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Abstract

The quality of Fresh Fruit Bunches (FFB) plays a crucial role in determining the efficiency and yield of palm oil production,
especially during the reception phase at palm oil mills. Nevertheless, traditional methods for quality assessment are still conducted
manually, resulting in subjective and inconsistent outcomes. This research introduces an Internet of Things (IoT)-based
monitoring system designed to deliver real-time and objective evaluations of FFB quality indicators. The system employs a
TCS3200 color sensor to capture RGB frequency values that serve as indicators of fruit maturity, alongside a DHT22 sensor for
measuring environmental conditions. An ESP32 microcontroller facilitates data processing, while LoRa communication allows
for long-range wireless data transmission between the transmitter and receiver units. The gathered data is sent to the ThingSpeak
cloud platform for real-time visualization and monitoring. Experimental findings indicate that the system can categorize FFB
maturity into three distinct groups: ripe, unripe, and not detected. Ripe samples display predominant red frequency values
(approximately 720-760), whereas unripe samples exhibit elevated green values (approximately 650-690). The “not detected”
category arises under conditions of excessive lighting or an unbalanced color composition. Furthermore, LoRa communication
has proven to provide stable and continuous data transmission without significant delays or data loss during the testing phase.
The integration with the ThingSpeak platform allows for real-time graphical visualization of sensor data, facilitating continuous
monitoring and enhanced decision-making. This study contributes to improving the objectivity, efficiency, and traceability of
FFB quality assessment through a cost-effective and portable loT-based solution. However, the performance of the system is
subject to environmental influences such as lighting intensity, measurement distance, and angle, which may impact sensor
accuracy.
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Introduction

Advances The palm oil industry is one of the most strategic sectors that relies heavily on the quality of Fresh Fruit
Bunches (FFB) as the primary raw material in the production process at palm oil mills. The quality of FFB received
at the mill significantly influences both processing efficiency and the final product quality. However, in many
operational practices, FFB quality assessment is still conducted manually through visual inspection based on operator
experience, which tends to be subjective and difficult to standardize.

Lai et al. [ 1] emphasized that the maturity level of FFB is a key indicator of raw material quality. Although various
ripeness detection methods have been developed, challenges remain in ensuring consistency and objectivity in field
conditions. In addition, many advanced approaches require complex systems and high implementation costs, making
them less suitable for large scale industrial applications.

Environmental factors and post harvest treatment have an impact on FFB quality in addition to fruit maturity.
According to [2] handling delays, exposure to the environment, and a lack of integrated monitoring systems are the
main causes of quality degradation during the post harvest phase, which is still a major problem. This condition
emphasizes the necessity of a well documented, real time monitoring system to enhance traceability and quality
control.

To address the limitations of manual assessment, sensor based approaches have been introduced to provide more
objective measurements. [3] demonstrated that color sensors can improve sorting accuracy by converting reflected
light from the fruit surface into digital RGB values. Furthermore, [4] reported that non destructive detection methods
enable the identification of fruit maturity without damaging the physical structure of FFB, ensuring that quality is
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maintained during the sorting process. In addition, Siregar and Nasution [5] proposed an IoT and Machine Learning
framework for assessing oil palm maturity and estimating oil volume, highlighting the potential of digital technologies
to support objective and data driven decision making in the palm oil industry.

The advancement of Internet of Things (IoT) technology provides opportunities to integrate sensor based
monitoring with wireless communication systems. Sajak et al. [6] showed that LoRa based IoT systems enable long
range communication with low power consumption and cost efficiency, making them suitable for plantation and
industrial environments. This finding is supported by Ting and Chan [7] who stated that LoRa networks provide stable
performance for continuous monitoring applications. Furthermore, Syed Taha et al. [8] demonstrated that LoRa
technology can maintain reliable data transmission under various environmental conditions.

For data storage and visualization, cloud based platforms such as ThingSpeak have been widely used in IoT
systems. Penchalaiah et al [9]. showed that ThingSpeak can effectively display real time and historical sensor data
through an interactive dashboard. In addition, Lorenzo et al [10] indicated that low cost color sensors can consistently
detect optical characteristics and serve as quantitative indicators in agricultural applications.

Despite these developments, a gap still exists between the need for an objective, standardized, and real-time FFB
quality monitoring system and current manual evaluation practices, which remain limited in providing consistent and
efficient solutions. Goh et al. [11] highlighted that manual ripeness assessment is often inconsistent and highly
dependent on human observation, leading to potential inaccuracies in determining FFB quality.

Before the implementation of IoT-based systems, FFB quality assessment was predominantly manual, leading to
subjective and inconsistent results. After the adoption of IoT and sensor-based monitoring, the process becomes more
objective, efficient, and traceable, enabling better decision-making in the palm oil mill receiving process.

Therefore, this study proposes an IoT based monitoring system integrating ESP32, LoRa communication, and
RGB color sensors for real time assessment of FFB quality indicators. Indriani et al. [12] demonstrated that color
based features, particularly RGB, can effectively represent fruit maturity characteristics and achieve high classification
accuracy in determining FFB quality. In addition, Chang et al. [13] showed that color information plays a crucial role
in distinguishing ripeness levels, although environmental factors such as lighting conditions can significantly affect
detection performance.

The proposed system supports data acquisition, wireless transmission, and real-time visualization through a cloud-
based platform. It is expected to provide a practical, cost-effective, and scalable solution to improve objectivity,
transparency, and traceability in FFB quality assessment, particularly at the palm oil mill receiving stage.

However, there is still a lack of real-time, objective, and cost-effective monitoring systems specifically integrating
TCS3200 color sensors and LoRa communication at the palm oil mill receiving process. Existing approaches either
rely on manual assessment or require complex and expensive systems, limiting their practical implementation in
industrial environments. Therefore, this study proposes an lIoT-based monitoring system that integrates TCS3200 color
sensor and LoRa communication to provide real-time, accurate, and efficient FFB quality assessment.

Method

A. Research Design and Data Acquisition

This study was conductedd using a structured system development approach to ensure the reliability and
effectiveness of the proposed monitoring system. The research stages follow a systematic process as illustrated in Figure
1.

In the initial phase, the shortcomings of traditional FFB quality assessment during the palm oil mill receiving process
are examined, with a particular focus on the dependence on manual visual inspections that result in subjective and
inconsistent outcomes.

The second phase entails the design of an IoT-based monitoring system architecture, which integrates various
hardware components, such as the TCS3200 color sensor for color detection, the DHT22 sensor for environmental
monitoring, the ESP32 microcontroller serving as the main processing unit, and LoRa modules facilitating long-range
wireless communication.

The third phase centers on the implementation of the system, where all components are assembled into transmitter
and receiver units. The transmitter unit is tasked with collecting sensor data from FFB, while the receiver unit processes
the incoming data and sends it to the cloud platform for further analysis.

The final phase encompasses system testing and evaluation, which includes functional testing to confirm the proper
operation of all components, data transmission testing to assess the reliability of LoRa communication, and visualization
testing to ensure real-time data display on the ThingSpeak platform.

The comprehensive research framework comprises four key processes: data acquisition, data transmission, data
processing, and data visualization, which are interlinked to facilitate continuous and real-time monitoring of FFB quality
indicators.
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Figure 1. Research Scheme

The stydy commences with the identification of issues pertaining to the constraints of manual quality assessment of
Fresh Fruit Bunch (FFB) at the receiving stage of the palm oil mill. Subsequently, the process advances to the analysis
of system requirements, system design, integration of hardware and software, implementation, and testing of the system.
Data was gathered through direct observation and experimental evaluation of the developed system.

The study was conducted in a plantation environment to represent actual operational conditions. The collected data
include TCS3200 sensor measurements for FFB maturity classification, environmental parameters such as temperature
and humidity, and data transmission results obtained during system testing.

B. IoT Based System Architecture Design
The proposed monitoring system is designed using an Internet of Things (IoT) architecture consisting of three main

layers: the Perception Layer, the Network Layer, and the Application Layer.

The overall system architecture is illustrated in Figure 2.
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Figure 2. [oT Based System Architecture
The Perception Layer is responsible for data acquisition using sensors, including the TCS3200 color sensor to detect
FFB maturity based on color frequency characteristics and the DHT22 sensor to measure environmental parameters
The Network Layer handles data transmission using LoRa communication technology, enabling long-range and
low-power data transfer. the application Layer is responsible for data visualization and monitoring through a cloud-
based platform, namely ThingSpeak, allowing users to access real-time information via a web-based dashboard.
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C. Sensor Data Processing and Transmission Mechanism

The system operates by acquiring data from sensors installed on the monitoring unit. The TCS3200 color sensor
captures color frequency values from the surface of Fresh Fruit Bunches (FFB), which are used as indicators for
determining fruit maturity levels. The sensor converts light intensity into frequency signals corresponding to red, green,
and blue components.

At the same time, the DHT22 sensor measures environmental parameters, including temperature and humidity, to
support the analysis of external conditions affecting FFB quality. The overall system workflow is illustrated in Figure
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Figure 3. System Workflow
The data that has been collected is processed by the ESP32 microcontroller, which subsequently transmits it via
LoRa communication to the receiving unit. Upon receipt, the data is relayed to the internet and uploaded onto the
ThingSpeak platform. This system guarantees ongoing data transmission along with the ability for real-time monitoring.
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D. Hardware Implementation and Integration

The hardware design presented in this research emphasizes the creation of a compact and portable monitoring
system aimed at real-time assessment of Fresh Fruit Bunch (FFB) quality. Central to this system is an ESP32
microcontroller, which serves as the primary processing unit, overseeing both data acquisition and communication
among the various components. The complete configuration of the hardware circuit is depicted in Figure 4.
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Figure 4. Transmitter Hardware Circuit Diagram
The TCS3200 color sensor is connected to the ESP32 to capture color frequency values from the surface of FFB,
which are used as indicators of fruit maturity. The DHT22 sensor is also interfaced with the ESP32 to measure
environmental parameters, including temperature and humidity.
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Figure 5. Receiver Hardware Circuit Diagram

Figure 5 shows the receiver unit, which consists of an ESP32 microcontroller integrated with a LoRa module. This
unit is responsible for receiving data transmitted from the transmitter unit via LoRa communication.

The received data are then processed by the ESP32 and transmitted to the cloud platform using WiFi connectivity.
This enables real-time data visualization and monitoring through the ThingSpeak dashboard, ensuring continuous
observation of FFB quality indicatoors.

For communication purposes, the LoRa module is connected to the ESP32 using SPI communication, which
includes MOSI, MISO, SCK, NSS/CS, RST, and DIOO pins. This configuration enables reliable long-range wireless
data transmission from the transmitter unit to the receiver unit. The hardware pin configuration used in this study is
summarized in Table 1.

Table 1. Hardware Pin Configuration

Component Pin ESP32 Pin Description
TCS3200 Sensor VCC 3.3V Power supply
GND GND Ground
SO GPIO18 Frequency scaling control
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Component Pin ESP32 Pin Description
S1 GPIO19 Frequency scaling control
S2 GPIO21 Color filter selection
S3 GP1022 Color filter selection
ouT GPIO23 Frequency output signal
DHT?22 Sensor VCC 3.3V Power supply
GND GND Ground
DATA GPIO4 Temperature & humidity data
LoRa Module VCC 3.3V Power supply
GND GND Ground
MOSI GPIO27 SPI data output
MISO GPIO19 SPI data input
SCK GPIO5 SPI clock
NSS (CS) GPIO18 Chip select
RST GPIO14 Reset
DIO0 GPIO26 Interrupt signal

System operates on a regulated power supply, which guarantees stable voltage distribution across all components.
This setup facilitates reliable operation of the system under continuous monitoring conditions in field environments.

All hardware components are consolidated into a single compact system, which allows for efficient real-time data
acquisition and transmission for monitoring the quality of FFB.

E. System Testing and Performance Evaluation

System testing was performed to assess the functionality, data transmission efficiency, and visualization capabilities
of the proposed monitoring system.

Functional testing was executed to confirm that all hardware and software components functioned correctly in
accordance with the system design. This process involved verifying the operation of the ESP32 microcontroller,
TCS3200 sensor, DHT22 sensor, and LoRa communication module in their data acquisition and processing roles.

The evaluation of data transmission performance involved testing the reliability of LoRa communication between
the transmitter and receiver units. This assessment concentrated on the system’s capacity to continuously transmit
sensor data while maintaining stable communication throughout its operation.

In addition, visualization testing was carried out to assess the system’s capability in delivering data to the cloud
platform. The transmitted data were monitored through the ThingSpeak platform to verify that the system supports real-
time data updating and accessibility.

The testing protocols were structured to ensure that the system effectively performs data acquisition, transmission,
and visualization processes as intended. The outcomes of these tests are elaborated upon in the Results and Discussion
section.

Results and Discussion
A. System Functional Testing

System functional testing was conductded to verify that all components of the proposed IoT-based monitoring
system operate according to the intended design. This testing focused on ensuring that the ESP32 microcontroller,
TCS3200 color sensor, DHT22 sensor, and LoRa module function properly.

The testing process began by powering the transmitter unit and ensuring that all components were successfully
initialized. The physical condition of the system during operation is shown in Figure 6.

Figure 6. Transmitter Device during Functional Testing
Figure 6 shows the transmitter unit unit during functional testing, where all hardware components, including the
ESP32 microcontroller, TCS3200 color sensor, DHT22 sensor, and LoRa module, are integrated and powered. The
transmitter device is responsible for acquiring RGB color data from the fruit surface and environmental data such as
temperature and humidity.
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During the testing process, the ESP32 processes the sensor data and transmits it via the LoRa module to the receiver
unit. The presence of active indicator lights confirms that the system is operating properly and ready for real-time data
acquisition and transmission.

Additionally, the functional testing proceeded by monitoring the sensor readings via the serial monitor on the
transmitter side, as depicted in Figure 7.

e £5P32 Dev Module

Figure 7. Serial Monitor from Transmitter

Figure 7 shows the serial monitor output from the transmitter unit, displaying real-time sensor data processed by
the ESP32 microcontroller. The output includes RGB color frequency values obtained from the TCS3200 sensor, as
well as temperature and humidity readings from the DHT22 sensor.

The serial monitor is used to verify the accuracy and stability of data acquisition during functional testing. The
continuous and structured data output indicates that all sensors are operating correctly and that the ESP32 is able to
process and transmit the data without interruption.

These results confirm that the transmitter device performs reliably in collecting and processing sensor data, which
serves as a foundation for subsequent data transmission and visualization processes.

B. Data Transmission Performance

The Data transmission testing was conducted to evaluate the reliability of LoRa communication between the
transmitter and receiver units. This testing focused on verifying whether sensor data could be transmitted successfully
and continuously over a wireless connection.

The transmission process begins when the ESP32 on the transmitter side sends sensor data via the LoRa module.
The transmitted data are then received by the LoRa module on the receiver unit and processed by the ESP32. the result
of data transmission can be observed through the serial monitor on the receiver side, as shown in Figure 8.

¥|9=D

Figure 8. Serial Monitor from Receiver

Figure 8 shows the serial monitor output from the receiver unit, showing the data transmitted from the transmitter
via LoRa communication. The received data include RGB color frequency values from the TCS3200 sensor as well as
environmental parameters such as temperature and humidity.

The receiver unit, equipped with the LoRa module and ESP32 microcontroller, is responsible for capturing incoming
data packets and processing them for further transmission to the cloud platform. The continuous and consistent data
displayed on the serial monitor indicate that the LoRa communication operates reliably without significant data loss or
delay.

These results demonstrate that the system is capable of establishing stable wireless communication between the
transmitter and receiver units, ensuring effective data delivery for subsequent visualization and monitoring processes.

FFB Maturity Detection Results
The evaluation of Fresh Fruit Bunch (FFB) maturity detection was carried out using the TCS3200 color sensor by
analyzing the color frequency values obtained from the surface of the fruit. The collected data were used to classify
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FFB into three categories: ripe, unripe, and not detected. The classification results based on field data collected from
the Cinta Raja plantation are presented in Table 2

Table 2. FFB Maturity Detection Results

No Time Red Green Blue Classification Condition
1 10:00 720 320 250 Ripe Bright outdoor
2  10:04 740 330 240 Ripe Bright outdoor
3 10:10 760 350 220 Ripe Bright outdoor
4 10:20 745 330 240 Ripe Bright outdoor
5 10:30 720 310 260 Ripe Bright outdoor
6 11:00 300 650 400 Unripe Cloudy outdoor
7 11:04 310 690 430 Unripe Shaded outdoor
8 11:08 305 680 425 Unripe Shaded outdoor
9 11:12 520 510 500  Not Detected High light

10 11:16 510 500 495  Not Detected Overexposure

The results indicate that the classification of FFB maturity is strongly influenced by the dominant color component
captured by the sensor. Samples with higher red values compared to green and blue components are classified as ripe,
reflecting the characteristic reddish-orange color of mature FFB. Conversely, samples with dominant green values are
categorized as unripe, indicating that the fruit has not yet reached optimal maturity.

Meanwhile, samples classified as not detected tend to exhibit relatively high blue values or unbalanced color
compositions. This condition is likely caused by insufficient or unstable lighting during data acquisition, which affects
the sensor’s ability to accurately capture the true color characteristics of the fruit surface. Variations in environmental
conditions have been reported to significantly influence sensor-based monitoring systems in agricultural IoT
applications Dutta et al [14]

These observations underscore the importance of lighting conditions in the precision of color-based detection
systems. Fluctuations in light intensity and measurement distance can result in discrepancies in sensor readings,
especially in outdoor plantation settings. Furthermore, environmental factors may also affect data transmission quality
and introduce variability in IoT-based monitoring systems, particularly in long-range communication such as LoRa
Aldhaheri et al [15]

In conclusion, the findings suggest that the proposed system can effectively classify FFB maturity using color
frequency data. Nonetheless, additional enhancements in sensor calibration and environmental management are
necessary to improve the accuracy and dependability of the detection process, particularly in actual plantation settings..
The system demonstrates reliable performance in detecting fruit maturity under varying environmental conditions,
although accuracy may decrease under excessive lighting.

C. Data Visualization and Monitoring

The system that has been developed incorporates a cloud-based platform designed to facilitate real-time
visualization and monitoring of quality indicators for Fresh Fruit Bunch (FFB). Once the data is transmitted from the
transmitter unit and received by the receiver unit, it is subsequently sent to the ThingSpeak platform through WiFi
connectivity.

[JThingSpeak®  Channes = Apps = Devies~ Support~ P———

Figure 9. ThingSpeak Dashboard Visualization
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Figure 9 illustrates the visualization interface provided by the ThingSpeak platform, where sensor data such as RGB
color frequency values, temperature, and humidity are displayed in graphical form. Each parameter is continuously
updated and recorded, enabling real-time monitoring of system performance.

The ThingSpeak platform functions as a cloud-based system for data storage, processing, and visualization. The
graphical representation of sensor data simplifies the interpretation of FFB maturity levels based on dominant color
components, while also allowing users to observe environmental conditions that may affect sensor readings.

Furthermore, the integration of the IoT system with the ThingSpeak platform enables continuous data transmission
and remote monitoring through a web-based interface. This allows users to access system data anytime and anywhere,
improving monitoring efficiency and decision making processes. This finding is consistent with previous studies that
reported the effectiveness of cloud-based IoT platforms in real-time monitoring applications.

The visualization results confirm that the proposed system is capable of transmitting, storing, and displaying data
reliably in real time without significant delay. The graphical interface allows users to monitor RGB values, temperature,
and humidity continuously, enabling remote access to system data from any location. This facilitates faster and more
accurate decision-making during the FFB receiving process, as operators can directly interpret fruit maturity based on
real-time sensor data trends. These findings demonstrate that the integration of IoT technology with the ThingSpeak
platform significantly enhances monitoring efficiency, data accessibility, and system usability in practical applications.

D. Discussion

The system developed for monitoring the maturity of Fresh Fruit Bunches (FFB) using a TCS3200 color sensor and
LoRa communication has been successfully implemented and evaluated through functional testing, data transmission
analysis, and real-time monitoring validation. The system is capable of acquiring color frequency data from the
observed object and transmitting it wirelessly from the transmitter unit to the receiver unit for further processing and
visualization.

Based on the experimental results, the system is able to classify FFB maturity into three categories: ripe, unripe, and
not detected. Ripe fruit is characterized by dominant red values, reflecting the natural reddish-orange color of mature
FFB. In contrast, unripe fruit exhibits dominant green values, indicating the early stage of fruit development. The “not
detected” category generally occurs when the color components are unbalanced or when the blue component becomes
dominant, which is often influenced by environmental factors such as unstable lighting conditions.

Recent studies have highlighted the effectiveness of data-driven approaches in improving palm oil quality
assessment. For instance, Prayogi et al. [ 18] demonstrated that machine learning techniques, particularly Support Vector
Machine (SVM), can achieve high classification accuracy—up to 95%—in determining palm oil quality based on Free
Fatty Acid (FFA) levels. This finding suggests that intelligent classification methods can significantly enhance decision-
making compared to conventional manual approaches.

Furthermore, advancements in intelligent monitoring systems within oil palm plantations have also been explored
using deep learning approaches. As reported by [17] the implementation of YOLO-based models enables real-time
detection of plant conditions with high accuracy and efficiency under field environments. Although the focus of the
study is on disease detection, the findings highlight the potential of integrating sensor-based systems with intelligent
data processing techniques to support precision agriculture applications.

In terms of system performance, the proposed system demonstrates reliable functionality under controlled
conditions. However, the accuracy of classification decreases when exposed to high light intensity or fluctuating
environmental conditions. Excessive sunlight can cause reflection and overexposure, leading to unstable sensor
readings and potential misclassification. This finding is consistent with previous studies reported by Mansoor et al. [18],
which state that sensor-based monitoring systems are highly dependent on environmental conditions, particularly
lighting and external disturbances.

During the testing phase, several limitations were observed. Firstly, the TCS3200 color sensor exhibits a high
sensitivity to fluctuations in lighting conditions, which considerably impacts the consistency of measurements.
Secondly, the distance from the sensor to the object, along with the angle of measurement, can affect the color frequency
values that are captured. Thirdly, while LoRa communication proved to be reliable in this investigation, long-range
wireless transmission may still encounter performance discrepancies influenced by environmental factors and network
conditions.

The implementation of LoRa communication within this system offers notable benefits regarding long-distance data
transmission and minimal power consumption. This aligns with the research conducted by Enock et al [19] which
emphasizes that LoRa technology is particularly advantageous for smart agriculture applications due to its ability to
facilitate real-time monitoring and efficient data transmission across extensive areas.
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In summary, the experimental results confirm that the proposed system is capable of acquiring RGB color data,
transmitting information reliably using LoRa communication, and providing real-time monitoring through the
ThingSpeak platform. The system successfully classifies FFB maturity into ripe, unripe, and not detected categories
based on dominant color components. Although environmental factors such as lighting conditions affect sensor
accuracy, the system demonstrates strong potential for practical implementation in the palm oil mill receiving process
as a cost-effective and efficient monitoring solution.

Conclusion
The conclusions of this study are presented as follows:

I.

A monitoring system based on the Internet of Things (IoT) has been successfully developed and implemented to
assess the quality indicators of Fresh Fruit Bunch (FFB) during the palm oil mill receiving process, utilizing the
TCS3200 color sensor alongside LoRa communication technology.

This system is proficient in collecting RGB color frequency data, which is then employed to categorize FFB
maturity into three distinct classifications: ripe, unripe, and undetected, determined by the predominant color
components. Experimental findings demonstrate that the TCS3200 color sensor effectively captures the color
attributes of FFB, with elevated red values signifying ripe fruit and predominant green values indicating unripe
fruit. The use of LoRa communication facilitates stable and dependable long-range data transmission between
the transmitter and receiver units, thereby ensuring uninterrupted data flow throughout the receiving process.
Integration with the ThingSpeak platform enables real-time data visualization via a cloud-based dashboard,
which supports remote monitoring and enhances the efficiency of decision-making processes.

The proposed system offers a practical, cost-efficient, and real-time approach to improving objectivity and
consistency in the assessment of FFB quality at the palm oil mill receiving stage. Nonetheless, the performance
of the system is still subject to environmental influences such as lighting intensity, measurement distance, and
sensor placement, which may impact data accuracy and classification outcomes.

Consequently, additional enhancements are necessary, including sensor calibration, the application of data
filtering techniques, and the incorporation of supplementary sensors or controlled lighting systems to bolster
system robustness and accuracy under real-world plantation conditions.
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