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Abstract - The development of Internet of Thing-based hydroponics using Fuzzy logic Sugeno is expected to be a solution to reduce 

dependence on staple food imports. The research aims to develop a fuzzy logic sugeno-based automatic control system to control 

pH and nutrients in hydroponic systems, in order to improve plant growth, and increase crop yields. This research process 

involves making a control device using a microcontroller and a number of sensors including PH-4502C and TDS Meter. Data from 

the sensors will be processed by Arduino involving Sugeno fuzzy logic to get a decision. All data will be sent to Esp32 to be 

forwarded to the Thinger.io Iot platform and data from Arduino will be executed to control the pump relay. Tool testing is only 

functional testing using white box testing. The results of this study show that it effectively controls pH and nutrients based on 

membership degrees. 

 
Keywords— Hydroponics, Internet of Thing, Sugeno Fuzzy Logic. 

 

 

I. INTRODUCTION 

Indonesia, known as the Emerald Equator, has abundant 

natural resources, yet its agricultural sector still faces major 

challenges. One of them is the dependence on imports of 

staple foods such as rice and sugar, which shows weakness in 

meeting domestic food needs. According to the Central 

Statistics Agency (BPS), Indonesia imported 567.22 thousand 

tons of rice in March 2024, with a value of US$371.60 million 

or around Rp6.02 trillion [1]. In addition, land degradation 

and conversion due to rapid urbanization have led to a decline 

in agricultural productivity, with national conversion of paddy 

fields varying between 60,000 and 80,000 hectares per year 

[2]. Climate change is also worsening conditions for the 

agricultural sector, causing uncertainty in the planting season 

and an increased risk of pest attacks, which negatively impacts 

crop yields. 
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Food distribution problems also result in high prices for 

consumers, while farmers earn low incomes. To face these 

challenges, the government has taken strategic steps, 

including encouraging diversification of food consumption 

based on local resources through Presidential Regulation No. 

22/2009. Modern agricultural technologies such as 

hydroponics are becoming increasingly important in 

increasing productivity [3][4]. Hydroponics allows farming on 

limited land with faster and high-quality yields. However, this 

technique requires a good control system, such as the use of a 

fuzzy logic controller (FLC) which is more adaptive than 

conventional PID control. FLC is also capable of handling 

uncertainties and variations that occur in the cultivation 

process. 

This research aims to develop a water pH control system 

and environmental monitoring in hydroponic plants using 

fuzzy logic based on IoT. This system is expected to increase 

efficiency and yield, and contribute to food security through 

more independent and sustainable agriculture. 

II. METHOD 

This research on “Fuzzy Logic Sugeno Implementation in 

Decision Making on pH Addition and Nutrition of Iot-Based 

Hydroponic” is carried out using a number of tools and 

materials. This research will be carried out using the waterfall 

development method. In applying the waterfall method, the 

author will carry out several steps consisting of Requirements 

Analysis, Design, Implementation and coding, Testing, and 

maintenance. The process in this research is described in the 

following diagram. 
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Fig 1. Waterfall graphic 

 

A. Requirements Analysis 

At the requirements analysis stage, the author will 

analyze needs such as analyzing the current system, 

analyzing problems and so on. Needs analysis is needed to 

find out what is needed in building a system. 

1. Ongoing System Analysis 

Ongoing system analysis is defined as the 

decomposition of a complete system into component 

parts with the intention of defining and evaluating 

problems and obstacles that occur in the needs which can 

be expected to be proposed in the following figure. 

 
 

 
Fig 2. Ongoing System Analysis Diagram 

 

From the analysis of the current system in the figure, 

measure the pH and water nutrients in hydroponics 

manually and add pH Up, pH Down, nutrients and water 

manually. 

2. Problem Analysis 

From the analysis of the current system in the figure, 

measure the pH and water nutrients in hydroponics 

manually and add pH Up, pH Down, nutrients and water 

manually. 

3. Analysis of Proposed System 

This analysis aims to create a new system to be 

automated so that it can be more effective and efficient. 

The needs analysis and flowchart are as follows. 

a. Hardware Analysis 

1) Arduino dan Esp32 

In this process, the tool requires components that 

can process data from inputs that will be sent to the 

output. In this process, arduino and esp32 are used as 

the main controllers that will process data from the 

input to further regulate the course of the tool that will 

be sent to the output. The selection of arduino and 

esp32 as the main controller is due to the ease of access 

to input and output lines which are programmable. 

2) DHT 22 

DHT22 is a digital signal output temperature and 

humidity sensor. DHT22 has excellent long-term 

stability. DHT22's excellent quality, fast response, 

anti-interference capability and high cost advantage 

and performance of DHT22 on paper are better than 

DHT11. 

3) PH-4502C Sensor 

In a hydroponic environment, water plays a major 

role in plant growth therefore the regulation of 

dissolved pH in water can affect plants, a sensor is 

needed to be able to read the acidity or basicity of 

hydroponic water. The PH-4502C sensor was 

chosen because it can measure the level of acidity 

or basicity dissolved in water and can output 

analog data that is suitable for reading by a 

microcontroller. 

4) TDS Sensor 

TDS sensors are needed in a hydroponic 

environment to regulate the amount of dissolved 

nutrients in water. Plants are in dire need of 

nutrients to thrive but excess or lack of nutrients can 

adversely affect the plants therefore a TDS sensor is 

required in a hydroponic environment to measure 

the amount of dissolved nutrients in the water. 

5) LED Lamp 

Plants rely on heat to perform photosynthesis. LED 

lights are used to add heat to help plants perform 

photosynthesis. 

6) Fan 

Humidity levels can affect plant growth in 

hydroponic systems. For this reason, fans are used 

to insert and remove air to control humidity. 

7) Relay 

Relay is used as a switch to turn off the LED lights, 

fan, peristaltic pump by receiving commands from 

the Arduino. 

8) Pompa peristaltik 

This pump is used to add alkaline liquid or alkaline 

liquid and add nutrients to the water solution. 

9) LCD 

The use of LCD is functioned to display the 

condition of temperature, humidity, water pH and 

water ppm in the hydroponic environment at that 

time which is equipped with a display of the output 

value of the sensor. So that through the LCD can 

be known the condition of plants in the hydroponic 

environment offline. 

10) Water Pump 

The water pump acts as a water carrier for plants in 

a hydroponic system. 

11) Aerator 

The aerator acts as a dissolved oxygen enhancer in 
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water to meet the dissolved oxygen needs of plants. 

b. Software Analysis 

1) Arduino IDE 

Arduino in order to function a program is 

needed for that Arduino IDE is needed. Arduino 

IDE acts as a medium for writing program code 

and uploading to Arduino. 

2) Flowchart 

● The pH Meter sensor will read the pH 

parameter, the pH value read will be sent 

to Fuzzy logic for execution and will 

make a decision to turn on or turn off the 

pH Up and pH Down pumps. 

● The TDS Meter sensor will read the TDS 

parameter, the TDS value read will be 

sent to Fuzzy logic for execution and will 

make a decision to turn on or turn off the 

nutrient pump. 

● The TDS Meter sensor will read the TDS 

parameter, the TDS value read will be 

sent to Fuzzy logic for execution and will 

make a decision to turn on or turn off the 

nutrient pump. 

 

 
Fig 3. Flowchart 

 

B. System Design 

1. Fuzzy Logic Method 

The application of fuzzy methods in this 

research involves three main processes, namely 

fuzzification, inference, and defuzzification. First, 

in the fuzzification process, the input data from the 

TDS sensor and PH Meter sensor are converted 

into membership values in the form of fuzzy sets. 

Each input data is given a membership label based 

on predefined rules. Second, in the inference 

process, fuzzy rules are used to generate logic rules 

which are then used to determine the output. 

Fuzzified input data is used as input to produce 

outputs in the form of on or off status of nutrient 

pumps and pH pumps. Third, in the defuzzification 

process, the output of the inference process is 

converted back into a firm value that can be 

understood by the system. The defuzzification 

method is used to convert the fuzzy set into a firm 

value that will be used as an instruction for the 

pump in controlling the nutrients and pH dissolved 

in water automatically. Through the application of 

fuzzy methods with fuzzification, inference, and 

defuzzification processes, this research is able to 

control the hydroponic system automatically based 

on input data measured by certain sensors. 
 

 
Fig 4. Sugeno Fuzzy Logic Flow 

 

2. Hardware 

a. Hydroponic System 

The design of the hydroponic system uses the 

NFT system where the tool uses the basic material 

of a 2.5 inch PVC pipe with a length of 1 meter. The 

PVC pipe is given 10 holes measuring 5 cm which 

are used for netpot placement. In this hydroponic 

design, a water reservoir with a capacity of 60 liters 

is added. 

 
Fig 5. Hydroponic System Design 

 

b. Control Box 

The control box serves as the placement of the 

microcontroller and sensors. The control box uses a 

plastic box measuring 24 x 14 x 9.5 cm which is 

modified to fit the placement of the microcontroller 

and sensors. 
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Fig 6. Control box design 

 

c. Circuit Schematic 

This scheme explains the relationship 

between components in this study. The following 

is a circuit scheme between components. 
 

 

 
Fig 7. Circuit Schematic 

 

3. Software 

a. Dashboard Design 

This section describes the display of the 

thinger.io platform connected to the esp32 device. 

Through this platform, users can view hydroponic 

environmental parameters in real time. 
 

 

Fig 8. Dashboard Thinger.io 

 

C. Implementation and Coding 

In order to be understood by the microcontroller, the 

design that has been compiled previously must be 

converted into a format that the machine can understand. 

Therefore, a suitable programming language is needed to 

be understood by the machine. The arduino and esp32 

microcontrollers use the C++ language in their 

programming. At this stage the programmer plays an 

important role to program the microcontroller so that they 

can connect to each other. 

D. Testing 

At the testing stage or testing the author uses the testing 

stage using white box testing manually. White-box testing 

allows testers to see and test parts in the source code that 

run on the Arduino and ESP32. Because the author is 

directly involved in the development of software and 

control logic on this IoT tool, this method gives the author 

the opportunity to understand in depth how each line of 

code operates. This is important to ensure that all logic 

flows, branching conditions, and hardware controls (such 

as relays and sensors) work as expected. The author as a 

tester will conduct Functional testing to ensure that all 

features and functions of the IoT tool work according to 

predetermined specifications. 

III. RESULTS AND DISCUSSION 

THE STEPS TO SOLVE A PROBLEM USING THE FUZZY METHOD 

ARE AS FOLLOWS: 

A. Fuzzification 

Fuzzification is the process of converting a strict value 

into a membership function. the following membership 

degrees and their implementation. 
 

 
 

 
Fig 9. Degree of Membership pH 
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if x is A then y is B 

 

 
Fig 10. Degree of Membership TDS 

 

In the Fig 11 is the membership degree and the fig 12 is the 

fuzzification form to restore the membership function 
 

 

Fig 11. Implementation Degree of Membership pH and 

TDS 
 

Fig 12. Implementation Function Membership 

 

b. Inference Machine 

Inference Machine is an implication process that assesses 

input values to determine output values as a basis for 

decision making. Max Min reasoning is one of the frequently 

used reasoning models. In this reasoning, a min operation is 

first performed on the output signal from fuzzification, then 

followed by a max operation to determine the output value 

to be defuzzified. Figure 13 is the implementation of 

Inference Machine. 

 
Fig 13. Implementation Inference Machine 

c. Rule Based 

The basic rules in fuzzy logic control are relational rules 

in the form of “If-Then” as follows: 
 

Where A and B are linguistic values set in the range of 

variables X and Y. The statement “x is A” refers to the 

antecedent or premise, while the statement “y is B” refers 

to the consequent or conclusion. Figure 14 is the 

implementation of Rule Based. 
 

Fig 14. Implementation Rule bases 

 

d. Defuzzification 

The input of the defuzzification process is a fuzzy set 

resulting from the composition of fuzzy rules, while the 

output is a numerical value in the domain of the fuzzy set. 

Thus, if given a fuzzy set in a certain range, there must be 

a specific numerical value determination. Fig 15 is the 

implementation of Defuzzification 

 
Fig 15. Implementation Defuzzification 
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IV. CONCLUSIONS 

This research successfully designed and built a 

hydroponic system using Sugeno fuzzy logic. This system 

is equipped with a pH and nutrient control mechanism in 

hydroponics. The application of sugeno fuzzy logic plays an 

important role in controlling pH and nutrition. In addition, 

the application of the Internet of things is very helpful for 

users to monitor the condition of the hydroponic 

environment. 
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