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ABSTRACT

The role of stingless bee colonies in ecosystems is crucial, especially their contribution to pollination.
However, these bee colonies face multiple threats, such as disease and environmental changes, which
could affect their health and numbers. Therefore, it is particularly important to monitor and maintain
these colonies to support the stability of the ecosystem and the sustainable development of agriculture.
To address this challenge, this paper proposes a new diagnostic system model designed to monitor
and promote the rehabilitation of stingless bee colonies. Model of a diagnostic system for monitoring
the stingless bee colony rehabilitation. The system uses a DHT11 sensor to monitor temperature and
humidity, a load cell to track the hive’s weight, and a force sensor to detect pressure or possible intrusion.
Preliminary results show that the system can effectively capture key environmental parameters,
providing valuable insights into the rehabilitation process. The findings provide avenues for further
research and development of more robust monitoring solutions. This study’s key contribution is
combining advanced electronic information engineering techniques with ecological knowledge
from previous literature. The proposed conceptual framework is an application of technical tools and
a comprehensive approach to understanding and protecting these important ecosystem components.
The findings highlight the importance of environmental factors for stingless bee rehabilitation and
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INTRODUCTION

Meliponini (Apidae: Meliponini) are important pollinators in tropical and subtropical
regions and contribute to agriculture and biodiversity (Jaffe et al., 2015; Toledo-Hernandez
etal.,2022). They are adaptable, reproducible, and produce economically valuable products
such as honey and propolis (Toledo-Hernandez et al., 2022). However, habitat loss,
pesticides, climate change, and disease threaten stingless bee populations (Gilbert, 2016;
Hashim et al., 2022), requiring ongoing management and protection. To monitor stingless
colonies, studies have employed non-invasive methods such as analyzing honey, pollen,
and propolis, using techniques such as acoustic signals, thermal imaging, Radio-Frequency
Identification (RFID) tags, and others to assess population health and productivity (Anuar et
al., 2020; Hrncir et al., 2019; Nunes-Silva et al., 2019). However, these methods are costly
and have poor accuracy, so more economical and accurate techniques are needed. This paper
proposes a stingless beehive monitoring system that combines sensors, image processing,
and machine learning, aiming to provide beekeepers and researchers with immediate
and accurate hive health information, promoting early intervention and management
optimization. The system adopts a Model-View-Controller (MVC) architecture to efficiently
process and manage data (Schneider et al., 2012).

LITERATURE REVIEW

Recent research has focused on managing and conserving bees and stingless bees. Bilik
etal. (2021) developed a real-time visual diagnostic system to monitor bee colony health;
Jaffe et al. (2015) explored management practices to optimize stingless bee culture in
Brazil; Rosli et al. (2022) proposed a honeycomb monitoring system based on the Internet
of Things (IoT). Schneider et al. (2012) used RFID to assess the impact of pesticides on
bees. Ismail (2016) reviewed the challenges of beekeeping in Malaysia and recommended
developing industry standards; Hadjur et al. (2022) explored the application of 10T in
precision beekeeping. As bee populations decline, technological innovation offers a
solution. Miskon et al. (2022) developed a stingless bee monitoring system based on
LoRa (Long Range) to monitor bee colony health in real time. Zaman and Dorin (2023)
proposed a hive health monitoring framework. Radaeski and Bauermann (2021) studied the
effects of plant resources on bee colonies. Becher et al. (2013) proposed a system model to
study the mechanism of bee colonies coping with stressors. Anuar et al. (2023) developed
a Firebase-based IoT system to monitor honeycomb status; Jailis et al. (2022) built a
honeycomb monitoring system with Arduino and DHT22 sensors. These technologies drive
advances in stingless bee farming and contribute to sustainable development. Research
has recently focused on using advanced technologies to improve hive management and
bee behavior monitoring. Anuar et al. (2021) developed an integrated wireless system to
monitor colony environmental changes and their effects on behavior; Aumann et al. (2021)
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proposed Janus sensor to accurately identify bee activities; Braga et al. (2020) use machine
learning to analyze honeycomb states and predict risks; Cecchi et al. (2020) used sensors
to reveal the relationship between bee colonies and their environment. The convergence of
technologies has also facilitated the development of colony monitoring systems. Cunha et
al. (2001) proposed an Internet-based system to track the impact of environmental factors
on bees in real time. Edmund and Rahman (2021) developed an intelligent stingless bechive
monitoring system; Cota et al. (2023) designed low-cost loT systems; Jiang et al. (2016)
designed a system based on a wireless sensor network (WSN) to accurately monitor the
relationship between bee activities and the environment.

FINDINGS

Conceptual Stingless Bee Colony Rehabilitation Monitoring and Diagnosis System
Model

Developing a stingless colony rehabilitation monitoring system, with electronic information
technology and ecological research, aims to provide beekeepers and researchers with
tools to assess colony health and rehabilitation progress. Stingless bees are important
native pollinators in tropical ecosystems and are critical for maintaining biodiversity
and ecological services (Toledo-Hernandez et al., 2022). However, external factors such
as invaders, food, climate change, and internal factors such as queen and larval health
put global stingless bee populations at risk of decline (Lail, 2021; Miskon et al., 2022).
Therefore, monitoring and protecting stingless bee colonies is crucial. Colony health is
affected by temperature, humidity and air quality. Precise temperature and humidity control
are essential for larval health and colony functioning. Hive ventilation helps manage these
environmental factors to ensure colony health. Understanding the relationship between
these factors and colony recovery is critical to the persistence and robustness of stingless
bees. This model shows the relationship between environmental factors and the recovery
of a stingless colony (Figure 1).
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Figure 1. Diagnostic model of environmental aspects for monitoring the stingless bee colony rehabilitation
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A Model View-Controller (MVC) architecture was developed to integrate user
interaction, knowledge acquisition and expert decision process to enhance stingless bee
monitoring and recovery. The diagnostic module allows users to intuitively judge colony
health problems, such as queen bees, worker bees, temperature and humidity, and provide
corresponding solutions. The system is integrated through sensor nodes, image devices, and
machine learning models to process data in real time and provide feedback to beekeepers
(Jaffe et al., 2015). The system combines sensors, image processing and machine learning to
create a comprehensive colony monitoring and diagnosis model that helps detect anomalies
on time and provides scientific evidence. This is the diagnostic model system (Figure 2).

Data preparation involves collecting and processing data on variables required for
monitoring a stingless colony, such as temperature, humidity, and hive weight. It is
necessary to select the appropriate sensor
and data acquisition system to ensure the
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Figure 3. Rehabilitation monitoring module for the proposed system
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The diagnostic system is designed to be simple and effective. It uses a DHT11 sensor
to monitor the hive’s temperature and humidity (Figure 4), a weighing sensor to track its
weight to provide nectar and honey data, and a force sensor to detect abnormal pressure
changes to indicate intrusion or structural problems.

Arduino Uno

DHT 11

Figure 4. The DHT11 sensor circuit prototype

RESULTS

The diagnostic system effectively captures environmental parameters such as temperature,
humidity, weight and pressure to provide data support for colony health. The study
demonstrated the ability of the system to help beekeepers maintain sustainable bee colonies,
and the future should optimize sensor integration and explore more environmental factors.
The model combines sensing technology, machine learning and data evaluation to drive
technological advances in beekeeping and support sustainable agriculture.
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