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1. INTRODUCTION

The rapid development of digital technology has significantly transformed how humans interact
with their living environments[1]. One of the most prominent innovations emerging from this transformation
is the concept of smart home automation[2]. A smart home refers to a residential environment where various
devices and systems can communicate, monitor conditions, and operate automatically through interconnected
technologies[3]. This concept is strongly supported by the advancement of the Internet of Things (IoT), a
technological paradigm that allows physical objects embedded with sensors, microcontrollers, and
communication modules to collect and exchange data through networks[4]. By integrating IoT sensors and
microcontrollers, modern homes can perform tasks such as monitoring temperature, controlling lighting,
managing security systems, and optimizing energy consumption without requiring constant human
intervention[5]. Despite the rapid adoption of smart technologies, many residential environments still rely on
conventional systems that require manual control[6]. Traditional home electrical systems generally operate
independently without the ability to communicate or adapt to changing environmental conditions[7]. This
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limitation often results in inefficient energy usage, limited monitoring capabilities, and reduced convenience
for occupants[8]. For example, lighting systems may remain active even when rooms are unoccupied, or
security monitoring may rely solely on manual observation rather than automated detection[9]. These
challenges highlight the need for a more intelligent and interconnected home management system that can
enhance efficiency, safety, and comfort[10].

The integration of IoT technology into home environments offers a promising solution to these
challenges[11]. IoT sensors enable real-time monitoring of environmental parameters such as temperature,
humidity, motion, light intensity, and air quality[12]. When connected to microcontrollers, these sensors
allow automated responses based on predefined conditions or user preferences. Microcontrollers act as the
central processing units within the system, collecting data from sensors, processing the information, and
triggering actions through actuators or connected devices[13]. This architecture enables the creation of
responsive environments capable of adapting to user needs and environmental changes[14]. Several studies
and technological developments have emphasized the importance of IoT-based home automation systems.
Previous work in this field has demonstrated the potential of wireless communication technologies such as
Wi-Fi, Bluetooth, and Zigbee to connect smart devices within residential networks[15]. Researchers have
explored different system architectures that combine sensor networks with microcontroller platforms to
enable automated lighting, climate control, and remote monitoring. Some systems focus on energy
management by optimizing the use of electrical appliances, while others prioritize security features such as
motion detection, surveillance integration, and automated alerts[16].

In addition, advancements in microcontroller platforms have made smart home development more
accessible and cost-efficient[17]. Compact and programmable microcontrollers provide the computational
capability required to process sensor data while maintaining low power consumption[18]. These devices can
interface with multiple sensors and actuators simultaneously, making them suitable for managing complex
home automation tasks[19]. Furthermore, the integration of cloud-based services and mobile applications
allows users to monitor and control their home systems remotely, enhancing flexibility and convenience[20].

However, many existing smart home implementations still face challenges related to system
integration, scalability, and cost efficiency. Some solutions rely on proprietary platforms that limit
compatibility with other devices, while others require complex configurations that may not be practical for
widespread residential use. Additionally, issues such as network reliability, data security, and energy
efficiency remain important considerations when designing IoT-based automation systems[21]. These
limitations highlight the need for more flexible and efficient architectures that can integrate multiple sensors
and control mechanisms in a reliable and user-friendly manner[22].

The approach proposed in this study focuses on the design of a smart home automation system that
utilizes IoT sensors and microcontrollers as the core components of the architecture[23]. The system is
designed to monitor environmental conditions and automatically control household devices through a
network-based communication framework. Sensors are deployed to collect real-time environmental data,
which is then processed by a microcontroller to determine appropriate actions based on predefined rules or
intelligent control mechanisms[24]. The system also incorporates remote monitoring capabilities, allowing
users to access system information and control devices through connected platforms[25]. The implementation
emphasizes modular design principles to ensure that additional sensors or devices can be integrated without
major system modifications[26]. This modular architecture supports scalability and allows the system to
adapt to different residential environments[27]. By utilizing commonly available IoT sensors and efficient
microcontroller platforms, the system aims to maintain affordability while providing reliable automation
capabilities[28]. The proposed framework also considers energy efficiency by ensuring that devices operate
only when necessary based on sensor data and environmental conditions.

The innovative value of this work lies in the integration of sensor-based environmental monitoring
with adaptive microcontroller-driven automation within a unified IoT architecture. Unlike traditional home
automation systems that rely heavily on manual control or isolated device operations, this approach enables
continuous data-driven decision-making within the home environment. The combination of real-time sensing,
automated processing, and network communication creates a responsive system capable of improving energy
efficiency, enhancing security, and increasing user convenience. Furthermore, the system design emphasizes
interoperability and flexibility, enabling integration with various types of sensors and communication
technologies. This adaptability allows the framework to be implemented in different residential contexts
while supporting future technological developments. By demonstrating how IoT sensors and microcontrollers
can be effectively combined to create intelligent residential environments, this study contributes to the
ongoing development of smart living technologies and provides a foundation for further innovations in
automated home systems.

Overall, smart home automation represents an important step toward creating more intelligent,
efficient, and sustainable living environments. The continued advancement of IoT technologies and
embedded systems will play a crucial role in shaping the future of residential infrastructure. Through the
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integration of sensors, microcontrollers, and network communication, homes can evolve into adaptive
systems that actively respond to the needs of their occupants while optimizing resource usage and enhancing
quality of life.

2. RESEARCH METHOD

The development of a smart home automation system based on Internet of Things (IoT) technology
requires a systematic methodological approach that integrates hardware design, software development, and
system testing. This section describes the stages used to design, implement, and evaluate the smart home
automation system utilizing IoT sensors and microcontrollers. The methodology focuses on the development
of an integrated system capable of monitoring environmental conditions and automatically controlling
household devices through sensor-based data processing.

System Design Approach

Hardware Implementation

Software Development

System Testing and Evaluation

Data Analysis

Figure 1. Research Methodology Structure

2.1. System Design Approach

The research adopts a system development approach that emphasizes the integration of sensors,
microcontrollers, and communication modules within an IoT-based architecture. The system design begins
with the identification of functional requirements related to smart home automation, including environmental
monitoring, automated device control, and remote system access. These requirements are used to define the
structure of the smart home automation framework. The proposed system architecture consists of three main
components: sensing units, processing units, and communication interfaces. The sensing units are responsible
for collecting environmental data from the home environment. Various IoT sensors are deployed to measure
parameters such as temperature, humidity, motion detection, and light intensity. These sensors continuously
monitor environmental conditions and transmit the collected data to the processing unit.

The processing unit is implemented using a microcontroller that acts as the central control system.
The microcontroller processes the data received from the sensors and determines the appropriate actions
based on predefined system rules. For example, when the light intensity detected by the sensor drops below a
certain threshold, the system automatically activates the lighting system. Similarly, motion sensors can
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trigger security notifications or activate surveillance devices when movement is detected in restricted areas.
The communication interface allows the system to transmit data and receive commands through a network
connection. Wireless communication technologies such as Wi-Fi are used to connect the microcontroller to
the internet, enabling remote monitoring and control of the smart home system. This connectivity allows
users to access system information through mobile applications or web-based platforms.

2.2. Hardware Implementation

The hardware component of the system consists of several integrated modules that work together to
support smart home automation functions. IoT sensors are deployed at strategic locations within the home
environment to monitor various environmental conditions. These sensors include temperature and humidity
sensors for climate monitoring, light sensors for automated lighting control, and motion sensors for security
detection.

The sensors are connected to a microcontroller platform that processes incoming data and executes
control commands. The microcontroller is responsible for coordinating communication between sensors and
actuators while maintaining efficient system performance. Actuators such as relays are used to control
electrical devices, including lighting systems, fans, and other household appliances.

Each hardware component is configured to ensure reliable communication and accurate data
acquisition. Proper wiring, voltage regulation, and signal calibration are implemented to maintain stable
system operation. The hardware design also emphasizes modularity, allowing additional sensors or control
devices to be integrated into the system when required.

2.3. Software Development

The software component of the system is responsible for managing data processing, device control,
and communication between system components. The microcontroller is programmed using embedded
software that reads sensor data, processes the information, and executes control logic.

The program includes several operational modules, including sensor data acquisition, decision-
making algorithms, device control routines, and network communication protocols. Sensor readings are
continuously monitored, and the system evaluates the data against predefined threshold values or control
conditions. When specific conditions are met, the system activates corresponding actuators to perform the
required action.

In addition to automated control, the system also supports remote monitoring capabilities. Data
collected by the sensors can be transmitted to a cloud-based platform or monitoring interface, allowing users
to observe environmental conditions and control devices remotely. This feature enhances user convenience
and provides real-time access to system status.

2.4. System Testing and Evaluation

After the system is developed, testing procedures are conducted to evaluate the functionality and
reliability of the smart home automation system. The testing process involves verifying sensor accuracy,
microcontroller response time, and device control performance. Each component of the system is tested
individually before performing integrated system testing.

Functional testing is conducted to ensure that sensors accurately detect environmental changes and
that the microcontroller correctly processes the data. The response of actuators to sensor-triggered commands
is also evaluated to confirm proper device operation. In addition, network connectivity tests are performed to
verify that remote communication between the system and monitoring platforms operates reliably.

Performance evaluation focuses on system responsiveness, automation accuracy, and operational
stability under different environmental conditions. The system is observed during continuous operation to
identify potential delays, communication errors, or hardware limitations. Any detected issues are analyzed
and addressed through system adjustments or software optimization.

2.5. Data Analysis

The data obtained during system testing are analyzed to determine the effectiveness of the proposed
smart home automation framework. Sensor readings, device activation logs, and system response times are
recorded and evaluated to assess the overall system performance. The analysis aims to determine whether the
system successfully improves automation efficiency, enhances environmental monitoring, and provides
reliable remote control functionality.

Through this methodological approach, the research demonstrates the practical implementation of
IoT sensors and microcontrollers in developing a smart home automation system. The combination of
hardware integration, software programming, and systematic evaluation ensures that the system operates
effectively and provides a reliable foundation for intelligent residential automation.
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3.  RESULTS AND DISCUSSION

3.1. System Implementation

The smart home automation system was successfully implemented using IoT sensors integrated with
a microcontroller-based control unit. The system architecture consists of environmental sensors, a processing
unit, communication modules, and actuator components that control household electrical devices. The
sensors continuously monitor environmental conditions and transmit data to the microcontroller for
processing. Based on predefined conditions, the system automatically activates or deactivates devices such as
lighting systems, ventilation fans, and security alerts.

Web
Based » IFTTT
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Smart

Home Appliance Home
Main Controller

(Node MCU)
Tempreture Sensor

Google I:l T_vlv
Assistant Motion Detector =

Figure 2. System Architecture of loT-Based Smart Home Automation

The implemented architecture operates through three main layers: the sensing layer, the processing
layer, and the application layer.
a. Sensing Layer : This layer consists of IoT sensors deployed inside the residential

environment. The sensors collect environmental information such as temperature,
humidity, light intensity, and motion detection.

b. Processing Layer : The microcontroller processes the collected sensor data and determines
system actions based on programmed control logic.

c. Application Layer : This layer allows users to monitor the system and control devices
remotely through a network connection.

The system is designed to automatically respond to environmental changes. For example, when the
light intensity falls below a defined threshold, the lighting system is automatically activated. Similarly,
motion detection triggers security alerts or surveillance system activation.

3.2 Sensor Monitoring Results
The performance of the sensors was evaluated by collecting environmental data during system

operation. Sensor readings were recorded periodically to observe system responsiveness and accuracy.

Table 1. Environmental Monitoring Results

Time Tem?f(‘;;‘t“re Humidity (%) L‘ghgﬁi‘;“s‘ty Dlgt‘étc‘t‘:;‘n System Action
08:00 26.2 70 450 No Lights OFF
10:00 28.1 65 620 No Lights OFF
14:00 30.4 60 700 No Fan ON
18:30 27.5 68 150 Yes Lights ON
22:00 26.0 72 80 Yes Lights ON
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The results demonstrate that the system can continuously monitor environmental parameters and
respond according to the predefined automation rules. During daylight hours, the lighting system remained
inactive due to sufficient natural light intensity. However, when the light level dropped in the evening, the
system automatically activated the lighting devices.

Temperature monitoring also allowed the system to activate ventilation devices when the
temperature exceeded a specific threshold, helping maintain indoor comfort.

3.3. Automation Performance

The automation performance of the system was evaluated by measuring response time between
sensor detection and device activation. The system demonstrated efficient response behavior under different
environmental conditions.

Table 2. Automation Response Time

Response Time

Sensor Event Trigger Condition Device Activated
(seconds)
Motion Sensor Movement detected Security Alert 1.2
Light Sensor Light <200 Lux Lighting System 1.5
Temperature Sensor Temperature > 30°C Ventilation Fan 2.1
Motion Sensor Movemerrllitgclils:tected at Lighting + Alert 1.8

The results indicate that the system responds quickly to environmental changes. Most automated
actions occur within two seconds after the detection of sensor events. This response time is considered
acceptable for residential automation applications where immediate system reaction is required.

3.4 Smart Home Device Integration

The system integrates multiple household devices through relay-based actuator control. The
microcontroller sends control signals to relays that switch electrical appliances on or off depending on sensor
input and system logic.

Figure 3. Architecture of IoT-Based Smart Home Automation System Using Microcontroller and
Sensor Networks

The implemented prototype demonstrates the capability to control multiple devices simultaneously.
For example, when motion is detected during nighttime conditions, the system activates both lighting and
security alerts. This coordinated automation improves residential safety and user convenience.

3.5 System Reliability and Efficiency

During continuous system testing, the smart home automation framework showed stable operation
and reliable sensor communication. The microcontroller effectively processed incoming data from multiple
sensors without significant delay. Network connectivity also allowed remote monitoring of system status
through an internet-based interface.

One of the key advantages observed during system evaluation is improved energy efficiency.
Automated control prevents unnecessary operation of electrical devices when they are not required. For
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instance, lighting systems remain inactive when sufficient natural light is available, reducing electricity
consumption. Similarly, ventilation systems operate only when temperature thresholds are exceeded.

3.6 Discussion

The results demonstrate that integrating IoT sensors with microcontroller platforms provides an
effective approach for implementing smart home automation systems. The system architecture successfully
combines environmental monitoring with automated device control, creating a responsive residential
environment.

Compared with traditional manual home control systems, the proposed IoT-based framework offers
several advantages. First, it enables real-time environmental monitoring, allowing the system to detect
changes and react automatically. Second, automation reduces the need for continuous user interaction,
improving convenience and efficiency. Third, the system supports remote monitoring capabilities, allowing
users to control and monitor their home environment from external locations.

Another important aspect of the system is scalability. The modular architecture allows additional
sensors or smart devices to be integrated without major system modifications. This flexibility enables the
system to adapt to various residential environments and technological advancements.

However, several challenges remain in implementing [oT-based home automation systems. Network
security and data privacy must be carefully considered to protect user information and prevent unauthorized
access to smart home devices. Additionally, system reliability depends on stable internet connectivity and
proper hardware configuration.

Overall, the experimental results confirm that IoT sensors and microcontrollers can effectively
support intelligent home automation. The system demonstrates reliable environmental monitoring, efficient
device control, and rapid response to sensor-triggered events. These capabilities contribute to the
development of smarter, safer, and more energy-efficient residential environments.

4. CONCLUSION (10 PT)

The development of a smart home automation system using IoT sensors and microcontrollers
demonstrates the potential of integrating modern digital technologies to improve residential comfort,
efficiency, and security. The system designed in this study successfully integrates environmental sensors,
microcontroller-based processing units, and communication networks to create an automated and responsive
home environment. Through continuous monitoring of environmental parameters such as temperature,
humidity, light intensity, and motion detection, the system is capable of automatically controlling household
devices according to predefined conditions. The experimental results show that the system can respond
quickly to sensor inputs and activate appropriate devices such as lighting systems, ventilation fans, and
security alerts with minimal delay. In addition, the implementation of wireless communication enables
remote monitoring and control through internet-connected devices, allowing users to manage their home
environment from different locations. The modular system architecture also provides flexibility for future
expansion, allowing additional sensors or devices to be integrated without significant system modifications.
Furthermore, the automation process contributes to improved energy efficiency by ensuring that electrical
devices operate only when necessary. Overall, the proposed IoT-based smart home automation framework
provides an effective and scalable solution for intelligent residential management. The integration of sensor
technology, microcontrollers, and network communication plays an important role in supporting the
development of smarter, safer, and more energy-efficient living environments in the era of digital technology.
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