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Abstract 

Water utilization has recently been at its highest level of demand. The water needed to be clean, healthy, and determined 
to be suitable for consumption. Therefore, it is necessary to have a system that can monitor the water quality so that 
information related to water suitability can be received regularly and in real-time. This paper addresses the critical need for 
real-time water quality monitoring systems. This study proposed a novel approach integrating the Tsukamoto fuzzy algorithm 
into an internet of things (IoT)-based framework, forming part of the Fuzzy Inference System. Our system serves as a decision 
support tool, enabling continuous assessment of water quality. The method categorizes water quality into three levels: good, 
moderate, and unhealthy, providing timely and precise suitability information. The results demonstrate the effectiveness of the 
fuzzy logic method in delivering accurate output. Through remotely deployed IoT devices, water suitability and status can be 
monitored and analyzed in real-time over the internet. This research bridges the gap between traditional water quality 
assessment methods and the demands of our modern, technology-driven society, ensuring a reliable supply of safe and 
consumable water. 

Copyright ©2023 National Research and Innovation Agency. This is an open access article under the CC BY-NC-SA license 
(https://creativecommons.org/licenses/by-nc-sa/4.0/). 

Keywords: assessment monitoring; fuzzy logic; internet of things (IoT); real-time; water quality. 

 
 

I. Introduction 

Water is one of the most important basic needs, 
whether used for drinking, cooking, washing, or 
other purposes. Water that is good for use is water 
that is not polluted by anything. Pollution itself is a 
change in a condition from its initial form to a worse 
one  [1]. Water that is fit for human consumption 
must meet physical standards. It must be crystal 
clear, not turbid. Water turbidity is typically brought 
on by the presence of very small clay particles  [2]. 
Water that is colored indicates the presence of 

potentially dangerous substances  [3]. Water that 
tastes sour or salty indicates that the quality of the 
water is not good  [4]. A salty taste is due to the 
presence of certain salts that dissolve in water. The 
presence of both organic and inorganic acids 
contributes to the sour flavor, while the pH level is 
neutral between 6.5 and 8.5. Organic components 
are being digested (decomposed) by water 
microorganisms in the foul-smelling water, which 
has a low pH and tastes sour yet feels bitter when 
the pH is high  [5]. As a result of the rise of these 
issues, this paper argues that it is vital to have a 
system that can monitor the appropriateness of 
water in water storage sources so that information 
on water suitability may be obtained on a frequent, 
accurate, and real-time basis. 
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With today's rapid technological advancements, 
the process of monitoring water appropriateness can 
be automated by utilizing an internet of things (IoT)-
based microcontroller  [6] [7]. The ESP32 
microcontroller is a single-board microcontroller 
that is open source  [8] [9]. This microcontroller can 
be useful for running tasks from sensors commonly 
referred to as embedded systems  [10]. This sensor 
can provide information related to eligibility, which 
will then be displayed directly on the web  [11]. 
Through the technology that is described, the goal is 
to conduct further research by developing a 
monitoring tool design to check the condition of 
microcontroller-based water using fuzzy logic, 
which can identify the suitability of water and meet 
the pH standards that are safe for daily use. It is 
expected to be able to overcome the current water 
problems, namely the difficulty of managing clean 
water that is suitable for use from water sources and 
meets good water standards for daily needs. 

Table 1 shows the current research in water 
quality assessment. They are focused on the 
development of an innovative monitoring system 
that combines the power of fuzzy logic and the IoT. 
This system aims to provide real-time and accurate 
information about water quality parameters, 
enabling proactive management and effective 
decision-making to ensure safe and sustainable 
water resources. By employing fuzzy logic, the 
system can handle the inherent uncertainties and 
imprecise nature of water quality data, allowing for 
more reliable and robust assessments. The 
integration of IoT technology enables the collection 
of data from various sensors deployed in different 
water bodies, facilitating continuous monitoring and 
remote access to information. This research not only 
improves the efficiency of water quality assessment 
but also enhances the early detection of unhealthy 
water, thus enabling prompt remedial actions and 
minimizing the risks to public health. 

II. Materials and Methods 

A. Water quality monitoring systems 

The system is a collection of several components 
or pieces that work together to achieve specific goals, 
while detection is a process of examining or 
conducting an examination with the goal of solving 
an issue in many different approaches that are used 
to provide a solution  [15]. Sensors are used to detect 
things as needed. The sensor is a tool for detecting 
signs or symptoms caused by energy changes, such 
as electrical energy, mechanical energy, physical 
energy, chemical energy, biological energy, and so 
on  [16] [17]. The monitoring system is the process of 
collecting and analyzing information about activities 
or programs based on indicators that are determined 
systematically and continuously so that corrective 
action can be taken to improve the program or 
activity until it meets the objectives to be 
achieved  [15]. 

Water quality is a quality characteristic required 
as a reference for the usage of various water sources, 
including water qualities, the content of living 
organisms, energy molecules, or components in 
water  [18]. Water quality is expressed in several 
parameters, including physical parameters such as 
turbidity, temperature, and dissolved solids, 
chemical parameters such as metal levels, pH, and 
dissolved oxygen, and biological parameters such as 
the presence of plankton, bacteria, and so 
on  [19] [20]. Water needs are determined by the 
community and are influenced by the environment 
and behavior. Water that is safe to drink is clear, 
odorless, tasteless, at an acceptable temperature, 
free of bacteria, and contains a trace amount of 
minerals  [21] [22]. Meanwhile, according to the 
Regulation of the Minister of Health of the Republic 
of Indonesia No: 492/MENKES/PER/IV/2010 about 
drinking water quality regulations, it must meet the 
physical conditions outlined in Table 2. 

B. Fuzzy logic 

A type of deterministic uncertainty is 
fuzziness  [24]. It describes the ambiguity of the 
event class; hence fuzziness measures the degree to 
which an event occurs. A linguistic variable might be 
considered a value variable, a fuzzy number, or a 
variable. The fuzzy logic of fuzzy set theory serves as 
a foundation for mathematical modeling and 
language, allowing for the accurate expression of 
highly advanced algorithms  [25]. Fuzzy means 
blurred or unclear. So, fuzzy logic is logic which is 
fuzzy for the systems and contains elements of 

Table 1. 
Existing water quality assessment monitoring system using IoT 

Sensors Microcontroller Method System IoT Cloud Services Reference 

Temperature, pH, 
turbidity 

Raspberry Pi Fuzzy logic Monitoring and assessment Webserver®  [12] 

Temperature, pH, 
turbidity 

ESP8266, Arduino 
Uno 

– Monitoring only ThingSpeak®  [13] 

Temperature, pH, 
turbidity, humidity 

ESP8266 Fuzzy logic Monitoring and automatic draining Blynk®  [14] 

pH, turbidity, TDS ESP32 Fuzzy logic Monitoring, assessment, and notification Webserver® This research 
 

Table 2. 
Drinking water quality requirements  [23] 

No. Physical 
Parameter 

Unit Maximum 
Allowable Levels 

1. Smell – – 

2. Total marine 
solids (TDS) 

mg/l 500 

3. Turbidity NTU scale 5 

4. Taste – – 

5. Temperature °C Air temperature ±3 

6. Color TCU 15 

7. pH – 6.5 – 8.5 
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uncertainty  [26] [27] [28]. In ordinary logic, namely 
strict logic, we only recognize two values: false or 
true (0 or 1). While fuzzy logic can determine 
between true and false values. The degrees of truth 
in fuzzy logic, whose values range from 0 to 1, can be 
used to express truth. One element of soft 
computing is fuzzy logic. Fuzzy set theory serves as 
fuzzy logic's foundation. In fuzzy set theory, 
membership degrees are crucial in establishing 
whether or not items of a set exist  [29]. The primary 
feature of fuzzy logic reasoning is membership value, 
membership degree, or membership function  [30]. 
From some of the experts above, it can be concluded 
that fuzzy logic is logic used to explain ambiguity, 
set logic that resolves ambiguity, and converts 
linguistic statements into numeric. There are two 
characteristics of the fuzzy set: linguistic and 
numerical  [31]. While the numeric attribute is a 
value that specifies the magnitude of a variable, the 
linguistic attribute is used to mention a group that 
reflects a particular condition or condition using 
natural language, such as youthful, middle-aged, or 
old. 

III. Results and Discussions 

A. Hardware implementation 

Figure 1 shows the design of a water quality 
assessment monitoring system. The sensors used are 
turbidity sensors, pH sensors, and total dissolved 
solids (TDS) sensors, which function to read and 
send content values in the water. The ESP32 
microcontroller receives data from sensors, 

processes the data using fuzzy logic, and then sends 
the results to the web server and other devices such 
as buzzers and OLEDs using mobile Wi-Fi hotspots 
(MiFi). A web server is a service provider for clients, 
where clients request information in the form of a 
website. Clients on this system can be computers or 
mobile phones. Figure 2 shows the prototype of a 
water quality assessment monitoring system. The 
prototype consists of an electronics panel and a 
water box for testing. The electronics panel consists 
of an ESP32 module, three water quality sensors, an 
OLED module, and a buzzer. The water box is used to 
test water samples. 

B. System structure and data modeling 

Figure 3 shows the identification of actors and 
use cases. Each use case has an explanation, which is 
specified in a use case scenario, which contains the 
use case's name, actions, actors, and system 
responses. Each sensor measures the water quality 
and sends the data to the ESP32 microcontroller. The 
device converts the sensor value to each water 
quality unit, which is then analyzed using a fuzzy 
algorithm to determine water quality and displayed 
on a web page. 

A class diagram is a visual representation that 
depicts the structure and relationships of classes 
within a system. It is one of the key components of 
unified modeling language (UML) and serves as a 
blueprint for designing and understanding the 
organization of objects in an object-oriented system. 
In a class diagram, classes are represented as boxes, 
with the class name written inside the box. The 
attributes (properties or variables) of a class are 

 

Figure 1. System design of water quality assessment monitoring system 
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listed below the class name, while the methods 
(functions or operations) associated with the class 
are listed above the class name. Class diagrams are 
valuable tools for visualizing and designing the 
structure of a system, helping in communication 
among stakeholders and guiding the 
implementation process. They provide a high-level 
view of the system's architecture, emphasizing the 
relationships between classes and the behavior of 
objects within the system  [32]. The class diagram in 
the system design model shown in Figure 4 displays 
the links between classes and provides a full 
explanation of each class. It will make the system's 
class structure easier to visualize. The sensor reads 
TDS, turbidity, and pH levels. Sensor readings are 
stored in the microcontroller and can be examined 
by the user to determine if water is safe to drink. 

C. Experimental results 

1) Development of decision support using 
Tsukamoto fuzzy 

In the fuzzification process, there are several 
things that must be considered, including fuzzy 
variables, fuzzy sets, and domains as shown in 
Figure 5. These can obtain fuzzy membership values 
for each variable. This study uses 3 input variables 
and 1 output variable, including the TDS variable 
(total dissolved substances in water), pH, turbidity, 
and quality variables. Figure 5 can be explained as 
follows, the amount of dissolved substances in 
potable water has a maximum number of 1000 ppm 
as shown in Figure 5(a). The low membership 
function of TDS, denoted as 𝜇Low(𝑏) in equation (1), 
and the high membership function of TDS, 

 
Figure 3. Use case diagram of water quality assessment monitoring system 

 
Figure 2. Prototype water quality assessment monitoring system 
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represented as 𝜇High(𝑏) in equation (2) as follows, 

𝜇Low(𝑏) = �

1, 𝑏 ≤ 500 ppm
(1000−𝑏)

(1000−500) , 500 ppm < 𝑏 < 1000 ppm
0, 𝑏 ≥ 1000 ppm

 (1) 

𝜇High(𝑏) = �

0, 𝑏 ≤ 500 ppm
(𝑏−500)

(1000−500) , 500 ppm < 𝑏 < 1000 ppm
1, 𝑏 ≥ 1000 ppm

 (2) 

The amount of turbidity in potable water has a 
maximum number of 5 NTU as shown in Figure 5(b) 
with the low membership function (𝜇Low(𝑏))  in 
equation (3) and high membership function 
(𝜇High(𝑏)) in equation (4) as follows, 

𝜇Low(𝑏) = �
1, 𝑏 ≤ 4 NTU

(5−𝑏)
(5−4) , 4 NTU < 𝑏 < 5 NTU

0, 𝑏 ≥ 5 NTU
 (3) 

𝜇High(𝑏) = �
0, 𝑏 ≤ 4 NTU

(𝑏−4)
(5−4) , 4 NTU < 𝑏 < 5 NTU

1, 𝑏 ≥ 5 NTU
 (4) 

In potable water, the pH level ranges from a 
minimum to a maximum of 6.5 to 8.5, as depicted in 
Figure 5(c) with the membership functions of acid 
(𝜇Acid(𝑎)) in equation (5), the membership functions 
of neutral (𝜇Neutral(𝑎))  in equation (6), and the 

membership functions of base ( 𝜇Base(𝑎))  in 
equation (7) as follows, 

𝜇Acid(𝑎) = �
1, 𝑎 ≤ 6.5

(7−𝑎)
(7−6.5) , 6.5 < 𝑎 < 7

0, 𝑎 ≥ 7
 (5) 

𝜇Neutral(𝑎) =

⎩
⎪
⎨

⎪
⎧

0, 𝑎 ≤ 6.5
(𝑎−6.5)
(7−6.5) , 6.5 < 𝑎 < 7
(9.5−𝑎)
(9.5−7) , 7 < 𝑎 < 8.5

0, 𝑎 ≥ 8.5

 (6) 

𝜇Base(𝑎) = �
0, 𝑎 ≤ 7

(𝑎−7)
(8.5−7) , 7 < 𝑎 ≤ 8.5

1, 𝑎 ≥ 8.5
 (7) 

In this output, there are three categories of 
water: good, moderate, and unhealthy. A moderate 
category is water that can be used daily but not for 
foods such as bathing, washing, watering plants, etc. 
as shown in Table 3. 

 
Figure 4. Class diagram of water quality assessment monitoring system 

Table 3. 
Membership function of quality membership function 
representation  

No. Set Membership Degree 

1. Good 0 – 5 

2. Moderate 3 – 7 

3. Unhealthy 5 – 10 
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The water quality membership function is 
illustrated in Figure 6. Good water quality is 
represented within the range of 0– 5, moderate 
water quality is depicted within the range of 3– 7, 
and unhealthy water quality is demonstrated within 
the variable range of 5– 10. The membership 
functions include feasible water (𝜇feasible(𝑧))  in 
equation (8), feasible but not for consumption 

(𝜇 feasible
not for consumption

(𝑧))  in equation (9), and not 

feasible (𝜇not feasible(𝑧))  in equation (10). 

𝜇feasible(𝑧) = �
1, 𝑧 ≤ 3

(5−𝑧)
(5−3) , 3 < 𝑧 < 5

0, 𝑧 ≥ 5
 (8) 

 

(a) 

 

(b) 

 

(c) 

Figure 5. Membership function of: (a) TDS; (b) turbidity; (c) pH 

 
Figure 6. Quality membership function representation 
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𝜇 feasible
not for consumption

(𝑧) =

⎩
⎪
⎨

⎪
⎧

0, 𝑧 ≤ 3
(𝑧−5)
(5−3) , 3 < 𝑧 < 5
(7−𝑧)
(7−5) , 5 < 𝑧 < 7

0, 𝑧 ≥ 7

 (9) 

𝜇not feasible(𝑧) = �
0, 𝑧 ≤ 5

(𝑧−5)
(7−5) , 5 < 𝑧 < 7

1, 𝑧 ≥ 7
 (10) 

After the fuzzification process, the next process is 
the formation of fuzzy rules. These rules are used to 
express the relationship between input and output 
along with the number of variables and their sets. To 
make it easier to determine the amount and output, 
previously made a matrix for each set of water 
volumes against pH and turbidity as shown in 
Table 4. The membership value obtained from each 
variable is used to determine the implication 
function using the min method by the equation (11) 
as follows, 

𝑎𝑖 = 𝜇𝐴∩𝐵 = min�𝜇𝐴𝑖(𝑥), 𝜇𝐵𝑖(𝑦)� (11) 

The fuzzy implication in equation (11) represents 
the fuzzy intersection of two fuzzy sets A and B. In 
this equation, 𝜇𝐴𝑖(𝑥),𝜇𝐵𝑖(𝑦)  are the membership 
values of the elements 𝑥 and 𝑦 in the fuzzy sets A 
and B, respectively. The min function is applied to 
these membership values, indicating the minimum 
membership value between the corresponding 
elements of A and B.  

This equation essentially calculates the degree of 
membership in the intersection of sets A and B for a 
given element. It signifies that the membership in 
the intersection is determined by the minimum 
membership value of the corresponding elements in 
the individual sets A and B. 

This implication function will be used to find the 
𝑍 value. The defuzzification value can be obtained by 
calculating the 𝑍 value using the equation (12), 

𝑍 = ∑𝑋𝑖𝑎𝑖
∑𝑎𝑖

, 𝑖 = 1,2,3, … (12) 

The defuzzification equation in equation (12) is a 
method used in fuzzy logic to convert fuzzy sets, 
which have membership values associated with 
different linguistic terms, into a crisp (non-fuzzy) 
value. 𝑍 is the crisp output or the defuzzified value. 
𝑋𝑖 represents 𝑖-th the linguistic term or value in the 
fuzzy set. 𝑎𝑖 is the degree of membership associated 
with the 𝑖 -th linguistic term. So, the process of 
defuzzification involves weighing each linguistic 

term by its degree of membership, summing these 
weighted values, and then dividing by the sum of the 
degrees of membership. This results in a single crisp 
value (𝑍) , which is considered the "center" or 
representative value of the fuzzy set. To find out the 
linguistic variable, the output membership function 
is used and takes the largest value. 

2) Sensor calibration 

Sensors are essential components used in various 
fields, such as industrial manufacturing, 
environmental monitoring, medical devices, and 
scientific research. Calibration is the process of 
comparing the output of a sensor to a known 
reference or standard to ensure its accuracy and 
reliability. Factors like environmental conditions, 
aging, wear and tear, or exposure to contaminants 
can affect sensor performance. Calibration helps 
determine the sensor's true output by comparing it 
to a reference, allowing any inaccuracies or 
deviations to be identified and corrected. 

The average error rate of the sensors that were 
used in this study was calculated by sensor 
calibration. The sensors evaluated included a 
temperature sensor, a TDS sensor, a pH sensor, and a 
turbidity sensor. The sensor reading error rate is the 
difference between the tool's reading output and the 
output of the manual measurement instrument. As 
indicated in Figure 7, manual measuring tools such 
as a pH meter, TDS meter, and turbidity meter are 
then utilized. Calibrate the pH sensor using a pH 
buffer solution with pH values of 6.8 and 4.01, 
respectively. Following that, the sensor's value is 
adjusted to the pH meter so that one gets the correct 
measurement results. 

 

Figure 7. pH sensor calibration  

Table 4. 
Fuzzy Rule of water quality 

Rule TDS pH Turbidity Quality 

1 Low Acid Low Moderate 

2 Low Acid High Unhealthy 

3 Low Neutral Low Good 

4 Low Neutral High Unhealthy 

5 Low Base Low Moderate 

6 Low Base High Unhealthy 

7 High Acid Low Moderate 

8 High Acid High Unhealthy 

9 High Neutral Low Moderate 

10 High Neutral High Unhealthy 

11 High Base Low Moderate 

12 High Base High Unhealthy 
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3) Web interface for water quality monitoring 
system 

The implementation of the interface is a 
description of the display that is used directly by the 
user, so that they can interact and monitor the 
system. There are several parts that must be done, 
namely from determining the menu structure in the 
program, displaying input and output for each 
function that has been determined, that is described 
in Figure 8. Figure 8(a) is the dashboard of the web 
interface and Figure 8(b) is the data report. The 
dashboard provides real-time information about pH, 
TDS, and turbidity. The latest values for these 
parameters are displayed numerically, while 
historical data is presented graphically over a period 

of time. Additionally, the water quality level is 
indicated as either good, moderate, or unhealthy 
based on these values. The data report contains all 
recorded data, including the timestamp when each 
measurement was taken. Users can access data and 
have the option to print the report using the Print 
Report menu. Component testing on the prototype is 
carried out functionally and observed on the 
reaction of the component is, as shown in Table 5. 

The sensor reading test is carried out by 
observing the movement of data changes in the 
water including TDS, turbidity, and pH which are 
stored in the database every 5 minutes. Figure 9 is a 
graphical representation of changes in water quality 
parameters over a specific period of time. Figure 9 

Table 5. 
Component test results 

No. Test Function Way to Test Expected Result Result 

1. Connection with Wi-Fi Restart component Connected automatically Valid 

2. Send data to the server Connected to the internet and 
sensor reading 

The water quality value in the OLED screen is 
the same as in the web 

Valid 

3. Showing water quality data in the 
OLED screen in real-time 

Turn on the component and 
sensor reading 

The value can be seen on the screen in real-
time 

Valid 

4. Showing water quality data on the 
web 

Make sure data is updated on the 
web in real-time 

Data is updated when connected to the 
internet 

Valid 

5. Report Showing data from PDF file Print out the data in PDF form Valid 
  

 
(a) 

 

 
(b) 

Figure 8. (a) Interface: Dashboard; (b) Interface: Water quality monitoring 
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uses different colored lines to represent the 
variations in three key parameters: Black color for 
TDS, blue for pH, and green for Turbidity. The data is 
calculated using Tsukamoto fuzzy to determine 
water quality. 

IV. Conclusion 

The design of an IoT-based water monitoring 
system has been completed by integrating the ESP32 
MCU device, pH sensor, TDS sensor, turbidity sensor, 
OLED screen, buzzer, and the Tsukamoto fuzzy 
approach based on the results of study and testing. 
The system produces what is required in the form of 
water quality ratings of "good", "moderate", and 
"unhealthy." The results of sensor component testing 
show that by viewing and monitoring at different 
locations in real-time, accuracy and processing time 
may be improved. 
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