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Agriculture in Indonesia faces challenges in the use of modern technology, 

resulting in a lack of optimisation in land management and crop yields. 

Greenhouses, also known as 'hothouses', have been developed using 

environmental sensor technology and microcontrollers to increase the 

efficiency of crop management. The use of Tsukamoto fuzzy logic is one of 

the solutions to improve this system. However, the increasingly popular 

microgreens have the disadvantage of losing nutrients when stored for long 

periods. Nevertheless, microgreens remain an attractive alternative for urban 

agriculture with limited land because of their fast growth and high nutrient 

content, offering more value than buying them from the store. The mini-

greenhouse's temperature and humidity monitoring system uses the aeroponic 

cultivation method and adopts Tsukamoto fuzzy logic control with nine fuzzy 

rules to manage the watering interval. The temperature and humidity 

measurement results are sent online to the Internet for real-time monitoring. 

This research successfully designed an aeroponic system for growing caisim 

mustard greens, conducted IoT monitoring using ThingSpeak, and 

implemented watering control using Tsukamoto fuzzy logic. The results 

showed that the plants reached a height of 25 cm with 9 leaves and a leaf width 

of 8 cm. The watering interval method effectively reduced the power 

consumption to 3.6 times lower than 24-hour continuous watering, showing a 

significant contribution to energy management in aeroponic systems.  
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1. INTRODUCTION  

Agriculture plays an important role in an agrarian society like Indonesia [1]-[3]. However, in some areas, 

farmers have not optimally utilised modern technology for land cultivation, irrigation management, and crop 

yield improvement. In addition, dependence on unpredictable weather during the harvest period can hinder the 

achievement of maximum yields for farmers [4]. Greenhouses have become a commonly used technology in 

agriculture, both by modern farmers and modern researchers [5][6]. Greenhouses, generally use materials such 

as acrylic, plastic, glass, and other types that can retain light [7]. Thanks to the development of new 

technologies, such as environmental sensors and affordable microcontrollers, researchers and engineers have 

managed to improve the efficiency of keeping plants in greenhouses.  

In addition, there are methods that can be used to improve this system, one of which is by using the 

Tsukamoto fuzzy logic method [8][9]. The fuzzy method is a type of logic with two strict values, namely true 

and false [10]. In fuzzy logic theory, a value can be judged as true or false depending on its membership level 

in a fuzzy set [11]. Tsukamoto Fuzzy Inference is the process of integrating many rules using existing 

information [12]. Each rule is represented as a fuzzy set with a monotonous membership function in Tsukamoto 

fuzzy inference [13].  

There are many factors that affect the success of plant cultivation, such as the humidity of the growing 

medium, air temperature, and light intensity that is adjusted to the type of plant being grown [14][15]. However, 

many things that were previously considered troublesome are now easier with the help of technology. One 

example of increasingly popular crop cultivation is microgreen. Microgreens are certain varieties of vegetables 

that are gaining high popularity in industrialised countries due to their higher nutrient and vitamin content 

compared to regular cultivated foods [16]. However, in Indonesia, microgreen crops are still not widely known 

by the public.  

There are many factors that affect the success of plant cultivation, such as the humidity of the growing 

medium, air temperature, and light intensity that is adjusted to the type of plant being grown. However, many 

things that were previously considered troublesome are now easier with the help of technology. One example 

of increasingly popular crop cultivation is microgreen. Microgreens are certain varieties of vegetables that are 

gaining high popularity in industrialised countries due to their higher nutrient and vitamin content compared 

to regular cultivated foods. However, in Indonesia, microgreen crops are still not widely known by the public. 

 

2. METHOD 

In this research, the focus is given on determining the optimal Tsukamoto Fuzzy Logic Controller rules 

to regulate the temperature and humidity parameter values with the output on the water pump. This chapter 

describes the steps taken in the research, including system design, fuzzy rule setting, and implementation of 

the Tsukamoto Fuzzy Logic Controller that will be used to control the water pump based on temperature and 

humidity. 

 

2.1. Fuzzy Logic Tsukamoto 

Tsukamoto Fuzzy Logic Controller is a form of Fuzzy inference system developed by Professor Mamoru 

Tsukamoto. Tsukamoto FIS uses fuzzy logic-based linguistic rules to convert numerical inputs into numerical 

outputs [17]. Tsukamoto FIS focuses on system control applications by mapping numerical inputs from the 

environment into fuzzy values based on certain linguistic conditions or rules or can be called fuzzification [18]. 

This system applies the principles of fuzzy logic and decision making based on previously defined rules or 

commonly called defuzzification. In the fuzzyfication process, a triangular curve is used in determining the 

Tsukamoto FIS model. 

 

A. Fuzzyfication  

At this stage, the input variables are translated into fuzzy sets using membership functions. This 

membership function describes the extent to which an input value meets certain criteria in a fuzzy set [19]. 

Each input variable has one or more fuzzy sets representing its membership level. The input variables are 

obtained and converted to membership values using appropriate membership functions. Equation (1) shows 

the fuzzification equation or membership function, and Figure 1 shows the shape of the triangular membership 

curve. 

 
0; 𝑥 ≤  𝑎 𝑜𝑟 𝑥 ≥  𝑐 

(𝑥 −  𝑎)/(𝑏 −  𝑎); 𝑎 <  𝑥 <  𝑏 
𝜇[𝑥]  =  {(𝑏 −  𝑥)/(𝑐 −  𝑏); 𝑏 <  𝑥 <  𝑐 

1; 𝑥 =  𝑏 

(1) 
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Figure 1. Triangle membership curve 

 

B. Inferensi  

At this stage, fuzzy rules expressed in the form of human or natural language are used to combine the 

membership values of the input variables and generate membership values for the output variables [20]. These 

rules contain "if-then" conditions that relate the input membership values to the output membership values. A 

commonly used inference method in Tsukamoto fuzzy logic is the min-max method. Equation (2) displays the 

inference system equation. 

 µ𝐴 ∩  𝐵 =  𝑚𝑖𝑛(µ𝐴[𝑥], µ𝐵[𝑥]) (2) 

 

C. Deffuzifikasi  

At this stage, the membership values of the output variables generated at the perturbation stage are 

converted back into crisp values or concrete values that can be understood and used for decision making [21], 

[22]. There are several defuzzification methods that can be used, one of which is the centroid method, where 

the output crisp value is calculated based on the centre of mass or centroid of the output membership function.  

Equation (3) shows the defuzzification equation. 

 
𝑍 =

Σ𝑎𝑖𝑧𝑖
Σ𝑎𝑖

 (3) 

The Tsukamoto method also uses triangular or trapezoidal membership functions to represent fuzzy sets 

on input and output variables. These membership functions describe the relationship between input and output 

variables with the corresponding degrees of membership. Tsukamoto's fuzzy logic method is very useful in 

decision making where the existing knowledge is fuzzy or uncertain. By using knowledge-based rules, this 

method can produce more adaptive and flexible decisions that take into account the diversity of input values 

and relationships between variables. 

 

2.2. System Design 

The system design in this study consists of several things including the system block diagram. The system 

block diagram can be seen in Figure 2. Based on Figure 2, the input component in this system is the DHT22 

sensor, which functions to measure the temperature and humidity in the aeroponic mini greenhouse 

environment. to measure the temperature and humidity in the aeroponic mini greenhouse environment. The 

data obtained from the sensor is then processed by the ESP32 microcontroller using the obtained from this 

sensor is then processed by the ESP32 microcontroller using the Tsukamoto Fuzzy Logic method. Logic 

Tsukamoto method. The purpose of using this method is to set the time interval for watering the plants based 

on the temperature data.  watering plants based on the measured temperature and humidity data. After obtaining 

the watering interval value, the ESP32 will control the activation of the relay with the interval that has been 

calculated before. previously.   

This relay is responsible for regulating the activation and deactivation of the water pump to water the 

plants through the sprinkle nozzle. through the sprinkle nozzle to distribute the water evenly. The input 

component of the system developed in this research is the DHT22 sensor. This sensor functions as an input 

device that receives and measures the temperature and humidity parameters in the mini aeroponics 

environment.   
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Humidity parameters in the mini aeroponics environment. The information collected by the DHT22 

sensor is the basic data needed to monitor the environmental conditions in which the plants grow. The 

processing component of the system developed in this research is a Fuzzy Logic Controller (FLC). Controller 

(FLC). The FLC acts as a processing element that receives input data from the DHT22 sensor regarding 

temperature and humidity. DHT22 sensor regarding temperature and humidity. The FLC then performs data 

processing using predetermined rules, which are then used as a guideline for setting the plant watering time 

based on. 

 

 
Figure 2. Block diagram 

 

2.3. Wiring Diagram System  

This subchapter discusses the schematic used in this research to visualize the connection or wiring 

arrangement between the components in the system. A wiring diagram is a graphical representation that shows 

how the components in the system are connected to each other by wires or connecting lines. In this research, a 

wiring diagram will be used to clearly explain how each component in the system is connected and interacts 

with each other. By using a schematic, it will be easier to understand the physical configuration and wiring 

relationships required to operate the system. Figure 3 shows the system schematic and Table 1 shows the pin 

usage of the components used in this research. 

 

Table 1. Pin usage table for each component 

Initial device Destination device 

Device Name PIN Device Name PIN 

ESP32 

GND LCD_I2C GND 

VIN LCD_I2C VCC 

GPIO21 LCD_I2C SDA 

GPOI22 LCD_I2C SCL 

GPIO15 DHT22 OUT 

3V3 DHT22 VCC 

GND DHT22 GND 

GPIO2 Relay OUT 

VIN Relay VCC 

GND Relay GND 

Power Supply 

12V Relay NO 

12V Stepdown VCC 

GND Stepdown GND 

Stepdown 5V 
5V ESP32 VIN 

GND ESP32 GND 

Water pump 
VCC Relay COM 

GND Power Supply GND 
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Figure 3. Wiring diagram 

 

2.4. Tsukamoto Fuzzy Logic Design  

In this section, we will explain the implementation of Tsukamoto fuzzy logic which consists of three main 

stages: fuzzification, inference, and defuzzification. Each stage plays an important role in transforming 

numerical inputs into desired outputs through a well-defined fuzzy logic process. Figure 4 displays the 

temperature membership image, Figure 5 displays the humidity membership image, and Table 2 displays the 

fuzzy table based on the rules created. 

 

 
Figure 4. Temperature membership 

 

Based on Figure 4, the y-axis is the logic prediction value in fuzzy logic with a value range of 0 to 1. 

Meanwhile, the x-axis is the value of the temperature parameter which has 3 memberships, namely cold, 

optimal and hot. The equations of the three fuzzy members use equation (1) and are shown in equation (4), 

equation (5), and equation (6). 

 

0; 𝑥 ≤  19 𝑜𝑟 𝑥 ≥  23 

𝜇𝑐𝑜𝑙𝑑 [𝑥] =

{
 
 

 
 (𝑥 − 19)

(21 − 19)
;   19 < 𝑥 < 21

(21 − 𝑥)

(23 − 𝑏)
;   21 < 𝑥 < 23

 

1;    𝑥 = 21 

(4) 



228 Buletin Ilmiah Sarjana Teknik Elektro  ISSN: 2685-9572 

 

Buletin Ilmiah Sarjana Teknik Elektro, Vol. 6, No. 3, September 2024, pp. 223-236 

 

0; 𝑥 ≤  23 𝑜𝑟 𝑥 ≥  27 

𝜇𝑜𝑝𝑡𝑖𝑚𝑎𝑙 [𝑥] =

{
 
 

 
 (𝑥 − 23)

(25 − 23)
;   23 < 𝑥 < 25

(25 − 𝑥)

(27 − 25)
;   25 < 𝑥 < 27

 

1;    𝑥 = 25 

(5) 

 

0; 𝑥 ≤  26 𝑜𝑟 𝑥 ≥  38 

𝜇ℎ𝑜𝑡 [𝑥] =

{
 
 

 
 (𝑥 − 26)

(35 − 26)
;   26 < 𝑥 < 35

(35 − 𝑥)

(38 − 35)
;   35 < 𝑥 < 38

 

1;    𝑥 = 35 

(6) 

Based on Figure 5, the y-axis is the logic prediction value in fuzzy logic with a value range of 0 to 1. 

Meanwhile, the x-axis is the value of the humidity parameter which has 3 memberships, namely dry, optimal 

and humid. The equations of the three fuzzy members use equation (1) and are shown in equation (7), equation 

(8), and equation (9). 

 

 
Figure 5. Humidity Membership 

 

 

0; 𝑥 ≤  55 𝑜𝑟 𝑥 ≥  68 

𝜇𝑑𝑟𝑦 [𝑥] =

{
 
 

 
 (𝑥 − 55)

(62 − 55)
;   55 < 𝑥 < 62

(62 − 𝑥)

(68 − 62)
;   62 < 𝑥 < 68

 

1;    𝑥 = 62 

(7) 

 

0; 𝑥 ≤  63 𝑜𝑟 𝑥 ≥  85 

𝜇𝑜𝑝𝑡𝑖𝑚𝑎𝑙 [𝑥] =

{
 
 

 
 (𝑥 − 63)

(74 − 63)
;   63 < 𝑥 < 74

(74 − 𝑥)

(85 − 74)
;   74 < 𝑥 < 85

 

1;    𝑥 = 74 

(8) 

 

0; 𝑥 ≤  80 𝑜𝑟 𝑥 ≥  100 

𝜇𝑚𝑜𝑖𝑠𝑡 [𝑥] =

{
 
 

 
 (𝑥 − 80)

(90 − 80)
;   80 < 𝑥 < 90

(90 − 𝑥)

(100 − 90)
;   90 < 𝑥 < 100

 

1;    𝑥 = 90 

(9) 
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Based on Table 2, the given fuzzy rules regulate the time interval based on the combination of temperature 

and humidity. There are nine rules that classify the time interval into "Fast" (10 minutes), "Medium" (20 

minutes), or "Slow" (30 minutes) according to the environmental conditions. When the temperature is cold and 

the humidity is dry, the time interval is fast. If the temperature is cold and the humidity is optimal, the interval 

is medium, and if the temperature is cold and the humidity is wet, the interval is slow. Optimum temperature 

with dry humidity also produces fast intervals, while optimum temperature with optimum humidity produces 

medium intervals, and humid humidity produces slow intervals. At hot temperatures, both dry and optimal 

humidity produce fast intervals, but hot temperatures with moist humidity produce medium intervals. These 

rules help determine the speed or duration of a process based on the existing temperature and humidity 

conditions. 

 

Table 2. Fuzzy Rules 

Ruels 

If 

Temperature 

And 

Humidity 

So 

Interval 

1 Cold Dry Fast 

2 Cold Optimal Medium 

3 Cold Moist Slow 

4 Optimal Dry Fast 

5 Optimal Optimal Medium 

6 Optimal Moist Slow 

7 Hot Dry Fast 

8 Hot Optimal Fast 

9 Hot Moist Medium 

 

3. RESULTS AND DISCUSSION   

3.1. DHT22 Sensor Testing 

This research was conducted by testing the DHT22 sensor to measure temperature and humidity values. 

Figure 6(a) and Figure 6(b) display the results of the DHT22 sensor test conducted from 16.00 WIB to 00.00 

WIB.  

 

 
(b)  

Figure 6. DHT 22 Testing (a) Temperature, (b) Humidity 

  
) a (   

  

29 
30 
31 
32 
33 

1 256 511 766 1021 1276 1531 1786 2041 2296 2551 2806 3061 3316 3571 3826 4081 4336 4591 4846 5101 5356 5611 5866 6121 6376 6631 6886 7141 7396 7651 7906 8161 8416 8671 8926 9181 9436 9691 9946 10201 10456 10711 10966 11221 11476 11731 11986 12241 12496 12751 13006 13261 13516 

Temperatuer (Celcius) 

Data point 

Temperature DHT22 

66 
68 
70 
72 
74 

1 256 511 766 1021 1276 1531 1786 2041 2296 2551 2806 3061 3316 3571 3826 4081 4336 4591 4846 5101 5356 5611 5866 6121 6376 6631 6886 7141 7396 7651 7906 8161 8416 8671 8926 9181 9436 9691 9946 10201 10456 10711 10966 11221 11476 11731 11986 12241 12496 12751 13006 13261 13516 

Humidity (%) 

Data point 

Humidity DHT22 
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From the data depicted in Figure 6(a) and Figure 6(b), the DHT22 sensor shows consistency in 

temperature and humidity measurements without any loss or interruption of data. From the test results, there is 

a decrease in temperature especially at night, which can be attributed to the generally lower temperature 

compared to the evening time. However, humidity values tend to remain stable over the given measurement 

range. 

 

3.2. Fuzzy Logic Tsukamoto Testing 

Testing the Fuzzy Logic Controller simulation on the Arduino uses synthetic data presented in the table. 

The data includes membership values for low (temperature1), optimal (temperature2), and high (temperature3) 

temperature conditions, as well as membership for low (hum1), optimal (hum2), and high (hum3) humidity. In 

addition, the table also lists the activation values (ac1 to ac9) of the nine Fuzzy Logic Controller rules that have 

been implemented, along with the weight, which is the result of multiplying the activation of the rule by its 

membership. The total activation value (sumac) of the Fuzzy Logic Controller rules and the output results of 

defuzzification (interval) used as watering time control are also contained in Table 3.The testing process was 

carried out by simulating different situations of temperature and humidity, allowing observation of the response 

of the Fuzzy Logic Controller system to variations in input values. This allows for a deeper understanding of 

how the designed Fuzzy Logic rules affect the system. 

 

Table 3. Simulation fuzzy logic tsukamoto 

no temp hum temp1 temp2 temp3 hum1 hum2 hum3 ac1 ac2 ac3 ac4 ac5 ac6 ac7 ac8 ac9 weight sum ac interval 

1 38 85 0 0 1 0 0 0.29 0 0 0 0 0 0 0 0 0.29 171428.57 0.29 10 

2 20 30 0.12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

3 25 60 0.75 0 0 0.63 0 0 0.63 0 0 0 0 0 0 0 0 1125000 0.63 30 

4 22 70 0.37 0 0 0 0.64 0 0 0.37 0 0 0 0 0 0 0 450000 0.37 20 

5 27 75 1 0 0 0 0.91 0 0 0.91 0 0 0 0 0 0 0 1090909.12 0.91 20 

6 20 80 0.12 0 0 0 0.45 0 0 0.12 0 0 0 0 0 0 0 150000 0.12 20 

7 26 65 0.88 0 0 0 0.18 0 0 0.18 0 0 0 0 0 0 0 218181.82 0.18 20 

8 21 68 0.25 0 0 0 0.45 0 0 0.25 0 0 0 0 0 0 0 300000 0.25 20 

9 24 72 0.63 0 0 0 0.82 0 0 0.63 0 0 0 0 0 0 0 750000 0.63 20 

10 28 78 0 0 0 0 0.64 0 0 0 0 0 0 0 0 0 0 0 0 10 

11 23 67 0.5 0 0 0 0.36 0 0 0.36 0 0 0 0 0 0 0 436363.65 0.36 20 

12 19 71 0 0 0 0 0.73 0 0 0 0 0 0 0 0 0 0 0 0 10 

13 30 62 0 0.5 0.11 0.37 0 0 0 0 0 0.37 0 0 0.11 0 0 650000 0.49 26 

14 18 77 0 0 0 0 0.73 0 0 0 0 0 0 0 0 0 0 0 0 10 

15 29 68 0 0.25 0 0 0.45 0 0 0 0 0 0.25 0 0 0 0 300000 0.25 20 

16 31 74 0 0.75 0.22 0 1 0 0 0 0 0 0.75 0 0 0.22 0 1166666.62 0.97 20 

17 17 76 0 0 0 0 0.82 0 0 0 0 0 0 0 0 0 0 0 0 10 

18 16 66 0 0 0 0 0.27 0 0 0 0 0 0 0 0 0 0 0 0 10 

19 33 79 0 0.83 0.44 0 0.55 0 0 0 0 0 0.55 0 0 0.44 0 1187878.75 0.99 20 

20 22 65 0.37 0 0 0 0.18 0 0 0.18 0 0 0 0 0 0 0 218181.82 0.18 20 

 

Based on the data in Table 3, which presents the simulation results of twenty tests with various 

temperature and humidity values, a concrete example can be seen in the 4th test. In this test, the temperature 

reached 22°C, falling into the temperature1 membership category or μ_suhudingin membership in equation (4) 

with a membership value of 0.37. Meanwhile, the recorded humidity is 70%, which falls into the hum2 

membership or membership μ_optimal humidity in equation (8) with a membership value of 0.64. The result 

of inference is sumac with a value of 0.63, obtained from the sum of ac1 to ac9. The result of the defuzzification 

process shows a value of 20, representing the time interval used in this study, measured in minutes. 

 

3.3. ThingSpeak Monitoring 

After successfully implementing Fuzzy control, the next step was to send real-time temperature and 

humidity data to the ThingSpeak website. This process is the foundation for continuous monitoring of the 

measured environmental parameters. This will include a description of the program used to transmit the 

temperature and humidity data to the ThingSpeak platform, enabling more detailed visualisation and analysis 

of the measured environmental conditions. Figure 7 shows a view of the ThingSpeak website. 
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Figure 7. ThingSpeak website view 

 

Based on Figure 7, ThingSpeak monitoring, there are three main parameters displayed: temperature, 

humidity, and watering interval. These three parameters play a crucial role in monitoring the condition of the 

aeroponic mini greenhouse in real-time. Temperature provides information on the thermal conditions within 

the greenhouse, which is important for maintaining an optimal environment for plant growth. Humidity, both 

in the air and in the growing medium, is a key indicator in ensuring that the plants get enough water content 

for photosynthesis and other metabolic processes. Meanwhile, watering interval indicates the frequency and 

duration of watering, which is especially important for aeroponic systems where plant roots are sprayed with 

water-soluble nutrients at regular intervals. By monitoring these three parameters continuously, we can make 

the necessary adjustments to create ideal conditions, improve plant growth efficiency, and prevent problems 

such as heat stress or drought that can hinder productivity. 

 

3.4. Plant Results 

The plants tested were caisim mustard greens with a 5-day seeding treatment. After seeding and then 

stored in aeroponics. Figure 8 shows the caisim mustard plants after 5 days of seeding. During the planting 

process, the aeroponics used Fuzzy control to provide watering time interval decisions, as well as monitoring 

through ThingSpeak. Figure 9(a) shows the temperature, Figure 9(b) shows the humidity, and Figure 9(c) 

shows the Interval data measured during the 30-day planting period of caisim mustard greens. 

 

 
Figure 8. Plants after seeding 
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(a) 

 
(c) 

Figure 9. Monitoring data (a) Temperature, (b) Humidity, and (c) Interval 

 

Based on Figure 9(a) the average temperature during planting was at 31.417 C, with the lowest 

temperature at 29.037 C and the highest temperature at 35.206 C. While in Figure 9(b) the average humidity 

during planting time was at 81.24%, with the lowest humidity at 65.7% and the highest humidity at 90.9%.And 
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in Figure 9(c) the average watering interval for 981.807 seconds, with the lowest interval for 600 seconds, and 

the highest interval for 1200 seconds. As well as the amount of water poured taip times watering is 375 ml.  

Table 4 shows the development of caisim mustard plants grown using the aeroponic method, as well as 

the application of fuzzy control to regulate watering intervals. The recorded data include plant height (cm), 

number of leaves (leaflets), and leaf width (cm) on each observation day during the test period. Appendix 2 

shows the results of the caisim mustard plants.  

 

Table 4. Growth of caisim mustard 

Days Height of Caisim (cm) Number of leaves (strands) Leaf width (cm) 

5 4 3 1 

10 10 5 2 

15 14 7 4 

20 18 8 5 

25 22 9 7 

30 25 9 8 

 

Based on Table 4, on day 5, the plant height reached 4 cm with 3 leaves and 1 cm leaf width. Then, on 

the 10th day, there was a significant increase where the plant height reached 10 cm with the number of leaves 

increasing to 5 pieces and the width of the leaves reaching 2 cm. Furthermore, on the 15th day, the development 

of plants is getting faster with a height of 14 cm, the number of leaves is 7 strands, and the width of the leaves 

is 4 cm.  

On the 20th day, the plants reached a height of 18 cm, with a total of 8 leaves and a leaf width of 5 cm. 

On the 25th day, the development of the plants got even better with the height reaching 22 cm, the number of 

leaves 9 pieces, and the width of the leaves 7 cm. Finally, on day 30, the plants reached a maximum height of 

25 cm with the number of leaves remaining at 9, but the leaf width increased to 8 cm. 

 

3.5. Power Consumption 

In order to evaluate the energy efficiency of the pumping system, researchers conducted a series of tests 

to measure power consumption under two main conditions: when the pump was idle (in monitoring mode) and 

when the pump was actively operating. The data used for this analysis came from the average of the 

measurements taken during the test period, which lasted 30 days after seeding. Power consumption testing is 

important to provide a deeper understanding of how the pump system utilizes energy under various operational 

conditions. As such, the results of these tests will provide valuable insights in efforts to improve the energy 

efficiency and overall performance of the pump system.  

Based on the power consumption test when the idle condition requires an electric current of 78 mA, while 

when the pump is operating (flushing) requires an electric current of 300 mA. The power consumption testing 

process is done by directly measuring the output of the 12V power supply, thus measuring the overall power 

consumption of the pump and ESP32 controller. Figure 10 shows the picture of the electric current collection 

when the idle condition and the pump are operating. 

Based on the measurements in Figure 10, with current measurements, idle power can be obtained by 

multiplying the idle current by the supply voltage. 

 
𝑝𝑜𝑤𝑒𝑟𝑖𝑑𝑙𝑒 = 12 𝑉 × 78 𝑚𝐴 

𝑝𝑜𝑤𝑒𝑟𝑖𝑑𝑙𝑒 = 936 𝑚𝑊 = 0.936 𝑊 
 

Meanwhile, to get the power when the pump operates, it is obtained by multiplying the active current by 

the supply voltage. 

 
𝑝𝑜𝑤𝑒𝑟𝑎𝑐𝑡𝑖𝑣𝑒 = 12 𝑉 × 300 𝑚𝐴 

𝑝𝑜𝑤𝑒𝑟𝑖𝑑𝑙𝑒 = 3600 𝑚𝑊 𝑜𝑟 0.36 𝑊 
 

With an average watering interval of 981.807 seconds or rounded up to 982 seconds, during the caisim 

planting process, the amount of watering per day can be measured by dividing 24 hours by the average interval. 

 𝑤𝑎𝑡𝑒𝑟𝑖𝑛𝑔 𝑐𝑜𝑢𝑛𝑡 =
86400

982
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Rounding the number of waterings is because a non-fraction value is needed, so the number of waterings 

is rounded to 88 times a day, with a watering time of 15 seconds each time. so that the active time for a day is 

obtained. 

 𝑤𝑎𝑡𝑒𝑟𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦 =  88 ×  15 𝑠𝑒𝑐𝑜𝑛𝑑𝑠  

𝑤𝑎𝑡𝑒𝑟𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =  1320 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 𝑜𝑟 22 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑜𝑟 0.3667 ℎ𝑜𝑢𝑟𝑠  
 

And, the power required when the pump operates per day.  

 𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 =  𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 ×  𝑤𝑎𝑡𝑒𝑟𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦  

𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 =  3.6 𝑊 ×  0.3667 ℎ𝑜𝑢𝑟𝑠  

𝑝𝑢𝑚𝑝 𝑝𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 =  1.32 𝑊  

 

The idle power is obtained by subtracting 24 hours from the flush time per day. 

 𝑡𝑖𝑚𝑒_𝑖𝑑𝑙𝑒 =  24 ℎ𝑜𝑢𝑟𝑠 −  0.3667 ℎ𝑜𝑢𝑟𝑠  

𝑡𝑖𝑚𝑒_𝑖𝑑𝑙𝑒 =  23.6333 ℎ𝑜𝑢𝑟𝑠  

𝑝𝑜𝑤𝑒𝑟_𝑖𝑑𝑙𝑒𝑝𝑒𝑟𝑑𝑎𝑦 =  𝑝𝑜𝑤𝑒𝑟_𝑖𝑑𝑙𝑒 ×  𝑡𝑖𝑚𝑒_𝑖𝑑𝑙𝑒  

𝑝𝑜𝑤𝑒𝑟_𝑖𝑑𝑙𝑒𝑝𝑒𝑟𝑑𝑎𝑦 =  0.936 𝑊 ×  23.625 ℎ𝑜𝑢𝑟𝑠  

𝑝𝑜𝑤𝑒𝑟_𝑖𝑑𝑙𝑒𝑝𝑒𝑟𝑑𝑎𝑦 =  22.12 𝑊  

 

So the total power required in a day to use this aeroponics is.  

 𝑝𝑜𝑤𝑒𝑟_𝑡𝑜𝑡𝑎𝑙𝑝𝑒𝑟𝑑𝑎𝑦 =  𝑝𝑜𝑤𝑒𝑟_𝑖𝑑𝑙𝑒𝑝𝑒𝑟𝑑𝑎𝑦 +  𝑝𝑜𝑤𝑒𝑟_𝑝𝑢𝑚𝑝𝑝𝑒𝑟𝑑𝑎𝑦  

𝑝𝑜𝑤𝑒𝑟_𝑡𝑜𝑡𝑎𝑙𝑝𝑒𝑟𝑑𝑎𝑦 =  22.12 𝑊 +  1.32 𝑊  

𝑝𝑜𝑤𝑒𝑟_𝑡𝑜𝑡𝑎𝑙𝑝𝑒𝑟𝑑𝑎𝑦 =  23.44 𝑊  

 

Meanwhile, to operate the pump for 24 hours, the power required per day. 

 𝑝𝑜𝑤𝑒𝑟_𝑝𝑢𝑚𝑝24ℎ𝑜𝑢𝑟𝑠 =  𝑝𝑜𝑤𝑒𝑟_𝑝𝑢𝑚𝑝 ×  24 ℎ𝑜𝑢𝑟𝑠  

𝑝𝑜𝑤𝑒𝑟_𝑝𝑢𝑚𝑝24ℎ𝑜𝑢𝑟𝑠 =  3.6 𝑊 × 24 ℎ𝑜𝑢𝑟𝑠  

𝑝𝑜𝑤𝑒𝑟_𝑝𝑢𝑚𝑝24ℎ𝑜𝑢𝑟𝑠 =  86.4 𝑊 

 

After comparing the power usage when the pump operates for 24 hours with the method that the 

researchers used, there is a significant difference in power consumption, from 86.4 W to 23.463 W, the 

difference is almost 4 times lower, or more precisely 3.686 lower power compared to operating the pump for 

24 hours. Thus, making the research conducted more efficient. 

 

  
(a) (b) 

Figure 10. Electric Current (a) idle, and (b) whit pump are operating 
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4. CONCLUSION 

In this study, researchers successfully designed and implemented an aeroponic system for growing 

microgreen crops, especially caisim mustard greens. This implementation includes the use of IoT technology 

through ThingSpeak to monitor temperature and humidity, and the application of Tsukamoto Fuzzy Logic to 

automatically control watering intervals.  

Overall, this research successfully evaluated and optimized the use of modern technology in an aeroponic 

mini greenhouse for growing microgreen plants. By integrating IoT, Tsukamoto Fuzzy Logic, and watering 

interval strategies, this research makes a significant contribution to plant growth efficiency and resource 

management. This is highly relevant in the context of modern agriculture to achieve economically and 

ecologically better results.  

The experimental results showed that caisim mustard plants grown using the aeroponic system exhibited 

satisfactory growth. The height of the plants reached 25 cm, with the number of leaves 9, and the width of the 

leaves reached 8 cm, showing a positive development in the control environment of the aeroponic mini 

greenhouse.  

The implemented watering interval method proved effective in optimizing water use and significantly 

reducing the power consumption of the system. Compared to continuous watering for 24 hours, the use of 

interval watering reduced power consumption by up to 3.6 times lower. This indicates that the application of 

watering interval control has great potential in energy management in aeroponic systems for caisim mustard 

plants. 
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