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Abstract— This document proposes a new climate control system,
designed for environmental management in greenhouses and
indoor spaces. The system makes use of low-cost components as
well as advanced sensor integration to create efficient real-time
environmental monitoring and response. The Smart Climate
Control system makes use of a DHT22 sensor for temperature
and humidity measurement, a BH1750 sensor for light intensity
detection, and an MQ-9 sensor for air quality monitoring. These
sensors are connected to an Arduino Uno microcontroller, which
processes the data and activates a fan or LED when specific
environmental thresholds are exceeded. A detailed description of
the system is validated through a working prototype that
demonstrates its modularity, scalability, and efficiency.
Experimental results highlight the systems affordability,
reliability, and adaptability for applications in HVAC systems,
greenhouses, and smart home environments.

Index Terms— Climate control, Arduino Uno, Temperature
Monitoring, Greenhouse Automation

I. INTRODUCTION

Environmental management in greenhouses and
indoor environments is a critical aspect of ensuring
optimal conditions for agricultural productivity and
human comfort. In greenhouses, the control of certain
parameters like temperature, humidity, and light
intensity are essential for plant growth as it directly
affects crop yields, pest outbreaks, or poor-quality
produce. Similarly, in indoor environments such as
homes or offices, maintaining a comfortable and
energy-efficient climate is vital for the well-being and
productivity of occupants. This paper presents a Smart
Climate Control System designed to utilize the
and modular

advantages of low-cost

components. It provides an efficient, user-friendly, and
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energy-saving approach to environmental regulation,
avoiding expensive commercial solutions and standard
energy costly manual methods. Through this system, the
user can achieve optimized conditions for plant growth

and comfort, while reducing operational costs and
manual workload.

Others have done enormous work on the
greenhouse monitoring system as seen in some of the
paperwork introduced by Rupali Satpute. et al. [1]. This
paper presents a networked system for greenhouse
monitoring and control, using embedded web servers
and a 1-Wire protocol to connect sensors and actuators.
The system allows for remote access with the Internet,
allowing instant monitoring, data archiving, and control
through web pages. The setup features temperature and
humidity sensors, as well as actuators for heating,
cooling, and watering.

Aadil Imam. et al.[2] introduced a similar
concept, insead using laser-assisted microtechnology in
a design to ensure a common goal in the environmental
field. Both systems rely on specific components; sensors
in the setup
microtechnology, to achieve accurate monitoring.
Automation is mandatory to the function as with the
Smart Climate
environmental changes and the laser-assisted techniques

climate control and lasers in

Control System it responds to
performing tasks like micromachining and etching.

Remya Koshy. et al.[3] presented a report on
LED drivers. The Smart Climate Control System shares
similarities in its focus on optimization in environmental
control. Both systems aim to remove impure effects.
LED systems address color consistency affected by
temperature changes, while the climate control system
focuses on maintaining stable environmental conditions.
Each uses advanced techniques, such as nonlinear
optimization in LEDs and parameter based fan control in
climate management. These features demonstrate their
shared goal of achieving reliable, and energy-efficient
solutions.



Rahman et al.[4] presented a report on an
advanced automated greenhouse system designed to
ensure self-sustaining operations. This was also done by
integrating sensors and actuators for environmental
control. Similar to the Smart Climate Control System, it
focuses on creating an autonomous environment
monitoring and regulating setup for greenhouses and
indoor spaces. The automated greenhouse system uses
sensors like DHT11, YL-69, and LDR to measure
temperature, humidity, soil moisture, and light intensity.
Both employ actuators to optimize

environmental conditions, such as servo motors and

systems

water pumps.
Gonzalez Perez et al.[5] presented a study on the
underground

implementation of wireless

networks for environmental monitoring and control.

Sensor

Their work focused on leveraging sensor networks to
address the challenges of monitoring subsurface
conditions. While Gonzalez Perez research emphasizes
underground monitoring, the Smart Climate Control
System is tailored for atmospheric parameters like
temperature, humidity, light intensity, and air quality.
Both systems highlight the importance of sensor
integration and automation in advancing environmental
management solutions.

In this paper, we are using three sensors with an
Arduino Uno for controlling and monitoring
temperature, humidity, and light intensity conditions.

II. IDEA AND DESIGN

The Smart Climate Control System is a setup
made for real-time environmental management in
greenhouses and small indoor environments. The system
combines modularity and automation to monitor and
regulate basic parameters such as temperature, humidity,
light intensity, and air quality. It utilizes three primary
sensors for environmental monitoring.

DHT22 Sensor: A high-accuracy digital sensor
for measuring temperature and humidity. It outputs a
digital signal directly readable by a microcontroller,
making it a cost-effective solution for atmospheric
monitoring.

I &
me='Iamw

= e aEm

1]

Fig. 1 DHT22 sensor used for monitoring temperature and humidity

BH1750 Sensor: A digital light intensity sensor
that measures illumination in lux. Using the I*C
communication protocol, it provides precise readings
without requiring extensive wiring or external signal
conditioning.

Fig. 2 BH1750 sensor used for monitoring irregular illumination in lux

MQ-9 Sensor: An analog gas sensor capable of
detecting harmful gases such as carbon monoxide. The
outputs a voltage proportional to gas
concentration, making it suitable for monitoring air
quality in diverse environments.
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Fig. 3 MQ-9 sensor used for measuring air quality



The sensors are powered by the Arduino’s 3.3V
regulator and share a common ground for stability. Each
sensor is connected to specific analog pins (A2, Al, and
A0), and their data is sampled and processed to assess
environmental conditions. The Arduino functions as the
microcontroller,  processing
determining appropriate actions. The Arduino includes a
software-based filtering mechanism to smooth noisy

sensor inputs and

sensor data, ensuring reliable operation.
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Fig. 4 Theoretical configuration for Smart Climate Control System

This design approach ensures that the system
remains modular and scalable. Additional sensors or
output devices, such as heaters or humidifiers, can be
seamlessly integrated by expanding the Arduino’s
configuration. The fan serves as the primary actuator in
this prototype, responding to sensor readings to regulate
the environment.

Fig. 5 Fan used to simulate theoretical fan that will be powered in given event

To enhance the function of the Smart Climate
Control System, a secondary actuator in the form of an
LED light is introduced. This LED is designed to
address situations where light intensity falls below 200
lux measured by the BH1750 sensor. While the fan
remains the primary actuator, maintaining temperature,
humidity, and air quality within safe thresholds, the LED
complements the system by ensuring proper lighting
conditions. The Arduino monitors light intensity in
real-time and activates the LED if the illumination drops
below the defined parameters.

)

Fig. 6 LED used to indicate lux is below set parameters

This modular configuration aligns with the
system's objectives of affordability, scalability, and
adaptability. By relying on readily available components
and straightforward assembly, the design makes
automated climate control accessible for smaller
operations without sacrificing precision or reliability.

III. IMPLEMENTATION AND OPERATION

The Smart Climate Control System was
implemented using an Arduino Uno microcontroller,
configured to interact with three sensors; DHT22,

BH1750, and MQ-9 that control a fan.
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Fig. 7 Block Diagram of Smart Climate Control System



The following steps detail the implementation
and operation of the system:

A. Hardware Integration

The sensors and fan were connected to the
Arduino to enable seamless operation of the system. The
DHT22 sensor, used for temperature and humidity
measurement, was connected to pin A2, powered by the
Arduino’s 3.3V output, and grounded to its GND pin.
The BH1750 light intensity sensor, interfaced via the I*C
protocol, was connected to pin Al, with its SDA and
SCL pins linked to the Arduino’s A4 and A5 pins,
respectively. It also shared the 3.3V power supply and
ground with the DHT22. The MQ-9 gas sensor was
connected to pin A0, delivering an analog voltage signal
proportional to gas levels, while its power and ground
pins were connected to the Arduino’s 3.3V and GND
pins. A cooling fan responsible for ventilation and LED
responsible for lux levels are directly connected to a
digital output pin on the Arduino. Their power is
supplied through the Arduino’s output pin and grounded
to the GND pin. The entire system was powered via the
Arduino’s USB port, which provided sufficient current
to drive all components effectively.

TABLE I

SENSOR TYPE WITH REQUIRED VOLTAGE AND RESPECTIVE COST

Sensor Required Voltage Cost
DHT22 33V-55V $4.68
BH1750 3V-5V $7.76
MQ-9 5V $5.52
B. Software Development
The Arduino was programmed using the

Arduino IDE to manage sensor data acquisition,
environmental parameter evaluation, and fan control.
The microcontroller read data directly from the DHT22,
BH1750, and MQ-9 sensors. It then compared these
parameter readings to set values representing standard
atmospheric conditions.

TABLE I

SENSOR TYPE WITH RESPECTIVE PARAMETER AND ACTUATOR

Sensor Parameter Actuator
DHT22 Temperature > Fan
25.5C
Humidity > 35%
BH1750 Lux < 2001x LED
MQ-9 Non-Ideal Air Fan
Quality

If any parameter exceeded its acceptable range,
the Arduino promptly activated the fan or LED, ensuring
a response to abnormal conditions such as overheating,
excessive humidity, or poor air quality.

C. Operation

Upon powering the system, the Arduino
initialized all connected sensors and began a continuous
loop to ensure optimal environmental conditions. The
DHT?22 sensor measured temperature and humidity, the
BH1750 recorded light intensity, and the MQ-9
monitored air quality. Data from these sensors were
Recorded by the Arduino during operation as it actively
compared the sensor readings against predefined

thresholds representing safe atmospheric conditions.

Fig. 8 Pin Smart Climate Control System



When all parameters remained within the
acceptable range, the fan stayed inactive to ensure
proper ventilation. However, if any reading exceeded its
threshold, indicating risks such as overheating, high
humidity, or poor air quality, the fan or LED was
activated as a precautionary measure.

The system was designed for autonomous
operation, requiring minimal user interaction after setup.
This ensures a responsive setup capable of adapting to
environmental changes. Moreover, its simple structure
allows for future enhancements, including the addition
of new sensors or actuators, making it useful for various
applications.

Fig. 9 Assembled Smart Climate Control System

This implementation demonstrates the project's
stable
showcasing its

effectiveness in  maintaining safe and

environmental conditions while

flexibility and potential.

I'V. ConcLusion

The Smart Climate Control System represents a
powerful, efficient, and scalable solution for
environmental management in greenhouses and indoor
spaces. By using a DHT22 sensor for temperature and
humidity monitoring, a BH1750 sensor for light
intensity measurement, and an MQ-9 sensor for air
quality assessment, the system ensures environmental
monitoring and response to abnormal conditions. These
sensors, connected to an Arduino Uno microcontroller,

collect and process data to control a fan or LED to

maintain optimal atmospheric conditions. The simple
design of the system enables easy expansion to include
additional sensors such as heaters or

humidifiers,

or actuators,

enhancing its versatility for other

applications.

The activation demonstrated the ability of the
system to automatically monitor and respond to
environmental changes, with no user interaction. The fan
activation mechanism efficiently addressed irregularities
based on given parameters to ensure a safe and stable
environment. The LED activation is to warn the user the
lux levels are not as desired. The system's dependance
on low-cost components and straightforward assembly

makes it accessible for small-scale users.

This project highlights the practical application
of mechatronic systems to create affordable and reliable
solutions for environmental control. Future variations of
the Smart Climate Control System can use wireless
communication for remote monitoring, solar-powered
operation for energy efficiency, or Al to predict and
adjust to environmental changes. These advancements
would further enhance the system’s functionality and
applications.

In conclusion, the Smart Climate Control
System demonstrates potential as a cost-effective and
adaptable tool for climate management. Its success in
this project underscores the importance of mechatronics
to address challenges in agriculture, smart homes, and
indoor environmental regulation.
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