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Abstract

In this study, we have experimentally modelled the movement of a bee colony in a hive during the
winter season and developed a monitoring system that allows tracking the movement of the bee
colony and honey consumption. The monitoring system consists of four load cells connected to the
RP2040 controller based on the Raspberry Pi Pico board, from which data is transmitted via the
MQTT protocol to the Raspberry Pi 5 microcomputer via a Wi-Fi network. The processed data from
the Raspberry Pi 5 is recorded in a MySQL database. The algorithm for finding the location of the
bee colony in the hive works correctly, the trajectory of movement based on the data from the
sensors repeats the physical movement in the experiment, which is an imitation of the movement of
the bee colony in real conditions. The proposed monitoring system provides continuous
observation of the bee colony without adversely affecting its natural activities and can be integrated
with various wireless data networks. This is a promising tool for improving the efficiency of
beekeeping and maintaining the health of bee colonies.
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1. Introduction

The popularity of honeydew honey is growing among consumers and producers alike due to
its medicinal properties, which are better than those of most flower honey [1]. Studies show
that some types of honeydew honey help to suppress antibiotic-resistant bacteria [2].
However, it has a negative effect on the bees themselves, as the composition of honeydew
honey is rich in trisaccharide mellitosis, which is poorly digested and can cause malnutrition
and death in bees [3]. Therefore, it is important for beekeepers to have comprehensive
information about the bee colony: its condition, position in the hive, food supply, humidity,
temperature, etc. Electromechanical devices or handwritten records have often been used to
obtain bee colony data, for example, the authors in [4] studied bee behavior by marking bees
and manually counting them as they appeared at feeders. Although such studies have
provided a lot of valuable data, their ability to scale to multiple hives and the ability to
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monitor bees in the field is severely limited. These methods require a large amount of work,
both at the initial stage and during the acquisition of the necessary information.

With the spread of information technology, the possibilities for researching bee colonies
have also expanded. Using temperature [5-8], audio [9], video or radiation [10-14], and
artificial intelligence [15], it was possible to obtain indicators of bee vital activity without
performing a large amount of mechanical work.

Given the successful implementation of monitoring technologies in hives, it became clear
that the development of ‘smart hives’ combining two or more sensors was inevitable. In
particular, the authors of [16] used a wireless sensor network (WSN) to measure hive
parameters: CO2, O2, pollutant gases (nitrogen dioxide (NOZ2), ethanol (CH3CH2OH),
ammonia (NH3), carbon monoxide (CO) and methane (CH4)), temperature and relative
humidity. The analysis of these data provided a unique picture of the state of bee hives in
unfavorable conditions (night, bad weather). In addition, the authors in [17, 18] installed a
camera for photos and videos, a USB microphone, a humidity and temperature sensor in their
Beemon system. In [19], a hive control system is built on the basis of WSNs and microservices
to monitor parameters inside the hive and the environment at the hive location. In [20], the
monitoring of temperature, humidity (inside and outside the hive), hive weight, and sound
inside the hive was chosen, as these are the most frequently mentioned indicators for
assessing the health of bee colonies. An additional mechanical sensor was also included to
detect the opening of the hive lid, for example, as a result of an animal attack or strong winds.

The aim of our work is to experimentally model the movement of a bee colony in a hive
during the winter season and develop an inexpensive and efficient monitoring system that
allows tracking the movement of the bee colony and honey consumption without interfering
with the natural activities of the bee colony.

2. Materials and methods

To track the position of bees in the hive during the winter season, we decided to use the load
cells, as photo and video equipment can interfere with the work of bees and is quite
expensive. We designed and manufactured a hive stand with adjustable legs and a platform
under the hive bottom with four load cells in the corners (Figure 1).




a) b)

Figure 1: Hive stand with measuring platform and hive bottom a) 3D model; b) finished
product.

The load cells allow measuring and recording any changes in weight distribution within
the hive structure, which makes it possible to obtain data for developing a model of bee family
movement. To reduce "noise", the readings were made ten times, and the average value of
each load cell was calculated using formula (1) and stored in the experimental database.

10 1
Z data, W

i=1
param="——
where param is the average value of the load cell indicators, data; is the current load cell
indicator measurements.

When each load cell is placed at the corners of the measuring platform, the sum of the
forces from all 4 load cells is equal to the force applied by the weight of the platform and
objects on it [21, 22]. In order to find the point at which an object is located or a force is
applied, it is necessary to enter a coordinate system.

Suppose that a certain force F is applied at point H (%, y) on a platform of size n x m and
that each load cell is subject to forces F1, F2, F3, F4. Define a coordinate system with the origin
at load cell #1 (Figure 2).
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Figure 2: Coordinate system of load cells.

Let us use the formula for finding the center of mass of a system of material points [23]:
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where T, is the radius vector of the centre of mass, M, is the mass of the i-th material point, T;
is the radius vector of the i-th material point, n is the number of material points in the system.
The center of mass is a weighted average of the radius vectors of the points, where the
weights are the masses of these points.
So we write (2) with our data:
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where I, is the radius vector of the center of mass of the system of material points, F; is the
weight of the object (force measured by the load cell) of the i-th material point, I'; is the radius
vector of the i-th material point, i.e. the position of the point on the plane, F is the sum of the

forces in the system.
The expression is simplified by using specific coordinates for each point:
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where T, is the radius vector of the centre of mass of the system of material points, i is a unit
vector along the x, j is a unit vector along the y, n is the distance indicating the position of the
point along the x-axis, m is the distance indicating the position of the point along the y, F is
the sum of the forces in the system.

From equation (3), we obtain equations (4) and (5) to determine the coordinates x and y of
the center of mass (center of gravity) of the system of material points:
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where x is the coordinate of the center of mass along the x-axis, y is the coordinate of the
center of mass along the y-axis.

Knowing the forces and the total size of the measuring platform, it is possible to calculate
the center of mass of the bee colony using equations (5) and (6).

Experimental modelling of bee colony movement in a hive in the winter season was carried
out according to the data on bee colony movement and average honey consumption in winter
described in [24-26].

The trajectory of bee colony movement mainly goes from the entrance to the hive upwards
and then horizontally to the back wall of the hive (Figure 3).
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Figure 3: The trajectory of a bee colony in a hive during the winter season.

To simulate the consumption of honey by a bee colony in winter, a model of filling a 10-
frame hive with honey before wintering was used. Metal strips with holes were used to
simulate honey filling. The strips were 4 mm thick and 355 mm, 185 mm, and 35 mm long. The
total weight of the strips is 30 kg. The weight of the smallest strips (26-27 g) roughly
corresponds to the daily honey consumption by the swarm in early winter.

The bee's swarm was simulated with a sphere 200 mm in diameter and weighing 2 kg,
which was divided into 6 parts and printed on a 3D printer. This corresponds roughly to a bee
family of 20,000 individuals.

3. Results

The following steps were taken to reproduce the actual behavior of the bee colony and to read
the data. First, the hive stand was set up and levelled using the adjustable feet. After that, the
measuring platform was placed. Next, we connected the load cells to the RP2040 controller



and performed the taring. A beehive with a simulated honey filling was placed on the
platform, and a sphere simulating a bee swarm was fixed with a special frame.

Next, the sphere was moved 1 mm upwards and the smallest plate under the sphere was
removed, after which the load cells were read and the average values were recorded in the
experiment database. This process was repeated 70 times, simulating the movement of a bee
colony during the first 70 days of wintering. Then the sphere was moved 2 mm horizontally
and the three smallest plates under the sphere were removed, the load cells were read again
and the average values were recorded in the experiment database, which corresponded to the
movement and consumption of honey by the swarm over two days. This procedure was
repeated 25 times, modelling the next 50 days of bee colony movement.

In the last step, the sphere was moved horizontally by 1 mm and the two smallest plates
under the sphere were removed, after which the load cells were again measured and the
average values were recorded in the database. This process corresponded to the movement
and consumption of honey by the swarm in one day in the final phase of wintering. This step
was repeated 50 times to complete the experiment.

Figure 4 shows a laboratory diagram of the bee colony movement monitoring system in
the hive.

Load cells that measure mechanical loads are connected to a 24-bit HX711 analogue-to-
digital converter. The four HX711s are connected to an RP2040 controller based on a
Raspberry Pi Pico board, which acts as a data processor at the primary stage.

The Raspberry Pi Pico collects and transmits digitized data from the load cells via a
wireless Wi-Fi network using the MQTT protocol to a Raspberry Pi 5 microcomputer. The
microcomputer acts as a central hub for collecting and processing information. At this stage,
the obtained data is further processed according to formulas (5) and (6).
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Figure 4: Laboratory scheme of the monitoring system.

The processed data from the Raspberry Pi 5 is written to a MySQL database, which is
hosted on a server running Ubuntu Linux. MySQL is used to store, organize and access data in
real-time.

This system ensures continuous monitoring and data collection with sufficient accuracy.

As a result of the experiment on modelling bee colony movement, a database of
measurements of bee colony movement in the hive during the winter season was formed.



Figure 5 shows a visualization of the movement of the bee colony according to the
collected data.
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Figure 5: The graph of movement of the center of the bee family in the hive during the winter
season according to the experimental modelling data.

The algorithm for finding the location of the bee colony in the hive works correctly, and
the trajectory of movement based on the data from the load cells repeats the physical
movement in the experiment, which simulates the movement of the bee colony in real
conditions.

4. Conclusion

In this work, we have experimentally modelled the movement of a bee colony in a hive during
the winter season and developed a monitoring system that allows tracking the movement of
the bee colony and honey consumption without interfering with the natural activities of the
bees. The proposed system is useful for beekeepers as it allows continuous monitoring of the
bee colony during the winter period without the need to open the hive, which reduces the risk
of stress for the bees.

Further research will be aimed at improving the system by adding additional sensors to
measure other parameters of bee life, such as temperature, humidity and sound signals. This
will allow us to get a more complete picture of the state of the bee colony and respond to
possible problems in a timely manner.
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