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Abstract 
The efficiency of ornamental fish feeding significantly influences fish health and water quality in 
aquaculture systems. Manual feeding often results in overfeeding or underfeeding, leading to 
water pollution and reduced fish productivity. This study aims to design and implement an 
automated ornamental fish feeding system using the ESP32 microcontroller integrated with 
temperature, pH, and dissolved oxygen sensors. The system employs Mamdani fuzzy logic to 
determine feeding quantities based on real-time environmental parameters. Research was 
conducted at the Aquaculture Production Laboratory and Hardware Laboratory 2, IPB University. 
The results show that the system is capable of dynamically adjusting feeding amounts, thereby 
reducing feed waste and maintaining water quality. The fuzzy logic approach allows for adaptive 
and efficient feeding management, outperforming fixed-timer systems. This automation 
technology supports sustainable and technology-driven ornamental fish farming. 
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INTRODUCTION  

Feeding is an important factor in fish farming because food serves as the main source of 
energy and nutrients that support the growth and development process of fish (Sitanggang 2024). 
Good feeding management includes the selection of the type of feed, amount, frequency, time, and 
method of administration in accordance with the needs of fish and their life stages, so that feed 
efficiency can increase and feed waste that pollutes the environment can be minimized (Kurniawan 
2019). The problem that is often faced by fish farmers is the efficiency of feed utilization that has not 
been maximized so that it is necessary to feed effectively and efficiently so that the feed given can be 
utilized properly by fish optimally for growth. 

According to Warjono et al. (2022), technological progress is currently developing very 
rapidly, almost all the tools used are automatic. These tools can work quickly, effectively, and 
efficiently to make human work easier. The existence of an automation tool in various sectors has 
been proven to be able to increase work efficiency and effectiveness (Permana et al. 2023). Likewise, 
the application of automation technology for fish feeding can reduce the workload of manual feeders. 
Feeding can also be more scheduled and accurate, and eliminate the worry of dead fish due to not 
being able to feed when traveling far.  

The use of automation technology in microcontroller-based feeding such as ESP32 has begun 
to be applied to optimise the time and amount of feed given to fish. These systems are generally 
equipped with water quality sensors, enabling feeding adjustments based on actual environmental 
conditions. This technology is considered capable of suppressing the amount of excess feed, reducing 
feed residue in water, and maintaining environmental parameters within optimal limits (Samara et al. 
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2022). The ESP32 is a microcontroller introduced by Espressif System and is the successor to the 
ESP8266 microcontroller (Santoso and Sitohang 2024). 

The use of fuzzy logic in an ESP32-based ornamental fish feeding automation system is an 
innovative approach to address the challenges of real-time feed and water quality management. The 
use of fuzzy logic in similar systems has shown positive results in a number of studies. For example, 
the study by Nagothu et al. (2025) utilised a fuzzy logic approach alongside IoT technology to enable 
immediate and continuous monitoring and adjustment of water quality conditions, improving fish 
productivity and health. A similar system was also implemented by Bokingkito (2017), who designed 
an IoT-based water quality monitoring system with fuzzy logic for real-time water quality assessment. 
In the context of feeding, fuzzy logic is used to determine the timing and amount of feed based on 
environmental conditions. For example, the system developed by Rathy (2024) uses temperature and 
pH sensors to automatically control feeding, ensuring fish receive feed according to their needs and 
environmental conditions. 

The development technology and microcontrollers such as the ESP32 has opened up 
opportunities to create intelligent feeding automation systems. In addition, fuzzy logic can be 
implemented to overcome uncertainty in sensor data and provide more adaptive and accurate feeding 
decisions (Indrawati et al. 2024). The purpose of this research is to design and implement an 
ESP32-based ornamental fish feeding automation system, which uses water quality sensors as inputs 
and fuzzy logic as a decision-making method. Hopefully, this system can improve feeding efficiency, 
maintain water quality, and reduce dependence on manual intervention. It also supports more 
sustainable and technology-based ornamental fish farming, as suggested by previous research 
(Raihan, 2022; Jadhav et al. 2020). 
 
METHODS 

This research activity was conducted at the Aquaculture Production Laboratory and Hardware 
Laboratory 2 of the Vocational School of IPB University, Bogor, West Java, from April to May 2025. 
The research was designed within a laboratory setting with controlled environmental conditions to 
ensure system stability. An automatic feeding system was developed based on the ESP32 
microcontroller as the main control unit. The selection of ESP32 was based on its ability to process 
data quickly, support wireless communication via Wi-Fi and Bluetooth, and have a dual-core 240 
MHz processor and 520 KB memory, which is highly suitable for Internet of Things (IoT). 

Additional devices used include push buttons and a keypad for user input, a DS1307 RTC 
module as a time recorder that remains active with backup battery support, a servo motor as a 
mechanical drive to regulate the opening of the feed container, and a 16×2 LCD to display real-time 
system information. The entire system was designed and tested using the Wokwi digital simulator, 
while fuzzy logic implementation was carried out using MATLAB software to generate control 
decisions based on environmental parameters. 

Water quality parameters are used as system inputs, including temperature, pH, and dissolved 
oxygen. The DS18B20 sensor is used for temperature measurement, the pH-4502C sensor for 
detecting acidity levels, and the dissolved oxygen (DO) sensor for monitoring oxygen content in the 
water. These three sensors were selected because they are accurate, easy to integrate with the ESP32, 
and relevant for monitoring water quality in aquaculture systems. Data is collected automatically by 
the ESP32 with a reading interval of every five minutes. 

Decision-making in this system uses the Mamdani fuzzy logic approach. Each input variable 
is classified into three linguistic categories (low, medium, high), then processed through IF-THEN 
rules formulated based on optimal water quality conditions for fish farming. The results of the process 
are then defuzzified using the centroid method to produce an output in the form of feed quantity, 
which is then converted into servo motor rotation movement. The obtained data are analysed 
descriptively and quantitatively, evaluating the relationship between environmental parameter values 
and system output results. The analysis is conducted using MATLAB and Microsoft Excel software to 
visualise the system's response to environmental dynamics. 

This study has several limitations, as testing was only conducted on a laboratory scale, and 
the water quality parameters used did not include other substances such as ammonia or nitrite. All 



research procedures prioritised fish welfare principles, including optimal feed regulation to prevent 
stress and water quality degradation. No physical manipulation of the fish was performed that could 
disrupt their biological activities. This methodology aims to produce an automated feeding system 
capable of adapting to environmental conditions in real-time. The integration of water quality sensors 
and fuzzy logic is expected to improve feed utilisation efficiency, reduce waste, and support a more 
sustainable fish farming system. 
 
RESULTS AND DISCUSSION 

The results of determining the input fuzzy set can be seen in Figure 1, 2, and 3, as follows: 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Input fuzzy of temperature 
 
 
 
 
 
 
 
 
 
 

Figure 2. Input fuzzy of Dissolved oxygen 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Input fuzzy of pH 

 
 



For more details, the input fuzzy set can be seen in Table 1. 
Table 1. Input fuzzy set 

Input Function Range 
Temperature Low 0−21 

 Optimum 22−27 
 High 27−32 

Dissolved oxygen Low 0−4 
 Optimum 4−7,5 
 High 8−10 

pH Low 0−6,5 
 Optimum 6,5−8,5 
 High 8,5−10 

 
Table 1 shows the fuzzy set classification for each input variable used in the automatic 

feeding system. The input variables include temperature, dissolved oxygen (DO), and pH, each of 
which is divided into three membership functions, namely Low, Optimum, and High. Each 
membership function has a certain range of values that are adjusted to the optimal conditions for the 
life of aquatic organisms. This classification is used to help the system determine the appropriate 
amount of feed based on sensor data in real-time. 
​ The application of several inputs and functions by forming fuzzy rules using IF and THEN, 
fuzzy logic rules are obtained as follows: 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4. Rules Viewer of Fuzzy Set 
 

●​ If Temperature is low and DO is low and pH is low then Amount Feed is very low. 
●​ If Temperature is low and DO is optimum and pH is low then Amount Feed is very low 
●​ If Temperature is low and DO is high and pH is low then Amount Feed is low. 
●​ If Temperature is low and DO is low and pH is optimum then Amount Feed is low. 
●​ If Temperature is low and DO is optimum and pH is optimum then Amount Feed is low. 
●​ If Temperature is low and DO is high and pH is optimum then Amount Feed is medium. 
●​ If Temperature is optimum and DO is low and pH is low then Amount Feed is low. 
●​ If Temperature is optimum and DO is optimum and pH is low then Amount Feed is medium. 
●​ If Temperature is optimum and DO is high and pH is low then Amount Feed is medium. 
●​ If Temperature is optimum and DO is low and pH is optimum then Amount Feed is medium. 
●​ If Temperature is optimum and DO is optimum and pH is optimum then Amount Feed is 

medium. 
●​ If Temperature is optimum and DO is high and pH is optimum then Amount Feed is high. 
●​ If Temperature is optimum and DO is low and pH is high then Amount Feed is medium. 
●​ If Temperature is optimum and DO is optimum and pH is high then Amount Feed is high. 



●​ If Temperature is optimum and DO is high and pH is high then Amount Feed is high. 
●​ If Temperature is high and DO is low and pH is low then Amount Feed is medium. 
●​ If Temperature is high and DO is optimum and pH is low then Amount Feed is medium. 
●​ If Temperature is high and DO is high and pH is low then Amount Feed is high. 
●​ If Temperature is high and DO is low and pH is optimum then Amount Feed is high. 
●​ If Temperature is high and DO is optimum and pH is optimum then Amount Feed is high. 
●​ If Temperature is high and DO is high and pH is optimum then Amount Feed is high. 
●​ If Temperature is high and DO is low and pH is high then Amount Feed is high. 
●​ If Temperature is high and DO is optimum and pH is low then Amount Feed is very high. 
●​ If Temperature is high and DO is high and pH is high then Amount Feed is very high. 
●​ If Temperature is low and DO is optimum and pH is high then Amount Feed is medium. 
●​ If Temperature is high and DO is optimum and pH is low then Amount Feed is medium. 
●​ If Temperature is high and DO is high and pH is optimum then Amount Feed is high. 

 
The output variable of fuzzy rules can be seen in Figure 5. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Output set Fuzzy of Amount Feed 
 

Table 2. Output set fuzzy 
Output Function Range (g) 

Amount of Feed Very low 0−20 
 Low 20−35 
 Medium 35−65 
 High 65−80 
 Very high 80−100 

 
This table shows the Amount of Feed categories divided into five fuzzy membership 

functions, each with a range of values (in grams). This division is used to determine the feeding rate 
based on a fuzzy logic system, which is useful in automated decision-making, for example in feeding 
control systems. 

 



 
 

 
 
 
 
 
 
 
 
 
 

Figure 6. Surface display of Temperature and DO 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 7. Surface display of Temperature and pH 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 8. Surface display of DO and pH 
 

Water quality plays a very important role in the success of ornamental fish farming, especially 
in terms of feeding efficiency and fish growth. Water quality parameters such as temperature, pH, and 
dissolved oxygen (DO) directly affect appetite, metabolism, and feed conversion in ornamental fish. 
Keeping the water temperature at an ideal level is essential to support the metabolic activities of the 
fish. For example, temperatures that are too low can reduce fish appetite, while temperatures that are 
too high can cause stress and increase oxygen demand. Research by Irawan et al. (2019) showed that 
water temperature ranging from 26-28°C is the optimal range for seluang fish growth, with higher or 
lower temperatures disrupting metabolic processes and feed efficiency. Water pH also affects feed 
efficiency. pH that is too low or too high can cause stress in fish and disrupt the digestive process. 



According to research by Siregar et al. (2017), a stable water pH in the range of 6.5-8.0 is important 
for maintaining fish health and feed utilisation efficiency. 

Based on the figure displayed, it shows the use of a fuzzy logic system to assess water quality 
through the parameters of temperature, dissolved oxygen (DO), and pH. This fuzzy method is very 
relevant in aquaculture because aquatic environmental conditions are often dynamic and uncertain. 
According to Kristiantya et al. (2022), fuzzy logic is effective in integrating various water quality 
parameters to determine feeding decisions automatically. fuzzy input on the water temperature 
parameter is categorised into several levels (low, medium, high). Optimal water temperature is very 
important for fish metabolism. If the temperature is too low or too high, the fish's appetite will 
decrease (Ratnasari 2019). 

Manual feeding of ornamental fish often faces challenges such as schedule irregularities, 
overfeeding, and underfeeding, which can negatively affect fish health and aquarium water quality. To 
overcome these problems, this research develops an ESP32 microcontroller-based ornamental fish 
feeding automation system, equipped with environmental sensors and fuzzy logic implementation for 
adaptive decision-making. The ESP32 was chosen as the control centre of the system due to its data 
processing capabilities, Wi-Fi connectivity, and efficient power consumption (Widyati et al. 2025). 

Advances in electronics technology in fisheries have resulted in various devices available on 
the market. However, automatic fish feeding devices on the market generally have not been able to 
adjust the amount of feed to the specific needs of fish. So, the solution to overcome the existing 
problem is to develop an automatic fish feeding device by collaborating technology with Fuzzy Logic 
Controller (FLC) to automatically feed fish according to fish needs based on pond water quality which 
includes parameters of temperature and pH (Ramadani et al. 2021). The three parameters in the form 
of temperature, pH and dissolved oxygen measured can represent the level of water quality, 
combining the Fuzzy Logic Controller method can provide effectiveness in feeding, where this 
technology can regulate feed automatically and according to needs (Sobri et al. 2021). 

Fish mortality due to pond pollution caused by excess uneaten feed is a common problem in 
fish farming. The uneaten feed settles to the bottom of the pond and decomposes, which is the main 
cause of many complex problems. These include reduced water quality, increased turbidity, low 
oxygen levels, uncontrolled algae growth, and high levels of ammonia and nitrate that can cause fish 
poisoning. These conditions make fish susceptible to disease, resulting in many dying before harvest. 
In addition, poor water quality, such as temperature, pH, and DO that do not meet the needs of fish, 
can reduce fish appetite, worsen their health conditions, and inhibit growth (Hamid et al. 2020). Over 
time, technology also has a major impact on the progress of the fisheries sector, especially technology 
in the field of electronics, where electronics plays a role in the manufacture of sophisticated 
equipment that can work automatically with a high level of precision, efficiency, and quality results in 
the fisheries sector (Nurhadi et al. 2020); Pratama 2023; Somantri et al. 2023; Sulistiani et al. 2023). 

Inefficient feeding will affect the accumulation of residual feed and fish excretion, which can 
result in a decrease in the quality of the fish pond, which can indirectly affect the productivity of the 
fish aquarium. When the water temperature does not match the optimal temperature for fish to live, 
the fish appetite will decrease. The optimal water temperature for freshwater fish is 25−28 °C, while 
the pH value (>8) will increase the ammonia content in the water and cause the fish to have no 
appetite, while the appropriate water pH is between 6−8. For this reason, setting the dose of fish feed 
is very necessary so that the dose of fish feed given is in accordance with the level of fish appetite. 
One way or method to make the feed dose in accordance with the level of fish appetite is to use the 
fuzzy method to determine how much fish feed should be given (Hendrawati et al. 2022). 

The results of this study are in line with research conducted by Maryam (2023) who designed 
an automatic feeding device for tilapia as well as temperature and pH monitoring using the Telegram 
application. However, there are differences in the approach to the decision-making system. Maryam 
(2023) set a fixed feeding time, namely at 08.00 and 17.00, without considering the actual condition 
of the pond environment. In this study, a Mamdani fuzzy logic approach is used which allows the 



system to feed automatically by adjusting the parameter values of temperature, pH, and dissolved 
oxygen in real-time. This makes feeding more precise and efficient, while maintaining stable water 
quality. This approach is proven to be able to reduce the potential for overfeeding that can reduce 
water quality, as explained by Kurniawan (2019) that feed efficiency is directly proportional to the 
health of the aquaculture environment. 

The implementation of fuzzy logic in this system allows adjustments to the amount of feed 
based on the environmental conditions detected by the sensors. For example, if the water temperature 
is within the optimal range and the light intensity indicates morning time, then the system will provide 
a larger amount of feed. Conversely, if the temperature is too low or high, and the light intensity 
indicates night time, then the amount of feed will be reduced or not given at all. This approach has 
proven effective in previous studies, such as that conducted by Syah et al. (2020), who developed an 
automatic feeding system with temperature and pH control using fuzzy logic in an aquarium. A 
similar implementation has been carried out by Sugiarto et al. (2024), who developed an automatic 
ornamental fish feeding system based on ESP32. 

The research by Liu et al. (2020) developed a fuzzy model to control feeding based on 
real-time temperature sensor data and dissolved oxygen levels, and the results showed an increase in 
feed efficiency of up to 25% and improved fish health. Similar systems integrating ESP32 as the main 
controller have also been widely applied in modern aquaculture to automate feeding and water quality 
monitoring simultaneously (Singh et al. 2022). In addition, fuzzy logic allows for more refined 
decision-making than binary logic, especially in situations where sensor values are at a threshold, thus 
keeping the balance of the aquarium ecosystem optimised (Zhao et al. 2019). Therefore, the 
integration of fuzzy logic in ESP32-based automation systems not only improves ornamental fish 
productivity, but also contributes to more sustainable water resource management (Patel & Mehta 
2023). 

 
CONCLUSION  

This study successfully designed and implemented an automatic feeding system for 
ornamental fish using the ESP32 microcontroller integrated with temperature, pH, and dissolved 
oxygen sensors, controlled through the Mamdani fuzzy logic method. The system is capable of 
determining the appropriate amount of feed based on real-time water quality conditions, thereby 
increasing feeding efficiency and reducing the risk of water quality deterioration due to overfeeding. 
Compared to previous systems that relied on fixed feeding schedules, this fuzzy logic-based approach 
proved to be more adaptive to environmental changes and supports more sustainable aquaculture 
practices. 
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