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 South Kalimantan is one of the largest citrus fruit producers in 

Indonesia. One of the leading citrus fruit commodities in South 

Kalimantan is the Siam Banjar oranges (Citrus reticulata). This study 

developed a monitoring and control system for Siam Banjar orange 

plants based on IoT (Internet of Things) and Fuzzy Logic Control. The 

goal is to determine the performance of the Fuzzy Logic Control 

method in predicting the time to water plants based on temperature and 

soil moisture. The prototype comprises a Wemos D1 R1 

microcontroller with DHT22 and an FC-28 moisture sensor. Two input 

parameters, temperature, and soil moisture are utilized in Fuzzy Logic 

Control calculations. The output is the duration of the watering time in 

seconds. During testing, the value of the sensor is compared to existing 

manual instruments. In addition, fuzzy MatLab calculations are 

compared to the Fuzzy Logic Control method calculations. The FC-28 

Soil Moisture sensor and hygrometer had an error rate of 3.2%, while 

the DHT22 sensor and thermometer had 1%. The Fuzzy Logic Control 

test for watering using fuzzy calculations in MatLab yielded a 3 

percent error rate. 
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1. INTRODUCTION 

South Kalimantan is a province in Indonesia where the cultivation of Siam Banjar Oranges has 

a high production rate. The amount produced is constantly above 100 thousand tons yearly and is a 

leading commodity in the fruit category [1]. 
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Figure 1. Siam Banjar Oranges Production in South Kalimantan from 2015 to 2019 [1] 

 

Based on Figure 1, the production of Siam Banjar oranges from 2015 to 2016 decreased, then 

production continued to increase until 2018 and again declined in 2019 after experiencing an increase 

in production for three years. The fluctuations that occur are caused by farmers' dependence on the 

seasons in that year. Generally, farmers already have a fixed dose of watering and fertilizing 

regardless of the season [2], [3]. Therefore, to assist farmers in adjusting the amount of watering and 

fertilizer to weather conditions, a solution is needed to optimize the dose of fertilizers and watering 

automatically. 

Citrus plants, including Siam Banjar oranges, require direct sunlight (without shade), with 

temperatures between 13 – 35ºC (optimum 22–23ºC) and around 70-80% soil moisture. Suitable land 

depth for citrus is up to 150 cm, with a groundwater depth of approximately 75 cm. The problem 

with citrus plants is determining how much water is needed depending on the temperature and soil 

moisture. Conventional watering can result in some plants not getting water intake evenly. Some 

plants experience excess or lack of water which causes plants to become dry, rot or even die. We 

proposed a solution to this problem using the IoT (Internet of Things) automatic plant watering 

system for Siam Banjar oranges based on soil moisture and temperature. 

With the assistance of Internet of Things (IoT) technology, a device, namely automatic watering 

control, is created in tandem with the advancement of current technology, one of which is in the 

agricultural sector. There is a significant difference between IoT-based sprinklers and conventional 

watering, where conventional watering can result in uneven water intake for specific plants. In 

addition to being replaced periodically, the temperature and humidity are not constantly monitored 

and are only checked periodically. IoT-assisted watering will have several advantages, including 

timely watering, comprehensive water intake, and watering in accordance with the plant's condition. 

With the Internet of Things-based automatic watering control, it will be easier for farmers to 

monitor plant health. The sensor's data will be transmitted to the server for use in calculating the 

length of time required for watering. The collected data will be used to generate a graph that depicts 

the plant's condition, including its temperature and humidity. 

Numerous solutions have been developed to help the farmers improve the plant watering process 

[4]–[6]. Nurhasanah et al. propose implementing an IoT-based agricultural technology innovation to 

address the problem of a precise watering system for tomato plants [7]. Codeluppi [8] presented low-

cost and modular IoT solutions for monitoring and controlling vegetable plants. Several studies 

recommend a unique solution for every plant and fruit [9]–[11], as every plant and fruit has unique 

growth requirements, particularly for temperature and soil moisture dependent on the local climate. 

However, there is still a lack of solutions for controlling and monitoring citrus, specifically Siam 

Banjar oranges. 
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This study presents an IoT-based system for monitoring and controlling Siam Banjar oranges. 

We utilized the Wemos D1 R1 for the microcontroller, the DHT 22 sensor for temperature 

monitoring, and the FC28 Soil Moisture Sensor for soil moisture monitoring. The data from the 

sensors will be sent from the device to the cloud server for calculation using the Fuzzy Logic Control 

method, which can later be compared to determine which method is more suitable for Wemos D1 R1 

when operating an IoT-based plant watering system. In the meantime, the performance of the DHT22 

sensor can also be compared to that of its predecessor, the DHT11 sensor. The decision to water the 

plants will depend on the data obtained from these sensors, which will be subsequently processed 

and calculated. The cloud server then relayed the analysis results back to the device to activate the 

watering device for a period based on the value sent from the server. 

 

2. RESEARCH METHOD 

2.1  Tools and materials 

The tools and materials used in this study are as follows. 

Table 1 . Tools and Materials 

Hardware 

 

1. Device Acer E5-476G 

2. Memory RAM 8GB DDR4 

3. Processor Intel Core i5-8250u 3.4GHz 

4. GPU Nvidia Geforce MX150 2GB DDR5 

5. Microcontroller Wemos D1 R1 

6. Temperature Sensor DHT22 

7. Soil Moisture Sensor FC-28 

8. Water Pump Mini DC 5v. Water Pump 

9. Relay  

10. RTC Module DS3231 

Software 1. Arduino IDE  

2. Google Firebase  

3. Visual Studio Code  

4. Command Prompt  

Research 

Material 

Banjar oranges are 2-3 months old by planted in polybags. 

 

2.2  Research Flow 

 

 
Figure 2. Research Flow 

1. Identification of problems 

The problem is that farmers still have a dependence on the rainy season to carry out farming 

activities. So that when the dry season arrives, many farmers suffer losses because the 

plants they plant lack water, resulting in crop failure [12]. In terms of watering, usually in 

several cases, the problem in the watering process is related to the right amount of water. 

Conventional watering can result in some plants not getting water intake evenly, so some 
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plants experience excess or lack of water which causes plants to become dry. decay or even 

die [13][14]. 

2. Study of literature 

The literature study in this study will be used to explain, predict, and identify phenomena 

that occur. In addition, a literature study is also helpful for formulating hypotheses, 

discussing, and providing suggestions or recommendations. The studies used in this 

research include national and international scientific journals, news, research papers, and 

books [15]. 

3. Hardware & Software Design 

The hardware design needed to carry out the watering and monitoring process on Siam 

Banjar oranges plants is the first DHT22 sensor that measures temperature with digital 

output. FC-28 soil moisture sensor, which is used to measure soil moisture. Relay that 

functions to control the on or off watering. As well as a 5V DC pump to supply water to 

plants. 

4. Overall Testing of Fuzzy Logic Systems and Processes 
The test was carried out by taking temperature and soil moisture data on Siam Banjar 

oranges plants in the morning and evening and testing fuzzy calculations to determine the 

watering length. After the data on temperature, soil moisture, and the length of time of 

watering is obtained, the Wemos microcontroller will send those data directly to the Google 

Firebase database. 

5. Data acquisition 

The data that is obtained and used in this study are: 

• Temperature (°C) 

• Humidity (%) 

Temperature and soil moisture data are variables used as input. Temperature and soil 

moisture data were obtained from sensors DHT22 and FC-28. 

6. Data Processing and Analysis 

At this stage, the processing and analysis of the data obtained are carried out. The results 

from the processing and analysis will be the result of the research carried out in this case, 

namely the monitoring system and watering plants on the Siam Banjar orange plants. 

7. Conclusion 

The next stage is drawing conclusions, which will summarise the answers to the problems 

presented in the research and recommendations to the parties concerned. In addition, some 

good suggestions will be given to be used as references for further study. 

 

2.3  System Workflow 

1. Air temperature & soil moisture will be input which will be sent from the sensor to the 

device, namely Wemos D1. 

2. Based on data obtained from the Indonesian Subtropical Fruit Research Institute, the 

temperature will be said to be cold if it has a value < 30º, normal if it has a value between 

20º – 40º, and hot if it has a value > 30º [16]. 
3. Based on data from the Yogyakarta Agriculture Service, soil moisture is said to be wet if it 

has a value of <80%, normal if it is between 70% - 90%, and dry if it is > 80%. [13][14]. 

4. Wemos will receive temperature & soil moisture data from the FC-28 and DHT22 sensors, 

and then Wemos will check whether the time is 7 am or 5 pm [17][18]. 

5. If yes, then the fuzzy logic calculation will be carried out to determine the length of time 

for watering the plants being studied [19][20]. 

6. Based on data obtained from the Jogja Agriculture Service, watering will be said to be short 

if it is worth < 7 seconds, moderate if it is between 5-10 seconds, and long if it is worth > 

7 seconds. 
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7. After the watering time has been determined, the relay will be active. It will automatically 

activate the pump function and the watering process according to the specified time using 

fuzzy logic. 
 

 
Figure 3 . System Workflow 

 

2.4  Fuzzy Logic Design 

IoT-based watering is carried out based on the results of fuzzy logic calculations. In this watering 

process, the fuzzy logic method is used. The variables used as input are temperature and soil 

moisture. Furthermore, as the output is the length of time the watering is done. 

The process of calculating the fuzzy logic method is carried out using the fuzzification 

calculation. Fuzzification is a calculation that changes the input from a firm value to a fuzzy value 

in the form of a fuzzy set with their respective membership functions. In this investigation, two 

variables were employed: temperature and soil moisture. Each variable possesses a distinct linguistic 

value. The linguistic value of the temperature variable is cold, normal, and hot. The soil moisture 

variable has three linguistic values: wet, normal, and dry. Regarding the results of fuzzy calculations, 

the linguistic value is short, medium, and long, for the duration of the watering variable. 

 

2.5  Monitoring System Design 

The readings from the sensor will then be processed and displayed in graphical form. The web 

monitoring system design uses HTML, Bootstrap, and JavaScript. 

 

2.6  Hardware Design 

To make it easier to do the design, the researchers have made a visualization of the wiring design 

in the Fritzing software. The following displays the component circuit design [21][22]. 
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Figure 4. Hardware Circuit Wiring 

The sensor's readings will then be processed and represented graphically. HTML, Bootstrap, and 

JavaScript are used to develop the design of the web monitoring system. In this monitoring system, 

users can observe the condition of their plants in real-time or directly. Sensor log data, temperature 

and humidity sensor readings, and fuzzy calculation data are displayed in this monitoring system. 

Each sensor's reading will be displayed on the dashboard page, while fuzzy calculation data will be 

displayed on the fuzzy calculation page. 

The microcontroller of this IoT monitoring and control system begins by reading the time. The 

device will automatically water the plants based on the temperature and humidity readings from the 

DHT22 and FC-28 sensors if the time is 07.00 (7 am) or 17.00 (5 pm). The temperature and humidity 

measured by the DHT22 and FC-28 sensors serve as inputs for the fuzzy inference procedure. 

Fuzzification, fuzzy rule, and defuzzification are the processes that are executed along with the output 

value computed during defuzzification. The output of defuzzification is the amount of time required 

for watering (seconds). Once the output is obtained, the microcontroller will automatically activate 

the pump relay. 
 

2.7  Software Design 

The software design process starts by writing a line of code on the Arduino IDE software to 

determine the sensor data parameters used in the Siamese orange plant's watering and monitoring 

system. Sensor data consists of analog data results from temperature and soil moisture readings. The 

results of sensor data already in the real-time database will be displayed in a web-based monitoring 

system. In the monitoring system, users can view sensor data in the form of temperature, soil 

moisture, and the length of time of watering. 

3. RESULTS AND ANALYSIS 

In this study, testing was carried out using functional testing and testing the performance of the 

Internet of Things (IoT) based watering device using the fuzzy logic method. The tests carried out 

are tool testing and system testing. Testing of tools serves to test whether all equipment can operate 

normally, while system testing is carried out to test the calculation method of the plant watering 

system. Then the test results will be entered into a table and compared to find the error value. 

[23][24]. 

 

3.1   System Test 

The temperature and soil moisture data obtained in the morning and evening will produce a 

calculation value using the fuzzy logic method and produce an output value in the time the watering 

is carried out in seconds (s). The microcontroller's calculations will then be compared to MatLab's 

calculations. In addition, calculations from the microcontroller will be compared to watering data 

obtained from interviews with Siam Banjar orange farmers based on fuzzy rules established by those 

farmers. This obtained table of comparison appears below. 
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Table 2. System Testing 

Date Time 

Input Output (seconds) MatLab 

Error 

(%) 

Field 

Error 

(%) 
Temperature 

(°C) 

Humidity 

(%) 
MatLab Microcontroller Field 

7/9/21 
7:00 28.5 71 4.1 4.4 5 6.8 12 

17:00 29.4 72 4.4 4.3 5 2.3 14 

8/9/21 
7:00 29.9 75 5.1 5.3 5 3.7 5.6 

17:00 31.6 72 4.7 4.8 5 2 4 

9/9/21 
7:00 28.4 71 4.1 4.4 5 6.8 12 

7:00 29.9 79 6.9 6.6 5 4.5 24.2 

10/9/21 
7:00 30.2 77 6 6 5 0 16.6 

17:00 31.9 79 6.9 6.6 5 4.5 24.2 

……….. 

……….. 

……….. 

4/10/21 
7:00 28.2 79 6.5 6.4 5 1.5 21.8 

17:00 27.2 76 5.7 5.5 5 3.6 9 

5/10/21 
7:00 28.6 78 6.4 6.4 5 0 21.8 

17:00 30.8 79 6.9 6.6 5 4.5 24.2 

6/10/21 
7:00 30.6 76 5.7 5.5 5 3.6 9 

17:00 28.6 75 5.4 5.5 5 1.8 9 

Average Error (%) 3 14 

 

In addition, based on information obtained from Siam Banjar orange farmers whom researchers 

interviewed First, for watering mature Siam Banjar oranges, a table detailing the quantity of water 

required for mature Siam Banjar oranges is provided. 

 
Table 3. The amount of water needed for watering mature Siam Banjar orange plants 

Watering Parameter Amount of Water 

Dry 1000 ml 

Normal 5000 ml 

Wet 7000 ml 

 

Based on the above-obtained watering parameters, the calculation data for the projected watering 

time for citrus seedlings of the Siam Banjar variety will be utilized in this study. In addition, the error 

value will be determined by comparing the fuzzy rules derived from data collected from Siam Banjar 

orange farmers with the results of calculations made by the IoT-based plant watering system. 

According to the microcontroller and MatLab estimates, the first day's errors are 30.1°C 

temperature and 76% soil moisture. Below is the calculated error from the comparison. 

 

 

                                     𝐸𝑟𝑟𝑜𝑟 =  
𝑀𝑎𝑡𝐿𝑎𝑏−𝑀𝑖𝑐𝑟𝑜𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟

𝑀𝑖𝑐𝑟𝑜𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟
 𝑋 100%                                            (1) 

 

                                                                  =  
5.7−5.5

5.5
 𝑋 100% 

 

=  
0.2

5.5
 𝑋 100% 

 

                                                                    = 3.6%  
 

 In addition, the calculation's average error can be determined by summing all error values 

and dividing by the number of tests conducted, yielding the following formula. 
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                                              𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝑟𝑟𝑜𝑟 =  
Ʃ𝑒𝑟𝑟𝑜𝑟

Ʃ𝑢𝑗𝑖 𝑐𝑜𝑏𝑎
                                                              (2) 

 

  =  
181.3

60
 

 

=  3% 

 

Based on the error results from fuzzy logic calculations carried out through the microcontroller 

and also MatLab, it is found that the output value generated from the watering device and MatLab 

has more or less the same results, although it still has an error of 3%. However, the resulting output 
is not too far off, so it can be concluded that the IoT-based plant watering device using fuzzy logic 

calculations is feasible to use directly. 

 

3.2  Discussion of Fuzzy Logic Calculations 

Fuzzification computations are utilized during the calculation of the fuzzy logic approach. 

Fuzzification is a calculation that transforms a firm input value into a fuzzy output value in the form 

of a fuzzy set with its appropriate membership functions. Temperature and humidity factors were 

utilized in this investigation. Each variable possesses a distinct linguistic value. The linguistic value 

of the temperature variable is cold, normal, and hot. The humidity variable has three linguistic values: 

wet, normal, and dry. Regarding the outcomes of fuzzy computations, the variable watering duration 

has a linguistic significance, namely short, medium, and long. 

 

1. MatLab Calculations 

The calculations in this study were used using the MatLab R2019a software. The first step is 

to set the input, Fuzzy Inference System, and output according to the previously determined 

variables. The calculation is by using the input on the sensor readings with an example of a 

temperature of 28.1°C and soil moisture of 71%. The following is the value of the temperature 

membership. 

 
Figure 5. Temperature membership value 

Here is how to calculate cold temperature membership. [25][26] 

 

uCold temperature  =  
(𝑑−𝑥)

(𝑑−𝑐)
=  

(30−28.1)

(30−15)
 =  

(1.9)

(15) 
= 0.12 

 

From the calculation of cold temperature, the value is 0.12. 

 

The following is a calculation of the normal temperature membership. 

 

uNormal temperature  =  
(𝑥−𝑎)

(𝑏−𝑎)
=  

(28.1−20)

(30−20)
 =  

(8.1)

(10) 
= 0.81 
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From the calculation of cold temperature, the value is 0.81. 

 

The following is the value of the soil moisture membership. 

 

 
Figure 6. Humidity membership value 

Here is how to calculate wet soil moisture membership. [25][26] 
 

uWet soil moisture  =  
(𝑑−𝑥)

(𝑑−𝑐)
=  

(80−71)

(80−65)
 =  

(9)

(15) 
= 0.6 

 

From the calculation of uWet soil moisture, the value is 0.6. 

 

The following is how to calculate the normal soil moisture membership. 

 

uNormal soil moisture  =  
(𝑥−𝑎)

(𝑏−𝑎)
=  

(71−70)

(80−70)
 =  

(1)

(10) 
= 0.1 

From the calculation of normal soil moisture, the value obtained is 0.1. 

 

Next, a fuzzy rule is generated by comparing the value of each input's fuzzification. For each 

rule's value, the fuzzification value of each input is compared, and the MIN function is then used 

to identify the smallest value from each comparison. The final step is to calculate defuzzification 

using the Center of Area (CoA) method, which consists of the following calculation formula: 

 

                                       Defuzzification (CoA)=  
∑ 𝑟𝑢𝑙𝑒(𝑖) 𝑥 𝐶𝑜𝐴(𝑖) 𝑥 𝐿(𝑖)𝑛

𝑖=1

∑ 𝑟𝑢𝑙𝑒(𝑖) 𝑥 𝐿(𝑖)𝑛
𝑖=1

                                       (1) 

 

                                                =  
𝑟𝑢𝑙𝑒[0][0]∗CoA(1)∗L(1)+𝑛

𝑟𝑢𝑙𝑒[0][0]∗L(1)+𝑛
                                        (2) 

 

=  
0.12 ∗ 3.75 ∗ 3.75 + 0.1 ∗ 3.75 ∗ 3.75 + 0.6 ∗ 3.75 ∗ 3.75 + 0.1 ∗ 2.5 ∗ 7.5

0.12 ∗ 3.75 + 0.12 ∗ 3.75 + 0.6 ∗ 3.75 + 0.1 ∗ 2.5
 

 

=  
13.6875

3.4
= 4.12 

 

The following is a Matlab-based proof of calculation. As shown in Figure 7, the length of time 

required for watering at a temperature of 28.1°C and relative humidity of 71% is 4.12 seconds 

when calculated. 
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Figure 7. Calculations using Matlab 

2. Microcontroller Calculation 

First, fuzzify each input. The divisor value of 15 on the cold membership "cold = (T-30)/15" 

comes from 30 - 15 on the cold membership, and the divisor value of 10 on the normal 

membership "(T-20)/10" comes from 30 - 20 on the normal temperature membership, and the 

divisor value of 15 on the hot membership "(temperature-30)/15" comes from 45 – 30 on the hot 

temperature membership [27]. 

The divisor value of 15 on wet membership "(80 - h)/15" results from a reduction of 80 - 65 

in wet soil moisture membership, followed by a divisor value of 10 on normal membership "(h - 

70)/10" resulting from a reduction of 80-70 on membership normal soil moisture, and a value of 

15 in the dry membership "(soil moisture - 80)/15" resulting from a reduction of 95 - 80 in the 

dry soil moisture membership 

 

3. Implementation on Google Firebase 

Google Firebase is used as a web server and database server. The web server in this study is 

used to build a monitoring system that can later assist users in knowing the state of their plants at 

that time, where the data displayed in real-time is obtained from a database already stored in the 

Google Firebase database server [22].  

In Figure 8, the page displays temperature and humidity sensor values when the last watering. 

In addition, a graph of temperature and humidity values from the seven most recent irrigations is 

shown. This page also offers a manual watering control to manually activate or deactivate the 

watering process and an automatic watering control to set watering hours and minutes. 

 

 

 
Figure 8. Monitoring System Dashboard 
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4. Plant Watering Process 

The plan watering process is done twice daily, namely at 07.00 and 17.00. The plants are 

placed inside a polybag on the terrace, which is not exposed to direct sunlight but gets enough 

heat because the Siam Banjar orange plant still needs hot temperatures to grow well. Besides, the 

optimum soil moisture of the Siam Banjar orange plant is 70-80% because if the conditions are 

too humid, it can cause fungal diseases. On the other hand, if the soil moisture is too dry, it can 

cause many pest attacks. 

 

 
Figure 9. Comparison of Siam Banjar orange plants 

From 4 weeks of research time and data collection, both Siam Banjar orange plants with 

manual and automatic watering were equally able to grow well. However, automatic watering had 

a few advantages, whereas Siam Banjar orange plants, which were watered automatically, tended 

to grow more stable than Siam Banjar orange plants, which were watered manually.  

One example is the Siam Banjar orange plant which is watered manually. Sometimes, the 

leaves wither even though they eventually return to normal. Siam Banjar oranges that are watered 

automatically have a higher height of ± 5 cm compared to those watered manually and denser 

leaves. In addition, with an automatic watering device, users will find it easier and more efficient 

to care for their plants because they can monitor them remotely. 

 

4. CONCLUSION 

This study aims to design a monitoring and watering system for Siam Banjar orange plants using 

the Internet of Things (IoT) and the Fuzzy Logic Control method. Moreover, to evaluate the 

performance of the Fuzzy Logic Control method in determining watering time based on soil 

temperature and soil moisture. The following conclusions can be taken from this evidence: 

1. The monitoring and watering system for Siam Banjar citrus plants based on the Internet of 

Things (IoT) using the Fuzzy Logic Control method has been successfully built. The 

monitoring system is built on a website-based basis using HTML, Bootstrap, and JavaScript 

and uses a real-time database from Google Firebase. Meanwhile, the development of Internet 

of Things (IoT) based plant watering uses Wemos D1 R1 as a microcontroller. In addition, 

there is a DHT22 sensor used as a plant temperature reader and a soil moisture sensor FC-28 

used as a plant moisture reader. 

2. During the construction of the watering device, the sensors were tested for performance to 

determine the error percentage of each sensor, and the results were that the sensors worked 

very well. The first test on the DHT22 sensor has an error of 1%. Furthermore, testing on the 

FC-28 soil moisture sensor resulted in an error of 3%. In addition to testing the sensor, 

calculating the Fuzzy Logic Control method on the watering device was also carried out. 

There are three steps in the Fuzzy Logic Control method: fuzzification, rule creation, and 

defuzzification. The results of the output obtained will be compared with the output of the 

calculation results contained in MatLab. From these results, an error of 3% is obtained, 

meaning that the IoT-based plant watering tool built is feasible to use immediately. 
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