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A B S T R A C T   A R T I C L E   I N F O 

Precision Agriculture aims to make every determining 
variable in agriculture measurable and used precisely or 
efficiently to maximize agricultural productivity, so we 
intend to develop smart irrigation systems that are 
controlled based on soil humidity and temperature level 
using Fuzzy Logic to improve water use. This study aims to 
design, implement, and evaluate an automated system 
capable of real-time monitoring of soil moisture and 
temperature conditions to regulate crop irrigation. This 
research utilizes soil moisture and temperature sensor 
technology connected to a system controller. The data 
obtained from these sensors is processed using a fuzzy logic 
approach to decide the amount of water that must be 
distributed to the plants. The fuzzy logic concept is used to 
handle uncertainty and ambiguity in sensor data, allowing 
the system to make irrigation decisions that are more 
adaptive and responsive to changes in soil conditions. Our 
experiment was tested in a lab-scale agricultural 
environment, and the evaluation results showed that this 
automatic irrigation system is capable of providing more 
efficient and timely irrigation according to crop needs. The 
results of the Fuzzy Logic Implementation concept using low-
cost components to automate the irrigation system are 
possible and pave the way for wider use of agricultural water 
management in barren or arid areas and precision 
agriculture environment systems. 
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1. INTRODUCTION 
Agriculture is one of the main sectors in human life that are affected by environmental 

factors, especially the proper supply of water and soil conditions. One example is the rice 
paddy sector, which receives water that does not match the required soil moisture and 
temperature accuracy, necessitating improvement to manage water resources effectively. 
Furthermore, if resources are well-managed, the agricultural sector will improve [1]. In efforts 
to enhance agricultural yields and resource use efficiency, the development of automatic 
irrigation systems that detect soil moisture and temperature is increasingly needed [2]. Soil 
moisture control according to plant requirements is conducted by watering when the soil 
moisture and air temperature do not meet the expected levels and stopping watering when 
sufficient moisture is detected, using fuzzy logic methods [3]. This research discusses the 
design, implementation, and testing of such a system. The automatic irrigation system is 
tailored to the needs of rice plants based on soil moisture. This system is beneficial for 
automatic irrigation and saves labor and time in watering rice plants [4]. 

The integration of soil moisture and temperature sensor technology with fuzzy logic 
provides a solid foundation for developing intelligent irrigation systems. This is expected to 
increase water use efficiency, promote balanced plant growth, and provide a better 
understanding of plant water needs under various environmental conditions [5][6][7]. The 
research utilizes electronic components with an ESP32 microcontroller, soil sensor, DHT11, 
relay to switch electrical currents, water pump, and LCD as output. It is hoped that this 
research will be beneficial for a wide audience, from the agricultural sector to education, for 
future research applications. 
2. METHODS 

The methods discussed in this research include problem identification, literature review, 
device design, prototype development, prototype testing, and prototype evaluation. The 
design process for creating the prototype begins with block diagrams, flowchart diagrams, 
wiring diagrams, and fuzzy logic designs for the device. 

2.1. Research Flow 

The research flow outlines the steps to research and create a prototype to ensure the 
research stays on track and does not deviate from the plan. The researcher begins by 
identifying the problem and then conducts a literature review on similar devices. After the 
literature review, the next step is to design the device and build a prototype according to the 
planned design. The device is then tested and evaluated for further improvements. The 
Research Flow is shown schematically in Figure 1. 

 

Figure 1. Schematic diagram of Research Flow. 
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2.2. Problem Identification 

The agricultural sector currently still uses manual and natural irrigation systems, relying on 
natural resources. This makes the irrigation system unregulated and less accurate in 
agricultural irrigation using water resources [8]. Often, the water received does not match the 
required soil moisture and temperature, necessitating improvement for better water 
resource management. 
2.3. Literature Review 

The agricultural sector currently still uses manual and natural irrigation systems, relying on 
natural resources. 

2.3.1. ESP32 

 ESP32 is a microcontroller developed by Espressif Systems. This microcontroller has 
various features that allow it to be used in various electronic applications, especially in 
Internet of Things (IoT) projects [9]. With many advantageous features at an affordable price, 
ESP32 has dual-core capabilities and larger memory. In this research, ESP is used because of 
its features and the availability of ESP32, which supports software and IoT project users [10]. 

2.3.2. Capacitive Soil Sensor 

 A soil sensor is a type of sensor used to measure soil moisture levels. Its working principle 
is based on changes in soil capacitance correlated with soil moisture [11][12]. Capacitive soil 
sensors use electrodes embedded in or around the soil [13][14]. When the soil contains water, 
the capacitance (capacity to store electric charge) around the electrodes changes. When the 
soil is dry, the capacitance is low, while when the soil is wet, the capacitance is high. 

2.3.3. DHT11 Sensor 

 DHT11 is a simple and easy-to-use temperature and humidity sensor. This sensor is often 
used in DIY (Do It Yourself) projects and various electronic applications that require 
temperature and humidity monitoring. In this research, DHT11 is used as a temperature 
sensor for soil and air [15]. 

2.3.4. Relay 
 A relay is an electronic component that acts as a switch that can be automatically activated 
or deactivated by electrical signals from control devices such as microcontrollers, sensors, or 
other devices. When an electric current passes through the relay, it can change the state of 
its contacts from open to closed or vice versa, depending on the signal given to the relay. 
Relays typically have two states, open and closed [16]. When a relay is activated through an 
electrical signal, its contacts switch to the opposite state. 

2.3.5. Water Pump 
 A water pump is a component used to move water from one place to another. The water 
pump works by converting electrical energy into mechanical energy to move water through 
pipes or channels [17]. When the pump is turned on, the motor starts spinning and drives the 
impeller inside. This spinning motion causes the surrounding water to enter the pump 
through the intake channel. The impeller then pumps the water out through the outlet 
channel, moving it to the desired location. 
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2.3.6. Fuzzy Logic 
 Fuzzy logic is an algorithm with a computer science and mathematics approach similar to 
human thinking in making decisions in uncertain or gray areas. This concept departs from 
conventional logic that considers something only true or false [18]. In general, fuzzy logic 
extends the thinking framework in describing problems that do not have clear boundaries 
between conditions. This helps us handle uncertainty and ambiguity in decision-making. Fuzzy 
logic is widely used in control systems with uncertain conditions, such as room temperature 
control, car braking systems, or washing machine control systems [19][20]. 

 

2.4. Block Diagram 

 

Figure 2. Block Diagram. 

 Figure 2. A block diagram representing the graphic depiction of the system or process 
functions, elements, or components in the automatic soil moisture and temperature irrigation 
system. Initial interactions from the sensors and fuzzy logic to the microcontroller are 
processed in the ESP32, then the data is sent to the LCD and relay to be forwarded to the 
water pump. 

2.5. Flowchart Diagram 

 

Figure 3. Flowchart 

 Figure 3. The flowchart above shows the working procedure of the automatic irrigation 
system during the irrigation conditioning process. The system starts the flow by reading 
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sensor detections, which are then processed using fuzzy logic with the established conditions. 
The output will then appear on the LCD and the water pump according to the results of the 
fuzzy processing. 

2.6. Wiring Diagram 

 

Figure 4. Wiring Diagram 

 Figure 4. The wiring diagram above shows the wiring design to connect one component to 
another. This wiring diagram also functions to identify the connections and interactions that 
occur, which will then be adjusted according to the algorithm. 

2.7. Architecture Diagram 

 

Figure 5. Architecture Diagram 

 Figure 5. The architecture diagram above represents the relationships or connections in 
the design system. The components used in this prototype development include the ESP32 
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microcontroller, Capacitive Soil Sensor, DHT11 Sensor, LCD, Relay, and Water Pump, as well 
as a 5 Volt Adapter as the power source. 

2.8. Implementation of Fuzzy Logic 

 The implementation of fuzzy logic in MATLAB involves several stages. Here are the steps 
for fuzzy logic implementation. 

2.8.1. Fuzzification 

 
Figure 6. Fuzzification MATLAB 

Figure 6. The fuzzification above includes inputs for humidity (RH) and temperature 
(Celsius), which will produce a watering duration using the Mamdani method. 

 

2.8.2. Membership Function 

1.  Humidity (Input) 

 
Figure 7. Membership function for Humidity 

Figure 7. the input for humidity has the following ranges 
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In the image above, the input for humidity has the following ranges: Dry [0 0 20 40], 

Moist [20 40 60 80], and Wet [60 80 100 100]. 

2.  Temperature (Input) 

 
Figure 8. Membership function temperature 

Figure 8. the input for temperature has the following ranges: Cool [0 0 20 40], Normal [20 
40 60 80], and Hot [60 80 100 100]. 

 
3.  Watering Duration (Output) 

 
Figure 9. Membership function Durasi_Siram 

Figure 6. the output is Durasi_Siram or the duration for watering the plants. It has the 
following ranges: Siram Sebentar (Short Watering) [0 0 3 4], Siram Sedang (Medium Watering) 
[3 4 6 7], and Siram Lama (Long Watering) [6 7 10 10]. 
  

https://doi.org/10.17509/coelite.v3i2.76025


Adiwilaga  et al., Prototype Design of Automatic Irrigation System Based on Soil Moisture and Temperature  … | 84 

DOI: https://doi.org/10.17509/coelite.v3i2.76025     

p- ISSN 2829-4157 e- ISSN 2829-4149 

2.8.3. Fuzzy Interface 

1.  Fuzzy Rules 

 
Figure 10. Fuzzy Rules 

Figure 10. In the image above, the fuzzy rules for the two inputs, humidity and 

temperature, are shown, resulting in the output Durasi_Siram (Watering Duration). There are 

9 rules, each with 3 conditions. 

2.  Tabel Interface 

 
Figure 11. Tabel Interface 

Figure 11. The Interface Table for conditioning humidity with ranges dry, moist, and wet, 
then temperature with ranges cool, normal, and hot, producing the output for watering 
duration with ranges long, medium, and short. 

2.  Defuzzification 

The defuzzification stage results from the trials of each condition set in the fuzzy interface 
stage. 

 

Figure 12. (a) Defuzzification with the rule [If (Humidity(RH) is Dry) and 
(Temperature_(Celsius) is Cool) then (Watering_Duration is Long_Watering)] 
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Figure 13. (b) Defuzzification with the rule [If (Humidity(RH) is Moist) and 
(Temperature_(Celsius) is Normal) then (Watering_Duration is Medium_Watering)] 

 

Figure 14. (c) Defuzzification with the rule [If (Humidity(RH) is Wet) and 
(Temperature_(Celsius) is Hot) then (Watering_Duration is Short_Watering)] 

 

3. RESULTS AND DISCUSSION 
3.3. Testing Results on the Device 

Table 1. Test result on device 
Humidity 

(RH) 
Temperature 

(Celsius) 
Watering 
Duration 
(seconds) 

Conformity 

36.00 29.30 3.61 Discrepancy in 
interval value > 2 

37.00 29.80 3.33 Discrepancy in 
interval value > 2 

37.00 30.80 3.26 Discrepancy in 
interval value > 1 

59.00 30.80 1.87 Discrepancy in 
interval value > 3 

38.00 30.80 2.88 Discrepancy in 
interval value > 2 

36.00 30.80 3.59 Discrepancy in 
interval value > 1 

36.00 30.20 3.67 Discrepancy in 
interval value > 2 
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3.4. Testing Results on MATLAB 

Table 2. Testing Results on MATLAB 

Humidity 

(RH) 

Temper

ature 

(Celsius) 

Watering 

Duration 

(seconds) 

Conformity 

36.00 29.30 3.59 Discrepancy in 
interval value > 2 

37.00 29.80 3.31 Discrepancy in 
interval value > 2 

37.00 30.80 3.25 Discrepancy in 
interval value > 1 

59.00 30.80 1.84 Discrepancy in 
interval value > 3 

38.00 30.80 2.86 Discrepancy in 
interval value > 2 

36.00 30.80 3.58 Discrepancy in 
interval value > 1 

36.00 30.20 3.65 Discrepancy in 
interval value > 2 

 

4. DISCUSSION 
The irrigation system implemented with fuzzy logic achieved results with a discrepancy 

value of 1 to 2 between the device and the fuzzy logic. However, with a small difference, the 
implementation of fuzzy logic is considered acceptable. From the above tests, the fuzzy logic 
using the Mamdani method in the automatic irrigation system prototype for plants was 
successfully achieved as desired. Fuzzy logic can demonstrate that this method can handle 
the uncertainty of watering duration, aligning it with soil moisture and temperature 
conditions. In the discussion, researchers utilized soil and DHT11 sensors, where the DHT11 
sensor can detect both room temperature and humidity. Researchers have not yet tried using 
the DHT11 sensor in the soil. 
 
5. CONCLUSION 

This journal aims to design and implement an automatic irrigation system that can 
monitor soil moisture and temperature using the fuzzy logic concept with soil moisture and 
temperature sensors to measure soil environmental conditions. The information obtained 
from these sensors forms the basis for decision-making in the irrigation system. The fuzzy 
logic approach is used to process data obtained from the soil moisture and temperature 
sensors. This concept allows the system to make irrigation decisions by considering uncertain 
or fuzzy soil moisture and temperature values. In conclusion, despite some discrepancies in 
the device implementation and MATLAB conditioning, this is considered normal due to 
possible sensor inaccuracies. However, the application of the Mamdani fuzzy method 
successfully enhances the management of water resources and periodic plant irrigation 
automatically. 
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