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This study presents the development of a smart home solution integrated with a 
solar panel system. The system uses renewable energy sources to provide 
efficient control and monitoring of household appliances, specifically fan speed 
and light bulb brightness. The research objectives include the development of a 
prototype, controlling and monitoring temperature and lighting using Arduino 
Uno, and integrating fan and light control through the Internet of Things (IoT). 
The scope of the research encompasses the design and implementation of an 
automated system that detects room occupancy using infrared sensors, adjusts 
fan speed based on room temperature measured by temperature sensors, and 
regulates light brightness according to ambient light intensity measured by LDR 
sensors. Additionally, the system can be remotely controlled and monitored via 
the Blynk application. The methodology involves designing and prototyping the 
smart home system, integrating sensors and actuators with Arduino Uno, and 
configuring communication protocols for IoT connectivity. The system's 
performance was evaluated through experimentation and analysis of data 
collected in various environmental conditions. Results indicate successful 
implementation of the smart home solution, demonstrating efficient utilization 
of solar power for household energy needs. The system effectively adjusts fan 
speed and light brightness based on environmental factors, providing comfort 
and energy savings. Remote control and monitoring capabilities via the Blynk 
applications offer convenience and accessibility to users. 
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1.0 Introduction 

The development of smart home technology has fundamentally transformed our methods of 
interacting with and managing our domestic environments. These systems have several 
advantages, such as enhanced convenience, better security, and greater energy efficiency. With 
increasing awareness of the environmental consequences of conventional energy sources, there 
is a rising focus on incorporating renewable energy alternatives into daily life. Out of all the 
options, solar power is particularly notable owing to its availability, sustainability, and cost-
effectiveness. This study aims to provide a smart house solution that incorporates a solar panel 
system. The goal is to utilize renewable energy and cater to the changing requirements of 
contemporary homeowners. 

 
The main goal of this project is to develop a smart system that can independently control 
important elements of home comfort and energy use. The system can detect room occupancy, 
ambient temperature, and lighting conditions by integrating sensors such as infrared, 
temperature, and LDR sensors. These inputs are used to dynamically regulate the speed of fans 
and the brightness of light bulbs, optimizing energy consumption according to real-time 
ambient conditions. The use of Arduino Uno microcontroller enables smooth integration and 
coordination of different components, establishing a strong and reactive smart home 
ecosystem. 

 
Moreover, the incorporation of Internet of Things (IoT) technology enables users to have 
remote access and control capabilities, enabling them to monitor and modify the system 
settings from any location with an Internet connection. This feature not only improves 
convenience but also allows for proactive energy management since customers may adjust 
appliance settings remotely to match their tastes and lifestyle patterns. By using the Blynk 
application, users can easily and naturally engage with the smart home system, creating a 
smooth and user-friendly experience. 

 
This study intends to illuminate the potential of solar-powered technologies to transform 
residential life by analysing the suggested smart home solution's design, implementation, and 
performance assessment. In addition to energy efficiency, incorporating renewable energy 
sources into smart home systems can promote a more sustainable and ecologically aware 
lifestyle. This project aims to provide useful insights into the practicality and effectiveness of 
such solutions by analysing real-world data and gathering user input. The findings will help 
promote broader acceptance and encourage innovation in sustainable living habits. 

 
2.0 Literature Review 

 
This section provides a detailed review of the background and the related work in smart home 
technology and solar panel technology. Smart homes, home automation, and solar panels are 
the main keywords used in searching the latest publications for the field of this study. 

 
2.1 Smart Home Technology 

 
The emergence of smart home automation systems integrating renewable energy sources marks 
a significant stride toward sustainability and efficiency in residential living. Hasan et al. (2022) 
present a pioneering system utilizing solar panels to minimize energy consumption and carbon 
footprint. This system, equipped with sun-tracking technology, intelligently manages lighting, 
temperature, and security features, showcasing a holistic approach to home automation. 
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Similarly, Bin Shahin et al. (2017) emphasize global accessibility and environmental 
monitoring, integrating solar-powered solutions with embedded web servers for remote 
management. Mahamud et al. (2019) underscores the affordability and accessibility of IoT- 
based smart home systems, empowering users with remote control capabilities via web portals. 
Mustafa et al. (2021) demonstrate the seamless integration of cloud services for remote control 
and security enhancements, further advancing the practicality of smart home automation. 
Meanwhile, the IEEE proposes sophisticated systems focusing on voice recognition and 
multimodal applications to enhance user experience and security (IEEE). Venkatraman et al. 
(2021) further enhance user accessibility through voice-controlled AI systems seamlessly 
integrated with IoT services, emphasizing usability and cost-effectiveness. Finally, Stolojescu- 
Crisan et al. (2021) advocate for adaptable API solutions for integrating sensors and actuators, 
simplifying smart home management through versatile smartphone applications. 

 
Collectively, these studies illustrate a diverse spectrum of approaches to smart home 
automation, each emphasizing different facets of efficiency, accessibility, and security. While 
some prioritize environmental sustainability and energy optimization through solar power 
utilization, others focus on user-centric features such as voice control and remote access. 
Common themes across these studies include the integration of IoT technologies, the utilization 
of renewable energy sources, and the emphasis on user-friendliness and cost-effectiveness. As 
the smart home automation landscape continues to evolve, these research endeavors contribute 
valuable insights into the potential of renewable energy integration, IoT connectivity, and 
intelligent control systems to revolutionize residential living. 

 
2.2 Solar Panel Technology 

 
Exploring solar tracking systems and their impact on solar panel efficiency spans several 
studies, each focusing on design, implementation, and performance evaluation. Shaw et al. 
(n.d.) introduce a self-governing solar tracking system utilizing the NodeMCU, optimizing 
solar panel alignment for maximal energy absorption. Meanwhile, Edward et al. (2019) 
investigate the efficacy of solar trackers in enhancing power output, emphasizing the 
importance of adjusting panel orientation to optimize electricity generation. Similarly, 
Chowdhury et al. (2019) developed a cost-effective two-axis tracking system, utilizing real- 
time sun location data to maximize solar panel efficiency. Kuttybay et al. (2020) further delve 
into single-axis solar trackers' performance under varying weather conditions, highlighting 
their superior performance, particularly in fog and precipitation. 

 
Chaikin et al. (2022) expand the discourse by exploring solar energy integration in buildings, 
emphasizing the role of both passive and active solar principles in enhancing energy efficiency. 
In contrast, Reza et al. (2021) focus on developing an automated single-axis solar tracking 
system to optimize sunlight capture and electricity extraction from solar panels. Similarly, 
Bukit et al. (2022) experimented with solar panel integration with reflectors, determining 
optimal tilt angles and power output efficiencies. Faisal et al. (2013) also introduced a solar 
tracking system aiming to enhance stationary solar panels' power generation capacity through 
automated adjustment based on sunlight intensity. Finally, the IEEE study delves into refining 
methodologies for accurately assessing solar energy intake, highlighting the importance of 
cloud cover analysis and panel inclination optimization for maximizing electricity production 
in solar power plants. Collectively, these studies contribute valuable insights into the design, 
functionality, and optimization of solar tracking systems, paving the way for enhanced solar 
energy utilization and sustainability. 

http://www.mitec.unikl.edu.my/mjit


Malaysian Journal of Industrial Technology (MJIT), Volume 8, No.2, 2024 
eISSN: 2637-1081 

8:2 (2024) | www.mitec.unikl.edu.my/mjit | eISSN: 2637-1081 
Page | 40 

 

 

3.0 Methodology 

This chapter provides a detailed explanation of the methodology used to develop and 
implement our smart home solution, which includes a solar panel system. 

3.1 Flowchart 

The activation of the smart home system starts with the acquisition of electricity from solar 
energy. The solar panel transforms the absorbed sunlight into direct current (DC) electrical 
energy. Subsequently, a charge controller oversees and manages the charging procedure of the 
battery, ensuring that overcharging or excessive discharge is prevented. The battery storage 
serves the purpose of storing surplus solar power produced during daylight hours for later use 
during periods of low or no sunshine. The solar-generated power will be directed towards the 
Arduino Uno board and several devices, including a temperature sensor, an infrared sensor, a 
light-dependent resistor, a lightbulb, and a fan. If the power provided to all the devices is 
sufficient, the operation of the system begins. 

 
The system process starts with the identification of motion via the use of an infrared sensor 
when an individual enters a room. Upon detecting movement, the system continues to measure 
temperature and light intensity using the temperature sensor and a light-dependent resistor 
sensor, respectively. The technology utilizes sensor data to optimize comfort and energy 
efficiency in the space by adjusting the fan speed and light brightness accordingly. The power 
management module supports the system's sustainable functioning by effectively regulating 
the power supply from the solar panel system. In addition, the project integrates remote 
monitoring and control functionalities using the Blynk application, enabling users to monitor 
sensor data remotely and operate the smart home system. This connection improves the smart 
home solution's ease of use and availability, giving consumers immediate feedback and the 
capacity to manage their living environment. Figure 1 illustrates the flowchart of smart home 
solutions with solar panel systems. 

 

 
Figure 1: Flowchart 
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3.2 Circuit Diagram 

The smart house solution incorporates a solar panel system, which consists of many linked 
components. The circuit diagram starts with the Arduino Uno, which acts as the system's 
central processing unit and then integrates with the Infrared Sensor, which is responsible for 
sensing motion inside the room. When motion is detected, the sensor activates the fan and the 
light bulb. The Arduino Uno connects with other sensors, such as the DHT11 Temperature 
Sensor and the Light Dependent Resistor Sensor, to collect data on the temperature of the room 
and the intensity of ambient light, respectively. The sensor readings are vital for the system's 
functioning since the sensors provide information to the control modules responsible for 
regulating the fan speed and light brightness. 

 
Pulse Width Modulation (PWM) operates by altering the duration of the digital pulse. The 
mean voltage supplied to the load, such as a motor or a light-emitting diode (LED), is directly 
proportional to the duty cycle. The duty cycle represents the percentage of time the signal stays 
in the ON state throughout each period of the PWM cycle. By manipulating the duty cycle, the 
mean power supplied to the load can be efficiently regulated, thereby regulating its velocity or 
luminosity. The function "analogWrite()" is used on Arduino Uno to control the velocity of a 
motor or the intensity of a lightbulb using PWM. The function requires two parameters: the 
PWM pin number and the desired duty cycle value, which should be within the range of 0 to 
255. In addition, the system is equipped with a Solar Panel System that utilizes solar energy to 
recharge batteries during daylight hours. The batteries provide power to the Arduino Uno and 
other components as required, providing uninterrupted operation even under low sunlight 
conditions. As shown in Figure 2, this circuit design incorporates sensors, actuators, and a 
renewable energy source to create a sustainable and intelligent home automation system. The 
system aims to improve comfort and decrease energy use in residential environments. 

 

Figure 2: Circuit Diagram 
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4.0 Result and Discussion 

This section provides a thorough summary of the system's performance, explicitly discussing 
measures such as the optimisation of solar panels and the general functioning of an intelligent 
house. This study evaluates the system's effectiveness in attaining its objectives of sustainable 
energy generation and intelligent home automation based on empirical data and user input. 

4.1 Data Collection (Solar Panel) 

The solar panel's energy output varies over the day owing to dynamic variables caused by the 
sun's location and atmospheric conditions. The varying sunlight intensity plays a fundamental 
role, with peak efficiency achieved during solar noon when sunlight directly reaches the panels. 
The inclination and alignment of solar panels, intended to optimise sunlight absorption, lead to 
various angles of exposure throughout the day. Hourly fluctuations are influenced by 
neighboring objects, such as buildings or trees, as well as meteorological circumstances like 
cloud cover. These factors may cause shading. Furthermore, the length of sunshine, the impact 
of temperature, the performance of the inverter, and the progressive decline of the system all 
contribute to the energy production. The complex interaction of many elements emphasises the 
need for thorough data gathering and examination to enhance the design, positioning, and 
upkeep of solar panel systems for maximum effectiveness and sustainable energy production. 
Table 1 illustrates the voltage absorbed by a solar panel hourly from 8.00am to 6.00pm every 
day for one week, starting from Saturday until Friday. 

 
Table 1: Voltage absorbed by a solar panel hourly in one week. 

TIME AND DATE SATURDAY SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 
8.00am 0 0 0 0 0 0 0 
9.00am 1.05 1.19 0.75 0.85 0.77 1.05 0.55 

10.00am 1.08 1.27 0.82 0.86 0.82 1.07 0.83 
11.00am 1.19 1.04 1.03 1.59 1.11 1.08 0.95 
12.00pm 1.16 1.21 1.06 0.98 1.29 1.11 1.08 
1.00pm 1.05 1.24 1.13 0.97 1.31 0.96 1.37 
2.00pm 0.92 0.93 1.22 0.91 1.08 0.88 1.07 
3.00pm 0.89 0.86 1.03 0.88 0.89 0.68 0.92 
4.00pm 0.71 0.72 0.83 0.85 0.72 0.92 0.77 
5.00pm 0.57 0.53 0.58 0.81 0.71 0.65 0.54 
6.00pm 0.49 0.36 0.44 0.64 0.66 0.56 0.42 

 
4.2 Analysis of Solar Panel Data Collection 

 
The graph in Figure 3 shows how much energy solar panels absorb each day, starting from 
8.00am until 6.00pm in one week. On weekdays, the energy absorption stays steady, likely 
because of consistent sunshine and temperature. But on weekends, there are bigger ups and 
downs, probably because of changing weather and other factors. 

 
Solar panels work best when they get direct sunlight. Around midday, when the sun is directly 
overhead, the solar panel absorbs the most energy. Clouds and shadows can affect this voltage 
absorption. Weekdays tend to have fewer interruptions from clouds or shadows, so the energy 
absorption stays more consistent. But on weekends, when the weather might be less 
predictable, the energy levels can change a lot. 

 
Besides, temperature also matters for the efficiency of a solar panel. The solar panel works best 
within certain temperature ranges. If it's too hot, the solar panel might not work as well. On 
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cooler mornings, it takes longer for the panels to start absorbing energy. As the day warms up, 
the solar panel becomes more efficient. To summarise, this graph represents the complex 
interaction of solar panels, sunshine, and environmental elements. 

 

Figure 3: Voltage absorbed by a solar panel in one week. 

4.3 Home Automation 
 
The incorporation of an infrared motion sensor significantly boosts the security and efficiency 
of the smart home system by accurately detecting human presence within rooms. This ensures 
prompt fan and light bulb activation for immediate comfort and visibility while automatically 
switching them off in the absence of movement to conserve energy. Meanwhile, the system 
dynamically adjusts the fan speed based on real-time temperature readings for temperature 
regulation, maintaining a comfortable indoor environment with minimal energy consumption. 
Similarly, lighting control is optimized by adjusting the light bulb's brightness according to the 
external light intensity measured by the LDR sensor. The system's performance is evaluated 
via data collection via the Serial Monitor feature in Arduino IDE, with key findings 
summarized in Table 2 detailing the fan speed and light bulb brightness data during operation. 

 
Table 2: Fan Speed Data and Lightbulb Brightness Data 

Room Temperature 
(Celsius) 

Fan Speed 
(Velocity) 

Light Intensity 
(Lv) 

Lightbulb 
Brightness (Lv) 

24 231 948 225 
25 235 951 237 
26 237 962 241 
27 244 987 242 
28 247 1005 245 
29 249 1010 246 
30 251 1013 247 
31 252 1019 248 
32 253 1026 251 
33 254 1032 254 
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5.0 Conclusion 

Implementing and assessing a smart home solution with a solar panel system revealed 
promising findings, demonstrating its effectiveness in promoting energy efficiency and user- 
centric automation. The integration of infrared sensors, temperature sensors, and light intensity 
sensors, along with actuators like fans and light bulbs, formed the foundation of the smart home 
system, enabling automatic energy management based on occupancy and environmental 
conditions. The Arduino Uno microcontrollers served as the central processing units, 
facilitating seamless communication and control among sensors, actuators, and the Blynk 
application. Additionally, the incorporation of a solar panel system as the primary power source 
showcased the potential of renewable energy in powering smart home environments, 
contributing to sustainability and reducing carbon impact. 

 
However, the project encountered limitations, including sensor inaccuracies, system scalability 
issues, energy storage challenges, and user interface concerns. Addressing these constraints 
requires calibration and testing methods for sensors, scalable system designs, advanced energy 
storage technologies, and improved user interface designs. Despite these limitations, the future 
of smart home solutions with solar panel systems holds promise for technological 
advancements, social impacts, and enhanced efficiency, accessibility, and user experience. 

 
Recommendations for future research and development include the adoption of advanced 
sensor technologies, leveraging artificial intelligence and predictive analytics, exploring 
synergies with smart grid technologies, prioritizing human-centric design concepts, and 
developing supportive policy and regulatory frameworks. By embracing these 
recommendations, smart home solutions with solar panel systems can revolutionize residential 
living, promoting sustainability, energy efficiency, and user comfort for generations to come. 
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