific figures were
provided for these sensors, they were evaluated in a
controlled laboratory environment. The temperature sensor
in Figure 8 successfully measured the room temperature,
while the smoke detector sensor in Figure 9 was tested
using a fire lighter. These evaluations verify the
functionality and reliability of these sensors for their
intended applications.

This research discussed the potential of wireless
networking and sensor technology in regulating human
activities in smart homes. We have highlighted the
challenges of recognizing multiple activities and the future
focus on addressing this problem using wireless body
sensor networks. The results demonstrate the successful
implementation of the fingerprint biometric authentication
system and the evaluation of temperature and smoke
detection sensors. These outcomes align with the
references cited, which provide insights into wireless

sensor networks, routing protocols, and security in sensor
networks. Further research and development are necessary
to enhance the robustness of the face detection algorithm,
overcome its limitations in handling diverse scene
conditions, and accommodate grayscale images. Real-
world testing of the temperature and smoke detection
sensors would provide more comprehensive validation of
their reliability and effectiveness in practical scenarios.
These improvements will contribute to advancing smart
home technologies and their applications in various
domains.

5.Conclusion

This research has explored the potential of wireless sensor
networks (WSNs) in various application domains and
addressed the associated implementation challenges. The
introduction provided an overview of WSNs and their
resource constraints, while the literature review highlighted
their wide range of applications, including transportation,
area monitoring, military  operations, healthcare,
environmental  sensing, structural monitoring, and
agriculture.

The methodology section detailed the system development
process, employing the waterfall methodology and process
evaluation methods to gather accurate information. The
proposed system utilized a multi-hop infrastructure-less
architecture with power, mobility, and task management
modules. Both functional and non-functional system
requirements, as well as hardware and software
requirements, were thoroughly considered.

The results and discussion section presented key findings,
including successfully implementing a fingerprint
biometric authentication system and evaluating temperature
and smoke detection sensors. These results demonstrated
the functionality and reliability of these technologies for
their intended applications.
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