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Abstract 

The increased demand for fish supply in aquaculture highlights the need for 

sophisticated and accurate monitoring systems to ensure optimal water quality. In this context, 

Internet of Things (IoT) technology and fuzzy logic have become promising solutions to 

improve efficiency and effectiveness in freshwater fish farming. This research aims to develop 

a real-time freshwater monitoring system that integrates IoT and fuzzy logic. This system will 

enable monitoring of critical parameters such as temperature, pH and water turbidity with a 

high degree of accuracy. Implementation of IoT sensors that are connected to one centralized 

network and use fuzzy logic to process the data obtained. The research also involved 

developing an intuitive user interface to manage the system. The developed system is able to 

provide real-time monitoring with a high level of accuracy. Users can easily access and analyze 

the generated data through the user interface provided. The design of monitoring freshwater 

conditions for intensive aquaculture can be prepared using pH sensor devices, turbidity sensors, 

and temperature sensors using ESP2866 modules to connect to IoT. From the results of 20 days 

of system trials, it was found that the system can determine the condition of fresh water with 

good readings with average level of accuracy for pH sensors of 97%, turbidity sensors of 92% 

and temperature sensors of 96%. 

Keywords: Fish Farming, IoT (Internet of Things), Water Quality, Fuzzy Logic, Real-Time 

Monitoring  

 

Introduction  

Aquatic animal production is anticipated to reach 178 million tonnes globally in 2020, 

a slight decrease from the record-breaking 179 million tonnes produced in 2018. (Figure 1). 

Aquaculture produced 88 million tons, and capture fisheries had 90 million tons (51 percent) 

(49 percent). 37 percent (66 million tons) of the total production is harvested in inland waters, 
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while 63 percent (112 million tons) is harvested in marine waters (70 percent from capture 

fisheries and 30 percent from aquaculture). The first sales of the global production are expected 

to total USD 406 billion, of which USD 141 billion will come from capture fisheries and USD 

265 billion from aquaculture.(FAO Fisheries and Aquaculture Department, 2022) 

Several parameters that must be monitored routinely in water management for fish 

farming include; water temperature, oxygen content (dissolved oxygen), acidic or alkaline 

(pH), ammonia, Nitrite, plant nutrients, salinity and light (Robert R. Stickney, 2005).  

Protein metabolism by aquatic organisms generally produces ammonia as a result of 

excretion. At the same time, the protein in the feces and uneaten feed will be broken down by 

bacteria into the same products. Thus the more intensive a cultivation activity will be followed 

by the higher the concentration of nitrogen compounds, especially ammonia, in water. So that 

the organisms being grown do not get sick, the amount of ammonia in the growing medium 

must be kept low. The most common method of limiting ammonia concentration in water is 

water exchange. This method, on the other hand, needs much water and can pollute the water 

around it if the water that is released is not treated further.Along with the development of 

intensive aquaculture systems, different ways of treating water to lower the amount of ammonia 

in the growing medium have also been created. One of these ways is biofloc 

technology.(Avnimelech, 2007) 

Based on several previous studies, water conditions largely determine the results of fish 

farming. So it is very important to pay attention to the water quality monitoring system in fish 

farming, especially intensive fish farming in fresh water.  

Recently, there has been a lot of research on freshwater monitoring systems for fish 

farming. Among them are ornamental fish, catfish, koi carps and shrimps. Various techniques 

are carried out both in simulation and prototyping. Some of the parameters studied include 

water temperature, pH level, water turbidity, salt content and others that support fish farming.  

Research conducted by Agustin 2022 (Agustin et al., 2022), researching water 

condition monitoring in ornamental fish farming, in the study used Arduino as the main control 

and detected the temperature, pH and clarity of water by displaying notifications via telegram 

if the water conditions were not up to standard. 

Ramadhona 2018 (Ramadhona & Hakim, 2018) This monitoring system uses Arduino 

uno as micro controller, equipped with ph sensor, temperature sensor, salinity sensor, LCD, 

and buzzer. The readable data will appear on the LCD and the buzzer will sound when one of 

the moisture levels is not at a standard number. 

Anggara 2020 (Anggara Trisna Nugraha & Priyambodo, 2020) researching water 

monitoring in catfish farming, by utilizing LM35 as a water temperature sensor and LDR to 

detect water clarity. There is a water circulation pump when the water conditions are murky, 

the system is also equipped with a flowmeter to calculate the water rate when the circulation 

pump is on.  



International Journal of Multidisciplinary Approach Research and Science 
 

364 

Ginanjar 2021 (Ginanjar et al., 2021) The koi fish smart farming prototype uses a Load 

Cell to determine fish feeding and RTC to detect pond temperature, using RTC as a temperature 

sensor and HX711 Load Cell for feeding detection in koi fish. 

Budiman 2019 (Budiman et al., 2019) Monitoring and Control System for Ammonia 

and pH Levels for Fish Cultivation Implemented on Raspberry Pi 3B with ammonia and pH 

sensors. 

Sneha 2017 (Sneha & Rakesh, 2018) The micro-controller will monitor the sensor 

values and these real-time values are shared to a data logging system implemented on a 

Raspberry Pi based single board computer. The real-time sensor values can be logged into the 

SD card of the Raspberry Pi. The actuators such as pump and aerator will be turned on and off 

automatically by the Raspberry Pi in accordance with the threshold values of different 

environmental parameters. 

Some of them using the simulation for their research. Haiyunnisa 2016 (M. T. 

Haiyunnisa, 2016) Water quality controller simulation with mathlab. The output of the fuzzy 

logic controller is to decide the time interval of switches that run the blower and nano-mixing 

pump simultaneously to keep the eel fish aquaculture at the desired value for parameter 

temperature, pH, and Dissolved Oxygen. Shen 2009 (Shen et al., 2009) In this paper, a water 

environment monitoring system based on Back Propagation (BP) neural networks is presented, 

the data  which uses multiple water factors to evaluate whether the water environment is 

suitable for shrimp growth like pH, temperature, dissolved oxygen (DO), salinity and so on. 

In the study, data collection of freshwater conditions will use sensors that are placed 

directly in the pool. Some of the parameters of the water condition to be detected are; water 

temperature, water pH level, water clarity, and water conductivity level. 

This study used fuzzy logic to determine water conditions. There are 3 water conditions, 

namely: good, medium and bad. Notifications on the condition of the fish can be read on 

smartphones and the web. It will also display the parameter level that has been read by the 

sensors placed in the pool in real time. 

 

Literature Review 

Observation of the water quality of aquaculture ponds is one of the things that can be 

done to increase the production of aquaculture. This can happen considering that water is the 

habitat and living place of fish. Thus, physical and chemical changes that occur in water will 

directly affect the growth and endurance of fish. Each of the fish has different physical 

prerequisites for water. For example, catfish can live in relatively cloudier water with low 

dissolved oxygen levels when compared to mujair fish. In the literature, there are several 

studies related to monitoring the water quality of aquaculture ponds in both pond and cage 

media. Some of the parameters observed include temperature, turbidity, pH, and dissolved 

oxygen (DO). The mechanism carried out is to take water samples to be then analyzed in the 

laboratory. In another study, David analyzed the prospects of the milkfish farming business in 

Tugu District, Semarang City. From the study, the fact was obtained that water quality can also 
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affect the productivity of milkfish farms (Wijaya et al., 2016). Wilmar researching water 

quality in fish farming, the researcher proposed the design of a monitoring device consisting 

of microcontroller devices, pH and temperature sensors, and Ethernet communication modules. 

Although it can already make observations on small ponds, the system can cause problems if 

applied to large pools. This is because the communication module used is an Ethernet 

communication module that uses a cable as a communication medium so it is less flexible in 

terms of device placement (Borges et al., 2019). Thu ya Kwa conducting research in the field 

of smart aquaponics, the researcher proposed an intelligent aquaponic system by measuring 

water temperature, pH level, and light intensity (Hapsari et al., 2020).  A summary of previous 

research can be seen in table 2.1. 

Table 2.1: Previous Research about Water Quality Monitoring 

Ref Field Sensor Visualizatio
n 

Communication Processor Remark 

Wilmar -
2019 

(Borges et 
al., 2019)  

Fish 
culture 

Temperature, pH, 
Turbidity 

 Modul ethernet Mikrokontrolle
r 

Design only 

Hapsari – 
2020 

(Hapsari 
et al., 
2020) 

Fish 
farmin
g 

pH, Salinity Web  Raspberry pi Equipped with 
response time test 

Thu ya 
Kyaw - 
2017 

(Kyaw & 
Ng, 2017) 

Smart 
aquapo
nic 

Temperature,  pH, 
Light sensor 

Web Wifi Mikrokontrolle
r, Raspberry pi 

Water flow rate, light 
intensity 

Taji 
khaoula-  

2021 
(Khaoula 

et al., 
2021)  

Aquap
onic 

Temperature, pH, 
TDS Sensor, EC 
sensor, soil moisture 
sensor, Ion sensor 

MQQT Wifi ESP8266 Powered by a solar 
system, 
Design only 

Meera 
prasad- 

2020 
(Prasad et 
al., 2020) 

Fish 
farmin
g 

Temperature, pH, 
Water level sensor, 
light sensor 

Firebase Wifi Mikrokontrolle
r 

Flood prediction 

Jijin CK- 
2016 (Jijin 
& Roshith, 

2016) 

Aquap
onic 

Temperature, 
Humidity, water 
detector, light sensor 

Web 
browser 

 Lab view  

 

This study proposes to make design and implementation of freshwater monitoring for 

fish farming using sensors that are more complete than previous studies including dissolved 

oxygen sensors, water temperature sensors, pH sensors, and Turbidity sensors to get more 

optimal monitoring results so that it is hoped that more fish farming results will be obtained 

and better quality, besides that it will analyze the need for electrical power that will be used by 

the tool. 

Some previous researchers also used fuzzy to help find solutions for their research, as 

shown in the table below. 
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Tabel 2.2. The originality of the research (State of The Art) 

No Principle John R 2017 

(Dela Cruz et al., 

2017) 

Triya Haiyunnisa, 

2017 (T. 

Haiyunnisa et al., 

2017) 

Hanif Fakhrurroja, 

2019 (Fakhrurroja 

et al., 2019) 

Affan 2022 

1 Field Smart farm water quality 

control 

hydroponics Fish Farming 

2 Input Variables pH, Soil moustere DO, Temp pH, humidity pH, Temp, 

Turbidity 

3 Method Fuzzy logic Fuzzy logic Fuzzy logic Fuzzy logic 

4 System Simulation Simulation Implementation Implementation 

 

John R (2007) proposes the design of an automated organic irrigation system in 

controlling and properly allocating the available water resources for the irrigation system and 

available electricity for the use of the pump. Experiments through MATLAB simulation were 

done using a proposed system to achieve the optimum water and electrical resource 

distribution. Likewise, Triya Haiyunnisa (2017) conducted a water quality control simulation. 

In 2019 Hanif Fahrurroja applied fuzzy logic in the field of hydroponics with pH and humidity 

as input variables. The author proposes the implementation of fuzzy logic in monitoring water 

quality in fish farming using water pH, temperature and turbidity as input variables. 

 

Research Method 

Several steps will be taken in this study to achieve the expected goals. Problem 

identification is carried out to review the problem to be solved. Problem identification is also 

a step to find system features, so that the system is able to provide the desired results. The main 

problem raised in this study is the mechanism for observing the quality of fish farming water 

in real time by minimizing the physical involvement of fish farmers. To overcome this problem, 

a pond water quality monitoring system is needed which consists of sensor devices equipped 

with communication capabilities to transmit data. Some parameters that need attention are the 

pH value of the water, water temperature, and pond water clarity. 

The design and implementation of a freshwater quality monitoring system for ponds 

was carried out. This study utilized the ESP8266 communication module which is capable of 

supporting long-distance communication with low power consumption. This is important 

considering that the sensor node will be placed in a fish pond so that the node must be able to 

work using a standalone power supply from a battery. Furthermore, the gateway device 

forwards the data collected from all sensor nodes to the data center for further processing and 

analysis, the analysis is carried out using the fuzzy logic method. Cultivators can observe the 

water conditions of the aquaculture ponds in real time from a web-based application. 

Furthermore, if an anomaly occurs, the data center can send notifications and treatment 

suggestions to farmers via the web or application. 

Testing and analysis of results needs to be done to ensure that the system is working 

properly and as planned. Testing is carried out in stages, starting from small parts of the system 
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such as testing the pH sensor, temperature sensor and turbidity sensor which are carried out 

independently. After that, the overall fresh water monitoring system was tested. 

The last step is making conclusions to conclude the results of the research that has been 

done. In Figure 3.1, you can see the block diagrams of the stages that will be carried out in the 

study. 

 

Figure 3.1: Block diagrams of Research Methodology. 

Based on the problems studied, this system must have several functional needs 

including: The sensor node device is able to obtain data from the water physical condition 

observer sensor with several parameters including: pH, turbidity and water temperature. The 

sensor node device is capable of transmitting acquired data to the gateway device using the 

ESP8266. The gateway device is capable of receiving sensor data and subsequently forwarding 

that data to the datacenter. Data centers are capable of receiving, storing and processing sensor 

data obtained from gateway devices. 

System design is a stage in planning system implementation based on the needs of this 

research. The system architecture designed in this study can be seen in Figure 3.2.   

IDENTIFICATION OF 
PROBLEMS

LITERATURE 
REVIEW

SYSTEM DESIGN

IMPLEMENTATION
TESTING AND 

ANALYSIS
CONCLUSION
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Figure 3.2: System Architecture Design. 

 

Result and Discussion 

In this section will be explained about the implementation of the components that make 

up the system. Sensor node devices have an important role to acquire data on the physical 

condition of water including pH, dissolved oxygen, temperature and turbidity of water. The 

data is then sent to the gateway device using the ESP8266 communication module. 

 

Picture 3.4. Electronic Circuit schematic designed tools 
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The sensor component plays a role in detecting the physical condition of water which 

includes four parameters, namely the level of acidity (pH), dissolved oxygen, temperature and 

turbidity level. To meet these needs, researchers utilize several types of sensors, including: 

DS18B20 Waterproof Water Temperature Sensor to measure water temperature.  Sensor pH 

Meter to measure the acidity of water. Turbidity Sensor to measure the degree of turbidity of 

water.  The reading data from these sensors is then processed and acquired by the 

microprocessor device. Next, the sensor data is sent to the gateway device using the ESP8266 

communication module. 

Testing of the designed system for 20 days, then the readings of the tool are compared 

with manual measuring instruments to determine the accuracy of readings by the designed tools 

compared to manual measuring instruments. So that the results are obtained as shown in table 

2.3. below: 

Table 2.3. Test results of designed tools 

Day 

to 

Water pH  Turbidity Water Temperature 

Designed 

tools 

pH 

meter 

Accuracy 

% 

Tools Turb. 

Meter 

Accuracy 

% 

Tools Thermo 

meter 

Accuracy 

% 

1 7.4 7.7 96 43.7 48.0 91 27.1 28.2 96 

2 7.5 7.6 99 195.7 198.0 99 27.5 28.5 96 

3 7.5 7.8 96 106.7 110.0 97 26.9 28.4 95 

4 7.6 7.9 96 35.7 38.0 94 26.8 27.10 99 

5 7.6 7.8 97 261.7 266.0 98 24.8 25.10 99 

6 7.5 7.7 97 117.7 120.0 98 27.3 28.3 96 

7 7.5 7.8 96 77.7 81.0 96 27.2 28.7 95 

8 7.4 7.7 96 43.7 46.0 95 27.3 28.4 96 

9 7.4 7.6 97 32.7 37.0 88 27.5 28.6 96 

10 7.4 7.7 96 53.7 56.0 96 27 28.0 96 

11 7.3 7.6 96 25.7 29.0 89 25.4 26.10 97 

13 7.6 7.8 97 34.7 37.0 94 26.4 27.6 96 

14 7.4 7.7 96 30.7 35.0 88 24.9 26.1 95 

15 7.3 7.6 96 32.7 35.0 93 27.4 28.5 96 

16 7.8 8.1 96 32.7 36.0 91 26.2 27.8 94 

17 7.5 7.7 97 29.7 32.0 93 27.7 28.9 96 

18 7.4 7.7 96 14.7 19.0 77 26.2 27.4 96 

19 7.3 7.6 96 16.7 19.0 88 27 28.0 96 

20 7.6 7.8 97 12.7 16.0 79 26.8 28.3 95 

Average accuracy 97 Average accuracy 92 Average accuracy 96 

  

From the table of system test results it is said that the designed tool works well with an 

average level of accuracy for pH sensors of 97%, turbidity sensors of 92% and temperature 

sensors of 96%. 
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Conclusion 

The design of monitoring freshwater conditions for intensive aquaculture can be 

prepared using pH sensor devices, turbidity sensors, and temperature sensors using ESP2866 

modules to connect to IoT. From the results of 20 days of system trials, it was found that the 

system can determine the condition of fresh water with good readings with average level of 

accuracy for pH sensors of 97%, turbidity sensors of 92% and temperature sensors of 96%. 
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