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Abstract

Discus fish (Symphysodon spp.) are ornamental fish that require special attention to water
quality, including pH, temperature, and dissolved oxygen (DO). This research aims to develop a fuzzy
logic-based water quality monitoring system to accurately evaluate these parameters. Quantitative
methods were used with data collection through literature review and analysis using Matlab. The
fuzzification process is applied to convert numerical data into linguistic values that can be processed by
the fuzzy system. Results showed ideal temperature ranged from 27-32°C, optimal pH between 4.0-8.0,
and good DO levels between 4.0-6.5 mg/L. The developed fuzzy logic system produced ea water
quality assessment with a value of 6.61, indicating a fair quality. With high accuracy and average error
less than 5%, the system is effective in decision-making for discus fish rearing. The integration of fuzzy
logic technology strengthens the continuous monitoring of water quality. This research shows that a
fuzzy logic-based approach can improve water quality management and support discus fish welfare.
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INTRODUCTION

Ornamental fish is a fish commodity that is most in demand by the public because it has
beautiful colors, unique shapes, many patterns and is still a prima donna in national and
international shares to date (Putra 2020). Ornamental fish are fish that are not intended for
consumption, but are kept for decoration or beauty needs (Dwiryo and Endryansyah 2025). Discus
fish (Symphysodon spp.) is one of the ornamental fish that has a unique pattern and varied colors so
it is dubbed the king of ornamental fish. This fish comes from the calm waters of the Amazon and
has a warm temperature ranging from 22.9-33.7°C (Medeiros et al., 2017). Discus fish
maintenance generally uses an aquarium with a filter and water heater to support fish comfort.
Water quality parameters must be considered to maintain discus fish. Maintenance of ornamental
fish requires intensive cultivation and equipment so that the cultured ornamental fish are
maintained health and safety. This intensive care requires continuous and repeated observation
manually. This is of course troublesome for the cultivator because they have to directly monitor the
water conditions in the cultivation container. In this sophisticated era, everything can be done
effectively and efficiently because it is helped by the sophistication of technology (Junaedi et al.,
2023).

The most important resource in fish farming is water, because water can affect the
conditions or components of living things (Aztisyah, 2021). Water quality criteria the pH and
temperature of the water in the aquarium is one of the factors that affect fish health (Jemakmun and
Syamsudin 2022). Water conditions must also be free from chemicals and clean from dirt and other
physical conditions, so this must be considered for good fish growth. (Kristiantya et al., 2022)
Discus fish are sensitive to changes in water quality, so they require an environment with stable
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physicochemical parameters such as pH, temperature, and dissolved oxygen (DO). Good water
quality is very important to support the life of discus fish, if changes occur outside the optimal
range, fish survival can decrease (Zulka et al., 2023). According to Fernandez et al. (2022) in their
research, monitoring of these water quality parameters is still mostly done manually which is not
only time consuming but also risks delays in detecting non-ideal conditions. An accurate and
responsive water quality monitoring and control system is essential in discus fish farming and
rearing.

Decision making on environmental data that tends to be uncertain or ambiguous, fuzzy
logic is a very appropriate approach. Fuzzy logic allows systems to handle uncertain inputs in a
way that resembles the way humans think. Fuzzy logic allows decision making based on a range of
values with levels such as low, medium, or high. The implementation of fuzzy logic in control
systems has shown its effectiveness in managing water quality parameters that are dynamic and
non-linear. According to Pradana er al. (2022), the development of a system for controlling
dissolved oxygen levels in aquaponic cultivation using the Mamdani fuzzy logic method with an
Arduino UNO microcontroller and a DO sensor. This system is able to control dissolved oxygen
levels close to a predetermined setpoint, with the largest error still under 5% tolerance, showing
great potential in similar applications in aquaculture.

This research aims to develop a fuzzy logic-based water quality monitoring system that is
able to monitor pH, temperature, and dissolved oxygen parameters accurately and adaptively. The
use of fuzzification in this system acts as a tool to convert numerical data into linguistic values that
can be optimally processed so as to produce water quality evaluations that are more realistic and
responsive to changes in environmental conditions. Thus, the system is expected to support the
environmental management of discus fish farming effectively and efficiently.

METHODS

This research was conducted from January 20 to May 19, 2025 at the CB Hardware 2
(HW) Laboratory and Fishery Pond, Vocational School, IPB University. The research used a
quantitative approach with the main methods of data collection and data analysis. Data were
collected through literature study and water quality monitoring simulation using MATLAB-based
fuzzy logic system. Literature study was conducted by reviewing various scientific references and
relevant reports that discuss water quality management, especially the parameters of temperature,
pH, and dissolved oxygen (DO). These parameters were chosen because they have a significant
influence on the health and survival of discus fish (Symphysodon spp.). Water temperature
determines the metabolic rate and immune response of fish, pH is related to the physiological
balance in the fish body, while DO is very important for respiration and energy metabolism.
Monitoring these three parameters is crucial to the success of discus fish farming.

In the data collection process, temperature, pH, and DO parameters were simulated using
standardized data with minimum, optimum, and maximum values. The frequency of simulation data
collection is done every day, and the equipment used includes a DS18B20 temperature sensor, pH
sensor, DO sensor, and MATLAB software for data processing. All numerical data obtained were
then processed through the fuzzification process to convert them into linguistic values such as low,
optimal, and high. Furthermore, the Mamdani fuzzy logic system is used to analyze and draw
conclusions through the inference and defuzzification process (Alifuddin 2018).

Data analysis is carried out by applying fuzzy logic rules that have been compiled based on
scientific references and expert understanding. The inference process produces an output in the
form of a water quality score which is then converted back to numerical form through
defuzzification. The final result is expressed on a scale of 0 to 10, which describes the overall level
of water quality. The water quality score obtained in this study is 6.61, which indicates that the
water quality is in the good enough category. The accuracy of the system was tested through
calculating the average error, which showed a value below 5%, so the system was declared to have
reliable performance in decision-making (Damsuki 2016). This research has some limitations that
need to be recognized, such as the limited amount of data sourced from simulations and has not



been tested directly in the field. The definition of linguistic categories in fuzzy systems has the
potential to contain bias because it is based on the interpretation of literature and not the results of

direct discussions with experts. Nonetheless, this method has great potential for

further development. This research can be used as a basis for developing a real-time Internet of
Things (IoT)-based monitoring system that is more applicable in aquaculture environments. Further
research can also be directed at testing the system on other types of fish or under different
environmental conditions, in order to expand the generalization and validity of the system.

Clarifying the process carried out in this study, the following is an overview of the flow in
the process of data entered in the form of temperature, pH, and DO parameters first being fuzzified
into linguistic values. The fuzzy logic system processes these values through inference rules and
produces outputs in the form of water quality levels. These outputs are further defuzzified into a
final value that represents the water quality quantitatively. This process enables adaptive and
realistic evaluation of fluctuations in environmental data in fish farming.

INPUT DATA
Temperature, pH, DO

|

FUZZYCATION
Convert numeric to linguistic values

DEFUZZIFICATION
Convert fuzzy resul

to crisp value

l

OUTPUT VALUE
Water Quality score 0-10

Figure 1 Fuzzy flow diagram

RESULTS AND DISCUASSION

Water quality is a crucial factor in the success of discus fish (Symphysodon spp.) farming,
which is known to be sensitive to environmental changes. The main parameters that need to be
controlled regularly include pH, dissolved oxygen (DO), and temperature. The pH parameter affects
the physiological balance of the fish, dissolved oxygen (DO) is required for respiration, and
temperature determines the metabolic rate. These three parameters need to be monitored to
maintain the health and survival of discus fish (Rozikin, 2023). Therefore regular monitoring of
these three parameters is necessary to support the health and survival of discus fish. The ideal
temperature for discus fish is in the range of 27 32 °C. It is recommended that exchange rate
fluctuations do not exceed 12°C (Belferik, 2022).

Table 1 Standard temperature values set

No. Temperature Description
1 <27°C Cold
2 27-32°C Optimal
3 >32°C Hot

The temperature of the water in the discus fish rearing container greatly affects the
condition and health of the fish. If the temperature drops below 27°C, the fish's metabolism slows
down, making the fish more susceptible to disease. In the temperature range of 27- 32°C, discus fish
are in optimal conditions that allow for adaptation, increased growth, and normal activity. However,
temperatures above 32°C can cause stress to the fish and significantly increase the risk of mortality.

Discus fish are known to have a fairly wide tolerance to various pH levels, but like most



other discus groups, they cannot survive at pH below 4.0 or above 8.0 (Belferik, 2022). In addition,
pH also plays an important role in supporting the survival and health of discus fish (Khoerniyah e?
al., 2021).

Table 2 Standard pH values set

No. Degree of Acidity (pH) Description
1 <4.0 Acid
2 4.0-8.0 Optimal
3 >8.0 Basa

The pH parameter of the water plays an important role in supporting the survival of discus
fish. pH conditions below 4.0 which are acidic can cause stress and physiological disorders in fish,
while the pH range between 4.0 to 8.0 is considered optimal to support fish health and growth, and
conversely pH above 8.0 which is alkaline can cause irritation and reduce the fish body's resistance
to environmental stress.

Dissolved oxygen is very important for the respiration process of fish, so monitoring DO
levels is crucial in fish farming. The optimal dissolved oxygen (DO) level for discus fish ranges
from 4.0 to 6.5 mg/L, where in this range fish can breathe properly and carry out metabolic
processes normally (Rozikin, 2023).

Table 3 Standard DO values set

No. Dissolved Oxygen (DO) Description
1 <4.0 Low
2 4.0-6.5 Optimal
3 >6.5 High

The dissolved oxygen (DO) parameter is very important for the survival of discus fish. DO
levels below 4.0 mg/L are considered low and can cause stress and respiratory problems in fish. A
DO range between 4.0 to 6.5 mg/L is considered optimal to support fish health and metabolism.
Conversely, DO levels above 6.5 mg/L can create less than ideal conditions for fish.

Based on the standard limitation values of the water quality parameters above, the
Fuzzification process can be made for each input variable used. The membership value of the water
quality output variable is divided into two categories: good and bad with a value scale from 0 to 10,
the highest value at value 10 and the lowest at 0.
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Figure 2 Fuzzication of Temperature Variables as Input

The result shows the Membership Function Editor view for the input variable Temperature
in the fuzzy logic system. This variable has three categories of membership functions, namely Cold,
Optimal, and Hot, all of which are of triangular type (trimf). These membership functions are used
to fuzzify numerical temperature values into a linguistic form that can be processed by the fuzzy



system. The horizontal axis on the graph shows the range of temperature values from 0 to 40°C,
while the vertical axis shows the degree of membership from 0 to 1. application of fuzzy logic in
temperature control, which can be adapted for aquaculture systems, especially in regulating water
temperature for aquariums or fish ponds (Wahyuni and Prasetyo 2020). The Cold membership
function is represented by a red line with parameters [- 0.159, 0, 27] indicating that the temperature
is considered completely cold (degree of membership = 1) when around 0°C or lower, and the
membership decreases linearly to zero at 27°C. The cold membership degree is partial (between 0
and 1) between these values.
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Figure 3 Fuzzification of pH Variables as Input

The results displayed are the results of the Membership Function Editor for the input
variable pH in the fuzzy logic system. This pH variable is categorized into three fuzzy sets, namely
Acid, Neutral, and Base, each of which is represented by a triangular membership function (trimf).
These categories allow the system to capture the continuous nature of pH values in water quality
assessment. The membership function that is active is the Acid category, with parameters [-5.6 0 6].
The pH value will have a full membership degree (membership value 1) as Acidic as the value
approaches 0 and will decrease linearly to zero at pH values around 6. A pH value between 0 and 6
will have a partial membership degree in the Acidic category. This reflects that water is not
necessarily said to be strictly acidic or non-acidic, but can have partially acidic properties
depending on the value. The Neutral and Base membership functions are also visible in the graph,
with the Neutral membership peak being around pH 7-8, and the Base category increasing linearly
after a pH value of around 8 until it reaches a maximum at pH 14. This is in line with the chemical
concept that water is said to be neutral at a pH of around 7, acidic if the pH is less than 7, and basic
if the pH is greater than 7.
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Figure 4 Fuzzication of DO Variable as Input

These results show the results of the Membership Function Editor for the input variable



DO in the fuzzy logic system. This DO variable has three linguistic membership functions, namely
Low, Optimal, and High, each of which is displayed in the form of a triangular membership
function (trimf). This function is used to transform the numerical value of DO into a linguistic value
to facilitate the fuzzy decision-making process. Low membership has parameters [0 0 3.5]. The DO
value is at 0, so its membership degree in the Low category is 1 (full). Increase in DO value towards
3.5 then the degree of membership decreases linearly until it becomes 0. Values between 0 and 3.5
will have partial membership degrees reflecting that in this range DO can be considered partly Low
and partly Optimal. The Optimal and High memberships are seen to have overlapping triangular
shapes, showing the flexibility of the fuzzy system in handling DO values that fall between the two
categories. This concept is very important because in reality, DO values in water cannot always be
categorized strictly as low, optimal, or high.

piot points 181
FIS Variables Membership function plots &
Buruk Baik
XX XY
i I QualitasAir
pH
outout iable "QualitasAj
Current Variable Current Membership Function (click on MF to select)
Name Qualtasair Name Buruk
Type output 2ape trimf
Farams -0.0141 -0.0131 9.96]
Range 10 L0 o 4
Display Range [0 10] | Help Close |

| Selected variable "QualtasAir |

Figure 5 Fuzzification of Water Quality Output

The result shows the Membership Function Editor of the fuzzy logic system for the water
quality output variable. In this visualization, there are two triangular-type membership functions
(trimf) representing the "Poor" and "Good" categories, respectively. The horizontal axis shows the
range of water quality values from 0 to 10, while the vertical axis shows the degree of membership
from 0 to 1. The "Poor" membership function has a full membership value (1) at water quality
values close to 0, and decreases linearly to zero as it approaches a value of 10. In contrast, the
"Good" membership function has a membership degree of zero at low values, and increases
gradually until it reaches full membership at a value of 10. This means that the fuzzy system
considers that water is of poor quality if the quality value is low, and the higher the value, the better
the water quality. The use of membership functions like this shows a logical and intuitive approach
in fuzzy systems to evaluate water quality. The system allows water quality values to be classified
incrementally, is not rigid, and reflects uncertainty or natural variations in environmental data.
Thus, the system can provide more flexible and realistic evaluation results based on available input
data such as temperature, pH, and DO.
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Figure 6 Defuzzication of Water Quality Predictions

The results show a surface visualization of a fuzzy logic system that evaluates water
quality based on two input parameters: temperature and pH. The X-axis represents temperature, the
Y-axis shows pH, and the Z-axis is the water quality output. The graph shows that the highest water
quality is achieved at moderate temperatures and pH close to neutral (around 7), while the quality
decreases drastically at extreme conditions such as too high/low temperatures and too acidic or
alkaline pH. This pattern reflects the ability of fuzzy systems to model non-linear relationships
between parameters, so that it can help automatic2 and adaptive monitoring and decision-making in
water quality management, both for discus fish farming and other water systems.

This study tests the applicability of the proposed theory by analyzing a number of
environmental parameters, such as temperature, pH, water quality, and Dissolved Oxygen (DO)
concentration. Through the use of formulas based on available data, empirical data is obtained to
assess the validity of the theory and its applicability in the context of the environmental conditions
under study. Details of the manual calculations are presented below to provide a thorough
understanding of the defuzzification procedure.

Temperature= 27.5°C

11127.5]
-Cold 0 =

-Optimal = 1
-Hot=0
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In this research, the fuzzification process involves applying a rule-based system that



converts precise input variables into fuzzy sets. These rules are specifically designed to handle the
ambiguity and vagueness often found in environmental parameters by expressing them through
linguistic terms. This approach allows the model to better represent real-world uncertainty and
improves its ability to interpret fluctuating environmental data.

al =max(0.8; 0.5; 1.0)=0.5
a2=max(0.1; 0.5; 1.0)=0.5

The area under the output curve generated from the fuzzy inference process in this study is used as a
significant quantitative indicator to assess the overall level and severity of environmental conditions. The area
value reflects the extent to which a condition is considered to be deteriorating or improving, so that it can be

used as a basis for more precise evaluation and decision-making in environmental quality management.

A= L (5+5)+05=25

These numerical results provide a clear and measurable picture to stakeholders. It is important to
understand the state of the environment, which helps in prioritizing interventions and designing appropriate
resource allocation strategies to address the identified problems. The defuzzification process is crucial in

transforming the results of fuzzy logic- based assessments into information that can be used practically.
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Figure 7 System Evaluation through Rule Viewer

The results show the evaluation results of the fuzzy logic system in the Rule Viewer
window for the case of water quality assessment based on three input parameters namely
Temperature, DO, and pH. This approach allows the system to evaluate environmental conditions
more flexibly than deterministic methods (Pratama et al., 2020). The top of each column displays
the given input values which are temperature of 28.7°C, DO of 6.45 mg/L, and pH of 7 which is a
neutral value. Each input is displayed on a membership function graph with a vertical red line
indicating the position of the input value in the defined membership function (Subur, 2024). The
output graph on the far right shows that the final value produced by the fuzzy system for water



quality is 6.61 from a range of 0 to 10, as described in research by Suryani and Huda (2019), where
this process combines the contributions of all active fuzzy rules to produce outputs that represent
real conditions. This value is obtained from the inference and defuzzification process based on the
rules set in the fuzzy system. The blue color shows the aggregation result of all active fuzzy rules,
while the red line shows the defuzzification result, which is the crisp value that becomes the final
output. The output value of 6.61 can be concluded that the water quality is in the good enough
category or close to good considering that the value is above the middle of the 0-10 scale. This is
relevant to the existing parameter conditions because pH is neutral, DO is at a good level, and
temperature is close to optimal conditions. Fuzzy systems are able to provide adaptive assessments
of variations in environmental data and are very suitable for use in water quality monitoring
systems (Rachmawati ef al., 2021). Overall, this fuzzy system works well to process environmental
data and provide logical and adaptive water quality assessments.

The fuzzy logic system that has been designed provides the ability to interpret temperature,
pH, and dissolved oxygen parameters into linguistic forms that are easier to understand. The
Mamdani inference model is used to transform limnological parameters into output categories such
as excellent, good, poor, and toxic, as described by Bautista et al. (2022) using a Mamdani-type
fuzzy inference system (FIS) model input limnological parameters such as pH, temperature, total
dissolved solids, and dissolved oxygen levels are transformed into four output states: excellent,
good, poor, and toxic, for water quality prediction. This approach shows a degree of flexibility in
handling uncertainty as well as environmental variability. The accuracy of the fuzzy system is
demonstrated through validation test results that show an average error of less than 5 percent.
According to Indrawati et al. (2025) The results of the study showed an average error percentage of
<5% so that the sensor can work accurately in determining water quality and determining the
amount of feed. This accuracy value reflects the performance of the system in producing reliable
decisions, especially in maintaining water quality stability and feed management efficiency.

The integration of fuzzy logic technology with the Internet of Things (IoT) expands the
system's capabilities in continuous water quality monitoring. The findings indicate that the proposed
IoT-based system is effective in maintaining water quality, ensuring that the pH and temperature
levels remain within the ideal range for fish as stated by (Prafanto et al., (2024). The precision of
the system is also evident from the very small sensor reading error. Research by Husada and
Nurhidayat (2021) reported the temperature and pH sensor error rates of 0.67% and 2.48%,
respectively. The reading error rate of the temperature sensor and acidity (pH) sensor are compared
with standard measuring instruments are 0.67% and 2.48%, respectively. This value confirms that
the system is able to work with high accuracy in monitoring water quality parameters. Fish welfare
as the ultimate goal of this system is also well supported. The utilization of a fuzzy logic-based
automatic pump enables stable environmental control. This tool is used to measure water
temperature, salinity, and turbidity, and to maintain stable water quality using a DC pump controlled
by fuzzy logic. The stability of environmental parameters plays an important role in maintaining the
physiological conditions of fish, especially sensitive species such as discus fish (Rosyidah et al.,
2023).

CONCLUSIONS

This study emphasizes the importance of monitoring water quality including temperature,
pH, and dissolved oxygen (DO) in the cultivation of discus fish (Symphysodon spp.) which are
sensitive to environmental changes. The fuzzification results show the ideal temperature ranges
from 27 - 32 °C, with 27.5 °C as the optimal condition. The optimal pH value is within the range of
4.0 - 8.0, and pH 7 is considered neutral, while optimal DO levels range from 4.0 - 6.5 mg/L, with
DO 5.5 mg/L also in the good category. The applied fuzzy logic system was able to convert the



parameter data into a clear water quality assessment, resulting in a value of 6.61 indicating
moderately good quality. With high accuracy and an average error of less than 5%, the system
demonstrates reliability in decision-making. The integration of fuzzy logic technology with the
Internet of Things (IoT) strengthens continuous monitoring of water quality, keeping parameters
within optimal ranges for fish health. This research shows that a fuzzy logic-based approach can
improve the effectiveness of water quality management and support the overall well-being of discus
fish.
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