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Abstract: Sensors have made significant advancements in various fields, revolutionizing the daily utilization of
individuals across diverse domains. These devices play a pivotal role in detecting changes in the environment and
collecting corresponding signals, thus facilitating responsive actions. Leveraging a wide array of sources such as
light, temperature, motion, and pressure, innovative sensor technologies have found applications in lifestyle,
healthcare, fitness, manufacturing, and various aspects of daily utilization. In the medical realm, sensors integrated
into drug dispensers alleviate the challenge of medication adherence by providing timely reminders and
administering the required dosage at specified intervals. Similarly, modern sensor technology benefits older
individuals, athletes, and high-risk patients in healthcare, enhancing their well-being and safety. It is crucial to
recognize that sensors not only provide valuable data but also facilitate seamless communication with other
interconnected devices and management systems when integrated into networks. Consequently, sensors hold great
importance in ensuring the efficient functioning of numerous industries. With their enhanced accuracy and ability
to expedite analyses, the diverse types of sensors integrated into our daily utilizations contribute to greater
convenience and improved efficiency.
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1. Introduction

Sensors serve as perceptive agents capable of transducing the physical manifestations of their chosen
ambient milieu into discernible electrical signals [1,2]. These manifestations encompass a broad
spectrum of attributes, encompassing temperature, mass, velocity, pressure, and thermal states, among
others, even extending to living organisms such as human beings. Subsequently, a microprocessor
undertakes the task of scrutinizing and processing the received electrical signals, effectuating the
derivation of corresponding output representations in accordance with predetermined metrics. These
resultant measurements are subsequently relayed to designated endpoints residing within specific
devices [3-5]. It is pertinent to note that the efficacy of the system can be enhanced by deploying an
assemblage of diverse sensors, selectively chosen based on their respective capacities, thereby
accommodating the functional intricacies and ever-increasing operational demands of the system at
hand.

Sensors bestow an augmented capacity upon the environment, elevating its faculty for observation
and reporting. Articulated with the noble purpose of ameliorating human existence across multifarious
domains, sensors manifest as instrumental agents, profoundly enriching the quality of life. Their
manifold applications encompass diverse domains, including but not limited to environmental control
and comfort, energy optimization through water heater activation, safety assurance, asset tracking, and
beyond [6-10]. By virtue of their multifunctional capabilities, sensors engender a paradigm shift,
empowering a heightened sense of visibility within the realm of processes and workflows, discerning
patterns in employees' labour, and discerning environmental dynamics within expansive facilities.

In effectuating this, sensors emerge as enablers of enhanced operational efficiency, wherein
enterprises can exploit their potential to monitor, regulate, and optimize business management
endeavours. Leveraging the insights garnered from sensor-derived data, businesses can steer their
activities towards the attainment of heightened efficiency and productivity, ultimately translating into
tangible competitive advantages and fostering organizational growth [11,12].

Electrical sensors serve as discerning agents that effectuate the transduction of external stimuli into
discernible electrical signals, which are subsequently subjected to computational processing to derive
meaningful and actionable information for end-users. In the context of medical applications, the design
and seamless integration of sensors with cutting-edge technologies such as Smartphones and the
Internet of Things (IoT) necessitate a sophisticated approach, considering the inherent complexities
involved in their realization. Biological sensors, in particular, employ specialized biological molecules
acting as receptors to detect specific target chemicals, thereby imparting a remarkable level of selectivity
and specificity to the sensing process. These pivotal technological components proffer the capacity to
meticulously monitor thermal manifestations exhibited by objects or systems. As such, they engender
the corporeal perception of temperature variations, enabling a tactile appreciation of temperature shifts.
A paramount functionality of temperature sensors resides in their preventive capabilities, as they
diligently identify instances wherein predefined temperature thresholds are exceeded, thereby serving
as precursors to implement timely and preemptive actions.

The remaining sections of the paper are organized as follows: In this section 2, the paper provides
an overview of the materials and methods used in the study. In Section 3, the paper delves into the
core concepts of sensor technology for smart homes. Section 4 presents a comprehensive overview of
the different types of sensors used in smart homes. In this section 5, the paper explores the diverse
applications of sensor technology in smart homes. Section 6 addresses the challenges associated with
implementing sensor technology in smart homes. The final section, Section 7, presents a concise
summary of the paper's key findings and discussions.

2. What is the Sensor?

A sensor, within the domain of technological instrumentation, denotes an intricate apparatus,
module, mechanism, or subsystem imbued with the capacity to perceive and discern specific events or
alterations transpiring within its immediate environmental context. The sensor operates by capturing
pertinent information and subsequently conveying it to other electronic components, typically
interfacing with a computer processor to effectuate further processing and analysis. The fundamental
function of a sensor resides in its ability to transmute various physical phenomena into discernible and

Page | 107



Abduljawwad et al. IJEES

quantifiable digital signals, thus facilitating their presentation, examination, and potential utilization in
subsequent applications [13,14].

The schematic depiction accompanying the text illustrates the operational principles governing the
functionality of a sensor, expounding upon the various components and processes involved therein.
Notably, specialists and researchers in the field adopt diverse taxonomies to categorize sensors,
delineating their characteristics and operational features. In one such classification scheme, sensors are
dichotomously classified into Active and Passive categories. Active sensors necessitate external stimuli
in the form of excitation signals or dedicated power sources to facilitate their functioning optimally.
Conversely, Passive sensors, by contrast, manifest as self-sufficient entities that do not impose any
extraneous demands for external power, generating output responses autonomously [15,16]. Illustrative
instances of Active sensors include the Global Positioning System (GPS) and radar, which rely upon
external power sources to sustain their operative state. These active remote sensing techniques,
exemplified by RADAR and LiDAR, leverage the temporal discrepancy between signal emission and
return to ascertain the positional, velocity, and directional attributes of target objects.

3. Several Key Sensors for Daily Utilization

The contemporary era epitomizes an age of abundant information, wherein the relentless quest for
immediate knowledge accessibility and ubiquitous information retrieval pervades our daily existence.
Sensor technology, with its multifarious applications, assumes a central role in various aspects of
modern life, prominently showcased within smart homes. In this domain, sensors orchestrate an array
of functionalities, encompassing intelligent burglary and fire prevention, heating and lighting
management, and streamlined household control [17-20]. In this direction, the advent of cleaning robots
has revolutionized domestic maintenance practices, as they undertake autonomous house-cleaning
endeavours, irrespective of the flooring type. Propelled by the discerning prowess of sensors and
cameras, these cleaning robots effectively navigate the dwelling, expunging any impurities, while
adroitly circumventing impediments and obstacles. Equally remarkable are wiper and window cleaning
robots, as well as autonomous lawnmowers, all operating on the same underlying principles of sensor-
enabled autonomy. Moreover, sensors play a pivotal role in averting potential water damage within
homes, as water sensors assume the responsibility of pre-emptively identifying and addressing
impending water-related hazards from household appliances, such as washing machines and
dishwashers. The profound trajectory of technological advancement will witness an ever-widening
proliferation of sensors, firmly embedding them within every facet of our lives [21,22]. Their ubiquitous
presence will extend beyond the domestic realm, permeating global applications that include enhancing
transportation systems, augmenting medical treatments, empowering nanotechnology, optimizing
mobile devices, shaping virtual and augmented reality experiences, and fostering the growth of artificial
intelligence (AI) [23-25]. Indeed, the seamless integration of sensors into the fabric of our existence
continues to underpin transformative shifts that unlock untold potentials, profoundly shaping the
contemporary human experience

3.1 Temperature Sensors

Temperature sensors were originally confined to applications in air conditioning regulation, freezer
systems, and analogous environmental control devices. However, the scope of their utilization has since
undergone notable expansion, encompassing diverse sectors such as manufacturing, agriculture, and
healthcare [26,27]. In the realm of manufacturing, the indispensability of precise ambient and device
temperatures necessitates their pervasive deployment to enhance the efficacy of the production process.
Subsequently, these temperature measurements play an instrumental role in optimizing manufacturing
operations, ultimately bolstering overall productivity and product quality. In the agricultural domain,
the assessment of soil temperature attains paramount significance, given its pivotal influence on crop
growth and development. Through meticulous monitoring of soil temperature, plants can be afforded
the conducive conditions requisite for their robust and healthy development, thereby fostering optimal
yields and enhancing agricultural productivity [28]. Thus, the pervasive adoption of temperature
sensors across diverse sectors underscores their indispensable role in facilitating precision and
efficiency in various processes, transcending the traditional domains of air conditioning and
environmental control. Within the domain of temperature sensing, two distinct classifications of sensors
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emerge, comprising noncontact temperature sensors and contact temperature sensors. The latter
category, namely contact temperature sensors, in turn, can be further subdivided into three distinctive
subtypes, which are electromechanical sensors, resistive resistance temperature detectors, and
semiconductor-based temperature sensors [29]. This hierarchical categorization expounds upon the
underlying diversity and complexity inherent to temperature sensing technologies, delineating the
specific avenues pursued within the realm of contact temperature sensing through an insightful and
systematic framework. Figure 1, presents a schematic view of flexible temperature sensors.

o Resistance Temperature Sensor
o Thermocouple
o Thermistor

Sensors
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Materials
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Figure 1. Schematic view of temperature sensor types and methods to deposit sensing materials onto the
substrates [30].

3.2 Pressure Sensors

Pressure sensors play a pivotal role in various devices, where they are adeptly harnessed to gauge and
monitor liquid or alternative pressure manifestations. Leveraging their capabilities, they bestow
invaluable potential to construct intricate Internet of Things (IoT) systems, specifically tailored to
oversee pressure-driven mechanisms and devices. The sensors' underlying functionality lies in
promptly discerning any deviations from the normative pressure range, and promptly signaling the
system administrator regarding any anomalies necessitating prompt attention and rectification [31]. The
utility of these sensors transcends production-centric applications, extending its scope to encompass
comprehensive water and heating systems maintenance. In this context, the sensors serve as
indispensable tools to discern pressure fluctuations or depletions, thereby facilitating proactive
measures to rectify potential issues promptly [32]. Such discernment proves to be of paramount
significance, ensuring the continuous and optimal functioning of these vital systems. The pervasive
application of pressure sensors thus underscores their indispensability across a diverse spectrum of
domains, ranging from production processes to the effective maintenance and management of water
and heating systems. Figure 2, illustrates the characteristics and functions or applications of recently
developed devices for flexible sensors.

3.3 Water Quality Sensor

Water finds extensive application across diverse domains, necessitating the deployment of water
quality sensors as a critical measure to assess its suitability for multifarious uses. The pivotal role of
these sensors lies in their ability to comprehensively monitor and evaluate the quality of water,
encompassing a plethora of sectors wherein water plays a central role. A noteworthy domain wherein
water quality sensors assume paramount significance is within water distribution systems, serving as
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indispensable tools for multifarious reasons. Contamination arising from non-potable water cross-
connections, the ingress of polluted water into the distribution network through leaking pipes located
in low-pressure areas, and the emergence of microbial growth within the distribution system pipes,
each represent significant concerns demanding immediate attention and mitigation [34-36].

Flexible circuit

Active-matrix
backplane

h i

Intelligent sening

Health care devices
Figure 2. Characteristics and functions or applications of recently developed devices for flexible sensors [33].

Thus, sensors stand poised to address these critical issues, providing valuable insights and
facilitating timely interventions to safeguard water distribution systems from deleterious influences. By
serving as vigilant sentinels, these sensors play an instrumental role in enhancing the integrity and
safety of water resources across diverse sectors, thereby underscoring their indispensable relevance in
ensuring the optimal utilization of this invaluable natural resource. Figure 3, shows an unmanned
surface vehicle, called SMARTBoat 3, which is capable of measuring water quality in real-time.
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Figure 3. The unmanned surface vehicle [37].
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34. Gas Sensors

Gas sensors share a functional resemblance to chemical sensors, albeit with a specific focus on the
surveillance of air quality and the detection of diverse gases. Their utility extends to multifarious
applications, encompassing air quality monitoring, the discernment of toxic or combustible gases, and
the critical surveillance of hazardous gases in various industrial settings [38]. Emanating from their
pervasive importance, gas sensors find deployment in a spectrum of industries, including but not
limited to coal mines, oil and gas sectors, chemical laboratory research, and a broad array of
manufacturing ventures spanning the production of paints, plastics, rubber, pharmaceuticals,
petrochemicals, and associated products [39,40]. By their discerning and sensitive nature, gas sensors
play a vital role in safeguarding human health, the environment, and industrial processes. They
facilitate the prompt identification of noxious and hazardous gas emissions, thereby enabling timely
interventions to prevent potential risks and ensure the maintenance of safe working conditions. These
sensors represent indispensable instruments within diverse domains, contributing substantively to the
preservation of environmental quality and the optimization of industrial operations, while
underpinning a multifaceted array of applications that span various sectors of modern society. Figure
4, shows resistive-based gas sensors based on their energy consumption.

Current trends in energy-saving gas sensors

RT gas sensor

SENSON

I electrode
Self-heated gas sensor Substrate

Operating
temperature = RT
No external heater

MEMS gas sensor
Substrate
Si0,

Energy consumption

microheater MNo external heater
isclation (Self heating), V> 0
Power consumption ~pW to nW

substrate

stibstrate Operating temperature > 200 °C
Microheater needed

Power consumption ~ 100-400 mW

Gas sensors devices

Figure 4. Resistive-based gas sensors based on their energy consumption [41].

3.5 Chemical Sensor

Chemical sensors find extensive utility across a diverse spectrum of industries, diligently serving the
crucial function of detecting alterations in liquid composition or the chemical constituents present in
the ambient air. Notably, their indispensable role manifests conspicuously in larger urban centers,
wherein diligent surveillance and protection of the populace constitute paramount imperatives [42-44].
The multifaceted and pervasive deployment of chemical sensors permeates various applications,
encompassing industrial environmental monitoring and stringent process control, the discernment of
deleterious chemical emissions either by design or accident, detection of hazardous explosive and
radioactive materials, the facilitation of recycling processes aboard the International Space Station, as
well as vital contributions to the pharmaceutical and laboratory domains [45].

The strategic implementation of chemical sensors within these diverse domains exemplifies their
profound impact on ensuring human safety, safeguarding the environment, and optimizing industrial
processes. By their acute sensitivity and specificity, these sensors enable the swift identification of
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hazardous or undesirable chemical occurrences, thereby engendering timely interventions to preclude
risks and uphold the integrity of operations.

3.6 Infrared (IR) Sensors

An infrared sensor functions as a perceptive instrument capable of both emitting and detecting
infrared radiation, thereby discerning specific attributes of its ambient surroundings. Additionally, it
possesses the capability to detect and quantify thermal radiation emitted by objects. In contemporary
contexts, these sensors have been extensively integrated into Internet of Things (IoT) ventures,
especially within the realm of healthcare, where they facilitate straightforward blood flow and blood
pressure monitoring. Moreover, they find ubiquitous incorporation in an array of intelligent devices,
such as smartwatches and smartphones, bearing testament to their diverse and versatile applications
[46,47]. Typical applications of infrared sensors span a wide spectrum, encompassing domains such as
home appliances and remote control, breath analysis, infrared vision (enabling visualization of heat
leaks in electronics, monitoring blood flow, and providing art historians with insights beneath layers of
paint), wearable electronics, optical communication, non-contact-based temperature measurements,
and automotive blind-angle detection. These sensors extend their utility beyond these realms,
contributing notably to enhancing household security by detecting heat leakage and various chemical
substances, thus expanding their purview to encompass environmental monitoring. As their manifold
uses continue to be harnessed and appreciated, infrared sensors are poised to play a substantial role in
the burgeoning smart home market, thereby enriching the overall landscape of intelligent living spaces.

3.7 Accelerometer sensors

Accelerometer sensors represent a class of transducers characterized by their capacity to effectuate
the conversion of mechanical motion into discernible electrical signals, accomplished through the
measurement and quantification of the absolute or measurable acceleration experienced by an object
due to inertial forces. This acceleration is indicative of the rate at which velocity changes over time.
Currently, these sensors have witnessed extensive integration across myriad commodities, boasting
ubiquitous incorporation in modern-day smartphones. Their diverse applications encompass a broad
array of functionalities, spanning from vibration sensing, and tilting detection, to facilitating the
assessment of acceleration phenomena. Remarkably, accelerometer sensors have found relevance in
multifaceted domains, serving as invaluable instruments in vehicle fleet management endeavours or as
essential components within smart pedometers [48,49]. Such expansive and versatile utility has firmly
established accelerometer sensors as indispensable tools, resonating significantly within contemporary
technological landscapes, and underpinning a multitude of applications that span diverse spheres of
practical utility and scientific exploration.

3.8 Humidity sensors

Humidity sensors play a pivotal role in quantifying the quantity of water vapour present in gaseous
environments, most notably within ambient air. The widely adopted metric employed for this purpose
is the notion of "Relative Humidity" (RH). The versatile and indispensable applications of these sensors
span across diverse domains, encompassing both industrial and residential contexts, wherein they find
prominent utilization in regulating heating, ventilation, and air conditioning systems. Moreover, their
efficacy extends to critical tasks such as safeguarding the integrity of pharmaceutical products within
automobiles, preserving artefacts and collections in museums, optimizing environmental conditions in
industrial settings, fostering optimal growth within greenhouses, enhancing meteorological data
acquisition in weather stations, promoting quality control in paint and coatings industries, as well as
facilitating precise humidity regulation in hospital and pharmaceutical facilities [50,51]. The pervasive
implementation of humidity sensors across this broad spectrum of applications underscores their
indispensable relevance in ensuring optimal environmental conditions and quality control across
diverse sectors, thereby accentuating their profound impact within contemporary scientific, industrial,
and domestic spheres.

Page | 112



IJEES
Abduljawwad et al.

3.9 Optical Sensor

An optical sensor, functioning as a discerning apparatus, is adept at detecting and quantifying the
physical magnitude of incident light rays, effectively converting this optical information into a
discernible electrical signal that can be interpreted by either human operators or electronic instruments
and devices. Owing to their versatile capabilities, these sensors have garnered pervasive adoption
across diverse industrial sectors, notably including healthcare, environmental monitoring, energy,
aerospace, and an array of other applications [52,53]. Remarkably, enterprises engaged in oil
exploration, pharmaceutical production, and mining activities derive substantial benefits from
employing optical sensors, as they furnish enhanced capacities to monitor environmental changes while
concurrently safeguarding the well-being of their workforce. Figure 5. shows the general structure of
the optical particle counter.

Air flow |
I Inlet air
Iy
|
Laser Lens .' Particle Light trap
\\ \\‘ : L 5 £
[4 335 ’/
4] 1
I ! —HThr—
Z Fria
Fd r \
Laser beam Detector
A l,
QOutlet air |
Y. :
> +
X
Photodiode amplifier Voltage

Sl >

Figure 5. The general structure of the optical particle counter [54].

Time

The manifold applications of optical sensors encompass a wide array of domains, comprising but
not limited to ambient light detection, digital optical switches, optical fibre communications, high-speed
network systems, elevator door management, assembly line part counting, and the implementation of
safety systems. Given their distinct electrical isolation characteristics, these sensors find ideal
applicability within domains such as oil and gas operations, civil and transportation infrastructure,
high-speed network systems, elevator door management, assembly line part quantification, and various
safety systems. The proficient adoption of optical sensors within these contexts is instrumental in
furnishing reliable data insights and ensuring a heightened level of operational efficiency, ultimately
contributing to optimal functionality and safety assurance across diverse industrial and commercial
ventures [55,56]. Figure 6, presents the layout of the optical holographic particle counter; (a) holographic
counting unit; (b) holographic principle and creation of a fringe pattern with a camera detection system.

3.10 Motion Detection Sensors

A motion detector constitutes an electrical apparatus designed to discern and register physical
movement transpiring within a designated area, subsequently converting this detected motion into a
discernible electric signal. In this direction, motion detectors exhibit the capacity to discern movement,
whether emanating from animate entities such as humans or inanimate objects. Within the domain of
security, motion detection assumes a preeminent role, serving as a pivotal technology widely leveraged
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to bolster safety and surveillance measures. The extensive applications of motion detectors span across
diverse settings, particularly in regions necessitating continuous vigilance and where any movement
should be promptly observed. These sensors prove highly adept at detecting the presence of individuals
upon installation, exemplifying their utility in intrusion detection systems, automatic door control,
boom barrier operation, smart camera functionalities incorporating motion-based capture and video
recording, toll plaza operations, automated parking systems, and the management of various
automated amenities such as sinks, toilet flushers, and hand dryers. Moreover, the pervasive integration
of motion detectors encompasses energy management systems, facilitating automated control over
lighting, air conditioning, fans, and household appliances, among other common applications [58-60].

Sampling Cell
Camera

Laser Diode

CNM Testing

(a) (b)
Figure 6. The layout of the optical holographic particle counter; (a) holographic counting unit; (b) holographic
principle and creation of a fringe pattern with a camera detection system [54-57].

In each of these instances, motion detectors serve as crucial enablers of enhanced convenience,
heightened security, and energy conservation, culminating in their significant contributions to
enhancing overall operational efficiency and facilitating dynamic technological advancements within
diverse realms of modern life. Figure 7, demonstrates human movement detection and identification
for indoor person tracking.
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Figure 7. Human movement detection and identification for indoor person tracking [61].
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4. Standards for Sensors

Concomitant with the rapid strides witnessed in the hardware domain of contemporary sensors, a
contemporaneous emergence of novel, standardized methodologies has unfolded within the spheres of
software, communications, and networking. This congruence of developments has yielded a
transformative and revolutionary impact on the landscape of electronic instrumentation. A prime
exemplar of this trend resides in the IEEE-1451 standard, encompassing a comprehensive suite of
protocols delineating the interface for network-based data acquisition and control of sensors. The
primary objective of the IEEE-1451 standard revolves around the facilitation of facile solutions,
capitalizing on extant networking technologies, standardized interconnections, and commonly
employed software architectures. These prescriptive guidelines engender an environment that fosters
ease and convenience in the deployment of sensor-based systems, liberating application software, field
networks, and transducer choices from any interdependence. The IEEE-1451 standard extends an
invaluable degree of adaptability, affording practitioners the freedom to discerningly select products
and vendors that align optimally with the unique demands of a given application scenario [62-64]. By
liberating these critical decisions from any preordained constraints, this standard amplifies the potential
for customization and tailoring of electronic instruments to align perfectly with specific contexts and
objectives.

5. Intelligent and Soft Sensors

Presently, the realm of instrumentation has witnessed a proliferation of Intelligent (Smart) and Soft
Sensors, each bearing distinctive characteristics and applications. Intelligent sensors, in particular, have
garnered considerable traction, embodying the integration of sensor elements, signal processors, and
cognitive capabilities within a singular microchip. This integration has facilitated the emergence of
diverse sensor types, encompassing pressure sensors, accelerometers, biosensors, chemical sensors,
optical sensors, and magnetic sensors, to name but a few. Moreover, certain intelligent sensors are now
devised to accommodate advanced neural networks and other sophisticated intelligence techniques,
rendering them capable of complex data processing and analysis directly within the confines of the
microchip. Consequently, these intelligent sensors span an array of applications, encompassing neural
processors, intelligent vision systems, and intelligent parallel processors, thereby underpinning diverse
real-world implementations [65,66]. Concomitantly, the rapid evolution of contemporary technology
has engendered the advent of soft sensors, representing an intriguing paradigm shift in sensing
apparatuses. A soft sensor, in essence, eschews any conventional sensing hardware and instead employs
a microprocessor tasked with assimilating data gleaned from a multitude of disparate devices.
Subsequently, this assemblage of data undergoes a fusion process, wherein a mathematical model is
invoked to effectuate an estimation of the sought-after parameter of interest. The realm of mathematical
models deployed for this purpose is diverse, encompassing traditional frameworks like ARMAX and
NARMAX, as well as more exotic paradigms, including neural, fuzzy, and neuro-fuzzy models. Such
diverse modeling approaches cater to varying estimation requirements, ultimately culminating in the
realization of a versatile and adaptive estimation capability within the domain of soft sensors [67-70].

6. Challenges and Solutions of Sensor Utilization in Daily Living

The use of sensors in the day-to-day activities of man is no doubt a necessity. However, there exist a
few challenges to this novel idea. One key bottleneck for the complete mobilization of sensors for daily
utilization especially for homes is the challenge of data management. The advent of the Internet of
Things (IoT) has brought about a big revolution, as even wristwatches have become smart, gathering
large data that require analyses [71]. This home's day-to-day use of sensors will require that the huge
data generated be analyzed. This analysis will definitely come at a cost requiring a lot of effort. Data
safety is also a major challenge that may require addressing. With a massive increase in the daily
demand for sensors, there arises a concern for the safety of the data being generated. However,
technology advancements have provided security tools such as is found in private networks which hide
the internet protocol of users while on a network [72]. The encryption of data as found with some online
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social networks is also a huge data protection policy. Ultimately, sensors are largely network dependent.
They may malfunction when there is a signal loss or poor supply [73]. This challenge majorly limits the
effectuation of sensors in daily tasks, especially in remote areas where there is a poor network supply.
It is however hoped that the revolution the world is currently experiencing in wireless network
technology will alleviate this challenge soonest.

7. Conclusion

Sensors have pervaded every facet, asserting their ubiquitous presence. Within industrial systems,
the accurate measurement of critical process variables such as temperature, pressure, level, flow rate,
and turbidity is facilitated by these advanced sensing technologies. The repertoire of variables
encompasses electrical parameters like voltage, current, and frequency, alongside mechanical aspects
like revolution, cycle count, positioning, direction of movement, static and dynamic pressures, as well
as proximity measurements. Moreover, environmental variables, encompassing humidity, vibration,
wind velocity, and direction, are also meticulously monitored and quantified through the adept
employment of sensor technologies. Across diverse domains, the deployment of sophisticated sensor
networks remains an instrumental practice, continually evolving and advancing. Bolstered by artificial
intelligence (AI) technology, sensor-based devices have attained unprecedented levels of innovation,
culminating in their capacity to engage in interactive and autonomous behaviours. Functioning as
crucial information receptors, these devices adeptly gather and relay data, encompassing temperature,
pressure, images, and various other parameters. The phenomenon of remote sensing further exemplifies
the prowess of sensor technologies, wherein information is procured, detected, analyzed, and
monitored without physical contact with the subject under study. The radiated energy is judiciously
recorded and employed to comprehend and assess the physical parameters of the targeted area, yielding
valuable insights into the landscape without necessitating direct interaction. By fostering a digital
representation of their operational environments, sensors diligently accumulate data from residential
properties, commercial buildings, and vehicles alike. Such comprehensive data gathering enables
monitoring capabilities that extend to the assessment of drug levels in human subjects and the early
detection of physiological anomalies. Consequently, sensors emerge as invaluable allies in mitigating
symptoms, providing timely warnings concerning potential illnesses, and contributing substantively to
proactive healthcare management. In essence, the ubiquity and versatility of sensors underscore their
transformative potential, profoundly shaping our world by furnishing invaluable data-driven insights
and engendering a more enlightened and responsive approach to myriad domains of human
endeavour.

Author Contributions: All authors listed have made a substantial, direct, and intellectual contribution to the work
and approved it for publication.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Acknowledgements: We would like to express our sincere gratitude and appreciation to the higher institute of
technical sciences, Misrata, Libya for their invaluable support and assistance in the successful completion of our article.

Conflicts of Interest: The authors declare no conflict of interest.
References

[1] A. F. Arz von Straussenburg, M. Blazevic, and D. M. Riehle, “Measuring the actual office workspace
utilization in a desk sharing environment based on IoT sensors,” in Lecture Notes in Computer Science, Cham:
Springer Nature Switzerland, 2023, pp. 69-83.

[2] A. R. G. Ramirez, I. Gonzalez-Carrasco, G. H. Jasper, A. L. Lopez, J. L. Lopez-Cuadrado, and A. Garcia-
Crespo, “Towards Human Smart Cities: Internet of Things for sensory impaired individuals,” Computing,
vol. 99, no. 1, pp. 107-126, 2017.

[3] D. Georgakopoulos and P. P. Jayaraman, “Internet of things: from internet scale sensing to smart
services,” Computing, vol. 98, no. 10, pp. 1041-1058, 2016.

Page | 116



IJEES

Abduljawwad et al.

(4]

[5]

[6]

[7]

(8]

[%]

[10]

[11]

(12]

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

F. Folianto, Y. S. Low, and W. L. Yeow, “Smartbin: Smart waste management system,” in 2015 IEEE Tenth
International Conference on Intelligent Sensors, Sensor Networks and Information Processing (ISSNIP), 2015, pp.
1-2.

B. H. Dobkin, “Wearable motion sensors to continuously measure real-world physical activities,” Curr.
Opin. Neurol., vol. 26, no. 6, pp. 602-608, 2013.

H. Liuet al, “Efficient 3G budget utilization in mobile participatory sensing applications,” in 2013
Proceedings IEEE INFOCOM, 2013, pp. 1411-1419.

A. Subandar, B. H. Santosa, M. Effriana, L. Sumargana, Nugroho, and A. Anisah, “Utilization of remote
sensing in supporting rural community-based micro-watershed management,” in 2021 IEEE Asia-Pacific
Conference on Geoscience, Electronics and Remote Sensing Technology (AGERS), 2021, pp. 130-135.

M. A. Shroud, M. Eame, E. Elsaghayer, A. Almabrouk, and Y. Nassar, “Challenges and opportunities in
smart parking sensor technologies,” IJEES, pp. 44-59, 2023.

K. Jindo et al., “Potential utilization of satellite remote sensing for field-based agricultural studies,” Chem.
Biol. Technol. Agric., vol. 8, no. 1, 2021.

A. A. Ahmed, M. Belrzaeg, Y. Nassar, H. J. El-Khozondar, M. Khaleel, and A. Alsharif, “A comprehensive
review towards smart homes and cities considering sustainability developments, concepts, and future
trends,” World ]. Adv. Res. Rev., vol. 19, no. 1, pp. 1482-1489, 2023.

M. Emimi, M. Khaleel, and A. Alkrash, “The current opportunities and challenges in drone
technology,” IJEES, pp. 74-89, 2023.

Y. Ishiguro, A. Mujibiya, T. Miyaki, and ]J. Rekimoto, “Aided eyes: Eye activity sensing for daily life,”
in Proceedings of the 1st Augmented Human International Conference, 2010.

M. A. Hasnat, M. I. Hossain, M. Ahsan, and M. F. Islam, “Recent developments in the utilization of
nanomaterials for sensing platforms,” in ACS Symposium Series, Washington, DC: American Chemical
Society, 2023, pp. 61-99.

J. Shieh, ]J. E. Huber, N. A. Fleck, and M. F. Ashby, “The selection of sensors,” Prog. Mater. Sci., vol. 46, no.
3-4, pp. 461-504, 2001.

J. Lenz and S. Edelstein, “Magnetic sensors and their applications,” IEEE Sens. |., vol. 6, no. 3, pp. 631-649,
2006.

P. Ripka and A. Tipek, Eds., “Modern Sensors Handbook.” Wiley, Jan-2007.

J. Mitrovics, H. Ulmer, G. Noetzel, U. Weimar, and W. Gopel, “Design of a hybrid modular sensor system
for gas and odor analysis,” in Proceedings of International Solid State Sensors and Actuators Conference
(Transducers '97), 1997, vol. 2, pp. 1355-1358 vol.2.

S. Ando, “Intelligent sensor systems: integrating advanced automatism and optimality into sensors,”
in Proceedings of International Solid State Sensors and Actuators Conference (Transducers '97), 2002, vol. 1, pp.
291-294 vol.1.

M. Schweizer-Berberich et al., “Evaluation of dynamic sensor signals by artificial neural networks,”
in Proceedings of the International Solid-State Sensors and Actuators Conference - TRANSDUCERS 95, 2005, vol.
1, pp. 679-682.

P. Ripka and M. Janosek, “Advances in magnetic field sensors,” IEEE Sens. |., vol. 10, no. 6, pp. 1108-1116,
2010.

S.-T. Han et al., “ An overview of the development of flexible sensors,” Adv. Mater., vol. 29, no. 33, p. 1700375,
2017

D. Sehrawat and N. S. Gill, “Smart sensors: Analysis of different types of IoT sensors,” in 2019 3rd
International Conference on Trends in Electronics and Informatics (ICOEI), 2019, pp. 523-528.

J. Fraden, Handbook of Modern Sensors. New York, NY: Springer New York, 2010.

R. S. Popovig, ]J. A. Flanagan, and P. A. Besse, “The future of magnetic sensors,” Sens. Actuators A Phys., vol.
56, no. 1-2, pp. 39-55, 1996.

B. Chen, L. Huang, X. Ma, L. Dong, Z. Zhang, and L.-M. Peng, “Exploration of sensitivity limit for graphene
magnetic sensors,” Carbon N. Y., vol. 94, pp. 585-589, 2015.

J. Wang et al., “Ultra-high sensitivity temperature sensor based on PDMS-assisted-cascaded Mach-Zehnder
Interferometer,” Sens. Actuators A Phys., vol. 359, no. 114465, p. 114465, 2023.

N. Fumeaux, M. Kossairi, J. Bourely, and D. Briand, “Printed ecoresorbable temperature sensors for
environmental monitoring,” Micro and Nano Engineering, vol. 20, no. 100218, p. 100218, 2023.

Page | 117



Abduljawwad et al. IJEES

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

S. S. Phadkule and S. Sarma, “Progress in nanocomposite based flexible temperature sensors: A
review,” Measur. Sens., vol. 27, no. 100692, p. 100692, 2023.

J. Priest, “Temperature and its measurement,” in Encyclopedia of Energy, Elsevier, 2004, pp. 45-54.

B. Arman Kuzubasoglu and S. Kursun Bahadir, “Flexible temperature sensors: A review,” Sens. Actuators A
Phys., vol. 315, no. 112282, p. 112282, 2020.

S. Poeggel, D. Tosi, D. Duraibabu, G. Leen, D. McGrath, and E. Lewis, “Optical fibre pressure sensors in
medical applications,” Sensors (Basel), vol. 15, no. 7, pp. 17115-17148, 2015.

P. Song et al., “Recent progress of miniature MEMS pressure sensors,” Micromachines (Basel), vol. 11, no. 1,
p- 56, 2020.

F. Xu et al., “Recent developments for flexible pressure sensors: A review,” Micromachines (Basel), vol. 9, no.
11, p. 580, 2018.

M. Pule, A. Yahya, and J. Chuma, “Wireless sensor networks: A survey on monitoring water quality,” J.
Appl. Res. Technol., vol. 15, no. 6, pp. 562-570, 2017.

S. O. Olatinwo and T.-H. Joubert, “Energy efficient solutions in wireless sensor systems for water quality
monitoring: A review,” IEEE Sens. |., vol. 19, no. 5, pp. 1596-1625, 2019.

M. H. Gholizadeh, A. M. Melesse, and L. Reddi, “A comprehensive review on water quality parameters
estimation using remote sensing techniques,” Sensors (Basel), vol. 16, no. 8, p. 1298, 2016.

W.Jo, Y. Hoashi, L. L. Paredes Aguilar, M. Postigo-Malaga, ]. M. Garcia-Bravo, and B.-C. Min, “A low-cost
and small USV platform for water quality monitoring,” HardwareX, vol. 6, no. e00076, p. €00076, 2019.

Y. Seekaew and C. Wongchoosuk, “A novel graphene-based electroluminescent gas sensor for carbon
dioxide detection,” Appl. Surf. Sci., vol. 479, pp. 525-531, 2019.

A. Dey, “Semiconductor metal oxide gas sensors: A review,” Mater. Sci. Eng. B Solid State Mater. Adv.
Technol., vol. 229, pp. 206-217, 2018.

S. Fanget et al., “Gas sensors based on gravimetric detection—A review,” Sens. Actuators B Chem., vol. 160,
no. 1, pp. 804-821, 2011.

S. M. Majhi, A. Mirzaei, H. W. Kim, S. S. Kim, and T. W. Kim, “Recent advances in energy-saving
chemiresistive gas sensors: A review,” Nano Energy, vol. 79, no. 105369, p. 105369, 2021.

R. Paolesse, S. Nardis, D. Monti, M. Stefanelli, and C. Di Natale, “Porphyrinoids for chemical sensor
applications,” Chem. Rev., vol. 117, no. 4, pp. 2517-2583, 2017.

J. Janata, “Chemical sensors,” Anal. Chem., vol. 64, no. 12, pp. 196-219, 1992.

J. Fonollosa, A. Solérzano, and S. Marco, “Chemical sensor systems and associated algorithms for fire
detection: A review,” Sensors (Basel), vol. 18, no. 2, p. 553, 2018.

B. Pejcic, P. Eadington, and A. Ross, “Environmental monitoring of hydrocarbons: A chemical sensor
perspective,” Environ. Sci. Technol., vol. 41, no. 18, pp. 6333-6342, 2007.

D. Xu, Y. Wang, B. Xiong, and T. Li, “MEMS-based thermoelectric infrared sensors: A review,” Front. Mech.
Eng., vol. 12, no. 4, pp. 557-566, 2017.

L. ]J. Jiang et al., “A perspective on medical infrared imaging,” ]. Med. Eng. Technol., vol. 29, no. 6, pp. 257-
267, 2005.

M. M. Khaleel, A. A. Ahmed, and A. Alsharif, “Artificial Intelligence in Engineering,” Brilliance: Research of
Artificial Intelligence, vol. 3, no. 1, pp. 32—-42, 2023.

I. Miftahussalam, E. S. Julian, K. Prawiroredjo, and E. Djuana, “Wheelchair control system with hand
movement using accelerometer sensor,” Microelectron. Eng., vol. 278, no. 112018, p. 112018, 2023.

Z.Duan, Z. Yuan, Y. Jiang, Y. Liu, and H. Tai, “Amorphous carbon material of daily carbon ink: emerging
applications in pressure, strain, and humidity sensors,” ]. Mater. Chem. C Mater. Opt. Electron. Devices, vol.
11, no. 17, pp. 5585-5600, 2023.

G. Korotcenkov, “Paper-based humidity sensors as promising flexible devices: State of the art: Part 1.
General consideration,” Nanomaterials (Basel), vol. 13, no. 6, p. 1110, 2023.

N. H. Al-Ashwal, K. A. M. Al Soufy, M. E. Hamza, and M. A. Swillam, “Deep learning for optical sensor
applications: A review,” Sensors (Basel), vol. 23, no. 14, p. 6486, 2023.

G. Chen, Z. Jin, and ]J. Chen, “A review: Magneto-optical sensor based on magnetostrictive materials and
magneto-optical material,” Sens. Actuators Rep., vol. 5, no. 100152, p. 100152, 2023.

S. Molaie and P. Lino, “Review of the newly developed, mobile optical sensors for real-time measurement
of the atmospheric particulate matter concentration,” Micromachines (Basel), vol. 12, no. 4, p. 416, 2021.

Page | 118



IJEES

Abduljawwad et al.

[55] A.Uniyal, G. Srivastava, A. Pal, S. Taya, and A. Muduli, “Recent advances in optical biosensors for sensing
applications: A review,” Plasmonics, vol. 18, no. 2, pp. 735-750, 2023.

[56] ]J.-W. Zhang et al., “Optical magnetic field sensors based on nanodielectrics: From biomedicine to IoT-based
energy internet,” IET Nanodielectrics, 2023.

[57] R.Umapathi, B. Park, S. Sonwal, G. M. Rani, Y. Cho, and Y. S. Huh, “Advances in optical-sensing strategies
for the on-site detection of pesticides in agricultural foods,” Trends Food Sci. Technol., vol. 119, pp. 69-89,
2022.

[58] Z. Liuet al, “Functionalized fiber-based strain sensors: Pathway to next-generation wearable
electronics,” Nanomicro Lett., vol. 14, no. 1, 2022.

[59] M. A.U.Khalid and S. H. Chang, “Flexible strain sensors for wearable applications fabricated using novel
functional nanocomposites: A review,” Compos. Struct., vol. 284, no. 115214, p. 115214, 2022.

[60] S.Zhang et al., “Degradable and stretchable bio-based strain sensor for human motion detection,” J. Colloid
Interface Sci., vol. 626, pp. 554-563, 2022.

[61] J. Yun and S.-S. Lee, “Human movement detection and identification using pyroelectric infrared
sensors,” Sensors (Basel), vol. 14, no. 5, pp. 8057-8081, 2014.

[62] B. Zhanget al., “Progress and challenges in intelligent remote sensing satellite systems,” IEEE ]. Sel. Top.
Appl. Earth Obs. Remote Sens., vol. 15, pp. 1814-1822, 2022.

[63] Y. Kang, L. Aye, T. D. Ngo, and J. Zhou, “Performance evaluation of low-cost air quality sensors: A
review,” Sci. Total Environ., vol. 818, no. 151769, p. 151769, 2022.

[64] A. Wongchai, S. K. Shukla, M. A. Ahmed, U. Sakthi, M. Jagdish, and R. Kumar, “Artificial intelligence -
enabled soft sensor and internet of things for sustainable agriculture using ensemble deep learning
architecture,” Comput. Electr. Eng., vol. 102, no. 108128, p. 108128, 2022.

[65] G.Mengaldo etal., “A concise guide to modelling the physics of embodied intelligence in soft robotics,” Nat.
Rev. Phys., vol. 4, no. 9, pp. 595-610, 2022.

[66] P. Chang, X. Bao, F. Meng, and R. Lu, “Multi-objective Pigeon-inspired Optimized feature enhancement
soft-sensing model of Wastewater Treatment Process,” Expert Syst. Appl., vol. 215, no. 119193, p. 119193,
2023.

[67] M. M. Khaleel, A. A. Ahmed, and A. Alsharif, “Artificial Intelligence in Engineering,” Brilliance: Research of
Artificial Intelligence, vol. 3, no. 1, pp. 32-42, 2023.

[68] C.Dang etal., “Lithium bonds enable small biomass molecule-based ionoelastomers with multiple functions
for soft intelligent electronics,” Small, vol. 18, no. 20, p. 2200421, 2022.

[69] M. M. Khaleel, “Intelligent Control Techniques for Microgrid Systems,” Brilliance: Research of Artificial
Intelligence, vol. 3, no. 1, pp. 56-67, 2023.

[70]  Y.-H. Lin et al., “Modeling and control of a soft robotic fish with integrated soft sensing,” Adv. Intell. Syst.,
vol. 5, no. 4, 2023.

[71]  E. Comini, “Achievements and challenges in sensor devices,” Front. Sens., vol. 1, 2021.

[72] O. M. Ikumapayi, O. T. Laseinde, T. S. Ogedengbe, S. A. Afolalu, A. T. Ogundipe, and E. T. Akinlabi, “An
Insight into AI and ICT Towards Sustainable Manufacturing,” in Proceedings of Fourth International
Conference on Communication, Computing and Electronics Systems: ICCCES 2022, Singapore; Singapore:
Springer Nature, 2023, pp. 271-280.

[73] A. Varshneyet al., “Challenges in sensors technology for industry 4.0 for futuristic metrological

applications,” Mapan, vol. 36, no. 2, pp. 215-226, 2021.

Page | 119



