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Abstract: Smart manufacturing encompasses various 
industries, including honey production on beekeeping 
farms. Modern technologies enable the resolution of 
complex and critical tasks in this field. This scientific 
article presents a method for integrating smart 
manufacturing into beekeeping. It describes the 
concept of digital control over processes inside hives, 
automation of hive management processes, 
monitoring, and problem forecasting. This, in turn, 
simplifies traditional beekeeping methods and 
improves both the vitality of bees and the productivity 
of honey production. Beekeepers of various levels, 
from amateurs to professionals managing large 
apiaries, are in great need of technologies that can 
enhance their efficiency. However, modern mass 
markets for beekeeping equipment, unfortunately, lack 
affordable solutions. Therefore, this problem remains 
relevant and requires attention in this field. 
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Introduction 

Honey production is a complex and meticulous process 
that requires a high level of knowledge in this field and 
involves solving numerous complex tasks, such as: 
monitoring the condition of the bee colony includes 
necessary regular (weekly) inspections, fighting varroa 
mite infestations, predicting swarming, tracking queen 
presence, controlling colony growth/efficiency, and 

preventing starvation. The generalization capacity in 
condition monitoring is therefore more preferable 
when compared with conventional methods [1]. The 
appliance of automated control procedures and 
targeted interventions against critical beehive 
conditions is the beekeeper’s main concern and is 
carried out through periodic control checks of the 
entire apiary [2]. Beekeepers have to be there more 
often [3]. Human labor becomes more efficient with the 
use of smart manufacturing in beekeeping. Smart 
manufacturing is a general concept representing the 
deep integration of information technologies and 
advanced manufacturing technologies [4].  
Physical labor is reduced, and with an increase in the 
number of beehives, human labor does not increase. 
Additionally, the time for visual inspection and 
diagnostics of hives on-site is shortened.  

Materials and methods 

The methodology involves selecting a combination of 
hardware and software and establishing a connection 
between automated tasks and the operator.  
 
For data analysis in beekeeping, we use a SaaS (Figure 
1) application that includes AI detections of frame 
photos, bee counts, queen and queen cups, varroa 
mites, frame cells, management of apiaries, hives, 
frames, and photos, an AI advisor, a mobile app, 
manual inspections, an inspection timeline, and re-
training on user data. Therefore, to accurately analyze 
the impact of the environment on the state of the bee 
colony, it is necessary to use sensor devices with 
sufficient accuracy [5]. 
 
IoT sensors for beehives are integrated with hardware 
for transmitting infrequent telemetry data and are used 
to measure internal hive temperature, Figure 2. 
Enabling digital technologies (e.g., sensors and 
networks) are increasingly available, and with numerous 
digital products on the market (e.g., hive monitoring 
systems), beekeepers have started embracing digital 
beekeeping tools [6].  
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Figure 1. Data analytics SaaS app for beekeepers 

In Figure 2, a web application for monitoring the 
temperature inside a beehive is shown. This application 
allows real-time temperature tracking as well as 
viewing recorded temperature data from previous 
days. The data is obtained from a temperature sensor 
installed inside the hive. 

 
Figure 2: A Web Application for Monitoring the 
Temperature Inside a Beehive 

 
Figure 3: Weather Monitoring Display on the Web 
Application Page. 

The temperature inside a beehive is a crucial factor for 
the bees' habitat. Extreme cold during winter, as well 
as excessively high or warm temperatures inside the 
hive, can significantly impact the bees. These 
temperature fluctuations may cause them to either 
perish or become ill, which in turn affects the honey 
yield. 

With timely alerts about unfavorable temperature 
conditions inside the hive, provided through the web 
application, a beekeeper can promptly react to the 
situation and prevent excessive temperature increases 
or drops. This method is also highly convenient because 
temperature data collection occurs remotely. 

The temperature is a very important parameter for bee 
colonies, as its detection can be used to identify 
different conditions in the hive, such as brood 
development, the pre-swarming condition, and, in 
general, the health status of the hive [7]. IoT sensors, 
also are used to measure humidity, atmospheric 
pressure, hive weight, CO₂ levels inside the hive, PM2 
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pollution outside the hive, wind speed, and audio. 
Under this condition, how to improve the condition 
monitoring performance still needs to be studied [8]. 

In the web application displaying graphs (Figure 3) with 
information about the surrounding environment, 
various types of data are available, such as Sun & Wind, 
Wind and Wind Gust, Cloud Cover, Rain, Snowfall, 
Atmospheric Pressure, Pollution, and Pollen. Weather 
charts depend on the location. 
 
Numerous algorithms can be used for feature 
extraction and analysis of bees’ acoustic [9]. Putting a 
sensor inside a beehive to gather data from a colony is 
an advantage over being outside [10]. Due to various 
conditions, inspecting beehives using traditional 
manual and visual methods is highly limited. As a result, 
diagnosing the internal state of a hive with these 
methods is not as accurate or reliable compared to 
using technical devices and processing their data. 
Therefore, in an automated mode, we obtain crucial 
information through the identification, visualization, 
and signaling of the internal state and environmental 
conditions inside the beehive. 

The web application enables plotting time series data in 
Grafana, performing analytics through graphs for 
identifying correlations and anomalies, and generating 
notifications. In that case, a web application will have 
the advantage of offering technical guidance without 
the need to establish a simulation environment [11]. 

Monitoring the entrance of a beehive is  
comprehensively performed using the Vision 
application and an IoT device (Figure 4). Camera used 
in the experiment: Mokose 4K with a resolution of 
640×480 for logical output and for recording/streaming 
video to the cloud. Additionally, NVIDIA GStreamer API 
acceleration is used in the KV2 framework to reduce 
CPU load. 

The Internet of Things (IoT) is an emerging technology 
to connect a myriad of devices to a data fusion center 
[12]. It includes video streaming and playback (Figure 
5), counting incoming/outgoing bees, varroa mite 
detection, detecting seizures caused by pesticide 
exposure, monitoring pollen foraging activity, ant 
infestations, queen mating flights, theft alerts, and 
hornet attack notifications. To estimate the health 
status of a honey bee colony, beekeepers currently still 
largely rely on physical interventions, consisting of 
manually opening the hives and visually inspecting the 
colony for anomalies, such as, e.g., the presence of 
parasites or viruses, symptoms of diseases, and colony 
traits like queen and brood presence and status, colony 
and brood size, and honey and pollen storage [6].  

The experiment using IoT was conducted on a private 
beekeeping apiary during the summer season when 
bees are in an active phase for collecting pollen. 
A camera was installed above the entrance of the 
beehive, allowing for data collection, which serves as 
the basis for analysis and the diagnostic model. 
The aforementioned results suggested that the 
diagnostic model had high degree of credibility and 
potent classification ability [13]. 
 

 
Figure 4. Hive entrance video monitoring / IoT device 
 

 
Figure 5. Video streaming & playback 
 
In addition, smart beehives can include a frame 
extraction mechanism (Figure 6). This allows for the 
automatic extraction of a frame filled with honey, and 
in place of the removed frame, a new empty frame is 
inserted, which will later be filled with honey by the 
bees, just like the previous one. 
After automatic extraction, the filled frame is also 
automatically directed to a device that extracts honey 
from the frames using a centrifugation method. 
This method of honey frame extraction is effective 
because it subjects the bees to less stress compared to 
traditional frame removal. In the traditional, or manual, 
method, beekeepers disturb the entire hive and use 
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smoke throughout the beehive, affecting all the bees 
inside. 
 
2 cameras to take photos of the frame for uploading to 
a web app, frame extraction for honey harvesting, 
frame movement across hives, and initially, a robot for 
a single colony. It moves on rails and also contains 
sensors for temperature, humidity, weight, and audio 
monitoring, as well as ventilation, automatic feeding, 
and anti-varroa mite treatment. The varroa mite 
disease is one of the most common causes of bee 
mortality [2]. 
 

 
Figure 6. Frame extraction mechanism 
 

In the future, it is possible to develop honey production 
using Smart manufactory on a larger scale, thanks to 
specialized containers in which the above-mentioned 
method will be used. 
 

Conclusion 
 
In the course of the study, a methodology was 
developed for the implementaƟon and use of smart 
manufacturing technologies in beekeeping. Smart 
manufacturing necessitates a profound fusion of 
cuƫng-edge manufacturing technologies with 
sophisƟcated digitalizaƟon soluƟons [14]. The 
technology, consisƟng of data collecƟon devices, 
soŌware, and data transmission peripherals, has 
proven its suitability and efficiency in use. This enables 
the simplificaƟon of tasks in beekeeping while 
improving the quality and producƟvity of honey 
producƟon. The future development of automated 
beekeeping management will simplify and improve 
tradiƟonal honey producƟon on apiaries, taking into 
account the biological behavior of bees and the impact 
of the technical devices used on them. 
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