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ABSTRACT 
Global warming impacted to agriculture, thereby affecting the world's food supply. UNICEF calls on every country to be 

able to meet its food needs independently. Indonesia, as an agricultural country, has the potential to meet food needs 

independently. One effort that can be made is to combine existing agricultural systems with technology through the application 

of IoT. In this research, it was applied to citrus plants using DHT11 temperature and air humidity sensors and soil moisture 

sensor YL69. Data processing uses a fuzzy algorithm approach, using two input variables, namely temperature and humidity 

variables and soil moisture variables. Meanwhile, the resulting output variable is the time for watering the plants. At the 

fuzzification stage, each variable is grouped into three memberships. For temperature and humidity variables are divided into 

hot, medium and cold membership. Soil moisture variables are divided into wet, medium and dry membership. And the time 

variables consists of short, medium and long time membership. In the defuzzification stage, it is calculated by calculating the 

center of area value for each graphic area resulting from the fuzzification stage. Furthermore, to test the system, the testing 

carried out resulted in an error value of 5.19 percent. Based on test and trial that be done, the result shows that average 

volume of water that flows every second when watering plants is 36.5 ml per second. 
  
Keywords: temperature and humidity sensor, soil moistur sensor, fuzzy logic, watering, citrus. 

I. INTRODUCTION 

 

OOD   as the main necessary of human being arround the world need to be fulfilled for sustainable 

and survive in life. Global warming surges im almost all country recent years impacted to agriculture 

productivity. Agricultural land is decreasing, not only because of the impact of the increase in world 

population, but also because more and more land is being abandoned by farmers due to high levels of 

crop failure. On the other hand, increasing population growth will result in food shortages which will impact 

survival. Therefore, it is necessary to make efforts to improve and increase agricultural productivity, one of which 

is by collaborating on technology in the agricultural sector.  

This is in line with what was conveyed by UNICEF through the SDG's program, one of which is under SOFI 

which is related to food defense or food security which must be pursued by every country. Food defense can be 

encouraged by developing sustainable farming where technological intervention is needed to encourage the 

acceleration of agricultural productivity 

Indonesia as an agricultural country with a large amount of agricultural land has the potential to be able to meet 

its own food needs. Currently, domestic harvests are still unable to meet the needs of the wider population. So, 

for basic food needs, some still need import support from neighboring countries. Several efforts have been made 

including using a hydroponic farming system, using a vertical land planting system and several other efforts [2]. 

However, these efforts have not been able to provide an optimal solution to increase the quality and quantity of 

harvest. One of the obstacles faced by farmers is the uncertain weather that has occurred in recent years. In 

addition there are deficiencies related to appropriate agricultural information. So far, farmers maintain their 

agricultural land using methods that have been used for generations. Meanwhile, land conditions, air and 

environmental temperatures, as well as the level of police, are much different from what they were a few years 

ago [3] [2]. 

 On the other hand, one of the important factors that influences plant growth is soil. Soil conditions greatly 

influence how plants will grow. In addition, soil conditions, in this case soil moisture, are needed by plants with 

F 

mailto:penulis.pertama@email.com
mailto:ibnu.utomo.wm@dsn.dinus.ac.id2)
mailto:karis.widyatmoko@dsn.dinus.ac.id3)
mailto:zahrotul.umami@dsn.dinus.ac.id1)
mailto:penulis.pertama@email.com


JTIULM - Volume 08 Nomor 2, Oktober 2023: 79 – 86 
  
 

80 
 

different moisture levels for each different plant. Even for the same plant, when the air temperature tends to be 

hot and dry, soil moisture must be maintained intensively so that the humidity does not decrease [4] [5]. 

To obtain accurate information on soil conditions, technological intervention is needed to support and encourage 

farmers to improve the quality of their crops and increase the amount of their harvest. Agriculture using sensors 

to determine the condition of plants has been carried out on several agricultural lands. Sensors can replace humans 

in monitoring plant conditions by sending information to a system connected to a microcontroller [6] [7]. With 

the information obtained, farmers have the right reference to provide care to their plants according to the current 

condition of the plants. 

 Some studies use soil moisture sensors to monitor plant conditions. This is because soil moisture is an important 

factor that determines plant fertility [3]. Too little water content in the soil can cause the soil to dry out. And 

conversely, soil conditions that contain too much water can also cause rot in plants. However, each plant has a 

different level of water requirements. In this research, citrus plants were used, which can grow and live in normal 

soil conditions, neither too wet nor too dry [8] [9]. Citrus is a plant that can live in both summer and rainy seasons. 

Apart from being a food ingredient used in various food preparations, lime is a plant that can be used as medicine 

and is good for the health of the human body [9]. 

 Previous research by Yahwe used a soil moisture sensor applied to chili plants [10]. In this research, the soil 

moisture sensor used is DHT 11. The sensor is connected to a microcontroller to transmit soil moisture data, then 

the microcontroller is connected to an LED which is used as output media to display soil moisture data. Next, 

Wardahana's research was applied to ornamental plants. This research uses soil moisture and air humidity sensors 

connected to a microcontroller. Meanwhile, the method approach used to process is fuzzy rule mining [11]. Next, 

the microcontroller is connected to an LED to display soil moisture and air humidity data. In another study by 

Kafiar using YL 39 and YL 69 soil moisture sensors [12]. And other research on lime plants, using soil moisture 

sensors and temperature and air humidity sensors. The two sensors are connected to the microcontroller and then 

the microcontroller displays the data obtained from the sensors via the ThinkSpeak website [5]. 

From the several studies that have been mentioned, only data on soil moisture conditions and/or temperature and 

air humidity have been recorded. Research has not yet produced results on how much water farmers need to 

provide based on the condition of their plants.  

 The involvement of technology in agriculture is needed to improve the quality and quantity of harvests. The 

use of IoT (Internet of Things) has been implemented in several agricultural industries both domestically and 

abroad [13]. In this research, the YL 69 soil moisture sensor and the DHT11 air temperature and humidity sensor 

were used which were connected to a microcontroller. The microcontroller is equipped with artificial intelligence 

where soil moisture data and temperature and air humidity data are processed and used as parameters to determine 

how long to water according to the water requirements needed by the lime plants. Processing of input data in the 

form of temperature and humidity data and soil moisture data is processed using a fuzzy logic algorithm method 

approach. Fuzzy algorithms can work under conditions of uncertain parameters so that they suit plant conditions 

that change dynamically following climate and weather [14] [15] [16]. In this research, data on temperature and 

air humidity, soil moisture during watering are the variables that will be processed and each variable is grouped 

into three fuzzy memberships. In the fuzzification stage, the temperature and humidity variables are divided into 

three fuzzy memberships which include hot, medium and cold temperature memberships. The soil moisture 

variable is divided into three memberships, namely wet, medium and dry soil moisture membership. And the time 

variable for watering time is divided into three memberships, namely short, medium and long time membership 

(CoA). 

The system that was built can not only provide information on the temperature and humidity conditions of the air 

and soil moisture of the lime plants, the system also provides information to farmers on how long it takes to water 

the citrus plants. The system is connected to a water pump, so watering can be done automatically periodically 

according to plant conditions. In this way, farmers no longer use manual estimates to determine how much water 

is needed. So it is hoped that the quality of the harvest will be better and the quantity can increase further. 

II. THEORITICAL BASE 

A. Soil Moisture Sensor  

One factor that influences plant fertility is soil moisture. Moist soil makes it easier for plants to absorb the 

nutrients in it and accelerates their growth and development. However, not all plants need the same soil moisture. 

Environmental conditions such as changes in weather will also change the habit of plants. In addition, different 

types of plants also require different levels of humidity [3] [17]. In this research, lime plants were used as test 

objects. Limes are relatively easy to grow in cold and hot climates. However, soil moisture needs to be considered 

so that growth and reproduction can be optimal [8] [9]. 
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Soil moisture sensors are used on lime plants to determine the condition of soil moisture at that time on lime 

plants. The soil moisture level is captured by the YL 69 soil moisture sensor and then sent to the microcontroller.  

Soil moisture data becomes an input variable which is grouped into 3 memberships, namely high humidity 

(humid), medium humidity and low humidity (dry). This data is processed by a microcontroller as a parameter to 

determine watering time along with temperature and humidity data variables. 

B. Temperature and Humidity Sensor  

Environmental air affects soil moisture, when the air is relatively hot, soil moisture will increase. Not always 

when the air feels hot it indicates low air humidity. Soil moisture is the amount of water stored between soil pores. 

Soil moisture is very dynamic due to evaporation through the soil surface, transpiration, and water movement due 

to gravity. Factors that influence high and low temperatures are solar radiation and vegetation. Therefore, 

temperature and humidity sensors are needed to provide appropriate information to the system before the system 

determines how long to water. [16] [8] [18]. 

In this research, a temperature and humidity sensor was used using the DHT11 sensor. Temperature data is used 

as an input variable which is grouped into 3 memberships, namely hot, medium and cold temperature members. 

This data is processed by a microcontroller as a parameter to determine watering tim 

C. Microcontroller 

Data processing of soil moisture and air humidity and temperature is connected to an IoT-based system. For data 

processing, Arduino Uno type NodeMCU ESP8266 microchips are used, which in this system act as a central 

controller. 

Plant watering and monitoring systems can be designed to work automatically. The system is designed by 

connecting several internet network devices so that users can monitor the condition of the plants and provide 

appropriate care to the plants, according to the needs and condition of the plants. One of the research designs is a 

plant watering and monitoring system using the Arduino Uno microcontroller as the system control center. Where 

the soil moisture sensor is connected to the NodeMCU microcontroller which acts as a data sender between the 

system and the web server. The results of system processing are sent to a website page so that users can monitor 

plants according to the time and place they have [18]. 

The output produced by the system is a microcontroller that determines the time needed for watering lime plants 

according to temperature conditions, air humidity and soil moisture. The algorithm used to determine the time 

needed to drain the water is a fuzzy algorithm. In the fuzzy algorithm the data is divided into several memberships. 

In this system the memberships formed are soil moisture membership, temperature membership and time 

membership described in the fuzzy logic algorithm sub-chapter. 
 

D. Fuzzy Membership 

The DHT11 temperature and humidity sensor and the YL69 soil humidity sensor are connected to a 

microcontroller which is available to be connected to several devices and can be connected to internet access. The 

microcontroller receives temperature and air humidity data for lime plants from the DHT11 sensor and soil moisture 

data from the YL69 sensor. The data received is processed by the microcontroller as input data which will be 

processed using a fuzzy logic algorithm. Before calculating the input data variables, the temperature, air humidity 

and soil moisture data are first grouped into fuzzy membership. Fuzzy membership includes temperature and air 

humidity (temperature) membership which is further divided into 3 fuzzy membership values, namely hot, medium 

and cold temperatures. Meanwhile, soil moisture membership is divided into three fuzzy membership values, 

namely moist, medium and dry soil members. Meanwhile, the output produced is a time variable which shows the 

duration of time needed to water the lime plants. The time variable is divided into three fuzzy values, namely short, 

medium and long time members. The fuzzy membership table is shown in Table 1 below. 
 

TABLE 1. TABLE OF TEMPERATURE MEMBERS, SOIL MOISTURE MEMBERS, TIME MEMBERS 

Temperature Soil Time 

Hot Wet Long 

Medium Medium Medium 

Cold Dry Short 
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As explained in the previous explanation, soil moisture is the main factor that determines plant fertility. In line 

with this, watering plants appropriately according to the needs and conditions of the plants is one of the challenges 

in cultivating lime plants. Conventional watering can still be carried out today, but the accuracy of how much water 

is needed is a matter of different discussion if it is related to the quality of the harvest. Research that has been 

carried out provides an automatic watering solution with an automatic plant watering control system using fuzzy 

logic [14]. The results of the fuzzy algorithm processing are the duration of watering time which is divided into 

four categories, namely fast, medium and long duration. The temperature test results showed an average error of 

0.41%, while the soil moisture test had an average error value of 2.3%. The average watering time was 33.1 seconds. 

III. PEMBAHASAN 

The discussion in chapter 3 includes a discussion of the fuzzification stage and the defuzzification stage. The 

discussion is presented in the sub-chapter below. 

A. Fuzzyfikasi 

For fuzzy logic calculations, the fuzzification step is used to change the input value (crisp) from a firm value form 

to a fuzzy (linguistic) form which is usually in the form of a fuzzy set with its own membership function. The input 

variables used include temperature variables and soil variables. The fuzzy membership values for the temperature 

input are cold, medium and hot. Meanwhile, soil moisture includes dry, medium and wet. 

The temperature variable has a value range from 0 to 35. This value range is the average temperature and air 

humidity used in this lime plant research. Each temperature variable has a membership set or function, namely cold 

membership, medium membership and hot membership. The explanation of the formula for each variable and the 

fuzzy membership value is in the presentation below. 

The first is equation (1) which is used for temperature variables with cold membership with a value range or x 

of more than 10 to x less than 22.5. 
 

μTcold[x] = {

 0 
22,5−𝑥

22,5−10

1

;𝑥 ≥22,5
   ; 10 < 𝑥 < 22,5

;𝑥 ≤10
}                   (1) 

Equation (2) for temperature variables with moderate fuzzy value membership with a range of values or x is more 

than 10 to x less than 22.5. 

μTmedium[𝑥] =

{
 
 

 
 

 0 

𝑥−10

22,5−10

35−𝑥

35−22,5

;𝑥 ≤10 𝑎𝑡𝑎𝑢 𝑥 ≥35

   ; 10 < 𝑥 < 22,5

;22,5 ≤𝑥 <35

}
 
 

 
 

                               (2) 

 

Equation (3) for the temperature variable with fuzzy hot membership values with a range of values or x more than 

equal to 22.5 to x less than 35. 

μThot[x] = {

 0 
𝑥−22,5

35−22,5

1

;𝑥 ≤22,5
   ; 22,5 < 𝑥 < 35

;𝑥 ≥35
}                              (3) 

 

Furthermore, the soil moisture variable uses a value range of 0 to 100. The equations for soil variables with fuzzy 

membership values of dry, medium and wet are described below: 

Equation (4) for dry fuzzy membership values with a range of x values from 0 to x less than 50. 

μHdry[𝑥] = {

 0 
50−𝑥

50

;𝑥 ≥50
   ; 0 ≤ 𝑥 < 50}                    (4) 

 

Equation (5) for medium fuzzy membership values with a range of values x more than 0 x less than 50 to x less 

than 50 and x more than equal to 50 to less than 100. 

μHmedium[x] = {

x

50
100−x

50

;0 < 𝑥 <50
   ; 50 ≤ 𝑥 < 100}                  (5) 

 

Equation (6) for medium fuzzy membership values with a value range of x more than 50 to x more than equal to 

100. 
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μHwet[x] = {

 0 
𝑥−50

50

;𝑥 ≤50
   ; 50 < 𝑥 ≤ 100}                                 (6) 

 

The equations for temperature variables and soil variables above are equations for the variables used as input 

variables. The resulting output variable is a time variable. Where time is determined by the fuzzy membership 

value of the temperature variable and soil variable. The time variable has 3 fuzzy membership values, namely short, 

medium and long membership values. The range of values used for the time variable is between 1 and 10. The 

equation for the time variable is described in the equation below. 

Equation (7) for the short  membership values as below: 

μWshort[x] = {

 0 
𝑥−0

2.25−0
45−𝑥

45−50

;𝑥<0 𝑎𝑡𝑎𝑢 𝑥>4.5
   ; 0 ≤ 𝑥 ≤ 2.25
:2.25 ≤𝑥 ≤4.5

}                 (7) 

 

Equation (8) for medium membership values as below: 

μWmedium[x] = {

 0 
x−5

4.5−5
75−x

75−4.5

;𝑥<5 𝑎𝑡𝑎𝑢 𝑥>7.5
   ; 5 ≤ 𝑥 ≤ 4.5
:4.5≤x ≤7.5

}                            (8)       

                             

Equation (8) for medium membership values as below: 

μWlong[x] = {

 0 
x−4.5

7.5−4.5
10−x

10−7.5

;𝑥<4.5 𝑎𝑡𝑎𝑢 𝑥>10
   ; 4.5 ≤ 𝑥 ≤ 7.5
:7.5≤x ≤10

}                (9) 

 

Based on the calculation of the fuzzyfication value above, a fuzzy rule is obtained which shows the dependence 

between temperature saviability and soil variables to determine the time of air irrigation. The results of the fuzzy 

rules are shown in Table 2 below: 

TABLE 2. FUZZY RULE TABLE 

Temperature 
Soil Moisturise 

Dry Medium Wet 

Cold 
Long 

(rule1) 

Short    

(rule 4) 

short  

(rule7) 

Medium 
Long  

(ruke2) 

Medium  

(rule 5) 

Short    

(rule 6) 

Hot 
Long 

 (rule 3) 

Medium 

(rule 6) 

Short 

(aturan 9) 

 

Fuzzy rule or fuzzy rules are formed into 9 rules with the provisions of the first rule if the temperature conditions 

are cold and the soil humidity is dry then the watering time is long. The second rule is that if the temperature 

conditions are moderate and the soil moisture is dry, then the watering time is long. The third rule is that if the 

temperature conditions are hot and the soil moisture is dry then the watering time will be long. The fourth rule is 

that if the temperature conditions are cold and the soil moisture is moderate, then the watering time is short. The 

fifth rule is that if the temperature conditions are moderate and the soil moisture is moderate then the watering time 

is moderate. The sixth rule is that if the temperature conditions are hot and the soil humidity is moderate then the 

watering time is moderate. The seventh rule is that if the temperature conditions are cold and the soil moisture is 

wet, then the watering time is short. The eighth rule is that if the temperature conditions are moderate and the soil 

moisture is wet, then the watering time is short. The ninth rule is that if the temperature conditions are hot and the 

soil humidity is wet, then the watering time is short. 
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B. Defuzzyfikasi 

After getting the value of each fuzzy membership of the temperature variable, soil moisture variable and time 

variable, the next step is defuzzification. The aim of defuzzification is to convert or change the form of the inference 

engine resulting from fuzzification calculations into real numbers [15] [19]. 

In this study, the Center of Area (CoA) value calculation was used to obtain the real value of defuzification. To 

get the CoA value, a time variable is used, where the time variable consists of three members, namely short, medium 

and long with a value range between 1 and 10, shown by the curve in Figure 1 below. 

. 
Figure 1. Figure of range variable curve 

 

Calculation of CoA on short membership is the operation of finding the area of a triangle by multiplying the base 

by the height and then dividing by two. The middle value is obtained from calculating the area of the triangle (L) 

plus the minimum coverage of the short membership (P). The explanation of the calculation is as follows: 

P = 4.5 – 0 = 4.5 

L =  
4.5 𝑥 1

2
 = 2.25 

CoA = 0 + 2.25 = 2.25 

 

The CoA value of medium membership is calculated in the same way, by taking the range of values of medium 

membership values. The calculation of the CoA value for medium membership is as follows: 

P = 7.5 – 4.5 = 3 

L =  
3 𝑥 1

2
 = 1.5 

CoA = 4.5 + 1.5 = 6 

 

For old membership, by taking the length value from the range of old membership values with the following 

calculation: 

P = 10 – 7.5 = 2.5 

L =  
2.5 𝑥 1

2
 = 1.25 

CoA = 7.5 + 1.25 = 8.75 

IV. IMPLEMENTATION AND RESULT 

The lime plant watering system is implemented on a system connected to the ThingSpeak server which can be 

accessed via the web. Through the ThingSpeak website, plant condition data can be accessed online. The first step 

is to make settings on the ThingSpeak website via the existing channels, you can set temperature parameters, soil 

moisture parameters and watering time parameters. Next, a graphic display of temperature, humidity and watering 

time will be displayed according to the data received by the microcontroller via the DHT11 sensor and YL69 

sensor. Data on temperature and humidity conditions and soil moisture are stored on the ThingSpeak server and 

can be accessed via Matlab to be analyzed and displayed in graphical form. The results of data analysis via Matlab 

are shown in graphic images as in Figure 2 to Figure 7 below. 

 In the first watering trial, it was carried out at 10:08:06 in the morning. Based on Figure 2, the air temperature 

and humidity is 29.1 degrees Celsius, the soil humidity is 45 and the watering time required is 4.47 seconds.In the 

second watering trial, it was carried out at 10:13:18 in the morning. Based on Figure 3, the air temperature and 

humidity is 27 degrees Celsius, the soil humidity is 60 and the watering time required is 3.91 seconds. In the 3rd 

watering trial, it was carried out at 09:56:18 in the morning. Based on Figure 4, the air temperature and humidity 

is 28 degrees Celsius, the soil humidity is 29 and the watering time required is 4.76 seconds.In the 4th watering 

trial, it was carried out at 10:06:05 in the morning. Based on Figure 5, the air temperature and humidity is 30.9 

degrees Celsius, the soil humidity is 35 and the watering time required is 4.95 seconds.In the 5th watering trial, it 

was carried out at 10:04:47 in the morning. Based on Figure 6, the air temperature and humidity is 32.8 degrees 

Celsius, soil humidity is 49 and the watering time required is 4.91 seconds. 
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Based on the five trials above, the error presentation value is calculated, below is the calculation of the error value 

for watering trial 1, with the following formula: 

Error =
Value of System − Value of Matlab

Value of Matlab
 x 100% 

The results of calculating the average error from the five watering trials above are shown in Table 3 below. 

TABLE 3. TABLE OF ERROR AVERAGE 

Testing Input Output Error 

System Matlab System Matlab  

1 27 60 3.65 3.91 6,65 

2 29.1 45 4.78 4.47 6,93 

3 28 29 4.64 4.76 2,52 

4 30.9 35 5.39 4.95 8,88 

5 32.8 49 4.86 4.91 1,01 

1 27 60 3.65 3.91 6,65 

Average     5,19 

The next stage is testing the water needed for lime plants. Based on tests carried out 20 times, it shows that water 

flows at an average of 36.5 milligrams per second. 
 

V. KESIMPULAN 

Based on the presentation and trials that have been carried out, it can be concluded in this research that the DHT11 

sensor YL69 sensor can be used in automatic watering systems, with an average error value of 5.19. The results of 

system processing are a long watering time with an intensity of water flow of 36.5 ml per second 

.. 
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