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Abstract. Egg fertility detection is an important aspect in increasing 

poultry hatching productivity. The traditional candling method with light has 

limitations in accuracy, especially at an incubation age of more than ten 

days. The study proposes IS-Candling, a web application to detect hatching 

egg fertility based on the Internet of Things (IoT) and artificial intelligence 

(AI). The system is designed so that embryonic development can be detected 

using cameras in real-time, then processed using machine learning 

algorithms to identify fertile or infertile conditions. The results of the 

analysis are visualized through a web interface in the form of an interactive 

dashboard, embryo development graph, egg status, and reports that can be 

accessed by farmers at any time. The test is carried out using the black box 

testing method to assess the functionality of the application and ease of use. 

The test results showed that the IS-Candling web application was able to 

display data accurately, improve monitoring efficiency, and provide better 

decision support than manual candling methods. This research contributes 

to the development of intelligent hatchery technology by leveraging the 

integration of IoT and web-based AI, which can support the modern 

livestock industry towards digitalization. 

1 Introduction 

Advances in digital technology, especially the Internet of Things (IoT) and artificial 

intelligence (AI), have provided great opportunities in the modernization of the livestock 

sector [1]. One of the fundamental problems in the poultry hatchery industry is the limitations 

of conventional methods in detecting egg fertility early and accurately [2]. Until now, farmers 

still rely heavily on the candling method, which is the irradiation of eggs with light to observe 
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embryonic development [3]. Although simple and relatively inexpensive, candling has a 

number of drawbacks: the examination process has to be done individually, requires a great 

deal of time and effort, and its effectiveness decreases drastically at a given incubation age 

as the conditions inside the eggs become increasingly difficult to observe [4]. As a result, 

farmers often experience delays in decision-making regarding the sorting of fertile and 

infertile eggs, which ultimately impacts the level of productivity and hatching efficiency. 

Answering these challenges, this study proposes the development of the IS-Candling Web 

Application as an intelligent monitoring system based on IoT and AI. The main concept of 

this system is the use of embryonic heart rate sensors to detect embryo development in a non-

invasive manner from the initial phase of incubation [5]. The data obtained from the sensors 

is then sent in real-time to a central server via IoT connectivity. Furthermore, the data is 

processed with artificial intelligence algorithms to identify the status of the egg (fertile or 

infertile), as well as predict the development of the embryo to the hatching stage. 

The main advantage of this system lies in the role of web applications as a center for data 

visualization and management. The web interface is designed to display an interactive 

dashboard that presents information on the embryo's heart rate, graphs of development, 

fertility status, as well as reports on the condition of the egg in an easy-to-understand form. 

With web-based access, farmers can monitor remotely using a variety of devices, from 

computers to smartphones. Additional features such as critical status notifications and egg 

development history are also provided to support fast and informed decision-making. 

In addition to improving the accuracy and efficiency of fertility detection, the IS-Candling 

web application is expected to be able to drive hatchery transformation towards a smarter and 

more integrated digital system [6]. This innovation not only provides practical solutions for 

small and industrial-scale farmers, but also serves as an example of the real implementation 

of IoT and AI integration in the field of modern livestock [7], [8]. Thus, this research focuses 

on the design, implementation, and testing of the IS-Candling web application, as well as 

evaluating the extent to which this system can improve the hatchability and productivity of 

poultry in a sustainable manner.  

2 Materials and Methods  

The stages of developing the IS-Candling system are carried out sequentially so that the 

results obtained are in accordance with the research objectives and user needs. These stages 

include planning, designing, implementation, and testing as follows: 

2.1 Planning Stage 

The planning stage is carried out to determine the functional needs and initial design of the 

web-based IS-Candling system [9]. The needs analysis was carried out through surveys and 

discussions with hatchery farm partners in Jember City to identify problems in the manual 

candling process, such as delays in inspection and difficulties in detecting eggs more than 10 

days old. From the results of the analysis, a digital system concept was prepared that is able 

to display detection results in real-time through a web application. This stage also includes 

the preparation of the specifications of the main features to be developed, including the 

Dashboard, Hatching Machine, Candling, and User Profile 

2.2 Designing Stage  

The design phase is focused on creating the interface design and architecture of the IS-

Candling web application using the Laravel framework and Tailwind CSS. The system 
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design is designed to have a responsive, informative, and easy-to-use appearance for farmers 

and operators. In addition, at this stage, data flow designs and page views such as landing 

pages, main dashboards, hatcher settings, candling pages, and user profiles are also carried 

out. The design is focused on ease of navigation, color consistency, and clarity of data 

presentation so that the final result is according to the user's needs 

2.3 Implementation Stage 

The implementation stage is the process of applying the design results into a fully functional 

web application system. The implementation was done using Laravel as the backend to 

organize data flows and connections to MySQL databases, as well as Tailwind CSS as the 

frontend to build a responsive and lightweight interface. All the key features such as 

Dashboard, Hatching Engine, Candling, and User Profile are successfully integrated 

thoroughly. The dashboard displays system condition data and temperature graphs, the 

Hatching Machine allows temperature settings as well as candling LEDs, the Candling 

module displays detection results and inspection history, while the User Profile functions for 

account settings. The implementation process is also accompanied by internal testing so that 

each component can run properly before functional testing is carried out. 

 

2.4 Testing Stage 

At the testing stage, activities are carried out every year by applying the Black Box Testing 

method. The testing was carried out as follows, product testing was carried out on a local 

scale at partner farms in the city of Jember, namely the identification of heart rate in embryo 

development in eggs with tool testing on trials on hatching eggs at the age of 15 days, 18 

days, 21 days and 24 days. In 2025, system testing will be conducted on AI-based products 

using the local network of partners' farms to assess the productivity of ducks. 

 

3 Results and Discussion 

The following are the results and discussions based on the stages of the activities that have 

been carried out: 

3.1 Planning Stage Results 

The planning stage is the first step in the development of the IS-Candling system, which aims 

to design an integrated hardware and software workflow. At this stage, user needs are 

identified in the field, especially at egg hatchery farm partners in Jember. The survey results 

show that the manual candling method takes a long time and has limited visibility in eggs 

with an age of more than 10 days. Therefore, an IoT-based system was designed that is 

capable of automatic detection using sensors, cameras, and artificial intelligence algorithms 

connected to web applications.  
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Fig. 1. Diagram Blok Is Candling 

 

The block diagram in Figure 1 illustrates the relationships between the main components 

of the IS-Candling system. The system gets its power source from PLN's electricity, which 

is then flowed to the power supply to stabilize the voltage. This electric current supports the 

work of the Raspberry Pi 5 as a control center that organizes and receives data from various 

other components, such as a DHT sensor to measure temperature and humidity, a relay to 

control an incandescent lamp, and a webcam as an egg image acquisition device. 

In addition, the Raspberry Pi is also connected to a PCB & transistor that controls the 

HPL LEDs as an additional lighting source in the automatic candling process. The sensor and 

camera readout data is sent to the web server to be processed and displayed on the user 

interface. Through this block diagram, it can be seen that the entire system operates in an 

integrated manner to support the process of monitoring the condition of eggs in real-time. 

 

Fig. 2. Design System IS-Candling 
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The system design in Figure 2 shows the details of the implementation of the physical 

relationships between the components that have been described in the block diagram. The 

circuit starts from a power source connected to a relay, a Raspberry charger, and a power 

supply to ensure that all modules get stable power. The Raspberry Pi 5 serves as the brains 

of the system, receiving input from DHT21 sensors and webcams, and controls HPL LEDs 

and incandescent lights through a network of PCBs & transistors. Data from all sensors and 

cameras is processed by Raspberry, then sent to the IS-Candling website to be visualized in 

the form of graphs and egg statuses. This website provides four main features, namely: 

a. Dashboard, displaying a summary of engine condition and egg status. 

b. Hatching Machine, for temperature, humidity, and LED candling control. 

c. Candling, displays the history of AI detection results of fertile and infertile eggs. 

d. User Profile, as a setting of account data and system access. 

The design of the system shows the seamless integration between IoT components, AI 

devices, and web applications. With this architecture, IS-Candling can support automatic 

monitoring, improve the accuracy of fertility detection, and make it easier for farmers to 

manage the hatching process digitally and efficiently. 
 

3.2 Designing Stage Results 

The design stage of this study is focused on creating the IS-Candling web application as a 

center for managing and visualizing egg fertility detection data. The design was carried out 

by paying attention to user-friendliness, responsive display, and the ability to display data in 

real-time. This web application is designed using the Laravel framework with Tailwind CSS 

support for a modern, lightweight, and easily accessible interface through various devices, 

both desktop and smartphone. Here are the results of designing the interface for each feature 

on the website: 

a. Landing Page 

 

 
Fig. 1. Landing Page 
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Figure 3 shows the landing page as the starting page of the IS-Candling web application. This 

page serves as a system gateway and a means of introducing key features to users. The design 

is made modern with a combination of purple and gradient blue colors that give a futuristic 

and professional impression. 

At the top is an "Access Dashboard" button that directs users directly to the main system. 

The middle of the page features three excellent features: Real-time Monitoring, Digital 

Candling System, and Automated Logging, which explain the core functions of this system. 

While the bottom contains a call to start using the system with a clear call-to-action display. 

Overall, this page reflects IS-Candling's identity as a digital-based hatchery research 

intelligent system. 

 

b. Dashboard 

 
Fig. 2. Dashboard 

Figure 4 shows the Candling Dashboard, which is the main page after the user logs in to the 

system. The dashboard serves as an information hub that displays a summary of the current 

state of all candling activities. The top of the page displays important metrics such as the total 

number of eggs, the number of eggs being bred today, and fertility rates in the form of 

percentages. In the middle there is an interactive graph of the temperature and humidity of 

the hatchery over the last 24 hours to help users monitor the stability of the incubation 

conditions. In addition, the right panel displays the latest activity logs that record changes or 

updates to system configurations such as LED updates. The dashboard design is simple, 

clean, and informative so that users can read important data quickly and efficiently. 

 

c. Hatching Machine 

 
Fig. 3. Hatching Machine 

 
Fig. 4. LED Settings 

Figure 5 & Figure 6 shows a view of the Hatching Machine module, which is used to manage 

and monitor the conditions of the incubator. In the main part of the page, you will find 
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information about each machine, such as the name of the incubator, the egg capacity, and the 

target temperature you want to achieve. 

The featured feature of this page is the LED Candling Setup, where users can manually enable 

or disable the LEDs through an interactive display. Each LED is represented by a numbered 

circle, and the active status is marked in green. Users can save the LED configuration as 

needed by pressing the Save Configuration button. The design of this page emphasizes the 

ease of setting up and visualizing the status of hatcheries so that operators can monitor and 

adjust conditions quickly. 

 

d. Candling 

 
Fig. 5. Candling 

 
Fig. 6. Candling Guide 

Figure 6 & Figure 7 shows the view of the Candling page, which is used to display the results 

of the egg fertility detection process. At the top there is a summary of the number of eggs 

that are being bred today, the number of fertile eggs, and infertile eggs, complete with the 

percentage of fertility rate. 

The bottom shows a table of candling history that records the results of detection over time, 

including the date of the examination, total eggs, fertile or infertile status, and fertility rate. 

If there is no data yet, the system displays an icon and a message "No candling history" so 

that the user knows the current state of the system. The "Start Candling" button at the top 

right allows users to start a new detection process directly. The display of this page is made 

clean and minimalist to keep the user focused on the detected data. 

 
e. User Profile Settings 

 

 
Fig. 7. User Profile Settings 

Figure 9 shows the User Profile page, which serves to manage account information and 

system security. On the left side is the user's identity in the form of initials and roles in the 

system (e.g. Admin Candling). The top right panel provides a form to update your name and 

email address, while the bottom panel is used to replace passwords with old and new 

passwords. 

The design of this page is made simple yet elegant, with a clear separation between profile 

data and security settings. The Save and Update Password buttons are placed in contrasting 
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colors for easy user finding. This view supports the principles of usability and security 

awareness, so users can manage their accounts securely and quickly. 

With this structured and interactive interface design, the IS-Candling system successfully 

combines technical functionality and an intuitive user experience. Each module is 

interconnected to support the process of monitoring, setting up, and reporting candling results 

digitally and in real-time. 

3.3 Implementation Stage Results 

The implementation stage in this study resulted in a fully functional IS-Candling web 

application according to the previous design. The system is developed using the Laravel 

framework and Tailwind CSS to ensure a responsive, modern, and easily accessible interface 

across multiple devices. All the main features, namely the Dashboard, Hatching Machine, 

Candling, and User Profile, were successfully implemented, including temperature and LED 

settings on the hatchery module, an interactive candling history display, and a secure account 

management feature. The internal testing process shows the whole function runs stably 

without errors, with fast response time and accurate data display. The results of user trials 

also show a high level of satisfaction with the ease of navigation and the simple yet 

informative design of the interface. 

3.4 Testing Stage Results 

The testing stage in this study was carried out using the black box testing method to ensure 

that every feature in the IS-Candling web application functions according to the design. The 

test is focused on four main modules, namely Dashboard, Hatching Machine, Candling, and 

User Profile. The test results show that all features run well without any logic or display 

errors. The dashboard is able to accurately display temperature, humidity, and fertility rate 

data. The Hatching Machine Module can display as well as store the temperature settings and 

LEDs correctly. The Candling feature successfully displays the history of detection results 

according to the stored data, while the User Profile page can update account information and 

passwords without errors. Overall, the results of the black box testing show that the system 

has met all functional needs and is ready for use by users. 

4 Results and Discussion 

This research successfully developed the IS-Candling web application as an Internet of 

Things (IoT) and artificial intelligence (AI) based on hatch fertility detection system 

integrated with an interactive web interface. The system utilizes a Raspberry Pi 5, a DHT21 

sensor, and a webcam to collect temperature, humidity, and egg imagery data which is then 

processed using AI algorithms and visualized through the Dashboard, Hatching Machine, 

Candling, and User Profile modules. The test results show that all features function as 

designed and are able to display data accurately, thus increasing the efficiency and accuracy 

of the candling process compared to manual methods. Thus, IS-Candling can be an 

innovative solution in supporting the digital transformation of modern hatcheries and 

increasing the productivity of poultry farms. 
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