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fuzzy logic control. The system integrates environmental sensors with a
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dynamic environments. A fuzzy inference mechanism determines optimal
irrigation actions, addressing the limitations of fixed-threshold methods.
Furthermore, the system features real-time monitoring, enabling users to
observe environmental conditions and system status remotely. Experimental
results show that the system operates reliably and maintains irrigation
conditions within the target range. These findings suggest that the proposed
approach offers a practical and effective solution for intelligent irrigation in
precision agriculture.
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A. Introduction

Optimal plant growth depends on sufficient water and appropriate
environmental conditions. In the context of orchid cultivation, particularly for
Phalaenopsis amabilis, effective irrigation management is essential due to the
species’ pronounced sensitivity to temperature and soil moisture fluctuations.
Optimal growth for Phalaenopsis amabilis is achieved at humidity levels of 60-
70% and temperatures between 19°C and 27°C [1-2]. Inadequate irrigation can
result in root rot, fungal infections, or reduced flowering. Consequently, an
intelligent irrigation system that adapts to environmental changes is necessary to
ensure stable growing conditions.

With the advancement of the Internet of Things (IoT), various smart irrigation
systems have been developed to improve water-use efficiency and enable remote
monitoring. Widodo (2024) developed an Arduino- and ESP8266-based automatic
irrigation system for orchids using threshold-based control and Blynk monitoring
[4]. However, the system relied on fixed temperature and moisture thresholds,
limiting its adaptability to dynamic environmental conditions. Hidayat et al. (2022)
proposed a timer-based irrigation system, which operates at predetermined
intervals without considering real-time environmental feedback [5]. Although
simple, timer-based systems can lead to overwatering or underwatering.

Recent studies, such as Saputra et al. (2023), have implemented fuzzy logic
control for automatic plant watering using soil moisture and ultrasonic sensors [6].
Similarly, Zheng et al. (2024) and Benzaouia et al. (2023) demonstrated that fuzzy-
IoT irrigation systems enhance decision-making flexibility in precision agriculture
by accommodating environmental uncertainty [7-8]. Despite these advancements,
most research has concentrated on general crops or greenhouse systems rather
than orchid cultivation, which demands more precise environmental regulation.
Additionally, the integration of adaptive fuzzy control, real-time IoT monitoring,
and visual plant observation via camera modules remains underexplored.

The literature indicates a primary research gap: the absence of an integrated
IoT-based irrigation system specifically tailored for orchid cultivation that
combines the following components: adaptive fuzzy logic control utilizing
temperature and soil moisture data, 2. real-time remote monitoring via an IoT
platform, and visual monitoring using an ESP32-CAM module within a unified
system architecture.

To address this gap, the present study proposes an intelligent loT-based
irrigation system for Phalaenopsis amabilis that integrates fuzzy logic decision-
making, environmental sensing, ESP8266-based control, and ESP32-CAM visual
monitoring. This system is designed to deliver adaptive irrigation decisions under
uncertain environmental conditions and to enable comprehensive remote
monitoring, thereby supporting precision orchid cultivation.

B. Research Method

This study is conducted through several structured phases: literature review,
system planning, system testing, analysis, and conclusions. The research workflow
is described as follows:
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1. Literature Review

Several previous studies have been cited in this journal regarding automatic
irrigation systems for plants. These studies provide important insights into the use
of microcontrollers, sensors, and control methods to enhance the efficiency and
accuracy of plant-watering systems.

In 2021, a study titled "Design and Monitoring of an Automatic Irrigation
System for Orchid Plants Based on Arduino Uno and ESP8266" used an Arduino
Uno, soil moisture, and DS18B20 sensors, with data displayed on an LCD and
transmitted to the Blynk application. The system activated watering when the
temperature exceeded 29°C and soil moisture was below 75%, and it stopped
automatically once the target moisture level was reached [3].

In 2022, Moch. Hendrawan Hidayat et.al developed a timer-based automatic
irrigation system in which the watering process was controlled by a programmable
timer socket set to operate twice daily [4].

In 2023, Adi Saputra, Yordan Hasan, and Niksen Alfarizal designed a fuzzy-
logic-based automatic watering system that uses soil moisture and ultrasonic
sensors, controlled by a NodeMCU ESP32, to monitor soil moisture and water tank
levels [5].

2. System Planning

The system planning stage is illustrated using block diagrams that depict the
overall workflow and interactions among the components of the automatic
irrigation system. Figure 1 presents the block diagram of the system using the
ESP8266 microcontroller, while Figure 2 shows the block diagram of the system
based on the ESP32-CAM module.

Mini Pump

Soil Moisture Sensor ﬁ Relay
Q)
T ESP8266
Blynk

g ; Blynk Application
l Smartphone

16 x 2 LCD Display

Figure 1. Block Diagram ESP8266

DS18B20 Temperature Sensor

At this stage, the ESP8266 microcontroller reads data from the soil moisture
and DS18B20 temperature sensors, and the program is developed in the Arduino
IDE, which includes a program editor, compiler, and uploader [6-10]. The acquired
data are displayed on a 16x2 LCD and transmitted to the Blynk IoT platform via
Wi-Fi for real-time remote monitoring. [oT devices typically comprise sensors for
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data acquisition, an internet connection as the communication medium, and a
server as the central repository for collecting and analyzing sensor data [11].
Furthermore, the ESP8266 processes temperature and soil moisture data using
fuzzy logic to make automatic irrigation decisions. This method can handle
uncertain conditions by classifying the data into fuzzy sets, namely "cold", "ideal",
and "hot" for temperature, and "dry", "ideal", and "wet" for soil moisture. Based on
the predefined fuzzy inference rules, the system determines whether watering is
required. The pump converts electrical energy into kinetic energy, thereby
generating water flow and overcoming flow resistance [8]. When soil moisture
reaches the specified threshold, the relay and pump are automatically turned off;
users can also manually activate the pump via a button in the Blynk application.

ESP32 Cam Camera Website Blynk Website

Figure 2. Block Diagram ESP32-CAM

In the second stage, unlike the ESP8266 circuit, the ESP32-CAM can capture
images or videos in real time, which are then displayed via a web-based interface.
The ESP32-CAM module functions as a plant-monitoring camera, with visual data
transmitted directly to a web page without requiring additional applications. This
allows users to observe plant conditions at any time. To improve user convenience
and efficiency, the web interface also includes a button that connects directly to the
Blynk platform. Through this integration, users can not only monitor plant visual
condition but also access sensor data, such as temperature and soil moisture. Thus,
the entire monitoring and control process can be carried out in a single, practical,
and efficient workflow without the need to switch between applications.

3. System Testing

System testing is conducted to verify that the developed system operates as
intended and in accordance with the expected design. The tests include the
performance of the soil moisture and DS18B20 temperature sensors, mini-pump
control, fuzzy-logic processing, and ESP32-CAM functionality.

4. Analysis

This section presents the main hardware components of the proposed system,
along with their technical specifications, summarized in Table 1. The proposed
system employs an ESP32-CAM module integrated with an O0V2640 or OV7670
camera and an onboard LED flash for image capture [9]. Meanwhile, system
control and processing are handled by the ESP8266 microcontroller, which
includes a processor, internal memory, and general-purpose input/output (GPIO)
pins depending on the specific ESP8266 variant used [11-13].
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Table 1. Main Hardware Specifications of the Proposed System

No Identify Type

Main Specification

1  ESP8266 NodeMCU ESP8266

2 ESP32-CAM  ESP32-CAM Al-Thinker

3 Soil Moisture YL-69 (Resistive Type)
Sensor

4  Temperature DS18B20
Sensor

Wi-Fi 802.11 b/g/n, Operating
Voltage 3.3 V, GPIO 11 pins, Flash
Memory 4 MB, Clock Speed 80
MHz, Supports UART, SPI, I2(,
ADC.

2 MP Camera (0V2640), Wi-Fi
802.11 b/g/n, Bluetooth v4.2,
Operating Voltage 3.3 V-5V, GPIO,
Supports UART, SPI, ADC, Micro
SD Card Slot, Max Resolution
UXGA (1600x1200)

Operating Voltage 3.0-5.5 V,
Digital Output (1-Wire),
Temperature Range -55°C to
+125°C, Accuracy +0.5°C (-10°C to
+85°C)

Operating Voltage 3.3-5 V, Analog
Output, Measures Soil Moisture
Level, Adjustable Sensitivity via
Potentiometer, Output Signal
Analog & Digital (via YL-38
Module)

C. Result and Discussion

This section presents the experimental results obtained from the
implementation and testing of the proposed automatic irrigation system, including
the physical realization of the device enclosed in a control box, as shown in Figure
3. The results are analyzed to evaluate system performance, sensor accuracy, fuzzy
logic decision-making, and the reliability of the monitoring and control functions.

Figure 3. System Control Box

1. Soil Moisture Testing

This test was conducted by operating the sensor to determine whether it could
detect correctly. This test was conducted by observing the Arduino IDE output. The
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sensor output voltage was converted to a digital value for processing by the
microcontroller [14]. This conversion process was carried out to facilitate the
monitoring and analysis of soil moisture levels in orchids. The analog value range
of 0 to 1023 was converted to 0% to 100%, with 0% corresponding to parched soil
and 100% to very wet soil. The test results are shown in Table 2.

Table 2. Soil Moisture Test Result
Soil Moisture

Test Sensor DC Value Percentage (%)
1 1018 31
2 332 68
3 918 10

2. DS18B20 Temperature Sensor Testing

The DS18B20 temperature sensor was tested to assess its accuracy. The
temperature sensor used in this system is widely used to measure water
temperature across various fields, including fisheries and agriculture [15-16]. The
test was conducted by observing the output displayed in the Arduino IDE, which
presents temperature data in degrees Celsius. The sensor operates within a
temperature range of —=55°C to +125°C. A total of five trials were performed, and
the results are shown in Figure 4. To evaluate the accuracy of the DS18B20 sensor,
the measured values were compared with those obtained from a digital
thermometer, as presented in Figure 5.

Figure 4. DS18B20 Temperature Sensor Output Results

Figure 5. Digital Thermometer Measurement Results

The detailed results of the DS18B20 temperature sensor testing are presented
in Table 3.

Table 3. DS18B20 Sensor Test Result

Test DS18B20(°C) Digital (°C) Error (%)
1 27.75 28.3 1.94
2 30 31.4 4.46
3 29 29.9 3.01
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3. Fuzzy Logic Testing

Using the Fuzzy Sugeno method, the plant irrigation system employs a
decision-making approach based on IF-THEN rules with two input parameters:
temperature and soil moisture [17]. The input values are processed through a
fuzzification stage to produce fuzzy sets defined by predefined membership
functions. The temperature parameter is classified into three linguistic variables:
cold (15-21 °C), ideal (21-29 °C), and hot (29-35 °C), while soil moisture is
divided into dry (0-60%), ideal (60-80%), and wet (80-100%). The fuzzy
inference results are then defuzzified to produce a crisp irrigation action [18-19].
Based on the defined temperature and soil moisture membership functions, nine
fuzzy rules are established, as shown in Table 4.

Table 4. Fuzzy Logic Rule Base

Temperature Hot
/ Soilrl)Vloisture Cold Ideal
Dry Fast Long Long
Ideal Off Off Fast
Wet Off Off off

This testing monitored temperature and soil moisture to enable the water
pump to automatically turn on and off according to the designed fuzzy-logic rule
base. The monitoring and control process is supported by Blynk, an IoT platform
for mobile operating systems, which is used to control microcontroller-based
modules [20]. Consequently, the implementation of fuzzy logic in this system
operates properly and represents the decision-making process defined during the
design stage. In addition, the system performs sensor readings every 30 seconds to
optimally monitor plant conditions.

1. Temperature = 30 °C and soil moisture = 85%

At 30 °C and 85% soil moisture, the system determines that the water pump
remains off because the temperature is categorized as hot, and the soil condition is
still wet. The test results are shown in Figure 6 for the LCD and Figure 7 for the
Blynk application interface.

Figure 6. 16 x 2 LCD Display (Pump Off)
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Figure 7. Blynk Application (Pump Off)

2. Temperature = 32 °C and soil moisture = 65%

At 30 °C and 65% soil moisture, the system determines that the water pump
should activate for 5 seconds because the temperature is high and the soil
moisture is within the ideal range. The test results are shown in Figure 8 for the
LCD and Figure 9 for the Blynk application interface.

Figure 8. 16 x 2 LCD Display (Pump ON 5 seconds)
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Figure 9. Blynk Application (Pump ON 5 seconds)

3. Temperature = 28 °C and soil moisture = 30%

At 28 °C and 30% soil moisture, the system determines that the water pump is
activated for 10 seconds because the temperature is categorized as ideal and the
soil condition is dry. The test results are shown in Figure 10 for the LCD and Figure
11 for the Blynk application interface.

Figure 10. 16 x 2 LCD Display (Pump ON 10 seconds)
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Figure 11. Blynk Application (Pump ON 10 seconds)

4. ESP32-CAM Testing

Testing was conducted to ensure that the ESP32-CAM module can capture plant
images or videos in real time and display them on a website accessible via the local
Wi-Fi network. The ESP32-CAM only generates a local IP address, so it cannot be
accessed from outside the network.

The website interface entitled "ESP32-CAM Viewer - Automatic Irrigation for
Moon Orchid" presents a real-time video stream, as shown in Figure 12. Through
the video stream, users can capture images, which are automatically saved to a
local folder on a laptop along with the capture date and time, and can be deleted at
any time. In addition, the website integrates with the Blynk platform, where the
camera connection status and the most recent image capture time are displayed.

Figure 12. Website Interface

D. Conclusion

The designed device is an Internet of Things (IoT) based orchid irrigation
system that enables remote monitoring and control through the Blynk application.
The system uses the ESP8266 microcontroller as the main controller for the
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irrigation process, while the ESP32-CAM is used separately for visual plant
monitoring through a camera displayed on a website. Temperature and humidity
data are read in real time and displayed on a 16x2 LCD and in the Blynk
application, allowing users to monitor plant conditions in real time. The fuzzy logic
method has been successfully implemented through the fuzzification process and
the application of the designed rule base to support automatic irrigation decision-
making based on environmental conditions. In addition, the ESP32-CAM provides
real-time video streaming and image capture, which function properly to support
orchid plant monitoring.
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