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Abstract: Real-time detection of hazardous gases in the ambient and indoors has become the prime motive for curbing the problem of air
pollution. Keeping the concentration of hazardous gases in control is the main task before human society so as to keep environmental balance.
Researchers are concentrating on smart sensors because they can detect and forecast the presence of gas in real-time, provide correct
information about gas concentration, and detect a target gas from a mixture of gases. This smart gas sensor system can have applications
in the field of military, space, underwater, indoor, outdoors, factories, vehicles, and wearable smart devices. This study reviews recent
advances in smart sensor technology with respect to the material structure, sensing technique, and discrimination algorithm. Focus is
given on reducing the power consumption and area of a sensor circuitry with the help of different techniques.
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Smart gas sensors are the need of the era. In each and every
sector, gas sensors are required. They can have applications in
Medical, Industries, and households and for monitoring the
environment by discriminating the concentration of the mixture of
gases and predicting the concentration. Therefore, the study of
Smart sensing technology is very much important.

1. Introduction

The World is currently going through a transition phase due to
digitization. Industries, Hospitals, Malls, Schools, and all are
adopting Internet of Things(IOT)-based technologies for self-
working and smart infrastructure (Kumar et al., 2019; Mutunhu
et al., 2022; Madaan et al., 2022). The heart of IoT is the sensors
interconnected with various devices which are used for sensing the
data. To fulfill the increasing demand for power sources, there is an
increase in the use of fossil fuels and the cutting down of forests.
Hazardous gases emitted affect the environment and health of
human beings causing various respiratory diseases, chronic
disorders, and eye-related disorders (Jorquera & Villalobos, 2023).
There is a requirement for highly sensitive, low-powered, multiple
gas sensing detection technique that could detect the presence of gas
concentration in air and transmit data in real time for further action.
Although there are many sensors in the market, there are certain

limitations to them. Gas sensing is different as compared to another
parameter sensing, for example, level sensing, temperature sensing,
etc, and in gas sensing, there is a mixture of gases in the air, and
from that mixture, we have to sense or detect a particular gas. Gas
sensors are used for detecting air pollution, food testing, fuel gas
pipeline leakage, and the detection of diseases based on which gas is
exhaled from a person (Nikolic et al., 2020).

Gas sensors are said to be good if it satisfies the following criteria:
high selectivity, high sensitivity, lowconsumptionpower, fast response
time, fast recovery time, reliability, and low cost (Nikolic et al., 2020).
The challenge is to design a technology or sensing material to sense
the gas in real time at room temperature at a low cost. Depending
on the sensing mechanism, gas sensors are classified into various
categories. Recent research is focused on sensing gas from a mixture
of gases in real time and discriminating the concentrations of each
gas. The basic concept of this smart sensing technology is to design
a sensor material that can respond to the mixture of gas and
discriminate the gas, processing and transmission mechanism of the
signal, drift compensation, and algorithms for discrimination of gas.
The requirement of smart gas sensor technology can be related
to (1) low cost, (2) reliability, (3) low power consumption, (4) wireless
transmissionof signals, and (5) algorithm for discrimination.The smart
gas sensor technology has to be of low power consumption as it has a
direct relation with air pollution; if this technology has to apply in vast
levels, then ithas tobe lowcost,be reliable, beable to transmit the signal
over wirelessly and with low power consumption, and discrimination
method or algorithm.
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In the following parts, in Section 1 an overview of air pollution
and its sources is presented; in Section 2, gas sensor and sensing is
discussed; in Section 3, algorithms for discrimination and power
consumption are explained; in Section 4, challenges and solution
are discussed pertaining to smart gas sensing technology; in
Section 5, conclusions are discussed.

2. Air Pollution and Its Sources

Due to COVID-19 crisis, almost transportation and production in
industries were shut down; as a result of it, air pollution decreased.
Post-COVID-19 crisis, the condition of air pollution is getting
worsened as levels before COVID-19 pandemic (Dutheil et al., 2021).
The level of air pollution in India is rising over last few decades
resulting in adverse health impacts of living beings (Gautam, 2020;
Kaur & Pandey, 2021). Air pollution is the most dangerous form of
pollution. The causes of air pollution are natural and manmade. Some
of the natural causes enlisted are storms, volcano eruptions, forest
fires, decomposition of animals and trees, flora, and fauna. In case of
manmade causes, cutting down of forests, increased urbanization,
population rise, vehicle rise, excessive use of fossil fuels, burning
of woods in villages and cities, increased use of pesticides and
fertilizers in farms, indoor use of paints and volatile organic
compounds (VOCs)-related materials and increased industries. Post
lockdown, the world has now picked up the pace of development
(Chen et al., 2007; Mannan & Al-Ghamdi, 2021; Shehzad et al.,
2021; Shupler et al., 2020). In this development process, industrial
sectors, transportation, and coal-powered plants have raised their
working capabilities, due to which there is growing pollution of air,
water, and soil (Tyagi et al., 2021). Hazardous contaminants such as
various chemicals and gases are directly released into the
environment. Hazardous gases such as NO, NO2, CO, CO2, SO2,
and many more are causing adverse effects on the environment as
well as the health of living beings (Marlier et al., 2016). Many
harmful and life-taking diseases have raised like cardiovascular, lung
diseases, cancer, and depression (Balakrishnan et al., 2019; Kampa&
Castanas, 2008; Pandey et al., 2021). According to World Health

Organization, around 7 million deaths and respiratory disorders were
caused globally due to air pollution. Lower resource countries are
exposed more to ambient and household air pollution than developed
countries (World Health Organization, Ambient (Outdoor) Air
Pollution, 2021). Figure 1 shows the deaths and disability-adjusted
life-years due to air pollution.

Pollution is the mixing of unwanted particles into pure things.
Air pollution is the mixing of fine particles of a variety of sizes and
shapes in the air. Fine particles can be of different shapes, sizes, gas
molecules, and dust particles. The sources of these fine particles are
outdoor and indoor. These fine particles are termed particulate matter
or PM. Fine particles, or particulate matter 2.5 (PM2.5), refer to small
particles or droplets in the air that are two- and one-half microns or
less in width. Fine PM2.5 is an air pollutant that is a concern for
people’s health when levels in the air are high. Figure 2 shows the
effect of PM2.5 on the mortality rate in India. The sources of
PM2.5 are from vehicles like cars, trucks, buses, and off-road
vehicles (e.g., construction equipment, snowmobile, locomotive)
exhaust, and other operations that involve the burning of fuels
such as wood, natural resources like coal, and petrochemicals.
Fine particles also form from the reaction of gases or droplets in
the atmosphere from sources such as power plants. These
chemical reactions can occur miles from the source of the
emissions. Because fine particles can be carried long distances
from their source, events such as wildfires or volcanic eruptions
can raise fine particle concentrations hundreds of miles from the
event. PM2.5 is also produced by common indoor activities. Some
indoor sources of fine particles are tobacco smoke, cooking (e.g.,
frying, sautéing, and broiling), burning candles or oil lamps, and
operating fireplaces and fuel-burning space heaters (e.g., kerosene
heaters) [Report from New York State Department of Health, Fine
Particles (PM 2.5) Questions and Answers].

Particles in PM2.5 can enter the human body and affect various
systems of the body like the respiratory system; also, it can affect
the eyes and skin and cause breathlessness. Exposure to these
particles in the long term can cause severe diseases such as
interstitial lung diseases, chronic bronchitis, and depression. Elderly

Figure 1
Causes of DALYs (A) and deaths (B) attributable to air pollution in India, 2019

(Ravishankara et al., 2020; Pandey et al., 2021)
Individual causes are shown as a percentage of total DALYs or deaths. DALYs = disability-adjusted life-years.
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persons, pregnantwomen, and childrenwhenexposed for a longperiod
may cause breathing and heart problems. According to aWHO report,
in theyear 2019, the concentrationof finePM2.5was34.7μg/m3which
is several times higher than the annual mean WHO air quality safety
standard of 10 μg/m3. For India, the age-standardized mortality rate
attributed to household and ambient air pollution (per 100,000
population) was recorded as 184 (World Health Organization,
Ambient (Outdoor) Air Pollution, 2021). The other main sources of
air pollution are hazardous gases like VOCs, Ozone, CO2, NH3,
CO, NOx, and many more as listed in Table 1.

Exposure to hazardous gases to humans causes several adverse
effects on human health, and long exposure causes death also. Some
of the adverse effects arose due to the gases are listed in Table 2.

For curbing this problem, there is a need for a very highly
sensitive, selective, robust, and smart sensing technique for the
detection of hazardous gases. This smart sensing technique is a combi-
nation of interdisciplinary studies (Feng et al., 2019). Some sensors in

themarket can identify the targetedgas and its concentrationbut there is
a requirement for a smart gas sensing technique that can give smarter
results such as decidingwhich gas is present, gas concentration, proper
signal transmission, and action after sensing the gas. In this review,
we will study a smart sensing technique which is shown in Figure 3
and will focus on how to cope with various issues like power
consumption, size, and discrimination of gas from a mixture of gases.

3. Gas Sensors and Sensing

Gas sensors are devices that measure the gas concentrations in
the surrounding environment. Gas sensors are the basic part of a
complex integrated smart sensing system that is used in various
domains like medical (Staerz et al., 2016), indoor (Ortiz Perez
et al., 2018), industries (Jain & Kushwaha, 2012), military (Li
et al., 2020), space (Hunter et al., 2007), security, and
environmental monitoring (Suriano, 2021). Gas sensors have a

Figure 2
(A) Total annual premature deaths attributed to PM2.5 over urban and nonurban regions in India.

The lower and upper limits of the error bars correspond to the 5th and 95th percentile; a fraction of mortality attributed
to urban and nonurban regions in India (B); and total annual premature deaths attributed to PM2.5 per million

people over the urban and nonurban regions in India (C) (Ravishankara et al., 2020)

Table 1
Sources of pollution

Air pollution source Pollutant gas References

Building materials VOCs, Plasticizers,
formaldehyde, benzene

Mannan & Al-Ghamdi (2021), Hasager et al. (2021), Hasager et al. (2019),
Salthammer & Bahadir (2009)

Carpets, Perfumes,
furniture

VOCs Hasager et al. (2021), Hasager et al. (2019)

Computers, printers,
electronics

Ozone Hasager et al. (2021), Hasager et al. (2019), Destaillats et al. (2008)

Paints VOCs Hasager et al. (2021), Hasager et al. (2019)
Peoples CO2, NH3, H2O Hasager et al. (2021), Hasager et al. (2019), Salthammer & Bahadir (2009)
Combustion CO, CO2, PM Hasager et al. (2021), Hasager et al. (2019), Satish et al. (2012)
Asparagus fern Benzene, Toluene,

Trichloroethylene,
Octane

Hasager et al. (2021), Hasager et al. (2019), Yang et al. (2009)

Industries CO, CO2, SO2, NH3,
NO2, SOx, NOx,

Hasager et al. (2021), Hasager et al. (2019), Marlier et al. (2016), Guttikunda
et al. (2014)

Farming CO, CO2, NOx, Hasager et al. (2021), Hasager et al. (2019), Chakraborty & Basu (2021)
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transducer and sensing layer; this combination converts the gas
signal into desired measurable signal like frequency, voltage,
resistance, and current. Whether a sensor is good or not can be
decided by various parameters like shape and size, cost, power
consumption, selectivity, resolution, accuracy, response time,

recovery time, device sensitivity, precision, the limit of detection,
and reversibility (Nazemi et al., 2019). Gas sensors use a variety
of materials of gas sensing like metal oxides (Cao et al., 2022),
conducting polymers (Zhu et al., 2022), carbon nanotubes (Lim
et al., 2022), graphene (Rattan et al., 2022), piezoelectric, and

Table 2
Hazardous gases and its adverse effects

Pollutant Effect on human beings References

Carbon monoxide (CO) Mixes with hemoglobin in the blood and causes headaches, nausea, dizziness,
breathlessness, fatigue, and excessive exposure can lead to coma and death

Balakrishnan et al. (2019),
Pandey et al. (2021),
Shupler et al. (2020),
Hasager et al. (2021),
Hasager et al. (2019),
Satish et al. (2012)

Nitrogen dioxide (NO2) Respiratory problems
Benzene (C6H6) Cancer, drowsiness, dizziness, changed and irregular heartbeat, headaches, and

unconsciousness
Particulate matter (PM) Stroke, heart disease, lung cancer, and chronic and acute respiratory diseases,

including asthma, reduced lung function, and mortality
Ozone (O3) Respiratory effects, chest tightness, cough, wheezing, and lung function decrement.

cute respiratory problems in asthmatics
Formaldehyde (CH2O) Cancer, sensory irritation, irritation of the eyes and upper airways

Figure 3
Comparison of working of brain and smart gas sensor (Van Duy et al., 2022)
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others (Pasupuleti et al., 2022). For good selectivity and sensitivity,
all sensing materials are going to nano-level. At the nano-level, the
surface area of the sensing layer gets increased and power
consumption gets decreased (Saleem et al., 2022). Merely using a
single gas sensor for sensing is insufficient since it may display
the incorrect gas concentration value due to environmental
influences such as changes in temperature, humidity, or pressure.
Also, the selection of various gases by a single sensor is not
possible. For this purpose, there is a requirement for a gas sensor
array. Gas sensor arrays can detect individual gas from the
mixture of gases (Chu et al., 2021); this is the major benefit of the
gas sensor arrays.

3.1. Gas sensor array

There are many sensors available in the market for the detection
of hazardous gases. If we take any single gas sensor, then it is prone
to show an error. If we consider an array of sensors, then
the possibility of error in the sensed signal will be reduced. Also, the
external effects will be reduced by using a sensor array. Fabrication
of gas sensor array can be made using metal oxides, conducting

polymers, carbon nanotubes, graphene, and other materials (Cao
et al., 2022; Chu et al., 2021; Lim et al., 2022; Nazemi et al.,
2019; Rattan et al., 2022; Zhu et al., 2022). For the making of
these sensor arrays, mostly metal oxides are used. Metal oxides
are well known for their selectivity of specifically targeted gases
as shown in Figure 4 below (Van Duy et al., 2022). These metal
oxides are well suited for making the sensor arrays but there is
one problem using these metal oxides that they require an
elevated temperature for sensing the gas. Research is going on to
reduce the elevated temperature operability and make them used
at room temperature. For increasing selectivity and sensitivity of
the sensors, a combination of various materials is being done, and
heterostructures are prepared for gas sensing. For increasing
sensitivity and selectivity of the gas, the sensors are using sensing
layer nanoparticles vanas and they increase the surface area of the
sensing layer.

4. Algorithms for Discrimination

A sensor is a device that gives a response to any stimuli. The
sensor array consists of several individual sensors connected, and

Figure 4
Fabricated array of 5 sensors for detection of ethanol, methanol, isopropanol, acetone,

ammonia, and hydrogen (Van Duy et al., 2022)

Artificial Intelligence and Applications Vol. 1 Iss. 2 2023

90



these individual sensors give an independent response to the
gases. This array consists of its processing unit, pattern
recognition software, and valid reference data for gases. This
array of sensors generates the data from all individual sensors,
and these data generated are processed further to create a
pattern. This pattern generated is in response to the individual gas
sensor (Gardner, 1991; Li & Wang, 2006). In this way, the
database is created from the sensor array. Unique patterns are
generated for each sensed gas. The study of these patterns can be
done, and a perfect database can be created by a lot of repetitions;
then, these databases can be called later as reference databases,
and finally, we get the artificial intelligence in these sensor arrays
(Chiu & Tang, 2013; Feng et al., 2019; Gardner, 1991; Hallil &
Heidari, 2020; Li & Wang, 2006). Following is the discussion of
these sensor arrays and pattern recognition made for various gases.

MOSFET array was created consisting of six individual sensors
for the discrimination of hydrogen gas from the mixture, and the
discrimination model used was linear and nonlinear partial least
square (PLS) models (Sundgren et al., 1990). The sensor array
of thin-film semiconductor sensing material was fabricated of
1 wt% Pd-doped SnO2, 6 wt% Al2O3-doped ZnO, WO3, and
ZnO for identification of CH3SH, (CH3)3H, C2H5OH, and CO
gases in the concentration range of 0.1 to 100 ppm by using
neural network pattern recognition, and this technique was useful
to discriminate gases with a probability of 100% (Hong et al.,
1996). The doping of TiO2 nanoparticles increases the
conductivity of the GeSe monolayer and makes it selective for
SF6 detection purposes (Sun et al., 2022). Functionalized
semiconducting CNT arrays can be used for the detection and
discrimination of hazardous explosive gases (Doshi &
Fahrenthold, 2022). A gas sensor array of five sensors of bilayer
SnO2/Pt film was fabricated for the improved sensor array
response, and they used an effective microheater design (Van Duy
et al., 2022). This designed sensor array could sense different
gases such as ethanol, methanol, isopropanol, acetone, ammonia,
and hydrogen. An upgraded convolutional neural network (CNN)
was used to provide a new technique for gas identification with
drift counteraction for electronic noses (Feng et al., 2022).

A smart gas sensor needs to sense the gas and transfer the data
with proper routing technique to the monitoring system or in the
network. When there is a requirement to monitor the leakage of
gas in undersea or in the industry where the supply of dangerous
gases is present inside water, monitoring the leakage of gas
becomes challenging. While considering underwater routing
protocol, we must use a different technique since there are many
problems such as high noise and interference, cost, high energy
consumption, path loss, Doppler effect, propagation delay, data
compression, and many more. Ismail et al. (2022) proposed most
appropriately the underwater wireless sensor network (UWSN)
for various applications such as underwater pipeline monitoring
and environmental monitoring. UWSN uses acoustic signal for
communication since Radio Frequency (RF) are heavily attenuated
in water. According to Ismail et al. (2022), information can be
better transferred using H2-DAB as it provides a greater packet
delivery ratio. Also, AHH-VBF provides a lower end-to-end latency
and lower energy usage compared to the other protocols for both
end-to-end and energy consumption.

A gas sensor array was fabricated consisting of eight sensors for
VOC detection from cucumber which is grown by using the different
quantities of fertilizers. metal oxide semiconductor (MOS)
e-nose sensor array was used for sensing and detection of VOC
differences in small print signatures associated with different urea
application rates. The signals received from the sensor array

were subjected to four different statistical models linear and
quadratic discriminant analysis Linear Discriminant Analysis and
Quadratic Discriminant Analysis (LDA-QDA), support vector
machines (SVM), and artificial neural networks (Tatli et al., 2021).
A comparison of gas sensor and their sensing technique is shown in
Table 3. A gas sensor was fabricated for detection and discrimination
of chloroform, methane, and ethanol by using an array of 4 sensors
by using a sensing layer as pTh. The response of sensing layers films
to various gases was subjected to differentiation by using a pattern
recognition algorithm (Sakurai et al., 2002). In the reduced
graphene oxide (RGO)-based chemiresistor sensor, a sensor array
was created to distinguish dimethyl methylphosphonate (DMMP)
vapor from other vapors that could interfere with DMMP vapor.
The referenced sensor array was built employing a variety of
RGOs created by combining several reducing agents during RGO
synthesis. The reduction of graphene oxide, which is made by
chemical oxidation of graphite, was done with three different
reducing agents: hydrazine hydrate, ascorbic acid, and sodium
borohydride (Alizadeh & Soltani, 2016).

Van Duy et al. (2022) designed and fabricated and effective
sensor that could detect multiple gases at a time. The multiple gas
detection requires elevation of the temperature for proper
detection; for this purpose, microheaters were used. If we need to
sense different gases by using separate sensors, then that circuitry
will consume more power and area. In this case, on only one
sensor, the five different types of gas sensing are done. Also, the
Radar plots and PCA were used for discrimination and
classification of the gases. IOT-based technologies are required
for this kind of smart sensing, which employs a discrimination
technique and a multi-gas sensor array.

Partial least square modeling with latent variables was used for
the prediction of hydrogen gas only; other gases like ethanol,
ammonia and ethylene were not able to predict using this PLS
method (Sundgren et al., 1990). PCA and neural network pattern
recognition analysis techniques were useful to discriminate gases,
and the probability was 100% (Hong et al., 1996). PCA is used
for increasing the selectivity of gas sensors, and LDA is used to
derive exact features from available data. SVM is useful in
improving the accuracy of the sensor by slightly removing sensor
drift (Alizadeh & Soltani, 2016; He et al., 2017; Lu et al., 2006; Ma
et al., 2022; Mitzner et al., 2003; Shao et al., 2022; Sinju et al., 2022;
Star et al., 2006; Wang et al., 2022). Sensor drift can be removed by
an augmented convolutional neural network (ACNN), and accuracy
can be increased (Feng et al., 2022). ACNN is a continuously
updated framework, and it automatically counteracts sensor array
drift. In all other methods like SVM, backpropagation neural
network, ensemble classifiers, and ensemble classifiers with
uniform weights as well as the normal CNN model, the drift
remains, and hence, we get the error. So ACNN is giving the best
results as compared to others for discrimination of gas and drift
removal.

If we consider any sensor, power consumption plays a very
important role in the life of a sensor. If a sensor needs to be
connected to many devices, the power consumption calculation
and the circuitry need to be designed in such a way that it will
consume less amount of power. In case of a smart sensor, there is
an array of sensors. These array of sensor consumes a large
amount of power. Chaudhri et al. (2022) developed a novel
algorithm approach by using zero-padded virtual sensors and
spatial augmentation, and CNN algorithm reduced the power
consumption of a sensor array by 50%. The sensor array was
consuming 10 Watts of power when unoptimized, and after
optimization, it consumed 5 Watts of power. The advantage of
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this approach is that the redundant sensors used in the gas sensor
array were removed without hampering the actual functioning of
the gas sensor array. In this approach, four hazardous gases were
discriminated. In this approach, CNN is used with zero-padded
virtual sensors and spatial augmentation as shown in Figure 5.
From the array of four sensors, two physical sensors are replaced
by a zero padding virtual dataset of those replaced sensors,
and spatially augmented data vectors were used for testing and
training purposes. They found the best results for SnO2,
ZnO-based sensors array. By using the approach of Chaudhri
et al. (2022), there can be a reduction in cost, hardware, and
power consumption for the smart sensors.

For a sensor to be smart, there must be a mechanism of
powering the overall system wirelessly. This mechanism can be
called as wireless rechargeable sensor network (WRSN). For
powering the system various charging schemes can be seen in
Figure 6. Qureshi et al. (2022) discussed various optimization
techniques in WRSN and discussed the pros and cons for each
technique as shown in Table 4. Almagrabi et al. (2020) proposed
a novel Fair Energy Division Scheme that optimizes the energy
division at the start of every cycle then starts the perpetual
network operation.

5. Challenges and Solutions

1) Sensor which is present in the sensor array should detect the
target gas even at low concentrations. Most of the sensors are
of metal oxides, and metal oxides require an elevated
temperature for proper working. This problem can be solved
by raising the temperature of the gas sensor by increasing the

heating capacity of the micro/nano heater of the sensor. For
heating purposes, metals which are having good heating
properties can be considered like platinum. Nanosensors need
to be used as they consume less amount of power, and they
are able to detect the smallest changes. After sensing
material, the focus should be on the interconnection of the
circuitry, and the routing of internal and external circuit is very
much important based on this only the power consumption is
dependent.

2) WRSN technique is discussed for wireless charging. By using
approach of Van Duy et al. (2022), multiple gas sensing is
possible on a single sensor with reduced power consumption.

3) Sensor array data generated should be applied with a proper
algorithm for the discrimination of target gases from the gas
mixture. The main problem of detecting the gas from a mixture of
gases can be well recognized by using the ACNN method of
pattern recognition. ACNN algorithm can give better results
compared to the other algorithms for the discrimination and
selectivity of the target gas. By using the approach proposed by
Chaudhri et al. (2022) in multiple gas sensor array, the gas sensor
elements can be reduced by using the technique of zero padding
and spatial augmentation and CNN. As discussed by Chaudhri
et al. (2022), the circuitry of a gas sensor can be reduced, and we
can save almost 40-50% of power consumption. By using these
novel techniques, a smart gas sensor can be developed.

4) For proper networking,wireless communication should be adopted
so that it will be possible to get data in the cloud and controlling/
action taking could be very much easier, and real-time sensing
could be achieved. When the sensor’s area and interfacing
increases, power consumption rises. So by using Multiphysics

Table 3
Comparison of gas sensor and sensing technique

Gas Sensor Discrimination Technique References

e-Noses with the gas sensor array Augmented convolutional neural network (ACNN), a
continuously updated framework that automatically
counteracts the e-nose drift and increases accuracy
by 30%

Feng et al. (2022)

Electronic nose having an array of gas sensors
for discrimination of 12 kinds of VOCs

Multitask deep learning, accuracy is about 95% Wang et al. (2022)

Electronic nose with an array of gas sensors, six indoor
air contaminants, and their binary gas mixtures can
be identified with high classification accuracy.

Hierarchical classifier (HC) and partial least squares
regression (PLSR); concentration estimation is
obtained accurately

Ma et al. (2022)

e-Nose using ZnO nanowires-based multiple sensors
surface of nanowires was modified with a thin layer
of different sensitizers namely Au, Cu, Ni, and MgO

PCA study implies that the developed e-nose can
detect toxic gases both qualitatively as well as
quantitatively.

Sinju et al. (2022)

Covalent organic frameworks (COFs) selective sensing
performance toward triethylamine (TEA)

Machine learning methods, including principal
component analysis (PCA) and support vector
machine (SVM)

Shao et al. (2022)

Reduced graphene oxide-based gas sensor array for
DMMP vapor discrimination from VOCs by the
RGO-based gas sensor array.

PCA method was used for the classification of the
vapors

Alizadeh & Soltani
(2016)

Electronic sensor array based on single-walled carbon
nanotubes (SWNTs) for detection of, CH4, CO, H2,
and H2S gases

Principal component analysis (PCA) and multivariate
partial least squares regression (PLS Regression)

Star et al. (2006)

Carbon nanotube sensor array with 32msensing
elements NO2, HCN, HCl, Cl2, acetone, and benzene

Principal component analysis Lu et al. (2006)

Electronic nose with five metal oxide semiconductor
gas sensors for carbon monoxide, methane,
hydrogen, benzene, formaldehyde, ethylene, propane,
and ethanol gas detections

Dictionary learning method (DL) method reduces
computation time in the training and testing phases
but also obtains very competitive accuracy in
identification tasks

He et al. (2017)
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software, the power consumption should be calculated first and the
sensor arrays should be fabricated. By using the approach of
Qureshi et al. (2022), the charging of sensor circuitry can be
done properly. If it is followed, then the power consumption will
also get reduced, and the life of the sensor circuit can be increased.

6. Conclusions

It is precarious and contradictory that climate change, by far the
most serious issue confronting human society, is widely neglected.
The smart gas sensing technique requires a combination of multiple

Figure 5
(a) Block diagram of sensor array using traditional ANN approach; b) Block diagram using

2D-CNN approach, zero padding and spatial augmentation (Chaudhri et al., 2022)

Figure 6
Schematic representation of currently employed charging schemes (Qureshi et al., 2022)

Table 4
WRSN techniques

2017
Clustering and designed energy-efficient traveling path with

multiple WCV with multi-node charging Tomar & Jana (2017), Qureshi et al. (2022)

2018 Clustering, improved charging efficiency, reduce charging latency Han et al. (2018), Qureshi et al. (2022)
2019 Energy-balanced joint routing and charging (EbJRC) framework Liu et al. (2019), Qureshi et al. (2022)
2020 Charging scheme based on actor-critic reinforcement learning (ACRL) algorithm Yang et al. (2020), Qureshi et al. (2022)
2020 Fair energy division scheme Almagrabi et al. (2020), Qureshi et al. (2022)
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disciplines. It involves material science, electronics engineering,
computer science, and mechanical engineering. The review here
outlines the sensing of target gas in real time using an
interdisciplinary approach which includes a physical device,
sensing material, electronic circuit, networking, statistics, and
machine learning method. A sensor can be fabricated using a
sensing material which has affinity to sense the targeted pollutant.
Gas sensor arrays can be fabricated using that selected sensor.
Metal oxide-based sensors are promising and tend to give better
results in terms of sensitivity, selectivity, and reproducibility. The
only problem for MOS-based sensor is the requirement of
elevated operating temperature which can be solved by designing
a heater using Multiphysics software so that the whole device
consumes less power and achieves desired heating temperature.
To reduce the area, the power dissipation of the sensor array,
Multiphysics software should be adopted and values of the same
to be computed to get better results. The drift in the sensor which
comes in due course of time can be removed by the PCA
algorithm, and the ACNN algorithm of pattern recognition will be
adopted for selective discrimination of gas from a mixture of
gases. The smart gas sensor requirement is based on three main
factors: the sensing element, the sensing circuit, and power
consumption. These three aspects can be taken care of if we adopt
the approach of Qureshi et al. (2022), Chaudhri et al. (2022) and
Almagrabi et al. (2020). From these approaches, the power
consumption and the area of a sensor circuitry can be reduced
making it portable and fixable in IOT-based devices. If the device
is bulkier, then it will consume large amount of power. The
discrimination algorithm technique also makes the circuitry
smaller as if we consider the zero padding technique can replace
the sensors by using its data.

The need of the future is an autonomous smart device that can
sense the hazardous gases in the ambient and indoor environment and
warn about their concentrations of it. This smart device should
provide the recorded data in real time and to a large distance with
minimum power consumption and with the highest selectivity to
target gases from a mixture of gases using a brain like decisions.

Recommendations

The findings reveal that the complex mechanism of the
hazardous gas sensor for discrimination of different gases can be
simplified by using the CNN algorithm. The size of a sensor
circuit can be reduced by using the zero padding technique in
which the actual sensors are replaced by virtual sensors.
Therefore, the use of algorithms for discrimination of hazardous
gases is recommended for reduction in area and cost of the
circuitry. Since the gas sensors which detect poisonous gases are a
very critical thing, any fault in the system may lead to severe
casualties. So, for making devices smart the use of algorithms is
recommended.
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Nomenclature

WHO World Health Organization
DALY Disability-Adjusted Life-Years

PM Particulate Matter
VOC Volatile Organic Compounds
IOT Internet of Things

WSNs Wireless Sensor Networks
PCA Principal Component Analysis

WRSN Wireless rechargeable sensor network
ACRL actor-critic reinforcement learning
ACNN augmented convolutional neural network
SVM support vector machine
FEDS Fair Energy Division Scheme

HC hierarchical classifier
PLSR partial least squares regression
PLS partial least square

SWNTs single-walled carbon nanotubes
DMMP dimethyl methylphosphonate
UWSN Underwater wireless sensor network
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