
         
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                                    ISSN: 2582-3930                                                                                                                   
  

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                            |        Page 1 
 

Bee-Well: AI-Enabled Hive Health & Production Monitoring 

 

 

Harsh  Jagdish Gavand Prof. Christopher  Uzhuthuval Shahid Ahmed Mir 

Department of Information 

Technology 

Department of Information 

Technology 

Department of Information 

Technology 

Pillai College of Engineering Pillai College of Engineering Pillai College of Engineering 

New Panvel New Panvel New Panvel 

hgavand22it@student.mes.ac.in ShahidahmedMir@student.mes.a

c.in christopher@mes.ac.in 

  

Abstract— Hive bees provide essential pollination 

services to human agriculture. Managed honey bees in 

particular pollinate many crops, but also create honey 

and other bee products that are now of global economic 

importance. Beekeeping is a crucial agricultural activity 

that is needed for pollination and the production of 

honey. For bee colonies to remain healthy and 

productive, ideal hive conditions must be maintained. 

BeeWell: AI-Enabled Hive Health & Production 

Monitoring integrates Sensors , AI, and Data Analytics 

to enhance beekeeping practices by providing real-time 

monitoring, anomaly detection, and predictive insights 

for hive health and honey production. The system uses  

sensors (temperature, humidity, hive weight,  and sound) 

deployed in hives, with data collected by Raspberry 

Pi/Webcam  and transmitted to the cloud via HTTP. A 

camera system analyzes bee activity using Computer 

Vision (OpenCV, YOLO) to detect abnormal behaviors. 

 

The AI model (Autoencoder) monitors hive conditions 

for anomalies, while  ARIMA(autoregressive integrated 

moving average)  model forecasts honey production 

trends based on historical data and environmental 

factors. A React.js Web dashboard delivers real-time 

insights and alerts to beekeepers. Integrated weather 

APIs and  data-driven decisions. We Will Host it on  

Google Cloud IoT. BeeWell optimizes hive 

management, minimizes risks, and boosts honey yield 

through AI-powered analysis and automation. 

Keywords— Image Analytics, Tree Enumeration, GIS 

Data, Machine Learning, Database. 

 

 

 

 

 

 

I. INTRODUCTION 

 

Beekeeping, or apiculture, plays a vital role in both 

agriculture and environmental sustainability by 

supporting pollination and producing valuable resources 

like honey, beeswax, and royal jelly. However, 

maintaining healthy and productive bee colonies has 

become increasingly challenging due to factors such as 

climate change, pests, diseases, and environmental 

degradation. Traditional hive monitoring methods rely 

heavily on manual inspections, which are time-

consuming, labor-intensive, and often disruptive to the 

bees. 

Bee-Well: AI-Enabled Hive Health & Production 

Monitoring is an innovative solution designed to 

transform traditional beekeeping through the integration 

of Artificial Intelligence (AI), Internet of Things 

(IoT), and Data Analytics. This system utilizes a 

network of sensors to continuously monitor critical hive 

parameters—such as temperature, humidity, weight, and 

acoustic signals—while advanced AI models analyze the 

data in real time to detect anomalies and forecast honey 

production trends. 

By enabling non-intrusive, real-time monitoring and 

predictive insights, Bee-Well empowers beekeepers to 

make data-driven decisions, minimize colony losses, and 

optimize honey yield. The system supports remote 

monitoring via a web dashboard and integrates weather 

data and machine learning algorithms like Autoencoders 

and ARIMA for improved decision-making. Designed to 

be scalable and energy-efficient, Bee-Well is a step 

toward smarter, more sustainable beekeeping practices 

that ensure both colony health and environmental 

harmony. 
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Objectives 

 

The primary objective of Bee-Well is to revolutionize 

traditional beekeeping by integrating advanced 

technologies such as Artificial Intelligence (AI), the 

Internet of Things (IoT), and data analytics for real-time 

hive monitoring and predictive management. The 

system aims to continuously track vital hive parameters 

including temperature, humidity, weight, and acoustic 

signals to assess colony health and detect early signs of 

disease, pest infestation, or environmental stress. By 

analyzing this data using machine learning models, Bee-

Well can forecast honey production trends, predict 

swarming behavior, and identify anomalies without 

requiring manual inspections. Another key goal is to 

enable remote monitoring through a user-friendly web 

dashboard, allowing beekeepers to make informed,  

data-driven decisions from anywhere. Additionally, the 

system seeks to reduce hive disturbances, enhance 

colony survival rates, and support sustainable 

beekeeping practices. Ultimately, Bee-Well strives to 

empower beekeepers with intelligent insights that 

improve productivity, safeguard bee welfare, and 

contribute to broader environmental conservation 

efforts. 

 

 

Scope 

 

 

The scope of Bee-Well encompasses the development 

and deployment of an AI-driven, IoT-based system 

designed to monitor and analyze the health and 

productivity of beehives in real time. This system is 

capable of continuously collecting data from various 

sensors that measure temperature, humidity, hive 

weight, and acoustic signals, enabling non-intrusive 

observation of colony conditions. Bee-Well extends its 

functionality through computer vision for activity 

analysis and predictive modeling to forecast honey 

production and detect anomalies such as disease or 

swarming behavior. The platform also includes a cloud-

based dashboard that provides remote access to hive 

metrics, notifications, and visual analytics for 

beekeepers. Designed to serve both small-scale and 

commercial beekeepers, the project also supports 

environmental research and conservation efforts by 

offering insights into how environmental factors impact 

bee behavior and health. Ultimately, Bee-Well aims to 

enhance beekeeping efficiency, improve colony survival 

rates, and promote sustainable agricultural practices 

through the intelligent application of modern 

technologies. 

 

II. LITERATURE SURVEY 

 

Recent studies in smart beekeeping have explored the 

integration of IoT, AI, and sensor technologies to 

improve hive monitoring. Systems like those by Singh et 

al. (2024) and PandiMurugan et al. (2021) use 

temperature, humidity, and sound sensors to detect 

anomalies and enable remote monitoring. Braga et al. 

(2021) applied machine learning to analyze acoustic data 

for early detection of hive stress, while Tashakkori et al. 

utilized computer vision and Raspberry Pi to track bee 

activity visually. Other approaches, like wireless sensor 

networks and load cell-based weight monitoring, 

support real-time insights into hive productivity. 

Additionally, research by Prodanovic     and Etxegarai-

Legarreta highlighted the socio-economic and 

environmental value of beekeeping in sustainable 

development. Bee-Well builds on these foundations by 

combining sensor data, computer vision, and AI 

forecasting into a unified, scalable solution for real-time 

hive health and production monitoring fostering 

sustainability and environmental monitoring initiatives.

https://ijsrem.com/
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III. PROPOSED METHODOLOGY 

 

A. Existing System Introduction 

 

The diagram illustrates a smart beekeeping system 

that leverages IoT and AI for real-time hive 

monitoring and decision-making. Sensors installed in 

the hive collect key environmental data such as 

temperature, humidity, and sound, which is 

transmitted to an IoT device. This data is then sent to 

the web cloud and stored in a web database. A web 

application displays the hive’s current status and 

provides controls such as ON, OFF, or ALARM for 

alerting beekeepers. The collected data is further 

analyzed using data analytics tools and processed by 

a prediction module to assess hive health and predict 

potential issues. Finally, a decision-making system 

interprets these insights to help beekeepers take 

timely and informed actions, ensuring the well-being 

and productivity of the bee colony. 

 

Implementation 

This diagram illustrates a smart beekeeping system 

designed to monitor and manage a beehive using 

Internet of Things (IoT) devices, cloud computing, 

data analytics, and decision-making technologies. 

The process begins with a hive equipped with various 

sensors to monitor environmental factors such as 

temperature, humidity, sound levels, and weight. 

These sensors are connected to an IoT device, such as 

an ESP32 or Raspberry Pi, which collects the data and 

transmits it to the cloud via Wi-Fi, LTE, or LoRa 

communication. 

Once the data reaches the cloud, it is stored in a web 

database for further processing. A web application 

interfaces with this database, allowing beekeepers to 

view real-time hive data through a dashboard, which 

displays the current status (ON, OFF, or ALARM) 

and other relevant metrics. The data collected is also 

analyzed using data analytics tools to identify trends 

and patterns in hive behavior. 

The analytics feed into a prediction module that uses 

machine learning algorithms to anticipate potential 

problems, such as swarming or declining hive health. 

Based on these predictions, a decision-making system 

evaluates the situation and triggers appropriate 

responses—such as activating cooling mechanisms, 

sending alerts to the beekeeper, or adjusting hive 

https://ijsrem.com/
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conditions automatically. This entire process creates 

a feedback loop where data from the hive leads to 

intelligent actions, enhancing hive management, 

productivity, and overall bee welfare. 

B. Proposed System Introduction 

 

The diagram represents an AI-driven bee-hive 

production and monitoring system, which integrates 

IoT and computer vision technologies for effective 

tracking and analysis of bee activities within the hive. 

The system begins with various sensors and devices 

at the hive (like weight sensors, microphones, 

temperature sensors, and cameras) capturing real-

time data related to the hive's environment and bee 

activity. This data is transmitted over the Internet via 

FTP to a central processing system. Video feeds 

collected are processed through background 

subtraction, which helps to separate moving bees 

from the static background, producing segmented 

frames. These frames are then fed into the object 

detection module, where advanced methods like 

cascade classification and blob analysis help identify 

and locate bees in each frame. The detected locations 

of bees are used for two primary purposes. First, to 

count the number of bees present in the hive at any 

given moment, logging this data for further analysis. 

Second, the locations assist in tracking the movement 

of bees, which uses optical flow and Kalman filters to 

predict and follow bee trajectories across frames. This 

tracking system determines the arrivals and 

departures of bees, logging these events to monitor 

the overall activity level and health of the hive. By 

continuously analyzing the flow of bees in and out of 

the hive, the system provides valuable insights into 

hive productivity, bee behavior, and potential threats. 

The integration of sensor data, video analytics, and 

AI-based tracking creates a robust solution for 

beekeepers to optimize hive management and ensure 

the well-being of their bee colonies.  

 

 
 

Implementation Plan  

   

Implementation of this system begins with installing  

high-resolution cameras and environmental sensors  

(temperature, humidity, weight, and microphones) at 

strategic points around the beehive, particularly near 

the entrance and within the interior. The cameras 

capture live video feeds, which are transmitted using 

Internet-based protocols like FTP to a central server. 

On the server side, the video data undergoes initial 

processing where background subtraction—using 

algorithms such as OpenCV’s MOG2—is applied to 

remove static elements of the hive environment, 

isolating moving elements that potentially represent 

bee activity. Once the frames are segmented, object 

detection techniques are employed; these may include 

cascade classification methods or advanced deep 

learning models like YOLO, complemented by blob 

analysis to refine detected regions and accurately 

identify individual bees. The positions determined by 

this detection process are then fed into a tracking 

module where optical flow (such as the Lucas-

https://ijsrem.com/
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Kanade method) and Kalman filters work together to 

consistently track bee trajectories across consecutive 

frames. This tracking not only helps in quantifying 

the total number of bees at any given moment but also 

in logging the timings of arrivals and departures at the 

hive entrance. Simultaneously, data from 

environmental sensors is integrated into the system 

using IoT protocols, providing contextual 

information that correlates hive conditions with bee 

activity levels. The resulting information is then 

stored in a database and visualized on a real-time 

dashboard, allowing beekeepers to monitor the 

overall health and productivity of the hive and 

respond promptly to any anomalies detected through 

this comprehensive system.  

 

Techniques  

presents a cost-effective and efficient means to gather 

invaluable information about forests on a large scale, 

allowing for comprehensive analysis and informed 

decision-making. By furnishing decision-makers 

with actionable insights derived from satellite image 

analytics, it fosters sustainable resource management 

practices and promotes environmental stewardship. 

Ultimately, satellite image analytics for tree 

enumeration plays an indispensable role in 

comprehending and safeguarding Earth's ecosystems 

for the well-being of present and future generations, 

paving the way for a more sustainable and resilient 

planet. 
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