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Abstract 

 
Floods are natural calamities that frequently transpire and are of primary concern for governmental 

entities due to their potential for significant losses and casualties. Heavy rainfall and overflowing 

water stand as the primary triggers for flooding. Many communities lack adequate knowledge to 

forecast floods, thus necessitating technological interventions for early water depth detection and 

issuing flood warnings. This study devised a water depth detection system based on fuzzy logic 

using Arduino as a microcontroller. The system employs ultrasonic sensors for water level detection 

and a Tipping Bucket for precipitation measurement. Its primary objective is to establish a system 

capable of issuing early flood warnings through alarms. The outcome of this research entails the 

implementation of an Arduino Uno-based flood detection system that aids users in monitoring water 

levels and anticipating floods. Safety considerations are also addressed by incorporating fuzzy logic 

technology to forecast flood potential based on water level and rainfall data. The utilization of fuzzy 

logic enables the system to navigate uncertainties and ambiguities in data, thus furnishing more 

precise and dependable early warnings. Consequently, the findings of this study serve as a 

groundwork for the advancement of more sophisticated and efficient flood detection systems in the 

future. In conclusion, the development of Arduino Uno-based flood detection tools has proven 

successful and can assist users in identifying and anticipating flood occurrences. 
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INTRODUCTION 

Advancements in information technology and embedded systems during the digitalization era 

are progressively driving research in control systems, automation, IoT, and artificial intelligence 

(Siskandar et al., 2022). The Internet of Things (IoT), commonly referred to as IoT, is a concept where 

specific objects have the capability to communicate with each other as part of an integrated system 

using the internet network as a connector, without requiring human-to-human or human-to-computer 

interaction (Shubhi Maulana et al., 2021). IoT is a system that links devices directly or indirectly to the 

internet, enabling remote control functionality for the devices (Siskandar et al., 2020). The rapid 

advancement of technology and scientific knowledge has led to the emergence of the fourth industrial 

revolution, which prioritizes communication between devices using IoT and AI (Tri Wahyudiningsih 

et al., 2022). Therefore, it can assist in constructing a system that can be utilized by the community to 

anticipate flood-related issues. 

Flood disasters are natural occurrences that can happen unpredictably and frequently lead to 

casualties and property damage. Damages from floods can vary, ranging from structural harm to 

buildings, loss of valuable possessions, to disruptions preventing individuals from attending work and 
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school. Flood occurrences can be forecasted by monitoring rainfall and water flow patterns. 

Occasionally, floods may emerge suddenly due to stormy winds or breaches in levees, commonly 

known as flash floods. Factors contributing to flooding encompass intense rainfall; low-lying land 

relative to sea level; areas situated in basins encircled by hills with limited water drainage; construction 

of buildings along riverbanks; obstruction of river flow caused by debris; and insufficient land coverage 

in upstream areas (Saputro et al., 2022). While floods cannot be entirely prevented, their impact and 

resulting losses can be mitigated through effective control measures (Findayani Aprilia, 2018). A flood 

is the increased discharge of river water, relative to normal, caused by continuous rainfall upstream or 

in a specific location. This excess water cannot be contained by the existing river channel, resulting in 

an overflow that inundates the surrounding area (Taryana et al., 2022).  

Hence, there is a necessity for tools and systems that enable homeowners and officials to 

streamline access to information through the establishment of a monitoring system. This system would 

empower them to conduct real-time measurements of water levels and rainfall intensity, facilitating 

proactive measures in response to potential flood threats (Hadramy et al., 2023). The study involved 

creating a flood monitoring tool utilizing an HC-SR04 ultrasonic sensor, Tipping Bucket, and a buzzer 

employed for alert purposes. 

For early flood detection, sensors capable of monitoring water levels are essential. Water level 

monitoring can be achieved using the HC-SR04 sensor, which operates based on sound waves reflecting 

off objects and returning to the ultrasonic sensor. With an error rate of approximately 1 cm, this sensor 

offers reliable accuracy, making it suitable for water level monitoring. Rainfall stands as a primary 

factor contributing to rising water levels. Rain consists of water particles with a diameter of 0.5 mm or 

more, known as hydrometeors. Rain that reaches the ground is simply referred to as rain, while 

precipitation that evaporates before reaching the ground is termed Virga (Masturoh & Anggita, 2018). 

Continuous rainfall and inadequate water drainage systems can exacerbate flooding. Consequently, a 

rainfall sensor is necessary to gather rainfall data (Wandi & Ashari, 2023). 

Rainfall intensity refers to the quantity of precipitation measured as the height or volume of 

rain per unit of time, typically occurring during a concentrated period of rainfall (Juleha et al., 2016). 

The intensity of rainfall is influenced by both the duration and magnitude of the rain. Longer durations 

of rain tend to result in higher intensity, whereas shorter durations lead to lower intensity. Additionally, 

intensity assessed based on recurrence is directly proportional; longer recurrence times correspond to 

higher intensities. High-intensity rainfall typically occurs over a brief period and affects a relatively 

small area (Hendri, 2015). 

Fuzzy logic is a constituent of soft computing (Nilawati & Nusa Mandiri Jakarta, 2018). Fuzzy 

logic is a component of artificial intelligence utilized to address uncertainties in problem causality 

(Jufriadi et al., 2020). Fuzzy logic serves as an effective tool for managing uncertainty in data-driven 

decision-making processes (Siskandar et al., 2023). The concept of Fuzzy logic was introduced by Prof. 

Lotfi A. Zadeh in 1965. Fuzzy logic is utilized as a problem-solving approach for controlling systems, 

which can be applied to various types of systems, ranging from straightforward and compact systems 

to embedded systems, computer networks, data acquisition systems based on workstations, and control 

systems with multiple channels. This approach can be implemented in hardware, software, or a 

combination thereof. Classical logic operates on a binary basis, meaning it only acknowledges two 

possibilities such as "Yes or No," "True or False," "Good or Bad," among others, assigning a 

membership value of either 0 or 1. However, in Fuzzy logic, the membership value typically falls 

between 0 and 1. Consequently, a situation can exhibit both "Yes or No," "True or False," "Good or 

Bad" simultaneously, with the magnitude of the value contingent upon its membership weight 

(Puspitasari et al., 2019). In fuzzy set theory, the significance of membership degrees as indicators of 

the presence of elements within a set is paramount. The membership value, also known as degree of 

membership or membership function, serves as the primary characteristic in reasoning with fuzzy logic 

(Nasyuha et al., 2019). Fuzzy logic is renowned for its flexibility and ability to accommodate existing 

data with a certain degree of tolerance (Arifah et al., 2017). Fuzzy logic is characterized by a structured 

approach involving distinct stages. Among the various models within fuzzy logic used for addressing 

diverse problems, the fuzzy Mamdani model stands out as one of the most widely applied (Triwinanto 

et al., 2023) 

The Mamdani model is a type of fuzzy relational model characterized by IF-THEN 

relationships, where both antecedents and consequent propositions are fuzzy propositions, also known 

as linguistic models. Fuzzy logic systems typically encompass four core mechanisms: fuzzified 

inference, a knowledge base (also referred to as a rule base or database), decision-making (also known 

as an inference engine or inference mechanism), and defuzzification (Salim & Rahman, 2022). 



In this research, fuzzy logic calculations for predicting water levels were conducted both 

manually and using MATLAB software. The manual calculation method entails determining rules, 

membership degrees, defuzzification calculations, and analyzing results manually. On the other hand, 

utilizing MATLAB software enables a more efficient and straightforward fuzzy logic calculation 

process through computer programming. 

MATLAB, short for Matrix Laboratory, is software utilized for programming, analysis, and 

matrix-based technical and mathematical computing. The initial version of MATLAB was released in 

1970 by Cleve Moler. Initially, MATLAB was primarily employed to address issues concerning linear 

algebraic equations. Over time, the functionality and computational performance of the MATLAB 

system have continuously expanded and evolved (Febrianti & Harahap, 2021). The MATLAB software, 

developed by MathWorks Inc., is designed for performing numerical analysis and computation. It 

utilizes an advanced mathematical programming language that is based on the manipulation of matrix 

properties and forms (Astutik & Fitriatien, 2019). Matlab employs a straightforward matrix format that 

facilitates ease of use. It is a high-level programming language tailored for technical computing, 

visualization, and programming tasks such as mathematical computation, data analysis, algorithm 

development, simulation and modeling, and plotting graphs (Atina, 2019). The underlying 

programming language of Matlab is primarily C. The application finds extensive application across 

various fields including physics, mathematics, statistics, and many others (Noor & Fitrian, 2020). This 

program can be employed to enhance speed and accuracy in various computations (Cahyono, 2016). 

Furthermore, MATLAB can assist in conducting mathematical calculations, analyzing data, developing 

algorithms, performing simulations and modeling, and presenting results in graphical formats (Puji 

Astuti, 2020). 

 

 
Figure 1. Arduino Uno 

The Arduino Uno is a microcontroller board that utilizes the ATmega328 microcontroller. It 

offers 14 input/output pins, with 6 pins capable of functioning as PWM (Pulse Width Modulation) 

outputs, and 6 analog inputs. Additionally, it features a 16 MHz crystal oscillator, a USB connection, a 

power jack, an ICSP header, and a reset button. The Arduino Uno supports microcontrollers and can be 

connected to a computer using a USB cable (Syam et al., 2022). A microcontroller serves as the brain 

of a digital electronic system, where its operation is governed by a program written in the programming 

language used (Tri Wahyudiningsih et al., 2022). The primary purpose of programming a 

microcontroller is to enable an electronic circuit to read input, process it, and produce the desired output. 

Microcontrollers serve as the "brains" that control the input, processing, and output functions of an 

electronic circuit. Arduino has gained widespread popularity worldwide. The programming language 

used in Arduino is not the relatively complex assembler language, but rather the C language, which 

tends to be easier to understand. Unlike some other microcontrollers, which require a separate loader 

circuit, Arduino can be programmed directly from a computer (Nahnu Afrianto, 2019). Once the block 

diagram has been designed and the algorithm flow is considered correct, the program code can be 

created using the C language within the Arduino IDE software (Farras Fauzan et al., 2021). 



 
Figure 2. Arduino IDE 

The Integrated Development Environment (IDE) for Arduino is a comprehensive application 

designed for Arduino programming. It includes editors, compilers, and upload tools, providing a 

complete solution for developing Arduino projects. The Arduino IDE supports all series of Arduino 

family modules, making it versatile and widely used among Arduino enthusiasts (Firdaus et al., 2018). 

Arduino is made using C ++ language and has been simplified through libraries, this is suitable for 

beginners who may not have a basic programming language (Syam et al., 2022). Arduino utilizes the 

Arduino Software (IDE), which is used for writing programs and uploading them into Arduino boards. 

The Arduino IDE is based on the Processing Software, which is a combination of C++ and Java 

programming languages. The Arduino IDE can be installed on various operating systems including 

Linux, Mac OS, and Windows. It serves as a comprehensive development tool, combining hardware, 

programming languages, and a sophisticated Integrated Development Environment (IDE). The IDE 

allows users to write programs, compile them into binary code, and upload them into the memory of 

the microcontroller (Arifin et al., 2016). 

The Arduino IDE software comprises three main components: 

1. Program editor, used for writing and modifying programs written in processing languages. The 

program listing in Arduino is referred to as a sketch. 

2. Compiler, a module responsible for translating processing language (program code) into binary 

code, as binary code is the sole programming language comprehensible by the microcontroller. 

3. Uploader, a module tasked with inserting binary code into the memory of the microcontroller. 

 

 
Figure 3. Sensor Ultrasonic 

Ultrasonic sensors are electronic devices capable of converting electrical energy into 

mechanical energy in the form of ultrasonic sound waves. The HC-SR04 sensor is a popular ultrasonic 

sensor used for object distance monitoring. It comprises ultrasonic transmitters, also known as emitters, 

and ultrasonic receivers (Purwanto, H., 2019). The HC-SR04 ultrasonic proximity sensor is capable of 

non-contact distance measurements ranging from 2 cm to 400 cm, with an accuracy of approximately 

3 mm. This module consists of an ultrasonic transmitter, a receiver, and a control circuit. The HC-SR04 

sensor is equipped with 4 pins: VCC, Trigger, Echo, and GND. One of the advantages of the HC-SR04 

ultrasonic sensor is its ability to rapidly reflect sound waves during operation, with minimal delay, as 

the trigger pulse (Trigger) and echo pulse (Echo) are accessed through different ports (Hidayanto & 

Winarno, 2016). One of the advantages of the HC-SR04 ultrasonic sensor is its ability to rapidly reflect 

sound waves during operation with minimal delay. This is facilitated by accessing the trigger pulse 

(Trigger) and echo pulse (Echo) through different ports, ensuring efficient and timely detection of 

objects (Musthofa & Winarno, 2015). 

 



 
Figure 4. Buzzer 

A buzzer is an electronic transducer component that converts electrical vibrations into sound 

vibrations. Its operation is similar to that of a loudspeaker, as it consists of a coil attached to a 

diaphragm. Buzzers are often utilized as indicators to signal the completion of a process or the 

occurrence of an error in a device (Fani et al., 2020). Ordinary buzzers also serve as signal alarms and 

are commonly used in research projects as indicators of specific conditions (Normah et al., 2022). A 

buzzer is an output device utilized to provide notifications in response to a command. When used in 

conjunction with a microcontroller, the buzzer can be programmed to produce specific sounds according 

to the software stored in the microcontroller (Arifianto et al., 2022).  

 

 
Figure 5. Tipping Bucket Rain Sensor 

 A tipping bucket rain gauge is a device used for measuring rainfall. It operates based on the 

principle of collecting rainwater in a bucket or receptacle, which then tips or empties when a certain 

amount of water is accumulated. The tipping action is detected and recorded, allowing for the 

measurement of rainfall. The device is equipped with a measuring scale, known as a pias, which has 

been determined through testing and calibration to accurately measure the amount of rainfall collected 

(Laksono & Nurgiyatna, 2020). In a tipping bucket rain gauge system, when water fills a holding vessel 

equivalent to 0.1, 0.2, or 0.5 mm of rainfall, the vessel tips over, releasing the water. There are typically 

two vessels that alternate to collect rainwater. Each movement of the tipping vessel is mechanically 

recorded on the measuring scale (pias) or through a counter mechanism. The recorded signals are then 

processed to convert into rainfall data, typically measured in millimeters (Jaelani Hidayat et al., 2017). 

With the proposed monitoring tools developed in this study, local governments, disaster monitoring 

agencies, and communities can enhance preparedness and response to flood threats in the following 

ways: 

1. Enhancement of Early Warning Systems: 

The monitoring tools utilized in this research enable real-time measurements of water levels 

and rainfall intensity. The gathered information can be utilized to establish more effective early 

warning systems. These early notifications provide communities with extended time to take 

preventive actions, such as evacuating or relocating valuable belongings. 

 

 

 



2. Urban Development Planning: 

With improved understanding of rainfall patterns and river water levels, local governments can 

plan safer urban development. For instance, they can avoid construction in flood-prone areas 

or reinforce drainage systems to manage excessive rainfall. 

3. Development of Adaptive Infrastructure: 

Findings from this research can serve as a foundation for the development of better adaptive 

infrastructure. This may include the construction of more efficient levees or floodgates, as well 

as the optimization of irrigation systems to mitigate flood impacts and utilize rainwater 

efficiently. 

 

By implementing the findings of this research, it is expected that the effectiveness of flood 

mitigation can be significantly enhanced, consequently reducing both human and material losses caused 

by floods overall. Thus, this study holds clear and beneficial implications for both communities and the 

field of disaster mitigation studies. 

 

METHODS 

Research on Prediction of Flood Depth Detection System from Rainfall with Normal Level, 

Alert, and Hazard Based on Fuzzy Logic Using the Mamdani Method. The Mamdani method is one of 

the commonly used approaches in fuzzy logic to overcome uncertainty in decision making. The method 

was first introduced by Professor Lotfi Zadeh in 1975 and named after the founder of fuzzy logic, 

Professor Ebrahim Mamdani. The first step of the Mamdani method is fuzzification, where crisp input 

variables are converted into fuzzy variables using membership functions. This allows for a more flexible 

representation of input variables, which are not only limited to a single value, but also take into account 

uncertainty and ambiguity in the data. Once an input variable is converted into a fuzzy variable, fuzzy 

rules are created to link the fuzzy input to the fuzzy output. These rules take the form of the proposition 

"If... then..." and is usually expressed in natural language or linguistic terms. For example, "If the water 

depth is normal and rainfall is high, then the result is alert". After that it performs fuzzy inference which 

is used to determine how strongly each rule applies and its implications for fuzzy output variables. This 

is done by combining fuzzy rules using fuzzy logic operators such as AND, OR, and NOT. The result 

is a fuzzy set representing the relative contribution of each rule to a fuzzy output variable. The final 

step is defuzzification, where the fuzzy set generated from fuzzy inference is converted into crisp values 

using the corresponding membership function. It produces understandable outputs in numerical or 

linguistic form, which can be used for further decision making. 

The research was conducted on March 5, 2024, at Jalan Pemuda 2 No.32 Sindangrasa, 

RT.04/RW.19, Katulampa, Bogor Timur District, Bogor City, West Java. The location was chosen due 

to its frequent fluctuations in river water levels and significant rainfall. The primary method used for 

data collection was interviews with Mr. Andi, the relevant party at the research site. Interviews were 

used to gain an in-depth understanding of the range of water levels along with their levels and rainfall 

ranges in the study area. In addition to interviews, this study also utilizes the results of literature studies 

from several relevant sources, including journals, theses, and final project reports. One of the journals 

that became a reference was "Implementation of a flood detection system in Kp. Kojan RW 06 Kalideres 

West Jakarta based on the internet of things" written by Saputro et al. and published in 

"PUNDIMASKOT: Abdimas Computer and Technology Publications" in 2022. Literature studies are 

conducted to strengthen the data needed in this study, as well as to gain a broader understanding of the 

systems built. Data collected through interviews and literature studies were analyzed qualitatively to 

identify ranges of river water levels and rainfall at the study site. Data analysis also includes an 

evaluation of information obtained from various sources to ensure the accuracy and reliability of the 

data. 

Based on interviews and literature studies that have been obtained, the system to be created is a system 

that can: 

1. Water Level Measurement: 

Water level measurement is carried out using ultrasonic sensors. This sensor works on the principle 

of reflected ultrasonic waves emitted by the transmitter and received by the receiver after being 

reflected by the water surface. The travel time of ultrasonic waves from transmitter to receiver is 

used to calculate the distance between the sensor and the surface of the water. By taking into 

account the travel time and speed of ultrasonic waves in the air, water height can be accurately 

estimated. 



2. Rainfall Measurement: 

Rainfall measurements are made using bucket tipping sensors. This sensor operates on the principle 

of a bucket that receives rainwater and calculates the amount of rain falling. Each turn of the bucket 

filled to the brim with rainwater is recorded as one unit of precipitation. The bucket tipping sensor 

is equipped with an electronic mechanism to calculate the number of revolutions of the bucket, 

which is then converted into precipitation units such as millimeters or inches. 

This water level and rainfall measurement system is integrated into a wider system for real-

time data capture and recording. The data collected by these two sensors can be used for flood hazard 

analysis. 

 

RESULTS AND DISCUSSION 

 This study evaluates the use of fuzzy Mamdani approach to detect water levels with the aim of 

mitigating flood risk in the Katulampa Dam area, Bogor. This study used an application developed 

using Matlab software. In this study, there were two input variables analyzed, namely water height and 

rainfall. The unit for water depth is in centimeters (cm), and the unit for precipitation is in millimeters 

(mm). Flood warnings, which consist of three levels of Normal, Alert, and Hazard, are determined using 

Mamdani's fuzzy logic approach. This process involves several stages, ranging from determining the 

degree of membership, making rules, to the last stage, namely defuzification. Both variables are then 

converted into fuzzy form with membership function graphs as part of the analysis process as follows: 

 

 

1. Variable Water Level 

Based on the interview results, water level variables (KA) were grouped into three fuzzy sets, 

namely low with a range of 50-150 cm with a peak point of 25 cm, medium with a range of 

150-200 cm with a peak point of 175 cm and high with a range of 200-250 cm with a peak point 

of 225 cm. 

 

 
Figure 6. Triangular membership function graph for the variable input "Water Level" 

2. Variable Rainfall 

From the results of the data obtained during the interview, the rainfall variable (CR) was divided 

into three fuzzy sets, namely light with a range of 0-50 mm with a peak point of 25 mm, medium 

with a range of 50-70 mm with a peak point of 55 mm, and dense with a range of 70-100 mm 

with a peak point of 85 mm. 

 



 
Figure 7. Triangular membership function graph for the variable input "Rainfall Intensity" 

3. Warning Variables 

The warning variable (P) is broken down into three fuzzy groups, namely normal with a range 

of 50-150 centimeters (cm) and its peak point at 100 centimeters (cm), alert with a range of 

150-200 centimeters (cm) and its peak point at 175 centimeters (cm), and danger with a range 

of 200-250 centimeters (cm) and its peak point at 225 centimeters (cm). 

 

 
Figure 8. Triangular membership function graph for the variable output "Warning Level." 

Membership Association 

This set of input membership is developed based on the results of interviews and adjusted to 

graphs compiled using the Matlab application. This graph will play a role in the flood warning 

calculation process, where each parameter has a certain range that is used to determine the value of its 

membership degree (μx). Here is data about the membership set function of that input variable, which 

has been adjusted and integrated: 

 

Information: 

KA = Water Depth 

CR = Rainfall 

P = Warning 



𝑓(𝑥, 𝑎, 𝑏, 𝑐) =

{
 
 

 
 

0
𝑥 − 𝑎

𝑏 − 𝑎
𝑐 − 𝑥

𝑐 − 𝑏
0

=  

;  𝑥 ≤ 𝑎
; 𝑎 ≤ 𝑥 ≤  𝑏
; 𝑏 ≤ 𝑥 ≤ 𝑐
; 𝑐 ≤ 𝑥

 

Variable Water Depth: 

 

𝜇𝐾𝐴𝑅𝑒𝑛𝑑𝑎ℎ =

{
 
 

 
 

0
𝑥 − 50

100 − 50
150 − 𝑥

150 − 100
0

    

;  𝑥 ≤ 50
; 50 ≤ 𝑥 ≤  100
; 100 ≤ 𝑥 ≤  150

; 150 ≤ 𝑥

=

{
 
 

 
 

0
𝑥 − 50

50
200 − 𝑥

50
0

    

;  𝑥 ≤ 50
; 50 ≤ 𝑥 ≤  100
; 100 ≤ 𝑥 ≤  150

; 150 ≤ 𝑥

 

𝜇𝐾𝐴𝑆𝑒𝑑𝑎𝑛𝑔 =

{
 
 

 
 

0
𝑥 − 140

175 − 140
210 − 𝑥

210 − 175
0

    

;  𝑥 ≤ 140
; 140 ≤ 𝑥 ≤  175
; 175 ≤ 𝑥 ≤  200

; 210 ≤ 𝑥

=

{
 
 

 
 

0
𝑥 − 140

35
200 − 𝑥

35
0

    

;  𝑥 ≤ 140
; 140 ≤ 𝑥 ≤  175
; 175 ≤ 𝑥 ≤  200

; 210 ≤ 𝑥

 

𝜇𝐾𝐴𝑇𝑖𝑛𝑔𝑔𝑖 =

{
 
 

 
 

0
𝑥 − 190

225 − 190
260 − 𝑥

260 − 225
0

    

;  𝑥 ≤ 190
; 190 ≤ 𝑥 ≤  225
; 225 ≤ 𝑥 ≤  260

; 260 ≤ 𝑥

=

{
 
 

 
 

0
𝑥 − 190

35
260 − 𝑥

35
0

    

;  𝑥 ≤ 190
; 190 ≤ 𝑥 ≤  225
; 225 ≤ 𝑥 ≤  260

; 260 ≤ 𝑥

 

 

 

 

Precipitation Variables: 

 

𝜇𝐶𝑅𝑅𝑖𝑛𝑔𝑎𝑛 =

{
 
 

 
 

0
𝑥 − 0

25 − 0
50 − 𝑥

50 − 25
0

    

;  𝑥 ≤ 0
; 0 ≤ 𝑥 ≤  25
; 25 ≤ 𝑥 ≤  50
; 50 ≤ 𝑥

=

{
 
 

 
 

0
𝑥 − 0

25
50 − 𝑥

25
0

    

;  𝑥 ≤ 0
; 0 ≤ 𝑥 ≤  25
; 25 ≤ 𝑥 ≤  50
; 50 ≤ 𝑥

 

𝜇𝐶𝑅𝑆𝑒𝑑𝑎𝑛𝑔 =

{
 
 

 
 

0
𝑥 − 45

55 − 45
70 − 𝑥

70 − 55
0

    

;  𝑥 ≤ 45
; 45 ≤ 𝑥 ≤  55
; 55 ≤ 𝑥 ≤  70
; 70 ≤ 𝑥

=

{
 
 

 
 

0
𝑥 − 45

10
70 − 𝑥

15
0

    

;  𝑥 ≤ 45
; 45 ≤ 𝑥 ≤  55
; 55 ≤ 𝑥 ≤  70
; 70 ≤ 𝑥

 

𝜇𝐶𝑅𝐿𝑒𝑏𝑎𝑡 =

{
 
 

 
 

0
𝑥 − 65

85 − 65
100 − 𝑥

100 − 85
0

    

;  𝑥 ≤ 65
; 65 ≤ 𝑥 ≤  85
; 85 ≤ 𝑥 ≤  100
; 100 ≤ 𝑥

=

{
 
 

 
 

0
𝑥 − 70

20
100 − 𝑥

15
0

    

;  𝑥 ≤ 65
; 65 ≤ 𝑥 ≤  85
; 85 ≤ 𝑥 ≤  100
; 100 ≤ 𝑥

 

 

 Based on the membership set data presented earlier, we have performed calculations to 

determine flood warnings using water levels of 100 centimeters (cm), which are in the low water level 

range, and rainfall of 60 millimeters (mm), which are in the moderate rainfall range. The results of the 

experiment show that the degree of membership (μx) of the water level of 100 centimeters (cm) is 1, 

because the value is in the middle of the range and is the highest point in the membership chart. While 

the membership degree (μx) of 60 millimeters (mm) of precipitation is 0.66. 

 

 

 



𝜇𝐾𝐴𝑅𝑒𝑛𝑑𝑎ℎ = 100 = 1  

𝜇𝐶𝑅𝑆𝑒𝑑𝑎𝑛𝑔 =  
70 − 𝑥

15
=
70 − 60

15
=
10

15
= 0,66 

 

After that the next step is to create rules that will be used in the process towards defuzification. 

These rules are created by considering the combination of two or more input variables. Each input 

variable has three parameters, so the total rules that can be created are 9 rules. Here are the rules that 

we have defined based on the input variable data and the output variable: 

 

 
Figure 9. Rules 

 Based on previous calculations, where the water level (KA) is 100 centimeters (cm) and rainfall 

(CR) is 60 millimeters (mm), these two values fall under the 4th rule: "If the water level is low and the 

rainfall is moderate, then the flood warning level is normal."Thus, from the rule, the following formula 

can be obtained: 

𝛼2 = min (𝜇𝐾𝐴𝑁𝑜𝑟𝑚𝑎𝑙 [1], 𝜇𝐶𝑅𝑆𝑒𝑑𝑎𝑛𝑔 [0.66]) = min(1, 0.66) =

0,66 (𝑘𝑎𝑟𝑒𝑛𝑎 𝑑𝑖𝑎𝑚𝑏𝑖𝑙 𝑦𝑎𝑛𝑔 𝑡𝑒𝑟𝑘𝑒𝑐𝑖𝑙 𝑘𝑒𝑐𝑖𝑙)  
 

 In this experiment, we apply the AND logical operator to combine the membership degree 

values of both input variables. The value of the selected membership degree is the smallest of the two, 

which is used to calculate the value of the output variable. The next step is to use the calculated 

membership degree values to determine the positions of 𝑥1 dan 𝑥2 on the output graph, as well as to 

determine the relevant membership sets of the output variables. Additionally, we calculate the area 

under the curve of the output membership sets and apply the moment equation to determine the final 

defuzzification value. 

 

Defuzzyfication 

In the defuzzification stage, the first step is to determine the values of 𝑥1 and 𝑥2 that were 

previously calculated. These values are obtained from the output variable graph based on the predefined 

rules. In this calculation, the values of 𝑥1 and 𝑥2 are taken from the "Normal" parameter range on the 

graph. After the calculation, the value of 𝑥1 is found to be 83 and the value of 𝑥2 is found to be 117, in 

accordance with the established procedure and based on the following calculation: 

 

Left side 

𝛼2𝑙𝑒𝑓𝑡 =
𝑥1 − 𝑎

𝑏 − 𝑎
 

0,66 =
𝑥1 − 50

100 − 50
=
𝑥1 − 50

50
 

0,66 𝑥 50 =  𝑥1 − 50 

33 =  𝑥1 − 50 

33 + 50 =  𝑥1 

83 =  𝑥1 

 

Right side 

𝛼2𝑟𝑖𝑔ℎ𝑡 =
𝑐 − 𝑥2
𝑐 − 𝑏

 

0,66 =
150 − 𝑥2
150 − 100

=
150 − 𝑥2
50

 

0,66 𝑥 50 =  150 − 𝑥2 

33 =  150 − 𝑥2 

𝑥2 =  150 − 33 

𝑥2 =  117 

 

 



 After obtaining the values of 𝑥1 and 𝑥2, the next step is to calculate the area under the curve of 

the membership function on the output variable. This process is done using the previously determined 

values of 𝑥1 and 𝑥2, which represent the boundaries of the relevant area within the "Normal" 

membership function of the output variable. Subsequently, the area between the values of 𝑥1 and 𝑥2 is 

calculated to form the membership function on the output variable. 

 

The area under the curve: 

 

𝐿𝐷1 = 
𝑎 𝑥 𝑡

2
 

𝐿𝐷1 = 
(𝑥1 − 50) 𝑥 0,66

2
 

𝐿𝐷1 = 
(83 − 50) 𝑥 0,66

2
 

𝐿𝐷1 = 
33 𝑥 0,66

2
 

𝐿𝐷1 = 
21,78

2
= 𝟏𝟎, 𝟖𝟗 

 

𝐿𝐷2 =  𝑝 𝑥 𝑙 
𝐿𝐷2 =  0,66 𝑥 (𝑥2 − 𝑥1) 
𝐿𝐷2 =  0,66 𝑥 (117 − 83) 
𝐿𝐷2 =  0,66 𝑥 33 = 𝟐𝟐, 𝟒𝟒 

 

𝐿𝐷3 = 
𝑎 𝑥 𝑡

2
 

𝐿𝐷3 = 
(150 − 𝑥2) 𝑥 0,66

2
 

𝐿𝐷3 = 
(150 − 117) 𝑥 0,66

2
 

𝐿𝐷3 = 
33 𝑥 0,66

2
 

𝐿𝐷3 = 
21,78

2
= 𝟏𝟎, 𝟖𝟗 

 

In the above calculation, we obtained three values, each representing the area under the curve 

of the output variable's membership function. We used the formula for the area of a triangle for LD1 

and LD3, and the formula for the area of a rectangle for LD2. The variables 𝑥1 and 𝑥2 were used to 

determine the relevant boundaries under the curve. The results of the calculations provide concrete 

values that depict the respective areas, with LD1 and LD3 both having a value of 10.89, while LD2 is 

calculated as 22.44. 

 

Normal Output Function Membership Set 

 

𝜇𝑇𝐴𝑁𝑜𝑟𝑚𝑎𝑙 = 

{
 
 

 
 

𝑥 < 50
𝟓𝟎 ≤ 𝒙 ≤ 𝟖𝟑
83 ≤ 𝑥 ≤ 117
117 ≤ 𝑥 ≤ 150

𝑥 > 150

 

0
𝑥 − 𝟓𝟎

𝟏𝟎𝟎 − 𝟓𝟎
0,66

150 − 𝑥

150 − 100
0

 

 

Counting Moments 

 

Himpunana momen 

 

= 
𝑥 − 50

100 − 50
=  
𝑥 − 50

50
= 𝟎, 𝟎𝟐𝒙 − 𝟏  (𝑓𝑜𝑟 𝑠𝑒𝑡 1) 

= 𝟎, 𝟔𝟔 (𝑓𝑜𝑟 𝑠𝑒𝑡 2) 

= 
150 − 𝑥

150 − 100
=  
150 − 𝑥

50
= 𝟑 − 𝟎, 𝟎𝟐𝒙 (𝑓𝑜𝑟 𝑠𝑒𝑡 3) 

 

Moment of set 1 

 

∫ 𝐹(𝑥)𝑥. 𝑑𝑥
𝑏

𝑎

→ ∫ (0,02𝑥 − 1)𝑥 . 𝑑𝑥 
83

50

 

 

Derived 



∫ (0,02𝑥2 − 1𝑥) . 𝑑𝑥 
83

50

→ ∫
0,02𝑥3

3
− 
1𝑥2

2
. 𝑑𝑥 

83

50

→ ∫ (0,0066𝑥3 − 0,5𝑥2) . 𝑑𝑥 
83

50

 

 

= [ (0,0066(83)3  − 0,5(83)2)  − (0,0066(50)3  − 0,5(50)2) ] 
= 𝟕𝟓𝟒, 𝟐𝟗 

 

Moment of set 2 

∫ 𝐹(𝑥)𝑥. 𝑑𝑥 → 
𝑏

𝑎

∫ 0,66𝑥 .  𝑑𝑥 
117

83

→ ∫
0,66𝑥2

2
 .  𝑑𝑥 

117

83

→ ∫ 0,33𝑥2 .  𝑑𝑥 
117

83

 

 

= [(0,33(117)2 − 0,33(83)2)] =  𝟐. 𝟐𝟒𝟒 

 

Moment of set 3 
 

∫ 𝐹(𝑥)𝑥. 𝑑𝑥
𝑏

𝑎

→ ∫ (3 − 0,02𝑥)𝑥 . 𝑑𝑥 
150

117

 

 

Derived 

∫ (3𝑥 − 0,02𝑥2) . 𝑑𝑥 
150

117

→ ∫
3𝑥2

2
−
0,02𝑥3

3
−. 𝑑𝑥 

83

50

→ ∫ (1,5𝑥2 − 0,0066𝑥3) . 𝑑𝑥 
150

117

 

 

= [(1,5(150)2 − (0,0066(150)3 )  − (1,5(117)2 − (0,0066(117)3 ) ] 
= 𝟏. 𝟓𝟏𝟐, 𝟏𝟒 

 

 After obtaining all the data from the previous calculations, such as the area under the 

membership set curve and the moment, the next stage is defuzzyfication. At this stage, the total moment 

is divided by the total area to get the final defuzzyfication value. This is done to generate a single value 

that represents the output of a fuzzy logic system based on predefined calculations and rules. 

 

 

Calculating the center point or Centroid 

 

= 
∑𝑀𝑜𝑚𝑒𝑛𝑡

∑𝐴𝑟𝑒𝑎 𝑆𝑖𝑧𝑒
 

 

= 
754,29 + 2.244 +  1512,14

11,22 + 22,11 + 11,22
=  
4510,43

44,55
= 𝟏𝟎𝟏, 𝟐 

 

From the results of the defuzzyfication process, the final value obtained is 101.2, which 

represents the percentage for the "Normal" alert level with a margin of error of 1.2%. This shows that 

the calculations have been carried out in accordance with the pre-established rule, namely "If the water 

level is low and the rainfall is moderate, then the flood warning level is normal." Trials conducted on 

the Matlab application with an input of 100 cm water level and 60 mm rainfall also produced an output 

in accordance with the calculations that had been done, with an output value of 100. This shows that 

the calculations that have been carried out are reliable and fairly accurate in determining flood warning 

levels based on given water level and rainfall conditions. 

 



 
Figure 10. Output results in matlab application 1 

 

 

CONCLUSION  

The conclusion of the research conducted is that a fuzzy logic-based water depth detection 

system using Arduino as a microcontroller has been successfully developed. The system can detect 

water levels using ultrasonic sensors and precipitation using a Tipping Bucket. The main purpose of 

this research is to build a system that can provide early warning of potential floods through alarms. The 

result of this study is the implementation of an Arduino Uno-based flood detection system that can help 

users to monitor water levels and anticipate floods. This study also considers safety aspects by utilizing 

fuzzy logic technology to predict flood potential based on water level and rainfall data. The use of fuzzy 

logic allows the system to overcome uncertainty and vagueness in data, thus providing more accurate 

and reliable early warnings. 

The study also shows that Mamdani's fuzzy logic approach has proven effective and accurate 

in detecting flood warning levels based on water levels and rainfall. The results of the experiment show 

that the calculations and rules that have been set are able to provide consistent output and in accordance 

with expectations. In addition, trials on the Matlab application also validate the results of calculations 

carried out manually. Thus, it can be concluded that Mamdani's fuzzy logic approach can be used as a 

useful tool in flood risk mitigation by providing precise warnings based on existing water level and 

rainfall conditions. 

 

 

REFERENCES 

 

Arifah, E. D., Irawan, M. I., & Mukhlash, I. (2017). Aplikasi Metode Fuzzy Mamdani Dalam Penentuan 

Jumlah Produksi (Application of Fuzzy Mamdani Method in the Determination of Total 

Production). Majalah Ilmiah Matematika Dan Statistika, 17(2), 79–90. 

https://jurnal.unej.ac.id/index.php/MIMS/index 

Arifianto, D., Sulistyono, A., & Nilogiri, A. (2022). Sistem Monitoring Suhu Dan Kelembaban Ruangan 

Server Berbasis Arduino Menggunakan Metode Fuzzy Logic Dengan Buzzer Dan Telegram Bot 

Sebagai Notifikasi. JUSTINDO (Jurnal Sistem Dan Teknologi Informasi Indonesia), 7(1), 67–75. 

https://doi.org/10.32528/justindo.v7i1.5135 

Arifin, J., Zulita, L. N., & Hermawansyah, H. (2016). Perancangan Murottal Otomatis Menggunakan 

Mikrokontroller Arduino Mega 2560. Jurnal Media Infotama, 12(1), 89–98. 



https://doi.org/10.37676/jmi.v12i1.276 

Astutik, E. P., & Fitriatien, S. R. (2019). Pengaruh Software Matlab Terhadap Kemampuan 

Menyelesaikan Masalah Program Linier. FIBONACCI: Jurnal Pendidikan Matematika Dan 

Matematika, 5(2), 175. https://doi.org/10.24853/fbc.5.2.175-182 

Atina, A. (2019). Aplikasi Matlab pada Teknologi Pencitraan Medis. Jurnal Penelitian Fisika Dan 

Terapannya (JUPITER), 1(1), 28. https://doi.org/10.31851/jupiter.v1i1.3123 

Cahyono, B. (2016). Penggunaan Software Matrix Laboratory (Matlab) Dalam Pembelajaran Aljabar 

Linier. Phenomenon : Jurnal Pendidikan MIPA, 3(1), 45–62. 

https://doi.org/10.21580/phen.2013.3.1.174 

Fani, H. Al, Sumarno, S., Jalaluddin, J., Hartama, D., & Gunawan, I. (2020). Perancangan Alat 

Monitoring Pendeteksi Suara di Ruangan Bayi RS Vita Insani Berbasis Arduino Menggunakan 

Buzzer. Jurnal Media Informatika Budidarma, 4(1), 144. https://doi.org/10.30865/mib.v4i1.1750 

Farras Fauzan, M., Shubhi Maulana, M., Lintar Balle, J., Febriyanti, T., Ronald Suhada, V., Alif Falah, 

N., Ardelia Wirastuti, M., Fakhiratunisa, N., Renaisance Al-ars, K., Rifa Kusumah, B., & 

Siskandar, R. (2021). Alat Komunikasi Darurat dengan ESP8266 dan LoRa untuk Pendaki 

Gunung Emergency Communication Device with ESP8266 and LoRa for Mountain Climber. 

Indonesian Journal of Science, 2(2), 52–60. http://journal.pusatsains.com/index.php/jsi 

Febrianti, T., & Harahap, E. (2021). Penggunaan Aplikasi MATLAB Dalam Pembelajaran Program 

Linear. Jurnal Matematika, 20(1), 1–7. 

Findayani Aprilia. (2018). Kesiap Siagaan Masyarakat Dalam Penanggulangan Banjir. Jurnal Media 

Infromasi Pengembangan Ilmu Dan Profesi Kegeografian, 12(1), 102–114. 

Firdaus, W., Kamiel, B. P., & Riyanta, B. (2018). Perancangan Dan Implementasi 

PemrogramanMikrokontroller Arduino Mega 2560 R3 Untuk PengendalianGerakan Body 

Stabiliser Control Pada Model Kendaraan RodaEmpat. Semesta Teknika, 30(30), 1–8. 

Hadramy, M. Y., Pangiling, L., & Tajidun, L. M. (2023). Sistem Monitoring Ketinggian Air Dan 

Pemutus Arus Pada Bangunan Rumah Rawan Banjir Menggunakan Wireless Sensor Network 

(Wsn) Dan Web Gis. Anim, 1(1), 1–7. 

Hendri, A. (2015). Analisis Metode Untensitas Hujan Pada Stasiun Hujan Pasar Kampar Kabupaten 

Kampar. Annual Civil Engineering Seminar, 297–304. 

Hidayanto, A., & Winarno, H. (2016). Prototipe Sistem Autobrake Pada Mobil Menggunakan Sensor 

Jarak Ultrasonik Hc-Sr04 Berbasis Arduino Mega 2560. Gema Teknologi, 18(4), 29. 

https://doi.org/10.14710/gt.v18i4.21913 

Jaelani Hidayat, D., Indransyah, F., Fadly, M., Karismawati, N., Caturiantono Cahyadi, R., & Tri 

Sutanto, A. (2017). Sistem Alat Ukur Curah Hujan Otomatis Menggunakan Telemetri Radio Pada 

Frekuensi 433 MHz. Prosiding Seminar Nasional Teknik Elektro, 202–211. 

Jufriadi, J., Nurcahyo, G. W., & Sumijan, S. (2020). Logika Fuzzy dengan Metode Mamdani dalam 

Menentukan Tingkat Peminatan Tipe Motor Honda. Jurnal Informatika Ekonomi Bisnis, 3, 7–11. 

https://doi.org/10.37034/infeb.v3i1.60 

Juleha, Rismalinda, & Rahmi, A. (2016). Analisa Metode Intensitas Hujan Pada Stasiun Hujan Rokan 

Iv Koto, Ujung Batu, Dan Tandun Mewakili Ketersediaan Air Di Sungai Rokan. Jurnal 

Mahasiswa Teknik UPP, 1(1), 1–8. 

Laksono, S. S., & Nurgiyatna, N. (2020). Sistem Pengukur Curah Hujan sebagai Deteksi Dini 

Kekeringan pada Pertanian Berbasis Internet of Things (IoT). Emitor: Jurnal Teknik Elektro, 

20(2), 117–121. https://doi.org/10.23917/emitor.v20i02.8493 

Masturoh, I., & Anggita, N. (2018). Rancang Bangun Pendeteksi Curah Hujan Menggunakan Tipping 

Bucket Rain Sensor dan Arduino Uno Design. 1(2), 51–62. 

Musthofa, F., & Winarno, H. (2015). Sistem Deselerasi Kecepatan Otomatis Pada Mobil Berdasarkan 

Jarak Menggunakan Sensor Ultrasonik Hc-Sr04 Berbasis Arduino Mega 2560. Gema Teknologi, 

18(3), 110. https://doi.org/10.14710/gt.v18i3.21933 

Nahnu Afrianto. (2019). Air Conditioner (Ac) Portable Dengan Peltier Yang Dikontrol Menggunakan 

Smartphone Berbasis Arduino. Jurnal Ilmiah Teknik Elektro, 6–33. 

Nasyuha, A. H., Hutasuhut, M., & Ramadhan, M. (2019). Penerapan Metode Fuzzy Mamdani Untuk 

Menentukan Stok Produk Herbal Berdasarkan Permintaan dan Penjualan. Jurnal Media 

Informatika Budidarma, 3(4), 313. https://doi.org/10.30865/mib.v3i4.1354 

Nilawati, L., & Nusa Mandiri Jakarta, S. (2018). Model Fuzzy Mamdani Untuk Penilaian Tingkat 

Kepuasan Pelayanan Pengaduan Masyarakat. Jurnal Informatika, 5(2), 237–247. 

Noor, I., & Fitrian, A. (2020). Simulasi Sebaran Temperatur Pelat Logam Tipis Besi dan Kuningan 

Berbasis Matlab. Navigation Physics : Journal of Physics Education, 2(1), 9–13. 



https://doi.org/10.30998/npjpe.v2i1.256 

Normah, Rifai, B., Vambudi, S., & Maulana, R. (2022). Analisa Sentimen Perkembangan Vtuber 

Dengan Metode Support Vector Machine Berbasis SMOTE. Jurnal Teknik Komputer AMIK BSI, 

8(2), 174–180. https://doi.org/10.31294/jtk.v4i2 

Puji Astuti, S. (2020). Pemanfaatan Software Matrix Laboratory (Matlab) Untuk Meningkatkan Minat 

Belajar Mahasiswa Dalam Pembelajaran Fisika Kinematika. Jurnal Pendidikan Berkarakter, 3(2), 

54–57. http://journal.ummat.ac.id/index.php/pendekar 

Purwanto, H., D. (2019). Komparasi Sensor Ultrasonik HC-SR04 Dan JSN-SR04T Untuk Apikasi 

Sistem Deteksi Ketinggian Air. Jurnal SIMETRIS, 10(2), 717–724. 

Puspitasari, D., Thaifururrahman, M., & Ariyanto, R. (2019). Pengembangan Sistem Pendeteksi Banjir 

Menggunakan Fuzzy Dengan Raspberry Pi (Studi Kasus: Kabupaten Sampang). Jurnal Teknologi 

Informasi Dan Terapan, 4(2), 89–96. https://doi.org/10.25047/jtit.v4i2.65 

Salim, A. N., & Rahman, A. (2022). Implementasi Fuzzy-Mamdani untuk Pengendalian Suhu dan 

Kekeruhan Air Aquascape Berbasis IoT. Jurnal Algoritme, 2(2), 159–169. 

Saputro, W., Anwar, P., Supriyatna, A., Iswanto, S., Informatika, T., Tinggi Ilmu Komputer Cipta 

Karya Informatika, S., Informasi, S., & Tinggi Ilmu Komputer Cipta Karya Informati, S. (2022). 

Implementasi sistem pendeteksi banjir di Kp.Kojan RW 06 Kalideres Jakarta Barat berbasis 

internet of things. PUNDIMASKOT : Publikasi Abdimas Komputer Dan Teknologi, 1(1), 55–58. 

http://journal.binainternusa.ac.id/index.php/maskot 

Shubhi Maulana, M., Farras Fauzan, M., Lintar Balle, J., Febriyanti, T., Ronald Suhada, V., Alif Falah, 

N., Ardelia Wirastuti, M., Fakhiratunisa, N., Renaisance Al-ars, K., Putri Rahmani, D., Rifa 

Kusumah, B., & Siskandar, R. (2021). Robot Pemetik Buah Melon Dengan Sortasi Berat Melon 

Fruit Picker Robot With Weight Sorting. Indonesian Journal of Science, 2(2), 95–105. 

http://journal.pusatsains.com/index.php/jsi 

Siskandar, R., Fadhil, M. A., Kusumah, B. R., Irmansyah, I., & Irzaman, I. (2020). Internet of Things: 

Automatic Plant Watering System Using Android. Jurnal Teknik Pertanian Lampung (Journal of 

Agricultural Engineering), 9(4), 297. https://doi.org/10.23960/jtep-l.v9i4.297-310 

Siskandar, R., Santosa, S. H., Wiyoto, W., Kusumah, B. R., & Hidayat, A. P. (2022). Control and 

Automation: Insmoaf (Integrated Smart Modern Agriculture and Fisheries) on The Greenhouse 

Model. Jurnal Ilmu Pertanian Indonesia, 27(1), 141–152. https://doi.org/10.18343/jipi.27.1.141 

Siskandar, R., Wiyoto, W., Santosa, S. H., Hidayat, A. P., Kusumah, B. R., & Darmawan, M. D. M. 

(2023). Prediction of Freshwater Fish Disease Severity Based on Fuzzy Logic Approach, Arduino 

IDE and Proteus ISIS. Universal Journal of Agricultural Research, 11(6), 1089–1101. 

https://doi.org/10.13189/ujar.2023.110616 

Syam, R., Oktaviani, V., Dewantara, Y., Ferdi, Z. E., Putra, F., Djatmiko, W., Pendidikan, J., 

Elektronika, T., Kunci, K., Sistem, :, Banjir, P., & Kaum, J. (2022). Implementasi Sistem 

Pendeteksi Banjir Untuk Masyarakat Jatinegara Kaum, Pulo Gadung, Jakarta. Prosiding Seminar 

Nasional Pengabdian Kepada Masyarakat, 2022, 2022. 

Taryana, A., El Mahmudi, M. R., & Bekti, H. (2022). Analisis Kesiapsiagaan Bencana Banjir Di 

Jakartafile:///Users/macbook/Downloads/literatur 1.pdf. JANE - Jurnal Administrasi Negara, 

13(2), 302. 

Tri Wahyudiningsih, N., Salma Salsabilla Fardani, C., Ayu Nandita Pangesti, R., Halim, G., Jaka 

Nugraha, I., Adhi Anugrah Firdaus, M., Roihan, M., Luthfi Hizbul Mujib, M., Rifa Kusumah, B., 

& Siskandar, R. (2022). Rekayasa Sistem Deteksi Dini Corona Virus Disease Sebagai Solusi 

Pencegahan Penyebaran Virus Corona Virus Disease Early Detection System Engineering as a 

Solution to Prevent the Spread of the Virus. Indonesian Journal of Science, 3(2), 111–114. 

http://journal.pusatsains.com/index.php/jsi 

Triwinanto, M. A., Nugroho, B. I., & Gunawan, G. (2023). Penerapan Fuzzy Mamdani Untuk Sistem 

Pendukung Keputusan Pemilihan Telepon Seluler. E-Link: Jurnal Teknik Elektro Dan 

Informatika, 18(2), 67. https://doi.org/10.30587/e-link.v18i2.5893 

Wandi, I. A., & Ashari, A. (2023). Monitoring Ketinggian Air dan Curah Hujan Dalam Early Warning 

System Bencana Banjir Berbasis IoT. IJEIS (Indonesian Journal of Electronics and 

Instrumentation Systems), 13(1). https://doi.org/10.22146/ijeis.83569 

  


