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Abstract. The Internet of Things (IoT) is a growing network of physical devices that are
connected to various types of sensors and can share data with the aid of internet connectivity.
Safety is an important consideration when designing a house, town, smart kitchen, etc., and
it continues to play an important role in today's world. In general, the kitchen is regarded as
one of the most crucial tasks in our everyday lives, making it imperative to equip this vital
element of human life with smart devices to avoid commonplace incidents such as gas leaks,
intense particles in the environment, or fire outbursts. Gas leaks in the kitchen can be
dangerous and deadly, resulting in fires if they go unchecked. For smart kitchens, various
systems have been built to combat gas leaks and fire outbreaks. However, despite their high
precision, these systems each have their own set of flaws that have severely restricted their
implementations. The state-of-the-art in gas leakage, fire, and smoke detection in a smart
kitchen is discussed in this paper. Different methods of gas leakage and fire detection are
also addressed, along with their strengths and weaknesses, as well as products available in
the market today.

Keywords: Internet of things (loT), smart kitchen, gas leakage, smoke, safety systems.

Rezumat. Internetul lucrurilor (IoT) este o retea in crestere de dispozitive fizice care sunt
conectate la diferite tipuri de senzori si pot partaja date cu ajutorul conexiunii la internet.
Siguranta este un aspect important atunci cand proiectati o casa, un oras, o bucatarie
inteligenta etc. si continud s3 joace un rol important in lumea de ast3zi. In general, bucataria
este considerata una dintre cele mai cruciale sarcini din viata noastra de zi cu zi, ceea ce face
imperativ sa echipam acest element vital al vietii umane cu dispozitive inteligente pentru a
evita incidentele obisnuite, cum ar fi scurgerile de gaz, particulele intense in mediu sau
incendiul. izbucniri. Scurgerile de gaz in bucatarie pot fi periculoase si chiar mortale, ducand
la incendii daca nu sunt controlate. Pentru bucatariile inteligente, au fost construite diverse
sisteme pentru combaterea scurgerilor de gaze si a focarelor de incendiu. Cu toate acestea,
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in ciuda preciziei lor ridicate, aceste sisteme au fiecare propriul set de defecte, care le-au
restrictionat sever implementarile. Echipamente de ultima generatie in detectarea scurgerilor
de gaze, a incendiilor si a fumului intr-o bucatdrie inteligenta sunt discutate in aceasta
lucrare. De asemenea, sunt abordate diferite moduri de scurgere de gaze si de detectare a
incendiilor, impreuna cu punctele forte si punctele slabe ale acestora, precum si produsele
disponibile pe piata astazi.

Cuvinte cheie: Internetul lucrurilor (loT), bucdtdrie inteligentd, scurgeri de gaz, fum, sisteme de
sigurantd.

1. Introduction
Cooking is often performed in the kitchen and is considered one of the most important

activities in our daily lives and is one of the most important tasks that people do [1]. The use
of the gas cylinder, which is popular in most smart kitchens, is rapidly growing, but it is also
extremely dangerous because it can trigger fires. This work is motivated by the dangers posed
by gas leakage, CO contamination, and fire outbreaks in humans and their resources. Gas
leaks in the home are normally caused by equipment that has been improperly installed,
operated, or damaged [2]. Gas leakage, lit cigarettes, short circuits, and overheating mobile
phones have all been identified as common causes of fire outbreaks at home. While high
temperatures in the frying pan, vegetable oil, and old oil in a deep fryer are all common
sources of smoke in the kitchen, etc. [3]. Since natural gas is odourless, it cannot be detected
by smell alone. As a result, a chemical (Mercaptan) is applied to give it a distinct odour to
warn people in the event of a leak [4]. Some people, on the other hand, have a very weak
sense of smell, which has contributed to the development of gas detection systems. Fire
detection systems are designed to detect fires in their early stages (which includes all types
of fires), giving people precious minutes to flee to safety, saving lives, and reducing property
damage, as well as taking decisive measures to stop the fire from spreading [5]. Figure 1
shows a typical smart kitchen with smart lights, a smart food heater (microwave), intrusion
detectors, a smart electric cooker, a smart kitchen seat, smart cooling appliances, and so on.
Smart systems, smart meters, smart appliances, smart power outlets, and sensing devices are
installed in the smart kitchen to encourage the development of intelligent solutions for the
everyday life of people [6].

Figure 1. A Typical Smart Kitchen [6].
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Various studies on gas, smoke, and fire detection have been carried out; however, this
paper aims to explore the state-of-the-art achievement in gas leakage, fire, and smoke
detection technologies in smart kitchen automation, as well as the research gap and open
issues that need to be addressed in the field of smart kitchen automation technologies. The
rest of the paper is organized as follows: an overview of gas leakage, fire, and smoke detection
system in a smart kitchen is presented and discusses gas leakage and detection system in a
smart kitchen. Also, their strength and weakness are discussed. A smoke and smoke detection
system in a smart kitchen is presented, and the fire and fire detection system in a smart
kitchen is discussed as well. Lastly, related works in gas, fire, and smoke detection systems
in a smart kitchen; open issues and challenges in gas leakage, smoke, and fire detection in a
smart kitchen; and the conclusion of the research work.

2. Overview of Gas Leakage, Fire, and Smoke Detection Systems in A Smart Kitchen

Protection systems are also referred to as fire, smoke, and gas detection systems.
System safety is a branch of systems engineering those aids in the management of program
risk. To improve protection, engineers and managers use engineering and management
concepts, requirements, and techniques. The goal of a safety system is to improve safety by
detecting and removing or managing safety risks by designs and/or procedures that are
focused on appropriate system safety priorities [7]. When designing any detection device,
there are a variety of existing systems and techniques to consider, some of which are
discussed in this paper.

3. Gas Leakage and Detection System in a Smart Kitchen

As poisonous gases and vapours build up to unhealthy levels, or when the air is
depleted of oxygen, it can be highly dangerous to people, buildings, and equipment [8]. The
safety and health of a family, machinery, and property must be entrusted to perfectly working
sensors. This is because human sensory organs are often unable to detect airborne threats,
and even when they do, they do so too late.

As a result, hazards must be detected in real-time and consistently, because false
alarms trigger production downtime. As a result, the sensor is the most crucial part of a gas
detection device.

CATHALIC BEAD THERMAL METAL OXIDE ELECTROCHEMICAL
SENSOR CONDUCTIVITY SENSOR SENSOR

ET'

Pr—

Figure 2. Various Gas Leakage Detection Techniques.
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It converts the measured variable into an electrical signal using chemical or physical
processes, depending on the type of sensor. The accuracy with which dangerous substances
suspended in the air can be detected is largely determined by the sensors used to detect
them. As a result, both the gas detector and the sensor must be perfectly balanced [9].
Catalytic Bead Sensor, Thermal Conductivity, Infrared Gas Detection, Electrochemical sensor,
Metal oxide sensors, Colorimetric tape, Optical Gas Detection, Open-path Flammable Infrared
Gas Detection, Open-path Toxic Infrared Gas Detection, Photo lonization, Flame lonization,
and light scattering are some of the techniques used to design gas detectors. Figure 2. depicts
the most often used techniques for detecting gas leaks.

3.1. Catalytic Bead Sensors

A heated catalytic bead (usually platinum or palladium) burns at a lower temperature
than combustible gas concentrations (a concept identical to that of a catalytic converter in a
car). The thread in the bead heats up as the gases burn. The resistance of the wire increases
as the temperature rises. This temperature rise is compared to a non-catalytic reference bead
using a Wheatstone bridge to provide a reading of the fuel gas [10].

3.2. Thermal Conductivity

Heat is transported at various rates by different gases. As a result, in the air, the heated
wire can lose heat at a different rate than in gases like helium. This distinction can be used
in the development of a gas detector. Since low-level heat loss is difficult to detect
accurately, this approach is typically used only when the percentage of gas volume is
detected. The detection of the volume percent of combustible gas, helium, and carbon
dioxide is one of the most common applications [10].

3.3. Colorimeter Sensors

If any chemicals are exposed to other chemicals during a chemical reaction, they will
change color. This idea is used to construct a "spot” that can then be seen or sensed
electronically. This approach is used in low-tech detector tubes as well as detection systems
developed specifically for the semiconductor gas detection industry (arsine, phosphine, etc.) [10].

3.4. Metal Oxide Sensors

Some metal oxides (such as tin) have semiconducting properties that make them ideal
for gas detection. Fuel gases and hydrogen sulfide are popular applications, but the device
can also detect a wide range of other chemicals. The electrical resistance of these
semiconductors decreases when they are exposed to certain gases. The decrease in gas
concentration can then be measured and related. These sensors are often used in hostile
environments because they are robust and long-lasting [10].

3.5. Electrochemical Sensors

To oxidize or reduce a chemical, electrochemical sensors use two or more electrodes
in an electrolyte. It is possible to make sensors for a variety of gases by changing the electrode
materials and electrolytes. For the detection of oxygen and poisonous gases, electrochemical
sensors are widely used. They are not usually used for organic compounds [10].

3.6. Infrared Detection
The use of infrared light to detect combustible hydrocarbon gas is known as infrared
gas detection. A source of infrared light, an optical filter to select the correct wavelength, and
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an optical infrared receiver make up the detector. Hydrocarbon molecules in the gas absorb
some of the infrared energy as it passes through the vacuum between the source and receiver.
As a measure of the amount of hydrocarbon gas present, the receiver detects a decrease in
receiving energy. The output signal of an Infrared Gas Detector is also compensated for the
effects of temperature, humidity, and the presence of moisture or dirt on the optical filters by
using two wavelengths of infrared radiation, one active wavelength for gas absorption and
the other as a reference wavelength to compensate the output signal of the Infrared Gas
Detection device for the effects of temperature, humidity, and the presence of moisture or
dirt on the optical filters. Open-path detection and close-path (point) detection are two
classifications of infrared gas detection systems [11]:
|.  Close-path infrared gas detection (Point devices) measure the amount of gas
present at a fixed location.
Il.  Open path detectors consist of separate transmitters and receivers that detect the
presence of gas up to 200 meters away. To give the best level of safety, a
combination of open-path and point detectors can be used in most circumstances.

3.7. Flame lonization

A flame ionization detector (FID) is a scientific device that detects analytes in gas
streams. In gas chromatography, it is commonly used as a detector. This is a mass-sensitive
instrument since it measures ions per unit of time. Standalone FIDs can be used in stationary
or portable instruments for applications such as landfill gas monitoring, fugitive pollution
monitoring, and internal combustion engine emissions measurement [11].

3.8. Photo lonization

The Photo lonization Detector (PID) is a vapour and gas detector that can detect a wide
range of organic compounds. When an atom or molecule absorbs enough light to allow an
electron to leave and become a positive ion, this is known as photoionization. An ultraviolet
lamp releases photons that are absorbed by the compound in an ionization chamber, and this
is how the PID works.

Electrodes collect the ions (atoms or molecules that have gained or lost electrons and
thus have a net positive or negative charge) generated during this process. The analyte
concentration is determined by the current produced. This method is considered non-
destructive since only a small fraction of the analyte’s molecules is ionized, allowing it to be
used in combination with another detector to validate analytical findings. PIDs are also
available in a variety of lamp configurations and compact hand-held versions. Results are
almost instantaneous [11].

3.9. Optical Detection

Safety Scan specializes in using optical gas imaging to detect hydrocarbon gas leakage
using infrared thermal imaging. Real-time thermal images of gas leakage are provided by
highly specialized infrared cameras. Optical emission detection is a relatively new technology
that has been developed to identify fugitive gas emissions quickly, accurately, and safely.
This technology allows the user to “see” hydrocarbon gas emissions that would otherwise be
invisible.

Thermal imaging aids in the precise detection of the leak's source, which is critical for
repair efforts. This provides a safer, more effective environment for a variety of industrial
applications, enabling engineers to pinpoint the leak's source and size in real-time [11].
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3.10. Light Scattering

A detector used in high-performance liquid chromatography (HPLC), ultra-high-
performance liquid chromatography (UHPLC), purification liquid chromatography such as
flash or preparative chromatography, countercurrent or centrifugal partition chromatography,
and Supercritical Fluid chromatography is an evaporative light scattering detector (ELSD)
(SFQ). It is widely employed for the study of substances that do not easily absorb UV light,
such as sugars, antivirals, antibiotics, fatty acids, lipids, oils, phospholipids, polymers,
surfactants, terpenoids, and triglycerides, where UV detection may be a limitation. The
charged aerosol detector (CAD) is similar to ELSDs, and both come within the destructive
detector family. Both compounds that are less volatile than the mobile phase, i.e., nonvolatile
and semi-volatile compounds, can be detected using an evaporative light scattering detector
(ELSD) [12]. However, these techniques have their strengths and constraints as summarized
in table 1.

Table 1
Summary of gas detection techniques, strengths, and weaknesses
S/N Technique Mode of Operation Strengths Weaknesses
1. Catalytic Makes use of elements Relatively They are non-
Bead sensor  (beads) with catalytic sensors inexpensive, specific  and
where resistance-change is rugged, and has a the beads are
directly related to the gas long shelf-life. susceptible to
concentration in the poisoning
surroundings and is displayed compounds.
in a meter.
2. Thermal Makes use of varying Simple to design They have
conductivity  temperatures and the and have a long limited
difference in transport rate shelf-life. application &
with air as reference. cannot detect
low
concentrations
3. Colourimeter Makes use of the differencein Low cost and Has limited
the chemical reaction of detects varietiesof shelf lifewitha
various gases when exposed gases. It can also low level of
to other chemicals. detect low-level accuracy. Also,
concentrations the “paper
tape” used is
costly to
purchase
4, Metal Oxide  Makes use of semiconductors. They are rugged, They are non-
sensor Takes full advantage of the durable, and specific and
properties of some metal resistant to many tend to give
oxides to detect a change in sensor poisons. false alarms.

their electrical resistance.

Also, they have
less reliability.
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Continuation Table 1

5. Electrochemi
cal sensor
6. Infrared
detection
7. Flame
lonization
8. Photo
lonization
°. Optical
Detection
10. Light
Scattering

Makes use of electrochemical
sensors and electrodes to
oxidize or reduce a chemical
to create sensors for various
gases.

The detector consists of a
source of infrared light, an
optical filter to select the
proper wavelength, and an
optical infrared receiver.

The FID works by detecting
ions that are produced during
the burning of organic
molecules in a hydrogen
flame. The number of organic
species in the sample gas
stream determines how many
of these ions are produced.
When compounds reach the
detector, they are assaulted
by high-energy UV photons
and are ionized when they
absorb the UV light, causing
electrons to be ejected and
positively charged ions to
form.

Uses as well as an optical
sensor Lightray are converted
into an electrical signal by an
optical sensor. This s
comparable to the function of
a photoresistor.

It is widely employed for the
analysis of chemicals where
UV detection is a limitation,
such as when the compounds
do not absorb UV radiation
efficiently.

They are portable,
durable, and have
low power
consumption.

It is relatively
inexpensive to
acquire and

operate and has
low maintenance
requirements with
rugged
construction.

It has a wide range
of applications due
to its linearity; it
also  has low
maintenance
requirements.

It has
sensitivity,
reliability, and a
wide dynamic
range. It is also
chemically inert
and is suitable for
remote sensing.

high

Good
nonvolatile
solutes and are
low molecular
weight polymer.

for

The electrolyte
is prone to
leakage. They
have a limited
shelf-life and
consume more
power.

Inorganic
compounds
and some
highly
oxygenated or
functionalized
species are not
detectable.

It is not
suitable for the
detection  of
semi-volatile
compounds
and does not
identify the
type of volatile
compounds
present.

It is subject to
environmental
disturbance
and is
relatively
pricey.

It's also
vulnerable to
bodily harm.

It has the
potential for a
high false
alarm rate and
must be
cleaned daily.
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Most of the time, these detectors are set to detect no more than two separate gases.
When gas is detected, most gas detectors sound a warning buzzer, while others send an SMS
to subscribers. Only a select few make provisions to prevent further gas leakage [2]. While
these systems have flaws, their implementation and installation have so far resulted in the
saving of lives (both plants and animals) and properties.

4. Smoke Detection System in A Smart Kitchen

A smoke detector is a system that detects smoke as a warning sign of a fire. As part of
a fire alarm system, commercial security systems send a signal to a fire alarm control panel,
while household smoke detectors, also known as smoke alarms, typically emit a local audible
or visual alarm from the detector itself [13]. Smoke detectors can detect smoke either
optically (photoelectric) or physically (ionization); they can use either or both methods [14].
Smoking can be detected and therefore discouraged in places where smoking is prohibited
using sensitive alarms. In large commercial, manufacturing, and residential buildings, smoke
alarms are typically operated by a central fire alarm device that is powered by the building's
power with a battery backup [15]. Domestic smoke detectors vary in size from
individual battery-powered devices to multiple interconnected mains-powered units with
battery backup; with these interconnected units, if one detects smoke, they all go off, even if
the power is out in the building. In homes with functioning smoke detectors, the chance of
dying in a house fire is cut in half [13]. lonization and photoelectric (optical) techniques are
the two main techniques used in smoke detection, as previously described. Figure 4 shows
the various smoke techniques in use. The mode of operation, strength, and constraints of
these techniques are summarized in table 2.

SMOKE DETECTION
TECHNIQUE
IONIZATION PHOTO-ELECTRIC
TECHNIQUE TECHNIQUE

Figure 4. Diagrammatical Representation of Smoke Techniques.

4.1. lonization Technique

Tiny amounts of radioactive material are present in ionization smoke detectors.
Radiation travels through the ionization chamber, which is an air-filled space between two
electrodes that allows a slight constant current to flow through them. Any smoke that enters
space absorbs alpha particles, reducing ionization and disrupting the current, setting off an
alarm. This form of alarm works best in the event of a fast-moving fire. Optical detectors are
less sensitive to the stage of fire than ionization detectors [16].

4.2. Photoelectric (Optical) Technique

A light source, a collimated light beam device, and a photoelectric sensor are used in
photoelectric smoke detectors. When smoke approaches the optical chamber and travels
along the direction of the light beam, the smoke particles disperse a portion of the light,
pointing it towards the sensor and triggering the detector. Slow smouldering fires respond
better to this sort of warning. Optical detectors are particularly susceptible to fires that are
already in the early stages of combustion [16].
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Table 2

Comparisons between smoke detection techniques

A light source, a It works well for Itis slow in

collimated light beam detecting fires that are detecting

device, and a swift and blazing. fires  with

photoelectric  sensor Thanks to its widespread slow

are used in smoke availability, it is still the properties.

detectors. most common method of

Makes use of a small
amount of radioactive

smoke prevention.
Works best in detecting
fires characterized by

Not reliable
when

material and their low properties. checking for
electrodes. Also, a reduced number fires  with
of false alarms triggered high
by cooking steam. properties.

Using a hybrid solution (ionization and photoelectric) when designing a smoke
detector has proved to be more effective. Regardless of the type of detector technique used,
the proper positioning and management of the instrument must be taken into account for
optimum efficiency.

5. Fire and Fire Detection System in a Smart Kitchen

Fire is one of the most destructive occurrences that can occur; it happens every minute
of the day anywhere on the planet. Although fire is always our ally, it may often be our
greatest enemy when it is unregulated and left to spread within a structure. Of course, fire is
explosive, and smoke from a fire causes a poisonous, hazardous environment [17]. Every year,
early warning and containment of fire will save thousands of lives, thousands of deaths, and
millions of dollars in property damage. Smoke alarms and warning sensors have been
integrated to form life-safety mechanisms in the field of fire detection [5]. An automatic fire
alarm system's goal is to detect a fire, warn the control panel and appropriate authority, and
advise the occupants to take action.

COLOR-BASED
TECHNIQUE

COLOR AND MOVEMENT
BASED TECHNIQUE

MULTI-EXPERT EVALUATION

+—— FIRE DETECTION TECHNIQUE ——» TECHNIQUES

Figure 6. Various Fire Detection Techniques.
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A flame detector that uses a sensor to detect and respond to the presence of a flame
or fire is used to detect and respond to the presence of a flame or fire. Sound an alarm,
shutting off a fuel line (such as a propane or natural gas line), and turning on a fire control
device are all possible responses to a perceived blaze, depending on the installation [18].
Figure 6 shows the various techniques for fire detection currently in use.

5.1. Color-Based Fire Detection

The colour of fire pixels is compared to the colour of candidate pixels in colour-based
detection. This is achieved on the basis that the fire pixels would be reddish-yellow in colour.
The methods that employ these features are based on the premise that flames are created by
common materials such as wood, plastic, paper, and other materials. Such that the colour
components in RGB (Red, Green, and Blue), YUV (Luminance, Chrominance), or some other
colour space will accurately characterize the colour to recognize the existence of flames [15].

5.2. Sensor-Based Fire-Detection Method

Fire detection is critical in a variety of settings, including mines and other industrial
settings. As a result, having an alert device capable of detecting fire and sounding an alarm
is critical. Sensor-based fire detection methods use sensors to track fire. In general, the use
of sensors yields high efficiency in all types of detection processes. The sensors detect
features such as fire, light, and other factors to make a decision [15].

5.3. Color and Movement-Based Evaluation

Colour-based assessment will aid in the identification of fire pixels, but it will be less
effective in densely populated environments. This is because these pixels are selected solely
based on their colour. Some aspects go well with the colour of the flames. It would be more
precise if we combine the function of movement with colour-based assessment. This is
founded on the fact that the fire pixels would be in a constant state of motion. As a result, it
would analyze each frame by comparing it to its previous and subsequent frames. As a result,
fire detection will be a little more precise [15].

5.4. Multi-Expert Evaluation

Multi-Expert Evaluation will combine the opinions of many experts and conclude. In
the current scenario, it tests each of the characteristics of fire, such as colour, movement, and
form, as experts and uses them to detect fire. Because of the special colour of flames, colour
is one of the most significant features used. Other elements, such as movement and shape,
may be added to increase efficiency. The flame's movement is assessed based on the fact that
it is constantly moving in nature, and its form is taken into account since the flame's shape
varies every minute seconds. As a result, if we take adjacent pictures, the flame pixels' values
will rapidly change. Multi-Expert Systems usually make use of this property [15].

6. Review of Related Works in Gas, Smoke and Fire Detection in a Smart Kitchen

Automation System

Several analyses of gas, smoke, and fire detection methods have been published
previously, either as academic articles or scientific studies. These efforts have shown to be
beneficial in reducing the risk of dangerous effects. This section presents each of these
research works, as well as their contributions, achievements, and shortcomings.

Research in [19] created a gas leakage detector for protection and protection using an
LPG gas sensor attached to an loT using an ESP module. The primary controller was an
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Arduino. The project’s final output was used to detect gas leakage from cylinders and also to
alert the consumer through loT software. It had three major issues, including energy
efficiency, localization, and routing; however, the proposed solution is less expensive than
currently existing detectors. Research in [20] used the Internet of Things to build a device
that eliminates risks in kitchens (loT). Multiple sensors, a control unit, an alarm buzzer, and a
GSM module made up this device. To control a gas leak, this mechanism automatically shuts
off (closes) the valve. This machine often controls the cylinder's gas level, and when the
device's weight falls below the "fixed point,” it immediately schedules the cylinder for a refill
from the gas agency. This proposed architecture has a wide range of applications that have
proved to be effective and reliable. Research by Adekitan et al. in [21] presented a design
that used a pragmatic protection strategy to track and evacuate gas leaks before they fire. A
control unit, a buzzer bell, a GSM module, and an actuator are all included. This configuration
had the advantage of automatically shutting off the gas supply solenoid valve and evacuating
the gas by turning on the evacuator fans. However, since untreated gas leakage will cause
actual fire outbreaks, there is no actual countermeasure for an actual fire outbreak. Research
by Sharma et al. [17] devised a new approach for detecting fire at an early stage to reduce
risk. A control unit (Arduino UNO), an MQ-5 gas sensor to detect a gas leak, a GSM module
for mobile communications, a buzzer for warnings, an exhaust fan, batteries, LEDs, and other
components are included in the device. The system had safety features such as turning on
the exhaust fan to remove gas from the environment. However, it had no provisions for
dealing with real fires or explosions caused by the use of expired gas cylinders.

Research by in [16] proposed a multi-sensor solution for a fire warning system
prototype. MQ-5 gas sensor, Grove temperature sensor, Grove light sensor, Arduino
microcontroller, GSM module, and GPS shield is included. In the event of fire detection and
outbreak, the device is configured to transmit alerts to registered contacts. Although it is
restricted to residential buildings, this device can identify and distinguish between hazardous
and non-harmful smoke. Research in [22] in their paper, suggests a framework that uses the
Internet of Things (loT) to connect multiple physical objects that are embedded with
electronics, sensors, and software that can capture data from the environment and transfer it
over the internet. This device can be used for a variety of purposes, including defense,
agriculture, and more. This system necessitates the deployment of a vast number of sensor
clusters for greater reliability. Research in [23] proposed an intelligent smoke detector device
the machine used the Random Forest Algorithm to detect smoke, ZigBee Transmission
Technology to create a wireless network, E-charts for data analysis, and a smoke detector
module to capture environmental data. Temperature, humidity, pressure, and dust sensors
are among the sensors employed. The machine makes use of a low-power optimization
scheme, but there is no safeguard measure put in place. Research in [24], describes the use
of an LPG gas sensor to detect a leak and generate the results in audio and visual formats, as
well as alerting humans via SMS (SMS). The sensors used have excellent sensitivity and a fast
response time, but no countermeasures are provided for the observed leakage.

Research in [25] with the aid of an Arduino, creates a device that can detect a variety
of dangerous gases. This work alters the currently available structures, which are mostly
found in commercial settings but can also be used in homes and at work. The LCD detects
and displays poisonous gases such as butane (also known as LPG), methane, and carbon
monoxide. The percentage concentration of these would be shown on the LCD, but it has a
slow reaction time and does not have countermeasures against the detected gas. [26], the
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design of a gas leakage safety device is the subject of this paper. LPG is highly flammable
and can cause a fire even if it is far away from the source of the leak. Most fire accidents are
caused because of a poor-quality rubber tube or when the regulator is not turned off. The
supply of gas from the regulator to the burner is on even after the regulator is switched off.
If the knob is switched on by accident, gas leaks will occur.

The detection, monitoring, and control system for LPG leakage is the subject of the
research. The stove knob is operated automatically by a relay DC motor. Along with safety
features, the mechanism has the added benefit of automatically rebooking the cylinder when
the gas level falls below the cylinder's usual weight. GSM connectivity, on the other hand, is
disabled. While [27], their work focuses on the Internet of Things (loT) connectivity of every
sensor to create a smart home. Temperature sensors can also monitor high and low
temperatures, allowing the system to identify the temperature and alert the user. The created
android application would allow the user to turn on and off the lights manually. This provides
a significant benefit to the loT-based smart home system. [28], also, with the assistance of
an Arduino Nano microcontroller, a gas sensor, and an XBee, a gas leakage detection device
was suggested. The sensor node can detect a minute concentration of gas based on the
voltage output of a sensor and will also capture gas leakage data, allowing the sensor node
to be pinpointed to a particular location. A GSM module served as a link between the
microcontroller and the mobile phone unit. It has a wide range of applications, such as in
petrochemical plants and agricultural factories, but it does not provide any safeguards against
detected gases and has a longer response time.

Research in [29], the concept and implementation of an SMS-based Industrial/Homes
Gas Leakage Monitoring and Detection Alarm System were presented in this article. The
device is designed to deter gas leaks from causing damage or deaths. Hardware and software
were designed, developed, configured, and incorporated into the system. When a gas leak is
detected, the time it takes for the customer to receive an SMS from the system control unit
is often reviewed and tested for accuracy to ensure timely transmission of the system'’s early
warning alert, but it does not have any countermeasure against the detected gas. Research
in [30], in his job, developed and introduced a framework to meet the gas leakage health and
safety requirements. The suggested device is tested, and the findings are checked, by
generating an early warning signal in less extreme conditions and activating a high-pitched
alert during LPG leakage to protect consumers. Even though the device is noisy due to the
lack of a mechanism to switch off the warning buzzer and no precautionary precautions
against detection, the average system cost is smaller and the reaction time is faster. Research
in [31], when the concentration value of toxic gases such as carbon monoxide reaches the
usual value, the paper developed a system that positions gas sensors in the leak points, which
detects the concentration value of toxic gases such as carbon monoxide and imitates to the
mobile unit. The signal is sent to the PIC microcontroller, which uses the ZigBee
communication module to inform the mobile computer. This architecture has a quick
response time, but it is more realistic for large-scale petrochemical applications, so it is
limited to petrochemical industries for optimum efficiency. Research by Saeed et al. in [32],
A GSM-based gas detector system for propane and butane gases was built in this work, and a
GSM module was used to relay messages to the consumer in the event of a leak. The device,
on the other hand, has no safeguards against actual detection. In the work of Saeed, [33],
using multiple sensors, a wireless sensor network was developed and tested for early fire
detection of a house fire. To stop false alarms, GSM was used. Low-cost sensor nodes,
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temperature, light, and smoke data are spread out around the forest in this device to gather
information, which is then fed into ANN models and transformed into knowledge. There is a
significant time delay that could endanger human Llife and property; however, the results
produced are correct.

Research by Kusampudi et al. in [34] Using Fuzzy Logic strategies, proposed a device
architecture for fire-fighting robots that sense the fire and enter the target area without
touching any obstacles, avoiding damage to lives and property. Many ultrasonic sensors
installed on the robot sensed the turn angle between the robot head and the target, the
distance of obstacles around the robot (front, left, and right, including other mobile robots),
and were used as feedback fuzzy members in another contribution. The aim of developing
fire-fighting robots is for them to enter a fire area zone without colliding with any obstacles
to avoid causing harm in an unfamiliar environment. Despite its high reliability and
performance, the net device cost is not cost-effective; therefore, it could be out of reach on
average. Research by Sarwar et al. in [35] with the help of Artificial Intelligence Technology
Fuzzy Logic, created a simple way to detect fire using multiple sensors instead of a single
sensor. In a human way of thought, the built framework was easier to use and was closely
similar to the actual model idea. It needs an accurate dataset for optimum efficiency, which
could be difficult to obtain, and it has no mode of communication (i.e., GSM module), but it is
extremely reliable. Research by Sowah et al. in [36] describes a device for detecting fire in
vehicles using an Arduino microcontroller and Fuzzy Logic Artificial Intelligence Technology
to prevent any harm to the vehicle caused by fire. When a fire is observed, temperature
sensors, flame sensors, and smoke sensors are used. When a fire is detected, a sound detector
is activated, and carbon dioxide is sent to the site, causing both environmental and noise
emissions. A system is installed and tested in a medium-sized physical vehicle, with a 2 kg
cylinder fixed behind the passenger’'s back seats. Research by Celik et al. [37] proposed a
model for detecting fire and smoke without the use of any sensors in their work, which is
focused on image processing. The framework is set up in such a way that colour data and
motion analysis are integrated using the derived model. Environmental contamination may
cause this system to fail, resulting in inaccurate readings. This method, on the other hand,
has improved accuracy. In the intelligent house, Suli et al. [38] built an automatic fire alarm
and fire control linkage system. The machine intelligently predicts fire, monitors gas, and has
an automated fire alarm and linkage feature, however, there are no countermeasures in place
to prevent real leaks and fire outbreaks. Finally, Slavkovikj et al. in [39] Social networking
networks are being used to spot fires in the current architecture. According to the author, as
the number of social networks and services grows, so does the volume of knowledge that is
shared on the internet. The author suggested a web design for wildfire social sensors (WSS).
As a result, social media can provide a human-centric sensor network for the early
identification of disasters such as fire; however, the optimum efficiency of this architecture
is solely dependent on the network’s stability.

7. Open Issues and Challenges in Gas Leakages, Smoke, and Fire Detection in A Smart

Kitchen Automation System

The critical findings made during the analysis are taken into account. To build an
effective detection system in a smart kitchen, precise knowledge of the application is often
needed. The reviewed papers contain material that can be used as a foundation upon which
a study can begin. It's also important to note that none of these devices can be trusted if their
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reactions to external factors including gas, smoke, and fire aren't tested regularly. Available
systems in today's market face problems such as most conventional home systems are
automatic, so they cannot change and respond to the consumers' actual working
environmental conditions. Also, according to the poll, certain devices have a high likelihood
of causing a false alarm because they are vulnerable to noise and minor variations in the
environment's sounds. While these devices sense a fire until it spreads, there is little control
or precautionary measures in place, making property loss almost unavoidable. Also, in some
designs, multiple sensors were used to increase accuracy, however, it requires large numbers
of “clusters” of sensors to be deployed which will inevitably increase overall system cost and
deployment cost.

8. Conclusions

This review paper serves as a basic guide to help researchers choose the right
technology for gas leakage, smoke, and fire detection in a smart kitchen. A comprehensive
survey of several smart kitchen automation systems was performed in this research. Also
included is a description of what has been done in this area to date, as well as the research
gap and open issues that need to be addressed in this research area. A wide range of gas
leakage, fire, and smoke detection systems in a smart kitchen was studied and classified into
three main categories: gas leakage detection, smoke detection, and fire detection in a smart
kitchen. Finally, the research gaps and unsolved challenges in gas leak detection, fire
detection, and smoke detection in a smart kitchen were reviewed. We found that the majority
of existing systems are not dynamic, and as a result, they are unable to adapt and react to
the user's present operating environment. Furthermore, because some of the systems are
sensitive to noise and tiny changes in the environment, they have a high likelihood of
generating a false alert.
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