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Abstract

Farmers and plant enthusiasts often face difficulties in maintaining the desired soil moisture level, as manual
watering methods are usually ineffective and unstable. Too much or too little water can have a significant impact
on plant growth. To resolve this issue, a study was conducted with the aim of designing and testing an automated
system capable of monitoring soil moisture and temperature levels. This study adopted a Research and
Development (R&D) approach, which was demonstrated in the form of a simulation in Tinkercad. The system
was built using an Arduino Uno microcontroller, along with soil moisture and temperature sensors, as well as
control logic based on rule-based (if-then) algorithms. Testing showed that this virtual prototype functioned as
intended. This system can automatically activate the water pump when the sensor detects dry soil conditions
(sensor value < 450) and stop it when the soil is moist or wet. Also, this setup effectively turns on the LED when
it gets hotter than what we told it to watch out for (more than 32°C). The data we got tells us that this monitoring
setup does its job well and is really good at doing things automatically based on the rules we set, which means it's
a great way to solve the problems we have with watering plants by hand.
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1. Introduction

Rapid technological developments have brought about major changes in various fields, ranging from
communication and education to socio-economics [1]. The agricultural sector has also experienced positive
impacts from technological advances, even though the technology is considered less developed than in other
sectors [2]. Until now, farmers and ornamental plant enthusiasts often use manual methods for watering. However
[3], the application of automation technology can make the process more productive, effective, and efficient [4].

One of the main challenges in caring for plants is maintaining good soil moisture for the plants. Orchids, for
example, require special attention in terms of water content [5]. Overwatering or underwatering can inhibit plant
growth [6]. The right moisture conditions are a determining factor in the growth and survival of plants. Therefore,
a system is needed that can monitor and maintain soil moisture levels regularly without the need for continuous
manual intervention.

In addressing these issues, this study offers a simulation construct based on the Internet of Things (IoT) to
detect soil moisture and temperature levels, with simulations conducted using Arduino Uno. This device is
designed to automate the process of detecting soil moisture and watering when the soil shows signs of dryness by
utilizing a rule-based algorithm, namely the if-then algorithm. The main emphasis of this research is on the
simulation obtained through Tinkercad software. Arduino Uno was chosen because it is an open source
microcontroller that is easy to use in programming [7]. Through this simulation, the concept and working logic of
the system can be tested effectively before being implemented in hardware.

One approach in automatic plant watering systems is to use air humidity parameters as triggers, as has been
done in previous studies [2]. The study utilized a DHT22 sensor to measure temperature and air humidity.
However, this method has significant limitations because air humidity measurements do not directly reflect the
moisture conditions of the planting medium (soil), and its accuracy is susceptible to external factors such as air
circulation [8].

The main objective of this study is to design and validate an automatic soil moisture detection system through
simulation. This process includes the design, program development, and then the creation of an output program
for this tool. The main expectation is that the functionality and logic can be tested virtually to ensure that the
proposed concept works well.
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2. Literature Review

Arduino Uno

Arduino Uno is an open source microcontroller platform based on the ATMega328 chip [9]. This
microcontroller is very popular due to its ease of use. It also has 14 digital inputs/outputs and 6 analog inputs.
Another special feature of this device is that it has a USB bootloader, which makes it easy to upload programs to
the microcontroller. The language used by this microcontroller is C. Code can be written and uploaded using
software commonly referred to as Arduino IDE.

Sensor

The sensor is a key component in this device. It can detect changes in physical quantities in the surrounding
environment [10]. The sensor used in this study is a soil moisture sensor. This sensor is specifically designed to
detect the water content in the soil [11]. The moisture value is determined from the voltage generated when the
sensor is running, thereby determining whether the soil is dry or wet.

Tinkercad

Tinkercad is a free and easy-to-use web-based circuit simulation and 3D design platform. In the context of
electronics, Tinkercad allows users to design, assemble, and program virtual circuits using components such as
Arduino, sensors, and actuators. The foremost benefit lies in the capacity to assess the program's rationale and the
proficiency of the circuit's operation before its realization in physical components, consequently diminishing the
potential for harm to elements and expediting the procedure of developing initial versions [12].

Internet of Things (IoT)

The Internet of Things (IoT) embodies a model where tangible items or equipment ("things") are outfitted with
sensors, computer programs, and diverse technological elements that empower them to establish connections and
share information with other equipment through the internet [13]. The basic architecture of IoT consists of devices
(sensors), connectivity (internet), and data platforms. In this study, the IoT concept is applied by simulating a
system in which soil moisture and temperature data can be monitored, which can later be developed to be accessible
remotely.

Algoritma Rule Based

A rule-based system is an approach in artificial intelligence that uses a set of rules to solve problems [14]. These
rules are usually formulated in the form of “IF [condition] THEN [action]”. In this study, a rule-based algorithm
was used to create automatic watering logic, for example: IF the sensor detects dry soil THEN the system will
activate the virtual water pump.

3. Research Methodology

The type of research used is Research and Development (R&D). The R&D method is a research method used to
produce a new product design, develop existing products, or test the effectiveness of a product [15]. In this context,
the R&D method is used to produce a product in the form of a functional soil moisture detection system simulation.
The research stages consist of planning, implementation, and testing, as illustrated in Figure 1
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v

System Design

v
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v
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Figure 1. Research Process Flowchart
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Planning

This stage begins with a needs analysis conducted through literature studies and the collection of relevant
information. At this stage, the problem identified was the difficulty of manually monitoring soil moisture. Next,
information was gathered on relevant components such as the Arduino Uno microcontroller, soil moisture sensor, and
software to be used, namely Tinkercad as a simulation platform and Arduino IDE for programming.

System Design

After analyzing the requirements, the next step is to design a system that serves as a blueprint prior to
implementation. Software design focuses on workflow and program logic, which are visualized in the form of a
flowchart as shown in Figure 2. This flowchart illustrates the process from reading sensor input, evaluating conditions
based on predefined rules, to producing output in the form of actions on the actuator.

k.
Is the humidity less’ No
Serial and pin initialization Read the temperature F"& than 4507 T
sensor
3
Read the humidity sensor — Display humidity and Tum on the pump Tumn off the pump
temperature values

Turn on the LED Turn off the LED

l

Delay 1.5 seconds
(delay 1500)

Figure 2. Flowchart of rule-based pump and LED control based on humidity and temperature sensor data

Implementation
During the implementation phase, the entire system design—both hardware and software—was realized as a
functional virtual prototype within the Tinkercad platform. This phase was divided into two main activities: virtual
circuit assembly and algorithm implementation on the microcontroller.
1. Virtual Circuit Assembly
The first activity is to assemble all virtual components on a breadboard according to the circuit diagram that was
established during the design stage. This involves creating virtual cable connections between the Arduino Uno
microcontroller pins and each external component.
2. Algorithm Implementation and Coding
The second activity is to embed logic into the system. The logic and workflow designed in the flowchart are
translated into the Arduino programming language (C++-based) using the code editor integrated in Tinkercad.
This is where the rule-based algorithm is implemented. Technically, the rules in if-else format are written in the
void loop() function in the program code. After the code is uploaded, these rules are stored and executed
continuously in the Arduino Uno virtual microcontroller.
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Testing

The final stage is testing, where the simulation product that has been created is tested. The purpose of this testing
is to assess whether the virtual product works well in accordance with the objectives that have been set. Testing is
carried out by running the simulation on Tinkercad and observing the results.

4. Result

This section presents the results of the implementation and testing of the Arduino Uno-based soil moisture and
temperature monitoring system simulation on the Tinkercad platform. The research results cover two main aspects:
the overall functionality of the system and the application of rule-based algorithms in controlling actuators.

System Simulation Series

The hardware implementation was carried out by assembling all components—Arduino Uno, Capacitive Soil
Moisture Sensor, TMP36 Temperature Sensor, 16x2 12C LCD, DC Water Pump, and LED—on the Tinkercad
simulation platform.

In this circuit, Arduino Uno receives data from two main sensors that function as inputs. The Capacitive Soil
Moisture Sensor, which measures the water content in the soil, sends its analog signal to the Arduino's A0 pin.
Meanwhile, the ambient temperature data is detected by the TMP36 Temperature Sensor, whose output is then
directed to the Arduino's A1l pin. These two analog pins serve as gateways for the Arduino to read and process
real-time environmental data.

The addition of an I2C LCD serves as an interface for displaying sensor data and system status, providing
richer information than LED indicators alone. The final circuit that was Successfully implemented and became the
main product of this research is presented in Figure 3.

Figure 3. Simulation Circuit

Implementation of Rule-Based Logic

The rule-based algorithm that forms the core of this system is implemented directly into the Arduino program
code. This logic functions as the “brain” that determines decisions based on input data from sensors. Figure 4
shows a snippet of crucial code embedded in the void loop() function that demonstrates the implementation of
rules for the water pump and LED.

void loop() {
f/ 1. READ DATA FROM SENSORS
int moistureValue = analogRead (moistureSensorPin);
int rawTempValue = analogRead (tempSensorPin);
float voltage = (rawTempValue / 1024.0) * 5.0;
float tempCelsius = (voltage — 0.3} * 100.0;

lcd.cleaxr();

led.setCursor(0, 0);
led.print ("Humidity: ");
led.print (moistureValue) ;

lcd.setCursor(d, 1);
lcd.print("Temp: ");
lcd.print (tempCelsius) ;
led.print (" C");

// 2. RULE-BASED ALGORITHM

if (moistureValue < dryThreshold) {
digitalWrite (pumpPin, HIGH);

} else {
digitalWrite (pumpPin, LOW);

if (tempCelsius > hotThreshold) {
digitalWrite (tempIndicatorPin, HIGH);
} else {
digitalWrite (tempIndicatorPin, LOW);

delay (1300} ;
}

Figure 4. Rule-based Code
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Test Results
Functional testing was conducted by providing varying input values to the soil moisture sensor and observing the
system response, both on the actuator (water pump) and on the LCD screen. The testing proved that the system
can operate autonomously according to the programmed rules. A summary of the test results is presented in Table
1 and Table 2.

Table 1. Humidity System Testing

Scenario Humidity sensor | Pump Action LCD Screen Display | Status
input

Very Dry 100 On Humidity Successful
Temperature

Dry Soil 300 On Humidity Successful
Temperature

Dry Limit 400 On Humidity Successful
Temperature

Moist Soil 500 Off Humidity Successful
Temperature

Wet Soil 700 Off Humidity Successful
Temperature

Very Wet Soil 800 Off Humidity Successful
Temperature

The results in Table 1 show that the humidity control system works as designed. The water pump activates when
the sensor value is below the set threshold (i.e., 450). When the sensor value reaches 500 (humid conditions), the
system Successfully turns off the pump automatically. This validates that the implemented if-else logic is capable
of responding to soil conditions with precision.

Table 2. Temperature System Testing

Scenario Temperature sensor | LED Action LCD Screen Display | Status
input (°)

Cold 10 Off Humidity Successful
Temperature

Cool 20 Off Humidity Successful
Temperature

Normal 30 On Humidity Successful
Temperature

Warm 40 On Humidity Successful
Temperature

Hot 50 On Humidity Successful
Temperature

Temperature system testing in Table 2 also demonstrated the expected functionality. The indicator LED
Successfully activated when the temperature reached the normal threshold (30°C) and remained lit at higher
temperatures.

Visual Verification of System Output

To provide stronger functional evidence, the system output conditions are documented visually. Figure 5 shows
the simulation conditions when the temperature is below the threshold (e.g., 20°C), where the indicator LED is
off. Conversely, Figure 6 shows the system response when the temperature exceeds the threshold (e.g., 40°C),
where the indicator LED Successfully turns on. This visual documentation confirms that the actuator output works
according to the programmed logic.
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Figure 6. Screenshot of Simulation when LED is On

5. Conclusion

This research has Successfully designed and implemented a functional prototype of a virtual soil moisture and
temperature monitoring system on the Tinkercad platform. The implementation of a rule-based algorithm has
proven to be an effective core control system, enabling the device to work autonomously in response to
environmental conditions. This success was validated through a series of tests, in which the system was
consistently and accurately able to activate the water pump when the soil was detected to be dry (sensor value <
450) and turn on the indicator LED when the temperature exceeded the threshold (> 32°C). Thus, this simulation
product not only proves the technical feasibility of the proposed design, but also Successfully achieves the research
objective as a potential solution to overcome manual monitoring and irrigation automation problems.

To improve the system's capabilities and effectiveness going forward, several suggestions are worth
considering. The first step involves converting this digital representation into real, physical components for testing
in a real-world environment. Next, the system can be developed by adding connectivity modules such as ESP8266
to enable remote monitoring (IoT) features via a web dashboard or mobile application. In addition, the control
logic can be refined using more adaptive algorithms such as Fuzzy Logic for higher precision, as well as the
addition of data logging features for historical analysis of soil conditions over the long term.
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