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Abstract – This study was conducted to develop and 

test an Internet of Things (IoT)-based automated 

irrigation and lighting system for tomato plants using the 

Tsukamoto Fuzzy Logic method. The system utilizes an 

ESP32 microcontroller, with data collected from a 

CJMCU-TEMT6000 light sensor and a soil moisture 

sensor, which is then used to control a water pump and 

UV LED lights via PWM. Monitoring and control can be 

performed directly via the Firebase platform and an 

Android app. Test results show that the light sensor has 

an average error rate of 1.83% with an accuracy of 

98.15%, and the soil moisture sensor has an average 

error rate of 2.15% with an accuracy of 97.85%. The IoT 

system responds stably with a latency ranging from 3.32 

to 5.03 seconds. A 5-week experiment on three plants 

showed that the natural environment treatment exposed 

to direct sunlight (Plant C) resulted in stable vegetative 

growth, while the terrace treatment without direct 

sunlight exposure (Plant B) triggered rapid but 

inconsistent initial growth. Meanwhile, the special 

treatment combining irrigation and grow lights (Plant A) 

proved most effective in supporting optimal fruit 

development compared to the other treatments. 
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I. INTRODUCTION 

The tomato plant (Solanum lycopersicum) is a 

horticultural crop whose growth is greatly influenced 

by soil moisture and light intensity. During the rainy 

season, reduced sunlight and increased soil moisture 

can inhibit growth and cause wilting or root rot [1]. 

Irrigation management that is still carried out 

manually also risks causing over- or under-watering. 

Previous research has shown that automated irrigation 

systems based on soil moisture sensors can improve 

water use efficiency and maintain optimal soil 

conditions [2]. Additionally, supplemental lighting 

has proven effective in supporting plant growth when 

natural light is insufficient [3]. Therefore, irrigation 

control and light intensity are critical components of 

modern agricultural system management. 

Advances in the Internet of Things (IoT) enable 

sensors, actuators, and internet networks to be 

integrated to monitor plant conditions in real time and 

control systems remotely [4]. However, most systems 

still use static control methods that are not sufficiently 

adaptive to environmental changes and sensor data 

uncertainties [5]. Therefore, there is a need for 

intelligent control methods capable of making flexible 

and accurate decisions. 

Previous research has shown that the Tsukamoto 

Fuzzy Logic method is effective when applied to 

automated irrigation systems and plant environmental 

control. The Tsukamoto Fuzzy Logic method was 

applied to an IoT-based automated irrigation system 

for mint plants to determine the duration of irrigation 

based on soil temperature and humidity [6]. 

Additionally, a greenhouse control system for tomato 

plants was developed using a Raspberry Pi and fuzzy 

logic to automatically regulate temperature, humidity, 

and light intensity [7]. Other research has also shown 

that integrating temperature, light, and soil moisture 

sensors into an IoT-based greenhouse can enhance the 

effectiveness of real-time plant condition monitoring 

[8]. 

However, most previous studies have focused on 

controlling irrigation or greenhouse environments 

separately and have not integrated irrigation and grow 

light systems into a single IoT-based system with 

direct evaluation of plant growth under different 

environmental conditions. Therefore, this study 

developed SIGROW (Smart Irrigation and Grow Light 

System), an IoT-based irrigation and lighting system 

for tomato plants using the Tsukamoto Fuzzy Logic 

method. This system integrates a soil moisture sensor 

to control the water pump and a CJMCU-TEMT6000 

sensor to control the UV LED lights, thereby not only 

meeting the plants’ water needs but also ensuring 

sufficient light to support tomato plant growth. 

Additionally, this study evaluates the system’s impact 

on plant growth across three distinct environmental 

conditions, providing a more comprehensive analysis 

compared to previous research. 

https://ejournal.unkhair.ac.id/index.php/protk/index
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http://creativecommons.org/licenses/by-nc-sa/4.0/


Smart Irrigation System And Grow Lights For Tomato Plants Based On The Internet Of Things Using The Fuzzy Logic Method 

171 

II. METHOD  

 This study employs a quantitative method with an 
experimental approach that involves the design, 
implementation, and evaluation of an Internet of 
Things (IoT)-based smart irrigation and UV lighting 
system using the Tsukamoto Fuzzy Logic method in 
tomato cultivation. 

 

Figure 1 SIGROW IoT System Architecture. 

A.  Instrument Design 

 The design of this research setup integrates 
hardware into a system with the ESP32 serving as the 
control unit. The CJMCU-TEMT6000 sensor and the 
soil moisture sensor function as “sensors,” while the 
UV LED and water pump act as PWM actuators that 
drive the system’s operations. 

 

Figure 2 Component Design 

B.  System Block Diagram 

 This system collects data on light intensity and soil 
moisture, which is processed by the ESP32 using the 
Tsukamoto Fuzzy Logic method to control UV LED 
lights and an irrigation pump via PWM signals. The 
measurement data and control decisions are displayed 
on an OLED screen and sent to Firebase and the MIT 
App Inventor app for real-time IoT-based monitoring 
and control of tomato plant growth. 

 

Figure 3 Architectural Block Diagram 

C. System Flowchart 

This system flowchart illustrates the sequence of 

processes, starting with initialization, followed by a 

check of the Wi-Fi and Firebase connections. If the 

connections are successful, the system reads data from 

the light sensor CJMCU-TEMT6000 and the soil 

moisture sensor, then determines the operating mode. 

In automatic mode, the data is processed using the 

Fuzzy Tsukamoto method to generate a PWM signal 

that controls the LED and pump, while in manual 

mode, control is performed via the app. Sensor data 

and system status are displayed on the OLED screen 

and sent to Firebase for monitoring purposes. 

 

Figure 4 System Flowchart 

D.  Fuzzy Logic Design 

This system uses the Tsukamoto fuzzy method, 

which begins with a fuzzification process, followed by 

rule-based inference, and concludes with a 

defuzzification process to produce an accurate 

decision. 

 

Figure 5 Block Diagram of a Fuzzy Logic System 

1. Determination of Variables and Membership 

Functions 

Determine the variables and membership functions 

by grouping the inputs and outputs into linguistic 

categories. The LUX variable is classified into Dark, 
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Overcast, and Bright to control the LED PWM, while 

the SOIL variable is divided into Dry, Damp, and Wet 

to control the pump PWM. Each category has a 

specific range of values used in calculating 

membership degrees in the Tsukamoto fuzzy method. 

Table 1 Membership Degree Data 

Variable Criteria Value Range 

Lux Dark 0 – 1500  

Overcast 1000 – 2500  

Bright 2000 – 4000  

Soil Dry 0 – 40  

Damp 30 – 70  

Wet 60 – 100  

LED UV PWM Bright 180 – 255 

Medium 100 – 200 

Dim 0 – 100  

Pump PWM Long 180 – 255 

Medium 100 – 200 

Short 0 – 100  

 

2. Fuzzification Process 

Fuzzification is the first step in converting raw data 

from light and humidity sensors into membership 

degrees using linguistic representations—such as Dark 

to Bright and Dry to Wet—through the use of 

triangular or trapezoidal curves. 

 

Figure 6 Lux Variable Membership Curve 

On the CJMCU-TEMT60000 (Lux) sensor, data is 

classified as Dark, Overcast, and Bright within a range 

of ±0–4000 Lux. 

 

Figure 7 Soil Variable Membership Curve 

As for soil moisture, moisture levels are 

categorized as Dry, Moist, and Wet on a scale of 0–

100%. 

 

Figure 8 Membership Curves for the UV LED  

In the output results, the PWM value (0–255) 

serves as a control for the LEDs, which are grouped 

into the categories Dim, Medium, and Bright. 

 

Figure 9 Membership Curves for the Pump 

PWM values (0–255) control the pumps, which are 

grouped into the categories Short, Medium, and Long. 

These levels convert numerical data into linguistic 

variables that form the basis for reasoning in the 

Tsukamoto fuzzy system. 

3. The Inference Process 

The inference process is the stage in which 

decisions are made based on a combination of inputs 

using a rule base. In this system, there are nine rules 

that link the Lux and Soil Moisture conditions using 

the AND operator. 

Table 2. Fuzzy Logic Rules 

Rules 
Light 

Sensor 

Soil 

Sensor 

PWM 

(Light) 

Pump 

(Water) 

1 Dark Dry Bright Long 

2 Dark Damp Bright Medium 

3 Dark Wet Bright Short 

4 Overcast Dry Medium Long 

5 Overcast Damp Medium Medium 

6 Overcast Wet Medium Short 

7 Bright Dry Dim Long 

8 Bright Damp Dim Medium 

9 Bright Wet Dim Short 

4. Defuzzification Process 

These conclusions were converted into discrete 

values using the weighted average method in Fuzzy 

Tsukamoto. Each predicate value α was multiplied by 

the corresponding rule output, and then averaged to 
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produce a PWM value (0–255) that controls the 

intensity of the UV LED and the operation of the pump 

according to environmental conditions. 

Z =  
∑(α i  × z i  )

∑α i
 (1) 

E. Test Scenario 

This study was conducted in a home environment 

using three tomato plants as test subjects. Plant A was 

placed indoors and controlled using the SIGROW 

system; plant B was placed on a terrace without direct 

exposure to environmental conditions; and plant C was 

placed in an open area and exposed directly to the 

weather. These three plants were used to compare the 

effects of SIGROW application on tomato plant 

growth. 

 
Figure 10 Three Tomato Plant Samples (a) Plant A  

(b) Plant B (c) Plant C 

III. RESULTS AND DISCUSSION 

A. Design Results 

 This Smart Irrigation and Grow Light System 
design integrates IoT components and technologies, 
with the ESP32 serving as the main control unit. The 
system operates using light and soil moisture sensors 
as data sources, while UV LEDs and a pump function 
as actuators controlled by the Tsukamoto Fuzzy Logic 
method. The system runs automatically, is responsive, 
and connects in real-time to Firebase for monitoring. 
The SIGROW app for Android, developed using MIT 
App Inventor, serves as an interface to display data 
(light, humidity, PWM) and adjust modes and 
intensity, allowing users to easily monitor and control 
the system via their smartphones. 

 

Figure 11 SIGROW Prototype and Application 

B.  Test Results 

1. Sensor Accuracy 

Sensor accuracy testing is performed by comparing 

sensor readings with those of a reference instrument 

through error calculations and accuracy assessments. 

𝐸𝑟𝑟𝑜𝑟 =  |Reference Value −  Sensor Value| (2) 
 

 

%𝐸𝑟𝑟𝑜𝑟 =
|Reference Value −  Sensor Value|

Reference Value
 ×  100% (3) 

 

Accuracy =  100% −  %𝐸𝑟𝑟𝑜𝑟 (4) 
 

Table 3. Comparison of Lux Sensor Accuracy 

No. CJMCU-

TEMT 600 
Lux Meter AS803 ERROR (%) Accuracy (%) 

1. 
762 739 3,10% 96,90% 

2. 
858 820 4,60% 95,40% 

3. 
967 947 2,10% 97,90% 

4. 
1297 1294 0,20% 99,70% 

5. 
1825 1819 0,30% 99,60% 

6. 
2152 2147 0,20% 99,70% 

7. 
2566 2450 4,70% 95,20% 

8. 
2879 2898 0,70% 99,70% 

9. 
3578 3570 0,20% 99,70% 

10. 
3810 3897 2,20% 97,70% 

Average 
1,83% 98,15% 

Test results show that the CJMCU-TEMT6000 

light sensor has an average error rate of 1.83% and an 

accuracy rate of 98.15%, making it a highly reliable 

choice for measuring light intensity. 

Table 4. Soil Sensor Accuracy Testing 

No. Soil Moisture 

(%) 

Analog 3-in-1 

Soil Meter (%) 
ERROR (%) Accuracy (%) 

1. 
47 48 2,10% 97,90% 

2. 
50 51 2% 98% 

3. 
57 55 3,60% 96,40% 

4. 
61 60 1,70% 98,30% 

5. 
70 72 2,80% 97,20% 

6. 
77 79 2,50% 97,50% 

7. 
82 82 0% 100% 

8. 
86 84 2,40% 97,60% 

9. 
91 90 1,10% 98,90% 

10. 
95 92 3,30% 96,70% 

Average 
2,15% 97,85% 

On the other hand, the soil moisture sensor showed 

an average error rate of 2.15% with an accuracy rate 

of 97.85%. Although there were some slightly larger 

deviations, these values still fell within acceptable 

tolerance limits. Overall, both sensors proved to be 

sufficiently reliable and suitable as data sources in the 

Tsukamoto Fuzzy system for controlling lighting and 

irrigation. 

2. Tsukamoto Fuzzy Logic Rules 

Testing of the Tsukamoto fuzzy rule showed that 

the system is capable of producing outputs that 



Smart Irrigation System And Grow Lights For Tomato Plants Based On The Internet Of Things Using The Fuzzy Logic Method 

174 

correspond to combinations of light intensity and soil 

moisture inputs. 

Table 5. Results of the Tsukamoto Fuzzy Logic Rules 

Test 

No. 
Lux 

Lux 

Criteria 

soil 

(%) 

Soil 

Criteria 
UV 

PWM 

Pump 

PWM Rules 

1. 384 Dark 23 Dry 231 193 Meets rule 1 

2. 610 Dark 52 Damp 216 122 Meets rule 2 

3. 483 Dark 88 Wet 224 30 Meets rule 3 

4. 1407 Overcast 16 Dry 165 214 Meets rule 4 

5. 1577 Overcast 62 Damp 154 97 Meets rule 5 

6. 1910 Overcast 91 Wet 133 23 Meets rule 6 

7. 2542 Bright 21 Dry 93 201 Meets rule 7 

8. 2835 Bright 57 Damp 74 109 Meets rule 8 

9. 3123 Bright 83 Wet 56 43 Meets rule 9 

3. IoT Response 

The IoT response test was conducted to measure 

the communication speed between the ESP32 and the 

MIT App Inventor app over the internet. 

Table 6. IoT Response Testing Data Using Wi-Fi 

No. Device Response to MIT App (Seconds) Wi-Fi   

Feature Test 1 Test 2 Test 3 Average 

1. Mode 

(MANUAL/A

UTO) 

4,28 2,91 2,69 3,29 

2. LED Slider 3,13 2,73 1,49 2,45 

3. Pump Switch 2,02 1,66 2,11 1,93 

4. Lux 2,39 2,01 2,93 2,44 

5. Soil 2,19 2,32 2,24 2,25 

6. PWM LED 2,45 2,1 3,14 2,56 

7. PWM Pump 2,25 2,48 2,3 2,34 

 

Table 7. IoT Response Testing Data Using a Hotspot 

No. Device Response to MIT App (Seconds) Hotspot   

Feature Test 1 Test 2 Test 3 Average 

1. Mode 

(MANUAL/A

UTO) 

5,21 4,83 5,07 5,03 

2. LED Slider 3,92 3,64 3,48 3,68 

3. Pump Switch 3,41 3,22 3,35 3,32 

4. Lux 3,87 3,69 4,02 3,86 

5. Soil 3,75 3,81 3,66 3,74 

6. PWM LED 4,05 3,88 4,11 4,01 

7. PWM Pump 3,79 3,93 3,84 3,85 

Although latency at critical points increased, the 

system remained stable and successfully performed 

real-time monitoring and control without any issues. 

C. Comparative Growth Analysis 

1. Height Comparison 

Plant A, equipped with an irrigation system and 

grow lights, showed gradual growth from 0 cm, 1 cm, 

0.5 cm, to 3.5 cm. During the testing period with high 

rainfall intensity, this plant continued to receive a 

stable supply of artificial light in the bright category 

(around 231 PWM) and stable soil moisture in the 

moist category (around 74%), allowing its growth to 

be maintained even indoors. Plant B, which was 

watered without direct exposure, experienced the 

fastest growth from 0 cm, 9 cm, 13 cm, then decreased 

to 7 cm. Meanwhile, Plant C, which was exposed to a 

natural environment, grew steadily and continued to 

increase from 2 cm, 5 cm, 7 cm, to 8 cm. 

 

Figure 12 Comparative Height Analysis Graph 

2. Comparison of Leaf Segments 

Plant A, which was grown with an irrigation 

system and grow lights, showed fluctuating changes in 

leaf area from 2.65 cm², 1.25 cm², and 0.1 cm², then 

increased sharply to 4.9 cm². Plant B, which was 

watered without direct exposure, experienced the most 

significant changes: from 1.3 cm², 0.45 cm², a rapid 

increase to 7.45 cm², and then a decrease to 3.2 cm². 

Meanwhile, Plant C, which was exposed to a natural 

environment, showed relatively stable changes: from 

1.76 cm², 1.92 cm², 2.31 cm², and then a decrease to 

0.57 cm². 
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Figure 13 Graph of Comparative Analysis of Leaf 

Segments 

3. Comparison of Stem Thickness 

Plant A, which was grown with an irrigation 

system and grow lights, exhibited relatively low stem 

thickness but showed an increase from 0 cm, 0.1 cm, 

0 cm, to 0.1 cm. Plant B, which was watered without 

direct exposure, showed the best improvement with 

values of 0.1 cm, 0 cm, 0.1 cm, and then reached 0.2 

cm. Meanwhile, Plant C, which was exposed to a 

natural environment, showed unstable changes from 0 

cm, 0.1 cm, 0 cm, and back to 0 cm. 

 

Figure 14 Comparative Analysis of Stem Thickness 

4. Comparison of Fruit Development 

Plant A, which was equipped with an irrigation 

system and grow lights, showed the most optimal fruit 

development, increasing sharply from 0.3 cm² to 3.2 

cm², then decreasing to 1.9 cm², and finally rising 

again to 2.9 cm². These results were supported by good 

UV light exposure and soil moisture maintained at 

around 77%, ensuring that growing conditions 

remained optimal.  

 

Figure 15 Comparative Analysis of Fruit 

Development 

Plant B, which was watered without direct 

exposure, showed limited growth from 0.2 cm² to 0.6 

cm², then remained at 0 cm² until the final observation, 

likely due to exposure to strong winds. Meanwhile, 

Plant C, which was directly exposed to the natural 

environment, showed only initial growth of 0.7 cm² 

and 0.3 cm², and then did not experience further fruit 

development in subsequent observations due to 

continuous rainfall, which caused the fruit to wither.  

IV.  CONCLUSION 

 This study successfully designed an IoT-based 
smart irrigation and plant lighting system using the 
ESP32 and Tsukamoto Fuzzy Logic, which operates 
automatically, stably, and in real-time for tomato 
cultivation. The CJMCU-TEMT6000 light sensor 
demonstrated an accuracy rate of 98.15%, while the 
soil moisture sensor demonstrated an accuracy rate of 
97.85%. Fuzzy logic testing showed that all 9 rules 
operated according to lux and soil moisture conditions, 
resulting in adaptive PWM control of the UV LED and 
pump. IoT response via Wi-Fi had a latency of 1.93–
3.29 seconds, while via a hotspot it was 3.32–5.03 
seconds; however, it remained stable for remote 
monitoring and control. In the growth test, Plant A, 
which used this system, showed the best results with 
an average height of 20.5 cm and successfully bore 
fruit, while Plant B only grew leaves without fruit, and 
Plant C failed to bear fruit due to weather factors. 
These results prove that the IoT system with Fuzzy 
Tsukamoto is more effective than manual methods or 
natural environments in maintaining the growth and 
productivity of tomato plants. 
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