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and comfort. This study explores the creation of a smart environmental control system that

seamlessly combines temperature regulation and air purification. By using advanced sensors and

Accepted: 27 Feb 2025 automated mechanisms, the system continuously monitors and adjusts indoor conditions to
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temperature sensors, air quality monitors, and a microcontroller that controls heating elements
and air purifiers. The research highlights the significant benefits of merging thermal comfort
with air purification, showcasing improved energy efficiency and enhanced air quality. Despite
some challenges with sensor calibration and performance under different temperatures, this
study presents a promising solution for modern indoor spaces. It advocates for further
advancements in smart home technologies to enhance overall well-being.
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INTRODUCTION

Air pollution represents a critical global concern due to its multiple impacts on environmental integrity, public health,
and socioeconomic systems. As urbanization and industrialization continue to accelerate, particularly in developing
nations, air pollution has emerged as a predominant threat, leading to respiratory diseases, cardiovascular ailments,
and premature mortality. The World Health Organization estimates millions of deaths annually due to both indoor and
outdoor air pollution, with vulnerable populations, such as children and those in impoverished regions, bearing the
brunt of these effects [1]. Studies have shown that air pollutants like nitrogen oxides, particulate matter, and volatile
organic compounds can cause health problems such as asthma and chronic lung diseases. Maintaining proper heating
and clean air is especially important during extreme weather and periods of high pollution. For instance, the U.S.
experienced a rise in carbon monoxide poisoning cases in 2021 due to faulty heating systems during a cold wave.
Similarly, poor air quality in 2020 during the COVID-19 pandemic worsened virus transmission, highlighting the
need for effective air filtration [4].Air pollution also affects the environment, contributing to climate change and
ozone layer damage, highlighting the need for effective solutions to reduce its impact.

Fig.1 [5] illustrates the various contributors to air pollution, emphasizing their respective proportions. Dust and
construction activities dominate as the primary source, accounting for 45% of total air pollution. This substantial
contribution highlights the environmental impacts of urban development and infrastructure projects. Transport is
the second largest contributor at 17%, reflecting the emissions from vehicles due to fossil fuel combustion. Industrial
processes follow closely, making up 14% of the total, signifying the role of manufacturing and energy production in
deteriorating air quality. Diesel generators contribute 9%, often linked to power shortages and reliance on backup
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energy sources, particularly in developing regions. Waste burning accounts for 8% of air pollution, underscoring the
need for better waste management systems to reduce open burning practices and domestic cooking represents 7%,
with emissions predominantly stemming from traditional biomass and solid fuel use in household.

SOURCE OF POLLUTION
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Fig.1 Source of Pollution

Growing concerns about indoor air quality and its impact on health have increased the need for solutions that provide
clean air and maintain comfortable temperatures. Smart systems that combine heating and air purification offer an
effective way to address these issues. Using advanced sensors and automation, these systems can adjust indoor
conditions to keep the air clean and ensure a comfortable environment. Recent advances in smart technology have
also made these systems more energy-efficient and reliable. Maintaining proper heating and clean air is especially
important during extreme weather and periods of high pollution. This research focuses on designing a smart system
that combines air purification and heating. The system uses sensors to monitor air quality and temperature in real
time. It automatically turns on the air purifier when pollution levels are high and activates the heater when the room
gets too colds [3]. By offering automatic control and better energy efficiency, this system helps create a healthier and
more comfortable indoor environment while reducing risks associated with poor air quality and inadequate heating.

EXISTING METHODOLOGY

An effective existing methodology identified in the survey involves the integration of smart temperature and air
quality control using sensor-based automation. Specifically, systems combining digital thermistors for accurate
temperature sensing and microcontrollers for automated control are widely applied to maintain optimal indoor
conditions. These systems utilize feedback mechanisms such as Proportional-Integral-Derivative (PID) controllers
to stabilize room temperatures by switching heating or cooling elements on or off based on real-time data.
Additionally, high-efficiency particulate air (HEPA) filters are commonly employed in air purification, proven
effective in removing larger particulate matter (e.g., PM10 and PM5.0). While these systems may show reduced
efficiency for ultrafine particles (e.g., PMo.5), their integration with heating units improves overall indoor air quality
and thermal comfort. This methodology demonstrates a practical, energy-efficient, and cost-effective approach
suitable for both residential and industrial applications, highlighting the importance of coupling thermal regulation
with air purification to address health and environmental challenges in polluted regions.

PROPOSED METHODOLOGY

The Smart Environmental Control System is designed to monitor and regulate indoor temperature and air quality,
offering a fully automated solution for maintaining a comfortable environment. As illustrated in the system block
diagram, the core processing unit is the ESP32 microcontroller, which integrates with various sensors and
components to execute the desired functionality.

a) Temperature Sensor
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The DS18B20 temperature sensor continuously measures the room temperature, providing real-time data to the
microcontroller. The ESP32 processes this input and compares it against predefined thresholds. If the temperature
falls below the set limit (e.g., 25°C), the microcontroller activates the heater through a relay module. The heater
operates until the temperature rises above the threshold, ensuring thermal comfort and energy efficiency.

b) Air Quality Sensor

Similarly, the MQ135 air quality sensor detects harmful pollutants, including carbon dioxide (CO2) and ammonia
(NH3). If the air quality index (AQI) exceeds safe levels, the ESP32 triggers the air purifier via another relay module.
The purifier runs until the air quality improves, maintaining healthy air standards. Relay modules serve as
intermediaries, allowing the ESP32 to control high-power devices like the heater and air purifier with precision.

c) Relay

The relay acts as a switch that controls high-power devices like the heater and air purifier based on commands from
the ESP32 microcontroller. It allows the system to turn these devices on or off efficiently and safely, ensuring the
microcontroller operates without direct exposure to high-power circuits.

d) LCD Display

The LED display presents real-time temperature and air quality data in text and numeric formats, enabling users to
monitor the system's performance. The LED communicates with the ESP32 using I2C protocol, with the SDA and
SCL pins connected to the respective GPIO pins on the microcontroller.
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Fig.2 Block Diagram of Proposed System

Fig 2 shows a smart system that helps control indoor temperature and air quality automatically. It starts by using two
sensors: the DS18B20 sensor to measure temperature and the MQ135 sensor to check air quality. The system then
displays these readings on an LCD screen for monitoring. Based on the collected data, it takes action to maintain a
comfortable and healthy environment. If the temperature drops below 25°C, the system turns on a heater to warm
the space. If the air quality index increases above 70, the system activates an air purifier to clean the air.
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Fig.3 Flowchart of Proposed System

e) Predictive Modeling with Linear Regression

To improve the efficiency of the system, we use Multiple Linear Regression to predict the activation of both the heater
and the air purifier. This method analyzes the relationship between the system's behavior and key factors such as
temperature and air quality. By considering multiple variables, we can make more accurate predictions, ensuring that
the system responds promptly and effectively to changes in the environment.

The regression model used in our system is defined as:

y=Po+P1x1+P2x2+€ (1)
Where:
. v : Represents the system's activation state, indicating whether the heater or air purifier should be ON or
OFF.
. x1 : Represents the temperature (°C), which is an independent variable influencing system behavior.
. x2 : Represents the Air Quality Index (AQI), another independent variable impacting system activation.
. Bo : The intercept of the model, a constant value.
. B1 and B2 : Coefficients that represent the influence of temperature and AQI, respectively, on the system's
response.
. € : The error term, accounting for any variations not explained by the model.

In this system, both temperature and AQI play crucial roles in determining when the heater or air purifier
should be activated. For example, the system will trigger the heater if the temperature drops below a set threshold or
activate the air purifier when the AQI exceeds safe levels. By training the model with data from various environmental
conditions, the system learns how these variables interact and adjusts the heater and air purifier accordingly. This
approach enables precise, real-time decision-making, ensuring energy efficiency and maintaining a comfortable and
healthy indoor environment.

The use of Multiple Linear Regression allows us to handle the dual influence of temperature and air quality,
making the system more responsive and reducing energy consumption by activating devices only when needed. This
method not only optimizes the system's performance but also enhances its ability to predict future needs based on
ongoing environmental changes.

RESULT AND DISCUSSION

The proposed hardware system for the smart environmental monitoring system is shown in Fig 4. The system
integrates various electronic components and sensors to monitor and control temperature and air quality. DS18B20
digital temperature sensor and an MQ135 air quality sensor are employed for real-time data collection. These sensors
are connected to an ESP32 microcontroller, which processes the data and triggers the appropriate response. The
system includes a heater for maintaining optimal room temperature and an air purifier to improve air quality. The
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air purifier is equipped with a high-efficiency particulate air (HEPA) filter and is powered by a dedicated motor. An
LCD display is used to show real-time temperature and air quality index (AQI) values, while a buzzer provides audible
alerts when thresholds are exceeded. The system is powered by a regulated power supply to ensure stable operation.
This system demonstrates an effective and energy-efficient solution for maintaining indoor air quality and
temperature.
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Fig.4 Proposed Hardware System

a) Time Taken to Heat the Room

The time taken to heat the room depends on the room size, initial temperature, and heater capacity. The heater used
in the system has a power rating of 1500W. The following table shows the time taken to reach the desired temperature
(25°C) for different room sizes.

Table.1 Time Taken to Heat the Room

Room Size (m2) | Initial Temperature (°C) Target Temperature (°C) Time Taken to Heat (Minutes)
10 20 25 10
10 15 25 15
20 20 25 20
20 15 25 30
30 20 25 35
30 15 25 45

As the room size increases, the time taken to heat the room also increases. This is due to the larger volume of air that
needs to be heated. The heater's performance is consistent, but energy consumption rises with room size.

b) Time Taken to Purify the Air

The air purifier's efficiency depends on the room size, initial AQI, and the purifier's airflow rate (measured in cubic
meters per hour, m3/h). The purifier used in the system has an airflow rate of 300 m3/h. The following table shows
the time taken to reduce the AQI to safe levels (<70) for different room sizes.
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Table.2 Time Taken to Purify the Air

Room Size (m2) | Initial AQI Target AQI Time Taken to Purify (Minutes)
10 100 70 15
10 150 70 25
20 100 70 30
20 150 70 45
30 100 70 50
30 150 70 60

As the room size increases, the time taken to heat the room also increases. This is due to the larger volume of air that
needs to be heated. The heater's performance is consistent, but energy consumption rises with room size.

c) Relationship Between Temperature and Air Quality

To analyze the relationship between temperature and air quality the experiment was conducted under
varying conditions. The following table shows the AQI levels at different temperatures.

Temperature (°C) Initial AQI Final AQI Time Taken to Purify
(Minutes)
18 95 70 40
19 90 70 30
20 85 70 20
21 80 70 30
22 75 70 15
25 73 70 10

Table.3 Relation Between Temperature and Air Quality

As the temperature increases, the time taken to purify decreases, with lower temperatures requiring more time to

reduce the AQI. Higher temperatures seem to improve the air purifier's efficiency, reducing purification time.

Fig.5 Time Taken to Heat vs Room Size
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Fig.6 Time Taken to Purify vs Room Size
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During testing, an error occurred where the air purifier failed to achieve the desired Final AQI within the expected
time frame, especially when the Initial AQI was significantly high at lower temperatures. This issue was caused by
the air purifier's inefficiency in colder environments and a potential sensor malfunction affecting the AQI readings.
To resolve this, we first checked the calibration of the sensors and ensured that the air purifier's filters were clean
and functioning properly. Additionally, the purifier's settings were adjusted to a higher intensity to compensate for
the increased pollution levels. After conducting maintenance and replacing the filters, the air purifier's performance
improved, leading to more accurate AQI readings and faster purification times, particularly in colder conditions.

CONCLUSION

This research highlights the significance of integrating temperature regulation with air purification systems to create
healthier, more efficient indoor environments. The experimental results demonstrate that both room size and initial
environmental conditions significantly impact system performance. As room size and the difference between initial
and target temperatures increase, the time required to heat the room also rises due to the larger volume of air that
must be heated, even though the 1500W heater performs consistently. Similarly, air purification time increases with
room size and higher initial AQI values. For instance, purifying air in a 30 m2 room with an initial AQI of 150 takes
up to 60 minutes. Moreover, the relationship between temperature and air quality was observed to be critical; higher
temperatures notably enhance air purifier efficiency, reducing the time required to reach safe AQI levels. For
example, at 18°C it took 40 minutes to reduce AQI from 95 to 70, while at 25°C it only took 10 minutes to reduce AQI
from 73 to 70. This indicates that higher temperatures improve the purifier’s performance. However, challenges such
as sensor calibration errors and reduced purification efficiency were encountered at lower temperatures. These were
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addressed through sensor recalibration and adjusting the purifier’s intensity settings, which led to more accurate AQI
readings and faster purification times. Overall, the results suggest that smart systems that regulate both temperature
and air quality offer a comprehensive solution to environmental and health concerns. Integrating Internet of Things
(IoT) technology into such systems can further enhance their adaptability, performance, and energy efficiency in
modern indoor spaces.
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