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ABSTRACT

The Design of an Automatic Solar Panel Web Monitoring System project aimed to
address the inefficiency of manual solar panel monitoring by creating an accessible, real-time
solution. This project, executed as part of the International Course Program, involved the design
and implementation of an integrated system on a miniature house prototype. The methodology
centered on programming an ESP8266 microcontroller to serve as both the system's brain and a
web server. The microcontroller was developed to automatically track the sun's position using light
sensors to control servo motors, thereby maximizing energy absorption. A static index.html web
page was created and hosted directly on the ESP8266 to display real-time data on the panel's
position, light intensity, and operational status. The project successfully demonstrated the system's
ability to provide automated tracking and remote data access, proving the practical application of
IoT technology. While the project achieved its core objectives, its limitation lies in the static nature
of the web interface. Future recommendations include developing a more dynamic web application
with a database for long-term data storage and trend analysis, and scaling the system for a real-
world installation to test its full effectiveness.

Keywords: Solar Panel, Monitoring, Real-Time, Web Interface, ESP8266, IoT
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CHAPTER1

INTRODUCTION
1.1. Background

The utilization of solar energy as a renewable power source is
experiencing rapid growth worldwide (Ramli & Jabbar, 2022). Solar panels are
the primary components that convert sunlight into electrical energy (Al Anzy et
al., 2023).However, to ensure the efficiency and reliability of these systems,
continuous performance monitoring is required (Ismail Mohammed & M. T.
Ibraheem Al-Naib, 2023). Conventional manual monitoring methods are no longer
efficient, especially for large-scale installations, as they are time-consuming,
labor-intensive, and prone to human error (Kombo et al., 2021).

With the advancement of information technology, various web-based
remote monitoring solutions have emerged (Holovatyy, 2021) (Sundah et al.,
2024) (Hamdani et al., 2021). These solutions allow users to monitor real-time
data on energy production, voltage, current, and the operational status of solar
panels from anywhere (Kassim & Lazim, 2022) (Hamdani et al., 2021). Although
many monitoring systems are already available on the market, challenges remain
regarding their complex interfaces, lack of interactive data visualization, and high
implementation costs (Alshammari, 2023) (Kombo et al., 2021). This often makes
it difficult for a layperson to understand the data intuitively (Lakshmikantha et al.,
2021).

Considering these factors, designing an intuitive and user-friendly web-
based monitoring system is highly relevant. Therefore, this report will outline the
design and implementation process of a DESIGN OF AN AUTOMATIC SOLAR
PANEL WEB MONITORING SYSTEM that not only provides accurate real-time
data but also prioritizes ease of use. This system is expected to be an efficient and
easily accessible solution that helps users optimize the performance of their solar

panels.
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1.2. Problem Formulation
Considering the background, the primary questions to be addressed in this
International Course Program (ICP) activity are as follows:
1. What is the design process for the DESIGN OF AN AUTOMATIC
SOLAR PANEL WEB MONITORING SYSTEM?
2. What features are necessary for the web to be operated optimally and to be
user-friendly?
1.3. Objectives
This activity aims to monitor the movement of solar panels via a web-based
system, increase efficiency, and enable broader data management of solar panel
movement information for relevant parties, with the following objective:
1. To design and implement a DESIGN OF AN AUTOMATIC SOLAR
PANEL WEB MONITORING SYSTEM for solar panel users.
1.4. Benefits
Some of the benefits that can be obtained from this web design process are as
follows:
1. To apply the knowledge and theories gained during lectures into a project
activity.
2. To gain hands-on experience in the process of web design, development,
and implementation.
1.5. Location and Schedule of ICP Implementation
The International Course Program (ICP) was conducted at the Universitas
Medan Area Campus, located in Medan City. This activity was designed to be
carried out over one semester, from March 13, 2025, to July 12, 2025. During this
period, students performed observation, design, and implementation in the Green
Engineering course.
1.6. Participants
This International Course Program (ICP) was carried out by a group of
students from Universitas Medan Area who have met the academic requirements
to participate in the program. The participants from the Informatics Engineering

Study Program consist of five people, with the following details:
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CHAPTER 11

THEORETICAL REVIEW
2.1. System Design Methodology
2.1.1. Flowchart

A flowchart is a visual representation of the steps and logical sequence in a
process or algorithm (Alsayaydeh et al., 2023). In the context of system design,
this diagram is used to model the overall system workflow, from the sensor data
acquisition process by the microcontroller to the data presentation on the web
interface (Abdullah et al., n.d.). A flowchart helps identify the correct process
sequence and potential logical errors before the implementation phase (Sutikno et
al., 2021).

2.1.2. DFD (Data Flow Diagram)

A Data Flow Diagram (DFD) is a graphical representation showing how
data flows within a system (Putra et al., 2024). A DFD focuses on the movement
of data from one entity to another, regardless of how the process is performed
(Putra et al., 2024). In this solar panel monitoring system, a DFD can be used to
illustrate the data flow from the sensor, into the microcontroller (process), and
then displayed to the user (external entity) through the web interface (Putra et al.,
2024) (Sutikno et al., 2021).

2.1.3. UML (Unified Modeling Language)

UML is a standard language for modeling software systems (Suartana et
al., 2024). For this project, several relevant UML diagrams can be used to explain
system interactions and activities (Suartana et al., 2024). Use Case Diagram: This
diagram illustrates the system's functionality from the user's perspective (Sutabri,
2022) (Putra et al., 2024). It shows how users interact with the system to achieve
specific goals, such as "View Real-Time Data" or "Analyze Panel
Performance"(Putra et al., 2024) (Sutabri, 2022).

2.2. Supporting Technology Theory
2.2.1. Microcontroller
A microcontroller is a small computer that acts as the brain of the hardware

(Sutikno et al., 2021). In this project, the ESP8266 is used (Abdullah et al., n.d.).

4
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This microcontroller was chosen for its efficient and low-cost capabilities, as well
as its integrated Wi-Fi feature that allows the device to connect to the internet and
function as a server (Sutikno et al., 2021).
2.2.2. Web Server on Microcontroller
This concept refers to the ability of a microcontroller, such as the
ESP8266, to act as a web server (Abdullah et al., n.d.). Instead of uploading data
to an external server, the microcontroller can store web files (such as the
index.html file) in its memory. When the device is connected to Wi-Fi, users can
access the microcontroller's IP address through a browser to view the web page
that presents the data directly.
2.2.3. HTML and CSS
HTML (HyperText Markup Language) is the standard language used to
create the structure of a web page, including text, images, and tables (Kim et al.,
2022). CSS (Cascading Style Sheets) is used to manage the visual appearance of
the web page, such as colors, layout, and fonts (Kim et al., 2022). In this project,
both languages are used to design a simple yet informative web interface that can

be accessed through the microcontroller.
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CHAPTER III

DISCUSSION OF ICP RESULTS
3.1. Individual Task Results in the ICP Project

In the miniature house project, my primary task was to focus on the
program development for the solar panel tracking system. This role was crucial as
it involved all the logic behind monitoring the solar panel's movement and
presenting the data in real-time through the web interface.

My responsibilities began with designing the program code to be uploaded
to the ESP8266 microcontroller. This program was designed to read data from
sensors that detect light intensity. Based on this data, the microcontroller sends
commands to the servo motors to move the solar panel so that it constantly faces
the brightest sunlight, thereby maximizing energy absorption.

In addition to controlling the panel's movement, the program I developed
also functions as a web server. I was responsible for ensuring that the ESP8266
could serve the static web page (index.html) that had been designed. This web
page would then display real-time data from the sensors, such as the solar panel's
position, the received light intensity, and other operational statuses.

Overall, my role encompassed the entire process from the solar panel's
movement logic to the web server's functionality on the hardware. This ensures
that the system can operate automatically and that its data can be easily accessed
by users through the web platform.

3.2. Flowchart Design
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Figure 3.1. Flowchart Design.

The interaction process between the user and the web-based monitoring
system is visually detailed in Figure 3.1. Flowchart Design. As depicted in the
figure, the process initiates when the user opens a web browser and enters the IP
address of the ESP8266 microcontroller. Following this, the system reaches a
decision point to verify the connection. If the connection is successful, the
flowchart proceeds along a path where the webpage automatically updates to
display real-time sensor data such as light intensity and the solar panel's position
and the process then concludes. If the connection fails, however, the flowchart
indicates a loop that returns to the initial step, prompting the user to re-attempt the
connection.

3.3. DFD (Data Flow Diagram) Design
3.3.1. DFD Level 0 (Context Diagram)

Figure 3.2. DFD Level 0 (Context Diagram).
Figure 3.2. DFD Level 0 (Context Diagram) provides a high-level
overview of the system, treating it as a single, centralized process. This diagram
illustrates the primary data exchanges between the Solar Panel Monitoring System

and its two main external entities: the User and the Hardware. The User interacts
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with the system by initiating a web page request and, in return, receives a display
of real-time data. The Hardware entity, comprising sensors and actuators, serves a
dual role: it provides the system with raw sensor data and receives movement
commands from the system. The Solar Panel Monitoring System itself is depicted

as the central process that mediates all of these data interactions.

3.3.2. DFD Level 1 (Detailed Diagram)

Figure 3.3. DFD Level 1 (Detailed Diagram).

Moving beyond the high-level context diagram, Figure 3.3. DFD Level 1
(Detailed Diagram) offers a more granular look into the system's internal
workings. This diagram deconstructs the single process from the context diagram
into three distinct sub-processes. The data's journey begins with the Sensor Data
Reading process, where raw data is captured from the hardware. This information
is then passed to the central Data Processing & Control unit. This core process
handles the crucial tasks of interpreting the sensor data, preparing it for display,
and simultaneously sending control commands back to the hardware. Finally, the
prepared data reaches the Web Data Presentation process, which manages user

requests and delivers the formatted information to the web interface.
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3.4. UML (Unified Modeling Language)
3.4.1. Use Case Diagram

Figure 3.4. Use Case Diagram.

Figure 3.4. Use Case Diagram illustrates the system's functionality from
the end-user's perspective. This model features a single primary actor, the User,
who interacts with the functions contained within the "Solar Panel Monitoring
System" boundary. The main objectives the user can accomplish are detailed in
three key use cases. The initial interaction, Access Web Interface, involves
connecting to the device's IP address through a browser. Once connected, the user
can proceed to View Real-time Data to observe continuously updated sensor
readings. Furthermore, the Monitor Panel Status use case enables the user to

inspect specific operational details, such as the panel's current position and status.

3.5. Web Interface Design
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Figure 3.5. Web Monitoring Interface.

As shown in Figure 3.5, the main web interface is designed to provide a
quick and easy-to-read overview of the solar panel system's status. At the top of
the page, an active "LIVE" indicator confirms to the user that the displayed data is
real-time. Below this, a large information box offers a descriptive summary of the
current conditions, such as "Afternoon Sun", along with the panel's general
position, "Far Right" and "High". For more precise data, two cards present the
quantitative position: the "Left-Right Position" indicates the horizontal angle is
135°, while the "Up-Down Position" shows the vertical angle is 74°. Finally, the
progress bar for the "Left <> Right Movement" provides a visual representation of

the servo motor's position, allowing for easy monitoring at a glance.

Figure 3.6. Advanced Status and Movement History Interface.

As seen in Figure 3.6, this interface provides a more in-depth status
display and a history of the panel's movements. The "Last Movement" information
box details the latest position adjustment, combining horizontal and vertical
movements (e.g., "Right 1°, Up 2°") with a "Just now" timestamp. Directly below,
three additional data cards offer a comprehensive operational summary, including

the "Total Movements" made by the system, the "Auto Tracking" status indicating
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if the feature is ON, and the "Last Update" timestamp for the most recent data.
Furthermore, the "Movement History" section serves as a historical log that
chronologically records each panel movement, allowing the user to review all

system activities in detail.

Figure 3.7. Control and Data Management Panel.

As shown in Figure 3.7, the bottom section of the web interface features a
"Control & Data" panel that provides interactive functionalities for the user. This
panel contains three main buttons for managing the system's operation and its
recorded data. The first button, "Toggle Auto" (green), allows the user to enable or
disable the solar panel's automatic tracking mode. The second button, "Download
Data" (blue), is used to download the recorded movement history as a file,
allowing the data to be further analyzed offline. Finally, the "Delete Data" (red)
button gives the user the option to clear or reset the movement history data stored

within the system.
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CHAPTER 1V
CONCLUSION

5.1. Conclusion

Based on the entire process that has been carried out, it can be concluded
that the design and implementation of the DESIGN OF AN AUTOMATIC
SOLAR PANEL WEB MONITORING SYSTEM was successfully executed.
Throughout this project, we successfully applied the theoretical knowledge gained
in class, specifically from the Green Engineering and Informatics Engineering
courses, into a real-world solution. The ESP8266 microcontroller was successfully
programmed to not only control the movement of servo motors so that the solar
panel always faces the best light but also to function as a web server that presents
real-time data. The main benefit of this project is the creation of an efficient and
easily accessible monitoring system. The simple web interface allows users to
monitor the solar panel's performance remotely without being on-site, and the
valuable experience in designing this integrated system proves that IoT
technology can be practically applied to optimize the use of renewable energy.
5.2 Recommendations

Although this project has achieved its objectives, there are several aspects
that can be improved and developed further. The limitation of this project lies in
the use of a static web page; therefore, it is recommended to develop a more
dynamic web interface using a web framework and a database. This would allow
for long-term data storage, trend analysis, and the generation of solar panel
performance reports. On the hardware side, the current system only focuses on
light tracking. A recommendation for the next project is to add other sensors, such
as humidity, wind speed, or a UV Index sensor, for more comprehensive data, or
even to add the capability for remote control. Furthermore, as a miniature-scale
prototype, this system needs to be tested on a real-world, full-scale solar panel
installation to measure its effectiveness and reliability in an actual environment, as

well as to identify challenges that may arise in the field.
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